AR
W Durham

University
Durham E-Theses

Biological studies on certain species of British
phalangida

Barry N. Heighton

How to cite:

Heighton, Barry N. (1964) Biological studies on certain species of British phalangida. Doctoral thesis,
Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/9293/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/9293/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

BIOLOGICAL BSTUDIES ON CERTAIN -SPECIES OF BRITISH PHALANGIDA
BY

BARRY N. HEIGHTON, B.Sc. (DUNELM.)

Being
A thesgis presented in Candidature for the
Degree of Doctor of Philosophy
in the ‘

University of Durham, 1964.




were carried oul on

oy

o A ¥ E R T Wy . N T e s ! R b vy e Ty S
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(Fabr.}, Nemastoma lugubre (Mull,), Odiellus palpinelis

(Herbst), O0ligBlophus agrestis {(Meade) and (Oligolophus

-

tridens (C. L. Zoch.) The only comparable study 1s that
of Todd (1949, Journal of Animal Becology, 18, 209-29) whose
findings were, in general, restricted to adult harvest—
spiderg: hence in the present study many of Todd's ideas
were extended fto Jjuvenlles.

Initially a method of determlﬂlnp the various 1ife
stages (instars), based on the Ffemur length of the second
walking leg, was found for each of the above gspecies.

Using this information the course of seasonal development
of esch species wag followed in detail: 1t was also found

that, while all instars of L., ephippiatus, N. lugubre,

0. palpinalis and O, tridens were exclusively ground dwelling

in habit, an extension of range from the ground layer into
the shrub layer and tree canopy occurred in the penultimate

and final instars of M. HMorieo and Q. agrestls, Most of




the iat@rétratal movement was restricted to the periocd
between dusk and midnight.

To £ind the cause of the verticsl migration these findings
were compared with the results of laboratory studies on
temperature and relative humidity5pfefereﬁda, resistance
to dessication and locomotor activity patierns, and wiith
microclimate measurements made in the fleld. It became c¢clesar
that, although very closely associated, seasonal migratlion
should be considered separately from diel migration. The
former was caused by endogenous factors probably associated
with reproduction and not by any change in the‘physical
conditions affecting the various instars. The latiter was
"triggered! by the loss of light at dusk, but was not
necesgarily caused Dy the increase in the ‘intensity of

locomotor activity resulting from this loss.
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INTRODUCTION




1 ‘ INTRODUCTION

Todd (1949) outlined the seasonal development of
nineteen of the twenty—bne‘known specieg of British
harvest-gpider, noted a vertical migration in certain
species from one microhabitat to another during the
course of a single 1life history and correlated laboratory
determined temperature and relative humidity preferenda
ofkadults with the observed temperature and humidity
éondiﬁiona of their normal habital.

The present study on six species of harvest-spider
From the North of England is a re—-examination and
extension of Todd's ideas.  Particular attention has
_ been paii toz
Le The seasonal development of each of the Speeieé,

Lacinius ephippiatus (C. L. Koch), Mitbpus morio (Fabr.),

Nemastoma lugubre (Mull.), Odiellus palpinalis (Herbst),

Oligolophus sgrestis (Meade) and Oligolophus tridens
(Cs L. Koch.). |

Ze Seasonal changes 1in population density and dry
weilght of all the species studied.

Sea Vertical migration of the different life stages

O0F Me morio and Q. agrestise

4y The relationship, for each life gtaga of Le ephippiatus

Ms morio, O, agrestis and O, tridens, between field




conditions and le boratory determineds:
(2) Temperature and humidity preferenda.
(o) Survival times at different temperatures and humidities.

(c) 24 hourly patiterns of locomotor activitye.

Ho means of separatihg the different life stages
(instars) of British harvest-spiders has been bublisheds:
thus before any of the detailed studiés outlined above
could be made, 1t was necessary to find.methods f~or
identifying the different instars. This study forms
the subject matter of Section II.

In the subseguent Sections, &an aécount is given of
field and laboratory studies carried out from 1958 to
1960 on the basis of the findings repdrted invﬁectiom,II.
The studies of both seasonal development (Section ITII)
and field behaviour (Section IVa) were 1o have been carried
out in Great High Wood, Durhamq but because o7f impending
tree felling operationskthe behaviour studies were made

in Wannys Plantation, County Durham.



T DETERMINATION OF THE iNﬁTARS

OF BINGLE SPECIES



IT DETERMINATION OF THE INSTARS OF SINGLE SPECIES

Several keys for the determination of the Briticsh
gnecieg of harveat-gpider were produced bebtween 1890
and 1948, and that by Todd (1948) was used in the
present stnudyv. No means of ldentifying the different
ingtars of any of the British E“@GEIS hag been published,
and an sceount is now given of & method of instap

determinat . Tor eaeh of the Ffollowing species:

L
e

Lesining envhivpiatus

Mitopus morio

Odiellus palpinalis ?amily‘PHALANGIIDAE
Sub-family OLIGOLOPHINAE

Oligolophus tridens

Nemagtoma lugubre (Family NEMASTOMATIDAR)




1. Material and methods

Material was collected throughout 1958 and 1959
from Great High Wood, Durham ( described in Sectiom IIT)
and from flelds, hedgerows and woodland in the immediate
vieinity of the University Selence Laberstories, Durhan
ity In addition, specimens of the earliest Juvenile
stages were obitained from eggs produced by adults of
known species kept in the labobatary according to
Phillipson (1960 a).

Hoth laboratory and Tleld S@pcimenﬁ were preuervpd

in 70% sleochol. Using Fodd“ - (1948) key, juveniles

of L. ephippiatus, M. lugubre and Q, palpinalis could

be readily identified,. However, the earliest stages

of M, morio, 0., acrestls and Q. t? densg could not be

identified with certainty, and before attempiing to
determine the instars of each species, it was necessary
to £ind means by which 1o recognisge the early gitages of

Me moric and the Oligolophus species. This was done by

comparing specimens reared in the laboratory from eggs

of known gspecies with specimens Obtain@d from the field,
The first attempt at;determinimg instars was made

on Me moric, of which appromimately 100 speecimens were

gxamined in detail. Various meas urem@ﬂt were made by

meangs of a micrometer eyepiece previously'calibrated




i

against a scaled microscope slide. A separate record
sheet (Fig. 1) was used for each specimen and the following

Features were examineds

Body length - the distance from the anterior edge

of the cephalothorax to the tip of the abdomen (Fig. 2a).

"Eve distance'! -~ the maximum width of the oeularium

of B

13

(Fig. 2b).
Pemir length - the distance between the proximsal
N,

and distal ends of the fermur (Fige. 2¢).

Leg length -~ the length of the 1@ﬁ Trom the proximal
end of the trochanter to the tip of the tarsus (Fig, 24).
! H |

Tarsal 'djoints! -~ the number of gsegments in the

tarsns (Fig. 2e).

Wrequent loss of the ends of the tarsi made hoth
leg leng th and tarsal 'joints' unsatisfactory characters.
Body length and ‘eye distance' were %00 gveatly influenced
by shrinkasge and distortiom on prasﬁﬁvatian to- -be of any
value.  Femur length was the most reliable character.
The femur of the second walking leg ﬁas the eaaiast to

miecroscope for measurement, and for

e

pogition under the
the main investigation of the instars of M, morio only
this wes examined,.

Om the hasig of the wowk on M, ﬁorgg, only the second

famir was measured in the other species,
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Fig. 1. Record sheet for Mitopus morio.
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( -

6 segments)
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. Femur PEDIPALP x 150
T da ‘e
Trident Pé X Trochanter .
of Spines V’
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\‘ Coxa ' l
' ' 3b

.
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3a
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gt J i
e
/ A // / / Tarsus
Genital plate
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Fig. 2. Features used in the determination of instars.
a = Body length. b = 'Eye distance’, ¢ = Femur length.
d = leg length. e = Tarsal 'joints'. The figure is
reproduced from Todd (1948).
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(a) Identification of the species,

It was discovered later that each species of the
Sub-Ffamily Oligolophinae examined had seven instars,
However the first instar was so short-lived, that from
the point of view of identification of field specimens
it need not be ftaken into account. \

That part of Todd's key Which'deais with the genera
of the Sub-family Oligolophinae is reprioduced below, aﬁd

the relevance of each taxonomic chsracter to the juvenile
: ! !

ata

Fied

(2) Femur of palp with eonsyicumms tﬂbercles
VENETALT Voo sasorssonsessassssssnsssscssoss 3
(tubercles present in all juvani@es of

1 !
Odiellug and Lacinius, rangiung in number
from two fto four in the second iﬂstar‘to
approximately twelve in the sixth instar).

2 (1) Pemar of palp without cmhspi@uoué

tubercles ventrally.@.,mﬂm..a,.»J.;.m..o.. 5

{(tubercles absent in all juveniles of

Mitopus and Oligolophus).

3 (4) Coxa of leg 1 with conspicuous tuybercles

ventrally and without Aistal SPUTess..oea. Odiellus

ges from the second instar onwards is given in parentheses.




5 (6)

%

9}

{(tubercles present in all juveniles
of Odiellus, ranging in number from
one or two in the second inster %o

approximately twelve in the sixth instar:

b 3t p b

W

digtal apur sbgent in all Juveniles).
Coxz of leg 1 without conspicuous
tubercles ventrally and with distsl

- . s
&%E\r'&\lrg LB B N ZCIETE B BT O R A AR SR N N N S N B AR LaC lnlU,S»
e e Sy

(tubercles sbsent in all Lacinius juveniles;

(73]

distal spur always present, slthough
very short in the second instar.)

Fore edge of prosoma with trident well

definedescsonnacssascesnsssvessonsessoes OLigolophus.
fWell defined trident present in third

ingtar onwards; only a single well

defined central spine present im the

gecond instar.)

Fore sdge of prosome with trident ill

defined, repr@&anted'by‘thre@ amall
TDErCleSesesscescsenosssassssssanssasse MiLOpus
(111 defined trident present in third

instar Mitopus onwards; fore edge of

prosoma completely devoid of tubercles

Y

in the second ingtar.)




Therefore to permit identification of second ingtar

Mitor

bug and Oligolophus, stages b and 6 should bhe

modified thugs:

5 (6) Fore edge of prosoma with trident well

Lhe]

defined, or, 1f a very small specimen,

with femur length of second walki
less than 0.8 mm and with s well defined

ngle central SpinG.csscscsssssssasaenrae Oligolophus

%
de

o

6 (5) Fore edge of prosoma with trident ill
defined, represented by three gméll
tubercleg, or, 1if a véry(gmall specimen,
with femir length of second walking leg
lesgs than 08 mm and fore edge of prmsom@
completely davéid of tubercles or

SBPINEBsnoveae et esasets 6628693860661 5868 Mlt@@ug

In this study one species each of 0diellus, Laciniug and

Mitopus and two species of Oligolophus were involved,

The second, third and fourth instars of Cligolophus agresgtis

and Oligolophus itridens could not be satisfactorily

separated by the characters given by Todd and a method

which covers all ing~tars is given below:

1 {2) Pemur length of second walking leg

crester than 1-2 mm eavﬁJoQ@D@ao;olcstso 3
2 (1) FPemur length of second walking leg less

tham, :ngérx}m‘ﬂle}G;NQ&.OOODWJD\;OG'GGB&%%DQQOO'@Q 5

i




St

Cenital plate rounded. Trident of

R
NN

N
A

opines in a straight line (Todd's

}i‘ig&;@ . T?b g..nd, j,.’},cm} S B S B ORHBD O REE DGR Oe- t?iden%
4 (2) denital nlate with notch or dark mark,
Py
Treident of spines with middle one

in adv

E;ﬁ

nee of others (Todd's Figs.

'??:}; Ehima.ﬁ ljmbw}@mmuaa‘d&st&ownumosﬂaaung Ga agl‘eﬁtiﬁ

5 () Ocularium, in side view, with two
| rows of two to five tubercles or
gpines each borne on a glightly raised
bagse, Reddish-brown body of atink
gland elearly vigible through dorsal

bOdﬂy mfa,:},.laeo-oonrnowonm@&epnocmnm.aatoo O. 'tT‘id.el’li%

6 (5) Ocularium, in side view, either without
tubercles or gpines or with two rows
borne on a slightly raised base.

Body of stimk gland not vigible

through dorsal Pody wWalleseesocssseesals agrestis
(o) Tdentification of the instars of single species

For each species, measurements of femur length of
the second walking leg are shown as frequency distribuitions

egually spaced to represent each instsr (Figs. 3 to 8;
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method after Ghent 1956), The upper and lower limits of
fermr length for each instar are given in Table 1. These

limits were usually obvious from examination of the data,

However, in ecages of diffieulty, the original specimens

were re-eyamined, sccoumnt heing taken of feabures noted

i

®

28 characteriatic of but not necegsarily specifiec 1o

particular instar (for exsmple body shape, body coleur and

)
s

number of tarsal segments) in deciding to which stage they

should belong.

It can be seen from Rigs. 2 to 8 that the range of

femur length for the fTirst instar is only adequately

o

represented in the cage of M.morio. In no species was

st

the instar (which is characterised by the possession of a
distinct ege tooth on the fore edge of the prosome) ever
foomd in the fileld, the only specimeng asvailable being those
obtained From eggs which hatehed in the laboratory.
Approximately £ifty eggs of each species eX@ept N

dugubre were carefully observed during the hatehing period.

3

7.

{

In M, morio the first instar remained elinging to the egs

shell after emerging, snd from this positiom monlted into

the second instar within 10 te 30 minutes of hatching.

