Chapter6
Webs: Diversity, Structure and Function

Sean J. Blamires, Shichang Zhang, and I-Min Tso

Abstract Web building has been such a highly successful foraging innovation
among spiders that the vast majority of extant spiders are web builders. The struc-
ture of spider webs varies substantially between species, and web building has
even been lost completely in some clades. Examples of different web forms include
the classic orb webs, which may be orientated vertical to the ground or horizontal,
sheet webs, and cobwebs, which consist of three-dimensional meshwork and
ascending sticky threads for support and capture of prey. The architecture of webs
may also vary within clades and even within species. This may be a consequence
of: (i) individuals adapting their web structures to the environment; e.g., larger
webs are built in areas where more space is available, (ii) spiders varying their
webs to tune its performance, e.g., when spiders are exposed to different prey, or
(iii) silk expression constraints, e.g., when on diets lacking certain nutrients. We
review the literature, focusing on contributions from the Neotropical region, show-
ing that spider webs vary in structure and function at multiple levels and so must
be considered a dynamic, variable, extended phenotype of its builder. Webs accord-
ingly depict the foraging, mating, and defensive strategies, and physiological sta-
tus, of the spider.
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Spiders of the infraorder Araneomorphae, which are often misleadingly (as not all
members build webs) called web-building or true spiders (Turnbull 1973), comprise
93.9% of all extant spider species, and thus represent by far the most diverse spider
group. The webs of Araneomorph spiders are highly distinguishable and found in
almost every ecosystem on Earth, but they are particularly abundant in the
Neotropics.

The primarily function of spider webs is to capture prey. However, they can serve
other functions, including acting as a sensory system, a courtship and/or mating
platform, thermoregulatory platform, and antipredator barrier. Despite their ubiqui-
tousness across environments, the ecological and structural importance of spider
webs within ecosystems is poorly known. This is partly because the ecological,
evolutionary, and biophysical aspects of webs for individual spiders, populations,
and species are largely unexplored. A significant portion of what is known about
spider web diversity, evolution, ecology, and building behaviours is a consequence
of over a century of detailed observations on Neotropical spiders.

Probably the most readily recognizable form of spider web is the orb web. It was
once thought to be the pinnacle of spider web evolution. New molecular evidence
has nonetheless suggested two alternative scenarios (Bond et al. 2014; Fernandez
et al. 2014): (1) that the orb web evolved earlier than originally postulated and may
represent the ancestral form of all spider webs, or (2) the orb web has had multiple
independent origins. The latter hypothesis would conform with hypotheses formed
prior to the advancement of more methodical cladistic analyses (e.g., Lehtinen
1967) but seems to be the less likely. We do not weigh into the debate regarding the
origins of orb webs herein. Rather, we explore how studies using Neotropical spi-
ders have assisted the development of the various hypotheses over the years.

In addition to our understanding of the evolutionary trajectories of spider webs,
our understanding of the function of spider webs has been significantly enhanced of
late (see Blackledge et al. 2011; Harmer et al. 2011). Still lacking, however, is a
clear understanding of the genetic underpinnings of spider webs and web building.
Our knowledge of the genetic underpinnings of various spider silks has expanded of
late (Prosdocimi et al. 2011; Clarke et al. 2015; Collin et al. 2016), and this knowl-
edge might provide insights into the genetic influences over web building and web
functionality. Here, we overview spider web and silk diversity and variability, with
specific reference to the plenitude of work on Neotropical spiders.

Neotropical Araneomorph Diversity

We know that up to half of all genera of orb-web spiders are found in the Neotropics.
Brazil alone has arguably the world’s greatest web-building spider diversity, con-
taining up to 72 of the 112 known families of Araneomorphs (World Spider
Catalog 2016). Such an impressive diversity qualifies the Neotropics as a spider
biodiversity hotspot and highlights the importance of on-going research in the
region (see Chap. 1).
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Fig. 6.1 Examples of the diversity of Neotropical spider web architectures, showing (clockwise
from the upper left-hand side) two-dimensional Araneid planar horizontal orb webs, an example of
a derived orb web, Theridiid cobwebs with gumfooted threads, three-dimensional sheet webs, and
three-dimensional orb webs of Cyrtophora and Mecynogea. An example of a ‘ladder web’ is
shown on the trunk of the tree

A wide variety of web types and foraging modes are found among Neotropical
Araneomorphs. These include the use of silken aerial and ground webs, snares and
trip lines, sit-and-wait and cursorial foraging. Among the webs, a diversity of web
architectures are found (depicted in Fig. 6.1), from two-dimensional planar
horizontal or vertical orb webs, to three-dimensional sheet webs and cobwebs, to
elongated two dimensional ‘ladder webs’, highly modified webs, and webs com-
prising but a few capture threads.

