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Philosophers more grave than wise
Hunt sclence down in Bugterflies;
Or fondly poring on a Spider,
Stretch human contemplation wilder;
In such pursuits 1if wisdom lies,

Who, Laura, shall thy taste despise?

Pope and Gay.

(As quoted in Bronowski, The Common Sense of Scilence.)
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I.

ECOLOGICAL RESEARCH ON SPIDERS ASSOCIATED WITH MOORLANDS.

INTRODUCTION .

Spiders, which constitute the Order Araneae, have
attracted attention from anclient times, and have been
prominent in‘the superstition and mythology of the widest
range of cultures. Liked, or disliked, they have never
been ignored, and as a result, the subject possesses an
extensive literature, which is however largely concerned
with the taxonomy, morphology and behaviour of the group.
Systematic ecological studles have been few, especlally
in this country, and this has perhaps been partly due to
the taxonomic difficulties, which until recently have
hindered workers in this field, and to the lack of any
stimulus from Applied Biology.

Two detalled, systematic ecologlical studles have
however been made; Duffey (1955, 1956) 1nvestigated the
splder communities of limestone grassland in Oxford, and
Turnbull (1957) examined the ecology of some woodland
splders, also in Oxford.

Other detailed ecological work of particular note

has been that of Gabbutt (1956) on the splders of an oak

wood in Devon, Elliot (1930) on the spiders of a beech-




2.
of spiders of the Chicago area dunes, and Barnes and
Barnes (1953, 1954, 1955) on the ecology of spiders in
a variety of habitats, all in America. In Denmark,
Ngrgaard (1945, 1951, 1952). has worked on the ecology
of Lycosids, while in Germany the work of Tretzel
(1954, 1955a, 1955b) using seasonal pltfall trapping
is of particular importance.

With thls work in mind, it was decided to investl-
gate the role of splders in an area of high Pennine
moorland, for three principal reasons, first, because
with the exception of casual collecting, very little
seems to be known of the splder fauna of British
uplands; second because it was hoped that the paucity of
species associated with such an area would simplify the
relatlionships being studled, and third because such a
study would fill in a gap, and derive much information
from, the more comprehensive study of the fauna of this
particular area beilng undertaken for the Nature Conser-
vancy.

As all splders are predators, they have become
adapted to catching their prey in a varlety of ways, and
in a general review of this sort, the investigation must
fall into sections corresponding to the broadly different
ways of life exhibited by the group, for each section

presents its own pecullar problems, and must be investigated
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by speclal methods. Accordingly, the spider fauna has
been divided up into orb-web buillding spilders, wolf
spiders, and hammock-web building spiders, and these will

be discussed separately.

IT. TAXONOMY .

The classical taxonomic works on the Briltish
spider fauna are undoubtedly those of Blackwqll (1861-4)
“"A History of the Spiders of Great Britain and Irelend®,
and the Rev. O. Pickard - Cambridge who published taxo-
nomic papers from 1852 to 1914, and his only book, "The
Spiders of Dorset" in 187¢ and 1881. The need for an up
to date and comprehensive key to the order has however
only been fulfilled in the last few years by the publi-
cation of a two volume work entitled "British Spiders"
by G. H. Iocket and A. F. Millidge for The Ray Society,
and 1t is on thls excellent work that all the taxonomy
in this study has been based.

A comprehensive account of the development of
British Araneology by W. S. Bristowe can be found in an
introductory chapter to the above work, and in it he
says "We can, however, "make bold to say" that, in all
probabllity, knowledge of the British splder fauna com=-
pares favourably with that of any other country in the

world". It is some measure of the truth of this state-



ment, that durlng the three years of the present,
detailed Investigatlion of a rather remote area, no
species new to Scilence, Britain, or even England have
been recorded.

With only one or two exceptions, the specles are
readily determined in both sexes by an examination of
the sex organs, but the limitations of such a system
are obviously the necessi ty of killing the animals for
examination, and the ilnability to distinguish Immature
forms. This latter drawback 1s particularly serious in
ecological studies, and in common with others, 1t has
been found necessary to pool all the immature forms in

families.

III. THE STUDY AREA.

This work was carried out at the Moor House National
Nature Reserve 80, in Westmorland (Nat. Grid Ref. NY
758329). This is an area of high Pennine moor which
includes parts of both the western scarp, and the eastern
dip slopes of its three principal fells, Little Dun Fell

' (2,701 ft.), Great Dun Fell (2,780 ft.), and Knock Fell
(2,604 ft.) and covers an area of approximately 4,000
hectares. The more gentle eastern slope upon which the
Fleld Station (1,800 ft.) is built is bounded by the
River Tees, which 1s the principal river on the Reserve,

into which drain such tributaries as Troutbeck, Moss Burn,
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and Rough Sike, which will be referred to later. (See
Figure 1).

Whilst general descriptions of the Reserve have
been made by Conway (1955), and Nicholson (19567), the
geology of the area has been studied by Dunham (1948)
and Johnson (1968). The area lies on the Yordale series
of Carboniferous sandstones, shales and limestones, and
thils serles with its associated flora which in turn is
greatly affected by erosion, presents a most complex
series of plant communities.

Typically, the area 1s covered with blanket bog
peat, 2 - 3 metres deep which can either be actively
growing, or eroding. In the former case, the 'Mixed

Moor! Calluna vulgaris, Eriophorum vaginatum plant cover

is underlain with actively growing Sphagnum sp. and the

peat 1s very wet, while in the latter case the blanket
of peat is cut through with erosion channels, leaving
well drained peat hags upon which there is typically

Calluna, but very little Eriophorum, underlain here by

Cladonlia sp. In the areas of disturbed, or redeposited

peat, which are especlally to be found at the edges of the

deep peat, Juncus squarrous is characterlstically the

dominant plant.

Where peat 1s absent, in most cases due to erosion,



Fig. 1.

|
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Figures refer to sample sites for explanation see text. on.
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the plant communities depend upon the nature of the
underlying substrate; thus the limestone outcrops support

a relatively rich flora characterised by Festuca ovina,

Agrostis tenuls, and Thymus drucei, with Potentlille

erecta and Trifolium repens occurring commonly, whilst

on the more acld sandstones, solifluxion clays, drift,

and alluvial terraces, as Pearsall (1950) has pointed out,
an Impoverished flora dominated by the mat grass, Nardus
strlcta 1is to be found.

The climate of Moor House was flrst studied by
Manley (1936, 1943, 1952), and in 1952 it was established
as an “Auxiliary Climatological Station" under the
Meteorological Office.

Summarising the data collected at Moor House, Manley
(1936) wrote "As a whole, the figures confirm the pre-
valling lmpression of bleakness associated with a windy
and damp upland and correspond well with records at sesa
level in Southern Iceland", and this impression can be
substantiated by all who have worked in the area.

More specifically, July is the warmest moﬁth, and
January the coldest, the temperature is known to have
fallen below freezing point in every month of the year,
whilst 80 days of snow cover with over 150 days of frost,
and an average of only 3 - 4 hours sunshine dally are

representative annual measurements.
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IV. THE SPIDER FAUNA OF MOOR HOUSE AND ITS SIGNIFIC ANCE.

71 specles of spiders have been recorded from the
Reserve, of which 17 are thought to be additlions to the
published records for Westmorland, end a check list is
given below.

Famlly Dictynidae.

1. Dictyna arundinacea (Linnaeus)

Family Clublonidae.

2. Clubiona trivielis C.I.. Koch

3. Co diversa O,.P.-Cambridge

Family Thomisidas.

4. Xysticus cristatus (Clerck)

5. Oxyptila trux (Blackwall)

Famlly Lycosldae.
6. Lycosa tarsalis Thorell

7. L. pullata (Clerck)
8. L. amentata (Clerck)

9. L. nigriceps Thorell

10. Tarentula pulverulenta (Clerck)

l1l. Trochosa terrlcola Thorell

12 . Pirata piraticus (Clerck)

Family Agelenldae.
13. Antistea elegans (Blackwall)

Family Theridilidase.

14. Robertus lividus (Blackwall)
15. R. arundineti (0.P.=-Cambridge)




Family Tetragnathidae.

16.

Tetragnatha extensa (Linnaeus)

Family Arglopldae.

17.
18.
19.

Meta segmentata (Clerck)

M. merianae (Scopoli)

Araneus cornutus (Clerck

Family Linyphlidae.

20.
21.
22,
3.
24,
25.
26.
en.
e8.
29.
30.
3l.
32.
35.
4.
35.
6.
37.

Ceratinella brevipes (Westring)

C. brevis (Wider)

Walckenaera acuminata Blackwall

Wideria antica (Wider)

Trachynella nudipalpls (Westring)

Cornicularia karpinskiil (0.P.-Cambridge)

C. cuspidata (Blackwall)

Dicymbium tibiale (Blackwall)

Gonatium rubens (Blackwall)

Peponocranium ludicrum (0.P.-Cambridge)

Hypselistes jacksonl (0.P.-Cambridge)

Oedothorax gibbosus/tuberosus

Ow. fuscus (Blackwall)

Trichopterna mengel (Simon)

Silometopus elegans (0.P.-Cambridge)

Tiso vagans (BdQckwall)

Monocephalus fuscipes (Blackwall)

Jacksonella falconeri (Jackson)




38.
39.
‘40.
41.
42.
43.
44.
45.
46.
47.
48,
49.
50.
51.
52.
53.
54.
65.
56.
57.
58.
59.
60.
61,

Gongylidiellum vivum (O.P.-Cambridge)

G. latebricola (0.P.-Cambridge)

Micrargus herbigradus (Blackwall)

Erigonella hiemalls (Blackwall)

Sav;gﬁia frontata (Blackwall)

Diplocephalus permixtus (O.P.-Cambridge)

Erigone dentipalpis (Wider)

E.atra (Blackwall)
Eboria fausta (O0.P.~Cambridge)

Drepanotylus uncatus (0.P.-Cambridge)

Phaulothrix hardyi (Bidckwall)

Porrhomma montanum Jackson

Agyneta decora (0.P.-Cambridge)

Meioneta purestris (C.L. Koch)

M. saxatills (Blackwall)

M. beata (O.P.-Ca.mbridge)

Maro minutus ©.P.-Cambridge)

Centromerus prudens (O.P.-Cambridge)

C. arcanus (0O.P.-Cambridge)

Centromerita bicolor (Blackwall)

C. concinna (Thorell)

Oreonetides abnormis (Blackwall)

O. vaginatus (Thorell)

Bathyphantes gracilis (Bhd.ckwall)
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62. Tapinopa longidens (Wider)

* 63. Stemonyphantes lineatus (Linnaeus)

64. Bolyphantes luteolus (Blackwqll)

65. Lepthyphantes tenuis (Blackwall)

66. L. zimmeﬁmanni Bertkeu

* 67. Lepthyphantes cristatus (Menge)

68. L. mengel Kulczynski
69. L. ericaeus (Blackwall)

70. L. angulatus (0.P.-Cambridge)

71l. Mengea scopigera (Grube)

* Probable addition to the published county records.

It can be seen at once from this list that the Family
Linyphildae is the most important, with 52 species, and
it is of interest to examine the familly composition of
the fauna in more detail. 1In Filgure 2, the comparative
family structures of & faunas are shown, and 1t would
apps ar that the structure of the Moor House fauna 1is
similar to that of Iceland, that i1s to say that it shows
a sub-arctic pattern. It 1s &_typical of the British
fauna as a whole because of the increased importance of
the Linyphiidae and the Lycosidae and the absence of
several groups, in particular the Salticidae which even-

tually become of great importance in tropical countriles.



The Comparative Family Structure of 5 Faunas.

Mygalomorphae
Cribellates
Dysderidae
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Clubionidae
Sparassidae
Thomisidae
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Lycosidae
Ageienidae
Argiopidae
Theridiidae
Linyphiidae
Others

After Bristowe 1939,
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V.

1l.

A comparison can be made with the species 1list
obtained by Duffey (1955) from a lowland limestone
grassland area in oxford where, he recorded 141 species
of which 58, or 41% were Linyphlids, compared with the
52 out of 71 or 73% at Moor House; & difference which 1s
slgnificant at the .05 level by a X test.

This predominance of the Linyphlidae supports the
contention of Bristowe (1939) that thls famlly reaches
its greatest importance in Arctlc and Sub-Arctic regions
which fits in well with what 1s known of the climate of
the area.

As over 560 species are known to occur in Britain,
the Moor House spider fauna can be sald to be as impov-
erished in 1its number of specles, as it is In the variety

of familles represented.

THE ORB-WEB BUILDING SPIDERS.

l. General Habits.

This group builds the familiar orb-web, cart-wheel,
or geometric web, an example of which can be seen in
Plate 1., and in Britain, 1s composed of three famllies,
the Arglopidae, Tetragnathidae, and Uloboridae.

The web 1s roughly circular, and consists of a
variable number (11 - 66) of radius threads, attached at

their periphery to a series of bridge threads, which
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anchor the whole structure to the substratum, and at
thelr centre, to a hub surrounded by a short strength-
ening zone. Upon this baslc framework, a viscid splral
is laid, and this is the only sticky thread in the whole
structure. This can be seen in Plate l. where powder,
dusted on to the web to make it more visible for photo-
graphic purposes, has stuck only on this thread.

From the hubi: a signal thread 1s often spun to the
animal's retreat, and serves to give the alert when
anything strikes the web. Comprehensive descriptions of
the structure of the orb-web are to be found in Savory
(1952), Tilquin (1942) and McCook (1889, 1890).

The general structure of these webs, and the fact
that they are normally hung vertically, suggests that they
are especially suited for capturing flying insects, and
this concentration upon a particular prey type has meant
that the group must be conslidered separately.

2. Notes on the Orb-Web Building Specles Recorded.

Only 4 specles have been recorded from the Reserve.
Family Tetragnathidae

Tetragnatha extensa (Linnaeus)

This species has only been taken infrequently, when
it has been found with 1its web on heather, and in

drainage channels, characteristically near to water.
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Famlly Argilopidae
Meta segmentata (Clerck)

Only one specimen, which was found migrating across
an area of heather, has ever been taken.,

M. merianae (Scopoll)

This is a widespread and common form, found in large
numbers. The web could be distinguished from that of the

other common specles by having an Open Hub, Bristowe
(1941), McCook (1889).

Araneus cornutus (Clerck)

This again is a wldespread and common form, but with
a web having a meshed hub.

As there are 9 specles belonging to the Tetragnathidae,
and 41 to the Arglopidae in the British list, it would
appear that this group is poorly represented. As the
distribution of the exlsting forms, will indicate, this
could be due to lack of sultable places in which these webs
can be constructed, a situation arising largely from the
low herbacecus nature of the plant cover.

S« The Habitats of this Group, and the Significance

of 1ts Distrlibutilon.

The only two specles of any importance are Meta

merlanae, and Araneus cornukus, and 1t 1s the distribution

of these whlich will be dlscussed.
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Both specles are virtually confined to what might
be termed "bresks in the blanket bog cover" 1.e. erosion
channels, stream edges, rocky outcrops, and old mine
workings, and this 1s borne out by the results in Table 1,

for A. cornufus obtained while searching for webs.

Although both specles are restricted in this way, their
detalled ecology 1s markedly different.

A. cornulbus lives in a silken retreat constructed in

the vegetation, and thls takes the form of a thimble-
shaped cell, in which the animal sits, holding on to the

signal thread running from the nearby web. In the study

TABIE 1.

Number of Araneus cornutus webs seen during a

100 pace transect =

~ Along the edges of Across open Calluna/
eroded peat. Erliophorum Bog

1. 6 0

2. 10 0

Se 10 0

4, 13 0

5. 9 0

6. 2 0

7. 10 0

8. 6 0

9. 7 0
10. 2 0

area, this retreat is normally spun amongst the tips of

Calluna shoots which overhang an erosion channel, but
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they have also been found amongst the seed capsules of

Juncus effusus , and even on a tuft of Festuca ovina

within the erosion gully. These observations are 1n
agreement with those of Pickard-Cambridge (1881) who

writes (P.276) "Epéira cornuta is generally distributed

throughout Great Britain, and is particularly abundant
in marshy places, among furze, heather, coarse grass,
and rushes, especially on the banks of streams", and
Thomas (1927) who says that a habitat near water is
characteristic.

Plate 2 shows a retreat spun on a Calluna shoot,
with the owner, a sub=-mature male resting on the central
hub of the web, after wrapping up an insect.

M. merianae on the other hand does not spin any

retreat, and the adults are only to be found in damp,
dark places. Plate 3 shows a female hanging from her
threads. This habitat preference 1s confirmed by
Bristowe (1929, 1958) who says that the specles is found
in shady situations under overhanging banks, or in the
corners of damp outhouses. At Moor House, this spider
is most commonly found on the underside of eroding peat
edges, which have been undercut by water. Here, the

s plder is protected by the overhanging vegetation from
sun, wind and predators, 1s in constant contact with the

damp peat, and has adequate vertical space in which to






Plate 3.