In L, ephippiatus, 0, palpinalis, O. agrestis and Q. tridens
the moult into the gecond imgtar nearly always oceured
during emergence from the egg shell, and only one first

ingtar O, tridens and three first instar 0. agrestis were

ohtained,
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a0

. In both L. ephippiatus (Fig. %) and M. morio (Fig. &)

it ecan be geen that slight overlap of femur length of the
prezsdult and adult instars occurs, but the instar of
gpecimens within thisg range of overlap can be debermined
by examination of the genital operculum which is only open
in the adult, Although any similar overlap between the
earlier instars would be diffieunlt to deteect, a general

check on the reliability of instar determinmation by this

method was carried oult on Q. agrestis, The second femur

length of individval specimens was nmte@ before and after
a2 moult, and the lengths were then compared with the
freguency digtributiaﬁ of Ffemur length or thie species.
A total of thirﬁv‘m@eéim@nﬁ of  the second Lo the fifth
nstar was lightly anaesthetised with eiherﬂvaymur and the
second femur m@aﬁmred; Fach specimen was then kept in a
separate contbainer injth@ laboratory, was fTed daily , then
killed with ether vapour a few hours affer a moult was geen
to take place. The game Temir was agafn measured,

The results are illustratéd in Fig, 9. For each
specimen examined, thé fermr léngthsybefora and after the

moult are shown, respectively, by the vertical lines to the

left and right of each arrow.  The limits of Ffemur length
‘ | {y

per instar, based on the histogram, are indicated by the

broken linesg. Glearly, in most cases, the observed

increage in femur 7@ngtb was in agreement with these limits.
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Growth in second femur length in single specimens of

Oligolophus agrestis.
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and right of each arrow represent, respectively, femur
length of an individual before and after a moult. The
histogram is based on Figs, 7.
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. Fl 8. o Lo 8 the mean second femur lengths per

instar sre shown by points placed at the same height above
the + axes. & braken Line is drawn through these points,
but only in M. morio (Fig. 4) is it extended back to the

mean for thefirst instar. Frow ingpeection of these lines

it is clear that growth in femur length was exponential

rather than linear in sll species exceplt N. lugubre (Fig. 5).

This type of g?owth was confirmed by plotiting femur length
per instar’a 1Q@ﬂrlqu1c scale (Figs, 10, 11 and 12) when

a straight line passed through nearly all points.

However, it can be seen that in M, morio (Fig. 10} the
rate of femur length increa%e-between the first and second
instar was greater than that occuring between subseguent
instars.  Thue, althowgh first instar femur lengths could
be estimeted for the other species by éxtrapolation, it is

guestionable whether such estimates would be of any value.

The insgtars of M. lugubre (Fig. 5) could not be

gatisfactorily determined glthough a total of 480 specimens
was exemined. fzgs conld not be obbtained from adults kept

in the laboratory, and attempts to rear specimens indivi@ually
from one instar to the next all failed. If, as in the other
gpecles, the moulit from the first to the second instar occurs
during or immediately after emergence from the eggs, the

firet juvenile stages found in the field were probably the
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Fig. 10. Mean second femur length per instar, The lines
through the points are drawn by inspection.,
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true second instar. Thus, in counstructing Fig. &, the

smallegt juveniles were consgldered Lo represent the second

eyl

instars. (In a study of Nemastoma cuadripunctatum,
pecies not found in Britain, Immel (1955) observed that

the moult into the second instar occured within 30 minutes

&I}

of emergence from the egg,)

N. Jugubre juveniles of instars 2, 3, 4, and 5 are

general appeavance, having a soft white-brown

e

ig relatively small compared to the length of

The adults have a hard black bedy which is
relatively large compared to the length of the legs. Mainly
because of the striking difference between the agppearance

of the Tifth instar Jjuveniles and the adultﬁ, the latter
were st Lirst thought to represent a sixth instae.

However, exaﬁinati@n of Flg. b suggests this may not be

tha ease: considerable overlsp of second femur ieﬁgth oceuUrs
between the two stages, and 1f the broken line was extended
te the lasgt mean, it would represent s distinct departure

he

°:'T'
(“3

Trom - praevious rate of groewth. The situation is

A
clarified somewhat by examination of Fig. 11 in which the
mean lengths are plotted on a logarithmic scale. The
upper of the two crosses represents the mean Temur lehgth
of the adults (sixth instar ¢), the lower cross that of

the £ifth instar Jjuveniles and the ¢ircle begide the lower

crosgs that of fifth instar Juveniles and adults combined.




€learly, a straight line ean be dreawn through all the
means 1T the pre-adult = Jjuveniles and the adults are
congidered to he the same instar. Also, assuming =
p

gimilar rate of growth throughout the period of

development, the mean length for a sixth instar would

33

be far greater than that actually recorded for the adnlis

g,

.
Thus, Ffrom the svidence of femur length alone, 1t

would seem that preadult £ifth instar juveniles develop

inte adulte without a2 moult, and fleld specimens can

actually be found whieh are intermediate in colour

between the white-~brown of the Jjuveniles and the blaek

of the adults. However, oth@y‘evidﬁn@e suggests the

existence of two instars within that now considered as

the £1ifths distinet ghructural differences occur between

preadnlts and adults fqr which no intermediate stages

were found. In addition it esan be seen from Table 7

that while the body weight is approximately doubled

between each instar from the second to the preadult £ifth,

it inereasses by a2 factor of about & between preadult snd

o

dult shages. Clearly, specimens must be reared in the

laboratory in orvder to determine the precise number of

instar in N, lugubre,
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SEASONAT., DEVELOPMENT:  SEABONAL POPULATION

4
}..._i

DENSITY ,&}‘.*-131} DRY WERIGHT CHANGES
The study ares.

The material for the invesiigation of seagonal
development and seasonal population density and dry
weight changes, was collected in Great High Wood,

Burham. (National Grid Reference NZ 275407) This wood

¥

forms a narrow strip, about a mile long, within a broad
loop of the River Wear. It is a mixed deciduous -
coniferons wood, well established on gronnd which slopes
domm to the flood plain of the rivarg: The region

at

§l‘>

actually used was o wide gulley running in a west-es
dirvection from the 300 ft. to the 200 £t. contour. The

tree laver consisted of old beech tress (Fagus sylvatica

L.) with a few relatively young pine trees (Pimus

gsylvestris T.). There wae no shruoh layer and the field

laver wag very sparse, consisting of large patches of

~\
]

farns (Dryopteris sustriaca (Jacq.) Weynar) on the south

_b'

gide of the culley and a general covering of bluebells

(Endymion nonscriptus (L.) Garcke) over the whole region,

Throughont the vear the ground wag covered by a layer of
heech litter ranging in depth from 2 c¢m to 5 cm on the

high ground, *to 15 em or more on the fall ey floor,




me lv}’ﬂ !

Xy 1
SampLi

Two sets of samples were taken —each .. month from

May 1958 +to Decembsr 1959, Eight sampling stations,

5

approximately 5 mehtres apart, were marked out along =

1 ing From north te gouth scross the gulley

(Plate 1),  Stations L, 7 and 8 were in sghallow litter

on the high ground, Z, 5 and 4 in deeper litter among

the ferng and 5 and 6 in the deep litter free from ferns
A

on the floor of the gulley. On each sampling occasion,

(025 sq., m in 1958, 0125 sq. m in 1959) was

one o
marked out at each stetionm by placing g souare wire frame
on the ground, A1l animals moving on the surface within
it were picked off, then the litter wags removed Ffor
examination, The posgition from which samples wepre taken
had been marked out with small sticksg at the beginming

of the study to avold sampling the same ares on more

than one ocoasion.

sorting of the litter hnrpi that the

parly ingtars were seldom recovered from samples refturned

in large polyvthene bags to tThe lsboratory for examination,

whereas large nunbers were obtained from similar sanm

i

sorted immedistely in the field. This was presumably

Ane to the fact that they were easlily crushed end killed

whiile being transported, end were subseouently overlooked




Plate 1. The atudy area in Great High Wood from the east.
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during sorting, while larger specimens, of which similar
numbers were recovered from both laboratory snd field
sorted samples, were easily seen even when crushed,

Thus, ssmpleswere normally sorted in the field, and only
in sutumn, when it was clear thet Juveniles were no longer

vy returned to the laboratory

L3

present, were they occasional
for sorting. The litter of both field and %aboratovy
sorted samples was spread out on e large sheet of white
oileloth andcarefully handsorted twice, all épecimems
being immediately placed in 70% alcohol. Iﬁ was then

sy

apread ount ageim and left undisturbed for a@ least b
minutes, during which time any animsls ﬁtilllremaining
hegan to move and were picked off, it is b%lieved that
this meth@@‘of removing harvesgt-gpilders fr@mﬁlitterﬂwas
fairly efficient, as extremely careful sortiqg for g third
and fourth time S@ldom;produced more then oné, or-at tle

most two further gpecimens,

The preserved material was examined in the laboratory,

d

9
9
in

and each gpecimen was classified

aceording to its species,

I3

ingter, end if adulft, itz sex,



A
fumd

Fa Seacensl development.
{2} Chonges in the proportions of the various instars.

The complete results of the sampling in Great High
Wood sre given in aprendix A. For each species, the
seagonal change in the proportiong of the various instars
present iz shown graphicelly (Pigs. 15 to 16). It is

clear Trom thege figures that twe or three instars were

cenerally present at sny one time with the exception.

Q

of the beginning and the end of the development period.

The presence of third instars of M. morio and L.ephippiatus

in the First samples of 1958 shows thét hateching must have
gtarted some time before sampling began:; 1in the remaining
gpecieg in 1958 and in all species in 1989 the period of
is indicated to within the nearest two or three

weeks,

Unfortunately the 1959 N, lugubre material was badly

preserved, and the legs had become detached from slmost
svery specimen, Inztars were therefore determinea‘by
reference fto body size and general appesrance rather than
to length of the gecond femur. As this method was
probably unreliable, only the instars of the 1958 material

(identified by second femur length) are illustrated in

Fig. 14.
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Nemastoma lugubre

v -
v A |
g
17} -
E H
, 100 %
|
| l T j l I I —
95 305 86 156 37 217 .8

1958

Fig. 14, The instar composition of each collection of N. lugubre,
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To show the nature of the overlap nP ﬁon rations

known fto occeur in N. lugubre (Phil11130ﬂfl959)9 some of

e

the data of Ajpendix A are reproduced in Table 2.  This

tshle shows that a few adults from 1987 persisted at
|

leasgt into July 1988, when the sudden increage of mature

{black) adults from 10 on 21 July, to 54 an@ 88 om 11 and
25 Auguat respectively indicstes that the 19%8 seneration
reached maturity in August. A similar ov@rla@ of adults
of the 1958 =nd 1959 generations iz also aﬁparemt« In

congtructing Flge. 14 adults of the 1957 geﬁeratiom were

i
not considered,

(n) The "mean instar'.

While Figs@ 13 to 16 show the instar c@wp@ﬁutlon
\

of eaeh collection, the time interval of twn to three

J

weeks between gampling precludes any preci@& egtimates

J)

of the times at which any one instar was most abundant

S

in the PO“ﬂ1u170n@ This can be found however by 2

method based on that used by Gabbutt (1959)., Knowing

that each 1nﬁtnr of Nemobius sylvestris (Orthoptera,
|
Gryllidae) was recognisable on the basis of its head~

width measurement, hé caleulated the 'mean Head-width'
of 211 individuals in each collection. By plotting thesge

means against time, he was able to estimate when any

rarticular instesr was most abundant. In ﬁh@ present
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atudy a 'mesn instar' value was calculated for each
ollection of eaech svecies as shown by the following

example:  of the 78 Mitopus morio eellected o June

19568, 12 were in tThe third ingitar, 30 in the fourth,

and 31 in the f£ifth, and the'mean instar' value was:

(12 x 3) + (B0 x 4) + (3L x B) = 4-26
12 + B0 + 51

Tor reasons given earlier, the 1959 N. lugubre instar

]
WETa

dats are unrelisble and, ‘therefore not used. As movement

of the final and penultimate instars of M. morio and 0.
agrestis away from the ground (described in Section IV a)
would have infliuenced the means, it 1is believed that a
reasonable approximaetion to the true mean instar value
of each specieg population as = whole was given by

including in the ¢aleulations all individuals taken from

eight ferns within the study area.

L

{c) Orowth rates: estimation of times of hatching and

of final moult.

When the resulting mean instar values were plotted
against time (Figs. 17 to 192) it was clear that a linear
relationship existed: thus for each species a linear
regression was calenlatad (Bailey 1959). Where the first

gamples comprised only second ingtar Juveniles, the



Mean instar

Mean instar

Fig. 17.

Mitopus morio © / °

® 1958 (y=0-856+0-0477x)
O 1959 (y=679 +0-0505%)

Apr. May June July Auq.

Lacinius_ephippiatus | /"//

@ 1958 (y=0-02/+0-06(7x)

O 1959 (y-0~839+0'0595x)

T
Apr. May June July ‘ Aug.

Growth rates of M, morio and L. ephippiatus. Each
line is plotted from the linear regression fitted to
the mean instar data, The mean instar values are
indicated by circles.
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77 Odiellus_palpinalis )/

Mean instar

@ 1958 (y=(-401 +0-0493x)

O 1959 (y=2:194+40-0423x)

May June July Aug. Sept.

57 Nemastoma lugubre /o
4- /
[ L)
S 4.
2 2 ‘
[
§ 2] -~
2
@ 1958 (y=0-543+0-0409x)
I
T T T 1 1
Apr. May June July Aug.

Fig. 18. Growth rates of Q. palpinalis and N. lugubre. Each
line is plotted from the linear regression fitted to
the mean instar data., A The mean instar values are
indicated by circles.




