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ABSTRACT

THE MAINTENANCE AND EVOLUTION OF COOPERATION IN NATURAL
AND ARTIFICIAL POPULATIONS

By

Robert K. Olendorf

Cooperative behaviors, where an individual benefits another at its own
expense, pose a special problem for biologists. Although populations of
cooperative individuals have higher average fitness than populations of
uncooperative individuals, cooperative populations are open to invasion by
uncooperative individuals. Proposed mechanisms for how cooperation can
resist invasion by uncooperative individuals fall into four broad categories, kin
selection, group selection, reciprocal altruism and by-product mutualism. The
primary goals of my research was to: 1) determine the mechanism responsible
for the maintenance of two cooperative behaviors in red-winged blackbirds; 2)
explore the role extra-pair paternity plays in cooperation 3) use simulations to
show how cooperative behaviors become established in a population of

uncooperative individuals.

Reduced aggression among territorial males is potentially a form of cooperation
because individuals are tempted to cheat by unilaterally expanding their territory
or by seeking extra-pair copulations on their neighbor’s territory. | used
simulated defections to determine if reduced aggression was a form of
reciprocal altruism. | used paternity analysis coupled with behavioral

observations of territorial behavior to estimate the frequency of cheating and to



determine if males respond to cuckoldry by their neighbors. The simulated
defections showed that males responded to simulated defections by increasing
territorial aggression towards the neighbor, a result indicative of reciprocal
altruism. My results also show that males are more aggressive towards males
that have successfully cuckolded them. Additional evidence suggests that
males may be able to assess a neighbor’s ability to cuckold rather than directly

detect cuckoldry.

| also used simulated defections combined with paternity analysis of nestlings to
simultaneously test between reciprocal altruism and by-product mutualism.
Previous studies have provided evidence for either hypothesis although no
study has tested for both in the same population. Males in the population |
studies appear to cooperative nest defense primarily as a form of reciprocal
altruism. There was no evidence of by-product mutualism in the form of males
defending nests on other territories in which they had obtained extra-pair

fertilizations.

Simulations using genetic algorithms show that population structure enhances
the evolution of cooperation from an uncooperative population. Populations
composed of small subpopulations achieved higher rates of cooperation than
populations composed of large subpopulations. Additionally, population
structure influenced the strategies that evolved. The common strategies in the
smallest populations cooperated almost unconditionally. The most common

strategies in lightly larger populations, however, were similar to Tit-For-Tat.
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CHAPTER 1:

MALE REPRODUCTIVE SUCCESS IN RED-WINGED BLACKBIRDS: LACK
OF TRADE-OFF DUE TO FEMALE CHOICE

Robert Olendorf
Kellogg Biological Station
Michigan State University
3700 E Gull Lake Dr.
Hickory Corners, Ml 49060
Kim Scribner
Department of Fisheries and Wildlife

Michigan State University
East Lansing, MI 48823

ABSTRACT

Molecular analysis of paternity has demonstrated that realized male
reproductive success may be substantially different from on-territory nesting
success. The contribution of extra-pair paternity to male reproductive success,
however, is seldom obvious. Males that obtain large harems or productive
territories may suffer reduced on-territory reproductive success because they
must invest more time and energy into defense and maintenance. Males who
invest less in acquisition of territory and defense may seek more extra-pair
copulations. Alternatively, males with good territories and large harems may be
more attractive to females because they can provide extra-pair young with

either better resources or better genes. We used analysis of microsatellite loci



to genetically determine the mating success of males in relation to their
observed mating success. We looked for evidence that successful males are
physical different from those who are not. We also studied the effect that male
density had on the reproductive success of males. Males that were successful
in fledging young on their own territory also obtained the most EPFs and were
cuckolded less. We found that size (estimated using PCA analysis) and wing
chord correlated positively with number of young fledged on the territory, nests
on the territory and number of EPCs achieved by the male but not total
reproductive success. Males with neighbors on the same pond were cuckolded
more than males who held an entire pond as a territory. We found little
evidence for a trade-off in male reproductive strategies. The effects of female

choice likely over shadow any trade-off faced by male red-winged blackbirds.



INTRODUCTION

With recent advancements in molecular paternity analysis it has become
apparent that observed reproductive success and realized reproductive success
may not be the same (Gibbs et al., 1990; Petrie and Kempenaers, 1998;
Weatherhead and Boag, 1997). Off-territory reproduction, in the form of extra-
pair fertilizations (EPFs), may either decrease or augment a male’s on-territory
reproductive success. Determining effect of extra-pair paternity on reproductive
success is important because estimating total male reproductive success by
using territory production may not be accurate if extra-pair paternity is frequent
(Gibbs et al., 1990). Additionally, extra-pair paternity can alter the degree of
sexual selection by increasing or decreasing the variance in reproductive

success among males (Weatherhead and Boag, 1997).

Extra-pair paternity might decrease a male's reproduction if there is a trade-off
between reproduction on a male’s own territory and ability to achieve extra-pair
copulations (EPCs). Males that are able to obtain productive territories and
large harems may have to spend more time protecting their territory and harem
against intruding males. Males that are successful at reproducing on their own
territory might therefore be less able to gain extra-pair copulations and might
also suffer more from cuckoldry on their own territory (Hasselquist and
Sherman, 2001; Westneat, 1993b). Additionally, males that invest more time

into seeking EPCs may suffer from higher cuckoldry, reduced on territory



mating success or reduced parental care (Sherman and Morton, 1988;

Westneat, 1988; Westneat, 1993a)

In contrast, there are also reasons to expect positive relationships between a
male on-territory reproductive success and off-territory reproductive success.
Extra-pair paternity would increase with on-territory reproductive success if
females choose males that were able to establish territories on productive
habitat (Hasselquist and Sherman, 2001). In this case, females control the
frequency of extra-pair fertilization in their young (Gray, 1996). Alternatively, a
positive correlation might also result even if males control extra-pair paternity. If
the variance in male quality is sufficiently high, low quality males could do
relatively worse even though they suffer proportionally less from cuckoldry. This
would result in a positive correlation when all males are considered together

(Stearns, 1989; Stearns, 1992).

Red-winged blackbirds are an ideal species to study such questions. This
species exhibits a high degree of variability in reproductive success, due
primarily to variation in habitat (Turner and McCarty, 1998; Weatherhead and
Robertson, 1977). In addition, they have been shown to engage in significant
levels of extra-pair copulation (Gray, 1997a; Gray, 1997b; Moller, 2000;

Weatherhead et al., 1994).



Female red-winged blackbirds have been shown to seek extra-pair copulations
and control the level of extra-pair paternity in their nest (Gray, 1996; Gray,
1997a). However, the relationship between a male on-territory and off-territory
reproductive success is unclear. Weatherhead (1997) found that male off-
territory reproduction was positively correlated with on-territory reproduction and
negatively correlated with the level of cuckoldry on a male’s territory. Gibbs
(1990) on the other hand, found that while off-territory reproduction correlated
negatively with cuckoldry there was no relationship between on-territory

reproduction and off-territory reproduction.

