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The occurrence of nuptial gifts is rare in spiders, being well known only for a single species, Pisaura

mirabilis (Pisauridae), whose males offer females a prey wrapped in silk during courtship. Although some

males can mate without offering a prey, the gift in this species is thought to represent male mating effort.

Male gift offering has been recently described in Paratrechalea ornata, a Neotropical spider belonging to

another family, Trechaleidae. We investigated the function of the gift in this species by testing the mating

effort hypothesis and two other nonexclusive hypotheses, sexual cannibalism avoidance and paternal

investment. Two groups of males were exposed to virgin females: 23 males with no prey (NP group) and

21 males carrying a prey (CP group). Mating success, courtship, copulation and first oviposition were

recorded. Males from group CP had better mating success, longer copulations and longer palpal inser-

tions than those from NP. Longer copulations were associated with earlier eggsac construction and

oviposition. Some unmated males from NP wrapped prey carrion when they returned to their breeding

jars after the trial. Our findings suggest that nuptial gift giving represents male mating effort for P. ornata.

Nuptial gifts would allow males to control copulation duration and to accelerate female oviposition,

improving sperm supply and paternity, and minimizing possible costs of remating with polyandrous

females.

Ó 2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

Nuptial gifts are common in invertebrates and have been inten-

sively studied in insects (Boggs 1995; Vahed 2007; Gwynne 2008). In

general, gifts could be prey, carrion or plants, regurgitations, salivary

and glandular secretions, specializedmale body parts and ejaculated

substances (Vahed 1998, 2007). Historically, nuptial gifts were

defined as potentially nutritive substances donated by males to

females duringmating (Boggs 1995). Such gifts can supply the female

with nutrients and so function as paternal investment (Thornhill

1976a; Gwynne 1984; Simmons & Parker 1989). In some insects

the nuptial gift has a positive effect on female fecundity and can also

increase female longevity (Wiklund et al. 1993; Karlsson 1998; Lewis

& Cratsley 2008). However, because there is limited knowledge of the

nutritional value of gifts, and there is evidence that somenuptial gifts

improve male reproductive success but do not provide direct

(nutritious) benefits for females, sexual conflict between the sexes

could be operating (Vahed 1998, 2007; but see Gwynne 2008). By

providing such gifts, males can manipulate the time of copulation,

thus promoting the production of large ejaculates, inducing a female

refractory period, accelerating oviposition and maximizing their

reproductive success (mating effort hypothesis: Thornhill 1976b;

Simmons & Gwynne 1991; Eberhard 1996; Wolfner 1997; Heifetz

et al. 2001; Arnqvist & Rowe 2005; Sakaluk et al. 2006).

Two other hypotheses can explain the adaptive significance of

nuptial gifts, beyond the paternal investment and mating effort:

avoidance of sexual cannibalism and sensory exploitation (Vahed

1998, 2007). Cannibalism avoidance was proposed by Bristowe

(1958) and Kessel (1955) as a tactic to prevent female attacks, but

has limited empirical support. Sensory exploitation assumes males

manipulate females by offering gifts that exploit pre-existing

female sensory biases, without necessarily implying costs for

females (intersexual conflict). A good example is the donation of

spermatophores in crickets, which provide the gustatory stimuli

that females prefer (Sakaluk 2000; Vahed 2007). These hypotheses

are not mutually exclusive.

The occurrence of nuptial gifts is rare in spiders; in fact the

Palaearctic Pisaura mirabilis (Pisauridae) has been the only well-

studied species, particularly in the context of sexual selection

(Austad & Thornhill 1986; Lang 1996; Drengsgaard & Toft 1999;

Stålhandske 2001, 2002; Bruun et al. 2003; Prokop 2006; Bilde

et al. 2006, 2007; Andersen et al. 2008; Hansen et al. 2008;

Prokop & Maxwell 2009). Males of this species offer females

a prey wrapped in silk during courtship, which is bitten and

consumed by the female during mating. Stålhandske (2001)

observed that in a Scandinavian population, males lacking
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a donation can also mate without risk of cannibalism. She sug-

gested that the gift facilitates the copulation position, and keeps the

female occupied handling it during mating. Larger gifts result in

longer copulations and more fertilized eggs (Austad & Thornhill

1986; Stålhandske 2001). In P. mirabilis the gift functions as male

mating effort to facilitate copulations, and the silk wrapping

provides direct benefits to males in the form of increased control

over mating and longer copulations (Lang 1996; Stålhandske 2001;

Bilde et al. 2007; Andersen et al. 2008).

