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AN ANALYSIS OF FOOD RELATIONS BETWEEN THE SPIDERS 
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In this paper an analysis is presented of the prey found in spider webs, as 
well as of the relations between the number of prey captured and the number and species 
composition of the insect fauna of the environment and the changes taking place in the 
population of the predator. The paper also analyse~ the relations between the size of 
the spider populations and the supply of food in th~ environment as well as the degree 
of diffP"entiation in the structure of vegetation. 
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I. INTRODUCTION 

The present paper contains an analysis of the changes, occuITing during 
the vegetative season, in the number of prey caught in the meadow by two 
species of web-spinning spiders - Araneus comutus Clerck and Araneus qua­
dratus Clerck. 

Trials were made for finding a relationship between the varying amount 
of the prey captured by t.he spiders and: 1) variations in the number, mobility 
and t?pecies composition of the insects found in the meadows, 2) changes in 
the activity and age distribution of the spiders themselves and 3) changes 
in environmental conditions. This analysis of the relations between the situa­
tion in the environment and the intensity of predation was carried out in order 
to detennine the role of spiders as a factor controlling the abundance of insects. 

One of the important aims of this investigation was to adjust one of the 

known methods of studying food for a quantitative assessment, and a search 
for methods allowing of a comparison of the amount of food in the spider webs 
with the density of the fauna present in the environment nnder observation. 

The web-spinning spiders are a fairly convenient object for the study of 
food relations. The external digestion and the remaining of small insects and 
indigested chitinous remnants of bigger preys in the webs for some time, make 
it possible to detennine the composition and the amount of food captured. 

The papers concerned with the investigations of the prey captured by 
spiders most frequently discuss, more or less widely, the composition of the 
food taken by the spiders, but they almost entirely neglect the compositio11 
and the abundance of the fauna in the area in which the food analyses were 
made (Ewing 1918, Rilsing 1920, Rau 1922, Cuthberson 1926, Hob­
by 1930, 1940, Poulton 1934, Pratt and Hatch 1938, Bristowe 1941, 
Knowlton 1952, Th~odorid~s 1952, Parmenter 1953, 1'nrnbull 1960a, 
Tre t z e l 1961, P r6 s z yd.ski 1962). Although in some of the more extensive 
studies (Bi 1 sing 1920, Bristow e 1941, Tn r n b u 11 1960a) some notes 
can be found regarding the species composition of the fauna present in the 
environment, the fauna itself is not however the object of study. 

The influence of the spiders on a specified population 0£ preys was studi­

ed mainly by the authors connected with agriculture and forestry, who tried 
to use spiders for controling the pests. The findings reported by various authors 
regarding the possibility of introducing spiders to crop-fields, i. e. opinions 
concerning their importance for the reduction of pests, have bee~ collected in 
the papers elaborated by Bristowe (1941) and Vite (1953). Bristowe <tuotes 
American and English studies (Comstock 1879, Burgess and Crossman 
1929, Fluke 1929, Alexander 1920, Maclagan 1932), and Vit~ the Ger­
man ones (Keller 1883, Nolte 1938, Subklev 1939, Schimdt 1930) which 
indicate that spiders are an important factor reducing the size of the popula­
tions of a number of pests. Dunn (1949) and Gale ck a (in the press) write 
that spiders may play an important role in the reduction of aphids. On the 
other hand, Vite quotes data given by another author (Engel 1942) according 
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to whom spiders, in comparison to other entomophages, are not very important 

as a control factor for insects, their importance increase in only those cases 

where they are the only insect controlling factor. 

Special attention should he given to the paper of Harrison (1913) who 
fonnd that in the woods where there were few spiders and particularly Boly­
phantes expunctus, the tops of the pines were to a considerably larger extent 

infested by pests (mainly Chermesidae) than in areas where spiders were nttmer­

ous. He even suggested that 3Piders should be brought• into the woods infest• 

ed by pests. 
In recent years the role of spiders has been investigated mainly by Japa­

nese scientists - Kayashima 1960, 19611 lt8, Miyashita and Sekigu­

c hi (1962), who ascribe a great importance to the activity of spiders in the 
fields. Kay ash i ma (1960, 1961) found that Oxyopes sertatus T...n. Koch effec-

1~: vely reduced one population of the prey - Contqrinia inouyei Mann (ltoniidae). 
He introduced spiders reared in the laboratory into Cryptomeria woods ( Taxo­
diaceae) by which procedure lie obtained a considerable decrease in the in­

f.e'station of trees. 

The above data suggests that in many situations the spiders may play an 

important role as one of the significant fact.ors controlling the number of in­

sects. So it is necessa.ry to know more closely their role in the biocenosis. 

II. METHODS 

Two kinds of methods were used: 

1. methods detennining the abundance and mobility of the spider fauna 

in the environment, 

2. methods determining the abundance, activity and the number of prey 

captured by the spiders. 

1. The first method group included the use of sweep-nets and sticky traps. 

A single sample consisted of 25 sweeps with a sweep-r1et of a standardized size. 

Each catch consisted of 10 samples. The total number of samples collected • 

is illustrated by Table I. 

The sweep-net catches the fauna living in the upper part of field-la}rer, 
i. e. in the same layer as that in which the predatory species under observa­

tion are distributed. The material collected in this way may he regarded as 

an information about the abundance of the potential food for the spiders pre­
sent in the environment. 

As has been shown in a number of papers, the sweep-net rnethod gives 

a clear picture of the variations in the abundance and of the do1ninance within 

individual groups (Carpenter 1936, Kontkanen 1950, Barnes and Bar­
nes 1955, Luczak 1958, Luczak and Wierz howska 1959). It does not 

however give the estimation of the density1 although some a11thors (Sm al] e y 
1960, Turn hu 11 1960b) try to adjust this method for the estimation of the 

number of individuals per surface unit. But as the sweep-net acts selecti,,ely, 

https://necessa.ry
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I'iumber of samples taken and the amount of material collected 

Tab. I ,-----------------------..-----....--·----------,.---
Number ni individuals 

Methods Stations Number of samples Total cap~ured Total 
• 

1960 1961 1962 I 1960 1961 1962 
t-----~-~--+----+--~--t-----t------+---- +----..._--➔---

1 60 1544 
Sweep-net 2 90 290 2354 6939 

3 140 3041 
-

190 3113 I Stickv 
I I 2 180 120 630 2679 2465 10588 

traps 
3 140 233 l 

l 340 180 324 474 Quadrate 
2 200 180 I 980 I 72 6 79 I 179 5 

ruethod 
3 ao I 146 

~-----t----+----+----,---+-----+--- -
Food of 
spiders 1 344 387 213 900 
(number of 2 194 409 143 1634 297 665 1928 3 246 
in d ivi d ua Is 3 157 193 
cons idered) 

f _______________ A_d_d_i_ti_on_a_l_m __ at_e_r_ia_I __________________ _ 

Methods number of sample8 total num her of individuals total 

1954 ( 195S 1954 1955 
1-------------+---- -------------+-----+---
Sweep-net 776 280 1056 12400 2393 14793 

~ ----+-------+------+-~---_.,__ ____________ _ 

,_o_u_a_d_ra_ie _ _ _:_e_Ul_o_d ___ ....__ __ 150_4___, __ 78_4 _ _,___2_2_. s_s_._1 ___ 2_307 I 1007_ 33 14 

frightens a part of the fauna (Luczak 1958), such calculations do not show 
the real picture of the density. 

The mobile fauna was caught in the present investigation by using sticky 
traps. These were small hags of the size of 30 by 50 cm made of a thin 

polyethylene film, fastened to wire frames. Two sides of these hags were co­
vered by a thin layer of a sticky suhstan ce, one of those used in orchards; the 
hags were set up vertically, 10 at each station. The species and the nu1nher of 
individuals caught were recorded at approximately the same time every day, 
for three consecutive days. These 3 days' cycles of catching were repeated 
every fortnight, from July to September 1961 and in July 1962. Sticky traps 
catch first of all small insects carried by air currents (Johnson 1950,S tap le s 
and Allington 1959, Roth 1963). 

This method was applied on account of its functioning which is similar to 
that of spider web. The sticky trap catches fauna similar in size to that caught 

by the webs of the spiders, and like the webs, it catches mobile, mainly flying 
and jumping, and to a lesser extent walking insects. This method was a ne­

cessary supplementation of the sweep-net method, because it gives evidence 
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regarding the abundance of that part of the fauna which may he available to the 
webs of the predators in question. 

The differences that may arise between the sticky traps and the webs are 
mainly differences in deflection of air currents by surfaces one of which is 
impenneable and the other permeable to these currents. Roth (1963) made 

a comparison of the catching rate of three different nets of a surface of 425 cm2, 

varying in mesh-density - a metal net very dense (mesh size 3 x 3 mm) and 
two loose thread-nets of different densities (one of them consisted of 32 threads 
interwoven around a frame, the other one of 64 interweavings). The species 
composition of the fauna caught by the three methods was very similar despite 
the fact that each of the nets had a different resistance to air currents. However, 
the number of animals captured was different. The net made of metal used to 

catch about twice as many insects as the thread-nets; the loosest of the nets 
appeared to be the most effective, the number of animals caught by it, calculated 
per a unit of thread length, was the largest of all. 

From the above experiments it can he presumed that the difference in the 
resistance to air currents of the two methods - sticky traps and nets - should 
not play a decisive role in the composition of the fauna captured. 

2. The number of spiders was determined by the quadrate method, i.e. each 
time spiders present in a square 50 x 50 cm were counted. The series consisted 
of 20 such squares. Sampling by this method was ca1Tied on from May to Septem• 
her in 1960 and 1961; data collected in 1954 and 1955 was used as an additional 
material (Tab. D. This method was used £or the detennination of the abundance 
of spiders in the herb-layer, omitting the ground layer. 

The number of prey captured by the spiders was in 1960 and 1961 estimated 
by collecting about once a week insects hanging on twenty webs and spider 
retreats. The number of spiders encountered, those with and those without webs, 
with or without preys, and also body-size classes were taken into account. 
The data was used for the calculation of the average number of prey per each 
spider and also for the estimation of the feeding activity of the spiders (see 
chapter V, 1). In 1962 a series of samples was collected to find how long 

a period of time was needed for the accumulation of that amount of food which 
was collected each time. For this purpose 100 webs had been marked and 
subsequently controlled at the same time-intervals (between 10 and 12 a.m.), 
for 4 consecutive days. At first food was collected at shorter time-intervals, 
but after 3 and 6 hours most of the webs, which had been damaged during the 
preceding collecting, appeared to be still unrepaired. 'The method used in the 
present investigation was a modification of the method introduced by Turnbull 
(1960a) for the observation on the food preference of Linyphia triangularis 
Clerck • . The material that came from the first day of observation was collected 
chiefly by the same method as that used in 1960-1961 for the estimation of the 
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quantity of food, whereas the material collected during the following days was 
'clearl} related to time, it had been caught during 24 hours. The average numbers 

of insects captured by 10 spiders on each of the consecutive days of observation 
were as follows: 

9 VII - 111.8 
10 VII - no webs, strong wind 
11 VII - 82.1 
12 VII - 107.6 

The differences between the first. and the following two dyas were not con• 

siderable. All the results are of a similar order so it may be concluded that the 

material collected each time roughly represents the number of prey falling int.o 
the webs during a period not longer than about 24 hours. 

