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Summary

1.

 

Evidence for reproductive senescence in invertebrate natural populations is scant
probably because most groups are short-lived or because they lack natural markers of
age.

 

2.

 

Lycosa tarantula

 

 (L.) (the Mediterranean Tarantula) (Araneae, Lycosidae) is a
slowly ageing burrowing wolf spider, in which females can reproduce for two consecu-
tive seasons. Females in their first reproductive season (1Y) can easily be distinguished
from females in their second reproductive season (2Y) because the lack of pilosity in
the latter.

 

3.

 

The diet of  1Y and 2Y females was supplemented and their reproductive per-
formance was compared with that of control, non-food supplemented females. The
predictions were that senescent 2Y females would show a worse reproductive
performance than 1Y females, and that they would not be able to improve their per-
formance relative to 1Y after food supplementation.

 

4.

 

The predictions were met. Older females gained less mass, laid smaller egg sacs, pro-
duced fewer spiderlings and, if  food supplemented, invested a smaller fraction of their
mass in egg sacs. Although 2Y females foraged less actively than younger females, 2Y
did not improve their performance relative to 1Y following food supplementation. This
pattern of changes provides evidence for reproductive senescence in a natural spider
population.
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Introduction

 

The evolution of senescence, i.e. the decrease of repro-
ductive performance or the increase in the probability
of death with advancing age due to concomitant physi-
ological changes (Finch 1990; Rose 1991), cannot be
convincingly understood without comprehensive data
from natural populations (Finch 1990; Kirkwood &
Austad 2000). However, senescence is difficult to doc-
ument in the wild for organisms that do not naturally
have age markers (Rose 1991; Nisbet 2001). Within the
latter organisms, only those that can be marked and
followed for long periods of time can provide evidence
for senescence (e.g. Bérubé, Festa-Bianchet & Jorgenson
1999).

According to Finch (1990) iteroparous organisms
usually fit a pattern of gradual senescence with definite
lifespans. Whereas there is extensive evidence for

gradual senescence for wild vertebrate animals (Finch
1990; Promislow 1991; Mysterud 

 

et al

 

. 2001; Nisbet
2001; Reznick 

 

et al

 

. 2001), evidence is still scant for
natural populations of invertebrates. This difference is
likely to reflect the fact that most invertebrates are
semelparous and die immediately after reproduction,
fitting the ‘rapid senescence and sudden death’ cate-
gory of Finch (1990), which makes the detection of
senescence in the wild difficult.

Most female spiders in temperate zones live for only
one season as adults (Gertsch 1979; Foelix 1996).
Although some spiders (Mygalomorphs and Haplog-
ynae Araneomorphs) can live for 10 or more years
(Gertsch 1979; Finch 1990; Foelix 1996), either the
fact that females moult every season or that they lack
age markers makes keeping track of age in wild indi-
viduals difficult. Within the modern Araneomorph
spiders (Entelegynae), the burrowing wolf spiders
(Lycosidae) are among the few in which females can
survive as adults for an entire year and produce a sec-
ond egg sac during a second season, overlapping their
reproduction with first year reproductive females
(Humphreys 1976; McQueen 1978; Conley 1985; Fra-
menau 

 

et al

 

. 1996). Females of the Mediterranean
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Tarantula 

 

Lycosa tarantula

 

 (L.) follow the latter pattern
(Fernández-Montraveta & Ortega 1990; Parellada
1998; Moya-Laraño 1999), and mortality from senes-
cence is likely because almost all 2Y females die during
their second winter as adults (Parellada 1998). In this
slowly ageing spider, first-year reproductive females
can easily be distinguished from second-year females
by the old condition of the cuticle due to the lack of
associated hairs (Parellada 1998; Moya-Laraño 1999).
Therefore, 

 

L. tarantula

 

 is an excellent model to document
spider senescence in the wild because females have a
natural age marker and females of both ages reproduce
at the same time of the year.