Meta merianae, - Female hanging from threads.
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sling its web.

The only other places in which thls specles has
been found, are the entrances to disused mine shafts,
and the cracks in the limestone walls of the larger
streams.

The habitat differences are summarised in Figure 3,
A and B being typical A. Cornutus situations, whilst C

is the position most frequently occupied by M. merianae.

It 1s interesting to note however, that differences in
habitat preference are much less marked in the early

instars, where the young of M. merianae are often found

high up amongst the heather on the sides of the erosion
channels. These differences in the distribution of young
and old ahimals are important, and will be referred to
later.

The differences &l ready mentioned between the two
specles, together with the observation that the range of

A. cornutus extended to driler and more exposed erosion

channels than were ever colonised by M, merisnae suggested

that the specles may differ in thelr water relations, and
this was accordingly tested by desiccation experiments
performed on the adults of both speciles.

(a) Humidity Reactions

Six individuals of each species were kept 1n corked

2 x 1 specimen tubes containing moist filter paper, at



Figure 3.

EROSION CHANNEL THROUGH
DEEP PEAT

Calluna

Webs and retreats /

of Araneus cornutus

Peat overhang

Web and aduit of
Meta merianae

Bare peat surface

™~ Water in erosion channel

Juncus effusus

For explanation of letters, see text.
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room temperature, and the number of days that each

lived was recorded. See Table 2.

TABIE 2.

Survival in days under Humld Conditions

M. merianae A. cornutus
9 11
44 44
24 24
8 24
38 32
29 18
Mean 24.5 Mean 2505

t = 1632 with 10 d4f

A random 't! test showed a probability > .8, and it may
be concluded, that in damp conditions, the mean survival
time of the two specles is similar.

Under desiccating conditions however, the situation
was found to be different. Here, the animals were kept
in uncorked tubes at room tempe rature, and no water was
provided. The results are shown In Table 3.

A random 't' test showed a probability <.001, and
this was confirmed by a 2 x 2 contingency test upon
whether or not the animals were alive on the 15th day
after the start of the experiment, where )(L = 16,9 with
1l df, again a probability of <.00l. This second test
takes into account the fact that an animal can only dile

once, and hence 1t eliminates the factor of 'Accidental
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TABLE 3.

Survival in days under Desiccating Conditions.

M. merianae A. cornutus

5 7 30 16

S5 10 18 14
10 9 18 18

5 10 32 27
11 11 18 18
20 7 9 19
11 10 24 10

7 7 24 14
24 8 18 30
10 8 15

8

Mean 9.7 Mean 19.6
t = 5.5667 with 38 4f

Death!, which is not taken into account in tests involv-
ing the survival period.

All this suggests that adults of A. cornutus are

able to wilthstand desiccation longer than adults of

M. merlanae.

These experiments had to be carried out at room
temperature in the Fleld Station, and consequently no
detalls of the experimental conditions are availlable,
although 1t 1s known that they fluctuated considersably,
though less violently than they would in the field. Lack
of iInformation about these experimental conditlons was
not considered to be a serious drawback, in view of the
alm of the work, which was simply to obtain a comparative

plcture of the reactions of 2 species to an unfavourable
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environmental factor, other factors, as in the field,
reﬁaining inconstant.

Such differences in abllity to withstand desiccation
do not of themselves explain the different distribution
of the two specles, and a further experiment was carried

out, to see if M. merianae could survive in an A. cornutus

environment. Adults of both species were imprisoned in
net sleeves, which were tled over Calluna shoots, the
whole experiment being set up within an exlsting colony

of A, cornutus. In addition to M. merilanae adults free

in their sleeves, an equal number were corked up in damp
tubes, also within sleeves. As before, the survival time
in days was recorded. Unfortunately during the experi-
ment, some of the sleeves were torn, probably by sheep,

anid the animals escaped. The results are in Table 4,

TABLE 4.

Survival time in days:; Animals confined in net
sleeves on (Cal.luna shoots

M. merianae M. merlanae in A. cornutus
Tree In sleeve molst tube 1n sleeve Tree 1In sleeve
>42 19 >19
>19 19 42
19 14 42
14 19 19
Mean A 23,5 Mean B 17.7 Mean C 30.5

A random 't' test between Means A and B gave a probability

2.4, which, being not significant, suggests that lack of
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moisture in an invironment normally inhabited by

A, cornutus did not affect the longevity of M. merlanae.

Applying the same test to Means A and C, a probability
2.4 resulted, suggesting that under the conditions of

the experiment, which involved starvation, M. merianae

was able to live as long as A. cornutus in the latter's

preferred habitat. This 1is not, of course,-surprising

in view of even M, merianae's ability to withstand desi-

ccation, when it 1s remembered that the average annual
rainfall at Moor House 1s 1In the region of 70 inches.
Although the animal's abllity to wlthstand certain
conditions gives a general clue to its possible range of
habitats, the actual habitat in which an animal 1s found
has, as a rule, been selected by that animal, and hence
it is the preferred conditions which must be examined,
if reasons for distribution are to be found. According-
ly, humidity preference experiments were carried out,
using the simple cholce chamber shown in Figure 4, This
consisted of a long narrow perspex box, with a container
of calclum chloride at one end, and a contalner of dis-
tilled water at the other. Just above these contailners
was the gauze floor to the activity chamber, which was
divided longitudinally into two. The whole was closed
by a tight-fitting lid. The humlidity of the air inside

the apparatus was measured with cobalt chloride, and



Figure 4.

Humidity Choice Chamber

Centre partition of activity chamber Removable lid
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/ 1
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Calcium Distilled
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/ ) N\
Aluminium container Gauze and perspex floor Perspex box

of activity chamber

Jins.

Choice chamber apparatus for determining humidity prefer-

ences,
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cobalt thiocyanate papers, after a technique described by
Solomon (1945, 1951, 1957), as indeed were all humidity
measurements made, in the present investigations. It was
found that a humidity gradient was soon established
between the containers at each end, ranging from about
85% R.H. over the distilled water, to <40% over the
calcium chloride. Difficulties were soon experienced
once the splders were introduced as they seemed to be
very easily frightened, and would lle in a defensive
position at the spot where they were put In, and would
not move for long periods of time. As a result, all
attempts to measure the length of time spent in various
parts of the apparatus were abandoned, and instead, an
adult of each specles was put into the activity chamber,
the 2 being separated by the longitudinal partition.
The animals were then left over-night, and the position
in which each was first found the next morning was marked,
and the humidity at that spot recorded. This was done,on
the assumption that the animals would have settled down
during the night in their optimum position, and as a rule,
the number of drag-threads in the activity chamber
suggested that thelr movements had indeed been extensive.
Different animals were used on each occasion, and
care was taken to ensure that the positions of the

apparatus, chemicals, and animals within, were all
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adequately randomised. As before, conditions during
the experiments were variable, and the same arguments

apply. The results appe ar in Table 5.

TABLE 5.

Humidity preferences - choice chamber analysis.

Results expressed in % Relative Humidity.

M. merlanae A. cornutus
<40 74 <40 <40
72 80 <40 <40
72 80 <40 <40
<40 <40 <40 <40
<40 <40 <40 <40
80 85 <40 <40
76 <40 45 <40
<40 <40 80 <40
<40 <40 <40 <40
77 <40 <40 <40

The most obvious point to emerge from these results is
that whatever else may be iInfluencing the animals, they
show a marked preference for the ends of the apparatus,
and accordingly the analysis was simplified and made on
a '"Wet and Dry End! basis.

M. merianae. In 20 replicates, the animal was

found at the dry end 11l times, and at the wet end 9
times; with a )C»of 2 and a probability >.5, this showed
that within the limits of the expriment no response to a
humidity gradient could be detected.

A. cornutus, on the other hand, with 19 observations
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at the dry end, and only 1 at the wet end had a )(L

of 16.2 and a probability of <.00l, strongly suggesting
that individuals of this species actively sought out the
dry end of the apparatus, l.e. the region where the R.H.
was normally <40%.

Measurements were made in the field to see 1f there
were humidity differences between the two habltats
occupied by the adults of the two specles, and they were
performed on two exceptionally hot and dry days in May
1969, when any differences could be expected to be at
theilr greatest. The met. data for these days are as
follows.

Air temp. 60/56°F; Mean wind <6 knots; Rain, =- non for
at least the previous 5 days; Sunshine, - 10.7/14.9 hrs.
In all cases, the measuring papers were placed as near
to the actual adult animals in the field as was pacti-
cable, Table 6 records the results.

It would then appear to be confirmed, that M. merilanae

inhabits damper places than does A, cornutus. It has

already been pointed out that M. merianae selects dark,

damp habitats, whilst A. cornutus selects light drier

ones, and it was decided to examine the light reactions

of the two species.

(b) Light Reactions

Corked, inch diameter test tubes containing a strip
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TABLE 6.

Humid ity measurements in the field

Results expressed in % Relative Humidity.

M. merianae habitat A. cornutus habitat
100 62
100 60
100 55
o7 57
95 63
97 45
100 47
100 52
100

In a random 't!' test, t = 18.76 with 15 df, and so the
probability was <.001l.

of wet filter paper were used for this experiment, some
of which had their top, and others their bottom halves
painted black. 5 adult females of both specles were
placed In these at random, and the tubes were lald in an
east facing window. The “1light" or "dark" position of
each animal was recorded at 2 hourly intervals, and after
each observation, the animal was shaken into the other
section of the tube. Tubes, animals and positions were
all adequately randomised throughout the experiment.
See table 7.

As was suggested previously the habitat differences
between the specles appear to braak down in the young

stages, because the early lnstars of M. merianae are
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TABLE 7.
Light Reactlons of M. merianae and A. cornutus
Kdults
M. merianae A. cornutus
Dark Light Dark Light
1. 4 1l 1l 4
2, 3 2 0 5
3e 4 1l 0 5
4, 5 0 1l 4
5. 5 0 1 4
6. 5 0 1 4
7. 4 1 1 4
8. 4 1 0 5
9. 5 0 1 4
10. 5 0] 0 5
11. 5 0 1 4
12. 5 0 1 4
54 [ B 52

A 2 x 2 contingency test gave a X of 67.5 which with
1 df gave a probabillity of <.00l1l, showing that

A. cornutus was strongly photopositive, whilst M. merianae

was strongly photonegative.

found much higher up amongst the heather on the sides of
the erosion channels, and a very similar phenomenon has
been recorded by Nielsen (1932) p. 182 for the closely

related species M. menardl which 1s normally found in

even darker situations than M. merianae. He says that

the young are not so dependent on moisture and darkness,

as the full grown animals, and are often found along

stream sides, and he concludes that, "M. menardi must



26.

disperse from the darkness of the grottos and come out
into the daylight, and when the young have undergone a
few moults here, they must, though still of very tender
age, exchange their life in the daylight for an existence
in darkness". 1In view of the field observations on

M. merianae, the light reactions of 9 animals belonging

to the first 3 1lnstars were tested in a similar manner to

that described above. See Table 8,

TABLE 8.

Light reactions of Young M. merianae
Light Dark

1. 10 0
2 e 6 . 4
3. 10 0
4, 8 2
5. 9 1
6. 6 3
7. 8 1
8. 8 1
9. 6 2
71 1z

A X" test gave a X of 38.2, and a probability <.00l
indicating significant photopositivity, and this 1s to
be compared with the 6 Light, 54 Dark photonegativity of
the adults ( X" 38.4 P <.001); Montgomery (19084) reports

similar observations on A. marmoreus, and (1908b)

Latrodectus mactans. The less 'retiring' nature of the

early instars of M. merianae 1s then certainly correlated

with, and quite possibly caused by a positive reaction to
light.
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4, The Colonies Under Investigation.

(a). Sites.

In September 1957, three stretches of eroding peat
edge near Rough Slke were selected forlstudy, and called
"Peat Edges A, B and C". For thelr positions, see
Figure 1, sample site numbers 1, 2 and 3. Figure 5 shows
maps of these three areas. For a description of the
structure and formation of erosion channels at Moor House
see Bower (1959)

PEAT EDGE A. See Plate 4.

In this area, the peat 1s 6 to 10 ft. deep, and con-
sequently there is a long, sloping bare peat surface
below the heather overhang. As the stream is undercutting
the peat at this point, there is considerable variation in
the amount of overhang, a polnt which will be referred to
later, and considerable danger of peat collapses, three
of which have been observed.

A pure colony of M, merianae inhabits this region,

with the exceptlion of one specimen of A. cornutus, which

lived here from July 28th. to September 28th. 1958.
PEAT EDGE B. See Plate 5.

Again, a deep peat edge, about 10 to 12 ft. undercut
by .the water of Rough Sike. As can be seen from Figure 5,
it falls Into two different regions. The North Westerly

end has a large peat overhang, but above thls the peat
\
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surface is very exposed. Whilst the space under the

overhang was much used by M. merlanae, 1t was not a very

permanent site, as a rise in the stream level washes the
whole area out. The South Easterly end 1s different in
character, as a large section of the bank has fallen
into the stream, diverting it, and leaving a deep shel-
tered fissure behlind it.,

The whole site is very wet, and in winter, large
areas of the exposéd peat are covered with a sheet of
ice.

Again, this site supports a pure colony of

M. merianae with the exception of one specimen of

A. cornutus seen on the 1llth August 1969.

PEAT EDGE C. See Plate 6.

This area is rather different from the other two,
in that there is only a thin layer of peat, from 2 to
5 ft. deep. As a result of this, the overhanging vege-
tation shields most of the peat surface, making the whole
area more sheltered. As in Peat Edge B, the undercutting
action of the small drainage stream has caused the fall
of a large plece of the bank, and this in its turn has
produced an area of broken peat behind 1it.

The site supports a mixed colony of M. merianae and

A. cornutus, and the presence of the latter specles may

be explained by the luxuriant overhanging growth of

Calluna.
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Although the generalisations previously made about
the different habitat requirements of the two species
are belleved to be true, observations on this site
suggest that it 1s a complex area, where their terri-
torles overlap, in the sense that ‘here, webs of the two
speclies are often as little as 5 to 10 cms. apart.

(b). Methods Employed.

Web counts were made on every visit to the area, and
every morning during a prolonged stay.

The usual procedure was to work up each Peat Edge in
turn, recording the number and position of all the webs
seen. During the first season, the position of each web
was marked with a plant label, but in the second season,
each Peat Edge was divided up into foot intervals with
plant labels, and the correct position of each web along
the Edge was noted, by estimating the number of inches
from the nearest foot interval.

Webs of all slzes, corresponding to all stages of
maturity were found, and though it was felt that counts
of the large webs could be made with confidence, the
smaller webs, being much more difficult to see would be
estimated less accurately.

For thls reason, distinction was made between
tlarge!' and 'small! webs, and measurements of the radii

of webs from these two categorles, showed that 'large!
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webs were as a rule those with a radius of more than
5.1 ems. A value judgment of thils sort, must, to a
certaln extent be varliable, but in practice this concept
of 'large! and 'small! webs usually remained clear in
the mind, and the two categories could be assigned with
little difficulty.

Observations on the animals of a colony, as dis-
tinct from their webs, whilst relatively easy 1in the

case of A. cornutus where the retreat is readily found,

and the spider in it observed, and 1f necessary marked,

present a serious problem in M. merianae. This species

is nocturnal, and is very difficult to locate when hiding
under a peat overhang. As it will emerge in daylight, to
kill and remove any prey, caught in the web, an electric
vibrator, or tartificial fly' was used in trylng to
count and mark the animals. Ngrgaard (1943). This con-
sisted of an electric bell with the gong removed, and a
steel point soldered to the armature, which was touched
on to0 the web and buzzed, as a result of which the spider
would emerge, and bite the vibrating steel tip. However,
the success of this apparatus in t'calling out! spilders
was so varlable, that it was abandoned as an impracticable
ceéps method.

The method finally adopted, was to search after dusk
with a powerful paraffin light, when the animals were
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normally active. The heat and light usually dilsturbded
them, and thelr movements made them at once conspicuous.
Individual colour marking was carried out by catching
the animal in a 3 x 1 glass cylinder, one end of which
was covered by net. A cork plunger was then slid in at
the other end, and the animal was forced up against the
net. Animals were always released at the point from
which they had been taken.

(c). The Distribution of Individuals.

Table 9 shows the recapture data for 7 marked adult
s

9, together with the maximum length of peat edge tra-

versed, &s measured by the points of recapture.

TABLE 9.

Movement Within the colony as Indicated by the
Recapture of Marked Individuals.