Some Examples of Well-Known Araneomorph Groups

Synotaxidae

The Synotaxidae are a family of spiders found in South America, Australia, and
New Zealand (Griswold et al. 1998; Agnarsson 2003a). Spiders of this group were
once thought to belong to the Theridiidae and to be related to the Argyrodinids
(Forster et al. 1990; Griswold et al. 1998; Agnarsson 2003a). Nevertheless, upon
detailed assessments of leg and abdomen micro-characteristics, spiders in the group
were designated to an independent family (Forster et al. 1990; Agnarsson 2003a). A
diagnostic characteristic of the Synotaxidae is the unique ‘chicken-wire’ web
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Fig. 6.2 The unique
‘chicken-wire’ web of the
Synotaxidae, comprising
irregularly meshed silk
with vertically and
horizontally aligned sticky
silk threads (From http://
tolweb.org/
Synotaxidae/93137)
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comprising irregularly meshed silk with vertically and horizontally aligned sticky
silk threads (Eberhard 1977, 1995; Griswold et al. 1998; Dimitrov et al. 2017)
(Fig. 6.2). The web building, eggsac production and prey-wrapping behaviours in
Synotaxus ecuadorensis are well described and seem to be typical of the group
(Eberhard 1995; Barrantes and Eberhard 2007).

RTA Clade

The retrolateral tibial apophysis (RTA) is a megadiverse clade containing almost
half of all Araneomorph spiders. The majority of species in the RTA clade do not
build webs. The latest genomic analyses have nevertheless placed the clade sister to
the web-building Deinopoidae (Bond et al. 2014; Ferndndez et al. 2014). This sug-
gests that the RTA clade represent a group that lost the ability to build webs. The
few RTA spiders that build webs today are thus interesting subjects for testing
hypotheses about the costs and benefits of web building.

The Neotropics are rich in RTA clade spiders (Santos and Brescovit 2001; Santos
2007; Silva et al. 2008). Significantly, the Neotropics has good representations of
web-building RTA species, including species of web-building pisaurids (Pisauridae)
and wolf spiders (Lycosidae). Accordingly, the region seems to be a hotbed for stud-
ies testing hypotheses about the evolutionary significance of web building (Stefani
et al. 2001; Macrini et al. 2015).
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Fig. 6.3 Web of
Aglaoctenus lagotis
(Lycosidae) from Serra do
Japi, SP, Brazil. (Photo:
M.O. Gonzaga)

The genus Aglaoctenus (Lycosidae), for example, is widely distributed across
South America (Uruguay to Colombia) and found in a variety of different environments
(Santos and Brescovit 2001; Piacentini 2011; Gonzdlez et al. 2015a, b). This is particu-
larly interesting because the genus includes species that build tube-shaped webs and
display sub-social behaviour (Macrini et al. 2015). Spiders of the genus belong to an
ancient subfamily of wolf spiders (Sosippinae). Accordingly, it may be hypothesized
that the modern wolf spider had at some time jettisoned web building (Murphy et al.
2006). The webs of Aglaoctenus spp. are comprised of a series of attachments, a
meshed sheet, and a funnel in which the spider can retreat (Stefani and Del-Claro
2015) (Fig. 6.3). The tube-shaped webs are built low to the ground, and may be a modi-
fication of a web resembling that of some ecribellate spiders (Murphy et al. 2006).

A preliminary silk gene expression analysis for Aglaoctenus lagotis and A.
oblongus from Uruguay shows the presence of the MaSp2 protein (spidroin) gene
(Blamires, unpublished data). This finding, if confirmed, is interesting because the
MaSp2 protein was thought to appear first in the ecribellate spiders (Hinman and
Lewis 1992; Blackledge et al. 2012; Blamires et al. 2017). Clearly more compara-
tive genetic and behavioural analyses are needed to reveal the evolutionary origins
of the various silk proteins, the RTA spider webs, cribellate spider webs, and mod-
ern ecribellate spider webs.

Uloboridae

Neotropical spiders of the family Uloboridae usually spin horizontal orb webs con-
taining a fibrous dry ecribellate adhesive silk (see section on ‘Spider silks”) (Lehtinen
1967; Eberhard 1972; Opell 1987). Modifications of the usual horizontally aligned
orb webs, such as the highly reduced webs of Polenecia spp. (Wiehle 1927),
Hyptiotes spp. (Peters 1938; Opell 1982), and Miagrammopes (Pickard-Cambridge
1904; Lubin et al. 1978; Opell 1987), are well described (see also Nascimento and
Gonzaga 2015, Santos and Gonzaga 2017 for variations).
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There are numerous publications on the web-building behaviours of Neotropical
Uloborids thanks to almost 50 years of meticulous observations by Eberhard
(Eberhard 1972, 1973, 1990a; Lubin et al. 1978; Opell and Eberhard 1984; Eberhard
and Barrantes 2015). Significantly meticulous behavioural observations of
Neotropical Uloborids were among the first to document variability in web building
and web architectures across environments and contexts (Eberhard 1990a). These
studies have been integral to our understanding of the evolution of different
Araneomorph web forms (Eberhard 1990b; Eberhard 2014; Hormiga and Griswold
2014; Eberhard and Barrantes 2015).

Theridiidae

Sociality has evolved four times within the theridiid clade, suggesting the clade
contains characters and behaviours that promote sociality (Agnarsson 2002;
Agnarsson et al. 2006, 2007). Members of the genus Anelosimus have evolved a
unique sociality, one with no hierarchy but the sharing of brood care, prey capture,
and web construction. As a consequence their behaviours and communal webs are
exceptionally well studied (Nentwig and Christenson 1986; Agnarsson 2002;
Whitehouse and Lubin 2005; Yip et al. 2008) (see Chap. 13).