Second egg sacs laid by spider females are usually
smaller than first egg sacs (Marshall & Gittleman
1994). Although this may be an indication of repro-
ductive senescence, a change in the environmental con-
ditions at the end of the season could also explain the
variation in the size of spider egg sacs. Therefore, con-
clusive proof of senescence can only be obtained in the
field with an experiment in which both food availabil-
ity and age are controlled for. The food of adult
females was supplemented in the wild and the predic-
tion was made that, under senescence, second year
reproductive females would show a worse reproductive
performance than first year reproductive females, and
that they would be unable to improve their differences
in performance by showing a relatively stronger
response to food supplementation.

 

Methods

 

   

 

The study was conducted in the Parc Natural del
Massís de Garraf, a protected area 30 km from Bar-
celona, Spain. Further information can be found in
Moya-Laraño 

 

et al

 

. (1996), Lloret 

 

et al

 

. (1999) and
Moya-Laraño (1999). Like all wolf  spiders, 

 

L. taran-
tula

 

 mothers carry the egg sac attached to their spin-
nerets. After hatching, the spiderlings cling to the
dorsal surface of their mother’s abdomen and remain
inside the burrow with her until dispersing. Spiderlings
hatch in September and disperse either that autumn or
the following spring (Humphreys 1983; Parellada
1998). 

 

Lycosa tarantula

 

 spends its second winter as an
immature instar, reaching adulthood in June or July,
21–22 months after hatching, when the mating season
starts. Activity of adult females outside the burrow
peaks at night (Ortega 

 

et al

 

. 1992).

 

 

 

At the end of the mating period of 1996, 74 first-year
reproductive females (1Y) and 16 second-year repro-
ductive females (2Y) were measured, marked and
released back into their burrows (Moya-Laraño 

 

et al

 

.
1996; Moya-Laraño 1999). Half  of  each age group
was randomly assigned to a food-supplementation

treatment (FED) and half  to a control (CONTROL)
group, creating a 2 

 

×

 

 2 factorial design (Food 

 

×

 

 Age).
Because the time from the mating period until egg-
laying was expected to be short, food supplementation
was intensive. One cricket was offered nightly to each
spider in the FED treatment on four consecutive
nights from 14 to 17 July, at which time each female
was measured again in order to evaluate the differen-
tial gain in mass.

 

     


 

The carapace and abdomen width of each spider were
measured (Moya-Laraño 1999; Moya-Laraño 

 

et al

 

.
2002). While carapace width is a fixed trait in adult
female araneomorph spiders, their abdomen expands
as they acquire nutrition for the eggs (Foelix 1996).
Abdomen width is therefore a good index of the hun-
ger status of a female spider (Ward & Lubin 1993;
Jakob, Marshall & Uetz 1996; Moya-Laraño 

 

et al

 

.
2002). Including carapace width and abdomen width,
or alternatively carapace width and total mass, in a
multivariate statistical analysis, provides a measure-
ment of both fixed size at maturity and relative body
condition or hunger status (i.e. controlling for fixed
size) (Moya-Laraño 

 

et al

 

. 2002). The width of the
abdomen was measured before and after food supple-
mentation and immediately after the female laid the
egg sac.

 

 

 

Rate of disappearance

 

A spider was considered to have disappeared from
the study population, either because it had died or
had abandoned its burrow and emigrated from the
study plot, if  it was not in its burrow on two consecu-
tive census dates. Burrow relocation within the plot
was not considered as a possibility because no spider
was ever found within the study area after having
disappeared from the burrow. Therefore, mortality
and emigration are the most reasonable causes of
disappearance.

 

Rate of mass gain

 

The rate of mass gain before and after artificial feeding
was calculated using estimates of mass based upon the
sum of carapace and abdomen width, which reliably
predicts the mass of 

 

L. tarantula

 

: mass = 0·0007 (cara-
pace width + abdomen width)

 

2·63

 

; 

 

R

 

2

 

 = 0·99, 

 

N

 

 = 190,

 

P

 

 < 0·001 (Moya-Laraño 1999).

