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Age and egg-sac loss determine maternal behaviour and
locomotor activity of wolf spiders (Araneae, Lycosidae)

Fanny Ruhland, Violette Chiara, Marie Trabalon
University of Rennes 1, UMR 6552 CNRS EthoS, Rennes, France
Highlights

e Age of egg-sac affects the behaviour of mother.

Locomotor activity of mother is not modified with egg-sac age.

Mothers show a searching behaviour and higher activity after losing their egg-sacs.

Mothers with older cocoons are most active in searching their cocoon.

All mothers found their lost cocoon and showed maternal behaviour towards it.

Abstract

Wolf spiders’ (Lycosidae) maternal behaviour includes a specific phase called “egg brooding”
which consists of guarding and carrying an egg-sac throughout the incubation period. The
transport of an egg-sac can restrict mothers’” exploratory and locomotor activity, in particular
when foraging. The present study details the ontogeny of maternal behaviour and assesses the
influence of age of egg-sac (or embryos’ developmental stage) on vagrant wolf spider
Pardosa saltans females’ exploration and locomotion. We observed these spiders’ maternal
behaviour in the laboratory and evaluated their locomotor activity using a digital activity
recording device. Our subjects were virgin females (without egg-sac) and first time mothers
(with her egg-sac) who were divided into three groups. The first group of mothers were tested
on the day the egg-sac was built (day 0), and the females of the other two groups were tested
10 or 15 days after they had built their egg-sac. We evaluated the effects of the presence and
the loss of egg-sac on mothers’ activity. Pardosa saltans females’ behaviour depended on
mothers’ physiological state and/or age of egg-sac (developmental stage of embryos). Virgin
females’ behaviour was not modified by the presence of an egg-sac in their environment.
Mothers’ reactions to the presence, the loss and the recovery of their egg-sac varied during the
maternal cycle. Maternal behaviour changed with age of egg-sac, but the levels of locomotor
activity of mothers with egg-sacs was similar to those of virgin females. Loss of egg-sac
modified the maternal behaviour and locomotor activity of all mothers; these modifications
were greater on “day 15” when embryos had emerged from eggs. All mothers were able to
retrieve their egg-sacs and to re-attach them to their spinnerets.

1. Introduction


http://topics.sciencedirect.com/topics/page/Ontogeny

Either one or both parents in many different groups of animals take care of their fertilized
eggs (see Clutton-Brock 1991; Royle et al., 2013). This is a necessity for most oviparous
endotherms as well as some ectotherms as it helps control offspring’s abiotic and biotic
environmental factors (water balance, thermoregulation, and to protect them from predators
and parasites) (Hieber 1992; Humphrey 1974; Norgaard 1951). Egg care is uncommon among
terrestrial arthropods, perhaps because parents are seldom able to protect their young
effectively, and selection favours the production of a large number of eggs (Lardies et al.,
2004; Tallamy & Wood 1986; Tammaru et al., 2002). Arthropods’ egg care can be divided
into two types: egg attendance and egg brooding (Smiseth et al., 2012). Egg attendance occurs
when parents remain with their eggs at a fixed location, usually the oviposition site, after eggs
have been laid. Egg brooding is a form of parental care when parents carry their eggs after
laying. Egg brooding could offer more advantages than egg attendance when parents breed in
unpredictable environments because brooding would then allow parents to move about more
freely while still caring for their eggs (Smiseth et al., 2012).