The above results are supported also by the data found in the literature con­
cerning the frequency of web replacing by the species belonging to Argiopidae. 

W i eh 1 e ( 1927) reports that in the field, the time between two successive re­

placings of webs may be, at the longest, 2 days. Only in laboratory conditions 

may a starving spider not renew its web for several consecutive days. Similar 
conclusions were drawn by Bristowe (1941) and Cherrett (1964), who have 
found that spiders renew their webs every day. 

Only in one of the arachnological studies known to me (Turn h u 11 1960a) 
was the food of the spiders collected in a continuous way throughout the season, 

using a precise quantitative method of collecting which gave an estimation of · 

the amount of food falling into the webs; the other papers were n1ost frequently 

dealing with qualitative observations. The amount of food captured and eaten 
by the spiders was usually estimated by tests in which a spider was given 

appropriate food and an observation was subsequently made to find how much it 
coulc eat (Bilsing 1920, Bonnett 1930, Bristowe 1941, 1' retzel 1961, 

P rd s z yd ski 1962). Such observations are valuable, but they do not give any 

information concerning the situation in the field or the average number of insects 
falling into the web. The metl1od applied in this in ve~tigation wafl to supply 
evidence regarding variations in the intensity of food catching throughout the 
period of the activity of the spiders concerned. 

The main methodical difficulty encountered is the difficulty with the com­
paring of the results obtained by using three <lifferent method:; (sweep-net, 
sticky traps, webs) each of which acts selectively, hut in a different way. 
Perhaps this is why so few papers rnake comparisons of the quantitative rela­
tions of the fauna and an analysis of the predator's food. Arachnological papers 
(Bilsing 19~, Bristowe 1941~ rfurnhull 1960a) report that althougl1 
numerous in the environment, certain species were not fo1md on webs or were 
found in small nwnhers only. But, ass in the above-discussed problem relating 
to the amount of food captured, tl1ese are only notes and observations of 
experienced observers, with no detailed analysis to support them. 
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In connection with the alterations introduced by each of the above-named 

methods, in the comparison made in the present study the following procedure 
was used: 

1. Only the major and frequently occurring differences between the results 

obtained by the various methods were taken into consideration and all the minor 
deviations were neglected. 

2. The courses of the curves and not the particular numerical values obtained 

by the various methods were compared. 
3. Only when the differences between the rnethods appeared to be different at 

several stations were trials made to find conditions to account for the situation 

and so the particular values were then compared. 
A very significant difficulty that had to be overcome was the determination 

· t the material collected. The material caught by the sticky traps must be 
identified at the spot, because the taking-off of the individuals stuck to traps 

usually causes damage of their bodies. This of course could have be done only 

by a specialist familiar with the given taxonomical group. Two most diverse 

insect groups, most numerous in the meadows, have been identified - Diptera 

(detennined down to the family) and Homoptera-Auchenorrhyncha. With the 

material collected from tlie webs the 3ame degree of accuracy in determination 

was used with regard to these two groups and, in addition, two other groups, 

relatively numerous in the spiders' food, were identified - Coleoptera and Hy­
menoptera (to families) 1• 

Besides the well preserved individuals, the material collected from spider 

webs included specin1ens which were heavily damaged, these were the remains 

of the food eaten by the spiders. A closer identification or even a classification 

into the order was sometimes impossible. 

III. DESCRIPTION OF THE STUDY AREA 

The investigation was carried out in the Strzeleckie meadows, a complex of 

midforest meadows 66 hectares in surface, located in the north-eastern part of 
the Kampinos Forest near Dziekan6w Lesny. 

The field studies were carried out in three environn1ents different flc,ristically 

and ecologically. 
Station 1 was loca~.ed on patches of the association l'aricetum elatae (W. 

Koch 1926) belonging to the alliance of tall sedges - Magnocarici.on (W. Koch 

1 I l'lish to extend my cordial thanks to L. Andrzejel'l·ska, M.Sc., (Auchenorrhyncha) and to Prof. 
K. Tarwid (Diptera) who were kind enough to determine the material in the field and in the labora­
tory, as well as to Dr. B.Burakowski and Dr. S. Wi~kowski for identifying the beetles and Hr 
menoptera. 

Thanks are due also to Dr. T. Traczyk for the phytosociological description of the Strzeleckie 
meadows. 

https://Magnocarici.on
https://loca~.ed
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1926). 'This community develops during heavy and prolonged floods of ground 
waters. The water remains stagnant above the ground almost throughout the 
year, and o·nly during a summer drought does it drop a little below the surface of 
the ground. Heavy flooding favours the development of tall immersed herbaceous 
perennials such as: Carex hudsonii Bennet, C. acutiformis Ehr., C. tiparia Curt., 
C. paradoxa Willd, Ranunculus linqua L., Iris pseudoacorus L., Rumex hydro­
lapathum Huds. and others. 

Species which dislike floods and only require areas with permanently water­

logged soil are found on the tops of the tussocks formed by the tussock sedges, 
mainly by Carex hudsonii. C. hudsonii species clearly dominates in this commu­
nity giving it a specific character and look. It fonns fairly high (about 0.5 m) 
tussocks separated from one another by flooded flat depressions. 

8 

Fig. I. Diagram showing the vegetation structure in the Strzeleckie meadows 
A - station 1, B - station 2 

The structure of the vegetation is diagrammatically presented in Figure I. 
Although the number of plant species occurring there is considerable (34 species 
of higher plants and 3 moss species), they only constitute few admixtures, loosely 

dispersed over the compact field of C. hudsonii. C. hudsonii shows a great 
density and sociability, oftenest about 5.5. In spite of its immense bulk, the 
vegetation shows a poorly varied structure due to the dominance of one species. 

In both the years during which the investigation was carried on the area was 
partially mown. 

St.ation 2 covers an area which is not uniform floristically or as a habitat. 
There occurs a mosaic of mineral and peaty soils. In the small area bordering, 
from the south and from the north, on an alder forest three plant associations 
are found: 1) Carici canescentis-Agrostetum caninae (R. Tx. 1937), 2) Stellario-
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Deschampsietum caespitosae (A. Fr.eitag 1957), 3) Caricetum gracilis (R. Tx. 
1937). 

The highest and the driest places are occupied by the second association, 

the lowest and moistest by the third one, whereas in localities of intennediate 
conditions the first association is found. These associations appear to have 
a mosaic-like urrangement and often mix with one another. As a result a very 
complex and largely varied vegetation is formed. Although the species composi­
tion is here slightly poorer than at the fonner station (30 species of higher 
plants),.. there is no clear dominance of one or several species. The structure of 

the vegetation is much varied (Fig. 1) in both the horizontal and vertical direc­

tions. Several layers can be distinguished there. The highest layer is made up 

of tall sedges: Carex gracilis Curt., C. acutiformis Ehr., Calamagrostis ca­
nescens (Web.) Roth, Iris pseudoacorus L. (elements of the association Carice­
tum gracilis), the lower layer consists mainly of grasses of medium hei~ht, 
mostly the representatives of the association Stellario-Deschampsietum, they are 
Deschampsia caespiwsa (L.) P.B., Holcus lanatus L., Festuca rubra L., Poa 
pratensis L., Agrostis canina L., A. stolonifera L., and also Filipendula ulmaria 

(L.) Maxim., Cirsium palustre (L.) Scop., / uncus effusus L. The still lower 
layer consists of Carex panicea L., C. fusca Bell. et al., Ranunculus acer L., 
Lychnis fl,os-cucul,i L., Lotus uliginosus Schk., Plantago lanceolata L. The 
ground layer is fonned by a compact carpet of mosses. 

This part of the meadows was not mown. 
Station 3 represents a uniform plant community belonging to the alliance 

Molinion (W. Koch 1926), to the group found in temporarily moist meadows. This 
association is floristically similar to the association Stellario-Deschampsietum 

caespitosae. This is the driest of all the environments discussed , only tempo­
rarily does here the water come up to the surface of the ground. The density 
of herbs c.onstitutes 70% and that of mosses 80%. In comparison to other environ -
ments the number of plant species found here is the smallest of all (23 species). 
As there is only one association present there, the structure of the vegetation 
is obviously less varied than at the fonner station, but as at the formerly-dis­
cussed station, there is no distinct dominance of one species. Among the spe• 
cies forming the largest proportion of the vegetation cover are Carex panicea, 

Deschampsia caespitosa, C. fusca and Potentilla anserina L. 
The area under investigation was partially mown. 
The chapter dealing with the analysis of the factors controlling the abundan­

ce of spiders includes the material collected between 1954-1955 in the lowland 
peat bogs constituting part of the Kuwasy marshes complex.. A detailed descrip­
tion of the localities investigated is given in other papers (A. Kaj ak 1960, 
1962). Samples were then taken in two artificial and in five natural meadows. 
The environments were selected so as to form a clear gradient of vegetation 
differentiation. During the investigations one of the artificial meadows (S,) 
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became invaded by weeds which caused a change in the de~ree of differentiation 
of that meadow. Three natural meadows belonged to the meadow group temporarily 
flooded, with a relatively uniform vegetation composed mainly of sedges (N 1 , 

N 2 , N 3 ); two meadows (N., N-5 ) were characterized by a considerable diversity 
of the vegetation. Besides sedges and grasses there were also many dicotyle­

donous species present, fonninb a varied vegetation structure. 

IV. THE BIOLOGY OF THE INVES,.fIGATED SPECIES OF SPIDERS 

Araneus cornutus and A. quadratus build large, radial webs in the top layer 

of the meadow vegetation. The size of the catching part of the web of adult 

individuals of A. cornutus may be as large as 60 cm in diameter, the webs of 
A. quadratus are slightly bigger (W i eh I e 1927, 1931). A. cornutus renews its 
web before dusk and catches insects at both daytime and during the night 
(W i eh le 1931), A. quadratus also renews the web before dusk or dawn (W i eh le 
1927) so probably both these species catch at about the same time of the day. 

Besides webs, they both build retreats placed in inflorescences or in bent leaves 
of grass. The retreats of the young individuals o-f A. comutus are most fre­

quently placed in flower heads, they are therefore generally located higher up 
than those of the young A. quadratus spiders which are usually placed among 
leaves. The adult individuals of both these species are distributed at about 
the same height. 

The two species capture their prey in a similar manner. Also their webs 

are similar in structure and aITangement and so is the time of catching. 
The life cycle 0£ A. quadratus is completed during one vegetative season. 

Nests with developing young individuals are found in May and .June. The begin­
ning of July is the-time when the young individuals are most numerous; at the 
end of July and in August adult individuals appear and at the end of September 
the females build cocoons and die. 

The life cycle of A. comutus is a more complex one. 1hroughout the vegeta­
tive season individuals at various developrnental stages occur side by side. 
In spring (V, VI) the proportion of adult individuals is the largest. The number 
of adult fonns decreases gradually during July and August, young individuals • 

predominating nwnerically, and in the autumn more numerous ar~ medium size 
spiders (Fig. 2) which will eventually winter. 

