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ABSTRLCT
A general investigation into the Licvouy and ecology of

the crab spider Tibellus oblongus was ctarted in winter 1964465

at the Imperial College Field Station,Silwood pork in Berkshire,
Research continued till autumn 1967 and cov<red the following
areas: =

The life cycle and developuent characteristics of the
spider were elucidated by Jaboratory reari=ng under varying _
environmental conditions in conjunction with the study of a field
population throughout the three years.It was found to te biennial
in develeopment with a certain proporition of the population maturing
each sunmere

A population of the species in ar area of typical grass=-
land was studied and the characteristics and locations of the
preferred micrchabitats during the year were determinedo.The winter
hibernation sites proved to be tussocks of the grass Dactylis
glomerata L, which stayed warmer than adjacent a.-eas.The spider's
summer prcdation sites tended to be resiri:cted to microclimatically
unique "Special Areas'" of mixed live and 4»ad grass stems vwhich
formed a warmer and more humid environment than their surroundings,

Various aspects ol the spiders' behaviour were studied
in the field and in the laboratorye.These included:mating,moulting
incubation,aggregation,dispersal and defencaz,

Finally,the predatory behaviour of the species was
examined in depth using the experimental component snalysis
technique and as a result,varicus modificatinns to tne functional
response model ars suggested and integrailed into the model to extend

n

its generality to ambush predators of similar type to T.oblonguse
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cCTLON 1

Nedibomits

SE
INTRODUCTICHN

The species T, obleonsus (FIG 1) is distributed throughout

Europeyisia and in North America from Alasks across to EBastern
Canada and south to Mexico,becoming scarcer in its southern limits
(SCHICK 1965)¢In common with many syiders it has never been the
object &I intensive researchgexcept as part of a community,despite
its relatively uniqgue morphological position within the family
Thomisidae (SECTICY 2),and its very common occurrcnce ol coarse
grasses and rushes,in damp places,on sand dines and rough ground
(LCCKZT & MILLIDGE 1959),

Lt the Imperizl college Field Station,;Silwoced Park,
in Berkshire,a general prograumme of biological and ecological
research was started in January 1965 and continuvcd until September
1967.The aims were:=

to unravell the life history of *ne specics-=hitherto
unknown-and to test the effects of various eunviroamental conditiens
on its developmenty

fo shed light on certain aspects of its behaviour
especially those of ecological significance eg.microhabitat
preferences~which were unknown,dispersal and aggregation behaviour,
defease and predation unone of which had been studied in depth;

finally,during the later stages of the wurk desecribed
in this thesis,a detailed study was made of the predatory
behaviour of the spider along the lines of the experimental
conponent analysis technique developed &nd dezeribed by HOLLING
(1966) Durinzg the course of this work it was hoped that broad
ecélogicalconclusions might be drawn concerning the predatory
characteristics of other spiders and possibly other predators

in general.
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STHePTaN 2

e i .

TANCNOMY AND UVORTIIOLOGY

2.1 GENBRAL, CONSINERATYIONS

Tibellus chloupus (Walclkenaer)

Claggification:

Phvlunm Arthropoda
Class srzchnida
Order Araneae
Toanily Thomisidae
Genus Tibellnus

Celled Aranea obhlonra by C,A.Walclenaer 1802

o

Tibellus ohlongus by A.R,.Jackson 1911

General Characters of the Tamily Thowisidae (LOCKET and

YILLTDGY 1959)

Typically ecrablike in appearance, abdomen long in Tibellus -

and Thanatus, TFyes are small, both rows are recurved., Lepgs J

—— s e e e

and IT are long and. siout and laterigrade exceplt in Tibellus,

The lefs hear ventrally a variable number of paired spines and
two tarsal claws. (Chelicerae are small, bearing no teeth or

one on the outer edge.

Gerus Tibellvs -~ T,Simon 1875
Carapace appreciably longer than wide., The anterior eyes
with the posterior medium pair form a small, compact hexagonal

group from which the posterior laterals are conspicuously removed,

The abdomen is long and cylindrical or cigar shaped. Legs

are relatively long, bearins scopulae on both tarsi and metatarsi,

This genus contains two similar species:’ T.obloncus and

T.maritimus (Menge), formerly confused with one another. They

are very active spiders, found on coarse grasses and rushes.
When disturbed, they run with gr-at rapidity up the stems of
grasses; when at rest they extend their four anterior legs
forwards and the four posterior legs bachkwards along a stem, in

this way becoming very inconspicuous. The two species can be

separated with certainty only by their genitalia,
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Tibellus bblongus

Length & up to 10mm)

. @ a0 1 i .
_d’up o Bmm) (LocnnT AND };LLIDGE 959)

0 . =
+ 7.5 to 10usm)
6.6 to Bmm)(ﬁy findings agreed with the above)
This species is of a sandy or straw colour (%) or greyish (4 )
with a darker central band on the abdomen. It is usuwally devoid

of spots (cf.T.maritimus),

Qccurrence: very common on coarse grasses and rushes, in damp

places, on sand hills and rough ground. Adult in summer.

" Distribution: There has been much confusion in the past over the

Tibellus species. There are five named species in France, some of
which seem to be common to the whole of Southern Europe and reach

as far north as Jutland., The ¥rench species T.parallelus (Chyzer

and Kulchinski) is equivalent to our T.oblongus and the French

T.oblongus is equivalent to our, T.maritimus. This is because of

historical reasons, not because they are difficult to distinguish,
The Trench and English nomenclatures arose independantly and have

only been reconciled recently, (Clark, verbal communication).

T.oblongus and T,maritimus are easily distinguishable by

their genitalia, also T.maritimus is larger and of a more greenish

tinge, it is plentiful only on sand dunes and marshes, (puffey,
verbal communication), (COOKE & COTTON 1961),

All the Tibellus spiders that were collected in Silwood Park ...

were examined microscopically after death end not & single

T.maritimus was found.

S™0T PATTERNS

LOCKET and MILLIDGE(1959) econsider thatthe abdominal spot
pattern can be used as a specific character, although net as an
absolute one, The T.oblonrus that were collected in Silwood

Park renged from "not spotted" i,e., two spots only, to
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FIG. 2.
T.OBLONGUS ‘ ABDOMINAL PATTERNS
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theavily spotted® i,e. about 60 spots. See #IG 2. The
spotted individuals 2omprised about 20% of the population,
s

In order to clarify the relationship between the
*spotted and the "not spotted" individuals, records were kept
of their behavionral,phjsical and physiological characteristies.
fhese were observed during experiments that will be described
in later sections., The records of the "spottedﬁ individuals
are given in TADLE 1 and FIGs. 3 and 4 since they have a

bearing on tle taxonony of the species,
2,2,1 Numbers collected are given in TABLE 1
2,2,2 Sizes at capture are given in FIG &

The size of individuals that were collected veried greatly
and the distribution of sizes in "spotted" and "not spotted"

individuals did not differ significantly in the third and fourth

Instars, _
2 N )
4th TInstar males )C = 4,56 7, D,Fy=2 n =19
Lth “Instar females 22 = 0,625 D.r.,=2 n = 20

2,2,3 Time taken to first moult in captivity

The fourth Instar juvenile stages were placed in constant
temperature rooms; one set at 20°c and another at 2506. vhe time
taken to the first moult by the "spotted and "not spotted
individuals was noted and compared. No statistical analysis was
made as the number of individuals was low, but the histograms
. (PIG 3) indicate that there was no difference between the two

types of individuals,
2,2,4 Behaviour

During the observations om mating (see SECTION 5.%.8),
spotted females were mated with not spotted males and vice versa.
Mating followed the same pattern, took the same length of time
and the females were successfully fertilised in both cases.
Unfortunately, none of the resunlting offspring was reared to the

stage where the spots were visible, so there is no information on

the inheritance of the spot patterns,



- TABLE 1.
bers of SPOTTED &aﬁa@i ROT

Rlogomlo

SPOTTED

TOBLONGCUS foumnd at Silwood Parlt

Winter 1964 / 65

SPOTTED

Instar O/ 9 total
3 6 5 11
4 12 4 16

TOTAL 18 9 27

NOT SPOTTED

g8

%6Sample Spotted

total
23 29 52 211
30 41 71 095
| ? total
53 70 123 340 129 219

09.[
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No major difference was seen in the predatory and defensive
behaviour patterns, or in the length of incubation of the spotted

and not spotted individuals,
2.3

CHANGES IN ABDOMINAL PATTERN

GADRITSCHEVSKY (1927) investigated colour changing in the

related Thomisids Misumena vatia (Clerk) and M.aleatoria

(Fentz) o Spiders of these species are generally found on

flover heads of the same colour as their abdomen. e found

that the background'colour of the adult females could change

from white to yeilow and vica versa within three or four days,

and that the colour chéﬁge corresponded with the colour of the
substrate., A yellow adult spider placed on white paper changed
from yellow to white and a white spider changed to yellow when
.placéd on yellow paper; also, he thought that this occured in both

adult and juvenile males of M.vatia, M.aleatoria and Misumessus

asperatus. (Hentz)

BRISTBWE (1958), noticéd that white patches on the abdomen

of the Linyphiid ploronia bucculenta (Clerck) contracted instant-

aneously to pinpoinﬁs when the spider was disturbed or dropped to
the ground. We records a similar occurrence in an Australian

Argiopid,Phonognatha wagneri, An instantaneous colour change

also occurs in Tetragnatha extensa (Linnaeus) Tetragnathidae,

When the spider is disturbed and drops to the ground amongst the
grass stems, a network of black lines appears on the abdomen,
In this way it becomes less conspicuous, In the case of the
instantaneous colour changes, the abdominal pattern gradually

reverts to normal in several minutes.

From a review of the literature and from my own studies
three basis types of changes in abdominal colour andppattern
have been recorded:

a) Gradual adaptation to substrate colour during the whole

life of the spider, or at least the last three Instars,
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e.Z. Misumena vatia

M.aleatoria

Misumessus asperatus

b) Response to & change in the colour of the substrate over

3 to 30 days.

e.2. adult female M,vatis -
c) 1Instanfandous colour change in response to a disturbance

e.g. Floronia bucculenta

Phonornatha wagneri

Tetragnatha extensa

————

Typés a) ané b) involve pigment deposition, type ¢) probably
involves muscle action, All three types of change presumably have
the function of making the spider inconspicuous, In the case of
types a) and b) it seems probable that the adaptation is part of
the predatory behaviour of the spider; the colour adoﬁted makes it
less visible to potential prey. Experiments by Bristowe confirm this,
He placed either a black or a yellow pebble on each of a number of
flowerheads, and he found that the flowerheads with ﬁ black pebble
were visited by less flying insects than those with & yellow pebble.
However, the colonr change type c¢) seems to be a defensive reaction,
occurring when the spider has been disturbed by a potential predator.
The -change in pattern operates by breaking up the outline in the
case of Tetrapgnatha extensa and by matching the spider's colour to

that of its background in the case of {loronia bucculenta and

T.extensa.

The spiders recorded as showing type ¢) colour change depend
on & web a catch their prey, so presumably their conspicuousness
is less important than that of the Thomisids which attack prey

which comes near them or lands on them.
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When T,oblongus is in its normal predatory position amongst grass
stems, it is camouflaged by its body shape, its overall colour and
especially by the longitudinal stripes on the abdomen, The important
function of the spots is probably to raise or lower the general
colour tone of the spider according to the general colour tone of
the surrounding grass. The surrounding grass can vary in tone
according to the proportion of dead to live stems, Another possible
function of the spots might be to break up the outline of the spider
while it is lying in wait for prey or after it has performed its

short escape run as mentioned earlier,

T.oblongus was therefore investigated for all three types of
colour change.
o

TN . . .-

JACKSON (1911) observed developing f.obléngﬁs and thought that
the spots disappeared with age, Iowever, the difference in proportion
on non-spotted to spotted individuals between the third and fourth

N Instars of spiders collected at Silwood Park was not significant,
X. = 0,067 See TABLE 1.

When the spiders collected in winter 1964/65 were placed in
the constant temperature rooms, half were placed on:a white enamel
tragy and half were placed on black paper. Although the numbers of
spots on each spider were not recorded, at no moult did a spider
which had been classed as "spotted" or "heavily spotted" became
"not spotted” or "spotted respectively, As far as I could tell,
there was no change in the number of spots at any stage in the
development, with one exception, At the last moult of the male,
the abdomen of the emerging adult is covered by a coat of short,
grey haivs. The‘adﬁlf males all appear to have the same greyish
colour, regardless of whether they had developed from spotted or

not spotted juveniles,

Whenever T.oblongus was disturbed or threatened in the lab-
oratory, there was no change in the abdominal pattern during any

stage of the defensive behaviour.
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Fo evidence of the ability to change the abdominal colour

or pattern was found in '¥,oblongus.
2,4 CONCLUSION

Althougli the comparison of the characteristics of spotted and
not spotted individuals was not rigorous, it became apparent that
the variation in abdominal pattern is not reflected in major

physiological, physical or behavioural differences.,

In the experiments and observations to be described in later

sections the species is treated as being homogenous,



SECTIUN 3

LATORATORY REARING

3.1 SOURCE OF YATYRIAL

During the three winters 156%/65, 1965/66, 1966/67, T.oblongus
were collected from Silwood Park and brought into the laboratory
for rearing., '"he spiders were collected from tussocks of the

grass pactylis glomarata L. vwhere they were found to overwinter.

This grass is widespread in Silwood Park.

The sizes -~nd numbers of individuals from one tussock varies
according to the methecd of extraction and according to the location
of the tussock. Collectin: was done on a dry day so that any spiders
that were disturbe2 would not stick to the wet stems by capillary

attraction,

Methods of ng;action

In the jield.

a, Sweeping

The sweep net was moved through the stand of Dactylis about
8ix inches above the ground because the density of the lower
vegetﬁtion prevented deeper penetration. Another disadvantage of
this metlrod was that the specimens were likely do be damaged when

retrieved Trom the net,;

b, Examination of the ijussock by hand

The mass of d~ad vegetation surrounding the base of the tussock
was separated and disturbed, any T.obloncus revealed were captured
by hand or with a 'pooter'., The usual escape recaction of Tsobloungus
when disturbed is lo run upwards and towards the light along the
grass stczms, wut in cold weather this behaviour in not so pronounced;
firstly, the spiders are lethargic hecause of the temperature, also

they tend té move downwards when exposed to the celd air,

c. Vacuum sampling

‘fhe nozzle of ‘he vacuum was moved through the dead vegetation
at the base of the tusseck and along the stems; the bag was then
searche? fon ?,onlonaus. The electric vacuum could only be used

wiihin range oi thc powewr points in the field and T.oblongus was
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not very abundant in this area. +The hand operated vacuum was
found to be too cumbersome and not powerful enough to extract

much fauna from the base of the tussocks.

d. Shaking

this method is hased on that of PEARCE (1948). fhe dead
leaves surrounding each tussock were sepérafed from the soil
and litter on which they were lying and, together with the
upright living stems and leaves, were cut off at a height of
15 em from the ground, leaving only the basal vegetation of the
tussock, <vthe fibrous base of the tussock, together with this
lower part of the vegetation, was then cut away from the under-

lying soil with a saw-toothed knife.(FIG 5).

The two parts of the tussock were then vigorously shaken over
a sheet of dark green P,V,C, that had been spread on the ground.
Dark greén was chosen as a search substrate becguse this is the
colour which gives the greatest contrast to the straw coloured
T.oblongus, +the majority of specimens were found in the basal
part ol the tussock which was turned upside down and held one hand
on each side and rapidly pressed and pulled apart, as one would

operate a concertina for example.

Extraction in the Laboratory

The tussocks, cut out as described above, were put in a poly-

thene bag and brought to the laboratory.

e. Shaking
The tussock was shaken, as in the field, above a cleared, dark

brown bench top, the debris shaken out was searched for the spiders,

f. Tullgren jFunnel

The tussock was placed base downwards in a Tullgren Funnel of
nine inches in diameter. fhe usual method of extracting small
animals in this way, drives them out of the base funnel into a tube.
Tlowever, in the case of T.obloﬁgus the heat and light of the bulb
and the ambient laboratory temperature activated the spiders of
Instar 4 which moved up the grass stems and up the inner surface
of the funnel and were collected round the upper rim of the funnel,

usually within an hour or so.
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The younger Instars were eventually forced out of the base

of the tussock by dessication in the usual way.

The results of the different methods of collection can’
be seen in TABLE 2.

A comparison of the different collecting methods is not
straight forward, since many variables weré involved in deter-
mining the best method. fThe best method being gimply that which
gave the most specimens of the greatest variety for the least
time and effort spent collecting. ‘Yhe relevant variables include:
the number of tussocks sampled, the size, age, condition and
location of the tussocks, climatic conditions at the time of
sampling, the exact date of sampling, and whether the tussock had
been sampled previously, An investigation into the effects of ali
these variables was impracticable, so information concerning the

efficiency of the various methods was found in the following way.

Several tussocks were each subjected to a succession of
extraction methods, They were first swept, then searched by hand,
then put in a Yjullpren punnel, then shaken in the laboratory.

In a few of these cases, only the final shaking revealed any
T.oblongus, It became apparent that shaking was the most efficient
collecting method in winter, both as regards the total numbér of
T.oblongus extracted and as regards least bias in the proportions
of theithree Instars found, fThere seemed to be no difference
between the results of shaking in the field or in the laboratory,

but most of the shaking was done indoors tor convenience,

After these. comparisons, the tussock shaking method was adopted
as the source of specimens in winter. ‘he great disadvantage of this
method is that it destroys the overwintering places of ¥.oblongus
and populations were found to be depleted in years following

intensive collecting in a restricted area.



TABLE 2.

Numbers of I.Oblongus collected by various
mmethods @ﬁﬁwooﬂ Park OCTE —%MAE%CI}H

FIELD LAB.
: Sweeping Hand Vacuum Shaking Tullgren Shaking
INSTAR | " Funnel -
2 “ 5 | 2 149
3 4 | 2 o | 78
4 21 10 2 10 3 107

TOTAL 21 14 2 17 B 5 334

*le
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3.2 APPARATUS

During the first set of rearing experiments, 1964/65, it was
decided to keep the spiders separated from each other for two
reasons, pirstly, possible cannibalism would be avoided, and
secondly, closer observations could be kept of the development

of each individual,

‘fhe spiders were each kept in an 8 ¢m x 2,5 em glass tube
containing a small cotton wool ball to hold the water supply.
The cork was bored with a 4" hole and gauze was glued across
the end of the hole inside the tube, this allowed air exchange.
The spiders appeared to eat and drink quite normally in these
containers. pood in the form of various species of adult, live
Drosophila genus fruit flies, was introduced into the tubes from
a pooter. 'The tube mouth was held downwards,,the spider was induced
to run to the upper end of the tube by slight agitation, the cork
was partly withdrawn and the flies blown in., A pooter made entirely
of glass was used $o0 that the number of flies to be blown in to each
spider could be checked directly by sight, Water was injected into
the cotton wool ball by means of a hypodermic syringe, the needle ‘

of which was inserted between the cork and the glass rim of the tube.

Usually, the spiders sat on the gauze-covered inner surface of
the cork. Some individuals spun threads along the length of the
tube and some appeared to spin a loose platform of threads at the
upper end of the tube and sit on it. ‘hese preliminary observations
suggested that T.oblongus spins a rudimentary web. jowever, later-
observations showed that this was not so, but that these spiders
trail a thread when they move about in an environment new to them;
it was only because the 8 em x 2,5 cm. tubes were so small that

the threads appeared to form a partly coherent network.

puring the weeks that the spiders were under observation, the
interiors of the tubes became contaminated with spiders' threads,

cast skins, dead flies and excretory products in the form of dry,
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off-white spots about 2mm in diameter scattered over the inside

of the tubes, ¢leaning of the tubes was difficult and there was
the risk of the spider either escaping or being damaged. Although
T.oblongus moves very rapidly when disturbed, it camn be handled
fairly safely after a little practice because it always runs
upwards when threatened and it will only leap when dangerously

threatened.

buring the second set of rearing experiments, an improved

cage was developed, FIG 6.