 

Reproductive performance

 

Five aspects of reproductive performance for the season
were measured. (1) 

 

Time to lay the egg sac

 

 – measured
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in days. Because this variable is a ‘time-to-event’ type
of variable, and these normally have a log-normal dis-
tribution, and would therefore violate the assumption
of normality, it was log-transformed for statistical
analysis (Moya-Laraño & Wise 2000). (2) 

 

Egg sac vol-
ume

 

 – because the egg sac is an irregular ovoid, the 

 

r

 

3

 

term in the equation for the volume of a sphere was
estimated as [(0·5)

 

3

 

 (D1)(D2)(D3)], where D1, D2, D3
are the diameters corresponding to the three orthogo-
nal axes that cross the central point of the egg sac. (3)

 

Number of spiderlings

 

 – when the spiderlings hatched
in September, the female was coaxed outside her bur-
row and the spiderlings removed from her abdomen by
gently sucking them off with a pooter. After counting
the spiderlings, female and spiderlings were then care-
fully returned to the burrow with the help of a funnel.
(4) 

 

Spiderling mass

 

 – a subsample of 10 spiderlings per
female was taken to the laboratory and weighed to the
nearest 0·0001 g to obtain an estimate of mean mass
invested per spiderling by each female. (5) 

 

Maternal
investment

 

 – measured as the difference between the
female mass before laying the egg sac and the female
mass immediately after the deposition of the egg sac.
The mass of the female before laying the egg sac was
estimated using the formula:

W

 

BES

 

 = W

 

AFS

 

 + 

 

∆

 

W

 

control

 

∆

 

t

 

, eqn 1

where 

 

W

 

AFS

 

 is the mass of the female immediately after
food supplementation, 

 

∆

 

W

 

control

 

 is the daily change of
mass within the control treatment and 

 

∆

 

t

 

 is the number
of days elapsed until the deposition of the egg sac.
Because there was a significant age effect on the rate of
mass gain (see Table 2a and Fig. 1a), 

 

∆

 

W

 

control

 

 for 1Y
females was different (+20·9 mg day

 

−

 

1

 

) from that for
2Y females (

 

−

 

9·5 mg day

 

−

 

1

 

). The estimated maternal
investment allowed a test of whether the mass invested
in the egg sac relative to the mass available for repro-
duction differed among groups.

 

Foraging activity

 

Every second night all burrows were examined and the
surrounding area was searched; this routine continued
from 19 July until egg sacs were laid (17 

 

± 

 

1 SE days)
and each spider was visited 9 

 

±

 

 0·3 SE times. Wolf spi-
ders are easily found at night because their eyes reflect
the light of a headlamp (Wallace 1937). Activity of
females with egg sacs was not monitored, as 

 

L. taran-
tula

 

 lays only one egg sac per season (Orta 

 

et al

 

. 1993).
Thus, activities when carrying an egg sac are unlikely
to reflect energy demands for reproduction in the
immediate future.

Spider foraging activity was categorized by the
following behaviours:

 

1.

 

Inside

 

 – the spider could not be seen after looking
into the burrow, but was extracted when a fine wire
was inserted.

 

2.

 

Mouth

 

 – the spider was waiting at the burrow’s
mouth, just inside the lip of  the turret, looking
outwards.

 

3.

 

Top

 

 – the spider was resting on top of the burrow’s
turret.

 

4.

 

Back

 

 – the spider was at the burrow’s mouth, but
was looking inside the burrow, i.e. with its spinner-
ets facing the observer.

 

5.

 

Outside

 

 – the spider was located on the ground out-
side the burrow.

 

6.

 

Feeding

 

 – the spider was found with a natural prey
item between her fangs.

The first five activity categories are mutually exclu-
sive, but a spider may exhibit category 6 (

 

Feeding

 

)
when showing any of the other behaviours. Category 6
reflects only the frequency of feeding on natural prey,
because behavioural observations started 2 days after
prey supplementation had finished. For analysis, the
ratio of the number of counts of each category for each
spider to the number of visits in which the spider was
located was used.

