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ARTICLE INFO ABSTRACT

Kin selection is common in nature among cannibalistic organisms that have a high kin encounter rate.
The jumping spider Phidippus audax (Araneae: Salticidae) has a high, localized population density
and is widely distributed. We studied the effects of kinship on cannibalism in the second through the
seventh instars of this species. We observed low levels of cannibalism in second instars and high
levels in fourth through seventh instars, with no effects of relatedness in those stages.  In the third
instar, siblings avoided cannibalism, and non-siblings were highly cannibalistic. Starvation results
were similar with the only significant difference occurring in the third instar where starvation was
significantly higher in related versus unrelated pairs.  These results may indicate an age-dependent
instinctive response among spiderlings that determines whether or not they will starve rather than
confront and attempt to cannibalize their own kin.
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INTRODUCTION
Kin selection and kin recognition are phenomena that occur in
taxonomically diverse groups of animals, including mammals
(Hauber and Sherman, 2000), birds (Komdeur and Hatchwell,
1999), amphibians (Pfennig et al., 1999), insects (Panek and
Gamboa, 2000), mites (Schausberger and Croft, 2001), and
spiders (Bilde and Lubin, 2001; Roberts et al., 2003).
Typically, kin selection is dependent upon kin recognition
(Roberts et al., 2003). Kin selection is expressed in a variety of
circumstances, but for many species, it is expressed as
differential cannibalism of related versus non-related
conspecifics (Pfennig, 1997). Cannibalism is common
throughout the animal kingdom (Elgar and Crespi, 1992).  In
spiders, cannibalism serves multiple functions which include
reducing competition (Buddle et al., 2003; Wagner and Wise,
1996), increasing energy intake (Hvam et al., 2005), and
ensuring sperm usage (Schneider and Lubin, 1997, 1998).

Additionally, it is often a decision made in a foraging context
(Pfennig, 1997; Roberts et al., 2003). When an organism
selects prey, it is attempting to meet three nutritional goals:
maximize energy intake, balance nutrient composition, and
minimize toxin consumption (Toft, 1999) and, under some
conditions, cannibalism can represent an optimal compromise
between these three factors.

Cannibalism also has disadvantages (Nishimura and Isoda,
2004). For instance, in gregarious or social species, where
related individuals may encounter each other, inclusive fitness
can decline substantially (Dobler and Kolliker, 2011). Since
cannibalism of kin decreases inclusive fitness (Crump, 1990;
Nishimura and Isoda, 2004), cannibalistic individuals should
preferentially eat unrelated individuals when presented with
the choice of consuming relatives versus non-relatives
(Schausberger, 2004). Thus, the presence of kin recognition
should be high in organisms with a high kin encounter rate
(Wise, 2006).
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Kin recognition is common in many cannibalistic species
(Elwood, 1992; Panek and Gamboa, 2000; Pfennig, 1997;
Roberts et al., 2003; Sadler and Elgar, 1994).

The risk of cannibalizing kin is inversely proportional to
dispersal (Pfennig, 1997; Sadler and Elgar, 1994).  After
dispersal, when an organism does not frequently encounter kin,
kin selection would have a minimal effect on inclusive fitness
(Grafen 2009).  Wise (2006) showed that kin discrimination
was present in the spiderlings of a subsocial burrowing wolf
spider and not present in spiderlings from nonburrowing, more
vagile wolf spiders. Similar results have been found in
Tigrosahelluo, [Tigrosa helluoBrady 2012 (Tmf from Hogna
helluo (Walckenaer, 1837)], a vagile wolf spider, where kin
recognition was present in the pre-dispersal instar and was not
present post-dispersal (Roberts et al., 2003).

Spiders are primarily obligate predators, and cannibalism is
represented in many families (Buddle et al., 2003; Roberts et
al., 2003; Wagner and Wise, 1996; Wise, 2006). Some female
spiders sexually cannibalize males during courtship either
while copulating or after decoupling (Buskirk et al., 1984;
Elgar, 1992; Johnson, 2001; Taylor and Jackson, 1999).  There
are cases of females eating their own eggs (oophagy) (Willey
and Coyle, 1992) or young (filial cannibalism) (Wise, 2006).
Males of Stegodyphus lineatus have been documented killing a
female’s brood so that she will reproduce again using their
sperm (Schneider and Lubin, 1997). In some spiders, juveniles
eat their mother before dispersing. Matriphagy is positively
correlated with spiderling survival in species such as the
Australian thomisid, Diaea ergandros (Wise, 2006). Jackson
(1977, 1978) reported that 27% of the diet of the jumping
spider Phidippus. johnsoni consisted of other spiders, and
9% of these were conspecifics. Other studies have yielded
similar results for jumping spiders, including the primarily
araneophagic genus Portia (Harland and Jackson, 2000;
Wilcox and Jackson, 1998).  In some spiders, cannibalism
among juveniles might limit species abundance (Roberts et
al., 2003; Wise, 2006).  For example, juveniles of the wolf
spider Pardosa lugubris may be the primary predators of
their species (Edgar, 1969), with juveniles including
conspecifics as 29% of their diet (Hallander, 1970).  Some,
but not all (Hvam et al., 2005), cannibalistic spider species
examined identify and avoid eating close relatives (Evans,
1999; Bilde and Lubin, 2001; Anthony, 2003; Roberts et
al., 2003). Kin recognition in spiders is likely a chemically
mediated process (Evans, 1999; Miller, 1989). Roberts et al.
(2003) state that with many chemical compounds found on
a spider’s body, web, or draglines, chemical communication
is one of the most likely pathways for kin recognition.