Theridiids of the genus Argyrodes have attracted similar interest because of their
kleptoparasitic lifestyle (Agnarsson 2002; Su and Smith 2014). Interestingly, phy-
logenetic analyses of both sociality and kleptoparasitism show similar origins, and
both may have diverged from some form of maternal care (Agnarsson 2002).
Unlike sociality, kleptoparasitism arose only once in the Theridiidae (Agnarsson
2002). Neotropical species of the genus Argyrodes inhabit the webs of larger spi-
ders, most commonly Nephila clavipes, and steal food from the host’s web. While
Argyrodes kleptoparasites have a distribution beyond the Neotropics, the
Neotropical species have been most extensively studied (Vollrath 1979; Agnarsson
2002, 2004, 2011). From these studies we know much about the behaviours of
Aryrodes spp. and the type of interactions they have with their host spider and its
web (Vollrath 1979; Higgins and Buskirk 1998; Agnarsson 2002, 2003b, 2011).
These studies by and large suggest that Argyrodes negatively influences the fitness
of the host (Vollrath 1979; Higgins and Buskirk 1998). However, it seems that
under certain ecological circumstances some Argyrodes can benefit the host spider
(Elgar 1994; Peng et al. 2013).

The cobwebs and combfoot webs made by theridiid spiders are well-known. These
include the webs built by Neotropical Latrodectus spp., Steatoda spp. and Theridion
spp. These spiders all construct three-dimensional ‘irregular sheet” webs (Benjamin
and Zschokke 2002). The cobweb typically has four additional components: (i) a
tangled retreat, a small ‘pocket’ consisting of supporting tangle threads and a non-
sticky sheet where the spider hides, (ii) supporting threads, which form a large inac-
cessible tangle, (iii) gumfooted threads which vertically descend from the tangled
retreat and interact with prey crawling below the web, and (iv) gumfooted gluey silk
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Fig. 6.4 (a) Diagram of a A
cobweb showing the

architectural components: /
the retreat consisting of
supporting tangle threads
and a non-sticky sheet (a),
b vertically descending b
gumfooted threads, and ¢
gumfoot sticky droplets
deposited at the base of the
gumfooted threads. (b) ¢
Web of Achaearanea tingo
(Theridiidae) from Parque
Estadual Intervales,
Ribeirdao Grande, SP,
Brazil (Photo:

M.O. Gonzaga)

0000

droplets at the base of the ascending threads, which adhere to the crawling prey
(Fig. 6.4). Distinctive web patterns in Neotropical theridiids, however, have been pre-
viously described. This is the case of the webs of Helvibis longicauda and Chrysso
intervales, which are entirely composed of viscid silk lines (Gonzaga et al. 2006).

Araneidae

Spiders in this family are abundant in Neotropical ecosystems (Bonaldo et al. 2007;
Baldissera et al. 2008). The depth of spider research in the region means that there
is a dearth of information on the diversity, behaviours, ecology, and phenology of
Neotropical Araneid spiders. There is information, however, on several aspects of
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their biology in the Neotropics, such as foraging strategies (e.g., Moura et al. 2016;
Rito et al. 2016), habitat selection (e.g., Messas et al. 2014; Souza et al. 2015), web
structures and architecture (e.g., Eberhard 1988b, 2008, 2014; Xavier et al. 2017),
sexual selection and parental care (e.g., Moura et al. 2017; Moura and Gonzaga
2007), defences against natural enemies (e.g., Eberhard 2003; Gonzaga and
Vasconcellos-Neto 2005; Magalhaes and Santos 2012), among others.

Nephila clavipes is one of the most well-known of all Neotropical orb-web
Araneids due to its size, abundance, and ubiquitousness throughout the Neotropics.
The species builds a large (often several metres in width and height), tightly meshed,
two-dimensional orb web (often with an accompanying three-dimensional ‘barrier
web’ that may contain stacked prey carcasses, Higgins 1992) across high canopy
gaps in the forest, where they potentially capture almost all insects prey that flies
through the corridor (Vasconcellos-Neto and Lewinsohn 1984). They have also
been known to capture and consume small bats and birds (Brooks 2012; Nyffeler
and Knornschild 2013) and are a common host of Argyrodes kleptoparasites
(Vollrath 1979). Like other species in the genus (Blamires et al. 2010), N. clavipes
often aggregates its web. The behaviours and ecology of N. clavipes are so well-
studied that it serves as a model for a plenitude of web and silk studies, and behav-
ioural phenomena, such as centrally placed foraging, sexual cannibalism, and
sexual-size dimorphism (Herberstein and Hebets 2013).

Tetragnathidae

Spiders of the genus Leucauge are very common in Neotropical forests and are
identified by their distinctive silver, black, green, and/or yellow body colouration
(Tso et al. 2006) and their sub-canopy, horizontally aligned two-dimensional orb
webs (Eberhard 1990a, b; Hénaut et al. 2006; Briceno and Eberhard 2011). They
may be solitary, aggregated, or subsocial (Eberhard 1990b; Salomon et al. 2010).

