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abstract

Previous studies showed that orb-weaving spiders may adjust web structures when encountering
different types of prey. In addition to web structures, silk physical properties should also be critical in
affecting the prey catching efficiency of webs. However, so far no one has studied whether spiders adjust
silk chemical and physical properties when encountering different types of prey. In this study, I used the
glant wood spider Nephila pilipes to 1nvestigate (1) would N. pi/pes adjust web structures, silk amino
acid composition and silk physical properties when encountering different types of prey (2) would such
changes enhance the catching efficiency of different prey and (3) were such changes generated by prey
chemical composition or vibration signals? To answer these questions, I manipulated prey chemical
composition and vibration signals by assigning . pilipes into the following four feeding groups: (1)
living crickets (group C), (2) living flies (group F), (3) dead cricket but with fly vibration signals (group
Cd) and (4) dead flies but with cricket vibration signals (group Fd). After the feeding treatments were
completed the following variables were compared between the feeding groups: web structures, silk amino
acid composition, silk physical properties, retention time of different prey and vibration signal
transmission rate of webs. The results showed that the webs built by spiders fed with living flies exhibited
larger area, smaller mesh and longer fly retention time. However, such structural changes also reduced the
vibration signal transmission ability of the web. On the other hand, webs built by spiders fed with living
crickets were stiffer and retained crickets longer. Moreover, their silks exhibited higher percentages of
alanine, glycine, glutamine and consequently higher elasticity and strength to cope with the larger prey.
These results demonstrated that spiders can adjust web structures, silk protein composition and silk
physical properties to enhance the catching efficiency of different prey. While the aforementioned
variables differed significantly between spiders in C and F groups, they did not vary between spiders in
Cd and Fd groups, in which groups the prey chemical composition and vibration signals were decoupled.
Such result suggested that prey chemical composition and vibration signal were both needed in generating

changes in web building behavior and silk gene expression in spiders.
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A Versatile Hunter: Giant Wood Spider Adjusts Web Structure
and Silk Properties When Encountering Different Prey

Abstract

Previous studies have shown that orb-weaving spiders might adjust their web structures when
encountering different types of prey. In this study, the giant wood spider Nephila pilipes
was used to investigate the effects of different prey intakes and vibration signals on the web
structures, physical properties of silk and insect-catching efficiency. Forty-four spiders were
evenly divided into four feeding groups: live crickets (A), live flies (B), fly vibration signals
with dead crickets (C) and cricket vibration signals with dead flies (D). Prior to treatments,
all spiders were fed with mealworms. Then equal weight of prey was introduced after new
webs were built and the treatments were conducted seven times. The web structures,
physical properties of silk, retention time of different prey, and vibration signal transmission
rate of new webs were analyzed. The results showed that the webs woven by group B
spiders exhibited larger area, smaller mesh, longer fly retention time, and reduced vibration
signal transmission. Silks of group A spiders were stiffer, more elastic and webs were
stronger to cope with the larger prey. However, in groups C and D the decoupling of the
prey intake and vibration signals yielded similar values in all parameters measured. These
results indicate that spiders can adjust the web structures and physical properties of their silk
to enhance the catching efficiency of different prey. Moreover, both prey intake and vibration

signals are needed in generating such behavioral adjustments.



Introduction

Previous studies showed that orb-weaving spiders adjusted web structures when
encountering different types of prey. In addition to web structures, the physical properties
of silk should also be critical in affecting the prey catching efficiency of webs. However, so
far on one has investigated whether spiders will adjust the physical properties of silk under
such circumstances. In this study, I manipulated prey intake and vibration signals by
feeding Nephila pilipes with different types of prey (crickets & flies) to investigate whether
N. pilipes could adjust web structures and the physical properties of silk to enhance the
catching efficiency of different prey.

Goals

A. To study whether different types of prey will generate changes in web structures as well as
the physical properties of silk.

B. To investigate whether variations in the web structures and silk physical properties enhance
prey-catching efficiency.

C. To examine the importance of prey intake and vibration signals in generating changes in

web-building behavior of N. pilipes by decoupling these two signals.

Materials and Methods
A. The Organism Studied

Fig. 1 Giant wood spider, Nephila pilipes.
In this study, giant wood spiders Nephila pilipes (Fig. 1) were used. N. pilipes is the
largest orb weaving spider in Asia. This spider is widely distributed, and can be found all
the way from southern Japan to northern Australia. It builds orb webs in the understory of
tropical or subtropical forest. The body size of a mature female may reach 5 cm and the web
diameter may exceed 1 m. Spiders were collected from the forests in northern Taiwan and

were kept indoors.



