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Abstract. Alternative mating tactics are often expressed differentially based on a variety of factors associated with each
mating context in order to maximize a male’s reproductive success. In particular, males of many species attempt to reduce
competition with males in the surrounding environment by altering their mating behaviors. In the wolf spider Rabidosa
punctulata (Hentz, 1844), males exhibit two distinct mating tactics: 1) courtship—comprised of visual and seismic signals or
2) direct mount—involving males grappling with females for copulation. In natural environments, these spiders are
relatively dense. Competing males are often close by and could potentially intercept courtship displays, locate the nearby
female and steal the copulation. Here we investigate whether males adjust their mating tactic expression in response to
indirect and directly competing males, and whether these decisions affect their likelihood to copulate. In both experiments,
the actions of a competing male did not affect the expression of any male mating behaviors in the other, suggesting a lack
of an effect of scramble competition on tactic expression. Evidence from our triad mating experiment suggests a mating
advantage for males that adopt the direct mount tactic when in direct competition with other males. In particular, direct
mounts were most successful when multiple males were actively pursuing a female and when adopted first among the
competitors. Additionally, we observed direct male mating interference whereby the copulating pair was broken up.
Following these breakups, females were observed to mate multiply, often as a result of a direct mount. This new
observation may provide a context in which males benefit through additional copulations by adopting the direct mount

tactic.
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Variation in factors intrinsic and extrinsic to the individuals
involved has been found to affect female choice and mating
probabilities (e.g., female/male age and condition, predators,
environment, mate density; Jennions & Petrie 1997). This
context-related variable reproductive success has favored the
evolution of variable male mating behaviors (i.e., alternative
mating tactics) that often vary considerably in form within a
species (e.g., court vs. sneak, territorial vs. satellite). In many
species, alternative mating tactic expression 1) depends on the
context of the mating interaction, and 2) increases a male’s
reproductive success under these specific situations (reviews in
Gross 1996; Brockman 2001). Specifically, tactic expression
has been shown to be sensitive to variation in factors that are
both intrinsic (e.g., condition, size, age) and extrinsic (e.g.,
predation, habitat, social environment) to individuals (e.g.,
Reynolds et al. 1993; Godin 1995; Rezucha & Reichard 2014;
Sato et al. 2014; Brockmann et al. 2015). The context(s) that
may have shaped the evolution and expression of mating
tactics likely varies across species. Thus, in order to
understand the conditions that may have favored the
evolution of alternative mating tactics, it is important to
understand the natural history of a species and the variety of
context-specific reproductive benefits of each tactic.

One particularly influential context with regards to mating
probabilities is the social environment. When attempting to
find a mate, males often find themselves in competition with
other males in their immediate vicinity. Male competition for
fertilization of limited female eggs can occur at all points
during the reproductive process, including pre-copulation
scrambles for first access to mate with females, more direct
agonistic behaviors and contests, mating interference of
copulating pairs, and finally even post-copulation as the
sperm collected by females from mating with multiple males

380

Behavioral plasticity, social environment, intrasexual selection, multiple mating, male interference