V. ANALYSIS OF SPIDER PRED .. ~TION 

1. THE INDICES USED 

In his analysis of predation in three species of small mammals Ho 11 in g 
(1959, 1961) says that the intensity of predation is related to the number of prey 
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Fig. 2. Age distribution of A. comutus. 1961 
1 - very small individuals, 2 - small, 3 - medium size, 4 - adult 

eaten by one predator and to the total number of predators. He separately analy­

ses the intensity of feeding and the variations in the abundance of predators, 

and then the way in which the two parameters overlap. All his investigations 
Holling carried out against the variations in the number of the prey (pupae of 

N eodiprion serti fer Geoffr. ). 
In the present study a similar analysis of predation was applied - I con• 

sidered changes in the average numbers of prey captured by a single spider, 

changes in the density of spiders and subsequently the course of the resultant 
-

of the component agencies. Below are given the indices applied in order to give 

an approximate estimation of the intensity of spider predation. 

The intensity of the action of a specified spider population on the preys 
was expressed by means of an index of intensity of predatior, which shows 

the number of prey captured by the spiders present in a definite area, in this 

case, over a surface of 5 m2
• The index was obtained by multiplying the average 

number of prey per one spider by the density of the spiders. The number of 

spiders was estimated by using the quadrate method, and the number of preys 
per a spider - by the fonnerly-discussed method of collecting prey from 20 
webs. 

• 
average number of prey number of spiders 

intensity of predation -- caught by one spider X per an area of 5 m 2 

during 24 hours 

By means of this index it was possible to show changes occurring during the 

season in the number of prey captured by the spider populations discussed. 

Most attention was given to the first component of the product - to the 
average number of prey caught by the spiders. To avoid small numbers the avera• 
ge number of prey caught by 10 spiders, and not by only one, was used. The 
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index of average number of prey was designated as the rate of catching by indi'vi­
dual spiders. 

catching rate = average n\}mher of prey caught by X I0 = 
a spider during 24 hours 

number of prey caught during 24 hours -- X 10 
number of spiders analysed 

The catching rate of the spiders was always used to calculate the mean 

value, in the given situation the number of prey captured by an individual. 
Fluctuations in the catching rate in two spider species have been presented 

and the effects have been analysed of the abundance of the fauna in the environ• 

ment and of the feeding activity of the predator on that catching rate. 

By the feeding activity of the spiders I mean the ratio of the number of 
hunting individuals (those possessing webs) to the total number of individuals 

in the population (those possessing as well as those lacking webs); it was 
expressed in per cent. 

number of spiders with webs 
feeding activity (activity) -- X 100 

number of all spiders 
{ with and without webs) 

In some cases, to detennine the supply of food in the environment or to com­

pare fluctuations in the number of insects caught by the sticky traps and by 
individual webs the catching rate of the webs was used. This expresses the 
number of prey caught by 10 webs. 

average number of prey caught by catching rate of webs -- X 10 --the web during 24 hours 

number of prey caught during 24 hours -- X 10 
number of web-possessing spiders 
analysed during one catch 

This index makes it possible to render the data independent of the feeding 
activity of the population. It may also be expressed in another way: 

catching rate of spiders catching rate of webs -- X 100 feeding activity 

2. VARIATIONS IN CATCHING RATE OF THE SPIDERS DURING VEGETATIVE SEASON 

In spite of the great similarity of the webs of the two spider species 
discussed the curves representing the changes in their catching rate have quite 
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different courses. This is indicated by the data derived from various environ­
ments and collected during the two years. A. comu.tus catches most prey in 
May and in June; at the end of June there occurs G distinct decrease in the 
catching rate which remains at this low level till the end of September (Fig. 3). 

In May and June the maximum catching rate at station 2, taken as an example, 
was 138 individuals per 24 hours. The averagt; catching rate for each of these 
two months was 67 individuals and that for the follo,ving inonths only 5 indivi­
duals, i.e. about 13 times lesser. A. quadratus catcheB most intensely at the 
beginning of September, its catching rate being considerahl}r lower during the 
preceding months (Fig. 4). The average catching rate during July and August 

was about 9 victims per each 10 spiders and the maximum catching ·rate for 
September was 77 individuals. On the whole A. quadratus showed a higher 

1960 

JO 

__ --o 
10 - --

c..0----00 1 ,, ~ ~---o 2 
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I I 1161 I I 
I I 

' ' ' ' I \ 
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' ' ' 

y 
' YI Yll Vil IX 

Months ... ---st 

Fig. 3. Variations in the number of preys captured by individual spiders (rate of catching) 
A. comutus 

1 - station 1., 2 - station 2, 3 - station 3 
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Fig. 4. Variations in the number of preys captured by individual spiders A. quadratus 
For explanalion see Fig. 3 

catching rate than A. comutus. In July and August, for instance, A. comutus 

would catcl1 an average of 5.7 individuals, whereas A. quadratu.~ 9 individuals. 

The catching rate of A. quadratus had a very similar course in 1960 and 

1961 (Fig. 4), while the catching rate of A. comutus in the two years differed 

considerably (Fig. 3). In 1960 the characteristic spring-maximurr1 related to the 
mass emergence of insects, whose larvae live in the water, did not occur. In 

th e spring of 1960 the level of ground ¥later was so low that the emergence of 
insec t~ was not intense. Maximum catching rate occurred only in July and was 

as srr1all as 44 individuals per 10 spiders that is to say about 3 times lower than 
in 1961 (f.,ig. 3). The average catching rate in 1960 was even higher than in 

1961, not including the period of maximum catching rate, it was on the average 

10 victims per 10 spiders, whereas in 1961 - only 5. 
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• 
The data deri_ved from various environments showSt a considerable accordance 

in the course of the catching rate curve. The maximum and the lowered numbers 

of prey occurred in the majority of cases simultaneously at all the stations 
compared (Figs. 3 and 4). This similarity of the data derived from the various 
localities confirms the reality of the courses and at the same time makes it 
possible to discuss the main regularities on the basis of one example of locality. 

3. ANALYSIS OF THE COMPOSITION OF FOOD AGAlNS"f THE SPECIES COMPOSITDN OF 
THE F'AUNA PRESENT IN THE MEAOOW 

The composition of the food of spiders has been for many years dealt with 
by a number of arachnological papers •. Most attention was paid to the food p~e­
ference of the spiders, i.e. · a question which of the ani1nals that fall into the 
spider webs are eaten by the spiders and which are rejected (Bi 1 sing 1920, 
Savory 1928, Poulton 1934, Rau 1934, Bristo we 1941, Turnbull 1960a, 
T re t z e 1 196.1). In the present paper the problem of food availability to the 
spiders, that is to say which of the insects present in the field fall into the 
webs is emphasized. Bristow e (1941} writes that the variety of prey is deter­
mined by the environment, the way of life, body size, by the time of occurrence 

and by the behaviour of the prey and it also depends ~pon the size of the preda-
, 

tor. Most frequently the body size of the prey ranges from about the size of the 
spider to 1/6 of the body size of the predator. An exception is the spi~ers of the 
genus Araneus which, when starting the building of a new web, utilize even the 
smallest insects hanging in the old webs. Vi te (1953) estimated the food 
availability to spiders by the method similar to that used by Bri st ow e (1941). 
Among the most important factors on which the availability depends he names 
the distribution of the prey and the period of their occurrence (season, time of 
the day) as well as the size of the web and the way it is arranged. In his paper 
Turn b u 11 ( 1960a) gives most detailed description of a very important factor 
determining the availability of food, namely the manner of lo~omotion of the 
• insects, 

• 
The food of spiders, collected by me contained representatives of all the 

insect orders that had been found by using other methods of catching (Tabs. II 
and III). So the spider species discussed had the possibility to capture a larAe 
variety of fonns, the most frequent were however very small insects in which the 
product of the length of the body by its width does not exceed 2 mm 2

• The 
smallest of insects always constituted over 65% (65-97%) of the individuals 
captured by webs (Tab. IV). The insects included in the second size-class 

.(the product rangin~ from 2.1 to 10 mm 2
) constituted at the most 10%; us11aliy, 

each of the following size-classes constituted less than 10% of the food. 
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Average numbers of insects in webs and in comparative methods of catching d,ring the 
period of uniform food 

Tab. ll 

Stations and methods 

station I station 2 

Captured arthropods 

1 

Diptera 
• 

Tendipedidae 
Lycoriidae 
Limnobiidae 
Ephydridae 
Heleidae 

ltoniidae 

Melusinidae 
Scatopsidae 
Culicidae 
Stratiomyidae 
Cypselidae 
Anthomyiidae 
Sciomy zidae 
Chloropidae 
Empididae 
Phoridae 
Cyrtidae 
Fungivoridae 
Bibionidae 
Do li chopo didae 
Other families 

., 

Homoptera-A ucheno"hynch<J 
Aphidoidea 
Psyllodea 
Hymenoptera 

Brsconoidea 
Cynipidae 
Apidae 
Formicidae 

Coleop tera 
P lateumaris consimilis 
(Schrank:) 
Staphylinidae 
Malachius Marginellus 
Oliv. 
Ancmala sp. 

average numbers caught by: 

10 spiders A. comutus 10 sticky 10 sweep-net 
traps samples 

1961 1961 1962 1962 1961 

2 3 4 5 6 

I 43.a 1 160. 1 1 1109.s 1 11ss.91 I 61., 1 
29.3 46.6 101,6 111.3 

1.8 1. I 0.6 9.6 
0.9 0.4 0.4 -
0.9 - - 2.6 
0.5 1.4 0.6 3.0 

@] I i. i I I i.61 I s.o I 
+ o .. ,s 

+ + 13.6 
+ + .. 
+ 

+ + 
+ + 
+ + 
+ 

. .. 
+ + 

+ • + 
+ 

3.3 
0.4 

O .1 - 0.1 30.2 15.0 
3.9 11 I. I I 9.5 23.2 1.7 
- - + - - . 

~ I 1.6 I I I. I I I s. s I 
+ 0.7 
+ 
+ + 

( 0.5 J I o.4 I I o.1 
+ 

I I a.o I 
+ 
+ + + 

+ 
♦ 
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Tab, II cont. 

1 2 3 4 5 6 

Hydrophilidae + 
-

Thy sanop tera I 0.11 ~ I 1. 1 I 0.8 -
Acridoidea • - - - 1.0 o.a 
H eteroptera - - + 1.2 2.3 

. P socoptera + - - + -
f Neurcptera - - - + -

Tri chop tera - - + - -
L e.pidoptera - - + L 2.3 J 2.3 
Araneae - - I o. 2 r - 33.7 

I - ' Total number f 50. I I [ 76.0 ., [134.0 J {226,l J . [141,3 ] 

+ very small D1Jrober of i!ldividuals, -
- . no representatives of the order, 
framed nwnbers represent the total number of individuals captuted, the remainder ol numbers 
concem the fauna that could be identified more closely, 

. . 
A similar size distribution is represented by the insects caught by the sticky 

traps. There too the ~ost frequently captured were the smallest forms (46-73%}, 
but the difference between the number of individuals in classes I and II was 

not very great. The proportions of the following size-classes (III-V) were more 

or less the same as on the webs. The fauna caught by the sweep-net consisted 

mainly of larger forms included in size-classes II and III; the size class I was 
poorly represented and constituted only 1.2-2.5% • 

• 

. ·Two orders of the fauna occurring there can be unquestionably described as 

permanently very· little available to the webs, these are H eteroptera and A raneae. 
much less frequent in the webs .than in the environment (Tab, II and III). The 

availability of other groups varies with the periods. 
Two very distinct periods of varying food availability can he observed -

a period of uniform food, occurring usually in the spring or early summer (as 

observed in the spring of 1961 and in July, 1962) when the food is not varied 

but abundant, and a period of varied food during which the catching rate of the 
. . 

webs is lower, but the food is more diverse (as observed in the spring and 

summer of 1960 and in the summer of 196·1). 