Some members of the Thomisidae, Pisauridae, Salticidae, and Lycosidae spider families
(Bristowe 1958; Eason 1964, 1969; Peck & Whitcomb 1970; Rovner et al., 1973; Whitcomb
& Eason 1964) brood eggs and thus increase offspring fitness by providing protection against
egg predators (Nergaard 1956; Kaston 1965; Shear 1970; Kullmann 1972; Eberhard 1974;
Brach 1976; Gertsch 1979; Buskirk 1981), parasitism (Lubin 1974), and optimal
thermoregulation conditions for their development (Bradoo 1973; Humphreys 1974; Norgaard
1951, 1956; Vlijm et al., 1963). Furthermore, parents’ costs may be lower for brooding than
for attending because brooding parents can forage more easily while still caring for their eggs.
However, the additional mass of eggs usually restricts locomotion and, consequently
decreases foraging efficiency and increases predation risk (Kight & Ozga 2002). Thus,
maternal investment of egg-carrying species such as wolf spiders increases with time,
incurring metabolic and ecological costs. Reports on the conditions of onset, maintenance and
extinction of maternal care of egg-sacs suggest complex interactions between internal factors
(mothers’ physiological state) and external factors (i.e. stimulations from the embryos)
(Bonnet 1946; Norgaard 1956; Krafft and Horel 1980; Vannini et al., 1986; Horel and
Gundermann 1992; Roland et al., 1996). The commonly held view is that arthropods’
maternal behaviour is the stereotyped expression of a genetic programme. While some lycosid
females refuse an egg-sac when they have not yet oviposited (Palmgern 1944), virgin
Schizocosa ocreata females adopted an egg-sac offered and reared the spiderlings that
emerged from it as if they were their own (Wagner 1995). This indicates that induction of
maternal care is possible in spider as in vertebrates.

Females wolf spiders’ (Lycosidae) egg brooding can be divided into the following stages:
construction of sac (or cocoon), care of egg-sac, perforation of egg-sac, and transport of
spiderlings after their emergence from the cocoon (Vlijm et al., 1963; Eason 1964; Whitcom
& Eason 1967; Randall 1977; Gertsch 1979; Wise 1993; Dolejs et al., 2010; Foelix 2011).
While egg-sacs are being carried embryos develop into eggs, and then they hatch from the egg
as partly developed pre-larvae (Vachon 1957). They moult at least once (larva or juvenile
stage) before leaving the egg-sac (Canard, 1987). No reports describe the ontogeny of
maternal behaviour after egg-sac building and none have studied the effects of the
developmental stage of eggs on vagrant mothers’ exploratory and locomotor activities.
Moreover, the locomotor activity of free-moving members of the genus Pardosa (Lycosidae)
is important (Fujii 1977; Gertsch 1979), they forage on the ground and in the leaf litter of a
wide variety of terrestrial habitats (Nyffeler et al., 1994; Wise 1993). Mothers trail their egg-
sacs behind them attached to their opisthosoma (or abdomen) or their spinnerets for several
weeks. In their natural environment, an egg-sac can become detached when a female forages
and moves about actively. A female can search for her egg-sac after losing it (Colancecco et



al., 2007; Culley et al., 2010; Fujii 1980; Wagner 1995) and can reattach it after she has found
it (Colancecco et al., 2007; Culley et al., 2010; Eason 1964; Foelix 2011). However, mothers’
exploratory behaviour and locomotor activity after losing and reattaching her egg-sac are
undocumented.

We questioned whether egg-sac brooding is strictly programmed (through autonomous
maturational processes) with oviposition, or is influenced by external factors (as stimuli from
offspring). We hypothesized 1) that maternal behaviour cannot be accounted for by
spontaneous endogenous changes (oviposition), but that it is induced and maintained by
stimulations from the egg-sac that would depend on its age (embryos’ developmental stage);
2) that mothers’ exploratory and locomotor activities when searching for a lost egg-sac would
vary during the maternal care period. We compared the behavioural sequences, exploratory
and locomotor activities, under laboratory conditions, of vagrant wolf spiders, Pardosa
saltans mothers (Topfer-Hofmann 2000) between unloaded spiders (virgins) and spiders with
egg-sacs (mothers). We expected 1) that behavioural patterns would change after oviposition
and construction of egg-sac, and that maternal care and locomotor activity would change in
relation to age of egg-sac; 2) that after loss of egg-sac, mothers’ exploratory and locomotor
activities, recovery and rehanging of egg-sac would differ in relation to the time they had
already invested in maternal care (mothers with older egg-sacs would search longer for it).

2- Methods

The spiders of the genus Pardosa account for the largest number of lycosid species in Europe
and are the most abundant and common genus. Pardosa saltans was described in 2000, but its
biology and behaviour have not been studied and its maternal behaviour has never been
described. No observations of females’ locomotor activity have been made during the
maternal period. Females become very conspicuous from May or June onwards, when they
begin carrying around their egg-sacs. Females can reproduce twice, but invest most during the
first cycle, in summer, whereas in autumn egg-sacs, if any, are lighter (although with larger
eggs) (personal observations, unpublished data). Our observations, restricted to the laboratory,
show that egg-sacs remain attached to the maternal spinnerets by silk threads for about 25
days. The fact that, while carrying egg-sacs, females continue to be mobile while feeding
(unpublished data) makes them ideal models to study trade-off between maternal behaviour
and locomotor/foraging activity.