Rather than analyse each activity measure separ-
ately, principal components analysis (PCA) was used
to create a single variable that reflected foraging activ-
ity. In constructing this variable the behavioural fre-
quencies (behaviours from 1 to 5) for animals in all
treatments were included. The behaviour 

 

Outside

 

 was
strongly and positively correlated with PC1 (factor
loading = 0·74), and 

 

Mouth

 

 was strongly and nega-
tively correlated with PC1 (factor loading = 

 

−

 

0·90).
The remaining behavioural categories showed an
intermediate correlation with PC1. This clear separa-
tion of related categories makes PC1 a good index of
foraging activity. A spider with a negative factor score
tended to spend relatively more time at the burrow’s
mouth (sit-and-wait foraging behaviour), whereas a
spider with a positive factor score tended to spend rel-
atively more time outside the burrow (active hunting
behaviour). In addition, the positive correlation
(

 

r

 

 = 0·3731; 

 

N

 

 = 90; 

 

P

 

 < 0·001) between PC1 scores
and the behaviour 

 

Feeding

 

 supports the conclusion
that the PC1 scores are good indicators of foraging
activity. Spiders that are more often outside the burrow
also feed more frequently, indicating that they are
going out more frequently in order to increase the
chances of  finding and catching prey (i.e. active
foraging).

 

 

 

Because the experimental design was unbalanced and
the effect of other continuous variables on the contin-
uous response variables was of interest, results were
analysed by means of multiple least squares regression,
including the main effects as dummy (binary) variables
(Hardy 1993) (i.e. Food: FED = 1, CONTROL = 2;
Age: 1Y = 1, 2Y = 2). This is because, for instance, the
effects of size and body condition may be uncovered
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only after controlling for the effects of Food and Age.
The significance of the interaction term (Food 

 

×

 

 Age)
was tested using hierarchical regression, in which the
coefficients of determination between regression mod-
els with and without the interaction term were com-
pared (Jaccard, Turrisi & Wan 1990). Binary response
variables were tested with multiple logistic regression.
The interaction term (Food 

 

×

 

 Age) was tested for sig-
nificance by comparing the fit of models with and
without the interaction term (Hardy & Field 1998).

Because of their potential influence on the response
variables, spider size (carapace width) and initial
mass (i.e. before food supplementation started) were

included in most of the multivariate analyses as con-
trolling variables. Since the latter variable is included
along with carapace width, it is used as an index of ini-
tial spider body condition. When testing for differ-
ences in spiderling number, spiderling mass was
included as a covariate and vice versa. This is because
there was a strong negative correlation between spid-
erling mass and spiderling number, probably reflecting
the classic trade-off  between egg size and number,
which may result when females maximize their fitness
differently in different environmental situations
(Fox & Czesak 2000; Messina & Fox 2001). To test for
differences in relative maternal investment (i.e. total

Fig. 1. Residuals of response variables after controlling for the effect of continuous variables. Statistical analyses and the
continuous variables included for the calculation of residuals can be found in Table 2: (a) daily change in mass; (b) time to lay
the egg sac; (c) egg sac volume; (d) spiderling number; (e) spiderling mass; (f ) maternal investment; (g) foraging activity;
(h) percentage of accepted crickets. Details about the calculation of variables are in the text.
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invested mass relative to the total available for repro-
duction) among groups, the mass of the female before
laying the egg sac (

 

W

 

BES

 

), as well as her carapace
width, were included as covariates within a regression
model predicting maternal investment. Including 

 

W

 

BES

 

in the model as a covariate as well as for calculating
maternal investment (the dependent variables) will not
affect parameter estimation nor the 

 

P

 

-values for the
other variables (Smith 1999; Moya-Laraño, Halaj &
Wise 2002). Indeed if  only the mass of the female after
laying the egg sac is used as the dependent variable in
the regression analysis, the parameter estimates are
identical but with opposite sign and the 

 

P

 

-values are
exactly the same (results not shown). Controlling for

 

W

 

BES

 

 was necessary because the prediction was made
that senescent 2Y females would invest less of their
available mass (i.e. 

 

W

 

BES

 

) relative to 1Y females.