The cage was originally a polystyrene dish of 10cnm’'diameter
and 5cm depth with a tight-fitting 1id, the base was melted out
with a hot ring, and a hole melted through the centre of the 1lid
with a hot 8em x 2,5cm tube. Flies were introduced into the cage
in an 8cm x 2,5cm tube which was inverted through the hole in the
lid and held in place by a ring of adhesive foam rubber half way
along the tube, The flies were shaken onto the cage floor and the
tube was left in position till the next feeding time. The water
supply was in a glass dish, 2.5cm x 2,5cm, which stood on the floor
of the cage and was refilled when necessary. The cage was stood

on a sheet of glass which formed the floor.

fhe advantages of this type of cage were: the easy introd-
uction of food and water, and the ease of cleaning, also the
plastic was more easily gripped than glass, by the sfiders.
All the dead Drosophila and the excretory products of the spiders
gathered on the floor of the capge, and since the spiders usually
sat on the walls or on the roof, the whole cage could be lifted
and transferred to a clean piece of substrate with little risk

of escape or damage to the spiders,

These cages were used to hold about four individuals, it
was found that there was no cannibalism when the spiders were

well supplied with flies,
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d)' 12 4th Instar ¥.oblongus at 25°:, All became adults,

TABLE 7 T.oblongus at 25°C. Number of days till’

rirst moult in captivity:- -

Size mm No, of days till first Size of adult mm,

moult in captivity

6.5 ‘ 21 7.0
6.5 16 7.0
7.0 ' ' 14 8.0
7.0 : 13 | 7.5
7.0 14 8,0
7.0 11 8.0
7.5 14 8.5
7.5 13 : 8,0
8.0 11 9.5
8.0 S § 10.0
8.5 14 ' 8.5

e) One 4th Instar, minimum food.

moulted to adult after 12 days. 8mm to 8.5 mm,

3.5.6 TABLE 8
T.,oblongus at 27%, 18 hour day, Maximum Humidity,
Maximum food., pays till first moult in captivity.

gix fourth Instar individuals.,

pays till first moult in captivit;:
10
10
11
12
12
15
A1l moulted to adults.



345.7 BOOC. 16 lhour day, ftaximum Aumidity, maximum ZXood.
Une male, one female, 4th lnstar.
goth moulted aiter 11 days, mated shortly afterwvards,

gend a fertile egg sec was laid.

‘\r\‘l

e5.8 1Insectary rearing,
sir temperature, MMaximum pumidity, normal daylength,
Maximum tood. 7Put in the insectary oanuary 25th,
Three 2nd instar, died atfter 11,27 and 38 days respectively.
vne 3rd Instar, died after 16 days.
iwo Lth Instar,
une died while moulting after surviving 33 days.

The other surviwved till spring, and started developiug then.,

Tour &th Instar captured QOctober 21st,

One died pebruary 10th 112 days.

One died Vebruary lith -~ 11k days,
One died rebruary 16th - 1106 days.
One died prebruary 27th - 127 days,

3.6 ANALYSIS

3.6.1 Life Cycle
) - Two more sets of data are prescnted here since they are essential
to the anplysis and understanding of the life history of T.oblcngus.
FIG 9 shows the sizes of spiders captured in winter.
FIG 10 shows the oceurence of the various Instars of T.oblongus
throughout the summer, This latter information was gathered by .

ohservation in the field during sampling.

The size distribution of the over-wintering population shows
three distinet peaks. None of the spiders was adult. ‘his
indicates the presence of three juvenile Instars., Since the
first moult of a newly batched T.oblongii spiderling is just
outside the egg case, the smallest Instar found in winter was

termed Instar 2, and the two larger ones Instars 3 and 4,
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The smallest size seen in the field was 1.75 mm and this

is only 0,25 mm bigger than the size of newly hatched spiders.
TABLE 9
Sizes of T,oblongus, captured in winter, Silwood Park

o . Mean Length
Instar 2 2,46 mm

Instar 3 Jd 4.60 -
§  1.63
| No significant difference
t = 0.2k
d.f= 0,32
Instar & L 6.93
£ 7.5
Differ significantly at
1% level
t = 3.27
d.f= 0,84

Al)l the well fed Instar 4 individuals moulted directly
into adults in captivity, and all but one of the:well fed
Instar 3 individuals became adult at théir second moult
FIG 8, fThis confirms the interpretation of the size distri-

bution,

It is apparent that the normal development of T.oblongus
involves four juvenile Instars, the first Instar lasting omly
a few hours in the immediate vicinity of the egg sac (see the

section -on reproductive behaviour).

As can be seen from FIGS 7 and 8 the number of days until
the first moult in captivity of Instar 2 and 3 captured in winter is
remarkably constant at about 7.5 days at 250; whether at Maximum
of Minimum food, there is no more than half a day?s variation
in this figure for any individual, ‘rhe time to the first moult
of Instar 4 into the adult stage, however, is longer and more
variable having a mean value of 14 days, range 11 - 21 days at
25°¢.
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Instar 3 undergo their second moult into the adult stage
at 25° after an average of 9,5 days ranging from 7 to 12 days,
(FIG %)Instar 2 undergo the second moult after 6,7 days, range
5 - 8 days,

It is interesting to note theincrease in variation in
moulting times of Instar 2 individuzls in FIG 7. The variation
in the time of. the first.moult is 1 day, in the time of the
second, 4 days,, and of the third, 15 days.

The series is not large enough to be analysed mathematically,
but it would seem to be some kind of exponential increase in

variation,

In the light of this information on moulting times ome can

trace the life of an individual on PIG 10.

It hatches in July and spends the first winter as Instar 2.
In the following spring and early summer it moults to Imnstar 3 by
the end of June, the individuals that over-wintered as Instar 2
have become Instar 3; in the late summer and autumn it HIGHT moult
to Instar 4., It spends the second winter as Instar 3 or 4 and the
followving spring it becomes Adult direetly or moults to Instar 4
and then into the Adult; by the end of May the individuals that
over-vintered as Instar 3 and & have become Adults, Two apparent
anomalles arise from this 1nberprotat1on° f

a) the Instar 2 individuals having over-wintered w1th the
Instar 3 individuals are present in the field until the end of
June, whereas before the end of June the Instar 3 individuals
have moulted twice and become Adults, At 250, Instar 2 and
Instar 3 both took the same length of time to their first moult
and Instar 2 individuals undergo their second moult about three

days before Instar 3 individuals undergo theirs.

The explanation of this discrepancy between field observations
and laboratory results can be found in the behaviour of the spiders..
Instar 2 individuals, in summer, were invariably found beneath

the surface of the vegetation amongst the grass stems and litter,
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at or near soilnlevel where the air tenperature is relatively
low; it rises to about 17o on a hot May day: however, the
Instar 3 and 4 individuals were found on the surface where the
temperature can reach 50°, this difference in the micro-
environmental temperatures of the two Instars can account for
the difference in development times in the field. rood
availability can also affect development. A short calculation
indicates the relative diflerence of food requirements oif the
two Instars; the figures and concepts used are great over-—

gsimplifications but the implication is valid.

volume of Instar 2 2 cu.mm.
Volume of Instar 3 7 cu.mm,
volume of Adult 25 cu.mm.

The predatory efficiency of T.oblongus is related to the area
it can span with its legs.

Area of Instar 2 7 sq.mm,

Area of Instar 3 80 sq.mm,
so: for an Instar 2 to increase in size to Instar 3

Increase Measure of Predatory Ability

5 cu.mm. 7$$q.mm.

about ratio 1:1
for an Instaf3?ﬂ)increase in size to Adult !

Increase - Measure of Predatory ABility

17 cu.mm., ; - _ 80 sq.m

+ 2 cast skins;

about ratio 1:4 ]
¢here are, of course, constants that apply in both situationsj
rate of digestion and absorption, cell maturation, endocrinal
development and energy expended in movement. Also there are
unknown variables such as type and density of prey, and body
temperature. ‘But the indication is that the larger spider can
grow faster, '

b) rThe second anomaly is that adults are present in the

field for a relatively short time, about 2 months when males
and females are occurring together and able to reproduce, yet
they develop from an over—wintering population consisting of

two Instars, 3 and &, of average sizes 4,60 mm and 7.20 mm

respectively,



Collected in winter, Instar 3 reach the adult stage in an average

of 17 days with two moults, and Inster 4 reach the adult stage in

14 days with one moult, at 2500. this is not a large time

difference and fronld easily be encompassed by the two months:—
MAY/JUNE - occurrence of the adults. fowever, it is interesting

to note the difference between the time taken tor captured Instar 4
to become adult at 250 (14 days) and. the time spent in the tourth
Instar by individuals captured as Imstar 3 (9.5) days, even though
the Instar 4 individuals must have spent up to four months as

Instar 4 the previous summer and autumn, Instar 4 captured in Qctober

becemezadiuli.in the same average time as individuals captured in

January.

The expianation of these phenomena probably lies with the
endocrine complex of the spider and would involve research into
the effects of cold periods, photoperiod and the hormone ecycle

~

generally,

The most recent information concerning neurosecretion in spiders
is in the book 'Neurosecretion' by GABE(1966). iie writes:-

"prhe classical techniques employed in endocrinology do not
appear to have been applied to the study of neurosecretion
in Araneidaj; but the application of these methods would
appear to be extremely difficultes.es.s ceesesfhese
indications obviously do not entitle us to assign any
exact significance to the phenomena of neuroscecretion in

Araneida and fresh research would appear eminently desirable.®

LEGENDRE(1959) and KGHNE(1959) have found a distinct relationship

between the state of the neurosecretory cells and maturing gonocytes.

Neurosecretory cells in Pardosa, Tegenaria and Araneus become

charged with a product which stains with paraldehyde fuchsin as
sexual maturity approaches, remain very active up to the time of
copulation and oviposition and become progressively impoverished

of secretion granules as the animals age.
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fasting did not affeet morphology of the neurosecretory cells
but in hibernation there was a disappearance of the product
staining with paraldehyde fuchsin from the neurosecretory cells.

the product reappeared when feedinz was resumed,

Because of this scarcity of infermation, any explanation of the
horrione system in fT.,obleongus must be purely hypothetical. ‘Three
hypotheses are put forward to explain the life history in terms
of neurosecretory activity, in particular the development of
adults from the over-wintering population consisting of

Instars 3 and 4,

3.6.2 Hypotheses

a) When juveniles are captured in winter and placed at 2500, there
is an acceleration of the development cycle. This acceleration has

a preater effect on Instars 2 and 3, which only take 7.5 days to
their first moult in captivity, than on Instar 4 which takes 14.

days to its first moult,

The impetus of this acceleration in the captured Instar 3
carries over into their fourth stage which lasts only 9.5 days.
An egquivalent series of events would take place in the field when

the spiders came out ot hibermation in Spring.

b) There is a cessation of the production ot Juvenile jformone

in Instar 4 as they enter hibernation and an accompanying
degmeneration of the relevant glands. The glands must be restarted
on emergence from hibernation, delaying the moult; whereas the
Instar % glands are in hormone producing condition immediately

on emergence from hibernation.

¢) There is a hormone system cycle invelved in the development of
sex organs, both internal and external, which is separate irom,
and longer than, the normal moulting cycle and starts only after
the sccond cold period: when Instars 3 and 4 are placed at 25°

from hibernation, this event triggers orf the sexual cycle in both;
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so that althourh Instar 3 has to undergo two moults to become
adult, its sexual development has started whilst it is still

in Instar 3, therefore less time is spent as instar 4,

None of the Instar 2 captured during their first winter
developed into adults, despite undergoing three or even tour

moults in captivity.

3.7. DISCUSSION

T.oblongus is biennial in development with two generations
present in the field throughout the year, and a certain proportion

of the population matiring and reproducing each summer,

thelife histories of very few spiders are known in great
detail; one reason for this is the lack of reliable rearing
methods and another is the variation, within a species, of the
number of Instars, the number can vary even amongst the offspring
of a single female all reared under apparently identical conditions
(BONNET 1930), Nevertheless the size distribution in the field of
T.oblongus is consistent and obviously represents the presence of

three juvenile Instars.

DONDALE(1961) analysed the life histories of ‘the.two Thomisids

Philodromus rufus(Walckenaer) and P.cespiticolis (Walckenaer), which

are related to T.oblongus, by means of size distribution in the
field and by insectary rearing. He found a similar biennial pattern,

however the situation was simpler than in the case of T.oblongus

hecause the over-~wintering population that matures the following

spring consists of one Instar only, not two as found in 7.oblongus,

Many other spiders reach maturity in Spring e.g. other
Yhomisidae, Salticidae, Theridiidae, Clubionidae and Lycosidae
(GERTSCH VW.J. 1949), (BRISTOWE 1958). Some of these mature in one
year, others in two: in some species either or both sexes reach
anatomical maturity in autumn and reproduce the following spring.

There is no significant difference in the timeitaken to moult by
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males and females of T.oblongus. The effect of temperature,

humidity and photoperiod on spider development are little .

understood; there is evidence that some species are biennial in

the Northern part of their distribution and-annual in the Southern

part. (PALMGREN P,1939), (BONNET P,1930).

is

The distribution of 7:oblongus, although large geographically

probably restricted to maritime or semi~-maritime climatic

regions, and in the northern part of its distribution long day-

length could compensate for lower temperatures.

A second group of spiders mature and reproduce in Autunn

e.g. some Linyphia, Araneus, Zygiella, Argiope and Apgelenopsis.

Observations on several of the species in the group indicate a
one year development time (BONNET P,.1930), (DUFFEY E. 1956)
(tURNEULL A.L, 1960); but there is evidence for a lengthening

in at least two species, Araneus diadematus (Clerci)and A.circe

(sav. and Aud.) (WEIHLE 1931).

Thomisidae in general, not spinning webs, have a smaller

prey catchment area that web-spinner or wolf spiders and this

aspect of their behaviour may necessitate a two-year development

period, especially in cooler climates,

3.7.1 Rate of Growth

»

_As a measure of the efficiency. of the laboratory re=ring

methods, a comparison can be made of the sizes of various stages

of T.oblongus in the field and the sizes of those same stages

reached in the C.T, rJoms by individuals captured at a younger

stage,

a)

in
b)

Adults in the field..
KX random selection of 20 adulis, 10 and 10 from the field
early June was of average size: 8.9 mm,

Adults reared from Instar 4 at 20°C are 8,1 mm long,

Adults reared from Instar & at 2500 are 8,2 mm long.

c)

Adults reared from Instar 3 at 25°C are 7.0 mm long,
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there is a significant differenée between the sizes of adults
in the field and the sizes of adults reared from Instar 4, and
a further difference between the sizes of adulis reared from
Instar 4 and adults reared from Instar 3. Although the spiders
were provided with as much food as they could eat, it must be
concluded that laboratory rearing has an adverse effect on their
rate of growth, Possible reasons for his are:-

a) TDNestricted diet,

b) Stress arising from the physical aspects of captivity
including enclosure and contamination of the cage by
waste products,

" ¢) An acceleration of the ecdysis cycle at a faster rate
than the growth process by the continuous high temp-

erature,

In the light of this evidence, it follows that the inform-
ation on fertility and fecundity gained in the laboratory may

well be grossly unrepresentative of the field population.

ihe food consumption of ‘F,oblongus could not be gauged
accurately since the amount of food taken from each prosophila
killed and fed upon by the spider varied a great deal; sometimes
" the corpses were conpletely masticated and sucked dry, other
times they appeared hardly touched,.all stages in between were
observed, however, a number of three to five adult Drosophila

per day for a large Instar 4 spider is an approximate value,

A close record of size changes of a number of spiders was
kept, and FIG 11 shows the size changes of two representative

individuals,

The daily variatim is apparent from the figure,as$ isv the:  .:-%
effect of fertilisation as a stimulus to the appetite of the

female,
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Fe7+2 Effect of Minimum Food

a) Cannibalism SECITION 3.5.4
b) ‘here is no eftect on the number ot days taken to the
first moult in captivity (FIG 8) in Instar 3 or 4,
However, as can be seen if FIG 8, a poor food supply has
a drastic effect on subsequent development., ‘rhe second moult
in captivity of individuals captured in Instar 3 was delayed
by up to 2k days pasf the normal 9.5 days, None of them
became adults and size increase was only an average of 1.00 mm.
after 40 days compared with an increase of 2,25 mm in fully fed

individuals,

It is concluded that & full food supply is necessary for the

spider to become adult when captured in Instar 3,

~Captured in Instar 4, one individual moulted to adult after
12 days,

vaptured in Instar 2, one individual died after 10 days.

¥IG 7.

3.7¢3 Effect of (rowding
vages holding four individuals were used in the experiments

at loc, 2000, 2500 and at outdoor temperature.

vhe spiders were not observed fto interfere with each other
to any preat extent, except when minimum food was provided and
cannibalism occured. When the spiders were fully fed they spent
most ot the time in quiescence or in the predatory posture
separated from each other. ‘they moulted and grew at the normal

rate,

In order to study activity, the cages were marked off into

radii and a record was kept of the spiders' movements, ‘fhis is

- analysed in SECTION 5.4.5
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3.7.4 Longevity

As can be seen from FIG 8, the majority ot spiders can live
for as long as 24 days as adults at 25°, A few individuals were

fed and observed beyond this length of time.

TABLE 10

Length of Life of adult T.oblongus at various temperatures.

T'emperature pgeath Point
days after final moult

25°¢c 45
46
L9
20°%c 51
54

3.7.5 Fertility and Fecundity

Several adult {emales reared at 2000, 2500 and 3000 were

fertilised and laid eggs.

TABLE 11
the number of young produced by female +y,oblongus at various
temperatures.,
‘fFemperature Number of Spiderlings
20°¢ 46,64 ,72,
25% 88,32,35.
30°¢ 110,69,

At 3000 the two batches came from the same female,
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SECTION &

POPULATION SURVEY

L,1 STUDY AREA
Populations of T.oblongus were studied and experimental
specimens were collected in various areas in Silwood Park,

Sunninghill, gerkshire.

Silwood Park is situated about one mile on the London side
of Ascot, Berkshire, 51° 24'N and 0° 391V, at an altitude of 64m,
‘he area is about 48,5 hectares and was at‘one time mostly
included within Windsor uwreat Park, but part of the grounds has
been more or less cultivated or has formed part of a garden for
some hundred years. the grounds mostly lie on beds of Kocene age,
namely Bracklesham beds (gravel and some clay) on the east, and
Bagshot sands (sand with some gravel) on the rest of the area,

A good deal ot the higher ground, including almost all the
pracklesham beds, is capped with Platean gravel. The soil is
mostly a sandy gravel incorporating locally a good deal of clay
but nearly always very light. 1t therefore dries out very rapidly
after rain and the water table in summer is far below the surface
and the vegetation tends to suffer during droughts. fhe greater
part of the area is covered by acid grassland of a rather uniform
type, -dominated by Festuca rubra I,.. and apgrostis tenuis Sibth.

with patches in which iiolcus mollis L. forms closed stands. <yhere

are two patches of woodland and there are icolated trees elsevhere

in the park,

Habitat studies were made and specimens taken from the five
areas shown in ¥FIG 12. negular population counts were made in

Area k,
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AREA 1 =~ THE WATER MEADOW

An area of grassland, very damp but not swampy. Dominant
vegetation is Holcus mollis L., Dactylis glomerata L.,and

Juncus sppe. L. It is sheltered from the wind by screens of trees

and has a slight slope to the south-east.

Specimens of T,oblongus were taken from this area in winter

and summer for laboratory experiments,
ARVA 2 ~ NORTH GRAVEL
This is & level patch of rough grassland, about 300 m. long

and 100 m. across, with a dry, slightly acid, sandy soil.

Dactylis, glomerata L., has colonised the area since it was left

to becone waste in 1955, and is now one of the most common grasses,

together with restuca rubra L., Agrostis tenuis Sibth, Holecus

mollis L., H.lanatus L., Poa trivialis L., and P.pratensis L.

T.oblonpgus were taken in winter and summer,
AREA 3 -~ 'TIE QAK PATCH'

A circular pateh of unmown grass standing in the middle of a
large area of mown grassland, It is about 26 m., across, 530 sq.m.
in area and the vegetation is dominated by a large oak tree, the
foliage of which covers all but a perimeter of 1.5 to 2 m.
Vegetation is sparse beneath the tree's branches, denser at the

perimeter: Holcus mollis, Arrostis tenuis, Testueca rubra, and

NDactylis glomerata. This area was examined intensively for

T.oblongus during winter.
ANFA Lk -~

This is the area where the population of T.oblonsus was

measured by various means during summer., The habitat was disturbed
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as little as possible by trampling or digging up of tussocks,

A Tull description of this area is presented in SECTION %.3.
AREA 5

A dense stand of Dactylis glomerata at the top of a slight

rise, partially sheltered from wind by broom plants to the ecast

and south,
The tussocks are adjacent to-each other over much of the
area and this habitat provided a good supply of T.oblongus

during summer.

