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spiral in Araneus diadematus Clerck (Araneidae)
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Summary

Therelationship between direction of coiling and shape of
the auxiliary spiral and that of the capture iral in orb webs
of Aranews diadenmatus Clerck (Aranedaé was investigated.
In most webs the two spirals had the same drection of
caling and a smilar shape, indicating that the auxiliary
spiral serves as a guide during construction of the cgpture
spiral. Possble causesand mechanisms are discussed.

Introduction

The spider's orb web is a emi-permaneat recad of the
outcome of the application of a series of complex con
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tion (Foelix, 1982) ard to form a bridge to emable the ider
to cross from oneradusto the rext (Peters 1937). Whether
itisalsousedasaguide during the placenert of the cagure
spiral hasbeen suggested (Foelix, 1982; Witt et al., 1968)
and disputed (Hingston, 1920; Vollrath & Mohren 1985).

The aim of this sudy wasto examne te mle of the
auwxiliary spiral, paying paticular atenion to its function
during the pacenent of the cajpure spral. The obser
vations included (i) the examination of a large number of
photographs of welbs congructed in the laboratory without
interfererce, (ii) the examinaion o webs in which the
spider was perturbed during awiliary spiral corstruction,
and (iii) the observation of websin which the orierntation of
the weé was dtered at seveaal points during spiral
condruction. The daia obtained suggest that the auxiliary
spiral serves asa guide for the spider during placement of
the captre spiral.

| shall use the following termindlogy. A spiral is caled
right-handed if it runs clockwise from the certre outwards,
left-handed if it runsarticlockwise. The property of a spiral
to be left-harded or right-harded is called “coiling’. Any
given spiral can be caled either left-handed or right-
hanced accoming to the view of the web (back or front).
Howewer, the caling of the cafure wiral relatve  the

struction rules. These rules are of interest both to the cailing of the auxliary spral is indepencert of the view of

ethologist and the taxonomist in studying the evdution of
the ab web. Howeer, looking atthe finished webtells us
only pat of the gory; we have b observe te web con
struction as well. One possible way to observe web con-
struction is to trace the movements of the spder
(Zschakke & Vollrath, in prep). When looking at the trace
of a gider during placemen of the capure spiral, a srong
correlation is evidert betweenthe path of the spider andthe
postion of theauxiliary spiral (Fig. 1), possibly indicaing a
stronger influerce d the awiliary spiral than hitherto
asumed This paper describes my resarchcaried out to
explore thisinfluernce.

Aranets diademaus builds wels in distinct phases (Witt
et al.,, 1968). Firdt, it edablishes a frame with the radi.
Next, it builds a widely mesed awiliary (or tenmporary)
spiral from the cerre to the periphery of the web This
spiral is usually built without reverses (U-turns). Then it
placesthe finely meshed capture (or sicky) spiral from the
periphely to the cerre, usng the next inner turn of the
awiliary spiral asa lridge to cross from one radius to the
next The auxiliary sgral is removed bit by bit, as it is
ercountered during the corstruction of the capure siral,
leavng smal fragnens of silk cuded up on theradi. The
capure spiral uswally hasseveralreverses mainly along the
outer edge of theweb. Finaly, the hub is rebuilt.

Some fact about the geamety of the spirals in the web
of A. diadematis hawe been edabished (Vollrath, 1988a):
(i) the awxiliary spiral of A. diadematus usualy lacks
reverses (which is not the ca® in dl orb-weavng spders,
(ii) the spider usually turns araund between finishing the
awiliary spiral and starting the capture spiral, and (iii) the
two spirals differ in pitch ard in type (Vollrath & Mohren,
1985).

The awiliary spra is thought to hawe different func-
tions to gallise the radi during capure iral construc-
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the web.

Analysis of alarge number of webs
Material and mehods

A large number of A. diademdus were kept under
stardad laboratory conditions (14L-10D cycle, tempera
ture 24 +2°C, humidity 45-55%). They were kept indi-
vidually in frames 30x30x5cm, fed on a det of
Drosophila p. and watered by sprinkling their webs at
irregular intervals. Ther webswere photographed Of the
photographs of webs with clearly visible remrarts of the
awxiliary spiral and undamageal captre spiral, a maximum
of 2 were taken per ider without any further selecion,

Fig. 1: Trace of the body of Araneus diadematus recorded during con-
struction of the capture spiral. The bundle of lines corresponds
to the postion of the auxiliary spiral.
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giving 100 photographs of webs built by 56 individuals.
The following propertes were anaysed for each of these
welbs: (i) preernce d a reverse between the erd of the
awiliary and the keginning of the capure <iral, (ii)
presrnceof revereswithin the auxiliary spiral, (iii) number
of revasesin the captre spiral, bath in the whole webard
in the aeaenclosed by the autermog turn of the awiliary
spiral, and (iv) coiling of the capure spiral compared with
that of the auxiliary spiral.

