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Abstract Seasonal fluctuations in body sizes of mother
spiders, spiderlings, and clutch size in the wolf spider, Par-
dosa astrigera (L. Koch) (Araneae: Lycosidae), were inves-
tigated. Cephalothorax and abdomen widths were measured
in females with egg sacs collected in Tsu, Mie Prefecture,
from May 2009 to October 2013. Spiderlings that emerged
from the egg sacs were counted and those widths meas-
ured. In addition, abdomen—cephalothorax size ratio, which
could be correlated with seasonal adaptation of spiderlings,
was calculated. Means for cephalothorax size of mothers
and offspring tended to decrease from March to October.
Mean cephalothorax and abdomen sizes of the spiderlings
in March, April, May, and October were significantly larger
than in July and August. Abdomen—cephalothorax size
ratios in March, April, May, and June were significantly
larger than in July and August. Environmental temperature
in Tsu increases steadily from March to August and drops
toward October. Significant negative correlations were
detected between temperature and cephalothorax and abdo-
men widths of spiderlings. These results suggest that body
size and abdomen—cephalothorax size ratio of spiderlings
change seasonally, and environmental temperature would
affect body size. Furthermore, considering that body size
would put a limit on the available prey, food conditions
could also be an influence.
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Introduction

The relationship between offspring size and fitness in insects
has been studied for many years. For example, in butter-
flies, larvae from larger eggs have higher fitness due to the
bigger mandible in butterflies in the genus Mycales (Braby
1994); offspring from larger eggs develop faster and grow
into larger adults in the seed beetle, Callosobruchus macu-
latus (Fabricius) (Coleoptera: Chrysomelidae) (Fox 1994).
In spiders, benefits of the large body size in spiderlings have
been reported: larger offspring of Hogna helluo (Simon)
(Araneae: Lycosidae) (Walker et al. 2003) and Pardosa pseu-
doannulata (Boes. et Str.) (Araneae: Lycosidae) (Iida 2005)
have greater hunting ability and greater starvation tolerance.
Accordingly, mother spiders would attain higher fitness if
they could produce larger and more spiderlings. However,
since there is a tradeoff between number of offspring and
their body size for a fixed amount of resources invested into
offspring (Edgar 1971; Simpson 1995), mothers would need
to have good balance between offspring size and number.

Adult females of Pardosa astrigera (L. Koch) (Ara-
neae: Lycosidae) with an egg sac can be found successively
from March to November in Mie Prefecture, Japan (lida
et al. 2012). During this period, abiotic and biotic condi-
tions such as temperature, prey species, and prey density
for young spiders would change seasonally; that is, since
spiderlings would be exposed to various environmental
conditions, body size of spiderlings could also change sea-
sonally. Producing as many offspring as possible of suf-
ficient size to adapt to their circumstances would make it
extremely important for mothers to increase their own fit-
ness under constraint of the trade-off.

In this study, we investigated the seasonal changes in
body sizes of mother P. astrigera spiders and their offspring,
as well as the number of offspring produced at one time. We
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measured cephalothorax width for mothers and cephalotho-
rax and abdomen widths for spiderlings as indices of body
size. Since cephalothorax and abdomen width could strongly
influence their hunting ability and starvation tolerance,
respectively (lida 2005), appropriate allocation of resources
between cephalothorax and abdomen would have great
importance for the fitness of mother spiders. Hence, sea-
sonal changes in abdomen-to-cephalothorax size ratio was
also investigated. Using this method, we determined whether
mother spiders produce a fixed number and size of offspring
throughout their breeding season or adopt a reproductive
strategy to produce offspring by adapting to the season.

Materials and methods
P. astrigera

Pardosa astrigera is a wandering spider inhabiting a range
of environments from plains to mountainous regions and is
one of the most common spiders in Japan (Chikuni 1989).
P. astrigera was selected as one of the indicators of func-
tional biodiversity in cabbage fields in Kinki district (Agri-
culture, Forestry and Fisheries Research Council, National
Institute for Agro-Environmental Sciences and National
Institute of Agrobiological Sciences 2012). An adult female
lays eggs as a mass containing approximately 35-80 eggs
(Tida et al. 2012) and makes an egg sac by wrapping the
mass with her silk. Thereafter, she attaches the egg sac to
her spinneret, which is positioned at the rear end of her
abdomen, until the spiderlings simultaneously emerge from
the egg sac. The emerged spiderlings climb their mother’s
abdomen, where they remain as a group. Several days later,
young spiders gradually disperse from their mother.