 

Results

 

  

 

Nineteen spiders disappeared from their burrow
before laying an egg sac. Neither Food nor Age
affected the disappearance rate. However, the better
the initial condition of the spider, the lower the probab-
ility that she would disappear from her burrow [logistic
regression: 

 

P

 

(

 

χ

 

2
4

 

) = 0·001] (Table 1a).
Between the time that egg sacs were produced and

spiderlings began to emerge, 

 

c

 

. 50% of the 

 

L. tarantula

 

burrows in the study plot were dug out by Red Foxes
(

 

Vulpes vulpes

 

), a common predator of the Mediterra-
nean Tarantula (Moya-Laraño 1999; Moya-Laraño

 

et al

 

. 2002). Neither Food nor Age affected the prob-
ability of female disappearance before spiderlings
emerged from the egg sac [logistic regression:

 

P

 

(

 

χ

 

2
4

 

) = 0·826] (Table 1b).

 

   

 

Both Food and Age affected the rate of mass gain
(Tables 2a and 3, Fig. 1a). After food supplementation
ceased, FED spiders gained mass at a higher rate than
CONTROL spiders and 1Y females gained mass at a
higher rate than 2Y females. In fact, 2Y spiders, rather
than gaining mass, lost 9·5 mg per day. Larger spiders
gained mass at a faster rate, whereas spiders in better
initial condition gained mass at a slower rate
(Table 2a).

 

 

Time to lay the egg sac and egg sac volume

The effect of food supplementation on the time to lay
the egg sac was complex, but there was a clear effect of
age (Tables 2b and 3, Fig. 1b). Although both Food
and Age were significant, interpretation is subjected to
the fact that including the interaction term improved

the model significantly (Table 2b). Running two separ-
ate models, one for each age class, showed that food
supplementation had an effect by shortening the time
of egg laying in FED spiders relative to CONTROL
spiders for 1Y females [P(t50) < 0·001] but not for 2Y
females [P(t8) = 0·418]. This effect persisted even when
the volume of the egg sac was controlled for. Both spi-
der size (positively) and initial condition (negatively)
significantly contributed to the time to lay the egg sac.

Both food supplementation and age had an effect on
the volume of the egg sac (Tables 2c and 3, Fig. 1c).
FED spiders laid larger egg sacs than CONTROL spiders
and 1Y spiders laid larger egg sacs than 2Y spiders.
Both spider size and initial condition contributed posit-
ively to the size of the egg sac.

Spiderling number and mass

The number of spiderlings was not affected by the
feeding treatment but was affected by age. FED spi-
ders produced the same number of spiderlings as
CONTROL spiders, whereas 2Y females produced sig-
nificantly fewer spiderlings than 1Y females (Tables 2d
and 3, Fig. 1d). The fact that the interaction term was
not significant needs to be considered with caution
because there was only one fed 2Y female. There was
a strong negative partial correlation between spider-
ling number and mass.

After controlling for spiderling number, an effect of
feeding treatment became apparent (Tables 2e and 3,
Fig. 1e). FED females invested in heavier offspring
than CONTROL females. As above, the fact that the
interaction term was not significant needs to be con-
sidered with caution because there was only one fed
2Y female. Also, spiders that had a better initial con-
dition invested in heavier spiderlings (Table 2e).

Maternal investment

Supplementing spiders with food had no effect on rel-
ative maternal investment. While age was significant,
the interaction between Food and Age was also mar-
ginally significant (Tables 2f and 3, Fig. 1f). Both FED

Table 1. Logistic regressions on the probability of dis-
appearance from the burrow
  

Beta t df P

(a) Disappearance before egg sac
Food 0·861 1·4 85 0·1575
Age 0·415 0·5 85 0·6043
Carapace width (mm) 0·604 1·2 85 0·2380
Initial mass (g) −4·042 −3·2 85 0·0017

(b) Disappearance before hatching
Food −0·285 −0·6 85 0·5380
Age 0·484 0·8 85 0·4550
Carapace width (mm) −0·087 −0·2 85 0·8357
Initial mass (g) −0·309 −0·4 85 0·6691
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and CONTROL 1Y females invested relatively the
same proportion of their body mass in their egg sac,
whereas 2Y females that were supplied with food
showed a lower maternal investment relative to CON-
TROL females.

 

Both Food and Age affected female foraging activity
(Tables 2g and 3, Fig. 1g). FED females showed lower
activity than CONTROL females and 1Y females
showed more activity than 2Y females. Spiders with
better initial body conditions showed lower foraging
activity (Table 2g).