77 Oligolophus agrestis

6 —

51 9////
—
3 /‘/
e 4 /
§ *
2 3 ®

2 ’ ® 1958 (y=1-088+0-0503x)

o] l9§9 (y=|'785+0'0484x)
- :
T T S =T |
May June July Aug. - Sept.

7 Oligolophus tridens

6 - [ ]
[ 5 T
o
-
g
o— 4 -
c
o
o
2 3-

2 -

® 1958 (y=0-922+0-0562x)
| O 1959 (y=1896+ O-OSilx)
] T T 1 1
May - June July. Aug. Sept.
Fig. 19. Growth rates of 0, agrestis and Q. tridens. Each

line is plotted from the linear regression fitted to

the mean instar data. The mean instar values are
indicated by circles. :
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corresponding mean instar velues of 200 were not ussd in
the calculations.  These values are represented in Figs,
17 to 19 by emall dots instead of cirecles.

Clearly some peoints deviate from linearity due, perheps,
to the effect of zeasonal temperature fluctuations on

growth rvates, or to the use of relatively small samples

in ealenlating the means. It is assumed however that

n

in all speclies studied, the growth rates were linear
throughout the developmental period, the coefficient of

linear regression, b, providing e guantitative description

o

s

of these ra

BB Therefore the egunations can be used to
agtimate the time at which any one instar was most sbundsnt,

by substituting instar numbers Tor y and caleculating the

corresponding value of y (time). It was stated in Section

;

IT that in all species studied except N, lugubre, the moult

peeured during or ilmmedistely after

3
[44]
o
3
3

into the gecond inst

emergence from the ego; thus, a value of y = 3 was used

to determine this time for the earliest inster found in

the £ield, while a value of y = 7 was used for adults,

In Y. lugubre, the first specimens found in the field were

onsidered to be the true second instar and the fully grown

0O

individuals, the true fifth, Ag a linear growth rate is
assumed, the time spent in any one instar, other than the
last, would be one tulrd the length of the developmental

period in M. lucubre and one fifth the length in the




remaining

that of x

4.

average time 'of hatching and of the AN
The results of all caleulations are shown in Table 3.

Tn determining actual dates, day 1 (x = 1) was tszken as

1 April, so that, in Lacinius 1958 for example, when y = 2,
X lg 320 zand xhaﬂmgrvespamding date is 2 Mav. It is
clear that in all species, hateching and the final moull

took nlace glichtly earlier in 19569 than in 1958, although

in 0, palpninalis, the difference with respeet to the last

moult wags relstively small. 1% can be geen from Flgs.

17 to 19 that in this species slone was there any marked

difference between the apparent growth retes in the two

)

yvears, mt ez the 1959 ealenlations were basgsed on go few
N _

individusls, this differenee is unlikely to be of any

5*‘ v

ignif

LCENCE .

&)

i

OFf the two 'spring species', Mitopus morio hatched

hetween one and two weeks earlier than Lacinius ephipniatus

in hoth vears. However, of the two species, 1ta

developmental period was by far the largest, so that,

despite its earlier emergence, it still reached maturity

later than L. ephippiatus.

0f the three 'summer species', Odiellus palpinalis

»

emerged sbout a week earlier than botTh Dligolophus agrestis

and Oligolophng tridens which hatched witthin one or two
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dava of each other. However, 0O, tridens had the shortest

period of development, so tha?t in both years it reached

i34

maturlty earlier ths ™ n the other two speclie

2B

H

Tn view of the uncertainty asbout the number of ingtars

in M, lucubre {(see Section II) the length of the developmental

period cannot he estimated with any reliability, but on

the assumption that four exist, the caleunlated period is

¥ - jm A

o

7302 dayvs, o Tigure congiderably lower than that of any

other specieg.

() Relationship between fleld temperatures, hatehing

periods and growth rates.

Figure 20 shows the average monthly alr ftemperatures

t the Durhasm University Observatory, situated three

jo)]

aquarters of a mile from Great High Woed. This figure

ghows that the 1959 temperatures were consistently higher

than those of 19568, a difference which was probably the

majior factor contributing %o the earlier emergence of all

) PR

species im 1959, However, it might alsc have been expected
that the 1959growth rates wounld have been slightly greater

than those of 1988, hut with the exception of M, morio

the reversge occured, the growing period being slightly

Rither the growth rates, as determined

bed
Q
i3
@A
)
73
=N
::)J
fnad
Te)

from the mean instar. valuesg, are too coarge 2 measure to


http://ahoi.it

46

*gaanjexsdway

JTe ATYjuom UMWTUTW USeW pue WNWIXew uesw oyj Jo oFexeae ayjz syuassadaa

sutod yoeqg

*Lao3eaaesqQ L3 TSIeATU weyang oyj 38 pepIoosx saangjexsdmey JIIY 02 *314
a N o s v r r W
L i I i 1 I} d 1 O
S
g
=0l
)
0
~r
.lm_

e - —-¢ B8S6!
——o 56|




an

ghow what would necegssarily be relatively minor differences.

or temperature differences within the limits illustrated

by Fig. 20 would have had virtually no effect om the overall

rate of growth. The former is the more 1ikely explanstion,

but clearly, only carefully controlled laborastory experiments

could deeide the igsues,



i
&
0

4. Seasonsl changes in population density.

() Variability between samples.

In a1l the species studied except N. Jugubre there

wag very litile varigtion betwsen the numbers obtasined
from each of the eight quadrats on any one occasion, and
conseguently, only the totals are givem in Avppendix A.

The digtribution of N, lugubre in 1958 however, was lesg
¥y

uniform, the numbers from the quadrats on the floor of

ralley tending to be grester than Prom thoge on either

£
[

the
side. This is illustrated by Fig. 21 which shows the
total number of animals per quadret per monih. Ag the
numbers in guadrats 5 and 6 tended Lo increase up to
September, it is possible that individuals actually moved
from the higher ground to the floor dnring the late spring
and summer. In view of thé highfmmidity requirements of

this species (Todd 1949) this would nmot be surprising,

'("")

28 the water content of the deep litter on the gulley floor
was elwsys noticeasbly grester than that of the fthinner

litter layer found elsewhere,.

To exsmine the variability betwean spparently
identical seamples, a detailed examination of one square
metre of litter was carried out on 4 June 1960, A square

s

in the region of station & was divided into sizxteen smaller



animals

Number of

Figo 21,

40

MQY 20

June 20

July 20

40

Aug. 20

o

407

—

Sept. 20 -
0

Oct. 20 '
L s
o .

Nov. 20
(o]
Dec.
Q

Quadrat

Total number of Nemastoma 1ugubre‘per quadrat per month
in 1958, ’




-
&

ousdrats, each 25 cm sguare, snd the litter from each was

sorted separately, The resulis are given in Table 4,

table that each species was

It can hé aeen from this

digtributed failrly unifmrmly over the ﬁixteeﬁ @uadratsg

although the numbers were g@a@w, ly too low to examine the
arisbility statistically. However a yx2 test carried out

on the combined totals from each quadrat sghowed the absence

of any slenificant hetervogeneity (B30.05)

Thus, with the exception of N. lugnbre, the distribution
of esch of the species studied, is likely to have been
feirly uvniform throughout the Litter of the study ares,
and the data of aprendix A presumably glve s reagonable
approximation to the trie population ﬂ@ﬁa itye These data
werse therefore used as thm basis for the congtruction of
Pigs. 22 to 28 in which changes in population density per
square metre sre repregented by the lines joining the seolid

circles, and changes in dry welght per scuare metre by the

lines joining the open circles, Although showm together

-

ori esch graph, densitiesgs and welights gre described separately.

(n) Seasonsl density changes in the total harvest-gpider

mmnﬂ, “{” OTh .

Seagonal chenges in the combined numbers of all six

species of hervest-gplder found ﬁithim,th@ study ares are
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s

illustrated in Fig. 22, It can be seen Trom this that
the maximum 1988 density of approximately 130 animals per

square metre wag recorded in egrly July, the maximim 1959

dengity of approx cimat hely 170 animelse per sguare metre in

{e) Seagonal density changes in individusl species

<

 populations.

The results for individual speciles are illustrated i

23 to 28 A small verticsl arrow shows the Ffiret

@

sanple from whieh Juveniles were completely absent, the
whole population by then being adult. In general, the
changes in population dengity fellowed a similar trend in
allespecies im hoth 1968 and 1959. Following the first
appearance of each species, the numbers increased rapidlyy
reaching a maximom while the samples still comprised second
aﬁd.thiéd instar Jjuveniles. Thep@vwas more variability
following this peak, but in general the numbers declined

gteadily throughout the rest of the senson.

The study Iin Great High Wood was ceonfined to the ground
leyer population, no attempt having been made to investigate
the natire of any vertiecal migratiom. However, assuming
the behaviour of animalsg in this study area to have been

similar to that described for Nannys Plantation (Section IVa),

L. ephippiatus, N. lugubre, O, palpinalis and O, tridens
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waﬂﬁd have been exclugively ground dwelling in habit,

while M, moric and O, agrestig would have begun Lo move

e i et AT

ghove the ground layer in the penunlitimate instar The

gseagonal decline in numbers iI™n the ground dwelling speciles
world therefore directly reflect the effect of mortaliity
on each gpecies population, while the decline in M, morio

and 0, agrestig wounld also refleect losses dne to vertical

migration.
Several deviations from the general trend were

aprarent Some, Ffor example the: low number of Q.agrestis

in late June 1968, were perhaps simply due to chance, but
a more sabtisfactory sxplanstion must be offered Tor others,
Smaller harvegt-gpiders often stuck to the leaves of damp
litter, as a result of which ﬁbme weres p@rhaps'ovgrlooked
during sorting, However, this explanation alene camnotb
account for the gudden but temporary drop in numbers in .

the summer months of 1988 in 0. palpinalis, O,agrestis and

0, tridens: +the lowest densities did not coineide in time,

occuring in the. three species respectively om 21 July,

22 Jeptember and 28 August. The temporary loss of Q.

o

acregtis from the ground layver eould be attribulted to

vertical migration, but im the assumed absence of any suech

migration in the other twe specles, no sound explanation

can be put Torward.

60
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‘ It ig belisved that the efficiency of sampling was

w

there being no apparent difficulty in picking

eavliest instars from the leaf litter.

Nevertheless, in both years, the numbers of 0, palpinalis

and D. tridens rose sharply soon after the whole

population hsd reached maturity, suggesting that the

faude

order of sampling efficiency was slightly hicher for

adults than for Jjuveniles.

Comparison of population densities in 1958 and 1959.

T,
jol)
"

Olearly differences exist between the graphs of
1968 and 1959 and to enable reliable conclusions to be
drawn, for each species the population dengities over
the two years were compared by the yx2 test, The total

rea sampled on each occasion was reduced from 2 sq. m.

]

in 1988 to 1 g8q. m in 1959, and it is spparentliy

ol e
statistically ungound to compare the dengities directly

by simply £ 1959 or halving those

X

‘(i
2
o
ey
s
-
3

Iyl
ot
D
b
)
3
3
[§2]
0]

of 1958, Therefore the original data were used in a
formila provided by Dr. 0. We Kurth (Departme™nt of
Mathematics, Tniversity of Durham) which taked into

account the change of sample gize, This has the form:
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Tt haeg already been shown that in g1l the species

studied execept N, luevbre, the course of the 1ife history

in 18959 was approximetely two weeks in zdvance of that
of 19568, and the results were arranged o thal comparisons
were made between the densitles at corresponding stages

of the life history rather thaw at similer times of the

year, For evamgde, the totals of 30 May 19568 were not

o

compared with the totals of 28 May 1959, but with those
of 11 May 1959, Fecauge of this, no dates are shown

in table 5, but the first figure Iin each column represente

j&Y)

the density at the stert of the life history, the lasit,

that towards the end of the life history.

Using the basic equation, two serieg of teslts were
carried owt (Teble 5), the results of both being taken
into account in the subseguent description. Test I
examines the possibiliity that the differences between
the individual totals, kl and.mg, are greater than would
he expected by chance alone. Test IT, while opersting

mite independently of the single terms, does the game

e

for the grand totals il&l andikga
. o

In both migratory species, the overall 1959 densitiles
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Table 5 Continued. k., (19590 | Fa(r Level o
” n

mificence

F4 19 407 <O=056
0 24 086 ne
61 19 Hedl ne
49 R 427 <005
46 12 4«17 <0e0b
88 15 lee33 <001
87 182 2004 <0« 001
G0 12 2L=38H <0001
118 & 45« 3] L0+00%

Nemastoms lugubre - healt 1

i Lt

Nemastoma lugubre - tesgt II Aa8h 138 AT 63 <D OOV

58 2L Q14 ns
37 25 le36 ns
48 23 0-03 ns
20 13 Q54 ns
459 £0-08
1406 <0001
<£0-001
<0+001

Ddiellius

R
[
0O

1S
o8 0
|1 I 6> IS
= A
[
s 8
A H
% §

<0001

fd
}m.l
| ]
[49]
-~
®

o
4}

alig - Test IT 386

Odiellus paleina
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Table 5 continued.

k, (1958) |k (1059) | .2

18 ‘ 5ts) 63«16 L0001
16 a6 6400 < Q=001
44 40 Te7l LDe0]

28 48 224D <0001

Dlisolovhus agrestis -~ hest I
T 24 47, LheB <0001

o8 Eo 16033 <001

28 29 21.94 | <0001

56 18 2070 ne

[
i~
59
2

3
4V]
o

15705 <Qe001

Rligelonhus agregtis -~ tegt

12 BA 27950 <0001
3G 15 Q=75 ne
26 15 Os15 ne

1x 13 2ebR ng

Dlivoleovhus trideng - Test 1

0
=3
§.=.J
[
i
4%}
k]
0
e}
!
u

Cligolovhns trideng -~ test 1L 1.9%
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The regults of tesgt I show that in 0. Ggwesfl

other than at the end of the season, the 1959 dengities

gignificantly greater than those

:

were consis hently and

s}

of 1958, this difference probably having arisen initially

from a relatively greater 'hateh' in the second year,

U}

In M., morio the regults of test I similarly suggest that

s

the mumber hatehing in 1959 was greaster than that of the

mplies of 19588 appesy

nrevid vear, but as the first
to have heen influenced by human error, the magnitude
of thig difference is provebly exaggerated, The

aubsgeguent population dengity levels were glightly although.

not vegusally significently greaster in 1959.

