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ABSTRACT

MATE QUALITY AND PARENTAL INVESTMENT IN THE HOUSE WREN

By

Lindsey A. Walters

Iteroparous organisms face a fundamental life history tradeoff between

investment in current and future reproduction. Theory suggests that organisms should

bias their reproductive investment based on the marginal fitness returns for each breeding

attempt. A high quality mate can improve the return on investment either directly, by

providing better parental care and resources, or indirectly, by providing genetic benefits

to the offspring. Additionally, organisms can increase their reproductive success by

increasing their parental investment when they have an attractive mate, an idea called

differential allocation. In this dissertation, I investigated how mate quality influences

parental investment in the facultatively polygynous house wren (Troglodytes aedon).

House wren males defend territories containing cavities for females to nest in and

also assist their mates in provisioning the nestlings. I investigated how male territory

quality, a potential indicator of male quality, influenced provisioning by both sexes. I

manipulated male territories by randomly providing some males with multiple cavities on

their territories after female settlement, giving them the opportunity to attract additional

mates. I found that males that were randomly assigned multiple cavities provisioned their

nestlings at significantly lower rates than males randomly assigned one cavity, which

may be the result of a tradeoff between male parental care and mate attraction. However,

in contrast to earlier studies, we found no evidence for female differential allocation of

maternal investment.



I also investigated a potential mechanism for male differential allocation based on

female quality. Recent work suggests that avian egg color could be a sexually selected

signal to males of female quality and/or of costly female investments in the egg. If

female quality or investment is high, this would mean that a male’s own investment in the

offspring would generally yield high fitness returns. I performed a cross fostering

experiment to test whether egg color was related to female condition or maternal

investment and whether male provisioning of nestlings was related to egg color. I found

that brighter eggs (i.e. those with less brown pigment) were heavier, and that nestlings

that hatched from brighter eggs were fed at higher rates by their foster mothers but not

their foster fathers. These results suggest that females who lay brighter eggs also invest

more in those offspring through maternal effects on egg content, although males do not

seem to differentially allocate their investment based on this potential cue.

Finally, in a study spanning six years, I observed that female differential

allocation of clutch size based on the manipulated number of cavities in male territories

was not consistent from year to year. The difference in clutch size between females

mated to high versus low quality males declined systematically over time. I tested

whether this linear decline was related to other factors that also might vary systematically

with time such as weather, female age, and population density. The differential female

response was strongly negatively correlated with local wren density, suggesting that

differential allocation may be sensitive to population density. More research is needed to

understand how and when mate quality affects parental investment.
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CHAPTER 1

INTRODUCTION

Iteroparous organisms face a tradeoff between investment in current and future

reproduction (Steams 1989). Parental investment by an organism in its current breeding

attempt by definition reduces its future reproductive success (Trivers 1972; Clutton-

Brock 1991). Therefore, organisms face the challenge of deciding how best to allocate

their resources toward each reproductive attempt in a way that will maximize their

lifetime reproductive success.

Both males and females can increase their reproductive success by mating with a

high quality mate. Historically, this idea has been studied from the perspective of

females that benefit by choosing to mate with a high quality male. In this scenario, high

quality males provide direct or indirect benefits to females (Moller and Thomhill 1998;

Kokko et al. 2003). High quality males can directly provide benefits like better parental

care or more resources. For example, male red winged blackbirds with bills that are more

orange, a signal of male quality, also provide more parental care (Preault et al. 2005).

High quality males can also indirectly provide benefits like better genes or more viable

offspring. For example, Rundle et al. (2007) found that male fruit flies descended from

more attractive males had higher mating success than those descended from less

attractive males. Despite the common focus on the benefits to females of male quality,

males can also benefit from mating with a high quality female (Amundsen 2000). For

example, male lagoon gobies prefer to mate with females who have larger belly patches,

and males benefit from the preference because these females lay more eggs (Pizzolon et

al. 2008).



Individuals that manage to secure a high quality mate might have to pay a price in

reproductive investment (Moller and Thomhill 1998), an idea called differential

allocation (Burley 1986). If the marginal fitness returns on investments in offspring vary

across breeding attempts and are higher during breeding attempts with high quality

mates, then individuals should increase their investment when they happen to breed with

a high quality mate (Burley 1986; Burley 1988; Sheldon 2000). These higher quality

mates in turn should have greater lifetime reproductive success because they can decrease

their parental investment due to this compensation by their partner (Burley 1986).

Differential allocation theory provides a useful framework that biologists can use to make

predictions about the fitness consequences of parental investment for both partners when

mate quality varies.

One specific type of parental investment that can be differentially allocated is

parental care of young. In species where both parents provide parental care, such as most

birds (Ketterson and Nolan 2004), males and females typically experience asymmetries in

the optimal amount of parental care they should provide for each breeding attempt. In

these species, sexual conflict occurs because the costs of investment in parental care are

paid separately by each parent but both parents reap the fitness benefits. Therefore, both

sexes would benefit if the other sex worked harder so they could reduce their costly

investment in parental care (Chapman et al. 2003; Wedell et al. 2006). In addition, males

typically have the potential to increase their reproductive success by sacrificing

investment in parental care in order to spend time attracting additional mating

opportunities (Magrath and Komdeur 2003). Females may counter by soliciting more

extra pair copulations during future reproductive bouts when their social mate is a poor



provisioner (Freeman-Gallant 1996). These types of sexual conflict are likely to have

been an important factor influencing the evolution of parental investment and sexual

selection (Trivers 1972; Chapman et al. 2003; Olson et al. 2008).

Although differential allocation of parental investment is gaining recognition as

an important component of sexual selection (Sheldon 2000; Head et al. 2006), empirical

tests of differential allocation have yielded mixed results. Many studies have indeed

found that mate quality positively influences parental investment (e. g. Osomo et al. 2006;

Roed et al. 2007; Skinner and Watt 2007). For example, peahens randomly mated to

males with more tail ornaments, a signal of male quality, increased their parental

investment in eggs by laying heavier eggs and depositing more testosterone in the egg

yolk (Loyau et al. 2007). However, many other studies testing for differential allocation

have yielded negative or inconsistent results (e. g. Cooper and Ritchison 2005; Hargitai et

al. 2006; Ferree 2007, Nakagawa et al. 2007). More research is needed to understand

how and when mate quality influences differential allocation of parental investment.

This dissertation considers situations where differential allocation is expected but either

has not been tested for, or has yielded inconsistent results, in order to help fill in the gaps

about the when differential allocation should be favored by natural selection.