Recently, Costa-Schmidt et al. (2008) described that in Para-

trechalea ornata, a Neotropical spider that belongs to the family

Trechaleidae, males also construct and donate nuptial gifts during

courtship and copulation. Paratrechalea ornata is found in southern

Brazil, northern Argentina, Paraguay and Uruguay (Carico 2005)

and, like other trechaleids, inhabit semiaquatic environments,

especially the borders of streams and rivers. Females carry the

eggsac attached to the spinnerets, similar to the wolf spiders

(Lycosidae). In Uruguay P. ornata co-occurs with other larger

trechaleid species such as Trechalea bucculenta and Trechaleoides

biocellata (M. J. Albo & F. G. Costa, unpublished data). As was found

in the pisaurid P. mirabilis, males of P. ornata may present either

a wrapped or an unwrapped nuptial prey gift (Albo et al. 2009).

Prey wrapping seems to be triggered by perception of cues on the

female’s silk and increases in frequency according to the male’s age

(Albo et al. 2009).

In the present study we tested the function of the nuptial gift in

P. ornata by comparing the sexual behaviour and the reproductive

success of pairs in both the presence and the absence of a nuptial

gift. Under the male mating effort hypothesis, males presenting

a nuptial gift are predicted to experience briefer courtship, higher

mating success and longer mating than males without a gift. Under

the paternal investment hypothesis, females that received a nuptial

gift are predicted to produce more or larger offspring than those

that did not. Under the sexual cannibalism avoidance hypothesis,

males without a gift are more likely to be cannibalized by females

thanmales carrying a gift. The experimental design did not allow us

to test the sensory exploitation hypothesis. We compared our

findings with those from P. mirabilis to discuss the function and

evolution of this conspicuous behaviour.

METHODS

We collected subadult individuals of P. ornata in February and

May 2007, and in April, August and September 2008, from riparian

areas of Yerbal Chico Stream, Quebrada de los Cuervos, Treinta y

Tres Province (32�55030.500S, 54�27033.100W) and Santa Lucı́a River,

Paso del Molino, Arequita, Lavalleja Province (34�16040.100S,

55�14000.800W), Uruguay. In the laboratory, the spiders were kept

in individual glass jars (8 cm internal diameter and 11 cm height)

and raised until adulthood. We noted the dates of moults during

this time. Spiders were fed weekly with a mixed diet of termite

workers (Nasutitermes sp.), flies, Musca domestica, and pieces of

mealworms, Tenebrio molitor, and wet cotton wool was provided

daily for water. Juvenile and penultimate spiders were raised in

a climate room (mean � SD ¼ 24.4 � 1.8 �C) to accelerate their

development, while adults were maintained at ambient tempera-

ture conditions (20.4 � 2.3 �C). All females and males used in the

experiments were virgins. Adult individuals were experimentally

used 20 days after the final moult. Because these spiders are

nocturnal, experimental observations were carried out after sunset

under laboratory conditions, from 28 September to 9 December

2007 and from 25 April to 27 October 2008. The experimental cages

were glass terraria of 30 � 14 cm base and 20 cm height. The base

was covered by a thick layer of pebbles, simulating natural riparian

conditions, with a fitted petri dish of 14 cm diameter with water

(Fig. 1). The ambient temperature during the experimental period

was 20.4 � 2.3 �C.

To investigate the function of the nuptial gift in courtship and

mating, we exposed 23 females to a male with no prey (group NP)

and 25 females to a male carrying a prey (group CP). One day before

the experimental trial, a female was placed into the experimental

cage allowing silk deposition and habituation, whereas an adult

male was placed in a petri dish and fed with a fruit fly (Drosophila

sp.) to prevent starvation. For the mating trials, each male of the CP

group received a large living fruit fly (Drosophila funebris) and was

transferred to the female experimental cage immediately after he

captured the prey. In both treatments the trials consisted of two

steps. First, we exposed the male to the female silk, isolated from

the female by an opaque glass barrier. Second, after 15 min we

carefully removed the barrier, allowing male–female encounter.

