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The function of web decorations
in orb web spiders
André Walter*

Department of Biomedicine, Aarhus University, Aarhus, Denmark
Visual signal, mechanical reinforcement, protein storage, or non-functional

stress response? Web decorations constructed by a number of orb web spider

species puzzle behavioural ecologists. While some species use a variety of

construction materials, it seems particularly difficult to solve the issue for silk

decorations. The visual pattern of decoration structures has sparked the

researchers’ imagination, and the conclusion that they act as signals is

unsurprising. For over a century, however, we have not found a conclusive

answer on a specific signal function of silk decorations. More recent studies even

suggest that the construction mode of web decorations may render a specific

signal function rather unlikely. In this review, I discuss reasons for the continuous

struggle to find conclusive answers and what could be alternative routes for

unravelling their adaptive significance. Based on my own experience in the field,

I present a personal viewpoint, which I hope will be inspiring at a stage

where research in this field seems to have reached a dead end. We are faced

with a controversial debate, inconclusive and sometimes contradicting results;

and an interest in new studies is fading. I draw the attention to three trouble

areas, covering research gaps, logical inconsistencies and conceptual

misunderstandings. More specifically: 1) Web decorations should be treated

more as the dependent variable. 2) Experimental setups of several earlier

studies appear flawed in retrospect, and their results thus overinterpreted. 3)

We have not understood the evolutionary origin of web decoration. Wemay look

at a signal that is still in an early phase of shaping, and inconclusive results may

thus be inevitable. Finally, if web decorations do not act as signals, studies that

look for exactly that cannot find conclusive results. In discussing these issues

critically, I argue, we can open new routes for progress in finding a satisfying

solution of the riddle of the silk decoration function.
KEYWORDS

web decorations, stabilimenta, visual signals, signalling conflict, orb web spiders, orb
weavers, Argiope
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1 Introduction

When we ask a child to draw a spider web, the result is likely to

be an orb web, as its rather simple, circular shape is the most

prominent picture we have in mind. In fact, the orb web represents

a highly evolved prey capture device (Blackledge et al., 2011), which

can be regarded as part of a spider’s extended phenotype (Craig,

2003). The shape of the orb web has gone a long way through

evolutionary times (Blackledge et al., 2009, 2011), yet its basic

function has not changed much since the construction of primitive

sheet webs built by the predecessors of orb weavers. Its function is to

intercept prey animals with high retention efficiency (Sahni et al.,

2014) and to signal the capture event to the host spider (Heiling and

Herberstein, 2000). For their main prey, insects, thin spider silk

threads are cryptic (Craig, 1986; Blackledge and Wenzel, 2000) and

thus well-suited to be used in traps. In other words, the efficiency of

an orb web to catch unsuspecting prey depends on its

inconspicuousness. It is hence puzzling to any human observer to

see some orb weaving spiders adding extra structures to their orb

webs that increase its visibility. It is reasonable to conclude that web

decorations must be associated with a selective advantage offsetting

the apparent drawback of increased web visibility. Or, at least, the

presence of web decorations cannot have any negative impact on

the prey capture efficiency. So, are web decorations the result of

adaptive evolution, or do they represent a non-adaptive trait that

triggers human curiosity but is otherwise neutral to selection? Web

decorations may also be regarded as an extended phenotype of the

spider (Walter and Elgar, 2012), and the classical perspective is that

the phenotype represents the current result of adaptive evolution

(Ghalambor et al., 2007). However, evolutionary biologists debate

lively about different ideas on how selection as well as non-adaptive

processes affect the function or non-function of a certain trait

(Putnins and Androulakis, 2021). It is known that the web

decorating behaviour bears a genetic component (Craig et al.,

2001), but the evolutionary origin and potential selective forces

shaping the trait are yet unexplained. Consequently, it can be

argued that it is unclear whether web decorations serve any

function at all.

The human brain, however, has an aversion to accept

randomness, but instead always tries to derive a meaning

(Rominger et al., 2022), for example by assigning purpose to

incidental patterns where there is actually none (Gladwell, 2005;

Hanson et al., 2021). For the web decoration phenomenon this is

interesting insofar as there are studies suggesting that these

structures may well have no function and shaped into a

reproducible pattern by non-intentional processes (Walter and

Elgar, 2016; see also discussion below). Alternatively, we may be

inclined to prematurely assume a function by simply deriving it

from results of similar study systems. A familiar example is the

lively discussion about the function of stripes in tigers and zebras. In

tigers, the striped pattern has been demonstrated to disrupt their

contours, which renders the predator cryptic in its surrounding

habitat (Godfrey et al., 2008). A similar effect was at first also

assumed for the stripes of zebras (see review in Ruxton, 2022). A

number of studies tried to collect evidence, yet the support is not

strong enough to conclude that the stripes render them cryptic too
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(Ruxton, 2022). Independent from its visual appearance, the stripes

have been suggested to help thermoregulation (Cobb and Cobb,

2019), leading to the conclusion that their function is independent

of its visual effect. Today, the most widely accepted function is the

avoidance of tabanid flies. These insects would otherwise frequently

bite, increasing the risk of pathogen transmissions, but the striped

pattern helps to prevent the flies from landing on the zebras

through optical nuisance (How et al., 2020). The web decoration

research follows a similar zigzag route. The function of these

curious structures may depend on its visual pattern, but perhaps

a different one than initially assumed, or, it may be independent

from the visual impression after all.

Web decoration patterns are quite distinct and often species

specific (Bruce, 2006; Walter and Elgar, 2012). Consequently, the

majority of hypotheses in previous studies presumed a pattern-

specific function rather than considering the possibility of an

independence from pattern. This is particularly the risk when web

decorations are treated as the independent variable, yet it is what

has happened numerous times in decoration research. Studies

taking the alternative perspective, looking for factors that affect

the decorating behaviour of the spiders, are in the minority,

although they are likely to give very valuable functional insights.

Apart from the ambiguity of a visual signal effect, the number of

other open research questions in the decoration field is surprisingly

high, given that the debate has been lasting for more than a hundred

years now. The most striking knowledge gap that may be key to the

entire issue is that of the origin of the decorating behaviour. How

has it evolved? Animal signals often derive from an elaboration of

existing forms and from non-signalling predecessor traits (Endler,

1993). For web decorations, we have not identified any

predecessors, and our current knowledge does not allow for a

better conclusion than that they have come into rather sudden

existence (Walter and Elgar, 2012). Unravelling the evolutionary

origin is challenging, yet it may explain why we ended up with the

dilemma of conflicting results on ultimate functions today, and it

may give us a hint on how we could eventually unravel the adaptive

significance of web decoration. This review aims to highlight both

the potentially overrated explanatory power of previous studies as

well as the numerous opportunities the field still offers to

behavioural ecologists to make significant contributions.
1.1 A brief web decoration history

A common habit in web decoration papers is to mention at

some point how old the search for the function of these structures

already is. Depending on the literature available, either Henry

McCook (1889) or Eugène Simon (1892) are cited to have first

described silken web decorations, specifically in Argiope spiders

(family Araneidae), and have pondered on their alleged purpose. In

a more recent publication, Alexander Kerr and co-authors (Kerr

et al., 2021) dug a little deeper and found that none less than Charles

Darwin already speculated about the web decoration function in an

1832 journal entry. Regardless of who has first discussed the issue,

these records show that naturalists of the mid-late 19th century

started the debate. However, as their work was more observational
frontiersin.org
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than experimental and as the methodological options were rather

limited, their conclusions were merely based on intuition and logic.

Darwin assumed, just from looking at the unusual web of this spider

he never saw before, that the zigzag-shaped silk ribbons in the

centre of its orb web (Figure 1) must strengthen it. Half a century

later, Simon came to the same conclusion, arguing that the structure

helps to secure the integrity of the capture web when the host spider

struggles with larger prey. Accordingly, he called these zigzag-bands

“stabilimenta”. To this date, this term is still synonymously used for

web decorations and frequently found in the literature.

The idea of strengthening the web has never been extensively

tested, but discarded, because the extra silk used to create decorations

is not tightly woven into the web. It is conceivable that the typical

zigzag-pattern may well convey the impression of a reinforcement,

yet unlike the firmly strapped radii of an orb web, decoration silk is

loosely dabbed on top of them (Blackledge et al., 2011; Foelix, 2011).

Physical stress, like the impact of fast-moving prey, does not

significantly change the overall architecture of the web, neither

does a decoration help to keep it stable. Undecorated webs are as

efficient in intercepting prey as decorated ones. Hence, no researcher

found it interesting enough to even disprove the stability idea

rigorously. Yet, a few studies tried to invoke a stabilising effect of

silk decorations to explain their results. Li et al. (2003) suggested that

cross shaped silk decorations help adult Argiope versicolor spiders to

better bounce the web, a part of their anti-predator response

(Robledo-Ospina et al., 2023). Watanabe (2000) argued that the

silk decoration of Octonoba sybotides (family Uloboridae) gives the

web more stiffness to better sense small prey insects hitting it. Apart

from these excursions, the stability hypothesis has attracted only little

attention though. This is a pity, because, as discussed later, there are

intriguing hints that should make it worthwhile to revisit the stability

function hypothesis.

It was the cleric naturalist Henry McCook (1889) who, at

around the same time as Simon, studied spiders in the US and
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stumbled across the well-decorated webs of Argiope trifasciata and

Argiope aurantia. His observations of the construction process were

very accurate and never needed to be revised. Although also

speculating about a web-strengthening function of that “winding

stair”, he called these curious zigzag-bands “decorations”. Later, in

the absence of clear results on their function, the term ‘decoration’

may have seemed neutral enough to be accepted by any party.

