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female orb-web spiders in their

natural' habitats (Enders, ‘1972;’ but there have
been relatively few scientific observations of males out|Jt"?s. A major
reason fori :Miler3 |I'S ration males discontinue web-

"%iildin"®@"NAN ;" tee]Ny||tés and;dre d 1IN #t to follow in an un-
afielEion in labora-

tory situations since they have shorter females and
The activity
relation to
EEfaeiry. ~BMMing behavior (LeGuelte, 1966, Witt, Ag$3a,b),
making th~""Rpn”~a more frequent Thus, with
thAMAMAM||B|~Mfefca.ti<e>n al,, 1972),
only lhav~A™ " fero&nreheiaife8BWw”ig/ ro
The of the males
0fBy% «*"«MEBK'SEA and the female-male
PAMfeionshiultimately determines the continuity of the species.
Tw oW M Ii related to the fepaal™”gp; yready been identi-
fied as possibly pfcy”~Si paA in the /glWival of the species. These
include and aturing. Cocoons have

been observed hatching at two different times for a single species of
spider — presumably providing an advantageous distribution of egg-
production over a period of time (Potzsch, 1963)» Also, within a
setl of spiderlings, different rates of maturation have been observed.
Some females grow rapidly and die early while others grow slowly
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*To avoid confusion with the designation of “family” used in nomencla-

ture, offsprings from a single cocoon will be called a “set.”
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and live at least four months longer (Reed & Witt, 1972). The
related differential maturing rates may provide an advantageous
distribution of spiderlings over a period of time. Together, these
mechanisms would seem to help a species survive drastic or poten-
tially destructive changes in environmental conditions. This research
seeks to explore the male’s role in these phenomena. At what rate is
he growing, maturing and dying during the female’s life cycle?

This leads to the question of inbreeding. An observation of the
maturation rates of spiderlings of the same set was conducted in an
effort to determine if inbreeding is possible.

Also, if the rate of growth is a factor in the rate of maturation
(and spiders of the same set are known to present a considerable
variation in size even under apparently optimal conditions), (Witt
et aly 1968), is growth prenatally or genetically determined or a
function of external factors?

The effects of an even diet independent of manifest behavior (W itt
et aly 1972) and differential force-feeding on various schedules
(Benforado & Kistler, 1972) have already been studied. What,
however, would happen to the growth rate of male and female
spiders if they could choose their food quantity through web-building
frequency ?

The answers to some of these questions about the growth and
maturation of male spiders should provide clues about their role in
the reproductive cycle and, more generally, about their role in the
continuity of the species.

METHODS

Two Araneus diadematus cocoons collected in the field, were placed
in two different rearing boxes in the laboratory, where they hatched
(February 23, 1972, one cocoon and 14 days later, March 6, 1972,
the other). The offspring from the first cocoon will be called set I,
and the offspring from the second cocoon, set Il. The laboratory
provided a cycle of long warm days and short cool nights throughout
the lifespan of the animals.

As the animals left the communal web to build individual webs,
they were put in glass tubes. Five weeks after hatching for set I and
three weeks after hatching for set Il the spiderlings were caged in
individual labeled frames (50 X 50 X 10 cm) where they could
build webs without apparent limitation in size. All observations
began at this moment; however, some molts were noticed inside the
cocoon, and the spiderlings molted one or two times in the glass tubes.
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In the rearing boxes as well as in the glass tubes they were pro-
vided water and gnats ad libitum. In the frames the spiderlings were
fed with de-winged ‘houseflies. A weighed fly was given one time
every three days only when a web had been built, thus rewarding the
spiders for high frequency of building.

The individual weights, oif the. spiders (accuracy 6.7 mg) were
recorded every week and web-building was recorded every day. Each
web was photographed then collapsed 1/ the experimenter, and ana-
lysed fof Structure and regularity (Reed tt al.,
19és). The dales=®f the molft~f each spW”ylteg were recorded and
thellength of fKPfirst Ifey :Was measured’ Pi the"fpiltéd limb (ac-
curacy in mm.).

In itfe Jfcjlj&s FG and SG are used in place
of fast gfawr”' Males' and slow growing males. IllpootctM ebm-
parlspn hefeiéA jhf'twp.groups (SG & FG) Where not Sp~ffically
mentioned was made with thé WfMék M %#ti('&dapted by White for
Impaired mé~sufrinents (White?;1

I IINP i * t|fji| reached iryVnil* twelve were
identified @®males. There N w TijyA'ifif*
M set I~ 'Thfe ifemhej” «females' Uy~fech set is significative repre-
snitafiivdieif-~6 ,expected of males in sc.population

(Binomial test, p = 0.0l in each east).

