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Twenty years ago, Kokko and Lindstrom (1996) introduced the hypothesis that kin selection may drive the evolution of leks, shifting the 
lek-paradigm away from a competitive framework and spurring research on the relatedness of males on leks. However, support for 
Kokko and Lindstrom’s kin-selection hypothesis has been sparse; most studies have shown related males to occur on leks no more 
than expected by chance. Additionally, evidence supporting the proposed mechanism is mixed; by joining a lek, males do not always 
increase the female visitation rate on a per-capita basis. The prairie mole cricket Gryllotalpa major is a lekking cricket in which male 
relatives advertise in close proximity. We reject the Kokko–Lindstrom hypothesis for this species because G.  major females do not 
preferentially visit larger leks. Interestingly, more females visited smaller leks, where the presence of larger, more highly related males 
suggest reduced levels of local competition. Although the mechanism continues to be explored, these results provide an alternative 
inclusive fitness scenario to consider for lekking species—the existence of kin benefits between related neighbors rather than spread 
across the lek as a whole.
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INTRODUCTION
Lekking is a mating system where males congregate in arenas or 
“leks” to advertise/display for females, yet offer them no resources 
besides sperm. Traditionally, lekking males have been thought to 
be in rigorous competition with one another for mating, though 
theoretical work has suggested the potential for kin selection to act 
among related males within a lek (Kokko and Lindstrom 1996). 
Males may achieve inclusive fitness benefits by lekking with close 
relatives, presumably increasing each other’s attractiveness as they 
contribute to an increase in overall lek size, which is proposed to 
be more attractive to females (for a meta-analysis of  female visita-
tion rate and lek size, see Isvaran and Ponkshe 2013). A correlation 
between lek size and female visitation can result from many possibil-
ities that are not associated with kin selection; however, such a cor-
relation is required if  Kokko and Lindstrom’s kin-selection model is 
to be supported. Yet, for the benefits of  increased female visitation 
to outweigh the cost of  presumed increased competition in larger 

leks, there must be a positive per-capita relationship between lek size 
and the number of  female attractions, a pattern that is inconsistent 
across lekking species (Isvaran and Ponkshe 2013).

Several studies have addressed these concepts, yet there is no 
instance where a full dataset using the above logic has supported 
the existence of  kin selection in a lekking system. Although stud-
ies of  several systems have shown that related males lek together 
(Petrie et al. 1999; Shorey et al. 2000; Bouzat and Johnson 2004; 
Regnaut et  al. 2006; Concannon et  al. 2012; Keane et  al. 2016), 
it is unknown whether female visitation or male copulation rate is 
correlated with lek size for these systems. Additionally, because rela-
tives may be clustered when present on leks (Keane et al. 2016), we 
are interested in the possibility of  a kin-selection scenario that does 
not involve spreading inclusive fitness benefits across the entire lek.

To evaluate the role of  kin selection on leks, we use the lekking 
prairie mole cricket Gryllotalpa major Saussure as a model to test 
Kokko and Lindstom’s (1996) hypothesis by measuring whether 
female visits increase with lek size on a per-capita basis (Isvaran 
and Ponkshe 2013). A positive result does not confirm a role for kin 
selection in the evolution of  the lek mating system, as a per-capita 
increase in female visits may result from a number of  possibilities. Address correspondence to K.T. Keane. E-mail: kristopher-keane@utulsa.edu.
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Rather, if  this trend of  an increase in female visitation is absent, 
then we can refute Kokko and Lindstrom’s hypothesis as a model 
for our test case. Because previous work has shown that G.  major 
leks are comprised of  multiple kin clusters (Keane et  al. 2016), 
we explore the potential for kin-selected fitness benefits occurring 
within subgroups rather than across the lek as a whole. To assess 
this possibility, we examine leks of  varying size and hypothesize that 
males in smaller leks will be 1)  more closely related because they 
originate from only 1 or 2 broods and 2) experience reduced com-
petition for food resources due to low population density.