Today, it is not a lack of empirical evidence, but the amount of

inconsistent data that cause uncertainty. None of the numerous

ultimate effects, as described below, has ever gained enough

evidential power to be called conclusive. So, where will we go

from here? While research on web decorations has been quite

proliferate in the late 1990-s and early 2000s, with an average of five

studies being published every year, there were only a very few

papers added over the last ten years (Figure 2). Arachnologists and

behavioural ecologists may be running out of ideas, or perhaps,

experiments become increasingly elaborate and thus less and less

attractive for smaller projects (Walter and Elgar, 2012).
1.2 Web decoration variability and the
choice of the best suitable study object

Web decorations are found in the araneid genera Argiope, Gea,

Neogea, Cyrtophora, Cyclosa, Allocyclosa, Witica, Micrathena,

Gasteracantha, Austracantha, Thelacantha and Plebs, as well as in

Nephila and Nephilengys of the family Nephilidae, Uloborus,

Philoponella, Purumitra, Polenecia, Octonoba and Zosis of the

Uloboridae. The boundaries of the term have been stretched from

originally only referring to silk decorations (cf. above) to the inclusion of

decorations build from non-silk materials too. Several Cyclosa species

not only use silk, but also prey remains and plant material to construct

web decorations (Marples, 1969; Tan et al., 2010), or even egg sacs

(Craig, 1989; Allocyclosa: Eberhard, 2003, 2023), assembled to vertical
B

C D

A

FIGURE 1

Typical zigzag structure of silk decoration bands in Argiope spiders. Left: Argiope picta female with cruciate silk decoration in its orb web; Centre:
basic silk decoration arrangements in Argiope spiders: (A) circular or discoid, (B) linear, (C) cruciate and (D) irregular; Right: close-up of a decoration
band of A. aetherea.
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lines in their orb webs. In the “group” of web decorations, the retreats of

Phonognatha species (Araneidae) may take an interesting position.

These spiders use silk to roll a leaf and attach it to the centre of their

orb webs, thus abstractly resembling a web decoration. Many other

araneid spiders build similar retreats, yet place them outside the actual

capture web area. It seems that the sheer placement of this retreat let

Herberstein et al. (2000) list Phonognatha graeffei as a decorating species

in their review. This fact is intriguing insofar as there is an ongoing

debate about whether web decorations may act as a replacement for

retreats (Blackledge andWenzel, 2001; Walter, 2018, see also discussion

below). Finally, the term decoration has been extended even further to

species without webs. Williams et al. (2006) describe turrets made from

twigs, pebbles and debris around the burrow entrance of the wolf spider

Lycosa tarantula (Lycosidae) as decoration.

The question as to which species to study in the quest for finding

the web decoration function is simple and not. It is a simple question

in a sense that there are species that are just easy to collect and to

handle, like those from the genera Argiope or Nephila. It is a difficult

one as well when we think about the variability of the behaviour. If

different decoration patterns serve different functions, the researcher

may have to make a critical decision before having even started the

investigation. It is not only the material used, but also the

arrangement of it that varies from species to species. Apart from

the peculiar zigzag-shaped silk bands in Argiope-webs (Figure 1),

McCook also described the web decorations of Gasteracantha

(Araneidae) and Uloborus (Uloboridae), which, although made

from the same material, turned out to look very different. The silk

decorations of Uloborus are also attached to the web as a band

(Eberhard and Opell, 2022), yet often less orderly than inArgiope and

in some species not in a linear fashion but circular. The silk

decorations of Gasteracantha again look quite different. These

spiders add individual silk tufts to the radii and/or frame threads of

their orbs, often arranged in rows. Considering a signal function of

silk decorations, it becomes obvious that it takes some explanatory

effort to argue for both Argiope- and Gasteracantha-decorations to

have the same effect. Therefore, and depending on the experimental

setup, choosing one over the other study system could alter the result.

The Argiope-Gasteracantha example illustrates a first key issue to

address in any web decoration study: Is it reasonable to assume a
Frontiers in Arachnid Science 04
similar function for all decoration types and patterns, or is there a

strict dependency? There are good arguments for both. For example,

a type-depending function appears plausible in the genus Cyclosa, as

many species construct two decoration types of very different main

components, silk or debris, which may relate to different purposes.

Even their evolution may have followed different paths. We could

easily see how a “lazy” spider may not have removed consumed prey

items, leaving them hanging in the web, thereby concealing itself,

equally dull coloured, sitting amongst those items. The occasionally

built silk decorations may have a different evolutionary origin and

may serve another function, like prey attraction (see below). Or, the

different decorations serve the same function after all, with different

materials and patterns representing replacements of each other

depending on the availabilities in highly variable environments.

Material or pattern variability alone is not inevitably an indication

for variability of function (cf. Walter, 2019). In fact, different

decoration patterns built by different species, but under the same

circumstances, may be an indication for functional consistency.

Going back in evolutionary times can be a way to find a unifying

functional explanation, as predecessors of a current, perhaps now

species-specific decoration type may once have served the same

purpose but were later selected differentially. However, the field of

studying “the evolutionary origin of web decorations” is poorly

tilled yet. When looking closer, we start to distinguish between an

“original function”, which may have lost its significance over time,

and an “ultimate function” or “ultimate functions” that may have

evolved differently from species to species and environments to

environments. The issue of not finding consensus then reaches

another hurdle, once we realise that web decorations have evolved

several times independently (Scharff and Coddington, 1997; Scharff

et al., 2020). If we consider the evolutionary original function of web

decorations being the same across species, we need to find an

explanation for why this has happened repeatedly.
1.3 Argiope as a model system

Debris decorations are absent in Argiope, yet the debate about

functions has become most lively within this silk decorating genus.
FIGURE 2

Number of publications that study and/or discuss the function of web decorations since 1970. The early 2000s have been the most productive
phase in web decoration research. Despite many open questions, the frequency has later declined and remained low during the last decade.
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The “only” variability in the behaviour across the various species

seems to be a variation of silk band arrangements. These spiders are

categorised according to the mode they attach the typical zigzag-

shaped silk bands in their webs: in a circular, linear, cruciate or

irregular shape (cf. Bruce and Herberstein, 2005; Bruce, 2006;

Walter and Elgar, 2012; cf. Figure 1). Also some Cyclosa species

show pattern variation, either constructing circular or linear silk

decorations (Gonzaga and Vasconcellos-Neto, 2005), but the genus

Argiope has emerged as the more popular model. At a closer look,

this is based on good reasons. First, Argiope has a worldwide

distribution. There are species found on every continent (except

Antarctica). Thus, researchers can easily compare their research

results and adopt experimental protocols for their species of

interest. Secondly, Argiope spiders are relatively large orb weavers,

with adult females reaching 1-2.5cm in body length. They can be

collected easily and build webs readily under lab conditions. They

grow fast and are not demanding when it comes to the diet. The

decorating behaviour has proven to have a genetic basis in Argiope

(Craig et al., 2001) and shows an additionally interesting

ontogenetic shift, with adults using either linear or cruciate

arrangements of silk bands, while the juveniles of all species build

circular web decorations, adding an intriguing aspect to

experiments on the signal function. Based on these characteristics,

the genus has become the favourite pet of web decoration

researchers, and many of the results discussed in the following

sections originate from Argiope-studies.
2 Original web decoration function

The body of evidence is weak for the evolutionary origin of the

web decorating behaviour, and this is particularly true for silk

decorations. We do not know anything about the reason why

spiders started to deposit extra silk in their capture web. What

proximate mechanism triggered them to attach an additional

structure, when their webs would also function perfectly well

without it? What condition allowed for an apparent excess of silk

to accrue, which is not used for any other purpose but decorating?

Orb web spiders can produce very different silk types, differing in

amino acid composition, glycosylation patterns, hydration level etc.

(Vollrath and Knight, 2001; Hayashi et al., 2004; Blamires et al.,

2009; Blackledge et al., 2011, 2015, 2017). The different silk types

have evolved as adaptations to specific uses, requiring differential

properties from the material. There are silks used for covering the

egg cases, for draglines, for frame threads of the web, the capture

spiral; and there is a special silk type used for wrapping prey,

aciniform silk.

It is known that in Argiope and Uloborus, the main silk used for

web decorations also is aciniform silk (Peters, 1993). Based on this

link, in an earlier review, Mark Elgar and I constructed a

hypothetical scenario for an evolutionary origin of silk

decorations (Walter and Elgar, 2012). Argiope spiders

predominantly use wrap attacks and do not rely on the venomous

bite to immobilise the struggling prey (Eberhard, 1967; Robinson

et al., 1969; Robinson and Olazarri, 1971; Olive, 1980), and

Uloborus spiders are left with this as their only option, since they
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lack venom glands altogether (Eberhard, 1967). Wrap attacking

requires a fast provision of large amounts of aciniform silk, as the

spiders throw dense silk mats over the struggling prey in order to

immobilise it. The steady production of sufficient aciniform silk is

therefore crucial to these spiders, and thus a high production level,

or at least high plasticity of its synthesis can be expected. Walter

et al. (2008a) found that an excessive use of aciniform silk leads to

an increased production of it through positive feedback in Argiope.

As a side effect, the decorating activity increases as well, thereby

suggesting a direct link between prey capture and web

decorating behaviours.

When having a closer look into the phylogeny of orb web

spiders, a curious pattern emerges. Web decorating and wrap attack

behaviours seem to be tightly linked in a large number of species

(Scharff and Coddington, 1997). In a study on four Australian

araneids, I showed that this link is also experimentally detectible

(Walter, 2018). I compared the prey capture behaviour of two

decorating and two non-decorating species occupying the same

habitat and showed that the decorating species use wrap attacks

significantly more frequently than non-decorators. How could this

be functionally meaningful? In Walter et al. (2008a) we concluded

that, originally, silk decorations may have represented the visible

result of a regulation process that adjusts the production level of the

aciniform silk glands. This regulation may be the proximate cause

for a temporary silk deposition in the web. A highly fluctuating prey

abundance and the varying demand for wrapping silk may have

rendered this rather crude and straightforward strategy beneficial.

Conversely, in times of high demand, the production of aciniform

silk could, at least theoretically, be increased by increasing the web

decoration activity. The latter is influenced by how much aciniform

silk is used for wrapping, closing the feedback loop. Based on this

idea, a hypothetical evolutionary progression from this starting

point towards an ultimate signal function of web decorations has

been proposed (Walter and Elgar, 2012; Walter, 2018).

Spiders recycle their webs before constructing a new one (Opell,

1998). If they do not abandon their webs then temporarily

deposited silk is not lost, making the deposition of extra silk

economically plausible. If the visual impression of the deposited

extra silk does not significantly interfere with the function of an orb

web, namely to catch prey, and if it does not reduce spider survival

directly, e.g. by attracting predators, this behaviour may be

maintained. However, the initial arrangement of the deposited

silk in the web would be expected to vary considerably, not

showing a recurring pattern. While the proposed regulatory

origin of decoration silk may well be the same across various

species, the ultimate function could differ, mirrored by a species-

specific pattern shaped over evolutionary times.