Within the FED spiders, 1Y females accepted signi-
ficantly more crickets than did 2Y females (Table 2h,
Fig. 1h). The initial condition had no effect on how
many crickets were accepted by spiders in the FED
group. The fact that the initial body condition was
controlled for indicates that 2Y females accepted fewer
crickets independently of the spider hunger status.

Discussion

Both food limitation and age affected several biolo-
gical parameters of  L. tarantula females. Food-
supplemented females gained more mass, laid their egg
sacs earlier if  they were in their first reproductive
season, laid larger egg sacs, produced heavier offspring
and showed lower foraging activity than control females,
indicating food limitation in adult females (Wise 1993;
Lubin & Henschel 1996; Kreiter & Wise 2001). A pre-
vious experiment suggested that adult L. tarantula
females can decrease the effect of food limitation suf-
fered as antepenultimate and penultimate instars by
feeding on males during the mating season (J. Moya-
Laraño, J. M. Orta-Ocaña, J. A. Barrientos, C. Bach &
D. H. Wise unpublished data). The present study
shows that when males are no longer around in the
population, females still suffer food limitation.

Older females lost mass, laid smaller egg sacs, pro-
duced fewer spiderlings, tended to invest relatively less
of their available mass for reproduction in their egg
sacs if  they were food supplemented, foraged less
actively and, within the FED group, accepted fewer
crickets than the females that were on their first repro-
ductive season. Contrary to the pattern in younger
females, food supplementation did not affect the time
at which older females laid their egg sacs. The reduced
performance of older females, as well as their inability
to improve their performance by showing a stronger
response to food supplementation, is evidence of
senescence (Williams 1957; Partridge & Barton 1996;
Kirkwood & Austad 2000). The small sample size of
older females could have affected the results due to the
lack of statistical power, especially after the fox preda-
tion. Thus the lack of statistically significant results,
especially in the interaction terms, must be treated
with caution. Nevertheless, the analyses resulted in

Table 2. Hierarchical multiple regression analyses testing for the effect of Food and
Age, and controlling variables, on several female responses
  

rparc t R2 F df P

(a) Mass gained per day (mg)
Food −0·678 −8·5 85 <0·0001
Age −0·553 −6·1 85 <0·0001
Carapace width (mm) 0·241 2·3 85  0·0247
Initial mass (g) −0·361 −3·6 85 <0·0006
Full model 0·632 36·5 4,85 <0·0001
Food × Age 0·6 1,84  0·4507

(b) Time to lay the egg sac (days)
Food 0·186 1·5 62  0·1422
Age −0·395 −3·4 62  0·0013
Carapace width (mm) 0·285 2·3 62  0·0224
Initial mass (g) −0·523 −4·8 62 <0·0001
Egg sac volume (mm3) 0·185  1·5 62  0·1432
Full model 0·496 12·2 5,62 <0·0001
Food × Age 14·5 1,61  0·0003

(c) Egg sac volume (mm3)
Food −0·486 −4·5 66 <0·0001
Age −0·597 −6·0 66 <0·0001
Carapace width (mm) 0·279 2·4 66  0·0215
Initial mass (g) 0·331 2·8 66  0·0059
Full model 0·5833 23·1 4,66 <0·0001
Food × Age 0·3 1,65  0·5872

(d) Spiderling number
Food −0·336 −1·7 23  0·1011
Age −0·478 −2·6 23  0·0157
Carapace width (mm) −0·079 −0·4 23  0·7071
Initial mass (g) 0·361 1·9 23  0·0758
Spiderling mass (mg) −0·716 −4·9 23 <0·0001
Full model 0·607 7·1 5,23  0·0004
Food × Age 0·0 1,22  1·0000

(e) Spiderling mass (mg)
Food −0·414 −2·2 23  0·0397
Age −0·307 −1·5 23  0·1352
Carapace width (mm) 0·138 −0·7 23  0·5099
Initial mass (g) 0·517 2·9 23  0·0081
Spiderling number −0·716 −4·9 23 <0·0001
Full model 0·616 7·4 5,23  0·0003
Food × Age 0·0 1,22  1·0000