G. major is a rare insect in which male relatives sexually advertise 
close to one another within larger aggregations for 30–40  min at 
sunset. Males call from individual subterranean burrows to females 
flying overhead (Walker and Figg 1990; Hill 1999; Keane et  al. 
2016). Individuals can detect conspecific male calls at least 80 m 
away (Hill 1998; Howard et al. 2011), a larger distance than males 
probably travel in their lifetime (Keane et al. 2016). Lifetime female 
visitation rates to individual males can be readily quantified, since 
males exhibit lek fidelity and even use the same burrow for up to 
weeks at a time during their single season of  sexual advertisement 
(Figg et al. 1992; Hill 1999). Males only seem to use burrows they 
have constructed themselves, perhaps because they must be specif-
ically tuned to the individual caller (Bennet-Clark 1987; Hill et al. 
2006). In over 20  years of  study, no physical aggression has been 
observed between males or females.

Male prairie mole crickets have been shown to be highly related 
to their immediate neighbors (Keane et al. 2016), which coincides 
with previous analyses of  nearest-neighbor distances demonstrating 
spatial clustering of  males (Hill 1999). Because male mole crick-
ets are rarely observed in flight and females produce and care for 
a single brood per year (Lydekker 1896; Hayslip 1943; Loher and 
Dambach 1989), it is likely that males on small leks originate from 
only 1 or 2 broods. Thus, we expect small leks to show higher over-
all relatedness. Theory suggests that we may see increased compe-
tition for mates on smaller leks, but probably less competition for 
nutritional resources due to reduced population density.

We do not know where females of  this species oviposit (except 
that they do not oviposit in the same burrow where they mate—see 
Hill 1999) or if  they mate or fly on multiple nights. Previous work 
shows that female visitation to leks is highly concentrated over rela-
tively few days (Howard et al. 2011). This suggests that males may 
frequently be able to take advantage of  attendance gaps, caused 
when another male stops calling to engage in courtship, mating, 
or mate guarding, etc.—a duration known as “handling time” 
(Kokko et  al. 2014). Although the longest G.  major courtship song 
recorded was only about 9  min, males generally do not advertise 
again for the rest of  the night’s calling period, thus they probably 
do not mate with multiple females in a single night (Hill 2000). 
Similarly, due to the short calling period and the time constraints of  
mate searching, courtship, and spermatophore transfer, it is highly 
unlikely that females visit or mate with multiple males in a single 
evening. Unfortunately, because courtship occurs within the under-
ground burrow, it is unknown if  opportunities for sneaker and/or 
satellite strategies exist.

There are indications that behavioral interactions occur between 
neighbors. Males have been observed to adjust multiple aspects of  
their calling song in response to airborne and substrate-borne com-
ponents of  nearby calls (Hill and Shadley 2001). Males that display 
extremely close together (<1 m) tend to interrupt one another and 
thus are unable to call consistently, always resulting in at least one of  
the males excavating a new burrow further away (Hill 1996). After 

landing, a female actively phonotaxes toward a male’s burrow and 
changes direction to another nearby caller when her original choice 
stops calling (see Supplementary Material). Due to the high likelihood 
that neighbors are related, this occurrence more often than not ben-
efits relatives of  the original caller. It is unclear if  mole crickets can 
actually identify their relatives, though kin recognition via chemical 
cues is known to occur in other crickets (Simmons 1989, 1990, 1991).