B. Experimental Design
Forty-four spiders were evenly divided into four feeding groups:

Groups A B C D
Treatment | live crickets live flies dead crickets with fly |dead flies with cricket
vibration signals vibration signals
Prey intake cricket fly cricket fly
Vibration cricket fly fly cricket
Signal Prey intake and vibration Prey intake and vibration signal decoupled
association signal coupled

C. Procedures

r—— Diet manipulation ———— ——— Silk and web analysis ———

Prey intake and vibration
signal coupled

Catching Area, Mesh Height,

*[GTOUP A: Live crickets I 4( Web Structure # of Radii, Radii Length,
Spiral Length, Web Strength
_.[Group B: Live flies ]—
- - - Silk Diameter, Elongation,
Fed with | Silk & Web 4{ Physical Stress, Young's Modulus
mealworms Prey intake and vibration "1 Collections Properties of Silk ’ Toughness ’

signal decoupled

>

Group C: Fly vibration signals ’,

. Vibration Transmission,
and dead crickets

4[ Hunting Efficiency ]—' Retention Time of Prey,

'Group D: Cricket vibration signals Stickiness of Spirals
and dead flies

>

Fig. 2 Scheme of experimental design .

Prior to the following treatments, all spiders were fed with mealworms. Then equal
weight of prey was introduced after new webs were built and the treatments were
conducted for seven times. Because the spider has poor eyesight, it senses the
environment by using vibration signals. In this study, I manipulated the prey intake and
vibration signal by dividing the spiders into four feeding groups. In groups A and B, the
prey intake and vibration signal were coupled. Group A was fed with live crickets, and
group B was fed with live flies. In groups C and D, the prey intake and vibration signal
were decoupled. Group C was fed with dead crickets but was given fly vibration signals,
and group D was fed with dead flies but was given cricket vibration signals.

After the feeding treatments, the silk and the webs were collected. All the
measurements could be divided into the following: web structure, the physical properties
of silk and hunting efficiency. First, the catching area, mesh height, number of radii,
radii length, spiral length and web strength were calculated. Secondly, the diameter of
the silk was measured by using a SEM. After the diameter was measured, the elongation,
Young’s modulus and toughness were estimated. Finally, the hunting efficiency of the
web was evaluated by examining vibration transmission, retention time of prey and

stickiness of spirals.



D. Web Structure and Strength
1. Web structure
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Fig. 3 Caculating variables of web structure.

The radius of the upper, lower, left and right halves of the web and the radius of the hub
were measured. The number of radii and spirals of four final directions of the web
were counted. Then the catching area, mesh height, and total length of the silk were

calculated. The formulae are as follows:

rag=(ry +dpnl2)/2

. 1 2 1 2 1 2 1 2 ra=(r +dp/2)2
Catching area = [zﬂr“” _EH(HF”) }_[ﬂr"’ _Eﬁ(Hr’) } Hr,: The upper hub radii
Hr;: The lower hub radii

in the upper web,
S;: The number of sticky spiral in
the lower web

1(» —Hr r-Hr
Mesh height = —| = Lyt L
esh heig [Su—l 51

Sy : The number of sticky spirals
2 j

. x Rweb : mean of web’s radius
Total length of the silk x Rhub: mean of hub’s radius
« # spiral: mean number of spiral

= [(x Rweb+ y Rhub)x 7 x #spiral] + [ (x Rweb— y Rhub)x#radii] * L 7 i o' nimier o radii



2. Web strength

me | - @

spring

Fig. 4 Apparatus used in measuring web strength.

One end of the spring balance was fixed on the dissecting microscope (Fig. 4a). By
turning the adjustment knob of the microscope, the upward speed of the spring balance
could be controlled. The web built by N. pilipes was carefully mounted onto a wooden
frame. The spring balance grabbed the web using an iron hook, and the selected points

of the web were lifted 3 cm vertically with the spring balance to measure the web strength
(Fig. 4b).

E. Physical Properties of Silk
1. Silk diameter

(a) Motor  Rotor for silk collection

Recording
device

Speed
adjustment "l

device

Fig. 5 The silk-reeling machine (a) and the spinneret of the N. pilipes (b).

The silk was collected by a silk reeling machine (Fig. 5a) from the spinneret of the M.
pilipes (Fig. 5b), and its diameter was measured by using the scanning electron
microscope.



2. Stress- strain

(@M (b)
r —& . . .
LO A : Digital balance
B : Paper card
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| (5 cm long)
C [ D : Cutting line
E : Computer
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Fig. 6 Apparatus for measuring physical properties of dragline silk (a) and the diagram
of the elongated silk(b).