Specifically, I examine the interplay between differential allocation and sexual conflict

over parental care, rarely-studied male differential allocation in response to female

quality, and the impact of demographic factors such as population density on differential

allocation.

In this dissertation, I examine how mate quality affects parental investment in the

facultatively polygynous house wren (Troglodytes aedon). House wrens are an ideal



species for studying this question. First, both male and female house wrens provide

parental investment by provisioning the nestlings, and male parental care is especially

important for nestling survival early after hatching while females are still brooding the

nestlings (Bart and Tomes 1989; Johnson et al. 1992). This bi-parental care leads to the

potential for sexual conflict between males and females over the amount of parental care

they each provide. Another advantage to studying differential allocation in this species is

that males defend territories that contain cavities for females to nest in, and researchers

can conveniently manipulate male territory quality by manipulating the number of

available cavities on male territories after female settlement.

In chapter 2, I use a manipulation of the number of nest boxes on a male’s

territory to examine how male territory quality influences female differential allocation in

the house wren. The number of available cavities on a male’s territory would normally

be related to male competitive ability and has been Shown in other studies to influence

female investment (Eckerle and Thompson 2006; Dubois et al. 2006). I explore whether

males randomly assigned multiple nest boxes reduced their investment in provisioning

compared to males with one nest box. This could occur either because of the increased

opportunities for mate attraction available to them or because of increased compensation

by their partners due to differential allocation, which would be a form of counter-

compensation by males.

In chapter 3, I examine differential allocation from the male perspective. Recent

work suggests that avian egg color could be a sexually selected signal to males of female

condition or genetic quality and/or of costly female investments in the egg (Moreno and

Osomo 2003). If female quality or investment is high, this would mean that a male’s



own investment in the offspring would generally yield high fitness returns. The primary

pigment in blue eggshells, biliverdin, is a potentially biologically costly antioxidant

(McGraw 2005), and some studies have found that males increase their parental care

when they have more intensely blue eggs in their nest (Moreno et al. 2006b, Soler et al.

2008). However, no one has addressed whether egg color influences male provisioning

in species of birds like the house wren that lay brown eggs, where the primary pigment in

eggshells, protoporphyrin, is a pro-oxidant associated with poor female condition (Gosler

et al. 2005; Martinez-dc la Puente et al. 2007) . I present the results of a cross fostering

experiment with house wren eggs that tested whether egg color was related to female

condition or maternal investment in the eggs and whether male provisioning of chicks

was related to egg color.

In chapter 4, I examine variation across years in female differential allocation. In

this study spanning six years, female response to male quality varied from year to year.

Early on, females mated to a male with one nest box in his territory had significantly

smaller clutches than females mated to a male with three nest boxes in his territory.

However, the difference in clutch size between females in the two treatments declined

over time. I present results from an analysis looking for factors that might influence

differential allocation and that also might change systematically over time, including

weather, female experience, and population density. 1 determine whether any of these

factors might help to explain the diminishing differential allocation observed in this

population.



CHAPTER 2

MALE HOUSE WRENS WITH THE OPPORTUNITY TO ATTRACT

ADDITIONAL MATES PROVIDE LESS PARENTAL CARE

with Thomas Getty

Abstract

Sexual conflict over parental care can lead to asymmetries in parental investment

between males and females. In many species, males can benefit by sacrificing parental

care in order to pursue additional mates, and females can benefit by providing greater

parental investment when they are mated to a more attractive male. We studied these

tradeoffs in the facultatively polygynous house wren (Troglodytes aedon). We randomly

provided some males multiple nest boxes on their territories, giving them the opportunity

to attract additional mates. Earlier work showed that this can also increase maternal

investment by the original mate. We found that males that were randomly assigned three

nest boxes provisioned their nestlings at lower rates early after hatching than males that

were randomly assigned one nest box and at higher rates late after hatching. However, in

contrast to earlier studies of this population, we found no evidence for female differential

allocation of maternal investment. There were also no differences between males with

multiple versus single nest boxes in retaining their territories for an additional breeding

attempt. Our results highlight the need for more research into the role of this tradeoff in

influencing sexual conflict over parental care.



Introduction

Parental care is an important but costly class of behaviors that affect fitness in

many Species (Trivers 1972; Clutton-Brock 1991). In species with biparental care, sexual

conflict can occur over the amount of parental care provided by each parent (Houston et.

a1 2005; Wedell et al. 2006; Olson et al. 2008). This conflict plays out differently for

each sex. Typically, males have the potential to increase their reproductive success by

increasing their efforts to obtain extra-pair copulations or additional mates, behaviors that

can come at the expense of parental care (Magrath and Komdeur 2003). In contrast,

females can typically increase their lifetime reproductive success either directly, by

choosing to mate with males who will provide more parental care, or indirectly, by

mating with attractive males who will sire attractive or healthy sons and daughters

(Kokko 1998; Moller and Thomhill 1998).

When females have the opportunity to mate with a preferred male, they can

sometimes further increase their lifetime fitness by increasing their investment in parental

care, an idea called differential allocation (Burley 1986). Increased allocation is expected

when the marginal fitness returns on parental investments are higher during breeding

attempts with more attractive mates. The logic behind this idea is that there is a synergy

between male and female contributions that results in accelerating fitness returns to

females. However, the nature of this tradeoff between current and future reproductive

success will also be influenced by an organism’s probability of future reproductive

successv(Sheldon 2000). For example, an individual that is not likely to breed again

should invest maximally in its current reproductive attempt regardless of the

attractiveness of its mate because the chances of finding a more attractive partner in the



firture are low. The differential allocation hypothesis further predicts that if the mates of

attractive males increase their parental investment, these attractive males should be able

to decrease their current parental investment to save more investment for future breeding

attempts, assuming that the value of parental investment for an individual is constant

across years (Burley 1986). Therefore, male attractiveness has the potential to influence

the amount of investment in parental care provided by both females and males.

Biparental care is common in birds (Ketterson and Nolan 1994), and many studies

have found that preferred males provide less parental care (e. g. Burley 1988; deLope and

Moller 1993; Qvarnstrom 1997; Duckworth et al 2003), suggesting that male

attractiveness results from indirect genetic benefits in these situations. When this is the

case, attractive males might be able to decrease their provisioning efforts because of

compensation by their partners (Magrath and Komdeur 2003). This opportunity to spend

less time provisioning could be especially valuable to males because it would allow them

to spend more time and energy trying to attract additional mates.

