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Behavior of Spiders ¡

Introduction 
Is there any particular reason to choose 

spiders for the study of the environment in 
its relation to the behavior of organisms ? By 
looking over the data which have been ob
tained in the study of the orb web it may 
become apparent that this choice has been 
worthwhile. Everybody has occasionally ad
mired the beautiful spider orbs covered with
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supported by a grant from the USPHS.
For more extensive reading on spider webs in 

general, books like H. C. McCook: American 
Spiders and Their Spinningwork, published by the 
author, Philadelphia, 1889; A. Tilquin: La Toile 
géométrique des Araignées, published by Presses 
Universitaires, Paris 1942; T. H. Savory: The 
Spider's Web, published by F. Warne, London 
1952; W. J. Gertsch: American Spiders, published 
by van Nostrand, New York, 1949, are highly 
recommended.

glistening drops of dew on a sunny summer 
morning. Spiders can be made to build such 
webs in the laboratory. Here each factor in 
their surroundings can be controlled sepa
rately; for instance, the temperature can be 
changed while light and humidity are kept 
constant. This permits analysis of the influ
ences which different variables have on one 
function. The complex web presents a won
derful record of the spider’s behavior as we 
slowly learn to interpret the significance of 
web shape and to detect web irregularities. 
By studying a spider—an animal far re
moved from the mammal—we may become 
aware not only of differences, but of some 
general problems which organisms encounter 
in trying to survive environmental changes.

The Web.—It is frequently stated that the 
behavior of invertebrates and spiders in par
ticular is rigid. Innate behavioral patterns



Fig. 1A-— The first web of a baby Araneus diadematus Cl. built 1 week after hatching from 
the egg. Observe the geometry which has been achieved without previous practice. B,  five months 
later a sister of the spider which built the web in Figure 1A  made this web. Both webs are repro
duced at the same scale. This web is larger and has a few more radii and spiral turns, but its 
pattern is basically the same as that in A.

are said to prevail which are independent of 
experience, require no practice, and are little 
affected by environment. The building of orb 
webs by the garden spider Araneus diade
matus Cl. (Fig. 3) may serve to evaluate 
such a statement.

About 2 weeks after hatching from its egg 
the spiderling builds its first web. At that 
time most spiders have never seen their par
ents and have probably never been near an
other web. But they build their first orbs 
with a geometrical accuracy and detail indis
tinguishable from that of an adult spider 
which has already constructed 100 or more 
webs during its life 1 (Fig. 1, A  and B) .  It 
had been suspected that the first 2 weeks 
might be used by the young spider to practice 
running and pulling of thread. M ayer2 
showed that even if spiderlings were kept in

narrow glass tubes from the first day of their 
free lives, the webs they built when they were 
put at large a few weeks later were as flaw
less as those of their litter-mates. Some 
changes in web patterns during an individual 
spider’s lifetime have also been found to be 
independent of practice: The adult spider of 
the species Zilla-x-notata Cl. builds an orb 
web with a free sector, a zone through which 
a signal thread runs unimpeded by spiral 
turns. By means of this signal thread the 
animal in its remote hiding place stays “in 
touch” with its web (Fig. 2). The young 
Zilla builds a completely circular web, how
ever. Petrusewiczowa8 prevented young 
Zilla spiders from building their circular 
webs by keeping them in narrow glass tubes 
and feeding them from a pipette. When she 
let the adults out of their tubes and allowed

11 W i t t
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Fig. 2.—A web of an adult spider of the species 
Zilla-x-notata Cl. In contrast to the webs in Figure 
1 the spiral does not cover the whole area. The 
free sector is divided by the signal thread which 
leads to the hiding place of the spider.

them to build their first webs she observed 
normal adult webs with a free sector. Her 
adult spiders had never built baby webs. This 
shows that some of the changes in its web 
which occur during the spider’s life are 
innate and independent of practice.