Peat Edge A.
Length of Peat Edge

between extremse No. of

Capture points., Recaptures Dates
1, 5210" 6 -/10/57 - 6/ 5/59
2. 414" 2 22/ 9/58 - 17/10/58
3. otQ" 2 22/ 9/68 - 21/10/58
4, 710" 2 22/ 9/68 - 21/10/58
5, 2714" 2 22/ 9/58 - 17/10/58
6 gr4q" 3 22/ 9/58 - 21/10/58
7. 514" 2 22/ 9/58 - 21/10858

Although the numbers are small, and there 1s no means of

knowing what happened to the animals which are not re=-

captured, the results do suggest that whilst the animals
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are capable of moving considerable distances along the
peat edge (at least 52 ft. in 1% years), many, even
after intervals of up to a month, are recaptured rela-
tively close to their previous release point. This is
not surprising, because as Flgure 6 shows, there 1s a
tendency for webs to appear in the same place day after
day; thus to cite an example, a single web in the rather
lsolated position of foot intervels 6 - 8 Peat Edge B,
was present on most days for 4 months of theyear, and in
general; the overall impression of long perlods of occu-
pation in a given position, suggest a high degree of 'site

tenacity!, This 1s particularly true of A. cornutus,

where females have been observed to remaln in the same
position all summer, but here, where a complicated retreat

is spun it 1s more understandable. In M. merianae how-

ever, 1t 1s probably the existence of foundation lines
for the web which makes the animal disinclined to move
unless it must. These repmresent a sound labour invest=-
ment, because as many writers have pointed out, they are
usually the most diffioult part of the web to construct,
and once spun, the same foundation lines are used as
long as circumstances permit. Savory (1928, 1962).
Gertsch (1949), Crompton (1960), Bristowe (1947, 1951),
McKeown (1952), Fabre (1912).
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To investiBate the spatial distribution of M, merianae

webs, the total number of different (i1.e. new) !large!
webs, spun in each foot interval was calculated. This was
done for each peat edge, for all the observation days of
the 1969 season. The foot 1lntervals of peat edge were
then classifled according to the number of webs which had
been spun in them, and knowing the total number of webs
seen, and the possible number of foot intervals in which
they could have been spun, a theoretical average was
calculated, together with its expected Poilsson distribu-
tion of class frequencies, - Snedecor (1937).

Table 10 shows the observed number of foot intervals
in each class frequency compared with the calculated
number assuming random distribution.

In the case of each psat edge, there is & highly
significant difference between the observed and expected
distributions, indicating in thils case that the distribu -
tion is not random, but aggregated; that is to say that
during the season, an unexpectedly large number of foot
intervals have fewer, and also of course larger, numbers
of webs in them, than could be accounted for purely by
chance. In particular, Peat Edge ﬁhnd 9 foot intervals
wlthin which a web had never been spun, compared with an

expected number of <1l; Peat Edge B. had .12 foot inter-

vels, - expected <1, whilst Peat Edge C had no foot
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intervals without any webs, more or less as expected.
The most obvious explanation is that Edges A and B
contained areas unsultable for web-spinning, whilst
there were no such areas in Edge C, and this fits in
very well with the descriptions of the sltes already
given,

As certain sections of Edges A and B have been
considered unsuitable for spinning, so far as the
splders are concerned, the effective length of the
edges 1s less than the actual length, and so the dis=-
tribution has been recalculated on the basis of
effective length (i.e. neglecting the unoccupied areas).
These results are also shown in Table 10, and still they
reveal highly significant aggregation.

As it is now known that webs could be spun in all
the sectlons under review, the aggregation must have
beenjdu@ to one of the 3 following reasons.

l. Some form of social interaction which made
the animals aggregate in respect of one another.

2, The presence of exceptionally favourable, and
correspondingly unfavourable areas.

3, Site tenacity, which, because the figures are
based on the total number of newly spun webs in any foot
interval throughout the season, would tend to increase

disproportionally the number of webs in any foot inter-
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val once an individual had become settled there.

Whilst the importance of the first of these can
be analysed quite simply, the relative importen ce of
the last two cannot be fully disentangled, although
certain indicatlons can be revealed.

The interaction of M. merianae individuals, as

indicated by the positions of their webs, can be studied
by comparing the number of webs per foot interval with
the expected, assuming randam distribution, on any

given day. As one would expect that any interactions
would be most clearly demonstrated when there weremany
webs, the spatial distributlon of 'large! webs has been
examined for the one day in each month, when the maxlimum
number was present. Ten was the minimum number of webs
on which calculations were made.

It should perhaps be added at this point, that
there 1s some doubt about the sensitivity of this sta-
tistical test, when the expectetion per sample is low -
Dice (1952), Rao and Chakravarti (1956) and Cole (1946),
although the latter author used thls for very small
expectations. With this in mind, it is hoped that the
data may be reanalysed in the future, using the spacing
measurement system of Dice (1952).

As can be seen in Table 11, with the exception of

one occasion in June at Peat Edge C. which is inexpli-



Meta merisnse. Distribution of the Maximm Humber of 'Large Viebs!' on Any Day In the lonth.
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cable, and may be due to sampling error, the spatial
distribution of webs along a peat edge on a given day
corresponded closely with that pedicted by a Poisson
distribution,'when intervals of one foot are considered.
That 1s to say that considering the numbers found within
a foot length of peat edge, there 1s no evidence for
suggesting mutual attraction or repulsion between
individuals of M. meriasnae., This is of interest,

because 1t might have been thought that animels which
rely on a net to filter food from the air would have
evolved some territorial system which would ensure the
spacing of snares with its consequent increase in
efficiency, by reduction of competition. The results
correspond well with observations however, as 4 webs,
one behind the other have been seen stretched across
the mouth of a small burrow in peat, and Duncan (1949)
also notes, that two big orb webs were frequently built,
one behind the other, thelr cables intermingling, and
the faces of the orbs only an inch apart, and she con-
cludes that only the outer one would 'get the flies!',

If then, soclal aggregation can be discounted as
a factor In the aggregation effect seen when the number
of webs in each sectlion over the whole year is examined,
site tenaclty and/or favourable sections must account for

it.
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I€ a certain foot length of peat edge is peculiarly
suitable for web spinning, and there 1s no particular
repulsion between spiders, then it might be expected that
on any given day, more than one splder would be found
there with a web, and during the course of a season, such
suitable areas should reveal, themselves, by having an
unexpectedly high number of 'multiples!.

Table 12 shows this analysis performed on the date
from Peat Edge C, and due to the small number of
‘multiples', and the amount of calculation required, no
attempts were made to continue this demonstration on the

other two peat edges.

TABLE 12.

M. merisnae.

PEAT EDGE C.
Analysi1s of Multiple Web Occupation 19569. Large Webs.
No. of multiples/ft. Obs.No/ft.  Expt. )Qf
<2 18 8.468 1o=75**
2 6 9,707 17416
3 4 9,854 3.478
4 4 7.501 1.634
>4 12 8.47 1.471

Total X ° = 18.729
3 df p <.001

As can be seen, there 1s & highly significant differ-
ence between the observed and the calculated random dis=-

tribution of 'multiple! web occurrences, suggesting that
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within the terms of the analysis there is considerable
aggregation of 'multiples'. In other words, certeain
foot sections do iIn fact have an exceptionally large
number of days in which there 1s more than one web,
and it 1s suggested that these areas are particularly

favoured by M. merisnae final instars as sites for web

spinning.

Plate 7 shows the 'best! and 'worst' web sections
for each peat edge, as judged by the greatest number of
'multiples' on the one hand, and the complete absence
of webs on the other, and it seems clear that as a rule
the favourable sites are characterised by an extensive
protective overhang of luxuriant heather growth; whilst
the unfavourable sites are bare, bleak and unprotected.

Silte tenacity however 1s charactérised by webs in
a particular area appe aring time after time, that 1s to
say by an unusually large number of 'web days'.
TABLE 13.

M. merianae

PEAT EDGE C.

Ana lysis of 'Web Dayst! during 1959. Large Webs
No. of iWeE Days'/ft, Obs.No/Tt. Expt. X

<12 15 6.013 13,43%%%
12/13 2 6.772 3.362
14/15 5 8.636 1,531
16/17 4 8.466 2.356
18/19 2 6.575 3.184

<19 16 7.538 9,490%*

Total X2 = 33.362
4 df p <.001
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Table 13 shows this analysis for Peat Edge C. only,
in which the number of 'web days' observed (days during
which a web or webs were found in the given foot

interval) per ot are compared with the random expec~
tation. Agalin, there 1s a highly significant di ffer-
ence, indicating that many foot intervals possess webs
on an unexpectedly large number of days, a situation
which supports the hypothesis of 'site tenacity!'.

It should be emphasised that these two analyses
only indicate favourable areas, and site tenacity as
both being important contributing factors to the over-
all seasonal web aggregation wffect, as thelr relative
contributions cannot be accurately separated. Thus,
multiple occupation of any foot interval would tend to
increase 1ts record of 'web days', because although
one anlmal did not spin on a particular day, the other
might well do so. Again, the fact of 'site tenacity!
would tend to increase the number of 'multiples! in any
area, once more than one animal had become established
there. Desplte thishowever, these analyses probably do
serve a useful purpose in giving reason to suppose that
both favourabllity and 'site tenacity'! are important, by
virtue of their two highly significant results.

Similar calculations were performed on 'smerll!

M. merianae webs from Peat Edge C, - see Tgble 14.
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TABLE 14.

M. merianae.

PEAT EDGE C.
Distribution of Small Webs Throughout 1959

2

No. of Webs/ft. Obs. No./ft. Expt. xXc
<9 19 6.2664 25.86%%*
9/10 7 8,114 .1529
11/12 0 9,973 Q,973%*
13/14 3 8.833 3,.852%

>14 15 10.8136 1,949

Total X2 = 41,7869
3 df p <.001

and the picture appears to be the same, with 'unsuitable
areas', and aggregatlon of web records in certain foot
intervals., Consequently, the analysis was not pursued.
When the distribution of 'small! webs during a given day
was examined however, 3 significant aggregations were
cbtained, compared with 1 for the 'large' webs. = seo
Table 15, and thls does suggest that aggregations seem
more likely to ocour in the early instars. Observations
in the field suggest that this may often be due to an
emergence of splderlings from a nearby cocoon, and their
tendency to spin their first webs close to this point
before they disperse more widely.

So far, this examination of distribution has been

restricted to M. merlanae, but although the numbers are

smaller, some andysis has been attempted for A. cornutus,

allof course on Peat Edge C,



~ Data corrected for

Distritution of the lMaxi'num Number of 'Small Webs! on Any Day in tiic Month,
tUnsuitabhle Areus',

Meta merisnae,

Peat Hdge A (34ft.) Peat tdge B (29ft.) Peat Edge C (44ft.)
5 Sag 33 3 s32 3IF 5 Sag s3Ik
h e @ ey >< - e @ -~ >< . e @ e g ><
[ [ -] [ » ] @ @ /] @ w [
= o« nm U X2 v = « 2wy B O - 23 e 2% 20 r
) I < Q" c ) e oM @ T< O
_J‘ [« X} JQ0¢a [~2 [N} 300 =3 oe 330
a £ 0 « FC. ] s Q - - 7] g Q - (=%
S - ~ o ~ =
) 3= =z ) 3 = ] 3=z =
& te o i ®Ro o & ®po o
AUGUST AUGUST MAY
0 22 23.89 .15 0 17 1¢.67 3,75 0 27 23.29 .58
>0 12 10.11 .35 1 5 10.67 3.01 1 10 14 .82 1.57
. >l 7 7.66 .06 >1 7 5.89 .21
Total X = .5 P >.3 . .
Total X = 6.82 P <.01 Total X = 2,37 P .1
SEPTEMBER JUNE
<2 15 9.691 2,51 0 27 20,32 2.2
2 4 7.741 1.81 1 10 15,7 2,07
3 1 5.762 3.95 b3 7 7.98 .12
>3 8 5.486 2.25 .
. . Total X = 4.39 P <.05
Total X = 10.53 P <.0l
JULY
. OCTOBER
0 30 27.94 .15
0 19 14.06 1.74 >0 14 16.06 .26
>0 10 14.94 1.63 .
- Total X = .42 P >.5
Total X. = 3.37 P >.05
AUGUST
0 33 32,75 .0C
>0 11 11.25 .06
Total X'= .01 P >.9
SEPTEMBER
0 35 34.27 .0l
>0 9 9,73 .05
Total X = .07 P >.7

.

*GT sTded



41,

TABLE 16.

A.cornutus.

PEAT EDGE C.
Distribution of Large Webs Throughout 1959,
No. of Webs/ft. Obs .No./ft. Expt. X2
0 21 11 9.09090%*
1l g 15.25 2,563
2 5 10.57 2,936
>2 9 7.18 4614

rotal X2 = 15.0513
2 df p <.001

Distribution of Web Numbers after Removal of
Sections 'Pnsuitable for Splnning!'.

0 11 5.653 |5,058%
1 9 10.14 | .1281
2 5 9.1R1.849

>2 9 9.105| .0012

Total X 2 = 7.,0363
2 df p <.06

Table 16 shows agaln the familiar patternof aggregated
web counts both before and after the removal of 'un-
suitable areas! for 'large webs', but it is of interest
to compare the most, and least favourable areas along
Peat Edge C for the two specles,

As judged by 'multiples!, the most favourable foot

intervals for M. merianae were numbers 31 and 33 equally;

A. cornutus had no webs in these two sections at all.

Conversely, the most favourable site for A. cornutus was

number 41, while two webs only were recorded from this
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section for M. merianae, - the lowest number for the

whole 43 feet of the peat edge! This gives some measure
of the differences in hablitat of the two specles.
The picture of 'small' web distribution for

A. cornutus as it appears in Table 17., is the usual one,

TABLE 17

A. cornutus.

PEAT EDGE C.

Distribution of Small Webs Throughout 1959.

No. of Webs/ft. Obs. No/ft. Expt. );E
<2 26 14 .602 8,9%%
2 3 11.68 6.449%
3 3 8,932 3.940%
>3 (o) 8.7860 .0052

Total X 2 = 19.2942
2 df p <.001

Distribution of Web Numbers after Removal of
Sections "Unsulitable for SpinningT.

No. of Webs/ft. Obs. No/fta Expt. >{ji
<3 15 10.384 2.053
3 3 64583 1.951
4 3 5.54 1.164
>4 8 7.493 .0343

Total X ° = 5.2023
2 df p >.056
untll the 'unsuitable! areas are removed, when aggrega=-
tion seems to disappear. No explanation can be given

for this, except to say that the numbers are rather low,

and that web tenacity 1s less noticeable in the young
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wvhich appear to be much more mobile. Thls latter polnt
may well account for the fact that Table 18 does not
show the tendency for aggregation in the young which

was seen in the case of M. merianae.

TABLE 18.
PEAT EDGE C.

A. cornutus.

Distributlion of Maxlimum Nos. of !Small Webs' on
any day In the Month. - Data corrected
or 'unsultable! areas.

July. )(2
Ho.o0f Webs/ft. Obs.No./ft. Expt. . <

0 22 20.09 «1816
>0 8 9,91 «0681
Total )Cz = ,5497
Auggst.
0 22 20,79 «0704
>0 8 9,21 +159

Total X? = .2204
l1df p 2.6

All this latter analysis of the distribution of
splders along peat edges, has been based upon the posi-
tion of the webs which the animals have spun, but no
mention has been made of the distribution of the animals
during periods when they are not spinning.

During the months of September 1957 to February

1958, the position along Peat Edge A of all animals seen
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during the night counts was noted, and the distribution
of the maximum numbers for each month is shown in
Figure 7 together with the positions of any webs, the
following morning. An examination of Figure 7 suggests
a change in the distribution of the animals during the
months of September, October and November, and to show
this, the figures have been treated in Table 19.

The numbers of splders seen in each of 4, 10 ft.
lengths of peat edge for each of the 3 months shown
{(the figures for December and February were not used, as
the totals were too small for analysis) were subjected

to a J x J contingency Xz test. Moroney (1951).

TABLE 19,

M. hierianae.

The Distribution of Splders along Peat Edge A
during September, October and November ISSV.

Section of Peat Edge Sept. Oct. Nov. 2
l - 11ft. 5 2 3 10
11 - 21ft. 5 3 1l 9
21 - 31ft. 6 16 20 42
31 - 41ft. 11 11 4 26
5 27 32 28 87

X% = 15,62 with 6 af

p <002

As these figuses are heterogeneous, it means that
the number of splders in the 4 sectlons of peat edge are
NOT independent of the month of examlnation, and 1t seems

that a concentration of animals developed in the 21 - 31ft.
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region as Winter approached, and web spinning ended for
the season. Now thls region 1s characterised by a very
large overhang, further protected by Calluna, and 1t is
concluded that .when the weather became unfavourable for
web bullding, the animals congregated in a sheltered
position to overwinter.