This time period is enough for males to wrap the prey in silk (Albo

et al. 2009). If a male did not wrap the prey, we allowed the male to

encounter the female carrying the unwrapped prey. Therefore,

males from the CP treatment could encounter females carrying

either a wrapped or an unwrapped prey. If the male courted

a female with a prey but mated without donating it (maintaining

the prey in his chelicerae), we included these data in CP for the

courtship analyses, but considered them as a separate group (no

donation, ND) for the mating analyses.

Individuals were not reused, except for three females that were

firstused inNPanddidnotmate, andwere subsequently reused inCP.

To avoid possible effects of previous experience, we excluded their

data from the courtship analysis, butwe included them in themating

analysis because of their virgin condition. Each trial was stopped

when the mating ended, or after 30 min when no interactions were

observed. Behaviours and interactions between individuals were

timedandrecorded.Wenoted theoccurrenceofpreywrapping,male

courtship, female sexual receptivity, gift acceptance and mating (see

Costa-Schmidt et al. 2008). Male courtship consisted of nonlinear

locomotion (searching behaviour) and foreleg vibrations towards the

female. Female sexual receptivity consisted of hyperflexion of

forelegs and active behaviour towards the male; female acceptance

waswhen the female grasped the gift and accepted themount (CP) or

directly accepted the mount (NP). The copulatory position involved

the male climbing over the prosoma of the female (as in the wolf

spider posture), where the male turned towards one side of her

abdomen, while the female twisted it, permitting one palpal inser-

tion. Afterwards, themale returned to the face-to-face posture, biting

the gift. Typically, mating involved four palpal insertions (Costa-

Schmidt et al. 2008). Total copulation duration included the entire

period between first mount and final dismount. Insertion duration

wasmeasured frompalpal insertion until palpal disengagement. The

interval between two consecutive insertions included the face-to-

face posture. Both total insertion duration and total interval

Figure 1. Experimental terrarium containing a dish with water surrounded by pebbles,

simulating riparian conditions. The two spiders are indicated by arrows. Photo: M. Trillo.
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between insertions were obtained by adding data corresponding to

each copulation. Each mated female was individually raised and we

recorded the period until first eggsac construction (latency to

oviposit) and the number of emerged spiderlings. Voucher males,

females and spiderlings were deposited in the arachnological

collection of the Facultad de Ciencias, Montevideo, Uruguay.

We used the Past statistical package (Hammer et al. 2003) and

JMP 7 package (SAS Institute, Inc., Cary, NC, U.S.A.). We tested

normality and homogeneity of variances with Shapiro–Wilk and

Levene tests, respectively. For comparing mean values, we used the

Mann–Whitney U test and the Student’s t test for two independent

samples, and the Fisher’s exact probability test to compare

frequencies. To perform ANCOVA, we log transformed solely the

data samples involved. We also performed linear regression and

correlation analyses. All the tests were two tailed.

RESULTS

Courtship and Male Mating Success

All males and females found each other in both treatment

groups. The first male–female encounter occurred significantly

sooner, after a mean � SD of 12.1 �7.7 min, in NP than in CP

(8.7 � 7.3 min; Mann–Whitney test: U ¼ 184, N1 ¼ 23, N2 ¼ 25,

P ¼ 0.03). In NP, four males did not court and 19 courted the

females, whereas all 25 males courted in CP (Fisher’s exact test:

P ¼ 0.045). Courtship duration appeared briefer in NP

(8.4 � 7.7 min) than in CP (14.4 � 15.6 min), but this was not

statistically significant (Mann–Whitney test: U ¼ 195.5, N1 ¼19,

N2 ¼ 25, P ¼ 0.33). In CP,11males first found the females when they

were carrying the prey wrapped in silk, whereas the other 14 males

found the females when carrying unwrapped prey.