There are, however, other changes which 
depend on the spider’s day-to-day experi
ence. Such small changes affect the rigid 
basic pattern of the web. The construction 
of the “normal web” requires an undisturbed 
functioning of the spider’s body. Muscles, 
nerves, ganglia, and central regulatory mech
anisms must work smoothly so that the move
ments of the animal’s legs and body can be 
carried out with the exactness which web
building requires. There is some evidence 
that the spider uses the following procedures 
to establish the proportions of its geometrical 
orb: it probes for empty spaces, filling out 
oversized angles between radii; it turns its

Fig. 3.—An adult spider Araneus diadematus G. 
in its web. Observe the long legs which contain the 
lyriform organs and serve in the transmission of 
haptic signals as auxiliary receptors.

body around a certain angle; it pulls at 
threads to measure tension and vibration fre
quency; it estimates distances by spreading 
its legs or running a definite number of 
steps,4 and it drops the perpendicular from 
one point upon a thread to establish the short
est distance.5 It has been shown that a slight 
disturbance in coordination, central nervous 
system function, or muscle innervation 
brought about by relatively low doses of 
central depressants (pentobarbital sodium6) 
or stimulants (¿-amphetamine 7) causes dis
tinct and repeatable changes in the web 
pattern of each individual. Therefore the 
web-building recorded in the orb web of cer
tain species of spiders is a criterion by which 
the influence of a number of environmental 
factors on animals can be analyzed and 
measured.

Vol 7, J u ly ,  1963
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Methods and Materials
Keeping o f Spiders.— (F or details of method not 

mentioned here see W itt.0) Unless stated otherwise 
the species Zilla-x-notata Cl., Araneus diadematus 
Cl. (Fig. 3 ), and Araneus sericatus Cl. were used. 
The animals were caught outdoors or raised from 
eggs in the laboratory. They were kept indoors in 
individual wooden or aluminum frames of more than 
maximal web size, with or without removable glass 
doors in the front and in the rear. The tempera
ture could be kept constant or programmed to rise 
and fall in a 24-hour rhythm by means of a Minne
apolis Honeywell temperature programmer. Light 
was turned on and off a t predetermined intervals. 
The animals were fed nearly every day with Droso
phila or Musca domestica flies bred in the labora
tory, the size and number of flies depending on the 
size of the spiders. Tap water with or without 
sugar was administered from the needle of a sy
ringe to the mouth parts of the spider. I t  took the 
animals from 1 to 10 minutes to drink a 10 mg. 
drop.

Procurement o f Webs.—Under favorable condi
tions a web would be built every day. Each web 
would be made visible by means of ammonia chlo
ride smoke or Krylon white glossy spray paint after 
the spider had been removed. The white web, if 
placed against a black ground, could be photo
graphed, together with a scale, on high-contrast 
35 mm. copy film. Measurements of web propor
tions could then be made on the film while the orig
inal web was destroyed.

Measurements o f Thread Thickness.—In  trying 
to establish the thickness of a thread, microscopic 
measurements were found unsuitable because 
threads are not round, and the thickness depends 
on the tension under which the thread is measured. 
Calculation of thread thickness as total thread 
length over the weight of the whole web did not 
prove practical because of the large experimental 
error resulting from weighing the light webs. 
Therefore unsprayed webs were first measured and 
constituent threads counted against a black ground, 
and the total thread length was calculated approxi
mately by means of a formula. The webs were 
then collected on filter paper and digested according 
to the method of Koch and McMeekin.® A fter dis
tillation of the ammonia, the nitrogen content 
could be measured colorimetrically.9 Assuming that 
the nitrogen content represented total thread pro
tein, the figure for protein per millimeter of thread 
seemed the most accurate expression for thread 
thickness.