compete to fertilize her eggs (Andersson 1994). This intense
form of sexual selection has been an important driver of
evolution of mating systems and a variety of traits related to
reproduction (e.g., male size, ornamentation, weapons, sperm,
behavior; Andersson 1994; Shuster & Wade 2003). How and
whether this selection will manifest in mating behaviors will
depend on when male competition is acting in each system,
which will vary based on a species’ natural history.
Pre-copulatory male competition for access to females often
results in the evolution of variable mating behaviors due to the
fitness benefits associated with this plasticity. Males commonly
use broadcast courtship displays during courtship (Andersson
1994). The use of these broadcast displays, while known to
attract the females they are directed toward, tend to also
attract eavesdropping males, thus increasing competition (i.e.,
social facilitation; Balsby & Dabelsteen 2005; Milner et al.
2010; Clark et al. 2012). Selection should favor any alteration
in male behaviors that reduces competition and thus enhances
the likelihood of mating. We know that in many cases, males
across the animal kingdom alter mating behaviors in response
to the social environment in efforts to reduce competition with
surrounding males. The presence of competing males is known
to alter male courtship activity (reduce: e.g., Cade & Cade
1992; Barnett & Pankhurst 1996; Wong 2004; increase: e.g.,
Ridgeway & McPhail 1987; Sadowski et al. 2002; Desjardins et
al. 2012), match their rival’s displays (e.g., Clark et al. 2012),
change display location (Dzieweczynski & Rowland 2004), or
move to less competitive social networks (Bel-Venner et al.
2008; Oh & Badyaev 2010; Jordan et al. 2014). Across several
taxa, males often adopt alternative mating tactics (e.g.,
sneaker, satellite, female mimic) that circumvent competition
with rivals for access to females (e.g., Christenson & Goist
1979; Wagner 1992; Emlen 1997; Evans & Magurran 1999;
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Correa et al. 2003; Auld et al. 2015). For example, in the
redback spider, Latrodectus hasselti Thorell, 1870, when in the
presence of rival males, inferior males forgo courtship and
aggressive interactions to attempt sneak copulations with
females (Stoltz et al. 2008; 2009). While these alternative
tactics often achieve lower levels of reproductive success
compared to other males (e.g., Christenson & Goist 1979;
Whitehouse 1991; Brockman et al. 1994; but see Rowell &
Cade 1993; Gress et al. 2014), this behavioral alteration
increases individual fitness given the mating context (e.g., male
condition, social environment) when compared to other
alternatives (i.e., best of a bad job; Dawkins 1980; Gross
1996; examples: Berard et al. 1994; Oh & Badyaev 2010;
Jordan et al. 2014). These alternative tactics are a successful
strategy as they reduce costs associated with intrasexual
competition while gaining copulations with females. The
reproductive benefits associated with these behavioral alter-
ations in response to the social environment could have been
an important driver in the evolution of alternative mating
tactics in many systems (Shuster & Wade 2003; Taborsky et al.
2008).

The mating systems of many wolf spider species are
characterized as polygynous scramble competition (Roberts
& Uetz 2005), whereby males are competing to locate and
mate with relatively monandrous females first (Norton & Uetz
2005). In the wolf spider, Rabidosa punctulata (Hentz, 1844)
(Araneae: Lycosidae), populations are often quite dense in
their grassland habitats, with multiple males often seen in close
proximity to a female, suggesting the potential for strong pre-
mating scramble competition (Wilgers, pers. obs.). Upon
detection of female silk (i.e., a female is/has been in the area),
male R. punctulata often use a multimodal courtship display,
which could increase mate competition if nearby males are
eavesdropping. However, male R. punctulata are known to
adopt alternative mating tactics, forgoing courtship by directly
grabbing females and often grappling with them for copula-
tion (Nicholas 2007). Direct mounts achieve copulation faster
than courtship without broadcasting the presence of a female
first (Wilgers et al. 2009), which could benefit males if
competitors are nearby. The expression of these mating tactics
has been found to be dependent on other variables, as their
expression is sensitive to the male’s condition (Wilgers et al.
2009) and the proximity of a predator (Wilgers et al. 2014). In
each case, a male expresses the tactic that increases his chance
at copulation while limiting the costs associated with that
scenario, reducing the risk of cannibalism or potential
detection by nearby predators. The potential tactic-specific
costs and benefits associated with male-male competition
suggest that mating tactic expression should be responsive to
the social context of mating encounters as well. Use of the
direct mount tactic should increase a male’s reproductive
success when faced with competing males in the environment
by increasing his chance to copulate. Thus, upon detection of
rivals, males would be predicted to adopt a direct mount tactic
more frequently than courtship.

Here we test these hypotheses by investigating how 1) the
social environment influences the mating tactics used during
mating interactions, and 2) these mating tactic decisions affect
a male’s chances to copulate. The results from this study may
shed light on how different types of male competition may
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Figure 1.—Trial arenas used to investigate the effects of the
presence of competing males on mating tactic expression in Rabidosa
punctulata. Regions of arena with diagonal pattern indicate areas of
floor covered with female-silk laden filter paper. Black regions of the
arena indicate a granite arena floor. The barrier between the focal and
secondary male compartments did not allow visual contact in either
treatment. Arena dimensions: diameter = 20.2 cm, height = 7.3 cm.

have played a role in the evolution of alternative mating tactics
in R. punctulata.