The sampling of over-wintering populations of T.oblongus

necessitates the partial destruction of the habitat as described
in SECTION 2, therefore winter and summer populations had to be
sampled in different areas. Area 1,2,5 and 5 were sempled in
winter, and Area & was sampled in summer, }ost of the habitat

and microclimatic investigations were also carried out in Area 4,

k.2 WINTER SAMPLING
4,2,1, Qver-wintering Sites

T.oblonpus was found to occur in various types of grassland,

regardless of the presence of Dactylis rlomeratas; however M,LUrF

(verbal comunication) reported meny over-wintering species including
T.oblonrus inside tussocks of Dactylis, and there was found to be

a concentration of T.oblonrms around the single Dactylis tussock

73 also the last and the tirst active

-

in Area k& in auntumn and s»nrin
T.ohlonrus found on (October 17th and March 13th respectively were
found on DNactylis. .This evidence indicates that the hibernation
site of T.oblonrus is in the Dactylis tussock and examination of
several tussocks confirmed this., Ilowever, T.ohlonszus is fairly
abundant in areas devoid of Daciylis; dense stands of Holcus,and
Agrostis were searched in winter but no E:Oblongus were found;

it was therefore decided to restrict winter sampling to areas
where QEEfZlii was prevalent i.e. to Areas 1, 2, 3, and 5, on the
assumption that T.obloncrus in such a habitat would imigrate the

small distance to the rAcarest tussock in order to hibernate,
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The density of T.oblongus in sumnmer inirough grassland
is about three individuals per square metre, the discovery
of a hibernating individual in such grassland would therefore

involve the digging up of 4 sq.metre of Holcus or Agrostis

on average: whereas the average Dactylis tussock is only
1/30 of a sq.metre usually with 2 individuals of Y.oblongus

within the area.

Three sampling methods were adopted:-
a) Examination by hand.
b) Digging and shaking of the tussocks.

¢) "Tullgren funnel extraction.

These methods are described in SHCTION 3.l. Digging and
shaking was adapted as the most efficient method and the

following samples were taken:-—

1) Area 1 6 tussocks

2) Arca 2 36 tussocks

3} Area 3 30 tussocks, 1964/65,
8 tussocks, 1965/66.

k) Area 5 23 tussocks, 1964/66.

Only tussocks over 15 cm. diameter were sampled, The

results of sampiing are riven in ¥IG 13 and TABIE 13.

As shown:in TABLE 13,calculations of index of dispersion had
shown that T,o0blongus is distributed non rondomly amongst

the Dactylis tussocks of Silwood Park.

Intensive sampling of a small arca such as the Qak Patch

(Area 3) showed the same type of distribution.

ihe 0Oak Patch is not regarded as a typical habitat for
'F.ohloncus because the rrass cover is relatively sparse and
most of the area is covered and shaded by the foilage of the

oak trec, however it was chosen for intensive sampling because
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of the abundance of Dactylis tussocks and because of its
isolation in a large area of regularly mown grassland where
T.oblongus did not occur. The nearcst T.oblongus habitat to
the Qak Patch is 30 m. to the south. YTABLE 12 shows the
results of sampling the Qak Patch.

TABLE 12
Winter sampling of T.oblongus in the Qak Patch,
a) 1964/65
No. of 1T.oblongus per Dactylis tussock No. of tussocks
0 12
1 3
2 2
3 k
L L
5 0
6 3
9 1
10 1
72 30

Average 2,29 spiders per tussock I.,D, = 100 N = 29

Non random at 0,005 level.

b) 1965/66

No, of y.oblongus per Dactylis tussock no. of tussocks

4
1
1
1
8

NP oo~ o

Average 0.9 spiders per tussock, This value is
significantly lower than that for 1964/65 indicating
a general depletion of the population caused by intensive

sampling.

a
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TABLE 13

Winter sampling of T,oblongus in Silwood Park,

Areas 2,3, and §

Number of sgpiders per Dactylis tussock Number of tussocks

0 33

1 10

2 L

3 2

b 6

5 0

6 ©

7 0

8 2

9 2
10 1
16 1
132 65

Average 2.03 spiders per tussock.

the distribution was analysed by pishers Index of
Dispersion and fourd to be significantly non random
at the 0,005 level, I.D. = 331 N = 64

4,2,2 Analysis

fhe distribution of T,oblongus amongst the Dactylis plants
of Silwood Park is non random, also their distribution in the
Oak Patch is non random and the spiders tend to be concentrated

in relatively few grass tussocks.

The grass, Dactylis glomerata,is very variable in fornm,

STAPLEDON (1928) divides the varieties into six ecotypes,
varying in tussock profile and density,also varying in flower-
" ing time, ‘ost of the Dactylis plants on the North Gravel
(Area 2) resemble the "tussock ecotype" of STAPLEDON's
classification: dense, erect plants, higher than wide, leaves
long, very many barren tillers, with the panicles in tiers;

flowering over a long period. ‘The plants of the Qalk Patch
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however tend to be of the "cup ecotype": plants with the
panicle tillers widely inclined from the vertical, wider

than high, fewer barrenm tillers than tussocks, but can be lax
or dense. ‘“The different ecotypes will have different micro-
climatic characteristics and they might differ in other
characteristies which make them more or less attractive to

t'oblongus as over-wintering sites.,

North gravel sampling yielded 92 spiders from 36 tussocks,
an average of 2,55 spiders per tussock, ‘This is not signif-
icantly different from the 0Oak Patch average of 2,29 t = 0.5, N =
Qther characteristics of Dactylis tussocks which might'affect
the distribution of ‘f.oblongus are: age, size, ratio of dead to
live material, position in relation to trees and water, nearness
to neighbouring tussocks and theoccmrréﬁce of other animals

within. the tussock.

Attempts were made to correlate the.occurrence of 1.oblongus
with the size of the tussock and the nearness to the neighbouring
tussocks in North Gravel., rThe tussocks were divided into two
categoriss; large and small, larger and smaller than 20 cm,
diameter respectively.

20 large tussocks yielded 53 individunals, average 2.065.
16 small tussocks yielded 39 individuals, average 2.kk,
i.e. there was no significant difference between the numbers

Z
of spiders in these two habitats ({= 0.28).

Six isolated tussocks, i.e. more than thrce meters from
the necarest tussock were compared with six non isolated tussocks

i.e. in contact with another tussoclk,
The isolated tussocks yielded 14 spiders, and the non

isolated tussocks vielded 16 spiders, Again there was no

significant difference.
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In the Qak Patch, certain tussocks we: noticed to
contain dead oak leaves from the overharsin; tirce, this
may have been associated with the tlussockis position in
relation to the tree or it could have to be due to the
shape of the tussock, since flatter and dense tussocks could
trap and hold more windblown leaves., ‘these tussocks tended
to be to the north—east of the area FIG 1k, or it could have
been due to the age of the tussock, Seven tussocks inpreg-
nated with oak leaves yielded seven spiders, the distribution
being 0,0,0.0,2,2,3. spiders per tussock, and average of 1
individual per tussock. This gives a value of "t" of 8.0
with 6 a.,f., whieh indicates a significant difference between
tussocks impresnated with oak leaves and ifhose wiich are not,
This characteristic of tussocks only occurred in +he Oak Patch,
since the other areas had no tree cover.

The six tussocks clear or overhanring roliage in the
Oak Patch (FIG 1%) yielded 14 spiders, and this was not

significantly different from the peneral average.

¥ive tussocks from North Gravel, the bhases of which were
caten into by mice which form tunnels in an¢ around the base of
the tuyssock surrounded by loose, dcad vegetation, yielded 11
spiders, aganin a number which was not significantly difierent

from the pgeneral averagc.

One possible reason for the concentration of YT.oblourus

in certain tussocks may be unrelated directly te the charac—
teristics of the tussock. 1f the egg sac is laid the previous
summer on the stems of a barticular tussock tlhe Instar 2
individuals hatching in August mav not dirsperse far before -
hibernation; this would lead to a corceontration of spiders in
particular tussocks which are suital.le as oviposition sites,
However, a tussock often had ro spiders whereas eight or nine
were found in an ddjacent onej also th: larger Instars 3 and 4

were as non randomly dist#ibuted as the younger cnes,
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FIG14
Samipling of T, oblongus , Oalk Patch.
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The only indication of a tussock's attractiveness to
T.oblongus came from the negative correlation between the
presence of dead oak leaves and that of the spiders, and
this characteristic could not be investipgated in any of the

other aresas,

A full, nultiple correlation of all the variables may
have provided more définite results concerning the spider's
distribution amongst the Dactylis plants but further research

is necessary for a full explanation,

4,3. SUMMER SAMPLING

The population of T.oblongus was studied in summer in Area 4.
Microclimatic investigations were also carried out in this area,.
The purpose of the study was an attempt to determine the micro-
environmental preferences of this particular spider, its prey

and predators and its abundance in a typical area of grassland.
Two areas of open grassland, both fairly close to Silwood
House, were considered as possible sites for investigation: the

castern slope of Gunness Hill and the crest of Elm Slope.

ARFA & -~ (WIM SLOPE)

Description

A level patch of rough grassland,36,6.m by 18,3 m, the
longer side running north-west to gouth-east, It slopes
slightly to the south-west, dropping 1.3 m in 18 m. It is
on the southwestern brow of one of the highest points in
Silwood Park (65m), but is sheltered by high trees on all but
the Southwestern side, the vegetation has a tendency to slope

,towards the north-east.
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The total svea nr 670 sq. m, consists approximately of

. L. § . - N
Z Agrostis tenuis,y; Achillea mlllefollum;% restuca rubra and

~{iﬂblcus mollis., There is one tussock of Daetylis glomerata,

about 100 oal-szplings of % to 1} m' in height and a scattering

of other typical grassland herbs, FIG 15 shows the arca divided

into sub-areas of vegetation of particular spccies. The sub-
areas are not composed solely of the species indicated but are
dominated by that species. Only in the case of Festuca which

grows in dense clumps are other plants excluded.

Examination of Gunness Till in autumn of 1964 had revealed
that there w.s a population of Tibellus there, but Elm Slope

(Area &) was selccted as there appeared to be more of the spiders

there even thourh the vegetation of the two areas was similar.
Elm Slope faces west whereas Gunness I1ill faces east, Elm Slope
has more elearly défined areas of different vegetation although
it is more uomooensus than Gunness Hill in that there are no
large trees inside Lhc area nor any thistles, also Area 4 is

slightly dryer, Holcus mollis is less common except at the

western boundary and there is no Juneus which is present on
Gunness Fill,

Sampling metlliods

KA preliminary investigation of the habitat showed that
T.obloncus waz fairly evenly distributed across Area %; the
larger Instevrs 3 and 4 were found on the surface of the veget-
ation and when the grass was disturbed and pressed down with '
both hands the spiders ran along the uppermost stems and could
be easily seer and counted. Instar 2 individuals were found
lower down amongst the ﬁases of the grass stems and the stems
had to be rarted and the vegetation examined in detail at soil

level in ovder to find then.

It was decided wo carry out a randem quadrat sﬁrvey of
Aren 4 in ovraer ‘o cossess the general population density of

T.oblonacus, any nicrohabitat preferences and to determine the

occurre=re of the varisus instars throughout the summer,
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The size of quadrat chosen was a wire square of 0.1 sq.m,
this was a compromise between a larger size for the larger
Instars since these individuals could be seen and counted in
an area of twice this size, and a smaller size, which is more
convenient for counting the smaller Instar because of the
searching involved., A larger size would have been better for

statistical reasons,

Area 4, was sectioned into a grid of 4.6 m squares, 32 in
all, and canes were stuck into the ground at the intersections

of the imaginary grid lines,

To ensure a random positioning of the quadrat, it was
thrown into a particular square from a distance of about 5 m,
The guadrat was made of springy wire and usually bounced and
rolled between one and three metres in an unforseeable direction
before coming to rest., ‘he vegetation within it was searched
for T.oblongus in the mamner described. puring each survey, the
quadrat was ‘thrownoonce into each of the 32 grid squares giving

a sample ratio of 3.2 sq.m to 670 sq.m or 1:209,

A possible disadvantage of his method is the quadrat, in
landing, might disturb the spiders and cause them to run away
before being counted; however the quadrat weighed only a few
ounces and usually landed gently after rolling, the disturbance
of the grass was no more than that caused by a stron gust of
windj moreover the defensive behaviour of T.oblongus is to
"freeze" at the lirst disturbance and to run only with cont-
inued disturbance especially if it coincides with a shadow,

The guadrat does not cast a shadow whereas the investigator does.

thig type of . survey:was carried out every few days irom
May 17th 1965 to Aurust 17th 1965, usually in the late morning
‘or early afternoon. Alr temperature at a height of one metre

was recorded, humidity at one metre was measured by means of a

o
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wet and dry bulb hydrometer and recorded, ﬁhethcr the grass
was saturated from recent rain and the total number of the
various Instars of ‘.oblongus and the number in each quadrat
was also noted, The resunlts of this sampling are presented in

PARLE 15 and condensed in TABLE 1lk.

TABLE 14

Numbers of T.oblongus found in quadrats in Area 4, May 17th
to August 16th 1965.

No. of spiders per quadrat No. of quadrats(0.1 sg.m,)
0 645
1 99
2 16
3 6
L 2
TOTAL 157 768

Mean 0,204 spiders per quadrat,
This distribution is significantly non random beyond the
0.005 level, 1.D. = 1060 d.f. = 767.

There was an average of 0.204 spiders per gquadrat, standard
deviation was 0.476. This high value could be due to aggregation
by the spiders as indicated by the index of dispersion test; or
it could be due to the population density changing over the four

months of the investigation,

Close observation of the spiders in the field showed
conclusively that they aggregated in certain types of vegetation,
However, this type of vegetation was only partially correlated
with the species of plant. A cumulative record of the spiders
found in quadrats bhetveen llay 17th and Avmust 16th 1965 is shown
on FIG 15. The number of guadrats Zalliny on each suh-area
,was not recorded, and a calculation oi the probabilities of

a proportional distribution of the guadrats over the differcnt
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types of vegetation would involve factors for the physical
structure of the plants, the small bumps and dips in the terrain
and the sizes and positions of the different sub-areas. It was
assumed that there was a proportional distribution of the quadrats
and a comparison can be made between the numbers of spiders

found in each type of vegetation and the numbers that can be

expected from a random distribution of the spiders.

Area 4 is 670 sq.m. and 157 spiders were found between the
dates of sampling; the total of Agrostis sub areas was 427 sq.m.
giving an expected number of 100 spiders, the observed being
113. The Holcus sub-areas totalled 57 sq.m. giving an expected
number of spiders of 13, the observed 14, The Festuca sub-areas
totalled 79 sq.m, the expected number of spiders, was 9 and the
observed 16, fhere were 107 sq.m. of Achillea in which 14
spiders were found instead of the expected 25. Alﬁ(? value
of 7.93 shows that the distribution of T.oblongus.is significently
non random at the 2.5 level of significance in relation to species
of substrate vegetation in Area 4., A comparison of the number
of spiders found in Agrostis and that found in Achillea shows a
more difinite deviation from the random, significant at the 1%
level. +the result.of this calculation can only be regarded as
an indication of the spiderst's distribution because of the unknown
distribution of the quadrats., gExperiments were carried out to

confirm the results of the caleculation and the observations.

4,3,1 Choice of Substrate

The purpose of this experiment was to determine whether

T.oblongus showed a tendency to position itself in a certain

type of vegetation in the field during the late morning and

early afternoon,

A wooden tray was used, %0cm., wide, 50cm long and

.10 cm. deep. Two pieces of typical Area 4 vegetation were

placed side by side in the tray, soil, litter and stenms
§loping in the same direction as in Arca 4 i.e. nmorth-east,

rhe tray was placed on a lawn of short grass at noon on a
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warm, sunny day and six Instar L spiders were released, three
onto each of the two types of vegetation, See »IG 16, Two
hours were allowed for the spiders to recover fron the stress
of being handled and to settle down into their predatory
positions, then the vegetation was examined and the number

of spiders in each type was recorded (It was hoped that none
would escape over the sides of the tray, however scme did but
the results are nét affected)., pvery comhination of the four
types of vegetation found in Area 4 was tried, three replicates

Al

of each. .7The results are shown in TADLH 16,

TABLE 16

Choice of Substrate pxperiment Results

Plants in ‘fray Mo, of spiders found on each
speciegs, 2 liours aiter release rotal pxnected

Replicate 1 2 3

Aprostis 3 9 .

Holeus 2 2 7 o

Acrostis Ly 5 6 15 9.0
Testuca 2 1 0 3 9.0
Asrostis . 6 5 L 15 8.5
Achillea } 0 0 2 2 8.5
Holcus L 5 5 14 8.0
Eesggxgw 1 1 0 2 8.0

= -

Holcus 5 6 L 15 8.5
Achillea 0 2 2 8.5
Festuce . 2 1 5 8.5
Achillae 4 4 1 9 8.5

There is a signiricant preference for the spiders to sit

on Agrostis rather than Testuca or Achillea also to sit on

ITolcus rather than restuca or Achillae,

0.25

10,00
9,00
16.66

0.06
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This experiment provided a strong indication of preference
whereas the analysis of the population counts provided only a
slight indication, The explanation of this discrepancy lies
in the different time scales involved. The population counts
continued over a period of four months whereas the experiment

lasted only a week,

puring the four months May 17th to August 17th, each of
the three grasses produced inflorescences in suécession; first
the Holcus flowered, then the pestuca then the Agrostis.
Associated with these reproductive phases were general changes
in the physical condition of the grass areas namely the proportion
of live green stems and leaves to dead or flowering non-transpiring
stems, The occurrence of T.oblongus was found to be correlated with
these changes. During the week of the experiment, the Holcus
and Agrostis were both in the condition which proved favourable
to the occurrence of the spiders i.e. & high proportion of brown,
non-transpiring stems: these stems may be live, flower-bearing
shoots or dead culms and leaves: whereas the Festuca was in the
condition least attractive to T.oblongus having no long flowering
shoots, and each tuft being composed of about 50% dead and 50%

live stems.

As well as these differences in the occurrence of T,oblongus
between different types of substrate vegetation, it was observed
that their general abundance on the grass surface depended on the
weather; +they were absent or sparse on cool wet days and most ot
the population counts were done on warm sunny days when the air
temperature at one metre was between lloc and 2&00. The grass
level temperature is a factor more relevant to the spiders and
this was recorded from May 25th onwards, however since the sun
and wind conditions were similar for all the population counts,
the ground level temmerature was correlated with the one metre
temperature. This latter value was used in a multiple correlation
designed to discover the relationship between spider activity in the

"

field and temperature.
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The correlation was carried out by the IBM 7090 computer

at Imperial College using a program written by G.MURDIE.

A factor for the date was used as one independant variable
expressed in terms of the number of days before August 17th from
80 to 0, temperature at one metre in °c was the-other, and the

number of spiders found in the quadrats was the dependant variable,

‘the correlation was significant at the 5% level, F = 4.57
for 2 and 15 d.f., however only 384 of the variation:in numbers
of T.oblongus was accounted for by the two factors temperature

and date., The correlation coefficients were:

Temperature:Date = 0.59
Number of spiders:bate , = 0.47
Number of spiders:Temperature = 0.05

In an attempt to gather information concerning the behaviour
of T.oblongus in relation to temperature and humidity, three

correlations were tried using data from the population counts:

1. fThe proportion of the total sample in the most populous quadrat
with temperature,.lo discover if temperature affected

aggregation,

2, ‘he proportion of the total sample in the most populous
quadrat with humidity. 7o discover if humidity affected

aggregation,

3. 'The proportion of Instar 2 individuals in the sample with
air temperature, 1o discover if temperature affected

different Instars diflerently.

The calculated data is set out in »IG 17

In none of the three was there a significant correlation,
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4,3.2 Demarkation of Special Areas

In mid-August 1965, after the preliminary survey, Area k
was inspected visually and a total of 6.0 sq.m in 1k small
patches was marked out as "Special Areas." ‘These special areas
were patches of mixed live and dead grass which had been found
to contain a much denser population of r.oblongus than the
surrounding grass which was predominantly green; the stems tended
to slope towards the rorth~east probably because of the prevailing
southwesterly wind and because ot the slight slope of the ground;

the rest of the vegetation tended to be vertical.

