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Summary

The characteristics used to distinguish the four species

are described.

A comparison was made between sweep netting, vacuum
sampling and hand sampling as methods for estimating spider
density. Vacuum sampling and hand sampling were of
comparable efficiency and were more efficient than sweep
netting. Hand sampling was selected as the main sampling
method and it was found that 40 minutes was the optimum

time for sampling the 2x1l m sample units.

Methods for assigning spiders to instar were assessed and
it was concluded that the length of tibia 1 was the best
feature to use. The use of thisg feature on field samples
gave good agreement with the results obtained from
laboratory feeding experiments - where instars can be
determined with certainty. The growth rates of the spiders
were fairly variable and did not approximate closely to the

"growth laws! of either Dyar or Przibram .

The energy content of the four species ranged from
20.08-27.39 J/mg. ash free dry weight. Egg sac silk has the
lowest energy content and the early instars have lower
values than the later instars. Eggs and gravid females had

the highest values.
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l-aboratory feeding experiments were carried out on three of

the species. In these the spiders developed at similar
rates to those in the field. The results allowed energy
budgets to be constructed and these indicated that the

spiders had high ingestion and growth efficiencies.

The life cycles and population age structures of the four
species were investigated. M. segmentata and L.

triangularis have one year life cycles with five instars.

The spiders overwinter in the egg eac and the new
generation emerges in the late spring and =arly summer. The
spiders grow very quickly and reach the adult stage in late
summer . Egg sacs are produced in the autumn and the females
have died by early winter. Spiders in open areas grow
faster than those in woodland. L. peltata and some
specimens of M. merngei  also have a one year life cycle
with five instars. The new generation emerges from the egg
sacs in mid-summer and grows very quickly. The spiders
overwinter mainly as sub-adults and moult to adult the
following spring. Egy sacs are produced in the summer and
the females die soon afterwards. Some specimens of M.
mengei  have a two year life cycle with six  instars. The
new generation emerges in late summer and grows slowly.
They overwinter mainly as second instars and grow slowly
the following year and reach the adult stage in early
autumn. They overwinter for a second time as adults and the

females produce egg sacs in early summer and have died by
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mid—-summer .

As might be expected, density values are highest as the
spiderlings emerge from the egg sacs and decline sharply
thereafter. This reflects the high mortality rates. FPeak

densities for M. segmentata and L. triangularis

were in early summer and for the other two species in  the
auvtumn. The average annual densities of the spiders ranged

from 1.1/m= in M. segmentata to &6.3/m® in M.

mengei .
FEgg sac production of the four species was investigated.
The number of eggs produced ranged from 42 in L.

peltata to 96 in M. Mengei . The number and weight of
eggs produced was positively correlated with the size of
the female. Egg mortality was estimated in the four

Bpecles.

Standing crop values were estimated throughout the year.

Feak values occuwrred in the autumn in all four species and

these ranged from 96.6 J/m* in L. peltata to 260.3
J/m® oin M. mengei . The average annual biomass ranged

from 3I5.2 J/m® in L. peltata to 187.8 J/m*= in M.

mengei .



The sex ratio of the four species was investigated in
different years using various sampling methods in different
vegetation types. The results were fairly variable but, in

general , females predominated.

The distribution and abundance of the four species was

investigated. M. mengei  and L. peltata were more
abundant in, and more restricted to, woodlands while M.
segmentata ard bw trianguwlaris were found in

woodlands and in  open areas. The vegetation structure
seemed to be an important factor in the distribution of the
spiders and the fouwr species showed some degree of vertical
gtratification with regard to web height. This may allow
the species to coexist in one habitat. The spiders show
varying degrees of horizontal and vertical seasonal
movement. This may allow them to exploit the resouwrces of
the environment more efficiently. The results from thermal
death point and light preference experiments were in accord

with the distribution of the four species.

An ichneumon parasite, Acrodactyla degener , attacks
L. triangularis and L. peltata . The parasite is
bivoltine with the first generation parasitising Lu

triangularis in the summer and the second generation L.

peltata in the autumn. The larva overwinters attached to
the spider. The growth efficiency for the pupal stage was

B6Y for the first generation and 407% for the second.



Fredators of the Ffour species were considered. Some
interspecific and intraspecific predation' occurs. A red
mite of the genus Anystis kills spiderlings of M
Mengei and L. peltata during the summer.
The mating behaviour of the four species was investigated
and was found to be, in general, similar to that of most
web building spiders. There are, however, some differences
between the genera. The males of the Linyphia species
diéplay web reduction behaviour but thisg is absent in  the
Metellina species. Food sharing occurs in the Metellina

species but not in Linyphia . The significance of these

differences is discussed.
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Introduction

Spiders make up a conspicuous part of the terrestrial
invertebrate fauna. In suitable habitats they can occur in
high densities and this can be strikingly evident in web
building spiders when the webs are covered with dew (Fig.l.
1). The aim of this study is to investigate the ecology and
population biology of four web spinning spiders in west
central Scotland. The original aim of the project was to
compare the ecology of the orb web building spider
Metellina segmentata (Clerk) with that of the hammock

web spider Linyphia triangularis (Clerk) in the Ross

Wood near the Glasgow University Field Station. However,
early in the study it became evident that the closely
related M. mengei (Blackwall) was more abundant than
M. segmentata in most parts of the Ross Wood and also
that L. peltata (Wider) was more abundant than L.

triangularis in many parts of the wood. Thus the study

was expanded to deal with the four species.

The four species occur over the whole of Euwope, from
Sweden in the north to Spain and France in the south and
from European Russia in the east to Ireland in the west
(Bristowe 1939; Toft 1983). The two Linyphia species are
also found in North Africa and in China (Bristowe 1939).
L. peltata is found in Japan (Yaginuma 1977). M.

segmentata has also been found in Japan (Yaginuma 1977)



Several orb and sheet webs covered with dew.






Fig.1.2: Orb web of Metellina segmentata .

Fig.1.3: Orb web of Metellina mengei .



Fig.1.4: Sheet web of Linyphia triangularis .

Fig.l.3: SBheet web of g,_@kgixg_b_;_‘g peltata .






Fig.1.6: Orb webs of Metellina segmentata on a gors

bush.

Fig.1.7: Sheet Webs of Linyphia  triangularis  on

coniter tree.







abies ), S8itka spruce ( Picea sitchensis ) and Douglas

fir ( Pseudotsuga taxifolia ). The dominant Ffield layer

vegetation (Elton & Miller 1934) is blaeberry ( Vaccinium

myrtillus ) while bracken ( Pteridium aquilinum ) is

dominant in other areas. Scattered clumps of heather

( Calluna vulgaris ) are found in places. Heather, gorse
( Ulex earopaelus ) and bog myrtle ( Myrica gale ) are
found on the edge of the woodland, while broom
( Sorothamnus scoparius ) is found scattered, both

within, and on the edge ot, the woodland.

The study investigates aspects of the ecology and
population biology of the four species. This involved
studies of the density, age structure, seasonal weight
changes, natality and mortality of the spiders. Laboratory
feeding experiments were alsoc carried out and these,
combined with the population data, allowed the life cycles
of the four species to be described in detail. The
distribution of the four species was investigated 1in
different vegetation types within the Ross Wood and also in
other localities in west central Scotland. Some
observations were also made on the natural enemies of the

spiders and on the mating behaviour.
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Distinguishing the Four Species

The aim of this section 1is to give an account of the
taxonomy of the four species and to describe differences
between them -~ particularly the congeneric species. This
was based on  the examination of the spiders under a

Binocular microscope.

Metellina segmentata  and M. mengei were for many
years included in the gernus Meta and were placed in the
family Argiopidae (Locket % Millidge 1983). lLocket et al

(1974) transferred the genus to the family Tetragnathidae

and more recently Merrett et al (1985) placed the genus in

the family Metidae. Levi (198a) distinguished M.
sagmentata  and M. mengei from some of the other

members of the genus Meta , and placed them in  the genus

Metellina . M. segmentata and M. mengei are
closely related species. M. mengei was first described

by Menge (18&68&), who regarded it as a smaller variety of
M. segmentata . Blackwall (187@) considered it to be a

separate species - on the basis of the differences noted by

Menge and the fact that M. mengei breeds in the spring
and M. segmentata in  the autumn. Locket % Millidge
(19573) considered M. mengei  to be a sub-species of M.

segmentata but Chrysanthus (1983) carried out a detailed
comparison and suggested that they were separate species.

This was accepted by lLocket % Millidge (1974).



Linyphia triangularis and L. peltata are placed 1in

the family Linyphiidae (Locket % Millidge 1933). L.
peltata was considered by Van Helsdingen (194%9) to be in

genus Neriene but this was not accepted by Locket et al

(1974) who regarded it as a sub—~genus.

ata and M. mengel  are variable in  colour

- especially the former (Fig.2.1), which displays great
colour variation. Casual observation suggests that these
variations tend to match the colow of the swrounding
vegetation. This variation makes it difficult to
distinguish individuals of the two species at certain times
of the year (Fig.2.2) and it also creates problems in

cistinguishing these two species frrom specimens of

Metellina meriana which is found in some of the

sampling areas. Specimens of the two species, of similar

size, occuw during the period May to November and adults of

hoth species can be found in early September.

The following characters can be used to distinguish the

of certainty. (1) In most cases, instars 1 and 2 of M.

segmentata are whitish brown in colour while those of

M. mengel  are reddish brown (Fig.2.3). (2) Instars 1-3
of M. mengel have distinct patterns on the anterior

part of the abdomen (Toft, personal communication) which is

absent  in M. seqmentata (Fig.2.3). 3 The



Fig.2.1: Colour variants of Metellina segmentata .

Fig.2.2: Similarity in appearance of the species (left td

right) Metellina segmentata , M. mengei  and

M. merianae .







Fig.2.3: Early instars of Metellina segmentata (right)

and M. mengei .

.....................

Fig.2.4: Metellina segmentata (left) and M. mengei

showing the black band on the cephalothorax.







cephalothaorax of instars 2 - 53 of M. - mengei has a black

V=shaped band which extends to the eyes (Fig.2.4). In M.

segmentata the band is narrower and is parallel sided

rather thamn V-shaped (Fig.2.4). (4) The metatarsus 1 of
adult males of M. mengei  has a number of long, fine,
hairs (trichobothria) which are absent in M. segmentata
(Fig.2.3). (35) The pedipalps of adult males of the two
species are different with respect to the The non-hairy
part of the paracymbium and the chitinous band on the bulb
of the palp (Fig.2.6) (Locket et al 1974). (&) The sternum
of adult males M. segmentata is blackish brown in

colouwr whereas the central part of the sternum of M.

mengel  is pale brown (Fig.,2.7). (7) Adult females of M.

i

mengei  may have two white spots on the ventrral surface of

the abdomen (Fig.2.8). This 1is never found in M.

segmentata .

Superficially the two Linyphia species look quite similar
-~ egpecially in early July when individuals of the two
species are similar in size. However close examination

reveals a number of differences. In L. triangularis the

cephalothorax is yellow brown with dark margins. There is a
mecdian dark line which extends forwarcds and bifurcates

behind the posterior median eyes (Fig.2.9). In L.

peltata the cephalothorox is blackish brown with no dark

”

margins or median line (Fig.2.9). In Lo triangularis

the dorsal side of the abdomen has & broad, dentated,



Fig.2.%5%: Metatarsus 1 of adult males of Metellina

segmentata (above) and M.  mengei  showing the
long +fine hairs (trichobothria) in the latter
species.

Fig.2.6: Pedipalps of adult males of Metellina
segmentata (right) and M. mengei  showing

differences in the chitinous band of the bulb of the

palp (a) and paracymbium (b),






Fig.2.7: Sternum of adult males of Metellina segmentata

(left) and M.  mengei .

Fig.2.8: Ventral surface of the abdomen of adult females

Metellina  segmentata (right) and M. mengei

showing two white spots on the latter.






blackish brown band extending back almost to the
spinnerets. On either side there is an irregular white band

(Fig.2.9) and these unite immediately above the spinnerets.

colour and the dentation is less sharp (Fig.2.9). In L.

triangularis the legs are vellow brown with a tint of

green whereas those of L. peltata are pale brown to

brown., Spiderlings of L. triangularis show the same

colows pattern as the older spiders (Fig.2.10) but those of
Lo peltata are much paler than the older instars and

the colour pattern becomes more distinct with each instar.
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Comparisons of Sampling methods

The method used to sample animals in the field depends on
the ijectivebof the sampling. For example, the purpose may
be to determine the diétribution of an animal, or to
determine its relative abundance in two different areas, or
it may be to determine the absolute numbers of an animal in

a given area.

The aim of this section is to evaluate the suitability of
various sampling methods for obtaining density estimates of
the four spider species. That is, to obtain estimates of
the absolute numbers of spiders in a given area. The
spiders occur mainly in vegetation between 15 and 158 em in
height, i.e. in the "field layer" vegetation, as defined by
Elton & Miller (19854). The methods compared are sweep
netting, vacuum sampling and hand collection. In addition,
the absolute efficiency of hand collecting was tested by
means of labhoratory experiments and the optimum duration of
hand sampling, for sampling a standard 2xim sampling unit,

was determined in the field.

Souwthwood (1978) reviewed the methods used for sampling
arthropods. He considered vegetation to be the most
difticult medium to sample because it is heterogenous and
continually changing. He considered that vacuum sampling

was a good method for obtaining absolute estimates from



vegetation. Duftey (1972,1974) compared hand collecting and

vacuum sampling as methods for obtaining estimates of
grassland spiders, and concluded that on short vegetation
vacuum sampling gave better results but its efficiency was
reduced in taller and denser vegetation. He considered hand
collecting was an accurate method for obtaining density
wstimates from fairly open field layer vegetation.
Southwood (1978) detailed the advantages and disadvantages
of sweep meﬁting. Mactadyen (1963) regarded sweep netting
as a very selective method, which can give only estimates
of relative numbers, and Lowrie (1971) indicated +that the
etficiency of sweep netting differed at different times of

the day and was affected by the weather.

Comparison of sampling methods A{or estimating spider

density

The sampling areas were located in sections of the Ross

Woond where blaeberry ( Vaccinium myrtillus > was the

gdominant field layer vegetation. In July 1980 two sampling
areas were laid out. The larger one (Area &) had an area of
HPBm=, It was divided into 288 units each 2xlm with

transverse paths ©.5m wide. A second area (Area 2)
comprised of 80 wnits and had an area of 192m=.

‘Wr@liminary sampling had indicated that a 2xim unit was the
aptimum size, in that it could be sampled from a path

without uwndue trampling on  the vegetation of the area.



Smaller units sometimes vyielded very sasmall numbers of
spiders while larger units were difficult to sample without

trampling on the areas.

Sweep netting was carried out using a SB@cm diameter net.
The area to be swept was sampled in a systematic fashion,
each piece of vegetation being swept several times. Spiders
were transferred from the net to collecting tubes and the
catch was sorted in the laboratory. Vacuum sampling was
carried out using a D-vac sampler (Dietrick et al 1959).
The samples were transferred to polythene bags and were
hand sorted in the laboratory. Hand collecting consisted of
searching the vegetation in a systematic fashion, including
the ground layer for spiders which may have dropped from
the field layer vegetation, and collecting all visible
spiders. Small spiders were captured by means of pooter
(Southwood 1978). Prior to searching each unit the
vegetation was sprayed with a fine jet of water from a
garden spray. This made the webs more conspicuous but did
not disturb the spiders (Tolbert 1977b). The spiders were
transferred to collecting tubes and brought back to the

laboratory to be sorted and identified.

On 30/7/1980, eight randomly selected units were sampled
from Area 2 by sweep netting and eight units by D-vac

sampler. The results are shown in Tables 3.1 and 3.2. The

spiders were categorised into the four species under study
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Table 3.1: The number of spiders collected by sweep—-netting from Area

in late July 198@.

Total

¢ Other

¢t Total
: pelt. : 4 species : species : gpiders :
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Table 3.2: The number of spiders collected by D-vac from Area 2 in

July 1980.
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and ‘“other spiders". These were mainly spiders from

vegetation of less than 15cm i.e. "the ground zone"
vagetation (Elton &% Miller 19%54). Sweep netting was less
@fficient than vacuum sampling for collecting all
categaries of spider. Thus the efficiency of sweep netting,
expressed as a percentage of the catch taken by  vacuum
sampling, was 24.6% for M. mengei , the dominant field
layaer spider, 26.1% for the four spiders under study and
H5.2% for the "other spiders'. This latter value indicates
that sweep netting is very inefficient at sampling spiders
from low vegetation. Results of comparisons of numbers of
spliders collected, by the two sampling methods, are given

in Table 3.3, These indicate that vacuum sampling collects

significantly more spiders than sweep netting.

In garly September 1980 a tuwther comparison of sampling
methods was made using vacuum sampling and hand collecting.
Thig involved taking eight samples by each method from Area
6. Hand collecting lasted for 40 minutes 1in each of the
lm units sampled. Justification for this will be given
later. The numbers of M. mengei and L. peltata , the
two most abundant field layer spiders at this time, were
recorded (Table Z.4). The two methods collected similar
numbers of spiders (Table 3.5) and differences were not
gignificant (FP:@.0%5 in both cases). The D-vac sampler was
heavy and noisy and thus physically very tiring to use over

extended periods. As  hand collecting had & comparable



Table 3.3: Numbers of spiders (mean + standard deviation),
of eight samples in each case, captured by sweep netting and
D~vac sampling and the values for t-tests (unequal variance)
on comparisons of these samples. #** highly significant
(P<@.0B1), * significant (P<8.085).
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efficiency, this method was used in the remainder of the

study for estimating spider density.

The efficiency of hand sampling as determined by a

lLaboratory experiment

Hand sampling has been shown to give comparable results to
vacuum sampling. However the question remains as o its
efficiency with regard to obtaining estimates of absolute
numbers of spiders. This was investigated by means of a
laboratory experiment. A box 1x0.9m was constructed with a
tight-fitting polystyrene sheet placed in  the bottom.
Branches of blaeberry ( Yaccinium myrtillus ) were
inserted into the polystyrene sheet, to simulate a stand of
hlasberry. Leat litter, from which all spiders had been
removed, was added to create a habitat similar to that
found in the field. The experiment consisted of adding
differing numbers of various size categrories of M.
mengei , namely adults, sub—adults and spiderlings, to the
box which was then closed with a fine mesh cover. After
allowing 2@ minutes for the spiders to settle down, the
vegetation was hand sampled for & total period of 730
minutes. The number of spiders collected was recorded after

19 and I0 minutes. Four replicates were carried out and the

rasults are given in Tables 3.6 a-d.




Table 3.é4a:

The numbers of

time intervals in a box of

spiders introduced and recollected after
1x0.5m. Experiment 1.

Category ! Number of : Number of spiders collected : Number of :
: spiders § - 1= Ha : gpiders :
t introduced : 0-135 : 15-30 : Total : missing :
: : minutes : minutes : : :
Spiderlings @ 1@ H b : 3 H 9 : 1 :
Sub-adults @ S : 4 H 1 : 5 : a :
Adults : 2 : 2 : 2 : 2 : 2 :

Table 3.éb: The numbers of
time intervals in a box of

spiders introduced and recollected after
1x0.5m. Experiment 2.

o e s

: Number of : Number of spiders collected : Number of :
Category : spiders HE it e m———— oo : spiders :
: iptroduced : ©@-15 1 15-38 : Total : missing :
H ¢ minutes ¢ minutes : : :
Spiderlings : 20 ] 12 : b : 18 : 2 :
Sub-adults 10 : 4 : 3 : 9 H 1 H
Adults 18 : 8 : 2 : 8 : ] :




Table 3.6c: The numbers of spiders introduced and recollected after
time intervals in a box of 1x0.5m. Experiment 3.

: : H :
: : Number of : Number of spiders collected : Number of :
t Category : spiders : H : : spiders :
: t introduced : @-15 ¢ 15-38 : Total : missing :
: : : minutes : minutes : : :
: Spiderlings : 20 : 7 : 9 : 16 : 4 :
: Sub-adults : 10 : 7 : 3 : 10 : 2 :
: Adults : b : 4 H 1 : 5 : o :

1
i
i
I
]
i
f
]
1
1
i
i
i

Table 3.6d: The numbers of spiders introduced and recollected after
time intervals in a box of 1x0.3m. Experiment 4.

H : Number of : Number of spiders collected Number of :
+ Cateqory : spiders P ———— P ———— fmmm————— : spiders
: : intruduced : 0-13 : 15-3@ : Total : missing :
H : : minutes : minutes : : :
: Spiderlings : 10 : 4 : 3 H 9 : 1 :
t Sub-adults : S : 4 : 2 H 4 : 1 :
! Adults : 4 : 4 : 2 H 4 H 2 :




|
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The results for the three categries of spiders, from the

faour experiments, were analysed separately. Contingency
tests, on the results Ffor epiderlings, sub—adults and
adults from the four experiments, indicated that the data
were homogeneous in eacﬁ case and they were therefore
combined (Table 3.7). As might be expected, larger spiders
were collected more guickly than smaller ones. Thus 9574  of
adults were collected after 13 minutes, 63% of sub-adults
anc 48% of spiderlings. Significance tests, on the data
Table 2.7, confirmed that more adults were caught after 15
minutes than sub-adults (x¥=6.20, d.f.1, p<@.05) or

spiderlings (o#®=12.89, d.+.1, pv2.0%). After *@ minutes,

hetween 37 and 1OQ% of spiders are recaptured (Table 3.7)
and there are no significant differences for the capture
rates of the three categories of spiders at the end of 30
minutes. Hence atter 30 minutes over 9B@4 of all spiders
were captured. The laboratory set—-up was rather artificial
in  that the density of +the spiders in the box was
considerably higher tharn that normally found in  the field
but it does indicaté that hand sampling is capable of

collecting most spiders from vegetation similar to that

found in the field.
Optimum duration of hand sampling in the field

The laboratory experiment indicated that, given a suitable

collecting period, hand sampling can collect most spiders




with the

Nusber of spiders collected

The numbers of spiders introduced and recollected,

+ Nusber of

: spiders

percentage recollected after time intervals, in a hox of 1x8.5e. Combined of the

four experisents.

Table 3.7:

8.3

E g

Ead
E
& e
]
uy
i3

: introduced : Between :

Category

: 86.7 2
: 109

19

5.3 2

23

: 48.3 ¢
s 63.3 2
: 94.7 ¢

19
18

0
30
189

Total

t Spiderlings :
¢ Sub-adults



from blaeberry dominated vegetation. The purpose of this
section is to determine the optimum duration for sampling
in the field. The density of blaeberry can vary
considerably from place to place. Casual observation
suggested, as might be expected, that spiders were ohserved
and  collected more quickly in less dense vegetation.
Bl aeberry stands were subject to defoliation, probably by
phytophagouws insects. Spiders, and their webs, were much
more visible in such defoliated patches. In order to test
the effect of vegetation structure, on the optimum duration
of sampling, a Ffield experiment was carried out. This
involved hand sampling 1n two areas of blaeberry close to
Ares & on 157971980, One of these areas (Area 32) had a
dense stand of blaeberry while the other (Area 4) was an
area where the blasberry had been extensively defoliated.
Feour 1xim guadrats were selected at random in each area and
weare hand sampled. The cumulative number of spiders in each
quadirat was recorded at five minutes ihtervals. Each
gquadrat was sampled for & total of 385 minutes. The results
are  given in Tables *.8 and 2.9. Contingency tests
indicated that the data for the four guadrats in each area
were homogeneous and the results were therefore combined.
These totalel were plotted against time (Fig.3.1). The
results indicated that hand collecting was significantly
more efficient in the defoliated blaeberry than in  the
dense blaeberry. Thus aftter &, 10 and 15 minutes

significantly more of the total numbers of spiders




final
%
31.7 :

.6 12

of
Total
26

31

-]

et et s e [ s, et o e S e B S s

11 : 36.7

%

5+ 31.3 :

: No :

23.5

Cummul ative number of spiders collected
A

No :

3 Quadrate

Time
" 'u————‘———-= o s v wum v v v § = — - ———-——: ——-—: — — ——— ——— ————: —— v w— —

Table 3.8: The number of spiders recorded during time sampling from four

quadrats (ixl m) in dense vegetation (Area 3) and percentage
" total collected after 35 minutes.
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Fig.2.1l: Spiders collected during 9 minute time interval
in defoliated and dense blaeberry (expressed as

percentdage of the total collected after I35 minutes)
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collected during the total duration of the sampling period,

were collected in the defoliated blaeberry (Table 2.10).

The results also indicated that in the dense blaeberry, for
a Ixlm guadrat, 98% df the total number of spiders
collected during the 3235 minutes period were taken within 20
minuté% (Table F.8). The standard sampling units in  the
sampling grids were 2 m*” and hence it was decided that

the optimum sampling period for such units would be 40
minutes. Consequently, all density estimates of spiders
involved hand sampling units of 2xlm for periods of 40

minutes.
Discussion

Gueepn netting was found to be less efficient than D-vac
sampling. This agrees with Macfadyen (1963) who indicated
that sweep netting was a very selective method of sampling.
Cagual observation also indicated that sweep netting is
less efficient in wet than in dry vegetation and this
agreess with the findings of Lowrie (1971) . In both the
field and the laboratory experiments hand collecting was
faund to bhe an efficient method of capturing spiders. The
D-vac sampler had & comparable efficiency to hand
collecting and this confirms Southwood’'s (1978) view that
vacuum sampling is a good method for obtaining absolute

astimates of arthropods from vegetation. The results of




.....

Fable S.lds NMumbers of spiders collected at various time
intervals, 1in defoliated and dense blaeberry, expressed
as a proportion of the total numbers of spiders
collected duwring the 235 minutes sampling period.

s Time : Type of : Caught : Not caught : ==
H : vegetation @ H : :
s At ter s Defoliated @ 4.2 8 A : :
oS ominutes  : : H s 8.45
s r Dense : 26 H S6 3 H
r At ter : Defoliated : &5 H 2 H H
s 1@ minutes s : : : 8.3
H : Dense H w i} H 31 : :
r Myfher : Defoliated @ 7@ : b : H
18 minutes @ : : s 7.1
: v Dense H &3 H 19 H :




sampling of dense and defoliated blaeberry agreed with

Duftey’'s (1972, 1974) findings that hand collecting was
most effective in fairly open field laver Qegetation. Hand
collecting was preferred to vacuum sampling because it  was
a less tiring method and was less damaging to the
vegetation. It did have the disadvantage, however, of being

more time-consuming than vacuum sampling.
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The Determination of Spider Instars

The aim of this section is to assess methods which can be
used to separate spiders into instare and to justify the
methods used in the present study to determine the number

of instars.

An ability to assign spiders to instar was necessary in
order to construct age histograms for thé population
samples. This information was required for three purposes:
(1) To assist in the working out of the life-cycle. (2) To
allow estimates to be made of mortality at different stages
of the life-cycle. (3) To allow the calculation of the

amount of energy flowing through the spider population.

Arthropods moult regularly as immature animals and
sometimes as adults. The number of instars can be
determined directly by ocbserving the number of times the
animal moults during its lifetime. This is usually
determined in laboratory experiments. Alternatively, the
number of instars can be determined by some indirect
method. It is often possible to separate arthropods into
ingtars on the basis of measuring characteristics which
display discontinuities, which correspond to the number of
moults. This method has been widely used to age immature
stages of insects (Southwood 1978) and has led to the

formulation of various Growth Laws or Rules e.g. Dyar’'s Law




- X0 -

(Dyar 1890@0) and Przibram’'s Rule (Przibram & Megusar 1912)
which suggest that certain parts of an arthropod’'s body
increase by a fixed amount from instar to instar. Thus
Dyar ‘s Law suggests that sclerotised structures increase by
a factor of 1.4 from one instar to the next, while
according to Przibram’s Rule the factor is 1.26. If such
laws hold, then knowing the size of a particular structure
in two known instars (e.qg. first instar and adult instar)
should allow the number of instars between the two stages

to be calculated.

There are problems associated with these methods: The
direct method usually involves laboratory irearing and it
has been shown that the rearing conditions can affect the
growth rate and the number of instars (Bonnet 1930;
Browning 1941; Deevey 1949; Edgar 1968; Miyashita 1968a;
Robinson & Robinson 1978; Edmunds 19823 Franke & Sissom
1984). In general, high temperatures and good feeding
result in more rapid growth and fewer instars. Hence growth
rate and number of moults may differ from that found in the
field because the rearing conditions differ. The indirect
method may not work because the plotting of measurements
may not reveal clusters of measurements which correspond to
the number of instars. This may be because there is
considerable individual variability in the growth rate
(Miyashita 1968a) or because the sexes have different

numbers of instars and/or grow at different rates. Thus the




"Growth Laws" may not hold for the above reasons or,
additionally, because some structures may show allometric

- growth (Juberthie 1954).