Some characteristics of the male>

The adult males of A/, ms Bave enlarged
relatively n-arslJW ‘elongated abdomens, and weigh about a fif-th of the
adult females. Adult females- are characterized by long yellow palps
and a globulous abdomen (Figure EH~rOthef characteristics of the
males include banding of. the legs that is* generally darker, a lack of
humps on the abdomen, and a modified second tibia that is stronger
than in females and has short spines (Levi, 191 )e

The enlarged palps appear at the end of the next-to-the-last molt,
whitish instead of black, and blacken between the two last molts.
One animal exhibited enlarged palps prematurely two molts before
the last one and four other animals after the last molt, but these
were exceptions.

After the last molt, when they reached sexual maturity and maxi-
mum weight, the males stopped building webs. Sekiguchi (1955)
reported that a male of Araneus ventricosus, in the laboratory, did
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Figure 1 Outline of a male (left) and a female (right). Note the
difference of size (female front leg: 16 mm, male front leg: 12 mm), of
weight (female: 1441 mg, male: 47.0 mg) and the difference of form of
the palps (short and enlarged for the male, long and thin for the female).

not spin a web after its last molt, and that the aggregate glands
become vestigial in the adult males. Prior to this point the involve-
ment of the aggregate glands in the formation of fhe catching area
of a web was clearly shown (Peakall, 1964). We may suppose that
adult males are unable to spin webs because their aggregate glands
are no longer functional.

The males ate scarcely, even when we attempted to induce prey
catching by placing the flies in front of their mouths. While an
immature male transformed a fly into a small compact ball through
eating; the different parts of the body of a fly abandoned after eating
by a mature male were easily recognizable. Even when they ate, the
mature males used only a small amount of the food available. Males
of Linyphia triangularis Clerck did not require food in the adult
stage, and were still able to mate with females that later produced
fertile eggs. When these males were provided with food, the rate of
prey capture and the rate of food consumption dropped sharply
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Figure 2. Body weight of four FG and seven SG littermate males in
set I of Araneus diadematus, hatched in the laboratory from one cocoon
on February 23, 1972. Dashed line: weekly mean body weights of the FG
males. Dotted line: weekly mean body weights of the SG males. Numerals
followed by an arrow indicate the number of animals molting for the last
time during a week. Numerals surmounted on black circles indicate the
number of animals dying during a week. The FG males reached their
maximum weight the 13th week of post-hatching, the SG males reached
their maximum the 29th week of~post-hatching. Note that the SG animals
need twice as much time to mature as the FG.

(Turnbull, 1962). We may assume that the adult males, no longer
able to build a web, do not neeed food to fulfill their mating role.

Four males in this study continued to spin webs until they died;
they built webs for a few days after the last molt was recorded, then
stopped building for three or four weeks and generally built a final
web six or seven days before death. These facts suggest that these
four males were not able to go through an additional molt to com-
plete their development. Also, these males presented enlarged palps
only after the last molt recorded which is another confirmation of
thir inability to complete their development.

During the web building period the males are distinct from the
females only between the two last molts (about 3 weeks). This
explains why few studies have been made of the males either outdoors
or in the laboratory.
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I f eight increase

In each set, the individual weight curves follow two distinct pat-
terns and no in between: a group with an early maximum (FG)
and a group with a late maximum (SG). In set | the course of the
growth of four males with early maxima (between 10th and 15th
week post hatching) was compared to seven males with late maxima
(between 22nd and 33rd week post hatching) (Figure 2). In the
second set the growth of 11 males which reached their maximum
weight between the 8th and 16th week post hatching was compared
to three males reaching their maximum weight between the 19th
and 23rd week post hatching (Figure 4). In both sets the SG
animals needed approximately twice as much time to complete the
last molt and to attain sexual maturity as did the FG animals. In
each set the females could be divided into fast and slow growth
groups in the same way as males. Figure 6 shows the body weight of
the FG and SG males and females. The data from the two sets
were combined forming four groups: FG and SG males and females.
The weight gain per day until maturation, in both sets, was sig-
nificantly higher for the FG males than for the SG males (set I:
T 6,P|lj 005;setll: T = 7, P = 0.05).

The mean weight gain per day between the two last molts for
each group was :

set | set 11
FG 2.09 mg/d i-59 mg/d
SG 0.64 mg/d 1.61 mg/d

In each set, every animal showed a weight gain per day significantly
higher between the two last molts than during the preceding period
of observation (Wilcoxon matched-pairs signed ranks test: set I:
N=9T-= 3 P= 002;setll: N= 13, T — o, P = 0.01).

Frequency of building
The mean of webs built per day to reach the last molt were:

set | set |11
FG 0.57 web/day 0.49 web/day

SG 0.22 web/day 0.18 web/day
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The FG males had a higher rate of building while they grew
than did the SG males (set I: T = 6, P — 0.05; set Il: T = 6,
P = 0.01). The differences in the rate of building appear clearly
on the graphs (Figs. 3 and 5) obtained by plotting the mean fre-
quency of building per week for each group in each set.