The significance of ultimate decoration function may have

increased during evolution, for example by a fine tuning of the

signal. If we observe a detachment from its original meaning, it may

explain why researchers find it so difficult to grasp the whole picture

of the phenomenon. Moreover, if we consider web decorations to

ultimately act as visual signals, it is even likely that the shaping is

still ongoing. Various possible evolutionary paths and an

incomplete fine tuning between sender and receiver may

inevitably lead to inconclusive results. Attempts to reconcile
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contradicting data in the past often concluded with the notion that

web decorations may represent multi-functional tools after all.

Perhaps this “compromise” draws the best picture of the current

situation. Or maybe, we just have not yet found the best suitable

experimental approach to draw a better one.
3 Ultimate web decoration functions
and the limits of “evidence”

Henry McCook (1889) was puzzled about what function silk

decorations may serve, and he wrote “The purpose of this zigzag is

an interesting problem; it evidently has no special purpose in the daily

life habits of the spider; at least, close and continuous observation of

many species colonized upon my premises have uncovered nothing.”.

With the amount of data found in the literature today, it seems

irrational to assume that web decorations have no functions.

However, the interpretation of previous results often lacks some

rigour, I argue. There are quite a few examples of narrowly focused

experiments that tend to overestimate the functional significance of

their results. On the other hand, it is impossible to prove the non-

existence of a function. The crucial question is: When are we

looking at a true function, a side effect, or just noise? For

example, some animal receivers will always be there to pick up

the visual impression of web decorations and exhibit some kind of

response, but what does it mean? I try to highlight below that the

literature of the last forty years is abundant of too narrowly

designed experiments, actually hindering us to reach conclusive

results on ultimate functions.
3.1 Web decorations and the prey capture
efficiency of orb webs

The visual impression of web decorations quickly leads to the

conclusion that this structure may have a signal function. It seems

counterintuitive that spiders reduce the prey capture efficiency by

increasing the visibility of the web, and hence web decorations have

been suspected not to deter prey but to actually improve prey

capture. Craig and Bernard (1990) showed that web decorations

reflect substantial amounts of UV-light and linked this with the fact

that many prey insects use this part of the light spectrum for

orientation and foraging (see also Kim et al., 2012). It should be

noted here that decoration silk does not reflect more UV than other

silk types (Zschokke, 2002), but that its local concentration may be

suspected to generate a visual signal. In the mentioned study, Craig

and Bernard (1990) found that the presence of silk decorations in

the webs of Argiope argentata was indeed correlated with an

increased prey interception rate. Later, Li et al. (2004); Bruce

et al. (2005) and Blamires et al. (2008) studied the link between

UV-reflectance of silk decorations and its prey attracting effect in

more detail and supported the idea that these structures may exploit

the sensory system of prey insects to lure them into the web. This

prey attraction hypothesis was confirmed by a number of empirical

studies (e.g. Tso, 1996, 1998; Herberstein, 2000; Bruce et al., 2001; Li

et al., 2004; Li, 2005; Cheng and Tso, 2007; Rao et al., 2009; Gálvez,
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2011; Kim et al., 2012; Gálvez, 2017a). Nevertheless, several studies

also failed to detect the prey attracting effect (Blackledge, 1998a;

Prokop and Grygláková, 2005; Rao, 2010) and some even revealed

the opposite, that the presence of a decoration reduced the prey

capture rate (Blackledge, 1998a; Blackledge and Wenzel, 1999;

Kondo et al., 2012). Moreover, Argiope spiders often prey on

insects that do not seem to be attracted to decorations, like

cicadas and grasshoppers (Robinson and Robinson, 1970; Tso,

1996). So, what to conclude? Although the idea is compelling, the

evidence for the prey attraction function is not unambiguous.

Today, it is often recited that “web decorations are prey

attractants”. However, while a prey attracting effect might be

doubtlessly measurable, it remains questionable whether this

generalisation is justified.

Web decorations could be built for a different purpose, yet once

in the web also attract the attention of some insects. Nonetheless,

even if we consider the benefit of attracting extra prey being rather

small, it can of course still create a selective advantage, given that the

costs are relatively low. However, the costs for building web

decorations are not that low after all. Blackledge (1998a) showed

that once silk decorations of Argiope spiders are treated as the

dependent variable, the plausibility of the prey attraction function is

shaken. He found that hungry spiders quickly stop decorating their

webs, indicating that the spiders try to save resources instead of

increasing their foraging effort by investing more in decorations.

The other way around, well-fed spiders increase their web

decoration activity, concluding that decorating is the consequence

of higher food intake rather than its cause (Blackledge, 1998a).

Apparently, only well-fed spiders can “afford” to build decorations,

suggesting a different main function than prey attraction, or at least

an additional one.

An alternative conclusion drawn from this observation may be

that the spiders try to exploit a temporarily high prey abundance by

building more of the attracting signal, in a frequency-dependent

foraging effort (see Sherratt, 1993). However, this requires the

assessment of the prey type, the prediction of its future relative

abundance and the most suitable decoration tactic for the current

conditions. There has been some discussion about the validity of the

optimal foraging theory in web building spiders, and it remains

questionable whether these sit-and-wait predators are capable of

making an accurate assessment of their environment (Edwards

et al., 2009; see also discussion in Pierce and Ollason, 1987).

The hunger level does not influence all foraging decisions

directly. Web site tenacity, for example, may be less affected by

hunger, as it is impossible for a spider to predict the quality of a new

location of their trap (Scharf et al., 2010). In association with

predator avoidance, however, hunger may well determine the

degree of risk an individual is willing to take while using its

foraging tactics. If a certain tactic increases the risk of attracting

the attention of a predator, hungry individuals gain a higher benefit

from taking this risk (Scharf et al., 2010). Several studies on the web

decoration function describe a potential signalling conflict

(Blackledge, 1998b; Blackledge and Wenzel, 1999; Bruce et al.,

2001; Craig et al., 2001; Seah and Li, 2001; Cheng and Tso, 2007).

Especially silk decorations are not only visible to the prey of the

spiders, but also to their predators (Bruce and Herberstein, 2005;
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Cheng and Tso, 2007). If we look at the Hymenoptera, this is

unsurprising. Bees represent a major prey guild of many Argiope

spiders, while mud dauber wasps are often their main predators,

both belonging to the same insect order, using the same visual

system. In this regard, Craig et al. (2001) found that these wasps can

learn to associate the presence of a decoration with a food source

(here, the spider). Similarly, Bruce et al. (2001) showed that also

mantids are attracted by silk decorations. Hence, the question is not

whether to build decorations under high predation risks, but

whether the construction of the decoration itself elevates that risk.

When we investigate the decoration behaviour under different

satiation levels, we should at least expect consistent tendencies. If

the predation risk is low, well-fed spiders may build more

decorations to exploit the prey abundance, but then hungry

spiders can gain even higher benefits under these conditions and

should thus also build more decorations. If the predation risk is

high, then well-fed spiders as well as hungry ones should reduce

their decorating activity. In fact, hungry spiders may be even more

inclined to build decorations under high predation pressure.

Instead, we find that well-fed spiders build more, and hungry

spiders fewer decorations under the same conditions.

Craig and Bernard (1990) made the observation that web

decoration silk reflects UV light; and especially for bees, the

conclusion of an attracting effect was readily accepted. However, as

it turned out, we are not entirely sure whether it really is the UV-part

of the light spectrum alone that can be claimed to convey a visual

effect. Blackledge andWenzel (2000) showed that artificial decorations

made of tarantula silk (Pterinochilus sp., Mygalomorphae:

Theraphosidae) have a much stronger UV-peak than the aciniform

decoration silk of Argiope. While one can train bees to find a

“tarantula-decoration”, they fail to get trained on the Argiope’s

decoration silk. Hence, it could be concluded that decoration silk

has been evolving to become more cryptic rather than getting more

visible. After all, Blackledge and Wenzel (2000) argue that when

assessing the receivers’ perspective, all colours of the light spectrum

have to be included, as it determines the overall visual

conspicuousness. Aspects like background, the ambient

environment and the resulting relative reflectance patterns play a

role too. In an interplay of UV + blue + green light reflectance, web

decorations gave a poor colour contrast against the natural grass

background, suggesting that the decoration silk may be cryptic to

many prey insects after all (Blackledge and Wenzel, 2001). Still, the

decoration silk does not sufficiently match the colour spectrum of the

spider body, to go so far to argue that decorations may provide visual

protection through crypsis, e.g. against birds (Bruce et al., 2005).

Apart from the general question whether prey attraction is the

main function of web decorations, when looking closer at the

behaviour, it becomes obvious that any variation of decoration

pattern and material may well influence the efficiency of the

attracting signal. First of all, the deceptive signal luring prey to

the capture web does not need to be a visual one. It has been

demonstrated in Nephila that prey remains arranged as decoration

bands in the web attract flies, and most likely so via the odour of the

decaying material (Bjorkman-Chiswell et al., 2004). However, the

same effect could not be confirmed for debris decorations of Cyclosa

(Kondo et al., 2012). Pure silk decorations may also emit olfactory
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signals, like pheromones (see Henneken et al., 2015), but they have

not been reported to attract prey in that way yet. Instead, the

arrangement pattern of the decoration silk has been shown to play

the major role for the efficiency via a visual attraction effect. There is

no consensus on which of the basic decoration patterns observed in

the various orb weavers may be the visually most effective prey

attractant, linear, cruciate or spiral/circular.

Cheng et al. (2010) tried to address this question by proposing

the idea that in adult Argiope spiders we may witness an

evolutionary transition from a vertical, linear to a cruciate

arrangement of their typical zigzag-shaped decoration bands (cf.

Figure 1). The authors argue that the two patterns serve different

functions, with the cruciate form being more effective in attracting

prey insects, since insects have an inherent preference for inclined

patterns (Bruce and Herberstein, 2005; Cheng et al., 2010). The less

evolved, linear form has been suggested to be more efficient in

deterring predators than attracting prey (Cheng et al., 2010). Along

those lines, Starks (2002) pointed out that the circular decorations

of juvenile Argiope spiders may also serve a different function than

the cruciate arrangement of silk bands in adults, whereas Li et al.