JI\. Period o £ uniform food 

During the period of unifonn food the species composition of the fauna 

caught by the webs is much less differentiated than that of the iaur1a caught by 
the sticky traps. At this time the differentiaii0n of tl1e mobile fauna caught by 
the sti'cky traps (Diptera and Ho"iopte,a-.4.ut:henrJrrh_yncha), the nu1nber of indi­

viduals being the same, is allout four times as great as the differentiation of the 
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Average nUIDbers of insects in 
of catching during the 

. 
station I 

Captured arthropods 

10 spiders: .,__ __ _ 10 sweep­
net A. cornu- I A. quadra• 10 sticky 

tus tus traps samples 

1 2 3 4 5 

Diptera r-1..s I t 1.a J (12a.9 1 f 16s.o 1 
Tendipedldae 0.6 I. 7 1,8 
Lycoriidae 0. 1 2.6 22.0 
lwniidae -f 0 .. 5 2.9 
Scatopsidae + 
Trypetidae + 
Clythiidae + 
Sepsidae + + 
Tobanidae + 2.1 
Larvae vo ri dae + + 
CJ,l oropidae I + + 
Anthomyiidae + 11.0 
Muscidae + -
Phorida~ + + 
Dolichopodidae 7.0 
Fungi t1oridae 3.5 

I. 7 Coenosiinae 
Sciomy zidae 2. 1 

Cyrtidae + 
+ Mustdoridae 
+ Heleidae 

Psychodidae + 
+ Dixiinae 
+ Lim,iobiidae 

Ephydridae 
• + Tipulidae 

Agro,nyzidae 
Asilidae 

Syrphidae 
Bibionidae 
Drosophilidae 
Melusinidae 

Homoptera-Aucheno"hyncha ~ I 1.0 I 1 ao.4 l I 29.a I 
Tettigella viri dis (L.) 0.5 0.2 6.7 
.5trongylocephalus agrestis (Fall.) o. 1 0.2 1. 2 

Aphrode.:; bicinctus (Schrk.) + 
Calligypona pallens (Stal.) ____________ _ _____ _.; __ _ ___ + L-. ___ ___..,: ____ --:.. ___ __. 

I 
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webs and in comparative methods 
period of varied food. 1961 

Tab. III -
Stations and methods 

st~tion 2 station 3 I I 
average numbers caught by: 

10 spiders: 10 spiders: 10 sweep- 10 sweep-

A. Cr'Jn&U• A. quadra- 10 sticky net A. comu- A. quadra- 10 sticky net I 
tus tus traps samples ius tus traps samples 

6 7 8 9 1() 11 12 13 

11. a I I 12.2 I f96.5 I I 101.0 J [M] 123.6 I [186.0 f 1os.g 
0.3 0-8 0.4 2.6 5.0 + ' 
0.2 3.3 29.0 1.3 9.4 61.4 . 
+ 0.8 6.7 0.9 10.7 
+ 1.0 + 1.2 

. 

+ 
2.0 4.0 
1.4 + 

+ + + 
13.4 + + 21.8 

+ + + + 
3.7 7.4 
.4. 1 6.7 

. 
1.9 + 16. I 

+ 1.3 + 
L9 + + 

+ + 
+ + + 

o.a 
+ 

0.3 + + 0.9 3.7 
+ 

+ + + + 
+ 
+ 

+ + 
+ 

+ 

0.9 + 

~ ~ I 36.6 J l 43. s J ~ ~ I 18.3 I 1 aa.a 1 
+ 5.6 + 1.2 

+ 6.3 
+ LS + + 1.6 , 

+ + 2.2 
. 



- - -

736 Anna Kajak [,n] 

' 

1 2 3 4 
. 

5 
-

. 

Megamelus notula (Ge.rm.) + 2.8 
Notus flavipennis (Zett.) o.s . 

5.2 
Cicadula sp. 0.8 
Metalimnus formosus (Boh.) 2. l 

t 

Palus costalis (Fall.) 1.0 
Conomelus &p• 

Lepyronia coleopierata (L.) 
Kelisia ribauti Wagn. 
Aphrophora salicina (Goeze) 
Arthaldeus pasquellus (Fall.) 
N eophilaenus lineatus (L.) 
Macrosteles sexnotatus (Fall.) 
M. opacipennis {Leth.) 
P hilaenus spumariu.~ L. 
Euconomelus sp. 
Euscelis obsoletus (Kbm.) 
Athysanus argentatus (Fabr.) 
A. quadrum (Boh.) 

A.phi do idea - -~ ~ 
Psyllodea + 
Hymenoptera [hl] [ill I 1 ?.o 21 @] 

Proctotrupoidea + 0.5 
Bmconoidea 0.2 0.7 
Cynipidae + + 

Apidae + 
lchneumonidae + 
Formicidae 

I • 
Coleoptera ~ - ~ r 1a.21 

Stcphylinidae + 

Curculionidae + 
Anisosticta sp. + 
Phaedon cochleariae (F.) 
Haltica sp. 

Thysanoptera - - -~ 
+ @] I 0.6) 120.01 Acridoidea 

Anisoptera + - - -
Heteropte:a + - + [Ml 

. Psocoptera - - - -
Neuroptera - - - -
': richoptera - - 0. 5 -
L epidoptera + - ]. 5 2.0 

2.4 27.6 I Araneae - + 
I 
I 

Theridion sp. juv. + 
I 
' 

Araneus sp. juv. . 
I 

I Lycosa sp. juv. 

Total number . [];It 
-

( 13. I I I 186. 1) f 263. If 

E:q,lantations as for Table n. 
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Tab. III cont • 
. 

. 6 7 8 9 10 11 12 
. 

13 
. -

• + 
+ 1.4 . + 

1.5 + 1.1 
+ 

, 

+ + 
+ 

I I 
+ 

+ 0.6 1.6 
+ .... . 

0.2 2.9 + I • 
I 0.2 3.7 + 

+ 1.5 1.3 
2.6 + 

• + 1.3 
2. 1 
1.4 + 

1.0. + 
• 

+ 

~ ~ - - I o.91 -~ ~ 
~ L o.9 f I 12.2 I I 5.8 I ~ CM] [m [ 1.9 I 

0.1 + 
+ 0.2 0.2 

0.2 0.2 
~ 

+ 
. 

.. , ~ 
+ 

~ ~ ( 10. 11 I 0·~ 

+ 

I ~ Q:7J 
. + 

+ 
+ . 

+ 0.7 - - + - -~ 
- G.8 I 5.5 J [ 23.2 I + - • ~ [29.0 J 
- - - - - - ... . -
- @ I 0,6) I 59,a 1 - - ... 11s.9 1 

- + -· - - - - -
I 0,71 - - + O. I -

+ - + - - - 0.1 ~ 
@ill - o.s 2,5 - - 3,4 1.9 

+ + 1.0 66.5 + - o.s 22.5 
I 

T + ' 

+ 

Cf!J ( 19,9 l 1157.7) (313. 1 I ~71 [29.9 I I 22.8.41 (21s.11 
' . 

•, 
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Differentiation of body siz~ of insects in the various methods of catching, 
in per cent. 1961 

• Tab. IV 

Period of uniform food 

Size classes (product of length sweep-net sticky webs of 
by the width of the body in mm2 ) traps A. comutus 

I 0-2 1.2 73.4 97.2 
n 2. l-10 66.4 18.5 2.2 

Ill 10.1-20 22.9 7.9 o.s 
IV 20.1-50 0.4 0.2 O. I • 
V >50 9.1 - -

Period of varied food 

Size classes (product of length sweep-net sticky webs of: 
by the width of the body, in mm2 ) traps A. comutus A. quadratus 

I 0-2 2c 5 46. 1 65.0 80.6 
II 2. 1-10 57.8 32.4 • 10.5 10. 7 

III 10.1-20 16.7 16.9 17.5 3.5 
IV 20.1-50 6.6 2.6 5.5 2.8 
V >50 16,4 2.0 1.5 2.4 

-.1 ·-j 
l 0 0 1b 

:I 0 

0 

~ 

J 
S,,,...••--·-··-·· ----

.--•= -----·------·-··--··--·· -..S·· 2b ,,,.~ 
D 1tXJ JOO 

M.tmber (i irr:JividuaJs----41► 

Fig. 5. Differentiation of the fauna of Diptera and Homoptera-Aucheno"hyncha in webs 
and on sticky traps 

l - aticky trapa. a - webs. a - period of varied food. b - period of uniform food 
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fauna caught by the webs (Fig .. 5}. In the following period, the period of varied 

food, no differences are found, in respect of the number of families or species, 

between the material collected from the webs and that from sticky traps (Fig. 5). 
The period of uniform food is simultaneous with the mass emergence of 

T endipedidae and with the migration of winged aphids to new environments. 

These two groups are the main components of the abundant food of this period, 

·r endipedidae constitut.ing from 68.8 to 78.8% of the fauna caught by the webs, 

and the aphids from 7 to 14% (in different years and in various localities). These 

groups were also most numerous on the sticky traps, hut there they constituted 

about 60%, that is to say less th~n in the webs where their proportion amounted 
to about 80% or even more. 

In 1962 the average number of individuals of these two groups, caught by 

10 spiders during 24 hours amounted to 111 and the number of individuals of 
these groups, caught by the sticky traps was 130. 

For the comparison of the species composition of the fauna caught by the 

webs with that of the fauna caught by the sticky traps I used the preference 
index applied by Iv I e v (1955) for the estimation of the food preference of fish. 

E = r-p 
r+p 

r - per cent of the given group in the webs, p - per cent of the given group in 

sticky traps. 
The index varies from -1 to +1. Values positive for groups whose con• 

trihution in the webs is greater than in the sticky traps, and negative for groups 
whose proportion in the material from the sticky traps is larger than in the food. 

For the majority of groups the index for the period in question has negative 

values. The proportions of only two groups were in 1962 large in the webs 

than on the sticky traps - these were Tendipedidae and Thysanoptera (Fig. 8). 

The percentage of lwniidae, winged aphids and parasitic Hymenoptera was in 
both methods similar. Comparatively frequent in the webs were, during the period 
of unifonn food, Lycoriidae, Heleid0,e and Limnobiidae, but each of these 

families represented no more than 5% of the Diptera captured. 

Among the fauna caught by the sticky traps there was a larger number of 

Diptera families - besides Lycoriidae (6% of Diptera) and H eleidae (2% of 

Diptera), tl1ere occun-ed also in similar numbers, Scatopsidae, Dolichopodidae, 
Ephydridae, i.e. families that were very infrequent c,r missing in the webs at 
this time. Similarly, Auchenorrhyncha and Coleoplera,though relatively numeorus 

on sticky traps, were hardly ever caught by the webs (Fig. '5). 