5. The Life Histories of Meta merianae, and
Araneus cornutus.

(a). Qualitative Investlgations.

(1) Period of Egg L%ging, with Notes on Nests
a Cocoons .

M. merianae.,

The eggs of thls species are enclosed in silken
cocoons, whlch are hidden in crevices in the peat over-
hang, - Blackwall (1864) p 354, Nielsen (1932) p 181,
making them very difficult to find, without doing
extens ive damage to the habltat. This increases the
difficulties of discovering laying and hatching times.
Judging from animals brought into the laboratory,
cocoons are produced from May to Awgust, and the young
can take up to 6 weeks to emerge.

A. cornutus.

As previously mentioned, this species lives in a
silken retreat spun amongst foliage, and as the animal

may remain here for a very long time, the egg cocoons

are Incorporated into the structure. - Blackwall (1864)
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p 327, Nielsen (1932) p 171. As can be seen in Plate 8,
the first cocoon 1s bullt into the bottom of the retreat
and sealed off by a sllken partition, and then the whole
retreat 1s lengthened so as to provide a new resting
place for the splder. The whole structure is enlarged
to accommodate subsequent cocoons in a similar manner,
and In the example shown, two cocoons have been produced
and the female spider remains in a third cell. The first
cocoon of the season was recorded in May, and production
continued until August, by which time some of the first
cocoons hed hatched, 4 - 6 weeks having elapsed between
egg-laylng and the emergence of the young from the
cocoon.

(11) Hatching and the First Instar.

M. merlanae.

After hatching, the young live communally inside the
cocoon for some time before escaping, and the lact that
measurements made on young, still in the cocoon are iden~-
tical with those on young taken from small orb-webs,
shows that they emerge, and begin spinning webs at once
without an intervening moult. Careful examination of a
cocoon from which the young had just emerged, revealed
some unhatched eggs, and many spent egg cases, but no
cast skins, indicating that in this specles, the young

emerge and begin spinning, during their first 1nstar.



Plate 8.,

Retreat of Araneus cornutus cut open, to show the Two

Cocoons, and the Adult Female,within.






47.

In the field, this emergence is most noticeable in
September and October.

A. cornutus.

Examination of the empty cocoons of thls speciles
produced unhatched eggs, spent egg cases, and large
numbers of cast skins, light fawn, and almost trans-
parent. In this case, measurements 1indicated that
emergence, and the beginning of spinning activity took
place in the second Instar, and they have been observed
in the field from August to October.

(1ii). The Number of Instars in the Two Species,
as Determined Irom Body Measurements.

To discover the number of instars through which
both species pass, attempts were made to culture the
animals in the laboratory, but these failed, due to

thelr refusal, {particularly M. merianae) to spin webs

in captivity, and so the method of measuring various
parts of the bodies of individuals for all size ranges
was attempted.

It 1s not normally possible to identify immature

spiders, and it was here that the paucity of orb-web

spinning splders in the area proved so useful. In any
group of immature animals collected from orb-webs in
thls area, it was only necessary to distinguish between

individuals of M. merianae and A. cornutus, and this
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could be done easily, as the former species has long
legs relative to its body, whilst the latter's legs
are shorter, and give a more squat appmsarance to the
animal.

Animals were collected at random throughout 1958
and 19569, and 4 measurements were made on each specimen
as follows:=

1. The width of the carapace at lts widest point.

2. The length of the sternum at its longest point.,

3. The length of femur 1l.

4. The length of tibia 1.

It was hoped that with the application of Dyor's
growth law (1890) it would be possible to deduce the
number of instars In each species from the above measurs-
ments, and although thils has been attempted in the
following section 1t should perhaps be noted that two
serious difficulties attend any such analysis.

l, At least the first and last instars should be
known by direct observation, as interpolation cannot
show when a serles should begin and end.

2. As the range of measurements, particularly for
the final instars, usually overlap, it is important that
the appropriate growth law should be applied, because as
Ghent (19656) has shown, some species follow a linear

growth curve, and not the exponential curve of Dyer.
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Harding (1948) has developed a mgthod of analysing
polymodal distributions by means of probability paper,
and Gabbutt (1959) has used this technique for assess=
ing the instars of the Wood Cricket, but even he
resorted to the number of dntennal segments in order to
confirm his head width measurements. In view of the
meny uncertainties which surround theuse of this method
(which is the only practicable one 1n very many cases),
the present author agrees with Ghent (1956) who writes,
"In any event, the investigator should place his
greatest reliance upon direct inspection of the measure-
ments, to see 1if in relation to the general rate of
increase of the series, there is at any point a discon=-
tinuity sufficiently great to indicate that a moult may
have been entirely missed".

To obtain the clearest graphical evidence of the
differences between instar measurements, it was decided
not to rely on any one of the four measurements made,
because as Blackith (1958) has said, "Multivariate
analyses are more sensi tive than univariate ones". This
1t was hoped would reduce the errors which always apear,
when whole pickled specimens are measured, due to
inaccuracies in the measuring, and slight abnormalities

in parts of the animal.
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M. merlanae.

Figure 8 shows width of carapace plotted agailnst
length of tibia 1, and length of sternum against length
of femur 1. As can be seen, there is a constant rela-
tionship between the 2 measurements, in both cases, and
as a result, each pair has been summed.

In Figure 9, where the width of the carapace plus
the length of tibia 1 has been plotted against the length
of the sternum plus the length of femur 1, all fouf
measurements contrlbute towards the separation of the
instars.

This graph shows that whilst the measurements from
small animals fall fairly readily into the typical ..
'cluster of points', the points for the larger animals
form a more continuous serles. The mature animals could
be recognised as such, by their Sex organs, as could
sub=-mature males, where the palpal tarsus 1s greatly
swollen. These 2 instars were marked accordingly, but
for the rest, the suggested groupings were drawn in by
Inspection. Some overlap will at once be noticed
between the larger sub-mature males, and the smaller
mature females, whilst the constant relationship between
the two pairs of summed measurements, indicates that
further summing 1s permissible when another factor needs

to be correlated with this 'best avallable! description
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of the instars. To test the likelihood of these group-
ings corresponding with instars, means were taken for
each group, and were plotted against equal intervels on
the second axis. They seemed to describe the logarith-
mic growth curve of Dyar, but to test this more criti-
cally logs of the means were plotted, and as can be seen
in Figure 12 they fit well to a straight line. As the
first two and last two instars can be estimated anyway
with some confidence, the good straight~line fit lends

support to the suggestion that in M. merianae, the adult

animal represents the 6th instar.

A, cornutus.

An identical analysis was carried out for this
species; Figure 10 shows the constant relationships
wvhich permit summing, and Flgure ll the suggested instam
and the continuling constant relationship. In this case
however, because the eplgyne of the mature female has a
long scape, sub-mature females as well as sub-mature
males could usually be recognised, and here it would
appear that the mature and sub-mature do not overlap.

As has already been mentioned, the first 1nst;r is
passed 1n the cocoon, the protective effect of which,
may account for the animal's exoskeleton never appearing

to achleve the hard resistant nature of the later instars.
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This may account for the failure of this instar's

mean to fit satisfactorily on to the logarlithmic growth
curve as shown in Figure 12. Glven the discrepancy of
this rather specialised instar however, a logarithmic
growth curve seems to describe the means of the instar

groupings perfectly satisfactorily, so that in A. cornutus

it 1s suggested that the adult animal represents the
7th Instar.

These two estimates of 6 and 7 instars respectively,
fall well within the range of instar numbers found by
other workers on spiders, Savory (1928), Gertsch (1949),
Comstock (1940), Bonnet (1926, 1927a). It appears that
it 1s the size of the species which determines the
number of moults it will undergo before maturity. Thus,

males of Mastophora cornigere require only 2 moults,

whilst the male of Eurypelma californica, a tarantda 1s

recorded as having moulted 22 times. Bonnet (1926)
rearing splders in captivity also found some varlation

within the species. Thus, in A. dladematus 6 females

underwent 8 moults, and one 7, whilst 1 male moulted 7

times and 2 six time{ For Dolomedes fimbriatus 10

moults are recorded, and it is polnted out that the
first moult occurs in the cocoon. In view of these,
and other observations, that moulting often occurs

after maturity, overlap in the measurements of the



later instars 18 quite understandable, and it may be
that the moulting pattern which has emerged, represents
only the average situation.

(iv). Overwintering.

In M. merianae, the greatest number of first instar

spilderlings was found in Ser ember, whilst in A, cornutus,

the emergence of second instar individuals continued
until October. As small splders of both specles were
again present in the May and June of the following year,
one can only infer that they overwintered in this stage,
a very common situation amongst splders - Elliott (1930).
As has already been suggested; by the times of egg
laying, adults of both specles are also found immediately
after the winter, and the fact that these animals have
indeed overwintered has been shown by adult females of
both species, marked during August and September, being
subsequently captured the following spring. A marked

sub-mature male A. cornutus was also recaptured the

following spring.
Whilst 1t has long been recognised that some adults

of A. cornutus overwinter, Thomas (1927), Blackwall (1864)

p 321, Nielsen (1932) p 171, Cambridge (1881) p 276, some

authors have denied this to be the case in M. merianae

Turnbull (1957), Nielsen (1932) p 181 saying that adults
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only occurred in June and July. This discrgpancy 1s
interesting, and it could be, that the less favourable
climate of the uplands, reducing the feedling period,
serves to lengthen the maximum longevity, (one marked

adult female of M, merlianae 1s known to have lived at

least 19 months, andooverwintered twice) if not the life
cycle. On this last point, Cloudsley-Thompson (1955)
working on the genus Ciniflo has said that splderlings
hatching in the summer do not reach maturity until the
autumn of the following year, that 1s to say that they
first lay eggs when 2 years old, and it is now thought
that this may be true of at least some individuals of
both species at Mcor House. Thus, 1t is inconceivable
that animals of both species which have overwintered in
their first or second instars, and have only begun to
spin again by mid-May, would be capable of producing the
cocoons which are found in early June. Indeed, the

young of A. cornutus, which hatched in Mid-August in an

artificially established colony, where thils specles had
not previously existed, were still quite small when
examined towards the end of the following June, and far
from mature by Mid-August, one year after hatching.

It would appear that both species overwinter in at
least two stages, as young first or second instar

spiderlings, and as mature adults.,
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(b). Quantitative Investigations.
(1). Fecundity.

As A. cornutus lays its eggs In a conspicuous nest,

some material was collected for investigations into its
fecundity. Only a little material was taken however,
and that, far from the sampling sites, as there was a
real danger of decimating the rather sparse population
of such an area.

Adult females were taken each month and dissected,
and any eggs were counted, and classifled as to whether
they werc 'large but not yet mature'! or 'mature and
ready to be lald'!'. The egg-laylng condition of the

females, as judged by these criteria is shown in Table 20,

TABLE 20.

Seasonal Fgg-Laylng Condition of A. cornutus Femsles.

Animals with Animals with
No. of Females large but not large eggs, ready

Month. examined. yet mature eggs. to be lald.

No. % No. %
May 7 2 29 1 14
June 15 3 20 4 27
July 12 2 17 2 17
August 7 0 0
September 4 0 0
October* 2 0 0

* Considerable fat stares were noticed, presumably in
preparation for overwintering.
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Although inadequate, these figures reaffirm field
observations that egg maturation bepins in May, and that
the peak month for egg-layling 1is June, and this can be
compared with work on another insect predator at Mobr

House, the meadow pipit (Anthus pratensis), by Coulson

(1956), He draws attention to the remarkably close

relationship between the emergence of Tipula subnodicor=

nis, and the presence of Meadow Pipit nestlings towards
the end of Mayand the beginning of June, and it is

interesting that A. cornutus which also preys upon this

Tipulid should have its peak period of egg production at
about this time.

The numbers of eggs 'ready to be lald'! in the appro-
priate 7 females were 75, 131, 81, 185, 82, 38, but as
maturation 1s presumably progressive, these mean very
little. Nests with their cocoons were also collected,
and the number of eggs per cocoon was counted, See

Table 21.

TABLE 21.

Number of Eggs per Cocoon in A. cornutus.

No. of Cocoons 95%
Month. examined. Mean Confidence limits
June 5 190 145-2356
July 12 119 96-142
August 5 87 75~ 99

September 4 106 72-140
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The overall mean of 124, with a maximum number of 253,
and a minimum of 73 is conslderably lower than the
numbers of eggs cited by Blackwall (1864) p 327 of 220,
and Nielsen (1932) p 172 of 201 - 213, but this 1is very
similar to the means obtained by Bonnet (1927b) for 2
females, each of which produced 10 cocoons, of 117 and
121 respectively.
His flgures for the two females are =
I. 202, 165, 148, 164, 106, 95, 84, 88, 78, 45, 3 1175
II. 234, 218, 182, 140, 112, 87, 81, 72, 51, 33, 2 1210
and they reflect closely the fall off in numbers of eggs
per cocoon observed at Moor House, and so it is now
thought that this may be simply due to ageing in the
females.

The number of cocoons in each negt was noted in

Table 22, which should be compared with Bonnet (1927b),

TABLE 22.
Number of Cocoons per Nest in A. cornutuse.
June 1, 1, 1, 1, 1,
July 1, 1, 1, 1, 2, 2, 2, 2, 2, 1, 2,
August 2, 2,1, 1, 1, 2, 1, 2,

September 1, 1, 3, 4,

who obtained from females reared in the laboratory 6, 10
and 10 cocoons respectively., It would be Interesting to

examine the reasons for this discrepancy, two of which

immediately come to mind.
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1. The animals, leave thelr nests, or are killed
before they have produced their full complement of
cocoons .

2, The number of cocoons produced, is related to
the amount of food which the female has been able to
catch, assuming that Bonnet's animals were adequately
fed throughout their period in captivity.

No cocoonal parasites were noticed during this
study, which i1s in contrast with observatlons quoted by
Blackwall (1864) p 327 and Nellsen (1932) p 172, but
several batches of eggs were found to be attacked by

fungus, as 1s recorded in Table 23,

TABLE 23.

Fungal Attack on the Eggs of A. cornutus.

No. of Cocoons

Month examined. No. Attacked % Attacked
June 5 0 0
July 17 0 0
August 12 3 25
September 9 5 55

It was not possible to decide whether this was a parasitic
fungus which killed the eggs, and then lived on the remains,
or whether 1t was merely a saprophytic one, living on dead
(possibly unfertile) and already decaying ones. In any
case, this does mean that cocoons which persist late into

the season are less likely to hatch.
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Finally, counts of the numbers of young, second
instar spiders, which had not yet emerged from the
cocoon gave some measure of the hatching success and

degree of canabalism, and are set out in Table 24.

TABLE 24.

A Comparison between the Number of Eggs, and Second
Instar Splderlings produced per Cocoon.

Eggs. 2nd Instar Spiders
199 8l 87 118
253 140 94 93
181 118 80 110
168 86 100 108
151 144 120 86
88 92 73 100
195 1%$5 128 101
94 175 105
97 73
3 3237 2 716
Mean 124.6 Mean 102,.3

In a random 't! test, t = 1.24 with 31 df; Thus p >.2.
Although the mean number of second instar splders pro=-
duced per cocoon is smaller than the mean number of
eggs, on the present analysis, thils difference 1is not
significant, and so it seems that if the eggs remain
healthy, the mortality associated with hatching, the
subsequent communal life, and the first moult 1n this
specles is quite low.

(11) Age Distribution Within the Colonies.

Methods .

To study this problem, it was necessary to devise
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some method of obtaining the data without having to kill
and measure the animals, a technique which would have
been disastrous with such small numbers. Obviously,
second instar animals spln smaller webs than do adults,
and the possibilities of this, as a method of estimating
age were examined,

Montgomery (1908a) 1s one of the few people to have
studled the changes in the size and nature of the orb-
web, with the increasing age of its spinner, and he made
comparisons on the following 3 points for the 2 spiders

A. sclopetarius and A. marmoreus 1l. Number of radil,

2. Number of spiral loops, 3. Greatest diameter of spiral.
He concluded that age changes are most clearly reflected
in the dlameter, and least clearly in the number ofradil,
and this 1is supported by Tilquin (1942). MacCann (1936)
seems to be one of the few to have used this, even
qualitatively, as an ecological tool, when he was making

Inferences about the life cycle-of Nephila maculata.

In the present study, all the animals on which body
measurements were made, were taken from opb-webs. This

was & rather difficult process, especlally in M. merianae,

where the signal thread had to be followed up into the
peat overhang, and the animal at the end of it captured.
In each case, the radius of the web was estimated In cms.

by using a pair of compasses as callipers. Estimation
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was necessary, because rarely was the web a perfect
circle, and when this was not the case, an average
radlus was estimated, i.e. the radius which would have
applied 1f the web could have been pulled into a circle.
The radius was measured from the hub to the outermost
viscid spiral.