In this study, we examine the relationship between extra-pair paternity, on
territory paternity and fledging success within a territory to test for trade-offs in
population a population with almost no nest predation. This allows us to
examine the relationship between off-territory and on-territory reproductive
success without the potentially confounding affects of cooperative nest defense
(Gray, 1997b; Weatherhead et al., 1994). We also look for evidence that male
quality, measured by size, is associated with either a male’s success at raising
fledglings or a male’s ability to gain extra-pair fertilizations (EPFs) or the

number of young produced off territory.



METHODS

This study was conducted at the Kellogg Biological Station Experimental Pond
Facility, Hickory Corners, Michigan (42° 24' N, 85° 24' W) over four years, 1996-
1998. We only performed paternity analysis in 1998. Each of 18 ponds was
approximately 30 m in diameter and 3 m deep. The ponds were arranged in
three rows of six. Within rows, ponds were approximately 5 meters apart, rows
were spaced approximately 10 meters apart (Figure 1). The margin of each

pond was densely vegetated, predominately with cattails, Typha latifolia.

Although the ponds were constructed primarily for aquatic research, they were
consistently colonized by red-winged blackbirds. During this study, one to four
males settled each pond with each male holding a harem of one to six females.
A chain link fence surrounded the facility keeping out most predators; therefore

nesting success was very high (near 100%).

We marked every territorial male with a unique combination of three colored leg
bands and a numbered aluminum. We then measured weight, culmen length,
tarsus length and wing chord of each male and determined its age using

plumage criteria (Pyle, 1997).

We mapped each male’s territory using behavioral criteria (Beletsky and Orians,

1987). The entire pond was defined as a male’s territory when he was the only
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resident male on that pond. On ponds with more than one male, we defined
territorial boundaries by where two neighboring males counter-sang (both males
within 10 m of each other and singing in alternate order), the limit of the
resident's movement, or the center of overlap between two neighboring males’
movement. We estimated male harem size as the maximum number of

simultaneously active nests.

We searched for nests daily. We located most nests as they were being built
and found no nests later than a week after completion, so we are reasonably
certain we found all nests. We marked the location of each nest with flagging
tape at the edge of the pond and we monitored nests every 4 to 8 days until the
fate was determined. Although females often raise multiple broods in this
population, we incorporated data from only the first brood to limit pseudo-

replication and differences among broods.

We obtained 50-80 ml of blood from all territorial males and many females. We
also took approximately 0.5 ml of blood from nestling when they were 8 days
old. Blood was drawn from the brachial vein, and immediately placed in 800 ml

of “Queen’s” lysis buffer (Seutin et al., 1991).

DNA was extracted from the blood samples using Proteinase K digestion
followed by extraction in 7.5M NH,A,C and precipitation in isopropy! alcohol.

The DNA was washed once more in 70% ethyl alcohol.
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Figure 1. The spatial arrangement of the ponds used in this study.
Ponds were 30 m in diameter and approximately 3 m maximum
depth. Ponds on the same row were approximately 5 meters apart
while rows were approximately 10 meters apan. Lines across
ponds show territory sizes on ponds with multiple territories.
Ponds without and divisions held a single territory.



We determined patemity of nestlings using six microsatellite loci. Four of the
loci (Qm 5, Qm 10, Qm 21, Qm 31) were developed for great-tailed grackles
(Quiscalus mexicanus) (Gibbs et al., 1997), Dpu 16 for yellow warblers
(Dendroica petechia) (Dawson et al., 1997) and Mau 10 for brown-headed

cowbirds (Molothrus ater) (Gibbs et al., 1997).

We assayed genetic variation at these loci using PCR ampilification in 25 puL
reaction volumes. Two different reaction conditions were required for the six
loci. Qm 10, Dpu 16 and Map 10 were amplified using 250 ng of template DNA,
2 pmol of each primer (fluorescently labeled forward primer), 500 uM dNTPs,
and .75 U Taq polymerase. Qm 5, Qm 21 and Qm 31 were amplified using 125
ng template DNA, 1.25 pmol of each primer (fluorescently labeled forward
primer), 625 uM dNTPs and .75 U Taq polymerase. All reactions were
performed in buffer containing 10 mM Tris-HCI pH 8.3, 1.5 mM MgCl,, 30mM
KCl, 0.01% gelatin, 0.01% NP-40, 0.01 Triton X-100. The PCR product was run
on 6% polyacrylamide gels and visualized using an FMBIO gel scanner. We
assigned genotypes to all individuals based on internal lane size standards and
individuals of known genotype run concurrently o the gel. All gels were scored

by hand by both authors and verified using FMBIO image analysis software.

We included only territorial males as potential fathers, since previous work has
shown that floating males rarely gain fertilizations (Gibbs et al., 1990). We

determined the paternity of all offspring employing either exclusion criteria or



maximum likelihood methods using Cervus (Marshall et al., 1998). Using the six
loci described above, the probability of assigning the wrong father to an
offspring was 0.7%. We were able to establish paternity for all but two of 252
offspring for which we obtained DNA. For 217 of the young, there was only one
non-excluded candidate parent. Using maximum likelihood estimates of
paternity, we were able to assign paternity to most of the remaining offspring
with 95% confidence level (26 offspring), but we also included assignments at

the relaxed confidence of 80% (7 offspring).

All correlations shown are Pearson’s correlations. We arcsine transformed
proportional data (i.e. proportion of young cuckolded). All significance values

are two tailed.

RESULTS

The overall rate of extra-pair paternity in 1998 was 36.2% of 252 offspring and
52.4% of 93 nests for which we obtained DNA. Only 2 of 252 offspring
appeared to be sired from males not on our study site. Among the extra-pair

offspring, a neighbor was the genetic father 88% of the time.

Each male fledged an average of 13.5 (+5.50 SD) offspring on its territory. The
average total reproductive success for each male, based on paternity analysis

was 11 (+6.15 SD) offspring. On average each male sired 4.1 (+3.57 SD) extra-

10



pair offspring. The overall effect of extra-pair paternity was to slightly reduce
each male’s reproductive success while causing a moderate increase in the

variance in reproductive success.

Ponds were the primary determinant of nest success in our population. The
return rate by males onto the same pond was 27% over the four years of the
study. However, ponds were consistent among years in number of nestlings
fledged (Kendalls tau, 117 = 0.82, P < 0.001) as well as higher probability of nest

success (Kendall's tau, 117 = 0.73, P < 0.001).