METHODS

Spider collection and maintenance.—We collected over 300
immature R. punctulata on 23-24 August 2013 from Lancaster
County, Nebraska. Upon collection, the spiders were taken to
the lab and individually housed in plastic containers (8.4 X 8.4
X 11.0 cm) and were visually isolated from other conspecifics.
Spiders were provided with water ad libitum and were fed 2-3
body-size matched crickets per week. All crickets were
supplemented with Flukers® cricket feed (Port Allen, LA).
We placed all spiders in a climate-controlled room (21-24° C)
under a 14:10 light-dark cycle. Spiders were checked every 2-3
days for molts until maturation.

Experiment 1: Detection of competing male.—In order to
examine how scramble competition may affect mating tactic
expression, we tested whether the detection of a courting male
alters a male’s mating tactic expression when interacting with
a female. To do this, we exposed males to one of two
treatments: 1) Competition, where a courting male could be
detected in the arena, or 2) Control, where no other male was
detected. All trials were conducted in circular plastic arenas
(Fig. 1; diameter = 20.2 cm, height = 7.3 cm; Pioneer Plastics)
with granite floors. Trial arenas were split into two compart-
ments, one for the interacting focal male and female, and the
second for a secondary male. The structure of both the
competition and control arenas were identical with the
exception of the presence of filter paper connecting the focal
male and secondary male compartments (Fig. 1). In the
control treatment, there was no filter paper on the floor of the
secondary male compartment; while in the competition
treatment, filter paper (Whatman #1, 185 mm) with female
silk cues (see below) lined the entire arena floor. Female silk is
known to elicit male courtship displays even in the absence of
females (Tietjen 1977). This setup induced the secondary male
to court, allowing the focal males in the competition group to
detect courting secondary males via seismic cues, but not
visual cues, thanks to a connected substrate and opaque arena
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walls. Males in the control group could not detect a second
male present because the granite substrate effectively ablates
the seismic cues caused by male movement, including
courtship (Elias et al. 2004; Wilgers & Hebets 2011). Trials
were always performed in pairs, consisting of a competition
and control trial run simultaneously.

Prior to trials, we weighed all spiders to the nearest .001 g
on an electronic scale (Denver Instruments Company, TR-
603D). Females were then placed in a container to allow them
to acclimate and deposit pheromone-laden silk onto filter
paper for at least one hour before the experiment began. After
this time period, the filter paper (of appropriate treatment size)
was laid in the trial arena and the secondary males were
introduced to their arena compartment. Once the competition
secondary male began courting, the focal male and female for
both treatments were placed into their respective arenas and
the trial began.

Trials lasted 30 minutes, or until copulation occurred. If
copulation occurred, that individual trial was done, but the
other of the pair continued until 30 minutes or copulation
occurred. The following behaviors were recorded for every
trial: tactic used by the focal male (courtship, direct mount, or
mixed tactic where both were used in a trial), latency (s) to
each tactic, number of courtship bouts of the focal male,
number of courtship bouts of the secondary male (competition
treatment only), number of attacks by the female, copulation
(yes, no), and latency (s) to copulation. All individuals used in
each trial were virgins and had not come into contact with a
mature individual of the opposite sex. All individuals were
only used once. After each trial, the filter paper was disposed
of and the arenas were cleaned with ethanol to remove silk
cues and excreta.

Data analysis: We used likelihood ratio tests to analyze the
effects of our treatments (competition vs. control) on several
categorical response variables, including the overall mating
tactic (courtship, direct mount, mixed), the first tactic used
(courtship, direct mount), copulation success (yes, no), and the
tactic used to gain copulation (courtship, direct mount). We
used non-parametric tests to compare the control and
experimental groups for the following continuous variables:
female age & weight, focal male age & weight, courtship
latency, number of courts, and copulation latency. Statistical
tests were performed in JMP (version 6.0, SAS Institute). All
results are reported as mean * standard error.