We used the house wren (Troglodytes aedon), a facultatively polygynous,

double-brooded, secondary cavity nester (Johnson 1998), to examine the effects of male

attractiveness on both female and male investment in parental care. We manipulated the

number of cavities in a male’s territory to manipulate male attractiveness. Because of the

intense competition between males for territories (Kendeigh 1941; Johnson 1998), we

hypothesized that a male’s territory reflects his quality and therefore his attractiveness,

i.e. his ability to provide fitness benefits to his offspring. Previous studies have shown

that female house wrens preferred to mate with males who had multiple nest boxes on

their territories (Eckerle and Thompson 2006), and that females mated to males with



multiple nest boxes differentially allocated their parental investment by laying larger and

more male-biased clutches (Dubois et al. 2006). I

For our study, all males had one nest box available on their territory until after

females had settled. Then, we randomly assigned half of the males in our population to

have two additional nest boxes, with the remaining males continuing to have one nest

box. We also cross-fostered nestlings to control for pre-incubation maternal effects.

Male house wrens who randomly receive a territory with multiple cavities could have two

possible reasons to decrease their investment in parental care. First, if multiple cavities

signal to females that a male will provide higher fitness benefits for her offspring, she

might differentially allocate her parental care and increase her provisioning efforts,

allowing the male to counter-compensate and decrease his investment in provisioning.

Second, multiple cavities give a male the opportunity to increase his fitness by attracting

a second mate (Soukup and Thompson 1998), providing further incentive for him to

decrease his parental care and spend more time and energy on mate attraction. Therefore,

we predicted that the males with three nest boxes would reduce their investment in

provisioning compared to males with one nest box. In house wrens, male provisioning of

nestlings seems to be especially important early after hatching, when females are still

brooding the nestlings (Bart and Tomes 1989; Johnson et al. 1992), so we were most

interested .in testing whether preferred males decreased their provisioning during this

crucial time.



Methods

We conducted our study in the summer of 2007 using a wild population of house

wrens at Lux Arbor Reserve in southwest Michigan. Prior to wren arrival in the spring,

we established 53 territories that each contained three nest boxes. This study site has few

natural cavities, and there were few, if any, wrens breeding in the area that were not

nesting in one of our boxes. Boxes within a territory were spaced within 15 m of each

other, and territories were spaced approximately 100 m apart so that male wrens could

only defend boxes on one territory at a time. Two of the boxes in each territory were

plugged using rubber stoppers to prevent access to the nest box, so only a single nest box

was available to all the wrens when they arrived. We checked boxes at least every other

day and recorded status of the nest and any adults observed defending the nest or singing.

After both a male and female had arrived on a territory, we randomly assigned the

pair to either the one box or three box treatment. Assignments where paired to control

for establishment date. For territories in the three box treatment, we removed the rubber

stoppers from the two extra nest boxes, providing the breeding pair with access to three

boxes. We considered a territory to be occupied by a breeding pair once the cup nest was

lined. Although both males and females build the stick portion of the nest (Alworth and

Scheiber 2000), this lining behavior is uniquely performed by the female (Kendeigh

1952). By waiting until after female arrival to apply the treatment, we eliminated the

possibility of differential female access to attractive three box males and any confounding

of female quality with territory treatment. A

In order to control for any potential genetic or maternal effects on nestling

begging behavior, we cross fostered entire clutches of eggs between nests so that parents

10



were not provisioning their genetic offspring. We performed this manipulation on 50

different nests in the early part of the breeding season, before any wrens began a second

breeding attempt. We swapped 50 entire clutches of eggs (25 swaps) between nests that

had completed laying on the same day (20 swaps) or within one day of each other (5

swaps). We performed this swap the day after clutch completion (i.e. the first day that we

found no new egg in the nest). We also paired swapped clutches so that the clutch size of

both nests was the same (16 swaps) or differed only by one egg (8 swaps). One swap

was made between nests whose clutch size differed by 3 because they were the only

clutches that were completed at that time. Swaps were made randomly in regard to

treatment, so some swaps occurred between treatments and some occurred within

treatments.

We captured and measured adults prior to nestling hatching and gave them a

unique combination of color leg bands so that we could recognize individuals without

recapturing them. In order to determine hatching date, we checked boxes every day

starting at ten days after the clutch was completed. We measured parental provisioning

rates two times after hatching: early (day 4 to 6 after hatching) and late (day 10 to 11

after hatching). We were particularly interested in differences between treatments at the

crucial early feeding observation, but we conducted the late feeding observation to assess

whether provisioning rates changed over time as the nestlings grew older and females

where able to spend less time brooding and more time foraging and provisioning the

nestlings. For each feeding observation, we observed nest boxes from a distance using

binoculars for 30 minutes and recorded all visits made by both parents. If the parents

were disturbed by our approach, we waited until after they had resumed normal feeding

11



to begin our observations. We used the total number of visits per nestling per 30 minutes

for each parent as a standardized measure ofprovisioning effort in our analyses. At ten

days after hatching, we banded each nestling and measured their mass.

Four of the fifty nests were destroyed by predation before hatching, and one was

destroyed between the first and second provisioning observation, so we do not have

provisioning data for these nests. We also did not include provisioning rates from two

nests where we could not conclusively differentiate between the male and female during

the provisioning observations because we could not find an unobstructed view of the nest

box. Only one instance of polygyny occurred during this study, and this nest was also

excluded from our analyses. This low rate of polygyny was consistent with previous

studies at this site (Dubois 2004; Dubois et a1 2006); it probably results from female

defense of the closely spaced empty boxes (Slagsvold et al. 1999).

After nestlings had fledged or the nest was destroyed by predation, We removed

the used nesting material from the nest box. If the territory had been in the three box

treatment, we replaced the corks in the two auxiliary boxes so that all territories again had

only one open nest box for the second brood. We continued to monitor boxes at least

every other day through the end of the breeding season. If the box was used again for a

second brood, we established the identity of the parents either through observation of

band colors or by recapturing adults for whom we were unable to make a visual

identification.

To test for the effects of treatment on provisioning rates of males and females, we

used mixed effects general linear models. Our response variable was the provisioning rate

of either males or females, and our predictor variables were observation time (early or
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late), treatment (1 box or 3 box), and the interaction between observation time and

treatment. We included individual bird as a random factor to account for repeated

measures of individual birds at the early and late observations.

We also tested to see if male and female provisioning rates were correlated at

each provisioning observation. We performed a correlational analysis using the non-

parametric Sprearman’s rank correlation coefficient (p) because of heteroscedasticity in

the data at the late provisioning observation. We used chi-squared tests to determine if

treatment influenced whether an individual would breed twice in one summer. We '

performed all statistical analyses using the program R (R Core Development Team,

2006).