There was a positive relationship the number of young fledged and number of
EPFs obtained by that male on other territories (r1g = 0.58, P < 0.01; Figure 2a).
However, there was no relationship between the number of nests on a territory
and number of EPFs obtained by that male (ryg = -0.13, N.S.; Figure 2b). The
highly successful male in Figure 1a did not appreciably alter the correlation
when excluded from the analysis (rig = .48, P < 0.05). Number of young fledged
on a territory was negatively correlated with proportion of nests cuckolded on
that territory (r19 = -0.70, P < 0.001; Figure 3a). However, there was no
association between number of nests on a territory and nests that were
cuckolded on that territory (r1g = -0.36, N.S.; Figure 3b). Total male reproductive
success (total number of fertilizations obtained on the study site) was positively
correlated with both the number of young fledged on the territory (ri9 = 0.92, P <

0.001; Figure 4a) and number of EPFs obtained (rg = 70, P < 0.0001; Figure

1



16
1] & o
12
2
-§10
8 s
Ty
a 6
w
4
2
0
0 30
Young Fledged
16
14] P °
12
®
L£10
s
a
8 ° °
2 6 (-] (-]
a °
4 /’/
2 o o [
-]
0 - v - v v

o 1+ 2 3 4 5 6 7 8 9 10
Nests On Territory

Figure 2. The association between the number of
EPFs obtained by a male and a. the number of young
fledged from a male’s territory or b. number of nests
on a male’s territory. N = 19.

12



% Young Cuckolded

% of Young Cuckolded

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00 . ~—

5 10 15 20
Young Fledged

25 30

0.80
0.70
0.60 ° °
0.50
0.40
0.30
0.20
0.10

0.00 . . . . . -
4 5

Nests On Territory

o
(]

Figure 3. The association between the percent of a male’s young that
were cuckolded and a. the number of young fledged from a male’s territory
and b. number of nests on a male’s territory. N = 19.

13



30

20

15

10

Total Reproductive Success

0 5 10 15 20 25 30
Young Fledged on Territory

Total Reproductive Success

0 2 4 6 8 10 12 14 16
EPCs Obtained by Male

30
25
20 . -
15

10

5

Total Reproductive Success

0().0 01 02 03 04 05 06 07 08

% of Young Cuckolded

Figure 4. The relationship between total male
reproductive success (number of fertilizations
over the entire site) and a. Young fledged on
a male’s territory; b. EPCs obtained by a
male and c. proportion of young on a male’s
that was cuckolded. N = 19 males.

14



4b). Male reproductive success was negatively correlated with proportion of

offspring cuckolded on the territory (rig = -0.67, P < 0.005; Figure 4c).

We performed a PCA analysis on the size data from every male caught in 1998.
The first principle component accounted for 45.2% of the variance and the
component variables all loaded such that an increase in PC1 was associated
with an increase in size. We therefore used PC1 as a measure of size. PC2
accounted for 24.5% of the variation and was associated with culmen size

relative to weight (Table 1).

Male size (PC1) correlated positively and significantly with the number of EPFs
obtained, number of young fledged and total reproductive success. However,
male size did not correlate with proportion of young cuckolded. Wing cord was
the only component variable to correlate significantly with any measure of
reproductive success. PC2 did not correlate significantly with any measure of

reproductive success (Table 2).

Males with neighbors on the same pond raised fewer young to fledging (rig = -
0.513, P < 0.025) and had fewer nests (rig = -0.571, P < 0.01). The proportion
of young cuckolded on a territory increased with the number of territories on a
pond (rig = 0.52, P < 0.25). However, males with more neighbors did not

achieve more EPFs (rig =-0.32, N.S.).
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Table 1. The results of a PCA analysis performed
on four physical traits measured on red-winged
blackbirds. PC1 is associated with size and PC2
is associated with culmen length relative to weight.

PC1 PC2
Weight 068 061
Wing Cord 084 0.08
Tarsus 062 -0.14
Culmen 0.51 -0.77

% Variance Explained 45.19 24.49
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Table 2. Correlation coefficients between a male physical traits and
measures of reproductive success.

PC1 PC2 Wing Weight Tarsus Cumen

EPFs Obtained 054 = 022 0.23 0.07 0.25 0.06
Young Fledged 055 * 0.10 045 * 022 0.19 0.07
Nests on Tenitory 048 * 012 062 ** 037 0.10 012
Total Reprodictive Success 046 * -0.11 0.17 0.19 0.30 0.19
% Youg Cuckaded 0.16 0.07 0.12 0.13 0.25 0.05

*P <0.05; ™ P <0.025; ** P < 0.001
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DISCUSSION

We found that there was little evidence for trade-offs between on-territory
reproduction and off-territory reproduction in male red-winged blackbirds. Males
who fledged the most young on their own territory were also better at both
obtaining their own EPFs and preventing their own young from being

cuckolded.

We also found that male size correlated with number of nests on the territory,
young fledged and the number of EPCs obtained. However, male size did not

correlate with cuckoldry on the male’s own territory.

A trade-off between within territory reproductive success and extra-pair
paternity is expected because the more resources an individual invests into one
mode of reproduction, the less it should be able to invest in others (Stearns,
1989; Stearns, 1992). It seems reasonable therefore to expect that males who
invest time and energy into obtaining and defending high quality territories
might be less successful in gaining EPFs. Similarly, males who find themselves
on low quality territories might invest more energy into seeking EPFs

(Hasselquist and Sherman, 2001).

Despite this expectation, we found no direct evidence of a trade-off. Males who

fledged the most young on their own territory were also most successful in
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gaining EPFs. Additionally, males that fledged the most young suffered
proportionately less from cuckoldry. Weatherhead & Boag (1997) found similar
results in a Washington population of red-winged blackbirds. Weatherhead &
Boag also found positive correlations between current and future reproduction

as well. There are two possible explanations for these positive correlations.

First, a trade-off can be masked by large variation in quality among individuals
(Stearns, 1989; Stearns, 1992). Trade-offs may be occurring, but they remain
hidden because high quality males from high quality territories always
outperform males from low quality territories. A correlation among all males
would therefore yield a positive relationship between territory quality and
measures, such proportion of young cuckolded. We have some evidence that
this might occur in our population. We found considerable variation in
reproductive success among males, possibly enough to account for such an
effect. We also found that the proportion of young cuckolded on territories with
neighbors on the same pond was higher than on ponds with a single territory.
Since ponds with multiple territories were also the most productive, the overall

effect was to mask the trade-off and show a positive correlation.

The other possible explanation for the lack of a trade-off is female choice. Nest
success in this population is largely dependent on the pond on which the
territory is located (Eckert and Weatherhead, 1987; Weatherhead and

Robertson, 1977). We found a high concordance among years in pond
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productivity while at the same time only 25% of the males returned to a territory.
Females therefore appear to settle on the most productive ponds. Females that
are unable to settle on a high quality territory may “make the best of a bad

situation” by seeking EPCs with males on high quality ponds. Females are able
to gain greater foraging access on these high quality territories and may benefit

from additional nest defense from other territorial males (Gray, 1997b).