Our Pardosa saltans female subjects were virgin adults collected during the copulation period
and captured in a forest near the biological station of Paimpont (University of Rennes 1
propriety; France; 48°00°05.67" North, 2°13°46.65" West) during April-May 2015. Females
were kept individually in circular terrariums (10 cm diameter x 5 cm high) with water and
without soil, and were bred at 20 £ 1°C, 56 + 1 % relative humidity under a L:D, 8:20 h
photoperiodic cycle. Spiders were fed every three days ad libitum with juvenile crickets
(Acheta domestica) alternating with adult flies (Delia radicum). All mated females were
checked at least twice a day (morning and evening) to record oviposition.

<H2>2.1. Embryos’ developmental stage in relation to age of egg-sac

In order to see if characteristics of the egg-sac are modified during the ontogeny different
measurements were done. To measure egg-sacs, they were removed rapidly with a brush from
mothers with a *'Day 0" (n=10), ""Day 10" (n=10), or "'Day 15" (n=10) cocoon. Cocoons
were weighed (Sartorius electronic balance, + 0.01 g; Palaiseau, France), measured on
micrographs and then the egg-sacs were opened. Eggs were counted in the cocoon on *“day
0", embryos’ developmental stage was assessed in the cocoon on *“day 10" and on "“day 15".
The equation for a probate spheroid, V = 4/3 7 (ab?), where a = length and b = width of the
egg-sac (in mm), was applied to determine the volume of egg-sacs.



<H2>2.2. Maternal behaviour sequences during egg brooding in terrarium

The behaviour of 20 mothers in their terrarium was recorded: just after oviposition,
construction and attachment of the egg sac (**Day 0"), after 10 days (*'Day 10"), after 15 days
of egg-sac care (" 'Day 15"), and when young emerged from their egg-sac. All behaviours
displayed by the mothers in their brooding terrarium were recorded: auto-centred behaviours
and those involving their egg-sac. All observations were made ten minutes per hour per state
during daytime (between 8.00 and 19.00 hours) in natural light and were recorded using a
Canon HD (HG20) camera.

<H2>2.3. Exploratory behaviour and locomotor activity of females in a novel environment

Two experimental groups were observed in a glass arena (10 cm diameter and 5 cm high): 14
“virgin" young females (not mated) were controls and 57 *'mothers with an egg-sac" during
the first maternal care cycle on “"Day 0" (n = 19), on "'Day 10" (n = 19), and then on "'Day
15" (n=19). All subjects were observed during the same period of day (between 8.00 and
12.00 hours) under natural light. All females were given one fly the day before the experiment
and tested the following day only if the prey had been consumed (so that the activity observed
was exploration of the novel environment and not foraging). Two of arenas were used
simultaneously so we could pair subjects with different physiological states, combining all
possibilities (virgin/mother, ““day 0"/"*day 10", “*day 0"/"*day 15", "*day 10"/"*day 15", etc).
This methodological precaution aimed to counteract effects of changes in temperature and
humidity on the spiders’ behaviour. To eliminate bias due to the positions of the arenas, we
alternated the physiological groups between sides between trials. The arenas were washed
with water then ethanol (70 %) between trials to eliminate any possible intraspecific cues that
could influence activity. All the behaviours observed in the terrariums (self-centred and
involving egg-sac) were recorded in this novel environment. We monitored spiders’
exploratory and locomotor activities during each trial. The coordinates of females were
recorded every 12 frames / second using a Canon HD (HG20) camera and an automated
video-based, digital-data collection system (Swiss-Track software 4.0.0 with the nearest
neighbour tracking method). We measured surface explored (percentage) and distance
covered (cm / min) with the R software (R 3.0.2). Distance covered was calculated every 4
frames per second. When distances covered were less than 3.33 mm / sec they were not taken
into account.