As can be concluded from the data mentioned above, the uniformity of food 

during the period discussed is not the result of a real absence of the various 
groups - the mobile fauna found in the meadow is varied, but only certain part 

of it is available to the webs. 
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A B 

Jtoniidae ... 

E• -D.tJ5 MymenoP.tera Lycoriidae parasltica 

Heleidae E •-as 
E•-D.8 

E•-Q6 

Auchenorrhuncha. 

Tendipedae E•-D.98 

Dolichopodidas 

£•-1 

Cphydn'dae 
+0.21 

E•-1 
Coleoptera 

£=-ag 

Scatopsidae 

Aphidoidea- • E---o,g 

£--a2 

Fig. 6. Availability to webs of various mobile insect groups. Period of uniform foo~ 
station 2, 19 62 

A - fauna available to webs and sticky traps, B - fauna available mainly to sticky traps, 1 -
1 individual caught by 10 sticky traps during 24 hours, 2 - 1 individual captured by 10 spiders 

A. comulus during 24 hours, E - preferenr.e index 
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B. Period of varied food 

During the period of varied food none of the insect groups is so abundant in 
the webs a& in the preceding period, but the composition of the fauna is much 
more varied. 

The composition of the food of the two spider species under observation 
and the size distribution of the individuals captured art, similar (Fig. 7, Tab. IV). 

l A 6() r • 8 C 
. 

,. 
• f 1 . I .. 

. 
I I l ~ 0 

12J45678 

Fig. 7. Species composition of the fauna caught by webs and sticky traps. P _eriod of 
varied food, station 2 

A - webs of A. cornu,u.•, B - webs of A. qu.adraCU.•, C - sticky traps_ 1 - Diptero, 2 - Aphl­
doidea. 3 - Homoptera-A.uchenorrhyncha, 4 - Hymenoptera., 5 - Coleopteftl, 6 - Amdoldea. 7 -

Tliysanopiera, 8 - Trl.chop:era 

When arranged according to their decreasing contribution, insect groups captured 
in the largest numbers in the food of the two species they were found to occur 
oftenest in the same order. There occurred of course certain shifting in the 
contribution of the groups represented by small number of individuals, for instan­
ce in the food of A. quadratus Acridoidea were comparatively more numerous 
(4.3%) than in the food of A. comutus, this does not however chang,_ the prin­
cipal, considerable similarity in the composition of the food of both the species. 
The preference index for both the spider species, in relation to the same insect 
groups, was also, nearly always, of a similar value (with the exception of Co­
leoptera for which the index was found to be positive in A. quadratus and 
negative in A. comutus, Fig. 8). As in A. comutus during the preceding period, 
in the webs of both species comparatively frege1ent ,vere Tendipedidae, winged 
apl1ids, ltoniidae and Thysanoptera. Preference index was for these groups 

positive, approaching +1. (Fig. 8). The per cent share of these groups in the 
webs ~onsiderably exceeded their contribution on the sticky traps. In spite of 
the fact that the composition of the exploited populations was much richer in 
comparison with the period of uniform food, the webs of both the species re­
tained a positive preference in relation to those groups which were most frequent 
in the webs of A. comutus during the preceding period. The abundance of the 
majority of these groups in the environment decreased considerably so that they 
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Jtoniidae 

Ec•+1 
£Q•+1 

■ · 
Thysanoptera 

nmIII fc• +a g 
ml fa •+O.Q 

Scatopsidae 
ffl1Il1l1E c-+1 
mlijEq-+1 

Aphidoidea 

A 
Al'thaldeu! B 
.l:'.~ llus 

Ec=-Q4 
IIJ EQ•+Q12 

Coleoptem 
Tettigella viridis 

opacipennia 
Ec•-1 
CQ--1 ..... _ .. 

F'ungivorida6 
• 

Lycoriidae 
.. Auche,iorrhyncha 

Ec--a01 
~ .. -0.1 

Arfthomyiidas □fc•-1 
Q •• 

rq--1 
;osnotlllna6 Hymenoptera 

para&itica. 

Fig. 8. Availability to webs of various mobile insect groups in the environment. Period of varied food, station 2. 1961 
A - fauna available to webs and sticky traps, B - fauna available mainly to sticky traps. 1 - 1 indiTidual captured by 10 sticky traps dlftng 24 
hours. 2 - 1 indiYidual captured by D spiders A. cornuius during 24 hours, 3 - l indmdual captured by 10 spiders A. qaadtoraa during 24 hours 
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hardly ever occurred on the sticky traps, much smaller was also the number of 
individuals captured by the spiders. The average catching rate of the spiders 
in relation to the groups which were most numerous in the preceding period -
T endipedidae and Aphidoidea - decreased about 95 times. However, in view 
of the general decrease in the numbers of p-tcy they contin11ed to be an important 
component of the food, and in the webs of A. comutus at station 2 they con­
stituted jointly 22%, in the food of A. quadratus 13% and among the fauna collec­
ted from the sticky traps only 0.4%. 

Numerous in the webs of both the species and on sticky traps were parasitic 
Hymenoptera (in the webs mainly Braconoidea and Cynipidae were found) and 
one family of Diptera, namely Lycoriidae. On the sticky traps and in the webs 
of A. quadratus Lycoriidae were the most numerous family of Diptera (40-55% 
of all Diptera), in the webs of A. comutus their number was smaller than that 
of Ten dip edidae (38-50%); this latter family was the second roost numerous 
family of Diptera in the food of A. quadratus (15-20%). During the period of 
varied food Tendipedidae were relatively infrequent on sticky traps (l-3% of 
Diptera). But a number of Diptera families which were never caught in the webs 
were found in large numbers on sticky traps. These were Anthomyiidae (15-21% 

of Diptera), Dolichopodidae (5-11%), Fungivoridae (about 6%), Coenosiinae 
(3-11%) and Ta-0anidae (about 3%) (Fig. 8). Species of these families were 
caught on the sticky traps oftener than Tendipedidae, very numerous in the 
webs. 

In the period of varied food the contribution of Auchenorrhyncha and Co­
leoptera in the webs increased considerably in comparison to the preceding 
period. Although the preference index in relation to these groups was still 

negative, its value was much higher than in the preceding period, when it 
approximated - 1. 

As has been mentioned, the prey caught by the webs during the period of 
varied food is as di,.,erse as that caught by the sticky traps (Fig. 5). The main 
difference in comparison to the sticky traps lies in the fact that Tendipedidae, 

Aphidoidea and Thysanoptera, being still an important component in the webs, 
were hardly ever caught by the sticky traps. The webs also recorded a con­
siderable decrease in abundance of the species representing these groups, but 
not to that extent as the sticky traps method. However, a number of Diptera 

families. as in the previous period, did not get into the webs. 

4. _THE INFLUENCE OF VARIATDNS IN THE ABUNDANCE OF FAUNA ON THE CATCHING 
RATE OF THE SPIDERS AND THEm WEBS 

The web mechanically catches all the insects of the appropriate size which 
in th~ir flight encounter its surface. It can therefore be presumed that an 
important factor, having an inflr,ence on the number of individuals caught by the 
webs, is the number and the mobility of the insects in the environment. 
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The kinds of influence on the webs of the following factors have been con­
sidered: a) changes in the abundance and mobility of the insects found in th~ 
same vegetation layer as th~ spiders, and particularly the changes in tl1e spe­
cies compnsition and the numbers of Diptera, the most numerous order in the 
webs and b) changes in th~ catching• rate of the spiders, dae to changes in the 
environm_ent (hay•m~ing). 
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Fig. 9. Catching rate of webs in 1961 
A - A. cornutus. B - A. quadratus, 1 - station 1- 2 - etation 2, 3 - statio &1 3 

a. 'The catching rate of the webs was subject to changes quite similar to 

those influencing the catching rate of the spiders {Fig. 9). The highest catching. 
rate of A. comutus webs fell on May and June, and the highest catching rate of 
A. quadratus on September; observation station 2 was the only one at which 
the catching rate of the webs increased as early as August, thus being different 
from the catching rate of the spiders. 

The maximum abundance of insects was observed in July and the first half 
of August, so it was not simultaneous with the maximum catching rate of the 
spider webs (Fig. 10). In A. comutus, the highest catching rate of the spiders 
and that of the webs were observed before the occurrence of the largest numbers 
of inse cts and in A. quadratus - aher this period. 

Maybe, a part of the fauna, though living in the same vegetation layers as 
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the spiders concemed, is not available to the webs and that is why there is no 
relationship between the abundance of all the inse.ct fauna in the environment 
and the number of prey captured by the spiders. 
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Small, mobile insects fell in masses onto the sticky traps twice during the 

season - during the period of the e1ncrgence of Tendipedidae (the period of 
uniform food) and in the period of maximum abundance of insects (July, August, 

Fig. 10). The latter maxim11m had no effect on the catching rate of the webs, 

though the number of insects caught by the sticky traps was at that time 

nearly as large as in the period of unifonn food. During th.e period of unifonn 

food the catching rate of the spiders was more than twenty times higher than 

during the period of varied food, the catching rate of the sticky traps being in 
both these periods similar (T ah. V). 

Con1parison of n1ean catching rate of spiders and of sticky traps in two periods. 
Station 2 

Tab. V 

• 

Period of unifonn food (A) Period of varied 
food (B) 

Diptera all insects Diptera all insects 

sticky 155.9 226.5 96.5 157. 7 Average traps 

number 
caught spiders 109.8 135.5 1.3 8.6 
by 10: 

sticky . 1.6 1.4 
Increase traps 

of 
catching spiders 84.4 37.5 

A rate 
B 

The groups whose presence in the environment caused a high catching rate 

of the webs were first of al) Tendipedidae caught, as has been mentioned, in 
masses only in the period of unifonn food, and Aphidoidea - another group 

caught in large numbers in the webs, though fonning a considerably decreased 

population. Variations in the abundance of these two groups in the environment 
have a great influence on the catching rate of the webs; an increase in the 

number of individuals of these groups is immediately recorded by the webs, 

whereas an increase of the populations of other insect groups was not observed 
to have a similar effect on the catching rate of the webs. 

An attempt was made to find, for the period of varied food, a relationship 

between the average number of Diptera caught on the sticky traps and the number 

of individuals caught simultaneously by the webs. The abundance of Diptera 
was at that time subject to considerable variations, from the lowest value of 
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about 25 to the highest - over 200 individuals caught by 10 sticky traps duri11g 
24 hours (Fig. 11). 

While the number of Diptera ea ugh t by the sticky traps was at its maximum 

or minimum, the catching rate of the webs changed not much. l 1he correlation 

coefficient ~, which varies in value from -1 (negative correlation) to + I (posi­

tive correlation), amounted in A. comutus to --0.13 and in A. quadratus to -0.a>. 
The webs were thus catching the pr~y, during the period of varied food, in 

numbers which were 11ot proportional to the number of Diptera caugl1t by the 

sticky trap5, and during the entire time of observation, in numbers th·at were 

not proportional to the number of insects present in the environment under obser-
• vat1on. 