ﬁ,é
g._..!
o)
{;D
]
0
¥ ek
o+
=

Of the four non-migrating speecies, Tthe overal

of 0, tridens was about the ssme in both vears (test II,

P>0s06), while the other three were relatively less

ast IT, F<:Q9001}m The regulte of

3
I
39)
£
O
P
:*#'

gbundant in

.

test 1 show that, apsrt from 0. tridensg, the densitie

4

a3

vere very similar at the start of the 1life history,
“indicating a similer hateh in both years, but the subseguent

mortality among Juveniles of the 19569 generations of L.

evhivpiatus, 0. palpinalis and N, lugubre would seem to

have been so heavy that relatively few survived through

to meturity.



{e) Relatio

- hetween moisture content of litter

and mortallty rotes.
In the above ecomparison of vpopulation dengities over

£ the two in

hoth vesrs, those of 1959 were t he highest of
the migratory specieg and lowest of the two in the
grovnd dwelling specieg, and it is theought thsat much of

thig difference would have been associsted with the unusua

dry summer of 1959, It can be seen from Pig. 29 that the

monthly rainfanll in that year was generally less than that

of 1988, and the fll effect of this difference on the
moisture content of the litte?jWﬂS especially noticeable
from May o Heplhember, During ﬁhiSfp@PiO@;im 1958 the
litter was always ouite damp other than at the surface,
but in 1969, as 2 result of the implied long intervals
hetween rainfall (Table 6), it was frequently dust dry
aven where deenest along the floor of the gulley.
If the degree of resistance to water logs is an

important factor in determining the vertical distribution

of a gpecies, the two migratopy species might be expected

oo

JJ

to have been better adapted towards this end, and hence
to gurviving the dey summer of 1959 then were the four
non-migratory species. Laboratory exneriments deseribed

later showed that the survival time (and by impliecatien,

resistance o water losgs) at any one mmidity was greatest

a7

ally
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in Qe agrestis, slightly less in M. morio and O, ftridens

S AN et SRR .

pigtus (0. pelpinalis was not tested),

Teble & Number of days of rainfall per month recordsd

at the Durham University Observatory.

Month 1958 19569

Jan 13 17
Feb | Mo record 6
Mar 19 14
KApr
May
June
July
Aug
Sept
Oct
Now

Deco 20 28

It therefore seems nrobable that the drier conditions

of 1959 prodoced a level of juvenile mortzality whieh was
nigheat in the thres execlusively ground Adwelling species,
least in the two migratory species and intermediate bebtween

&

the two sxtremes in 0, tridens which 1 not completely

-4

restricted to the ground layer,
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in dvy welight,

(a) Determination of mean dpy weicht per instar,
(i) WMethod,
The data of Appendix A in conjunction with the mean

dry welght of each instar, were used to esstimate the total

)
o
2
o
=3
o
2
+
=3
D
Q
5
@D
&3}
o
in
5
3
o
’r“ .
33
i9]

dry welsht of each speci

I @8 per

i s WS AT

noeaslon. In M, morio, dry weights were determined by

welghing all gpecimens separately: ten individuals of

4

second, gnd fourth instars and ten of each sex
Tor the remaining instars were weighed after heving been
dried for 7 dave in an electric oven maintaiﬂed at 90
to 9587 a. Iin the cage of t“h&'remaining gpecies, specimens
rere not welghed individually, but in groups of fen per
ingtar, The sexes were treated separately only in the

adults, but whenever identification was

3]

£

vogssible, eaeh

e

M

sample of Juvenileg consisted of five males and five Temales,
(ii) Results.
The mean dry weight of all instars except the first,

of 21l six species examined are given in Table 7, As

only Mﬂjgggig specimensg were Weighad.ﬁeparﬁtelyg gtandard

ated for this

o

arrors of the means could only be calecul
Specles.
The results for M. morio are also illustrated graphically

in Wige. 30, where the logarithm of mean weight is plotited

againgt instar, The solid clrcles repregent the mean
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waloht basaed on all the welighed individusls, of esch instar,

the open eircles, in the case of the fifth, sixth and

seventh instars, the mean weilght of each ge

straizght line reletionship between 1og. mean weight
and instar ig clesr,

o8t

asonal dry weight changes in the total harves

Lol

£

o~
3“
B e
(M

fm

spider population.

The combined dpry weightsz per aquare metre of all

_l

¥ gpecieg of harvest-gpider studied are represented by

the open cireles in filgure 22, Thig figure shows that

in both years, the meximom dry weight was found abount two

months after the maximum population density.

Segsonal dry welght changes in individual species

o~
)
[

populations.

Ag with the dernsily. changes, those of dry weight
were generally very similar among the speciles, rising

gteadily to reach a maximum around the time of the final

monlt, aeveral months after the initial population density

neak,

re 24.), although it has been shown

In ¥, morio

that the popul lation de sity in 1959 was not generally

gisnificantly greater than that of 195&, the contribution

be towards the total dry welght

of late juveni
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the summer of 1958 the dry welghts

the previous year.

Tn 0, tridens (Fig, 28), in dry weight and

dengity were very cimilar in both yeors, hut in the fthree

other

%
i
.""

e
2

D

23),

d N

Nl

relatively higher 1059 Juven v vrates are clearly

at the time when

anised hy the dryv weight

maturity was reached in 1959 (L, evhinuistus and M. lusubre

pterher - October) thege

7

G, palvinalis

of those of the nrevious
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7Ea

Ee Comparison of the densities arnd weights with the
data of Todd (1949)
Ay o ‘.
It ig of interest to compare the numbers and weights
in the present study with those of Todd (1949) based on

material collected in Oxfordshire.
Of the specisg commen to both studies, the maximum
numbers obtained in Durham were generally greaster than

those recordad hy Todd, either Trom a similar habitat

.

‘habitat IT - beech wood) or from any of the fourteen

-

diffTerent habitats 1. For example, the maximum

5

dengity of M. morin racorded in Oxfordshire

R

80, m {habitat 4, June 1946) whereas in the Durham Study,

the maximam dengities in 19588 and 1959 respectively, were

1 4B per sg. m (Todds fioure sre not clearly

Fa " pes A il

of the text sugcests this to be the case).

imam density recorded by Todd of all species

of harvest-gpider in the ground layer ssamples. wag 49 per

sa m {(June 1945) whereas the corresponding maxima of 130

stated to represent the density per sgy m, although examination

(3 July 1958) and 187 per sqg m (13 June 1959) in the present

< ¥

prroximately three times greaster,

fw)

welght differences, but as dry weights were used in this

study and wet welghts in the Oxford study, no direct

'This differvence is obviously rveflected by corresponding



biomags fignre ig possible.

given The mean live

and by

of seversal moric and O, tridens

@
€

using his relationship between live and dpy

weloghte can be examined. Ory 7 Bepbember 1988 when the

<1 mg) of either vear was found,
the collection comprised only adnlts of the three 'spring

and finsl instars of the

summer species', Comparison of the 1live and dry

]

three

weights of s gnring species, shows Tthe

.

dry welght to have heen mnly 208 % of the total live

we

ght, while in the case of 1t he penultimate and final

instars of O, tridens, a summner species, this proportion

TR
e,

suming uueﬂ@“owp, the

U‘

was, On average, 18»9%.

&

AL

proportion to have been approximately 20% in all species,

naximum dry weight figure by 6, the

(X}

in terms of live weight per sq m would

e

i

geam to have besen appro:s mdfmlv GO0 me. Thig is over

three timea greater than the corregponding figure of 213

WWWWW a

[

o " . .- > 7
mg per sqg m given by Todd

,s_a
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=m hag completely broken down. As a regult,
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the lower (northern) side, Torgely hecauge of the poor
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forea
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one vear to the nexi, and the area waz Therefore guite

guitable for the present work.
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{suhgequently
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prefepred tTo

The tree

=

region 2, pine {(Pinug sylves

Will.), heech (Fagus syivatica L.)

Sl B

hirch tress (Betuls

dead or dying, occwrad

B, verrucoga Ehrh.), many

t] i

s of

ﬁ)

emally thronghont hoth regions, Many small patahe

iy

hoth deniduons and coniferous

hirch zerub hushes about 1.0 m tall, =nd fewer large groupa

of farnz {Drvovnteris anstriscs (Jocq.) Woyner and D, Pilix-

-NRS

(L.) Sehott in equal amounts with 2 Little Athvrinm

) Roth) were scottered at random over

etems of bramhle {Rubus

Long atrs

ncewmmd uniformly but sperer! v throughout

the whole ares,
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Plate 2. Part of the study area in Nannys Plantation

seen Trom the northe.
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Three grasses, Anthoxanthum ocdoratum L., Dechampsia

flexuosa (L.) Trin. and D. cacspitosa (L.) Beauv. were
co-dominant in region 1, and although present in
gimilar proportions in region 2, this region was being

invaded by Holcus mollis L., patches of which were clearly

spreading outwards and replacing the other grasses.
The remasining components of the flora occurred only

occasionally or rarely: they were Agrostis tenuis Sibthe,

Blechnum spicant (L.) Roth. Epilobium augustifolium (L.)

Scopey, Galiunm hercynicum Weigel, Holecus lanatus L.,

Luzula multiflora (Retz.) Lej., Oxalis acetosella Loy

Potentilla erecta (L.) RBusch. and Viola riviniana Rchbe.

(¢) Wicrohabitat eclassification.

A slight modificatiom at the microhabitat classification
described by Todd (1949) and Elton and Miller (1954) was
followed in the present study. The vegetatlon was

considered to form six distinct vertical layers:

The ground layer - the leaf litter and ground surface

vegetation.

The surface layer - the bramble leaves approximately

10 em above the ground surface (Plate 3).

The field layer - the tall grasses (Plate 3).



Platé 3, The vegetation of the surface layer (brambles)

and the field layer (tall grasses).







The shrub layer - the birch scrub bushes (Plate 4).
The tree trunks - the trunks of ash, beech, birch

and oak trees.

The tree branches - low leafy branches of beech,

birch and ocak trees.

80



Plate 4, Birch scrub bushes of the shrub layer.









Su Measurement of physical factors.

In order to assess the effect of physical factors
on behaviour, readings of light intensity, temperature
and rela”tive humidity were taken whenever sampling was

carried oute.

(a) Light

(i) Method.

Incident light readings were taken on a Weston

Master 11 photo-electric exposure meter by pointing it

upwards to a part of the sky well away from the sun.

(ii) Results.

Sampling was carried out during six half-hour periods

81

in each 24 hour day-night cycle, these periods being chosen

in relation to Light intensity (Table 8). This Table
shows the range of light values recorded at the start

of corregponding periods from June to October. Because

of the progressive time (GMT) change over the five months,

only the period numbers are used in subseguent description.




<X
Z\‘J

Table 8. Light values and times at the start of each
period.
Period | The part of the Renge of Time in Time in
number | day-night cycle light values, |mid-June mid-October
(candles per sg) (GMT) (GMT)
1 Midday 400 - 800 | 1200h 1200h
P Just after sunset G5 - 28 2100h 1718h
3 Just after dusk O 2145h 1800h
4 Midnight O 2400h 24:00h
5 Just after dawn G - 2B 03156h 0616n
6 Just after sunrise 100 ~ 400 0400h 0700
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Plate b, The tree trunk grease and paper traps.

During sampling perliods papérs were fixed above
and below the 'Stiktite' (right photograph);
Between sampling p@fiodﬂ they were removed

and the 'Stiktite' was coveﬁed over {(left

photograph) .
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above the surface in March, April and May.

The first record of any species of harvest-spider
occurring above the surface layer was made on 3 June when
two sixth inster M. morio were found under the lower
papers on the tree trunks. The Lirst complete set of

samples was taken a week later.

The results Tor each of the migratory species,

M. morio and Q. sgrestis, are presented separately: the

results for the ground dwelling species, L. ephippiatus,

Ne lugubre, 0. palpinalis and Ce. tridens are then given

together. Only né&neteen specimens of P. triangularis

were found frogm June to December 1959 and the results for

this species are not given,
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o. Surface layer b. Field layer c. Shrub layer
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of the diel. The solid black lines represent the periods of
darkness.
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Fige 35. The numbers of adult Mitopus morio ascending and
descending the tree trunks. The solid black lines
represent the periods of darkness.
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Fig. 40. Mean survival times (with 95% confidence limits) of
fourth instar Mitopus morio in the presence and
absence of food.