Features used to assign spiders to instar.

A variety of features have been used to assign spiders to
instar when using the indirect method. These include; the
waight of the spider, the overall body length,
cephal othorax dimensions, lengths of leg segments
(Juberthie 1954; Edgar 1971a; Geyer 19713 Pennington 1977;
Toft 1976, 1978, 1983; Akita 1979; Austin 1984). It is now
generally accepted that the weight and overall body length

are poor indicators of instar.

Methods

In the present study four features were used. These were
cephalothorax length and cephalothorax breadth and the
length of the tibia of legs 1 and 4. These features were
measured for all spiders in a large sample (n=132) of

Metellina mengei taken on 24/9/80. The spiders were

measured under X30 magnification using an eyepiece
graticule. One graticule unit was equivalent to 0.033mm and
the features were measured to the nearest 0.033mm. The
measurements of leg length could be performed more quickly
and reliably than those of the cephalothorax as the spiders

needed to be manipulated less.




Results

The results are shown in Fig.4.1 & 4.2. In Fig.4.1 each
column in the histogram represents 1 graticule unit i.e.
@2.0833mm. In Fig.4.2 each column represents 3 graticule

units i.e. 0.099mm (@.1mm).

In Fig.4.1 all four characters indicate three distinct size
groups are present and tibia 1 and cephalothorax length
suggest an additional group of smaller spiders may be
present. The three groups correspond to second, third and
fourth instars (see next section). In Fig.4.2 three
distinct groups are still obvious with respect to tibia 1
and cephalothorax length and to a lesser extent with
cephalothorax breadth. Three size groups are not apparent
with respect to tibia 4. It was more time-consuming to
construct histograms where each column represented .033mm
than it was when each column represented @.1mm and hence
these results suggest that tibia 1 and cephalothorax length
were, on this basis, better features than the other two. As
indicated abave, leg segments could be measured more
quickly and more consistently than cephalothorax
dimensions. Hence all field samples which were analysed, to
sort the spiders into instar, were done so on the basis of
the length of tibia 1 and histograms from such samples were

constructed using columns which represented 8. 1mm.
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Fig.4.1: Separation of instars of Metel

based on the sizes of different features in a sample;
on 24/9/88. Each column in the histogram represnté

1 graticule unit i1.e. @.083%mm.
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Fig.4.2: Separation of instars of Metellina mengei
based on the sizes of different features in a sample
on 24/9/80. Each column in the histogram represnts

three graticule units i.e. 0.099mm (@.1mm).
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Comparison of methods for assigning spiders to instar.

M. mengei was used as the test animal for this
assessment. The number of instars which this species has
was determined by three methods: (1) Rearing experiments
(2) Analysis of field samples (3) Application of "Growth

Laws".

Methods

(1) Rearing experiments. Spiderlings were collected from
the field in late July 1981 and reared in the labaratory
until they moulted. The rearing conditions will be
described in another chapter (Laboratory Feeding
Experiments). Some spider mortality occurred in these
experiments and conseqguently spiders were brought in from
the field at regular intervals to supplement the animals
used in the rearing experiments. The cephalothorax breadth
and the length of tibia 1 were measured for each spider at
the start of the experiment and also after each moult.
Cephalothorax breadth was measured rather than
cephalothorax length because the latter is difficult ¢to

measure in living spiders without damaging the animals.

(2) Field samples. In order to determine field growth

rates, and the mean size for several instars, samples were



taken from the field on three occasions during the summer
and autumn of 1980. The samples were taken on &/8/88 (n=51)
S/9/88 (n=167) and 24/9/80 (n=132). The length of tibia 1
was measured for each spider. The three samples were
amalgamated and a histogram was constructed for the
combined sample of 350 spiders (Fig.4.3), This histogram

was used to attempt to determine the number of instars.

Application of "Growth Laws". The rearing experiments
allowed spiders to be assigned to instar with absolute
certainty. The efficacy of Dyar’'s Law and Przibram’'s Rule,
in determining the number of instars, was tested by
utilizing the sizes of the spiderlings and adult instars
from the rearing experiments. Values were inserted into the
formula logfA=log(Y)+nlog(P) (Franke % Sissom 1984) where A
is the size of the adult, Y is the size of the known instar
(in this case the first instar spiderling), n is the number
of moults and P is the progression factor (1.4 for Dyar and

1.26 for Przibram).



mengei

Fig.4.3: Separation of instars of Metellina

bagsed on tibia 1 in a combined sample in summer and
autumn 1988. Each column in the histogram represnts

one graticule unit i.e. 0.035mm.
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Results

The results of the laboratory rearing experiments are
summarized in Tables 4.1 & 4.2. These indicate that M.

mengei has five instars and that the sub—adult and adult
males are larger than the females. Growth progression
factors have been calculated for each moult for both tibia
and cephalothorax (Table 4.3). It can be seen that the
progression factors are greater for tibia than f ot
cephalothorax. The growth factor also varies considerably
from instar to instar Qith respect to tibia. This character
appears to display sexual dimorphism -~ with the sub-adult
and adult males having larger tibiae than the females. With
respect to cephalothorax; the growth progression factors
are less variable than for the tibia and there is no
evidence of sexual dimorphism. The growth progression
factors for tibia 1 are, in general, greater than the 1.4
postulated by Dyar and the 1.26 by Przibram. With respect
to cephalothoraxs the values tend to fall between the two
factors. These results suggest that the growth progression
factors are fairly variable and do not correspond

particularly closely to either Dyar's or Przibram’'s values.

An inspection of Fig.4.3 suggests that the spiders from the
field samples fall into four distinct size groups with
peaks at @.36, 0.47, 0.97 and 1.43mm. These peaks

correspond well to the values for first, second and third




Table 4.1: Mean size of tibia 1 of specimens of M.
rearing eperisents.

sengei  from laboratory

Reared : Mean size of tibia 1 : Subsequent : Mean size of tibial :

instar : {mm) +5.D. (number : instar : (mm) + S.D. (number of :

+ of spiders reared) : spiders which survived

H H ¢ to subsequent instar) H

ist : B35 +a.e2 () s 2 8.63 + B.04 (3) :

nd : B.64 +0.83 (7) : 3 : 0.99 + 0.2 (4)

3rd t .98 + Q.83 (] : A female : 1.43 + 8.8 (3) :

H . H .

: ¢ 4dmale 1.70 + 8.14 (2 H

4th fesale :  1.45 + 0.85 (4) 1 5 feeale : 2.00 £ .20 (3) !

4th male 1.73 + 8.12 (3) ¢ Jmale 2.97 + 8,21 (3) H

Table 4.2: Mean breadth of cephalothorax of specieens of M. mengei from
laboratory rearing experiments.

Reared + Mean size of tibia 1 : Subsequent : Mean size of tibia | H

instar ¢ (mm) +S5.D, {nusber : instar : (ea) + S.D. (nusber of

¢+ of spiders reared) @ : spiders which survived @

! : ¢ to subsequent instar) :

ist : 0.50+82.83 (D) ! : 8.62 + 8.82 (3) :

2nd : B.61 + .84 (7) : 3 : 8.78 + 8.85 (4) :

3rd t 77 +0.88 (D) : 4 fepale : 1.87 + 8.8 (3) :

H v Amle .10 + 2.8 (D) :

4th female :  1.85 + 0.86 (4) : 3 female : 1.37 + 0.8 (3) :

Ath male 1,13 +20.86 (3) : Smle : 1.43 + 8.61 (3) :
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Table 4.3: Browth progression factore for instars of M.
mengei for tibia 1 and cephalothorax breadth from
laboratory rearing experiments.

B o e e e e o e e § o o e e e e e e B e e o e e :
8 Instar : Tibia 1 : Cephalothorax :
H 1st - 2nd : 1.80 H 1.24 :
: 2nd - 3rd : 1.85 : 1.28 :
H Ird - 4th female : 1.46 : 1,39 :
H 3rd - 4th male H 1.73 : 1.43 ;
H 4th - 5th female H 1.38 H 1.30 H
H 4th - Sth male : 1.71 H 1.27 :
Table 4.4: Mean size of tibia 1 of

specimens of M. mengei from field

samples.

H : Mean size of tibia 1 (mm) @

¢ Instar : + S.D. (number of spiders :

: : in sample) H

: ist H @2.38 + 0.83 {77) :

H 2nd : B.64 + 0.04 (163 :

B o e e e e e B e e e e et e e e H

: 3rd : 3.99 + 0.09 (88) :

: 4th female : 1.45 + 90.035 (18) :
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instars and fourth instar females from the laboratory
rearing experiment (Table 4.1). The mean tibia lengths for
each of the size groups have been calculated (Table 4.4).
The single spiders at @0.5mm and 1.30mm (Fig.4.3) have been
omitted from the calculations as they cannot be assigned to
an age group with certainty and the calculations are
therefore based on a total of 248 spiders. A comparison of
Table 4.4 with Table 4.1 indicates a very good agreement
between the mean values for tibia 1 from the field samples
and from the laboratory rearing eMperiments. Hence it would
appear that M. mengei can be assigned to instar in
field samples, with a high degree of certainty, on the

basis of the length of tibia 1.

The predicted number of instars, using Dyar s and
Frzibram’'s progression factors, is given in Table 4.5 for
both tibia 1 and cephalothorax breadth. The known number of
instars from the rearing experiments is included for
comparison. It can be seen that the agreement, between the
predicted number of instars and the observed number, was
poor - egpecially for Przibram’'s factor. The predictions,
on the basis of tibia 1, are particularly poor and this

reflects the allometric growth shown by this structure,.



Table 4.5: Number of instars of M. sengei as predicted from Dyar's and
Przibram's progression factors and as determined by laboratory rearing
mxperisents.

= , . . 1]
! H H Progression factor ¢ Laboratory
: Structure : Sex ! t rearing H
H ] t Dyar's (1.4) : Przibram’s (1.26) : experiments :
= H : H 4 ]
: ! male 7 H 18 : b H
: Tibia | H ! H : :
1 : fesmale : & : 9 H 3 :
¢ Cephalothorrax : male : 4 H ] H 3 s
¢ breadth ¢ female : A ! 4 ! 3 :
! : H 3 : H




Discussion

The results indicate that the length of tibia 1 is a
convenient and reliable feature for assigning specimens of
M. mengei to instar and this is in agreement with Toft
(1976, 1983). Also there 1is good agreement between the
growth rate and the number of instars in the field and in
the laboratory rearing experiments. The growth progression
factors of Dyar and Przibram do not give good predictions
of the number of instars. This is in agreement with the
findings of Juberthie (1934) and Miyashita (1968a) who
found that the growth factors did not remain constant from
instar to instar and also that some spider structures,

particularly leg segments, showed marked allometric growth.
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The Energy Content of the Four Spider Species

The aim of this section is to present information on the

energy content of various stages in the life cycles of

Metellina mengei , M. segmentata , Linyphia
triangularis and L. peltata . This information was

required for a population energetics study of the spiders.
Methods

Spiders and their eqgg sacs were collected from the fieid
and within one day they were killed and dried in a vacuum
oven at 6@ C for three days. The dried mat=rial was made
into pellets ranging in weight from S5-25mg. The enerqgy
content of these pellets was determined in a Phillipson
Microbomb Calorimeter (Phillipson 1964). The calorimeter
was calibrated using benzoic acid pellets (Phillipson

1964). Relatively few determinations were made for L.

peltata but a fairly complete set of results was obtained

for the other three species.



Results

The patterns for the energy contents were similar for the
four species (Tables 5.1 & 5.2). Thus for the two

Metellina species and for L. triangularis , egg sac

silk has the lowest energy content and the values for eggs,
gravid females, adult females and adult males are higher
than those for sub-adult animals and early instars. Ranking
the three species, which have six common categories
represented (Table 5.2), confirms this general pattern.

Although there are no significant correlations those for

M. segmentata versus M. mengei and M. mengei
versus L. triangularis are close to being significant.

For the three species where most of the categories are
represented, the ranges in the energy contents are similar.

For M. segmentata 20.24 - 27.39 Joules/mg, for M.

mengei 20.@8 - 26.464 and for L. triangularis 19.78 -

27.36.

The values obtainea agree well with published wvalues for
energy equivalents for spiders (Tables 5.3, 5.4, 5.5 &
5.6). Table 5.3 gives the published values for spiders,
Table 5.4 for spider eggs or egg sacs, lable 5.3 for web
silk or egg sac silk and Table 5.6 compares the ranges of
published values for these three categories with the ranges

found in the present study.
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Table 5.1: Energy equivalents (Joules/mg ash free dry weight + standard deviations; (n) nusber
of samples) of various categories of M. segeentata , M. mengei , L. triangularis and
L. peltata.

Species
Category M. segmentata : M. mengei L. triangularis L. peltata
25.09 + 8.72 (5) : 24,75 + 8.58 (2) 27,3 +1.77 (5)
27.39 + 0.82 (3) 26,64 + .68 (4) ‘ 26.78 + 8.72 (9) 26.38 +0.42 (4) .

Eqgs

Bravid females

Adult females : 26,09 + 0.42 {4) : 25.81 + .48 (4) : 25,59 + .98 (5) :

26,57 + B.43 {4) : 24,19 + B.31 (4) : 24.85 + B.57 (4) : 25.56 + 0,12 (3) :

wa s s o
am
-
-

Adult males

Sub-adul ts P 23,61 + 0.35 (4) 1 23,48 + 0.62 (3) & 23.42 + 0.47 {4) : 24.89 +8.58 (4)

Early Instars 3 23.96 + 0.18 (3) : P 22,72 + .42 (4) :

Egg sac silk : 28.24 + 1.71 (4) : 20.08 {1) + 19.78 + 1,21 (4)

S8 %@ wu W ae %8 . e se ws an

Table 5.2: Ranking of M. segmentata , M. mengei and L. trianqularis according to energy
equivalents (Joules/mg ash free dry weight) of various categories and Spearsman Rank Correlation
values for the comparisons of the 3 rankings (categories joined by lines within species indicate no
significant difference)

M.  segmentata H M.  mengei H L. triangularis !
Gravid females 27.39 : Gravid fesales 26.64 : Eggs 27.36 :

Adult males 26.57 + Adult females  25.01

]
s Gravid females 26.70 |

: Adult females  25.59

Adult females  26.29 : Eggs 24,73

Eggs 25.09 : Adult males 24,18 | t Rdult males 24,85

: Sub-adults 23,42
Egg sac silk 20,08 + Egg sac silk 22.72

Spearman Rank correlation Values

Sub-adults 23.61 Sub-adults 23.48

Egg sac silk 20.24

M. segrentata & M. nmengei : M. mengei & L. triangularis : L. triangularis & M. segeentata :

r=0.6 NS :

r =983 N.S. : r = 0.88 N.S.
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Table 3.3: Energy equivalents (Joules/mg ash free dry weight) of spiders.

¢ Species or group of spiders ¢ Energy H Author !
: ¢ equivalent :
: Pardosa lugubris (wolf spider) : 2,37 ¢ Edgar 1971 :
t Lycosa species (wolf spider) ! 22,91 - 24,52 ¢ Van Hook 1971 !

Metellina segmentata (orb web spider) @ 22.42 - 26,32 1 Geyer 1971

t Various spider families and genera t 23.85 - 25,67 1 Moulder & Reichle 1972

Pardosa palustris (wolf spider) ? 24,89 - 26,82 : Steigen 1975

Geolycosa gqodeffroyi f{wolf spider) : 24,34 : Husphreys 1977

Variety of spider species t 22,39 - 24.82 : Norberg 1978

lygiella atrica (erb web spider) : 22,85

Linyphia triangularis fsheet web spider) : 23,30 Britten 1979

Theridion sisyphuim (comb footed spider) : 21,76 :

.. ae
'y

Trochosa terricola (wolf spider) : 26,32 Workasan 1978

Cyrtophora cicotrosa {orb web spider) @ 27.38 ¢ Palanichamy & Pandian 1983

Table 5.4: Energy equivalents (Joules/mg ash free dry weight) of spider eggs and egg
sacs.

! Species or group of spiders : Energy : Author :
: : equivalent @ :
: Pardosa lugubris (wolf spider) : 22,64 @ Edgar 1971

: Metellina seqeentata (orb web spider) : 26,69 @ Geyer 1971

¢ Pardosa palustris (wolf spider) ;25,98 @ Steigen 1975 :
t Argiope pulchella (orb web spider) ¢ 25.73 ¢ Prakash & Pandian 1978 H
: Spider species (variety of species) :  27.32 : Anderson 1978 :

24,94 Palanichamy & Pandian 1983 :

Cytrophora cicotrosa (orb web spider)

= we e

Beolycosa godeffroyi (wolf spider) 24,79 Humphreys 1977 H
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Table 5.3: Energy equivalents (Joules/mg ash free dry
weight) of web silk or egqg sac silk.

H Species or group : Energy : Author :
: of spiders : equivalent : :
Metellina segmentata : 20.46 Geyer 1971 :

(Orb web spider)

e oo oo e S e g S e Sonen ot Saove s S Pttt
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: Pardosa palustris : 23.01 : Steigen 1975 :
: (wolf spider) : H :
: Sosippus Jjanus : 19.37 : FPrestwich 1977 :
: (sheet web spider) : : :
: Lepthyphantes zimmermanni : 17.45 : Ford 1977 :
: (sheet web spider) : : :
: Beolycosa godeffroyi H 18.40 : Humphreys 1977 :
: (wolf spider) : : s

Table 5.4: Range of energy equivalents (Joules/mg ash free
dry weight ), for spiders, spider eggs and spider silk, from
published studies (Tables 3.3, 5.4 & 5.5) and the present
work (Table 1).

; Category ; Published values ; Present study :
. Spiders :  20.57 - 27.30 1 22.72 - 27.39
: Eggs . 22z.64 - 27.32  :  24.75 - 27.36
: sk . 17.45 - 23.01  :  19.78 - 20.24 |



Discussion

The energy equivalents are in good agreement with published
values. There appears to be a constant pattern within the
four species in that the energy content is lower in the
early stages of the life cycle than in the later stages
with eggs and gravid females tending to have the highest

values.

Anderson (1978) found that in spiders which overwintered in

the egg sac the energy values of the eggs were higher than

in spiders where egg sacs were produced in the summer. The
energy values for the eggs of M. segmentata and L.
triangularis , which overwinter in the egg sac, were

higher than that of M. mengei which has & summer egg

sac. However the values for M. segmentata was closer to
that of M. mengei than it was to L. triangularis .

Hence generic differences may be a more important than the

time of the year the egg sacs are produced.
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l.aboratory Feeding Experiments on the Spiders Metellina

segmentata , Metellina mengei and Linyphia

triangularis .

The aim of this section is to construct an  energy budget
for each species. The intention was to combine these
results with field data on density, natality and mortality
to estimate the flow of energy through the spider

popul ations.
Introduction

There have been few studies, involving laboratory feeding
wpariments, to construct individual energy budgets for
spiders. Most of these studies involved wolf spiders
(Follycosidaeg)., Edgar (19271) gave an account of the
ecological energetics of the wolf spider Fardosa
lugubris and Steigen (1973) studied the energetics of the

spider Fardosa palustris . Humphreys (1977) investigated

the factors influencing the energy budgets of Geol ycosa
godeffroyi and Workman (1978) studied the effect of

temperatuwre on the energy budget of Trochosa terricola .

Studies by Hagstrum (1970), Van Hook (1971) and Mowlder and
Reichle (1973) have investigated various aspects of the
energetics of spider populations but were not based on

feeding experiments. With regard to web-building spiders,



Turnbull (1962) carried out laboratory feeding experiments

on the spider Linyphia triangularis , but the results of

these were not expressed in calorific terms, while Kajak
(1967) estimated food consumption and production in a field

study of three web spinning spiders.

Life cycle

The life cycles of the three species have been described in

detail elsewere but a brief account is given here to

facilitate the understanding of this section.

Metellina seqgmentata and Linyphia triangularis have

gsimilar one year life cycles. The adult females produce eqgg
sacs in  the autumn. The egg sacs overwinter and the
spiderlings emerge from these egg sacs in late spring. They
grow very quickly and reach the adult stage in early

August, in case of L. triangularis , and in early

September in case of M. segmentata . Adult females die

in the autumn after producing egg sacs.

Metellina mengei  has two types of life cycle. Some

spiders camn complete their life cycle in one vyear while
others take two years. The spiderlings from the former
energe from the eqg sacs in  mid-summer. They grow very
quickly and reach the sub-adult stage in late September.

They overwinter and moult to adult in the following spring



and the adult females die in mid-summer after producing egg

sacs. The spiderlings with the two year life cycle emerge
in late summer. They grow slowly and overwinter mainly as
second instars. During the following spring and summer
these animals continue their development and reach the
adult stage in early September. The adult females
overwinter and die in the early summer after producing egg

BACH .

The males of these species cease to build webs soon after
reaching the adult stage and seek females far mating. They
feed little during the mating season ~ occasionally feeding

on prey items caught in the web of a female.

Materials and methods

The various pathways 1in an animal’‘'s energy budget are
indicated in Fig.é.1. In this study the qguantity of food
killed was known. The food remains were collected and the
difference between the two gave an estimate of the guantity
0f food consumed. As will be discussed later, the amount of
enargy lost as faeces and nitrogenous waste is considered
to be negligible. Consequently, the food assimilated is
taken to bhe equivalent to food consumed. Growth was
determined by weighing the spiders after each moult or at
the termination of the experiment. This represented the

increase in body weight associated with both growth and
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reproduction. Exuvia were collected after moulting. Silk
production, as will be discussed later, was considered
negligible for the Metellina species but was estimated

far Linyphia triangularis . The energy involved in

respiration was estimated by msubtracting the sum of the
enargy of production from the energy content of the food

consumed.

The small splders, first and second instars, were reared in
tubes 2.5345 cm with a pad of filter paper in the bottom.
These were kept moist and provided the spiders with a
gsource of drinking water (Parry 1994). Large spiders, third
instar to adults, were reared in plastic containers
1850 1817 cm. (Fig.&.2). The 1lid of the container was
removed and the container inverted. A circular hole was cut
in the bottom of the container and this was covered with
fine mesh. This provided ventilation and access for
spraying water into the container. A smaller hole was also
cut inm the bottom and this was plugged with cotton wall.
Thig allowed food to be introduced to the container without
disturbing the spider or its web. Twigs were introduced
into the tubes and containers to provide attachment sites

for web building and moulting.

The feeding experiments were carried out from May until
Uctober 1981 and were supplemented by some additional

experiments in the spring of 1982. The experiments were
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Fig.4.2: Rearing cages of large spiders in laboratory

feading experiments.







carried out in a hut at the Glasgow University Field
Station in Ross Wood at Rowardennan by Loch Lomond. The hut
had no facilities for light or temperature control. The
gpiders were exposed to the external photoperiod and to
temperatures which fluctuated with those outside. The
temperature was normally within  the range 15-22 C. The
experiments in 1982 were carried out in the laboratory at
the Developmental RBiology RBuilding in Glasgow. The
temperature in the laboratory fluctuated around 18 € and
the spiders were subjected to the edternal photoperiod from
a window. The spiders undertake their first moult within
the @gg sac and bhence it could be argued that the
spiderlings should be designated second instar. However it
is proposed to follow the terminology of Downes (1987)  and
reter to the spiderlings which emerge from the egg sac as
first instars as they are the first free living instars.
The first and second instar spiders were fed on small,
winged specimnens of the fruit fly Drosophila

melanogaster while all other instars were fed on normal

sized fruit flies. The feeding method was as follows: Flies
were welghed individually and offered to the spiders. If
the fly was not captured within three hours it was removed.
The remains of the flies which had been eaten were removed
and stored. In experiments dealing with adult females,
where large quantities of food were consumed, flies were
not weighed individually. Group of flies of similar size

were weighed collectively and the average weight was




calculated by dividing the total weight by the number of
flies. The number of flies added was noted, as was the
number of flies not eaten. The food consumed by adult
females was calculated by subtracting the food remains from
the total weight of flies killed. The feeding procedures
were continued until the gspider moulted or until the

experiment was terminated.

The spider was weighed and the food remains and exuvium
dried in a vacuum oven at 6@ C. All weighings were carried
out on an Electromicraobalance sensitive to 0.001 mg. Thus
for each instar the initial and final weights were known in
terms of live weights, as was the guantity of Drosophila

killed. The dry weight of the food remains and of the
exuvium was also known. The dry weight/live weight

relationships for spiders are shown in Tables 6.1-6.3.

These were used to convert live weights of spiders to dry

weights. The values for early instars of M. segmentata
were used for early instars of M. mengeli . The dry
weight/live weight relationship for Drosophila is

Y=0.31X-0.83 (n=28) r=0.99 and this was used to convert the
live weight of Drosophila killed to dry weight. With a
view to constructing an energy budget for the spider, the
results of feeding experiments were expressed as energy
values. Energy values of spiders, their egg sacs, exuvia,
Drosophila and the food remains were made using a

Phillipson Microbomb Calorimeter and employing standard




Table 6.1: Regressions of dry weight against live weight of

the spider Metellina segmentata .

i category . Number ;Y -bx+a s r i
: Early instars . 23 1Y =-0.31%+0.01 5 0.99
: Early instars : 41 : Y =0.26 X+ 0.02: 0.99 1
i Sub-adult females : 21 i Y = 0.26 X - 0.34 : @.98
i Sub-adult males ¢ 36 : Y = 0.27 % - 0.30 i 0.97 s
. Adult females ©E5 s Y = 036 X - 1,91 : 2.99

Table 6.2: Regressions of dry weight against live weight of

the spider Metellina mengei .

. category . Number : Y =bX+a : r
© Sub-adult males i 19 1 Y = 0.34 X - 0.55 : .94 :
. Sub-adult females : 11 i Y = 0.34 X - 0.66 : .98
. Adult females i T3 i Y = 0.36 X - 0.91 1 8.95

Table 6.7%: Regressions of dry weight against live weight of

the spider Linyphia triangularis .

:  category : Namber 1 ve=bX+ta i r
. Early instars ¢ 18 1Y = @.29 X - 8.03 : 0.99 :
. Early instars i 28 1Y = 0.27 % + 0.86 ; .99
. Sub-adult females : 14 1Y = 0.26 X + 0.12 1 0.99
: Sub-adult males i 16 1Y = 0.28 X + 0.05 i .99 :
. Adult females  : 25 1 Y = 0.36 X - 2.07 i 2.98 :




techniques (Phillipson 1964). The mean energy equivalents,

expressed as joules, are shown for spiders and their eqgg
sacs in Table 6.4, and for the food remains in Table 6&.5.
The mean energy equivalents'cf exuvia and Drosophila are

20.56 (n=3) and 24.37 (n=3) respectively.

Reasults

i1~ Energy Budget of M. segmentata
a=- Early Instars: From egqg sac emergence until moulting to

sub-adult stage.

Egyg sacs were collected from the field in the Ross Wood in
late May 198l. The spiderlings started to emerge from the
ega sacs in mid-June. 32 spiderlings, which emerged from an
eqgyg sac on l1é June 1981, were reared and of these 16
survived until they had moulted to the fourth (sub-adult)
instar. On moulting to sub—-adult eight of the 16 spiders
were found to be females. The summary of the results of
these is given in Table 6.6. The more detailed results on
individual spiders are shown in Appendix 1 (Tables 1-3).
The average time from egg sac emergence, on 1é6 June 1981,
until moulting to fourth instar was 495 days. This will take
the spiders up to early August. This is the time that
moulting to the sub—adult stage occurs in the field - so

the rate of development in the laboratory is similar to




Table 6.4: Energy equivalents (Joules/mg ash free dry weight + standard
deviations; (n) number of samples) of various categories of Metellina

segmentata , Metellina mengei and Linyphia triangularis .

c B opectes ;
| Category i M. seamentata : M. mengei 4 L. trisngularis :
. eges : 25.09 1 0.72 (5) : 20.75 5 0.50 (D) : 27.56 ¢ 1.77 (9) :
 Gravid females : 27.39 + 0.82 (5) : 26,60 + 0.6 (4) f 26.70 ¢ 0.72 (5) :
: Adult females : 26.09 % 0.42 () : 25.01 £ 0.40 (4) : 25.59 + .98 (5) :
: Adult males ¢ 26.57 % 0.43 (4) i 20.10 + 0.31 (&) : 26.85 £ 0.57 (4) :
{ Sub-adults | f 23.61 % 0.55 (4) 1 23.48 £ 0.62 (3 : 25.42 £ 0.47 (&) :
: Early Instars : 25.96 + 0.18 (3 : P 22.72 £ 0.42 (4) :
 Egg sac silk  : 20.24 £ 171 () 1 20.08 (1) : 19.78 £ 1.21 (&) :

Table 6.%: Energy eqguivalents (Joules/mg ash free dry
weight + standard deviations: (n) number of samples) of
food remains for various categories of Metellina  species
and Linyphia species.
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23.78 + 1.12 (5)
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: Sub-adults H 2F.64 + B.37 (4)

23.18 + 1.12 (4) =
: Early Instars 23.82 + 2.48 (3) 23F.90 + 1.87 (3) =




Table 6.4¢ Susaary of feeding avperiments on early fnstars of the spider Matellina segeentsta (wxpressed as joules unless
otherwise indicated#5.0.). The nusber of spiders examined are given in parenthesis.