Experiment 2: Direct male competition.—In order to
examine how both scramble and direct competition with other
males may affect male mating behaviors, tactic expression and
mating success, we used a triad mating experiment and
observed the mating success of each male based on his
expressed tactic. The triad (i.e., 2-choice) mating experiment
allowed two males and one female to directly interact. This
experimental design has been used in other spider studies that
explore mating success based on a variety of male attributes
(e.g., size, ornamentation; Hebets et al. 2008; Shamble et al.
2009). Unlike other studies, we did not manipulate male
characters or intentionally set up dichotomous males; instead
we allowed males to naturally express a mating tactic based on
the context and we then observed their success in acquiring the
copulation with the sole female. Male ages ranged from 29-54
days post maturation (¥ = 36.4 days), and only differed in age
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in four pairings (£ =0.56 days). Males were generally the same
size, on average only being 0.027 g different, and these
differences did not influence mating success (Likelihood ratio,
2 =04, P=0.85).

All trials were conducted in a circular plastic arena
(diameter = 20.2 cm, height = 7.3 cm; Pioneer Plastics) with
a floor lined with filter paper (Whatman #1, 185 mm). Prior to
trials, all individuals were weighed to the nearest 0.001g on an
electronic scale (Denver Instruments Company, TR-603D).
Both males were marked with a dot on the dorsal surface of
the cephalothorax with either a yellow or white painter’s pen
(Elmer’s® Painters marker) to facilitate individual identifica-
tion and tracking throughout the trial. Males were gently
restrained in a resealable food storage bag and marked
through a hole in the bag. Females were introduced to the
arena one hour prior to the trial in order to acclimate and
deposit pheromone-laden silk. Males were introduced to the
trial arena in separate opaque glass vials. After one minute for
acclimation, both vials were removed simultaneously and the
trial began.

Trials lasted 30 minutes unless copulation occurred. We
found interesting interactions after copulation during the first
7 trials, so for the final 20 trials we extended these trials for 10
minutes beyond a copulation to allow the second male to
interact with the copulating pair (19/20 copulated). The
following behaviors were recorded for every trial: tactic used
by each male, latency (s) to each tactic, number of courtship
bouts by each male, number of attempted mounts by each
male, number of attacks by the female on each male,
copulation (yes/no), and latency (s) to copulation. After a
copulation occurred, we recorded the number of break up
attempts by the second male, if and when the copulation was
successfully broken up, and if broken up, whether a second
copulation occurred, which male acquired this copulation, and
the tactic used to gain the second copulation. All individuals
used in each trial were naive virgins. All individuals were used
in trials only once. After each trial, the filter paper was
disposed of and the arenas and glass vials were cleaned with
ethanol to remove silk cues and excreta.

Data analysis: Because we were examining how differences
in behaviors of competing males resulted in copulation
success, we only included in our analyses trials that resulted
in copulation. We used separate likelihood ratio tests to
analyze the effects of expressed tactic and competing male
behaviors on male copulation success. All other tests were
nonparametric. Statistical tests were performed in SPSS
(version 21, IBM®). All results are reported as mean =
standard error.

RESULTS

Experiment 1: Detection of competing male.—In total, 36
trials were conducted (N = 18/treatment). The focal males used
in our experiment were similar across both of the treatment
groups in age (Control: £=36.3 = 1.5 days; Competition: ¥ =
36.0 = 1.7 days; Wilcoxon 2-sample test, Z = 0.64, P =0.52)
and weight (Control: ¥ = 0.127 = 0.007 g; Competition: & =
0.119 £ 0.005 g; Wilcoxon 2-sample test, Z=0.32, P =10.75).
Likewise, the secondary males used in each treatment were
similar in both age (Control: ¥=38.9 * 2.8 days; Competition:
x=37.1 £ 1.6 days; Wilcoxon 2-sample test, Z = 0.24, P =
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Figure 2.—The effects of competing males on mating tactic
expression by male R. punctulata. There was no significant difference
in the mating tactics expressed between the control and competition
treatments (P = 0.83). CT= Courtship, DM= Direct Mount, MX=
Mixed Tactic.