The frequency of building is strongly correlated with the amount
of food eaten per day (Kendall rank coefficient; set I: y = 0.59,
P = 0.004; set Il:y = 052, P = 0.005). This is the necessary
consequence of the feeding schedule. We might suppose that this
relation occurs in nature. A fresh snare probably increases the
chances of capturing prey.

Figure 3. Frequency of building of the FG and SG males of set L
Dashed line: weekly mean of frequency of building for the four FG males.
Dotted line: weekly mean of frequency of building for the seven SG males*
Note the similarity in the pattern between weight increase and web building
frequency. (Compare with Fig. 2.)
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Figure 4. Body weight of 14 male littermates in set Il of Araneus
diadematus hatched in the laboratory on March 6, 1972. Dashed line:
weekly mean body weight for the 11 FG males. Dotted line: weekly mean
body weight for the three SG males. Numerals followed by an arrow
indicate the number of animals molting for the last time during a week.
The FG animals reached their maximum weight the 12th week post-hatch-
ing, the SG males reached their maximum the 27th week post-hatching,
when the FG males are dead. (Compare with Fig. 2.)

The rate of building :

set 1 set 11
FG 0.57 w/d 0.64w/d
SG 0.31 w/d 0.30 w/d

between the two last molts was significantly higher than the rate of
building during the previous stages of growth in both sets (set I:
N=9T=2P=001l;setll:N= 12T = 15 P = 001
Wilcoxon test).

W hat explanations are there for differences in frequency of build-
ing? A multiplicity of factors have been found to have some in-
fluences on web-building: a change from dark to light, a steep rise
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Figure 5. Frequency of building of the FG and SG males of set II.
Dashed line: weekly mean frequency of building for the 11 FG males.
Dotted line: weekly mean frequency of building for the three SG males.
Note similarity to Fig. 3.

in temperature following a temperature minimum, weather condi-
tions, barometric pressure, a full silk supply, hunger (Witt, et
1968). In the laboratory, all the spiders were subjected to the same
environmental conditions, therefore the differences in rate of building
should be due to an internal state, such as hunger. There is a gen-
eral agreement in the literature that hunger is a strong drive for
web-building. Heavy feeding is followed by several days without
web-building (Koenig, 1951; Wolf & Hempel, 1951; Wiehle, 1927;
Peters, 1932). The interpretation is that the hunger drive is too low
for releasers like temperature and light to operate. On the other
hand, spiders deprived of food built almost every day (Peters, 1939)
and built webs even at the expense of other body constituents (Witt,
1963b). We may assume that the FG males have a higher level of
hunger than the SG males, which induces a higher rate of building.

Food consumption

Each time a spider was fed, the fly was weighed before eating.
Since only one or two percent of a fly was rejected by a spider after
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eating, we assume that a fly was eaten entirely. The mean quantity
of food consumed per day was :

set | set 11
FG 2.44 mg/d 2.06 mg/d
SG i.44mg/d 1.39 mg/d

The FG spiders ate a significantly higher quantity of food per day
than the SG ones (set I: T = 6, P — 0.05; set Il: T == 8,
P — 0.05). There was a significant difference in the amount of
food consumed per day between FG males of the two sets (T = 8.5,
P — 0.05).

The mean quantity of food eaten between the last two molts was:

set | set 11
FG 3.33 mg/d 2.61 mg/d
SG 2.85 mg/d 3.54 mg/d

In each set the mean quantity of food consumed per day between the
last two molts was significantly higher than the mean amount of
food eaten per day during the preceding observation period, (Wil-
coxon test: set I: N = 10, T = o, P = 0.01;set Il: N 13,
T = 1P = 001).

A relationship exists between the amount of food eaten per day
and the growth rate in both sets, indicating that the growth rate is
a function of the amount of food consumed (Kendall rank coefficient ;
set I:' y = Ob5 P = 001;set ll: y= 0.60,P = 0.00i). The
foot eaten was used to sustain the basal metabolism, to make silk,
and to build the body of the spiders. A rough estimate of the per-
centage of food transformed into spider tissues was obtained by
dividing the gain of body-weight per day by the quantity of food
consumed per day: the FG males used about 57% (set 1) and 47%
(set Il1) of the food they ate, while the SG males transformed only
33% (set 1) or 32% (set Il) of their food into spider tissues. The
FG groups transformed a greater amount of food consumed into
spider tissues than did the SG groups (set I: T = 6, P = 0.05;
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Figure 6. Body weight and number of molts of 25 males (15 FG, 10 SG),
and 25 females (15 FG, 10 SG) from the two sets cocoons of Araneus
diadematus studied. Each line connects mean body weights at one, two,
five, seven and nine months poist-hatching. Large black circles: FG females,
large dashed line: early life of SG females; small black circles: FG males,
small dashed line: SG males. Arrows indicate the number of molts to the
time. Note the different growth rates and the relatedl different speed of
maturation in FG and SG males and females, and the similarities for
both sets.