Measurement o f Thread Production.—A number 
of glands produce the different kinds of thread and 
glue which spiders use in building their orb webs, 
hiding places, or cocoons or use for locomotion.10 
The silk which forms the skeleton of the orb web 
(radii, frame, and hub) and is used by spiders in

Witt

locomotion was of interest to us. In  order to ob
tain as much as possible of this thread, its free end 
was fastened to the axle of a motor which could be 
turned a t variable speed while the spider hung be
low. The tendency of the spider to let itself down 
on a thread was used to roll upon the axle just as 
much silk as the hanging spider would let out. After 
a long time of such thread-pulling (up to half an 
hour with 30 and more meters of thread) the spider 
would drop to the ground without a thread. The 
silk which had accumulated on the axle was then 
weighed on a Cahn electromagnetic balance sensi
tive to 1/ig. Repeated thread-pulling and compari
son of figures as well as microscopic inspection of 
the glands before and after pulling indicated that 
a high percentage of the stored silk had been de
pleted. The weight of completed webs of the same 
spiders, however, was higher. This indicates that 
the glue and spiral thread, which come from dif
ferent glands, add considerably to the total web 
weight. Winding of comparably large quantities 
from spiders’ abdomens after the cephalothorax 
had been cut off seemed to demonstrate that no 
active pressure was necessary for silk production. 
A  phenomenon similar to that described by Morgan 
and Kwolek11 as “The Nylon Rope Trick” (in 
which a polyamide cord is pulled from the inter
face of 2 solutions until 1 solution is used up) might 
be responsible for thread production.

R e s u l ts

Light and Temperature.—If we try to 
understand the world in which a web-build
ing spider lives, we have to exclude most 
visual impressions. The eyes play such a 
secondary role in the construction of a geo
metrical orb web that their removal or cover
ing with black lacquer resulted in webs which 
were not measurably different from con
trols.1'2 Furthermore, most web-building 
takes place in darkness where very little 
visual control seems possible. When compar
ing orb-weaving spiders with jumping 
spiders Hanstroem 18 found that orb-weavers 
have primary and secondary visual centers 
of a much reduced size pointing towards 
their relative unimportance.

A first experiment seems to indicate that 
light or its absence does not affect web
building as measured by the frequency of 
new web construction. Two-month-old spi
ders (Zilla-x-notata Cl.) were kept in glass 
jars, their webs were destroyed daily, and 
their web-building was registered 8 A total of

13
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71 animals were kept in constant light and 75 
animals in darkness. Both groups were ob
served in the same room near the open win
dow, where the temperature varied between 
cool nights and warm days during the sum
mer. To evaluate web-building frequency 
each spider was observed on 2 consecutive 
days. An increase from no web on the first 
day to a web on the second day was counted 
as + 1 ; a decrease from a web to none as — 1. 
Building or nonbuilding on both days was 
rated as zero. The same procedure was used 
to evaluate spiders under “normal” labora
tory conditions. There was no statistically 
significant difference between the mean fre
quency of any 2 groups.

A similar experiment was performed with 
all spiders kept in darkness, but 1 group was 
kept at an even temperature of 15, 20, or 
26 C, while the other went through a temper
ature change in the daily 24-hour rhythm. 
No difference of statistical significance in 
web-building frequency was observed be
tween the 2 groups, nor did the 2 sets differ 
in the same respect from 68 spiders building 
under conditions of outdoor temperature and 
light.

It has been observed that 2 factors may 
release one action. Noting that there was a 
slight decrease in web-building under the 
influence of constant darkness as well as 
constant temperature, spiders kept in the dark 
at 15 or 26 C day and night were com
pared to a group for which temperature and 
light changed in the 24-hour rhyth^fe of a 
summer day. The first group, which lived 
under constant conditions, showed signifi
cantly less web-building (P < 0 .01 ) than the 
second. The constant temperature together 
with the absence of light had resulted in de
creasing web-building frequency.6 T hislis 
still a field open to more detailed study. It 
was concluded from these experiments as 
well as from outdoor observations that the 
24-hour rhythmic change between light and 
dark, together with the changing tempera
ture, is recognized by the spider and plays a 
role in stimulating web-building.