200 - ‘
z ¢
£ ¢
*1

¢4
t44
‘O
30 60 90 i00

Percentage reiative humidity

Fig. 41, Mean survival times (with 95% confidence limits)
of fifth instar Mitopus morio when exposed to the

same conditions,

194



ol

v
Ty e

. St

e a v

N

F 7

Ay ey o

M. fiorio

LiL g



http://tim.es

196

WOOCD Wy Od MY AD O | E O N 1NN [V X0 B Fa N o [6 RN A VR, SR
*® L3 & #® & L2 B & & - L & *® & L2 & L3 L L3 3
e D ND e R B S S AY. MYy e el (N [ECS T T S ¢ &) B ORD ey O
s = ) =t
[ ;
o S S S B T A 2 B BB S B AT | B 1 B S S B 5 0 S S A S TS S I
™y
Ol N L W8 ofood 0N O o O I~ O ooy e O [ VI 5 T S Y
@ & L] @ 3 @ & L Ll & @ L] L] € *® @ L L L] L
e G Wy oMy 0D W O Ny < o~ O (O IEENS N LAY
L = I A T T e = A A Oy O LT\J— [QUEE S S R S
[t}
el SN ¢ T & B o O D U et OO e WD ND Oy e O W O D ND
o © & £ @ » # & L3 = & ® o @ @ & & e * @ ®
[SU I = | A Y N & T MY Ny O Ny WY R S s AR
. PR e R et e ™ o
o [
t o, TS B N S S S S I B = B B | R B A B L S AR o B
o JXs
& o o o S o |l o o ol v Q@ ol wo o oo~
ot . » ® I [y ° ° ° ® . - . < 3 . - Y * .
P N B S VR S oY £ O S+ O s N O B Y My WO Ny WD 0
b oy D0 LA T N & R ] MY [SANERNY] B O L e e D00
ort i et i = s B e |
A e S N SRR S AVIY ¢ 0 o O WS Wy Oy O e e OO
k-2 L3 £ 2 & & & @ ° @ & ) & @ * - & L L4 L2 *® &
D~ Oy O o Oy O oQ oy MYy R0 RVGII s R = A VN & B N
e e ~ O 0 e e T ae TR W Y AR AV ERE AN
4 i
[y
o} LI Al Pt 1 41 +] o+ 4t + o+ 1 ] +i o+t 1 4
[Ea
O NG 0l o DT & o o O O O o o O Ny Y Y
= v o ® k3 & o L3 & L2 - ® o & - L 3 L3 a 1 3 &
[ [TV [ o B & . Oy B Yy o S e =t O Oy O
ey L Ny el O [40: T & SRR )N o~ o O <O 8oy O AT T S N SO SN T Y
A f { D~ e B e B Y =Ny Y -~ 0y Yy
L3
frens
. oo Q9 oo O 0O O O O O O Q0 O (GRS BN e T
il AV N N oy N O O Ny OO O NYOMNDON D MY WD O ©
~ =l i ! !
®
S St Q
K P
4 W @
4 bod et - S
£ ot el o - @
L =) o =2 e = Bt




197

‘ = R s O N
<O » s ® - ° s
MY\D A T S T
=~
U 2
o +OoEL HT #! +PoH o+ ]
O o O 0O QO My iy D
L. @ @ o o L3 ® L3
oo N oo WD <F O I~ s
. ~ My Oh ooty
-t §
ot '
o
el F O Wy B N
[&) @« L L L3 ® ® @ L]
o Wy N f MYy o=l O ey
] ~ e
[ . y
Gt © +3 o+ +1 +1 +1 #i o+
& O
i AN & 2 © B A My OO
L *® ® @ @ L ® * @
n Wy O N e Doy MDD
[ [AUNES S R A 0 My D QO
] ! — 0
o]
- Ov Ov 00 O 0 oo
o a ] L L @ @ £ @
ot S 00 o oMy oG (3
S Ly Yy
0 OU S B 2 I | LI R
& n S OO o o O
opt » e ® ® ® L3 L3
B P R SN 0 B AV [ RN G
My ND O O Oy O
[} i e
&
>
n gl -
o jus
£ ® o O O O oo O O
[ e My NS O O My N O O
8] ) = [
W
o
&
€ St [
e [y —l
o a3 o
A [ B b £
® s = @ 4 @
[>'e] i = o B G
™
(6]
[
A2
sy




Py WD Ny Yy O D e e O O £~ oD - F Oy NN
oW L3 A4 o © L o 2 . L L] @ @ & ® *® @ L ® &
~ - Oy o KOGy Oy T (WP P Y & AN My 0y o0 [T o TN ¢ LN ¢
[N ~ o ~ Ny
O . . '
[«) +1 o+ D+ SR S S +1 4l 4l LS S I 2 B +1 o)+l
Ly
0 MYy D Wy D MY O Yy B MY O  W ab LS B . o oF I o~
@ o ® ® L L @ L4 L3 L] ® L4 L ® o & & L4 L3 -
e S Y o B~ w0l O A ¢ R 5 O Ny sd N Co o Wy N
(S S [N S T B © [EAT T ol SV A oY My D d vy O
r- I e RO r—~ ~ O
oW Oy I 2o TR & TR S AV N0 Oy O o0 O o I~ Oy O Wy O
@ L3 @ @ @ % o & L] ® L2 L2 L3 & o « 3 L & @
(SR« T A A S DT O N ST AN SO WD MY D WMy WO I O Oy O
0Ky Oy 0 ol Wy T 1 - [ GV OY
[
o@ I S A I DS R B N 21 S B A B o | B 3 B N 3 B o B 0 R B o B
A,
fax! Ny MY Ny B My O M I A AT = =g O MY OEN DNy
» & 2 L O & « » L3 & ® @ & & &~ *® & o & L
~ O~ et O AR OV B ©) D o4 N O D o e
LA S IS S E e ¢ Ao RN & AU 0 B Y Oy e ND = O o N LS AN o BN T Y
- 0d (e ooy PRI TSNS e~ N P LUy
O WD O N S A A Ny
S ° A B T TR s W< 2 e - o W ¢ U B S R T o S
[ TR o R o G o @ % @ " ® ® ® ° » s @ P s i
[ A R £ Y [CANNE < W RN S VAR AY O oNy I 0N 0O opey T [0 A
My ] [V AU A e R L =t -~ 08 D oo Oy e
Dy SR IEE S A T A S S B B S B I S B 2 B A 1 I B 3 S B o B B o B B S A S
O
198 o0 O D [0 O e ~ o~ O O O D o~ v O o~ O
@ L3 o < @ [#3) o 3 & @ e @ ] o L3 L2 » & £ &
Ny oy O ] e o0 I (Yo BERAN¢ BN Ta N ¢ O NN -~ D~ o N
o0 N o | e e o D o oy Oy ] U o0 D OV oy e O
R ol 21 IS © EAU-RRR AN B P B AV oI Y R N (i S B AT e
SN —
®
facn]

3 o0 QO QOO QO O QO S0 O O <O OO
o W0 O O py WO Oy O MmO Oy O Ky WO O O My NO O O
ey i 1 O =) -l ]
g @

[\e} i
-3 © a
W o W &
= o (ol b @ -

-t = =3 = o [ ]

198



MyUN O [AVANEE SN TN SO B & T T oy o [ N SRR &
£ & -3 & L] & L3 L @ L £ ° L3 & ® L © -«
e~ 0D O ooy T ok g od [0 P R S AN U+ G I
e~ 0d e~ r = e~
tm; k1 ¥ ¥ 5 E
© IR S S A S I 2 I S Y +1 41 1 +1 #1 +
A
O e Oy NGO e o [ T & AN < 3] My O FEA T T e A
L] L2 2 B « L] ® > L] L] ® 3 « L = @ L L4
[N S RY WOND D O e WO D 0 [ T R ol
e 0N O = 0 MDD O Ny My WDy o~ LA o O o A
4 =t A\
I LR o~ O -~ O D N o O Wy O O
& L4 L & ] & L ® * “® 4 -~ L3 L3 = €@ °« & & *
SO O N O W08 QO Ny oD e S T & T [SUNNEo I TS O
[SUIE ¥ = N ~0 ey =i
[l
(el S IS 3 B = B 3 i i Pl A B D EEE & B 2 S IR S B S LT ST 2 3
NG
ot Ny SO Ny O - O O A A A N L & I oo~ @ O
& o L & L L4 L * L2 * @ L < L] L © * L4 £ &
WOy 20 O [QUIN ¢ 6 IS LI ooy Wy 00 Do e O G G Q0 AND
RIS e T F A s S M X SEQ e O Ny Yy 0 ACGIEN AV X0 BN 0
=i 0 B e B i d e Y
[a%
(S GV R S e I S T e A= * N O
° [ * ® % & ® @ @ @ e [N & % ® ®
S IR TANN. SN (R o0 o0 D Oy D [CATIE & LT A SR
et el O O i Od v—:i” (&Y MY MYy OO
o3 A S T £ I B R 1 I o B B (3 S NS T S I 2 I & O &
G
L ( i { ; DO e D oy O OO =~ et O D O & o O
L3 L4 ¢ L3 & L3 ¥ ® e & 13 » L] & L3 [
Wy O e O Dy } L U T AN N R [ S U b B K e
(ORI S B R A (AU C O N6 R A o o o O O
oMy F O e I L I e e B ~ o~ g
L
e
. <G OO QO QO O o C O O <o O O w <o OO O
it oo O O N0 O O MyNS O O N0 O O o, N Oy O
) =t et -t i
g [
a |
o @ ©
w bl -
e e b~ oo - oo
4 - e = B &

199



200

ToO€
09

9 na

oS

'HY, 00!

“OTJOW SNAO3TH UT 83e YITM SWT3 TBATAINS uesm ut sefueyp 2y *ITg

YVLSNI

A IA A Al

L 1 1 1

a

.52

s
>
>
- 2

%0t \I\

bose”

) oo\o 06
HYY, 00l e—— >

2,9

b

54

%09

%06
‘HY%00I

oX-

ot

3

(21058 ‘80 ‘q) 2W( |DAjAING

;



201

*8T3seade snydoTosTT0 ut o9e YTa 8WT] TeaTAdns uesw ur sedueyy ‘CH *I1g

YHVYLSNI
A IA A Al A IA A Al A 1A A Al
| 1 1 1 g [ i 1 i L i i 1 O—
2
%0t s
¢rOoollllQllllQ\\\\b . 3
%0€ -
©
koo . A | _oor @
- - %09 9 0¢ 7
Y 9\000_/\\1 : . ‘ >
YoObe— o o o
HY %001 %09 :
/“I\ M
% 06
e S
L |I I FOO- .IOOO_

3,52 29I o X




202

‘susptTay snydoToITTO uT a8e yY3IM omWTy TeATaang ussw ut sadusy) *Hh *81a

HVY1SNI
A IA A Al liA IA A ANl A A A Al
L A i i L 1 1 1. L i 1 1 (o]
“,0¢
o,
1609 o\oOn ‘\\\|¢
. w}'w
e/ o, .
\OOOQ\\ 09 _/ o\oon - OO!

\\/A %06 %09
'HY9,00i
‘ ‘HY \oOO.o/ % 06
: o
Hu o\ooo.v\\/

- -000I

(31025 bo) ‘q) N [DAIAING

D.5¢ ' 29! o X+



203

vy vy S o

2
#3 Y

. PRI 63 43
LA

e e 9 STy e eyt

AT

in abhhaling

Sy pysryy A

b e

yrnell g

TR

- ST
oY e ™ [
RN £ am e &

RS
o

ner

Py iaTe




204




208




206



http://f--ifj-.--.Ti

207

*sdToads snoTaea eyjz JOo SIe3SUT juaTeAInbe Jo sowy3 TeATIAJNG ‘Ch 31y

Aupiuny aappias a8ojussing

00! 06 09
1

1

D,SZ $2I0Wa} NPy

sUapiay snydoodiil oo Py
$1132,60 $nYOIO8HD o — ~-o

O1;0W SNESTIN o——e
INI0IddIYdd SANDD o-—-——0

001 06 o9 ot

L

1. 1

D,S 20w npY

]
(21028 ‘b0 ‘q‘)_amn |DAIAIRS

L 000!



208

. o
ey o

not neos

YR YE ey



http://01ha~Th.fahTu.a-

the ground to the field layer, elthough this

was not o

tserved 1n the gtudy ares {(Todd



http://virtuaJ.lv

210

ooe e el

v T e

the

Vg A e
. L d 7

“3 T -

TP e Y

shurotiom

Y

4 g ¥ + T

SRREBCIFN A

+ e

-
I

Tyt

Ay ety ed Tt

paduetion

aoelated

Elalss

e g eyt h At



http://--f.fi
http://wj.fi

211

oo hed oy

b

IEEE S G TR £ f ]

L

ST LR

roblems involve

hwomove corefnl




z2l2

-3

1

T et




LYy Y ey

ram el noye Lot X

Dy g b ety

O3,




ot thevrafor

o

ot
in used, each passage of an
peam of light was recorded. The method
rat tried, in
acted
.

oion




215

N i

[

Ty

3 o
Oy




ocP 71

I5K

50-0-50,A

SK Ww.

I

11

- m e s wm e w aeowm w e e

11

- m e e - - -ew o=

5K ww.
50-0-50xA '
I5K Slc
ocP7I A o
o_ﬁ\-_-——J

o—-—

SK WW.
S 2 I8V
o e \ 1'”,-,
Fig., 46. The circuit diagram of the aktographs.,

O-5mA

216



Key to Fig. 47.

Phototransistor mount.
Phototransistor.

Lens.,

Wooden block,

Water filled Petri dish.
Glass cover of animal chamber.
Circle of black paper.
Light filter.

Lens.

Bulb.

Lamp housing.

Strip of filter paper.
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Fig. 49. Locomotor activity of Mitopus morio. The solid black
lines represent the periods of darkness. Each vertical
column represents the total numbers of moves per hour,
made by ten individuals. /
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Fig. 50. Locomotor activity of Lacinius ephippiatus. The solid

black lines represent the periods of darkness. Each
vertical column represents the total number of moves
per hour, made by ten individuals.
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Locomotor activity of Oligolophus tridens.

