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SUMMARY

True stress—true strain curves of naturally spun viscid line fibres retrieved directly from the spiral of orb-webs built by Argiope
trifasciata spiders were measured using a novel methodology. This new procedure combines a method for removing the aqueous
coating of the fibres and a technique that allows the accurate measurement of their cross-sectional area. Comparison of the
tensile behaviour of different samples indicated that naturally spun viscid lines show a large variability, comparable to that of
other silks, such as major ampullate gland silk and silkworm silk. Nevertheless, application of a statistical analysis allowed the
identification of two independent parameters that underlie the variability and characterize the observed range of true stress—true
strain curves. The combination of this result with previous mechanical and microstructural data suggested the assignment of
these two independent effects to the degree of alignment of the protein chains and to the local relative humidity, which, in turn,
depends on the composition of the viscous coating and on the external environmental conditions.
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INTRODUCTION

Variability plays an ambivalent role in the performance of biological
materials and, more specifically, in the performance of spider silk
fibres. It is assumed that the possibility of spinning fibres within a
vast range of tensile properties allows adaptation of the material to
the immediate requirements of the spider (Madsen et al., 1999;
Madsen and Vollrath, 2000), which would represent an obvious
evolutionary advantage (Blackledge et al., 2012). The finding of
organs and structures in the spider’s spinning system that allow
varying of the stresses exerted on major ampullate gland silk during
its formation and, in turn, its tensile behaviour (Gosline et al., 2002;
Ortlepp and Gosline, 2004) has clarified the possible mechanism
by which spiders might exert this control on the mechanical
properties of this material. In contrast to its advantageous biological
function, variability represents a major drawback for the
characterization and subsequent analysis of silk, as a large variability
in nominally similar fibres prevents the drawing of firm conclusions
on most aspects of silk performance (Dunaway et al., 1995).

Consequently, analysing the variability of spider silk should be
aimed at both understanding its origin and describing its extent in
natural structures. The former is required for developing a sound
experimental work to characterize the material, and establishing
relationships between microstructure and properties, and the latter
provides information on the range of properties demanded of silk
in order to fulfil its biological function.

Among the silk types spun by spiders (Vollrath, 1992), viscid
lines fibres are the elements that form the spiral in the Araneoidea
lineage, and result from the combination of the fibres produced in
the flagelliform gland and the viscous coating synthesized in the
aggregate gland (Townley et al., 1991). The success of the design

of a two-dimensional web with a capture spiral is indicated by the
existence of over 10,000 species of Orbicularian spiders. Among
them, the Araneoidea lineage, which is characterized by the use of
viscid line fibres for building the capture spiral, comprises ~95%
of the species in the group. The remaining 5% corresponds to the
Deinopoidea lineage (Griswold, 1993; Griswold et al., 1998), which
is characterized by the use of looped cribellar fibrils on the core
flagelliform fibre instead of the aqueous coating of the viscid line.

Despite its widespread distribution in terms of both species and
ecological niches, the available information on the mechanical
behaviour of viscid lines is scarce (Blackledge and Hayashi, 2006;
Gosline et al., 1993, Vollrath and Edmonds, 1989), especially if it
is compared with the large amount of information available on major
ampullate gland silk (Heim et al., 2009; Kaplan et al., 1991). The
presence of the viscous coating is partly responsible for this lack
of information, as it prevents the detailed characterization of the
tensile properties of the core fibres; however, it is assumed that this
somehow modulates the overall tensile behaviour of the viscid line
(Edmonds and Vollrath, 1992; Vollrath and Edmonds, 1989).

The coating synthesized in the aggregate gland is composed of a
combination of glycoproteins and smaller biomolecules, such as fatty
acids in aqueous solution (Salles et al., 2006). This viscous coating
provides an adhesive character that contributes to improve the
entanglement ability of the web (Betz and Kolsch, 2004), and might
play an even more active role in the capture process with the presence
of toxins that would affect the prey and limit its chance to escape
(Cesar et al., 2005; Marques et al., 2004; Opell et al., 2006). An
additional role with deep implications in terms of the performance
of the fibre has also been proposed for the viscous coating, based on
the plasticizing effect of water on the tensile properties of silk (Gosline