Three tests assessed females’ activities:

Test 1: during egg-sac carrying

A subject, either a virgin or a mother with her egg-sac was placed in the centre of the arena
under a vial (1.5 cm diameters) 1 min before the test started. The vial was removed and the
subject was allowed 5 min to habituate to the arena prior to data collection. After this period,
the spider’s activity was monitored for 10 min.
At the end of a test, all spiders (virgins and mothers with egg-sac) were anesthetized in the
arena by chilling at 5°C for 5 min. Egg-sacs were removed from their mothers rapidly with a
brush. Egg-sacs were transferred individually into a vial and stored at room temperature.
Virgins and mothers woke up after 1 min at room temperature and were placed under a vial in
the centre of the arena just before test 2.

- Test 2: after the loss of egg-sac

Mothers without their egg-sac and virgin spiders (to assess the effects of anaesthesia and
manipulation) were tested following the same procedure as for test 1. The spider’s activity



was monitored for 10 min. Then, at the end of test 2, the egg-sac was placed in the arena
opposite the female, 3 cm away. Virgin females were tested with a 15-day old “‘'unknown
egg-sac" (to assess the influence of females’ physiological state on egg-sac acceptation) and
mothers were tested with their own egg-sac. To evaluate the efficiency of egg-sac search and
the rapidity to return to the normal situation (egg-sac attached to the spinnerets) we recorded:
time taken by females to find their egg-sac, durations of egg-sac manipulation (time between
first contact and manipulation of cocoon with a leg or a pedipalp, and first contact with
abdomen) and egg-sac hanging (time between contact of egg sac with abdomen and
attachment to spinnerets). When a female had not contacted or attached her egg-sac after 30
min, the egg-sac was considered " 'not retrieved".

- Test 3: after hanging of egg-sac

Females’ exploratory and locomotor activities were recorded for 10 min after they had
retrieved their egg-sac.

At the end of test 3, all mothers with their egg-sac were replaced in their terrarium until
emergence of spiderlings.
<H2>2.4. Statistical Analysis

Data are expressed as means + SE. Statistical analyses were performed using R software
(3.0.2) (R Core Team, 2013). Differences were estimated using analyses of variance (one-way
ANOVA with repeated variable). Surface area explored were divided by 100 and then
converted to \ arcsine proportions to normalize data before an ANOVA was computed. When
differences between means were significant at the p < 0.05, and a posteriori Tukey’s (HSD)
tests established the inter-group comparison. Frequencies of behaviours were analysed using
y? tests and a Bonferroni’s correction was applied. In all cases, the differences were
considered significant at p < 0.05.

<H1>3 - Results

<H2>3.1. Embryos’ developmental stage in relation to age of egg-sac

Soon after copulation (14 + 1 days) and immediately after oviposition (44-23 eggs; 35 = 10
eggs), the females started to construct then attach their egg-sac to their spinnerets (Fig. 1).
Under our laboratories conditions, after 10 days incubation, embryos, at the first pre-larva
stage (with incomplete extremities and yolk reserves) were visible in eggs. After 15 days, a
white seam appeared all round the grey-bluish egg-sac and 2" stage pre-larvae (segmented
legs and poor mobility) started to hatch from the egg. Weights (15.29 & 0.77 mg) and volumes
(13.97 £ 0.37 mm?) of cocoons on days 0, 10 and 15 were similar (F243 = 2.26 p = 0.07 and
F243=1.84,p =0.18).

<H2>3.2. Maternal behaviour during egg-sac care in terrarium

After oviposition and while carrying their egg-sac, females’ behaviours included raising and
lowering one of their first pair of legs (= **'waving"), passing a leg or a pedipalp between their
chelicera (= ““grooming"), hitting the ground with their first pair of legs (= " hitting"), putting
their egg-sac under their cephalothorax attached to an abdominal fold so that their pedipalps
and first and third pairs of legs could be in contact with the egg-sac (= "“egg sac under
cephalothorax"), detaching their egg-sac from their spinnerets and turning it with their



pedipalps and first and third pairs of legs (= "“egg-sac manipulation") (cf. movie files,
supplementary data). When spiderlings started to hatch their mothers assisted their

emergence: females then rotated their egg-sac with their legs and palps and cut the seam of
the egg-sac with their chelicerae. As the egg-sac was torn apart, the young started coming out
and climbing onto their mother’s back.