. . d :

: Instar : Initial : Final : Weight : Weight : Exuvia : Food : Food 1 Food s Growth ¢ Ingestion : Duration :
s (n) : Weight : Weight : Increase : Increase : ¢t Killed : Resaing : Consumed : Efficiency : Efficiency : (days) :
: : img) : (mg) : (mg) ¢ : H H : : ) H (¢4} : :
s Ist : 8.3 : 887 : 653 : 4.8 : 8.20 : 2.9 : 13.18 : 9.85 : 4324 : 4275 : B.25 :
t (18) $ +0.83 ¢ 816 #8016 1+ 119 HB.B4 :+ 42114247 @ +2.39 1 tAB : +46F : HB :
: nd @ 887 3 214 7 128 : 9.49 ;3 848 1 M2 1880 1 B2 : NG : 5824 ¢ 13.88 :
t (16) £ +0.16 + B.AD : +0.38 : 4278 4080 : ¢1489:+7.89 @ £7.56 : #3.32 : +£5.82 : #.26 :
t 3rd o 2.14 3 ATS 1 2,61 @ 1684 3 895 : 8121 B : H[.MW 1 W47 : 8.8 : 22,88 :
t o (18) 2 +0.48 4 139 #1027 2 ¢7.98 4831 : 42249: +8.68 : + 1784 : +8.47 : +9%11 : 2,13 :

Table 6.7: Sumsary of feeding experisents on fourth instar (mb-adults) of the spider fetellina  segeentata . (exprassed as
joules unless otherwise indicated5.D.). The nusber of spiders examined are given in parenthesis.

s Ath ¢ Initial : Final 1 Weight ¢ Weight 1t Exuvia: Food 3 Food - : Food 1 Growth t Ingestion @ Duration :
¢ Instar ¢ Weight & Weight t: Increase t Increase @ 1 Killed 1 Resains 1 Consused : Efficiency ¢ Efficiency 3 (days) :
: ) : (g : (mg) : (mg) H ! 1 H : " (1) H H
s Fesale: 5.43 ¢12,97 3 7.54 ¢ 3B.4 @ 3.12 $ 1358 3278 ¢ 103.88 : M7 1 7638 : N :
T (12) 2489 14192 ¢ +1.54 :+9.51 +0.4M4 : +28.33 ¢ HLS 1 +19.97 ¢ 34 : +5F : 234 :
: . - . & . . L] L] £ + L] .
tfale @ 5.9 :13.32 1 7.42 : 4999 : 3.8 : 47 W0 : 11239 1 W 1 7655 @ N8 :
$B) 34128 3+ 220 341,08 34 7.65 4021 : +33.48:42.29 1+ W6+ #1.9% 1 +44 1 #HSL

Table 6.8: Resuits of laboratory feeding experiments on fifth instar (adult females which produced egg sacs)
of the spider Metellina segaentata (expressed as joules unless otherwise indicated). The nusber of spiders
exanined are 4.

¢ . . ] t3 : ti 1] g L} ]
¢ Initial : Final ¢ Wetght & Weight ¢ Food : Food 3 Food ¢ Growth s Ingestion 3 Duration 2
t Weight ¢ Meight : Increase : Increase 1 Killed : Resains : Consumed : Efficiency : Efficiency + (days) 1
t (eg) o (agl 3 (mg) @ : : 1 LI 4 LR ¢ 1] 1 :
toI3.84 2 6836 3 46,52 @ 498,52 @ 947,31 : 138,52 : 88679 ¢ WS : 6.2 : B8 ¢
T4 186 4665 1+ 6,88 1 +48.18 : +133.38: +12.82 : 12293 @ +3.41 : ¢ 121 : M7




that in the field.
b~ Fourth Instar (Sub-adult stage)

Four of the sight males which reached the sub-adult stage
in the experiment mentioned above, died before moulting
again. Consequently, an additional four males and four
fanales were added to the experiment. These were of a
gimilar size and weight to the animals which had Jjust
moulted to sub-adult and they were reared along with the
survivors of the experiment. Thus 12 females and eight
males were successfully reared to the adult stage. A
summary of the results is given in Table 6.7 and more
detailed results on individual spiders are shown in
Appendix 1 (Tables DLE) for females and males regspectively.
The mean duration of the sub-adult stage was 3@ days and
this would take the spiders up to late August. In the field
the spiders started to moult to adult in late August. As
the rate of development of the spiders in these laboratory
experiments was similar to that of spiders in the field, it
was assumed that the energy budgets obtained for the

splders in the laboratory would give a good indication of

energy requirements of spiders in the field.
c- Fifth Instar (Adult stage)

ALl of the 12 females were reared until the time of eqQg




production in the field - which is normally in mid-October.
However, only four of them produced egqg sacs. The reason
for the death of the remaining eight épiders was not
obvious. During the experiment adult males were added to
females's cages to allow mating to take place. Mating was
observed during the experiment on a few otcasions. A
summary of the results for the four females which pt+oduced
2gg sacs is given in Table 6.8. The more detailed results
on individual spiders are shown in Appendix 1 (Table &).
From moulting to adult up until the egg sac was produced
took, on average, 38 days (Table 6.8). If moulting to adult
occurs in late August then this would result in egg sac
production in early to mid-October. Field observations
indicated that females started to produce egg sacs in
mid—~October. Hence, the r;te of development in the

laboratory was similar to that in the field.

On moulting to adult, males ceased to build webs and fed
little. Occasionally they were observed to feed on prey
cawght by females. Attempts to carry out feeding
experiments on adult males provided no satisfactory

results.




2- Energy Budget of L. triangularis

a- Early Instars: From egg sac emergence until moulting to

sub—-adult stage

Egg sacs were collected, as they were about to hatch, from
the Ffield in Ross Wood in mid-May 1981. 0Of the 28
spiderlings which emerged from the egg sac on 17 May 1981,
15 were reared successfully until they moulted to second
instar and 13 of these survived to moult to third instar.
Eight of the spiders moulted to fourth instar (sub-adult).
On mouwlting to third instar, seven of the 13 spidersl were
found to be females and on moulting to fourth instar, six
of the eight spiders were found to be females. BRecause of
the level of mortality in this experiment, another
experiment was started by collecting spiders from the field
in mid-June. They moulted to third instar animals which
were similar in size and weight to the 13 spiders which had
moulted to third instars in the laboratory experiment. 20
spiders, 10 females and 10 males, were reared and 15 of
these, eight females and seven males, reached the sub—adult
stage. A summary of results of the first and second instar
of the first experiment and the third instar of second
experiment is given in Table 6.9. More detailed results on
individual spiders are shown in Appendix 2 (Tables 1-3).

The average time from egg sac emergence on 17 May 1981 to




Table 6.9: Sumaary of laboratory feeding experisents on early instars of the spider Linyphia triangularis

- 60

joules unless otherwise indicated). The nusber of spiders examined are given in parenthesis.

(expressed as

H H . ) . . t t] H ti )
s Spider : Initial : Final : Weight : Weight : Exuvia: Food : Food : Food ¢ Growth ¢ Ingestion : Duration :
: Instar : Meight : Weight : Increase : Increase : ¢ Killed : Remains : Consused : Efficiency : Efficiency : (days) :
: (R (mg) (ng) (ng) H : : : : [$3] : [§4] :

: fst : 0.23 : 076 @ B.53 : 294 : B2 : 24.44: 1769 : 675 : 4.3 : U9 6.48 :
¢ (15) @ +8.82 :+ 811 : +8.18 4+ B.66 B85 :+ 613 4417 : 176 : +74  : tA41 i +243:
o 2d o 877 0 23 0: LS9 ¢ 10.8@ : A53 : 66711 I : 2838 : JI o 434 3 1554
t (13) @ +0.11 4834 ;4033 :+2.22 :+40.18 : 415,94 H1.38 ¢ +5.12 ¢ +58 : +S52 : +3.3:
¢ Jrd : 2.54 : 484 @ 2,30 : 14.89 @ 1,18 : 9271 : 34.B6 : 5785 : 2.1 : 636 : 18.93:
T (15) 2 +@.45 ¢ 182 : +0.99 @+ 6.01 48,22 @+ 39.82: H9.79 : 422,82 : +61 1 +7.7 ¢ +3.47:
4. . . . -

Table 6.10: Suesary of laboratory feeding experisents on sub-adults of the spider Linyphia triangularis (expressed as joules

unless otherwise indicated). The nusber of spiders sxamined are given in parenthesis.-

: Ath : Initial : Final 1 Weight : Weight ¢ Exuvia : Food 1 Food ¢ Food s Growth 1 Ingestion : Duration :
¢ Instar 3 Weight : deight : Increase : Increase : 1 Killed : Resains : Consused : Efficiency ¢ Efficiency ¢ (days) :
t (n) : f(sg) : {ag) : (mg) : : H s’ : FIN ¥ 4 (1) 1 :
tFemale: 4.83 :11.25 : 643 : 4249 3 2.2 : 185.55: 49.84 : 13571 ¢ X6 : W3 : .88
¢ (B) 123 4267 4247 4+ 1524 :40.28 3t 42.62: 49.19 2 ¢ AD6 @1 t6@ 0 81 : #2275
s Male) : 4,86 21273 : 7.87 : S2.91 : 2.28 :289.41: S1.92 : $57.49 ¢+ /@ : Tab 1 .29 :
TN 14082 42,90 4273 : +18.89 :+8.38 1+ M.91:417.95 1 £ 3343 ¢ #8.2 @ 459 : +2.98 :

Table 6.11: Results of laboratory feeding experiments on fifth instar (adult fesales which produced eqg sacs)

of the spider Linyphia

spiders exaained are 4.

trianqularis (expressed as joules unless otherwise indicated). The nusbers of

.
s
.
s
.
H
.
.
.

Initial : Final : Weight : Neight : Food :Food : Food s Browth s Ingestion : Duration :
Weight : Weight : Increase : Increase : Killed : Remains : Consumed : Efficiency : Efficiency : (days) :
(sg) : f(ag) : (mg) : : : : (1 ER ¥ ] : :
11,68 : 33.07 : 2039 : 147.94 : 493.38: 9.3 : 4@3.85 : b9 : 8L&2 : .3
+2.74 24438 43N 2 430,24 411163 2182 ¢ .99 : 62 : +1.W : +5.13:




fourth instar was 43 days. This will take them up to early
July. In the field the spiders started to moult to
sub—-adult (fourth instar) in early July so‘that the rate of
development in the laboratory is similar to that in the

field.
b~ Fourth Instar (Sub-adult stage)

15 spiders, eight females and seven males were subsequently
reared and all of them reached the adult stage. A summary
of results is gQiven in Table 6.18. More detailed results on
individual spiders are shown in Appendix 2 (Tables 4%5) for
females and males respectively. The mean duration of the
sub-adult stage was 33 days for females and 29 days for
males and this would take them to early August. In the
field the spiders started to moult to adult stage in early

August.
c~ Fifth Instar (Adult stage)

All of the eight females were reared until the time of egg
sac production in the field, which is in early October.
However only six of them produced egg sacs. During the
experiment adult males were introduced to females’'s cages
to allow mating to take place. Mating was observed during
the experiment on a few occasions. The summary of the

results for the six females which produced egQg sacs 1is




given in Table é.11. The more detailed results on
individual spiders are shown in Appendix 2 (Table &). The
mean duration of the experiment, until spiders produced egg
sacs, was 60 days. This will take them to early Qctober,
which is the time when females in the field produce egg
sacs. Hence the rate of development in the laboratory is
similar to that in the field. Males feed little during the
adult stage and attempts to ca?ry out feeding euperiments

provided no satisfactory results.




3~ Energy Budget of M. mengeil
3.1~ Spiders with one year life cycle

a—- Early Instars: From egg sac emergence until moulting to

sub-adult stage.

Egg sacs were collected, as they were about to hatch, from
the field in Ross Wood in mid-July 1981, GFf the 15
spiderlings, which were reared aftter emerging from the egg
gac on 16 July 1981, only four were reared successfully
until mouwlting to second instar. Another experiment was
started by collecting spiderlings in late July 1981. When
they moulted to second instar they were similar in size and
weight to the four spiders which had been reared to second
instar stage. 195 out of 25 spiders were reared successfully
until moulting to fourth (sub—-adult) instar. On moulting to
sub-adult six of the 15 spiders were found to be females. A
summary of the results is given in Table 6.12. More
detailed results on individual spiders are shown in
Appendix 3 (Tables 1-3). The averagé time from eqQg sac
emergence on 16 July 1981 to fourth instar was 353 days.
This will take them up to early September. In the field the
spiders, which have a one year life cycle, started to moult
to fouwrth instar (sub-adults) by mid-September, so that the

rate of development in the laboratory is similar to that in




Table 6.12: Sumsary of feeding experisents on early instars of the spider Metelliina  mengei

otherwise indicated+5.D.). The nusber of spiders examined are given in parenthesis.

{expressed as joules unless

Instar : Initial ¢ Final

.

: Weight

Weight ¢ Exuvia : Food

: Food

: Food

Growth

+ Ingestion : Duration :

(n) ¢ Weight : Weight : Increase : Increase : : Killed : Remains : Consused : Efficiency : Efficiency : (days)
: : (ag) : (mg) (ng) ¢ : : : : [43] [v4]
s st ¢ 617 : 851 @ 034 : 2.5 : 8.13 : 12.43: 6.83 S5.72 ¢+ 4.3 &%.73 1.
: (4) :40.82 :+0.09 :+8.07 :+@.51 :+8.83 :+2.42:+1.95 : +0.72 : +53 +6.88 :+1.29
s 2d @ 0.5 3 1,26 ¢ 071 : 524 : 028 : 3B.15: 1428 : 1593 : HSH 52.73 19.28 :
TS $ 40,86 14025 4021 1151 4086 :+ 43814279 : 326 : +6.5 682 1 +2.18 :
: Jd o 126 : 265 : L3 : 9.4 : B.M4 @ 52.23: 19.88 : 3243 : .59 b1.74 28.47
s (15) ¢ +8.23 4059 : +0.59 : +3.59 :48.87 : +18.32: 44,68 : 4 1234 : 4431 + 463 : +3.5
Table 6.13: Results of laboratory feeding experisents on fourth instar (sub-adults) of the spider Metellina  mengei
(expressed as joules unless otherwise indicatedt5.D.). The number of spiders examined are given in parenthzsis.
t Ath 3 Initial : Final s Weight ¢ Weight : Exuvia s Food : Food @ Food : Beowth : Ingestion @ Duration :
¢ Instar ¢ Weight : Weight : Increase s Increase : s Killed : Remains : Consumed : Efficiency @ Efficiency ¢ (days)
T ) 2 (ag) : (mg) z () 2 : 1 s : HI 4} ) :
. 4] . . 3 . ] t i H 5 ] b}
tFemale: 2,73 : 6.8 ¢ 413 : 17.9¢ ¢ 1.97 : 81.83: 2097 : 6.9 : VB : 7BMW : 8.3 :
T ) 2 0.6 4069 :+8.72 :+ 588 +B.24 1 +31.73: +8.66 : +24.86 : +AT] +4.57 : +4M4
: $ t 3 : ] H $ ] : 1 : H
stale ¢ 3.67 : 7.81 :+3.94 : 1886 : 193 : 63.9: 19.99 : 63.97 : 3@ : 748 : 4.3 :
T3 14068 077 2 L2 973 037 :428.71:+2.88 @ £2629 : 6.8 $5.9% : +8.3 :




the field.

b~ Fourth Instar (Sub-adult stage)

0f the 15 spiders which reached the sub-adult stage seven
spiders, four females and three males, were successfully
reared to the adult stage. A summary of the results is
given in Table 6.13. The more detailed results on
individual spiders are shown in Appendix 3 (Tables 44%35) for
females and males respectively. The mean duration of the
sub-adult stage was 48 days and this would take them to
late October. In the field some spiders started to moult to

adult in early November.

c— Fifth Instar (Adult stage)

Shortly after moulting to adult, all the males died.

Females were retaimed in an incubator at 4 C to keep them

over the winter but they were dead by spring 1982.

3.2~ Spiders with two year life cycle

a= Fourth Instar

<5 spiders which were thought to be third instars were

tollected in late June 1981. When only two of them moulted

to fourth instar it was realized that that the remainder of




the spiders must have moulted to fourth instar before they
were collected. All the spiders were reared until they
moulted to fifth instar (sub-adult) in early August.
However, because most of the spiders were already fourth
instar at the beginning of the experiment, no results of

the experiment are included in this account.

b- Fifth Instar (Sub-adult stage)

20 spiders, 10 females and 15 males which had just moulted
to fifth instar (sub—adults) in early August were reared
until they moulted to adult in early September. A summary
of the results is given in Table 46.14. The more detailed
results on individual spiders are shown in Appendix 3
(Tables 6%7) for females and males respectively. The mean
duration of the sub-adult stage was 31 days and this would
take them to early September. In the field some spiders

started to moult to adult in late August.

c— 8Sixth Instar (Adult stage) in auvtumn

All of the 1@ females, which moulted to adult in early
September, were reared until they became inactive and fed
little at the middle of October. During the experiment
adult males were added to females’'s cages to allow mating
to take place, but neither courtship or mating was

observed. Five of the females were fed ad lib until




Table 6.14: Sussary of feeding experiments on fifth instar {sub-adults) of the spider MHetellina sengei  (expressed as joules
unless otherwise indicated+S.D.) —

: Sth : Initial : Final ¢ Weight : Weight : Exuvia : Food Food : Food s Growth : Ingestion : Duration :
:+ Instar : Weight : Weight : Increase : Increase : ¢ Killed : Remains : Consused : Efficiency : Efficiency : (days)
s (m) : (ag) : (mg) : (=g} H H H H H [¥3] H 1)

o se as

s Fegale : S5.38 : 11.65 ¢ 2.27 ¢ 3677 : 3.82 : 141.69: 33.69 : 108.83 : 3.4 : 76 : 308 :
s (18) @ 4+ 1,18 4187 4+ 1.22 2 49.86 4848 : 428,30 : + 9.86 : 42118 : + 486 : +34 : +ST

. g .

tMale : 551 11246 3 695 : 4220 : 363 : 165.39: 3B.BL : 12675 : 362 : 7673 : 3.7
THBET i+ 113 2 4888 789 4051 :+ 2538 +8.85 1+ 18.45 : +2.65 : +2.92 : +4.08

Table 6.15: Sussary of feeding experiments on adult females (sixth instar) of the spider Netellina mengei
in the autusn (expressed as joules unless otherwise indicatedtS.D.). The nusber of spiders exaained are {@.

¢ Initial : Final ¢ Weight ¢ Weight : Food : Food & Food : Growth : Ingestion : Duration :
: Weight : Weight : Increase : Increase : Killed : Resains : Consused : Efficiency : Efficiency : (days)

¢ (g} : (ng) : {(ag) : : : H () : {4 :

s 1165 : 19.74 ¢ B9 : 9.5 : 167.13: 27.98 @ 139.15 : 3|/.71 o €281 : I8
21,87 s+ 413 2 #4341 279 +91.72:¢ 1364 : £78.24 @ + 414 : +168 : +3.5 :

Table 6.16: Sussary of laboratory feeding experiments on adult fesales, which produced egg sacs, of the
spider Metellina mengei in spring 1982 (expressed as joules unless ctherwise indicated). The nuaber of
spiders exasined are 2.

t Initial : Final : Weight : Weight : Food : Food : Food : Growth ¢ Ingestion : Duration :
1 Weight : Weight : Increase : Increase : Killed : Resains : Consumed : Efficiency : Efficiency : (days) :
i olegd : (mg) : (eg) @ : H : N ¢4} s {0 t :

.

9.52 :2.69 : 17.18 : 1303
40.84 : 274 : t1.99 : 4.8

3676 68.34 1 318.42 43,65
D 424.80 : 00.49 1 +24.32 1 9.3

. . t]

8238 : 3.5 :
0.9 : 8.5 :

as 28 e ®
. as




late November 1981 but they did not produce egg sacs. Thew
were retained until the spring 1982. The other five females
were placed in a refrigerator at 4 C from mid-October 1981
to spring 1982. A summary of the results on 10 females
until they became inactive, is given in Table 6.15. The
more datailed results on individual spiders are shown in
Appendix 3 (Table 8). The mean duration of the experiment
was 38 days. This will correspond to a pericd of active

feeding until mid-0October.

g~ Sixth Instar (Adult stage) in spring

Three females out of five which were kept in the incubator
at 4 C over the winter survived until early May 1982. They
were supplemented with seven females collected from the
field. All of these 10 females were reared until the time
of egqg sac production in the field which is in early June.
During the experiment adult males were introduced to
females’' cages to allow mating to take place. Mating was
observed during the experiment on a few occasions. Egg sacs
were produced by only two females and the remaining eight
temales died before producing egg sacs. No reason can be
given for the mortality. A summary of the results of the
two spiders which produced egg sacs, is given in in Table
6.16. The more detailed results on individual spiders are
shown in Appendix 3 (Table 9). The mean time taken until

29y macs were produced was 35.5 days which would result in




egg sac production in early June. This

with the time when egg sacs are produced

Males feed little during the adult stage

carry out

results.
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corresponds well
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Growth and ingestion efficiencies

The growth efficiency is defined as the ratio of the
gnergetic equivalent of the weight increase, including
exuvia, during the instar to that of the food consumed,
expressed as percentage. The ingestion efficiency is the
ratio of the food consumed to the food killed. These
efficiencies of the various instars for the three species
are shown in Tables 6.17-6.18 and presented in Fig.6.3 &

6. 4'

Statistical tests (t-tests) indicated that, in general, the
growth efficiency decreases from first instar to the second
and from the second to the third. It then increases towards
the adult stage - with the exception of Lo

triangularis . The growth efficiencies of sub-adult

females and males are similar.

T-tests on the results indicated that, in general, the
ingestion efficiency increases from first instar to second
instar, with the exception of M. mengei . It then
increases through to the adult stage. The ingestion

efficiencies of sub-adult females and males are similar.




Tahle 6.17:

instars

numbers in parenthesis
values for spiders with
females

XX 23 35 3 &3 ws =5 23 &8s 33 xz =8 33

Metellina

of

- 71

Growth efficiencies

M.

Subadult
female

Subadult
male

B ke R e ——

Adult
female

0= 20010 st 40008 ot e e Smant e Seott

(mean + S.D.) of various
the  spiders Metellina segmentata ,
mengei  and Linyphia triangularis . The
are the numbers of samples. *
two vyear life cycle. # adult

mengei which produced egg sacs.
: Metellina : Linyphia :
H i ! triangularis @
: : 47.3 + 7.4 :
(1&6) H : (15) :
F39.03 + E.32 : X7.3 + 5.8 H
(186) H (1) H (173) H
i@.47 + 8.47 @ 29.9%9 + 4,31 : 28.1 + 6.1 :
(16) H (13) : (15 :
4@0.73 + .46 »  EZE.85 + 4.77 : 2.6 + 6.0 H
(12 : (4) : (8) '
1% D6.46 + 4.06 :
: (10 : :
9.0 + 1.96 @ F1.60 + 6£.81 @ 35, + 8.2 H
8 : €3 : (7) :
tH RH.RE2 + 2,65 :
H (13) H H
SO.53 + T.41 ¥ Z5.71 + 4013 ¢ T36.95+ 6.52 ¢
(4) H (1@) : (&) :
tH 435,65 + 2.35 @ H
: (2) H '
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Table 6.18: Ingestion efficiencies (mean + 8.D.) of
various instars of the spiders Metellina seqgmentata ,
Metellina mengeil and Linyphia triangularis . The
numbers in parenthesis are the numbers of samples. *
values for spiders with two vyear life-cycle. # adult

females M. mengei which produced egg sacs.
: Instar : Metellipa @ Metellina : Linyphia :
H : j : triangularis :
H 1st ' : 27.9 + 4.1 :
: ' : (13 :
H 2nd I8.24 + 5.82 T4 o+ 5,2 :
: (1&6) (13) :
Hrd 68.08 + 2.11 41.74 + 4,63 6.6 + 7.7 :

¥s =3 IT =S sa =5

Subadul t
temale

-t ooss oy $9oss e bttt o it rete

Subadult
male

Adult
female

a% 2Z® N =X ®% x8 2x 32 g3 sx 25 & 3z B

(16) : (1%) : (15)
76.79 4+ 5.5% 1 73I.98 + 4.57 : 73.3 + 8.1
(1) : (4) : (8)
¥ 76,30 + 3,04
: (1 :

76.55 + 4,46 1 74.87 + 5.90 : 75.6 * 5.9
(8) : (3) : (7N
1% 76,73 + 2.92 :
H (13) H
895,25 + 1.21 % 82.81 + 1.68 : B1.62 + 1.90
(4) : (1a) : (&)
r4 82,30 + 8.99 :
: (2) :
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Fig.b.4: Changes of ingestion efficiencies with age in t

three species.
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Duration of instar

The durations of instars are shown in Table 6.19. The
length of instar increased with age - with the first instar

being the shortest and the sub-adult the longest.

Total Energy Budget

On the basis of these results the amount of food required
by the spider species from emergence from egg sacs to death
can be calculated. The energy budgets for the various
stages of the life cycle of males and females of the three
species are given in Tables 6.20-6.30. The growth
efficiency for adult females is mainly production
efficiency as most of the increase in body weight is
related to gamete production - which is the energy going
into the egg sac. Exuvia production is considered as part
of body growth and the growth efficiency was calculted on

this basis.




Table &.19:
instars

s toan o v s e n ot s Gatot

e cove s o0at 30008 oron msns e Sores Pste

Subadult
female

Sub—-adult
male

100 et s Snong et Sn s it ot s

Adult
female

e 44998 rtnt bt o pyene o ot s

of

Duration

e s beaem st ooy cosen Soaen hoote conen Beske Soese daime eaem Shasm

(mean + S.D.) in days of various
the spiders Metellina segmentata ,
» mengei  and  Linyphia triangularis . The
parenthesis are the numbers of samples. *
spiders with two year life-cycle.
: : Metellina : Linyphia :
: H ! triangularis
H : : 8.4 «+ 2.1 =
H : 4) : (13) :
: : 19.2 + 2.2 +» 15.5 + I.4 1
2 H (13) : (13%) :
: 2E.9 + 2. : 28.9 + 3.6 18.9 + .2
. (16) : (15 : (15) :
r 29.89 + 2.5 & 48.5 + 4.8 : 3I2.9 + 2.8 :
: (12 : (4) : (8) :
: : % 30.4 + 5.7 = :
s : (10) : :
r 3.0 + 1.5 = 47.% + 8.5 : 29.2 + 3.0 :
: (8) : (3 H (7) :
: : % 31.5 + 4.@) : :
: H (13 H H
. 38.0 + 4.8 : 6.5 + 5.1
: (4 ) : : (&)



Table &.20: Energy budget of M. segmentata male until adult stage
(expressed as joules unless otherwise indicated).

e oo ey e e s - s e e o B s oo o S S, o S e

; Instar ; Food ; Food ; Food ; Weight : Exuvia : Growth :
: 1 killed : remains : consumed : increase : : efficiency @
| lst - Srd: 148.48 1 5715 ¢ 90.33 1 30.39 1 1.55 i 34.97
. 4th  : 147.40 : 35.07 : 112.32 1 40.90  : .08 :  39.13 s
. Total i 295.88 : 92.22 : 209.65 1 71.29 1 4.63 i 37.28

Table 6.21: Energy budget of M. segmentata female wuntil adult stage

{expressed as joules unless otherwise indicated).

z-—Ig;;;;h——:—;;;;———: Foad —;_ Food : Weight :—;;uvié—; Growth ;
: : killed ¢ remains : consumed : increase : : efficiency :
DSt - 3rd i 148.48 1 5715 i 9133 i 30,39 1 1.55 : 3897
L ath  : 136.58 1 S2.70 ¢ 105.88 ¢ 3B.64 ¢ .12 40.20
{ Total  : 265.06 : 89.85 i 195.21 : 69.83  : 467+ 775

Table 6.22: Total energy budget of M. segmentata female, which produced

g9 sacs (expressed as joules unless otherwise indicated)

! Instar : Food ; Food ; Food : Weight ; Exuvia ; Growth :
S illed s remains  enewned  nreR IR
;15t~3rd-: 148.48 1 57.15 ¢  91.33 : 30.39 : 1.55 1 34.97 :
P Mth i 136,58 1 52.70 1 105.88 : 38.64 :3.12 ¢ 40.20
toAdUt : 947.31: 138.52 : 608.79 : 488.52 ¢ 1 S0.53
tTotal : 1232.37 ¢ 228.37 1 1004.00 : 477.85 ¢ 4.67 ¢ 48.05
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Table 6.23: Energy budget of L. triangularis male until adult stage
(expressed as joules unless otherwise indicated)

+ Instar : Food : Food : Food : Weight ¢ Exuvia : Growth :
: : killed ¢ remains : consumed : increase : : efficiency :
: 1st -~ 3rd @ 183.86 : 90.88 : 92.98 r 27.74 1 1.83 : 31.80 :
: 4th » 209.11 @ 51.92 : 157.19 : 892.91 r 2.28 : 335.08 H
: Total : 392.97 :1142.80 1 250.17 ! 80.65 :

T T T L T o e p————
. .