We examined the jumping spider Phidippus audax
(Araneae: Salticidae) from egg sac emergence - the seventh
instar to determine whether differential cannibalism of kin
versus non-kin occurs throughout successive instars. P.
audax is distributed throughout most of the United States
and has a high localized population density (Jackson, 1978).
Egg hatching and emergence from the egg sac are times
when spiderlings encounter related conspecifics. We could
not examine first instar spiderlings because they are inside
the egg sac and relying on stored yolk for nutrition.  The
second-instar of P. audax is the emerging stage consisting
of spiders that have been living together within the confines

of the egg sac. Although there are not field data on which
instar(s) disperse and how far they disperse in nature, early
instars may not disperse far enough to avoid kin encounters,
so kin selecn, if present, should be adaptive in the early
stages of the life cycle.

METHODS
Immature P. audax spiders were collected at the Rock Springs
Center for Environmental Discovery, Macon Co., Decatur IL.
Upon maturity, the spiders were randomly mated and
maintained until oviposition.  No spider was mated more than
once to ensure that clutches would consist of full siblings.
Spiderlings (n = 1171) were immediately separated after they
emerged from the egg sacs as second instars. A unique
identification code was assigned to each individual to record
which ones were siblings.  Spiderlings were maintained
individually in the Millikin University Arachnology
Laboratory in clear Petri dishes (10 cm diameter x 1.5 cm
depth). When not in trials, each spiderling was provided with
water Ad libitum via a water-saturated cotton ball and
maintained on a feeding regimen (Table 1) limited to
Drosophila melanogaster to ensure that all spiders ingested the
same prey species. As spiders molted and increased in size,
they were provided with more prey.

We examined whether P. audax was more likely to
cannibalize siblings versus non-siblings in the second
through seventh instars.  Trials could not be conducted
beyond the seventh instar due to low sample sizes.  On the
day of each molt, the mass of each molted spiderling was
recorded.  Spiderlings that molted within four days of each
other and had the same mass (+ 0.0001 g) were paired. If
more than two spiders were appropriate for pairing, then a
drawing was used to randomly determine which two would
be paired.  We tested 710 spiders, and no spider was used in
more than one trial.  A minimum of 30 trials were
conducted on sibling pairs and on non-sibling pairs within
each instar, with the exception of instar 7 which had a
limited number of remaining untested spiders when
matched for weight (Table 2).

Each trial involved pairing two spiders based on mass and
relatedness, putting them in the same Petri dish with a
water-saturated cotton ball, and feeding them one wingless
fruit fly per day until at least one spider was deceased.
Although the nutritional needs of each instar differ, and
cannibalism may increase in successive instars as prey
proportionally decreases, we held prey number of prey
constant in all trials because our research addressed whether
sibling versus non-sibling differences would arise, not
whether cannibalism rates would change in successive
instars.

One spider in each pair was marked ventrally and one
dorsally with nontoxic Paper-Mate white-out. A coin flip
determined which spider was marked ventrally.  If a fruit
fly was still alive the subsequent day, a new fruit fly was
not introduced. Deceased spiders were examined under a
microscope to determine whether death resulted from
cannibalism or other causes.  A mutilated and deflated
appearance, sometimes accompanied by visible puncture
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wounds, characterized a cannibalized spider, whereas a
non-malformed, non-deflated spider with legs that started to
curl characterized a spider that died from other causes, such
as starvation. A Welch’s t-test was used for analysis for
related versus unrelated pairings in each instar because it is
robust to differences in sample sizes and sample variance
(Welsh, 1947).  Although IACUC protocol approval is not
mandated for invertebrates, we did follow their animal care
and use guidelines.

RESULTS
When spiderlings first emerged from the egg sacs as second
instars, there was minimal cannibalism with no significant
difference between means of related versus unrelated
individuals (Table3). When the spiderlings reached the fourth -
seventh instars, the percentage of cannibalism reached a
plateau of ~75% + 15% (mean + SD), which was also
statistically consistent for both related and unrelated spiders.
However, in the third instar, there is a statistically significant
difference between the percentage of cannibalism among
related (20.0+ 3.65%) versus unrelated (76.7 + 14.00%)
individuals (p = 2.34 x10-6; p> 0.05 for all other instars).
Trends were similar for the percentage of deaths, presumably
from starvation, in related versus unrelated pairs (Table 4). In
the third instar, there is a statistically significant difference
between the percentage of starvation events among related (50
+ 9.13%) and unrelated (13.3 + 2.43%) individuals (p = 1.95
x10-3). The results are statistically consistent for all other
instars (p> 0.05).  The number of days until death was
statistically consistent for both related and unrelated pairs (p >
0.05) for all instars.