The analysis, however, can be carried 
further. It can easily be observed and has

been described many times 0,1417 that adult 
spiders which live together in one room all 
build their webs simultaneously in the early 
morning hours just before sunrise. Their 
web-building time changes with the seasons; 
in Central Europe and the Northern United 
States this occurs several hours earlier in 
summer than in winter. In the laboratory, 
with a programmed daily rise and fall in 
temperature and a 12-hour period of light 
followed by 12 hours of darkness, all spiders 
would build during the temperature mini
mum just before the light was turned on in 
the morning. Spronk15 kept spiders under 
thermostatically controlled conditions (prob
ably without light changes) and found that 
almost no spiders built webs at an even tem
perature and those which did, built at irregu
lar times. He observed, furthermore, that 
web-building of adult spiders occurred regu
larly during a period of decreasing tempera
ture or at the early morning temperature 
minimum. Hardly a web was built while the 
temperature rose or stayed high.

Wolff and Hempel17 compared meteoro
logical data with the web-building frequency 
of their spiders. The most important factor 
in their observations was the equivalent tem
perature which is defined as 2 times the 
average temperature of a day plus the mean 
vapor pressure. Any rise in this figure coin
cided with a high number of webs on that 
day in their laboratory; a decrease was ac
companied by fewer webs. Only if the equiv
alent temperature stayed constant during 
several days, did other factors like changes 
in barometric pressure seem to influence their 
web-building figures.

The above evidence points towards a role 
of temperature and light in the release of the 
activity of web-building. It will be discussed 
later in what way such a “releaser” has to 
meet other conditions to lead to actual web 
construction. And while the daily tempera
ture changes probably affect higher animals 
with their inner temperature regulation less 
than spiders, it is known that the rhythmic 
alteration between light and darkness influ
ences the activity periods of mice and other 
mammals too.

Vol 7, July, 1963 14
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In this connection it appears appropriate 
to mention a book which was published at 
the end of the 18th century18 which in
structed people how to predict the weather 
from observing the web-building of spiders. 
In a queer mixture of explanations and ob
servations the author states that if spiders 
build complete orb webs, a period of dry, 
sunny weather is sure to follow. In contrast, 
rain and storm will come when the economi
cal animal does not build at all or even eats 
its old web. If the building of radii alone 
during a bad weather period is observed, sun 
and quiet air can be predicted to follow in 
10 to 12 hours, while the building of a com
plete orb means that the rain will stop even 
sooner. It seems that this book, which con
tains much mpre material than can be 
mentioned here and which is based on obser
vations made during years of the author’s 
imprisonment, was a great success in its time.

Food.—There is general agreement in the 
literature that heavy feeding is followed by 
several days without web-building.16,17,19,20 
The interpretation of such behavior runs 
usually as follows: The spider is no longer 
hungry and consequently does not need a 
trap for catching food. Expressing it in a 
different way we may assume that the hunger 
drive is too low for releasers like tempera
ture and light to operate. Satiation somehow 
inhibits web-building.

The effects of food deprivation or hunger 
are much more complex. Two trends may 
work in opposite directions: hunger towards 
a more frequent web-building and larger 
webs; and the drive to preserve the precious 
web material (a highly organized pro
tein 21,22) towards economy in web-construc
tion. It has been observed many times that a 
spider collects and eats its old web. The 
failure to report whether it had an oppor
tunity to do so in experiments may be re
sponsible for contradictions in the literature 
regarding web-size during hunger.