For the explanation of tl1e mechanism due to which a part of the fauna is 

slightly available to the webs further stu.dies would he required. This may be 
due to ·physiological adaptations enabling some insects to actively avoid the 

webs; the insects may move in the space in such a manner that the line of 

flight will most frequently run across a zone in which there are no webs of these 

spider species or there may be some other factors acting. Tl1ese rr1echanisms 

may be vario11s but the result is that two groups, mainly, are available to the 
webs and are caught in large numbers during their great abundance in the 

environment. These are Tendipedidae and Aphidoidea at the stages which remain 
in the environment for a short time and which rnay be expected to sho\\1 a con­

siderable mortality regardless of the action of the predators. In Tendipediaae 
the larval stages cover 99% of the life span, while the adult stages that ca11 be 
caught by the webs live for a very short time. In this group a great natural 
mortality can be observed. They also depend, to a large extent, on meteorolo­
gical conditions. An unfavourable weather checks the hatchinr of T endipedidae 
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or causes a mass-death of the insects that have already hatched (Lenz 1962). 
Similarly, the looking of the aphids for a new · host must be followed hy a great 
mortality that may be caused even by the difficulty with finding en environment 

suitable for the establishment of a colony. So the prey of the spiders includes 
a considerable number of individuals of groups characterized by a great 
mortality due to various other causes, not resulting from the action of the 

predators. 
The catching rate with regard to several groups rarely caught by the webs 

was not found to depend on their number. 
b. Most representatives of Homoptera-Auchenorrhyncha were caught by the 

webs at those stations or their parts where the ·grass was mO\\'n. The number of 

Auchenorrhyncha caught at station 2, the only meadow that was not mown. was 

relatively very small, although in tl1is locality th~ group showed the greatest 
abundance and mobility (Tab. III). In that part of station 1 where tl1e grass was 

mown more individuals were caught by the webs, although the sweep-net 
materials indicated a lower abwi dance than in the · llllmown area (Tab. VI). The 

Comparison of the number of Homopt.era-Aucheno"hyncha caught in two parts of 
the meadow -- mown and unmown 

Tab. VI 

Part ot station 
Method unmown mown 

Average number of Homoptera 
29.5 43.0 in 10 sweep-net samples 

Average catching A. comutus 
• o.oo 0.24 rate of spiders: . 

A. quadratus 0.17 0.07 

. 

comparison of the two parts of the meadow was made in the second half of 
August and in September, when the number of insects found in the webs was 
very small, hut since a similar difference in the catching rate was observed in 
both the spider species, it seems that this difference may be regarded as a con­
finnation of the suggestion that hay-makiBg increases the availability of Homo­

ptera-Auchenorrhyncha to the webs. Hay-making results, first of all, in a change 
in the arrangement of the webs, the webs must then be built at a lower level 
and all at the same height. It may also evoke in this group of prey a tendency 
to spreading. In Homoptera the migratory- tendencies vary considerably with 
the stages of the development of the populations (And r z e j e w s k a 1960). It is 
probable that by disturbing the previous stratification hay•making increases 
the tendency to migration on which the availability of the insects to the webs 

depends to a considerable extent, 



[33] Food relations between. the spiders and their prey 749 

In the summary of this chapter it should be stated that: 
1. The catching rate of A. comutus increased during the mass-occurrence of 

the _groups - Tendiped.idae and the winged aphids. The number of individuals 
of those two groups caught by the webs was proportional to their abundance in 

the environment. 
2. An over-tenfold increase in the populations of other Diptera families, 

taking place during the period of varied food, did not bring about an increase 
in the catching rate of the webs. · 

3. There were also cases where a higher catching rate of the webs was 
observed with a lower density of a specified group of insects present in the 
environment. For instance the catching rate of the webs in relation to 

Auchenorrhyncha increased after changes had been introduced to the environ­
ment - in the given case - after hay•making, although these caused a decrease 
in the number of this group. 

S. THE INFLUENCE OF THE STATE OF THE POPULATION ON THE FEEDING RATE 
OF THE SPIDERS 

So far the influence has been discussed of the changes in abundance and 
the composition of the insect fauna present in the environment on the average 
catching rate of the spiders. The catching rate depends also on the changes in 
the population of the predator, i.e. on how many individuals of the population 
are hunting the prey (feeding activity) and on the web-size distribution in the 
population, which in tum is related to the age of the individuals. 

Variations in the activity of A. comutus, · and in particular those taking 
place at station 1, were to a some degree dependent on the variations in the 
temperature (Fig. 12 A). The most intense activity of the spiders was observed 
to occur at the beginning of August, when the temperatures were at their highest. 
About the middle of August, almost s.imultaneously with the falling of the tem­
perature, the activity of the spiders decreased. Finally, at the end of September 
or early in October the activity almost died out whicl1 was also related to the 
lowest average temperatures of that period. 

The maximum, almost 100 per cent, activity of the other species - A. qua­
drat1,s - was not detennined by any particular meteorological situation, it 
occurred at the time of maximum catching rate which usually took place in 
September. This is evidenced in a surprisingly accordant way by data from all 
the observation stations, collected during the years of study (Fig. 12). The 
webs of the other spider species investigated, or the sticky traps, did not record 
at that time any increase in their catching rate (Figs. 9 and 10). In A. quadratus, 
the maximum activity and the catching rate appeared to he simultaneous with 
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Fig. 12. Changes in the activity of spiders 
A - A. cornutus, 1961. B - A. quadraeus, 1960, C - A. quadratus, 1961, 1 - station I, 2 - station 

2, 3 - station 3 

oviposition. The population was clearly increasing its catching rate during the 

ti1ne preceding the breeding season. 
Most intense egg laying in A. cornutus population occurred in the spring, 

though co coon8 were found almost throughout the vegetation season. In 1961 
the period prior to intense oviposition was accompanied by the most intense 

catching rate of the spiders. In 1960 the maximum catching rate was shifted to 

July; however, the intense cocoon fonnatinn took place in the spring, with no 
cl1anges. So in A. cornutus populations the breeding season was not always 

convergent with the time. of intense catching. 
The maximum catching rate of A. cornutus was not accompanied by an in-

creased activity of the population; at tl1e time of the highest rate of prey 

catching this activity approximated the average value, being about 60% (Fig. 12). 
The relationship was analysed between the size of the web and the number 

of prey. Of course, the bigger the web the more and the bigger prey it can catch. 
As the size of the web depends on the size of the spiders that bt1ild ii, the size 
of the individuals was regarded as the web-size index. The food of small and 

very small individuals and on the other hand that of the medium-size and adult 

individuals were considered separately. Variations in the average catching 
rate for these two age groups are presented separately (Fig. 13). The d:fferences 
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ia the catching rate between the small and the large individuals are particularly 
distinct in A. comutus in which individuals c! various ages occur simtaltaneously 
throughout th~ season. Indeed, small spiders used to catch fewer victims, but 
the course of the catching rate was in both groups very similar. The largest 
numbers of prey were found in the webs during May and Juue, whereas during 
the follo\~ing moaths {ewer victims got into both small and big web&. In A: qua,. 
drat~,s small and large individuals occur simultaneously for only a short time 
between July and August. Here also a s<:;parat~ analysis of the two age-groups 
does not change the basic picture of the catching rate. 

The condition of the populations, and its activity in particular, had a• con-

siderable influence upon the catching rate of the spider A. quadratus, the activity 
of the other species did not undergo any great changes and did not increase 
during the tjme of most intense catching. 

6. INTE~SITY O'F PREDATJ)N 

I have so far considered the course of the variations in the number of the 
prey caught by individual spiders A. comutus and A.. quadratus. There still 
remains the problem of the changes in the intensity of predation (se~ chapter 
V, 1) that is to say, variations in the pression exerted upon the prey by each 
of the populations observed. The intensity of predation depends on the size 
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of the population of the predator and on the number of prey caught hy individual 

spiders. 
During the season the abundance of both the species underwent relatively 

insignificant changes, as compared with the changes in the number of the pre·y 

caught (Fig. 14). 1ne curve representing the predation intensity of the spider 
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Fig. 14. Variations in the abundance of spiders, D6 l 
A - A. cornutus. B - A. quad,atus. 1 - station 1, 2 - station 2, 3 -station 3 

populations studied has a siro ilar course as the curve showing the variations 

in the catching rate of individual spiders. The population of A. comutus catches 
r.oost vilc:tims in May and at the beginning of June, the population of A. quadratus 
in September (Fig. 15). The most intense predation of these populations is not 

simultaneous with the occurrence of the largest numbers of insects and their 
intense mobility in the -environment. The greatest abundance of the insects is 
observed during the same period as the largest abundance of the spiders. The 

above concerns all the spiders living iu the field layer and not only the two 
species discussed (Fig. 10). The number of all the spiders of this layer began 

to increase in June, its maximum occurred in July and August and in September 
the process of decreasing started (Fig. 10). The growth of the number of insects 
started at a later time, when th·e number of spiders was q11ite considerable. The 

period of maximum abundance and mobility of the insects entirely o·verlaped 
the period of maximum abundance of the spiders. This course was repeated in 
the areas under consideration which is a good evidence of its reality (Fig. 10). 

Spring time during which the intensity of predation b)r A. comutus popula­
tions was so considerabl~ is at the same time the period of relatively small 

density of all the spiders present in the grass layer. Similarly, September during 
which the greatest predation intensity of tl1e other species was observed is 

the period of decreasing density of all spider species. As the maxim1L111 density 
of the spiders took ·place during the time when the insects were most numerous, 
it may be presumed that the action exerted by them all tog~ther on the insects 
was at that time the strongest. If it were possible to sum up the action of all 

the spider species, it would probably appear that July and August are the months 
when the strongest action of the spiders 01:1 the density of insects is observed. 
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Fig. 15. Variations in predation intensity, 1961 
For explanations see Fig. 14 

In A. comutus and A. quadratus the highest predation intensity lasted 

a relatively short time during the year. During that period the density of other 

spiders was relatively low. Probably, the strong action exerted by these species 
compensated at least in part for the weak, due to a low, at that time, density, 

action on insects of other spiders present in the field layer. 

VI. ANALYSIS OF THE FACTORS DETERMINING THE SIZE 
OF SPIDER POPULATIONS 

1. RELATIONSHIP BETWEEN THE NUMBER OF SPIDERS AND THE SUPPLY OF FOOD 

So far only the influence of the spiders on the population of insects was 
discussed, whereas the other side of the predator-prey relationship, namely 
the detennination of the density of spiders by the amount of food, was not con­
sidered. 

The influence of the food supply on the size of the spider populations was 
searched for by: a) comparing the population dynamics of the spiders and insects 
in yearly cycles and b) comparing the abundance of spiders in environments 

differing in respect of the supply of food. 