Females may also benefit genetically from EPCs if they mate mostly with males
on high quality territories. We found evidence that larger males are more likely
to obtain higher quality territories than smaller males and larger males obtain
more EPFs than smaller males. If size were heritable then the young would be
larger and more likely to obtain high quality territories in the future. These
results corroborate Gray’s (1997a) results that females benefit genetically by

seeking EPCs.

Male Quality, Territory Settlement and Reproductive Success

Male quality correlated significantly with territory productivity and several
measure of reproductive success. We found a positive relationship between
male size and pond productivity. Larger males fledged more young on their
territory and had more nests on their territory. Previous studies suggest that
male-male competition determines settlement pattern and females choose

nesting sites based on-territory quality (Picman, 1987; Searcy and Yasukawa,
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1995). It therefore appears that larger males are better able to obtain good
territories and females choose mates based on their territory. Other studies
have also found that large males enjoy higher reproductive success on their
own territory (Rohwer et al., 1996; Searcy, 1979). Size would therefore appear
to influence female choice indirectly through territory settlement. Large males
are better able to obtain high quality territories and females then choose to

settle on high quality territories (Figure 5).

In addition to higher on-territory reproductive success, larger males on our
study site also achieved more EPCs than smaller males. This suggests that not
only are larger males able to settle on better territories but they are also able to
gain copulations with females, both on their territory and off. This result
suggests that females not only seek EPCs with males to gain material benefits
(Gray, 1997b; Weatherhead et al., 1994) but also obtain genetic benefits. If
females mate with large males then the young are likely to be larger as well.
The offspring would therefore be more likely to obtain larger territories and more
matings. Female choice therefore appears to operate directly on male
reproductive success by increasing a male’s off-territory reproduction (Figure
5). This is consistent with the “good genes” hypothesis (Kempenaers et al.,
1997; Moller, 2000) and corroborates other studies that suggest that females

seek EPCs in order to gain genetic benefits (Gray, 1997a).
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Figure 5. Proposed relationship between size, EPCs, on-
territory reproduction, cuckoldry and reproductive success.
Words in gray represent unmeasured variables that thought
to play a role in male reproductive success. Lines with one
arrow show relationships where significant correlations
were found and causality is inferred. Double headed arrows
show relationships where causality cannot be inferred. Solid
lines indicate positive relationships, dashed lines represent
negative relationships.
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We found little evidence that there is a trade-off between on-territory and off-
territory reproduction. Large males fledged the most offspring from their
territories, a smaller proportion of their young were cuckolded and they were
able to obtain more EPFs. This is consistent with other studies that show
positive relationships between other aspects of male reproductive success
(Hasselquist and Sherman, 2001; Weatherhead and Boag, 1997). We also
show that size correlates with all aspects of male reproductive success except
proportion of young cuckolded. Taken together, this study supports the
conclusions that females choose territories based on territory quality but seek

EPCs based on male quality.
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ABSTRACT

While competing for similar resources, neighboring territorial males may benefit
by cooperating to achieve common goals. Reduced aggression among
territorial neighbors is one form of cooperation where individuals respect one
another's territorial boundaries. Each neighbor benefits by being able to reduce
the time and energy spend defending its boundaries. However, if defections
(cheating) are cryptic the frequency of defection might be higher than expected
when defection is more conspicuous. We used simulated territorial invasions to
test for retaliation by red-winged blackbirds in response to defection by

neighbors. We also used analysis of microsatellite regions of DNA to determine
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the degree of cheating, in the form of cuckoldry, that might occur between
neighbors and to determine if males increased their aggression towards
cuckolding neighbors. We found that males increased aggression towards
neighbors when we simulated intrusions by that neighbor, but not when we
simulated intrusions by strange males. The over all rate of cuckoldry was
relatively high suggesting a high rate of defection among males. Males were
more aggressive towards neighbors that had sired offspring in their nest, but
aggression was also positively correlated with a neighbor's overall ability to gain
extra-pair copulations. The results of our study support the hypothesis that
reduced aggression among “dear enemies” is a form of reciprocal altruism
using TFT like strategies. We argue that males do not respond directly to
cheating by neighbors but rather react more aggressively towards males that

are “attractive” to females.
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INTRODUCTION

In territorial species where males hold closely adjacent territories, neighbors
may often be in a simultaneously competitive and cooperative relationship.
While competing for resources such as territory, mates or food, neighboring
males also share common enemies such as nest predators and other rival
males. They might therefore benefit by working together to accomplish shared
goals. Neighboring males locked in this simultaneously competitive and
cooperative relationship are known as “dear enemies” (Fisher, 1954; Getty,

1987).

Consistent with this hypothesis is the finding that territorial neighbors often
behave less aggressively with each other than with strangers at their territorial
boundary (Brindley, 1991; Stoddard et al., 1991; Ydenberg et al., 1988). By
reducing aggression with each other, “dear enemies” may benefit by reducing
the amount of time and energy each male spends guarding its territory.
However, there is a temptation for each neighbor to cheat by either unilaterally
expanding its territory or sneaking copulations with its neighbor’'s mates and

realizing at least a short term gain (Getty, 1987).

Situations where cooperation is mutually beneficial but there is still a temptation
to cheat are often modeled in game theory using the Prisoner’s Dilemma (PD).

The PD was first developed in the economic and social sciences by Von
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Neuman (1953). The PD was subsequently adapted for use in evolutionary
theory by Axelrod and Hamilton (1981) who developed the model using the
framework of evolutionarily stable strategies (Maynard Smith, 1982). In the PD,
two players may either cooperate or defect. If both players cooperate, they both
receive a high payoff (R) while mutual defection rewards both players with a
lower payoff (P). If one player defects while the other cooperates the defecting
player receives the highest possible payoff (T) while the cooperating player
receives the lowest possible payoff (S). In other words, the payoff structure
must conform to the inequality (T>R>P>S) (Von Neuman and Morgenstein,
1958). A second condition (T + S < 2R) is frequently imposed as well. This
condition ensures that individuals cannot do better than R by alternating
between the T and S payoffs. When the game is played only once or a
determinate number of times, defection (ALLD) is the only ESS. On the other
hand, if there is some probability of future interactions the game is transformed
into a new meta-game known as the lterated Prisoner's Dilemma (IPD)
consisting of repeated bouts of the PD. In the IPD, ALLD is no longer the only

effective strategy to play (Axelrod, 1980a; Axelrod, 1980b).