Figure 13 expresses the relation between the 4
body measurements summed, and the radius of the web
in cms. for both species. Although the general trend
Is clear, the scatter of the points 1s great, but as
Montgomery (1908a) has pointed out, this 1is to be
expected, as the size of the web must be related to the
size of the space, and the amount of silk avallable.

In Figure 14, the mean web radii for the suggested
instars are plotted, and, with the exception of the

point for instar 4 in A. cornutus, they fit a logarithmic

curve. The bad fit of this point, is probably due to
sampling error, as it is based on .only 4 individuals.

This suggests that the size of the web Increases in
a linear manner with the size of the animal; that 1s to
say, that it 1s the area from which food 1s drawn which
bears the constant relationship.

From the two stralght-line graphs on Figure 14, the
points midway between the instar means were read off,

and taken as belng the two extreme web radius limits

allowed to describe each 1instar.
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Basis and Accuracy.

Using the limits set above, the percentage of
animals known to belong to the particular instar,
which fell within the limits set, was calculated, as
was also the percentage falling within the limits of
plus and minus one instar. These results for the two
species, are summarised in Tables 25 and 26, and 1t can

be seen that on the basis of a given web radius, the spmwr

can be assigned to an instar, which plus or minus one
wlll be correct with a probability of often well over
90%.

TABLE 25.

M. merlanae - Limlits set for the web radii of each
Instar, and the percentage of animals which fall
within these limits.

Instar Log. Values Radil in cms. % within Instar zegone Instar

1. <45 2.8 81,0 100.0
2. >.45 - .58 >2.8 - 3.8 46.7 93.4
5. >.58 - 071 >308 - 501 51.6 94.8
4. >.71 - .85 >5.1 - 608 58.7 90!4
5. >.83 - .96 >6.8 - 901 40.7 9604
6. 2.96 29,1 79.0 100.0

These are possibly the best results that can be
expected from this approach, and while inaccurate, they
might be expected to give some guide to the age structure

of the colonies under investigation.
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TABLE 26.

A, cornutus = Limlts set for the web radil of each
Instar, and the percentage of animals which fall
within these limits.

M
Instar Log. Values Radii in cms. % within Instar %g;Lne Instar

1, Instar spen¢ in cocoon - no webs.

2. <45 2.8 89,5 94,7
3. >.45 - .58 >2.8 - 3.8 45.7 95.9
4. >.58 - .7 >5.8 - 5.0 25.0 100.0
5. >07 - 182 >5.o - 6.6 63.6 95.5
6. >¢82 - .95 >6.6 - 8.9 6606 100.0
7. .95 28,9 70.6 88.4
Results.

M. merlanase.

Each month, on days when there were many webs, all
the webs were measured, and the pooled results for the 3
peat edges are laid out in Figure 16, These dataare
derived from the day in the month ;gg;h the maximum
number of measured webs, and as it is webs, which form
the basis of these counts, it must be remembered that the
figures reflect not only the population level, but also
the web spinning activity, and this latter effect is
most noticeable at the very beginning and end of the
season. 'Maximum Numbers' per month were used, as it
was felt that these would give the best available esti=-
mate of the population, on the basis that a really

favourable day would induce a large proportion of the

population to spin.
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Two peaks occur in instar 1, the first in May
Immediately spinning is recommenced after the winter,
which must represent animals which have overwintered
after hatchlng the previous autumn, and a second, much
larger peak in Autumn (in September 1958 which had had
a rather cold, wet summer, and in late August 1959 after
an extremely warm, dry summer.)

Taking the 1959 figures, the lst. instar peak in
May can be followed tentatlvely through the summer.

Thus, a 2nd. instar peak appears in June, followed by
Srd. 4th. and 5th. instar peaks, &itl in July. In 1958,
the whole trend is a litfle: later. The mature animals
show peaks in April and July, the first presumably due
to overwintering, and the second to maturing animals.

It should be noted that whiie 76, 1lst and 2nd instar
spiders were counted in September 1958, the maximum count
in April, May and June 1959 was 23, and this suggest
that the young spiders suffer heavy mortality over the
winter,

Figure 16 shows the same data expressed 1n the more
familiar 'age pyramid' - see Odum (1959) p 171, used as
an index to population trends. Thus, the September
picture of a broad based polygon reveals a high proportion

of young forms, in a regenerating population; whidst the

'top heavy'! July polygon with its high proportion of
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mature, and maturing forms would be characteristic of a
population approaching senility. In thils case, the
technique more commonly used to assess the ‘'regenerative
health'! of a population at any given point in time, is
being used in a different way, to study the annual
changes 1In a population with marked annual l1life history
fluctuatlons. The influence ofweb spinning activity on
these results can be seon by comparing the April and May
pyramlds for 1959; these show a marked difference, at a
time of the year when no major changes 1in the population
would be expected, and can be accounted for on the
assumption that the older animals commence web spinning
earlier after the winter than do the young ones.,

A. cornutus.

As only a small colony of this species lived in the
peat edge study areas, the numbers here are particularly
inadequate, and are simply listed in Table 27,

The activity season appears to be shorter in this

species, than in M. merianae, and apart from re-affirming

the suggestion of overwintering taking place in at least
two age groups, these figures simply demonstrate how
much more blurred, and difficult to disentangle are the
life history patterns of animals with a two year life

cycle, when compared with the striking patterns exhibited

by animals with a single year life cycle.
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TABLE 27.

A. cornutus - Number of each instar, on day of maximum
web numbers each month.

Instar.

1958 2 3 4

June 1
July 2
August 1

September 1l

October N IL.

V== i
DO {3

1959

April N
May 2
June

July 1 2
August 6
September

October

HDMOWN

1

HEHMP WD
o

==

L.
L

6. Webs and Web Spinning.

(a). Methods.

As soon &s dally counts of webs was begun, the wide
fluctuations in numbers from day to day were noticed,
and 1t was decided to investigate some of the factors
affecting web spinning in the fileld., For studies of
this kind, it was essential to know whether or not the
web found at place A to-day was the same one which was
there yesterday. Accordingly, it was decided to mark
all webs whenever they were counted, and this was done
by spraying a little Lycopodium powder on to one or two
of the viscid spirals, so producing a noticeable white

FPoonad (M
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streak. Thils technique was suggested by Savory (1952)

p 144, for making webs more visible for photographic
purposes. The powder was dusted on to the web from a
polythene bottle, and the marks were always kept small
so that they would not influence the subsequent behav-
iour of the animal. N.B. Only 'large! webs were marked
in this way.

(b) Web Numbers and Season.

Web counts show considerable varlation from month
to month, when the maximum counts are compared and these
are presented graphically 1n Figure 17. These varlations
reflect two things, population levels, and the general
sultability of the month for web=-spinning. The former
has already been studied in the analysis of the popula=-
tion age structure, and 1t 1s the seasonal effect on
web-spinning which can best be seen in Figure 17. Vir-
tually no webs were to be found for 5 months of the yeay
and it seems probable that the majority of individuals
did not spin for 6 months. This implies that the
animals spend half the year without food, and this is
the more remarkable in the early instars, where the
food reserves must of necessity be small. It seems that

M. merlanae 'adults! have a slightly longer activity

season than the young, and that both have a decidedly

longer season than the 'adults! and young of A. cornutus.
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The populatlion of M. merianae 'adults' was noticeably

lower in 1958, which had a rather cold and wet summer,

although A. cornutus did not seem to be affected. The

autumn hatch of M. merlanae splderlings was a striking

feature of all three years. As the accuracy of this
method must depend largely on the number of counts
made 1n each month, these have been recorded in the

Filgure.

(¢) Frequency of Renewal.

As soon as web marking was begun, it was seen that
in both species, the majority of 'large! webs found,
had been spun since the previous day, and the relevant
data have been collected together in Table 28. Here,
the mean percentages of new webs 1n the dally counts
are recorded for each month, together with an overall
mean for each species, and two points worthy of note
emerge.

First, the mean percentage of newly-spun webs on
any day fluctuates from month to month, and is, as a
rule, at its lowest at the beginning and end of each
meason. That is to say that at these periods, any
webs seen are more likely to be old ones, an observa-
tion which fits in well with the suggestion that April,
May, September and October lie at the limits of the

web=spinning season.



TABLE 28.

69.

Mean Percentage of New Webs in the Daily Counts.

'Lerge! webs only, counts under 15 rejected.
Month Total No. of Total No, of % New
Webs counted. These New.

M. merlanae

1957

Sept ember
October

1968

May

June

July
August
September

195¢

April

May

June

July
August
September
October

A, cornutus

1958

June
July
August

1959

July

126
104

102
143
204
104

54

16
169
417
347

109
110

47
36

16

o2 73
64 61,5
68 66.6
127 88,9
158 77.5
8l 77.9
34 63

4 25
66 89.2
156 89
338 8l.3
318 9l.6
60 55
76 69

Overall = 79%

44 95,6
13 8l.4
26 2.2
12 75

Overall = 82%
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Secondly, having said that the overall average
percentage of new webs each day 1is 79 and 82 for

M. merianae and A. cornutus, respectively, it appeared

unlikely that such a large percentage of the webs had
to be replaced because of damage, and 1t therefore

seemed possible that the old webs were being actively
destroyed by the animals. This was tested by taking

two groups of M, merianae webs, and removing the

owners in one group, whilst leaving the other group
undisturbed, The webs were then examined as usual the

following morning, and the results presented in Table 29.

TABIE 29.

M. merilanae - The Persistence of Webs, and their Renewal.

Webs with Animals Webs with Animels

left in attendance. removed.

2 0ld webs survived 12 o0ld webs survived
out of 15 out of 16.

(9 newwebs bullt)
A 2 x 2 contingency test gave aXz of 4,16, which, with
l df has p <.05.

This shows that the mortality of attended webs was
higher than that of unattended webs, i.e. the animals
destroyed them. The term 'destroyed! has been used,
but this needs further amplification. By the nature of
the technlque, it 1s only known that the section of the

viscid spiral sprayed with powder was renewed, and
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exgriments in which the maln supporting threads of the
web were coated with cellulose palnt, 1ndicated that
these were usually used over and over again,

It was soon found that in bohkh species, the process
of 'taking in the old web! or !'web destruction! began
soon after nightfall, and followed the pattern described
by Nielsen (1932) p 166, and Fabre (1912), consisting
essentially of the spider biting through several radil
at the centre, and then moving outwards towards the
frame, spinning a securing thread after it. One, two
or three radii with their attached section of the viscid
spiral were destroyed 1in this way at a time, the whole
being rolled up into a tight ball, and pressed into the
mouth reglon. Although this 1s an extremely important
activity, and despite all the observations upon, and
descriptions of, web spinning, only three other refer-
ences to it have so far been found in the literature,
Emerton (1883) p 67 describes the process in same
detail, and McKeown (1952) p 27, and McCook (1889)
mention it in passing.

Cons iderable confusion exists in the literature over
these toplcs of web destruction, and the frequency of web

renewal in orb-web spinning spilders.
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The only references made to web destruction have
already been noted, but there are considerable differ-
ences of opinion over the ultimate fate of the silk;
in this case from the entire destruction of the old
web, in the case of other authors from spare silk
obtained during repairing, or in the removal of
certain lines put into the web temporarily for comstruc-
tion purposes only.

Thus, Denis (1931), McCook (1889), Savory (1928,
1935), Fabre (1912), Gertsch (1949) and Viestberg (as
reported by Nielsen 1932) assert that after having
rolled the silk into a ball the spider then eats 1it,
whilst Newman (1871), Duncan (1949), McKeown (1952)
Nielsen (1932), and Dahl, as reported by the latter,
say that the ball of silk after being "mouthed over",
is simply dropped. This is an intriguing problem, énd
it would be interesting to see 1if spiders possess
enzymes capable of dissolving the silk, because in this
way, & conslderable amount of protein would be returned
to the body. The present writer can only say that balls
of silk of a very considerable size have been seen to be
pushed between the maxillae, and no subseqient dropplng
has been observed, although 1t was noticeable that when
the animal came to the silk which had been sprayed with

lycopodium powder, it paused, and seemed to strip off
the spores, dropping them to the ground.
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This careful examination of objects on the silk
which is being rolled up, is of course extended to small
insects trapped on the sticky spiral. These are assembled
together, carefully sucked, and then the remalns discarded,
and 1t seems that here 1s one of the clues to the whole
process of web destruction. As McCook (1889) has said,
many orb weavers do not trouble with insects of a minor
sort, during the day, although great numbers, particularly
of Nematocera, are often trapped there. This 'taklng In!
of the web at night, however, means that all these animals
are utilized, when they must provide an important addi-
tional source of food. The other probable reason is given
by Kirby and Spence (1815) when they write "... It is
these gummed threads alone which retaln the Insects that
fly into the net; and as they lose their viscid proper-
ties by the action of the air, 1t 1s necessary that they
should be frequently renewed".

This introduces the other debated topic of the
'frequency of web renewal'!, to which the present inves-
tigation has paid some attention.

Here, McCook (1889) p 235 is at pains to refute any
suggestion that web-spinning occurs nightly, as can be
seen from the following quotation. "“The assertion must
be taken with much allowance, that nets of geometric

splders are renewed wholly, or at least their concentric
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circles are replaced every 24 hours, even when not
apparently injured. In point of fact the renewal does
not take place unless made necessary by the destruction
of serious injury of the old snare. The reason assigned
for this behaviour by the same authors, (Kirby and Spence
1815) viz. that the spirals rapidly lose their viscid
properties by the action of the alr, is not founded on
fact, as 1s elsewhere shown. The viscid beads retain
thelir adhesive qualities under ordinary circumstances
for a considerable time. It 1s doubtful if any orb
becomes thus disabled 1in so short a period as that
assigned - 24 hours - edcept when exposed to rain". He
is followed in this by Ellis (1912) p 36, although most
other writers, Savory (1928, 1952), Bristowe (1941),
Crompton (1950), Fabre (1912), and Nielsen (1932) talk
of daily renewal as being the rule, and although Nielsen
is the only one to give figures, when by counting the
number of radii, he concluded that a web examined on 13
occasions had been renewed on 12 of them. It is Gertsch
(1949) who points out that different species of orb
weavers probably differ in the frequency with which they
renew their webs, and it seems that what is required is
not generalisations from a few observations on one species,
td all orb-web spinning spiders, but a careful piece of

comparative work on different species and genera, in the

field, using standard techniques. The present work on
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the two species M. merlanae and A. cornutus however,

supports Kirby and Spence so far as these specles are
concerned, when they write, "The web of a house spider
will, with occasional repalrs, serve for a considerable
perlod, but the nets of the geometric spiders are in
favourable weather renewed elther whotly, or at least
thelr concentric circles every 24 hours, even when not
apparently injured",

(d) Web Spinning Activity and Its Relatlon to
Climate.

M. meriance,

Variations in web spinning activity can however be
observed from day to day, as well as from month to
month, and it must be assumedithat thls reflects day to
day changes in the animals' behaviour.

In Figure 18, are recorded the data which have been

collected for M, Merianae from September 1957 until

October 1969, This 1s of necessity a fragmented record,
as data could only be collected during a prolonged stay.
In this analysis, only the number of new webs is used,
and it is at once dpparent that the number of animals
indUilging in web spinning varies considerablj from day
to day; thus in Sept ember 1957, on one day there were
no webs on the peat edges, whilst on the next day there

were 60,
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If this were due simply to unrelated, 1lsolated
changes in the physiology of the indlvidual animals,
there would be no reason why the general level of web
spinning activity in a colony of any size should be
affected, and so external causative factors were sought.

The power of forecasting the weather has frequently
been attributed to spiders, Nielsen (1932) p 49, '
Caraquel (1856), Fabre (1912), Deering (1942), Kirby and
Spence (1815), Quatremere~-Disjonval (1795), Pliny, and
others mentioned in McCook (1894) p 77 and Bonnet (1945),

and in a nocturnal spescles such as M. merianae, which

only spins at night, 1t would be selectively advantageous
for the animal to spin webs only on evenings preceding
hot, inset-ridden days. Otherwise, the animal would
simply waste energy and silk producing a wed which might
hang empty throughout a wet or windy day, free of
insects. With this in mind, work was begun on correlat-
ing the observed web spinning activity wlith climatic
conditions as recorded at the Moor House Meteorological
Station, only a matter of 500 yards from the sampling
sltes.