0.815) and weight (Control: £=0.115 £ 0.005 g; Competition:
x=0.133 = 0.008 g; Wilcoxon 2-sample test, Z = 1.72, P =
0.09). The females were also similar across both of the
treatment groups in age (Control: ¥ = 33.11 = 1.54 days;
Competition: ¥ = 32.83 = 1.63 days; Wilcoxon 2-sample test,
Z =0.19, P = 0.85) but not weight as control females were
heavier (Control: #=0.223 = 0.0071 g; Exposed: £ =0.200 =
0.0079 g; Wilcoxon 2-sample test, Z =2.03, P =0.04).
Exposure to a courting male in the environment did not
affect the mating tactic expression of focal males; the
frequencies of mating tactics witnessed were similar across
our two treatments (Fig. 2; Likelihood ratio, X% =0.38, P=
0.83). In four trials, males did not express a mating tactic
during the trial. Exposure to a courting male did not affect this
non-activity, as they were equally distributed between both
treatments (N = 2 for control and experimental groups).
Similarly, exposing a courting male in the environment did not
affect which mating tactic was used first by the focal males; the
frequencies of mating tactics witnessed were similar across
both treatments (Likelihood ratio, 2 =0, P = 1.0). Variation
in secondary male courtship effort did not affect the mating
tactic expression of the focal males in the competition group,
as no relationship was detected (Logistic regression; 3 =2.10,
P = 0.55). In addition, both the focal male’s latency to
courtship (Control: x =306 * 72.22; Competition: ¥ = 519 =
124.6; Wilcoxon 2-sample test, Z = 1.00, P = 0.32) and the
focal male’s number of courtship bouts were similar across
both treatments (Control: ¥ =21.64 = 3.97; Competition: ¥ =
23.53 £ 15.11; Wilcoxon 2-sample test, Z =0.24, P =0.81).
The presence of an additional courting male did not affect
the likelihood or latency of copulation by the focal male. Both
mating frequencies (Control: 61%; Competition: 50%; Likeli-
hood ratio, yi = 0.45, P =0.50) and latency to copulate were
similar across both treatments (Control: N = 11, x = 797 =
167; Competition: N =9, ¥ =980 *= 149; Wilcoxon 2-sample
test, Z=10.99, P =0.32). The mating tactics used by the focal
males to successfully gain copulations were also similar across
both treatments (Control: courtship = 82%, direct mount =
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Figure 3.—Mating success of male mating tactics during triad
mating trials based on the number of males that were reproductively
active. The most successful mating tactic during trials was dependent
on the number of males active during the trial (P = 0.04). CT=
Courtship, DM= Direct Mount.

18%; Competition: courtship = 78%, direct mount = 22%;
Likelihood ratio, 3 = 0.05, P = 0.82).

Experiment 2: Direct male competition.—In total, 27 trials
were conducted, of which 96% resulted in copulation. Males
directly interacted with each other during 62% of trials. Male
attacks on the other male were common (30% of trials), but
not as common as males attempting to mount the other male
(42% of trials).

Males expressed some reproductive behaviors in all trials.
The frequencies of tactics that were expressed first were not
equal (y7 = 15.39, P < 0.001). The most common first tactic
used during a trial was courtship (N = 23/26). The tactic
expressed by the first male did not significantly influence the
behavior of the second male (Likelihood ratio, x5 = 4.55, P =
0.10). However, the frequency of male’s not adopting a mating
tactic tended to be higher following a direct mount (2"¢ male
tactic, N = 3: None 100%, Courtship = 0%, Direct Mount =
0%) when compared to after courtship (2"¢ male tactic, N=23:
None = 43.4%, Courtship = 39.1%, Direct Mount = 17.4%).
Both males expressed a mating tactic during the trial in 50% of
trials (N =13). The most successful tactic at gaining the
copulation during a trial depended on how many males were
reproductively active (Likelihood ratio, y7 = 4.06, P = 0.04).
When only one male was active, courtship was the most
successful tactic, as it gained copulations more often; however,
when both males were active, the direct mount tactic was more
commonly used to acquire the copulation (Fig. 3).

Being the first male to express a tactic affected copulation
success in different ways depending on the tactic being
expressed. Males that were the first to adopt the direct mount
tactic were significantly more likely than their competitor to
gain the copulation in the trial (Fig. 4a; 32 = 5.56, P = 0.02).
However, males that were the first to adopt courtship were no
more likely than their competitor to gain the copulation in the
trial (Fig. 4b; Likelihood ratio, 2 = 1.53, P=0.22). Likewise,
differential courtship intensity did not affect mating success,
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Figure 4.—Mating success of male mating tactics during triad
mating trials based on the first male to adopt (A) the direct mount
tactic or (B) courtship. The x-axis groups are based on the
identification color randomly assigned to each male (yellow or white).
The color inside the bars represents the proportion of males in each
color that copulated under each circumstance. If order of action
affects mating success, one would expect the color of the copulating
male to match the color of the first male to act. This occurred in the
direct mount tactic (P = 0.02), but not in the courtship tactic (P =
0.22).

as males that courted more intensely were no more likely to
copulate than the other male in the trial (Court More-
Copulate Match: 4/7, Court More-Copulate No Match: 3/7;
Goodness of Fit, y3 =0.14, P=0.71).