set II: T = 14, P = 0.05). As a result of having more food
available for metabolism, an FG male was able to utilize more energy
for other metabolic processes than basal metabolism, such as synthesis
of silk, synthesis of body constituents, etc. This would assure a
larger supply of silk for the FG spiders than for the SG, which
could be an important drive for web-building (Peakall, 1967)* *he
increased frequency of building in the FG spiders leads to a greater
amount of food consumed which in time results in the rapid weight
gain and growth.
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Maturation

Between the start of the observations and the time of sexual ma-
turity (last molt) the mean number of molts recorded for each
group was:

set | set 11
FG 3.25 molts 3.27 molts
SG 4.50 molts 3.66 molts

The SG males in set | went through a significantly higher number
of molts than did the FG males (T » 12, P ~ 0.05) and reached
a higher weight (see below). In set Il, we had only three SG males
and one of them did not complete its development, this explains the
difficulty to obtain a significant difference between SG and FG ani-
mals in this set.

For set | the mean time of maturation was 81.6 days for the FG
spiders and 202.5 days for the SG spiders. In set Il maturation was
reached in a mean time of 78.0 days for the FG males and 163.0
days for the SG ones. The time of maturation was significantly
longer for the SG animals (set I: T = 6, P — 0.05; set II:
T = 6, P.y? 0.01). In addition the time of maturation was sig-
nificantly longer for the SG in the first set than in the second set
(T = 6,P = 0.05).

The rate of maturation, number of molts divided by the number
of days necessary to complete these transformations, was significantly
higher for the FG males than for the SG males (set I: T = 6,
P = 001;setll: T = 6,P = 005).

The Kendall rank coefficient between the gain of weight per day
and the number of molts per day was 0.61 for set | and 0.66 for
set Il (in both P = 0.001). A relationship exists between the rate
of growth and the rate of maturation which is in agreement with
the findings of Deevey (1949) with Latrodectus mactans (Fabri-
cius) and of Benforado and Kistler (1973) with Araneus diadema-
tus. We may assume that the maturation rate is correlated with the
growth rate. The mean length of time in days between two con-
secutive molts was determined. In 3 out of 4 groups, the last inter-
molt was longer than the other intermolts (table 1) ; for the FG
males, this last intermolt was significantly longer than the earlier
(N = 10,T = 15,P = 0.01).
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Table i
| 2 3 4
set | FG 20.6 140
SG 63# lip f1: 46.1 29.6
set 11 FG 22.7 liglijly —
SG Hi 1 1 17.0

lljean length of time lia"Eayfsepafa#Mg- two consecutive Molts.. The
numerals designate each intermolt'and its order in relation to the
final one, i being
increase in

The mean length, of the fjrst leg as measure” A ithe las| molt was :

PS1 . M™m]
10.5 mm '
SG *[* 14*3 fom 12.3 mm
SG m~srfv|™i we're, legs
than |fG males after the j|:,ijiolt, (set I: T = o, P = o.0i;
set Il : T '"8§jg,

The rate of leg growth is givemhythe ratio of the lej~th fpin in
the number of necessary to obtain this incites, of length. The
mean rate of leg growth during the entire observation was.:.

set | N
FG j : 76 mm/d.. ey
SG 0069 mUl/d d'

The rate of length increase was significantly higher for the FG
males than for the SG males (set I: 'S M i P ©.qi; set I1l:
T — 7, P — 005" This points out the relationship existing be-
tween rate of maturation and rate of lengthening. No correlation
was found between the leg-growth between molts and the length of
time of the intermolt.

Maximum weight

Body weight increased for all males to a maximum at the last
molt, declining from this point onwards. This is in contrast to
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female weight increase which continues after the last molt, possibly
due to egg formation. The mean weight was :

set | set 11
FG 62.95 mg 57.64 mg
SG 88.5"10 ~ 4

The maximum weight reached by'the FG males, in both setgr was
lower than for the SG malsfc? T'h"\j suggests thffc the maximum
weight may be a Jijpctjoa fjfjl the duration of devel©”®!”» In that

case, tapid I& Kiar"HS"the' W t growth.
No coirreiatiH between tpljmii, weight and E~Bf||light waslgRprid
in contrast-"""~pyindings of ;®ehfcra”|i -and Kistler A

relatively small dtferenCe ~"nifial weights and the low accuracy-of
the wetgMaH E'-aMM ythe BaEEEmMEA

Mating

The set post-hatehmg £jp-h.)
and ffinse.of set 11 ~females-~reached ma-
turity 229 days p-h. in set | and 104 days p-h. in set Il. In -the
first ftt:allj"Je FG ""before any
were Mature, «"B¥@nlftltg them. In the second met, the
FG matefi® B e days after the fast that some of them
were still a|[if*when the females matured. But the females
accepted the adyirsees; M only 'Es> days or more, after the
last molQT/piN"enting the FG males from flgaifapg. wlii& their sisters.
In summary, mm FG |j|#b stefl-~ere seximMyi“M-atucx© too
early to'fifate $ame,iEY™: T