'the special areas in August 1965 were found mainly in
Agrostis except for two which were in yestuca and the single
Dactylis tussock. A random sample of 20 x 0.1 sq.m was taken
seven times between August 17th and Qctober 7th together with a
3.2 sq.m sample of the rest of the area in the manner described
previously. The results are in TABLE 17. ‘The samples were taken

‘on warm sunny afternoons.

TABLE 17

Results of Sampling Area k: August 17th to October 7th,1965.

SPECIAL AREA NORMAL AREA
2,0 sg.m sample 3¢2 sq.m sample
Instar 2 3 & A Total 2 3 & A Total
17/8 0 4 14 2 20 0 0 2 O 2
23/8 2 3 13 0 18 0 0 3 0 3
2/9 1 3 7 0 11 0 0 4 0 L
12/9 3 0 13 0 16 0 0o 2 0 2
20/9 2 0 13 0 15 0 c 1 0 1
28/9 0 0 6 0 6 &4 0 L 0 8
7/10 2 0 0 9 0 O 6 O 6

1T0TAL 95 26
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A total sample of 14 sq.m of Special Area yielded 95 spiders, an
average of 6,8 spiders per sq.m whereas the normal area yielded
an average of 1.1 spiders per sq.,m., However the ratie of numbers in
special and normal varied from 15:1 to 4:3, so the difference is

not consistent although it is highly significant,

Lk, STMMER SAMPLING 1966

throughout the summer of 1966, a récord was kept of the
changes in the pattern of the Special Areasiin Area L4, observations
were made on their microclimatic characteristics in relation to
the rest of the vegetation and of the density of T.oblongus in them

in relation to the rest of the vegetation,

L, 4,1 Microclimatic measurements

Temperature measurements were made with a normal mercury bulb
thermometer, ‘fhis was adeguate for the spétial requirements of the
readings, the bulb is about the size of the body of an Instar 4,
7,oblongus. When readings were taken, the bulb was shielded from
direct sunlight but as little as possible of the surrounding grass
was shielded and the !lercury level allowed to reach equilibrium

before it-was recorded,

4,4,2 Evaporimeter

The humidity was measured by means of an evaporimeter (FIG 18).
This instrument in effect measures directly the evaporating power of
its environment: it takes into account air currents and local
saturation which neither cobalt thiocyanate paver nor the wet and
dry bulb hydrometer do: also it is effective in a small space as
compared with a Gregory hydrometer which is relatively bulky.
The evaporimeter is very portable and convenient to use, except
that its disadvantage is that it may saturate the microenvironment

with water vapourj; this would affeet the rate of evaporation and

hence the reading: however during calibration this source of error

was not encountered.
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The evaporimeter is sinply a length of glass capillary
tubing full of water, with an evaporating surface at one end,
The rate at which water leaves the tube is a measure of the

evaporating power of the environment.

During the development of the instrument in the laboratory,
two sizes of capillary tubing were tried:

a) 5 mm diameter, 0,5 mm bore.

b) 4 mm diameter, 0,3 mm bore.
The smaller tube was found to be more convenient because the
surface forces inside it are larger in proportion to the mass of
water, so the water does not move about and form droplets at the
end of the tube so readily when it is moved or tilted. As an
evaporation surface, three types of paper were tried:

8) Whatman Loose Weave filter paper.

b) Normal filter paper,

¢) Washed cizarette paper,(Washed to remove any inorganic salts

A disc of each of theée was punched with a number 3 cork borer,
three tubes were filled with distilled water, a different disc was
applied to one end ofeach tube and held there by capillary atiraction
the tubes were left adjacent to each other:in the lab, and the
movements of the menisci were recorded for two hours. More discs
were cut and tried as before and it was found that the washed
cigarettepafer gave the most consistent readings. The thicke®
filter papers were nore likely to be unevenly crushed while heing
punched and handled and this could affect the rate of evaporation
from them, whereas the cigarette paper being very thin was virtually

uncrushable and all discs appeared homogenous and identical,

The final evaporimeter(rIG 18) was 13 cm long, 4 mm diemeter,
0.3 mm bore tubing with a disc of washed cigarette paper of 4 mm
diameter at one end and a thin stirip of graph paper glued along
its length for convenient observation of the movement of the
meniscus., When it was used in the field, a small bottle of
distilled water was taken together with about a dozen spare paper

discsy the evaporimeter was filled by carefunl sucking from the
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uncovered end, then a disc was applied to the other end by means
of forceps to avoid contamination by finger grease, the tube was
held level and allowed to stabilise and any droplétiationecend
taken into the capillary; then the evaporating surface was held
in the microenvironment in question with the tube:horizontal, the

movement of the meniseus was recorded after five minutes,

CALIBRATION

In order to discover an approximate reclationship between
relative humidity and the evaporimeter reading it was calibrated

in the laboratory.,

Solutions-of various strengths of X0H were prepared, 100 cec
of each solution in turn was poured into a desiccator, the 1id was
put on and the R.H, allowed to stabilize; then the evaporimeter
was placed on the wire mesh six or seven centimeters above the
surface of the liquid, the 1lid was put on the desiccator and the
meniscus movement recorded every minute for about 35 minutes. The

results are set out in prIG 19.

The results show a marked consistency in the evaporation rates
and within the range 50% to 90¢ R,I, there is a regular different-
iation in evaporimeter readings with the difference in R,H,
Although the air in the desiccator is stationary, the danger of a
sphere of saturated air round the evaporating surface depressing
the evaporation rate does not seem to have materialised. During
calibration, as soon as the hypothetical sphere comes into contact
with the 01 solution surface it reaches equilibriun as the water
vapour is absorbed into the solution, however the evaporating
surface was six or seven cm above the KOII surface; a sphere of this
diameter ecasily encompasses the microenvironments under investig-
ation in the field, therefore the field results are regarded as

,reliable,
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In 1965 I had underestimated the number of the yoﬁnger
Instars of T.oblongus in samples, so various specialised
sampling methods were tried during 1966 in an attempt to obtain
a more balanced survey of the species and also to determine more
clearly the degree of stratification of the different Instars

through the vegetation,

4,4,3 Stratified Pitfalls

Nine polystyrene dishes were used, 10 cm diameter, and 4 cm
deep; 15 cc of ethylene glycol was poured into each forming a 1 cm

deep liquid trap at the bottom,

The dishes were placed at three different levels in a typical
stand of mwixed live and dead Agrostis where T,.oblongus was abundant:
the uppermos}ﬂdig;was amongst the long sloping stems about 15 cm
above soil 1e§e1, the middle dish was level with the surface of the
litter and shrivelled leaves at 8 cm and the lowest one was sunk
into a shallow pit so that the rim was at soil level. Three traps
were placed in each of three tussocks and were examined after omne,
five, eight and thirteen days. No T.oblongus were found; only a
few Carabids and Lycosids. A T.oblongus deliberately pleced in the
liquid was trapped/by it, apparently none had reached that far,

The traps were rejected and removed.

L,b,4 Sticky Bands

Strips of commercial sticky band were cut, 10 em by 3 cm, two
strips were put in each éf five typical Agrostis stands, one strip
at a height of 10 cm facing upwards and outwards on the sunward
surface of the grass covered by a single layer of about six stems;
the second strip was placed amongst the litter at the base oi the

grass, from soil level to 5 ecm.

The following morning, all the strips were empty; the slight
smell of menthol emanating from them may act as a repellant, but
a small Lyniphiid was seen to walk across the supposedly sticky
surface without difficulty. The strips had caught nothing after.

six days and were removed,
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4,4,5 Sticky Canes

Dr. Eric Duffey (verbal communication) recommended sticky
canes as a trapﬁing method., The gum on paper strips develops
a non-adhesive surface after exposure to moisture whereas gum
painted on canes maintains its stickiness through expansion and
contraction and very slowly flowing down the cane, thus renewing
the surface. A 20 cm band of "Sticktite” was painted on to 25
canes of 1 - 2 em in diameter; the canes were stuck into the
ground in and around the area frequented by T,obloncus, and were
sloped parallel to the grass Stems:between 20° and 40° from the
vertical, pive canes were placed in each of five tufts of Agrostis,
one with its band from so0il level to 10 cm, another with its band
from soil level to 10 cm, another with its band from 5 em to 15 ecm,
a third from 10 cm to 20 cm, a fourth from 15 cm to 25 cm and the .
fifth from 20 ecm to 30 cm, After five days the canes had caught
a few bugs, an ichneumon wasp and a young grasshopper, but no
T.oblongus, A small spider was placed on to the gum, it was
slightly repelled but walked across the surface easily then took
off by means of an aerial thread, <The canes were left out for
several weeks, throughout the reproductive phase of .,oblongus
in the hope that a female searching for an egg laying site nay
climb one, Eventually the gunm was almost completely covered by

trapped fauna of numerous types but no 1.oblongus were found,

Sampling by marking énd releasing was éonsidered, as described
by BAILEY 1951, but this was practicable only with the larger
Instars. White paint was applied to the abdomens ol several
individuals but it appeared to disturb them probably because the
abdomen is very sensitive to touch and is used in the detection

of prey.

Since T.oblongus selects its microenvironment, it was considered
.that the disturbance involved in vaceuum sampling would have a

destructive effcct on the smniders habitat,

"
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fecausé of these difficrlties ana bcecoure oi tne rerarkable
capacity of w.oblongus to avoid being *vanpei, the same iuperfect

sanpling methods of 1903 had to be reveated .n 1266,

L,4,6 vVeretation Pattern

1he vegetation of A1:A & was assessed visually cach month
from April to QOctober and the percentage of decad vepebtation was
recorded, Although f.oblonsus is not amundani in tufts of
comnletely dead grass stems, the special area of mixed live and
dead stems, where the spiders are abundant, form a close proportion
of the decd vegsetation. he changes that occurred in vegetation

during april to October 1966 are given in YABLE 18,

TABLE 18
Changes in vegetation in ANFA 4, 1966
% of arca appearing light brown Composition
Eglcus Festuca Agrostis

APRIL 23 ‘ 5.5 3.0 14,5
MAY" 17.5 U.D 2.5 14,5
~ JUNE ’ 9 0.25 1.75 7.0
JULY 6 0.5 1.0 x5
CAUGUST 12 3,0 2.0 7.0

SEPTI}NBER %0 8.0 8.0 14,0

0C1 OBER 35 8.0 8.0 19.0

Farly in the summer the dead patches are made up of normal leaves
and stems that died during the winter; afier the {lowering time
of the grass, the dead flower stems ccomprise most of the dead’
vegetation. ‘he three minima in the vualues for the three grass
species correspond to three ilowering times: first lolcus then

Festuca closely followed by Agrostis.

5,4,7 Microclinate

rhe vegetation of anuA 4 was subdivided into eight types.

a) Live Holcus
stands ol live, photosynthecising helcus stems and leaves,
vertical:and relatively ditffuse, green in appearance,

Stems 1 - 2 mn diameter, lcaves up to 5 mm wide.

~ . )
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c)
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Dead Holcus
A gray mass of dry, dead leaves and stems, often

horizontal,

Mixed Holcus

A mixture of the two above types.

NOTE -~ The flower stems of Holcus are green and photosynthetic

- L
o

d)

£)

)

h)

at the hasal 20 or so centimetres,

Live Festuca

A stand of thin, green leaves usually sprouting from a
dense layer of shorter leaves and brown, shrivelled dead
leaves. They point in various directions tending to the

north-east,

Mixed Festuca

At flowering time long, pale brown reproductive stens

rise above the surface of the normal vegetation,
leaves 0,75 mm ~ 0.5 mm diameter

reproductive stems 1,00 mm ~ 2.0 mm diameter.

Live Agrostis
Green stems and leaves in relatively dense bunches usually

parallel, vertical or tending to slope northeastward.

Dead Agrostis
A mass of grey-brown decad stems and leaves invariably

sloping north, northeast or east.

Mixed Apgrostis

A close mass of parallel stems and leaves some green and
photosynthesising, others grey-brown and dead, usually
sloping northeast, The widths of the various components
are variable up to 2 mm and there are flattened leaves

intermingled.

Readings were taken with the thermometer and evaporimeter at

a height of about 10 ~ 15 cm where T.oblongus was usually found,
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A record of the microclimatic characteristics of these
eight types during a typical sunny day in early sunmer is presented

in TABLE 19.

These arc the:readings from a single day, June L4th 1966; the
observations were repeated on other days and though the values were

8lightly different, the pattern was the same.
TABLE 19
Typical Microclimate readings from ARFA 4,early June.

Source of

Neading Time of Day

09,30 12,00 14,30 22 ,00
Air at % 12 16 17 10
1 metre E 12 17 16 12
Live °c 15 19 29 6
Holcus B 6 12 5 L
Dead % 18 23 oy 4
Molcus E 7 17 12 0
Festuca C 17 23 ~7 6
— 8 8 8 L
Live ° 18 23 ol 8
Agrostis E 6 12 5 4
Dead °c 20 08 30 12
Agrostis E 9 25 12 2

. 1]

Mixed c 15 27 27 12
Life and E 5 8 8 y

Dead Agrostis

(special area)

E = Evaporimeter meniscus movement (mm)
At./9.30 hrs.the vegetation is already heated by the sun
above the temverature at 1.0 metre thoupgh it is damper than the
air,: "At 22,00 hrs (dusk) the ground is beginning to cool down
faster tﬁéibfhe air end only the dead and mixed Agrostis is

retaining its warmth, The evanorimeter reading for the air at
- - - - B T U

1.0 metre is generally higher than in the vegetation because
the air is moving past the evaporimeter but is almost stationary
amonaost the grass stems, whilst transpiration also keeps the

humidity high. Live Holcus is the coolest and dampest environment
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whilst dead Agrostis iz the hottest and dryest; the readings for

the mixed vegetation are the average of those for the live and
dead of the resnzctive species, Live Festuca becomes wurmer and
dryer by the =2{ternoon than the other two species, becausc of the
denser, darker litter within it and the more difiuse stems and

leaves which are rolled thinner and semi-xerophytic,.

On days following heavy rainfall or dew f£all the dead Agrostis
dried out and warmed up fastest, then Testuca, and lastly Holcus,
which occasionally remained saturated the whole day even if the

other two species dried out,

L4,%,8 Distribution and abundance of T.oblongus summer 1966

rour times each month from iay 1966 to October 19606, a sample
was taken of the "special® and normal areas, Tach sample consisted
of the examination of ten squares of 0,1 sq.mm,~in-each type of
vegetation the squares were chosen randomly, using a metal quadrat

as before., The results are given in TABLE 20,

L,5 ANALYSIS

——

4,5,1 Microclimatn
TABLE 19 shows the results during a typical sunny dey in early
summer *when all ibe¢ Instars of T.oblonghs are relatively abundaent

and active in the field, The types labelled "mixed Holcus and

"mixed Aprostis" are tle Special Areas where ''soblongus is found

B

in density nreater by approximately four to one than in the rest
of the vegetatiorg "mixed Pestuca" does not appear until this
apecics flowers in late June and early July and persists afterwards

vhen the dead and dying flowering stems remain erect.

The importueint characteristie of the Special Areas in relation
to the other areas-is that they become warmer than the live grass
and stay asmper lhan *he dead grass. Dead stems and leaves absorb
the sun's raaiation and heat up vwhereas live stems and leaves

transpire, so duanpeuning and cooling the surrounding air, A mixture
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TABLE 20 .
Results of Sampling for T.oblongus AREA %, 1966
One sq.m sample in Special Area (S), and Normal Area (N).

i)ate Vegetation Instar

Type 2 - 3 l} A .'l'O,t&l
2
April & g 3 5 2
April 10+: g 3 3 ;
. N 2
April 12 s 0 5 3
April 25§ 3 2 3 g
April N ]
Total § 19 27
N 1 1 2
May 10 S 3 1 L
_ N 1 & 2
May 16 S L 1 5
N 0
M 20
i S 5 §& 7
N 1
May 30 S 5 1 % ),
May N 5
Total S 20 25
Y 1 3 8 5
June & S % 5 ?
o
N + i 2
June 12 S 1 L 5
N 0
June 18 s 071 1
A
N ¢ 2
12} [w
‘dune 26 S 1 2 3 7% 8
Juone g o
10tal S <50

29
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TABLE 20 contd,.
itesults of sampling for .. oblonmgus AukA 4, 1566

One sq.m sample in Special Area (S),and Normal arca(N).

Vegevation Insvar
bate Type 2 3 L A Total
gury 1 N ‘ 7 1
S 3 3
’ N 0
JULY
7 5 13 o 5
JULY 11 y
S 3 2 5
N 1 1
JULY 20 X
s 7s o 18
. N 2
AUGUsT 2
Usy g 6 L 8
AUGUs1T 5 K 0 0
S 0 1
SEPIEMERR N 3 6 2
g5 S 7
SETETMBER M - 0
18 3 ° 6
SEPYRIBER N 1 L 1
25 S 4
SEPITMBER N 0
30 S L 6 10
SEPreMmER N
TOrAl, g o -:); 30
e Y " N 2
oCronsy 4 S 2 1 1 3
N 1
I“ E
0CTOBER 10 ¢ 3 5
0Ct0sEL IGIS‘T ’ g
N 0
1'0ER 2
0C101sER )S 0
ocromer N 3 8
1YOorAL.. S 5
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of these two produces "optimum" conditions for f.,oblongus, It
was noticed that variouvs types ot YLycosid and Salticid spiders
were abundant in these areas also, and many flying insects

landed in them, especially Diptera, Some flies are known to

be attracted to warm surfaces but these are mostly parasites of
warm-blooded animals, the flies landing on the Special Areas

may be just sunning thenselves, raising their bédy temperatare,‘
or they may be in search of food, There are likely to be de-
composing stems and leaves in the Special Area, especially late

in the season and this would attract a whole complex of species

of a food chain from bacteria and fungi through collembola,
saprophytic beetles, and flies up tvo the higher predators, beetles
and spiders., The cryptic coloration and posture of 7J,oblongus
blends best with this type of vegetation with its intermingled
parallel, green, and tan shadow components, So T.oblongus wouid
secem to be adapted to the particular environment where its poten-
tial prey tend to congregate. TIlowever all stages of the spider
were found amongst other types of vegetation; also certain Special
Areas which appeared typical and had typical fauna and microcli-

matic characteristics were coneistently devoid of T.oblengns .

which was found to congregate on certain tussocks apparently
identical to their neighbours from which T.,oblongus individuals
were absent. This could be explained by various factors: the
nicrostructure of the particular grass patches devoid of T.cblongus
may be unsuitable not having free water droplets for the spiders
to drink, not being of the optimum density for the spiders,to prey
or cscape, not containing any decomposing matter, or there
may have been no suitable places in the vicinity for the spiders
to spend the night. T,oblongus usually disappeared from the
vegetation surface at night although some Instar 4 individuals
were swept on warm nights; Aggregation was investigated as a
possible explanation(see STCTION 5.4.5) but the resuvlts were

inconeclusive,
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5,5.,2 Numbers of T.oblongus

The average density in the Special Area was 4.38 spiders
ver sq.m,-varying from a minimum of 1.25 in Qctober to a maximum
of 6.75 in September: the average density in the 'Normal Areat:,!
was 1,35 spiders per sq.m, minima 0,75 in July, September and
October, maximum 2.25 in June. The ratio of densities in Special
to Normal Areas is consistent at about 4:1 from month to month,
but since the total area of the Special Areas decreases ithrough
June to July and August (TABLE 20) the total number of T.oblongus
must fluctuate correspondingly. The numbers of spiders sampled
also reaches a minumum daring this period and this further
emphasises the decrease in. population., July is the month during
which the last of the individuals that over-wintered as Instar 2
emerge. and moult, and all those that over-~wintered as Instar &
become adult and the adults are mating and reproducing., This is
the period when predatory activity is at a minumum in T.oblongus,
it is also the time when there are the lowest number of predatory
sites, Special Areas, available,

C

Activity is resumed in September as the newly hatched Instar 2
individuals emerge and the newly moulted Instar 4 are active in
the predatory siteé, feeding in preparation for over-wintering.
This corresponds to the dying off of the grasses and an increase
in the number of Special Areas. The cold weather of (October marks

the disappearance of T.oblongus from the surface vegetation,

Adults were found from the beginning of Maey to the end of
July; 11 males and 6 females in total. This is not a significant
sex ratio when the variation in the results of single samples are

taken into account.