Results

Male and female provisioning rates responded differently to treatment and the

time of the observation (Figure 2.1). Contrary to our predictions, female provisioning

rates did not differ between treatments (Fl,4o=0.013, p=0.910), but across treatments

females provisioned significantly more at the second provisioning observation than at the

first (F1,4o=18.7, p<0.001). For the females, there was no interaction between treatment

and the time of the observation (F1,4o=0.465, p=0.490). However, for male provisioning

rates, there was a Significant interaction between treatment and time (F1,40=10.2,

p=0.003). At the crucial early provisioning observation, three-box males provisioned less

than one-box males (1 box: 1.26, s.e.=0.20; 3 box: 0.72, s.e.=0.13), consistent with our

predictions. In contrast, at the later provisioning observation, three box males

13



 

I 1 box males

0 3 box males
 

1 box females

El 3 box females
  

 

 

.....

aaaaaa

.....

 

.....

.....

ooooo

.....

aaaaa

-----

 

------

.....

tttttt

.....

oooooo

-----

nnnnn

.....

uuuuuu

.....

rrrrrr

.....

iiiiii

.....

pppppp

.....

nnnnnn

-----

A
v
e
r
a
g
e
p
r
o
v
i
s
i
o
n
i
n
g
t
r
i
p
s

p
e
r
n
e
s
t
l
i
n
g

------ O
O

O
Q

‘
.
3

.
3

.
3

.
3

O
N

«
k

C
)

C
D

-
3
N

h
C
)

(
D
N

l
1

4
L

1
1

I
1

1
1

l
J

    N\
\
\
\
\
\
\
\
\
\
\
L

     % 
Day 4-6 ‘ 

 

 

-----

.....

.....

.....

.....

nnnnn

.....

.....

.....

.....

-----

.....

.....

.....

.....

.....

-----

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

bbbbb

.....

-----

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....

.....     
Day11-12

 

Figure 2.1. Average provisioning trips per nestling during a 30 minute observation early

(day 4-6) and late (day 11-12) after hatching for males with one nest box (filled bar),

females mated to males with one nest box (diagonal stripes), males with three nest boxes

(Open bar) and females mated to males with three nest box (horizontal dashes).

Treatment did not predict female provisioning rates (F1,4o=0.013, p=0.910), but across

treatments females provisioned more at the late observation than at the early observation

(F1,4o=1 8.7, p<0.001). Treatment and time of provisioning observation interacted

significantly to predict male provisioning rate (F1,4o=10.2, p=0.003). Males with one nest

box provisioned at higher rates than males with three nest boxes at the early observation

and at lower rates at the late observation.

14

 



provisioned at higher rates than one box males (1 box: 0.54, s.e.=0.15; 3 box: 1.00,

s.e.=0.22). Neither treatment (F1,4o=0.06l9, p=0.8047) nor time of the observation

(F1,4o=1.96, p=0.169) had any additional effect on male provisioning rates. Mean clutch

size did not differ significantly between treatments (1 box: 6.77, s.e.=0.20; three box:

6.81, s.e.=0.15; F1,41=0.22, p=0.883).

At the early provisioning observation (day 4-6), male and female provisioning

rates were not related (S=13380, df=41, p=0.948, p=-0.010; Figure 2.2). However, at the

later feeding observation, male and female provisioning rates were negatively correlated

(S=18150, df=40, p=0.002, p=-0.47l; Figure 2.3). In addition, treatment did not seem to

influence the relationship between male and female provisioning rate. Additional

correlational analyses performed separately within each treatment revealed that at the

early observation, male and female provisioning rates were not correlated for either

treatment (1 box: S=1838, df=41, p=0.868, p=-0.038; 3 box: S=1429, df=41, p=0.756,

p=0.072). At the late observation, male and female provisioning rates were significantly

negatively correlated for both treatments (1 box: S=2239, df=40, p=0.039, p=-0.454, 3

box: S=2462, df=40, p=0.004, p=-0.598).

For both the early and late observations, some parents did not provision at all

during the 30 minute time period (Figure 2.2; Figure 2.3, some data points overlap). At

the early observation, 7 males did not provision. At the late observation, 16 males and 1

female did not provision. However, we are confident that most of these birds had not

abandoned the nest. For all but 2 of the individuals who did not provision, we were able

to confirm that they were still present because we observed the bird either singing or

alarm-calling at that nest sometime after the observation at which it did not provision.

15



 

 

   

  

4 1

g. 3.5 1

.. . .

g 3 ~ 9 One box

3 a Three box

a. Cl

m 2.5 . ,

O. O

E, 2 ~ 0 o

.E

C

o 9 o
E 15 . a .

> . ‘b D

E 1 a
3 .80 D

a o o o

E 0.5 ' ° 0’

O .0 D

0 -———o——o+o—G—T——o—w—c T r I .

0 0.5 1 1.5 2 2.5 3 3.5 4

Female provisioning trips per nestling   
Figure 2.2. Relationship between the number of male and female provisioning trips per

nestling for each nest during the 30 minute observation period early (day 4-6) after

hatching for pairs in the one box (solid diamonds) and three box (open squares)

treatments. The provisioning rates of males and females were not correlated with each

other (S=13380, df=41, p=0.948, p=-0.010).

16



 

 

3.5 ~

3 r

0 oOne box

2.5 Ci Three box
   

d (
n 1

M
a
l
e
p
r
o
v
i
s
i
o
n
i
n
g
t
r
i
p
s
p
e
r
n
e
s
t
l
i
n
g

-
I
~

N

.
0

a
:

 

 

O

l

0 0.5 1 1.5 2 2.5 3 3.5 4
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Figure 2.3. Relationship between the number of male and female provisioning trips per

nestling for each nest during the 30 minute observation period late (day 10-11) after

hatching for pairs in the one box (solid diamonds) and three box (open squares)

treatments. The provisioning rates of males and females were significantly negatively

correlated with each other (S=18150, df=40, p=0.002, p=-0.471).
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The 2 non-provisioning individuals that we could not confirm were still present were

both in the one box treatment group. Removal of these individuals from our analyses did

not affect the significance of our results. All but 3 of the nests that had a parent who did

not provision still managed to fledge all of their nestlings.

The differences between treatments in male provisioning rates at first brood nests

did not translate into differences in mean number of offspring fledged from the first

brood (1 box: 5.45; 3 box: 5.52, F1,41=0.022, p=0.882). Overall, male provisioning rate at

the first provisioning observation was not related to mean nestling mass for a nest

(F1,40=0.352, p=0.556) or to number of offspring fledged (F1,40=2.11, p=0.154) in this

study. Nestling mass at day 10 was also not related to the overall provisioning rate made

by both parents at either observation (early: F1,4o=0.034, p=0.856; late: F1,40=2.09,

p=0.156), despite the large amount of variation in total provisioning visits received by

each nest.