The SG males reached iIAtUriQ A ®/AMAANK in’Set | and 163
days p-h. in set Il. -A® ifhf| time the FG females of. set Il were

already mature (104 days”Hijlp and those of set | were almost ma-
ture (229 days p-h.), as well ts the SG females of set 11 (223 p-h.).
In these conditions the SG male# of both sets may have been able to
mate with the FG females of' their own set or the other set;

Each of the nine SG males, when they were an average of 300
days p-h., were brought into the presence of three different females.
All the males seemed to behave in the same way, but only three of
them mated successfully with a single female, and one with two
different females. These successful males were the biggest of the
SG males. One male of each set was able to mate with a female of
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his own set. Only the FG females of the set | accepted the males,
while both FG and SG females of set Il accepted the males. How-
ever, the small number of males limited the number of trials and
did not permit us to know, statistically which of the females (FG
or SG) Were the most successful fe gating. ;

The FG males cannot méw wfth females  their own set, but we
may assume that they 'dip. find females|#f d”~ff~e”s in a natural
habitat witch arémiéfiure at The* IG males can
mate FQ females ‘NN A AANYAEApefmififeg~feiited in-
breeding. iTh% |s«merély< 8 different sets in nature
iiiéy Save Mijii L' itiiilitihtf.

GeKyptrfSWi' SG €$d.F,G Spiders

ihnfe FG and SG ni-alts were compared on thf j~sis of
the--sp”~al/area,” mesh-rig"f. and ftfead length.

The spiral area of all webs hujhfchfAMylef in;Jjallh groups and both
sets showét. a general ifWrdaye uw ~ W »ing a ~xinfiiliE~fea during
the period between the"M MmM' area decreased ih
NgP'dhereéftytt.:*- Ipifar males eftéi@ji®d. :earlier, whoplVjd ritot
the? genéraj:web-buildiny PAP$U#2SB)||W t “web*" B | they diejdds
MOwsd ndifSirease in spiral $reaifn twpifinal Webs. ThHBurfher
supports s$"E*#atiOn that they died before achieving full development

through a Inia ” ip .thij.spiral area of
the "females &“\d<rthemsS- * #nd Neoscona vertebrata in-
creased ih$|l|k;fhe. fast thrifei afte% wilji‘fh Iftne .thele|jtéfiip€
B dkes'Kirot change & ,[laum,The

c&paifajlf «<HJI»"of the females of the golden ~gafedCp-"iégr,
aurantia,, shéfesi «a ~cprth ~nfelfel*nae, the;peak jf<i#g.;p~nciding
roughly time of and seiaual tt>®lgutftti<ao-i (Reed, Witt
& Scarboro». mtyfafyT.r™
s An essentially upward. Kneat igMfyfh in mesh size throughout the
lifetime occurred £<xXEj™of the males iStudied. For the 12 other
males the mesh size increased until reaching a plateau during the
last intermolt. Witt, Rawlings and Reed (1962) have painted out
that the mesh size of the female webs of diadematus show
also an increase until the last molt, and then reach a plateau. But
Argiope aurantiashows a linear growth in mesh size throughout the
lifetime (Reed, Witt & Scarboro, 1969)*

The thread length foKows the same pattern as the two other pa-
rameters with a peak during the last intermolt and then a decrease.
Argiope aurantia and Araneus diadematus females have been shown
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Figure 7. Web built by a young male of Araneus diadematus. Young
FG and SG males built webs with the same characteristics, small and fine-
meshed. The vertical white lines of the scale are spaced 20 mm apart.
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to change according to the same pattern for thread length (Reed,
W itt & Scarboro, 1969; Witt, Rawlings & Reed, 1972). The de-
crease of the thread length may be due to the thickening of the
threads as the weight 'ip&Iler increases (.Christiansen et al.,
1962). The males follow the same pattern of web-changes as the
females of the same species, Except for the catching area. The gen-

eral effect that young Amnensdiadematus
find-meshed webs- (Ftg. and dY&#9%" the onset of the last inter-

molt bu-ilj| large,, wide-meshed weébs; males at the end of the last
Mitérmol t;:-3 | houf'ejfeagiriftg and leg-length significantly, build
mediofe -ThdifejHg"l appears ?A|.4. web size cannot
AnplrpjOjgxplainedl™. " 2© sip|;dgf.sl bodily Witt, Rawl-

rtgs & Res®)|;, 190 Reed,, Wift & Scatbo*, <

0™Mearis&Mi>of the woBYof of-the~
X, the mme’ige

JAIll the ~<gte ~pojfc~raphet! between the Jg$i and 1 weeks post
ha#£Mng FG rfiale™.f# both sets were measured. -9 were the
w*MHSE eljprt'i"Gr m M |E~ ;|oth sets during ~ke same period of time.
All these spiders Were at the sfA""ej, but thy W%fFG spiders were

the before-reach-
ing maturation. the figures {foe spiral atf#; mesh ai”e,
thread fee regklar%y of tb~”~p~htg of the
pEkeads (standard medianl mesh two
measures of the body, and of*.tpo web sig-
nificant diflffences between the -jM."Jaitd SG males, w$||f the excep-
tion t~~atiance if the mesh ‘the two groups