POPULATION SURVEY

4,6 GENERAL CONCLUSIONS

T.oblonpgus proved to be a difficult animal to sample
accurately for several reasons: first, the low general population

level; second, the elusiveness of the species and its avoidance
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of traps; thirdly, the difference in distribution of the various
Instars; fourthly the biennial developmenit cycle; and fifthly
the daily and seasonal movements of the jindividuals are:very

sensitive to both climate and microclimatic conditions.

However, the invesfigation of the Special Areas of mixed
live and dead grass stems showed significant microclimatic
differences to the surrounding.vegetation and a corresponding
higher density of T.oblonrus together with a higher density of
its potential prey. Also the seasonal fluctuations in the
prevalence and locatioﬁ of the Special Areas were found to
coincide with the fluctuations in density and activity of

T;oblongué.

The population of T.oblonpgus in winter was found to be con-
centrated in Dactylis tussocks, the microclimatic characteristics
of which are lmown to be favourable for the hibernation of many -
Arthropod species. Certain Dactylis tussocks contained a sig-
nificantly higher number of T,oblongus, the reasons for this were

not discovered,

The tussocks have been shown to produce a more

equable micro climate than Holcus or Festuca with a smaller

range of temperature extremes at the 7.5 ¢m level and at soil

level in summer and winter,after rain and under snowe(LUFF 1955)
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SECTION 5
BEHAVIOUR

5.1 GENERAL CONSIDERATIONS

Like all the order Aranea,T.ocblongus is a predator. on other
small orzanisms of similar or smaller size than itself. This
agpect of the species! biology has an overriding influence on the
whole of its behaviour. Also like many other spiders, it lives
in temperate grassland of a fairly t&pica kindj however the
structure and behaviour of the genus reflect its distinctive and

unique ecological relationship to the other spiders in Britain,

As far as is known, all the family Thomisidae are ambush
predators that neither build snares nor move directly in search
or in pursuit of their prey; and all the genera whose predatory
habits are known, tend to be confined to highly specialised
location such as flowerheads or seeds while preying. One related

tropical group is disguised as a bird's faeces in order to attract

Prey. -

T.oblongus is an exception among the British Thouisidae; it
preys in the same relatively generalised locations as the grass-—
land Lycosidae and Salticidae, i.e. the patches of hall-dead grass
stems, This feature of its niode of 1ifec together with its structure
and its use of its own body and lepgs directly to detect prey in
the manner typical of the Thomisidae make it unique among British

spiders.

In its relationship to its prey, the genus T.oblongus can be

considered as a midpoint between the passive, sedentary snare-
huilding families e.g. Argiopidae, Linyphiidae and ywetragnathidae

and the active hunters e.g. Lycosidae and Salticidae,
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A detailed analysis of the behavioural interaction between
T,oblonmus and its prey was carried out in the belief that a full
understanding of this interaction is a pre-requisite to the under-
standing of the ecology of the species, and of others with similar
modes of life, fhis analysis is described in SECTION 6 and is

discussed in relation to the general predatory role of T.oblongus.

5.2, CLASSIFICATION

The aspects of the behaviour of w.oblongus that were studied

can be categorised under the following headingsg

a) Predatory Behaviour. Sources of information were:

Observations in the field, experiments and observation

in the laboratory.(Described in SECTION 6)

b) Defensive Behaviour. Sources of information were:

Observations in the field, experiment and observation in

the laboratory.

Mass Movements

¢) Yearly migration ecycle: Sources of information were:
Observation and experiments on hibernation in the

laboratory, and observation in the field.

d) Dispersal: Observation and experiment in field and

laboratory, and experiments on aeronaut behaviour.

Individual Behaviour

e) Agpgregation, i.e. orientation with respect to members of
the same species. Lahoratory experiments were carried out
on this,

tf) Orientation with respect to the physical environment:

Sources of information were: observation and experiment

in field and laboratory.

g) Meulting: this was observed in the laboratory.
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Reproductive Behaviour,

h) Mating: this was observed in the laboratory.
i) ©Bge-laying: this was observed in the laboratory.

d) 1Incubation: this was observed in the laboratory.

5.3 POSTURE

. Although ‘P.oblongus is very active in its immediate reaction
to prey or predators, the individuals spend a high proportion of

the time in a stationary, relatively fixed posture.

the postures were found to reflect the state of the individual;
for example there were certain postures adppted during predation
and others during hibernation. ‘Therefore the postures could be
used as a convenient term of reference during the behavioural
observations and experiments on the species; they are referred
to in the description and discussion which follow, however, a
series of pFigures 20 to 23 with brief descripltions is presented

at this point for comparison,

The postures illustrated are extremes, intermediate positions
were frequently observed which exhibited combinations of the

following posture characteristics:-

a) walking (FIG 20)
Legs II, ITI and IV are used for propulsion while the
first pair of legs are waved in a vertical place in front
of the spider. rhe rate of movement of the fromt legs
was fournd to be roughly proportional to the speed of
walking, varying from one movement every two seconds to
about four movements per second. It seems probable that
the front legs are used to detect objects in the spider's
path bevond the visual range, as was indicated by exper-

iments on predation (see 5.6).
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FIG 20 T.oblongus

o RIS
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FIG 21 ’K@f@ﬁ@ﬁﬁg%é
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FIG 22 T.oblongus
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b) Hibernatiocn Posture (FIG 23)

rhis posture was also observed when the .spider was

was replete, also when it was basking in sun or lamplight
and it was adopted by the individual immediately on
completion of the characteristic short escape run.

It is likely that the posture has a camouilage ZFunction.,
Legs I, II and IV are held parallel to adjacent grass stems
thereby comhining with the longitudinal abdouninal stripe

to blend the spider with its background.

c) Defence Posture

All the legs are flexed over the carapace and abdomen
probably to provide direct physical protection if the

spider is attaclced.

d) Predatory Posture

All the legs are extended so that they cover the greatest
area for the detection of prey(see SECIION 6), or for the

detection of threats during incubation.

5.4 DESCRIPTION AND DISCUSSION

5.4,1 Predatory Behaviour (see SECTION 6)

5.4.,2 Defensive Belhaviour

» Definition: the reaction of the spider to a possible

predator,

A part of the defensive behaviour of T.,oblongus has been
‘mentioned by BRISTO¥E (1658) when he described the characteristic
response by T.oblongus to a continued or second threat in the field.
This particular response is one of several distinct reactions shown
by the. species to diéturbance; it is the most characteristic

reaction and also probably of the most ecological significance,
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this will be discussed below.

It was found that the falliing ~{ & shadow across the ocular
area of T,oblongus a disturbance of the subs.rate or a combination
of these two stimuli produced a slight dciensive response in a
previously undisturbed individuvual which is in the predatory posture.
The spider drew its legs slightly inwards and appeared to be .
poised in a state of readiness to react., purther disturbance
produced the distinct T.oblongus rcaction described by Bristowe:
the animal runs upwardg and towards the light at high speed (about
Zemper second} for a few seconds then suddeniy stops and adopts
the "camouflage posture" (FIG 23) lying 2long a grass stem or a
similar position in the laboratory, such as a beaker rim, the edge
of a bench or on a ridge of corrugated cardibnard.

;ﬂ"«
There was found to be no change of cerlour during the spider's

defensive rcaction in contrast to Tetrqqnatha extensa(SECTION 2.3)

vurther extreme threat, for exampie 13ghily etriking the
spidér, caused it to assume the extreme defensive posture(FIG 22)
with the first three pairs of legs drawn up over the carapace and
abdomen, The function of this posture appears to be to protect
the cephalothorax and abdomen from physical Jdomage. An individual

that had been frequently disturbed assumcd this posture more readily.

The structure and coloration of Elgpiongus make it difficult
to be detected viswnally by humans and presumably, by other animals
with similar modes of vision, in its mormal habitat, which consists
of 2 mixture of parallel live and dead, green and tan grass stems.
The selective advantage to the species of this structure and colour
could be that potential pfey are not frightened awsy. However the
posture of the spider immediately after its short escape run strongly
indicates that the structure and colour ¢f T.oblongus evolved at

least in part, as a defense against yredators which detect their

prey mainly by sight.
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Predators of this type that would be most likely to come
in contact with T.ohlongus are: other spiders, lizards, bi}ds,
toads as well as predaceous insects e.g. carabids. No conclusive
observations were made in the field and all the above list can be
regarded as possible major predators; however spiders rarely attack
prey of the size of T.oblongus and the tact that Tibellus responds
to a shadow indicates that birds might be important., Birds are
movn to prey heavily on sniiders; the gut contents of Rooks,
Jackdaws, Swifts and Starlings have been found to contain the
remains of spiders!' exoskeletons, especially Lycosids (Verbal
communication E.Duffey)(0WEN & LEGROS 1954), and although T.oblongus
has never heen identified specifically émongst these remains,

Lycosids inhabiting the same situations as 7T.oblongus have been.

HAMILTON(1941) reported spiders amongst the cut contents of small
forest mammals in the pastern United States. AVERY(1966) reported
that the common lizard's principle food was spiders in the West of
England, The abundance of -izards in the Study arcas is not known.
LESCURE (1964}, determined that spiéers constituted 247% of the prey
of the common toad. No toads were ever seen in the areas under

investigation.

S5.4.3 Yearly Yiovements

T.ohlongus performs marked movements in mass at different
times during the year. 'this can be inferred from a comparison
of the results of the winter and sumuer population surveys. In
summer, the species is widespread over the whole of the grassy
areas with variation in density corresponding with the grass
species and vegetation type as discussed in SECLION 4: however
in winter, all the fnstars of r.oblongus are concentrated in
tussocks, particularily in Dactylis, At Silwood, the transitions
from one habiﬁat to the other appear to take place in late Qctober
and eaily‘ﬁgégh. The migration of the whole population was spread

-

over a period of 2 to 3 weeks.

In the Ffield, T.oblongus emerged from the tussocks earlier in
certain areas but these areas did not differ markedly in daylength
or temperature from the areas where emergence was late, i.e. they

occurred on both north facing and south facing slopes.
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Observations in the laboratory during the winter sampling when
T.oblongus was being extracted from pactylis tussocks in pullgren
funnels indicated that the spider became phototactic alter being
warmed up. ‘The spiders then emerged onto the upper surface of the

tussock where they hasked in the light,

An experiment was set up in the insectary in an attempt to

study these movements in greater detail.

A box of polystyrene was constructed and soil and vegetation
wvere placed in it to form a simplified replica of the structure
of a typical pactylis tussock{FIG 24). A thermometer was inserted
in each of the 4 strata and the model was placed in the insectary

in direct sunlight during February 19066,

Individuals of 4th Instar ¢.oblonpus, in various conditions,
were placed into the model at different times of day and a record
was kept of the temperatures of the 4 strata and of the movements

of the spiders.

1The main possible sources of error in this experiment were

as follows:

a) 7the microclimatic conditions in the model tussock were
not identical to those in a tussock in the field; however,
the temperature readinss taken from the model were found
to correspond to readings from similar strata in tussocks
in the field although the dififerences between strata were

less marlted in the nodel. TABLE 21.
I

b) 1he differences between light intensity in the different
_strata of the model were less pronounced than those in a
+field tussoek as incideni light penetrated through the

polystyrene walls of the box,

For this reason the model was positioned in the insectary
so that the upper strata were nmorestrongly illuminated than

thg lower ones.

The spiders were unavoidably disturbed during collection
and during their introduction to the model tussock. This

disturbance wns kept to & minimum,
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FIG 24

MODEL DACTYLIS TUSSOCK
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TABLE 21

Examnples of temperatures
inn Model Dactylis tussoelkk

in Insectary

@@wa&@m@aé '

p
| 72|94
68|89

B
B

| 78[02

February 1966

39
36

x SR

"é%“é%‘ 108 stemmns

105 tillers
90 Inunmnnaes

159180177] 83 soil

‘bol
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As & maximum variation of light and temperature between
the strata of the model occurred on sunny days, the observations
were carried out on such days.A 100 watt bulb was placed 10 cn
above the cage in order to accentuate the gradients of light and
temperature, A set of typical temperature readings from the

model throughout ean experiment is presented in FABLE 21.

Lth Instar r.oblonpus individuals were introduced into the
model tussock., ‘fhe spiders were in two conditions namely:
a) Individuals that had just been collected from their

hibernation sites in the field.

b) Individuals that had been collected beforehand and placed

in the laboratory at 20° for one hour.

The spiders were positioned at the interface between strata
¢ and D, i.e. at the base of the vertical stems and observations
were carried out on one individuwal at a time so as to avoid
possible affects of aggregation behaviour., Typically the behaviour
of a spider was as follows:

a) In condition a) the individual was sluggish and made no

fast or positive moveﬁents.

;f the spider was disturbed strongly by haand, it crawled
dowﬁwéfds to the B/C interface, beneath the horizontal stems and
tillers. In some instances the spiders crawled to that position
when 1e£t in the model overnight.

b) A spider in condition b): The individual was relatively
more active and invariably crawled up the vertical stvems
and basked in the light., If strongly disturbed by hand,
it ran upwarﬁs rapidly, in the characteristic T,oblongus
fashion., If left overnight in:the moédel an individual in

this condition dif not crawl back into the tussock.

CONCLUSIONS

The behaviour of T.oblongus in the model implies that a change
of temperature is important in stimulation the spider to emerge from

its hibernation site, After emergence the spider climbs upwards
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and towards light and basks in the sun (thus raising its body
temperature.) This patiern is consistent with field observations

on the emergence of the spider after hibernation,

Another spider known to exhibit mass seazsonal movements is

Lycosa lugubris Walckenaer), which moves into open areas at two

distinct times during the year. The reasons for these movements
are:

a) General increase in the range ¢€ the adult.

B) The females use suhlight in the open areas to incubate the

egegs. (EDGAR 1968).
The first reason could not be applicable to T.oblongus since the

-

whole population migrates.

fuarther research is necessary to determine if sunlight
incubation is a factor involved in the selection of egg laying

sites by adult T.oblongus,
5¢k.% . Dispersal

Like the majority of cpigeic arthropods, T.oblongus inhabits
specialised environments which are geographically separated, and
8 method of diépersal is necessary for the species to colonise -

as many of the available locations as possible.

_‘Theoretically distinct from this colonisation —dispersal
is the dispersal of young arthropods from the site where the eggs
hatch, In the case of many spiders however, the'two types of
behaviour overlap or coincide., Juvénile spiders of many species
disperse, in summery by means of gossamer throughout boreal and
temperate Europe and other parts of the world, leaving the site
of hatching and colonising new habitats at the same time,

llovever, Thomisids were not recorded as playing any great
part in these dispersal movements at Wytham (DUFFEY 1956) and
T.oblongus has never been recorded from aerial samples of arthropod
populations including the aerial sampling by suction trap carried

out at Silwood,
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The moveuent of young T.oblongus from the egg sac was
observed in the laboratory at 2000, 10 hours daylength

i.e. in photoperiod corresponding to that in the field(FIG 25).

The egg sac with the incubating mother was placed in the

apparatus on Day 1.

the majority of the eggs hatched overnight of Day 1 to Day 2,
and the spiderlings underwent their first moult on the egg sac.
By Day 3, three spiderlings had reached the edge of the Petri dish,
and had left a thread connected to the egg sac, On pay 4%, five
individuals had reached the edge of the Petri dish, three individuals
had reached the'pins, still trailing silk, All the spiderlings
exhibited typical T.obleongus behaviour, lying in the predatory

posture along a pin or along the *im of the Petri dish.

By Day 5, eight individuals had reached the side of the
pneumatic trough, six were on the pins, seven on the side of the
petri dish and ten still on the egg sac. This even dispersal
of the brood continued till the last spiderling left the egg sac
on Day 7 and by Day 10 all the individuals had left the pneumatic
trough completély.

A network of silk strands was built up by the spiderlings,
stretching from the egg sac to the sides of the petri dish, to
“the pins and to the edge of the trough, most of the strands were
radial in direction and the spiderlings were seen to walk along
these, outwards and inwards but in general getiting further from

the egg sac. ’

Throughout the period of dispersal the mother was not seen
to leave the egg sac; Drosophila were fed to her periodically.
Similar dispersal behaviour was reported by R. McHUGH(196%) aiter
he observed the brood cluster of Araneus diadematus(Clerck) the

brood was not guarded by the female., An egg sac +together with
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the incubating ferale was taken from a rearing cage in the ‘
laboratory and placed in AREA & in a Dactylis tussock at a height
of 35 cn, however the adult end the egg sac had disappeared the
following morning and the behaviour observed in the laboratory

was not confirmed in the field,

During population sampling of ANRFA % and during general
observation of the vegetation, T.oblonpus individuals of Instars
2 and 3 were found walking about amongst the grass stems trailing

threads in spring, summer and auwtumn.,

Habitats usually unsuitable for T.oblongus, such as short
mown grassland and a Broom Patch, adjacent to areas supporting a
population, were searched in order to find dispersing T.oblongus

individuals, but none was found,
CONCLUSION

On the basis of the laboratery exneriment and the information
from observation it appears that T,oblongus disperses by normal
walking during the 2nd and 3rd Instar,

This method of dispersal can easily distribute the species

from one specialised area to another within a continuous stretch

of grassland but difficulties must arise in the colonisation

of isolated habitaés. Natural barriers such as woodland and
rivers would be formidable obstacles owing to the restricted

use of silk as a means of transport. 1The aerial dispersal method
emplo&ed by many spiders appears to be much more effective for

this purpose.
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Instars 2 anﬁ(?, whiéh was observed in
the field ;é in the range: 2nm per
second. . The duration of these Instars
12 months of activity. Table 22 shovs

welked,
EN
TABLE 22

Estimates of the distance travelled by

. - * The normal walliing rate of

the laboratory and in

second to 1 cm per

in the field comprises

estimated distances

T.oblongus during the

normal life span of Instars 2 end 3 in the field,

Time spent active 1009 50% 109 of active time spent
: ' walking

All days and nights 200 150 30"

A1l days 150 | 75 15

T.oblongus secen

active 75 37 7 kilometres
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puring observations in the field, T.obloncus individuals
were, occasionally discovered in the act of walkings however the
gquadrat sampling method disturbed the spiders so an accurate
estimate of the percentage of the time they spent walking was
impossible., A reasonable allowance for feeding and resting
periods as well as the time spent in moulting could be made and
seven kilometres was calculated as a conservative estimate of the
total distance travelled., A possible maximim would be in the

region of 100 kilometres.,

SKELLAM (1951) ;gives a fornula which relates these estimates
to the general rate of geographical expahsion of & growing

population,

oo 1
R = (ne log N)?

where
R is the radius of the whole population

"g"is the root mean sguare distance of daughters

about the parent

_is the final population after "n" generations
N (assuming malthusian population growth

characteristics)

This- formula is obviously highly generalised and many other
factors are involved in the dispersal process, however in sub-
stituting the valueg for T.,oblongus the following result can be

derived:

An area the size of mainland Britain could be fully exploited
by T.oblongsus in as little as 2,000 generations after initial

colonisation,

5.4.5 Apggregation

Since it was not possible to ascribe the concentration of
T,oblongus in particular pactylis tussocks to differences in
physical environment, aggregation due to mutual attraction was

investigated as a possible explanation,
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Concentration, of spiders were most marked during hibernation,
but they also atpear~d on sites of predation in summer,
ATM:
A An experimernt was set up in the laboratory, the aim of which
was to discover if the spiders tended to rest in contact with each

other, rather than separately, during hibernation.

The rearing cage (TIG 6) was used for the experiments, the
circumfersxe was divided into 10 equal arcs of 3.2 cm
i.e,approximately the length of a 4th Instar 'r.oblongus in hiberna---

tion posture.

rour incividuals of Instar & were placed in each of two cages
which were put in the insectary on November 22nd. (bservations

continued till gauusry 20th,

The <riders rmaintained the hibernation posture throughout
the period of tlL-~ cxneriment but were found to move about sporadi-

cal 1y-

[y

On 40 occasions between November 22nd and January 20th the
positions of the Four spiders were recorded. 7The four arcs they
Wefe in were noteu and when any one had changed position, a move-
ment was recordei, Contaect Letween individuals was also recorded,
RESULT:

Cage A: fn the "0 observations, 56 movements were observed.
If these movements were random then individuals would have come
into contact with each other eight times. In fact contact occurred

12 times,

The prohabilities relating to this result were as tollows:
there =re 17 pcssible locations - the arcs on the circusiierence
of the cag:
At each rurdom rcarrangement of the 4 objects, the probability
of any twe eﬂﬂinv up in the same location i.e. in contact is
o;&69 with & standard deviation of about 0.2, The total number ox
movemernts of the spide:s(SG), can be considered as 2§ complete re~

srrangenents; this is an approximation. It follows %hat the
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expected number of contacts is 8 with a standard deviation ox k.
Therefore the 12 recorded contacts was not a significantly high

figure,

This analysis is open to criticism but it was not thought

worthwhile to carry out a more exhaustive analysis.