• • 
• •• • 

• 

754 Anna Kajak [38] 

a. The variations in the size of the abundance of the spiders present in the 

herb layers appeared to be to a considerable extent synchronized with the 
course of fluctuations in the abundance of insects. As has been stated in the 

preceding chapter, the periods of maximum abundance of insects and spiders 

were simultanous, although the growth of the spider populations started slightly 
earlier (in June), before the insects began growing in number. 

b. In the analysis of the relationship between the abundance of food in 

various environments and the size of the spider population the number of Diptera 
has been taken as a measurement of the food supply in the environment, because 
of all insect orders Diptera are oftenest captured by the spiders . 
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Fig. 16. Relationship between the supply of food in the environment and the size of 
spider populations 

1 - 1954,Kuwasy meadows, 2 - 1955, Kuwasy meadows, 3 - 1961. Strzeleckie meadows 

Data has been summarized from eight meadows sornetimes differin~ con­
siderahl y in the number of Diptera and spiders. This summary was based on 
1naterials collected between July and September in the years 1954 and 1955 in 
the Kuwasy meadows as well as evidence supplied by the observation carried 
out in the Strzeleckie meadows in 1961. The average number of Diptera in 

a specified month was each time compared with the average number of spiders 
occurring at this time in the same area (Fig. 16). Each of tl1e mean values was 
calculated from at least 50 samples. The number of Diptera present in the en­

vironments under observation varied from about 20 to over 300 in particular 

series of sweep-net catches. With this range of variation in the number of Dip tera 
tl~e re was no correlation between the abundance of the potential food and that 
of the spiders. The correlation coefficient calculated from the material collected 

in l 9S4 and 19 55 amounted to -0.30, and that estimated from the material of 

1961 - -0.15, thus being invariably negative. 
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A similar summary was made with regard to the average abundance of the 

two species under consideration and tl1e average catching rate of their webs. 

The catching rate of the webs may serve as a measurement of the food supply 

collected by a given predator, as contrasted with the abundance of the potential 

food measured before. The points on the graph were obtained by comparing the 

average catching rate of the webs during about 1.5 months with the average 

density of spiders during the same period and in the same area, in the years 
1960 and 1961 (Fig. 17). Here, too, no relationship was found between the 

number of spiders and the number of prey caught by them. The correlation coef­
ficient was -0.04 for A. cornutus and +0.30 for 4 .. quadratus. 

Similar conclusions regarding the lack of relationship between the number 
of A. comutu.~ and food conditions were • 
drawn by C h err e t t ( 1 Q64), who studied 0-1 

# •-2 the causes of the presence of A. comutus 
0 

0 only on the edges of peat bogs, and its 
c--i 

absence from the central portions of it. ~~ 

ji 
i 

• 0 One of the causes considered was the 0 i~' 
0 

availability of the food to webs. The dry 0 • 
0 

• 
c._ 0 0 0 mass of the insects caught by artificial 0 

,; .JJ 50 10 90 110 110 webs (sticky traps made of metal), regarded 
Mean catching rate of webs -----4► as an index of the amount of available 

food, was in both environments similar. Fig. 17. Relationship between the 

Bristow e (1941) writes that there catching rate of webs and the size 
of populations of the spiders exists a close correlation between the 

1 - A. comutus, 2 - A. quadratus 
abundance of the exploited populations 
and the size of spider populations. Such 
a correlation may, perhaps, be found if one is comparing a number of quite dif­

ferent habitats; however, it has not been observed within the range of food 

supply found in various meadows. 
When compared over a yearly cycle, the variations in the number of spiders 

were found to be simultaneous with changes in the number of insects; ,vhen 

however different environments are compared, no relationship was found between 

the number of spiders and the food supply. 

2. RELATIONSlllP BETWEEN THE NUMBER OF SPIDERS AND THE NATURE 
OF THE ENVffiONMENT 

When the meadows were arranged according to vegetation structure, from 

most uniform meaclo ws to those with diverse vegetation structure, a picture was 

obtained showing a gradual growth of the number of spiders with the increase 

in the diversity of the environment (Fig. 18). 
The diversity of vegetation depends on the presence among grasses and 
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sedges of dycotyledonous plant admixtures, especially of herbaceous perennials, 
on the occurrence side by side o·f plants differing in their habitus - their height, 
strocture of inflorescences - due to which they do not fonn a compact field, 

but a mosaic with an uneven, multi-level surface. 
The nature of the vegetation determines the 

0 0 , 1 
number of micro-habitats in the environment, 50 o---o 2 
suitable for making cocoons, retreats for living 
as well as webs. 

In a search of a relations~ip between the 
number of spiders and the diversity of the 
environment the materials collected ·in 1954, 
1955 and 1961 in J) meadows at Kuwasy and 
in the Kampinos Forest were used. The 

1 number of the web-spinning spiders (species of 
.r,,, .i; . N, N, ,,,, N, ~ "' D · . J_ Th ·J·. J r ,,, . ., d 
llifferentiatiD!1 of vegetation .. ictyni.aae, en ,,u,ae, etragnat iu.ae an 

Argiopidae) found on herbaceous plants was 
taken in to consideration. A comparison was Fig. 18. Rei ationship between 

the differentiation of the mead- made 0£ the average density of these spiders 
ow and the number of web-spin• in the meadows during three months - VII, 

ning spiders • VIII and IX. 
l - Strzeleckie meadows, 2 - Ku- In the Kuwasy and Stzzeleckie meadows the 

wasy meadows 
same regularity was found -the smallest popula• 
tions of spiders were found in uniform meadows, 

in spite of the exuberant vegetation, and the largest were those occurring in 
• 

varied meadows. This relationship is confinned by the .investigations canied 
out by Mi k ul s k a (1955). In the sedge meadows situated near lakes the density 
of the spiders of the above-named families was lower than in the meadows co• 
vered by rich meadow vegetation. Duffey (1962) and Cherrett (1964) have 
reported that the habitus of the plants present in the meadow may have a signifi­
cant influence on the number of webs. 

The reality of the regularity was confirmed by the material collected in 1954 
and 1955. The statistical significance of differences between the average num• 
her of spiders found in the meadows under observation was tested by using the 
Stu.den t' s t•cri terion for two independent samples (Fi s z 1954). In all cases 
(meadow S, and N,,S2 and N2 , N1 and N1 ) statistically real differences were 

obtained at the level of significance of 0.01 (t N = 5.2 to.01 = 2. 7; tsaN = 2.9 
81 1 1 

to.o 1 = 2. 7; tN N = 7. 7 to.o 1 = 2.6). 
1 5 

From ·the above-cited data it seems that in the meadows an important factor 
determining the size of the populations of the web-spinning spiders is the pre• 
sence of suitable micro-habitats required for the build~g of webs. and at the 
same time providing shelter. 
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To prove the above conclusions two additional experiments have been carried 
out. 

In the first experiment individuals of A. comutus were removed from 10 

plots, each of the surface of l m2
• After a week the spiders, that had settled in 

the meantime,· were counted and taken away. The above procedure was repeated 

four times; each time the number of spiders was found to be approximately the 

same as during the preceding counting (Tab. VIl). So the individuals that had 

Number of individuals of A. comutus in individual plots 

Tab. VII 

Dominance of rush Dominance of sedges 
Dates of 

the removal plot number 

of spiders 1 2 3 4 5 6 7 8 9 10 

25 VII - 7 l nest 2 - - 1 - -
31 VII 11 11 2 5 I I . 2 1 - - . 

7 VIII 9 16 5 6 2 2 - - - -
16 VIII 6 12 6 12 l 1 - - - -

been removed were subsequently replaced by new ones. The experiment was 

carried out at two areas at station 2, in an area where rush and grasses domina­

ted (generally a higher density of spiders was found there) and in plots in 

another area where sedges dominated with some grasses ad.mixed. In the last 

two plots (9 and 10) where the vegetation consisted of sedges alone no indivi­

duals of this ~pecies were found throughout the time of observation. Only during 
the first removal of the spiders was their number in most of the plots very low. 

Later on, levels of density, each characteristic of particular plot, were esta­

blished, the characteristic density being maintained in spite of the periodical 

removing of spiders. . 

It seems therefore probable that a proportion of the population penetrates the 

terrain in search of free and suitable places and if it finds such places it settles 

at them. 
The second experiment was carried out in 1960 (A. K aj ak 1961) and repeat• 

ed in 1961. In this experiment dried Hypericum maculatum Cr. plants were intro­
duced to the meadows and the extent of their settlement by the spiders was sub-

sequently observed. In 1961 the experiment was started in May. At station 1 it 
was continued till July and at station 2 for only 3 weeks. 50 plants were placed 
at station 1 and ~ at station 2. After a week the plants appeared to have been 

already populated, the extent of population being established and approximating 

the average population observed throughout the experiment. At station 2 in both 
years about 40% of th.e plants introduced were found to be settled down (Tab. 
VIID, at station 1, in the mown portion of this area, over 60%. A. cornutus con­

stituted about 15% of the settling spiders. 
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Number of plants occupied by spiders, in per cent 

Tab. Vlll 

Per cent of plants .occupied 

average for 
Stations and years after after the whole 

a week 3 weeks 
period 

Station 1 1961 50.0 90.0 64.4 

Station 2 1960 33.3 47.5 4.9.6 
1961 ~2.1 44.4 43.2 

In both the above-discussed experiments the micro-habitats from which the 
spiders had been removed, ~ere populated anew. This does not mean that the 

environments are already fully populated by spiders, for there always are free 
plants. In the grasslands studied by Duffey (1962) the number of spiders was 
small in comparison to the number of the plants that could be occupied. Th'e 
average number of spiders was 1.2 individuals per 1 m 2 and the average number 
of plants 9.2 per 1 m2

• In the meadows investigated by me the number of free 

plants, in relation to the populated ones, is even greater. In spite of this, the 
evidence supplied by the experiments and the data relating to the n11mher of 
spiders in various meadows suggest that the nature of vegetation is an important 
factor influencing the abundance of web-spinning spiders. In the web-spinning 
spiders the relationship between the living conditions, the conditions suitable 
for web building and the food conditions is of course particularly close. The 
presence of localities supplying sites suitable not only for making webs, but 
also for the location of these in areas where insects fly fi-equently seems to be an 
important factor, for although abundant, the insect fauna is otherwise unavaila­

ble. It is possible that due to this close relationship between the conditions 
favourable for web building and the food supplies no -relationship was found 
between the number of spiders and the number of insects, when different envi­
ronments were compared, although such a relationship was observed when chan­
ges occurring during the season in the same area were compared. The relation­
ship between the number of spiders and the amount of food is not direct, but 
is modified by the conditions required for we·b-huilding, which may be favourable 
or unfavourable, depending on the environment. 

vn. DISCUSSION 

Those authors, who are of the opinion that predation is one of the important 

mechanisms controlling the number of animals, often consider two groups of 
predators - the stenophagic an-d polyphagic predators - separately (Vo G. t e 
1946, DeBach 1958, Huffaker and Kennet 1956, lt8, Miyashita and 
Sekiguchi 1962, Kaczmarek 1963). 
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It is often thought that only the former group - stenophagic predators - has 
an effective influence on the abundance of the prey since the course of the 
abmidance of these predators or the intensity of their feeding entirely depend 
on the variations in the population density of the prey. This view is supported 
by numerous studies dealing with these specialized predators (or parasites) 

and showing their effectiveness in fighting the pests (De Bach 1958,Huffaker 
and Kennett l 95fi, Burnett 1960, Kot 1964 and others)GI 

The authors who are concerned with the effect of the polyphages on the 
pop,1lations of the prey maintain that this group causes the greatest reduction 
in those populations which are just beginning to increase their abundance or 
have just begun to decrease it, but when the exploited population is in the 

phase of its highest density, the reduction per cent lowers. The above is stated, 
which is particularly worth emphasizing, by the authors dealing with various 
animal groups, who interpret the phenomenon itself in various ways (Toth i 11 
1922, 1923, Betts 19 55, Holl in g 1959, 1961, Tin be r gen 19t50, I t6, Miya­
shita and Seki gu chi 1962). During her study on the effect of various preda­
tors on tl1e size of the aphid populations Gale ck a (Brey me ye r et al. 1964) 
found that the polyphagic predators (spiders) occur in the field already during 
the first stage of the development of the aphid population, when the specialized 
predators are almost absent. Acting during thi& first stage the polyphages may 
have an influence on the further course of population dynamics of the aphids. 