«how simfttr wgulariiijy, m,

Table *
FG " SG L F
Body weight S01 + tDmg 226 + 64mg 358  0.005
Leg length 91+ 170 mm 668 + 148 m 249 005
Spiral area 42,138 + 9,883 mm2 13956 + 8178 mm2  4.88 0.001
Mesh size S8.60 + 6.96 mm2 3475 + 1008 mm2 405  0.005

Thread length 16,066 + 4,111 mm 6,950 + 3,282 mm 4.07 0.005
SE median mesh

size North 0.114 + 0.030 0.162 + 0.062 147
Measures of webs of the FG and SG males at the same age. Onljt the
regularity measures in the last line are not significantly different.

ma
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Table 3
FG SG t p
Body weight 60.14 + 1156 mg 79.37 = 18.07mg 0.11
Leg size 10.75 £ 122 mm 13.6i]+ 141 m 4.90 0.001

Spiral area 33931 + 10,131 mml 08,766 = 6,559 mm8 ul 0.400
Thread length 15546 + 2,768 mm 10425 £ 1,715 mm 3M™*" 0.005

Mesh size 46.46 mm2 199 . 0*005
SE median mesh
size 8J:$& - aooi

Measure of webs of the and SG males  Ojtpmarable stage of maturityi

It is neither possibles!# relate measures toi leg length
— the FG’s legs were~fSyiftw I~ logger thablhe SG’s legs---nor
to maturation sinee at the last stages of matter™-
tion an<ivthé stages before. We may assume
that the giEpbf the A 1¢ i’ ~ebi burMir~heir regularity i*a function
of the rl13|K4teS" ek M m body dimensions.

4~ g dajtor MAjLjwEjjfte JfalftySuBy
QM.tAe same stage of matu

All the FG v~V photographed during thgr last stage wer,e;»/fom-
pared witlf aff w 8G -webs photograpfred about :|«o days later,
during i||ir last stagetMI”"%”gmpares webs btfHt at different times
but comparable matuja’-v. Table 3Vgivfes the figures for
body weiaMTlIfeg .aré% thread length, mesh size and the
variance of AVt mhs A 'i'Thh'Wds of the FG  (lighter-) *males had
a spiral area large®* a significantly longer thread, smaller mesh size,,
and a higher re~feti*yhan the websJfpilt )y -the SG males at
comparable and linger length'~ thread
produced by the FG piales than the SG males indicates that they
have a better suf$pMjj$f silk or thinner tbbe”fj* This may be sup-
ported by the hi»ir amount of food. eate:)f". flifday and the higher
rate of utilization* of the food by the FG thakSG males. The larger
mesh size and irregularity of the is related to-fthe larger
body dimensions of these ammals. The difference between the dimen-
sions of the bodies of the FG and SG males coincides with a longer
duration of development, for'“the SG than, for the FG males. We
may assume that the regularity of spacing the spiral thread is related
to the duration of the development in the two groups of males with
different rate of growth, and is related to maturation within a group
having a homogenous growth rate.



Figure 8 (left). Web of an almost mature FG male, weighing 70.1 mg at this time.

Figure 9 (right). Web of an almost mature SG male, weighing 101.0 mg at this time. The web built by the
FG (lighter) male had a larger spiral area, a longer thread length, a smaller mesh size, and a higher regularity
than the web built by the SG (heavier) male. The two photographs are enlarged at the same scale, the vertical
white lines being originally spaced 20 mm apart. 8§

aydfsd

c-yoae N]
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Mortality
The mean mortality in each group was :
set | set. 11
FG 161.06"dayi* post-hatchttg ';J,*40f] days' pdst-tmiching.
SG 3 dead (meaj| 1gteSdfedtepR post-hatdhing' m

post-hatching)
§l4jtiwWIvipg( tliiiéadM
print hpainKjI”

than die JPp l:

T = 10, P = 0.01; set Il fPQHfffeg.,I Rapid growth
occurs at the expense pf endurance which is in
findings that the spiders’ lives short-
ened _food "«aaifcMaiafeM AlittaKiiof. Reed and
W itt that the FG females of Araneus diade-
matus lived shorter than the SG females.