<H2>3.3. Test 1: Influence of egg-sac age on females’ exploratory behaviour and locomotor

activity in a novel environment

The exploration of a novel environment by mothers *“with an egg-sac" varied significantly
with the age of their cocoon (%% = 108.8, df = 8, p < 0.0001). On **Day 0" mothers only
“waved" and "“groomed" their legs and pedipalps (Fig. 2A). These females’ behaviour did not
differ from that of " “virgins". Mothers on ""Day 10" expressed significantly more *“waving"
and manifested *hitting" activity. Only mothers on ""Day 15" expressed two behaviours
involving their egg-sac: placing “"egg-sac under cephalothorax" and "‘egg-sac manipulation".
Both virgins and mothers walked preferentially close to the periphery of the arena (Fig. 3C).
Mothers carrying an egg-sac raised their opisthosoma during exploration, gathering their legs
more closely under themselves. Mothers’ locomotor activity did not vary significantly during
the egg-sac care period and was similar to that of virgin females (distance covered: F3 67 =
0.68, p = 0.51; surface explored: F367 = 0.85, p=0.47) (Fig. 3A and 3B). Distances covered
by mothers with an egg-sac ranged from 16.5 to 19.2 cm/min, and mothers explored
approximately 40-50 % of the arena surface.

<H2>3.4. Test 2: Females’ activity after loss of egg-sac in relation to age of egg-sac

Mothers modified their behaviour significantly after losing their egg-sac (**Day 0": y*=97.12,
df =5, p <0.0001; “Day 10" ¥*= 99,55, df =5, p <0.0001; “'Day 15": y*>= 143,06, df =5, p
< 0.0001); the females’ reactions to this loss varied with age of egg-sac (x°= 3813, df =6, p <
0.0001) (Fig. 2B). Mothers on ""Day 0" and on ""Day 10" expressed " hitting" and two new
activities: females hunched their legs and palps under themselves staying in maximum contact
with the ground (=" "hunch") and made lateral movements of their abdomen (=" abdominal
movement"). Mothers on ""Day 15" also expressed *"hunch" and *“abdominal movement" but
not " hitting". “"Hunch" was the motor act expressed the most frequently (50-71 %) by the
mothers after egg-sac loss. Mothers on "'Day 0" made significantly fewer *“abdominal
movements" and ““waved" more than on “"Day 10" and "'Day 15" (p < 0.0001). Mothers
“waved" (p = 0.043) and "hit" significantly more frequently on **Day 10" than on ""Day 15"
(p <0.0001).

While exploring, mothers without an egg-sac maintained their opisthosoma in a straight line
in relation to their prosoma and parallel to the substratum, as did virgins. All mothers moved
significantly more than did virgin females (distance covered: F3 67y = 27.29, p< 0.0001;
surface explored: F367) = 22.65, p < 0.0001) (Figure 3A and 3B). Mothers covered similar
distances on "'Day 0" and on ""Day 10", but on "'Day 10" mothers explored significantly
larger surfaces than on ""Day 0" (p = 0.005). Mothers moved and explored significantly more
on “"Day 15" than on "'Day 0" (p = 0.04) and “*Day 10" (p < 0.001). Furthermore, the
mothers’ locomotor patterns were modified during this test: from straight displacements when
they had an egg-sac attached to their spinnerets (test 1), their trajectories winding more after
losing their egg-sac Fig. 3C).

<H2>3.5. Test 3: Females’ activity before and after hanging egg-sac in relation to age of egg-