The most commonly discussed strategy for the IPD is tit-for tat (TFT) (Axelrod,
1980a; Axelrod, 1980b; Axelrod and Hamilton, 1981). TFT is an example of
reciprocal altruism where individuals take turns performing altruistic acts
towards each other (Trivers, 1971). TFT is a good strategy to play in the IPD for

several reasons. It is a cooperative strategy allowing it to obtain the
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cooperator’s payoff in a population of cooperators. It cooperates on the first
move and cooperates if the opponent cooperates on subsequent moves. The
cooperative nature of the TFT strategy allows it to obtain the
Cooperate/Cooperate payoff in a population of TFT players or other cooperative
strategies. Just as importantly, it is retaliatory strategy. If the opponent defects
(cheats), TFT immediately retaliates by defecting in the next round. This aspect
of the TFT strategy limits the damage a defecting strategy can inflict and allows
a population of TFT to resist invasion by uncooperative strategies. This is
because an uncooperative strategy would achieve higher fitness in any single
interaction with TFT, TFT maintains higher overall fitness if the frequency of
individuals playing TFT in a population is above some critical threshold.
Additionally, the more likely individuals are to interact in the future the less
impact the initial defection has, further enhancing the stability of TFT. Finally,
TFT is a forgiving behavior. If the opponent cooperates after it has defected,
TFT will cooperate in the following round (Axelrod and Hamilton, 1981). This
provides some protection against mistakes if the opponent continues to

cooperate.

In order to determine if an apparently altruistic behavior is a case of reciprocal
altruism, it is necessary to show retaliation in response defection (Connor,
1986; Rothstein and Pierotti, 1988). Simply demonstrating reciprocity is
insufficient because many examples of by-product mutualism appear to be

reciprocal in nature (Connor, 1986). By-product mutualism is a special case of
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mutualism where a behavior appears to be altruistic on the surface, but on
closer inspection the behavior actually benefits the “altruist” immediately and
only benefits the recipient as a side effect. By-product mutualism frequently
appears reciprocal as well, in which case it is referred to as pseudo-reciprocity
(Connor, 1986). Lack of retaliation in response to defections would suggest that
the behavior is in fact a form of mutualism and there is no temptation to cheat

(Connor, 1986; Connor, 1995; Rothstein and Pierotti, 1988).

Many studies have shown retaliation in response to induced or simulated
defections (reviewed in Dugatkin, 1997). For instance, predator inspection in
guppies, Poecilia reticulata, (Dugatkin, 1991; Dugatkin and Alfieri, 1991a;
Dugatkin and Alfieri, 1991b) and sticklebacks, Gasterosteus aculeatus,
(Milinski, 1987), food sharing in vampire bats, (Wilkinson, 1984) and reduced
aggression among territorial hooded warblers, Dendroicha petechia, (Godard,
1993). Godard (1993) showed that hooded warblers, Dendroica citrina, use TFT
like strategies in territorial relationships. Male hooded warblers increased their
aggressiveness towards playbacks of a neighbor’'s song at their common
boundary after simulated intrusions by that neighbor, but not after simulated
intrusions by a strange male. To date this is the only experimental
demonstration of TFT like strategies being used in reduced aggression among

“dear enemies”.
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Most studies of “dear enemy” relationships emphasize that neighbors respect
each other's borders by not expanding their own territory. While this is likely
true, neighbors may also respect one another’'s boundaries by refraining from
seeking extra-pair copulations (EPCs) with their neighbor's mates. Many
studies in recent years have shown that extra-pair paternity is common in many
species of birds (summarized in Moller, 2000). The cryptic nature of cuckoldry
could allow a higher level of cheating within a stable system of cooperation.
TFT and similar strategies are generally considered “honest” strategies but little
attention has been paid to the effect that an inability to detect defectors might

have on cooperation.

In this study, we determined if red-winged blackbirds (Agelaius phoeniceus)
exhibit TFT-like behavior by reducing their aggression toward their neighbors.
We used simulated invasions by neighbor and stranger males to test for levels
of retaliation in response to defections in “dear enemy” relationships. In
addition, determined whether males alter their behavior towards their neighbor
in response to simulated invasions the day following the trial by observing
natural territorial behavior before and after experimental manipulations. We also
looked for evidence of cheating by determining the overall rate of extra-pair
paternity in the population using analysis of microsatellite loci to establish
paternity of nestlings. Red-winged blackbirds are known to have high level of
extra-pair paternity (Gray, 1997; Weatherhead et al., 1994). Finally, we tested

the hypothesis that “dear enemy” relationships are influenced by extra-pair
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paternity. If males are able to detect extra-pair paternity, then they should

increase their level of aggression toward cuckolding males.

METHODS

Study Site and Population

This study was conducted at the Kellogg Biological Station Experimental Pond
Facility, Hickory Corners, Michigan (42° 24' N, 85° 24' W) from 1998 and 1999.
Each of 18 ponds was approximately 30 m in diameter and 3 m deep. The
ponds were arranged in three rows of six. Within rows, ponds were
approximately 5 meters apart and rows were spaced approximately 10 meters
apart. The margin of each pond was densely vegetated, predominately with

cattails (Typha latifolia).

Although the ponds were constructed primarily for aquatic research, they were
consistently colonized by red-winged blackbirds. During this study, one to four
males settled each pond and one to six females settled on each territory. A
chain link fence surrounded the facility keeping out most predators, therefore

nesting success was very high (near 100%).
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Capture of birds, marking and blood collection

We began capturing males as they arrived using both walk-in traps baited with
corn and with mist nets. Bait piles for the walk-in traps consisted of cracked
corn and were placed so that each pile was equidistant from four ponds, except
on the edges of the array where they were placed equidistant from two ponds.

Males and females from all adjacent ponds readily visited the bait piles.

Upon capture, we marked it each bird with a unique combination of three
colored leg bands and a numbered aluminum band. Age and sex were
determined using plumage criteria (Pyle, 1997). In 1998, we drew 50-80 ul of
blood from the brachial vein of all territorial males and immediately stored the
sample in 800 ul of “Queen’s” lysis buffer (Seutin et al., 1991). We drew
approximately 0.5 ul of blood from nestlings when they were 8 days old and

immediately placed samples in lysis buffer.

We mapped each male’s territory using behavioral criteria. The entire pond was
defined as a male’s territory when he was the only resident male on that pond.
On ponds with more than one male, we defined territorial boundaries where two
neighboring males counter-sang (both males within 10 m of each other and
singing in alternate order), at the limit of the resident’'s movement or at the

center of the overlap of activity between two neighboring males.
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We searched for nests daily after the arrival of females. We located most nests
as they during construction and all nests were located within a week of
completion. Therefore, we are reasonably certain that we found all nests. We
marked the location of each nest with flagging tape at the edge of the pond and
we monitored nests every 4 to 8 days until it's fate was determined. The
majority of first brood nests were started on or near May 1. Although females
frequently attempt a second clutch, we incorporated data from only the first

brood to limit pseudo-replication and differences among broods.