(f) Maternal investment (g)
Food −0·155 −1·2 62  0·2213
Age −0·387 −3·3 62  0·0016
Carapace width (mm) −0·403 −3·5 62  0·0010
Mass before laying (g) 0·775 9·7 62 <0·0001
Full model 0·912 161·4 4,62 <0·0001
Food × Age 3·1 1,61  0·0810

(g) Foraging activity (PC1)
Food 0·432 4·4 85 <0·0001
Age −0·211 −2·0 85  0·0498
Carapace width (mm) 0·151 1·4 85  0·1629
Initial mass (g) −0·310 −3·0 85  0·0035
Full model 0·275 8·1 4,85 <0·0001
Food × Age 0·4 1,84  0·5371

(h) Percentage of crickets eaten
Age −0·486 −3·6 41  0·0010
Carapace width (mm) −0·119 −0·8 41  0·4472
Initial mass (g) −0·067 −0·4 41  0·6697
Full model 0·251 7·0 2,42  0·020
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several statistically significant age differences, prob-
ably reflecting a large magnitude of  the senescence
effect (i.e. large difference between 1Y and 2Y females).
Although senescence for a spider has been shown pre-
viously in the laboratory (Austad 1989), the same
study failed to find evidence for senescence in natural
conditions. Second egg sacs (clutches) laid by female
spiders are usually smaller (Marshall & Gittleman
1994), which suggests that senescence is widespread in
spiders. In the wild, however, smaller second egg sacs
can also be explained by changes in the environment as
the season progresses. Because spiders that differed
in one year of  age were compared within the same
environment, senescence is the most likely explanation
for the pattern found in this study. One may argue that
differences in the seasonal environment in which the
spiders of  different age grew can also explain the
differences. However, if  older females would have
grown up in a poorer environment, we would have
observed 2Y females trying to reach the reproductive
status of 1Y by foraging more actively, accepting more
crickets and investing a proportionately larger amount
of mass in their egg sacs. Since the pattern was the
opposite, senescence is a better explanation for the
poorer performance of older females.

Although to understand the evolution of ageing,
finding evidence for reproductive senescence is as rel-
evant as finding an increase in the death rate due to
senescence (Kirkwood & Austad 2000), documenta-
tion of reproductive senescence in the wild is still scant.
In fact, only a few studies on long-lived iteroparous
invertebrates in natural populations show either a pos-
itive correlation between the death rate and age, or a
negative correlation between reproductive output or
performance and age (Rotifera: Edmondson 1945;
Bivalvia: Macdonald & Bayne 1993; Cephalopoda:
Cortez, Castro & Guerra 1995). However, changes in
reproductive output with age may reflect changes in
food availability that are not necessarily related to age.
The present experiment ruled the latter possibility out
because food availability was experimentally mani-
pulated. Thus, the results reported here demonstrate the
existence of reproductive senescence in an invertebrate
natural population.

There are currently three main hypotheses that
explain the evolution of senescence (reviewed in Finch

1990; Rose 1991; Kirkwood & Austad 2000; Partridge
2001; Tatar 2001): the ‘mutation accumulation’ hypo-
thesis (Medawar 1952), the ‘antagonistic pleitropy’
hypothesis (Williams 1957) and the ‘disposable soma’
hypothesis (Kirkwood 1977). All three hypotheses share
the common prediction that selection should favour rapid
senescence when the rate of extrinsic mortality is high.
In light of the latter prediction, one would not expect to
find slow ageing in the present L. tarantula population
because the high mortality rate (>50%) due to predation
from foxes would have selected for rapid senescence and
sudden death. However, fox predation may not be as high
in natural systems, because evidence suggests that foxes
are attracted to the spiders due to the human presence
near the burrows (Moya-Laraño 1999). In fact, slow
ageing could have evolved in burrowing wolf spiders
due to the protection that the burrow provides against
predation (Shook 1978; Kirkwood & Austad 2000).

In conclusion, this study provides evidence that food
limitation and age significantly affect reproductive
performance and foraging behaviour of adult Mediter-
ranean Tarantula females. Therefore, L. tarantula can
be added to the list of slowly ageing organisms show-
ing senescence in the wild.
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