Table 6.24: Energy budget of L. triangularis female until the adult

stage (expressed as joules unless otherwise indicated)

o s o o T g s

; Instar ; Food ; Food : Food ; Weight : Exuvia ; Growth ;
: t killed @ remains : consumed : increase : : efficiency :
ist - Srd : 183.86 : 90.88 : 92.98 : 27.74  : 1.83 : 5180
L ath i 165.55 : 49.84 : 13570 : 42.49  : 2.20 ¢ 3295
. Total |t 369.41 : 140.72 : 226.69 : 78.23  : 4.03 ¢ 3247

Table 4.25: Total energy budget of L. triangularis female, which
produced eqg sacs (expressed as joules unless otherwise indicated.

LR - -
H s i i s W e o v s e e ot e B o i e e ettt i B v s e o o e e v e B e et e e et ot e e R o e i W s et o s St s s e o e
- H

it Instar : Food ; Food : Food ; Weight : Exuvia @ Growth H
; :» killed : remains : consumed : increase : : efficiency @
ISt - 3o : 165.86 1 0.8 : 92.98 ¢ 2774 : 1.85 : SLee
L ath o e5.95 : 49.84 ¢ 13571 4249 f2.20 ¢ 295
. Adult 1 493,38 1 0.5 1 405.03  : 14798 P se.9s
D Total  : Be2.79 s 230.85 ¢ 651,74 § 218.17 i 483 : 3547
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Table 6.26: Energy budget of M. mengei male until adult stage (expressed
as joules unless otherwise indicated)

]
|
i
]
]
]
1
|

I
}
i
i
I
|
|
i
]
)
1
i
i
i
|
]
]
|
]

it e e s e e s

Exuvia :

:  Instar : Food : Food : Food : Weight : Growth

s : killed : remains : consumed : increase : + efficiency
s 1st ~ Jrd ¢ 94.81 : 40.48 : 54.13 ¢ 16.96 : 8.89 1 32.90

: 4th : 83.96 @ 19.99 63.97 : 18.86 : 1.93 1 32.50

:  Total ¥ 178,77+ 60.67 : 118.10 : 35.82 : 2.78 : 32.68
Table 6.27: Energy budget of Mo mengei female until adult stage
(expressed as joules unless otherwise indicated)

: Instar ¢ Food : Food : Food : Weight : Exuvia @ Growth

: : killed : remains @ consumed :@: increase ! : efficiency
!lst - 3rd ¢ 94.81 @1 40.68 54.13 @ 16.96 : @.85 . 32.90

: 4th 81.83 :« 20.97 : 60.86 : 17.9@ 1 1.97 32,61

: Total : 176,64 @ 61.65 : 114,99 ¢ 34.86 : 2.82 r 32,77
Table 6.28: Energy budget of fifth instar (sub-adult) M. mengei
(expressed as joules unless otherwise indicated).

' : Food ¢ Food : Food : Weight : Exuvia : Growth

: } killed : remains : consumed : 1ncrease @ : efficiency
! Female : 141,69 @+ 33.69 : 108.08 : 36.77 : 3.082 s 36.83

! Male T 165.39 ¢ 38.68B ¢ 126,71 ¢ 42.24 1 3.63 r 36,20
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Table 6.29: Energy budget of adult females (sixth instar)
M. mengel  in the autumn (expressed as joules unless
otherwise indicated)

» Food : Food : Food : Weight : Growth H
s killed @ remains @ consumed @ Increase : efficiency
v 167,13 3 27.98 @ 129,15 1 49,55 H 385,61 :

Table &.30: fEnergy budget of adult females (sixth instar)
M. Mmeneiel in spring (expressed as joules unless

otherwise indicated)

S aat 20000 e s Soset oo S soub Sernd Pevee Peoe Soamt

: Food : Food : Food 3 Weight : Growth H
s killed @ remains @ consumed @ increase ! efficiency
2Y9E.51 ¢ S2.28 ¢ 243.2F 1 99.63 :  48.88 H

s e it taros sates dmses Sanae cotts sovws 4ast W s Some soree sowws Aw Svene sovrs Somse S tannt todat SO Prare



Discussion

The main reason for carrying out feeding experiments is to
construct an energy budget for three of the apecies. AN
alternative method for constructing energy budgets for
animals is to cartry out respirometery experiments. Although
respiration experiments are much less time consuming than
feeding experiments, there are many variables which can
affect an animal ‘s respiratory rate and these are often
difficult to control(Phillipson 1962, 19633 Ito 1964;
Miyashita 19693 Anderson 19703 Humphreys 1973). Hence
feeding experiments will normally allow more reliable

energy budgets to be constructed.

Another reason for carrying out feeding experiments is that
they can give an additional insight into the life cycles of
the spiders. As was indicated in the results section, the
duration of the various instars in the feeding edperiments
corresponded well with those found from the population

study. Thus they confirm that M. segmentata  and L.

triangularis have a one year life cycle. They indicate

that M. mengei has a one year life cycle but may also

have a two year life cycle.

In all the feeding experiments the spiders ceased to feed
prior to moulting. The duration of this fasting perind was

greatest in the largest instars. These findings are in




agreement with with those found in other studies (Bristowe

1958; Humphreys 1977).

The results from the field study and the feeding

experiments indicated that M. segmentata , L.
triangularis and L. peltata all had Ffive instars.
When M. mengel  had a one year life cycle, like these

three species, it also had five instars but had six instars
when the life cycle took two YRAars. Some feeding
guperiments on spiders have indicated that the number of
instars wvaried with the feeding rate (Deevey 1949y
Mivashita 1948; Benforado % FKistler 1973) while other
studies indicated that the number of instars did not vary
with feeding rates (Turnbull 1962, 1265). Some studies have
shown that the number of instars can vary when the spiders
are reared under similar conditions of food and temperature

(Whitcombh et al 19464; Edgar 1968; Levy 197@)

In the present study the length of the instar increased
with age and this agrees with the finding of Miyashita
(1968). Edgar (1971) found a similar trend except that the
first instar was longer than the second. Deevey (1949)
found that the duration of the various instar varied with
the feeding rate while other studies revealed no trend with
regard to duration of the instars (Levy 19783 GBeyer 1971;

Humphreys 19763 Workman 1978).



Wwith regard to constructing an energy budget, difficulties
nccurred with respect to estimating the energy equivalent

of faeces, nitrogenous waste and silk,

8ilk production is considered to be part of the
"mroduction” in the energy budget (Fig.b6.1). It was not
measured during the feeding experiments. In the Metellina
species the loss of energy through silk production was
considered to be negligible. Metellina , like other orb
wab spinning spiders, eats the old web - thus recycling the

protein. This process has been shown to be 92-96% efficient

(Feakall 19713 FPeakall & Witt 197&)

Webs of Linyphia species were collected from the field.
Webs were collected for small instars, sub-—adults and adult
animals. These were dry weighed and gave average values,
for the three categories, of @.14, 0.428 and 1.03% mg
respectively. Energy determinations of Linyphia silk were
obtained using the bomb calorimeter and these gave average
values, for the webs of early instars, sub-—adults and
adults of 2.67, 7.81 and 20.29 Joules, respectively. These
are considered underestimates of the total cost of web
Production as the spiders repair their webs from time to
time. Energy is also expended in the spinning of the web.
Because of these uncertainties and because the energy going
into silk production was small compared with that of other

categories, no figures are given 1in the energy budget




for silk production in the Linyphia species.

Faeces and nitrogenous waste materials are produced by
spiders in a semi-liquid form. Attempts were made to
sstimate the amounts produced by collecting the material,
on pieces of filter paper which had previously been dried
and weighed. These were placed on the bottom of the rearimng
tubes or containers. Periodically these pieces of paper
were removed and dried, to estimate the amount of waste
material produced. In most cases no significant difference
in weight was recorded - indicating that insignificant
amounts of faeces and nitrogenous waste were produced. This
ig in agreement with the studies of Celerier (1971) and
Edgar (1971) who argued that as spiders digest their food
externally, and ingest their food in a fluid form, it is to
be expected that most of the food consumed will be
assimilated and hence little faeces will be produced.
Because of this and the fact that the energy content of
‘excretory material is known to be low (Van Hook 19713
Moulder % Reichle 1972), the energy lost as faeces and

nitrogenous waste was assumed to be negligible.

Celerier (1986) indicated that loss of energy in the form
of exuvia was a not insignificant part of the energy
budgets of spiders. In the present study energy loss in the
form of exuvia, as a percentage of the total production,

varied, in the different instars, from 4.1-7.8 in M.



segmentata , from 4,2-6.9 in L. triangularis and from

4,6-9,9 in M. mengei . Larger specimens of Metellina
species lost proportionally more energy in exuvia than

amaller ones but there was no such trend in L.

triangularis . No explanation can be given for these

differences. Geyer (1971) reported that exuvia represent 6%

of total production in M. segmentata .

These values are low compared with those reported for other
spiders. Edgar (1971) found values ranging from 8.2-23.9%
in the wolf spider Pardosa lugubris and Humphreys
(1978) from 4.0-28.1% in the wolf spider Geolycosa
godeffroyi . Steigen (1975) reported a remarkable value of
42.17% for the 6th instar female of the wolf spider

Pardosa palustris - the values for the other instars

ranged from 4.0-24.8%. The wider range in values in these
studies compared with the values in the present study, may
reflect the fact that these spiders have a two vyear life
cycle and consequently have lower growth rates than the

spiders with an annual life cycle.

Lindeman (1942) indicated that animals at progressively
higher levels in the food webs wutilized their  food
Progressively more efficiently. With regard to feeding
B**iciency, there are three different “"efficiencies" which
can  be considered - namely ingestion efficiency,

assimilation efficiency and growth efficiency.




Ingestion efficiency is the ratio of energy of food
consumed / food killed, expressed as a percentage. In the
current study M. segmentata had a higher ingestion
efficiency than M. mengei which had a higher efficiency

than L. triangularis . The ingestion efficiency

increased from first to second instar, except in M.

mengei , and thereafter increased with each instar, up to

the adult stage. This trend was also found for L.

triangularis by Turnbull (1962) and in the wolf spiders

Pardosa palustris (Steigen 1975) and Trochosa

terricola (Workman 1978). The amount of food which vyoung
spiders can ingest may be limited by gut capacity (Nakamura
19683 Hagstrum 1970) and the increase in ingestion
efficiency with body size may reflect, at least in part,
gut capacity in relation to prey size. Edgar (1971,
working on the wolf spider Pardosa lugubris , fed the
smaller instars on much smaller prey than the larger ones
and did not find that ingestion efficiency increased with
size. Thus the first instar of P. lugubris had an
ingeation'efficiency of 71.9% and this compares with values

in the range 27.9-46.8% for the first instars of the three

spiders in the current study.

It is likely that in the field situation prey size will be
a better match for spider size and gut capacity and that

ingestion efficiencies will consequently be higher. Small




specimens of web building spiders might be able to catch
relatively larger prey items than small hunting spiders,
which might account for the higher ingestion efficiencies

on the part of the latter.

The energy content of the food remains, which ranged from
2%2.0~-23.9 J/mg dry weight, was lower than the energy
content of Drosophila (24.8 J/mg dry weight). This
indicates that the food ingested by the spiders has a
higher energy content of that of the prey as a whole, and

this is in agreement with the findings of Steigen (1975,

Humphreys (1977) and Workman (1978).

Assimilation efficiency is the ratio of the energy of the

food assimilated / food ingested, expressed as a
percentage.

Invertebrate carnivores, including spiders, have much
higher assimilation efficiencies than invertebrate

herbivores (Wiegert 1944; Moulder & Reichle 1972). This
reflects the nature of the food they ingest. As indicated
earlier, spiders predigest their food - which is ingested
in a semi~liquid form. Hence it might be expected that most
Of this food is assimilated and little faeces is produced.
The assimilation efficiencies quoted for spiders, which are
in the range 89-93% (Van Hook 1971); Moulder & Reichle

1972 Humphreys 1977; Workman  1978), confirm  this




expectation. For the purposes of this study the energy lost
as faeces was assumed to be negligible and consequently
food assimilated was taken to be equivalent to food
ingested. A similar assumption was made by Celerier (1971)

and Edgar (1971).

Growth efficiency can be expressed either as gross growth
efficiency or net growth efficiency (Phillipson 1966).
Gross growth efficiency is the ratio of the energy of
growth 7/ food ingested, expressed as percentage. Net growth
efficiency is the ratio of the energy of growth / food
assimilated, expressed as a percentage. FPhillipson (1966)
indicated that the former had a& range from 6-37% and the
latter from %5-60%. As food assimilated is assumed to be
eguivalent to food ingested in the present study, gross and
net growth efficiencies are the same. When growth
efficiencies are quoted in the literature they normally

refer to gross growth efficiency.

Long lived poikilotherms (ectotherms) tend to have lower
growth efficiencies than short lived ones (Mc Neill &
Lawton 1970) as respiratory costs become relatively higher
as the lifespan is increased. Phillipson (1966) indicated
that growth efficiencies are lower in older animals and
this has been confirmed in some spiders (Edgar 1971;
Steigen 197%; Humphreys 1976). Workman (1978) found no

trend in this respect while Kajak (1967) and Celerier
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(1971) found an increase. These differences may be partly
explained by whether or not later instars are of a longer

duration than earlier instars.

In the present study the growth efficiency decreased from
first to third instar and then, with the exception of L.

triangularis , increased up to the adult stage. The growth

efficiencies of sub-~adult males and females are similar in

the Metellina species but in L. triangularis it was

higher in males. This may account for the fact that males
moult to adult earlier than the females in this species. In
species of Fardosa (F. Lycosidae) the females had higher

growth efficiencies than the males (Edgar 19713 Steigen

197%) - which reflects the fact that adult females are much
heavier than males. Adult females of M. mengei in the

spring have a higher growth efficiency than in the autumn.
This reflects the fact that the spider is feeding actively

in the spring, prior to producing an egg sac.

As indicated earlier, growth efficiencies in carnivores are
higher than in herbivores. Thus growth efficiencies for
invertebrate herbivores ranged from 6-11% (Van Hook 1971)
While those for spiders ranged from 16.1-32.5% (Van Hook &
Moulder 1969; Hagstrum 197@; Edgar 1971; Humphreys 1978).
The growth efficiencies for the spiders in the current
study are higher than those previously quoted. Thus for the

three species up to moulting to  adult the  growth
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efficiencies ranged from 32.5-37.8% with the values for

females of M. segmentata and L. triangularis , up to

the stage when they produced egg sacs, being 48.0% and
%5, 2% respectively. These higher values may reflect the
fact that these spiders are sit—and—-wait predators with a
one year life cycle while most of the values in the

literature are for wolf spiders with two year life cycles.

Geyer (1971) gave an average value of 46% for the
production efficiency of a population of M. segmentata .

What is less easy to explain is the differences from the

value of 26.9%4 obtained by Turnbull (1962) for L.

triangularis . Kajak (1967) quoted values ranging from

33.8-57.4% for two Araneus species. Some doubt must be
cast on the validity of these results as Kajak assumed that

all the food killed was consumed.




CHAFTER 7



The Life Cycles of the Four Species

These accounts are based on information obtained from
laboratory rearing experiments and from field samples taken
to elucidate the age structure and seasonal weight changes
in the population. Thus the accounts are partly based on

information which will be presented later.

Metellina mengei

The life cycle of M. mengei is complex — with some of
the spiders having & one year life cycle and some a two

year one.

Females start to produce egg sacs in early June and by
mid-July the spiderlings begin to emerge. The fastest
growing of these spiders have reached the fourth instar
(sub~adult) stage by mid-October while the slowest growing
animals are first or second instars by the late autumn. The
spiders overwinter among the leaf litter and become active
in the spring. The sub-adult animals moult to adult about
mid-April. These fifth instar adults mate in early May and
the adult males die in early July. At this time the females
are producing egg sacs and by the end of July most of the

females have died.




The bulk of the spiders which emerged from the egg sacs in
mid-late July in the previous year overwinter as second and
third instars. These animals have a two yéar life cycle.
They grow fairly slowly during the spring and summer and
reach the sub—adult stage, which in this case is the fifth
instar, in August. Thus the two year animals have an extra
instar. By late September they have moulted to adult and
pverwinter with the spiders which emerged from the egg sacs
during the summer. Mating occurs in late April and in May

and egg sacs are produced in early June.

Thus in any year the adult population consists of sixth
instar (two year) adults and fifth instar (one year) ones.
The former bhreed earlier in the year and the presence of
the two groups results in an extended breeding season with
spiderlings emerging from egg sacs over a considerable part
of the summer. It is likely that most of the animals with a
one year life cycle have offspring which have a two year
life cycle, and vice versa. However, there is considerable
variability in the life cycle and there 1is probably no
rigidly fixed pattern. A summary of the life cycle is given

in Fig.7.1.




Fig.7.1: Fhenology of the major events in the life cycle of

Metellina mengei .
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Linyphia peltata

Females of L. peltata start to produce egg sacs in
early June. The spiderlings start to emerge in mid-July and
most spiderlings have emerged by late July. The spiders
grow quickly and start to reach the sub-adult (fourth
instar) stage by late August and by late September most of
the spiders are sub-adul t. Thus the overwintering
population consists mainly of fourth instars, with some
third instars and a few fifth instar males - which have
reached the adult stage by the late autumn., The spiders
pverwinter among the leaf litter and become active again in
the early spring. The bulk of the sub-adult males moult to
adult in mid-April, while the females are approximately two
weeks later in their development. Mating occurs in early
May and the adult males start to die in early June. At this
time the females are producing egg sacs and by the end of
July most of the spiders have died. A summary of the life

cycle is given in Fig.7.2.



Fig.7.2: Phenology of the significant events, of the major

cohart in the life cycle of Linyphia peltata . 7~
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Metellina segmentata

Females of M. segmentata start to produce egg sacs in
mid-October. The spiderlings from these emerge in early
June in woodland areas and slightly earlier in more open
areas. The spiders grow quickly and start to reach the
sub—-adult {(fourth instar) stage by early August and by
mid-August most of the spiders are sub-adult. The first
adults are found in early September — with females moulting
to adult slightly earlier than the males. On reaching the
adult stage the males cease building webs and start to
search for females. Mating occurs in mid-late September and
adult males start to die off in early October. By
mid-October the females are starting to produce egg sacs
and by mid-November most of the spiders have died. A

summary of the life cycle is given in Fig.7.3.



Fig.7.3: Fhenology of the significant events in the lifei

cycle of Metellina segmentata .
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Linyphia triangularis

Females of L. triangularis start to produce egg sacs in

garly October. The spiderlings start to emerge in late May
in woodland areas and a little earlier in more open areas.
The spiders grow quickly and start to reach the sub-adult
(fourth instar) stage by mid-July and by late July most of
the spiders are sub-adult. Males start to moult to adult in
garly August, while females are approzimately two weeks
later in their development. On reaching the adult stage the
males cease building webs and start to search for females.
Mating occurs in mid—late August and males start to die in
early September. The females start to produce egg sacs in
early October and by early November most of the spiders

have died. A summary of the life cycle is given in Fig.7.4.

A discussion on the life cycles of these spiders will be
presented at the end of the chapter on Population Age

Structure and Life Cycles.



Fig.7.4: Fhenology of the significant events

cycle of Linyphia triangularis .

in

the
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CHAFTER S



_94_
Population Age Structure and the Life Cycles
of the Four Species
The aim of this section is to examine the size (age)
structure of the populations of the four species throughout

the year and from this to deduce their life cycles.

Metellina mengei

Methods

Regular samples were taken from a large area dominated by

blaeberry, Vaccinium myrtillus , from late July 1979 ¢to

garly November 1981. Up until mid-July 1980 these were
taken by sweep netting but thereafter part of the area was
designated as the main sampling area (Area 6) and all
subsequent sampling was done by hand collecting - as this
method provided better representative samples of the spider
population (see chapter on Sampling Comparisons). The
spiders were assigned to instar on the basis of the length
of tibia 1 (see chapter on Determination of Instars) and
histograms were plotted of the size (age) distribution of
the spiders (Fig.8.1 & 8.2). The separation of the later
instars, on the basis of tibia 1, was less clear than that
of the earlier instars. Hence for sub-samples from mid and
late June and from mid-July 1980, cephalothorax length of

the spider was also measured, to provide an addition



Fig.B.l: Size (age) distribution of Metellina mengei

throughout the year 1979-1980 in Area 7. Samples

were taken by sweep netting.

Fig.8.2: Sire (age) distribution of Metellina mengel

throughout the year 1980-1981 in Area 6. Samples

were taken by hand cmllécting.
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feature on which to separate instars, and histograms were

constructed on this basis (Fig.8.3 & Fig.8.4).

Results

The chapter on the Determination of Instars indicated that
M. mengei has five instars. In the field some of the
gpiders have five instars and complete their life cycle in
one year. However, examination of Fig.B8.1 & 8.2 indicates
that there is a wide size range present in most samples -
and this is indicative of the fact that some of the spiders
have a two year life cycle. It will be argued that these
animals have an extra instar i.e. they are adult in instar
shﬁ and they attain a larger adult size than spiders with

a one year life cycle.

Despite the two different sampling methods used, the

pattern of the age distribution was similar in the two
vyears of the study. The new generation emerges in mid-July
and grows rapidly so that second instars are present by
late July and third instars by late August (Fig.8.1a,8.1b,
8.2a % B8.2j). By mid-September some of these have reached
fourth instar (Fig.8.1c & 8.2c). Males appear to grow more
slaowly than females, as Ffourth instars with swollen
Pedipalps (sub-adult males) are not evident until
mid-October (Fig.8.1c, 8.1d, 8B.1le, 8.2b, 8.2c, 8.2d) and

are larger than females (Fig.8.1d, 8.ie, 8.1f, B.2c



Fig.8.3: Size (age) distribution of Metellina mengei in -
| June and July 198@, in sub-samples which were taken

from Area 7, based on cephalothorax length.

Fig.8.4: Size (age) distribution of Metellina mengei in

June and July 1980, in sub-~samples which were taken

~trom Area 7, based on the length of tibia 1.
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g.2d). This sexual dimorphism is even more striking in the
adult stage where the front legs of the males are much
longer than those of the females (see section on Mating
pehaviour). This generation overwinters as a few first
instars, a peak of second instars, some third instars and
some fourth (sub-adult) instars (Fg.8.1f, 8.1g, 8.2d &
8.2¢). The fourth instars appear to moult to adult in late

April and early May (Fig.8.1g ,8.1h, 8.2g & 8.2h).

The rest of the overwintering population is made up of
adult animals. These are spiders with a two year life cycle
and it will be argued that they are adult in the sixth
instar. This can be seen by following the fate of the
spiders which overwinter as second and third instars. Ry
mid-June they are mainly third and fourth instars (Fig.8.1i
B.21) and by mid/late July they are mainly fourth and fifth
instars (Fig.8.1k & 8.23J) and some sub-adult males are
present. By August the bulk of these animals are fifth
instars (sub-adults) (Fig.8.1a, 8.2a % 8.2k) and by late
September most have reached the adult stage (Fig.8.1c &
8.2c). These animals overwinter and are joined as adults,
in the following May, by the overwintering sub-adults with
the one year life cycle. Mating occurs in late April, May
and June (see section on Mating Behaviour). Egg sacs are
Produced in June, July and early August (see section on Egg

Sac Production) and most adults have died off by August

(Fig.8.2a).




as indicated earlier, interpretation of the age structure
is most difficult in June and July. Thig is the stage at
which sexual dimorphism is becoming evidenf with respect to
tibia 1. The difficulty is compounded by the fact that
males appear to reach the sub-adult stage later than
ftemales. Support for this interpretation comes from Fig.8.3
where the age structure 1s represented in terms of
cephalothorax length - a feature which does not display the
striking sexual dimorphism which is found with respect to
tibia 1| (Fig.8.4). The July sample shows clear peaks of

fourth and fifth (sub—-adult) instars.

An analysis of size changes within instars, at different
times of the year, gives support for the interpretation
that some specimens can complete the life cycle in one year
while others take two years. The second and third instars
in late August/early September are larger than those in
October in both 1979 and 1988 (Tables 8.1 & 8.2). The
interpretation of this is that the August animals are
fast-growing one year specimens and the October ones are
slow-growing two year animals. The fourth instars in late
March are significantly larger than those in mid—-May (Table
8.3). The March animals are considered to be sub-adult (one
year) animals while those in May are the two year animals
With the extra instar. There is an increase in the size of
fourth instars between mid-May and mid-June (Table 8.3).

This ig thought to reflect the fact that males develop more




Table 8.1: Size (mean + S.D.) of tibia 1 (mm) of second and
third instars of M. mengei in 1979 (numbers of spiders
in parenthesis)
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: : 27/8/1979 10/10/1979 :
: 2nd : 2.65 + 0.07 0.40 + 0.04 :
: : (29) (14) :
: : t=2,92, d.f.=41, P<@.01 :
Ird : 1.09 + 0.08 0.94 + 0.08
. : (14) (15) :
. : t=4.97, d.f.=27, P<0.001 :

Table 8.2: Size (mean + S.D.) of tibia 1 (mm) of second and
third instars of M. mengei in 1980 (numbers of spiders
in parenthesis)
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' H S/9/1980 18/10/198@ :
: 2nd 2 B.45 + 0.04 P.61 + .04 :
: : {116) (176) H
: : d=6.76, d.f.=290, F<0.001 :
H 3rd H 1.5 + 2.08 .92 + 0.87 :
: H (28) (87) H
: : d=7.28, d.f.=113, P<0.0201 :
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Table 8.3: Size (mean + S.D.) of tibia 1 (mm) of fourth

instars of M. mengei in 1981 (numbers of spiders in
parenthesis)
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' 26/3/71981 15/5/71981 157671981 :
P 1.44 + @.01 1.29 + @.13 1.36 + B.13 =
' (7) (13 (68) :
; t=2.64, d.f.=20 t=2.04, d.f.=81 H

P<@.03 , P<@. QS




slowly than females and that the June sample has a larger
proportion of males. At this stage the sexual dimorphism,
with regard to tibia 1, is thought to be ha’ving an effect -
so that fourth instars which eventually become males are

larger than those which develop into females.

The sub-adult males in late July/early August are larger
than those in October and November in 1979, 1980 and 1981
{Table 8.4). The July/August animals are considered to be
fifth instar (two year) animals and the October/November

ones fourth instar (one year) specimens.

The size of adult males and females remains constant
throughout the autumn (Tables 8.3 & 8.6) in 1979 and 1980.
This indicates that none of the one vyear (fourth instar)

sub~adultes moult to adult in the autumn.

The adult females in late spring are smaller than those of
the previous autumn (Table 8.7). This 1is interpreted as
being due to the moulting of fourth instar (one vyear)
sub-adults to adult in the spring, which reduces mean adult
size. With experience, it is possible to distinguish fifth
instar and sixth instar adult females with a reasonable
degree of certainty. In May the fifth instar animals are
Emaller, lighter and have a lighter coloration than the
Sixth instar ones. In June the colour is similar in the two

9roups but most of the sixth instars have produced egg sacs
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Table 8.4: Size (mean + S.D.) of tibia 1 (mm) of sub-adult
males of M. mengel in different vyears (numbers of

gpiders in parenthesis)
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. (21) (%) :
. t=13.94, d.f.=28, P<0.001 :
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. 2.07 + .16 1.68 + .11 :
; (7) (5) :
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Table 8.3: Bize (mean + S.D.) of tibia 1 (mm) in adult
females of M. mengei , in Area &6, in autumn of 1979 and
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! 2,62 + 0.16 2.57 + @.16 2.63 + 0.27
: (19) (11) {(12) :
: t=0.8@, d.f.=28 t=0.65, d.f.=21 H
: Fr@.05 P>@.03 H
: S/9/71980 24/9/71980 10/10/1990 :
PO2.37 + B.19 2.41 + 0.15 2.32 + 0.16 @
: (12) (18) (13) :
i t=0.72, d.f.=28 t=0.65, d.f.=29 H
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Table B.b: Size (mean + S.D.) of tibia 1 {mm) in adult
males of M. mengei , in Area 6, in autumn of 1980
(numbers of spiders in parenthesis)
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Table 8.7: Size (mean + S5.D.) of tibia 1 {mm) in adult
females of M. mengei , in Area 6, from autumn to the
following spring (numbers of spiders in parenthesis)
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: (12) (19) :
: t=5.31, d.f.=11, P<0.001 :
H 10/10/1980 15/5/1981 :
H 2,32 + B.16 2.12 + 0.17 :
H (13 (15) :
: t=3.19, d.f.=26, P<0.005 :




by this time and the abdomen has a characteristic shrunken
appearance. They also look larger than the fifth instars -
although they may weigh less. The size of adult males shows

no change between mid-October and mid-May (Table 8.8).