Observation of territorial behavior

We observed male territorial behavior in 1998 and 1999. In 1998, we observed
each male twice in random order from a blind approximately 10 m from the
male’s territory. All observations were made between 6 and 10 am during the
first week of May when egg laying was at its peak. In 1999, we observed all
territorial males for 20 minutes (twice for 10 minutes) in late April, just prior to
the experiments described below. This is slightly before the period when males
were most susceptible to being cuckolded (Gray, 1997) but allowed us to
complete pre-trial observations so that we could perform experiments when egg
laying was at it's peak. We also performed and additional 20 minute observation

the day following the experiment.
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An observational period consisted of a 3-minute acclimation period followed by
the observational period. We recorded the position of the male, time spent at
that position, the number of songs, song displays, counter-songs, fights and
chases at that position and whether the male was foraging or vigilant. We also
recorded the identity of the other male for counter-songs, fights and chases. In
the few instances where the male was absent for an observation, we returned

the next day to observe that male.

Paternity analyses

We determined paternity of nestlings using six microsatellite loci. Four of the
loci (Qm 5, Qm 10, Qm 21, Qm 31) were developed for great-tailed grackles
(Quiscalus mexicanus) (Gibbs et al., 1997), Dpu 16 for yellow warblers
(Dendroica petechia) (Dawson et al., 1997) and Mau 10 for brown-headed

cowbirds (Molothrus ater) (Gibbs et al., 1997).

DNA was extracted from the blood samples using Proteinase K digestion
followed by extraction in 7.5M NH,A,C and precipitation in isopropy! alcohol.

The DNA was washed once more in 70% ethyl alcohol.

We assayed genetic variation at these loci using PCR amplification in 25 pL
reaction volumes. Two different reaction conditions were required for the six
loci. Qm 10, Dpp 16 and Map 10 were amplified using 250 ng of template DNA,
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2 pmol of each primer (fluorescently labeled forward primer), 500 uM dNTPs,
and .75 U Taq polymerase. Qm 5, Qm 21 and Qm 31 were amplified using 125
ng template DNA, 1.25 pmol of each primer (fluorescently labeled forward
primer), 625 uM dNTPs and .75 U Taq polymerase. All reactions were
performed in buffer containing 10 mM Tris-HCI pH 8.3, 1.5 mM MgCl,, 30mM
KCI, 0.01% gelatin, 0.01% NP-40, 0.01 Triton X-100. The PCR product was run
on 6% polyacrylamide gels and visualized using an FMBIO gel scanner. We
assigned genotypes to all individuals based on size comparisons with internal
standards and individuals of known genotype run on the same gel. All gels were
scored by hand by two authors (RO & KS) and verified using FMBIO image

analysis software.

We included only territorial males as potential fathers, since previous work has
shown that floating males rarely gain fertilizations (Gibbs et al., 1990). We were
able to establish paternity for all but two of 252 offspring for which we obtained
DNA. For 217 of the young, there was only one non-excluded candidate parent.
We determined the paternity of the remainder of the offspring employing
maximum likelihood methods using Cervus (Marshall et al., 1998). We
performed maximum likelihood estimates of the remaining offspring using error
rates of 0% and 0.5% resulting in probabilities of false inclusion (assigning the
wrong father to the nestling) of 0.7% and 10.5% respectively. We were able to

assign paternity to most of the remaining offspring with 95% confidence level
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(26 offspring), but we also included assignments at the relaxed confidence of

80% (7 offspring).

Recording and editing of songs

We recorded the territorial songs of all territorial males in early April using a
Sony Audio Acoustica 815a shotgun microphone and a Marantz PMD222 tape
recorder. All recordings were made from a blind between 6 am and 10 am on

calm days.

We uploaded several examples of each male’s territorial song into .wav files at
16 bit resolution. We then filtered the samples to eliminate background noise
with minimal distortion of the signal and standardized all songs to equal
maximum amplitude using Cool Edit® sound editing software. We constructed
playback files for each male by splicing 10 seconds of silence between each
example of a male’s song (minimum of 4 examples/male) resulting in a song

rate of 6 songs/minute. This is within our observed range of male singing rate.

Simulated Defection Trials

We performed simulated territorial intrusions using a modified version of the

playback experiment performed by Godard (1993; Figure 1) to test whether
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males retaliated in response to defection by a neighbor. We conducted all trials
during the first week of May after we had observed every male for 20 minutes.
We conducted all trials between 6 and 10 am and only used males that had
neighbors on the same pond. We performed all trials from a blind approximately
10 m from the focal male’s territory using a laptop computer running Cool Edit®
software and Panasonic battery powered computer speakers to generate the
stimulus. We set the volume by ear so that it was similar in volume to natural

male songs and volume was kept constant throughout the experiment.

Prior to running trials, we began catching males using walk-in traps. Upon
capture of a suitable male designated as the neighbor male and chose another
male on the same pond as focal male. In order to avoid pseudo-replication we
used each male only once as a focal male and only once as a neighbor male.
We then assigned the pair to experimental and control groups (explained
below) in alternating order. The neighbor male held in a covered cage in a
building nearby so that it would not interact with the focal male during the

experiment.

Each trial consisted of three playbacks referred to as pre-invasion, invasion and
post-invasion playbacks (Figure 1). We waited 15 minutes after setting up the
apparatus to perform the first playback and we waited 45 minutes between

each successive playback. Each playback lasted 3 minutes.
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Figure 1. Schematic and time line of the experiment. Two territories
are shown. Pre-experiment observations were performed between
April 24 and April 30. All trials were conducted between May 1 and
May 8. Numbers in the pond schematic indicate the order playbacks.
Number 1 is the pre-invasion trial, number two is the invasion trial
and number 3 is the post-invasion trial. Circles indicate that the
neighbor's song was played at that position, the star indicates that a
stranger’s song was played. The time line shows an example of the
timing of the observations and playbacks for one trial.
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We placed the speaker on the neighbor’s side of the territorial boundary for pre-
and post-invasion playbacks while in invasion trials we placed the speaker
approximately 10 m within the focal male’s territory. In experimental treatments,
we played the neighbor’s song in all three playbacks (NNN). For control
treatments, we used the neighbor’s song for pre and post invasion trials, but
used a stranger’s song for invasion trials (NSN). The stranger's song was a
male’s song from the same population but not adjacent to the focal male’s
territory. To avoid pseudo-replication a male was used only once as a
stranger’s song (Kroodsma, 1989; Kroodsma et al., 2001). By using a song
from the same population for a control, we ensured that the song could

potentially be perceived as a viable threat to the focal male’s territory.

For each trial we recorded latency of response to the playback (defined as an
approach of 10 m or half the distance to the speaker) and closest approach to
the speaker. We also recorded the number of songs, displays, hovers over the
speaker, and any calls given by the male. Upon completion of the trial, we
released the captured male and verified that it had returned to its territory by the

afternoon following the experiment.

The day following an experiment, we observed the focal male’s territorial
behavior for 20 minutes as outlined above. We therefore have five points in time
recorded for each replicate: a pre-trial observation, response to pre-invasion,

invasion and post invasion playbacks, and a post-trial observation. In once
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case, the neighbor male was not present during the post-trial observation so we

eliminated this trial from the analyses.