Although kin selection, based on inclusive fitness benefits shared 
among highly related neighbors, is a valid possibility, it has been 
questioned in cases, such as this, when population structure is the 
result of  very low levels of  dispersal (known as population viscos-
ity; see Wilson et al. 1992; West et al. 2002). Kin-selected benefits 
in some mating scenarios may be effectively cancelled by the fit-
ness cost caused by increased competition among relatives for mat-
ing opportunities and future competition between related offspring 
(Taylor 1992). Essentially, in a viscous environment, the negative 
effects of  kin-competition are expected to trend proportionally with 
the benefits of  neighbor relatedness. Therefore, we gauge whether 
the cost of  potential kin-competition reduces the potential kin ben-
efits in leks of  different sizes—which we expect to display varying 
levels of  relatedness. If  increased kin-competition results from phil-
opatry, we would predict that costs of  competition evenly coun-
terbalance inclusive fitness benefits, unless these benefits enable a 
larger population to exist on a given patch (elasticity—see Taylor 
1992). Although we cannot differentiate kin-competition from that 
between nonkin, we are able to compare levels of  competition with 
the average relatedness on a lek.

To indirectly evaluate the presence of  competition, we gather 
data on male body condition, operational sex ratio, and an approx-
imation of  mating skew. Sex ratios and skew serve as proxies for 
adult mate competition; whereas, male body condition likely 
depends on competition for food resources and energy expenditure 
during both juvenile and adult life stages. Even though gut con-
tent analyses of  several G. major males suggest a mainly plant based 
diet (Figg and Calvert 1987), individuals housed in lab settings pre-
fer a more proteinaceous diet (unpublished data). Thus, it is possi-
ble that protein (e.g. invertebrate prey) is a limiting resource even 
though plant material comprises a majority of  their diet. Dietary 
protein has been found to be an important macronutrient involved 
with weight gain in crickets (Harrison et al. 2014). In addition, we 
compare male and female relatedness-by-distance patterns in order 
to verify that females disperse freely in this species. High rates of  
female dispersal may significantly reduce overall population vis-
cosity despite the inferred pattern of  male philopatry in this spe-
cies (Keane et al. 2016). It is possible, though perhaps unlikely, that 
male size is highly heritable rather than dependent on the environ-
ment, in which case it would not serve as an accurate representa-
tion of  competition for nutritional resources. Unfortunately, a lack 
of  parent–offspring data precludes any formal tests of  heritability. 
Instead, we test whether more highly related males are likely to be 
similar in size.

Because small groups of  G. major males within leks have already 
been shown to be significantly spatially aggregated at several 
scales (5 m, 7 m, and 11 m—see Hill 1999) and often consist of  
close relatives (Keane et  al. 2016), the potential for kin selection 
between related neighbors is an intriguing possibility in this system. 
Competition for nutritional resources or mates probably does not 
occur across an entire lek, since elevated male relatedness suggests 
that males do not travel very far and are almost always found within 
10–20 m of  their siblings (Keane et al. 2016). Here, we test the pat-
terns of  relatedness, competition, and female visitation across leks 
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of  varying size. Competing possibilities include 1)  there is no link 
between competition, relatedness, and lek size, 2) competition and 
relatedness are positively correlated (this suggests that increased 
competition is a byproduct of  male viscosity and that inclusive fit-
ness benefits enable patches where relatives are present to support 
an increased number of  individuals), or 3) relatedness and compe-
tition are negatively correlated (corresponding with a scenario for 
potential kin selection between immediate neighbors).

METHODS
Sampling

From 2013 to 2015, we visited 8 populations across G.  major’s 
range comprised of  15 leks defined by a >100-m buffer, coinciding 
with the effective hearing range of  male advertisement calls (Hill 
1998; Howard et  al. 2008). We collapsed 2 large aggregations of  
53 and 32 burrows into 1 lek, because the distance between them 
was <120 m, close to our threshold (see lek ST, Table 1; Figure 1). 
A minimum count of  actively displaying males was conducted for 
each site. We also provide a general estimate of  the total number of  
calling males for larger leks due to the difficulty of  differentiating 
calls of  several males from a distance and ensuring that multiple 
surveyors do not double-count any individuals (a trained surveyor 
can usually count at least 20 males in an evening by locating each 
calling burrow). Smaller populations and those visited multiple 
times over a season tend to show more concordance between the 
minimum count and overall estimate. Because population numbers 
may not be precise, we divided observed leks into 3 general size 
classes, small (<15 males), medium (16–25 males), and large (>30 
males). See Table 1 for all details pertaining to lek size.