The solid black lines represent the periods of
darkness., Each vertical column represents the

total number of moves per hour, made by ten
individuals.,.
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Fig. 52, Locomotor activity of Oligolophus agrestis.
The solid black lines represent the vreriods of
darkness. kach vertical column represents the
total number of moves per hour, made by ten
individuals.,
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a)'Normal' lighting

b) ‘Reversed’ lighting

c) Continuous darkness

d) Continuous light

Fig, 53.

Time (hours G.MT)

The activity of adult Mitopus morio under various
lighting conditions. Each vertical column represents

the total number of moves per liour made by ten
individuals. The solid black lines represent the

periods of darkness.
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Fig. Sk, Changes, with time, in the mean wet weight of adult
Mitopus morio. The upper three lines represent females,
the lower three, males.
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The work of Todd (1949) is the only detailed published
aécount of the general field biology of British harvest-
splders. Although excellent in general approach it was
felt that the work had its limitaticns and that many of
the guestions raised reqguired further investigation.

Por example, Todd (1949) outlined the seasonal}develppment

of many speclies and showed that some of them moved from

the ground layer into the field and tree layers ag development
proceeded while others did not. However no attempt was

made t0 explain this migration.

Todd (1949) also found that the temperature and humidity
preferends of the adults of the different species was
correlated with the temperature and humidity regimes in
the field. The guestion arises as t0 whether a similsr
correlatlion occurs among Juveniles and indeed whether
preferenda changes occur from instar to instar which might
account for tihe seasonal change of microhablitat in certain
species. It is equally important to know at what stage
of the life history this seasonal.migration begines.

A further complication arises in that a dally vertical
migration also occurs in some species. It mygst ve asked
wha™t governs this diel migration, whether it i1s related

t0o corresponding diel changes in the levels of locomotor
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activity and how it affects the results obtained for
geasonal migration:

Todd (1949) also gave estimates of the numbers and
biomass of the gfoundklayef population, but the instar
composition of this fauna and the effect on 1t of the two
types of migration still remained to be investigated.

Clearly before any of the guestions posed above could
be answered it was necessary to have a means of determining

the different instars of the specles to be examined.

The specié@ of adult British harvest-spiders can be
readily determined by any of several published keys, The
earliest were those of Simon (1879), Pickard-Cambridge (1890)
and Paleconer (1910). Following ﬁhe revision of the genus

Oligolophus by Roewer (1923), keys incorporating this change

were produced by Hull (1930) and Savory (1944). Todd
disagreed with some of the changes made by Roewer and
publighed a fﬁrthef key (1948). The latter, being the
mogt recent, was used throughout the present study. While
this worked satisfactorily with most juvenile stages, some’
difficulty was experienced in determining the very earliest

stages of Mitopusg morio, Oligolophus agregtis and Oligolophusg

tridens. By rearing animals in the laboratory from eggs
produce”d by known species, the characteristic features

of the Jjuveniles of these three speciles were noted.and it
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was found that the Jjuveniles could e gatisfactorily
separated by certain characteristic featiyres of the
ocularivm, the genital plate and the dorasl surface of the

Prosoma.

No means of identifying the instars of any of the
British species of harvest-spider has been published.
Irmmel (1954) described in great detail the instars of

Nemastoms guadripunctatum, a species not found in Britain,

and for each 1life stage recorded the mean length of each
leg and tarsus and the mean number of segments per tarsus,
However, the range of values for each instar were not given
and it is imposgible to tell to what extent, 1T any, the
values for adjacent instars overlap each other. The use
of mean values alone are therefore clearly limited in their
application to the determination of the instar of a
particular individual of this species.

In an attempt to find a single feature by which the
instgrs of the British species to be studied could be
rapidly and reliBbly determined, the features used by Immel
(1954) were examined further. Although it was Telt that
Teatures frequently used for instar determination in some
insects (particularly length and width of the body or part
of the body) would be unreliable due to the softer nature
of the body of harvest-spiders these were also examined.

As a result of these investigations the femur length of the
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second walking leg alone was found to provide a satisfactory
indication of the instar of an individual. Comparisons of
the range of sgecond Temur length per instar were facilitated
- by presenting the data in a manner similar to that used by
Ghent (1956) who determined the instars of two species of

sawflies on the Dbasis of the width of the head capsule,

Using the infTormation presented in the above manner,
the seasonal development of six speciles was studied in detail
in order t7o provide a basis for the further investigation
of vertical migration in certain species. In terms of the
times at which eggs first hatched in the f"ield, the onset
of maturity and the disappearance of the various speciés
from the fleld, the present results are in accord with those
of both Todd (1949) and Phillipson (1959). However the
present investigatTion went further in that the timing and
the duration of the Jjuvenile stages was defined. This was
done by analysing the data on seasonal development by a
method based on that used by Gabbutt (1959) for the wood

ericket. Nemobius sylvestris.

All the species involved in the present study begin
their 1life in the ground layer{Todd 1949).  Todd paid
special attention to seasonal changes in the population
density of the ground layer fauna, but despite the Tact that
density changes in this stratum of the field would be

influenced by the interstratal migration of certain specles
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as well as by mortality and predation the relative impartahce
of each of these factors was not investigated. Heunce

in this work the magnitude of the interstiratal migration

of the different life stages of the various species was
investigated by following the relative population density
changesywith zeasor, in various fileld stmtas. Elton and

Miller (1954) stressed that the fauna of a woodland

habitat should be subdivided into the components of the

various microh&bitats within i1t Of the several types

Qf microhabitat classifications proposed, one of the most

valuable was considered to be that in which the habitat

was separated, vertically, into ground, field, shrub and
tree layers. Thig classification was used, in a

modified form, in the present study as it was ideally

gsuited to a study of interstratal movement. The modification
involved the addition of a surface layer and also a slight
alteration to the limitgs of some of the other layers as

defined by Elton and Miller (1954).

The sampling methods used for relative population
density estimatés in the case of the field layer and the
tree branches were similar to those of Todd (1949).  The
method commonly used in agricultural practive for traping
small invertebrates moving on tree trunks (by the use of
greasebands) was found to be unsatisfactory for harvest-

spiders and a more efficient method was devised (page 100)
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Todd's method of sampling the ground layer (by driving
out animals from lealf litter in heated Tullgren funnels)
was tried and found to be relatively less efficient then
hand sorting for small harvest-spiders: Dby hand sorting,
population densitlies approximately three t~imes greater

than those recorded by Todd from g similar hsbitat were
found., In addition to hand sorting, pitfall trapping
was also used for the ground layer.

Dewpite the fact that each level was sampled by a
different method, so that the nunbers from each were not
strictly comparasble, 1t was still possible to determine
the pattern of vertical migration. This was done by
comparing the relative changes, with time, in the numbers,
gpecies and ingtars of the harvest-spiders at the various
levels. By using this approach, it was found that of
the six common woodla~nd species studied, only two (Mitopus

moric and Oligolcophus agrestis) moved above the ground,

the movement occuring only in the penultimate (sixth) and
Tina™l instars. Thus in the earlier instars of these two
gspeclies and in all instars of the remalining species

(Lacinius ephippiatus, Hemastoma lugubre, Odiellus palpinalis

and Oligolophus tridens) the seasonal decline in ground

layer population dengltles were presumably directly related
to mortality.
""" he present work is belleved to provide the first

g

detalled account of seasonal changes in the ground layer
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population density of harvest—-spliders. The only comparable
work (Todd 1949) merely gives, for several species the
Pmonthly mean count divided by the number of months in

which the species was present’ and the"maximummonthly mean

count recordedy

For the adults of several specles of harvesm—spidér
Todd €1949) found some degree of correspondence between
the humidity and temperature preferendas as measured in
the laboratory and the rela tive humidity and temperature
measured in the corresponding habitats in the field. This
guggests that habitat selection in ha~rvest-splders may
e governed more by the physical conditions of the
@nvironmenﬁ than by the essentially biological needs, such
a8 thoge of feeding and reproductione. Puch relationships
between the plysical environment and laboratory determined
preferenda ha‘vé been found in several other invertebrate
groups: For example, Backlund‘(194b) working on the wrack
fauna of Swedén and Pinland, concluded that "in the
preferendum experiments the animals chose the temperature
in which they prefer to live®. Ndrgaard (1951) working on
the spiders of a Danish sphagnum bog found a close

association between laboratory determined temperature

preferenda of two species (Lycosa pullata and Pirata piraticus)
and the temperatures of their habitats. Schaller

(1950, as reported by MacFadyen 196$) found a similar




association between microclimate snd laboratory determined
preferenda in several species of Collembola.

In the Tfield, changes of light intensiiy are SO closely
gagoclated with changes of temperature and relative humidity
tha™t iteis difficult to assess the role of light alone
as a factor influencing the selection of a habitat by a
species. Henece there is little published work on this
aspect although Cloudsley-Thompson (1961) found that in
woodlice the humidity response (which plays an important
part in hebitat selection) in daylight differed from that
in darkness. |

In the present study Todd's microclima”te and laboratory
experiments were repeated and extended in order to define
more precisely the relationships between the physical factors
of the environment, hebitat and behaviour.

Todd's fie~ld microclimate records were somewhat
limitéd in scope. On only four separate occasionsg she
recorded alr and ground temperatures and relative humidities
at intervals from late evening to early morming but gaﬁe
no record of daytime eonditions. Also, in view of the
implied importance of light, it is-surprising that the
timing of the disappearance of Llight at dusk and its
subdequent: reappearance at dawn were not given. In the
present study therefore, maximum scope for the correlation
of physical conditions and behaviour was given by recording

at three week intervals the light intensity, temperature
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and relative humidity on six occasions per 24 hour period.
By expressing the resulté graphically, the 24 hourly
temperature and relative humidity fluctuations were found
to follow the characteristic pattern described by Geiger
(1951).

The laboratory work carried out on certain speciles was
intended to define the temperature and humidity preferends
and the pattern of diel! lacomotor activity of both juveniles

and adults. Some adults from the field were weighed and

egg counts were made to see 1f vertical migration could

be associated with their physiological conditione. In order
that the present laboratory findings would be comparable

with those already described in the literature, the

preference experiments were carried out almost exactlw

as described by Todd (1949), the egg counts as described

by Phillipson (1959). In the apparent absence of any
publiéhed information on the determina”tion of 1ocom5tor
activity patterns in harvesi~spiders,individuals were tested

in several types of aktograph.  These included the conventional
mechanical type (Gunn and Kennedy 1936), the electronic

type (Backlund and Eckerood 1950) and the infra red beam

type (Williams 1959D). However no method was found which
gatisfactorily recorded the movements of very small individuals

‘such as third instar Mitopus morio weighing approximately

2 mg, and a new system was devised (page 214). This was

similar in principle to that used by Williams (1969b) in a
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study of the carabid Feronla madida but the method of

recording permitited a much higher degrse of sensitivity

t0 be achieved,

During the three and a half year study, a considerable
amount of information was compiled on both field and
laboratory behaviour of certain species of harvest-spider
and on field microclimaté conditions. These findings must
now be compared with each other in order to £ind reasons
for the diel and seasonal vertical migration of only certain
gpecies.

Initially however, it is necessary to distinguish
between these two types of migra”tion. In terms of
seasonal migration Jjuveniles of the only two migratory species

studied (Mitopus morio and Oligolophus agrestis) upto and

including the £7°ifth instar were almost completely ground
dwelling in habit, and the extension of vertical range
really began in the sixth instar and continued in the seventh
(adult) instar (Tables 21 and 36). In terms of diel
migration most of the vertical movement occured during the
hours of darkness, particularly between dusk and midnight
(Pigs. 34, 35 and 37).
The diel migration is considered first. Todd (1949)

concluded that this was related to changes of locomotor
activity. She sta~™ted that the increase in activity "appears

to be assgocliated with the increase in the percentage relative



274

humidity and the decrease in Lemperaliifts...ss..during the
night " and that "activity begins with the approasch of
dusk and declines with the onset of dawn', However a more
precise analysis was not attempted.

In the present study, it is clear tThat the onset of
the diel vertical migration in preadult and young adult

Mitopus morio (Figs. 84 and 35) coincided in time with a

sudden increase in the intensity of locomotor activity as
measured in the laboratory (Figs. 49 and 53) . Under
laboratory conditions this increase was brought about by

the removel of light at'dusk', while similsrly the reduction
of activity at'dawn' was caused by the reappearance of
light. A similar explanation seems to apply in the field,
the relationship between field behaviour and microclimate
being illustrated‘by‘comparing Figs 34 and 35 with Fige. 81.
On 186 and 26 June a temperature decrease and relative humidity
began at sunset (period 2) and continued steadilj upto |
midnight (periocd 4) yet vertical migration did not begin
until shortly after dusk (period 3). Thus, on both
occagions, 1t seems likely that migration was triggered by
the digappearance of light at dusk, although it is possible
that it began only when a certain temperature or humidity
had been reached., Buch a situation was described by Gaul
(1952) who found tha™t certain Vesperine;wasps only awoke
in the morning when a certain temperature and humidity

threshold was reached.
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The movement of M. morio back to the ground layer
at dawn (Fig. 34) is more easily understood. On 16 June
the majority of individuals return from the surface and
f~ield layers to the ground at dawn (between periods 4
and 5). However between these periods the relative
humidity in the field layer remained ét 9%% RH, while
the temperature rose by only 0.5°C. Clearly the return
to the ground was synchronised with the reappearance of
daylight rather then with a sudden ehange of temperature
or relative humidity‘(Figs.-Sl and 84).