The web-building behaviours of L. mariana, for example, have been the subject
of close observation as they make precision movements to produce webs with highly
consistent spacing between spiral threads despite evidently constructing the web
‘blindly’ (Eberhard 1987, 1988a, b; Briceno and Eberhard 2011). The extra reach of
their extensively long legs I and II are thought to facilitate rapid grasping of the
radial threads and precise placement of the spiral threads during construction
(Briceno and Eberhard 2011).

Spider Silks

Araneomorphs have evolved a ‘toolkit’ of silks, with each silk having particular
properties for particular uses (Blackledge and Hayashi 2006). We will overview the
work on silks used predominantly in webs, namely the major ampullate (MA),
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aciniform, and the cribellate and ecribellate gluey silks. While minor ampullate,
pyriform, and some other silks (e.g., pseudoflagelliform and ribbon silks of filista-
tids) may function within webs, there is scant documentation of their functions
within Neotropical spider webs.

Major Ampullate Silk

The longstanding model organism for studies of MA silk proteins, protein struc-
tures, and physical properties is Nephila clavipes. This is partly because its large
body size makes it amenable for keeping in the laboratory and repeatedly extracting
large quantities of silk, which is essential for most chemical assays, and partly
because the pioneering work was done using this species (Lewis 1992).

The interest in MA silk properties emanates from its unique combination of high
strength, extensibility, and toughness (Lewis 1992; Craig 2003; Harmer et al. 2011;
Blamires et al. 2017). Accordingly, there are a multitude of potential commercial
implications associated with understanding the mechanisms by which MA silk per-
forms. Ecologically, the properties of MA silk enable it to function efficiently as a
safety line, a propagator of tactile information, as a supporting frame for the web,
and as impact-absorbing radial threads in orb webs (Osaki 1996; Sensenig et al.
2012; Blamires et al. 2017).

Phylogenetic analyses show that a stiff MA silk precursor was secreted by the
major ampullate glands prior to the evolution of aerial web building (Garb et al. 2007,
2010; Prosdocimi et al. 2011). MA silk appeared in the first webs as moorings and
supports (Denny 1976; Craig 2003). The proline-rich, highly elastic protein MaSp2
was first incorporated into MA silk by orb-web-building spiders (Hinman and Lewis
1992; Blackledge et al. 2012). Its high extensibility meant that incorporating radial
threads into orb webs remarkably improved the web’s ability to absorb the kinetic
energy imparted by impacting prey (Denny 1976; Blackledge et al. 2012; Sensenig
et al. 2012). Furthermore, the inclusion of the MaSp2 protein induced MA silks to
shrink upon exposure to water, a phenomena called supercontraction (Boutry and
Blackledge 2010). Supercontraction made it possible for MA silk to become stretched
in humid environments, and for the web to tighten when the humidity fell (Boutry and
Blackledge 2010, 2013). A finding of the MaSp2 gene in the Uruguayan wolf spider
(RTA clade) Aglaoctenus lagotis, and the prsence of a MaSp2-like protein in cribel-
late silks (Piorkowski and Blackledge 2017), suggests that MaSp2 may have evolved
prior to the building of two-dimensional, vertically aligned ecribellate orb webs.

Aciniform Silk

Aciniform silk is used by most Araneomorph spiders for wrapping and immobiliz-
ing prey, building sperm webs, as an egg-case liner, and for web decorations in
Argiope argentata (Blackledge and Hayashi 2006). Aciniform silk, like major
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ampullate silk, is comprised of a core of spidroins (Hayashi et al. 2004). The acini-
form spidroin, AcSpl, of Latrodectus spp. contains poly-alanine motifs similar to
major ampullate silk, albeit containing fewer glycine motifs (Ayoub et al. 2013).
Aciniform silk of the widely distributed Argiope trifasciata is thought to be as tough
as major ampullate silk (Hayashi et al. 2004). This high toughness seems to be func-
tionally important for protecting eggs (Blackledge and Hayashi 2006; Hsia et al.
2011). Nevertheless, when aciniform silk is used as web decorations by Argiope
spp. it plays no role in the web’s mechanical performance (Herberstein et al. 2000a;
Blackledge and Hayashi 2006). It is probably utilized because it reflects ultraviolet
light more strongly than the web silks, and so is useful as a silk-based signal to
predators, prey, or perhaps both (Cheng et al. 2010).

Cribellate Silk

Spiders from the Deinopidae and Uloboridae families produce dry cribellar silks
made of thousands of silk fibrils that surround supporting axial fibres (Opell and
Bond 2000). These spiders produce their cribellar silks by drawing fibrils from spig-
ots on the cribellum using the calamistrum, a comb of setae on the metatarsus of the
fourth legs (Hawthorn and Opell 2003). The fine fibrils combine with thicker sup-
porting strands to produce the characteristic wooliness of the silk (Eberhard and
Pereira 1993; Hawthorn and Opell 2003).