An instrument (Fig. 6a) was designed to characterize the physical properties of the silk.
Dragline silk (C) was collected and pasted to the paper card (B). The card was put on the
digital balance and then cut at point D. By pulling up the card at a speed of 1.7 cm/min,
the silk was also pulled at the same time. The pulling force may then reduce the reading
of the weight on the digital balance (A). During the process of pulling, a video camera
(F) was used to record both the reading of the digital balance and the movement of the
vernier (G) by using mirrors. The reading of the digital balance is the same as the weight
of the silk loaded, and the movement of the vernier is the same as the length of the silk
elongated (Fig. 6b). These data were used in calculating the silk elongation, stress and
Young's modulus. The formulae were as follows:

(a) Elongation = (/ /L)*100%

(b) Stress=F/A=Gxg/n(d/2)*= Gx g/n(Q , /L )
2 VL+!

G : Acceleration of gravity g © Weight borne by the silk
D : Original diameter of the silk d : Diameter of the silk after elongation

(¢) Young’s modulus =(F/A)/(1l/L)

F : Force borne by the silk A : Cross-sectional area of the silk
L : Original length of the silk I : Elongation of the silk after application of force
(d) Toughness =3y g« / S : Stress



F. Hunting Efficiency of the Web

Three measurements were performed to examine the hunting efficiency among four
groups.

1. Vibration signal transmission efficiency
3

Fig. 7 Apparatus and design measurement of vibration signal transmission efficiency.

Four video cameras were vertically placed in front of the web at points A to D (Fig. 7b).
The vibration signal was applied at point E and the amplitude of the vibrations (Fig. 7a) at
point A ~ D were recorded simultaneously with the four video cameras.

The image was
then analyzed to estimate the decrement of the vibration.

2. Retention time of prey

Video
camera

Fig. 8 Apparatus and design for measuring retention time of prey.

The cricket was entrapped about ten centimeters away from the edge of the web, and
then the total retention time of the cricket was recorded by using the video camera (Fig.
8a). A searchlight was used to lure the flies bumping into the web and then the retention

time of entrapped flies was recorded by using a stopwatch (Fig. 8b).
7



3. Stickiness of spiral
(a)

Fig. 9 (a) Apparatus for spiral stickiness measurement, a spiral stuck to an acrylic

pipe and then pulled up on (b).

A paper card was used to collect a piece of the web (10x10 cm) built by spiders in each of
the four groups (Fig. 9a). An acrylic pipe was fixed to the microscope (Fig. 9a) and was
used to touch to a thread of sticky spiral and then it was pulled up slowly (Fig. 9b) until
the sticky spiral separating from it. The vertical distance traveled was used to estimate

stickiness.

G. Statistical Analysis
ANCOVA (Analysis of Covariances) tests were was applied to analyze the parameters of
web structures (spider body length as the covariate) and the retention time of prey (web
characteristics as the covariates). Since various silk properties were dependent to each
other, MANOVA (Multivariate Analysis of Variance) tests were used to analyze the
properties of silk collected from different groups. Statistical analysis was performed by
using SYSTAT 9.0.



Results and Discussion

Effects of coupling (groups A v.s. B) and decoupling (groups C v.s. D) prey intake and
vibration signal on (A) the web structure and strength, (B) physical properties of silk and (C)

hunting efficiency of the web were examined and the results are as follows.

A. Web Structures
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Fig. 10 Means (£ SE) of various web structure variables among four feeding groups.



Table 1 The comparison of web structure built by N. pilipes in groups A and B.

Area # ofradii Silk length Strength
Variables|
Vi
v"‘ﬂ%’
%%'f"" 23445
i 2,
0,20 s Y
L ¥
Groups A,
Iﬁraer}%er Smaller Shorter Larger
(cricket)
S;l;;ller Larger Smaller More Longer Smaller
(fly)

The webs built by spiders fed with larger prey (group A), exhibited smaller area (Fig. 10a
& Table 1); larger mesh (Fig. 10b & table 1), fewer number of radii (Fig. 10c & Table 1),
shorter total length of radii and spiral silk (Fig. 10d, 10e & table 1). On the contrary,
webs built by spiders fed with smaller prey (group B), exhibited larger area, smaller mesh,
more number of radii, longer total length of radii and spiral silk. The web strength in
group A was greater than that of group B (Fig. 10f & table 1). On the other hand, for all
the variables examined no significant difference was found between group C and D (Fig.
10a~10f).

B. Physical Properties of Silk
1. Silk diameter

~

=175
€ (b) % *
2 6F M/ —
@
© 45 1 [
§
5 [
< L
7 15
0
GroupA GroupB  GroupC Group D A B c D

Fig. 11 The SEM photographs of the dragline silk collected from four feeding groups (a). Mean
(+ SE) diameter of dragline silk produced by spiders in four feeding groups (b).