We excavated calling burrows of  203 individual G.  major males 
and removed a small tissue sample from the tips of  the hind-wings 
for each male (including data for 98 males reported in Keane 
et  al. 2016). Additionally, the precise location of  male burrows 
was logged using a differential GPS unit (Trimble Navigation, 
Sunnyvale, CA) for most sampled males (except PB in 2013 and 
those for which flags were disturbed by wildlife) and all burrows 
with traps affixed (giving us precise coordinates for all females as 

well). Mass at capture was recorded for most males (N  =  140). 
There has been a precedent for using body mass as a size index in 
field crickets despite the fact that mass can fluctuate with the avail-
ability of  water (Simmons 1986; Gray 1997; Ryder and Siva‐Jothy 
2001; Rantala and Roff 2005). We also documented several meas-
ures of  male size, including head width, pronotal width, pronotal 
length, forewing length, and 2-dimensional abdominal-thoracic 
area (n = 129 for size traits). All size measurements were performed 
using ImageJ software (Schneider et  al. 2012) and were collapsed 
into principal components along with mass using R (R Core Team 
2016). See Supplementary Table S2 for PCA results.

Unlike some aboveground insects where mass can be highly 
variable depending on water availability, mole crickets have been 
observed to adjust their calling chamber depth in response to soil 
moisture (personal observation). Thus, mass for this group is likely 
less dependent on water availability and more correlated with 
energy reserves and availability of  food resources. Male mass in this 
species has previously been found to correlate with call character-
istics that are presumably under female evaluation, such as maxi-
mum amplitude and dominant frequency (Howard and Hill 2006). 

Table 1
Lek size and location

Lek Abbrevation Population

Number of  males

Minimum count Overall estimate Size class
Males 
sampled

*Cherokee CK Cherokee Prairie, AR 29 50–75 L 11
*Downs DN Downs Prairie, AR 30 30–35 L 11
*Eufaula EF Eufaula State Park, OK 8 8–10 S 3
*Gray GY Gray Prairie, AR 20 20–25 M 6
*Friendly FR Paintbrush Prairie, MO 7 7–10 S 3
*Grandfather GF Paintbrush Prairie, MO 1 1 S 1
*Paintbrush PB Paintbrush Prairie, MO 30 35–40 L 22
Long Loop LL Tallgrass Prairie, OK 12 12 S 2
Mesonet MN Tallgrass Prairie, OK 3 4 S 3
Research Station RS Tallgrass Prairie, OK 8 8 S 5
Short Loop SL Tallgrass Prairie, OK 6 6 S 3
Spring Trap ST Tallgrass Prairie, OK 85 90 L 28
*Wa-Sha-She WS Wa-Sha-She Prairie, MO 14 15–20 M 3
White Oak North WON White Oak Prairie, OK 45 60 L 37
White Oak South WOS White Oak Prairie, OK 115 120 L 63

Lek names, abbreviations, locations and number of  males counted. Starred sites were only visited 1–2 nights, whereas others were studied extensively over the 
duration of  the calling period (20+ nights).

AREA ENLARGED
Tallgrass Prairie Preserve,

Osage County, OK

0 250 500 750 1000 m

Figure 1
Aerial map of  tallgrass prairie preserve. Map shows male burrows and 
corresponding lek abbreviation (see Table  1). Large, black circles indicate 
unstudied leks of  unknown size during 2015. Created with QGIS using 
2010 NAIP aerial images (QGIS Development Team 2012).
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We calculated a body mass index (BMI) by regressing mass on the 
first principal component of  the combined size measures (PC1 
accounted for ~70% of  the overall variance—see Supplementary 
Material). Regressing wet mass on linear measures of  size has also 
been used as an index of  condition even though there may be some 
issues that limit its usefulness (García‐Berthou 2001; Green 2001; 
Freckleton 2002; Knapp and Knappová 2013). Although residu-
als from a mass/length regression in insects are often substituted 
as a measure of  adult energy expenditure, this ignores the link-
age between size at eclosion and juvenile dietary environment, as 
has been observed for many orthopterans (Hunt et al. 2004; Hahn 
2005; Zajitschek et  al. 2009; Kelly and Tawes 2013). Because no 
one measure of  size is without its flaws, we chose to calculate all of  
the above measures and include them in our analysis.