Cribellate silk are used as capture threads in the horizontal orb webs of Uloborids.
These wool-like threads are relatively stiff and inelastic compared to those of
ecribellate orb webs (Lubin 1986; Kohler and Vollrath 1995; Blackledge and
Hayashi 2006). They adhere to insects that get caught in the web via van der Waals
and hygroscopic attractive forces between the thread and insect cuticle (Hawthorn
and Opell 2003; Sahni et al. 2014a). Opell (1994a, b), examined the properties of
the spiral threads of Neotropical Miagrammopes spp., Hyptiotes spp., and Uloborus
spp., and found differences in stickiness across species. Web architecture appeared
to be a major factor correlating with stickiness, with the more reduced webs of
Miagrammopes and Hyptiotes being the stickiest.

Ecribellate Spiral Threads

The spiral threads of the derived Araneoid spiders, including orb weavers and cob-
web builders, are made from either pseudoflagelliform or flagelliform silk coated
with viscid aggregate silks (Townley and Tillinghast 2013; Sahni et al. 2014a, b).
The flagelliform and aggregate silk genes and their orthologues were first identified
and described for the Neotropical orb web spider Nephila clavipes (Hayashi and
Lewis 1998; Choresh et al. 2009; Collin et al. 2016).
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The viscid coated threads are produced by a triad of two aggregate-secreting and
one flagelliform-secreting spigots located on the posterior lateral spinneret (Sahni
et al. 2014a). The aggregate silk coating the flagelliform thread is highly hygro-
scopic and absorbs atmospheric moisture immediately upon spinning, thus swelling
before transfiguring into regularly distributed ellipsoid droplets along the thread
that resemble beads along a string (Edmonds and Vollrath 1992; Sahni et al. 2014a;
Townley et al. 2000).

The stickiness of the viscid spiral threads is due to the presence of glycoproteins
(Opell and Hendricks 2010; Townley and Tillinghast 2013; Sahni et al. 2014a, b).
The aggregate silk additionally contains inorganic salts, as well as organics salts,
amino acids (e.g., glycine), neurotransmitters and saturated fatty acids (Vollrath
et al. 1990). The viscid threads are produced more quickly and are less visible to
insects than cribellate sticky silks (Craig 1986; Opell 1996, 1998). This advantage
may have driven the immense diversity of ecribellate spiders that exists today.

Other Silks

A defining feature of Araneomorphs is their ability to spin multiple task-specific
silks (Vollrath and Knight 2001; Blackledge and Hayashi 2006; Blamires et al.
2017). Silks utilized in addition to major ampullate, aciniform, and different kinds
of sticky silks include tubuliform silk, which has high stiffness and low toughness
(Blackledge and Hayashi 2006) and is used to form the inner coating of eggsacs (Hu
et al. 2005; Tian and Lewis 2005; Gnesa et al. 2012). A phylogenetic examination
across the major Araneomorph families (including Deinopidae, Uloboridae,
Theridiidae, Araneidae) shows the TuSpl gene to be, despite its property differ-
ences, monophyletic and closely related to all of the other spidroin genes (Tian and
Lewis 2005; Garb et al. 2010).

Minor ampullate (MiA) silk is used as a temporary capture spiral in orb webs, for
prey-wrapping by theridiids, and as a component of dragline threads by most spi-
ders (Vollrath and Knight 2001; La Mattina et al. 2008; Blamires et al. 2017). While
most of the mechanical properties of minor ampullate silk are comparable with
major ampullate silk (Blackledge and Hayashi 2006), it does not, unlike major
ampullate silk, supercontract in water (Blamires et al. 2017). The spidroin-coding
genes of minor ampullate (MiSp/ and MiSp2) spidroins have been identified in
Nephila clavipes and seem to be MaSp1 orthologues (Colgin and Lewis 1998).

Pyriform silks cement the dragline and web frame to substrates, and glue silk
threads together during web construction (Perry et al. 2010; Wolff et al. 2015). The
spidroin PySp1 is manufactured exclusively in the pyriform gland of black widow
spiders (Blasingame et al. 2009). A comparative PCR analysis of the Argiope trifas-
ciata, Nephila clavipes, and Nephilingis cruentata PySp1 protein found two amino
acid motifs unique to the spidroin: (1) a motif where every other amino acid is pro-
line, and (2) a glutamine-rich motif of 6-8 amino acids (Perry et al. 2010).
Nevertheless, relatively little is known of the properties of this spidroin.
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A ribbon-like prey-wrapping silk is found in among spiders from the family
Filistatidae (Eberhard and Pereira 1993). There is conflicting evidence whether or
not these silks are cribellar threads that have been smoothed as a consequence of a
division in the cribellum or whether it is composed of individually rippled tubuli-
form fibres (Eberhard and Pereira 1993; Lopardo and Ramirez 2007).

Web Function

The primary function of spider webs is to catch flying insect prey. Prey capture by a
spider web involves three actions — prey interception, stopping, and retention
(Eberhard 2014; Zaera et al. 2014), with the different web silks modified in a way
within webs to perform one or more of these steps (Blackledge and Hayashi 2006;
Blamires et al. 2017).

The architectural components of all two-dimensional orb webs are: (i) the cap-
ture surface area, (ii) the width of the spaces between the sticky spirals or mesh size,
(iii) the number of radii that traverse the spiral thread, and (iv) the length or pattern
of any decorations (stabilimenta) added to the web (Fig. 6.5).