Table 1.  Number of Drosophila melanogaster provided to
Phidippus audax three times per week as a maintenance diet for

spiders not in trials

Table 2.  Number of trials of sibling/sibling pairs and non-
sibling/non-sibling pairs tested in second - seventh instars of

Phidippus audax

Table 3.  Comparison of the average percent of cannibalized
individuals per instar + SD in related versus unelated pairs of

Phidippus audax (p = 2.34 x 10-6 for instar 3*; p> 0.05 for all other
instars). *Only instar with significant difference between related

versus unrelated pairs

Table 4. Comparison of the average percent of starvations per
instar +SD in related vs. unrelated pairs of Phidippus audax

(p = 1.95 x10-3 for instar 3*; p > 0.05 for all other instars).  *Only
instar with significant difference between related versus unrelated

pairs

DISCUSSION
When spiderlings were young and weak (instar 2), there was a
low and statistically consistent percentage of cannibalism
events among both related and unrelated pairs.  When
spiderlings were older (instars 4-7), the percentage of
cannibalism events increased but was still statistically
consistent among related and unrelated pairs.  However, in
instar 3, the percentage of cannibalism was significantly lower
in related versus unrelated pairs.  Starvation results were
similar with the only significant difference occurring in instar
3 where starvation was significantly higher in related versus
unrelated pairs.

These results may indicate an age-dependent instinctive
response among spiderlings that determines whether or not
they will starve rather than confront and attempt to cannibalize
their own kin.  In instar 3, siblings tended to starve rather than
cannibalize a significantly larger fraction of the time than non-
related individuals. To avoid decreasing inclusive fitness,
second instar spiderlings that have not lived independently
would be expected to avoid/suppress cannibalism. Similarly,
cannibalism was less frequent in second instars of the wolf
spider Tigrosa helluo compared to the third instars (Roberts et
al., 2003). However, the presence or absence of foraging
behavior in the second instar becomes important here.  If P.
audax does not forage because they still have sufficient yolk or
are too weak for aggressive encounters in the second instar,
then it cannot be said that the lack of cannibalism implies kin
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discrimination during this stage.  Rather, it would be due to a
lack of feeding in general.

However, if foraging behavior is present in the second instar,
then there is evidence for a general avoidance of cannibalism
rather than just a lack of feeding. Forster (1977) showed that
only 52% of second instar spiderlings of the jumping spider
Trite auricoma caught prey within seven days. Edwards and
Jackson (1994) found that second instar Phidippusregius can
live 51 days, on average, without food if water is provided, but
they required fewer days before molting if provided with both
food and water. Thus, P. regius does not have to eat as second
instar spiderlings; however, if they have the option, consuming
insect prey speeds up development. Morse (2000) found that
spiderlings of the thomisid Misumenavatia emerging from egg
sacs in the field seldom caught prey immediately even under
high prey densities.  We did not quantify feeding rates among
different instars, but we did observe that second instars caught
fewer prey overall than subsequent instars despite being given
fewer prey.

Cannibalism was present in all remaining instars (3-7) with
significantly less cannibalistic behavior among related versus
unrelated individuals in the third instar.  It is interesting that
there was significantly higher mortality, presumably due to
starvation, in the third instar where cannibalism of kin was
low.  These data provide an indication of kin recognition by P.
audax in this instar.  Dispersal may be limited in the third
instar, thereby leading to the suppressed cannibalism we
observed in related pairs at this stage of development.

Following dispersal, P. audax has a vagrant lifestyle for nine
months of the year (Roach, 1987) before becoming territorial
at the penultimate or adult stage (Edwards, 2008). Therefore,
even if third instars disperse, they may not have dispersed far
enough away from the hatching site to avoid kin encounters,
making kin recognition and avoidance of kin cannibalism
adaptive via inclusive fitness.  Due to P. audax’s large home
range and generalist prey diet, it is unlikely to encounter kin
after dispersal (Lion and Gandon, 2009) at which point
cannibalism of conspecifics would be beneficial, but kin
discrimination would no longer be expected. In the future, it
would be beneficial to perform field observations to determine
when in the life cycle P. audax spiderlings disperse and to
observe the magnitude of differential dispersal distances by
various instars for P. audax.  It would also be interestingto
study the effects of kin selection and recognition on sexual
cannibalism in adult P. audax.
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Key Points

We observed low levels of cannibalism in second instars and
high levels in fourth through seventh instars, with no effects of
relatedness in those stages.  In the third instar, siblings avoided
cannibalism, and non-siblings were highly cannibalistic.
Starvation results were similar with the only significant
difference occurring in the third instar where starvation was
significantly higher in related versus unrelated pairs.  There

may indicate an age-dependent instinctive response among
spiderlings that determines whether or not they will starve
rather than confront and attempt to cannibalize their own kin.
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