To gauge female visitation rates, screened pitfall traps were placed 
over male burrows on 4 leks (LL, RS, SL, ST) at the Tallgrass Prairie 
Preserve during 2015 (TGPP; lat/long: 36.846212, −96.422731). 
Because we were able to measure only one large lek during 2015, we 
combine these data (N = 88) to previously gathered female attrac-
tion data from 2009 (N = 38, Howard et al. 2011) and 2010 (N = 17, 
Daniel R. Howard, unpublished data). See Table 2 for leks sampled 
and numbers of  females per lek. Although leks were trapped for 
unequal periods due to uneven patterns of  male advertisement and 
disturbance of  traps by grazing bison, all leks except RS were com-
pletely covered for the first ~2 weeks of  the calling season, a period 
that coincides with a majority of  female flight activity (Howard et al. 
2011, see Table 2 under “#Calling Days”; female numbers for RS 
are thus likely an underestimate). We used R to test for differences 
in sex ratio between leks, initially employing a Z-test to determine 
if  significant deviations in sex ratio were present (Newcombe 1998), 
then the Marascuilo procedure for pairwise chi-square comparisons 
to identify which leks deviated from one another (Marascuilo 1966; 
R Core Team 2016). Because we are unable to document the under-
ground mating encounters for this species, we instead substitute 
“attraction” skew, which represents the number of  females caught 
attempting to visit each male. We then tested whether attraction 
skew varies across leks. Values displayed in Table  2 are B indices 
with 95% confidence intervals generated using Skew Calculator 
2003 (Nonacs 2000, 2003a, 2003b).

Genotyping and population relatedness

To calculate relatedness, we used genotype data from 300 individu-
als collected at 14 different leks. This includes genetic information 
from 98 individuals reported previously (Keane et  al. 2016). See 
Supplementary Table  S1 for the number of  genotypes obtained 
from each population per year. Specimens were genotyped at 12 
microsatellite loci following previously established methods for this 
species (and including genetic data reported in Keane et al. 2016). 

One locus (GM-29) was flagged for potential linkage via Genepop 
(Raymond and Rousset 1995) and for null alleles by MICRO-
CHECKER (Van Oosterhout et  al. 2004), likely as a result of  
extreme variability, so we removed it from any further analysis. 
A  heterozygote deficit was detected in all large leks where exten-
sive sampling took place, indicative of  substantial kin subdivision as 
previously shown for at least 1 population (Keane et al. 2016). We 
chose to remove only GM-29, because though significant overall 
patterns of  linkage disequilibrium and null alleles were observed, 
in most instances they were driven by only 1 or 2 large populations, 
likely resulting from population subdivision (see Supplementary 
Material for genetic analysis data). All pairwise relatedness values 
presented were calculated using the Triadic method implemented 
in the program COANCESTRY (Wang 2007, 2011).

Histograms and Q-Q plots showed both mass/size and related-
ness data to be nonnormally distributed (Wilk and Gnanadesikan 
1968). Triadic relatedness data were nonnormal due to a bot-
tom value of  “0.” Thus, we used the Kruskal–Wallis (K–W) test 
to explore lek-size related differences in mass/size and relatedness 
(McKight and Najab 2010), followed up by Dunn’s test for post hoc 
pairwise comparisons (Dunn 1964). We also used a one-way Anova 
to check for a linear relationship between sex ratio and relatedness 
(N = 4 leks for which both sex ratio and relatedness data were avail-
able). Pearson’s product–moment correlation was calculated for 
relatedness-by-distance patterns (Pearson 1895). K–W tests for a 
linear correlation between relatedness and size similarity were per-
formed in R.