Spider collection

Spiders carrying egg sacs were collected once a week from
a field at an organic farm in Tsu, Mie Prefecture, Japan
(~34.38°N, 136.24°E, 23 m above sea level) from May
2009 to November 2013. The investigated field is located
~130 m from the Kumozu River. Various seasonal vegeta-
bles are cultivated on a small scale, such as cabbage, spring
onion, watermelon, pumpkin, etc. We measured cephalo-
thorax width of the collected adult female spiders to the
nearest 0.025 mm under a binocular microscope. Mother
spiders were individually confined to cotton-plugged glass
vials (20 ml) with moistened cotton wool and kept under
conditions of 25 °C and 16:8 light:dark cycle until spider-
lings emerged. Spiders were fed with planthoppers, Lao-
delphax striatellus (Fallen) (Homoptera: Delphacidae)
ad libitum, which were reared with rice seedlings under
conditions of 22 °C and 16:8 light:dark cycle.
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Laboratory experiment

Two to 3 days after spiderlings emerged, all young spiders
on the mother’s abdomen were removed using a soft brush
and counted. In cases where unhatched eggs were left in
the egg sac, the sum of the number of unhatched eggs and
emerged spiderlings was recorded as clutch size. Thirty
spiderlings were randomly selected from every clutch and
their cephalothorax and abdomen widths measured under
a binocular microscope to the nearest 0.025 mm. Mean
widths were calculated, and values were noted as indices of
the spiderling size of each clutch. Mean values were calcu-
lated every month using the indices of each clutch and were
statistically compared. Relationships between spiderling
body size and monthly average temperatures in Tsu were
analyzed using data on the website provided by the Japan
Meteorological Agency (2015). Statistical analyses were
performed using JMP 8.0.1 software (SASS Institute Inc.).

Results
Cephalothorax widths of mother spiders and clutch size

Females with egg sacs were successfully collected from
March through October: the minimum number was 21
(in March) and the maximum was 112 (in July); no spi-
ders with egg sacs were found in January and February
in any year or in November 2012 and December 2009,
2011, 2012 and 2013. The number of spiders with egg sacs
collected in November and December were ten and two,
respectively. Since these sample sizes were too small to
analyze statistically, November and December data were
removed from analysis. Consequently, two-way analysis of
variance (ANOVA) revealed that body and clutch size of
mother spiders change seasonally and that the fluctuation
pattern differed between investigated years (Tables 1, and
2). Seasonal changes in body size of mother and clutch
size are shown in Figs. 1 and 2, respectively. Although sta-
tistical analysis showed that seasonal fluctuation patterns
depends upon years and that, as a whole, mother spiders
and clutch sizes collected from March to June were sig-
nificantly larger than from August to October, showing a

Table 1 Two-way analysis of variance (ANOVA) for cephalothorax
width of Pardosa astrigera mothers

Factor df SS F value p value
Year 4 0.0896 27512 <0.05
Month 5 0.55208 16.9482 <0.0001
Year x month 26 0.080385 2.4677 <0.0001
Residuals 614 0.03257
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Table 2 Two-way analysis of variance (ANOVA) for Pardosa astrig-
era clutch size

Factor df SS F value p value
Year 4 359.661 1.2372 0.2939
Month 5 4215.538 14.5007 <0.0001
Year x month 26 501.821 1.7262 0.0146
Residuals 601 290.712

Fig. 1 Monthly means =+ standard error (SE) of cephalothorax width
of Pardosa astrigera mothers in 2009-2013. Means with the same
letters are not significantly different [Tukey—Kramer honestly signifi-
cant difference (HSD) test, p < 0.05]. Numerals in parentheses are the
number of spiders examined

tendency to become smaller with seasonal progression
[Tukey—Kramer honestly significant difference (HSD) test,
p <0.05].

Cephalothorax and abdomen widths of spiderlings

Since two-way ANOVA revealed that fluctuation patterns
in cephalothorax and abdomen widths were not signifi-
cantly different among investigated years (Tables 3, 4),
combined data during the 5 years was analyzed (Tukey—
Kramer HSD test, p < 0.05), spiderling widths fluctuated
in a similar pattern (Fig. 3). From March to August, cepha-
lothorax and abdomen widths continued to decrease signif-
icantly; both sizes reached a minimum in August. During
this period, spiderling cephalothorax width showed signifi-
cant and positive correlation with mothers’ cephalothorax
width in 2010, 2011, 2012, and 2013; on the other hand,
spiderling abdomen width showed significant and positive
correlation with cephalothorax width of mother spiders in
2010, 2011, and 2013 (Table 5). After this period, how-
ever, spiderling cephalothorax and abdomen widths sud-
denly started to increase and were significantly larger in
October than in August.