To compare the coiling of the two spirals, the caling of
ead of their turns wasandysed along two radi in the web,
one at the p of the wéb and ore & the bottom. The
proportion of tumns of the capure spiral within the
outermast turn of the auxliary spiral having the same
cailing as the next inner tumn of the awiliary spiral was
calculated giving a percertage that | will cal “coiling
similarity”. If both spirals had the same caling throughout,
thenthe coiling similarity would be 100%, likewise if they
had different coiling, then the cailing similarity would be
0%. A cailing Smilarity around 50% would imply that there
was no correlation betweenthe coilings of the two spirals,
whereasa smilarity near 100% (or near0%) would imply a
strong correlation.

Resilts

Theandysis showed that therewasa reverse betweenthe
erd of the awxiliary ard the beginning of the capture spiral
in 97 webs (n = 100, p < 0.001). Four wels had one reverse
in their awiliary spral.

Theaveaage rumbe of reversesin the capure piral was
110 (d = 56, n = 100). Of thee rewerses ony 2.1
(sd = 2.3) were within the outermost turn of the awiliary
spiral; 73 webshad two or fewer revewseswithin the auter-
mog turn of the auxiliary spral, 29 hadnone.

The cailing smilarity of mog webs was above 0%
(Fig.2). The avemge iling similarity was 94.4%
(sd =10.2, n =100).

To summaiise, the capure spiral geneally had the
following properties along the outer edge of the web
(roughly outside the autermod turn of the auxiliary spral),
it hadseveral revases The reg of the capure spral hadthe
same caling as the awiliary spiral and was without ary
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Fig. 2. Distribution of coiling smilarities between auxiliary and
cagpture spiral of 100 webs of Araneus diadematus. Coiling
similarity is the percentage of turns of the capture spiral tha
hawe the same diredion of coiling as theauwxiliary spiral.

Role of auxiliary spiral

Fig. 3: Diagram of awebwith an experimentd reverse in the auxiliary
spiral. The solid line represents the auxiliary spral. In the verti-
cally striped area the cegpture spiral is left-handed; in the
diagorally striped areait is right-handed. In the shaded area,
the spral contains a number of reverses and therefore camot be
assigned a cailing (traced from a phaograph of the web).

revase; or if therewasone, arother revase accured within
less than two turns of the capture spral.

Experimental reversesin the auxiliary spiral

To ted the hypathesis that the auxliary spiral deter
minesthe iling o the capure iral, spiderswere nduced
to make oneor severl reversesin the auxliary spiral.

Material and mehods

The spders were agan kept under standard labaatory
conditions. During the corstruction o the auxliary spiral,
whenthe spider was moving either up or down, the frame
was quickly flipped around a horizortal axis. The pider
someimescontinuedin the same direcion asbefore (up or
down) producing a reverse in the iral. Altermatively, the
spider was interryted during the condruction of the
auxiliary spiral and inducedto go back to the hub, forcing it
to build a secord auxliary spiral. If the scand auxiliary
spiral had a dfferent coiling compared with the first spiral,
the first half of the ssoond spiral was burnt away by the
experimentr, leavng “one” awiliary spiral with achange
of calling. The websin which one of the above treatmerts
had been siccesful (n=5) were photographed after
completion of the awiliary and again after completion of
the aptre spral. For thesewels, the coiling smilarity was
calculated in the sameway asabove.

Reaults

The averag cailing similarity of the experimental webs
was 83.4% (d = 9.5, n = 5), differing sgnificanly from
50% (one goup two-tailed t-ted, p < 0.01). The caling of
the auxliary spiral did indeed appear to determine the
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cailing of the capgure giral. Figure 3 shows one of the
expeaimental webs that was perturbed during awiliary
spiral corstruction. The auxliary spral is drawvn asa tick
black line. The capure spiral was left-harded in the
verticaly striped areaard right-handed in the dagonally
striped area The gey area abng the auter edge of the web
shows the areawherethe cgpture spiral had mary reveses
and therefore could nat be assigneda coiling. The cailing of
the capture spiral wasindea the sane asthe coiling of the
auwiliary spiral, and the change from one cailing to the
other occuredin both spirals at asimilar distance from the
certre of the web.

The capture spiral sometimes followed irregularities in
the ape d the awiliary spiral. Note for examgein Fig. 3
the kulge in thewebon theright-hard side, possibly cawsed
by the smilar kulge in the auter tumns of the awiliary

spiral.

I nfluence of shape of auxiliary spiral on the shape of
capture spiral

To sudy further the influenee d the shape d the awili-
ary spiral, the web was marnipulated by changing its orien-
tation during the construction of the spirals. Laying a web
horizontally during constuction of the auxiliary spiral
chargesthe shapeof this spiral (Ebethard, 1987).