(2004) again presented results demonstrating a prey attracting

function for both patterns in A. versicolor. However, when we

refer to pattern variation, a consideration of the basic shapes may

not even be sufficient. As mentioned above, the pattern may also

vary regarding its completeness (see Nentwig and Heimer, 1987;

Craig et al., 2001; Bruce, 2006; Walter and Elgar, 2016; Walter,

2019). The cross made of four zigzag-shaped decoration bands,

which Cheng et al. (2010) described as being very effective, may well

lack 1-3 arms. This becomes an important factor when we try to

determine the minimum signal strength necessary to elicit a desired

response by the receiver. Herberstein (2000) presents evidence for

the prey attraction hypothesis, showing that an increasing number

of decoration bands in the cruciate decorator Argiope keyserlingi

increases the prey capture rate. However, the data also indicate that

a single band seems to have no significant positive effect over

undecorated webs. In accordance with this, Walter (2019) shows

that Argiope bruennichi has a strong preference for two-banded

(linear) decorations, constructing either the complete pattern or no

decoration at all, with one-banded decorations being significantly

rare in the species’ repertoire. The question arising from those

observations is how has the decorating behaviour reached, and later

passed, the threshold for the visual signal strong enough to elicit a

receiver response? Because here, a gradual increase of the signal

strength is unlikely to explain the early evolution of the signal (cf.

discussion in Walter and Elgar, 2012).

There is undoubtable evidence that web decorations can attract

prey insects. However, they do not attract all prey species equally

well, and worse, they also attract unwelcome predators.

Counterintuitively, well-fed spiders build more decorations than

hungry ones. Together with the variability of decoration patterns

and the unclear impact of their spectral properties, it appears almost

questionable to straight-forwardly conclude that prey attraction is

the main function of these structures. At this point, we may

modestly assume that we have proven a beneficial effect that may

facilitate the maintenance of the decorating behaviour, but we need

better data on other potential decoration functions to discern the
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relative impacts on spider fitness and, consequently, the selective

forces acting on the decorating behaviour.
3.2 Web decorations and their warning
signal efficiency

In 1983, a paper by Eisner and Nowicki generated some

considerable attention to the web decoration topic. It presented

evidence that silk decorations may act as a warning signal,

advertising the presence of the web to non-prey animals that

might inadvertently damage it. The advantage for a hub-dwelling

spider seems clear. It reduces the risk of injuries and the risk of a

potential loss of the capture device and resting place. Eisner and

Nowicki (1983) demonstrated that decorated webs persist longer

intact than undecorated webs. Birds flying through the webs have

been suggested to be a major cause of web damage (Lubin, 1975;

Horton, 1980; Blackledge and Wenzel, 1999) and may thus be the

intended receiver of such a warning signal. However, in 2017,

Gálvez showed in a choice experiment with hummingbirds that

these potential web damagers do not actively avoid silk decorated

webs of Argiope submaronica (Gálvez, 2017b). Also, many

decorating spider species build their webs in low vegetation strata,

like in grasslands, rendering it rather unlikely for birds to damage

them. Other vertebrates may need to be considered as frequent web

damagers as well, but the literature provides no insights here.

Again, with this hypothesis, it remains unclear whether the

avoidance of web damage is themain purpose of web decoration, or

whether this may be considered a positive side effect, and the

decorations have a different primary function. Can we say, “web

decorations are protective devices”? Interestingly, unlike the

situation with the prey attraction hypothesis, investigations that

treat the decoration as the dependent variable seem to support a

web protecting effect. Kerr (1993) presented a study conducted on

Guam and neighbouring islands, showing that Argiope appensa

reduces its web decorating activity in the absence of birds. This may

indicate that with fewer web damage events, the spiders reduce their

investment in the warning signal. However, birds may not only be

considered potential web destroyers, but also major predators of

these spiders (Horton, 1980; Blackledge and Wenzel, 1999), and

competitors over insect prey (Kerr et al., 2021). Hence, it is

alternatively possible that the release from predation pressure or

competition over food can explain the observation. After birds had

been eradicated on Guam by the brown tree snake, A. appensa may

have no longer been in the need to protect itself against predators by

building web decorations (see discussion under 4.2), or no longer

needed to attract insects as the reduced inter-specific competition

over prey has increased their abundance.

In an attempt to directly prove the impact of web damage on the

spiders’ decorating behaviour, Walter and Elgar (2011) purposely

damaged the webs of Argiope keyserlingi. The results show that after

experiencing heavy web damage, these spiders increase the size of

their silk decorations. Now the story seemed conclusive: Decorated

webs persist longer undamaged, and more web damage causes an

increase in decoration investment. However, what the study by

Walter and Elgar (2011) also revealed was that spiders experiencing
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greater web damage also reduce the size of their capture web. After

all, it could be concluded that this is the actual response to the

damage, and as a compensation for the smaller capture area of the

web the spiders increase the strength of the prey attracting signal,

the decoration.

The last example nicely illustrates that with a growing number of

ultimate functional explanations, the discussion of new results becomes

more and more complicated, because alternative interpretations are

readily available. Or, this may indicate that web decorations are indeed

multifunctional tools. However, I think it is more likely that a more

elaborate design of experimental setups can help to minimise the

chances for conflicting interpretations. With the web protection/web

advertisement hypothesis, a sharp distinction to the predator

avoidance hypothesis is not always clear, as for the example of birds,

which can be both predators and web damagers (cf. Horton, 1980;

Blackledge, 1998b; Blackledge and Wenzel, 1999). For hub-dwelling

spiders, the loss of the web is almost inevitably associated with high risk

of injuries and an increased chance to be encountered by predators

(Lubin et al., 1993). Apart from the prey attraction hypothesis,

functional explanations claiming that web decorations protect the

spider against predators are thus next most common (Bruce, 2006;

Walter and Elgar, 2012; Robledo-Ospina and Rao, 2022).
3.3 Web decorations and their efficiency to
protect spiders against predators

Although there are many studies that have collected evidence

for the predator avoidance function, its conclusiveness appears

weaker than that of the prey attraction idea. Most papers

conclude with indirect inferences based on observations, while

direct experiments trying to go into detail are very rare. The

reason may be that investigations of the foraging behaviour of the

spiders’ predators quickly become rather elaborate. Lab studies are

hardly feasible, because bringing predatory wasps, birds or other

vertebrate predators into a controlled indoor setup comes with

considerable limitations. The natural foraging behaviour can rarely

be triggered under these conditions. A good example provides the

comparison of two studies using a similar prey-predator species

pair. Bruce et al. (2001) studied a mantis species preying upon

Argiope keyserlingi in the lab, using a Y-maze choice experiment,

with the result that the predator shows to be attracted to the silk

decoration built by the spider. The maze was rather small in size

(5x5cm tunnel), and a later experiment trying to reproduce the

results using A. bruennichi and a different mantid species revealed

that these predators do not show a natural prey search behaviour in

the maze, but are rather busy attempting to escape the apparatus

(Walter, 2008). While this represents a simple study system, the use

offlying insects or birds as predators would complicate the situation

even more. Experiments on the predator avoidance function are

thus better advised to take place in the wild, but then they become

technically elaborate and labour-intense.

Wayne Tolbert (1975) was one of the early supporters for a

predator avoidance hypothesis. He suggested that the densely

woven silk mats covering the web hub of Argiope aurantia may

act as a physical shield to prevent a predator to reach the spiders’
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body. Many orb web spiders shuttle around the web hub when

being disturbed or threatened (Hingston, 1927; Tolbert, 1975;

Jackson et al., 1993; Li et al., 2003; Eberhard, 2020; Wang et al.,

2021). Decades later, Wang et al. (2021) confirmed Tolbert’s

observations in one of the rare direct experiments on the predator

avoidance hypothesis. The circular decorations around the web

hubs of juvenile Argiope minuta spiders shield them from being

spotted by chicks that would otherwise pick them from the web.

However, shielding is just one possibility of how web decorations

may protect the spiders from predation. Schoener and Spiller (1992)

demonstrated that Argiope argentata spiders have a higher

probability of survival if they decorate their webs (see also

Blackledge and Wenzel, 2001 for A. trifasciata). The authors

argue that the alignment of the spiders’ legs with the cruciate

arrangement of their decoration bands makes them appear larger

than they actually are, thus having the predator abandoning the idea

of attacking an apparently too large prey item. In some earlier

studies, it was further proposed that the silk bands may help to

conceal the spiders’ outline, making it difficult for a predator to

assess their true size (Lubin, 1975; Edmunds, 1986).

Blackledge and Wenzel (2001) suggested that in Argiope the

zigzag-pattern of the decoration bands may play a crucial role.

Argiope spiders respond to disturbances and attacks with ‘web

bouncing’ or ‘web flexing’ (Tolbert, 1975; Jackson et al., 1993; Li

et al., 2003; Blamires et al., 2007). By moving their body up and

down against the web plane, they set the web into a low frequency

vibration (Cedhagen and Björklund, 2007). This defensive

behaviour is likely to confuse the attacker (Hingston, 1927; Soley,

2019), and visually, the result is a blurry picture of the spider and its

decoration, which makes it difficult for the attacker to locate it in the

web (Cloudsley-Thompson, 1995; Robledo-Ospina et al., 2023;

Figure 3), to make it appear larger than it is (Li et al., 2003;

Robledo-Ospina et al., 2023) and/or to give it enough time to

escape, for example by eventually dropping from the web

(Blackledge and Wenzel, 2001). Li et al. (2003) further showed

that Argiope versicolor adjusts its predator escape behaviour

depending on the presence and the shape of the web decoration.

While juveniles shuttle around the circularly decorated web hub in

response to a predator cue, adult spiders in cruciate-decorated webs

bounce more frequently than those in undecorated webs, which

then rather choose to drop from the web. However, a similar study

on Argiope florida by Bateman and Fleming (2013) could not

confirm the observation of that decoration-dependent

fleeing behaviour.

As discussed above, the spectral properties of decoration silk

may not only attract the attention of prey, but also predators (Craig

et al., 2001; Seah and Li, 2001; Bruce et al., 2005; Rao et al., 2007).

This seems problematic also with respect to a proposed predator

avoidance function. However, considering spectral properties of

web decorations and the immediate environment, as well as the

various distances of sender and receiver of the visual signal may at

least partly conciliate the conflict. Taken separately, decoration or

spider may be easy to spot, but in combination the decoration silk

may actually help to reduce the visibility of the spider sitting on top

of it. The contrast of the spider body against the decoration silk is

strong enough for birds to spot the spider, yet they are
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undistinguishable from the background for hymenopteran

predators at short distances (Bruce et al., 2005). In his review in

2006, Matthew Bruce pointed out that many animals use different

receptors for short- and long-distance discrimination (see also

Chittka, 1996), and consequently, it remains to be shown how

silk decorations may be camouflaging the spiders over short but not

over long distances.