In capge 7, 68 movements and 10 contacts were recorded, MNine
contacts were expected by chance and the nuuber obscrved is not

gsignificantly higher,
CONCLUSION

This experiment was designed to test whether 7T.oblongus
individuals aggeregated in physical contact with each other.
It is possible that T.oblongus can detect the presence of other
members of the species by other means such as.chemical semsitivity;
this possibility was not investigated and the definite conclusion

that can be drawn from the experiment is that T,oblongus individuals

do not tend to hibernate in physical ccentact with each other,
Whether or not another factor concerning the presence of other

individuals is involved in their agcregation is not known.

5.4,6 Orientation with respect to Physical Environment.

. The behaviour of T.oblonpus in response to light, temperature,
humidity and gravity in so far as it is involved in hibermatien,
predation ‘and incubation is discussed under the relevant headings

in other sections,
5ek,7 lMoﬁlting ’

Moulting was ohserved several times and photographed in the
laboratory. It followed the pattern typical of the Araneae
described by BRISTOWE(1958) and many others.,

The individual becomes quiescenit several hours prior to the

onset of edysis and ceases to feed.
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The shedding of the skin is accomplished within ten minutes
and two stapges in the process are illistrated in PIGS 26 and 27.
Ten minutes after the old skin is finally discarded the spider
can bend its legs and assumes the defensive posture and chews
the ends of its legs. One hour later the spider is preying and

feeding normally.
5.4,8 Mating

Complex mating behavipur has been described in many spiders,
the CF’ verforming strange and specialised actions in order
"to neutralise" the predatory responses of the $ (BRISTOWE
AXD LOCKET 1926),

The same basic problem exists in the case of T.oblongus,
the & has to distinguish himself from prey; however, the sensory
equipment of the f iigr6f:such short range that the 4 must pacify

her extremely rapidly and in very close contact with her.

In the case of most spiders, during the reproductive period,
the adult female remains relatively stationary and sedentary,
preying in the normal way while the adult male walks around actively
searching for a female; BRISTOWE (1958) states that there is a
greater chance of them coming into contact in this way than if both
were moving, Towvever, MOSTMANN(1958) points out that if two
animals are moving in a 2-dimensional space each with velocity v,
then their relative velocity is 1.2732V, and since the number of

encounters - @ is proportional to relative velocity:

6 = 2rvn
’
r = detection radius
n = density
. v = velocity

Then Bristowe's argument would not appear to hold true,

e,
.
.,
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The adult female T.oblongus is generally more sedentary
than the male throughout her adult life so it is prokable that
the overall pattern of & mobhile male searching for a statioﬁary
female holds true for T.oblongpus. However during the observations
of mating in the laboratory, a tube containing a female was placed
end to end with one containing a2 male and after this disturbance
both individuals were equally active and oftén-both were in motion

when they came into contact,

The reason the adult female spider is usually more sedentary
than the male is probably connected with the fact that predation
is more efficient when the spider is in a fixed location. 1In the
case of web duilding species this is obvious, but I think it is very
likely in the case of T.oblongus also where the stationary predatory
posture contrasts strongly with the mobile walking posture.
Therefore the decrease in the number of sexunal encounters due to the
female remaining stationary is compensated by the higher predatory

efficiency of the population as a whole.

At the instant of contact the behaviour of the two individuals
changed rapidly as follows:

a) the female detected the male by tarsal contact,

b) +the female lunged towards the male as if he were prey.

c) before the female completed the attack, the male gripped

. the patella of the second , or third leg of the female
with his jaws although the fangs did not appear to pierce
the cuticle,

d) +the female immediately became ¢ompletely immobile with
all the legs raised and half flexed,

¢) +the female remained immobile during the subsequent fifteen
to twenty~five minutes while the male continued with the
method of copulation that is typical oi the Araneae, The
palps were inserted alternately into the epigyne, sperm
being transferred in this way.,
After copulation the male walked away and a few secords
later the female became active and walked away from the
siée of copulation,
Thé transfer of sperm from the male sex organs to the palps

was never observed,-
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DISCUSSION

In a particular discrete environment, there exists a
theoretical minimum population -~ of any animal - which is
reproductively viable; i,e., the population is dense enough so
that a sufficient »roportion of the females are found and fert-

ilised by the males for the population to reproduce itself,

From observation of T,oblongus, the range of rutual detection
by the two sexes appears to be limited to about two centiretres,
so that the minimum population density is probably compayqtively
high. However the other Tactors involved in this aspecl o the
spider's population dynamiecs e.g.

a) the rate of movement or the two sexes in the field during

the reproductive season.

b) the relative concentration of the two sexes in the

"Special 'reasv,
c) the proportion of encounters leading to successful

fertilization;

All these factors, and others, need a detailed analysis
before definite ecological conclusions can be drawvn from the

reproductive behaviour of the species as a whole,

Phe research invelved in this analysis was beyond the scope

of the work described in this thesis.
5.4,9 Egp Laying

Immediately after copulation, the appetite of the female
increased dramatically (see TIG 11) and the abdomen grew up to 50%
in length and breadth during the subsequent three to six days.

At 2500 the egg sac was laid seven to ten days after copulation.

7He typical appearance and position of the T.oblongus egg sac
in the field is deseribed by BRISTOWE(195@: the silken sac contairning
the eggs joininpg several grass stems at a height of about 20 cm
and the female sitting on the sac guarding it. Similar sites weie
ohgerved at Silwood Park, but the sequence of events before, duriag

and after egp laying was studied in the laboratory.
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a) the female spun a dense sil% pad about 3 cm.in diameter
on a vertical surface such as the side of the rear&ng cage,
b) the female sat on this pad for about 12 hours.,
c) the egg mass was laid; 35 —= 110 eggs in a relatively
diffuse mass, 1.5 em in diameter.
d) a layer of silk was produced which covered the egg mass.
e) the female sat on the egg sac invariably bead downward in

the predatory posture,

The female remained at the egg laying site till all the
spiderlings hatched and dispersed, up to three weeks at 2500.
In some cases the appetite of the female then increased again and
after 4 or 5 days! feeding, a second egg batch was laid on.top of
the o0ld egg sac, -these eggs were incubated and hatched, the spider-
lings were guarded during dispersal. No female was observed to

produce a third batch or eggs.

5.4,10 Incubation

The eggs were incubated continuously by the female for several
days until hatching, thch occurred in 11 - 15 days after laying
at 2500. All the eggs appeared to hatch within 24 hours of each
other and then the dispersal behaviour occurred while the female
continued to guard the site(SECTION 5.k.4).

Phroughout the period on incubation the female was never seen
to leave the ege sac, she accepted food in the form of Drosophila
and water if it was placed in contact with her or with the silk of
the egg sac., she wis very sensitive to contact on the legs by
possible prey or predators, which is typical of f¥.,oblongus through-
out its life, However, the incubating female responded to any
disturt:ance of the silk covering of the egz sac up to a distance

of two céntimetres from her body,
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After the dispersal of some ol the yourz Lad tuwxen place and silk
strands lead away from the sac, the ferale respovned to an object
touching these strands up to 8 cm away From che egg mass. She
detected the direction of the disturban~e imrediately and attacked
any object close to the eggs or young., 1rhis is an interesting
observation in relation to the well known “heory of evolution of
web building by spiders, that the webs which are used to snare
prey evolved from the protective sillken covering of the egg sac

(BRISTOWE 1030-41),

During normal walking a spider showed no reaction to a
disturbance of the thread,if it was trailing one so it is apparent
that this is the only period during the life of 4.,oblongus that

silk was used to extend the sensory range of the individual., The
direction of the disturbance was detected immediately, but it was
not possible to discover if the strengthef the disturbance was

detected by means of the silk as many other spideirs do because the

female f,ollongus atbtacked any object such as a forceps, a pencil,

or finger, She was very tenacious and persistenit harassing was

necessary to force her away Trom the egp rac..

When the surface on which the egg sac lay, was tilted,the
fenmale became disoriented and made a s~ries of sbort forays of
five to eight cm in various directions trailing silk and returning
to the original site,

,

On occasions after the famale had beuen Icrcer away from the
egy sac by threat or by tilting, she mistook other objects such
es a cast skin, a group of Drosophiia corpscs, or a rough edged
hole in the plastic side of the cage for thc egg sac, and séttled

down on them as if incubating.

As has been shown in ‘the case of other spidcrs, ILycosids
and Dolomedes for example, discrimination uy the female T.oblongus

of what is and what is not the epgg sac is very limited,
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5.5. ADDENDUM

Unless otherwise stated, the spiders used in the laboratory
observations were captured during their 4th Instar and recared atv

2000 or 2500, undergoing their final moult in captivity.

Major life processes such as ecdysis and all the components
of reproduction were carried out successfully by T.oblongus in the
laboratory environment; <therefore it is reasonable to assune that
the behaviour patterns were not grossly distorted by the artificial
conditions and that the laboratory ohservations of the behaviour of

T.obloncus were a reliable indication of its behaviour in the field,
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SECHIGN 6

TLuDATYON ANATYSIS

6.1 INTRODUZTICN

During ti.e course of tlie work described in this thesis,
several szlient facts emerged concerning T,oblonpgus as a subject
for ecological research,

a) Three years was a relatively short time in which to amass
reliable facts concerning total population densities and
to attempt a straishtforward correlation with climatic
or other large scale environmental factors.

b) The species was present in fairly low numbers in the
loca.ions nnder investisation and the specialised sampling
methods that were tried during the summer of 1960 failed
to yielo satisfactory results,

¢) Only limited information arose from field observations
copcernine the identity and characteristics of the normal
prey and preaators of T.oblongus,

d) The reproiuctive characteristics of T.oblongusy in the

field espcelally fecundity, proved difficult to ascertain.

The nopulation surveys together with the experiments and
observations in ihe field during 1964, 1965, and 1966 revealed the
life cwyele of the rpider and the characteristics of its preferred
habitat as well asuseveral important behavioural features, [Towever,
the informaticr watheved could not be used to derive any meaningful,
generalised concluaions on the population dynamics of the species
as a whole, becarse of the reasons set out above., It was therefore
decided to cencentrate on an investigation of the predatory

behaviour of T.oblonzus along the lines of the experimental component

analysis vechnique developed and described by C.S.HOLLING(1959a,
1959b, 1961, 103, 1964, 1965, 1966). -

It was cosidersdl that this would provide further
information on the hiology of Tibellus. ’
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Althcugh th: component analysis approach to ecological
research has beeu dcevéloped within the last decade almost
exclusively by ©,.S.Holling,.functional response investigations
have been carriec¢ out by other workers, notably by MORRIS(1963)
on Podisus maculiventris (Say) and by HAYNES AND SISOJEVIC(1964)

on Philodromus iufus (Walckenaer) Tvidence of a functional

response by spiders to changes in density of the Spruce Budwornm
is put forward by LOUGHTON,DERRY & WEST(1963).

With regard to T.oblongus, the work involved a series of
behavioural experiments and observations culminating in a carefully
desipgned experiment to determine the functional response of the
species to changing nrey density. As a result it was hoped to
achieve a concribvtion to the growing body of information on the
functional re.ponse of predators in general; the degree to which
the findinrs could be applied to other predators depending on how

exenplary var T,oblonmus in the details of its predatory behaviour,

6.2 PREDATONY SEHAVIQGIR,

‘The prerequisitc to the desipgn of an effeetive functional
response experiment was & thorough study of the behaviour of
T.oblongus in relation to its prey. The three basic components
involved are:

ai The *time the nredator and prey are exposed to each other,

b) The mechanisms by which T.oblonpgus detects and captures

its prey. _

c) Tae details of the time talken in handling, consuming and

digesting the prev.

These ihree comprnents cover wide and intricate aspects of the
spider’s lLehavicur and o great deal of experimental work would _be
necessary 1o clarify all the .exact details, In the worl described
in this tlesis, » fully comprehensive study was impracticable and
several aprroximations and assumptions had to be made; these are

made clear i.r the retevant subsections,
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6.2.1 The time predator and prey are.exposed to each other,

Throughout the life of a T.oblongus individual, the time that

the spider is exposed to potential prey varies.

factors affect this exposure time:

2)

The acceptability, to the

immediate environment.

Laboratory observations

spider,

The following

of the prey in the

showed that whereas the

larger Instars of T.oblongus would accept a variety of

prevy readily,.the smaller Instars fed reluctantly and

would not attack anything larger than an aphid.

In the field, the general movement upwards through

the vegetation strata during
was undoubiledly reflected in
prey encountered. Therefore
however, it is reasonable to
T.oblongus individual grows,

animals encountered could be

the life span by each spider
changing characteristics of
generalisation is difficult,
assunte that the larger the
the higher the proportion of

corsidered as potential prey.

Moulting activity - While the individual was occupied by
moulting, it showed a lack of interest in prey for a total
of about Ywo days, before, during, and after ecdysis in
the laboratory. It is reasonable to assume that this

cessation of feeding also occurs in the field,

Dispersal - Laboratory observations revealed that when a
prey individual was encountered by & walking spider, its
capture was much less likely than when it was encountered
by a spider in the predatory posture. The area covered, &%
any one time, byra walking spider was less thau that covered
by a preying one.'For these reasons, the process of dispei-—
sal discussed in theprevious section, could be considered

as heving the overall effect of reducing the time eack

T,oblongus was exposed to prey.

d) Hibernation ~ At the onset of hibernation the T.obl ongus

individuals left the normal swmmer predation sites to spend

the winter in grass tussocks: also they adopted the



hibernation posture, radically ditfereni from the predation
posture. Laboratoryv observations never revcaled a spider
capturing prey while at a temperatrre below 9OC or while in

the hibernation posture,

In the overwintering condition, tihe spiders therefore’

could be considered as totally unexposed to potential prey.

e) Unsuitable weather — 'Throughout the active seuason of the
spider, the individuals were sparse or absent in the
"Special Aress" during cold or wet conditions., It is
probable that exposure to prey, and predatory activity
were correspondingly reduced., ;[loreover, the presence of
the spiders in the "Special Arcas" was not governed by an
intrinsie diurnal rhythm because they were discovered there

on unusually warm nights.

f)} Mating Search — ‘the activity ~f the «dult males in searching
for females as discussed in the previovs section had the
same effect as dispersal activity in ecutting down the

effective time the individual was exposed to prey,

g) 1Incubation — While the adult female was sitting on the egg
sae, she was invariably in the predatory posture, attacked
prey very readily and was in a position, in the field, that
led to contact with potential prey Zairly regularly. Her
effective exposure to prey could be rrgarded as total

throughout the incubation perioed.

Quantitive studies of the factors outlined above were not
attempted, FIG.28 is a graphic summary of their inter-rclation-

ship within the lifespan of ‘the spider expressed qualitatively.

the individuals chosen for the fuuectional response experiments
were adult females, unfertilised, A% this period of the lifespan
the fool requirements were relatively stable, all moults having
been completed, all dispersal having becn completed and the spiders
spent a high proportion of their time in the prerdatory posture with

minimal interference from other intriusic behaviour patterns.
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0.2.2 the rocueniaus %37 which ¥,oblongus detects and captures

its rrev,

Precatory bheunaviecur by the spider wos studied in detail in
the laboraterv Juw. ing summer, using individnals of the 4th Instar
and adualt females {hat hatd been cuptured in the field and bad spent
at least 10 davs in the laboratory at QOOC to become accustoned.

to the conditions,

PURNBULL{1960) states that most spiders are cavnable of feeding
p Bl [ %3
on almost any svitable size y»rey they encounter, and this held true
for T.oblongus?s al various +times it was seen to be Lfeeding on:
i _‘.i P

lepidonterous larvae, anhids, other spiders, Dipterous flies

k ¥ 4 * b4 r b b
nabids and otl.er T,oblongus indiviluvals,

,

The prey used for the behavicoural observations were adult

Drosophilsa melanogaster, which the spider took readily. ‘hese

flies have characieristics that have heen found to trigser off
predatory responses iu other arthropods, such as: beating wings to ‘
which wmany orpiders rosrond{Bays 1062), (WALCOTT AND VAN DER KLOOT 1969 ;

(1. AXD M. URINGS 1056), and a jer¥y walking movement wich

stimulates the prayiins lantis Hierodulse crassa Giglic%as (RILLING

et a1.1959). Drosophila was alsc very coavenient to bread.

The interaction of the spiders and flies was observed in a
covered plestic petri ¢ish, to which neither animal had diificulty
clinging. +4he dizh vas placed oa graphk paper, for closer ouservavion.
Yhie spiders -were introduced into the cage several days before
observatious begen, to allow for accustomisation.

As means of prey Jetection, there were [our main possibilities
that merived investigation}

a) 8flken sirands in a more or less coherent web,

b)) Visiom.

c) “ieratiun veception i, Airborne

ii. Surface vibration

iii., Vibration transmitted by threads.
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d) Tactile recepuicn.

Theses mechanzesms and combinations of them are known to be
used by other spid-~rs {for the detection of prey so experiments
and ohscrvatirus were carried out to determine their use by
Eipblonggi. In order to isclate these verious responses, several

artificial stimuli were applied to the spider., The total range of

gtimuli wsed during the investigation of predation was as follows:-—
a) Live, active adult Drosophila.
b) Drosophila held in forceps by the wings.

c) prosophila rendered meoribund by 002.

d) Dead Drosophila,

e) Wingless Nroscphile,
) A horschair bristle.
g) A tming fork of 500 ¢,P.S.

Conclusi.ns zoncerning the spidert!s behaviour were built up
after many, varicd srhscevations using different stimmli and com-
binations of stiwuli., Rather than a long list of detailed and
relatively unrelated ohservational descriptions; there follows a
series of gencralised conclusions derived from a synthesis of all

the oLservations.

»
The following fincings omerged:
’ A Y

a) Posinre - T.chlongus invariably reacted to the presence of

prey while in the predatory posture(FI¢ 21), occasionally
while waiking but never while in the hibernation posture
. (FIC 23). This -last posture was adopted when the snider

wos repletelalso after the short defensive ruzm,

b} Rayihm - There was no evidence of a diuvrnal rhythm in the

pr:detory tehaviounr of T.oblongus. In the laboratory,

ot spiders were observed in the predatory posture and capturing

prey ot all imes during the 24 hours. Vhat is more,

A

' T.0%lonrus individuals were cantured in the field from time

t~ time on varnm nights in the S$necial Areas and were

: ¢bserved proying near a mercury vapour lamp at night.



Silk Strands -~ Tive flies, walking and beating their winge

were placed on threads attached to the spider's legs and

abdomen; the spider showed no reaction whatsoever,

This was in marled contrast to the behaviour of the

incubating female which was able to detect the direetion oj
!
any disturbence in the network of threads that surrounded

the eps sac to a distance of eight em., The spiders did, in 1

FRY ot
fact, »roduce & network of threads in the Petri dish whieh ‘
appcared to form a partly coherent web, It was condéluded ‘

that this network was a by-product of exploratory behaviour,‘

gince for several hours after their introduction into the |

silk strand and atteching it to the subsirate every three op

Petri dish, they walked ronnd the circumierence trailing a

detection or capture of prey.

four centimetres. These threads had no functioniin!the l
Vibration - Throughout the observatiouns, a fly that was

beating its wings elicited no different a response fron
the spider than that elicited either by a fly that was
walking on the substrate or by one that was held in the air

close to the spider and unable to beat its wings.

Many other spécies of spider:react to vibration trans-—

03

mitted either through the air or through the substrate, anda
it is probahle that iwo different types of recevntor are
involved (®. AND 1§, FRINGS>1066). CLOUDSLiY-1HIONPSON(1959)

reported that Dolomedes rcacted to a tuning fork and to &

buzzing fly held in the air three or four cm away.