Since two-way ANOVA revealed that fluctuation pat-
terns of abdomen—cephalothorax size ratio is not signifi-
cantly different among investigated years (Table 6), com-
bined data during the 5-year study period was analyzed
(Tukey—Kramer HSD test, p < 0.05). There was no sig-
nificant difference in size ratios in March, April, May, and
June; however, the ratio immediately and significantly fell
in July and August (Tukey—Kramer HSD test, p < 0.05),
after which it started to rise again in September and Octo-
ber (Fig. 4).
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s % era mothers and spiderlings in this study. From March to
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0 2013 followed similar patterns. In fact, in arthropods, there is a
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S e are exceptions to this pattern (Fox and Czesak 2000). From
§ 60 August to October, however, seasonal fluctuation in body
8 10 size of spiderlings revealed a completely different pattern
2 from the former period—that is, body sizes of mother and
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Fig. 2 Monthly means =+ standard error (SE) of Pardosa astrigera
clutch size 2009-2013. Means with the same letters are not signifi-
cantly different [Tukey—Kramer honestly significant difference (HSD)
test, p < 0.05]

Relationship between monthly average temperature
and spiderling body size

Relationships between monthly average temperature in
Tsu and monthly averages of spiderling cephalothorax and
abdomen widths during the investigated period are shown
in Fig. 5a, b, respectively. There were significant and
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spiderlings tend to become smaller from March to August;
from August to October, however, though cephalothorax
width of mothers remains small or continues to become
smaller, body size of spiderlings becomes larger with pro-
gression of the season. Accordingly, it can be said that sea-
sonal changes in spiderling body size cannot be explained
only by the mother’s body size fluctuation. Another possible
explanation for the seasonal change in spiderling body size
would be that temperatures during oviposition and growth
determine progeny size. A review of the literature by Fox and
Czesak (2000) found that females of many arthropod species
lay larger eggs when exposed to lower temperatures dur-
ing oviposition or rearing. For example, egg size increases
at lower temperature in three Drosophila spp. (Avelar 1993)
and in the butterfly Bicyclus anynana (Butler) (Lepidoptera:
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Table 5 Relationships between cephalothorax width of Pardosa
astrigera mothers (A) and abdomen width of spiderlings (B) from
March to August, 2009, 2010, 2011, 2012, and 2013

Year Correlation coefficient P value
A
2009 0.929 0.071
2010 0.821 <0.05
2011 0.933 <0.01
2012 0.934 <0.01
2013 0.859 <0.05
B
2009 0.943 0.057
2010 0.895 <0.05
2011 0.904 <0.05
2012 0.787 0.063
2013 0.959 <0.01

Table 6 Two-way analysis of variance (ANOVA) for abdomen-—
cephalothorax ratio of Pardosa astrigera spiderlings

Factor daf SS F value P value
Year 4 0.0008012 0.6217 0.6472
Month 7 0.0044614 3.4621 <0.01
Year x month 28 0.0013031 1.0112 0.4497
Residuals 616 0.0012887

Nymphalidae) (Fischer et al. 2004). In our study, significant
and negative correlations were detected between temperature
and spiderling cephalothorax and abdomen widths . These
results suggest that the temperature experienced by mother
spiders could determine spiderling body size. Thus, the sea-
sonal change of temperature may play a vitally important
role in seasonal change of P. astrigera spiderling body size.

This study revealed that body and clutch sizes of mother
spiders fluctuate differently depending on researched years,
while the pattern of spiderling body size fluctuation were
not significantly different among years. Differences would
be induced by the difference between factors that affect
the determination of the mother spider’s body and clutch
sizes and factors affecting determination of spiderling body
size. For example, generation may be a key factor affect-
ing determination of spiderling body size. Miyashita (1969)
reported that P. astrigera repeats two generations annually.
Since generation of mother spiders most greatly works on
the decision of body size of spiderlings, even if environ-
mental factors significantly change every year, the fluctua-
tion pattern of body size of spiderlings may not have sig-
nificantly differed over the study period.