Uloborid Orb Webs

Uloborid orb webs tend to be aligned horizontal to the ground. The reduced webs of
Miagrammopes spp. and Hyptiotes spp., however, are aligned vertical to the ground,
which might be facilitated by their greater cribellate thread stickiness (Opell 1994a,

Fig. 6.5 Diagram of a vertical two-dimensional orb web, showing the architectural components:
(A) capture surface area, (B) space between the sticky spirals (mesh size), (C) radii traversing the
spiral thread and (D) decoration (stabilimenta)
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b). Recently Santos and Gonzaga (2017) described a new Uloborid genus
(Uaitemuri) from Southeastern Brazil which also builds vertical orb webs. The hori-
zontal orientation seems to reduce the prey interception rates of webs (Bishop and
Connolly 1992) but, considering prey retention is entirely attributable to benign Van
der Waals forces (Hawthorn and Opell 2003), it might be utilized out of necessity to
retain prey in the web.

Uloborids, such as Philoponella undulata, often aggregate their webs or build
webs in close proximity to the webs of other spiders (Finke 1981). When multiple
webs are found in close proximity, insects that bounce off or fly through any one
web are likely to have their velocity reduced, thereby rendering them more easily
caught by a nearby web (Uetz 1989; Yip et al. 2008; Blamires et al. 2010). The more
webs in the vicinity, the more likely it is that an insect will eventually be caught.
This phenomenon is described as the ‘ricochet effect’ and has been proposed as
having an evolutionary benefit associated with spider web aggregations (Uetz 1989).

Deinopid Net-Casting Webs

The Neotropical net-casting spiders Deinopis spinosa and D. longipes (Deinopidae)
produces cribellate capture threads, and they have a unique prey-capturing method.
They position themselves on vegetation and spin a rectangular-shaped capture net of
cribellate silk (Fig. 6.6), releasing the net as an insect moves beneath. The net sur-
rounds the insect, which becomes entangled in the woolly cribellate silk (Opell

Fig. 6.6 The cribellate
capture net of Deinopis sp.,
showing the spider in
position so to release the
net as an insect moves
beneath.
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1994a; Getty and Coyler 1996). Large flying insects, such as moths, are caught by
flicking the cribellate silk backwards (Getty and Coyler 1996). The silk reflects ultra-
violet light (Craig et al. 1994) which might be utilized to lure prey toward the net.

Theridiid Cobwebs

The gumfoot threads of a cobweb extend downward from the tangled retreat (see
Fig. 6.4). The gumfoot glue droplets at the base of the thread adhere to prey crawling
along the ground, and when the prey struggle, the thread is released from the substrate.
Upon release from its pyriform attachment, a gumfoot thread transmits vibrational stim-
uli toward the cobweb to inform the spider that prey has been captured (Peters 1987).
Viscid globules have been found within the tangled retreat of Achaeranea tesselata
webs (Barrantes and Weng 2006). Nevertheless, the function of these globules remains
unclear. Their small size suggests that they are of little value in prey retention, but this
function should not be ruled out (Benjamin et al. 2002; Barrantes and Weng 2006).

Cobweb Function Compared to Orb Webs

In both spiral and gumfoot threads, the glue coalesces under surface forces into drop-
lets that disperse along the axial thread (Opell and Hendricks 2010; Sahni et al. 2011;
Blamires et al. 2014a) (Fig. 6.7). The glues of both types of thread are comprised of
an aqueous solution of glycoproteins and low molecular weight organic and inorganic
salts (Sahni et al. 2014a, b). Gumfoot glue, however, contains additional water-soluble
peptides (Hu et al. 2007; Sahni et al. 2011, 2014b). While orb web axial threads are
comprised of extensible flagelliform silk (Peters 1987), gumfoot axial threads consist
of stiffer major ampullate gland (MA) threads (Sahni et al. 2014b). The mechanical
properties of spiral and gumfoot threads differ, most likely as a consequence of the
different properties of the respective axial silks (Peters 1987) although differences in
the biochemistry of the glues may also play a role (Blamires et al. 2014a).

Araneidae

Vertically Aligned Orb Webs

Orb webs aligned vertical to the ground, such as those spun by Neoscona, Argiope,
Nephila, Araneus, and Larinia, appear to be adapted for the capture of high-kinetic-
energy prey (Kohler and Vollrath 1995; Harmer et al. 2011; Sensenig et al. 2012). The
radial threads are the threads that play the greatest role in stopping prey, as the energy
absorption capacity of their silks is an order of magnitude greater than that of the
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Fig. 6.7 The gluey silks and underlying axial threads of (a) orb webs and (b) cobwebs, showing
that the glues of both are comprised of an aqueous gluey silk, comprising a solution of and low
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viscid silks (Vollrath 1994). The initial softness and ultimate strength of radial threads
provides the inelastic absorption for high-kinetic-energy interception (Denny 1976;
Craig 1987; Harmer et al. 2011; Sensenig et al. 2012). The energy absorbed depends
where on the web’s surface area, the force applied, and the angle of interception
(Craig 1987). Covering the flagelliform threads with aqueous aggregate glue causes
the flagelliform silk to plasticise and become highly extensible. This enables the
kinetic energy of impacting prey to be imparted onto the web, reducing the probabil-
ity of the prey bouncing off or flying through the web (Boutry and Blackledge 2013).