In%tfr labofatdiyi the* irom Jifly 1972
1973. B%t only
be'|UEiftffliifL in the Boston area,

fiMUftAM fclthétn Ai®Mari4'«TOpnfi* (Bonttét
1935)« Nevertheless some authors found Araneus in the
field wetter,t BertkaS<yi\S®1f) in
Germany ' E Térkt yftr talv. Millot (igSiti-) also".gft-

tained, in the laboratory, the survival of*y&(R JT

during wirttéf tffipy completed their develepafent *the following
spring.

to thé environmental conditions .ft goes through, and a low jfattr ff|l
feeding statutel aUdw~'a“¥ong*er
lifespan fp?'ihe spiders reared,in the lab~\IfAg" than ip ghé, field.
In that case, the lengthening of th” development merely emphasizes
the difference betwen FG and”~S"an-irlii“te @

The FG males survived an average of ~jH afélafter the last molt
in set | and 71.4 days in set Il. These itiaieg. grew and built webs
approximately half their lives, then sought out mates. We can note
equivalent facts for the SG males with their relatively long time
scale.
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General Discussion

The males grow un#, the last molt, at which time they attain
their maximum weight; weight decreases slowly thereafter. The
females have a distinctif different coiirse of growth; their weight
increased long after the last molt, generally until #ey Iftffa cocoon.
The males mature more rapidly than the females, but the females
grow bigger than the males and 'live longer.

The females and the males of each of the two sets of Araneus
diadematus studied are clearly’" divided into FG and SG. The FG
malesp%ore characterized by a higher frequency of building, rate of
food "™ Mtyion, -catg of weight increase,7ratg--#f leg growth, rate
of maturation as well as a smaller number’# molts than the SG
males, significant only forHt | in the last instance,

The positive correlation between tfie rate  building and the rate
of~fod consumptionj§|8?* gp males must be expected, since the spiders
Werey 0 only when' they buft a web. The different frequency
if building>|pky''be explained as it lower threshold
through hunger in the FG than in the SG spiders. The number of
prey captured ja a function of behavior mechanisms of the spider and
potential prey; among the former are the stimuli that induce the
spider to attack, the efficiency of fhis- attack, and also a number,of
other variables such as} web-site, web-characteristics, and frequency of
building. TSf hunger stimulus- which induces both, ¥* e attack and
web-building : threshold for the FG than.ifpr the SG
spiders, suggesting that in a natural habi#|*"the FG males would be
able fo capture.afd eat more food than the SG”mfeiris. ‘In addition,
the usual effect of genes on animals with rigid patterns is. to alter
behavior in a quantitati||| rather than a qualitative fashion (Mann-
ing, 1967). The environmental cfoditions being the same for all
the animals, the difference in threshold of hunger may be the conse-
quence of different genotypes.

A relationship between the rate of food intake and the rate of
growth indicates that the food was converted into spider tissues, in
addition to maintain basal metabolism and to support the necessary
activities like prey catching. The percentage of food converted into
spider tissue was higher for the FG males than for the SG males,
explaining the different growth rates. The same mechanism could
provide a more ample supply of silk for the FG than for the SG
males, which is suggested by the analysis of the web dimensions of
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the two groups. Hunger is an important drive for web-building and
prey catching, which in turn increases the amount of food available
to the spider. As a consequence, a good supply of food permits the
spider to use more energy to metabolize tissues and silk, and a full
supply of silk lowers ‘the threshold web-building. So, the fre-
quency of building may be controlled by a changed' feed-back between
hunger and amount of fpod eaten.

A strong relationship exists between the,pglg growth .and the
rate of maturation: But J* number of paolts fv$s not cons”” nor

was the time Woecgslive molts. The FG males went

through fewer stages thap. the SG males, IMignificarat.;fnly in set 1)

and in less time. The >0%dh|4 >f the FG

spiders seems to to change more 6# S 5 heir rigid

skins. requi”™”™S~P~to overcomfc' the
heavy*Wi?S6 *T" 1L tilfe %Stta energy ift the
form-éfrelfefrey i#orn the Thedifferential
mati attrHM”o”PPiBjNSn.'-A"APIdtiiritioh 1#afhé-

tion of fffife’noiunt of food eaten Pro™

fpgifr™ in ~p~A~AEhipg, and SimilljQrela-

tions f«i«ytt  telain the. différences ip development/between males apd
females m: well ,as..between™ femal®m ,|fhe same:3HT1§

Differetié'~apSifeles of* feeding Ifelhfe diftfeEéMiaf growth and
Benf~r~fea.id Kistle-r,

1Qr2) fiiiyjraMfiéiq that t1|~ |i|» M f food ehtoft Ip~Al de~”wnant
feun~Bué Wwith thé same amount of iood vmMMtéjfhé 'Spiders of
the same 1ét show dififefeftt f0%Irh%64téS'lin™ maturariort rat™ ~"Reed

& Witt, 1972). This A jjtejOaseiaiaidtiMy genetic conditions
controlyhe -development and maturation. In study, the. sn”ec¢s
could ;*$Masexthe food '-"«antity' sthey need through behavior.