Temperature could be also associated with the reproduc-
tive strategy of P. astrigera. Yoshikura (1987) reported that
spiders generally grow faster under higher temperatures
and slower under lower temperatures within a certain tem-
perature range. Hence, P. astrigera spiderlings hatched in
July and August would be able to shorten their vulnerable
period during higher temperatures. Mother spiders there-
fore could produce smaller offspring. On the other hand,
availability of prey for spiderlings could also influence the
reproductive strategy related to body size determination of
offspring. In the wolf spider P. pseudoannulata, spiderling
cephalothorax width strongly affects hunting ability and
abdomen width greatly affects starvation tolerance (lida
2005). In addition, P. pseudoannulata spiderlings with a
larger abdomen—cephalothorax size ratio are able to molt
into the subsequent instar under limited food condition
(Iida and Fujisaki 2007). Seasonal changes in cephalotho-
rax and abdomen widths and abdomen—cephalothorax size
ratio of P. astrigera revealed in this study show similar pat-
terns of seasonal change with those of P. pseudoannulata
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0.78 may produce offspring under a similar reproductive strat-
§ | egy. In addition, there is a possibility that both temperature
8 om and availability of prey importantly influence reproduc-
§ tive strategy related to determination of offspring size. The
i determination mechanism on spiderling body size has not
£ on yet been elucidated.
bt Other factors that could influence determination of prog-
% 0.7 eny body size, such as father’s body size (Iyengar and Eisner
-5 1999), heredity (Fischer et al. 2004), maternal food avail-
0.60 ability (Braby and Jones 1995), and maternal age (Wiklund
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Fig. 4 Monthly means =+ standard error (SE) of abdomen—cepha-
lothorax size ratio of Pardosa astrigera spiderlings. Means with the
same letters are not significantly different [Tukey—Kramer honestly
significant difference (HSD) test, p < 0.05]
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Fig. 5 Relationship between monthly average temperature in Tsu
and a cephalothorax and b abdomen widths of Pardosa astrigera
spiderlings. Significant negative correlations were detected between
temperature and cephalothorax width (p < 0.0001; Spearman’s rank
correlation coefficients —0.3958) and abdomen width (p < 0.0001;
Spearman’s rank correlation coefficients —0.4307)

reported by Iida and Fujisaki (2007); body size and ratio
tend to be smaller in summer than in autumn. Considering
that both species belong to the genus Pardosa and the two
species are sometimes observed in the same habitat, they
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and Persson 1983). A physiological approach and a survey
of food conditions for spiderlings in their habitat would help
elucidate the mechanisms that determine offspring size and
control resource allocation of P. astrigera spiderlings.

Acknowledgements I thank Mr. R. Hashimoto for permitting our
research in his farming field. This work was supported by a grant from
the Ministry of Agriculture, Forestry and Fisheries of Japan (selection
of functional biodiversity indicators and development of assessment
methods 1162).

References

Agriculture, Forestry and Fisheries Research Council, National Insti-
tute for Agro-Environmental Sciences and National Institute of
Agrobiological Sciences (2012) Indicator animals of functional
agrobiodiversity: a survey and evaluation manual. I. Survey and
evaluation methods, p 60 http://www.niaes.affrc.go.jp/techdoc/
shihyo/shihyo1b.pdf Accessed 10 Oct 2015 (in Japanese)

Avelar T (1993) Egg size in Drosophila: standard unit of investment
or variable response to environment? The effect of temperature. J
Insect Physiol 39:283-289

Braby MF (1994) The significance of egg size variation in butterflies
in relation to hostplant quality. Oikos 71:119-129

Braby MF, Jones RE (1995) Reproductive patterns and resource
allocation in tropical butterflies: influence of adult diet and sea-
sonal phenotype on fecundity, longevity and egg size. Oikos
72:189-204

Chikuni Y (1989) Pictorial encyclopedia of spiders in Japan. Kaisei-
sha, Tokyo (in Japanese)

Edgar WD (1971) Seasonal weight changes, age structure, natality
and mortality in the wolf spider Pardosa lugubris Walck in Cen-
tral Scotland. Oikos 22:84-92

Fischer K, Bot ANM, Zwaan BJ, Brakefield PM (2004) Genetic and
environmental sources of egg size variation in the butterfly Bicy-
clus anynana. Heredity 92:163—-169