Some additional samples in other areas during this period,
and some samples from 1983, 1984 and 1985, indicated that
details of the life cycle may vary from habitat to habitat
and from year to vear and that instar size can also differ

between habitats and between years.

Whereas the size of adult females in the main sampling area
(Area &) remained constant during the autumn (Table 8.5,
samples from an adjacent area (Area 7) indicated that adult
females decreased in size fi-om late September to
mid-October (Table 8.9). An explanation for this could be
that there is some moulting of fourth instar (1 vyear)

animals to adult in the autumn.

In Area 6 the size of adult females decreases from autumn
to the following spring (Table 8.7) in both years. In Area
7, however, there was no decrease between mid-October 1980
and late March 1981 (Table 8.1@). In 1984/85, sampling was
Carried out in an area dominated by blaeberry and in an area
where heather was the dominant vegetation, in early winter
8nd in the following spring. There was an increase in size

In the blaeberry during this period but no change in the
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Table 8.8: Size (mean + S.D.) of tibia 1 (mm) in adult
males of M. mengei , in Area &, from autumn to the
following spring (numbers of spiders in parenthesis)
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Table 8.9: Size (mean + S.D.) of tibia 1 (mm) in adult
females of M. mengei y in Area 7, in autumn 1980
(numbers of spiders in parenthesis)

: 10/10/1980 14/10/1980 H
! 2.47 + @0.17 2.37 + 0.16 :
: (43) (83) H
: d=2.84, d.f.=124, P<0.0035 H

Table B.10: Size (mean + S.D.) of tibia 1 (mm) in adult
females of M. mengei , in Area 7, in autumn 19820 and
spring 1981 (numbers of spiders in parenthesis)
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heather area (Table 8.11).

There was no change in the size of adult males from
mid-October to mid-May in Area & (Table 8.8) and no change
in size was found in Area 7 during the same period (Table
8,.12). The size of adult females decreases, from September
to the following May, in Area 6 in 1979-80 and 198@0-81 and
in Area 7 in 1980-81 (Table 8.13). Thisg is interpreted as
being due to the one year, fourth instar, moulting to adult
- gither in the autumn or the early spring. The size of
adult males in Areas & and 7 does not change between
September 1988 and May 1981 (Table 8.14). This is difficult
to explain in terms of the description of the life cvycle
given. One might have expected a decrease during this
period as the smaller one year animals were recruited into

the adult population.

The picture which emerges from this section is one of
considerable variability, with regard to body size, between
areas. This makes interpretation of the results more
difficult. The biological variability is further disﬁlayed
if comparisons are made of similar stages of the life cycle

in different years.

The sizes of sub-adult (fifth instar) males found in the
sunmer are given for four different years in Table 8.15.

The animals in 1979 are significantly larger than those in
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Table 8.11: Size (mean + S5.D.) of tibia 1 (mm) of adult
females of M. mengei in an area of blaeberry and an

area of heather in November 1984 and April 1985 (numbers of
spiders in parenthesis)
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Table 8.12: Size (mean + S.D.) of tibia i1 (mm) in adults
males of M. mengei , in Area 7, from autumn to following
gpring (numbers of spiders in parenthesis)
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Table 8.13: Size (mean + S.D.) of tibia 1 (mm) in adult
females of M. mengei in Areas 6 and 7 (numbers Of
gpiders in parenthesis)
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Table 8.14: Size (mean + S.D.) of tibia 1 (mm) in adult
males in Areas & and 7 (numbers of spiders in parenthesis)

: 0 S 0 WS W A WO ae0e e SPeee Sy o

SO e ar G o Moo s " SO G4 S Sobet e AP GeeC SAbE M SIARG (UG GASGE ARG L MMMt AR Serdd GYRR S GO Mvey WO TN SO Mef Ve St b SYERS SHAN SR Seve THAGS GHLRN WOrE Tealt

t=1.89, d.f=21, F»>2.05

Ut " o 1008 Sees b MO GG S0S00 SOPNS Aat0) S SASED SAIMD WASP GORE) USRS SEMY SUU SO0 $HPR G4 MMNSS SO Gmue Soles SOMiR GOMER Goese BAMM S WEEMS Soeef UOOH Grees WO Sl NS S es SN S SeeeS

' H 24/9/1980 15/5/71981 :
! Area 6 H 3.50 + @.22 3.38 + 0.16 :
: : (22) (3) :
' H t=1.2, d.f.=23, P>0.05 :
! : 23/9/1980 15/5/71981 :
' Area 7 : J.62 + 0.13 3.40 + .25

! : (3) (18)

:

1 0 s st e ot e s 0100 Pnees v




- 187 -

Table 8.15: The mean size of summer sub-adult
males of M. mengei in different vyears.

values joined by a line are not significantly
different at P=0.05 using t-test.

' ; 1979 ; 1984 ; 1980 : 1981
}Wean : 2.43 1 2.38 1 2.12 1 2.20 i
: + S.D : + 0.14 ; + B.12 ; + 3.18 ; + @.13 :
. No ¢ 32 : 8 i 22 i 18 1
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Table B8.16: The mean size of autumn sub-adult
males of M. mengei in different vyears.
Values joined by a line are not significantly
different at P=0.09% using t-test.
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Table 8.17: Size (mean + S.D.) of tibia 1 (mm) in adult
females of M. mengei in May 19820 and 1981 and in
"Blaeberry" area in May 1985 (numbers of spiders in
parenthesis)
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= (19) (15) (103) :
= t=1.18, d.f.=32 d=10.78, d.f.=116 :
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1980 (t=6.79, d.f.=52, P<0.001) and those in 1981
gignificantly smaller than those in 1984 (t=3.44, d.f.=24,
P<@.2@5). The sizes of the sub-—adult males (fourth instars)
found in the autumn, did not differ significantly between
the four years (Table 8.16). The size of adult females in
parea & in May 1980 did not differ significantly from those
in May 1981 but were smaller than those in the blaeberry

area sampled in 1985 (Table 8.17).

Spider size also varies in different vegetation types
within a year. This is seen from the size of adult females
and males in the blaeberry and heather areas sampled 1in
1984/83 (Tables 8.18 % 8.19). There was no significant
difference in the two areas, with regard to female size, in
mid-November 1984 and with regard to both male and female
size in June 198%5. However both males and females, in
heather in April and May 1985, are smaller than in
blaeberry during the same period (Tables 8.18 & 8.19).
These differences may simply reflect differences in the

rates of development in the two vegetation types.

Thus the life cycle of M. mengei can be of one or two
years duration. It seems likely that most animals which
have a one vyear life cycle will produce offspring which

Will have a two year life cycle, and vice versa . However,

it is clear that there is considerable variability in the

life tycle and there is probably no fixed pattern.
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Table 8.18: The difference of the mean size
(tibia 1 in mm) of adult female of M. mengei
between different habitats (Bl aeberry and
Heather) in late autumn 1984 and spring 1985.

H

Bl agberry : Heather : t-test

p—— P b

' :
; Date : Mean :  Mean : d.f. :
: : + S.D. : + S.D. : :
' : No : " No ' P :
. : 2.56 :  2.59 : d=0.44 :
r 1971171984 @ + @.18 : + 0.20 33 :
. : 43 : 1@ : >@.05 :
. : 2.67 @ 2.56 : d=3.39 :
: 3/4/1985 : + 0.18 : + @.18 136 :
: : 90 : 48 : <0.001 :
t 6/5/1983 : o+ 0.20 : + 0.20 139 :
: H 123 : 38 : <0.0e5 :
H : 2.55 : 2.47 @ d=1.21 :
! &4/6/1985 : o+ @.23 : + 0.19 87 :
' : 79 : 10 : »0.05 :

o s ot ot v st s o oo tomn saves e $] iy woves o vers et e e Sovon toms s U hves oot Saret Saene St o Want S

Table 8.19: The difference of the mean size (tibi

a

1in mm) of adult males of M. mengei between
different habitats (Blaeberry and Heather) in late

autumn 1984 and spring 19835,

! : Blaeberry : Heather : t-test

? B e § o o o e H

: Date H Mean H Mean H d.f.

: : + S.D. : + S5.D :

! : No : No H P

: H 3.84 s I.bbE @ 2.29

P 3/74/1985 1 o+ @.22 : + @.33 » 27

i : 44 : 20 : <0.05

! 2 3.90 8 3.58 5.54
P6/3/1985 @ + 0.25 1 + @.25 & 82

! : 53 : 31 : <@.001

B e et et et e s B e sovm oo seme soene e v o e oo 000 QT — W oo v oo oo e So0 S e e Suoat S Sen ey 80009
' H 3.84 H JI.79 @ @.42

P b6/6/1985 & + @0.29 : + @B.32 60

! : 52 : 1@ »@.05

b e e et e B ses o soore s e seoes e Yoo Sonn S o B s v e oot saoms s soven e ooy 0 oo caoee o oo e s R gt S Bonde e Sovon o Sa0ed
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Linyphia peltata

Methods

Regular samples were taken from a large area, where the

dominant vegetation was blaeberry ( Vaccinium myrtillus ),

from late July 1979 to early November 1981. Up until
mid-July 19880 these were taken by sweep netting but
thereafter part of this area was designated as the main
sampling area (Area &) and all subsequent sampling was done
by hand collecting - as this proved to be the best method
for obtaining representative samples (see chapter on
Sampling Comparisons). The spiders were assigned to instars
on the basis of the length of tibia 1 (see chapter on
Determination of Instars) and histograms were plotted of
the size (age) distribution of the spiders (Fig.8.5 & B.6).
Additional information was provided by sweep net samples
from an area of small coniferous trees in late August and
early September 198@ and from an area of heather
( Calluna vulgaris ) in September and late November 198@.
Additional sweep net samples were alsp taken in the spring

of 1980 to determine precisely when sub-adult animals moult

to adult.



Fig.8.5: Size (age) distribution of l.inyphia peltata

throughout the year 1979-1980 in Area 7. Samples

were taken by sweep netting.

Fig.8.6: Bize (age) distribution of Linyphia peltata
throuwghout the year 1980-1981 in Area 6. Samples

wereg taken by hand collecting.
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Results

pespite the two methods of sampling used, the pattern of
the age distributiar{ was fairly similar throughout the two

years of the study.

The results indicate that L. peltata has a one vyear
life cycle. There is, however, an indication that there are
two distinct cohorts within the population. The larger of
these has females which start to produce eqgg sacs in  early
June. The saspiderlings from these start to emerge in
mid-July and grow rapidly so that second and third instars
are present in late July and early August (Fig.8.5a, 8.6a &
8.63). By late August/early September some of these have
reached the fourth instar (sub-adult) stage (Fig.8.5b &
8.6b). Most of the spiders are sub-adult by mid/late
September (Fig.8.%c & 8.6c). The majority of spiders
overwinter as third instars or sub-adults (Fig.8.5e, 8.6e &
B.6m). The spiders overwinter amongst the leaf litter and
ne change takes place in the age structure of the
Population during the winter (Fig.8.3f & B8.6f). Males start
moulting to adult approximately two weeks earlier than
females (Table 8.20). By mid-May most of the spiders are
adult (B.5i 2 8.6h). Most males have died by early June
Fig.8.5j & 8.6i)., At this time the females start to

Produce egg sacs and by mid/late July most of the females

have died (Fig.@.=1 & 8.6j).



- 112 -

Table 8.20: Number of males and females spiders of Linyphia
peltata recorded in samples in early spring 1980 during
moulting to adults. (Numbers in parenthesis are percentage of
the spiders in that sex)

: Date of H Males ; Females :
: sampling f——————————=— P ————— B e P ————— :
: ¢ Sub-adult : Adult : Sub-adult : Adult :
. 31/3/198@ + 7 (10@) : @ @ i 11 (0@ : © @
. 11/4/1980 : 23 (100) : ® (@  : 52 <10@) : @ @
. 14/4/1980 : 16 (84.2) 1 3 (15.8) : 21 (100) : @ (@
© 18/4/198@ 1 12 (36.4) 1 21 (63.6) 1 27 (100) : © (@
: 24/4/1980 1 2 (8.7) : 21 (91.3) 1 13 (76.5) 1 4 (23.5) 1
. 30/4/1980 : 6 (15.4) : 33 (B4.&) : 42 (53.8) : 36 (46.2) :
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gevidence for the existence of the smaller cohort is less
complete. It is suggested that it is represented by the
adult females which are present in mid and late July
(Fig.8.5a 8.51 & 8.63). The indication is that these
animals have recently moulted to adult (Fig.8.51) and that
they are not the survivors of the adults which produced egg
sacs in early summer. Support for interpretation is given
by Fig.8.5h - 8.5k, as there is a group of spiders, at the
"+ail" of the distribution, which does not fit in with the
group which reaches adult in early summer. Thus the
smallest spiders in the overwintering group seem to give
rise to a cohort which reaches adult in mid-summer. The
offspring of these spiders seem to be represented by a
group of small spiders present in samples in autumn and
spring (Fig.8.4b, 8.6d, 8.6f & 8.646g). These give rise to

adults in late July (Fig.8.6J)
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Metellina  segmentata

Methods

M. segmentata is & widely distributed species. It
pccurs on a variety of vegetation e.q. small trees, bushes,
grasses and is found both in woodlands and in more open
areas. Samples were taken from June to October 1980, by
hand collecting, in two different areas. One area, Area 11,
was located in the Ross Wood and was dominated by
blagherry. The other, Area B3I, in Dawsholm Park (on the

putskirts of OGlasgow) and was dominated by grass and

different kinds of small shrubs.

Spiders were assigned to instar on the basis of the length
of tibia 1| (see chapter on Determination of Instars) and
histograms were plotted of the size distribution of the
spiders in samples from Dawsholm Park (Fig.8.7) and the
Ross Wood (Fig.8.8). In most of the samples the spiders
fell into two, or at most three, distinct size categories -
which were taken to correspond to the various instars. In
order to try to determine the number of instars all the
samples taken in each area were amalgamated. The results

are shown in Fig.8.9 (Dawsholm Park) and Fig.8.18 (Ross
Wood) ,



Fig.8.7: Size (age) distribution of Metellina

segmnentata throughouﬁ the year 1980 in Area BRI

Dawsholm parl.

in
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Fig.8.8: Size (age) distribution of Metellina
segmentata throughout the year 1980 in Area 11 in

Rose Wood.
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Fig.8.9: The numbher of instars of Metellina segmentata
based on s,ampléas from Area B3 in Dawsholm park in

198a.

Fig.d8.1@: The number of instars of Metellina segmentata

based on samples from Area 11 in Ross Wood in 1960.
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Results

The pattern of the age distribution is similar in the two
areas (Fig.8.7 & 8.8). At Dawsholm Park the new generation
emerges from the egg sacs in May (see chapter on Egg Sac
Froduction) and by early June some of the sgpiders have
reached the second instar (Fig.8.7a) and by late June some
of them are third instars (Fig.8.7b). By early August most
of the spiders are at the sub—adult stage and a few adults
are present (Fig.8.7d). By mid-September all the spiders

are adult (Fig.8.7e).

In the Ross Wood the pattern of the age distribution is
similar but spider development is slightly slower. Thus the
new generation emerges later than at Dawsholm Park (see
thapter on Egg Sac Froduction). By mid-June some second
instars are present (Fig.8.8a) and by mid-July some of the
spiders have reached the third instar (Fig.8.8b). By early
August most of the spiders are sub-adults (Fig.8.8c) and by

farly September most of them are adult (Fig.8.8d).

An examination of the amalgamated samples from the two
areas (Fig.8.9 % 8.10) suggests that M. segmentata has
Jinstars. There are three well separated peaks in the size
distribution at @.3-0.5mm, @.6~0.9mm and 1.1-1.7mm,
forresponding to the first three instars. Sub-adults range

frmﬂ1.9w2.5mm and adults from 2.1-4.8mm.
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Linyphia triangularis

Mathods

This especies, like M. segementata , is widely
distributed on a variety of vegetation types and occurs
hoth in woodlands and in more open areas. Samples were
taken from May to October 1980, by hand collecting, in two
different areas. One area, Area 8, is in the Ross Wood and
the dominant vegetation is blaeberry. The other area, Area
B2, is in Dawsholm Park and is in an open area of short

grass.

Spiders were assigned to instar on the basis of the length
of tibia 1 (see chapter on Determination of Instars) and
histograms were plotted of the size distribution of spiders
in samples from Dawsholm FPark (Fig.8.11) and the Ross Wood
(Fig.8.12). Additional samples were taken from Area 8 in
1981 (Fig.#8.13). In most of the samples the spiders fell
into one or two distinct size categories - which were taken
hncmrregpmnd to the various instars. In order to try to
determine the number of instars all the samples taken in
Bach area in 1980 were amalgamated. The results are shown

in Fig.s.14 (Dawsholm Park) and Fig.8.15 (Ross Wood).



Fig.8.11: Size (age) distribution of Linyphia

triangularis throughout the year 1980 in Area B2

in Dawsholm park.
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Fig.8.12 Size (age) distribution of Linyphia

trianqularis throughout the year 1980 in Area 8 in

Ross Wood.
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Figa.8.15: Size (age) distribution of Linyphia

triangularis throughout the year 1981 in Area B in

Ross Wood.
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Fig.8.14z: The number of instars of Linyphia

triangularis based on samples from Area B2 in

Dawsholm park in 198@.

Fig.8.15: The  number of instars of Linyphia

triangularis based on samples from Area 8 in Ross

Wood in 1980.
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Results

The pattern of the age distribution is similar in the two
areas in 1980 and in Area 8 between 1980 and 1981. At
Dawsholm Park the new generation emerges from the egg sacs
in parly/mid—-May (see chapter on Egg Sac FProduction and
Hirth Rate) and the spider population in late May consists
of first instars (Fig.8.11a). By early June the spiders
have reached the second instar (Fig.8.11b) and by late June
most of the spiders have reached the third instar
(Fig.8.11c). By +the third instar male spiders can be
distinguished by their slightly clubbed pedipalps. By early
July some of the spiders have reached the sub-adult stage
(Fig.8.11d). The pedipalps of the sub—-adult males are more
swollen than those of the third instars. By early August
about half of the spiders present were adult (Fig.8.11e)
and by early September only adult animals were present
(Fig.8.114¢). By mid-October all the adult males had died

and the population comprised of adult females (Fig.8.11g).

In the Ross Wood the pattern of the age distribution is
similar but spider development is slightly slower {compare
Fig.B8.11 % 8.12). Thus in Dawsholm Park on 24/6/80
(Fig.8.11c) most of the spiders were third instars whereas
in the Rogs Wood on 26/6/780 most of the spiders were second
iﬂmtmws(%ig.ﬂulﬂm). The changes in the age distribution in

the Rosg Wood are similar in 1988 and 19861 (compare



- 118 -

Fig.8.12 and Fig.13).

an examination of the amalgamated samples from the two
areas 1in 1980 (Fig.8.14 & 8.15) suggests that L.

triangularis has five instars. There are three well

separated peaks in  the size distribution at 0.4-0.5mm,
P.8-1.1mm and 1.3-1.8mm, corresponding to the Ffirst three
instars. Sub-adults range from 1.9-2.6mm and adults from

2.6-4.0mm.
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Discussion

gavory (1964) suggested that the number of instars required
by a spider to reach maturity varied. Bonnet (1930)
suggested that the life span and number of instars could be
increased by food shortages and Bristowe (1938) suggested
that these factors could be influenced by both feeding and
temperature. Bonnet (193@) suggested that the length of
life cycle varied with latitude and Bristowe (1939)
suggested that it varied with both latitude and altitude.
Thus it is argued that in lower latitudes, where
temperatures are higher and food more abundant, spiders
will have a shorter life cycle, will have fewer instars and
will have a smaller adult body size. Conversely in higher
latitudes spiders will have longer 1life cycles, more

instars and a larger adult size.

There is support for this view in the literature. Thus
Edgar (1972) found that the wol f spider Pardosa
lugubris had a two year life cycle in Central Scotland
but a mixture of a one and a two year life cycle in the
Netherlands. Toft (1983) found that M. mengei had a two
year life cycle in the northern part of its range and a one
vear life cycle in lower latitudes. Pennington (1977)
Feported that M. mengei has a two year life cycle in
West central Scotland while Geyer (1971) indicated that

that the species has a one year life cycle in the north of



gEngland. The current study indicates that the species in

central Scotland can have a one or a two year life cycle.

Edgar (1971) found that F. lugubris with a two vear
life cycle had an extra instar and the same was found faor
M, mengei in the current study. This flexability, with
respect to the number of instars, may allow the spiders to
wploit, in an optimum fashion, the resources and climatic
characteristics of & particular habitat or latitude. The
gize of M. mengei varies with latitude. Thus it is
gmaller in the south of England (Locket & Millidge 1953;

Bristowe 1958) and in France (Toft 1983%) than it is in

Scotland and in Scandinavia (Toft 1983).

With regard to the other three species in the current
study, they all have a one vyear life cycle and five
instars. Geyer (1971), Toft (1983) and Pennington (1977)
all reported that M. segmentata had a one year life
tycle but Pennington reported that the species had six
instars rather than the five found in the other two
studies. The life cycle and the number of instars reported
in the present studies for the two Linyphia species agree
with those of Toft (1976). The current study did reveal, in
L. peltata , a small cohort of spiders which grow more
slowly than the others and this sugqgests that a minority of

the spiders may have a two year life cycle during vyears

With cold summers and antumns.
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Egg Sac Froduction and the Rirth Rates of the Four species

The aim of this section is to provide information on egg
gac production and birth rates of the four species. This
includes the weight of the egg sacs and the weight and
number of eggs. It also considers the duration of the eqgg
gac periond and the time of hatching of the spiderlings. All
this information gives a greater insight into the life

cycles of the spiders and their mortality rates.

Metellina mengel.

Females of M. mengeil deposit their eggs in a spherical
mass of loose silk (Fig.9.1). (The whole structure, egqgs
plus surrounding silk, will be termed the egg sac while the
surrounding silk will be called the cocoon). The egg sacs
are deposited among plant stems, close to the ground, or in
Crevices in logs. After depositing their egg sacs and

camouflaging them with debris, females normally stay for a

short time beside the egg sacs.

Methods

Two batches of egqg sacs were collected in early June 1981,
Une batch was collected from the field and the other from
gravid females, which had been brought into the laboratory

3 few days marlier. The egg sacs were weighed and then



Fig.9.1: Egg sac of Metellina mengei .
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opened and the weight of eggs and cocoon determined
geparately. The weight of the females, which produced the
egg sacs in the laboratory, was also determined. To obtain
information on spider emergence 20 egg sacs were located in
the field in late June 1982 and these were aobserved from
time to time and the number of eqg sacs which hatched was
recorded. This gave some indication of the minimum duration
of the egg sac period but to obtain better information on
this, five egy sacs, produced in the laboratory, were

retained until the spiderlings emerged.

Results

1]

The results obtained from the analyses of the two eqgqg sac
batches are given in Tables 9.1 % 2. There is no
significant difference between the two batches with respect
to total egg weight, number of eggs, weight of individual
Bggs and weight of the silk coceoons. 0F the 2 egqg sacs
chserved in  the field 17(8%% emerged. Two egg sacs
disappeared, presumably eaten by predators, and a third
failed to hatch. Most of the 20g sacs had hatched by late
July {Fig.9.2). In the laboratary the egg sacs hatched in
pprovimately six wesks (X=41.4 + 2.6 days, n=3, range
B-44 days). As might be expected, the larger the amount of
f99 material produced the greater the amount of silk laid

o Nes s , . e .
COWn as a cocoon. Thus there is a significant correlation

between the weight of eggs per egg sat and the weight of
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Tahle 9.1: Weight and number of eggs in the egq sac,

of the egg and egg cocoon in
are mean + S.D.).

The figures in parenthesis are the numbers
which were examined. The weight unit is mg.
Dry ! Number : Wet : Wet ! Dry :
weight : of eggs : weight : weight : weight Hp
of eqgs : : of eqg : of cocoon : of cocoon :
3.13 : 49.38 1 0.19 : 0.57 : 0.50 :
.95 1 +13.47 : +0.02 : +0.09 : +2.09 :
(16) v (14) r (16) T (1&8) N G Y=Y '
Table 9.2: wWeight and number of eqgs in the egg sac, the weight of the egqg
and egg cocoon and weight of spent females of M.  mengei from the
lavoratory (values are mean +S.D.). The figqures in parenthesis are the

Wet

weight
of eggs

M.

nengei

from

the weight

numbers which were examined. The weight unit is mg.

¢ et

[

--------

¢ Dry 1 Number : Wet  Wet t Dry ! Wet
weight @ weight : of eqgs : weight : weight  : weight  : weight
* of eqgs ¢ of eggs : : of egg : of cocoon : of cocoon : of female
P28 324 ¢ 52,00 : 0.20 1 0.62 : 833 18.39
tLOE el r 48012 1 o001 @ 4200 @ .10 @ +2.81
4+ (14 ¢ (14 : (14 : (14) HE U )] v (14)

the field (values



Fig.9.2: Hatching of egg sacs of Metellina mengei  in
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the cocoon (r=0.8%5, d.f.=14, F20.001) (Fig.%.3).

To estimate the birth rate it is necessary to know the
aumber of eggs produced per female and the number of these
equs which develop to emerge as spiderlings. From the
observation of the egg sacs in the field it is known that
spiderlings emerge from 837 of the egqg sacs. An examination
of the gy sacs, after the spiderlings have emerged,

indicated that in M. mengeil , uwlike M. segmentata

and the two Linyphia species, almost all the eggs develop

into spiderlings.

Obtaining anrn estimate of the number of eqggs produced per
temale has proved to be difficult for a number of reasons.
There is evidence to suggest that the sixth instar adults
may produce two &#gg sacs within a few days. Thus, for
example, on 21/%/81 a gravid female, brought into the
laboratory, produced an egg sac which contained 49 eggs
(8.33mg) and two days later produced a second egg sac of 47
Bggs (10.34mg). A second female produced 48 eggs (8.48mg)
oan 176/81 and 41 eqggs (7.16mg)  three days later. It is
Possible that some other females brought into the
laboratwry had produced eqgg sacs in the day or two bhefore
Lapture. Hence the infbrmation on egg sac production in
Table 9.2 may not give a good indication of the total

Number of eggs produced per female.




Fig.?.3: The relationship between the weight of eggs and

the weight of the surrounding silk cocoon in  egg

sacs of Metellina mengei .
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pnother possibility is that females produce an additional
egg sac after & further period of feeding. This is thought
to be unlikely, as casual observation has shown that
females which produce two egg sacs, within a few days, have
a characteristic appearance - with a shrunken abdomern and a
moribund  appearance. Such animals, retained in the
laboratory, soon die. The work of Toft (1974) suggests that
M. mengel produces two egg sac batches between mid-May
and late July. This work involved dissecting animals and
counting developing eggs. Thus he calculated that an
average of 117.6 + 1i8.7 eggs were produced in  the first
batch and &2.5% + 23,8 in the second. As these
determinations were not based on examining egg sacs, they
would not  reveal the possibility that M. mengel
produces two egg sacs within a few days. Thus the two
spiders which produced two egg sacs in  the laboratory,
"within a few days, in late May and early June, produced a
total of 96 and 89 eggs. This is in reasonable agreement
with the estimate of 117 given by Toft, particularly if one
assumes that not all the developing eggs in the abdomen are

deposited in the egy sacs.

The second batch of eggs recorded by Toft are interpreted
as being those produced by the one year (fifth instar)
females. In the current study six females, collected in
farly July, produced an  egg sac. The egg sacs had  an

VErage weight of 8.9%mg. The eggs in these egg sacs were
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not counted or weighed but, assuming that egg size was
gimilar to that in the batches produced in late May/early
June, an @gg sac weight of 8.95mg would be equivalent to 42
pugs. Another female produced two egg sacs within a day
(64.4% and 4.789mg) giving a total egg sac production of
11.24 ~ which is eqguivalent to 33 eggs. The value given by
Tott for the second eqgg sac was 62.5 + 23.0 eggs. The large
standard deviation indicates much greater variability in
egg sac production than for the first egg sac and it could
be that some spiders produce two eqg sacs and some only
one. Again, assuming that not all eggs in the abdomen are
deposited in an egg sac, the results of the current study

are in reasonable agreement with those of Toft.