Of the 19 trials we observed following copulation, the
second male attempted to directly break up the trial in 63% of
them, often attempting to break up the pair multiple times (t=
1.89 / trial overall). Males that attempted to break up the pair
were successful in 50% of trials (6/12), with one of those break
ups occurring before the initial copulating male inserted a
pedipalp for sperm transfer (18 s post 1°' male mount). After
the pair was broken up, females were remounted for a 2™
copulation 83% (5/6 trials) of the time, with three of those 2™
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copulations occurring with the other male in the trial. The
tactic used for the first copulation was similar across the
females that accepted a second copulation (N = 3 courtship, N
= 2 direct mount). The direct mount tactic was the most
successful tactic at gaining the 2" copulation (80% of
attempts; 4/5 trials). The only time a female accepted a
courting male for a 2™ mounting was after the mating attempt
that was broken up prior to pedipalp insertion.

DISCUSSION

In this study, we found differing effects of indirect and
direct male competition on tactic-specific copulation success in
R. punctulata. Despite this tactic-specific success, males did not
alter their mating tactic expression in response to competing
males in the environment. We found evidence that when males
avoided courtship and took a more direct mating tactic, they
had a mating advantage when directly competing with males
in the environment, but not when courting males were simply
nearby. Using the direct mount tactic increased the likelihood
of gaining copulations over the courtship tactic when 1)
multiple males in the surrounding environment had expressed
some mating behaviors, and 2) when the male was the first one
to attempt it. Additionally, we witnessed direct male
interference during our trials. In some trials, competing males
not only broke up copulating pairs, but would then gain
copulations with females, most often by using a direct mount.

When multiple R. punctulata males are in close proximity
and directly competing for a female, it is clear that engaging
the female and using a direct mount tactic offers mating
advantages. When directly competing with another male, no
aspect of the courtship tactic that we measured increased a
male’s chance at copulation when competing with other males
either indirectly or directly. In other wolf spider species, both
the latency to begin courtship (negative relationship) and
courtship intensity (positive relationship) have been linked
with copulation success (e.g., Scheffer et al. 1996: Shamble et
al. 2009). The direct mount tactic appears to be successful at
achieving copulations by eliminating one variable that males
cannot control, female approach. In R. punctulata and another
closely related species, R. rabida (Walckenaer, 1837), females
will approach courting males and often settle receptively
(Rovner 1968; Wilgers pers. obs.). By approaching and
grabbing females upon detection, males can ensure other
males in the surrounding environment will not find her first.
This conclusion is supported by the observations that
courtship is only successful when one male is reproductively
active, allowing more time for the courtship process. Instead,
when both males were active, direct mounts were more
successful and the male to adopt the direct mount tactic first
more often gained the copulation.

The mating advantage associated with direct mounts when
in competition with other males does not appear to be a strong
enough source of selection to have affected tactic-expression
patterns. Across both experiments, we found no evidence of
pre-mating male-male competition. Males that were both
directly and indirectly competing with males in their environ-
ment did not adjust their pre-mating behaviors. This absence
of a response to competing males has also been seen in the
wolf spider Schizocosa ocreata (Hentz, 1844) (Roberts et al.
2006). We also found no evidence of consistent agonistic
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behaviors between males. Instead, we found that males
mistakenly mounted the competing male as often as they
attacked them. In other spider species, males often engage
competing males directly with agonistic behaviors (Aspey
1977a, b; Christenson & Goist 1979; Rovner 1996; Uetz et al.
1996); however, evidence that outcomes of these aggressive
encounters result in copulation is lacking (Kotiaho et al. 1997,
Delaney et al. 2007).