The primary function of the sticky spiral threads nonetheless is to retain prey
(Sahni et al. 2014b). Some insects, e.g., flies, are better retained by webs with cribel-
late silk while others, e.g., bugs and beetles, are better retained by webs with aggre-
gate silk (Vollrath 1994). Other insects, e.g., moths, have low adhesion to both
(Vollrath 1994; Opell and Schwend 2007). The spiral silk’s ability to maintain ten-
sion when stretched and relaxed in rapid succession is a critical feature of its perfor-
mance. (Zhou and Zhang 2005).

Modified Orb Webs

Neotropical spiders of the genus Scoloderus build an elongated (up to 1 m long but
0.2 m wide) web with the hub located toward the bottom (Eberhard 1975) (Fig. 6.8).
This is in contrast with other Araneids that build elongated orb webs, such as the
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Fig. 6.8 A diagram of the
elongated (up to 1 m long)
webs of spiders from the
Neotropical spider genus
Scoloderus (Reproduced
from Eberhard (1975))

Australian ladder-web spiders, Telaprocera spp. which build elongated webs with
the hub positioned at the top of it (Harmer et al. 2011). The reason the hub of
Scoloderus webs are at the bottom is because they specialize in capturing moths.
When a moth strikes the web it sheds scales in its struggle and rather than breaking
free tumbles down the web (Stowe 1978). The extreme elongation of the web means
the moths will continue to tumble until they finally adhere to the spirals near the hub
(Eisner et al. 1964), thus enabling the spider to rapidly attack its prey (Stowe 1978).

Cyrtophora citricola is native to Africa and the Middle-East (Lubin 1974) but
has been recently documented living in colonies in Columbia, the Dominican
Republic, Cuba, and Florida (Levi 1997; Pulido 2002; Alay6n 2003). They build a
web containing a horizontally aligned prey-catching orb that lacks sticky silks (Levi
1997; Eberhard 1990a; Blamires et al. 2013), onto which it adds a three-dimensional
silk barrier structure that extends vertically upward to ~1 m (Lubin 1974, 1980;
Berry 1987; Blamires et al. 2013). The spiders position themselves on the underside
of the orb and catch the prey that fall into it from above upon striking the barrier
structure’s threads.

Much of what we know about the function of their distinctive ‘tent web’ comes
from examination of the New World congener Cyrtophora moluccensis (Lubin 1980;
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Berry 1987; Blamires et al. 2013, 2014b). The architecture of these ‘tent webs’ fun-
damentally differs to those of closely related orb-web spiders, such as Argiope spp.
(Eberhard 1990a; Blackledge et al. 2011). It has been supposed that the barrier struc-
ture is used to support the horizontal orb (Berry 1987) but there is no empirical evi-
dence for this function. Most likely it provides protection, and enables the spiders to
more effectively capture large-bodied prey, such as moths, which might fly through
regular orb webs or fail to adhere to the sticky spirals (Blamires et al. 2013).

Horizontally Aligned Webs

Webs built in horizontal alignment to the ground, such as those of Leucauge spp. are
generally not in the flight path of flying insects so intercept less prey (Bishop and
Connolly 1992). Accordingly, they appear to be less effective than webs built
aligned vertical to the ground (Craig 1987; Blackledge et al. 2011). Nonetheless,
horizontally aligned webs appear to have some advantages over vertically aligned
web, including protection from inadvertent damage from wind or flying animals,
the exploitation of low-lying prey habitats or prey flight patterns not exploited by
vertical webs, ability to better cope with the spider’s weight, and freedom from the
need to absorb enormous amounts of kinetic energy, since insects are rarely caught
in full flight, and tensioning of the web by supercontraction (Craig 1987; Blackledge
et al. 2011; Bishop and Connolly 1992; Boutry and Blackledge 2013). There is
nevertheless currently no definitive evidence of an advantage for building horizon-
tally aligned webs over vertically aligned webs. In fact, a study that manipulated
Leucauge regnyi webs into various alignments found vertically aligned webs to
catch fewer prey less efficiently than horizontal webs (Bishop and Connolly 1992).

Web Plasticity

Orb Webs

The architectural components of orb webs are the most readily identifiable and
quantifiable among spider webs. Measurements used to quantify orb-web architec-
tural variability (i.e., plasticity) include counting the number of radial threads and
any decorations (stabilimenta), measuring the widths and heights of the arc encap-
sulated by spirals, and calculating parameters such as mesh height and capture area
using various formulae (Herberstein and Tso 2000; Blackledge and Gillespie 2002;
Tso et al. 2007). Environmental factors that can be ascribed as influential over the
relative number and size of orb-web architectural components include: (i) the pres-
ence of predators, (ii) ambient temperature, wind, and light levels, and (iii) prey
availability, prey types, and prey nutrient value (Heiling and Herberstein 2000;
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Boutry and Blamires 2013). Change in web architecture has also been documented
across ontogeny in orb-web spiders (Hesselberg 2010; Kuntner et al. 2010; Escalante
2013).