Some authors investigating the importance of polyphages for the biocenosis 
(and not for the reduction of particular populations) arrive at the conclusion 
that these may prevent the insect populations from attaining great densities due 
to which they are important as a factor maintaining the stabilization of the corn· 
munity (Voftte 1946, MacArthur 1955, Kaczmarek 1961, 1963). 

Similar conclusions concerning the role 0£ the polyphagic predators, like 
spiders, can be drawn from the material gathered during the present investiga­
tion. In the meadows under observatton spiders were present throughout the 
year. They started growing in number very early - already before the increasing 
of the insect populations. The two spider species studied in detail captured 
most prey not during the time of the highest density of insects, but earlier or 
later than that. 

As has been demonstrated, the largest were the numbers of those insects 
in which a considerable mortality could have been expected - ephemeral ones, 

like the adult individuals of Tendipedidae, or migrating, like the winged aphids. 
Their numbers in the webs were proportional to the size of their population in 
the environment. Variations in the abundance of several other insect groups had 
no effect on the catcl1ing rate of the webs, though these insects were sometimes 
caught in quite large numbers by the sticky traps. Catching by the spiders of 
forms ephemeral for a given environment (male insects) was observed also by 
other investigators (Hobby 1930, 1940, Par 1n enter 1953). 
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From this data it can he presumed that the spider species which were investi• 

gated were supplementing the action of the stenophagic predators. They acted 
in periods when specialized predators were few in number (because these were 
the periods of low density of the exploited population) and they acted mainly 
on the migratory developmental stages of insects whose presence in the hioce• 
nosis was short (and which in this connection may not have had many spe­
cialized enemies). 

On the other hand, it can be supposed that the action of all the spiders 

living in the field layer is most intense at the time when the density of insects 
is at its highest. 

So the action of the spiders on the insects is on the whole fairly intense 
throughout the season. It is not restricted, like the action of the stenophages, 
to the periods of an increased abtmdance of the prey, it is no doubt to a lesser 
degree dependent on this abundance, being therefore less effective. 
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ANALIZA S10SUNK6W POKARMOWYCH Ml~iJZY PAJ~KAMI ARANEUS CORNUTUS 
CLERCK I ARANEUS QUADRATUS CL ERCK I ICH OFIARAMI, 

W ZBIOROWISKACH LAiKOWYCH 

Streszczenie 

Przedstawiona praca sklada si~ z dwu cz~sci - cz~sc pierwsza poswi~cona jest 
analizie ilo~ci zdobyczy trafiajf.l,cej w sieci dwu gatunk6w paj~k6w sieciowych w wa­

runkach romej obfitoaci owaddw na li\,ce, cz~~~ druga - rozpatruje wpfyw zasobdw 
pokannu w ~rodowis.ku na liczebnott6 pajEt,k6w, 

Prac~ prowadzono w latach 1960-1962, na rozleglych lf.l,kach sr6dle~nych w Puszczy 
Kampinoskiej (Lajc.i Strzeleckie), w trzech r6inych zbiorowjs.kach roslinnych (Caricetum 
elatae, Carici canescentis-Agrostetum caninae, Daeschampsietum caespitosae). W drugiej 
cze~ci pracy, w kt6rej potrzebny hyl material pordwnawczy zebrany z wielu lc1k, posluzo­
no si~ tak:te materialami zehranymi w latach 1954 i 1955 na torfowiskach niskich, wcho­
dzllcych w skl'ad kompleksu Bagien Kuwasy. 

Stosowano dwa rodzaje metod - metody okrei§laj~ce liczebnose pajll,k6w oraz lowio­
nej przez nie zdobyc·zy (a) i melody ustalaj'lce o bfitosc owaddw w arodowisku (h). 

a. Liczbt.e ofiar ustalano w ten spos6b, ze zbierano pokarrn zawieszony na 20 sie­.. 
ciach paj~czych, przy czym notowano rdwnoczesnie, liczb~ wszystkich pajcJ_k6w napot­
kanych w czasie tego zhierania. Ustalono na podstawie literatury i na podstawie w inny 
sposob zehranej serii pr6h, ie pokarm znajdowany na sieciach pochodzi z okresu nie 
dluiszego niz doha. Metoda ta dawala ocen~, jak duzo pokarmu lowi przeci~tnie w ci4gu 
dnia jeden osobnik. 

Zag~szczenie paji!k6w ustalano, stosujf:lc metod~ kwadrat6w. Serii stanowilo 20 
kwadratdw o l~cznej powierzchni 5 m2, Dane uzyskane tymi metodami (zag~szczenie 
paj~6w, liczba zdobyczy lowiona przez ka~dego z nich przez okres okoto doby) przed­
stawione w postaci iloczynu, traktowano w pracy jako wskamik intensywnosci dra­
pieznictwa badanych gatunk6w. 

b. Obfito~c owad6w w ~rodowisku okreslano metod~ czerpaka (pohierano 10 pr6b co 
2 tygodnie) i metodll lepow (ustawione po 10 na stanowisku, na 3 dni w ci~gu dwu ty­
godni). Czerpak dostarcza danych o liczehnosci fauny wyst~puj~cej w g6rnej warstwie 
roiilinno~ci, lepy towifl, podobnie jak sieci - tylko faun" ruchli,\'q i gldwnie drobnq_ 
(tab. IV), 

Na podstawie zebranego pokarmu gatunku A. comutus wyr6zniono dwa okresy, w k.td­
rych r6 znie przedstawiat si«t sklad i liczha zdobyczy v1 sieciach paj ~czych (tab. II i Ill). 
Pierwszy - okres jednolitego pokarmu, najcz~sciej wyst~puje pozntl wiosnl}, w maju 
i w pierwszej polowi e czerwca, Pokarm trafia w6wczas w sieci masowo, natomiast 
jest znacznie mniej zr6znicowany niz fauna trafiajl!ca na lepy (fig. 5). Drugi - okres 
zr6micowanego pokarmu, trwa najcz~sciej przez lipiec,sierpien i wrzesien. W pokarmie 
znajdowano w6wczas wiele rz~d6w owaddw, ale liczba lowionych osobnik6w byla n.ie­
wielka, 

A. quadratus lowi maksymaln.ei liczh~ ofiar we wrzetniu, w okresie poprzedzajq,cym 
skladanie jaj, dokladnie w tym samym czasie w ohu latach badan (fig, 4). Wzmozenie 
lowno~ci tego gatunku wynikalo raczej ze stanu populacji pajEt,ka ( wyst~powala np, 
hardzo duza aktywnosc - wszystkie osobniki posiadaty sieci) niz ze wzrostu li czby 

owadow w srodowisku. Wzrostu liczby owadow w tyro okresie nie zarejestrowa.}y ani l epy , 
ani sieci A. comutus, ani polowy czerpakiem. Przehieg zmian liczby ofiar lowiony ch 
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przez jJOSzczegolne paj~i - A. cornutus i .4. quadratus - herdzo Slf romi (fig. 3 i 4), 
natomiast sklad rowionych ofiar jest bardzo podobny. 

Sieci o hu gatt111k.ow paj ~kow fowity stale stoc,unkowo wi~cej anif eli lepy przedsta­
wicieli Tendipedidae i Aphidoidea i to zardwno w okresie jeduolitego pokermu, kiedy 
grupy te w ~rodowisku byfy masowe (stanowily w sieciach ponad 80~ ~owionej .canny) 
na lepach ok.olu 60% fa1my) i w okresie zrozuico ·.vanego pokarmu, kie ,fy w ~rodowl3ko 
bylo ich niewiele (stanowily okolo al% w sieciach A. comulus i okoh> 13% w c ieciach 
A. quadratus), a ty!ko 0,4% na lepach. (fig, 6 i 8). Tendipedfdap i pr~elotne mezyce 
lowione byly przez sieci w spos6b proporcjonalny do ich zag~szczenia w srodowjsk.o, 

podczas gdy inne grnpy owad6w trafiafy w sieci rzadko, mimo na\\·~t znacznej c, bfitll~ci 
w t4ro dowisku, Wyci~it'to wniosek, !e sieci paj~cze wyfapuj~ glownie faun~ pr~elotnll, 
kr6tko trwal~ w danym ~ro dowiskn. 

Liczebnosc populacji A. cornutus i A. quadratus podl egala w cif!gu s~zonu wegeta­
cyjnego stosunkowo niewielkim zmianom w pordwnaniu ze zmianami liczby ofiar (fig. 14), 
st~d wskaznik intensywnosci drapie mictwa, obrazujEtCY sil'~ oddzialywania calej popn­
lacj i drapiezcy na ofia.ry, ma podolmy przP-hieg w ci11gu sezonu, jak zmiany liczby ofiar 
lowionych przez poszczegolne paj~i. Oddzie.ly·wanie- populacji A. comutus bylo najinten­
eywniejsze wiosn(l, populacji A. quadratus - na jesieni (fig. 15). 

lntensywnot~ drapietnictwa pajllk~w nie byta okre~lana przez obfito$6 owadow 
w srodowisku. Paj4ki towily najwi~cej ofiar albo prz"d okresem maksymalnej obfitotci 
~waddw (A. cornutus), albo jnz po nim (A. quadratus). Natomiast liczebno~t wszystkich 
paj~kow, wyst~pujflcych na ro~linno~ci (a nie dwu analizowanych gatnnk:ow), byla 
najwi~sza wlasnie w ok.resie maksymalnej liczebno~ci owaddw (lipiec, pierwsza polo­
wa sierpnia, fig. 10). 

Sumaryczne dzi alanie wszystkich paj11k.6w razem moglo si~ wiQc nasila6 w ok:resie 
wzmozonej o hiitosc i owad6,~, mimo ze dzial'anie analizowanych populacji byto wtedy 
slahe. 

Drug4 cz~ ~~ pracy potwi~cono rozwa:!aniom znaczenia dla liczebno~ci paj~6w 
pi~tra ziol - zaso hdw pokarmn i stopnia zr6znicowania ~rodowiska. Okazalo sit, !e 

brak jest zale:!no~ci mi~dzy liczehno~citt pajt}.k6w i obfito~citt fanny pokarmowej (w tym 
-wypadku fanny much6wek:) na danej t,ce (fig. 16). Liczebno~t paj~kdw zalezy nato­
miast o d stopnia zr6znicowania roslinno~ci w ~rodowisk.u. Wi~cej pajfl,k6w sieciowych 
znajdowano w tych srodowiskach, w ktdrych wyst~powata mieszanka ro$}in o zrdinico­
wanej wysokot c i i budowie kwiatostandw (ro~liny jednoli~cienne i dwuliscienne) (fig. 18). 
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