Instead, in R. punctulata it appears that male competition
comes in the form of male interference during copulations and
sperm competition from multiple mating. Interference com-
petition is prevalent in the animal kingdom and males of other
spider species have been witnessed to disrupt copulating pairs
(e.g., Lubin 1986; Foellmer & Fairbairn 2005). When detected,
male R. punctulata clearly disrupted the copulating pair and
then attempted to mate with the female afterwards. While 80%
of second matings during the trial came from direct mounts,
due to a limited sample size we were unable to statistically test
the differential success of the mating tactics following mating
interference. Future studies should more explicitly test the
benefits of direct mounts following mating interference. While
copulation interference is a striking behavior, it is not clear
how common it is in nature, as copulating pairs are not nearly
as obvious in their natural environment. In order to estimate
its importance in sexual selection, it will be necessary to
estimate rates of mating interference in the field.

Our limited results suggest that it may be beneficial for
males to adjust their tactic and increase the use of direct
mounts following mating pair breakups or already mated
females. The only trial in which a female receptively
approached a courting male was after a copulation attempt
was broken up prior to sperm transfer. Interestingly, females
of a closely related species, R. rabida, are not only unreceptive
to courting males as well, but often very aggressive after
mating once (D. Wilgers, unpub. data). Males that are able to
assess the mating status of females could benefit from
adjusting their mating tactic accordingly by direct mounting
already mated and potentially unreceptive females. In the wolf
spider Schizocosa ocreata, the limited rematings observed
often came from more coercive male behaviors (Norton &
Uetz 2005). Males of other spider species have been shown to
be able to assess female mating status through chemical cues in
her silk (e.g., Roberts & Uetz 2005; Stoltz et al. 2007). Future
research should investigate if male R. punctulata are sensitive
to this information during their mating interactions and if they
adjust their mating tactic expression accordingly to maximize
fitness.

In our study, if given the opportunity to copulate again
shortly after mating the first time, females often (> 80%)
copulated again. The observation that females will mate
multiply is new to the species. Future studies should
investigate female mating rates with longer periods of time
between mating interactions. When females mate multiply, the
scramble competition between males for the only copulation
with a female is relaxed, but multiple mating by females
introduces another form of male competition, post-copulatory
sperm competition, where sperm from multiple males compete
to fertilize a limited number of female eggs (Shuster & Wade
2003; examples in spiders: Schneider et al. 2000; Snow et al.
2006). In female spiders, male sperm is stored in the

spermethecae, and in some species, females often store sperm
from each mating separately, leaving the ability to control
sperm release from these independent compartments (Eber-
hard 2004; Snow & Andrade 2005; Useta et al. 2007). By
controlling sperm use post-mating, this more cryptic form of
female choice could have dramatic consequences for the fitness
of each male she has mated with (Eberhard 1996; examples in
spiders: Welke & Schneider 2009; Peretti & Eberhard 2010).
Male mating behaviors prior to copulation are known to affect
female storage and use of their sperm (Watson 1991). In fact,
in other taxa, the use of coercive tactics by males often leads to
low fertilization success (e.g., fowl: Pizarri & Birkhead 2000;
guppies: Evans & Magurran 2001). However, given the
interesting condition-dependent expression and intimate na-
ture of the direct mount tactic (i.e., good-condition males tend
to direct mount; Wilgers et al. 2009), female R. punctulata
could use the direct mounts as a form of assessment in
determining the father of her offspring and we may expect a
reversal in this sperm use pattern. First male sperm precedence
is suggested in wolf spiders (Austad 1984; Rypstra et al. 2003);
however, the determinants (e.g., mating order, male qualities)
of sperm precedence in this species, which have yet to be
determined, may result in reduced benefits of being the first
mate (Eberhard 1996). Thus, the benefits of gaining that first
mating may no longer outweigh the potential costs of
grappling with a cannibalistic female for some males. While
this paper only followed copulation success due to tactic-
expression, which limits our discussion of tactic-related fitness
consequences, it is clear that this mating system has many
more questions to answer after the observations suggest more
promiscuity than once thought. Investigations into the
determinants of cryptic female choice (sperm precedence,
male mating behavior, size, etc.) may provide considerable
insight into the evolution of these mating behaviors. It is
possible the optimal tactic may not depend on the social
context, and may instead reflect some other factor associated
with the mating interaction (e.g., male condition, female
mating status), potentially explaining the lack of males
adjusting their mating tactic to a more successful one based
on the presence of direct competitors.
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