Fox CW (1994) The influence of egg size on offspring performance
in the seed beetle, Callosobruchus maculatus. Oikos 71:321-325

Fox CW, Czesak ME (2000) Evolutionary ecology of progeny size in
arthropods. Annu Rev Entomol 45:341-369

Iida H (2005) Trade-off between hunting ability and starvation tol-
erance in the wolf spider, Pardosa pseudoannulata (Araneae

Lycosidae). Appl Entomol Zool 40:47-52. doi:10.1303/
aez.2005.47

Tida H, Fujisaki K (2007) Seasonal changes in resource allocation
within an individual offspring of the wolf spider, Pardosa pseu-
doannulata (Araneae : Lycosidae). Physiol Entomol 32:81-86.
doi:10.1111/j.1365-3032.2006.00545.x

Iida H, Kohno K, Takeda M (2012) Investigation of life history traits
(seasonal fluctuations of body size and clutch size, and the


http://www.niaes.affrc.go.jp/techdoc/shihyo/shihyo1b.pdf
http://www.niaes.affrc.go.jp/techdoc/shihyo/shihyo1b.pdf
http://dx.doi.org/10.1303/aez.2005.47
http://dx.doi.org/10.1303/aez.2005.47
http://dx.doi.org/10.1111/j.1365-3032.2006.00545.x

Appl Entomol Zool (2016) 51:125-131

131

breeding season) of the wolf spider, Pardosa astrigera in the
plain area of Mie Prefecture, Japan. Ann Rept Kansai Pl Prot
54:171-173 (in Japanese)

Iyengar VK, Eisner T (1999) Female choice increases offspring fit-
ness in an arctiid moth (Utetheisa ornatrix). Proc Natl Acad Sci
USA 96:15013-15016. doi:10.1073/pnas.96.26.15013

Japan Meteorological Agency (2015) Monthly means of tempera-
ture in Tsu City. Japan Meteorological Agency Website. http://
www.data.jma.go.jp/obd/stats/etrn/view/annually_s.php?prec_
no=53&block_no=47651&year=2010&month=&day=&vie
w=a2. Accessed 16 Sep. 2015 (in Japanese)

Miyashita K (1969) Seasonal changes of population density and some
characteristics of overwintering nymph of Lycosa T-insignita
Boes. et Str. (Araneae: Lycosidae). Appl Entomol Zool 4:1-8

Simpson MR (1995) Covariation of spider egg and clutch size: the
influence of foraging and parental care. Ecology 76:795-800
Walker SE, Rypstra AL, Marshall SD (2003) The relationship
between offspring size and performance in the wolf spider
Hogna helluo (Araneae: Lycosidae). Evol Eco Res 5:19-28

Wiklund C, Persson A (1983) Fecundity, and the relation of egg
weight variation to offspring fitness in the speckled wood but-
terfly Pararge aegeria, or why dont butterfly females lay more
eggs? Oikos 40:53-63

Yoshikura M (1987) The biology of spiders. Gakkai Shuppan Center,
Tokyo, p 222 (in Japanese)

@ Springer


http://dx.doi.org/10.1073/pnas.96.26.15013
http://www.data.jma.go.jp/obd/stats/etrn/view/annually_s.php%3fprec_no%3d53%26block_no%3d47651%26year%3d2010%26month%3d%26day%3d%26view%3da2
http://www.data.jma.go.jp/obd/stats/etrn/view/annually_s.php%3fprec_no%3d53%26block_no%3d47651%26year%3d2010%26month%3d%26day%3d%26view%3da2
http://www.data.jma.go.jp/obd/stats/etrn/view/annually_s.php%3fprec_no%3d53%26block_no%3d47651%26year%3d2010%26month%3d%26day%3d%26view%3da2
http://www.data.jma.go.jp/obd/stats/etrn/view/annually_s.php%3fprec_no%3d53%26block_no%3d47651%26year%3d2010%26month%3d%26day%3d%26view%3da2

	Seasonal fluctuations in offspring body size in the wolf spider, Pardosa astrigera (Araneae: Lycosidae)
	Abstract 
	Introduction
	Materials and methods
	P. astrigera
	Spider collection
	Laboratory experiment

	Results
	Cephalothorax widths of mother spiders and clutch size
	Cephalothorax and abdomen widths of spiderlings
	Relationship between monthly average temperature and spiderling body size

	Discussion
	Acknowledgements 
	References