Sac



After introduction of their egg-sac in the arena, mothers did not go directly to their egg-sac
but followed winding trajectories until either their palps or one of their first three pairs of legs
randomly contacted it. Delays to contact egg-sac and manipulate it did not differ significantly
between mothers on “‘Day 0", "'Day 10" and ""Day 15": mothers recovered and contacted the
egg-sac after 197 £ 46 sec (F2,54 = 0.004, p = 0.95) and manipulated the egg-sac for 30 = 4 sec
(F2,54 = 0.46, p = 0.64) (Fig. 4). Mothers hung their egg-sacs significantly more rapidly on
“"Day 0" than on the other days (*'Day 0": 65 sec; "'Day 10" and ""Day 15": 108-125 sec; F2 54
=3.12,p=0.05).
Females’ recovery reactions did not vary with age of egg-sac (x> =9.71, df =5, p = 0.084)
(Fig. 2C). However, experiencing loss modified significantly mothers’ behaviour after cocoon
hanging (y? = 18.89, df =8, p = 0.01). **Day 0" mothers expressed the same behaviours after
hanging as in test 1. *"Day 10" mothers behaviours were similar to those during test 1 but their
frequencies differed significantly (y? = 26.85, df =4, p = 0.001). “*Day 15" mothers
“groomed" more than during test 2 (x> = 137.37, df =5, p = 0.0001). **Day 15" mothers did
not manipulate their egg-sac during test 3 like they did in test 1.
Mothers’ locomotor activity following egg-sac hanging did not vary with age of egg-sac
(distance covered: Fi,67) = 1.47, p < 0.23; surface explored: F367)=0.67, p <0.57) (Fig. 3A
and 3B). Their locomotor activity was then similar to that observed before loss of egg-sac
during test 1 (F3,67 = 1.47, p = 0.23) and was significantly lower than during test 2 (F3 67 =
37.40, p <0.0001). Mothers carrying an egg-sac raised their opisthosoma during exploration,
gathered their legs more closely under them, and their displacements were straight similar to
those observed during test 1 (Fig. 3C).
The fact that virgin females’ behaviour (3 = 0.43, df =3, p = 0.93) and locomotor activity did
not vary significantly between tests (distance covered: F339) = 0.85, p < 0.47; surface
explored: F339) = 1.03, p < 0.59), showed that anaesthesia and/or manipulations related to the
experiment did not influence spiders’ behaviour or locomotor activity. Moreover, none of the
virgin females manipulated or hung ""a live unknown" egg-sac.

<H2>3.6. Maternal care until emergence of young

Mothers in their terrarium carried their egg-sac attached to their spinnerets until spiderlings
hatched and egg-sac guarding lasted 25 + 2 days. When spiderlings were ready to hatch the
female spiders opened their egg-sac to let the spiderlings emerge. Young emerged from all
test egg-sacs (n = 57).

<H1>4 - Discussion

<H2>4.1. Behaviour and locomotion during cocoon care

Our observations show that two behavioural acts are common to virgin and mother P. saltans:
“waving" and "'grooming". These behaviours are probably not related to cocooning, but to
exploration of the environment (Eason 1969; Escalante et al., 2015; Hebets et al., 1996; Miller
& Miller 1987; Papke et al., 2001; Roberts & Uetz 2004; Rundus et al., 2015). Only mothers
with ““day 10" and “"day 15" egg-sacs hit the ground with their first pair of legs. This
“hitting" behaviour is an exploration act developed by mothers and could be a vibratory
stimulus for embryos. The cocoon is never in contact with the ground during mothers’
locomotor activity. Thus embryos might not perceive vibrations transmitted by the ground.
However, we suppose that " hitting" enables vibrations due to the percussion of legs to be
transmitted to the egg-sac through the opisthosoma. These vibrations could enhance the
development of embryos’ sensory organs (Barth 2015; Foelix 2011). Mothers with **day 15"
cocoons manifested previously unobserved behaviours oriented towards their egg-sac: they
placed their egg-sac under their cephalothorax, detached it from their spinnerets and



manipulated it with their third pair of legs. Egg-sac manipulations appeared on "“day 15",
when mobile embryos (2" stage pre-larvae) produced vibrations which could stimulate
cocoon manipulations as reported for other spiders (Krafft 1981; Lubin 1974; Viera et al.,
2007). These egg-sac manipulations are considered maternal care, and appear progressively
with age of cocoon and more precisely after hatching of the embryo in the egg-sac. We
suppose that stimuli emitted by mobile embryos (cf. movie files, supplementary data) in the
egg-sac, together with mothers’ physiological changes, are necessary to maintain and develop
maternal care as for other species (Palmgern 1944; Horel & Gundermann 1992; Krafft &
Horel 1980; Culley et al., 2010).