For detritus decorations, a camouflaging effect has already been

revealed by Tan and Li (2009); Cyclosa mulmeinensis individuals

sitting on webs with decorations were invisible to both

hymenopterans and birds over short distances, but visible to both

predators and prey over long distances. Structural and spectral

properties play a role in protecting spiders that build detritus

decorations. Cyclosa morretes and C. fililineata build vertical

decoration bands out of prey remains and sit in the centre of

those “columns” (Gonzaga and Vasconcellos-Neto, 2005). With

their legs tucked up, these spiders are visually indistinguishable

from the linear arrangements of prey leftovers, disrupting the

spiders’ outline and thus reducing the likelihood of being spotted

by predators (Neet, 1990; McClintock and Dodson, 1999; Gonzaga

and Vasconcellos-Neto, 2005). A similar protective effect of hiding

the spiders’ location has been attributed to the egg sac decorations

in Allocyclosa bifurca (Eberhard, 2003; Eberhard, 2019; 2023).

Spectral properties play an additional role in concealing the

spiders. Chou et al. (2005) demonstrated in Cyclosa confusa that

hymenopteran predators cannot distinguish between the chromatic

contrasts of the spiders and their detritus decorations. The same

was observed for Cyclosa monticola (Ma et al., 2020). While the

visual impression does still attract the attention of wasps and birds,

interestingly, they more frequently attack the decoration rather than

the spider (Chou et al., 2005; Tseng and Tso, 2009; Ma et al., 2020).

Detritus decorations may protect Cyclosa spiders via spectral

properties of the silk against insect predators and via structural

characteristics against vertebrate predators (see also spider defence

strategies reviewed in Robledo-Ospina and Rao, 2022). Not only

detritus decorations but also silk decorations may function in a

macroscopic masquerade fashion. Liu et al. (2014) described a

protective function of circular silk decorations of Cyclosa ginnaga

as an interplay of spider body colouration and the white silk. The

authors argue that the spiders together with their decoration silk

resemble bird droppings and that this may protect them against

avian predation.

After all, the knowledge about the prey capture behaviour of

many predators of web decorating spiders, like their approach paths

and decision making is still scarce, which renders the design of

meaningful experimental setups to test the predator avoidance

function difficult. What becomes obvious is that if web

decorations act as anti-predator devices, we will need to identify

the intended receiver of the deterring signal first, because the visual

systems of the predators vary considerably. As discussed above,

predator attraction as well as predator avoidance can both be

concurrently true. However, without a better resolution on the

relative strengths of both effects, it poses the question of whether it

would not be easier to omit web decorating in the first place. It

seems reasonable to assume that the spiders need to be able to use

their decorations tactically in response to fluctuating environmental
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conditions, in this case to changing predation pressures. However,

previous studies have not yet convincingly demonstrated a

sufficiently high degree of the spiders’ environmental awareness

that could justify this assumption (with one notable exception of Li

and Lee, 2004). More solid information on which environmental

factors actually influence the decorating behaviour is required.
3.4 Web decorations and their ability to
collect water

Wang et al. (2021) demonstrated that the function of web

decorations may not only rely on their visual but also on their

physical properties, shielding Argiope spiders against predatory

attacks. The structure of the decoration silk attached to the web

may also have another direct benefit. It can collect water originating

from either rain or dew. Studies on Argiope bruennichi, A. aetherea

and A. trifasciata showed that these spiders even use their silk

decorations to drink the collected water (Walter et al., 2009, 2011,

2012). The dense meshwork of the decoration silk has the

hygroscopic potential to retain substantial amounts of water

(Walter et al., 2009), and under dry conditions the spiders use

this cistern frequently to drink from (Walter et al., 2012). They

systematically probe their decoration and ingest any adhering

droplets. However, the difficulty with a potential “cistern function

hypothesis” is that when treating the decoration as the dependent

variable, ambient humidity does not seem to affect Argiope’s

decorating behaviour (Nentwig and Rogg, 1988; Herberstein and

Fleisch, 2003). If water collection is an important function, the

spiders should be expected to increase their investment in web

decorations in dry environments or under desiccating conditions,

for example to collect more dew in the morning. A meta-analysis of

the distribution of web decoration patterns of Argiope bruennichi

across Europe using more than 3000 pictures taken by lay

photographers (source: www.inaturalist.org) also did not reveal
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the humidity/aridity of the region (Walter and Vanthournout,

unpubl. Data).
3.5 Web decoration variability vs.
functional consistency

In most species, at least the decoration type (detritus, egg sac or

silk) is consistent across individuals of a population. However, some

Cyclosa species even vary the decoration type intra-individually,

switching between silk and detritus as the building material. Silk

decorations have thereby been suggested to function as a

replacement form in the absence of detritus, which the spiders

otherwise prefer to use (Gonzaga and Vasconcellos-Neto, 2005).

McClintock and Dodson (1999) found that C. insulana builds more

circular silk decorations in smaller webs and in windier areas. The

linear detritus decorations seem to be the more permanent solution,

and are only constructed under calm conditions when longer

undisturbed periods allow for the accumulation of enough

construction material. Accordingly, Gong et al. (2023) show that

an elaborate detritus decoration is a substantial investment for

Cyclosa monticola, negatively affecting their propensity to relocate

their website after disturbance. The idea of silk decorations being a

low-cost replacement implies that not only detritus decorations

may be considered as protective devices (Neet, 1990), but that silk

decorations also serve this purpose. In line with this idea, Eberhard

(2003) describes how Allocyclosa bifurca switches between silk and

egg sac decorations; and he argues that both decoration types serve

the same function, to camouflage the spider, yet with egg sac

decorations being more effective. However, since the material for

detritus decorations, their pattern, as well as their spectral

properties differ considerably from silk decorations, differential

functions have also been proposed. While silk decorations may

help to increase the prey capture rate by attracting insects
FIGURE 3

Adult females of Argiope aetherea. Left: resting position; Right: bouncing in the web (another individual).
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(Tan et al., 2010), it is suggested that the detritus decoration

protects the spiders against predators, once the capture success

has been high enough to result in enough prey remains to be used

for assembling the detritus band (Gonzaga and Vasconcellos-Neto,

2005). This is an interesting idea, yet the authors also note that

further studies need to be conducted to confirm this hypothesis,

which has not been done yet.

In pure silk decorations, the idea of a single main web

decoration function is challenged by the dilemma of considerable

decoration pattern variability. A question lingers in the room: Do

different decoration patterns serve different functions or the same?

Cheng and Kuntner (2014) show that species constructing either

linear or cruciate decoration patterns are scattered all across the

phylogeny of Argiope spiders. If any pattern-dependency of function

exists, it is equally scattered then, which poses interesting follow-up

questions as to the species’ common life history features. The

variability of decoration patterns does not stop on species level.

Within the genus, there are species that alternate between distinct

patterns (linear, cruciate, circular) within the same population and

even intra-individually, sometimes changing the decoration pattern

on a daily basis (Walter and Elgar, 2016; Walter, 2019; Figure 4).

Both the basic decoration shape as well as the completeness of a

certain pattern have been suggested to significantly influence

functionality. Cheng and Tso (2007) found that the absence of

decorations in Argiope aemula webs reduces the predation risk,

whereas Blackledge and Wenzel (2001) show that the absence of

decorations increases the predation risk for A. trifasciata.

Considering that the former species preferably constructs cruciate

and the latter liner decorations, the linear pattern must be

extraordinarily effective in protecting the spiders compared to the

cruciate arrangement of the silk decoration bands. However, it is

surprising then that compelling evidence for such strong pattern-

effect is hard to find. Nevertheless, different functions have been

proposed repeatedly for linear and cruciate patterns (Starks, 2002;

Bruce and Herberstein, 2005; Cheng and Tso, 2007). Cheng et al.

(2010) suggest that cruciate patterns represent the result of

opposing selection pressures acting on the shape of decoration

signal. Cruciate patterns may better exploit the sensory system of

prey, increasing their attractiveness (see also Bruce and Herberstein,

2005), but linear arrangements may be favoured under conditions

when other uses of the signal are more important, for example for

predator avoidance (cf. discussion in 3.1).

The discussion about the possibility that linear and cruciate

decorations serve different functions is ongoing, and we still lack

direct comparative experiments. Beyond this dichotomy, we have

even less insights into the functional significance of the ontogenetic

shift from the juvenile decoration pattern to adult shape. It is a

widespread phenomenon in Argiope that early instar spiders of

almost all species build circular decorations and later shift to either

linear or cruciate forms in late juvenile and subadult stages (Bruce,

2006; Walter and Elgar, 2012). Again, the question is, do the

circular, juvenile patterns serve the same or a different function as

the respective adult shape? Li et al. (2003) found evidence for

circular silk decorations having a protective effect for juvenile

Argiope versicolor (3.3). However, a little later, Li et al. (2004) also

presented results that support a prey attracting function of circular
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decorations in the same species. It appears that studies on circular

decorations do not resolve the dilemma of conflicting results either.

I argue that this case is symptomatic for a widespread flaw in

decoration research, that experimental setups try to seek agreement

with narrow hypotheses, and that this hinders us to yield more

conclusive results. If we predict a protective function, we may look

for evidence only confirming this prediction. If we hypothesise that

web decorations attract prey insects, we will find prey guilds that

respond more than others, confirming the attraction. For example,

direct comparisons of various species, decoration types and

functional hypotheses within a single study do not yet exist.

Alternatively, we may assume that different decoration types

and patterns do serve the same function despite pattern variation.

This alternative is hard to prove though, because we need to explain

the value of variation and to insist on more experimental

consistency when comparing various studies. For example, if we

consider web decorations to act as a visual signal, the minimum

strength to elicit a response by the receiver becomes a crucial

variable (cf. Walter and Elgar, 2012). If different studies measure

the decoration signal in different environments, at different sizes

and shapes, we may quickly end up with incomplete results that are

prone to misinterpretation. As mentioned above, the study by

Herberstein (2000) found that a four-armed, cruciate silk

decoration has a prey attracting effect, whereas if a single-arm is

measured, there is no difference to a web without decoration. With

respect to the protective function, if web decorations make spiders

appear larger than they are (Schoener and Spiller, 1992; Li et al.,

2003), an increasing decoration size can be expected to increase its

effectiveness to avoid predatory attacks. Yet, if we measure an

incomplete decoration, it may turn out to be useless for protection.