Three parameters were observed under 
different conditions of feeding: the size of 
the orb webs was measured with a plani- 
meter on the web photographs, the amount 
of thread which was produced in the glands

could be established by weighing silk which 
was rolled up on the axle of a motor, and the 
body weight of the spiders was regularly 
checked. It was found that by feeding a 
spider with a body weight of 138 mg. for 2 
weeks on 5 days each week with a 12.5 mg. 
fly its body weight increased to 159 mg. and 
that an average of 0.3 mg. of thread per day 
could be pulled. Though figures for thread 
production varied widely from day to day, 
no systematic decrease was observed. We 
concluded that such a spider showed normal 
growth and balanced silk production. The 
average web size of a population of spiders 
during that period of time increased in young 
animals and did not change in adults (com
pare with Reference 1).

The webs of 15 adult spiders and 13 small, 
young spiders (8-10 mg. body weight) after 
1 and 2 days of food deprivation and after 
daily elimination of webs were compared to 
webs built by the same spiders previously. 
No statistically significant changes in web 
size or web proportions were observed (num
ber of radii, number of spiral turns, diame
ter), nor was there a measurable change in 
the amount of thread pulled or in the body 
weight of the animals.

A group of 9 spiders had their webs elimi
nated daily and were kept without food for 
6 days. Their average web size, showed no 
significant decrease after that time, but less 
thread could be pulled. It dropped from an 
average of 0.49 mg. to 0.39 mg. daily per 
animal, and body weight decreased by 12%.

After 10 days of food deprivation the same 
group of spiders on the average built signifi
cantly smaller webs of unchanged structure; 
thread production had further decreased to 
0.30 mg. per day per animal, and they had 
lost an average of 49% in body weight.

Another 17 spiders were kept without food 
for 20 days. After that period their webs had 
become significantly smaller and wider- 
meshed ; they were built with less thread. The 
body weight of the animals as well as the 
thread which could be pulled had decreased, 
but we could still obtain daily 47% of the 
thread weight which they had produced be
fore deprivation.

15 W itt
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After re feeding had been started, no 
change in web size or body weight could be 
observed during the first 3 days. But 10 days’ 
feeding resulted in a significant increase in 
the average body weight without changes in 
web size; the webs stayed small.

In interpreting these preliminary results 
it appears of interest to note the sequence in 
which food deprivation and refeeding af
fected the different parameters. During the 
first 6 days of hunger, thread production and 
body weight had decreased, while still large
sized webs were built with obviously thinner 
thread. Even when the animals could no 
longer produce the full amount of silk, they 
tried, by building large webs, to catch what
ever came near. In later periods of food 
deprivation webs became smaller and wider- 
meshed, reflecting the severe decrease in 
thread synthesis. But some silk production 
still went on, obviously at the expense of 
other body constituents as was shown by the 
surprisingly high loss in body weight. It ap
pears that the production of silk ranges so 
high in the hierarchy of vital functions in 
spiders that it is kept up while other tissues 
shrink. On refeeding, however, thread pro
duction or web area did not increase immedi
ately. The increasing body weight with 
persistently small webs indicates that the 
spiders first rebuilt their lost tissues. It is 
also of interest to note in the results of this 
experiment the close coordination of behav
ioral (web size) and biochemical (amount 
of thread) regulatory mechanisms in an 
emergency situation.

Perception.—Gravity influences the shape 
of the orb web. In the upper part of the webr 
angles between radii are larger than at the 
bottom (Fig. IB),  and spiral turns are fre
quently more widely spaced. In all Araneus 
webs the vertical diameter of the catching 
area is longer than the horizontal one. 
Peters30 performed an experiment which 
points to the role of gravity during web con
struction. After the spider in his laboratory 
had completed the frame, radii, and provi
sional spiral and had started to build the oval 
circumference of the sticky spiral, he turned 
the web 90°. Now the horizontal web di

ameter had become longer than the vertical. 
The spider corrected this soon by adding 
additional spiral turns at the new bottom part 
of the web until the old relationship of a long 
vertical to a short horizontal diameter was 
reestablished. Mayer3 shows an orb web 
which was built under experimental condi
tions where the frame was laid horizontally. 
This web possesses a nearly circular shape 
and an axes ratio of 99.6:100 instead of the 
normal 62:100 in vertical webs.