The best way of correlating this sort of animal
activity, with the multitude of varying climatic factors

which could affect it, seems still to be a matter for

statistical contention, and in this study, the following
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analysils was devised with two particular points in
mind; first that it should be delicate enough to

deal with the small figures which were available, and
second that ease of computatlion, rather than a soph=-
isticated treatment of the data vas the more desirable,
in this preliminary investigation, where only the one
or two most highly correlated factors were required.
The method eventually used, 1s 1llustrated for one
climatic factor, (mean night air tempemture) in Figure
18. Here, a temperature graph has been superimposed
on the web spinning histogram, the figures for which
were obtained by adding the 9 hourly air temperature
readings from 8 p.m. to 4 a.m. inclusive, a period
which was chosen to cover most of the time during which
the webs were actually beilng spun.

As can be seen from the figure, with a few excep-
tions, the fluctuations in web spinning activity follow
falrly closely in direction the fluctuations in nightly
temperature averages. An absolute quantitative relation-
ship between the degrees of temperature fluctuation, and
the numbers of animals spinning could hardly be expected,
and with the unknown fluctuations in the population
level, it would be impossible to measure, but 1t would
be reasonable to expect that a warm night, following a

colder night, might induce more animals to spin webs.



78.

The function of the statistics, 1s to assess the
reality of this apparent correlation of temperature and
web spinning. If, when correlating two factors, the
situation on two adjacent nights 1s taken, one of three
situations can arise:-

l. As one factor increases, the other decreases and vice
versa, = negative correlation.

2. As one factor increases, so does the other, and vice
versa, = positive correlation.

3. As one factor fluctuates, the other remains the same,
= no correlation.

In FPigure 18, each correlation has been marked in,
(+ - o) according to the above explanation, If there
were no correlation between a palir of factors, i.e. if
they fluctuated randomly with respect to one another,
then the total number of + and - correletions should
not differ significantly from a 1/1 relationship. For
a significant + or - correlation to be established on
the other hand, the number of + or - categories should
be significantly greater than the other category together
with the o's, as they support neither a + nor a =
hypothesis.

i.e. For a significant Positive correlation.

2 (+) must be significantly greater than 3 (-) + E (o),

In the particular Instance under consideration, there
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were 52 (+); 18 (-); and 5 (o), and ax2 test showed
that the ratio 52/23 differed highly significantly
from a 1/1, X2 being 11.21 with 1 df, p <.00l.

This suggests that if there is an increase in the
mean air temperature from one night to the next, then
it 1s significantly likely that there will also.be an
increase in the number of animals spinning webs that
night, |

The advantages of this method of analysis are its
extreme simplicity, its abdility to handle very small
numbers which in fact may contain important bilologlcal
Information, and 1ts relative independence of popu-
latlion changes, as the significance of each set of
figures depends upon their relationship with those of
the previcus and succeeding day, a very short time
span which must minimise other effects. However it is
this last factor which introduces the main statistical
drawback, namely that the data are linked, and do not
represent independent events., Just what the importance
of this is, 1n statistical terms is not at all clear,
and Williams (1940) confronted with the same problem
in a different analysis which will be presented later,
simply halved his number of degrees of freedom.

One possible solution to this problem is to take

every other pair of readings, but of course this 1involves
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losing half of the data which 1s ecologically most
objectionable, but once this has been done, the student
1s then presented with two separate series of indepen-
dent pairs, and given the small amount of data, and
sampling error, it would be expected that these series
would give differing degrees of significance. When
this was carried out on the data in Flgure 18, the
results were as follows:-

Series A Readings. 30 (+) 7 (=) 1 (o) )(2

12.7 p <.001
X2
Series B Readings. 22 (+) 11 (-) 4 (o)

1.32 p >.2
and 1t can be seen that while both show positive corre=-
lations, one is highly significant but the other 1s not,
and as the readings in both serles were selected quite
arbitrarily, this must represent sampling errors. If
the two )(2 together with thelr degrees of freedom are
added, the resultant7(2 of 14,06 with 2 df has a p <.001,
although again the effect of adding together two Xz
which are not completely independent is not fully under-
stood.,

Using this same data, attempts were made to compare
the results obtained by this method, with those obtained
by the more conventional correlation methods, as used by
Williams (1940).

" Initlially, the untreated figures were used, the two

factors to be correlated being:-
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1. Difference (+) in the number of new webs from the
previous morning.

2. Difference (+) in the mean nlight temperature
(OF x 100) from the previous night.

The results were:-

r = +,266; Number of pairs = 75; d.f., = 45; t = 1.81 =r>.05
N.B. The calculation of the number of degrees of freedom
was based on Williams' method of number of pairs/2, but
allowance here was made for the discontinuous nature of

the readings.

Again, following Williams, a logarithmic transforma-
tion was performed on the data, as in biological problens.
off this sort, 1t 1s often better to base conclusions on
the consistency of the results, rather than on one or two
wildly aberrant readings which influence all the rest
disproportionately.

In thls case, the two factors being correlated were
treated:-

1. Log. (Difference (+) in the number of new webs
from the previous morning, increased by 1)

2. Log. (Difference (+) in the mean night tempera-
ture (OF X 100) from the previous night, increased by 1)
N.B. The values of each factor were increased by 1, as Log.

zero is minus infinity.
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The results now were:-

r = +,3995; Number of pairs = 75; d.f, = 45; t = 2,85675
p <.01l.

The log. transformed data gave a hlghly significant
correlation, whilst the raw data did not, and this
1l1lustrates an increase 1n the sensitivity of the test,
as a result of ' smoothing! the data. The first method
illustrated, which was devised for this problem, gave an
even higher degree of significance, and consequently
greater sensitivity, and this is in effect, simply the
result of further 'smoothing!'; 'smoothing' the data
indeed, until only the sign remained.

In view of all this statistical uncertainty, which
the present writer is not competent to resolve, it was
decided, with these qual ifications, to analyse the
factors, affecting web spinning by the first described
'sign method!. As this might conceivably tend towards
over-sensitivity (i.e. too frequent rejection of the null
hypothesis), significant correlations would_then be
analysed as two lndependent serles, and their:x 2 added.
In all these cases, it is a meaningful biclogical pattern
which 1s being sought, and 1t is all too easy to become
obsessed with the technicalities of statistical 1llus=-
tration, to the neglect of the blologlcal results.

Accordingly, a series of climatic factors, acting before,



during, and after web spinning were analysed, and the

results are presented in Table 30.

TABLE 30. )

M. merianase, Summary of Web Spinning and Climate Analysis.

No. of Cases )(2

o+ - 0 corr. Significance

A. Results using consecutive data.

1. Mean Night Temperature (9 hourly air temp. readings
8 Pelle = 4 a.m.)

52 18 5 + 11.21 p <.001

2. Mean Temperature Previous Day (13 hourly air temp.
readings 6 a.m. = 6 p.m.)

39 25 5 + 1.17 p >.2
3. Mean Temperature Next Day (as above)
56 ol 5 o - -

4, Mean Night Wind (9 hourly mean wind speed readings
8 Pcm. - 4 aomu)

22 31 4 - 438 p 5,5

5. Mean Wind Previous Day (12 hourly mean wind speed
readings 8 a.m. = 7 pem.)

28 35 & - .058 p >.8
6. Mean Wind NeRt Day (as above)
32 32 4 o - -

7. Mean Night Rain (Hours of rain >.004"/hr. for 9 hrs. -
8 p.m. - 4 a.m.)

15 21 40 (o} - -

8. Mean Rain Previous Day (Hours of rain >.004"/hr. for
12 hrs, = 8 a.m. =~
7 21 34 o - - 7 p.m.)
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No, of Cases 2

+ - 0 corr. )( Signiiicance
9. Mean Rain Next Day (as above)

26 14 34 o - -

10. Sunshine Previous Day (Total Number of Hours)
39 32 7 o - -
11. Sunshine Next Day (as above)
32 41 5 - 205 p >.5

B. Results using independent data.

Only the significant correlation (Mean Night Temperature)
was reanalysed.

Mean Night Temperature.

Series A
Readings
30 7 1 12  74% %%
Series B
Readings
22 1l 4 1.32
With 2 dof. Sum 14.06 p <9001

From this 1t 1s apparent that web spinning was
strongly correlated with the mean alr temperature at the
time, but with nothing else, and there 1is certainly no
evidence of abllity to forecast any of the climatic
factors analysed. Despite this, there would appear to
be a general connection between nights of exceptional
rain and wind, and reduced web spinning activity, which

1s only, to be expected, and in Figure 18, r = 'Exceptional
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rain!' i,e, > 4 hours of rain during éhe night, whilst
w = 'Exceptional wind' l.e. a mean wind > 22 Knots.
It 1s interesting that wilth these two factors, the
depress Ing effect seems largely restricted to the
extreme conditions.

As Williams has pointed out, of course, the
climatic factors themselves are not independent of one
another, and by similar analyses the relationships
between climatlic factors are listed in Table 3l.

TABLE 31.

Summary of the Relatlonships between Climatic Factors
over the Study Period.

No. of cases ){2

+ a o Corr. Significance

A. Results using consecutive data.

1. Mean Night Temperature. /Mean Temp. Previous Day.
50 22 1 + 9,99 p <.0L
2. Mean Night Temperature. /Mean Temp. Next Day.
41 33 2 + .47 p >3
3. Mean Night Temperature. /Mean Night Wind.
31 27 + 275  p >.5
4, Mean Night Temperature. /Mean Wind Previous Day.
32 37 - .36 p >.5
5. Mean Night Temperature. /Mean Wind Next Day.
36 32 + .23 P 5.5
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No. of cases )(?
+ - 0 Corr. , Significance
6. Mean Night Temperature. /Mean Night Rain.
22 15 33 o} - -

7. Mean Night Temperature. /Hours Sunshine Previous Day.
35 33 4 o} - -

8. Mean Night Temperature. /Hours Sunshine Next Day.
29 42 5 - .84 p >3

9. Mean Day Temperature. /Mean Wind.
42 44 1 - L0114  p .9

10. Mean Day Temperature, /Mean Rain.
21 29 36 o - -

11. Mean Day Temperaturse. /Hours Sunshine.

B. Results using independent data.

Only the significant correlation (Mean Night Temp. and
Mean Temp. Previous Day) was reanalysed.

Series A
Readings
27 10 7.81%*
Series B
Readings
23 12 1l 2,78

From thls, the only clear correlation is between the
mean night temperature, and the mean day temperature on

the preceding day, and as it 1s fairly obvious that this
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must be the case, as the earth has to gain all its heat
from radiant energy during the day before losing 1t
again at night, 1t suggests that the analytical system
is not over=-sensitive in suggesting large numbers of
spurious connections.

The data for A. cornutus was quite inadequate for

this and related analyses.

(e) Web Destruction and Its Relation to Climate

Fluctuations in the number of new webs each morning
have already been discussed, but likewise it was noticed
that there were considerable fluctuations in the number
of o0ld webs, and the fact that fluctuations were also
very apparent in the total numbers of webs, as is illus-
trated in Figure 20, meanf that, these were not simply
the 'two sides of the same coin'. Large numbers of old
webs were often found after particularly cold and un-
favourable nights, and as 1t has already been shown that
web destruction is an active process in this species, it
was declded to investigate the connection between it and
certain climatological data.

Web destruction was expressed as the % destruction,

l.e. 2 Webs on day 1 ~ 2 01d webs on day 2 = Number destroyed.

No., Destroyed X 100
% destruction = ¥ Webs on day 1
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and was found in practlice to fluctuate between 20 and
100% over the study period, Table 32 expresses the

results of these analyses.

TABLE 32.

M. merianae. Summary of the Analyses of the Relatlonshlps
between Percentage Web Destructlon and Climate.

No. of Cases
+ - 0 Corr, ){2 Significance

A. Results using consecutive data.
1. Mean Night Temperature.

5 24 2 + 7.58 p <.01
2. Mean Temperature Previous Day.

44 22 3 + 5.23 p <.05
5. Mean Temperature Next Day.

40 31 1 + .88 P V.3
4, Mean Night Wind.

27 28 2 o - -
5. Mean Wind Previous Day.

41 25 2 + 2.88 p >.056
6. Mean Night Rain.

' 15 27 32 o - -

7. Mean Rain Previous Day.

17 24 32 o - -

8. Sunshine Previous Day.

40 33 3 £ .21 p >.5
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B. Results using independent data.

Only the significant correlations were reanalysed.

1. Mean Night Temperature.

Series A

Readings 22 14 2 «95
Series B

Readings 28 10 8.53%%

With 2 d.f. Sum 9.48 p <.01

2. Mean Temperature Previous Day.

Series A
Readings 23 12 3.46
Series B
Readings 21 110 3 1.88

Again, there 1ls a most significant correlation with the
mean night air temperature, and some suggestion of a
correlation with the mean temperature the previous day.
If the latter correlation 1s indeed significant, two
explanations can be offered;

l. that there 1s in any case a high degree of
correlation between the mean night temperature, and the
mean day temperature on the previous day.

2. that web destruction 1s the first activity to
occur, beginning &s it often does in the last stages of

twilight, and therefore very nearly overlaps the day
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temperature records, by which it must be strongly
influenced.

As expected, Table 33 directs attention to the very
close relationship between the percentage web destruc-
tion, and the incidence of web spinning, a situatlion
brought about only In part by the fact that some of the
animals which destroy thelr webs go on to bulld new
ones, and in part also by the fact that many of the con-
ditions which Induce some animals to destroy thelr webs

also induces others to spin then.

TABLE 33.

M. merianae. Relationship between the Percentgge Web
Destruction, and the Incldence of Web Spinning.

No. of Cases
+ - o corr. ){ Significance

A. Result Using Consecutive Data.

57 18 6 + 13.44 p <.001%%*
B. Result Using Independent Data.
Series A
Readings 26 11 4 + 2.95
Serles B
Readings 31 7 2 + 12 ,1%**

With 2 d.f. Sum 15.05 p <.001***

It should perhaps be pointed out here that whilst the
mean wind speed the previous day is positively correlated

with web destruction, it is not significantly so, and
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this suggests that with the obvious exception of some
outstandingly windy days, wind 1is not a particularly
important factor 1in destroying webs. This 1s also
true of rain, where the mean number of hours of rain
the previous day 1s 1In fact negatively correlated with
the disappearance of 0ld webs as seen the following
morning.

It has been shown then, that both web destruction
and web spinning are positively correlated with the
mean night air temperature. If the temperature effects
on both these processes were the same, then 1t would be
expected that the total number of all webs would remaln
substantially the same from day to day, because a cold
night, whilst depressing web spinning would also depress
web destruction, and vice versa. This is to say that
temperature would not affect the total number of webs,
but only their rate of renewal.

In fact, as has been seen in Figure 20 this 1is not
the case, the total number of webs fluctuating wildly,
and so a correlation was attempted between the total
number of webs, and the mean night temperature, as is

shown In Table 34,
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TABLE 354.

M. merlanae, Relationship between the Total Number of
Webs found the Following Morning, and the Mean Night

Temperature.
No. of Cases 2
+ - o) corr. 7( Significance
A. Result Using Consecutive Data.
B. Result Using Independent Data.
Serles A
Readings 26 9 3 + 5.16%
Series B
Readings 21 11 5 + .67
With 2 d4.f. Sum 5.83 p 2.056

Because of thils probably significant positive correla-
tion between the total numbers of webs and the mean night
temperature, only one explanation can be suggested.

As web destruction, web spinning, and the total
number of webs, all fluctuate with temperature, 1%
follows that the temperature effects on the first two
activities must be different, and in particular, that
web destruction can proceed at temperatures unsuitable
for web spinning.

Thus, if the total number of webs goes down, 1t
must mean that web destructikn 1s exceeding web spinning,
and we know thils to be assoclated with a drop in the mean

night temperature. If however, the total number of webs
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increases web spinning must be exceeding web destruction,
but as 1t has already been suggested that web destruc-
tion can proceed at temperatures too low for web spin-
ning, it can only be concluded that whilst destruction
proceeds apace, the excess of web spinning is brought
about by the activity of animals which had destroyed
their webs previously, and had not spun new ones.

Ie conclusion, it would appear from these results,
that variations in web spinning actlvity are assoclated
with varilatlions in the mean night air temperature, and
depending upon the conditions, the spider has three
courses of actlon open to it:-

1. On warm, favourable nights, 1t destroys its old
web if 1t has one, and spins another.,

2. On colder, less favourable nights, it destroys
its old web but does not spin another.

3. On very cold unfavourable nights 1t remains
completely inactive, neigher destroying nor spinning.

Of course the 'operational levels! of these cate~
gorles 'favourable! and 'unfavourable! are determined by
the individual spider, and are presumably related to its
individual physiology, and past history, and it 1s these
individual variations which make this a problem for
statistical analysis in the first place.

Further understanding of these field observations

- will only be possible after laboratory testing of the



94,

hypotheses.
(f) An Examination of Web Spinning in the Filelds.

Having mede some Inferences about web spinning and
the effects of climate, it was decided to watch this
process in the field., Accordingly 5 gll-might observa-
tions were carried out from July until October 1959.