Why do spiders then build incomplete decorations at all (cf.

Walter, 2019)? And how has the complete decoration pattern

evolved, if parts of it have no effect? An elaboration from smaller,

previous versions is then implausible. Partly circumventing this

discussion, the variation of silk decoration patterns and their

completeness have been argued not to be symptom of

imprecision, but to be an evolved feature. Serving the same

function, the decoration pattern is suggested to be constantly

altered by the spiders in order to avoid receiver learning by either

prey or predators (Craig et al., 2001; Seah and Li, 2001), thereby

acknowledging the possibility that the efficiency may be

compromised. Ratz et al. (2023) discuss the issue of compromised

signal efficiency as a result of a signalling conflict: If there is a trade-

off between prey attraction and predator avoidance, it is expected

that the prey attracting signal remains suboptimal despite the

potential for greater attractiveness. The great diversity of prey

types as well as predator species, whose sensory capabilities are

overlapping, further makes it hard for the signal to evolve to become

highly attractive to prey and concurrently cryptic to predators (Ratz

et al., 2023). Thus, when assuming a signalling conflict being true

for web decorations, pattern inconsistencies across species and even

within species or populations may be expected. Apart from

evolutionary reasons for the maintenance of pattern variability,

Walter and Elgar (2016) note that the shape of a web decoration is

additionally dictated by the architecture of the web and the amount

of silk available at a given time. Pointing out that circular
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decorations are twice as large as cruciate decorations in Argiope

mascordi, they argue that it might be a question of how much silk a

spider has available to construct either the more expensive, circular

pattern or the relatively cheaper cruciate form. This inevitably

suggests that the circular pattern would be more effective than the

cruciate form, irrespective of what the decoration function may be.

Eberhard (1973) found in Uloborus diversus, that these spiders

change their decorating from linear to circular patterns when light

intensity increases. This could be an indication that an increased

visibility to predators triggers a shift to the more expensive yet more

protective decoration form. Discerning the function of circular

patterns may eventually shed light on the ontogenetic shape-shift

recorded in so many Argiope species. Smaller, juvenile individuals

may prefer the circular silk decoration pattern if it is more effective

than linear and cruciate shapes. Adults, perhaps, had to come up

with a cheaper solution. Spiders grow longitudinally more than

laterally, but the circular shape of the juvenile silk decorations

requires relatively greater amounts of extra silk per mm body length

with each instar, as it grows equally in both directions. Hence, with

an increasing body size, the construction of circular decorations

becomes increasingly expensive for the spider, raising the selection

pressure for developing cheaper solutions, which may have resulted

in alternative, lined patterns, perhaps at the costs of a reduced

efficiency. I suggest that future studies should test this idea further,

thereby taking advantage of species that build circular decorations

also in the adult stage. According species are rare, but they exist.

Argiope mascordi (Figure 4C), A. ocyaloides and A. chloreis are

examples. An interesting side question is, why would individuals of
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these species pay the relatively higher costs of circular decorations

even as adults?
4 Open questions – which are the
right ones to answer?

A meta-analysis of the literature presented above reveals that

previous research appears to be biased in various ways. Figure 5A

illustrates that web decoration studies in the past have been

focussing on hypothesising and investigating single functions

instead of approaching competing functional explanations or

including the possibility of multifunctionality. They further have

been treating web decorations predominantly as the independent

variable instead of looking for factors that influence the decorating

behaviour (Figure 5B). Moreover, while previous investigations

tried to confirm a single ultimate function, they have missed the

point of explaining the evolutionary origin of the behaviour almost

completely (Figure 5C). Bringing genetics and genomic research

into the system could shed some light into the evolution. Apart

from its origin, we still do not know how plastic the decoration

behaviour is, intra-individually as well as within and across

populations. Perhaps, it is worth starting to investigate the

response of certain ‘genetic lines’ to different environmental

conditions, for example, by artificially selecting or sampling

distinct decoration phenotypes (patterns, low- or high-frequency

decorators, etc.). The focus on studying ultimate functions is

understandable insofar as it is less elaborate and thus likely to
FIGURE 4

Argiope species known to construct more than only one of the basic decoration patterns. (A) linear and cruciate in A. picta, (B) linear and cruciate in
juvenile A. sector, (C) circular and cruciate in A. mascordi.
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yield publishable results reasonably faster. Once some basic data

have been published, they can be easily supported or rejected by

adopting the experimental setup but using a different species or

environment. Results from those studies are valuable and shall not

be belittled here, yet scientific progress in the field may have been

slowed down by a trend of validating rather than exploring. Putting

more effort in studies treating web decorations as the dependent

variable and exploring the genetics and the proximate mechanisms

of the behaviour in greater detail could help to resolve the issue, as

those data will improve our understanding of the evolutionary

progression of this intriguing behaviour.
4.1 Where does web decorating
come from?

In their review, Walter and Elgar (2012) described a potential

evolutionary path of how silk decorations have emerged in Argiope

spiders, which marks a first attempt to put the puzzle pieces

together in this most prominent model system. It was trying to

consolidate the findings on ultimate functions with the bit of

knowledge we have on the origin of the behaviour. The authors

suggest that the origin may be linked to the evolution of the wrap

attack strategy based on the common use of aciniform silk (see 2.).

Previously, Walter et al. (2008a) found that an increased use of

wrapping silk in Argiope bruennichi, A. sector and A. keyserlingi

resulted in an increase in the web decoration activity, suggesting a

proximate connection. Yet, in a similar silk gland depletion

experiment, Tso (2004) revealed in Argiope aetheroides that

individuals that used less silk for wrapping built larger

decorations than those having wrapped a lot of prey items. This

shows that this “silk gland regulation hypothesis” for the origin of

decorating is not yet well supported, and further studies need to

look into this. Once better substantiated, this hypothesis may

provide a proximate explanation for why it is aciniform silk that

is used for web decorating.
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After all, there may be another, and perhaps even simpler

explanation for the occurrence of aciniform wrapping silk in

Argiope webs, which has not yet been investigated. Once Argiope

spiders have wrapped a prey item, they often leave it at the capture

site in the web instead of immediately carrying it to the web hub

(Robinson and Robinson, 1974). This is particularly true for large

prey items, for which the spiders need a lot of wrapping material.

When a spider returns to the web hub, it often drags more or less

thick bands of remnant wrapping silk along (Walter, 2018), creating

a white band in the web (Figure 6). This band may then be picked

up as a visual signal (ME Herberstein, pers. comm.), and may even

favour a selection for “messy” spiders. However, it remains to be

explained how this initial “carelessness” de-coupled from the prey

capture behaviour and became a part of the web building behaviour;

but it is a hypothesis worth to be further pursued.

“Silk-drag hypothesis” or “silk regulation hypothesis”, both

scenarios may provide intriguing insights into how a signal may

have evolved frommeaningless concomitant circumstances of other

behaviours. What followed could be more readily explained by a co-

evolutionary fine-tuning between sender and receiver. Since animal

signals are optimised for their use in a certain environment, another

aspect needs to be included when tracing the shaping of the alleged

decoration signal, physical or mechanical constraints. In their study

on Argiope mascordi, Walter and Elgar (2016) discuss the potential

reason for how the cruciate decoration pattern, as a cheaper

alternative to the circular shape (see 3.5), may have resulted from

architectural features of the orb web itself. While their observations

could not identify any cause that may explain the intra-individual

switching between the two decoration patterns, they revealed that

cruciate decorations were significantly more frequent in old, worn

webs. In A. mascordi, the circular pattern is otherwise more

frequent (75% vs. 20%, with 5% mixed patterns). Yet regularly,

spiders have been observed to add new decorations to webs that

have not been renewed for a few days. In new webs, only 20% of the

decorations are cruciate, whereas in those old webs this percentage

is as high as 70%. Since worn webs often lack some fine structures,
B CA

FIGURE 5

Spectrum of previous web decoration research according to various criteria. (A) Comparison of studies addressing a single function of web
decorations, multiple functions or describing functional conflicts, (B) Comparison of studies treating web decorations as the independent or
dependent variable, or which are purely observational, (C) Comparison of studies investigating ultimate functions of web decorations vs. those
exploring their evolutionary origin or describing them as non-functional. *the body of literature for all three graphs is the same, but not all papers
fulfil all criteria. The number of studies used for analysis is thus quite comprehensive, yet not meant to be exhaustive.
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like the guide spiral, hub threads or even radii, Walter and Elgar

(2016) suggested that the remaining structure of the web cannot

accommodate a circular decoration, e.g. with the spider being

unable to complete its revolving construction around the web hub

due to a lack of suitable attachment points. The idea needs further

support, yet is compelling, as it may also allow for inferences on

how the ontogenetic pattern-switch in other Argiope species may

have emerged (see 3.5). Following Ernst Haeckel’s biogenetic law

(see reviews in Nelson, 1978 and Porges et al., 2019), ontogenesis

reflects evolution/phylogeny, an idea that also holds for features of

spider webs (cf. Nakata, 2010). Hence, combined with this idea,

circular silk decoration patterns may well represent the evolutionary

oldest decoration form, at least in Argiope spiders, while linear and

cruciate arrangements may represent the cheaper, perhaps less

effective alternative, with its initial evolutionary appearance being

strongly dictated by the architecture of the web. Apart from

additional studies on the proximate causes of the silk deposition

in the web, more investigations on the pattern-shaping may not

only provide more insights into the evolutionary progression of web

decorating, but also into its ultimate function.
4.2 When do spiders build web
decorations? And why do they vary the
decoration pattern?

The scarce knowledge on the silk regulation hypothesis, the silk-

dragging idea and the latest contemplations on an inevitable
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pattern-shaping highlight the need for more studies that treat the

decoration as the dependent variable. We have been quick in

concluding functionality from single experiments on ultimate

signal effects, but we often do not understand how and under

which conditions the spiders build their decorations or change their

decorating behaviour. For example, web decorations protect against

web damage by non-prey animals, but we do not know whether it is

the evolved main purpose of the decoration to act as a warning

signal. The same is true for the prey attraction hypothesis. Web

decorations attract prey insects, but we do not know whether the

spiders created this signal primarily to increase the prey capture

rate. An interesting study by Li (2005) nicely illustrates how the

dependency-issue can distort the interpretation of results. His study

shows that an increased web decoration effort in Argiope versicolor

leads to higher food intake via prey attraction, which eventually

increases the fitness of the spiders, as they grow faster and bigger.