& turing fork of 500 C,P.S. was held near g:oblanggi
in the 2ir and on the substrate but no res;ounse was forth-
coming., WALCOTT AND VAN DER KLOOT (1485) showed that

vibrations of 300 to 700 C,P.S. produced the grestest

response inmnany spiders and the buzz of many insects is in

this range, although that of Drosonhila is significantly

higher (about 2000 €.P.S.). Spiders that do not construct
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webs generally do not react to airborac :“uuds(CHRYSANTHUS 1953)‘
end other workers have obitained nogative results with Lycosids
CTLOUDS LET—TT0r PS 0t (1659), |
It was concluded that T.oblongn- <does not react specificall;

to vibration whether airborne or in ti.e substrate.

e) Vision - f.oblongus occasionally reacted to an approaching

fly at a distance of up to five mm beyond the ends of the
legs in any direction, attacking it. It did not react to
& dead or moribund fly et that distance, nor to a fly leld
in forceps by the legs. ‘he spidoer reacted 6nly to a fly
on the surface in the same plans as itself, never to a i1y
walking on a surface above, however clecse, ilowever, & fly
often walked towards the spider between the legs, approach-
ing to within three or four mm of the cephalothorax and
escaped unattacked and aprorentl; undetected.
.

HOMANN(1928,1931,193&) studica the vse of ¥ision by

various spiders and showed its importance in Lycosids and

Salticids., He also studied twe Thomisida Misumena and

Xysticus, reporting that. ke former showved a rcaciion to a |

flying Pieris at 20 cm and the latter detected a housefly |
at 12 em,the primary eyes fixing the insecég position by |
» muscle movement after the secondary cjes had reacted to the

.motion of the insect., This was a nethod 2f deteciion |
similar to that of the ILvcosids. ‘“here Jistances scem
rather large when one considers that the range of attack by
the Spiders in question is limited io about four or five cm,
&lthough POULTON(1934) reported g}sumena approaching prey.
Eye movements in response to prey movenen¥ wis never observ—
ed in T,oblonpgus and the apparent oblivion ox the spider

to prey at very close ranfe, cven vhen starving,indicates
that direct vision plays)very iittle w»art in the overall
system of prey detection by ithe species, ‘'the fact that the

species was Tound preying at night supports this.
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YOUNG AND WANLESS(1967) in their study of the fluor-
cscence 4% various spiders' eyes, concluded that, in general
spidere with poor sight and a marked preference for shaded
conditiens demenstrote stronp [lucrescence in all eyes,
However, in two specics only, one of which was T.0blongus,
none of the eyes were at all fluorescent; wheresas

Xygticus cristatus and X.kocki showed medium fluorescence

in all but the anterior medians.,

T.obiongus is the Pritish Thomisid with the longest leg

f

span in <11 directions, while having & cephalotherax and
abdoren not of significantly greater mass than the other
larger species, The cephalothorax and abdomen are also
relatively elenpmated in T.oblongus and it seems probable
that the use of the legs and body to detect prey directly
has become predominant, in this genus, over the use of the
¢yer and that it represents an extireme position amongst the
Th-oadsids ir this respect, at least in Britain,
Tavtilé'Sense ~ When in the predatory posture, the spider

invariably reacted irmmediately; or within 1.5 seconds, t¢

a flys; whether the fly was active, moribund or dead, as 1ong‘

1]

as tne fiy came in contact with the tibia of any of the leg

The reactiuvn was almost immediate if the fly came into
contact with sny of the other leg segments, the abdomen or

the cuphalothicrax,

The pattern of attack was similer regerdless of the
prirt of contact; the spider lunged towards the fly very
rapidly, gripped it with the first two pairs of legs and

rripped, succumibed after a few seconds. reeding started ‘

iniected noimon through'the fangs. <the fly, still being

imncdiat2ly, except in special circumsitances to be described‘

later. '
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When & mounted bristle was touched against a tibiay
the spider attacked it, +vhe response to repeated contact
abated after four or five attncks but renewved when the
bristle was touched against a different part of the body,

or legs.

One spider had one of the third pair oif legs whick
was stunted, probably regeneraled during the final two

Instars, it did not react to a contact on the stunted leg.

Special cases — vhen a large number of flies was released
into a Yetri dish containing a hungry spider and many of
them made contact in & short space of time, the attack
response was inhibited. The spider abandoned the predatory

posture and wallked away,

When a spider had been deprived of féod for up to fear
or five days, it attaclked a single flv and fed on it,
ignoring further contacts with prey, As the period of
starvation increased from five to twenty days, however, the
spider attacked a second, third, fourth or cven a fifth fly
while still feeding on the first one. These subsequent
flies were bitten and injected with pcison and held under
the cephalothorax while feeding continued, After having
injected three or four flies, the spiderts poison had a
reduced effect through gither scarecity or dilution,
consequently the fourth or fifth fly attacked invariably
remained active after the bite and often escaped from bencath

the spider.

Prolonged starvation, above thirty day's deprivatica,
had the effect of reducing the number of concurrent captuves,
and an extremely hungry spider attacked and fed on only opno

fly at a time,
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Summary - Spiders of the family The.isidae are known to be
ambush predators, pouncing on their prey at short range
and not relying to the same exteni on vision or silk

threads as do other families.

The cowparitively elongated body and legs of the
genus T,ohlonrus together with the unusuwal findings in
regard to the {luorcscence of their eyes support the
following conclusion: the most important means by which
T.oblongus detects the presence of prey is hy direct

tactile reception mainly wvia the tihiae,

There was evidence that vision played some part in

detection but that it had a miner and inconsistent role.

The predatory posture of T.oblorgus, all the legs

spread out over the substrate with tvhe widest possible
spacing is an adaptation to inrrcase the prey catchment

areo., ‘

The area covered by an adult female of average size

in the predatory posture is about 6 :>3.cm, the area

covered by a walking spider at any onc time is about half

that figure; also in the hibernaciou postare the areca is
|
|

2 to 3 sq.om,

The way that this area can be considered in relation teo
predatory effectiveness varics aceording to the direction of

movement of the prey. IY the prey is a flying insect that |

posture is double the probabiiity of it landing on the spide:

lands randemly in the vicinity of the spider, then the

probability of it landing on the soider in the predatory

in the hibernation posture, j.z. di.2ctly proportional to

the area spanned by the spider in eack case. However, if

a walking prey is moving towarus a T,oblongus individual |

. . . . s . |
on a two dimensional surfuace, the relative probability |



of the encounter of the tio postures varies according to
the direction of approach of the prey. A lateral approach
gives the same probahility of encounter vhereas an ante riou
approach gives a probability ratio of adout 3:1. 7That

"is a walking prey approaching a T.oblongus individval Trom

an anterior or posterior dircction would be three tines
as likely to come in contact with an individual in the

predatory posture.

In the most freguent predatory habitat that T.oblonpus

was found in the field,the stands of parallel, sloping,
mixed, live and dead grass stems, the spiders usuvally

alipgned their bodies parallel to the grass stems. It is
possible that prey specics tended to move along, rather thap
across, the stens, but even allowing for an even distribution
of the probabilities of prey apwroaching T.oblongus from
Elifdirections, an individual in the predatory posture .
more likely to be encountered than one in the hibernation ‘

posiure,

Therefore the predatory posture is functionally more
efficient regardless of the characteristics of the prey's

e locomotion,

DISCUSSION, )

During the period of captivity, the amount of time the T.oblongoz
individual svent in thepredatory posture varied according to a'falrly
well defined pattern. Vhen the snider was first put into the Petri
dish in the laboratory, it walked eround the inside of lhe dish
trailing a thread for several hours. The thread was attached to the
surface, usually the underside of the 1id at irtervals of three to
seven cm, The circular shape of the lish combined with the regualsx
pattern of thread attachments to give the appearance of a semi-
coherent web struvecture. However, on investigation it was discovered

that this was purely artificial,
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After vhe first t.elive hours or so of captivity, the spider
spent more and movwe +1me inthe predatory vosture and during the
second te sixth dsy the majority of the time was spent preying
Hovever, if no fo«4d was given to the spider it became more and nore
active during the subsequent days, more responsive to disturbance
in general and more phiototactic, 7This activity increased steadily
and predatory activity decreased correspondingly during the following
thirty days os lonr as observations continved, A similar pattern of

behaviour was described by TURNBULL(196%), .Achaearanea tepidarioviwum

C.L.%och, selected sites . for webs ap.arently rondomly with respecw
to prey occurrcnce but u site was abandoned if it yielded too littile
prey. The spiuiers used air currents to move from one site to another
whereas the prey they eventually discovered had been attracted to
that position by light, 1In the case of T.obiongusithe phototactic
response durirg starvation was probably combined with othexr respons
not appsarent in a petri dish, which in the field would lead it to

favourable predation sites, probably the Special Areas(SECTION &)h

Many spevics ci spider have been founﬂ on sampling to be
“distinctly concentrated in space and time, and the mechanisms by
which this concentration is achieved and its role in the ecology of
the warious species hase been the subject of some discussion. The main
argﬁable poini is Jhelher the rrime impetus for the selection of
certain-locations av( scasons by a dgpider species is solely phygical
habitat characteristic«, structural or climatic, or whether the :
gniders respond directly to prey occurrence and are accordingly

active at the apprepriate place and tlme.

DARROWEKA-PROT (1965) noted a correlatior between predatcry
activity, ircluding ihe building of webs and the presence of spiders
in their WPba ol Yetizanatha montana(Sim n),and the daily end
scasonas crcurruu e of its primary food -source — mosquitoes.

the direct stiwmius for the spiders! activity was not discovered,
TURNBULL(19(6) relates the migratory movements of several species
of spider t> plLys®eral conditiocns with little emphasis on predatory
efficiency. Also KASAK(1965) states that in a meadow the important
facbtor governing the numbers of two web-spinning spiders, Aranvis
cernutus Clerck and i aquadratus ClercA/ is the nresence of suitable

microhabitats, not Tood aveilebility. However, the well known

occurrence of mayv Thomisids on flowerheads(HOBBY 1930), together

) .-




T -3 1

¢
“

with camouilege colouring, indicates that the choice of habitat

is related Yo the =resenece of prey, either hy direct stimulus or by

neans of an evolwutioniiry Mrocess.

Also to be bora in mind are the snecialised physical mechanisms
by which many sniders detect and capture their prey e.g. webs,
vibration recehtion and direct tactile reception, these rust be
rélated to the structure of the microhabitat in which the species

is {found,

in 1965 T observed 2 continuous interconnected network of :

spiders! webs measuring two metres by one metre by four metres

ceempeosed of countless different types of web and species otf spider,

situated bLeneath a batiery of bright lights which, at night, attracted
hundreds of flving insects. +the sviders mey all have hapﬁenned on
this web site by movement randon with respect to prey occurrence but
there is no doubt that'they haad congregoted in the most favourable

predation site for many kilometres around,

KNULLE(1955) states thatithe distribution of the species of
spidérs depends on physical features of the plants, for exanple iheir
height and morphology and DUFFEY (1968) and (1966) stresses the
importance of microhabitat structure in detemining tﬂe social
stotus of a species from one community to another throughouv

the geopraphical range.

Nesearch by BREYMEYER{}QGG}indicates that the degree of penet-
ration of a habitet by wendering spiders is affected by competiticw

with other epigeic predatory Arthropoda.

tThe three major factors whichb nust be counsidered as affecting

the presence of spiders in a certain place at a certain time are:-

a) Microhabitat characterislics, struetural and climatic.

b) TPresence of prey, the effcect may be by direct behavioura®
respoanse on the part of the spider, or by means of naturzal
selection Tavouring those spiders which chose & time and

place where prey was abundant.

¢) Prescnce of competing predators,
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~#ime and place,

vhere esn be ne absolute, peneralised acswer to this problem,
however I think it is very probable ihat the factors that eilecct the

predatory activity, in space and time, of nany spiders including
! ' . » .
T.oblonrus are facditors which cause them to nrey in a favourable place

-

at-a-favourable time; favourable in that prey density is high at that

v

. O - - - - -
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Despite the rhylogenétié Liomogeneity of the order Araneae,
fhero is a wide diversity in the modes of life of spiders. Very
many habitat preferences and predatory strategles are exhibited
and any generalisation concerning spiders as a group would be
dangerous. llovever the order has had a Zong periaed of evolution
in conjuvnction with its insect prey and chis together with its
essentially polyphapgic nature may well have led to & balanced
interdenendancy of the numbers and behavieur of spiders with the
occurrence of suitable microhahitats and the nuwehers of potential
prey, nany staﬁilisiné factors being involved. 170(1964) states

that syiders might reduce their metaboii. ratce whea starved to a

degreec that hes never been attained by many priwmary consumers; this
~is_another factor contriinting to a balanced predator/prey relation-
ship providing the necessary cushioning effect between the microm

habitat requirements on the one hand and the need for feod. on.the .other

>
3

6.2.3 *the time taken in handling, conswming wnd digesting the prey.

As previously describec, the attack by he spider was very rapid
end the 1y was bhitten and rendered inzetivi a I{raction of a second |
after detection., ieceding started immediately except when the spider
was already feeding on a fly that had been previously caplured, in
which case the more recent captive was kept under *the cephalothorax,
Up to four acdult bProsophila were kept under the cephalothorax at one
time and the spider fed on them in turn, diucarding a husk before
propressing to & fresh corpse. 1The leurth of time spent feeding on a
particular corpse varied from between 12 mir:tcs and one hour with

the average at abouvt half an hour.. 'he factors effecting this were
not investigated but were related to the size of the fly, the hunger
of the spider and the number of coupsca held\in reserve,

The conditions of the di:zcarded corpses vis investigated as a
guide to the length of time the spider had spent iceding on each one

ond to the amount of food teken from ezckh,
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The discardc? huses varied between two extremes:-—

a) only on~ parct was sucked dry and flattenned, the head,

or the a“domen,

b) The whoie animal was completely masticeted and virtmally

unrecornisable,

All conditions between these extremes were ohscrved, and there was
found to be « correletion with the time vthe snider had sprent feeding

on each ome, althouch not a simple, direct onc.

It was decided that & detailed investigation of the weight of
prey eaten winaer various circumstances was too complex to produce
useful results in the time available, The cessation of the time
elapsing after feeding belfore the next attack varied considerably
from minus 10 =inutes to six hours depending on the state of hunger
of the spider., A detailed analysis was not attemnted. A fuller
analysis o1 the ehove factors is desirable as a preliminary to a
functional rostonse eaperinment, however this was inmpractical and the

estimates and ccrrecti-ns mede are described later,
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6.3 The Functional Response of Tibellus oblonsus,

The experimental component analysis of prelator/prey
interrelation has been developed and desc~ibed by HOLLING(1963).
The experiments and analyses performed by him invelved the
building of s mathematical model,conprising wany separate
equations,which described the interaction of several components,
Holling extracted these components from a generalised predator/
prey cenfrontatien and they were supposed to describe and
explain the relationship between the two types of orgenism
completelyo.He studied the components experimentally using
small mammals(HCOLLING 1951)and the praying mantid Hierodula
crassa Giglio Tos as predators(HOLLING 1966).He claimed that,
as a result of the basic approach,the final model was of such
a generalised nature that it would apply to viritually any
predatcor/prey situation and this claim has been tested by
MORRIS(1963) and HAYNEZS & SISOJEVIC(i96L} and corroborated
to a limited extent.Their experimental results were satisfactorily
described and explained by Helling's model at least in part,
since the full invertebrate model had not yet Lesen developed.

The functional response of a predator is the resaction
by an individual predator in the number of prey attacked to
" changes in prey density.The response of the predator population,
the numerical response,was to be studied subsequenily.

Th; aims of the investigation of T.cblon us in this
context were twofold:i~

a)To determine if the Holling model uaprlisd to this

particular predator.
b)Assuming the model was relevant®,to draw inferences

concerning the ecclogical characteristics of the spider.

METHOD
The chosen experimental prey was the =zme species as
was used in the general predation investigation,for lthe same

reasons,D.melanogasters

T.oblongus is an ambush predator,zwaiting its prey and
pouncing on it from short range,therefore coniact between the

spider and its prey is a result of vrey movement rather than

movement by the spideb. .
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One of the basic components in Holling's model is the rate
of search by the predator:in the case of T.oblongus, nmovement

discovered that the movement of various animals is affected

by their density:lusca domestica individuals for instance

|
|
i by the prey profopndly affects this component.It has been
\

move less at high densities(HOLLING 19565) whereas Demelano=
gaster individuals move more(HAYNES&SISOJEVIC 1964)9This fact
i was recognised in the case of the two ambush predators whose
‘ functional responses have been so far studied and correcétion
} factors relating prey densities to prey velocities were applied
in the final analysis. '
| In order to obviate this type of correction factor

for T.oblongus and Drosovhila,the experiment was designed

in such a way that the velocity of the prey could be both
controlled and accurately recorded.The apparatus which was
developed for this purpose is illustrated photographically
in FIG 6 which shows an exploded view of the cage,and dia-
gramatically in FIGS 29 &30.The cage where the animals came
in contact with each other was mounted so that it could be
rotated at various speeds by a Kymograph machine connected
to it by a system of simple gears.

iithin the cage,thie space where the spider and flies
were active was the space between the inner wall of gauze
and the outer wall of polystyreng,in effect a band between
two cylinders,one inside the other.The dimensions of this
space were as follows:=

the circumference of the inner cylinder....28cm

th

the depth of the space between them....0.5cm

the total volume...57cm30

o

width of both cylindersSeecscecesesss lom

| The interior of the cnge was maintained at a constant,
high humidity by means of wet cotton wool inside the inner
cylinder,and it was illuminated by a 100 watt bulb 15cm above

the top of the cageo »
|
|
i
|
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The whole apparatus was kept in a constant tewperature room

at 20° ¢,

The spiders used in the experiments werz unfertilised
adult females which,having finished moulting and not yet
having mated,had a fairly constant basic food requirement.
Individuals deprived of food during the 25 days prior to the
experiment as well as individuais that had been feeding normally.

up to the experiment were used,

EXPERINENTAL PRCCIDURE _

A spider wes introduced into the cage through one of
the stoppered holes and the rotation machinery was starteds
After a variable period of activity the spider positioned
itself in the predatory posture on the gauze inner wall and
was carried round with the cage.There was r> evidence that
the spider was disturbed into aberrant h»~haviour by the con-
tinual motion of the cage.¥hen the spider had become accustoméd
to the environment,up to 6 hours after its iutroduciion,the
rotation machinery was stopped long enough for a nrmber of
flies to be put in through the stoppered hole.The rotation

‘ machinery was restarted and the light above the cage was 1lito

The spider remained stationary on the gauze and wvas

carried round with the cage as before,vhercas the flies being
negatively geotactic and positively phototactic tended to
remain in the uppermost part of the cage,directly bteneath the
light bulbeIn order to stay in this position they kad to walk
and fly in short bursts in the opposite direciion to the
rotation and at the same average speed.In this way the spider
was carried through the group of walking flies once for each
rotation of the cage,and since the rotation speed could
be accurately controlled by the control un the Kymograph
machine,the speed of the flies in relatioa to the spider
c¢ould be both controlled and accurately recordecd.

When the flies were frow an oid culture or when they
were tired during the later stages of cach experiment they
cou%d not walk fast enough to stay ot the top of Lhe cage
and were occaisionally carried round with it.For this reason
the measure of the flies'! velocity that was reccrded was the
number of times a line through the spider snd parallel to the
cage axis was crossed by flies in. a trplcal 3C minutes of the

experiment.,.



This measure is termed the "Fly Velocity Vsluerharwafter
referred to as the FVV,
So as to ensure that this value remain2d constant
during each experiment,. when a fl} was attacked and put
out of action by the spider a fresh fly was put into the cage
as soon as possible in an attémpt to keep the number of free flies
As there was no evidence of a diurnal feeding rhythm constaat.
in T.oblongus the experimental duration was a continuous 24

hour period and it was assumed that the spider's feeding

 pattern was unaffected by time alone,

At the end of the experiment,the corpses of the flies

in the cage were examined.They were divided into two types:=

a)Attacked,bitten and eaten.
These corpses had at least one part obviously
sucked dry by the splders

b)Attacked and bitten,
These were flies which &lthough dead.d’d not
appear to have been fed upon cince all «egments
were of normal shape.In the case of starved spiders
these corpses were being held under the cephalo-
thorax when the experiment ended,or had fallen
from that position during the experiment..
Also included in this category was A fly upon
which the spider was feeding ai the end of the

experiment,

From experiment to experimsnt a aifferent FVV was
achleved by varying the rotation speed of the cage and by
varying the total of free flies within thke cage,from 2 to 8,

Spiders feeding normally up t¢ the experiment are
termed Normal spiders,and spiders deprived c<i food during the

25 days prior to the experinent are termed Starved spiderse



- 150

RESULTS 3
The experimental resulis are shown grapvhically in
FIGS 31 & 32,

The variation hetween replicates is not included, for
clarity;it was much higher in relation to the mean at the

lower ranges of the FVV,

Attacks by the spider which were unsuccessful ie, which
did not result im a bite were not recorded <ince the cage was
not under observation for the full 24 houri,From general
observation the proportion of unsuccessful attacks to success-

ful attacks was about 5%,



FIG31 The Functional Response of T.oblongus, spiders feeding normally up to the experiment,
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Fly Velocity Value-the number of times an imaginary line throvgh the spider
parallel to the cage axis is crossed by flies in a typical
30 minutes of the experiment.
Experiment duration-2% hours.