These results are presented in Figure 19, the data
being collected by hourly examinations of up to 50 webs,
using a weak torch to disturb the animals as little as
possible. The activity of each animal was recorded
under the heading of 1. 'Sitting in web', which meant
the spider being engaged in any activity which brought
it out of 1ts retreat. 2. iTaking in old web’, 3.
Spinning new web.

The light intensity, as measured by a 'Weston!
exposure meter, and the time in G.M.T. are recorded,
and it can be seen that as the days get shorter, the
splders spend longer in their webs, indeed the emergence

of M. merianae from 1ts daytime retreat always coincides

with nightfall, a fact also remarked on by Bris towe

(1958) p 238 for Araneus umbraticus, and Park and

Strohecker (1936) for a number of climax forest notun-
nal splders.
In order to gain some idea of the importance of

darkness, several lengths of peat edge were !'floodlit!
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by paraffin pressure lamps throughout the night, a light
intensity of around 6.8 Weston being maintained. The
lamps were kept some distance from the webs, in an
attempt to eliminate heat effects, and in all, 20 webs
were illuminated, whilst a control of 29 webs was not.

The results as set out in Table 35 suggest that
whilst artificial light had little effect on the timing
of the various activities, 1t did seem to inhlbit general
activity, and so 50% of the old webs remained at 3 a.m.
(by which time 1t was getting light again), whilst only
27.6% of the controls had old webs. Also, by 3 a.m.
65.5% of the controls had spun new webs, as compared
with 10% of the illuminated animals; it is however
Interesting to note that this latter figure had risen
by 11 a.m. indicating that in the end some of the
animals had spun after dawn.

Still seeking some explanatlion of the climatic
effect, the 5 nights of observation were listed with
thelr mean night air temperatures, and the mean length
of time spent on each operation, so far as it could be
assessed from hourly visits, was calculated, as recorded
in Table 36, to see if the effect of the low temperatures
was, serlously to slow down, the speed of the varilous
activities. As can be seen, the results are wholly

inconclusive, and when the 'best! of the 5 nights (in



TABLE 35.
M. merianae. The Effect of Artificial Lighting on Nocturnal Actlvity.

Results expressed as a percentage of the total number of webs observed.

Process Treat- Aftn. 7 8 9 10 11 12 1 ] 3 Morng.
ment p.m. pPem. peme. peme. p.m, mid. a.m. a.m. a.m. 11 a.m.
ngt.
Spider c 0 13.8 6.9 34.5 69 72,5 51.7 55.2 65.5 31 0]
Present L 0 5 15 15 45 20 25 20 20 5 0
Destruc- C 0] 0 0 20.7 27.6 6.9 0 0 0 0 0
tion L 0 0 10 10 20 o) 0 10 5 0 0]
Spinning C 0 0 0 0 0 34.5 51.7 41l.4 27.6 0 0

L 0 0 0 0 0 5 10 0 10 0 0]

0ld Webs c 100 93 89.7 89,7 58,6 34.5 27.6 27.6 27.6 2%.6 24.1
L 100 100 95 90 80 55 55 55 55 -850 35

New Webs C 0 0 0 0 0 o] 0 10.3 38 65.5 72.5
L 0 0 0 0 0 ) 0 5 5 10 45

C = Control. L = Artifically 1lit webs,

.96
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which 76% spun new webs) was compared with the worst,
(in which only 4.5% spun), the chief noticeable differ-
ence was, that on the latter night the animals simply
appeared to 'decide! not to engage in certain activities
at all. One important point which should be noted from
all this, 1s that the activities connected with web
spinnling occupy most of the night, and the new webs are
rarely finlshed until just before sunrise. This implies
very little nocturnal feeding, as for most of the night,
there 1s no suitable catching apparatus available, a

suggestion which has been borne out by observation.

TABLE 36.

M. #erianae. Duration of Each Nocturnal Activity.

Date 10/7/59 14/7/59 10/8/59 13/9/59 13/10/59
Mean Temp. 47,6°F 37.2% 54,0 38.33°F 4¢5.08°F
Bestruction
Mean No. Hrs. 1.24 1.11 1.41 2,83 1.0
Spinning
Mean No, Hrs. 2.22 2.21 1.77 1.0 2,09
Total Renewal

Time
Mean No. Hrs. 5.6 5.54 4.5 3.5 4,64

Finally, a brief comparison was made between the

nocturnal activity of M. merlanae, and a small artificially

established colony of A. cornutus, which is demonstrated

in Table 37.



98,

It will be observed that on the whole, A. cornutus

began its activities later, but completed them more

quickly than M. merianae. It has also been observed

that A. cornutus is less intensely nocturnal, and for

example on the 25th August, 1958, a fine sunny day, 8
webs were found on Peat Edge C at 10-30 a.m. but by
evening, there were 5 new webs. In thils way, the animal
can renew 1ts web whenever conditlions during the day are
especlally favourable.

(g) Population Inferences from Web Numbers, and &
Comparison ol the Three Sites.

M. merianae.

In the previous discussions, certain inferences
about the number of spiders in an area have been drawn
from an examination of the number of webs, although it

has been shown in M. merianse that the number of animals

present must often exceed the number of webs on a given
day. As this seemed to be rather unsatisfactory, some

attempts were made to enumerate the M. merianae popula=-

tion of Peat Edge A by methods which did not rely on wedb
numbers.

Figure 20 1s a serles of nightly observations on
the animals, coupled with the number of webs seen the
following day. The first fact which emerges 1s that even

with a continuous series of readings, the number of

——



TABLE 37.

Nocturnal Activity, a Comparison Between M. merianae, and A. cornutus.

10/7/59 Hour G. M. T.
Aftern. 5 6 7 8 9 10 11 12 1 2 3 4 5 6

Meta merlanae.

Splder Present 0 1 3 3 7 17 28 27 25 29 28 23 0 1 0
Destruction 0 0 0 0 1 5 16 8 2 0 0 ¢ 0 0 0
Spinning 0 0 0 0 0 0 2 8 14 19 14 2 0 1 0
014 Webs 38 36 35 35 35 33 24 12 5 2 2 2 2 2 2
New Webs 0 O 0 0 0 0 0 0 0 4 12 24 26 26 27
Areneus cornutus.

Spilder Present 0 0 0 1 1 1 9 9 9 10 9 6 2 1 2
Destruction 0 0 0 0 0 0 3 4 1 1l 0 0 0 0 0
Spinning 0 0 0 0 0 0 0 e 6 a 1 2 0 0 0
014 Webs 8 8 8 7 7 7 6 5 2 2 1 1 1l 1 1l
New Webs 0 0 0 0 0 0 0 0 1l 2 6 6 7 7 7

*66
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animals seen varied enormously from night to night,
ruling this out as a simple method of estimating the
population. Secondly, it will be noted that there were
indeed, generally many more splders seen than there
were webs spun, particularly late on in the season, but
thirdly it willl be observed that a good night for web
spinning can often result in there being more webs the
following morning than it was ever suspected there were
adults to spin them.

Simple release/recapture techniques were also
attempted, animals being caught, marked with a spot of
cellulose paint and released, the numbers of marked and
unmarked animals found 1In subsequent searches belng
noted. As population estimates ranging from 39 to 2486,
and on to infinity were obtained however, the technique
was abandoned. The chlef objectlons were that once an
animal had been marked, it was much more conspicuous,
and also that thils method depended upon the marked,
released animals, mixing randomly with the parent popu=-
lation, and as has been seen, this is most uniikely to
happen in these spiders.

In view of these fallures, it was eventually con-
cluded that the maximum number of webs recorded in a

reasonable length of time, such as a month, waa still

likely to give the best available population estimate,



101.

and accordingly the populations of the three peat edges
were compared on thils basis. See Figure Z21.

Although 1t should be remembered that these 3 peat
edges are not quite the same length, (A = 44ft. B = 34 ft,
C = 44ft) it 1s apparent from these comparisons, that
their spilder populations vary considerably. Thus, taklng
the populations of the older instars as an example, the
population of Peat Edge A has steadily decreased over
the three study years., The population of Peat Edge C
on the other hand has shown a definite increase. These
changes can, to some extent, be related to the number of
'small' webs found at the end of the previous season,
just after the main egg hatch. The ratio of small to
large webs at this period, does give some measure of the
'reproductive success'! of the colony, that is to say,
the extent to which it has shown itself capable of
regeneration.

This 'Reproductive Success' of the 3 sites for the
3 study years has been calculated, and 1s shown in Table
38.

TABLE 38.

M. merlanae. 'Reproductive Success! of the Three Sites.

'Small!/tLarge!' web ratio for the greatest number of webs
recorded in September.

Peat Edge - A,

<O m‘;':'LHSI"-' B. C
1958 g ) o
1959 . Llsfll‘g-k“* 5. 9

ol
® s @

Q=0 e
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This shows equally, great varlation in the success
of a given site, and in the most successful regenerating
site from year to year.

From these studles on both the population, and
'Reproductive Success! of 3 sites, one is left with the

impression that in M. merlanae at least, population

balance is evident only when the broadeéest view 1is taken,
and that detalled examinatlons of small groups of animals
reveal rather violent fluctuations, a point which has
also been demonstrated recently for Collembola by Wallace

(1957) .

7. Feedlng Relations.

(a) Positioning of Web and Availability of Food.

In discussing the habltats of M. merianae and A.

cornutus, it was stated at the outset that both specles
were virtually confined to what might be termed "“breaks
in the blanket bog cover" i.e. erosion channels, stream
edges, rocky outcrops, and old mine workings, but no
reasons for this restriction were glven. Now it has
often been suggested that spiders site their webs,
possibly by trial and error, in positions where their
insect prey is particularly abundant. Thus Kirby and
Spence (1815) p 398 write, they...'Suspend them with the
nicest judgment in the place most abounding in the
wished-for prey", although McCook (1889) seriously
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doubted this. In the present investigation therefore,
it was thought that this might offer an explanation for
the siting of orb-webs on the moor, namely, that the
erosion channels acted as 'migration lanes' for insects
moving about the moor, so making them particularly
favourable sites for the insect-catching spiders.

To test this, a serles of 'Artificial Webs', as
illustrated In Figure 22 was devised. These consisted
of a wire frame, which was left permanently sited in the
ground, and Into which fitted a square of metal gauze,
20 cms. X 20 cms. This had 6 meshes to the inch, which
was the closest approximation to the mesh of the viscid
spiral in the actual orb webs, which could be found, and
was painted over both sides with 'Stik-tite!, a commer-
cial grease banding compound. It was not expected that
these 'artiflcial webs! would simulate in any precise
way the catching actlion of the real orb webs, but it
was hoped that they would give a comparative measure of
the 'avallability of prey! in different sites, and in the
same site on different days. In practice, the gauze
squares were put out each day for 8 hours, and then
brought in again at night, all the trapped insects being
removed, counted, roughly classified, cleaned in benzene,
weighed, dried at 100°C for 24 hours and reweighed. The

gauzes themselves, were cleaned on each occasion, re=-



Figure 22.
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painted with 'Stik-tite', and prepared for the following
day's catching.

In order to compare the ‘'availability of prey' in
both the 'gully' positions where orb-webs were to be
found, and .in the 'open moor'! positilons, where they
were not, 6 'artificial webs' were sited in each area,
and Plate 9 shows such a trap in a position frequently

occupied by M. merianae.

It was in reference to 1its behaviour in air currents,
and 1ts general visibility to insects (whether attractive
or repellent), that this device was used in preference to
the large, light coloured, solld cylindrical traps which
use a similar sticky material, described by Coulson (1959)
and Broadbent (1948).

In Table 39, the total dry weight of insects caught
in each of the two poslitions throughout the observation
days in the 1959 season is recorded, and from this it is
at once apparent that the gullies in which the spilders

spin are not at all favourable places for catching prey.

TABLE 39.

Comparison of the 'Availability of Prey' by Weight
in 2 Habitats.

Gullx Moor
«5223 gms. 1,959 gms.
Ratio 1/3.75

Representing the total dry weight of insects taken in 47
days throughout the 1958 season.
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In Table 40, a broad analysis of the insects caught
in each slituation has been attempted, and with the
exception of an increase in the percentage of Tipulids
in the Gully position, which appear to form an important
part of the splders! diet, from a 'prey-composition!
standpoint, the Gully appears to be equally unattractive,
there being a much higher percentage of small Nematocera
there.

(b) Web Spinning and Availability of Food.

The 'avallabillity of prey' varied of course from
day to day, and month to month, and Table 41 shows the
available prey by dry weight for the 7 months of the
1959 season. Owing to the small number of replicates in
each month, and the great variability of the daily
catches, attributable to climatic effects, little reli-
ance can be placed on these figures, but they do at
least show the large amount of available food in May,

composed largely of Empis borealls, a Dipteran taken

readily by both specles, and it must be this food supply
which 1s utilised to mature eggs for the cocoons found
in June.

Day to day varlations in insect activity have been
observed by many workers, for example Williams (1940) on

insects responding to a light trap, Kettle (1957) on the



TABLE 40.
Type of Prey Caught in the Two Positions.

Total Number of Animals Caught Throughout the Season.

Group. Gully. Moor.
Total % of % less Total % of % Less
No. Total Nemat. No. Total Nemat.,
Small Nematocera 1403 79.67 2993 62.29
Tipulids 51 2.90 14.25 32 .66 1.77
Empids 181 10.45 51.40 1456 30.30 80,35
Muscids 40 2.27 11.17 57 1.19 3.14
Other Diptera el 1.19 5,87 57 1.19 3.14
Hymenoptera 16 91 4,47 86 1.79 4.75
Plecoptera 10 « 57 2,79 50 1.04 2.76
Hemiptera 33 1.87 9.22 37 77 2,04
Ephemereptera 1 .06 .28 3 .06 «16
Lepidoptera 2 .11 056 30 062 1.65
Neuroptera 0 0 0 1l .02 .05
Coleoptera 0 0 0 3 .06 .16
2 Less Small 358 1812
Nemat.
2 Plus Small 1761 4805
Nemat,

* 90T



107.

activity of biting flies, Johnson (1954) on Aphids,

Hughes (1955) on the catches of Meromyza variegata in a

sweepnet, whilst a more general summary is provided by
Uvarov (1931) of the earlier work, and it seems generally
agreed that air temperature, and wind speed are two
factors which exercise a profound effect on Insect

flight. See Figure 23.

TABLE 41.
Avallabllity of Prey by Weight, in Various Months.

Month Total Dry Wt. (6 Traps) No. Days Daily Mean
gms.
April 0384 3 .0128
May 1.4124 8 .1765
June .2764 8 .0345
July .2375 12 .0198
August .2833 7 .0405
September .0540 4 0135
October .0589 5 .0118

In the present work, some attempt was made to
correlate the 'avallability of prey' with climatic
condltions, and these results are summarlised 1n
Table 42, although it must be emphasised that the
correlations, which were performed using the total dry
weight of prey caught per day in both positions, are
not very sensitive, as the work was only carried out

for one season.
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The expected significant positive correlation
between the dry welght of insects caught, and the mean
air temperature for the day, was established, but
although a negative correlation with wind speed was
found, it was not significant on the basis of the
meagre date available.

When the effects of climate upon web spinning
were being discussed, it was said that "It would be
selectively advantageous for the animal to spin webs
only on evenings preceding hot, insect-ridden days".
Whilst 1t appeared that there was no connection beéween
web spinning and the next day's temperature, there yet
remalins the possibility that the fluctuations in web
spinning were correlated with the fluctuations in the
'avallability of prey!, and thls possibility has been
investigated 1n Table 43. _

Whilst the sampling method seems tolerably reliable,
in that fluctuations recorded in the !'Gully' and 'Moor!
positions show a significant correlation, as seen in
Figurs 23, the present data show no evidence of any
correlation between web spinning, and the amount of

prey avallable the following day; no evidence that is,

that M. merianae can forecast the avallability of
Insects the next day, and adjust its web spinning

activities accordingly. Nelther was there any evidence
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TABLE 42.
Availability of Prey and Climate.
Mp. of Cases )(2
+ - o Corr. . Significance
A. Results using consecutive data. Dry wt. of potential

Se

Se

B.

prey caught with:-

Mean day Temperature (13 hourly air temp. readings
6 a,me = 6 p.m.)

23 9 + 6.12  p <.02
Mean day Wind (12 hourly means in knots 8 a.m. = 7 p.m.)
13 19 - 1.12 p >.2
Hours Sunshine.
22 13 + 2,31  p d.l
Day Rain (Hours with rate >.004"/hr, 8 a.m. = ¥ pem.)
6 8 18 o - -

Mean Temperature = previous night. (9 hourly air temp.
readings 8 p.m. - 4 a.m.)

12 22 - 2,9 p >.05

Results using independent data.