Treatment did not affect male success at breeding twice during one breeding

season (x2=0.105, df=3, p=0.991; Table 2.1). Across treatments, males who bred twice

almost always did so by holding on to their original territories. Of the 19 males that were

able to breed twice in one summer, 18 did so by keeping their original territory:Only 1

male that lost his original territory was able to obtain a different one for the second

brood. In contrast, females who bred twice frequently switched territories (Table 2.1).

Only 11 of the 30 females who bred in both the first and second brood made both

breeding attempts at the same territory.
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Table 2.1. Number of male and female house wrens remaining at the same territory for

the first and second brood, switching territories between broods, or failing to breed in the

second brood in relation to the number of boxes on the male’s territory for the first brood.

Treatment did not affect male success at breeding twice during one breeding season

(78:0.105, df=3, p=0.991).

 

 

 

 

  

Retained Obtained a new No known Unable to

Males territory territory second brood lD male

1 box 8 1 10 3

3 box 10 0 9 2

Stayed at Moved to a new No known Unable to

Females original territory territory second brood ID female

1 box 5 10 7 0

3 box 6 9 6 0
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Discussion

This study found that male house wrens who were randomly assigned three nest

boxes after they obtained a mate invested less in parental care during the early

provisioning period than males with only one nest box. Because of their extra boxes,

these males had the potential opportunity to attract extra mates, so it is possible that

males with three boxes were spending less time provisioning in order to spend more time

trying to attract additional mates. We did not measure male singing or other types of

courting behavior in this study, so additional work will be needed to determine if such a

tradeoff exists. However, data from other studies suggests that males with extra nest

boxes do sometimes spend extra time singing. Smith (2005) found that male starlings

that were given extra nest boxes sang more and provided less parental care than those

with one nest box. In addition, an earlier study on this population of house wrens found

that males with multiple nest boxes had higher singing rates during the nestling period

than males with one nest box (Dubois 2004).

One apparent problem with this hypothesis is that we found no evidence of

increased reproductive success for the three-box males who spent less time provisioning

early on. Males with three nest boxes were equally likely to retain their territories and

breed twice in one summer compared to males with one nest box, and only one male with

three boxes successfully acquired a second female nesting in one of his extra boxes.

However, lack of success does not mean that the three-box males were not trying to

attract additional females; in fact we observed male wrens singing frequently throughout

the entire breeding season (L.A.W., personal observation). We had spaced all three nest

boxes in a particular territory relatively close together, and like Dubois (2004) we believe
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that this close proximity enabled primary females to chase away any competitors their

mates might have attracted. In pied flycatchers, female aggression thwarts polygyny

when nest boxes are close together (Slagsvold et al. 1999), but this kind of female-

enforced monogamy still needs to be tested empirically in house wrens. In addition, it is

possible that males with three boxes spent their extra time trying to obtain extra pair

copulations rather than a second polygynous mate. Extra pair copulations are relatively

common in house wrens (Soukup and Thompson 1997; Soukup and Thomspon 1998),

and three box males may also have spent more time guarding their mates to protect their

own paternity (Brylawski and Whittingham 2004). An important next step would be to

actually measure amount of extra pair paternity achieved by males in each treatment to

see if differences in male provisioning rate at the early observation resulted in differences

in paternity success.

Male provisioning behavior also changed over time within each treatment. Males

with three nest boxes increased their provisioning rates between the early and late

observation, while males in the one-box treatment decreased their provisioning rates

between two observations. As a result, at the later provisioning observation the pattern of

male provisioning was reversed from the early observation. If provisioning at high rates

is physically taxing for the birds, one possible explanation for this switch is that one-box

males exhausted themselves to provision at higher rates earlier on, leaving them in too

poor a condition to maintain that pace throughout the nestling period. In contrast, three-

box males who provisioned at lower rates early on might have kept the good condition

necessary to maintain, and even slightly increase, their provisioning rate through the late

observation. Other alternative hypotheses for the difference between treatments over
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time are that one-box males began searching for extra mating attempts later than three-

box males, or that three-box males, having failed to attract an additional mate despite

their early efforts, later began to focus more of their energies on their current nestlings.

None of these ideas have been directly tested, and additional research is needed to help

address whether these or other hypotheses could explain the change in provisioning

behavior over time within treatments.

Although male provisioning behavior differed between treatments in this study,

we found no evidence for female differential allocation. Females mated to the supposedly

more attractive three box males did not lay more eggs or increase their provisioning rates.

These results differ from those of Dubois et al. (2006), who found that females mated to

males with three boxes laid significantly larger clutches. Elsewhere (see chapter 4), we

show that differential allocation by females in this population has declined systematically

over the past 8 years with increasing wren abundance.

Across treatments, male and female provisioning rates were independent of each

other at the early feeding observation. However, at the late feeding observation, partner

provisioning rates were negatively correlated, suggesting that one partner was

compensating when the other partner had a lower provisioning rate. These patterns were

consistent within both treatments, suggesting that treatment did not play a role in the way

males and females responded to each other. We might expect this type of change in

response over time within a population if house wrens provision according to a

“negotiation continuum” model of parental care (McNamara et al 1999; Johnstone and

Hinde 2006). This model predicts that the degree of an individual’s response to changes

in provisioning by its partner will depend both on the individual’s physical ability to
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respond and on the quality of the individual’s information about brood need or value

(Johnstone and Hinde 2006; Hinde and Kilner 2007). It is likely that one or both of these

conditions could change between the early and late feeding observation. In this study,

male provisioning rates did not increase as the nestlings grew like the female

provisioning rates did. If the females responded more strongly than the males to the

increased demands of the growing nestlings, this large increase in provisioning by the

females might have made additional male help unnecessary at the later observation.

Little is known about the exact dynamics of provisioning in the house wren, and more

research is needed to understand the specifics of provisioning negotiation in this species.

In this study, provisioning rates were not good predictors of nestling mass ten

days after hatching. Male provisioning rates at the early observation were not related to

nestling mass or fledging success, despite the fact that other studies on house wrens have

found that male care is important at this stage (Bart and Tomes 1989; Johnson et al.