Material and mehods

Spiders were agan kep under sandad laboratory
conditions, but the experimertal webswere laid horizon-
tally during various phases of constructon: (i) awiliary
spiral only (n=38), (ii) cafdure spiral only (n=5), or (iii)
both auxliary and cagure sirals (n=5). In all cagsthe
web was in a normal (vertical) orienttion before spira
congruction. The positions of the spral atachments to one
radius at each side of the web (top, left, bottom ard
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Fig. 4: Regression ketween the shapesof auxiliary and capture sprals
(y =—0.002 + 0.802x, r2 = 0.898, p < 0.001). Each symbal rep-
reserts one webh. Solid symboals represent webs that were in a
normal (vertical) oriertation during coonstruction of the
auxiliary spiral. Open symbols represent webs that were in a
horizontal orientaton. The shape of the symbol indicaes the
orientation of the web during congruction of the cgpture spiral
(triangle = horizontal, square = vettical).
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right) were dgitised; i.e. their x, y coordinateswere eriered
into the computer for further andysis. Eac spiral wasthen
converted into a ®riesof ovals of correspnding shape b
compae the auxliary and the capure spra; using a
mehod similar to that deribed in Mayer (1953). Direct
compaison of shapewsas not possible since he two spirals
hawe dfferent pitches For all ovals, both aveage dameer
(width + height)/2 and the shape were calculated As a
measire for the <ape | used the rato (width—
height)/(width + height). A perfecly round webhasashape
of 00, verticaly elongated wels ashbuilt by A. diademats
hawe anegtve sigpe. For eachweb a range o diameters
was deemined wher the two spirals overlap. Ovals
outside hat range wee discarded, thus eliminaing capure-
spral ovals at the periphery of the web and auxiliary-spiral
ovals near the ceatre. From the remaning ovals, the
avelgeshape wascdculated for both the auxiliary and the
capure spirals. The sapes of the auxliary sgrals built in
harizontal ard vertical orienttion were compared using an
unpaired two-tailled t-ted. The relationship between
auxliary anmd capure spirals was caluated using
regesionandysis.

Reallts

All spiderscompleted thar webs after the disturbarce of
chamging the oientaton of the frame, although some
waited a the hub for severd minutesbefore continuing.

The dape d the awiliary spral wasinfluencedby the
orientation of the web during its condruction. The awerage
shape d auxliary spirals built in verticd (normal)
orientaon was —0.0627 (sd=0.0190, n=13), which
differed sgnificanty (p < 0.001) from the average hape d
auxliary spirals built in horizontal orientation which was
0.0087 (sd = 0.0435, n = 13).

The dape d the awiliary spral lagely determined he
shape d the cature spiral (Fig. 4). If the shape of the
capure spral were dertical to the shape of the awxliary
spral, the slope d the regression line would be 10. In
realty, the slope wasles than 1.0 (p<0.01), but the
regesion line wert through the point (0.0, 0.0). This
mears that the cepture spiral tenced to be close to a
“round” (shape=0.0) spiral thanthe auxliary spiral. This
finding wasindependert of the shape of the auxiliary spiral
and indepencent of the orientaion of the web during
placemert of the capture spral.

General discussion

The cdling and shape d the auxliary spiral of A.
diademadus lamely determined coiling and shape of the
capure spiral. Vollrath & M ohren (1985) claim that the two
sprals have fundamenally different forms, the auxliary
spral being logarithmic, the capgure siral arithmetic. My
reaults do not contradict this idea,since the type of spiral is
defined by the dstancefrom one turn to the rext, whereas
the shape asused in my work is defined asthe deviation
from a“round’ spiral.

The $hagpe d the auxliary spiral depenced on the aien
tation of the web during its construction. Ebethard (1987)
denonstrated that the awiliary spiral in non-horizornal
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webs of Lewauge maiana (Keyserling) (Aranetae)
showed corsistent up-down asgymmeties in spacig
betweenloopsthat were not preentin horizortal webs My
resuts go further than that and show that the overall shape
of the auxliary spiral is affeced by the oriertation of the
weh,

The shape of the captre spiral did not deperd on the
oriertation of the web during its construction. This would
sugged that gravity plays no role during the gacenent of
the capture spiral. On the aher hard, we know from
Vollrath (1988b) tha cafure irals are geaty disturbed
when they are built under rotaon around an axs
perpendcular © the web plane, i.e. when the vedor of
gravity is continuously charging, indicaing that the sider
usesgravity someltow.