Nine of the 23 pairs mated in NP. In CP, 15 males mated after

donating the prey, six did not mate, and four males mated without

donating the prey (maintaining it in the chelicerae) during the

entire copulation. These last cases were considered separately in

the following analyses (see Methods). Males with a prey were more

likely to mate than males without prey (Fisher’s exact test:

P ¼ 0.039). In CP, six males carrying a wrapped prey courted

females and five of them mated; nine males with an unwrapped

prey courted females and three mated. No significant differences

were found in the frequency of mating between groups (Fisher’s

exact test: P ¼ 0.12). Males that failed to mate carrying an

unwrapped (six cases) or a wrapped prey (one case) immediately

wrapped or rewrapped it, and successfully mated afterwards. After

trials and once returned to their breeding jars, five unmated and

two mated males from the NP group immediately constructed

nuptial gifts by packing mealworm carrion in silk.

Copulation Duration and First Oviposition

The CP group showed longer copulations, more and longer

insertions, and longer intervals between insertions than NP

(Table 1). We also compared these groups with ND (the group of

four males that mated without donating the prey). This last group

showed the following mean � SD values: copulation duration:

3.4 � 3.1 min; insertion duration: 0.8 � 0.3 min; interval between

insertions: 2.6 � 3.3 min; number of insertions: 1.8 � 0.5 min. We

found no differences in copulation duration (with NP: U ¼ 7, N1 ¼ 4,

N2 ¼ 9, P ¼ 0.11; with CP: U ¼ 22.5, N1 ¼ 4, N2 ¼ 17, P ¼ 0.32),

insertion duration (with NP: U ¼ 9.5, N1 ¼ 4, N2 ¼ 9, P ¼ 0.21; with

CP: U ¼ 22.5, N1 ¼ 4, N2 ¼ 17, P ¼ 0.32), interval between insertions

(with NP: U ¼ 7, N1 ¼ 4, N2 ¼ 9, P ¼ 0.09; with CP: U ¼ 23, N1 ¼ 4,

N2 ¼ 17, P ¼ 0.35) or number of insertions (with NP: U ¼ 14, N1 ¼ 4,

N2 ¼ 9, P ¼ 0.55; with CP: U ¼ 20, N1 ¼ 4, N2 ¼ 17, P ¼ 0.21).

The occurrence of the first oviposition was similar in both

treatments: eight of nine mated females constructed an eggsac in

NP and 12 of 18 females in CP (data from three unmated females

used in NP were included in CP; see Methods). We found no

statistical differences between these frequencies (Fisher’s exact

test: P ¼ 0.36). None of the 14 unmated females constructed an

eggsac. The latency of oviposition (period between mating and first

eggsac construction) was longer in NP (24.6 � 9.9 days) than in CP

(14.5 � 10.1 days; Mann–Whitney test: U ¼ 18.5, N1 ¼8, N2 ¼ 12,

P ¼ 0.03). We found a significant relationship between copulation

duration and latency of female oviposition (ANCOVA: F1,1 ¼13.35,

P ¼ 0.002); CP showed a significant (inverse) linear relationship

(r11 ¼ ÿ0.76, P ¼ 0.006), while NP did not show a significant rela-

tionship (r8 ¼ 0.09, P ¼ 0.82; Fig. 2a). Similar relationships were

found between insertion duration and latency of oviposition

(ANCOVA: F1,1 ¼ 9.79, P ¼ 0.006; in CP: r11 ¼ ÿ0.63, P ¼ 0.04; in NP:

r8 ¼ ÿ0.017, P ¼ 0.96; Fig. 2b). We also tested whether female age

and room temperature affected oviposition latencies. We found no

significant relationship (ANCOVA: F1,2 ¼ 0.031, P ¼ 0.99). Spiderling

emergence was observed only from three eggsacs in NP and from

five eggsacs in CP, with a mean � SD of 44.3 � 34.5 and 34.8 � 25.8

spiderlings, respectively, showing no significant difference

(Student’s t test: t1 ¼ 0.45, P ¼ 0.66).