Observations of Neotropical Araneids, Uloborids and Tetragnathids were the
first to document variability in web building and web architectures across environ-
ments and ontogeny (Eberhard 1990a, b). Subsequent studies have expanded to
ecribellate orb web spiders, such as Nephila clavipes and Eustala illicita
(Hesselberg 2010; Hesselberg and Triana 2010). An orb-web-building spider gen-
erally follows the following steps sequentially in building an orb web: (i) explora-
tion, (ii) frames construction, (iii) building of a proto hub, (iv) radii construction,
(v) the construction of a spiral scaffold, and (vi) the construction of the spiral
threads. Nephila clavipes differs from other orb web spiders in that they do not
remove the spiral scaffolding upon placement of the spiral thread (Eberhard
1990b). Variations in behaviours at any one of these steps will result in measurable
variation to the web architectural components (Eberhard 1990a; Zschokke and
Vollrath 1995). Decorations are added to completed orb webs by Neotropical
Cyclosa spp. using detritus, with the size and shape of the detritus decoration
dependent upon the availability of prey remains (Gonzaga and Vasconcellos-Neto
2012). Other plastic behaviours associated with web building include variability in
predatory behaviours. For instance, the order, frequency, and timing of prey-
attacking behaviours can vary across spider ontogeny (Castanho and Oliveira
1997; Japyassu and Caires 2008).

Web plasticity may influence web structural variation across the spider phylog-
eny (Blackledge et al. 2009, 2011; Kuntner et al. 2010). Accordingly, some clades
might exhibit relatively minor variability in web forms across species, environ-
ments, and ontogeny. While others, e.g., Theridiidae, might exhibit exceptional
variability in web forms across species, environments, and ontogeny (Forster and
Forster 1985; Eberhard et al. 2008).

Diet-Induced Web Plasticity

Satiated spiders build webs with smaller capture areas than starved spiders (Sandoval
1994; Herberstein et al. 2000b). The capture area of a web is often associated with
areduction in mesh height (Sandoval 1994; Tso et al. 2007). If the spider expects to
feed on a homogeneous prey type it will not change mesh height, but it will invest
in longer spiral threads to accommodate the web size change (Sandoval 1994).
Spiders might also alter mesh height to tune the web for catching a specific type of
prey (Sandoval 1994; Blackledge and Zevenbergen 2006; Blamires et al. 2011).
Whether spiders adjust their web architectures under different diets because of con-
straints placed on the production of certain silks or to adjust the performance of the
web is difficult to ascertain, because web and silk properties strongly co-vary across
diets (Tso et al. 2007; Blamires et al. 2015, 2016).
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Cobwebs

Cobwebs are the specialized three-dimensional webs of spiders of Theridiidae
(Blackledge et al. 2005; Eberhard et al. 2008; Boutry and Blamires 2013). A num-
ber of studies have examined cobweb architectural plasticity (Blackledge and
Zevenbergen 2007; Salomon 2007; Zevenbergen et al. 2008). As with orb webs,
spatial constraints, hunger, and the type of prey consumed influence cobweb archi-
tectures (Jorger and Eberhard 2006; Blackledge and Zevenbergen 2007; Zevenbergen
et al. 2008). For instance, satiated Lactodectus hesperus build webs with fewer
gumfooted threads, with each thread containing fewer sticky droplets, than do those
of starved L. hesperus (Blackledge and Zevenbergen 2007). The sizes of the indi-
vidual gumfoot droplets nevertheless do not differ between satiated and starved
spiders (Blamires et al. 2014a). Temperature and light influence cobweb architec-
ture, most likely by affecting the spider’s ability to spin silk or to build webs (Lubin
et al. 1991; Blackledge and Zevenbergen 2007; Zevenbergen et al. 2008).

Plasticity in Other Webs

The Pholcid Physocyclus globosus builds a finely meshed, irregular, domed sheet
web below a veiled tangle web. While the web form does not differ substantially,
the web-building behaviours vary significantly across ontogeny in this species.
Juveniles lay 91% of their threads within the sheet chamber, while adult females lay
55% and adult males 41%; adult males more often utilize exploration threads
(Escalante 2013). Variations in behaviour by different individuals have been shown
to result in variable web architectures (Madrigal-Brenes and Barrantes 2009).
Female web-building wolf spiders of the genus Aglaocetenus may abandon web
building at certain times of year or in certain locations, or vary their web building,
i.e., shorten the attachment threads or deposit more fine threads without any appar-
ent function, in the presence of male conspecifics or other spiders, e.g., Uloborids
(Gonzalez et al. 2014).

Conclusion

The diversity of spider webs and web-building spiders from the Neotropics has been
well described owing to over a century of detailed observations. We have given an
overview of some examples of the multitude of different web forms found in the
Neotropics, highlighting some striking web forms and their structural and func-
tional variability. Since the Neotropics contains up to half of all genera of orb-web
spiders, the spider web forms and the various modifications thereof described herein
will be a close representation of overall spider web diversity.
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A spider’s web is an extended phenotype depicting its foraging, mating, and
defensive strategies, and physiological status. Spiders exhibiting web plasticity can
continue to build functional webs across highly variable environments. The season-
ality and geography of the Neotropical region, and the array of spider predators and
prey that can be found there, have undoubtedly shaped the unique diversity of the
region’s spiders.
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