1992). However, these studies permanently “widowed” females by removing their mates,

whereas in our study, even the males who provisioned at low rates during our

observations still were providing some help to their females. It is possible that we did not

have enough variation in provisioning rates to detect a difference in nestling mass or

fledging success. It is also possible that nestling mass is not a good indicator of nestling

condition at fledging or of future survival in this species, as some studies have found that

nestling mass is not always associated with higher nestling condition or survival rates

(Magrath 1991; Thompson and Flux 1991; Thompson et al. 1993). Male provisioning

rates at the early observation may have had an effect on nestling fitness without having a

measurable effect on nestling mass at day 10. This idea is supported by the fact that,
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contrary to our expectations, overall provisioning rates by both parents were not

associated with nestling mass, despite that fact that some nestlings received very little

food during our observations compared to others.

Finally, it is possible that our use of provisioning rate is not a good measure of

parental investment. Although it is common practice to use provisioning rate as an

indicator of parental care, other factors, such as the size of the prey items delivered,

might be better measures of parental investment (Schwagmeyer and Mock 2008). These

considerations may also vary from year to year as things like food supply and population

density change. In addition, birds might behave differently in the presence of observers;

or, if provisioning behavior varies greatly throughout a day, our 30 minute observations

might not have been long enough to accurately capture individual behavior. Clearly, the

assumptions that provisioning rates affect nestling mass and that nestling mass affect

nestling survival need to be experimentally tested in this species before we can draw

definite conclusions about the effects of provisioning rates on nestling fitness.

Our finding that male house wren provisioning decreases when males have

additional mate attraction opportunities is consistent with the idea that males face a

tradeoff between parental care and attracting additional mating opportunities in this

system, but this study is only a first step. More empirical evidence is needed to

determine how tradeoffs between parental care and mate attraction influence lifetime

fitness. Understanding this tradeoff is crucial to understanding how sexual conflict

mediates asymmetries over investment in parental care between males and females.
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CHAPTER 3

BRIGHTER EGGS ARE BETTER IN THE HOUSE WREN

with Thomas Getty

Abstract

Recent work suggests that avian egg color could be a sexually selected signal to

males of female condition, genetic quality, or costly female investments in the egg

(maternal effects). If female quality or investment is high, this would mean that a male’s

own investment in the offspring would yield high fitness returns. The primary pigment in

blue eggshells is a potentially costly antioxidant, and some studies have found that males

increase their parental care when they have more intensely blue eggs in their nest.

However, no one has addressed whether egg color influences provisioning in species of

birds that lay brown eggs, where the primary pigment in eggshells is a pro-oxidant

associated with poor female condition. We performed a cross fostering experiment in the

house wren (Troglodytes aedon), a species that lays brown eggs, to test whether egg color

was related to maternal investment in the eggs and whether male provisioning of chicks

was related to egg color. We found that brighter eggs (i.e. those with less brown

pigment) were heavier, and that nestlings that hatched from brighter eggs were fed at

higher rates by their foster mothers but not their foster fathers. These results suggest that

females who lay brighter colored eggs also invest more in those offspring through

maternal effects on egg content and post-hatching provisioning, although males do not

seem to respond to this potential cue. This study highlights the need for more research

into the relationship between brown egg color and parental investment.
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Introduction

Bird eggs often vary in color within and between clutches as well as between

species. Several hypotheses have been proposed to explain the evolution of colored eggs

from the ancestral white form (Kilner 2006). Wallace (1889) originally suggested that

colored eggs were an adaptation to conceal eggs from predators. Other explanations

(reviewed in Underwood and Sealy 2002) for the evolution of colored eggs include the

idea that egg color is under selection by brood parasites or that the colored pigments

serve a structural or therrnoregulatory function in the eggshell.

A recent hypothesis suggests that variation in eggshell pigmentation within a

species could function as a sexually selected signal from female birds to their mates

(Moreno and Osomo 2003). The pigments that determine egg color are potentially costly

and may reveal female fitness by signaling their antioxidant capacity (McGraw 2005;

Soler et al. 2005). For example, biliverdin, the primary pigment in blue eggs shells

(Kennedy and Vevers 1976), is an antioxidant (Stocker et al. 1987). Darker blue eggs

may signal that a female is of higher quality because she has a high enough antioxidant

capacity to allocate extra biliverdin to her eggshells efficiently (Moreno and Osomo

2003; Getty 2006). Alternatively, egg color may signal female investment in those

particular eggs if maternal effects (i.e. deposition of yolk nutrients, hormones, antibodies,

etc.) are correlated with egg color. If male birds can obtain information about the quality

of their mate or her maternal effects on their offspring from observing egg color intensity,

differential allocation theory predicts that males should bias their parental investment

based on this cue (Burley 1986, Sheldon 2000). This argument has two requirements that
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need to be tested empirically: female and/or nestling quality must be related to egg color,

and males must respond to this signal and bias their parental investment accordingly.

Recent evidence lends support to the idea that egg color is related to female or

nestling quality in bird Species that lay blue eggs. Empirical work in several different

species supports this idea: females in better condition lay darker blue eggs in the pied

flycatcher (Moreno et al. 2005, Moreno et al. 2006a,b), eastern bluebird (Siefferman et al.

2006), collared flycatcher (Krist and Grim 2006), and spotless starling (Soler eta12008).

In addition, Morales et al. (2006) found that blue egg color is correlated with aspects of

nestling quality in pied flycatchers such as the amount of maternal antibodies in the egg

and nestling fledging success. However, the outcomes of experimental studies testing

for male response to blue egg color are mixed. Two experimental studies have found that

male birds given darker blue eggs contributed more toward nestling provisioning than

those given paler eggs in the pied flycatcher (Moreno et al. 2006b) and spotless starling

(Soler et al. 2008). In contrast, Krist and Grim (2006) did not find any relationship

between blue egg color and parental investment in the collared flycatcher.

Although several studies have investigated whether male birds in species with

blue eggs bias their parental investment based on egg color, no one has tested this idea in

a Species that lays brown eggs. Protoporphyrins, the primary pigments in brown

eggshells (Kennedy and Vevers 1976), are intermediates in the biosynthesis of blood

heme (Baird et al. 1975; Burley and Vadhera 1989; but see With 1973). In contrast to the

antioxidant blue pigment biliverdin, brown protoporphyrins are pro-oxidants that cause

oxidative stress (Afonso et al. 1999, Shan et al. 2000) and are associated with thinner

eggshells, female calcium deficiency (Gosler et al. 2005), and pesticide contamination
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(Jagannath et al. 2008). Therefore, females that deposit more protoporphyrins in their

eggs may be of poorer quality or in poorer physical condition, as Martinez-dc la Puente et

al. (2007) found in blue tits. Alternatively, if brighter eggs with less brown pigment are

larger in size, as Odabasi et al. (2007) observed in chickens, brighter eggshells might

signal higher amounts of female investment in those eggs rather than higher female

quality or condition per se.