Un the basis of the above, one might argue that the 6th
instar adults produce two egg sacs within a few days and
that this represents between 99 - 100 eggs/female. There
are greater uncertainties in attempting to estimate the
number of spiderlings produced by fifth instar adults, as
it is not clear whether these animals produce one or two
299 sacs. The limited evidence from Toft (1974), and from
the present study, suggests that egg production by the
fifth instars shows much more variability than for sixth
instars, In the light of this no reliable estimate can be

given for egyg production per female.
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Linyphia peltata

L. peltata produces an oval-shaped egg sac which has an
outer layer of fine silk (Fig.9.4). The eqgg sacs are
normally deposited in depressions in dead leaves, among
grass roots or in crevices in logs or under stones. This
tendency to deposit the egg sacs in crevices is also seen
in the laboratory - where they are deposited in the corners
of the rearing containers (Fig.9.4). After depositing their
egg sacs and camouflaging them with debris, females

normally stay for a short time beside the egg sacs.

Methods

Two batches of egg sacs were collected in early June 1981.
One was collected from the field and the other from gravid
females which had been brought into the laboratory a few
days earlier. Egg sacs were weighed and then opened and the
2895 and cocoon were weighed separately. The weight of the

females, which produced the egg sacs in the laboratory, was

also determined.

To obtain information on spider emergence, 18 egg sacs were
located in the field, in late June 1982, and were observed
from time to time to record the number of egg sacs which
hatched and the date of hatching. To obtain more accurate

Information on the duration of the egg sac period, five egg



Fig.9.4: Egg sac of Linyphia peltata
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sacs, produced in the laboratory, were retained until the
spiderlings emerged. The number of these spiderlings, along
with the number of undeveloped eggs or épiderlings, was
recorded. This provided information on mortality within the

8gg sacC.
Results

The results obtained from the analysis of the two egg sacs
batches are given 1in Tables 9.3 % 9.4, There is no
significant difference between the two batches with respect
to total egg weight, the number of eggs, weight of
individual eggs and weight of the silk cocoons. There is no
correlation between the number of eqggs per egg sac and mean
8gg weight (Fig.9.5) and (Fig.9.6). As might be expected,
the larger the amount of egg material the greater the
amount of silk laid down as a cocoon. Thus there is a
significant correlation (r=0.85, d.f.=16, P<0.001) between

the weight of eggs per egg sac and the weight of the cocoon

(Fig.9.7).

Of the 18 2gg sacs observed in the field, 14 (78%4) produced
Spiderlings. Three disappeared - presumably eaten by
Predators, and a fourth failed to develop and had a fungal
growth in  it. The majority of egg sacs (B7%4), which
Produced spiderlings, had hatched by the end of July

Fig.9.8). 1n the laboratory the eqgg sacs hatched in
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Table 9.3: Weight and numper of eggs in the egg sac, the weight
of egg and egg cocoon in L. peltata from the field (values
are mean + S.D.). The figures 1in parenthesis are the numbers
which were examined. The weight unit is mg.

. et : Dry : Number @ Wet 1 Wet t Dry !
: weight @ weight : of eggs : weight : weight i weight !
: of eggs @ of eggs : : of eqg : of cocoon : of cocoon :
o 5.89 ¢ 1.9@ : 42,19 : @.14 : Q.29 : @.25 H
r +1.57 ¢ .55 : +11.43 @ +0.01 1 +0.24 : +2.04

¢ (L) (18) 1 (14) T (14) : (164) : (16) H

Table 9.4: Weight and number of eggs in the egg sac, the weight of egg and
egg cocoon and weight of spent females of L. peltata from the laboratory
(values are mean + 5.D.). The figures in parenthes is are the numbers which
were examined. The weight unit is mg.

.
H

tWet s Dry t Number : Wet T Wet : Dry ! Wet H
Pwetght : oweight : of eggs : weight : weight @ weight @ weight @
i of eqgs ¢ of eqgs : : of egg : of cocoon : of cocoon : of female :
P53 s 169 0+ 36.81 ¢ 0.14 & 8,28 -~ 18.39
AL 45 : +8.38 @ .01 @ +2.05 +2.01

(14)

a8 4o B0 eu
*8 oa A® pa =
8" es ne sa &

(6r ¢ &) 1 (16 & (16) 1 (18)

Y m——
H -




Fig.9.5: The relationship between the number of eggs in an
S egqg sac and the mean egg weight per egg sac in  egg

sacs of Linyphia peltata collected in the field.

Fig.9.6: The relationship between the number of eggs in an
2gy sac and the mean egg weight per egg sac in  egg

sacs of Linyphia peltata produced in the

laboratory.
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Fig.9.7: The relationship between the weight of eggs and’
the weight of the surrounding silk cocoon in  egg

sacs of Linyphia peltata in the laboratory.
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Fig.?.8: Hatching of egg sSacs of Linyphia peltata in

1982.
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approximately six weeks (X=42.6 % 1.1 days, n=5, range
41-44 days). The total number of spiderlings which emerged
from the five egg sacs in the laboratory was 170, while 28
pggs failed to develop. Thus the mortality of eggs within

the egg sac was 14.1%.

There is no indication that L. peltata produces more
than one &gg Sac. Spent females feed little, have a
characteristic shrunken abdomen, and a moribund appearance.
Field samples have indicated a high mortality rate (&1%)
between mid-May and mid-June - the period when egg sacs are
produced. Thus the mean number of eggs per egg sac in  the
field samples, 42.2 (Table 9.3, can be taken as the
reproductive potential of L. peltata females. Mortality

within the egg sac was estimated at 14.1%, hence the

average number of spiderlings emerging from each egg sac is
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M. segmentata

M. segmentata produces a spherical-shaped egg sac. The
cocaon comprises of a loose mesh of silk. The egg sacs are
deposited in crevices. These may be amongst plant stems
near the ground, near the base of tufts of grass, in the
park of trees or logs, or in a variety of similar
situations. Females do not guard their egg sacs but stay

for a short time. They may camouflage them with debris.

Methods

Two batches of egg sacs were collected in October 1982 from
Ross Wood. One batch was collected from the field and the
other from gravid females which had been brought into the
laboratory a few days earlier. Egg sacs were weighed and
then opened and the weight and number of eggs were
determined. The weight of cocoons were determined after the
removal of the eggs. The weights and sizes (tibia 1) of
adult females which produced the egg sacs in the laboratory
were determined. A further batch of egg sacs was obtained
in late October 1981 and another in late October 1983 from
Dawsholm Park. The number and weight of eggs in these

additional egg sacs were calculated.

To obtain information on spider emergence and hatching

Success, in two different localities, 25 eqQg sacs were
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located 1n early November 1981 in Dawsholm Fark and, at the
same time, seven egqg sacs were located in Ross Wood. They
were observed from time to time to record the number of egg
sacs which hatched and the date of hatching. To obtain
arcurate information on the duration of the eqg sac period
spven egqg sacs were retained in the laboratory until the
gpiderlings emerged. Mortality of eggs within the egg sac
was estimated by two methods: (a) By examining 1@ randomly
selected egg sacs of those which hatched in Dawsholm Park
to record the number of undeveloped eggs or spiderlings.
The numbers of spiderlings which emerged were estimated by
counting, under a binocular microscope, the exuvia which
remained inside the egg sacs. These are the casts of the
first moulting, which occurs inside the egg sac. (b) By
examining the egg sacs which hatched in the laboratory. The
number of spiderlings which emerged, and the number of

undeveloped eggs or spiderlings, were recorded.

Resulte

The results abtained from the analysis of the two egg sacs
batches are given in Tables 9.5 and 9.6. There is no
Significant difference between the two batches with regard
to total agq weight, number of eggs, weight of individual
®99s and weight of silk coccon. There is no significant
frrelation between the number of eggs and the weight of

Ndividual eggs (Fig.9.1@) and (Fig.9.11). As might be
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7able 9.5: Weight and number of eggs in the egg sac, the weight
of the egg and egg cocoon in M. segmentata from the field

(values are mean + S.D.). The figures 1in parenthesis are the
numbers which were examined. The weight unit is mg.

;wet t Dry : Number : Wet 1 Wet : Dry :
; weight @ weight : of eggs : weight : weight ! weight :
: of eggs ! of eggs : : of egqg : of cocoon : of cocoon :
: 31,97 ¢ 9.93 ¢ 78.63 : 0.41 t 1.99 1 1.69 :

+9.91 ¢ #2.92 1 +23.97 @ #A.B3 1 +0.49 : 10.47 :
¢ 17) s UM r (17 r (17 H (17) H (17) :

Table 9.6: Weight and number of eggs in the egg sac, the weight of egg and
BQ0 cocoon and  weight of spent females of M.  segmentata from the
lavoratory (values are mean +S.D.). The figures in parenthesis are the
funbers which were examined. The weight unit is mg.

Il ]

tHet o Dry : Number : Wet ! Wet : Dry ¢ Wet :
‘weight : weight : of eggs : weight : weight  : weight  : weight @
tof eqes : of eggs : : of eqg ! of cocoon : of cocoon @ of female :
IO 1052 ¢ 82,18 ¢ @41 1 2.06 1.8 ¢ 16,38
PARAT ¢ 265 r 422,17 .83 : +0.43 ¢ 4042 1 4295
Doy an s an : DS 0O B

(ty + an ¢ an




Fig.9.1@: The relationship between the number of eggs in an /

eqyg sac and the mean egg weight per egg sac in egg /

BACS letellina segmentat

field. |

|

Fig.9.11: The relationship between the number of eggs in an

#gg sac and the mean egg weight per egg sac in egd

sacs of Metellina segmentata produced in ”‘"’,

laboratory.
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expected, the larger the amount of egg material produced
the greater the amount of silk laid down as a cocoon. Thus
there is a significant correlation (r=0.80, d.f.=9, P<0.05)
hetween the weight of eggs per egg sac and the weight of
the cocoon (Fig.9.12). There is a significant correlation
between the size of the adult female and the weight of eggs

produced (r=0.83, d.f.=9, P<0.035) (Fig.9.13).

0f the 25 egg sacs which were observed in the field, at
Dawsholm Park, 24 (946.08%) produced spiderlings. One egg sac
‘disappeared - presumably eaten by a predator. 0f the seven
eqg sacs observed in the field, at Ross Wood, six (835.7%)
produced spiderlings. One of them disappeared — presumably
gaten by a predator. At Dawsholm Park the majority of egg
sacs (73.0%) had hatched by 13/5/1981 while at Ross Wood
the majority of egg sacs (60.0%) had hatched by S5/6/1981
(Fig.%9.14)., In the laboratory the egg sacs hatched 1in
approximately seven months (X=205.6+5.6 days, n= 7, range
198-217 days). The mortality of eggs within the egg sacs
Was estimated to be 22.0% in the field (Table 9.7) and

16.2% for those in the laboratory (Table 92.8).

There is nao indication that M. segmentata produces more
than one egg sac, hence the number of eggs in Table 1
{78.65 eggs) can be regarded as the total output of adult
female in the field. Eggs are subjected to & mortality

Within the egg sacs bf 22.0%, so the birth rate in the



Table 9.7: The number (mean + 5.D.) of exuvia (which represents the nuaber
of spiderlings wnich emerged from the egg sacs) the number of eggs and
spicerlings which failed to develop and the mortality estimate within the
gy sacs, of the spider M.  segmentata 1in the field. The figures in
parenthesis are the numbers which were examined.

Number of : Number of : Number of dead : Actual number ¢ Mortality @
. eyuvia @ dead eggs : sprderlings + of eggs / egg sac ¢ % :
5340 1,420 13.40@ : 68. 1@ : s
¢ 2,58 419. 984 : 122,74 T 2.8
U I (i (18) : 18 H H

Il
H »

Table 9.8: The numoer (mean * 8.D.) of spideriings which emerged from the egg
sats, the number of failed eggs and spiderlings and the nmortality estimate
within the egg sacs, of the spider M. segmentata in the laboratory. The
figures in parenthesis are the numbers which were examined.

1
v .

: Number of & Number of : Number of dead ¢ Actual number : Mortality :
i energed : dead eqgs : spiderlings ¢ of eggs / egg sac @ A !
! spiderlings : H : : H
¢ 68,57 ! 1.0 3.29 : 81.86 : H
T 4,58 POt6,71 +. 51 : +18.35 v 16,2
V) : (7 : {7) : {7) : t

Table 9.9: Weight (mg.) and number of eggs in  the
#99 sac, of the spider, M. segmentata  in
ditterent years (values are mean + .D.)  The

figures in parenthesis are the numbers which were
elamined,

i
i
i
i
i
i
i
i
!
i
!

! Year i Weignt of eggs :  Number of eggs :
Coieg 47.27 : 106. 58 :
o198y ' +14.10 : +o. 47 )
Q- ; (12) , i :
: R i SD. 68 . 79, IR ;
: 19g H :t“l'r . A : "_':16) e .
: (Lm : (12 :



Fig.9.12: The relationship between the weight of eggs and

the weight of the surrounding silk cocoon. in  egqg

sacs of Metellina segmentata in the laboratory.
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1% The relationship between the weight of eqggs

produced and the female size (as indicated by the

length of tibia 1) in Metellina segmentata .
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Fig.9.14: Hatching of egg sacs of Metellina segmentata

in 198%.
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field is 61.35 spiderlings per female.

Egg production differs from year to year (Table 9.9). Thus
gignificantly more eqg material (t=3.58, d.f.=11, P<2.05)
and significantly more eqgs (t=.-;.'61, d.f.=11, P<0.0%) are

produced in 1981 than in 1983%,
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L. triangularis

L triangularis produces a lens—~shaped egg sac which

has an outer layer of dense silk (Fig.9.15). The egg sacs
are deposited in the hollows of dead leaves, among plant
stems close to the ground, or deposited near the base of
tufts of grass or mosses. Females do not guard their egg
sacs but stay for a short time. They may camouflage them

with debris.
Methods

Two batches of egg sacs were collected in October 1982 from
the Ross Wood. One batch was collected from the field and
the other from gravid females which had been brought into
the laboratory a few days earlier. Egg sacs were weighed
and then opened and the weight and number of eggs were
determined. The weight of cocoons was determined after
removal of the eggs. The weights and sizes (tibia 1) of
adult females which produced the egg sacs in the laboratory
were determined. A further batch of egg sacs was obtained
In late October 1981 and another in late October 1983 from
Dawshol m Fark. The number and weight of eggs in these egg

SaCs were calculated.

"o obtain information on spider emergence and hatching

S 1y o . . L, . P
WCtess, in two diffterent localities, 25 egg sacs were



Fig.9.18: Egg sac of Linyphia triangularis .
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ljocated early November 1981 in Dawsholm Fark and, at the
same time, 11 egg sacs were located in Ross Wood. They were
ohserved from time to time to record the number of egg sacs
which hatched and the tate of hatching. To obtain accurate
information on the duration of the eqg sac period seven egg
cacs were retained in the laboratory until the gpiderlings
emerged. Mortality of eggs within the egg sac was estimated
by two methods: (a) By examining 1@ randomly selected egg
sacs 0f those which hatched in Dawsholm Park to record the
numbers of undeveloped eggs or spiderlings. The numbers of
gpiderlings which emerged were estimated by counting, under
a binocular microscope, the exuvia which remained left
ingide the egqg sacs. (b)) By examining the egg sacs which
hateched in the laboratory. The number of spiderlings which
emerged and the number of undeveloped eggs or spiderlings

were trecorded.

R@sults

The results obtained from the analysis of the two egg sacs
batches are given in Tables 9,10 and 9.11. There is no
significant difference between the two batches with regard
to total e2gyg weight, number of eggs, weight of individual
B9gs and welght of the silk cocoon. There 1is a negative
torrelation (r=0.46, d.f.=20, F{0.03) between the number of
B985 and the weight of individual eggs for the field batch

Flg.9.16). 1n the case of laboratory batch, there is also



Table 9.10: Weight and number of eqgs in the egg sac, the
of the egg and egg cocoon in
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L.

(values are mean *+ S5.D.). the figures in

numbers which were examined. The weight

triangularis from

weigh
the fiel

Dry 1 Number : Wet : Wet ¢ Dry
weight : ot eggs : weight : weight : weight
of eggs : : of egg : of cocoon : of cocoon
7.31 r 467.648 1 0.34 : 1.64 H 1.40
+1. r +18.52 @ +2.0Z r +B.36 1 #0233
(22 o (22) (22 : (22) : 2)
Table 9.11: Weight and number of eqgs in the egg sac, the weight of the egg
and egg cocoon and weight of spent females of L.  triangularis fros the

laboratory (values are mean + S.D.). The figures in parenthesis are the
nunbers which were examined. The weight unit is mg.

Number : Wet

Het : Dry : et Dry ! Wet

' weight i weight : of eggs ; weight @ weight @ weight @ weight

of eggs ¢ of eqgs ¢ : of egg ¢ of cocoon ! of cocoon : of female
78 : 7,55 3 59.81 : 8,35 : 1.51 : 1.3 : 12,81
27 1 Hub6 r 2199 ;o HD.B1 : 426 T .24 : 4168
i+ an ¢ (1D (11) ¢ 1

(an s a1

t
d

parenthesis are the
unit is mg.



Fig.9.16: The relationship between the number of eggs in an
egg sac and the mean egg weight per egg sac in eqgg

sacs of Linyphia triangularis collected in the

field.

{ .
- Fig.9.17: The relationship between the number of eggs 1n an
egg sac and the mean egqg weight per egg sac in  €dd

sacs of Linyphia triangularis produced 1in the

laboratory.
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an indication of a negative correlation, but this failed to

he significant (F1g.9.17). As might be expected, the larger
the amount of egg material produced the gréater the amount
of silk laid down as a cocoon. Thus there is a significant
correlation (r=0.87, d.f.=14, F<0.05) between the weight of
pggs per egqg sac and the weight of the cocoon (Fig.9.18).
There 1% & significant correlation (r=0.7%, d.t.=14,
FB.05) hetween the size of the adult female and the weight

pt eggs produced (Fig.9.19).

0f the 25 egg sacs observed at Dawsholm Fark, 15 (60.0%)
produced spiderlings, 18 egg sacs disappeared - presumably
were eaten by predators. 0f the 11 e®gg sacs observed in
Ross Wood, eight (72.7%4) produced spiderlings. Three of
them disappeared - presumably were eaten by predators. At
Dawsholm Farlk the majority of eqgg sacs (87.0%) had hatched
by 1%/5/1981 while at Ross Wood the majority of egg sacs
(75.0%)  had hatched by 22/5/1981 (Fig.9.20). In the
laboratory the egg sacs hatched in approximately seven
months (X=2@3.6+%.8 days, n=7, range 197-207 days). The
mortality of eggs within the egg sacs was estimated to be
8.5 Zln‘the field (Table 2.12) and 7.0 % for those in the

1aboratory (Table 9.13).

There ig no indication that Lo triangularis produces

"ore than one egg sac, hence the number of eggs in Table

710 (67,68 @ggs) can be regarded as the total output of
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Table 9.12: The number {mean + 5.D.) of exuvia, (which represents the number
of spiderlings which emerged from the egg sacs), the number of eggs and
spiderlings which failed to develop and the mortality estimate within the
eqq sacs, of the spider L. triangularis in the field. The figures in
parenthesis are the numbers which were examined.

':Number of : Number of : Number of dead : Actual nuamber ¢ Mortality @
s exuvia ¢ dead eggs : spiderlings : of eggs / egg sac : A H
57.88 : @8.38 3,10 : 63.20 H H
HI.49 1 +0.67 4.3 : +15.87 t BS
(10) {10) :

N P I (18)

Tabie 9.13: The number (mean + S.D.) of spiderlings which emerged from the
ey sacs, the number of failed eggs and spiderlings and the mortality
estimate within the egg sacs of the spider L.  triangularis in the
\aboratory. The figures in parenthesis are the numbers which were examined.

] . [
. . .

: Number of @ Number of : Number of dead : Actual number ¢ Mortality @
¢ energed i dead eqgs : spideriings : of eggs / egg sac @ A H
! spaderiings ¢ : : H :
16043 HEEE S U 8.43 : 65,00 : :
N YA B S R #.79 : +11.82 : 1.8
V) : (7 {7 : {7) ! :

Table 9.14: Weight (mg.) and number of eggs in the
899 sac, of the spider, Lo triangularis in
different YEAar S (values are mean + §.D.) The

tigures in parenthesis are the numbers which were
Blamined,

SR 4500 44oss it 1o0se st senss syees seims Srvan sevee suten saars Sases sewvn seven tooie W coose vose eems svnen soeen s Hmad 00t cmind b FUSE P00 Snpes Seres So0es LoLie Soons $000d

P Year ¢ Weight of eggs ! Number of eqgs i
P : 2. 47 : 68.15 :
' 1981 P +5, 52 : +15.46 :
N : (L) : (13 3
o 19027 : 55.90 :
: 198 : +7 L 4 : +12.56 :
. : (1@ : (e :
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Fig.%9.18: The relationship between the weight of eggs and
the weight of the surrounding silk cocoon in  &gg

sacs of Linyphia triangularis in the laboratory.
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Fig.9.19: The relationship between the weight of eggs /

produced and the female size (as

length of tibia 1)
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Fig.9.20: Hatching of egyg sacs of Linyphia triangularis
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adult female in the field. As egg sacs were subjected to a

mortality within the egg sacs of 8.5 % (Table ?.12), the

hirth rate can be taken as &1.9% spiderlings per female.

Egg production differs from year to year (Table 9.14). Thus
significantly more egg material (t=2.03, d.fu=21, P<0.05)
and significantly more eggs (t=2.04, d.f.=21, P<0.0%5) are

produced in 1981 than in 1983,




Discussion

spiders show varying degrees of parental care. Crab spiders
guard their eqggs (Levy 197@0) whereas wolf spiders carry
their egg sacs and also care for the young for several days
atter they emerge (Bristowe 1938). Some spiders of the
family Therididae feed their young (Norgaard 199463 Bristowe
19%58) . The four species under study display little care of
their offspring. They may camouflage the egg sac with
debris and hide it in crevices or other similar situations
and the females may stay with the egg sac for =&a short

period of time.

The four species differ in the timing of egqg sac

production. In M. segmentata and L. triangularis

the egqg sacs are produced in the autumn and the spiderlings

emerge from these about seven months later. In M.

mengei and L. peltata the egg sacs are produced in

Barly summer and the spiderlings emerge in about six weeks.

It was found that spiderlings of M. segmentata and L.

triangularis in open areas emerged from overwintering egg
205 earlier than those in woodland sites. This is

Presumably due to the higher temperatures in the open

areas,

e number of egge produced by the four species in  the

Currant study are broadly in agreement with the figures
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given by Toft (1976)— although his figures are based on
dissections of gravid females rather than examining egg
cacs. The most striking differences was that Toft recorded
an average egg production, for L. peltata , of 25 eqggs,
compared with a figure of 42 in the present study. The
figures were similar for the other species, but Toft

considered that the eggs were deposited in two batches,

compared with the one batch found in the current study.

In the present study the relationship between spider size
and the weight or number of eggs produced was investigated

in M segmentata and L. triangularis and a

significant positive correlation was found. A =similar
correlation has been found in many spiders (Feterson 1950;
Hackman 19963 Kessler 1971, 1973; kKoponen 1975; Wise 19763
Harrington 1978 3 Fritz & Morse 198%). This relationship
has also been found to exist in interspecific studies
(Feterson 1950; Enders 19763 Koponen 1976). Kessler (1973)
found that the relationship held, in general, for Pardosa
species but there were exceptions. He found that some
Species, of similar size, produced eggs of different sizes.

Asimilar gituation was found in the current study for the

two Metellina species where, although the adult females

are similar in sire, the weight of an egg of M.
sBgmentata is about twice that of M. mengei . Bearing
this in ming & more meaningful relationship might be

betwaen spider weight and egg batch weight.
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Turnbull (1962) indicated that L. triangularis , in

laboratory feeding experiments, produced a normal number of
eqgs when reared in conditions of food shortage, but that
these egogs were lighter than normal. Riechert & Tracy
(1975) also found that the weight of individual eggs was
determined by the amount of food. Kessler (19271) found that
in some Pardosa species lighter eggs were produced 1in
conditions of food shortage but in other Pardosa species
fewer eggs were produced but these were of a normal size.
In the current study there were variations in the numbers
of eggs produced and also in the weight of individual eggs.
This occurred both within years and between years. It was

not clear whether these reflected variations in food

supplies or differences in adult female body size.

In M. mengei there is little or no egg mortality but in
M. segmentata and the two Linyphia species egg
mortality ranged from 7-22%. Geyer (1974) and Lindley
(1974) both recorded undeveloped eggs in M. segmentata .
Beyer (1976) reported a remarkable value of 93.@8%4 - which
s far higher than the maximum value of 22% found in the
Current study. kKessler (1973) also found undeveloped egqggs
in Eé[ﬂgg@_ species and egg mortality has been recorded in
other wolf spiders. However these tend to be fairly low

With a value of 1.7% for the egg sacs of Pardosa

%ﬂ_ﬂ_‘é (Steigen 1975) and one of 3.4% in egg sacs of
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E, agricola (Albert % Albert 1976). Humphreys (1976)

reported a value of S.1%4 for Geolycosa godeffroyi while

Hackman (1957) and Edgar (1971) found that all the eggs
developed into spiderlings in the wolf spiders which they
studied. Harrington (1978) reported egg mortality up to

19.5% 1n the funnel web spider Agelenopsis potteri and

Fritz % Morse (1983) found a mortality of $.9% in eggs of

the crab spider Misumena vatia . Geyer (1976) reported a

high mortality (4@%) within the egg sacs of theridiid

gpider Robertus lividus . Lindley (1974) reported that

mortality of the whole eqgg sac could occur in M.

segmentata and in the present study, which monitored egg
sacs in the field, ®gg sacs also disappeared. This was

presumably due to predation — possibly by birds or carabid

beetles.
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Density Estimates of the Four Species
Introduction

Density values were obtained with a view to estimating
mortality rates and spider biomass. It was intended to use
this information to calculate the rate of energy flow

through the spider populations.

To work out generation mortality rates of an animal it is
necessary to know the numbers of reproducing adults, the
numbers of young recruited into the population and the
numbers of animals present at different stages in the life
cycle. In the case of M. mengei there are difficulties
in obtaining this information. The fact that some animals
have a one year life cycle and some a two year one, means
that each generation has to be considered separately. No
Separate density estimates have been obtained for the two
life cycles. As indicated in the section on Egg 8Sacs, no
reliable estimate can be given for the number of
spiderlings recruited into the population. Because of these
Mfficulties, no estimate can be given of generation
mortality. What is given in this section, for M. mengei

and the other three species, is estimates of spider density
8t various times of the year. This information can be used

tﬁelucidate the life cycle of the animal. It camn, in
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conjunction with other population data, indicate when
recruitement is occurring in the population and can
indicate changes in spider distribution and periods when

heavy mortality is occurring.

Methods

M. mengei  and L. peltata densities were estimated

by sampling in Area & from August 1980 to November 1961,

This area was dominated by blaeberry ( Vaccinium

myrtillus ) and a general view of the area is given in
Figol@.1. A grid aof 280 (2XIm) units was measured out in
July 1980 and hand samples were taken at approximately
A-week intervals. Sampling was only carried out on fine
days, so that density estimates would not be affected by
variable weather conditions. On some occasions the weather
deteriorated after sampling bhad started and when this
occurred the sampling was terminated and fewer units were
sampled. Thus orn gach sampling occasion 8-10 randomly

selected units were sampled. As both Lo

triangularis

were found in small numbers in Area &

Weechapter on Spider Distribution) these spiders were
sampled in two other areas. In both of these blaeherry was
8till the dominant vagetation but they were more open sites
than Area 6. M, segmentata was sampled in Area 13, The

maﬁb@””v in this area was taller than in Area & and was

C ; . s o ,
Ohmu@rably defoliated and small rowan and birch trees




Fig.1@.1: General view of Area 6, which was sampled for
density estimates of Metellina mengei and

Linyphia - peltata in 1980-1981.
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were scattered through the area (Fig.1@.2). L.
triangularis was sampled in Area 10. Besides being more
open the vegetation in this site was shorter than in Area 6
(Fig.10.3) . Both these areas were considerably smaller than
Area &. Area 10 consisted of 30 (2xim) units and Area 13 of
45 (2X1m) wnits. Both areas were sampled from late May /

garly June 1982 at approximately 2-3% week intervals. Ten

randomly selected units were sampled by hand collecting.

All the sampling areas had transverse paths between the
sampling wnits to reduce trampling on the vegetation during
gsampling. In the case of M. segmentata and Low

triangularis the number of spiders in each sample was

recorded and the spiders were then released back into the
sampling area. With samples of M. mengei and L
peltata the spiders were retained and used for other
purposes. It was not thought this proceedure significantly
affected subsequent density estimates as Area & was very
large and the number of units sampled on each occasion was

small, in relation to the 280 uwnits which comprised the

area



Fig.1@.2: General view of
density estimates

1982.