RESULTS
Female attraction

Males called for 17 consecutive days in 2009, 22 out of  31  days 
in 2010, and 21 out of  34 days monitored in 2015. Males do not 
call in cold, windy, or rainy weather (Hill 1998). Similar to previ-
ous years (Howard et al. 2011), G. major female occurrence in 2015 
was highly concentrated, with 84% (74/88) of  the females visiting 
leks on only 4 nights. Sex ratios of  leks displayed significant global 
variation (Z-test, P = 7.57e−09). Smaller leks consistently achieved 
a significantly higher rate of  per-capita female visits (except for lek 
RS, see Tables  2 and 3). In contrast to males on small leks, most 
males on the large lek (ST) never attracted a female. Attraction 
skew was consistently higher on small leks (Table 2).

Male body size

Mass of  sampled males ranged from 1.85 to 3.45  g. Measures of  
linear and polygonal size generally showed less variation, with the 
possible exception of  thorax-abdomen area. Mean male body mass 
and size were found to be significantly lower in larger leks across 

Table 2
Sex ratio and attraction skew

Lek-Year Males Females #Calling Days F:M Ratio Attraction Skew (B)

LL-2009 65 38 17 0.58 0.021
LL-2010 40 17 22 0.43 −0.003
LL-2015 12 30 19 2.50 0.022
RS-2015 8 11 14 1.38 0.097
SL-2015 6 18 19 3.00 0.114
ST-2015 88 29 12 0.33 0.001

Attraction skew, female:male ratio (per-capita females), and number of  males/females at indicated leks.
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G. major’s range; however, small and medium leks showed no signifi-
cant difference from one another, likely due to small sample size for 
the latter (for mass see Figure 2a; K–W overall P = 0.002; Dunn’s 
pairwise S|M P = 0.269, S|L P = 0.002, M|L P = 0.011; for size 
P = 0.01, S|M P = 0.189, S|L P = 0.019, M|L P = 0.014). Male 
BMI did not show a significant correlation with lek size (K–W over-
all P = 0.06). Pairwise relatedness was not shown to be correlated 
with any similarity in size for males (K–W overall P = 0.2847).

Population relatedness

Mean male pairwise relatedness displayed significant variation 
across lek sizes (K–W test P  <  0.001, Figure  2b). Post hoc analy-
sis shows that all size classes were significantly different from one 
another (Dunn’s pairwise: S|M P  =  0.022, S|L P  =  0.00, M|L 
P = 0.024). Males at TGPP showed a significant negative relation-
ship between relatedness and distance between individuals (Pearson 
Test P = 1.03e−07), as has been previously observed for a different 
population (Keane et al. 2016). In contrast, females did not display a 
significant relatedness by distance pattern (Pearson Test P = 0.472), 

and the slope of  the linear regression significantly diverged from 
that of  males (Anova table model comparison P  =  3.88e−07, see 
Figure 3). Tests for a linear correlation between relatedness and sex 
ratio were nonsignificant (Anova adjusted R2 = 0.609, P = 0.300).

DISCUSSION
Our results fail to support Kokko and Lindstrom’s kin-selection 
model for G.  major, specifically its requirement for a per-capita 
increase in rate of  female attraction to larger leks. This pattern 
is inconsistent across the species examined (Isvaran and Ponkshe 
2013), and we find a clear negative correlation between per-capita 
number of  females and lek size in G. major. Some empirical support 
has been found for increased mean pairwise relatedness or the pres-
ence of  close relatives within leks of  other species (Lebigre et  al. 
2014), but where it has been found to exist, the lifetime patterns of  
female attraction are generally undocumented. Our data show that 
kin selection through female preference for lek size is unlikely to be 
a driving factor in the evolution of  G. major leks. Interestingly, our 