We observed that brown egg color in the house wren (Troglodytes aedon) varied

both within and between clutches, and we suspected that the logic behind the idea of egg

color as a sexually selected signal could also be applied to this species. However, the

direction of the effects should be reversed in species that lay brown eggs because of the

negative associations found in previous studies between the brown pigment

protoporphyrin and both female condition and eggshell quality. We performed a cross-

fostering experiment to test the hypothesis that brown egg color is related to female

condition or investment and that paternal investment by male house wrens depends on

brown egg color. We swapped entire clutches of eggs between nests after clutch

completion and recorded egg color and provisioning behavior. Both parents provision

nestlings in this species, and male provisioning is especially important for offspring

survival early after hatching when females are still brooding the nestlings (Bart and

Tomes 1989; Johnson et al. 1992).

If the amount of brown pigment in eggshells reflects some aspect of maternal

quality or investment, we predicted that female condition and/or egg mass would be

negatively correlated with the amount of brown pigment in the eggshells. We also

predicted that males’ provisioning rates would be correlated with the color of their foster
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eggs. If males differentially allocate their parental investment when the return on

investment is higher, we would expect males to provision at higher rates when they had

eggs with less brown pigment (brighter eggs) in their nests. Alternatively, if eggs with

more brown pigment (darker eggs) signal that female investment in that reproductive

attempt is likely to be low, males might actually have higher provisioning rates when

eggs are darker to compensate for lower female investment. This strategy would be more

likely when a male has a low probably of future reproductive success, such as when the

male is old or in poor condition.

Methods

Study site and experimental design

We conducted our study in the summer of 2007 at Lux Arbor Reserve in

southwest Michigan using a wild population of house wrens. Nest boxes have been

provided for wrens at this location since 1998. We inspected boxes at least every other

day for nesting activity during the breeding season and checked them every day once

laying began.

' In order to reduce any possible correlations between egg quality and female

quality or maternal effects at laying, we. randomly swapped 50 entire clutches of eggs (25

swaps) from wren pairs that were making their first breeding attempt of the season. We

swapped eggs between nests that had completed laying on the same day (20 swaps) or

within one day of each other (5 swaps). We performed this swap the day after clutch

completion (i.e. the first day that we found no new egg in the nest). We also paired
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swapped clutches so that the clutch size of both nests was the same (16 swaps) or differed

only by one egg (8 swaps). One swap was made between nests whose clutch size

differed by 3 because they were the only clutches that were completed at that time. We

chose to swap entire clutches after clutch completion, rather than one egg at a time as

they were laid, because it allowed us to pair two clutches that were approximately the

same size (following Moreno et al. 2006b).

When we swapped the eggs, we also measured egg mass and color. The same

observer (L.A.W.) scored by eye the relative amount of pigment visible in the shell of

each egg on a scale from 1 (bright, nearly white with very little pigment) to 4 (dark,

nearly all brown covered with much pigment) at intervals of 0.5. At the same time, we

also measured egg reflectance using an Ocean Optics U88 2000 spectrometer running

OOIBase32 software. Wren eggs are speckled with brown pigment, and have less

pigment at the top of the egg than the bottom, which has so many speckles it is usually

close to solid brown. Therefore, we positioned the egg upside down and took the reading

at a constant angle (90 degrees) and distance (2 cm) from the bottom of each egg. This

, was far enough away that even in the cases where the color of the egg was not quite solid,

the area viewed by the probe provided an integrated measure of the overall reflectance of

the bottom of the egg. The spectrometer automatically averaged three separate readings

to make the final spectrum whose reflectance values represented a relative reflectance

compared to a white standard (Labsphere Certified Reflectance Standard). We used

reflectance data from wavelengths of 400 nm to 700 nm (visible light). We were unable

to obtain reliable UV readings, likely due to constraints imposed by our outdoor setup, so

we did not include wavelengths from 300 nm to 400 nm in our analyses.
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We measured nestling mass ten days after hatching. We captured and measured

adults before their eggs hatched and gave them unique combinations of color bands so we

could recognize individuals without recapturing them. We used a standard body condition

index, the residuals from a regression of mass on tarsus length, as an estimate of adult

body condition (Jakob et al. 1996; Schulte-Hostedde et al. 2005). We measured parental

provisioning for each nest one time during day 4, 5, or 6 after hatching between 8AM and

10:30 AM. At these times we observed nest boxes from a distance using binoculars for

30 minutes and recorded all visits made by both parents. We used the total number of

visits per 30 minutes for each parent divided by the number of nestlings they were

feeding as a standard measure of provisioning effort in our analyses. Of our 50 swapped

nests, 4 nests were destroyed by predation before hatching, so we do not have

provisioning data for these nests. In addition, although we were still able to observe their

provisioning behavior, we failed to capture 3 of the remaining 46 females, so analyses

that include female condition did not include data from these nests. We also did not

include provisioning data from two nests where we'were unable to conclusively

distinguish between the male and the female during the provisioning observation because

we could not find an unobstructed view of the nest box entrance.

Egg color measurement

The egg reflectance Spectra exhibited peaks at approximately 630 nm and 700 nm

(Figure 3.1), consistent with the presence of the pigment protoporphyrin IX (Courrol et

al. 2007). We analyzed the spectra using a principal component analysis (PCA). PCA

allowed us to objectively describe variation in the spectra of the eggshells by reducing the

large number of correlated reflectance values into a few orthogonal variables (Cuthill et
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Figure 3.1. Sample reflectance spectra from three eggs representative of three different

visible pigment score categories. Eggs with higher reflectance values tended to receive

lower pigment scores.
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al. 1999). Our original spectral data consisted of reflectance values for wavelengths at

0.38 nm intervals. In order to reduce the number of variables entered into the PCA to a

computationally tractable number, we transformed the data to 1.87 nm intervals by

calculating the mean reflectance value for every five reflectance measurements

(following Aviles et al. 2007). We performed the PCA on the reflectance values at these

1.87 nm intervals for every egg measured during the study (n=345).