Area 13, which

of

Metellina

was sampled

segmentata

for

in







Fig.1@.3: General view of Area lﬁ, which was sampled for

triangularis in

‘density estimates of L.inyphia

1982.






- 158 -

Results

Metellina mengei

Estimates of spider density are given in Fig.10.4.
gpiderlings leave the egg sacs in July and this is
reflected in a significant increase in spider numbers
hetween early August and early September 1980 (t=3.88,
d.f.=9, P<@B.081). There was a drop in density between early
and late September (although the difference was not
significant), followed by & significant increase between
late September and early October (t=3.60, d.f.=18, P<0.0@1).
No satisfactory explanation can be offered for the decline

towards the end of September.

Peak spider densities were recorded in early October in
both 198@ and 1981 and there was no significant difference
in spider density, in October, between the two vyears
(t=1.13, d.f.=16, F>0.20). Spider numbers decreased sharply
from October to late November (t=10.05, d.f.=7, P<Q.001)
and remained at a similar level in late March and late
foril in 1981, This decline in spider density in early
winter ig probably due to a combination of spider mortality
and spider inactivity. The latter is certainly a factor as
Spider density increases in mid-May and was significantly
higher than in the previous November (t=2.61, d.f.=16,

P - , . . . .
2.225). As no recruitment occurs over this time it is



Fig.1®.4: Density estimates (mean+2SE) of Metellina

mengei throughout the year 1988~1981 in Area é.




A S O N

F M A M

‘w'bs g/s1apids jo JaquinN

A S O N D

J

J

J



- 151 -

assumed that the lower estimates in November, March and
ppril simply reflect a lower level of activity, due to

reduced temperatures during this period.

Gpider density in mid-May was significantly lower than in
the previous October and this is attributed to spider
mortality. Spider density decreased from mid-May to late
July - but the difference was not significant. There |is,
however, a significant decline in density from October 1980
to July 1981 (t=8.56, d.f.=18, P<0.001) and this drop in
density, from 146.6 - 3.2Zm , represents a mortality rate of
over 80@% over this 9.3 month period. It should be stressed
again that this represents overall mortality in a

population which comprises more than one year group.

From the minimum level in July, there is a sharp increase
in density in late August (t=2,61, d.f.=7, P<0.05) as the
new generation starts to enter the population and this
continued to early October (t=2.11, d.f.=14, P<0.05).
Spider numbers decrease sharply from early October to early
November (t=2.85, d.f=11, P<0.05) and this is again
attributed to a combination of spider mortality and reduced
aCtivity with the approach of winter. Mean spider density,

o each sampling occasion, is given in Table 1@.1.
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Table 1@.1: The mean density of the spider M. mengei

per 2 sqQ.m in Area 6, from early August 1980 until early
November 1981.

-
AR ST S 0000 v coren e 20000 rd 40200 Wom S st sogse v soass ) ssaus 2evie Grose Sveen meme SeUSY Seven B SRS SRR SR SHSIY SUSSE FOMRY IR M SO hes et WO

. bate of . Number of spiders : Number of
: sampling H Mean + S.D. : sampling units :
T eesteme : e.2m + 417z s :
f 5/9/1980 ; 25.50 + 11.1@ ; 8 ;
: 24/9/1980 : 17.40 + 11.03 : 12 :
: 19/10/71980 : 33.20 + 8.44 ; i@ :
: 2871171980 ; 4,25 + 3.06 ; 8 :
: 26/%/71981 : 7.00 + 4.71 : i@ :
: 227471981 ; 46.00 + 4.62 ; 10 :
; 15/571981 : 11.00 + 7.42 : 10 :
; 157671981 : 12.10 + 6.76 : 1@ :
; 29/7/1981 : 6.50 + 5.10 : 1@ :
; 28/8/1981 : 18.13 + 11,73 ; 8 ;
; 4/10/1981 : 28.75 + 8.07 : 8 :
E 571171981 : 18.60 + 4.45 : S :
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Linyphia peltata

The results are shown in Fig.10.5. The numbers of spiders
increase from early August to mid-October (t=4.54, d.f.=16,
p<@.201). This 1is due to the recruitment of the new
generation into the population. The density drops sharply
from mid-October to late November (t=6.24, d.f.=7,
F<R.001), presumably due to the spiders becoming inactive
during the winter. Numbers have increased by late March and
a peak occurred in mid-May. No recruitment occurs to the
population during this period and this increase is thought
to reflect increased activity as the spiders emerge from
the overwintering period. Thus the decrease in spider
density from mid—-UOctober to mid-May is taken as an estimate

of spider mortality during this period.

From a peak in May, spider density decreases to a minimum
level in late July (t=2.62, d.f.=9, P<@.05). This
Corresponds to the time when most adult spiders are dying
after havinglreproduced. From the lowest level in late
July, spider numbers increase sharply over the autumn as a
New generation emerges from the egg sacs. Thus there was a
significant increase between late July and late August
(t=2,74, d.f.=7, PLR.05) and between late August and early
October (t=2.72, d.f.=7, P<0.05), The increase between
Barly October and early November was not significant

(t=@'931 d.f.=11, P»2.05). In 1980 the highest recorded



Fig.1@8.5: Density estimates (mean+2S8E) of Linyphia

peltata throughout the year 198@-1981 in Area 6.
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density was in early October and in 1981 in early November
There 18 no significant difference between the peak
densities in the two years (t=0.45, d.f.=13, P>0.0%5) Mean

spider density, on each sampling occasion, is given in

Table 1@.2.



Table 10.2: The mean density of the spider Linyphia
Eﬂtata per 2sq.m in Area & from early August 1980 until

e s s s s S L o o st s e o e e s e S e S S o G s i o e )t et i L i St S s S

; Date of t Number of spider : Number of :
' sampling : mean + S.D. H sampling units 3
T esesieme :+ 1.78 + 2,19 1 s
: 5/9/1980 : 3.75 + 3.208 ; 8 :
: 24/9/1980 ; 5.68 + 5.19 ; 10 ;
: 10/10/1980 ; .00 + 4.06 : 10 :
: 28/11/1980 : 2.88 + 0.64 : 8 :
: 264/3/71981 ; 1.0 + 1.43 ; 1@ ;
: 22/4/1981 ; 2.20 + 2.15 ; 10 ;
: 15/5/71981 : 3.1@ + 3.35 ; i@ ;
; 157671981 ; .90 + 1.10 ; 1@ ;
; 29/7/1981 : 7.3 + @.48 ; 10 ;
; 28/8/1981 : 1.88 + 1.55 ; 8 ;
; 4/10/1981 ; 5.88 + 3.87 ; 8 ;
: 5/11/1981 : 8.00 + 4.18 ; S ;

AL 01 Mt o e e b st 40008 oa00s qoors S00ny Seswn Somie 8 wvass FRree G009 SvRS Peoos 99900 smawe (e $o4ne SO SONEL SHRED Moo AR Gnbee Grets doect $o4da et Wi ) coree ivad 0000 9000 SHMRE Momin Gue chime dbore 644 VRS U004 RS e oS M Mot o
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Metellina segmentata

The results are shown in Fig.1@0.6. The number of spiders
increased {(but not significantly) from early to mid-Jdune.
This is the period when the spiderlings are emerging from
the egg sacs. The fact that the increase was not
statistically significant is due to the very large standard
errors which reflect the clumped dispersion of the
spiderlings. There is no significant change in density
between mid and late June but npumbers decreased towards
mid=-July (t=2.28, d.f.=9, P{0.03). There is no significant
change in density between mid-July and late August and
between late August and mid-September. No significant
thange in spider numbers occuw between mid-September and
early October but the numbers decreased significantly
between early October and early November (t=2.52, d.f.=9,
F<8.25). This reflects the death of adult spiders after
reproducing. The results of the density estimates are

summarised in Table 10.3.
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Table 10.3: The mean density of the spider
Metellina segmentata per 2 Sq.m in Area 13 in Ross Wood
from early June 1982 until early November 1982.

e s i 1 A o o e S S it et St e e v e

!
i
!
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i
l
f
i
f
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1
l
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1
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|
i
|
i
i
|
i
i
H
i
!
i
i
i
i
1
I
I
!
1

B e e b e D e e s bl L T Sy

; Date of ; Number of gpider : Number of :
: sampling H mean + S.D. : sampling units :
. 3/6r1982 . tse+zs0 i 18 ;
: 17/6/1982 ; 5.60 + S5.66 ; 1@ :
: 25/671982 ; 4.50 + 3.41% : 1@ :
; 15/7/1982 ; 1.80 + 1.55 ; 10 :
: 29/8/1982 ; 1.5@ + 1.58 : 10 :
: 15/9/1982 ; 2.90 + 1.1@ ; 10 :
; 10/10/1982 ; 1.18 + 1.1@ ; 1@ :
; 571171982 ; .30 + @.48 ;_ 1@ ;



Fig.1@.6: Density

segmentata

estimates (meant+SE) of Metellina

throughout the year 1982 in Area 13.
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Linyphia triangularis

The results are shown the Fig.1@.7. There i.s no significant
change in the density between 22/5/82 and S5/6/82 but
numbers decrease significantly during June (t=2.92, d.f.=9,
P{B.05). The decline between late June and early August is
not significant but there 1is a significant drop during
August  (t=2.91, d.f.=18, P<@2.05). This 1is thought to
reflect the death of adult males during this period. There
was no significant decrease between late August and late
September or between late September and early October.
There was, however, a significant decrease between early
October and early November (t=3.50, d.f.=18, P<0.85). This
is attributed to the death of adult females after they have
produced egg sacs. The results of the density estimates are

summarised in Table 10.4.
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Table 10.4: The mean density of the spider Linyphia
trianqularis per 2sg.m in Area 10 in Ross Wood from late

May 1982 until early November 1982.

e e e T e L b T T e R IV v ——

: Date of ; Number of spider : Number of

: sampling H mean + S.D. : sampling units :
" 22/s/1982 1 7.9 + e85 : 1@ ,
: 5/6/198% ; 7.80 + .58 : 1@ :
: 28/6/1982 ; 4.20 + 1.55 ; 10 ;
: 15/7/71982 ; 3.30 + B.95 : 10 :
: 5/8/1982 ; 3.50 + 8.85 ; 10 :
: 29/8/1982 ; 2.40 + 0.84 ; 10 :
: 20/9/71982 : 2.1 + 1.10 : 1@ :
; 10/10/71982 ; 1.60 + B8.70 ; 12 ;
; 5/11/71982 ; .50 + 0.71 ; 10 ;



Fig.1@.7: Density estimates (meant25E) of Linyphia

triangularis throughout the yéar 1982 in Area 10.
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piscussion

Density estimates were obtained by hand collecting because
thiz was the best sampling method (see chapter on Sampling
Comparisons). However it is influenced by spider activity
and the low numbers in early winter and early spring may be
due, in part, to spiders moving into overwintering sites
such as crevices in the bark of trees, in clumps of mosses

or in piles of leaf litter.

The patterns of spider density are similar in M. mengei
and L. peltata . Thus peak density occurred in
mid-October (16.6 spiders/m= for M. mengei and 4.35
spiders/m= for L. peltata ). Spider numbers dropped
during the late winter and the spring, +for the reasons
indicated abave, and rose to a second peak in mid-May (5.5

spiders/m* in M. Mengei and 1.6 spiders/m2 in L.

The changes in spider densities are similar for M.

segmentata and L. triangularis . The spiderlings

Emerge from the egg sacs in early summer and peak densities

OCCur  in late May for L. triangularis (4.0
iders/m=) and in mid-June for M. segmentata (2.8
fpiders/m=). The density of spiders in mid-October was

B.8/m= for |,

triangularis and 0.6/m= for M.

5‘?9@@21;3}33 « In the case of L. triangularis only adult
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females are present at this time while both adult males and
females of M. segmentata are represented.

There are relatively few studies which give density
estimates for web spinning spiders. Duffey (1962) gave a
valug of 1.2 spiders/m= for field layer spiders in Wytham
Wood in October 1951. This value is low compared with those
in the present study. In October 1980 the combined density
for M. mengei and L. peltata was 21.1 spiders/m=.

The average annual densities for the four species were M.

mengei &6.53/m=; L. peltata 1.3/m=; M.

segmentata 1.1/m*®  and L. triangularis 2.3/m=.

These results are comparable with those found by Kajak
(1967) for three orb web building spiders - Araneus
quadratus &.4/m=; A, cornutus 1.9/m= and Singa

hamata 2.4/m=.
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Seasonal Weight Changes in the Four Species

Introduction

The aim of this chapter is to investigate the seasonal
weight changes in the four species. This, combined with
density estimates, would allow biomass to be calculated
throughout the year and would provide additional

information on the spider life cycles.

Methods

The sampling areas were the same areas, or similar areas,
as those sampled for density estimates. M. mengei was
sampled from August 1980 to November 1981 in Area & by hand
collecting. Samples of adult females were taken by sweep
netting during this period in Area 7 - which was adjacent
to Area 6. Some additional sweep net samples of adult
females were taken in 1985. L. peltata was sampled,
from August 1980 to November 1981 in Area 6, by hand
tollecting. Additional samples were takem in an adjacent
area (Area 7) by sweep netting from August 1980 to July
1981, Although hand searching is the best method for
Wtahﬁng representative samples (see chapter on Sampling
Cm@arisons), sweep netting can provide samples for
Comparative purposes, when only one age class is

fPresented - as is the case with L. peltata . L.



trig_rlgglaris was sampled from May to October 1982 in Area

9, which was adjacent to Area 10. M. segmentata was
gampled from Area 12 which was adjacent to Area 13.
pdditional samples of M. segmentata were taken in
Dawsholm Park (Area B3) where the dominant vegetation was

tall grass with broom bushes ( Cytiscus scoparius ). Both

species were collected by hand sampling. The spiders in all

the samples were weighed on a Cahn Electromicrobal ance.

Results

Metellina mengei

Histograms of the weight distribution of the samples are
given in Fig.11.1. These are similar in appearance to the
histograms presented in the chapter on the Age Structure
and Life Cycle of M. mengei . Values of mean spider
weight on each sampling occasion are given in Fig.11.2.
Where more than one year group or cohort is present in a
sample them a value for mean spider weight may not be very
meaningful with respect to the spiders in the sample.
However thanges in mean spider weight throughout the vyear
tan provide additional information on whiéh to base an

atcount of the life cycle of the spider.

There ig ng significant change in mean spider weight



Fig.11.1: Weight distribution of Metellina mengei
throughout the year 1988-1981 in Area 6. Samples

were taken by hand collecting.

Fig.11i.4: Weight distribution of adult females Of

Metellina mengei throughout the vyear 1980-1981

in Area 7. Samples were taken by sweep netting.
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Fig.11l.2: Seasonal weight changes (mean+25E) in Metellina

__@gg_gg_i“ throughout the year 1980-1981 in Area 6.
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petween early August and late March (Fig.11.2). This might
pe interpreted as indicating that no growth takes place
during this period but an examination of Fig.11l.1 indicates
that this is not the case. ThusAthe sub—adults present in
pugust, which represent about 35% of the sample, are
represented by a small number of adults in the March sample
- where the bulk of the animals are those which were very
gmall spiders in August. Mean spider weight shows a
significant increase from late March to late July (t=2.96,
d.f.=133, F<Q.005) -~ which reflects spider growth
throughout the spring and summer. There is a significant
decrease in spider weight between late July and late August
(t=5.73, d.f.=208, P<0.201). As can be seen from Fig.11.1,
this reflects the fact that emergence of spiderlings from
B0y sacs starts in early August and there is an influx of
small spiders into the population at this time. There is no
significant change in spider weight between late August and

early November.

Changes in the mean weight of adult females, from September
1980 to June 1981, are shown in Fig.11.3 and changes in the
weight distribution, over the same period, are shown in
Fig.11.4, Changes in the weight distribution from April to
June 1985 are shown in Fig.11.5. From Fig.11.3 it is seen
that mean adult weight is at its lowest in early September
“which is the time when moulting to adult of the 2 year

animalsg occurs. The mean weight has increased significantly



Fig.11.3: Seasonal weight changes (mean+28E) o¥ amnt‘

females of  Metellina mengei throughout the year

1980~-1981 in Area 7.
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Fig.11.3: Weight distribution of adult females of

Metellina - mengei in 1985 in Area 7. Samples were

taken by sweep netting.
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by early October (t=3,37, d.f.=70, P<0.0081) and there is
also a significant increase between October and March
(t=3.53, d.f.=74, P<0.001). Between March and early June
the weight again increases significantly (t=4.31, d.f.=42,
P<B.001). This is interpreted as an increase in spider
weight prior to the production of egg sacs. Spider weight
declines during the rest of June - although the decline is
not significant. This decline presumably reflects the fact
that some spiders have produced egg sacs. Support for this
interpretation comes from the fact that there is a
significant correlation between spider size and weight in
May (Fig.11.6) but the relationship is not significant in
June (Fig.11.7), possibly because of the presence of both
gravid females and large 'spent" females in the June

sample.

The range in the weight distribution is indicated in Table
Table 11.1. It can be seen that the range is large in all
samples, except in the autumn. In both 1981 and 1985 the
reatest range occurs in April, with spiders covering a
Weight range of 24mg. The extension at the lower end of the
Fange is interpreted as a reflection of the fact that small
ONe year animals are just entering the population. No
Satisfactory explanation can be offered for the very heavy
females present at this time, as it is not a time when egqg

%8s are produced.
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lfable 11.1: Range of weights of adult females of M.

mengei in 1980-1981 and in 1985.

6 June 1985

o St et s 2ouns - — v
- e e s - o

i Date of ; Range of spider
i sampling : weight (mg)

| 5 sept. 1980 & 6-12
: 9 Oct. 1980 ; & — 14

: 31 March 1981 ; 8 - 24

: 15 April i981 ; 6 —~ 30

: 28 April 1981 ; 6 — 22

: 15 May 1981 ; i - 22

; 23 May 1981 ; 6 — 22

; 2 June 1981 ; 6 — 26

; 12 June 1981 : 8 - 28

; 30 June 1981 : 8 - 24

; 4 April 1985 ; 8 - 32

; 6 May 1985 : & - 24
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Fig.11.6: Relationship between wet weight and the length pf

tibia 1 in adult females of Metellina mengei  on

&/5/71985.

Fig.11.7: Relationship between wet weight and the length of
tibia 1 in adult females of Metellina mengei  on

&/6/71985.
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Linyphia peltata

Histograms, displaying the changes in seasonal weight in
the samples from Areas & and 7, are given in Fig. 11.8 &
11.9 respectively. The patterns of the changes .in the
weight distribution are similar in the two areas and the
histograms are similar to those presented in the section on
the age structure of L. peltata . Change in mean spider

weight, for Areas &6 and 7, is given in Fig.11.1@

There is no significant difference in mean spider weight
between the two areas on any comparable date. In both areas
there is a significant increase in weight between early
August and early October 1980 - because of the rapid growth
of the small spiders which emerged from egg sacs in  July.
No significant increase in mean weight was found between
early October and late March. There is a significant weight
increase between late March and late April 1981, prior to
moulting to adult. Mean spider weight increased sharply
towards June and this is interpreted as being due mainly to
&N increase in weight of adult females, prior to the
Production of egg sacs. Mean weight decreases in July, as
the females have produced egg sacs and a new generation of
Small spiders is entering the population. Mean spider
Weight increases towards October, as these young spiders
oW rapidly. There is no significant increase between

®arly October and early November.



Fig.11.8: Weight distribution of Linyphia peltata

.

throughout the year 198@-1981 1in Area 6. Samples

were taken by hand collecting.
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Fig.11.9:2 Weight distribution of Linyphia peltata

throughout the yéar 1980-1981 in Area 7. Samples

were taken by sweep netting.
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Fig.11.1@: Seasonal weight changes {(mean+25E) of Linyphia

peltata throughout the year 1980-1981 in Area 6 &

7.
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plthough there is no change in mean spider weight between
parly October and early March (Fig.11.1@), the mean weight
of sub—-adult males increases from the autumn to the
following spring (Table 11.2). Casual observation has
indicated that the spiders are active in the early spring
and some feeding probably occurs at that time. Weight
changes in adult females in Area 7 are indicated in
Fig.11.11. Adult females show a sharp increase in weight
hetween late April and early June (t=11.35, d.f.=17,
p«0.05)., This is attributed to feeding prior to egg sac
production. The mean weight of females declines during the
remainder of June (t=3.02, d.f.=25, PL0.05). This is due to

the production of egg sacs by some of the females.
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able 11.2: The mean weight of sub-adult  males of L.
peltata in autumn and spring 1960/81 in Area & and Area
Early October : Late March :

— . o o o " o " ot Moot Most asmoe dmoos
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Fig.11.11: Seasonal weight changes (meant28E) of adult

females of ﬁinyphia peltata in 1981 in Area 7.
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Metellina segmentata

The changes in seasonal weight are shown in Fig.11.12. In
the Ross Wood spiders emerge from the egg sacs in early to
nid-June (see chapter on Egg Sac Production). Théy Qrow
very rapidly and there is a significant increase in mean
weight beween 5/6/82 and 17/6/82 (t=5.81, d.f.=51, P<{0.085).
There is also a sharp increase between 17/6/82 and 26/46/82
(t=6.61, d.f.=59, P0B.05). The mean weight increases
towards mid-July (£=3.07, d.f.=77, P<0.05) and continues to
increase between mid-July and early August (t=5.59,
m%.=&9, P<@.85). At this time the spiders start to reach
the sub—-adult stage. The mean weight increases between
early and late August for both males (t=2.47, d.f.=64,
PLB.@3) and females (t=5,12, d.f.=47, P<0.05). In late
August, just before moulting to adult, the females are
heavier than males (t=3.10, d.f.=53, P<0.05). The mean
weight increases between late August and mid-September for
both males (t=5.9%, d.f.=47, P<0.05) and females (t=5,27,
d.f.=45, P<@.05). By mid-September most of the spiders are
adult., There is a sharp increase in the weight of adult
females between mid-September and mid-October (t=5.19,
df =61, P<0.05). Adult males did not show any increase in
Weight during the same period. These differences are to be
®ipected as the adult females are feeding actively, prior
tDpPoducing egg sacs, whereas males feed little after they

FRach the adult stage. The weight of females decreases
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markedly between 10/10/82 and 5/11/82 as the spiders

produce egg sacs.

in Dawsholm Park the development pattern of the spiders is
similar but the rate of development is more rapid. Thus the
gpiders, which emerge from the egg sacs in May, grow more
rapidly than in the Ross Wood. By mid-June the spiders from
Dawsholm FPark are significantly heavier than those from the
Ross Wood in  late June (t=5.18, d.f.=6%9, FP<0.05). By
nid-August some spiders have reached the adult stage. The
mean weight of adult females reached a maximum on 19/9/82
and at this time the females are much heavier than those in
the Ross Wood (£=5.30, d.f.=57, P<0.03). The mean weight of
adult females decreases sharply towards mid-October as some

females produce egg sacs.



Linyphia triangularis

The changes in the seasonal weight are shown in Fig.11.13.
The spiders emerge from the egg sacs in late May (see
chapter on Egg Sac Production). They grow very rapi.dly and
there is a significant increase in mean weight between
23/5/82 and 3/6/82 (t=4.11, d.f.=58, P<0.001) and also
between 3/6/82 and 25/6/82 (t=6.37, d.f.=72, P«<0.001). A
very sharp increase occurs between 25/6/82 and §/7/82.
Males and females can be distinguwished at this stage. The
increase continued until 208/7/82 and was significant for
both males (t=17.24, d.f.=53, FC@.001) and females
(t=16.30, d.f.=61, P<0.001). Retween 20/7/82 and 25/8/82
the adult males show no significant weight change (t=0.88,
dof. =32, F>0.05). This is to be expected as males feed
little after they reach the adult stage. By contrast, there
is & sharp increase in weight of adult females between
20/7/82 and 25/8/82 (t=7.38, d.f.=57, P<0.001). This
increase continued from late August to early October
(t=9.@1, d.f.=58, P<0.201). This is to be expected as the
females moult to adult in early August and feed activly
thereafter before producing egg sacs in October. The mean
Weight of females decreases from early to late October

(t=4'96’1 d.f.=49, P<{0.001) as the spiders produce egg sac.
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Discussion

The seasonal weight changes of M. mengei and L.
peltata are similar in the two years they were studied.
Edgar (1971) found that seasonal weight changés were
similar in the two years of a study of the wolf spider

Pardosa lugubris but kKajak (1967) found that in a two

year study of Araneus quadratus the spiders were

lighter throughout their life cycle in one of the vyears.

This year was a particularly cold and wet one.

in M. mengei and L. peltata there is little change
in spider weight over the winter. Edgar (1971) found a
similar situation for the wolf spider Pardosa lugubris .
This is to be expected as the spiders are relatively

inactive, and presumably feed little, during the winter.

The small instars of M. segmentata and L.

triangularis grow very rapidly over the summer months.
Thus in early June M. segmentata has a mean weight of

0.26 mg and L. triangularis 1.23 mg. By the end of July

the mean weight of M. segmentata is 8.18 mg and L.

Eﬂgpgularis iz 11.34 mg. This represents a percentage

”Wrease, from the weight at the beginning of June, of

4% pop M.

segmentata and 8224 for L.
gﬁﬁmﬂglﬁgig_. The much higher growth rate of M.
SBgmentata reflects the fact that the adults of M.




Fig.1l1l.13: Seasonal weight changes (mean+25E) of Linyphia

triangularis in 1982 in Area 9. (F-females;

M-~males; S.U.~-sexually undifferentiated)
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segmentata are heavier than the those of L«

The sub-adult females of M. segmentata are heavier than

the males while the reverse is true in L. triangularis .

In the latter case this may reflect that the males reach

the adult stage earlier than the females.

The adult females of M. segmentata have & fouwr fold
increase in body weight during the adult stage while adult

females of L. triangularis triple their body weight.

These large increases in body weight are associated with
high feeding rates prior to the production of egg sacs.
Rapid growth rates of adult females have been reported for
a variety of spiders (Kajak 1967; Edgar 1971; Steigen 19735;

Fritz & Morse 1985).

After moulting to adult the males exhibit little change in
body weight amd this has been noted for other spiders

(Kajak 19673 Edgar 1971)




CHAFTER 12
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Mortality Rates in Metellina segmentata , Linyphia

triangularis and L. peltata

Introduction

The results from this section are based on information from
the sections on density estimates, age structure, egg sacs

and birth rates.

Methods

Mortality rates can be calculated from successive density
estimates provided it can be assumed that the drop in
spider numbers is due solely to mortality and that the

spiders involved belong to the same cohort. The chapters of

the age structure and life cycle of M. segmentata and
L. triangularis indicate that these spiders have a one

year life cycle with one cohort present in the population.
L. peltata also has a one vyear life cycle but two
tohorts, of very unequal size, are present in the

Population. Density estimates have been recalculated using

the age structure histograms for the larger of these

tohorts.
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Results

Linyphia peltata

The density estimates (spiders/m=) in Area 6 are
presented in Table 12.1. Peak spider density, of 4.35/m=,
gccurred in 18/1@0/88. As indicated in the chapter on spider
density, spider numbers are lower in November, March and
April than in May and this is thought to reflect reduced
activity during the winter and early spring. The density in
May is 1.35/m*. This represents a mortality rate of 64%
between October and May. By mid-June the density is
0.45/m=, a mortality rate of 70% between May and June and

of 90% between October and June.

Looking at the sexes separately: At the sub-adult stage
males can be distinguished from females by their clubbed
pedipalps. In the sample on 10/10/80 there are 77 sub-adult
animals (26 males and 51 females) giving a sex ratio of
111,96 i.e. almost 1:2 in favour of females. An analysis of
the age structure histogram from 4/18/81 shows that the sex
ratio was 13 males to 25 females i.e. 1:1.92. Hence in both
Years the sex ratio in October was almost 1:2 in favour of
females. Assuming a 1:1 sex ratio at the time of hatching,

thig implies high differential male mortality.

The density of adult females in mid-May, the period before
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jable t2.1: Density estimates for the
laraer cohort of Linyphia

peltata /m” in Area 6 from August
1980 to June 1981.

{Gampling date : Spider density
| emsisee : o.e8 s
: 5/9/1980 ; 1.62 ;
: L4/9/1980 ; 2.80 :
: 10/19/71980 ; 4.35 ;
: 28/11/1980 ; @.44 ;
: 26/3/1981 ; 02.7@ :
: 22/4/1981 ; 1.05 ;
: 15/5/1981 ; 1.55 ;
; 157671981 ; @.45 ;

fable 12.2: The average number of spiderlings produced by
female, Linyphia  peltata .