The results of 24 June can be interpreted in a
similar manner. Although a few e morio now remained
avove ground during the day, a return of this species to
the ground at dawn was clearly apparent. Due to the\
presence of early morning mist the humidity at all levels
remained at. 100% RE from midnight until after sunrise
(periods 4 to 6), while between periods 4 and 5 the
temperature rose by only 0,5000 Again light was clearly
the most important factor.

On all occasions after 24 June, after which time
virtually the whole of the population above ground was
adult, there was no longer any obvious assoclation between
movement between the ground and the lower levels of the
field and changes of light intenéityw However as movement
of adults on the tree trunks was always nocturnasl, part

of the population presumably still responded 1o changes
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of light intensity. Probably the response made to ligﬁt
varies during the life history. Activity in the early
sixth instar could be almost completely surpressed by
lights this suppression could become progressively less
intense in the la"te sixth and early seventh instars but
then be renewed in older adults,. Unfortunately the
laboratory activity experiments were carried out on
individuals of unknown age and the laboratory results
cannot be used to support this explanation.

Oligolophus agrestis was relatively scaree in the

study area in Nannys Plantation. However, on the few
occasiong when large numbers were obtained, the timing of
vertical migration coincided with changes of the intensity
of 1ight’rather than of temperature or relative humidity
(Fig. 37 and Table 9). For example, at dawn the numbers
in the shrub layer decrease at a time when temperatures

and humidities changed only ver¥y slightlye. Similarly
wvement over the tree trunks occured exclusively during
the hours of darkness when changes of temperature and
humidity were relatively small compared with those occuring

around sunset and sunrise. However, uniike M, morio, the

timing of vertical migration in Q0. agrestis did not coincide
with any corresponding change of the intensity of locomotor
~activity, either in the f~ield (Fig. 33) or in the
laboratory (Fig. 52).

Thus it is clear that the vertical movement in M. morio
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and O, agrestis was not necessarily caused by any change

in t"he intensity of activitye. Despite the association
between migration and locomotor activity changes in the

migratory etages of M. morio, a similar activity change

occured in the non-migratory fifth instar and indeed in
all instars tested of the exclusively ground dwelling

species, Lacinius ephippiatus and Oligolophus trideng.

At the same time, the vertical migration in 0. agrestis

was not accompenied by any activity change.  Presumably

innate differences in the behaviour patterns of the

various species a"re therefore responsible for the observed
differences.

Discussion of the nature of tT™he diel rhythm of
locomotor activity is bewyond the scope of this work.
However, such rhythms are of almost universal occurrence
among living organisms, being particularty prominent in
the Arthropods. The vagt amount of literature on this
subject has been recently reviewed by Harker (1958),
Cloudsley-Thompson (1961) and Aschoff (1963).  Briefly,
it is clear that activity rhythms can be partly or completely
endogenous in origin being governed by some internal
physiological chronometer, or almost completely exogenous:
being controlled by periodic fluctuations of some physical
factor of the environment. However, it is impossible to
make any generalisation on the nature of the rhythm in

any particular group and each specles must be considered
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on its own account, For example, within the Millipedes,

Slanivlus guttulatus and Oxidus gracilis exnhibit a purely

exogenous diurnal rhythm (as a response to alternating light

and dark) while Oxydesmus platycercus and Oohistreptus sp.

demonstrate an endogenous rhythm independent of any physical
factors (Cloudsley-Thompson 1961). Any rhythm elther partly
or completely engogenous must be kept in phase Witﬁ the
daelly environmental changes, and as a generalisation

Aschoff (1963) concludes that there is "a form of coupling
between the natural innaﬁe oscillator and the driving agent,
the environmental fluctuation', He also concludes that

the driving agent is normally light and that there isg
usually a remarkable indepen%nce of temperaiure. The
resubts in the present study on harvest-spiders are in
gccord with these conciusions, the evidence indicating that

except in O. agrestis, a diel rhythm of locomotor activity

Pesults'largely from changes in the intensity of light

(Figs. 49 to 53). some degree of temperature independence

may also occur: desplte the lower nocturnal fieldktemperatures

(Table 9) with their resulting depression of metabolic

activity rates, the nocturnal ground laler catches were

still considerably greater than those Qf the day (Fige. 38).
Among the species of harvest-spider in the present study,

it is impbssible, from the evidence avallable to say whether

the observed diel activity rhythm is exogencus or endogenous

in origine. The'persistent rhythm shown by adult M. morio

when exposed to continuous darkness in the
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laboratory (Fig. 53) suggests that it could be endogenous.
However, according to Aschoff (1963)s the ease with which
the phase of the rhythm was shifted would be evidence in
favour of exogenous control. He concludes that a rhythm
under emdogenous centrol takes several days to be shifted
through a 12 hour period, while in the few species reported
to follow such a shift in only one or tww days (the'watef

skater Velia currens and the spider Arctosa perita) this

may indicate the rhythm to be exogenously controlled,
Clearly, further studles on the locomotor activity of
harvest—spiders‘must be carried out before the nature of
the rhythm can be elucldated.

The seasonal vertical migration is now considered.
The change of microhabitat in the sixth and seventh instars

of Me morio and O, a~grestis: could have resulted either

from a change in the physical conditions of the environment
affecting the non-migratory and the migratory phases of

the 1life history, or from one in the physiological or
ecological requirements of the different life stages.

In the case of M., morio, although microclimate readings

were not made before 16 June, it is doublful whether they
would have differed gufficiently from those of this date

to accoﬁnt for the sudden onset of migration in this species

at this time. In Q. agrestis, no associéation between

mieroclimatic changes and the onset of migration was

detected and it was coneluded tha™t the changes in behaviour



with the approach of maturity were not the result of
corresponding changes of the physical senvirenment. In
Mw‘mcgig there was nmever any apparent shortage of suitable
food in the ground layer and it is suggested that the needs
of reproduction were primarily responsible for the exbension
of range of adults into the tree canopyes In Jarvest-
gplders copulation only occurs as a result of random
encounters between the sexes (ClﬁudﬁleyﬂTthpSOﬂ‘1958), and
any mechanism which would inereasse the chance of such
encounters would be advantageous to the speciese. The
movement bf Ms morio over the tree trunks, occurring only
in adults and being restricted to a period of approximately
three hours per diel admirably serves this purpose, animals
being concentrated in both time and space, Certalnly, in
the field,vopulation was frequently observed on the tree
trunks at night, often The same male ferﬁilizing more. than
one Temale. However, it is believed that not all menbers
of the adult population moved onto the trunks{Page 172)
and the evidence from weight determinations and egg counts
indicated that only the oldest adults were involved (pages
258 and 262). Probably several days must elapse before
newly moulted adults are in a condition suitable for
copulation, amd only then does the behaviour patiern change
to allow migration into the canopy.

This explanation cannot apply to Olgolophus agrestis

in which the main migration into the canopy occurred in



the penultimate instar (Fige 38). Perhaps this species
moved away from the ground mainly to explit tlie food resources
of another microhabitat. Prior to the penultimate instar
such a movement may have been prevented by, for example,

an inability to control water loss from the body: on the
other hand the sixth and final instars may have aguired the
necessary waterprocofing to move into regions of generally

lower velative humidlity -« the shrub and tree layers.

It was expected that the chenges of microhabital noted
during the life history of a single species would be reflected
by corresponding changes in its preferred temperature and
relative humiditye. duch a change was discovered by

Ngrgaard (1951) in the spider Pirata piraticus but there is

no record of a™ny similar occurrence in harvest-spiders.
Todd (1949) obtained preferred temperatures and relative
humidities for adults of several specles of harvegt-spider,
and 1t was hoped that by repeating and extending her work

to the non-migratory juvenile stages of M. morio and O. agrestis

a distinct change in preferred conditions would become
apparent, However, the results of these experiments were
inconclusive, animals being indifferent to gradients of both
temperature and relative humidity. It is of interest that

Ngrgaard was unable to obtain any humidity preferences for

the spiders Lycoga pullata and FPirats piliraticus and he

coneluded that "the lack of a humidity preferendum is the

more remarkable because humidity differences are so obvious
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in the environment of these spidersh, This conclusion
appllies equally to the results in the présent study.
Cloudsley-Thompson (1957) suggested that the absence of

a preferendum could be attﬁibuted“tw insufficdent time having
been allowed for the animals to responde However, this

was certainly not the cause in the present study on harvegb-
splders, several experiments having been carried out over

a 2@ hour period in an attempt to obtain a'preference '.

It is of interest to examine TQdd?S‘(1949) statement
that laboratory determined humidity preferenda of the species
are correlated with the relative humidity of their normal
hebitat. = The ranges of rela”tive humidities given in Todd
(1949) are g uestionable: for example, that of the field
la~yer is given as 70%te 80% RH yet the actual humidity
records obtained during the night transects between 7 pm
and 5 am were within the range 75% to 90% Ri. It is
suspected that the range 70% to 80% RH is that prevailing
during the daytime only, when the animsls were not outb.

Even essuming this criticism to be unjustified, there are
stikl several other inconsistencies., For example Leiobunum

rotundum, described as a tree trunk speciles, has a humidity

‘_

preference of 60.7% to 68,9% R, well within the range
60% to 75% R given for the tree trunk humidities. However,
in Todd's description of the night transects, she states that

Yproba™bly all L. rotundum leave the trees for the field’

layer at dusk and return there a°t dawn'. As nocturnal
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field leyer humidities were 75% to 90% RH, this species
was therefore exposed to humidities well outside its
preferred range for about half the diel. Similarly the

upper 1limit of the hwnidity preference in Oligolophus

tridens (72.1% RH), described as a field layer species,
was well below that actually recorded in the field layer
by night. It is therefore concluded that the existénoe
of correlations between field conditions and laboratory

determined preferenda are not as clear cut as Todd suggested.

In the absence of preference data 1t was believed that
ghould ény preferences actually exist, their relative order
among the species would be revealed by comparing the
survival times of corresponding instars when exposged to the
same conditions. Thus 1t was expected that the surviival
experiments would reveal a distinct preference change between
the fifth and sixth instars, exclusive to the two migratory
gpecies,. sufficient to account for the cnset of migrastion

in the sixth instar. However, no such change was recorded
(page ).  The only real point of interest to emerge from
the survival experiments was the existence of a constant
relationship between survival times of corresponding instars,

0. agrestis surviving the longest time, L. ephippiatus at

the other extreme, the shortest time. This suggests that
the rates of water loss from the hody may differ character-

lstically smong the specles and, to some extent, help to
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account for the difference in behavieur and distribution
of the various specles Withih the same woodland habitatbe.
This type of relationship hasg been found by Tipton (1960,
unpublished, reporited in Williams 1962>-iﬂ two species of

Carabhidae: HNebria brevicollis wasg nocturnal and was

relatively less able to control ils rate of water loss than

the diurnal species Feronla caerulescens. Similarly,

Cloudsley-Thompson (1957) found that, under the same

conditions, the nocturnal spider Ciniflo ferox lost water

more rapidly than the diurnal species Ciniflo similis,

Clearly, corregponding studies could well e made on the two

harvest-gpiders Oligolophus agrestis and Qligolophus

tridensge.

Water is lost from the body by transplration, respiration
and defaecation. Ameng terrestrial arthropods the ability
of many to control water loss has long been recognised as
the prime factor influencing their distribution in the field.
As a general rule, animals lacking a waterproofing layer in
the cuticle are restricted to & moist environment and are
usually nocturnal in habit, while those possessing such a
la~yer are freqguently diurnal (Cloudsley-Thompson 1954).
However, as a result of cempetition with more efficiént
‘speciles, some of the latter may become secondarily adapted
to the nocturnal habit.  Cloudsley-Thompson (1954) divided
nocturnal terristrial invertebrates intc the primary nocturnal

species which ha”ve not acquired a waterproof cuticle, and
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the secondary notturnal species which may have acquired
the necessary waterproofing for diurnalism but have
nevertheless adopted the nocturnal habit. Williams (1962),
noting the stress placed by other workers on the importance
of high humidities to harvest-spiders, suggested that
they were members of the primary nocturnal groupe. In
the 1ight of the results of the oresent study, it is
velieved that this cannot be true of harvest-splders in
general. For example, although adult M. morio onlj
moved onto the tree trunks at night (Fig. 35) some remained
in the canopy for at least 24 hours (Fig.36) where they
would be exposed to strong winds, direct insolation, high
temperatures and shade humidities at least as low as
55% RH (Table 9). It is difficult to see how individuals
could survive for more than a few hours under these
conditions unless some conbrol over water loss could be
exerted. The same conclusion applies to preadult and

adult Q. agrestis which also spent at least 24 hours in

the tree canopy (Fig. 38).
However, it 1is expected that when studies of the

physical and chemical properties of the cuticle of harvest-

spiders are made, Nemastoma lugubre (a ground dwelling
species not directly involved in this study) will prove
to be a primary nocturnal species. This belief is based

on the comparitive insbility of Ne. lugubre to resist

deggication when compasred with the four species of the
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Pamily Phalengiidae studies (Tables 57 to 60). Neo lugubre
was unable to withstand humidities much below 90%'RH: for
example, ten adult females exposed Lo 60% RH at 1600 were
all dead within four hours,'while g similar number. at

30% RH 16°C were all dead within one hour. By contrast

adult females of Qligolophus tridensg, also a gpound dwelling

gspecies, survived for approximately: 183 hours at 60% RH
16°C and 64 hours at 30% RH 16°C (Table 60). Clearly
an investigation of the structure and physical properties
of the cuticle would be an imvaluable aid towards the

interpretation of the field behaviour recorded in this

studye

In cénelusion it must be admitted that, although
pesitive results were obtained in the studies of seasonal
development and population density changes, the studies
intended to reveal the causes of, and the reasons for, the
vertical migration of certain Epecies gave inconelusive
P esults. While migration occurring over the season 1is
clogely associgted with that\accurfing over the diel, the
pregent work has shown that each type must be considered
geparately.