Female Receptivity

Sixteen females from NP were receptive towards the courting

males, adopting the hyperflexion posture; however, seven of them

did not mate. In this group, three other females were reluctant,

evading male contact, and the remaining four females were not

courted. Seventeen females from CP were receptive (showing

hyperflexion), but two of them did notmate. All 21 females from CP

were courted but four of themwere reluctant. When we compared

the occurrence of mating between the receptive females of NP and

CP, CP showed a near significantly higher female receptiveness

(Fisher’s exact test: P ¼ 0.057). Eight females in NP and eight

females in CP initially ‘attacked’ males, performing fast jumping,

which was avoided by males. After an attack, the male and female

remained face-to-face until the male started or continued courting

while the female stayedmotionless. In CPwe observed a single case

of sexual cannibalism after mating when the male left after a single

insertion, but maintaining the gift grasped by the third pair of legs.

The female attacked immediately, trying to bite the gift and

simultaneously captured and ate the male. In the no-donation male

group (ND) the four females were receptive; two of them attacked

males and all four mated.

Copulation Description

In comparison with the Brazilian population studied by Costa-

Schmidt et al. (2008), where a nuptial gift is obligatory for mating

Table 1

Mean total values � SD of copulation duration, number and duration of palpal

insertions and interval between insertions (min) during mating in groups with

males carrying no prey (NP) and prey (CP)

Treatment

NP (N¼9)

Treatment

CP (N¼17)

U P

Total copulation duration 2.0�3.3 6.5�6.7 32.0 0.018

Insertion duration 0.6�0.2 1.2�0.8 39.0 0.046

Interval between insertions 1.4�3.1 5.3�6.3 35.5 0.028

Number of insertions 1.6�0.7 2.7�1.4 38.0 0.034

All statistical comparisons were performed using the Mann–Whitney U test. Three

unmated females used in NP were reused and mated in CP and their data were

considered in the analysis of CP. Data from a single mating from CP were not

included because of a recording failure.

M.J. Albo, F.G. Costa / Animal Behaviour 79 (2010) 1031–1036 1033



success, in the Uruguayan population studied heremales succeeded

in mating also without a gift. We here briefly redescribe the mating

with particular emphasis in cases when the gift is not present.

Mating consisted of phases of palpal insertion alternated with the

face-to-face position, in which both the male and the female

grasped the gift (Fig. 3). Before palpal insertion, the male clasped

the gift with the claws of the third pair of legs and mounted the

female, attempting to insert the pedipalp; afterwards, he returned

to the face-to-face position and unclasped the claws. When no

donation was present (NP group), we observed that the male

behaviour was similar, and the tarsi of the third legs of the male

clasped the female’s mouthparts during insertions, but we did not

observe direct contact between male and female mouthparts once

the insertion finished. When males kept the gift in the chelicerae

(ND group), the mating pattern was similar to that observed in NP.

These males retained the prey in the face-to-face position and they

did not appear to have any difficulties inserting their palps.

DISCUSSION

The presence of nuptial gifts in P. ornata enhanced male

mating success and increased copulation duration, in agreement

with reports for gift-giving insect species (Sakaluk 1984;

Thornhill 1976b; Simmons & Gwynne 1991; Vahed 2007). Our

findings support the hypothesis that the maintenance of the

nuptial gift in P. ornata is mediated by male mating effort,

improving the male’s chances of mating and possibly providing

advantages in sperm competition. These functions of the nuptial

gift have received empirical support in the gift-giving spider

P. mirabilis (Drengsgaard & Toft 1999; Bilde et al. 2007), including

evidence that the gift can improve mating position and facilitate

palpal insertion (Stålhandske 2001). The absence of a nuptial gift

did not increase the occurrence of sexual cannibalism, and the

one case where the female attacked and cannibalized the male

was in the presence of a gift. Therefore, the hypothesis that the

gift could be used by males to avoid being eaten by females in this

species may be discarded. Finally, we did not find evidence of

more offspring associated with gift occurrence, giving no support

to the hypothesis of paternal investment in P. ornata, as was

reported for insects (Thornhill 1976a; Gwynne 1984; Simmons &

Parker 1989; Boggs 1995). However, we cannot discard this

nonexclusive hypothesis because of the small sample sizes of the

hatched spiderlings.