S 8 e st e bt athe ks o oo eie SAOAS Senny mes st et ASS ALt fobke e Shm SN e Maen $0Ms LS Als Slomt Biowh pevie Borbe SSALL Smal Mt Seere Bens SO0 A SN Sobin et WO SAoet SOt WAS VG OO0 LD USM Summ oS RN SN GSaSt G000 e Moot bevem

Average number of eggs produced 42.2
loss of eqg sacs in the field 22.2 %
Average number of eggs survived 32.8
Mortality of eggs within the eqqg sac 14.1 %
Hverage number of spiderlings which 28.2

Survived to emerqge in the field

Average number of female spiderlings 14.0
c\ssuman 121 sex ratio
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eqy Sac production, is 1.15/m= and declines to 0.45/m=
by mid-June. This represents a mortality rate of 61% during
this one month period. In a sample taken on 29/7/81 there

were no adults females still alive in this cohort.

Taking the value of 1.1%/m*® to be the density of

reproducing females, an estimate of recruitment into the
population can be made. From the section on the egg sac and
birth rate it is known that 22.2% of egqg sacs in the field
disappear. In addition, in egg sacs which survived to
hatching there was a mortality rate of 14.1%4 among the eggs
and developing spiderlings. The average number of eqgs/egg
sac is 42.2. Applying these egg sac mortalities to this
value, indicates that, on average, 28.2 spiderlings emerge
from each egg sac (Table 12.2). Taking a female density of
1.15/m*, this means that 28.2X1.15 i.e. 32.4 spiderlings,

are produced per m=. If we assume that the sex ratio

amongst spiderlings is 1:1 then we can say that 16.1 female
spiderlings are produced per m=. Most spiderlings have

emerged by late July and one can probably take peak

emergence to be in mid-July.

By mid-October spider density is 4.35/m*. Assuming a sex
Fatio of 1:2 in favour of females, then this represents a
density of 1,45 males and 2.9@ females /m®. Thus between
mid"July and mid-October male density dropped from 16.2 to

1,45 - a mortality rate of 91%. Female density dropped
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from 16.2 to 2.9@ during the same period - a mortality rate

of 82%.
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Metellina segmentata

The density estimates (spiders/m®) in Area 13 are
presented in Table 12.3. Feak spider density, of 2.80m=
pccurred in 17/6/82. This drops to 0.9@0m*® in 15/7/82.
This represents a mortality rate of 60.0% between mid-June,
the time when the egg sacs have hatched, and mid-July, when
some spiders have reached the third instar. No significant
change of spider density occours between mid-July and late
August and and between late August and early October.
However there is a significant decrease between mid-July

and early October.

Looking at the sexes separately: At the sub-adult stage
males can be distinguished from females by their clubbed
pedipalps. In the sample on 29/8/82 the density of female
spiders is 0.4@0m*® while that of male spiders is 0.3

giving a sex ratio of 1:1.14 i.e. almost 1:1. Assuming a
1'1 sex ratio at the time of hatching, this implies similar

mortality of both sex.

The density of adult females on 10/18/1982, the period when
they are producing egg sacs, is 0.35m* and declines to
0.15m= by 5,/11/1982. This represents a mortality rate of

7.1% during this period.

Taking the value of ©.35m® to be the density of



- 181 -

Table 12.3: Density estimates of the
gpider Metellina segmentata per
m in Area 13 in 1982.

" Gampling Date : Spider Density s
T aeseez . 0.7s ;
: 17/671982 : 2.80 :
: 25/6/1982 . 2. 25 :
: 15/7/1982 : 2.50 :
: 29/8/1982 : 2.75 :
: 15/9/1982 , Q.45 ‘
: 10/10/1982 : 0. 55 :
: 5/11/1981 : R.15 :

Table 12.4: The average number of spiderlings produced by
female, Metellina  segmentata .
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Average number of eqggs produced 78.7
Loss of eqgg sacs in the field 14.3 %4
Average number of eggs survived b7.4
Mortality of eggs within the egqg sac 22.0%
Average number of spiderlings which S52.6

Survived to emerge in the field

Average number of female spiderlings 26.3
assuming l:1 sex ratio
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reproducing females, an estimate of recruitment into the

population can be made. From the section on the egg sac and
pirth rate it is known that 14.3% of egg sacs in the field
disappear. In addition, in egg sacs which survived to
hatching there was a mortality rate of 22.0% among the eggs
and developing spiderlings. The average number of eggs/egg
gac is 78.63. Applying these egg sac mortalitiss to this
value, indicates that, on average, 52.6 spiderlings emerge
from mach egg sac (Table 12.4). Taking a female density of
@.35m=, this means that 52, X - 35 i.e. 18.4

gplderlings, are produced per m<. If we assume that the

sw:raﬁio amongst spiderlings is 1:1 then we can say that
9.20 female spiderlings are produced per m=, Most

spiderlings have emerged by mid-June and one can probably
take peak emergence to be in mid-June. By late August
spider density is @.75/m®. Assuming a sex ratio of 1:1,

then this represents a density of .38 females/m® and

2.38 males. Thus between mid-June and late August male
density dropped from 9.20 to .38 - a mortality rate of

7.0%. A similar female mortality occurs during the same

period.
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Linyphia triangularis

The density estimates (spiders/m®), in Aréa i@ in the
Roses Wood, are presented in Table 12.5. Peak spider
density, of 3.959/m* occurred in 22/5/82. This drops to a
density of 2.18/m* in 28/6/82. This represents a
mortality rate of 44.8% between late May, the time when the
egg sacs have hatched, and late June. By mid-July the
density is 1.65/m*® - a mortality rate of 21.4% between
late June and mid-July, the time when third and fourth

(sub-adult) instars are present.

Looking at the sexes separately. At the sub-adult stage
males can be distinguished from females by their clubbed
pedipalps. In the sample on 15/7/82 the density of female
spiders is 1.@5/m= while that of male spiders' is .60

giving a sex ratio of 1:1.79 i.e. almost 1:2 in favour of
females. Assuming a 1:1 sex ratio at the time of hatching,

this implies high differential male mortality.

The density of adult females on 10/1@/1982, the period when
they are producing eqgg sacs, is 0.88/m=® and declines to
0.25/m= by 5/11/1982. This represents a mortality rate of

%8.8% during this period.

Teking the value of ©.88/m® to be the density of

reDf“oducing females, an estimate of recruitment into the
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lable 12.3: Density estimates of
L.invphia trianqgularis per m* in
area 10 in 1982,

| Gamplina Date : Spider Density s
azsmsiem: 1 3.9 4
: 5/6/1982 ; 3.90 :
: 28/6/1982 ; 2.10 :
: 15/7/71982 ; 1.65 :
: 5/8/1982 ; 1.75 :
: 29/8/1982 ; 1.20 :
: 20/9/1982 ; 1.85 ;
: 10718/ 1982 : 2.80 :
; ; 8.2 ;

571171981

lable 12.&: The average number of spiderlings produced by
female, Linyphia  triangularis .
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Average number of eaqgs produced &7.7
Loss of eqq sacs in the field 27.3 %
Average number of eggs survived 49.2
Mortality of eqags within the egg sac 8.5 %4
Average number of spiderlings which 45.0

Survived to emerge in the field

Average number of female spiderlings 22.5
aEsuming 1:1 sex ratio
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population can be made. From the section on the egg sac and

pirth rate it is known that 27.3% of egg sacs in the field
disappear. In addition, in egg sacs which survived to
hatching there was a mortality rate of 8.9% among the the
eggs and developing spiderlings. The average number of
eggs/egg sac is 67.7. Applying these egg sac mortalities to
this value, indicates that, on average, 4%9.0 spiderlings
emerge from each egqgg sac (Table 12.6). Taking a female
density of @.80/m=, this means that 45.0X0.80 i.e. 36.0

spiderlings, are produced per m®. If we assume that the

sex ratio amongst spiderlings is 1:1 then we can say that
18.8 female spiderlings are produced per m=2. Most

spiderlings have emerged by early June and one can probably

take peak emergence to be in late May.

By mid-July spider density is 1.65/m®. Assuming a sex
ratio of 1:2 in favow of females, then this represents a
density of 1.05 females per m*® and ©0.35 males. Thus
between late May and mid-July male density dropped from
18.2 to ©.55 - a mortality rate of 96.9%. Female density
dropped from 18.0 to 1.1@ during the same period - a

fortality rate of 93.9%.
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piscussion

In all three species the natality is less than fecundity
dus to egg sac loss in the field and mortality within the

egg Sac.

Most studies on spiders have indicated that high mortality
occures in early instars (Kajak 19673 Breymeyer 1967;
Hagstrum 197@; Edgar 1971; Steigen 1975; Humphreys 1976).
Thus Edgar (1971a) found that 854 of the vyear group of
Pardosa lugubris had died by the third/fourth instar
and Humphreys (19764) estimated a mortality of 64.4% between
the spiderlings and the second size class in Geolycosa
godeffroyi . In the current study the calculations

indicated that in M. segmentata and L. triangularis

over 93% mortality had occurred by the time the spiders had
reached third/fourth instar while 82.0%4 of the vyear group
of L. peltata had died by the time the spiders had
reached the sub-adult stage. After the high initial
nortality, the mortality rates fall to low levels until the
adult stage. Thus Edgar (1971a) found mortality rates of
4~6% in the larger instars of P. lugubris and 16% in
Sub-adults while Humphreys (1976) found that after the
5econd size class, mortality in G. godeffroyi levelled
off to a rate of 15.3% per month. Similar reduced levels of
Mortality were found for the larger instars of the three

SPecies in the current study. Thus survivorship curves,
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which could be constructed on the basis of these studies,
would approximate to the concave type 1III curve (Deevey

1947) .

In L. peltata there was a 64% mortality in the period
from October to May. Duffey (1962) found a high
overwintering mortality (57.6%) in field layer spiders in
Wytham Wood. He attributed this to predators, particularly
birds, and to the <cold weather. He found overwintering
mortality rates of 13-45% in spiders in the ground
vegetation. Edgar (1971a) considered that little mortality

occurred in  P. lugubris during the winter.

The current study indicates that there is high differential
male mortality in the two Linyphia species and this
results in an adult sex ratio which is biased in favour of
females. In M. segmentata mortality in the sexes is

similar and this results in a 1:1 adult sex ratio.

Most spider studies (Kajak 19673 Hagstrum 19783 Edgar
1971a; Steigen 1975) have shown that adult spiders die off
Very suddenly - the males after mating and the females
8fter producing egqg sacs. This was also found in the
CWrent study. Thus survivorship curves for the adult
stages, which could be constructed on the basis of these

st“dies, would approximate the convex type I curve (Deevey

1947y,




CHAFTER 13
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Standing Crop of the Four Species
Introductiaon

The aim of this section is to determine the standi‘ng crop
pf the four species throughout the year. This information,
combined with the results of feeding experiments, will
allow energy flow through the sgpider populations to be

gstimated.
Methods and results

Values for spider biomass can be obtained by combining
estimates of spider density with information on mean spider
weight throughout the year. This can, in turn, be combined
with energy eguivalent values, obtained by combusting
samples in a microbomb calorimeter, to express the standing

trop of the spiders in terms of Joules/m=.

In order to obtain wet weight/dry weight conversion values
for spider tissues, samples were obtained throughout 1982.

These samples were of adult and sub—adult animals, in the

tase of M., mengei and L. eltata , but covered all
stages of the life cycle in the case of M. segmentata
and L. triangularis . The spiders were weighed

lndi\/:’tch_hz.\ll*),/ dried to a constant value in a vacuum oven at

S2C and then reweighed. Wet weight/dry weight regression
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equations were calculated for the various categories of the
four species and the results are given in Tables 13.1-13.4.
In all cases there was a significant linear relationship
between spider wet and dry weights. For L. peltata and
M. mengei a regression equation was calculated for the

combined samples (Tables 13.1 & 13.2) and these were used

to convert wet weights to dry weights. In the case of Lo
triangularis and M. segmentata the individual

equation for the various size categories (Tables 13.3 &
13.4) were used to make the appropriate wet weight/dry

weight conversions.

Density estimates of L. peltata and M. mengei came

from Area 6, for L. triangularis from Area 10 and for

M. segmentata from Area 13 (see chapter on Density

Estimates) .

Seasonal weight changes for the four species were estimated
in adjacent areas to the areas of density estimates.
Seasonal weight changes of L. peltata and M. mengei

came from Areas 6 & 7, for L triangularis from Area 9

ind for M, segmentata from Area 12 (see chapter on

Seasonal Weight Changes) .

E“E'”QY equivalents were obtained by combusting samples in

Phillipson Microbomb Calorimeter. For L. triangularis
snd M, segmentata energy equivalents were obtained for
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Table 13.1: Regressions of dry weight against wet weight of
M. mengei .

R bt

: Category Number Y = b X + a : r :
oub_adult males i 19 i Y = 0.34 X - 0.55 1 0.94 1
oub-dult females @ 11 1 Y = 0.34 X - 0.66 1 .98
hdult males . 25 :Y=0.30X-0.05: 0.95 :
hdult females i 33 i Y = 0.36 X - 0.91 1 0.95
D Total ;B8 1Y =0.32 K- 0.435 : 0.94 :

B e e T D e e PRI [ U Sy e

Table 13.2: Regressions of dry weight against wet weight of
the spider Linyphia peltata .
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;Number;Y=bX+a r :
: Sub-adult males i 43t Y = 2.39 X - 0.15 : ©0.95
 Sub-adult females : 76  : Y = 8.37 X - 0.13 1 0.89 :
P Adult males 12 1Y =0.38 X + 8.14 1 0.94
 Adult females  t 18 1 Y = 0.32 X + 0.26 1 0.97
PTotal i 149 1Y = 0.3 X - 2.08 1 0.99

s
0
0
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Table 13.3: Regressions of dry weight against wet weight of
the spider M. segmentata .
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Table 13.4: Regressions of dry weight against wet weight o
the spider L. triangularis
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the various categories of spiders and these are given 1in
Table 13.5. For L. peltata and M. mengei aver aged
values were calculated from energy equivalents which were
pbtained for adult and sub-adult animals (see chapter on
Energy Content). The conversion values used wer;e 25.68
Joules/mg ash free dry weight for L. peltata and 24.81

for M. mengei .

Riomass values for the four species were obtained by
multiplying demnsity estimates by values for mean spider
weight., Wet weight/dry weight regression equations were
used to convert wet biomass values into dry weight. The
values for energy equivalents were then used to express the
standing crop in terms of energy equivalents (Tables

13.6-13,.9)

The seasonal changes in spider density, mean spider weight
and standing crop, for the four species, are shown in in

Figu 13: 1"13- Bl
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Table 13.3: Energy equivalents (Joules/mg ash free dry
weight + standard deviations; (n) number of samples) of

various categories of L. triangularis and M.
segmentata .

| Category : L. triangularis : M. segmentata
: . Mean % 5.D. () : Mean + S.D. (m) :
Early instars  : 22.72 % 0.42 (4) : 23.96 £ .18 (D) :
| sub-adults . 23.42 + @.47 (4) i 23.61 + 0.35 (4) i
| Adult females  : 25.59 + 0.98 (5) : 26.09 + 0.42 (4) :
 pdult males . 24.85 % 0.57 (&) : 26.57 + 0.43 (&)
| Gravid females  : 26.70 % 0.72 (5) : 27.39 £ 0.82 () i

ot Govet somes aat et Sentd S00ms et et Shust Sea0d Tase Maas voren booes daem waast sadn W tmats it chves b Pt S Sei POAAS SRS LR A S S G900 et S e S



in

6
Standing :

! spiders : weight : weight : dry weight : crop
J/m=2

in Area

mengei
2.80

Total
: mg/m=

M.

Total
: mg/m=
9.95

194 ~
Mean
{mg)
2.15

4,63

: Density :
/m=

Table 13.6: Standing crop of a population of
Early August 80

1980/1981.

; Date of sampling

: 260.26

10.49

16.40 2.83 1 33.70 :

Mid-October 80

52.10

2.23

3.50

Late March 81

Late April 81

129.01

5.20

17.38

3.16

5.50

5.05 125.29

3.35 16.92

5.85

! Mid-June 81

» e

85.35

3.44

: Late July 81

125.54

5.06

16.94

1.87

.06

Late August 81

13@.75

5.27

17.38

9.36 : 1.89

i Early November 81 :




H

in Area
1 Standing @

—— o ot i e B
.

64,20

8.47
96.56
6.93
94.25
1.03

15.15
11.81

: J/m=

peltata

@.33

B e o v v o o B e e e 000 ot o ] ot i v e o et e o e o 4w et o ey e o o 2o o e e

3.76
@8.27
.59
3.67
Q.04
2.456

Total

: mg/m=

Linyphia

Total
1@. 67
0.97
@.32
1.49

10.43

: mg/m=

195
{mg)
2.37
2.20

6.73

7.32
2,13
1.38

Mean
! spiders : weight : weight : dry weight : crop

N com o o ot ot i i @ ot e e e st e v o e e o s e e g e e U e o o S S e S e e e

: Density

@.88

4.50

@.44
1.55
@.45
2.94

/m*
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1 Late March 81
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¢ Early Sept. 8@

; pate of sampling
Early August 8@

1 Mid-October 80

! Late November 80
Late August 81

1 Late April 81
! Mid-May 81

! Mid-June 81

¢ Late July 81

1able 13.7: Standing crop of a population of

g in 1980@/1981.

t Early October 81

95.83

3.72

Early November 81

.
v



Table 13.8: Standing crop of a population of M.

196 -

segmentata in Area 13 in

1982,

:Date of sampling Density Mean wet Mean dry Total Standing
: : spiders ¢ weight : weight : dry weight : crop :
' S ¢+ (mg) : mg/m® @ pg/e® N o !
:Early June 82 8.75 .26 2.8 8.87 1.48 '
:Nid—June 82 2.80 8.74 .24 .47 16.05
:Late June 82 2,25 3.33 1.94 2.34 56.07
:Hid-duly 82 .98 4,75 1.26 1.13 27.97 .
:Late August 82 8.73 12,22 2.98 2.12 58.05
;Hid~5eptember 82 2.43 21.42 5.22 2.35 61.76 '
;Hid-ﬂctober 82 .55 31.93 9.74 5.37 ;146.44
;Early Noverber 82 8.15 24,84 5.76 .85 22,44 -
Tabi;aés.‘?: Standing crop of a population of L. triangularis in Area 10
in 1982,

Dite of sampling Density Mean wet Mean dry Total : Standing
! : spiders : weight : weight : dry weight : crop :
f : /a2 : (sg) :mg/m® : mg/a? I o '
::Late May 82 ' 3.95 p.72 .18 8.7 16,13
::Earlv June 82 3.90 1.23 .33 1.29 29.13
i.l:ate June 82 2.18 2.82 8.74 1.60 36,3
*Hit-uly 82 T
fEte August B2 LA ¢ 1.9 b.14 23 LR
 Early October 82 T
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Fig.13.1: Seasonal changes in standing crop (Joules/sq.m.)

and density estimates (spiders/sq.m.) throughout the

year 1980-1981 for Metellina mengei  in Aresa 6,

Fig.13.2: Seasonal changes in standing crop (Joules/sg.m.)
and mean spider weight throughout the year 1980-1981

for Metellina mengeli in Area 6.
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Fig.1%.3: Seasonal changes in standing crop (Joules/sq.m.)

and density estimates (spiders/sq.m.) for Linyphia

e e

Fig.13%3.4: Seasonal changesiin standing crop (Joules/sq.m.)
and mean spider weight throughout the year 19808-1981

for linyphia peltata in Area 6.
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Fig.13.5: Seasonal changes in standing crop (Joules/sqg.m.)
and density estimates (spiderﬁ/ﬁq;m.) throughout the

year 1982 in Metellina  segmentata .

Fig.13.6: Seasonal changes in standing crop (Joules/sq.m.)
and mean spider weight throughout the year 1982 in

Metellina segmentata .
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Fig.13.7: Seasonal changes in standing crop (Joules/sq.m.)
and density estimates (spiders/sg.m.) throughout the

year 1982 in  Linyphia triangularis .

Fig.13.8: Seasonal changes in standing crop (Joules/sg.m.)
and mean spider weight throughout the year 1982 1D

Linyphia triangularis .
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Discussion

Changes in standing crop will reflect changes in both
spider density and mean spider weight. Because of low body
weight of the small spiders and their high mortality rates
one would expect, in a spider with a highly synchronised
pne year life cycle, that the standing crop would be at its
lowest at the period after the adult females have died off
and when the population is represented only by small
spiders. Conversely, standing crop would be at its highest
when the population consisted of adult animals, and the
females were about to produce egg sacs. This is seen to be

the case for M. segmentata and L. triangularis

where there is a highly synchronised one year life cycle.
Thus peak standing crop occurs in October when adult
animals make up the population and the majority of these
are females, and is at its lowest 1in May, when the
Population comprises of small spiders. Hence in these two
species standing crop tends to mirror changes in mean

spider weight (Fig.13.6 & 13.8).

In M. mengei there is a wide spread of size categories
Present at most times and consequentley mean spider weight
Varies relatively little throughout the year and standing

frop tends to mirror changes in spider density (Fig.13.1).

In L. peltata changes in the standing crop in autumn

tend to reflect changes in spider density (Fig.13.3) but in
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the spring and early summer they tend to reflect changes in
nean spider weight, as the spiders are growing very rapidly

at this time (Fig.1Z.4)

There are relatively few studies which give values for
spider biomass. Some values, giving biomass in terms of dry
weight, are given in Table 13.10 and values, 1in energetic
equivalents, are given in Table 13.11. The biomass values
in the current study were lower than the published values

for either web spinning or wolf spiders.
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Table 13.10: PBiomass values of spiders in mg dry
weight/m=.

" eprder : Auther : Mean annual
: : : biomass :
aransus  quadratus | i Kajak (1967) 1 158.3 i
Araneus cornukus Kajak (1967) 13.0
:Singa hamata Kajak (1967) 6.5
Metellina mengei Current study 4.5
Metellina segmentata Current study 1.9
Linyphia triangularis Current study 4,2
' Linyphia peltata . Current study - 1.4
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Table 13.11: Biomass values of spiders in Joules/m=.
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1 Pardosa lugubris

feolycosa godeffroyi

Metellina mengei

Metellina segmentata

Linyphia triangularis

1 Linyphia peltata
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Current study
Current study
Current study

Current study

Mean annual
biomass



CHAFTER 1494



- 201 -

The Sex Ratio of the Four Species

Introduction

The sex ratio in any species presumably evolves to maximise
the number of offspring produced. In many species the gex
ratio at birth is approximately 1:1 and the ratio is also
ngar unity at maturity. However, in some species the ratio
may deviate markedly from unity and there may be marked
differential mortality in the sexes between birth and the

attainment of sexual maturity.

With regard to spiders, a number of studies have suggested
an adult sex ratio close to unity (Deevey 1949; Hackman
19973 Turnbull 1965; Edgar 1968; Humphreys 1974) but other
studies have suggested sex ratios which deviate
considerably from 1:1 (Brown et al 1985; Vollrath 1986). In
some animals it is fairly easy to determine the sex at
birth but in others the external sexual features only
become evident as the adult stage is approached. Male
fpiders can normally be distinguished from females by the
fact that the terminal segments of the pedipalps are
swollen and males usually have "clubbed" pedipalps in the
Sub~adult stage and possibly also in earlier instars.
Claims have been made that spiders can be distinguished at,
o before, birth (Montgomery 19@8) but this has been

disputed (Bonnet 1938; Deevey 1949).



The present study presents information on the sex ratio of
the four spider species. In all the species the sub-adult
males have swollen pedipalps and in the Linyphia species
the third instar males also have slightly _ swollen
pedipalps. The sex ratio was examined to see if it varied
with different sampling methods, varied from year to year,
varied in different vegetation types or in different
localities or varied at different stages in the spider

life cycle.

Methods

The information on the sex ratios was obtained during
sampling programms to elucidate various aspects of the

biology of the spiders.

Results

‘The sex ratioc of L. peltata , in a number of samples, is
shown in Table 14.1. These samples are all from the Ross
Wood and are either of sub-adult or adult animals or a
mixture of both. Some samples were taken by hand
leecting. It can be seen that the sex ratio is quite
Variable - ranging from 0.74 to 3.07. These two samples
Were taken within two weeks of each other in April 1980.

This suggests that some caution may be required in



Table 14.1: Sex
ratio significantly different

28/%/80
31/3/80
11/74/80
11/4/80
1174780
11/4/80
1474780
18/74/80@
2474780
2@/4/780
10/10/80
18710780
18/10/80
28711780
28/11/80
4/71@/81
3/11/81
14711782
14711782
15711782

13711/82
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attempting to draw conclusions from the samples. However,
in almast all the samples females predominated and in seven
out of total of 21 samples the sex ratio differed

significantly from 1:1.

These samples were examined in more detail to see whether
the sex ratio was affected by (a) sampling method (b)
vegetation type () the year the samples were taken. The
sex ratios in samples taken by sweep netting and hand
collecting are given in Tables 14.2 & 14. 3. The sex ratios
in samples from three different vegetation types are given
in Tables 14.4 & 14,53, The sex ratios in samples from
blagberry in 1980 and 1981 is given in Table 14.6. The sex

ratios do not differ between sampling methods, vegetation

types or between the the two years.

The sex ratio in samples of L. triangularis is given in

Table 14.7. The ratio ranges from 0.81 to 15.5. In all but
one of the 28 samples females predominate but the ratio is
only significantly different from 1:1 on four occasions and
those are in the autumn when adult males are dying off

after mating.

The sex ratio in samples from conifer and blaeberry is
Siven in Table 14.8. There is no signifaicant difference in
the sey ratio in the two vegetation types. The sex ratio in

Samples from the Ross Wood and Dawsholm Park on 8 August
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Table 14.2: Sex ratios in samples of L. peltata from
heather, collected by hand collecting and sweep netting, in
November 1980.

; Date t Females : Males : Sex ratio : Sampling
: : : : : method :
;28/11/8E : 124 : 45 : 2.31 : Sweep :
y 2B/11/8@ : 28 : 17 : 1.65 : Hand :

Table 14.3: Sex ratios in samples of L. peltata from
blaeberry, ctollected by hand collecting and sweep netting,
in April 1980.

i Date : Females @ Mal es : Sex ratio : Sampling :
: : : : : method :
' 1174780 7 : S : 1.40 : Sweep :
1 11/4/80 a2 : 23 : 2.26 : Hand :

Table 14.4: Sex ratios in samples of L. peltata from
three vegetation types in April 1980.
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Table 14.5: Sex ratios in samples of L. peltata from
three vegetation types in November 1982.

B b ke b N L Y U ——

: Date : Females ; Males ; Sex ratio ; Vegetation :
L 14/11/82 1 28 i 16+  1.72 1 Blaeherry :
L 14/11/82 1 St 1 22+ 2.32  : Conifer
i 1s/11/82 1 92 1 49 i 1.88  : Heather

Table 14.6: Sex ratios in samples of L. peltata from

- oot Shnee e Sonan o Sornt sy (bt Sartt Smnnt e

Tt ot $o 1 are —e o Povne Soond e 400t suges so0tn s B cnimt moed et hovm SO G s g ety 0000 et o taden U} Cnaeh mems fhind benty Faat Gbee e Aoiee $0000 (et St S S000n

! Date ; Females ; Males ; Sex ratio :
. 1o/10/80 1 si 1 27 i t.89
. astessr 1 25 i 13 i1 1.92 1
. s/suet : 24 i 13 1 1.8s
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Table 14.7: Sex ratios in samples of L. triangularis
(* Sex ratio significantly different from 1:1, P<@2.03).

: Date ; Females ;—— Males : Sex ratio :
: 24/76/80 ; 8 : 7 :— 1.14 :
: 9/7/80 ; 20 ; 13 : 1.54 :
: 16/7/80 ; 24 : 14 : 1.71 :
: 26/7/80 : 20 : 16 : 1.25 :
: 8/8/80 ; 20 : 18 : 1.11 :
: 8/8/780 : 22 : S : 4.40 * ;
: 2/9/680@ ; 31 ; 2 : 15.50 * :
" 9/9/80 ; 23 ' 9 : 2.36 :
: 12/1@0/80 ; 18 : o : ;
: 8/8/80 ; 22 : S : 4.40 = ;
: 2/9/80 : 31 : 2 : 15.50 :
; 1S/10/80 ; 12 ; 2 ; ;
; 28/6/81 : 20 : 16 : 1.25 :
; 28/6’/81 ; 35 ' 29 ; 1.21 :
; 7/7781 ; 15 ; 8 : 1.88 :
; 22/7/81 ; 15 : Q : 1.67 i
; 22/7/81 ; 48 ; 28 ; 1.71 ;
; 3a/7/81 : 16 : 11 : 1.45 z
; 29/8/81 : 20