The points are the experimental results,the curve is calculated from the Basic Functional Response Equation.

(R



[y

FIG32 The Functional Response of T.oblongus, spiders deprived of food the previous 25 days.
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Fly Velocity Value- Mean of 5 replicdtes.

Experiment duration-24 hours,

The points are the experimental results,the curve is calculated from the Basic Functional Response Equationg'
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ANALYSIS
The following points which are aprarent srom the results

are listed herg,they will bediscussed in greater detail later:=

a)The experimental results for both Normal and Starved
spiders approximately folldlow a curve which shows a negatively
accelerated rise to a plateau.This was termed a Type 2 response
by HOLLING (1959).This indicates that the experimental technique
that was adopted ie., the replacement of prey density by a value
for prey velocity=- Fvv;was a valid substit:tion for this type

of ambush predator.

b)The marked difference between the lormal and Starved

‘spiders in the number of flies eaten at *the 'plateau' level

of their respective curves indicates the amportance of the

hunger component in the functional responcc ¢f the species,

c)The number of flies eaten at the highest FVV is

lower than the number predicted by the basic functional response

.curve for both Normal and Starved spiders.This discrepancy

indicates the action of a further component which has been
identified by Holling but noét yet investigated by him ~ie.

Inhibition by Preye

d)The proportion of flies attackeda and hitten to flies

‘attacked,bitten and eaten is higher for starved spiders than

for normal spiders.This reflecis the fact thet hungry spiders
tended to capture up to five flies while still feeding on one,
The spare corpses were kept under thz cephalothorax znd some

were dislodged by the rotation of the caze,these fell free and

remained at the bottom of the cage untcuched by the spidero
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Foint a)...The functional response curve,

An attempt was made to “escribe the experimental results
in terms of the three basic components of predation whose
relationship is exXpressed in the Basic Functional Response

Tquation:=

Tt o a2 ¢ X

1 + abx

¥here,
y is the number of prey attacked.
x is  the density of the prey. (expressed as FVV

in the experiments with T, oblongus),

' And three three basic components of predation are:-

a =-- the rate of successful search,
b e the time the predator spends handling
" each prey,
Tt == the time the predator and prey are exposed
to ecach other,

This value was a ccnstant 24 hours in all exptse

(HOLLING . 195%a )0

The values used in the equation were:-

FOR NORMAL SPIDERS ) ) FOR STARVED SPIDERS
b = 9.5 hours . b = 3.0 hours
a = O.OL" = 002

The curves resultingAfrom these substitutions are
superimposed on FIGS 31 & 32

The close correspondence to the experimental results
is apparent (except for the number of flies eaten at the highest

FYV).
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The basic functional resvonse egquation is therefore

a fairly accurate description of the response of T.oblonguse

In order to test whether it affords a cocherent explanation

of the predatory behaviour of the spider,the values of "a®

and "b" can be examined for both normal and starved spiders.

11}

(1) . .
The rate of successful search - a can be defined in

in terms of the subcomponents:=
i) The reactive distance of the predator for preye.
ii) The speed of movement of the predator.
iii) The speed of movement of the prey.
iv) The capture success,
(HOLLING 1963).
With regard to subcomponent i),a replete spider had
-a reactive distance effectively of zero since flies could walk
all over the spider without being attacked,whereas a hungry
spiderihéd a reactive distance equal to the range spanned by

its legsycephalothorax and abdomen since a fly coming in contact

with it anywhere was attacked,
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With regérd t« subcomponent ii),the speed of movement
of the predator was zero for both normal and starved spiders,
reflecting the fact that T.oblonzus is an ambush predator,

The speed of movement of the prey ,subcomponent iii),
was effectively the FVV which covers the same range one to a
hundred for bveth normal and starved spiderse.

Although no quantitative observations were made on.
capture success,subcomponent iv),it can be assumed that it has

a similar value for both normal and starved spiders.

HOLLING(1966) has developed a set of equations which
describe the interaction of the above components and subcomponents
with hunger and the vTaricus values for T.oblonmis could be sub-
stituted in each oneesloreover the spider represents a simplified
and extreme pcsition in several of the interrelationships ege
having zero velocity and having a reactive distance for prey mno
larger than th: spun of the legs regardless of the degree of
hunger: for these reanons a quantitative analysis of the component
"a' for FToohlengus woulo be a relatively simple taske.Its useful-
ness hovever would be severely limited since the interaction of
component "b"(the taize spent handling eack prey) with hunger was
notQinvesFigated in sufficient detzil for the full invertedbrate
nodel to .be usedsThe yuaitative comparison of the values of thé
subcomponents of "a' *khat has been described above,is sufficient
to show that *the difierence in the values of "a':=

0.0k for normal spiders

. 0.2 for starved spiders
is reasonably explained by the difference in subcomponent i),
the reactive distaace,which is zero for normal spiders and

>
about 6 cm”™ for starved spiders,
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Component "w'",tne time spent handling each prey,can be
defined in teras of the subcomponcntsi=

i)The tine spent "pursuing and subduing each preye
ii)The time spent eating each prey,

iii)The time spent in digestive pause after a prey is
eaten and during which a predator is not hungry
enough to attacke

'(HOLLING 1963)

Subcompruent i) is only in the region of a second for
Tooblongus in any condition that one was ever observed attacking
# fly,a hungry spider pursued and subdued a fly no.faster than
a normal spidere.fAgain the splder represents an extreme position

in this respect as vompared with many other types of predator,

Subcomponent ii),.the time spent eating each prey,varied
greatly for both norrnel and starved spiders,also according to
the size of ihe fly.A rmore thorough investigation of this sub-
component was desirable but not possible.Since the rate of '

"extra~corporeal dig-stion must be taken into account g an average
time of 50 minutes svent eating each prey must be assumed as

the value of this subcoiponent for both starved and normal spiderse

Subcomponent iii]  if called "a digestive pause after
having eaten the preyt is a misnomer to some extent in the case
of T,oblongns hHecause of the extracorporeal digestion of the
prey that takes place simoultaneously with the prey being eaten,
The value of the subcomponent however,is expressed as the length
of time zfter having eaten a prey,is a second prey attacked,

In the case vif norral Tzoblongus individuals a mean value of
9 hours is apvropriate but for a starved spider the value could
be as low as MINUS 50 minutes when a second prey was captured

50 minutes Lefore the spider had finished eating the first,
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It is apparen: that in the case of this predator,and in
" the case of certain web spinning spiders which wrap prey in
silk and store them,a fourth subcomponent of "b' =the time
spent handling each prey =can be identified.A subcomponent

with which Holiing has never dealt,it can be called:=-

subcomponent iv)The time spent saving each captured

prey prior to eating it

For normal spiders this subcomponent had a value of zero
since they never captured surplus prey.For starved spiders

however the sitvaticn is more complexe

Considering the ifunctional response'curve at the plateaun
level,during ‘he coursce of the experimental period each spider
on average @tiacked and captured about 11 flies and had eaten
about 8 of thew with & or 3 still being held under the ceph=
alothorax at the end oi the experiment Assuming that the spider
held a stock c¢f 2 or 3 rlies on average throughout the experiment,
then the series of events,from the viewpoint of each fly was as
follows:=

attackasd and captured,

lield under the spider for 50 minutes,3rd in line,
held urder the spider for 50 minutes,2nd in line,
reld under the spider for 50 minutes,ist in line,
being eaten for 50 minutes,

discarded,

The subcomponent under consideration comprises the
second,third and fourth items in the above list,for the average
fly a total cf 2 hourc 30 minutese

The tirst th~es flies to be attacked bitten and eaten

W]

however were nnt saved for so long prior to being eaten,
Therefore ii this particular experiment the value of

subcomponent iv) cain be ~alculated as the mean value of the

first eight flieu to be attacked,bitten and eaten as follows:=
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subcomponent iv) for the first fly to be captured is: 0 minutes

11} 1"t i second_ 1t 1" 50 1"

11 1"t 11t third 1t 11 1" 100 1)

" " " fourth " 1" " 150 1"

1" " w  fi{fth " 1 150 "

1" ) ] "o ogixth M t " 150 1

" 1" 1 Seventh 1" 1" 150 1]
and 1 L] 1% ‘eighth 11 111 1" 150 "

The overall mean is 112 minutes spent saving sach captured

prey prior to eating it,

A combination of all these subcomponents of component 'bm
gives values of 9.5 hours and 3 hours for the average time spent
handling each prey by normal aﬁd starved spiders respectively.

These are the values used in the calculation of the curves

which are superimposed on FIGS 31 & 32.

The above discussion covers point d) of the initial list,
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The preceding examination of the components "a'' and "b"
in the basic functional response equation,although of a more
qualitative nature than was ideal,indicates that Holling's
approach,with a slight modification for this type of predator,
is both an accurate desceription and offers a logical,cosistent
explanation of the predatory behaviour of Tooblongus in response
to changing prey densitye.

A more rigourous mathematical treatment of the analysis -
wvas not possible in the time available since detailed studies
of the effect of hunger on the .various subcomponents would have

been necessaryo

Returning to point ¢) of the initial list,the lower than
predicted number of flies attacked at the highest FVV:
on the evidence of general observation it was decided that this
was the effect of a component of predation whicﬁ Holling has

identified but has never investigated....'"Inhibition by Prey',

MORRIS(1963) investigated this component in relation to

the prey species Hyphantria cunea,Drury,where the component took

the form of a deliberate defensive behaviour pattern in reaction

to its predator Podisus maculiventrisoIn the case of T.oblcungus

and Domelanogaster howevef,the component took a different form,

It was observed during the experiments that when the
spider came into contact with several flies within a fraction of
a second,it did not attack but walked away,only resumiug the .
predatory posture affer several minutes without further disturbancea.

The spider's attack response was inhibited by the preyo.

The probability of the requisite number of flies coming
in contact with the spider i;creased with increasing FVV for
two reasons.Firstly there”tended to be more flies in the cage
and secondly they tended to be bunched together more when the
cage was rotating rapidly at the higher FVV's.
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In the field che probability of a similar occurrence would
increase rapidly with increasing prey density,especially in the
"Special Areas" vliere the spider preys and which are relatively
crowded with pr.ye

Inhibition by prey,if it is to be integrated into the
functional response model,can be expressed as the proportion
of encounters not resulting in capture because of overwhelming
numbers of preye+This proportion would increase with increasing
FVV and with increasing fly density.

There is evidence from the experimental results that

the susceptibility of T, oblongus to this type of inhibition

decreases when the spider is hungry,since at an FVV of

935 to 95 the nornal spiders were inhibited from attacking

the flies whereas the starved spiders were not.The starved
spiders were inhibited at an FVV of 207,44 detailed study  of

the interrelstion of the component inhibition by prey with

the other components ot predation would be necessary for

its integratioun with the main part of the functional response
model however the experimental results with T,oblongus indicated
that the general form of its interrelation with changing prey

density and with hunger is as expressed in FIG.33,

» At a particular level of hunger,the degree of
inhibition increases with increasing fly density or FVV,
also at a low hvnger levwel the same FVV or fly density
induced a higher degree of inhibition than at a high hunger

level,

The expeririental results are represented as

the two points on the graph,
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FIG 33 The general form of the interrelation between INHIBITION BY PRZY and Prey Density and Hunger in ToOblonéus.
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DISCUSSICN

The degree of generality of the component analysis
approach appears to have been extended to another predator/ '
prey confrontation in the light of the results for T.oblongus

and D.melanogastggo

The descriptive power of the basic functional
response equation can be seen in FIGs 31 & 32 and the
examination of the:various subcomponents involved in the
response provided a reasonable and coherent explanation
of the spider's behavioureA full test of the explanatory
power of the Holling model could not be made without a
detailed study of the effect of hunger on 21l the sub=
components and a gynthesis of the separate relationships
into a complete daily feeding cycle as Holling did for
the Mantid (HOLLING 1966).This was impracticable in the
time available,but the more qualitative examination that

was carried out provided valuable information.

Firstly,the experimental design which allowed
accurate control and measurement of the velocity of the
flies in relation to the spider provided a useful short
cut during the analysis because no correction factor
relating prey density to prey velocity was necessaryoe
The disadvantage was that the validity of the results
-could not easily be extended to a field situation because
of the artificiality of the roftating caze environment,

To take a wider view,a prey species in the field which,
although abundant,moved very little would not come in
contact with the spiders very frequently.If the prey
species were to suddenly swarm or to move faster generally,
~then an ambush predator like T.oblonzus would be much

more likely to take a toll of the population,



. 164

So it is important thet the two variables prey density
and prey velocity be clesrly distinguished for this type
of predatoryincluding web spinning spiders and other
Thomisids which are completely dependant on prey movement

for predatory successe.

Inhivition by prey eccurred at the higher FVV's
and could well occur in the field occaisionally,especially
in the Special Areas which,as discussed previously,attracted
many arthropods at the time T.oblongus was preying.It is
too small and too random a factor to have very much
ecological importance for Tooblongus,but it seems likely
that the evolulion of svarming,shoaling and herding
behaviour patte.ns in some prey species may have depended
on it,

The "mutue.l irterference constant" introduced
by HASSELL & VARLEY (1969) into the Nicholsonian model
of parasite/h~st interaction and which represents the
reduction in the parasites! area of discovery as parasite
density increases,ic theoretically distinct from this
compohentoIt is related to parasite density as gpposed
to prey density,alsc it has been derived inductively
rather than arising from direct observationgthe details

of its behavicural menilestations are under investigatione

In order to explain the difference in the results
beiween normal aud starved spiders it was necessary to
invent and name a subcomponent:«the time spent saving
each captured prir prior to eating it.Holling has never
distinguishe” this factor specifically but it fits into
the structure of the model perfectlyoThe characteristics
of the subccmpozent were developed and it was integrated
into ‘he bacic funcitional response model as part of the

definition of handling timeg,component b.There is a marked
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ecological significance to the subcomponent in species
like T.cblongus which =ave or store ceptured food prior
to eating iteAnimals in this category include thvse web
spinning spiders which wrap surplus prey and feed on thenm

up to several days after captures

Of all the subcomponents of component "b',the time
spent handling each prey, (p 157) ,this is the only one
which allows a hungry indivicdual any flexibility in this
part of its fun~tional response.The time spent in pursuit
and subjugation is 1il:ly to be the same for normzl and
starved web spinners,and for other ambush predators in
general including Thorisids,as it is for ThoblonguseThe time
spent eating esch prey could well be limited by extra=-
corporeal dj=estion and the pharyngeal pump mechanisn,

a hungry spider in stler words,could eat no faster than

a relatively replcte oneoThe time spent in digestive pause
is only meaningful in {he case of Normal spiders,which
leaves the new subcomponent as representing the only way
in which a hungry predator can alter "b',the time spent
‘handling each preyoby the variations in the subcomponent
and the correspunding variations in the component,the
predator is able to exploit a short term increase in prey
density by handling each prey faster,also to provide a

food reserve in case of future prey scarcity,

With regard to the overall implications of the
component analysis approach to the study of predation
in particular and population dynamics in general,Holling
himself hzs developed and discussed these to some extent
in all his publiched papersycspecially in HOLLING (1965),.
In that paper he uses the logical implications of the
model to point out that factors governing populations
should be classified not as either density dependant

or density iandependant acents,but as density dependant

anc density independani effects since the same agent

can have either effect according to other circumstances,
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In the light of Holling's approach ,and results,
the classical cintroversy concerning the two types of
population regulacing factor mentioned above,would seem
to be to 2 large extent redundant,despite its resurrection
specifically iu relation to the Holling model by HASSELL (1966).

It would be plagiaristic to repeat Holling's arguments
‘here,the best corftribution is merely to say that the
behaviour of T.obloagus ip relation to its prey conforms
to the pattern thiat he predicted,from the point of view
description as well as explanation, and this finding adds
a little weight to «le varibué implications he has derived
and published,
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SECJION 7

Swmmery end (General piscussion,

.ie preceding sections of the the sis deal in Turn with
relatively distinct aspects oI the biology oif T,oblongus.veause
ol certain charscvteristics 0% vue spider's biology,observations
and experimental resules in the laboracery vendea to be complementery
to those in the field,moreover as particular findings arose, ilie
general direction of uhe researcn cnanged,che major shifu in
enmphasis,during uvhe lacver stages of cvhe work,being concenuvraved
on a soudy of ihe - speecies' predatory bhehaviour using the
component amalysis approaéh.Ihe reasons for this are se. ouuv in
vhe introduciion ve section 0,

The resules from -he various fields of invesvigation are
discussed separately under the relevant headings,particularly in
in relavion (o vhe ecology of uhe specics and only a general

suumary is given below,.

The veariations in cthe spiders' abdominal pa.vern were now
feflected in major physical,pnysiological or benavioural differences,
.he species is biennial in developmenv wiovh a cervain proporcion
of the population mavuring eacn summer,This type of life cycle:
is similar to chat of some other Thomisids wpose life nistories
nave been studied.iaboracvory reariug was found to have an adverse
etfect on vhe individual's xate of growin aluhougn vhe laboratory
enviromment did not appear to distore the spiderstbchaviour.The
volume of ifood supply was criticalior che normal maturation of an
individual in he laboratory,che usual four juvenile instars were
" extended ¢o five at least in starved individuals and at lea:tv vo
six in spiders capiurea as instar 2 and kept at consvanu high ‘
temperature, cveral individuals in a8 cage did nov inverfere with
each ovher in che presence of a full food supply.

Investigavien of a field population revealed & signizticant
microclimacic difference between the locavions where T.oblongus
wvas abundent in boih summer and winwver and dJhe surrounding locations,
waever;this.does nos rully explain the distribucvion of Lhe\sPider.

tvbservation and experinents on che behaviour of vhe spider
indicated. the signiiicance oF its postures,especially in cenjunc.ion
wivh its coloralion during che detrense recaction whicu may nave

evolved in response Lo predacors using visien,
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Tooblongus individuals did not wvend wo hibermate in contaet
with each other,

A chiange 01 wvemperature was Iound vo be imporvant in stimulating
the spider to emerge from ivs nibernac.ion sives,

nere was no evidence of aeronawbical benaviour in tie
species ,hbuc & simple mathematical enalysis shoﬁed that wne

effectiveness or walking as & means ox dispersal was mariced,

in the laboratory,the scquence of events during ecdysis
was pnovographed and macing benaviour was descrivedy,as was egg
laying and incubation, '

Jhe general pattern of predation duvring the life cycle ox
the spider was assessea and the machenisms by winien iv detected
prey were found to be mainly iaciile wiilh vision playing o
minor and incomsisteni role,$ilk was used only during incubavion
to exvend vhe sensory range ol ohe individyal, lhc spiders
habicat prexerence in relaition Lo predatory opporvunity was

discussed,

The functional response of T.cblongus to changing
prey density was elucidated in the laboravory and the componenw
analysis approach of Folling,vogether wivh iuvs resulting
equations,weceround vo provide booh an accurcte descripiion
and & logical explanation o the responSe,n Rew subcomponent
0x vhe tinie speni handling each prey is sugges%ed,ﬁamely
toe time spent Saving eacn capvured prey prior wo cating it.
“his subcomponentc in the convexv or the funcvioual respbnse
model explains the dizference in behaviour of Jormal and
starved spiders.It also reveals tae importance of prey storing
activity by ambusn predators in general,

The general form of the interrelationsinip bevveen
vinnibivion by preyv,nunger,and prey densivy is suggesved
on the basis of limived experimental evideuce in conjunction

with probability theory.
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