Which clues does the spider use to sense the coiling of
the awiliary spiral while it is building the capure iral,
and what do the reallts tell us about the passible rulesthe
spider applies during the placenent of the capgure sgral?
Three pssible explanatons of how the pider “knows’ the
cailing of the auxiliary spiral are that (i) the spider
“remenbers’ how it built the auxiliary spiral, (ii) the pider
cansomehow detectthe diredion in which the silk waslaid
down, or (iii) the spder uses the psgtion of the awiliary
spiral with regect to the apure giral as te later is
congructed

The mog pardmonious explandion is that the spider
usesthe position of the auxiliary spiral asaguide o place
the cajpure giral. Since corstructing a highly regular
capure spiral from the petiphery to the cente of the web
would seem to be a dfficult tak, the spider probaly
requires points of referenceto place the capure spiral. It
has been edaldished that spiders use the dstance to the
previous turn of the capure siral (Vollrath, 1987). How-
ever, distances between cornsecutve turns of the capure
spiral vary by 30% (unpublished data). If a spider usesthe
previous tumn of the capure spra only, this variaton
would—starting with a nearly round first tum—Iead to a
distorted shape in the capure spiral nearthe hub. It follows
that the pider requiresandher guide a reference. Possible
guides include the argle between the spral segnent and
radius or the distance betweencapure spiral and awiliary
spiral. Neither of thes guideswould be eay to use since
the angle between capure iral and radus charges

a b

Fig. 5. Schematic repreentation of auxiliary (bold line) and capture
(thin line) spiral in aweh. In (a), both spirals have the same
caling, in (b) they have opposte coiling. If the two sprals
have the ssme cailing, the distance to the next inner auxiliary
spiral increases asthe spider advanceswith the congruction of
the capture spral from the periphay to the centre. If they have
opposte coiling, the distance decreases.

Role of auxiliary spiral

depending on the pogtion in the web (Vollrath &
Mohren,1985). This is inherent from the fect thatthe web is
not a perfecly round gructure. The distarce ketween the
two spirals changes asthe spider builds the capure spiral,
either increasng or deageasng dependng on the relative
coiling of the wo spirals (Fig. 5).

My resullts showing thatbaoth sgrals have asimilar shape
sugges that the spider does use the auxiliary spiral asa
guide. However, ary rule relating the distancebetveen the
two spirals would needto take into aacount whether the
captre spiral hasthe same cadling asthe auxliary spiral,
since the change d distance betveen the two spirals
depends on the relative coiling. A smple rule might be that
the spider builds the capture spiral mainly with the same
coiling relative to the auiliary spiral, so that the change of
distarce ketweenthe girals would be cangant. In fact my
reailts show that this is exacly wha the gider doed |
swggeg that the reason the two spirals usudly have the
same coiling over a large patt of the web is merly a
marifedation of the wse of theauwxiliary spiral asaguide.

The resilts of my study do not allow conclusons about
wheter the ande beweenradius and cagure spiral is also
used by the ider & agude when pacing the capure
spral.

The aher two explanaions of why the two spirals have
the same cailing seem les likely. Neither can give a
sdisfaciory rea®n why the gider should build mog of the
capure spiral in the same coiling as the awsiliary spiral.
The third saiesof experiments also showedthatthe spder
built the captre sgral in the same cdling asthe auxliary
spral, evenwhenthe pider wasdisturbed ard wentbad to
the hub between corstruction of the auxiliary and the
capure spral. This fact rerders the exlamation that the
spder rememters the coiling of the auxliary spiral even
lesslikely.

Thereis also no known clue abaut how the spider could
deed the direcion in which the silk was produced even
though same mde lycosd spdersseemto be @le © detect
the drection in which a fenale dragliine waslaid (Tietjen,
1977), but then only with a probability of at mog 67%.
Threads of A. diademaus do nat seemto hawe any suface
structures indicaing the direcion (SEM analsis by T.
Kohler, pers. comm.). Howewer, at presant the possibility
canrot be excludedthat the spder may somehow be alle ©
recanise the direcion in which the auxiliary spiral was
corstructed.

My expeiimerts and cbsewations weredone on Aranels
diademaus Other species have different coiling similari-
ties, ranging from araund 50% (e.g Zygiella x-notata
(Clerck) (Araneidae)andUloborus walckeraerius Latreille
(Uloboridae)) to 100% in a secies of the gerus Gader-
acantha (Arareidae) and Hyptiotesparadoxus (C. L. Koch)
(Uloboridae) (npublished daa, small sanple $z€). This
suggess that different species use dfferent rules for their
capure spiral congruction.

The caling smilarity is quite eag to determine from a
good photograph of a web and it gives us some indicaion
of the rules the spder uses to place the capure spiral.
Compaiing coiling similarities between spedes would
therefore be a good ard eay way to help find arswersto
guedions concernng the evolution of the ab weh
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