The explanation seems coherent, but in fact has a flaw. For the

effects presented and from the experimental setup described, it is

not discernible what was cause and what consequence. An

alternative conclusion from the same study could be that spiders

with a random advantage, e.g. a profitable web location, catch more

prey and grow faster accordingly. da Silva et al. (2020), for example,

found that sun exposure had a strong positive effect on the prey

capture rate of Argiope argentata. Accordingly, “lucky” spiders in

the right location may have more silk to spare, which they can use to

construct larger decorations. Simply by swapping the axes in the

graphs in Li (2005), I could argue that the main function of A.

versicolor’s web decoration is predator avoidance, without

contradicting the data presented. Unfortunately, this is a

recurring issue in the debate about silk decorations. When

Schoener and Spiller (1992) suggested a protective function of

web decorations in Argiope argentata, they argue that the higher

survival of decorating spiders is a proof for it. However, one could

debate this logic by saying that well-fed spiders have a survival

benefit because they are in good condition, and spiders in good

condition build more decorations. At the end, it is not entirely clear

whether silk decorating and survival are linked in the way as it is

proposed. Correlation does not necessarily allow to conclude

causation, and we should be more careful when designing future

studies to avoid spurious correlations.

The examples above indicate a dependency of the decorating

behaviour on spider condition, but there are also examples of

external factors that have a strikingly strong impact on the

decorating behaviour, but are reprehensibly understudied. In fact,

the literature already describes (but does not pursue) natural effects

on the web decoration behaviour that vastly exceed anything ever

measured after manipulations in the lab. The already mentioned

investigations by Alexander Kerr on Argiope appensa on Guam

provide an excellent example. In 1993 as well as more recently, in

2021, he could show that the absence of birds has a profound effect

on the web decorating frequency in this species. While between 40-

50% of A. appensa spiders in populations on neighbouring islands

(still hosting birds in abundance) build web decorations, this

number is significantly lower on Guam (only 16%), where the

Brown Tree Snake, Boiga irregularis, has eradicated all birds. This

remarkable difference has not changed over the 28 years in between
FIGURE 6

Argiope protensa female after having caught a house cricket. When
the spider returned to the web hub, it dragged wrapping silk along,
creating a white band that consists of the same silk as the actual
web decoration.
frontiersin.org

https://doi.org/10.3389/frchs.2024.1384128
https://www.frontiersin.org/journals/arachnid-science
https://www.frontiersin.org


Walter 10.3389/frchs.2024.1384128
both studies (Kerr et al., 2021). A similar observation was already

made by Yael Lubin in 1975 on the Galapagos Islands, where the

decoration frequency of Argiope argentata was negatively correlated

with the abundance of birds. The link between bird abundance and

web decorating is unclear, but in lab experiments intra-specific

differences of such magnitude are never observed. If we could

identify the key factor that let the spiders reduce their decoration

effort, we might get a clearer picture of what functions these

structures have. Yet, over the last 30 years, or with respect to the

work of Lubin (1975) over the last 45 years, no-one has looked

closer at this phenomenon.

Personally, I observed a similarly strong effect in Argiope

mascordi (unpublished data), however, in a timely rather than a

spatial manner. In 2012, I collected individuals for lab experiments

at Lake Tinaroo in Queensland/Australia. It was February and I

found them in large numbers building their webs on bare rocks all

around the lake, which interestingly enough is quite unusual for

Argiope. Since the body colouration of this species is very cryptic, I

could only find them by spotting their silk decorations, which were

shiny over relatively large distances. At this latitude of Australia,

seasonal differences are weaker than further south, and A. mascordi

has overlapping generations in this habitat, unlike species in the

temperate regions of the world, where Argiope species follow a

pronounced seasonal cycle. Hence, I was able to go on another field

trip in June to stock up my laboratory population. However, this

time, I was shocked as all spiders seemed to have disappeared. At a

closer inspection of the rocks, I noticed that they were still there

after all. I just could not spot them as they almost completely ceased

to build any form of silk decoration (Figure 7). Unfortunately, I had

no time to investigate this any further, but the effect was

remarkable. What in the environment has caused this dramatic

drop in decorating? Rao et al. (2007) also observed a seasonal

change in the web decorating frequency of Argiope keyserlingi, with

adults building fewer and fewer decorations as the season

progressed. The authors argue that this might be the result of a

selection process over the year, with non-decorating spiders being

the survivors. This idea suggests that the construction of silk

decorations is associated with a higher predation risk, perhaps

through a signalling conflict between prey and predator

attraction. We may be faced with two strategies, risky prey/

predator attraction and fast growth when decorating the web vs

save and slow growth without decorating. However, it may be noted

here that Rao et al. (2007) found in the same study that more

exposed spiders build larger decorations. This also allows for the

alternative conclusion that it was actually the positioning of the

spider alone that reduced their chance of survival, and that any link

between decorating and survival would be indirect. Why spiders

would invest more in web decorations when they are more exposed

remains to be explored as well though.

For both, seasonal effects as well as the link between web

decorating and the presence/absence of birds, we could invoke

various causes, choosing from the repertoire of descriptions of

ultimate decoration functions. The web protection hypothesis

predicts that in the absence of web destroyers the decoration

frequency is reduced, the predator avoidance hypothesis that it is

reduced in the absence of predators, and the prey attraction
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hypothesis would predict that high prey abundance renders the

construction of web decorations less important. All these

hypotheses may explain the strikingly low decoration frequency

in the two scenarios described above, yet we need to find out what

the eliciting factor is in order to infer a function of the decoration.

After all, moulting events seem to have the greatest impact on

silk decorating, by far. It is a consistent observation across species

that a few days prior to moults, various spider species significantly

increase the size of their web decorations (Edmunds, 1986; Nentwig

and Heimer, 1987; Walter et al., 2008b). Robinson and Robinson

(1973a, 1973b) reported the rare occurrence of silk decorations in

Nephila pilipes (Figure 8) and Trichonephila clavipes only in relation

to the moults of these species, with decorations not being

constructed in inter-moult phases. If we do the exercise again and

browse through the list of ultimate functional explanations, the prey

attraction hypothesis fails to explain this phenomenon this time. In

preparation of the moult, spiders stop foraging and feeding

altogether (Higgins, 1990). Why would they try to increase the

prey interception rate by investing more in an attracting signal?

Often occurring in rudimentary moulting webs, called skeleton

webs, Robinson and Robinson suggested that the decorations may

reinforce the web in preparation of the moulting event, when the

spiders need a stable abutment for the procedure.

In Argiope, where web decorating is much more frequent, the

effect of moults may be masked by the fact that decorations are also

constructed in inter-moult phases. The observable size differences

may be overlooked as “outliers”. However, the phenomenon has

become obvious to investigators observing the web construction of

these spiders over relatively long time spans. Edmunds (1986)

noticed the much larger size of web decorations right before

moults in Argiope flavipalpis, and Nentwig and Heimer (1987)

observed the same in A. argentata. In 2008, Walter et al. collected

empirical data on the phenomenon, measuring the web decoration

size of juvenile and subadult Argiope keyserlingi. They found that,

on average, the species’ silk decorations are three times larger within

five days before moulting, compared to the “regular” decoration

constructed during inter-moult phases (Figure 9). With the prey

attraction hypothesis failing to explain the increased investment,

web advertisement and predator avoidance hypotheses may hold

here. If silk decorations protect web and/or spider, the pre-moulting

state is the time where they would be most beneficial. Every moult is

a critical life phase for these spiders, as they are particularly

vulnerable to predation during that time (Robinson and

Robinson, 1973a; Tanaka, 1984; Baba and Miyashita, 2006). Extra

protection may thus increase their survival chances.

Walter et al. (2008b) also suggest some functionality of these

larger decorations, related to the physiology of the moulting spiders.

One idea is that the spiders outsource specific compounds that

would be otherwise metabolized during the moult or the days

immediately prior to or after the moult. Another suggestion is,

that the spiders may simply store proteins. That way, aciniform silk

could be swiftly recycled and used again for capturing prey, since the

spiders have to compensate for lost foraging opportunities of the

days around the moulting event (Walter et al., 2008b). Several types

of silk glands are remodelled during a moult, and they may not be

fully operative right after (Tillinghast and Townley, 1986; Townley
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et al., 2006). This may well affect the aciniform glands too. Finally,

the spiders may also need to reduce their body mass prior to the

moulting. Higgins and Rankin (2001) demonstrated in Trichonephila

clavipes that ‘‘well-fed’’ individuals more often suffer from moulting

failures when exceeding a critical pre-moult mass.

Web decorations seem to have an important yet unknown

function in connection with moulting events, and this does not

necessarily need to be related to visual signalling. Similar to the silk

gland regulation hypothesis, physiological reasons may explain the

deposition of silk in the web. Perhaps it is moulting events that

entail the explanation for the evolutionary origin of silk decorating.

Whatever the reason for the increased silk deposition before moults,

the easiest way for the spider to attach this silk to the web is to wipe

it off between adjacent radii, which inevitably leads to the creation

of the commonly observed zigzag-pattern of the decoration bands

(cf. McCook, 1889; Walter and Elgar, 2016). Once picked up

visually, these structures may then have evolved into a signal that

proved useful in inter-moult phases as well. Selection may thus have

favoured individuals that continued to construct decorations after

having finished the moult, which for some reasons happened in

Argiope but apparently not in Nephila. While we are spending a lot

of time investigating the ultimate, inter-moult functions, the impact

of moulting on the decorating behaviour has turned out to be many

times stronger than any measurable difference between study

groups in either field investigations or lab experiments.
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4.3 Where is the starting point for future
web decoration studies?