Our results showed that males carrying a nuptial gift (wrapped

or unwrapped prey) actively searched for females, and found them

before males without a gift. Our results also suggest that the former

had higher motivation for searching, displaying courtship more

frequently and being more successful in achieving copulations.

Even though they perceived the female’s cues, males lacking a gift

actively kept exploring the substrate as if they were searching for

a nuptial prey, avoiding, in some cases, any mounting attempt. To

carry a gift prior to female encounter could benefit males by facil-

itating mating and securing longer copulations. The latter is likely

to benefit males under sperm competition (Drengsgaard & Toft

1999), and these benefits might also compensate for costs to

males of capturing prey without feeding on it, releasing large

amounts of silk, losing time and energy without the certainty of

meeting the female, and risking predation while wrapping and

carrying the gift (see Albo et al. 2009).

Our results for P. ornata suggest that males carrying a wrapped

prey increase their probability of mating in the first sexual

encounter compared with those presenting unwrapped gifts, but

with no statistical support possibly because of the small samples.

Wrapping prey seemed to be important for male mating success,

because most of the males carrying unwrapped prey initiated prey

wrapping after coming into contact with the female, and all these

males mated after offering a wrapped prey. In addition, half of the
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during mating. Photo: M.J. Albo.
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males from the NP group did not mate despite females apparently

being receptive. Receptive females were also active and performed

many ritualized attacks, suggesting that these ‘attacks’ could be

a signal of receptiveness, or alternatively the female was searching

for a nuptial gift. Both results indicate the importance of carrying

a gift for males. These males wrapped prey carrion later in their

breeding jars, carrying ‘symbolic’ or non-nutritious donations.

‘Symbolic’ donations were also observed in the field in P. ornata

populations, containing dry prey or even a seed (M. J. Albo & F. G.

Costa, unpublished data). In P. mirabilis, males obtain a similar

mating success with wrapped and unwrapped prey (Bilde et al.

2007), but Andersen et al. (2008) suggested that silk wrapping

increases the male’s control over mating. ‘Symbolic’ donations

were also reported in P. mirabilis under both laboratory (Nitzsche

1999; G. Winther & M. J. Albo, unpublished data) and field condi-

tions (Bristowe 1958; Nitzsche 1988; Stålhandske 2002).

The nuptial gift by itself could directly advance oviposition

through the action of unknown chemical substances or other gift

properties. However, our findings suggest that increased copulation

duration of P. ornata caused by gift presence seemed to accelerate

the female’s first oviposition. Longer copulations implied more

insertions and longer intervals between insertions. The effect of

copulation duration could arise from increased sperm transfer and

even from associated substances in the ejaculate, affecting female

oviposition rate and fecundity (Heifetz et al. 2001; Vahed 2006;

Gwynne 2008). By promoting longer copulations males could

ensure the rapid use of their sperm, maximizing sperm supply and

egg fertilization, and siring most of the offspring (Gwynne 2008).

Paratrechalea ornata females are polyandrous (M. J. Albo, unpub-

lished data) and males would benefit from accelerating oviposition

by minimizing sperm competition, but this effect could negatively

affect the female’s interests, as was reported for some insects

(Simmons & Gwynne 1991; Sakaluk et al. 2006). Then, male

manipulation and conflict of interests could be involved. However,

early oviposition in P. ornata could also be advantageous for females

because they can then rapidly produce offspring before they

become too old, by maximizing clutch number during the breeding

season (up to four eggsacs; M. J. Albo, unpublished data). From the

female’s perspective, the occurrence of numerous and longer

insertions after gift donation could be explained in a scenario of

cryptic female choice, where females choose the sperm of males

with costly copulatory courtship (Eberhard 1996). Moreover, the

female may be evaluating male quality during the long face-to-face

intervals between insertions. Further research is needed to eluci-

date these hypotheses.

In summary, our results suggest that male nuptial gifts evolve as

mating effort to increase the male’s chances of obtaining a long

mating, ensuring the paternity in a polyandrous context with high

levels of sperm competition. Further research is particularly needed

on the role of ‘symbolic’ donations, the nutritional value of nuptial

gifts and prey-wrapping behaviour in female choice in P. ornata and

in other gift-giving spider species.
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