Table 3
Pairwise sex ratio differences

Pair Size Absolute difference (A) Critical range (B) A−B Significance

RS15 | ST15 S/L 0.331 0.4 −0.069 N
LL09 | ST15 L/L 0.121 0.207 −0.085 N
RS15 | LL10 S/S 0.281 0.427 −0.147 N
LL09 | LL10 L/L 0.071 0.256 −0.186 N
LL10 | ST15 L/L 0.05 0.241 −0.191 N
RS15 | LL09 S/L 0.21 0.409 −0.199 N
LL15 | RS15 S/S 0.135 0.443 −0.307 N
RS15 | SL15 S/S 0.171 0.478 −0.307 N
LL15 | SL15 S/S 0.036 0.375 −0.339 N
SL15 | LL09 S/L 0.381 0.334 0.047 Y
LL15 | LL09 S/L 0.345 0.281 0.065 Y
SL15 | LL10 S/L 0.452 0.357 0.095 Y
LL15 | LL10 S/L 0.416 0.307 0.109 Y
SL15 | ST15 S/L 0.502 0.323 0.179 Y
LL15 | ST15 S/L 0.466 0.267 0.199 Y

Significance of  pairwise sex ratio (M:F) differences. Lek abbreviation and year are indicated (e.g. RS15 represents lek RS in 2015). Pairs in boldface represent 
tests between leks of  different sizes. RS was the only lek that did not show significant size-based differences in sex ratios. Y: yes; N: no.
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Figure 2
Male mass and relatedness by lek size. Point error plots showing the significant negative relationship between lek size and (a) male mass and (b) male–male 
relatedness. Bars represent standard error. 
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findings support the potential for inclusive fitness benefits at a dif-
ferent scale within leks.

Our data suggest lower levels of  competition (higher male mass) 
on smaller leks where males are more related to one another. This 
is true for both nutritional resources and for mating opportunities. 
Lek size and relatedness negatively correlate both with mean male 
mass/size and the per-capita number of  females. Unfortunately, a 
low sample size precluded us from teasing apart the relationship 
between these variables and sex ratio (N  =  4 leks for which all 4 
variables are available). This suggests that inclusive fitness benefits 
gained due to increased relatedness of  nearest neighbors are not 
exceeded by increased kin-competition costs and female-biased dis-
persal, which makes it less likely that future offspring will compete 
locally with one another (Taylor 1992; West et al. 2002).

We do not have direct evidence that size is highly heritable in 
this species, but several lines of  reasoning suggest that it is not. Our 
data show that high levels of  relatedness do not correlate with simi-
larity in male size, even though both are linked to lek size. Although 
traits associated with overall size have been shown to be partially 
heritable in other crickets (Simmons 1987), heritability estimates 
performed in controlled settings are often inflated (Simons and Roff 
1994). Simmons (1987) showed that size is less linked to additive 
genetic variance for males than for females and thus more reliant 
on environmental effects, such as larval competition. It is possi-
ble that differences in soil moisture, botanical structure, and graz-
ing/mowing practices may affect lek size and/or body size in the 
prairie mole cricket, but we have been unable to identify any pat-
terns. Finally, it is likely that there is extensive gene flow between 
nearby leks due to a likely extensive flight range (Ulagaraj 1975). 
Both female mating flight behavior and the lack of  relatedness-by-
distance patterns for females suggest that populations of  this species 
are not overly viscous (Figure 3).

It is unclear why the small leks in our study attracted a large 
number of  females. Larger males tend to attract more females and 
have louder and lower frequency calls (Howard and Hill 2006). 
However, it is unlikely that females sample and move between 
more than 1 or 2 leks in a single evening, precluding much choice 
between leks. It is more likely that female dispersal patterns result 
from more passive effects, such as wind, or perhaps reduced acous-
tic interference on small leks enables the signal to travel further.