No doubt, we need a better understanding of the proximate causes

of web decorating. It is crucial for unravelling the evolution of this

intriguing spider behaviour, but also to narrow down the number of

possible, and plausible, ultimate functional explanations. A stronger

knowledge base will help future researchers to better challenge existing

functional hypotheses that often have become a tradition more than a

fact. I argue that many interpretations of previous studies even lack

some logic. Compared to straight-forward data on the prey attraction

hypothesis, support for the predator avoidance function seems to be

more ambiguous, because it is often based on circumstantial evidence

and observations. However, I argue that the objective logic for the

predator avoidance function is stronger. There is an undisputable link

between web decorating and the hub-dwelling lifestyle of orb web

spiders; no decorating species builds protective retreats, and no retreat

builders build web decorations (Blackledge et al., 2011). Blackledge

et al. (2011) have articulated the logical insufficiency of the prey

attraction hypothesis in a thought experiment: “There is no obvious

explanation for why diurnal, but retreat-dwelling spiders, such as

Araneus, Metepeira, and Zygiella do not build stabilimenta, as they

would certainly benefit from visual attraction of prey too”.

Given the mutual exclusiveness, and considering the primary

function of retreats to be protecting the spiders against predation
FIGURE 7

Argiope mascordi. Upper row: easily spottable with silk decorations, Lower row: cryptic to the human eye without decorations.
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and environmental effects (Manicom et al., 2008), it would be logic

to assume that web decorations represent some sort of replacement.

For detritus decorations in Cyclosa, this view is likely to find wide

acceptance (cf. Nakata and Ushimaru, 2004; Kondo et al., 2012; Ma

et al., 2020; Gong et al., 2023). It may be less obvious for silk

decorations, but several observations support the retreat-

replacement perspective too. Spiders experiencing heavy web

damage build more silk decorations (Walter and Elgar, 2011). In

the absence of avian predators, spiders reduce their investment in

silk decorations (Kerr, 1993; Kerr et al., 2021). And, spiders that

build silk decorations have a higher chance of survival (Schoener

and Spiller, 1992; Blackledge and Wenzel, 2001; Wang et al., 2021).

Some kind of intermediate evolutionary state may be seen in

Araneus expletus, a retreat-building species. Juveniles build web

decoration-like structures, dense silk sheets, as an extension of their

retreats, and Eberhard (2008) suggests a protective function against

visually hunting predators. Another interesting study object to test

the potential analogy of web decorations and retreats may be the

araneid genus Cyrtophora, in which both behaviours can be found.

C. hirta, for example, builds retreats (Manicom et al., 2008), while

C. ikomosanensis and C. moluccensis construct silk decorations,

albeit very rarely (Kerr, 2023, and pers. obs.).

The link between web decorating and a hub-dwelling lifestyle

obviously allows for the inference of a protective function, a logical

conclusion already drawn 50 years ago by Eberhard (1973). However,

this link could also bring us back to the very early days of decoration

research and revive the stability hypothesis. This hypothesis has never

been rigorously examined, on the grounds that the decoration silk is
FIGURE 9

Subadult Argiope keyserlingi. Left: in inter-moult phase with species-typical cruciate decoration, Right: a few days before moulting with oversized
cruciate decoration.
FIGURE 8

Juvenile Nephila pilipes, Queensland/Australia. Silk decorating is rare
in nephilids. It has only been found in juveniles and in relation to
moulting events.
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only loosely attached to the radii of the orb web and does not provide

any reinforcement of the web structure (Blackledge et al., 2011). This is

the case in dry conditions, but the situation might change in rainy

weather. HenryMcCook (1889) described an according observation as

follows: “After a heavy summer shower I once found two webs of this

species temporarily marked by what is a quite fixed characteristic of the

webs of Argiope. … Below the hub the notched zone was crossed by a

disc of thick, sheeted silk which extended downward between two of the

radii, uniting them. A similar band united two of the radii above the

hub. I conjectured that these had been thrown out from the spinnerets

to strengthen the web against the weight of the rain; or as a protection, a

sort of umbrella, between the spider hanging on the side toward the

bush and the shower driving from the opposite quarter.”WhatMcCook

observed is the typical picture of an Argiope web after heavy rain, if it

had built a linear decoration. If wetted enough, the capture spiral and,

eventually, the radii will rupture. The decorated radii, however, are less

prone to rupture (pers. obs.). Each zigzag-band of the decoration will

contract once wet, and perhaps then the decoration can indeed

stabilise the two radii that were initially only dabbed. Similar, or

perhaps in addition to the supercontraction of the orb web under high

humidity (cf. Boutry and Blackledge, 2010), this mechanism may

secure at least the centre of the web to stay in place after a shower. As

mentioned above, losing the web is critical for the survival of hub-

dwelling spiders that cannot hide in their retreats. Hence, reinforcing

the web might be a facultative, but very beneficial behaviour in wet

conditions. I strongly encourage to study this in more detail. Previous

investigations have not yet found evidence that spiders adjust their

decoration investment according to the humidity or the likelihood of

rain though (Nentwig and Rogg, 1988; Herberstein and Fleisch, 2003).

However, those were rather short-term studies, and it remains unclear

how well spiders can predict weather conditions within a short time

frame. The seasonality of the climate may play a more important role,

hence long-term observations may provide more insights.

I here make a proposition of how the evolution of web decorations

has progressed and what their main function is. I am happy to see

myself proven wrong as well as confirmed. Given the strong indication

that web decorations represent a replacement of protective retreats, I

argue that they have directly evolved from them.Many orb web spiders

build those retreats adjacent to their webs, by weaving together

whatever plant material is available or by building silken shelters, like

Zygiella (Levi, 1974; Gregorič et al., 2015). However, there are also

species that construct them directly in the centre of their orbs.

Phonognatha is known for rolling leaves into a retreat directly

attached to the web hub (Kallal and Hormiga, 2018). A similar

behaviour is found in Acusilas species (Kuntner et al., 2008) and in

Araneus dimidiatus (Kallal and Hormiga, 2018). Retreats at the centre

of the orb web are also seen in species using detritus for their

construction, like Spilasma, Micrepeira and Nemoscolus (Kallal and

Hormiga, 2018), and in Cyclosa, if we already count their detritus

decorations as retreats (Gong et al., 2023). Blackledge et al. (2011)

found evidence for a monophyletic evolution of orb webs, whereas

more recent work by Kallal et al. (2021) indicates that orb webs may in

fact have evolved repeatedly. However, there is agreement that retreats,

like web decorations, have evolved several times within orb weavers

(Gregorič et al., 2015). Sheet webs derived from silk lines dragged to

and from retreats (Eberhard, 2020), and from those ancestral substrate-
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bound, rather irregular ground webs, orb webs have evolved by

elevating the structure in the air (Blackledge et al., 2009). I suggest

that the retreat followed this process, and in some cases evolved into

web decorations by reducing the structural complexity. This may have

happened in environments where the need for protection was less

strong, while the benefit of resting on the web hub, like being quicker in

responding to prey impacts, was a strong driver. Instead of 3D-

structures, two-dimensional shields, like circular silk decorations,

might have turned out to be sufficient to significantly reduce the

predation pressure for those species (cf. Wang et al., 2021). This

explains the widespread occurrence of circular versions of silk

decorations, like in many uloborids and in Cyclosa and juvenile

Argiope spiders (araneids). Architectural constraints as well as cost

considerations later favoured the evolution of alternative silk

arrangements in the web, perhaps by compromising functional

efficiency (Walter and Elgar, 2016). During moults, when the need

for protection temporarily grows, the only solution is to increase the

investment in decorations, as the construction of a more protective 3D-

retreat is no longer part of the behavioural repertoire. To me it seems

most compelling to argue that web decorations primarily had, and may

still have, a protective function. However, it cannot be denied that the

visual impression of the decoration silk has also attracted the attention

of prey insects, luring them to the web. This fortunate side effect for the

spider has complicated the situation for the human investigator. The

co-evolution of a single sender but a variety of receivers can be expected

to result in high variation of decoration behaviours and measurable

effects, respectively. I leave it open for debate whether the term

“multifunctional” is a particularly helpful term to describe the

situation, or whether it might be worthwhile to keep distinguishing

between one main function and side effects otherwise.

The idea of the evolution of web decorations I proposed here is

meant as an inspiration and cannot yet resolve all parts of the riddle.

For example, the link between silk decorating and wrap attacking is

still worthwhile to be pursued further (Walter et al., 2008a; Walter

and Elgar, 2012; Walter, 2018). It remains to be shown, why spiders

that reduce their efforts in building protective retreats would also

shift their prey capture behaviour towards wrap attacking. The wrap

attack strategy is considered to be the higher evolved prey capture

strategy amongst orb weaving spiders compared to the more

ancestral bite attack (Gregorič et al., 2015), a correlation that still

has to be demonstrated for web decorating in comparison to retreat

construction. We may be faced with a parallel evolution of two

independent traits. Perhaps, the hub-welling lifestyles favours wrap

attacks. Evolutionary, wrap attacking would then have followed web

decorating and not vice versa, as suggested by the silk gland

regulation hypothesis (Walter et al., 2008a; Walter and Elgar, 2012).
5 Conclusions

When screening the web decoration literature, it seems it can be

divided into two “realms” of 1) less supported, but strong effects

when decorations are treated as the dependent variable and 2) well

supported, yet weaker effects when decorations are treated as the

independent variable. Unfortunately, both realms have only little

overlap (Figure 10).
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Henry McCook (1889) was an excellent observer, and most of his

descriptions of spider behaviours are still not questioned to this day.

However, he was a little too optimistic when he wrote about web

decorating: “A future observer will doubtless find a simple explanation

of the phenomenon …”. Finding a convincing explanation for the

adaptive value of web decorations turned out to be very difficult.

Studying the existing literature to find answers is like opening a long-

forgotten fishing bag; everything is somehow there, but it seems

impossible to disentangle the content. We need to tidy up, replace

some stuff and re-evaluate others. Going one step back, we should

first try to understand under which conditions spiders build and vary

their decorations. Parallel investigations on species from different

branches of the phylogenetic tree may facilitate the evolutionary

interpretation of results. For example, why not conducting one and

the same experiment on Uloborus, Cyclosa and Argiope more often,

instead of comparing species of the same genus only? In doing so, we

should refrain from presuming a pattern-dependency of web

decoration functions, because there are good reasons that they may

be independent from visual signalling or that different patterns serve

the same function. Instead of being detail questions, it is fascinating to

see that the unresolved riddles of the decoration research are the big

ones. We have not yet understood why spiders build extraordinarily

large decorations prior to moults, why they cease decorating in the

absence of birds in their environment, and why there is a link to the

hub-dwelling lifestyle and the wrap attack. Last not least, the stability

hypothesis is not as unrewarding as many arachnologists continue to

assume. I would not be at all surprised if McCook may have already

described what we all have failed to prove in the 130 years after.
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