Our results show that females’ horizontal locomotor activity was not modified by the presence
of an egg-sac and that the age of a cocoon did not influence locomotion. Pardosa saltans
mothers’ and virgin females’ locomotor activities were similar, only moving round the
periphery of the arena and their locomotion was straight. This locomotion is possible for
mothers carrying an egg-sac due to a modification of the position of their legs and of the
protraction / retraction ratios, as for P. tristis (Moftfett & Doell 1980). Nevertheless, females
carrying an egg-sac adopted a more elevated stance than did virgin spiders like P. tristis
(Moffett & Doell 1980). Raising their opisthosoma when an egg-sac is attached may protect
the egg-sac from injury in rough terrains where these spiders live, and it may keep their egg-
sac out of the way of their back legs.

<H2>4.2. Behaviour and locomotion after cocoon loss

Cocoon loss affected the behaviour and the locomotion pattern of all mothers. Their
locomotor activity increased, covering about 40 to 50 cm/min and they explored the arena
completely following winding trajectories. The fact that virgins’ behaviour and locomotor
activity were not modified after anaesthesia and/or manipulations related to the tests shows
that modifications of mothers’ behaviour and locomotion were related to egg-sac loss. After
egg-sac loss, mothers developed two new behaviours: “hunching" and "*abdominal
movements". The spiders are known to use multimodal cues, such as vibratory and chemical
signals, to orientate in their environment. For example, they broadcast vibratory signals with
specific movements hitting the ground with their first pair of legs, palps or opisthosoma
(Bonnet 1946; Seyfart & Barth 1972). Furthermore, mothers’ **abdominal movements" recall
spiders’ chemical marking during sexual or foraging exploration (Tietjen 1977). We suggest
that mothers who had lost their egg-sac expressed these two behaviours to detect the lost egg-
sac, and/or to explore a larger surface.

As these modifications increase the efficiency of mothers’ exploration, they could be
associated with searching. This ““searching" behaviour was observed from the first day of
cocooning and its frequencies increased with age of cocoon. Embryos’ normal development
and emergence must be facilitated by their mother, so loss of egg-sac means death of
offspring. All spider species can produce additional egg sacs if their previous egg-sac is
removed (Fink 1987; Marques et al., 1998; Stefani et al., 2011; Toyama 2003). Females have
the physiological ability to produce additional eggs, but may be limited in the number of
offspring they can care for without negatively impacting their residual fitness. A mother who
has just produced a cocoon has spent a great deal of energy and she cannot produce another
one rapidly. So it is advantageous for her to find her egg-sac. Females’ metabolic and
ecological costs for egg-sac carrying are high (Eason 1964; Fujii 1977; Gertsch 1979; Li &
Jackson 2003). Mothers’ maternal effort increases with age of egg-sac due to their previous
overall investment in maternal care and egg-sac carrying. That is why searching varied with
egg-sac age, increasing with time spent with an egg-sac.

<H2>4.3. Behaviour and locomotion after discovery of the cocoon



When the egg-sac had been found, all the mothers attached their egg-sac after touching it.
None of the virgin females attached an egg-sac. This confirms that maternal behaviour is
linked to the act of oviposition (Opell 2001; Horel and Gundermann, 1992; Wagner 1995).
Ortega-Escobar (2011) observed that Lycosa tarantula can see fixed contrast differences. If P.
saltans’ vision is similar to that of L. tarantula, females should be able to locate the grey-
bluish egg-sac on a white surface even if is immobile. However, P. saltans mothers moved
about randomly in the arena instead of going directly to their cocoon, suggesting that their
visual system differs from that of L. tarantula and is not used in this case.

When mothers touched their cocoons with their palps or first three pairs of legs, they
immediately grasped it between their legs and began to manipulate it. We suppose that during
this contact they perceive tactochemical stimuli as do other spider species (Barth & Schmitt
1991; Fujii 1980). Durations of this manipulation did not vary significantly among mothers.
We hypothesize that the egg-sac emits chemical cues that stimulate manipulation to maintain
contact with the mother. Every mother attaches her cocoon directly to her spinnerets after this
manipulation, contrary to Pardosa tristis (Moffett & Doell 1980). “"Day 0" females did this
faster than the others. We noted that it was harder to separate cocoons from their mothers on
““day 15" and “day 10" than on "“day 0". We hypothesize that longer the attachment period
the more care spiders take to attach older egg-sacs to their spinnerets. Weight and volume of
egg-sacs did not vary with age, but maternal effort and overall investment were more
important when egg-sacs were older. So females with ““day 10" and "“day 15" egg-sacs
probably attach them with more care (more silk and better technical skills). Mothers’
locomotor activity and behaviour after attachment were similar to those before loss. This
similarity supports the previous hypothesis predicting that the behaviour observed during loss
of egg-sac is searching. However, "‘day 15" mothers did not detach and manipulate their
cocoons contrary to before the loss. This could be explained by the fact that they had just
attached it.