The SEM photos of the dragline silk of group A, B, C and D were given in figure 11a.
The diameter of the dragline silk produced by group A was larger than that of group B
(Fig. 11b). The silk diameter of group C was also larger than that of group D (Fig. 11b).
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2. Stress-strain

Table 2 Mean (£ SE) of various physical properties of dragline silk and statistical results of
comparisons.

group A group B group C group D Avs.B Cvs.D

Elongation(%) 19.09£1.04 15.82+1.05 19.09%1.22 19.27+1.14  F=4.898,p=0.039" F=0.012,p=0.914

Weight (z)  2.8170.30  1.7710.19  3.4310.35 3.3110.32 F=8.539,p=0.008" F=0.072,p=0.791

5’5'911{3?1?1)“5 7.7010.87  5.28+0.74  9.02f1.44  9.58t1.21  F=4.489p=0.047" F=0.006,p=0.937

;110(;16%?“‘;3)55 6.14+1.03  3.7810.37 9.0842.03  7.48%0.51 F=4.631,p=0.044"  F=0.006,p=0.453
m

The results showed that the elongation, stress, Young's modulus, and toughness of dragline
silk produced by spiders in group A were significantly higher than those in group B (Table
2).  Such results indicate that the dragline silk of the spiders fed with crickets is much

stiffer. The physical properties of the dragline silk produced by group C did not differ
from those of group D.

C. Hunting Efficiency of the Web
1. Vibration signal transmission

75 75
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Fig. 12 Mean (£ SE) vibration signal transmission rates of webs built by N. pilipes of feeding
groups A, B (a) and C, D (b).

The vibration signal transmission efficiency of group A was better than that of group B
(Fig. 12a). Because both the number of radii and spirals of group B were greater than
those in group A, the energy in group B might have attenuated more quickly than in group
A. In other words, the attenuation of the vibration signals in the web built by the spiders

fed with flies was higher. And those in groups C and D were not significantly different
(Fig. 12b).
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2. The retention time of prey and stickiness of spiral
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Fig. 13 Mean (£ SE) retention time of cricket (a) and fly (b) of webs built by
N. pilipes in four feeding groups.
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Fig. 14 Mean (£ SE) stickiness of spiral collected from
webs built by N. pilipes in four feeding groups.

The web in group A, in which the spiders were fed with the crickets, was able to entangle
the crickets significantly longer (Fig. 13a). This might result from higher web strength,
silk elasticity and toughness. The smaller mesh and more sticky spirals per unit area of
group B webs might be responsible for their longer fly retention time.(Fig. 13b). The
observed results did not seem to be caused by the stickiness of capture silk, because the
stickiness was not significantly different between the spiral silks of groups A and B (Fig.
14).

D. Causes of Web Structural and Silk Property Variations

Table 3 Summary of web structure and silk property comparisons between spiders of
feeding groups A, B (stimuli coupled) and C, D (stimuli decoupled).

Variables Web structures Silk physical properties
G Catching | Mesh |No. of| Radii | Spiral | Web Silk | Elong- st Young's | Toug-
roups area |height| radii |length |length | strength | diameter | ation | °"c>° | modulus| hness
Avs. B
( Prey intake & vibration coupled) * * * * * * * * * * *
Cvs.D
(Prey intake & vibration decoupled) NS NS NS NS NS NS * NS NS NS NS
% :Significant at p = 0.05 level ; NS:Non-significant

In this study, all the comparisons between group A and B showed significant differences.
However, almost all comparisons between group C and D showed no significant

difference (Table 3). Such results indicate that both prey intake and vibration signal are
12




C

1.

important in generating the adjustments of the web structures and the physical properties
of the silk.

onclusions

Giant wood spiders do adjust their web structures and physical properties of the silk when

they encounter different types of prey.

. Spiders fed with larger prey built webs with larger mesh size, fewer radii but greater
strength. The silk produced by these spiders exhibited larger diameter, higher elasticity
and stiffness. Such webs performed better in retaining large prey.

. Spiders fed with smaller prey built webs with smaller mesh size, more radii but less
strength. The silk produced by these spiders exhibited smaller diameter, less elasticity
and stiffness. Such webs performed better in retaining smaller prey.

. The adjustments of web structures and physical properties of the silk do enhance the prey
hunting efficiency of the web and also affect the vibration signal transmission.

. Both the prey intake and the vibration signals are crucial and they must be simultaneously

present to generate appropriate behavioral and physiological responses of N. pilipes.
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