Only the significant correlation, (Mean day Temperature)
was reanalysed.,

Series A
Readings 14 2 + 9.0**
Series B
Readings 9 7 + 25
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TABIE 43. Readings for one season only.

M. merianae. Web Spinning and the Avallability of Food.

No. of cases corr, 7£ 2 Significance
+ - 0

A. Results using consecutive data.

Correlation between dry wt. of prey caught dally in the
'Gully' and 'Moor! positions.

24 11 + 4,82 p <.08*

Correlations between web spinning actlivity the preﬁious

night, and the dry weight of potential prey caught on
'artificial webs' the followlng day.

l. With Gully
Traps 18 15 1 + «117 p 2.7

2. With Moor
Traps 15 18 1 - «117 P 2.7

3. With Pooled
Traps 19 14 1 + .47 P Y3

Correlatlions between web spinning activity, and the dry
weight of potentlal prey caught on 'artificial webs! the
previous day.

1. With Gully
Traps 1 17 1 - .86 p 5.3

2. With Moor
Traps 17 11 1 + .86 p 23

3. With Pooled

B., Results using Independent data.

Dry weight of prey caught in 'Gully' and 'Moor!' positions.

Series A
Readings 13 5 + 3.56
Serles B
Readings 11 6 + 1.47

With 2 d.f. Sum 5.03 p 2.05
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of Web spinning being influenced by the amount of food
which the animal had just caught.

(¢) Qualitative and Quantitative Estimates of the
Food Taken.

Throughout the study, records were made of the prey

of M. merianae and A. cornutus. Animals found dead in

the webs, and being eaten in the fleld were noted, as was
the result when certain insects captured in the area were
thrown into the webs. In this way, the prey catalogue
in Table 44 was allowed to grow, and it makes no clainm
to be exhaustive. Quantitative studies were much more

difficult, and as M. merianae removed its prey from the

web, sucked, and then dropped the remains, no methods

for this species were devised. A. cornutus however,

tended to suck the prey in its retreat, and then bulld
the remains into the structure. Accordingly, a series
of nests were examined, and the insect remains were
classifled as accurately as possible, by comparing them
with prepared, mounted remains from known animais,
whilst a highly subjective guess was made at the number
of animals involved. The results for 21 such nests are
shown in Table 45, and 2 points should be made.

Flrst, the type of prey caught is greatly dependent
upon the position of the web, as can be seen by the fact

that several animals appear to have lived exclusively on



112,

TABLE 44.
Catalogue of Splder Prey-after Kloet and Hincks (1945).

0. Plecoptera

Unidentified A2
O. Ephemeroptera
Ecdyonuridae
Rhithrogena semicolorata M A
23 12
0. Neuroptera
Unidentified A2
O. Trichoptera
Limnophllidae
Unidentified A2
O. Lepidoptera
Satyridae
Coenonympha pamphilus A
12
0. Coleoptera
Elaterildae
Corymbites sp A2
0. Hymenoptera
Tenthredinidae
Unidentified A2
Braconidae
Unidentified A
12
O. Diptera
Tipulidae
: Tipula marmorata M2 A2
T. alplum M23 A:L3
T. vafra M2
T. staegeri M2
T. Oleracea A'3
T. paludosa | M3 A5
T, subnodicornis M23 Al23

T. coerulescens

N
T. montlium Mz
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TABLE 44 continued

T. pagana M3
Dolichopez@ albipes M2
Pedicia rivosa M2
Trichyphona immaculata Al
Dicranota subtilis Mé
Limnophila nemoralis M2
Trichoceridae
Trichocera sp M1
Chironomidae
Unidentified M A
12 12
Ceratopogonidae
Culicoides pulicaris
V. punctatus M12
Rhagionidae
Rhaglo scolopacea M5 A5
Tabanldae
Haematopota crassicornis A2
Empididae
Hilara s A
Empls borealls M Al
23 23
Cordiluridae
Scopeuma stercorarium A2
Calliphoridae
Calliphora vomltoria A2
M = Meta merlanae l. = Found dead in web.
A = Araneus cornutus 2, = Eaten by the spilder

in the fileld.

3. Accepted in the fleld,
during a feeding

expe riment.
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Tipulldae, otherson Trichoptera, whilst others have an

extremely high proportion of Empididae. This point has

also been stressed by Bilsing (1920) after some quanti-
tative studies in America.

Secondly, as Turnbull (1957) has shown, seasonal
changes in the Insect fauna mean that the splders are
exploiting different prey at different times of the
season, something which does not emerge from Table 45
as the prey remalns are cumulative. Thus, for example,
the main periocd of Empid activity lasts for only a very
few weeks.

The general picture of the feeding habits of

A. cornutus which emerges, 1s that Tipulidae foem the

main bulk of the food, & picture which is corroborated

by observations on M. merianae by Cuthbertson (1926)

with Empididae next, and surprisingly, Trichoptera third,

whilst Moths, and some Butterflies are taken in appre-
clable numbers. The smaller Diptera do not, of course,
figure in this list, as they would not be carried back
to the retreat.

It is interesting to compare Table 45, with Table 40,
whlch describes the animals caught on the 'Artificial Webs!t,
when the results for the 'Gully Position, less Small



TABLE 45.

Analysis of Remains from Cocoons of A. cornutus .

Prey, and Subjective Estimate of Numbers.

Date Tricho=- Tipul- Lepido~ Other Neuro- Cole- Hymen-

Tak en ptera ids ptera Dipt. ptera Optera optoe Empids.
1958
- 15/6 8 8
13/8 3 2 5
13/8 3 3 3 2 1 1 13
13/8 10 2 2 14
13/8 5 1 11 17
13/8 2 1 3
25/8 2 3 5
25/8 2 1 3
20/9 12 2 14
20/9 4 3 1 1 21 30
22/9 2 1 3
22/9 3 3 2 8
1959
- 3/7 3 1 2 1 2 9
3/ 4 4
12/7 2 5 1 1 1 2 12
12/7 5 1 1 7
28/7 4 : 1 5
? 2 4 1 1 8
? 2 3 2 7
? 15 15
? 10 10
27 97 20 3 3 8 5 37 200
% 13.5 48.5 10 1.5 1.5 4 2.5 18.5

‘STT
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Nematocera' are examined. While the Tipulidae are of
great importance in both, the Empldidae are of great-
est importance in-the artificial traps, and this is
possibly due to 2 factors, the animals tending to
alight on the traps as a resting place, and the
shortness of time in which they are avallable, which
would mean satlation of the spiders. The absence of

Trichoptera from the 'artificlal webs'! 1s interesting,

and may indicate that as these animals are largely

nocturnal, A. cornutus which starts its web later, and

finishes it more quickly may indulge in a certain amount
of night feeding. The apparent shortage of Muscids,

here classified as 'Other Diptera'! in the A. cornutus

prey remains 1s inexplicable.

8., Discussion.

In a general review of this sort, which is in con-
tradistinction to the speclalised study of a particular
phenomenon, problems of wide importance tend to be
examined only in so far as they impinge upon tbe animal
or group of animals under consideration and as 1t is
the narrower, rather than the wider implications which
are of Interest, a subsequent general discussion 1is not
as a rule merited.

In this discussion therefore, only two of the toplcs,

which have a rather broader interest, will be examined..
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l, The Distribution of M, merlanae and A. cornutus.

Whilst it 1s obvious that these two specles occupy
different habitats, which are nevertheless in the same
parts of the area, the reasons for these differences,
and the ways by which the animals select them, are much
less obvious.

Cloudsley - Thompson (1957) has pointed out that a
number of authors have stressed the Importance of
atmospheric humldity on the ecology and distribution of
spiders. Savory (1930) accounts for the differences in
the distribution of Zygiella atrica, which bullds 1ts

web in the more molst shrubs and bushes and Z., X - notatsa

which builds on drier walls, window frames etc., in
this way, whilst Lowrie (1948) wrote "Moisture in all
its aspects 1s of prime importance to s plders".
Cloudsley = Thompson himself was able to correlate the
resistance to desiccation, and the reactions to
humidity and light with the dryness of the habitat

selected, 1n 3 species of Cliniflo. Thus, C. similis

which inhabited drier arecas was more resistant to
deslccation, less photonegative, and selected a lower
R. H. in the choice chamber. N@rgaard (1951) investi-

gating the ecology of Pirata piraticus and Lycosa

pullata found that survival depended upon both temper-
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ature and relative humidity, although 1t is interesting
that here no preference was shown when a choice of
different humidities wes offered.

Whilst in the present investigation, 1t has been
shown that the two specles differ in thelr ability to
withstand desiccation, and the habitats which they
select in the field reflects this, the selection of
sites appears to be based on optimal conditions,
rather than the inability of one species to survive
in the other's habitat. However, once the mechanism
of this selection is examined, the plcture 1s less

clear. A. cornutus does seem to react positively to

dry conditions, and it could be argued that this
preference might establish the animal in its ‘'heather
tip' habitat.

M. merianae on the other hand showed no clear

response to humidity, and in this a parallel can be
found in the work of Ngrgaard already mentioned. This
could be due to the failure of the animal to react
normally in the choice chamber, but Cloudsley -
Thompson's criticism of Ngrgaard's work, that the
animals were not given long enough to settle down,
could hardly apply to the present investigations,
where they were left in the apparatus for at least

15 hours, Indeed, this very point that Cloudsley =~
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Thompson mekes that "... it was found convenlent to test
the responses of the splders to humidity over periods of
24 hours because they did not react quickly to this
stimulus", suggests that this sense would not provide a
very efficlient habitat-orlentating mechanism in the
fleld, especlally when it 1s remembered that on a wet

or even damp day, the humidity gradients would disappear,
and the animal would be in danger of getting lost.
Cloudsley - Thompson (1958) suggests a possible amwer

to thils dilemma, as a result of work on the water rela-
tions and diurnal rhythms in woodlice. He writes (p 117)
“It was found that the woodlouse has a composite diurnal
rhythm of movement correlated primarily with alternating
light and darkness and not with fluctuatling temperature
and humidity. (Although the latter may be of greater
ecological significance, diurnal changes in light
intensity often act as a TOKEN STIMULUS which leads to
places-ﬁhsre other environmental conditions are favour=-
able,.)" - mycapitals, This term !Token Stimulus'® was
firt used by Fraenkel and Gunn (1940) p 190, when refer-
ring to light, which they suggested often indicated
clrcumstances which were, for other reasons, favourable
or unfavourable, and it seems probable that in the

present case, light is a 'token stimulus!, as it appears

to be in woodlice, Cloudsley - Thompson (1956) where
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"The species.......show a gradation in the intensity of
their responses to light, which parallels that of their
rates of water loss by evaporation in dry air", and it
is interesting that the different habitat preference

shown by the young 1s paralleled in M. meriasnae by a

different light reaction. In Nfrgaard's work there is
some suggestlon that temperature preference may provide
the 'token stimulus', and it would be interesting to
review work on this topic to see how often humidity
responses are the prime orlentating mechanism ecologi-
cally, and how often they are replaced by another, less
equlvocal, token stimulus, in the field.

An illustration of this 1s provided by Waloeff
(1941) who placed Oniscus in a cholce chamber, where the
choice was between dark dry conditiohs, and moist light
ones. The animals at first moved away from the light
towards the drier end, thus reversing their normal
regponse to moisture, i.e. thelr initial reaction wgs to
the token stimulus, but after staying awhile at the dark
end, they overcame thelr negative light reaction, ard
moved to the light moist end. Finally, this problem is
emphasised by Andrewartha and Birch (1954) p 221 "But
there are some puzzling examples of animals which, when

tested in laboratory experiments, moved toward ths dry
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end of a moisture gradient, although in nature they
seem to survive and multiply better in moister situa-
tions.eee... It 18 possible that in nature these animals
are preserved from moving into places where the moisture
is unfavourable by response to some stimulus other than
humidity.".

It may be signifimnt that A. cornutus which occuples

the more exposed habltat lives in a silken retreat,

whilst the more retiring M, merianae does not, and this

might suggest that at some stage protection from preda-
tors had a high selective value, although no predator
was ever observed during the present study.

Details of the differences between the habitat
requirements of these two specles do not, however,
explain their mutual restriction to "breaks in the
blanket bo§ cover", or shed any light on their distri-
bution within the favoured habitat.

As 1t appears that the gully position occupied by

M. merianae provides a rather low potential food supply,

whilst the A. cormutus habitat is probably only a little

better, the reasons for this particular pattern of dis=-
tributions must be sufficlent to outweigh the lower food
supply. A possible clue to this is the occasional

aberrant sites selected by both species, thus A, cornutus
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is often found amongst Juncus effusus, and sometimes

amongst grass overhanging stream banks, whilst

M. merianae is also found in the cracks of damp wall,

in drainage gutters as In Plate 1, and in the mouths
of 0ld mine shafts. The one common factor in all
cases seems to be adequate vertical space in which to
sling the web and 1t may be that simple mechanical
considerations of this sort are of paramount 1importance,
the animal being unwilling to attempt web bulldlng on
the open moor where supports would be restricted to
rather low growing Calluna shoots and the litter sub=-
stratum.

Given the favoured habltat; the distribution of
each species within it is a matter of general interest,
and it was with this in mond that attempts to study the

distribution of M. merlanae along the peat edges were

made.

tAggregation' is a term often used to describe the
pattern of distribution of individual animals, but
without qualification, it has no meaning. At its most
vague, it could mean nothing more than the concentration
of individuals within the geographic boundaries of the
species, and even within this range the !patchiness! of
suitable habitats imposes a fundamental !'patchiness! on
the distribution of the animals., Thus, the distribution
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of freshwater fishes in an area would show extreme
aggregation, which incidently would colncide with the
distribution of freshwater bodles! Although these
qualifications are obvious enough on this scale, they
must also apply in the more usual problems to which
this method 1s applied, when the distribution of
animals in small, apparently homogeneous areas 1is
examined. So, it would be quite misleading to make
any automatic Inference from aggregation even at this
level to any sort of social interaction or family
grouping. Aggregation describes a phenomenon in
animal distribution, not the reasons for it.

$he most usual method of discovering the nature of
distribution patterns, is the comparison of the fre-
quency occurrence of individuals insamples, with that
expected from a Polsson distribution, and this has been
fully described by MacFadyen (1957) p 80, Allee et al
(1949) p 364, and others, although another method has
been suggested by Dice (19852) involving mesurement of
the actual distance between Individuals.

In the present work, such calculations suggested
that in practically all cases when the distribution of
webs at a given polnt in time was studied, a random
distribution was found, and a similar instance of such

a distribution 1s described for spiders under boards by
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Cole (1946). Two possible explanations for a random
distribution can be advanced, first that it 1s the
animals which are distributed randomly in an otherwise
uniform habitat, an explanation which 1t would seem
applies to the random distribution of the flour beetle
Tribolium In a volume of flour as described by Park
(1933), or secondly, suitable individual habitation
sites may be distributed at random in the area. To
distinguish between these alternatives, the time factor
must be considered, and if subsequent examinations show
the animals still randomly distributed, but in the same
places, this can only be accounted for by the random
distribution of suitable sites. In the present case
where definite mechaniceal requirements for web bullding
are required, this seems to be the explanation} as
extreme aggregation was found when the number of webs
per foot interval over a long period of time was exam-
ined, and although in these rather sedentary animals
'site tenaclty' 1is of great importance, the occurrence
of 'multiple web occupation!, and the ability to dis-
tinguish differences in the field between 'good! and
'bad! areas suggests that this latter phenomenon is
still significant.

Biologlcally, the most interesting feature, 1is the

apparent fallure of the animals to establish any terri-
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torial system, which would ensure the more efficlent
functioning of thelr traps, which, as Elton (1927) p 13
has pointed out enable web-spinning spiders, like
sedentary marine filter feeding animals, to sit still,
and have thelr food brought to them.

2. FPactors affecting spider activity.

In Table 46, the factors affecting activity have
been summarised for convenient reference, for as
Wellington (1957) has said, behaviowr studies are a
necessary part of any ecological Ilnvestigation, and of
such studies the effects of weather are particularly
important.

For an orb=-web spinning spider, feeding depends
upon the presence of a web, and 1In this study it has
been suggested that web-destruction is connected with
the utilization of the final remalns of food already
caught, whilst web-spinning is performed in 'anftici-
pation! of future needs. Both activities, it would
appear, are affected by temperature, but it 1s web-
destruction, the utllization of food already caught,
and possibly the salvaging of the protein in the web
already spun, which appears to be the more 'compulsive!
act, in that it will continue to take place in condi-
tions not suitable for web spinning. Birch (1957) has

sald that food supply 1s often dependent, not upon the
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Table L6,

Summary of the Analysed FPactors Affecting Activity.
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number of animals feeding on it, but upon the weather,
and this would seem particularly true in this case,
where, l. a cold night follo