<H1>5 - Conclusion

Wolf spiders’ egg-sac carrying and maternal behaviour appeared to be chronologically linked
to females’ physiological state and maybe age of cocoon. Mothers manipulate their cocoon
only after carrying it for at least 10 days. Mothers do not change their locomotor activity
when their egg-sac is attached to their opisthosoma, but when they lose their egg-sac they
modify their locomotor activity and behaviour so as to retrieve it. All mothers display this
behaviour and its expression is linked to the age of the cocoon (or maternal time). Behaviour
involving a cocoon appeared to be elicited by new stimuli from the egg-sac acting to maintain
and develop maternal care. Further studies are necessary to verify that mother wolf spiders are
able to recognize the developmental stage of the egg-sac, and to investigate stimuli (vibration
or chemical) used during this maternal ontogeny.
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<Figure>Figure 1: Mother Pardosa saltans with a 0-day old and a 15-day old egg-sac (A and
A’). Embryonic development in relation to age of egg-sac: (B) egg stage; (C) pre-larva stage
in 10-day old eggs; (D) pre-larva out of the egg after 15 days of development.
<Figure>Figure 2: Pardosa saltans spiders’ behaviour (in frequencies) during exploration:
(A) virgins (n = 14) and mothers carrying a 0-, 10- or 15-day old egg-sac (n = 57); (B) virgins
and mothers after egg-sac loss; (C) virgins and mothers after contact and hanging of egg-sac.
Frequencies were compared using y? tests: different letters indicate a significant difference at
p< 0.05.

<Figure>Figure 3: Locomotor activity of virgins (n = 14) and mothers (n = 57) carrying their
egg-sac (Test 1), after lost their egg-sac (Test 2) and after egg-sac hanging (Test 3): (A)
distances covered by spiders (cm/min) during the 3 tests; (B) surface explored (%) during the
3 tests; (C) locomotion pattern of a mother during the 3 tests. Distances covered and surfaces
explored were compared using ANOV As: different letters indicate a significant difference at
p <0.05, NS = not significantly different.

<Figure>Figure 4: Latencies to egg-sac retrieval (sec), duration of egg-sac manipulation
(sec), and latency of egg-sac hanging (sec) (n = 57). Latencies were compared using
ANOVAs: different letters indicate a significant difference at p < 0.05.
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Figures

Fig. 1.
Mother Pardosa saltans with a 0-day old and a 15-day old egg-sac (A and A'). Embryonic development in

relation to age of egg-sac: (B) egg stage; (C) pre-larva stage in 10-day old eggs: (D) pre-larva out of the egg
after 15 days of development.
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Pardosa saltans spiders’ behaviour (in frequencies) during exploration: (A) virgins (n = 14)
and mothers carrying a 0-, 10- or 15-day old egg-sac (n = 57); (B) virgins and mothers after
egg-sac loss; (C) virgins and mothers after contact and hanging of egg-sac. Frequencies were
compared using y” tests: different letters indicate a significant difference at p < 0.05.
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Locomotor activity of virgins (n = 14) and mothers (n = 57) carrying their egg-sac
(Test 1), after lost their egg-sac (Test 2) and after egg-sac hanging (Test 3): (A)



distances covered by spiders (cm/min) during the 3 tests; (B) surface explored (%)
during the 3 tests; (C) locomotion pattern of a mother during the 3 tests. Distances
covered and surfaces explored were compared using ANOV As: different letters
indicate a significant difference at p < 0.05, NS = not significantly different.
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Latencies to egg-sac retrieval (sec), duration of egg-sac manipulation (sec), and latency of
egg-sac hanging (sec) (n = 57). Latencies were compared using ANOV As: different letters
indicate a significant difference at p <0.05.
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