Statistical Analysis

We used correspondence analysis (CA) to reduce the number of variables
analyzed. CA is similar to principle component analysis (PCA) in that it finds
orthogonal axes (latent variables) that best explain the variation in multi-
dimensional data. Correspondence analysis, however, may be more
appropriate than PCA in situations where the component variables are not
linearly related (Terbraak, 1985). For instance, aggressive behavior towards
neighbors can be measured using several component variables. Some
behaviors may only be exhibited at low levels of aggression (such as songs or
displays) while others may only be exhibited at higher levels of aggression
(such as physical attacks). This situation would violate the assumptions of PCA
but would be well suited to analysis using CA. Additionally CA will often do a

better job of explaining the variance in these situations.

To analyze the observational data we first determined each male’s territorial
behavior towards each of its neighbors from the behavioral observations. We
determined the amount of time a male spent within 5 m of a neighbor’s territory,
how many songs and displays it performed in that area and how many counter-

songs, chases and fights it had with that neighbor. We then performed separate
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correspondence analyses for each year of observational data, 1998 and 1999.
Behavioral observations within a year were analyzed together to facilitate

comparisons.

We analyzed both the first correspondent dimension (CD1) and the second
correspondent dimension (CD2) (Table I). CD1 accounted for 45-50% of the
variation in the data and the component variables always loaded such that CD1
was associated with increased aggression. We therefore refer to CD1 as
aggression. CD2 did not yield consistent results between years for the
observational data. Additionally, CD2 never yielded significant results in any of
the statistical tests for observational or experimental data. We therefore do not

refer to it further.

To test for treatment effects in the experiment we used repeated measures
analysis of variance (repeated measures ANOVA). Each playback or
observation was considered a repeated measure of experimental or control
treatments. We used pooled variance t-tests to test for significant differences
within playbacks or observations when the repeated measures ANOVA yielded

significant differences.

Since each male had several neighbors, there were multiple pair-wise
observations for each male. We used nested ANOVA to test for differences in

aggression between males towards neighbors who had cuckolded them and
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Table I. Component loadings and percent of variance explained
by the correspondence analyses performed on observational data
in 1998 and 1999 (a) and experimental data (b).

CD1 CD2 CD1 CD2
Time Spent at Border 0.18 0.03 0.29 0.77
Time Spent Foraging -0.21 0.20 -0.56 -0.65
Time Spent Off Territory -0.17 0.04 -0.24 -0.05
Songs at Border 0.28 0.02 0.81 -0.07
Counter Songs 0.16 0.06 0.48 -0.05
Displays 0.28 0.04 0.57 -0.08
% Variation Explained 44.49 22.76 48.13 25.35

b.
Experimental Data
1999.00
CD1 CD2

Latency of Response -0.56 -0.43
Closest Approach -0.55 -0.34
Songs 0.05 0.21
Howvers 0.72 -0.38
Displays 0.51 0.68
Calls 0.68 -0.48
% Variation E xplained 50.85 28.40
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males that had not. Levels of aggression between cuckolding and non-
cuckolding neighbors were nested within each male. We used analysis of
covariance to test for a relationship between aggression by a male towards a
neighbor and the neighbor’s ability to gain extra-pair fertilizations (EPFs) across
the entire population and aggression. In this case, each male was used as a
categorical variable and number of EPFs obtained by the neighbor was the

covariate. All ANOVAS were run as random effects models in SAS.

RESULTS

Males responded more aggressively to playbacks at the territorial boundary 45
minutes after simulated intrusion by a neighbor than after simulated intrusion by
a stranger (repeated measures ANOVA: Treatment F, ; = 12.914 P < 0.005;
Trial F2 2, =0.066, N.S.; Treatment * Trial F22, = 15.103, P < 0.001; Figure 2).
Males from both treatment groups behaved identically in the pre-invasion trial (t-
test: t 11=1.036, N.S.). Males behaved more aggressively in both the invasion
trial (t-test: t 11 = 4.276, P < 0.001) and in the post-invasion trial (t-test: t 11 =
6.084, P < 0.001). Although overall aggression differed significantly among
treatments, the component behaviors did not differ significantly (t-test: t;o, N.S.
in all cases). For each variable, however, the difference between treatments
was in the predicted direction, the cumulative effect of which leads to the
significant differences observed when analyzing aggression. Males therefore

increased aggressive behavior against playbacks of their neighbor’s song after
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Figure 2. Aggression by focal males toward playbacks in
response to experimental treatment. Experimental treatments
simulated territorial invasions by neighbors, control
treatments simulated invasion by stranger males. Position of
the speakers is given above each pair of bars. The song
played in a playback is shown inside or above each bar, N =
Neighbor, S = Stranger. Error bars give standard error. N = 6
in both treatments. *** P < 0.001.
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simulated invasion by the neighbor, but did not exhibit increased aggression to
the playbacks of their neighbor’s song after simulated invasions by strangers.
Additionally, focal males did not react aggressively against stranger playbacks
during the invasion trials but reacted very aggressively against neighbor

playbacks in invasion trials.

The results above show that males react more aggressively to playbacks of
their neighbor after defection, but these results do not show that males alter
their behavior towards their actual neighbor. We therefore used observations of
territorial behavior between the focal and neighbor male before and after
simulated defections. The level of aggression toward neighbor males increased
significantly for both treatments, however the increase was greater for males in
the experimental group (repeated measures ANOVA: Treatment Fy 1o = 2.147,
N.S.; Trial Fy 0= 15.551, P < 0.001; Treatment * Trial F, 0= 17.425, P < 0.005;
Figure 3). Except for display rate, which differs slightly in the other direction, the
component behaviors differ in the expected direction but not significantly (t-
testy1, N.S. in all cases). Males therefore not only respond more aggressively
towards playbacks of their neighbor’'s song in response to defection by their
neighbor, but also behave more aggressively towards their neighbor the day

following the experiment.

We collected blood from 252 offspring, 36.2% of which were products of extra-

pair fertilizations. Of 93 nests, 52.4% contained cuckolded young. To determine
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Figure 3. Aggression by the focal male directed towards its
neighbor before and after simulated invasions in response to
treatment. Males in experimental treatments had songs from a
neighbor played within its boundaries. Males in control
treatments had songs from a strange male played within its
boundaries. Error bars give standard error. N = 6 for both
treatments. ** P < 0.01
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if the level of aggression between males was correlated with cuckoldry, we
analyzed interactions between neighboring males on the same pond or closely
adjacent ponds. To control for distance effects of both aggression and
cuckoldry, we did not include neighbors from different rows. The territorial
behavior between males and the paternity analysis were performed separately
and effectively blind of each other. The results show that males are more
aggressive towards neighbors that have successfully cuckolded them (nested
ANOVA: male Fig19= 1.24, N.S.; cuckoldry(male) Fig 4o=2.32, P < 0.05; Figure

4),

We reasoned that total EPFs obtained by a male across the entire population
would correlate with a male’s attractiveness to females. We therefore tested to
see if there was a correlation between aggression towards a neighbor and the
total number of EPFs that neighbor obtained. There was a positive correlation
between aggression towards a neighbor and that neighbor’s ability to gain EPFs
(ANCOVA; male Fyg 59 = 0.826, N.S.; neighbor's EPFs F, 59 = 4.465, P < 0.05;

male * neighbor's EPFs Fg 59 = 0.828, N.S.; Figure 5).