When thé 'spSféfS”% rw|Miientk P|* rohrdertim uclB”ibtis, ~ may
assume that the pMeréhc M 'béhMrwpP ffiNiipresent at hftehihg
time probably are genettéallyldw Mtnmwd. One iftductes some
spiders (FG) to capture and paPftireTdod than other épiders, and
in turn this large amoun”~”~*food Paten by these afdagirs, increases
their rate of development’ and maturafioh. The rapid growth in the
two sets occurs at the expense of endurance and maybe weight in-
crease, the FG males are short livers and small weighers. The short
life-span of the FG spiders prevent them from mating with females
of the same set, while some SG males live 'long enough to mate with
the FG females of their own set.
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Poetsdh has shown (1963), that cocoons of a single species of
spider hatch at different times. This presumably .provides an ad-
vantageous distribution of egg-pr<pdnction over a period of time. The
two cocoons studied hatched *$P dilferent MNirp#s™ and the males of

set 11, which hatched fifteen, days grew fatter than the males

of set | (signi§cé»t only, fpr Between the sets the
rapid groowmE &.céurs«Met:-at fiw e~%®e of, endurance and maybe
weight increase. Differentifl® fu~between the isti aswell
as within the "Mbfirfg ty fp trily ttpfjf of maftiM.~nimals over

a periodInf tMVdurfhg the favorable -seSSi
mature males’ and females mcan mate and- ;
Knfes. jwlifiPa béttéj* uhance

~ The relative of males. favors -jyifeig between

~Nimaiy~~dffefont sets and of (ft~ M B ~ehavior instead of inbreed-
ing. This allows the soealea, .to.consea”™ a gen™je.>jpc0vMi high
jsefectivyatentialMa AP A [Nip~"M B

AN lbrnBffiiSdfeient. frotii theother
‘stages. hdrHo# | « p mta ilt. AMS. wejbg, ate”aiore food
peg”R'rfhd grew-'Jtte|ff; than *stages. T7e time

ieNrAMKANg»tnwo mMVERIW  mgénéraliv-miElfer' than the time

separating any>e®* "y~ E € i?aaesiEAr moite.  Sexual

also took place during this per.feAA? Wi|pMssum.o,jgei®t@@eEiiesis

too. Th”saBw ~ ~BKedkih,wdtjjpflie males niijjji food and a longer
thé-.«AI". jA " Rte~topimi&nt. The.importance -of

the reqyi'mefifcs during this time must make it,”~e -most difficult

-ffE, jhfjE tfjff il

The -of diade”iatuf, ,hatched
at differenG®mfiplaced. int-gntlividual £p#nes> were studied in
the laboratory 4j*ring the ij*£$p[an-of th¢ males. During this timg>
the characteristics of the body..(weight -apd siz¢,)”the frequency and
the parameters of the webs, the number and date of the molts, and
the amount of food eatefi tyere recorded for each animal. The

spiders could choose their feeding schedules through their,building
behavior.

The males built and increased their weight only until the last
molt, in contrast to the females which continued both building
and increasing their weight long after the last molt. During the
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building period the males were distinctly different from the females
only during the last stage. The males lived shorter and grew less
than the females. The last intermolt was distinct from the other
stages: the males built more webs, ate more food, grew faster than
during the other stages.

Two different rates of development appeared among the males
of each set, determining a fast and slow growing group. The fre-
quency, the amount» f#od eaten, the rate of weight increase and

the rate of maturation higher for the fait growers than for the
slow growers. A§,a consequent offhe rafp” growth, the life-span
of the fast growing males w af'4hm” ami lit maxim
lower (ffu% not’ tKa'"W %he slow growififs* males.
Hunger and amount the diffdr8imtgrow th
rates and, reltMd nja#u€ition.,rates; % mphosed
for the |fet and
may be the consequence of a gefietic difference. M aturati® would
be cofftrolid i**Iferemt' -pateétUll- behavior detetnS"KPtfti a
The differeMr™"* set
and fee@reilfa®"S, a distribution .off mature animatefover
gt yt&. The rfdari™ quiets preventsyhe
fast,grgyriag/naleg. from mating female,: $f the ~C/yrlefj'buff
limited, inbreeding impossible .the w' and
the females ofthe- same sgf. (A potemfiftt high of thf? species
is assured by the $f the dis-
persion diff~réht

This W#rE”a#tBf>~Wtiit gp tfiy. labo”tories of the pivision of
Research, North Cathlifia PéparéSia-ififMwental Health ,and was
supported by Granti'®haliiber Ht«r> the National Scien
Foundation to Dr. Peter Tl.dga:uthor gratefully ack-
nowledges the assistance of Dr.. Witt, during all stages, the assistance
of Mrs. Mabel Scarboro for all technical and laboratory work, Mrs.
Rubenia Daniels for her administrative assistance, and of Dr. John
O. Rawlings with whom the statistical tests used were discussed.
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