Although a higher attraction skew was seen on small leks, the 
actual mating skew for these leks is much lower, because males 

would be unable to attract and mate with multiple females on 
the same evening. In large leks where females are a more lim-
ited resource, the effect of  handling time is effectively 0 (very few 
males on large leks attracted multiple females in one night). Thus 
in a large lek, competition for mating opportunities with a nearby 
sibling is much more likely. On the other hand, due to the large 
number of  females arriving in close synchrony on small leks, it is 
feasible that all males will mate on some nights, suggesting almost 
no competition for mates. We thus expect males on smaller leks 
to gain inclusive fitness benefits from displaying near relatives due 
to the likelihood that “spillover” females will mate with a related 
neighbor. It must be noted that the call characteristics potentially 
involved in female preference are still under investigation in this 
species. In any case, the benefit of  remaining in kin groups must 
outweigh the potential costs. Indeed, the hotshot hypothesis in this 
system has found no support; previous findings show that male den-
sity is not correlated with attractiveness, and highly attractive males 
are located farther from the lek center than expected by chance 
(Howard et al. 2011). Male site selection is thus more likely a result 
of  the lek botanical structure (such as grass height/biomass density, 
see Howard and Hill 2009).

Similarly, there would seem to be a clear benefit for males to dis-
perse to smaller leks (more per-capita females, less competition). It 
is possible that males remain philopatric, because they are unable 
to assess their neighborhood due to sensory constraints (Howard 
et al. 2008; Pollack 1988), especially if  they use substrate vibrations 
as a primary cue, which would place most neighbors out of  sen-
sory range (Hill and Shadley 1997, 2001). However, female field 
crickets clearly possess some mechanism to gauge density, as they 
have been shown to possess plasticity in response to the number of  
neighbors during both juvenile and adult life stages (Niemelä et al. 
2012; Atwell and Wagner 2014). The fact that males on large, com-
petitive leks do not disperse to more female-rich environments sug-
gests either that they accrue benefits by remaining in kin groups or 
there are significant costs to dispersal.

An explanation for the clustering of  kin groups that we have con-
tinued to explore is the possibility for cooperation (active or passive) 
among related neighbors. Spatial aggregation (Hill 1999) and male 
call adjustments in response to conspecific stimuli (Hill and Shadley 
2001) provide compelling evidence that male neighbors do interact 
with one another. However, putative mechanisms for cooperation 
are presently unclear. It is possible that clustering of  male relatives 
represents a passive response to patchy habitat, coupled with highly 
stratified female visitation patterns. If, as we expect, attractiveness is 
primarily based on the distance-dependent maximum call intensity, 
it might explain why males do not employ dispersal strategies to 
improve their mating success. Calling in a cluster of  related males 
would increase the intensity of  the collective sound produced and 
thus the probability a flying female could hear and locate the lek. 
While calling in a group of  relatives, inclusive fitness benefits would 
be obtained even if  an individual did not mate, but any spillover 
opportunities would increase the inclusive fitness of  all those in the 
cluster. In each of  these scenarios, clustering of  male relatives at the 
closest nearest neighbor distances that we see in G. major (Hill 1999) 
is completely compatible with inclusive fitness theory.

Thus our data do not support the kin-selection hypothesis at the 
scale of  the entire lek. The vastly divergent lek sizes and multiple 
scales of  spatial aggregation often observed in the field for G. major 
suggest a complex system of  female preference and male compe-
tition/cooperation, whether active or passive. Although females 
clearly do not prefer larger leks, the presence of  male philopatry, 
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Figure 3
Relatedness by distance. Scatter plot with linear trend lines show a 
significant difference between the male and female relatedness-by-distance 
relationship. Shaded area represents standard error.
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the likelihood of  spillover matings, and increased male mass on 
small leks, where males are more highly related, suggest an alter-
native scenario based on inclusive fitness benefits between nearest 
neighbors and increased competition between kin clusters.

SUPPLEMENTARY MATERIAL
Supplementary data are available at Behavioral Ecology online.
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