The seasona”™l migration was caused by endogenous factors

rathe~r than by any change in the ph¥sical conditions

affecting the various life stages. The diel vertical
migraltion was 'triggered'! by the removal of light at dusk

vut was not necessarily caused by the locomotor activity
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increase cccurring at the same time - a gimilar activity

increase at dusk was also gpparent in the non-migratory

harvegt-gpliders

The reasong for the vertical mligration are nobt Knowne.

It was suggested that the seasonal migration permitted the

exploitation of the focod resouvrces of another microhabitat,

while the diel migration, being restricted in both time

and space, incressed the chance of copulation and hence

fertilisation of the sggs. However, nether explanation

was Tully tested and clearly wmuch further work needs to

ne behaviour patterns of the various species

e

be done hefore

of he"rvest-gpider can be satisfactorily explained.
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SUNMMARY

Means of separating the different life stages (instars)
are described for the following species: Lacinius

ephippiatus, Mitopus morio, Nemastoma lugubre, Qdiellus

palpinalis, Oligolophug agrestiis and Qligolophus tridens.

For each of the above species the course of seasonal
development and seasonal changes in population density
and dry welght were followed during 1958 and 1959.

All species passged through their life history
approximately two weeks earlier in 1959. The cauTse is
suggested to have been an earlier hatch in 1269 resulting
from the consistently higher field temperatures of that
year.

When compared with 19568, the population densities in

1959 were greater in M. morio and O. agrestis, similar

in 0. tridens and much smaller in L. ephippiatus, Ne. lugubre

and O, palpinalis. It is suggested that Jjuveniles of the

la"at three species were the least able to resgist dessication
with the result that the unusually dry conditions of 1959
produced a very high level of Jjuvenile mortaliiye.
The maximum population density for all species of
harvest-spider combined was 167 per sqg m (of beech litter).
The corresponding maximum dry welght was 138.1 mg which
is egivalent to a live weight of soproximately 690 mg

per sg .
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5. In the Tield the later instars of all the species studied

except Co agrestis were more active by night the™n by day

in the ground layer,

L. ephippiatus, N« lugubre, 0, palpinalis and Q. tridens

were exclusively ground dwelling throughout their life.

M morio and O. sgrestis were ground dwelling in the early

Juvenile stages but an extension of rahge into the field,
shrub and tree layers occurred in the penultimate and final
instarss

Movement of M. morio a"nd O, & grestis between the

ground and tree layers occurred only during the hours of
darkness, Most individuals remained in the canopk for at
least 24 hours: a large proportion never returned to the
ground probably as & result of predation by birds. Light,
rather than temperature or humidity, was suggested to be

the stimulus controlling the vertical movement.

4, In no species could any temperature or relative humidity

preferendum ve detected in the laboratory.
The survival times of both juveniles and adults of

several species of harvest-spider were determined.
in any one ingtar thé survival time at constant relative
humidity was approximately halved for each temperature
increase from 5° to 16°C and from 16" to 25°C.
In any one instar the survival time at constant temperature

increased progressively from 30% to 100% RH.
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Under the same conditions of temperature and relative
humidity the survival times of corresponding instars of
the species tested bore a constant relationship to each

other, C. agrestis surviving the longest time, L. ephippiatus

the shortest time with M. morio and 0. tridens intermediate

between the two extremes.

In the leboratory Oligolophus agregtid was egually active

throughout the diel, while a diel rhythm of locomotor
activity was demonstrated in both juveniles and adults.

of L. ephippiatus, M. morio and O, tridens. These resgults

agree with the {ield observations on locomotor activity.

The activiiy increase wag assoclated With'the removal
of light at 'dusk', the subsequent decrease with the
reappesrance of light at'dawn'. It was shOWn that the
rhythn in advlt M, mopio resulted largely from the

suppression of activity by light.

Both adult males and females of M. morio and Q. agrestis
from the trees were generally heavier than those from
the other Stfata of the field. In the case of M, merio
it is suggested that only the oldest adults moved into the
tres Canopy.

In both species the mean weight of adult females
inor@ased for some time following the final moult,k This

increase was mainly due to an increase in the number of

ripe eggs 1n the body.
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Females of 0., agrestis moving from the tree canopy to
(o] Py

he ground contained more eggs than those moving in the
reverse direction. This suggestssthat thé reagon for
the return from the canopy was the need to deposii eggs
on the ground.
The mean weight of adullt male M. morio remained falrly

constant following the final moult, while that of adult

male O, agrestis was not studied in detail.
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Appendix A (ii) The instars of Mitopus morio in each
collection from Great High Wood, 1958
and 19569,

Date of Instar . . T VIT VII
sampling 1z i v v Vi male  female

9 598 19 28
15. £.68 17 45 5
30« .58 25 41
8. 8.88 P 50
15. 6.568 1 18
S 758 : e
Sls 7458
1le 8.58
28. 8.58

Te 9.58
Bae .08

94,1058
23410868

D.11.58
20+11.58

D.ls58

14,12.58

20 G
O -3 B

4 I
WO

‘ o
W W WO
o Oy i O

19. 2.59
13, 3.59
B. 4.59 30
24« 4.59 84
1. 5.59 23 3B
28. 5.59 2
13, 8459
30. 6459
15 7.59 4 7
de 8.59 13
20. 8.59 7
2o 9459 5
16« 9.59
22 9.59
11.10.59
51.10459
11.11.59
5412459

(SIR N ]
o w
e
~J

O Gk

0
(5]



Appendix A (4idi) The instars of Nemastoma lugubre in
each collection from Great High Wood,
19568 and 1989

Date of Instar TIT IV V v v
gampling T ' preadults adult adult

male female

9, 5.58 17 2 4
58

Se N
15. 5. 12 P
30, 5458 17 &l o 10
Be .68 5} 12 26 v 10
15. 6.68 6 10 30 3 8 4
ds 758 13 Sk P &
Zle eDB & &3 6 4
1l. 8,58 8 26 20
28. 8.58 37 ol
7s 9+58 49 &8
BEe 9,008 24 25
9.10.58 &l pere
23+10.58 9 @8
Dell.58 13 &4
20.11:568 7 14
Sel2+68 o 8
14&12&58 5 11
19. 2.59 4
13s. 8.59 2
Se 4.59 1 5] 3
Do 4,09 3 3
1ls 5.89 8 9 P
©8.5s DY 2 1l P 3 6
13, 6459 I 4 10 L 2 L
30e 6.59 3 (4 54
19 769 2 4 & 3
do B459 5 5 5
20. 8,869 6 6
Ze Yud9 & P
18+ 909 53 4
Ble 9409 2 7
11.10.59
31.10.59 2 3
11.11.59 | 1
Ssl2.59 1 1



295

Appendix A (iv). The instars of Qdiellus Palpinslis in
gach eollection from Great High Wood,
19868 and 1969.

Date of Ingtar e VIT VII
sampling IT it Iv ¥ i male  female
Os £.568

15, 5,568

50. 5.58 10
8a 6458 28
15, 6.58 37
3o 7,58 2 42 4
21l. 7.58 3 17
11l. 8.58 1 |
28, 8.58 1 38
7. 9,58 g 16 7
22, 9.58 1 15 22
9.10.58 32 9
25.10.58 28 29
5,11.58 11 21
20.11.58 5 &
5,12.58
14,12.58

19. 2.5
13, 3.59
Be 4459

24, 4,59
11, 5.59 1
29, 5,59 20
15, 6.69 2 25
30, 6459 13 10
15, 7459 2 10
4. 8459
20. 8,59
2. 9,59
1l. 9,50
22. 9.59
11.10.59
51.10.59
11.11.59
5.12.59

RO
20 1>

CR O O



Appendix A (v)

Date of
sampling

Instar
IT

The instars of QOligolophus agrestis
in each collection from Great High

Wood, 1958 and 1959.

v

V1

VIT
male

VIT
female

Do 058
15. 5458
50e 958

Bs 6.58
154 6.08

de 7658
21ls 7.58
1ls 8.58
28s B8.58

7e 9.58
Z2e. 9658

96l0658
2501058

5 gll % 58
20e11.58

5elBeb8
14,1258

19« 2459
13. 859
Ss 4659

24. 4.89

1l. 5.59
28 DsH9
1de. 6459
304 6,09
L8e 7«59
4s 8459
20. 8,59
2e9 59
1l6e 9.59
LZe P09
11.10.59
51.10.59
11.11.59
5418609

&7
14

11
28
7

pel
14

e
]

4

1a
33

15

2
59

@Cﬂt?b&%g‘lj

WEHDOM
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Appendixz A (vi)  The instars of Oligolophus tridens in
each collection from Great High Wood,
1958 and 1959,

Date of Instar - . . X VIiI VIT
sampling Iz i v Vi male female

9. 5.58
15, 5.58

30. 5.58

8e 6458 2
15, 6458 10
8. 7458 5
21. 7.58
11. 8.58 8 17

28, 8458 8 3
7o 9,58 6 4 12
28, 9.58 9 1l
9.10.58 53 9
£5.10.58 16 7
5.11.58 1
20411458 1
5.18.58
14.12.58

]
[ =Y

19. 2.59
13, 3.59

3. 4.59

24, 4.59
11. 5.59

28, 5.59 14
13. 6,59 14 8

30. 6.59 2 13

15. 759 1 12 2

4, 8,59 15

20. 8.59 9

2e 9,59 3

16. 9.59 1
22, 9.59

11.10.59

31.10.59

11.11.59

5.12.59

W O
o Oy O3



riods of the diel.

The numbers of Mitopus moric seen on the tree trunks at each of the
six pe ‘

Appendix B.
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Appendix C Comparisons of mean wet weights of adult
harvest-sgpiders.
(i)  Male Mitopus morio.
vamples compared Date t a f P
7o't 57532 &1 <0.,001
HOWer papers 13.7  2.2401 54 <0.05
v 24,7  0.9688 50 ns
Ground layer 5L.7  0.1886 24 ns
20,66 2.7196 66 <0.02
by 3 [
Lower papers 7e'l 82069 88 <0.001
v ‘ 13.7 4, 2068 89 < 0,001
¥ L‘ [ o = 1 » A
Surface-field 24477 5 ¢ 3622 53 <0.,00L
Iz e Z 4
~shrub layers 3L.7 4,2213 53 <0,001
768 1.55602 2 nsg
Ground layer T 020384 55 ns
v ' 13.7 04790 63 ns
surface~Tield 247 545999 46 <0.002
-shrub layers B3Le7 249074 45 < 0,01
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Contde.

(ii)  Female Mitopus morio

Samples compared Date t d.r P
Lower paper Ta'l 1.,9044 28 ns
v 1347 0.6813 34 ns
Upper paper oda 1.4944 16 ns
Lowsr papers 25,6 3.7894 105 <0.,001
v 7T 5.3147 89 <0,001
Surface-field 13,7 5.8168 86 <0,001
—shrub layers 247 55,4339 51 <0001
SLle7 2.0822 15 ne
78 1.4394 9 ns
25.6  4.4900 81 <0,001
Lower papers el 56,6168 1le <0002
v 13,7  12.9794 78 <0.001
Ground layer 24.7  2.4913 48 <0.02
E1e7 0.6210 11 ne
7.8  0.0180 7 ns
2646 0.8824 98 ns
Surface~field 7T 25380 147 <0.02
-ghrub layvers 13,7 17796 24 ng
v 24..7 2.8942 65 <0,01
Ground layer 31le7 2o 4345 18 <0408
7.8 1. 0467 & ne
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Appendix D. Comparisons of mean wet weights of adult harvest-
gpiders.

(1) Male Oligolophus agrestis

Semples compared — Date -t d.f. P

Upper papers
v 9.10 27822 5y <0.01

Lower papers

Upper papers

v 9,10 5.,0849 19 <0.,001
Surface-field

~ghrub layers

Lower pepers

v 9.10  2.4270 33 < 0,08
surface~field

~shrulb layers
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Appendix D Contde.

(ii) Female Oligolophus agrestis.
Jamples compared Date t deT. P
Upper papers 27 .8 4o 1387 50 <0401
v 5.9 5o 2644 19 <0.0L
Lower papers 1849 0.2728 27 ns
‘ 9.10 4,0200 48 < 0,01
Upper papers 27 «8 78538 T4 < 0,001
v 0.9 5aB1b3 31 < 0,01
Surface~field 1649 CaB8648 18 ns
-shyrub layers 2.10 4,9034 - 53 < 0.0L
Upper papers 278 3wl 199 49 < 0.0L
v 5.9 1.4101L ) ns
Ground layer 16.9 0.0028 8 ns
9.10 269345 21 <0,0&
Lower papers 278 0. 8207 42 ng
v 5.9 063047 42 ns
surface~field 1649 14084 35 ns
~shrub layers 910 0.2002 7L ns
20,10 38119 28 <0.00%
278 06849 17 ns
Lower papers 569 0.4786 L7 nos
v 16.9 0.2166 28 ns
Ground layer 2.10 0.4876 39 ns
20,10 267760 50 <0.01
7 Ad.4. T o
Surface~field 2;'9 %‘gigi_ gé‘ ns
~shrub layers Oe e ) ns
- 169 05877 14 ns
910 0.4969 44 ns

Ground layer 20,10  2.0431 30 <0.05
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