DISCUSSION

The results of our study paraliel those of Godard’s (1993) study. Red-winged
blackbirds, like hooded warblers, use TFT-like strategies in reducing their

aggression toward their neighbors. In addition, our study extends Godard’s
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Figure 4. Average aggression by each male toward
neighbors who sired young on its territory and those
that had not. Each line represents one male and each
circle represents the average aggression towards
neighbors in that category. Three males are not shown
because one was cuckolded by all of its neighbors and
two males were not cuckolded by any of their
neighbors. N = 19 males.
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Figure 5. Aggression by territorial males in response the
total number of extra-pair fertilizations obtained by a
neighbor across the entire population. The circles show
all pair wise interactions (N=99). The dark dashed line
shows the over all trend the solid gray lines give show the
trend lines for each individual male (N= 22).
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work in several ways. Although Godard mentions that hooded warblers seemed
to act more aggressively towards their neighbors after simulated intrusions, this
was not tested explicitly. We show that the response to defection is not just
directed towards the experimental playbacks, but also towards the neighboring
male the day following the experiment. We also evaluated effect of cheating on
“dear enemy” relationships. Our study suggests that males are sensitive to
cheating by their neighbors and increase their aggression towards cuckolding
neighbors. This response may, however, reflect the capability of males to
accurately determine the ability of its neighbors to obtain EPFs rather than a
male’s ability to detect cuckoldry directly. Males appeared to increase their
defense towards “sexy” neighbors that were able to gain large numbers of EPFs
overall and would presumably be better able than “less sexy” neighbors to

cuckold his offspring.

Do red-winged blackbirds play TFT like strategies?

The three crucial traits that make TFT such an effective strategy to play in the
IPD are; 1) it cooperates with cooperative strategies 2) it retaliates in response
to defection and 3) forgives when the neighbor again cooperates (Axelrod and
Hamilton, 1981). This study suggests that red-winged blackbirds have at least 2
of these three attributes, they are initially cooperative and retaliate in response

to defection. They do not, however, appear especially quick to forgive.
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Males were generally cooperative in that their levels of aggression towards their
neighbors were low compared to their aggression towards males that have
defected. In both pre-trial observations and in pre-defection trials, focal red-
winged blackbirds showed little aggression towards one another or to the
playback. Most of their time was spent singing from a perch well within their
territory, foraging or chasing females. In contrast, males increased their
aggression markedly in response to the invading song from a neighboring male,

while not reacting at all to the song of an invading stranger.

Males retaliate against cheaters following territorial invasions. In response to
simulated invasions by their neighbors, male red-winged blackbirds significantly
increased their level of aggression towards that neighbor in post-invasion trials
and continued to behave more aggressively the following day. This increase
was pronounced, focal males approached the speaker very closely, often
perching on top of it and appeared to search the area closely for the offending

male. This result is consistent with Godard’s (1993) results.

Although we did not specifically study forgiveness, red-winged blackbird males
do not appear to quickly forgive an invasion by their neighbor. In this study,
where we simulated invasion by neighboring males, focal males continued to
behave more aggressively towards their neighbors on the day following the
experiment compared to males where we simulated invasions by stranger

males. Although not explicitly testing this either, Godard (1993) noted that
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males also appeared to show increased aggression towards neighbors
following simulated invasions. The concept of forgiveness, however, is not well
developed. Clearly returning to background levels of aggression would be
interpreted as forgiveness, but there is no a priori way of knowing how long

increased levels of aggression should last.

Perhaps the best interpretation of our result is that after the apparent defection
by a neighbor, the pair must start over and negotiate reduced aggression anew.
This process may take a few days through incremental investment in
cooperation (Roberts and Sherratt, 1998). A better framework to understand
forgiveness in continuous games (?) may be to model forgiveness using
negotiation rules as opposed to action rules. Negotiation rules can model the
rate at which aggression decreases as well as the final level of reduced
aggression. Action rules, on the other hand, model the response to defections

(McNamara et al., 1999).

Cheating among “Dear Enemies”

Implicit in TFT is a low rate of cheating (defecting), because cheating should be
selected against in a TFT (or TFT like) population. Within any single interaction,
a cheater will always achieve higher fitness than an individual playing TFT.
However, TFT individuals enjoy a higher long-term payoff in the IPD, because

every time two TFT strategists meet they receive the cooperator’s payoff. If the
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frequency of TFT individuals is high enough, TFT will be favored over
uncooperative strategies (Axelrod and Hamilton, 1981). This of course assumes
that cheating is detected. If cheating is difficult to detect, as is the case with
cuckoldry, cheaters may go undetected. However, if males invade their
neighbor’s territory to expand their own territory, cheating should easily be

detected.

The resource being guarded in our study or the motivation behind any territorial
invasions that might occur is unknown. Godard (1993) and Getty(1987) assume
that males are guarding their physical territory. However, their reasoning does

not exclude the possibility that they may be guarding access to their females as

well.

Our study shows that males behave more aggressively towards neighbors that
have cuckolded them compared to males that had not. This is a surprising
result given that extra-pair copulations (EPCs) are cryptic events. Our study and
Gibbs’ (1990) show that most EPFs come from neighbors. In addition, Gray
(1996) observed that 78% of EPCs occur off the territory and that females
appear to actively solicit them and control the level of extra-pair paternity in their
young. These results suggest that males may be unable to directly determine
which males have cuckolded them. Males may, however, be able to assess
which neighbors are most attractive to females and behave more aggressively

towards those “sexy” males.
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How males are able to assess on another is uncertain. Larger and older males
tend to sire more total young (Weatherhead and Boag, 1995), however it is
unknown if males are responsive to size. The evidence for physical characters
contributing to territory acquisition is weak (Eckert and Weatherhead, 1987a;
Eckert and Weatherhead, 1987b) and may therefore not factor into a male’s
assessment of a neighbors ability to gain EPCs. Alternatively, males may
assess other male’s behavior to gauge their resource holding potential
(Freeman, 1987) through behavioral interactions with other males and may use
similar strategies and monitor their neighbors’ behavior to assess a neighbors’

ability to achieve EPCs.

Despite the fact that red-winged blackbirds do not appear to be particularly
honest in one aspect of their “dear enemy” relationships, th