Young spiders show, according to Sa
vory,33 negative geotropism. Adult spiders 
use gravity for orientation in their webs. 
They went on circuitous ways back to their 
retreats when the web had been turned while 
they were in it catching the prey.30

The whole web can also be regarded as 
part of a sense organ which transmits vibra
tions. It converts the close sense of touch 
into a long-distance perception system. While 
an orb web spider does not identify a fly at 
close distance if it is placed on a table,34 it 
can distinguish between different insects 
which are caught in its web 30 and more 
centimeters away.

As soon as a tuning fork is held to a spid
er’s web the animal becomes tense and even
tually attacks it.35 In the same manner the 
spider will attack a drop of glass, bite it, 
enwrap it, and transport it to its hiding place 
only because it vibrates.13,36 The drumming 
of a male on the radii of a female’s web37 
serves also as a signal in the elaborate mating 
pattern.

How closely the spider is guided in open 
space by its web can be observed in another 
experiment which is used to catch Zilla for 
the laboratory. A living fly is thrown into a 
Zilla web outdoors. The spider rushes along 
the signal thread to the hub of the web and 
from there to the prey. While it bites and 
enwraps its food the signal thread is attached 
to the inner surface of a small paper bag. 
When the animal returns from the web along 
the signal thread it climbs without hesitation 
into the paper bag and settles down. It will 
now stay in it even when the bag is carried 
away, the end of the signal thread being 
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probably the main clue which it uses to recog
nize the hiding place.

Many reports have appeared in newspapers 
and magazines about the reaction of spiders 
to music. A prisoner in his cell is described 
playing the violin, surrounded by spiders 
which had appeared from all corners drawn 
by the music. As soon as he stopped playing, 
the animals scurry back into their hiding 
places.'8 Such stories are not as fantastic 
and unlikely as might be assumed. It can 
easily be observed that if a spider is ap
proached with a tuning fork it reacts to the 
airborne sound. It raises its front legs to
wards the source of the tone.

All such observations found a solid ana
tomical, physiological, and histological basis 
through the work of Walcott and Van der 
K loot28 and Salpeter and Walcott.29 In the 
first paper the authors describe the location 
of an extremely sensitive vibration receptor 
on the legs of spiders (lyriform organ). 
W ith their electrophysiological techniques 
they were able to define certain properties of 
the receptor such as its threshold, frequency 
response, and frequency discrimination. A 
behavioral procedure, namely the change of 
stress on the legs, modifies the sensitivity 
of the receptor thereby probably helping the 
animal to analyze the intensity of a sound. 
The second paper establishes the microscopic 
structure of the organ as a basis for its func
tion.

Such findings together with other observa
tions of spiders’ reactions to sound, enable us 
to surmise the, world as it appears to the 
spiders: a world with little light and probably 
no visual shapes but full of vibrations and 
surfaces of different tactile texture. The 
movements and tension of the web’s threads 
provide the clue by which the animal forms 
the inner “image” of its varying environ
ment.

Conclusion

After glancing at some aspects of spider 
behavior as it reflects changes in the sur
roundings we realize the scarcity of available 
information. References over 2 centuries 
were screened,1 but only a small number

17 W itt

were finally quoted. In reviewing the litera
ture and realizing what remains to be done 
one may conclude with words which Sir Ar
thur Conan Doyle80 puts in the mouth of 
Sherlock Holmes as he looks at the evidence 
in a new case: “We are suffering from a 
plethora of surmise, conjecture, and hypoth
esis. The difficulty is to detach the frame
work of fact . . . from the embellishments 
of theorists and reporters. Then, having es
tablished ourselves on this sound basis, it is 
our duty to see what inferences may be dravr - 
and what are the special points upon which 
the whole mystery turns.”

Peter N. Witt, M.D., State University of New 
York, Upstate Medical Center, 766 Irving Ave, 
Syracuse 10, NY.
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