When PCAS are performed on spectra from natural objects like eggs, the first

principal component (PCI) typically explains around 90% of the variation and has similar

loading coefficients across the spectrum (Cuthill et a. 1999). When this occurs, PCl

describes variation in mean achromatic brightness (Endler 1990; Cherry and Bennett

2001). Additional principal components (PC2, PC3, etc.) represent additional variation in

spectral shape afier variation in brightness is taken into account; as a result they describe

variation in chromatic properties like hue and saturation (Endler 1990). Although

characteristics of eggshell pigment should influence these chromatic aspects of eggshell

reflectance, it is also reasonable to assume that the amount of pigment present in the

eggshell would strongly influence PCl (brightness). Eggshells with no pigment would be

white with very high reflectance values, while those with large amounts of pigment

would be much browner with lower reflectance values (Figure 3.1). Our visual pigment

scores support this argument: the mean value of PCl for the eggs in each of the seven

pigment categories was strongly negatively correlated with the pigment scores we

assigned by eye (F1,5=34.8, p=0.002, R2=0.874). This means that eggs with higher PCl

values (brighter eggs) were scored as having less pigment. Because our spectrometric

methods reliably captured variation in different aspects of eggshell appearance that were
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also consistent with our visual scores of the amount of brown pigment, we only used the

more objective spectral data in our analyses. We will refer to the values of the first three

principal components, which together explained over 99% of the variation between

spectra in this study, as together representing variation in egg color.

Statistical Analysis

We used the data from our PCA of the reflectance spectra to examine the

relationship between egg color and maternal investment. We used general linear mixed

effect models with value of PCI, PC2, or PC3 for each egg as our response variables.

Our two predictor variables were female body condition and egg mass, with nest as a

random effect to control for non-independence of eggs within a nest.

We assessed whether the provisioning rates of female or male foster parents were

related to mean egg color at the level of the clutch, rather than at the level of the

individual egg as in the previous analysis. In these models, our response variable was the

provisioning rate per nestling by either the male or the female, measured as the total

number of visits in 30 minutes divided by the number of nestlings in the nest. Our

predictor variables were the mean values of PCI, PC2, and PC3 for the foster eggs in

each nest.

Our random cross-fostering manipulation did not completely decouple the

association between original and foster egg color, as the mean values of PCI and PC2 for

foster eggs were Significantly correlated with those of the original eggs in a nest (PC 1:

Fl,41=12.1, p=0.001, R2= 0.228 PC2: F1,4.=43.8, p<0.001, R2= 0.516 ). We suspect that

this correlation, which Krist and Grim (2007) also encountered in a similar experiment
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using blue eggs, occurred because by necessity we swapped eggs from nests that were

completed on the same day and with similar clutch sizes. Therefore, we could not be sure

whether relationships between provisioning rates and egg color are due to egg color alone

or to some aspect of female or male quality that is correlated with egg color.

We addressed this issue in two ways. First, we ran the models again with original

egg color (PCI and PC2) and female or male condition included as additional predictors

along with manipulated egg color (PCI and PC2). If differences in provisioning rates

only occurred because parents that had brighter eggs received brighter foster eggs, we

would expect there to be no effect of manipulated egg color in these models after the

effect of original egg color is taken into account. If, however, differences in provisioning

rates are due to some property of the eggs themselves and not parental condition or

quality, we would still expect to see an effect of foster egg color on provisioning rates in

these models. As a second strategy to address this issue, we also examined the

relationship between provisioning rates and the difference between foster and original

egg color. If parental provisioning is related to egg brightness, we would expect parents

who received foster eggs that were brighter than their original eggs to provision at higher

rates compared to those who received foster eggs that were darker than their original

eggs, regardless of the actual color of their original eggs. We used general linear models

with either male or female provisioning rate as response variables and with the difference

between the mean values of PC], PC2, and PC3 for foster eggs minus original eggs as

predictor variables. We performed all statistical analyses using the program R (R

Development Core Team 2006).
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Results

PC 1 , PC2, and PC3 together explained 99.2% of the variation in egg reflectance

across clutches. PC I explained most of the variation between spectra (88.1%) and was

constant with positive loading coefficients at all wavelengths (Figure 3.2). Therefore,

higher PC] values correspond to higher overall reflectance (i.e. brighter eggs with less

brown pigment). PC2 (8.45%) and PC3 (2.65%) explained most of the remaining

variation between the spectra. PC2 and PC3 had loading coefficients that varied

according to wavelength, so they represent additional chromatic variation between the

spectra.

Eggs that were brighter (higher values of PCI) were also heavier (F 1,239=7.62,

p=0.006). PC2 and PC3 had no relationship with egg mass (PC2: F1,239=2.20, p=0.139;

PC3: F1,239=1.30, p=0.255). In addition, female condition was not related to any of the

clutch mean PC values (PC1: F1,4o=0.260, p=0.6l3; PC2: F1,4o=0.163, p=0.689; PC3:

F 1,4o=0.234, p=0.631). The mean mass for a clutch of eggs did not predict the mean

mass of the nestlings from those eggs 10 days after hatching (F.,43=0.404, p=0.529).

Male provisioning was not related to foster egg color for any of the PCS (PC 1:

F1,39=0.574, p=0.454; PC2: FL39=0.004, p=0.948; PC3: F1,39=0.045, p=0.832). Female

provisioning rate increased significantly as the mean PCl value (brightness) of her foster

eggs increased (F1,39=4.14, p=0.049; Figure 3.3). Two data points seem to have a strong

effect on this correlation (Figure 3.3), but we had no reason to exclude them from our

analysis. Female provisioning rate had no significant relationship with the mean value of

PC2 (F1,39=2.77, p=0.104) or PC3 (F1,39=2.97, p=0.093) for her foster eggs. Male and
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Figure 3.2. Principal component (loading) coefficients as a function of wavelength for

the three primary principal components from the principal component analysis performed

on the reflectance spectra of 345 eggs. PC] (black diamonds) indicates principal

component 1, which represents variation between eggs in achromatic brightness and

accounts for 88.1% of the variation between spectra. PC2 (principal component 2; grey

circles) and PC3 (principal component 3; open triangles) represent additional variation in

chromatic aspects of egg appearance such as hue and saturation.
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Figure 3.3. Relationship between mean PC1 values (egg brightness) of foster eggs and

female provisioning trips per nestling during a 30 minutes observation period. Females

who had brighter eggs in their nests provisioned at higher rates (F139:4. l4, p=0.049).
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female provisioning rates were not correlated with each other (F.,41=0.093, p=0.762,

R2=0.002).

In our provisioning models that included PC values for both original and foster

eggs as well as parent condition, the results for PC1 were similar to the models that only

included foster egg color. Females provisioning rate was significantly positively related

to the mean PC1 value of her foster eggs (F1,35=7.58, p=0.009) but had no relationship

with the mean PC1 values of her original eggs (F.,35=0.062, p=0.804) or female body

condition (Fl,35=0.389 p=0.537).

Although female provisioning rate was not related to the mean PC2 value of her

foster eggs (F1,35=0.038, p=0.846), it was positively related to the PC2 value of her

original eggs (F 1,35=4.407, p=0.043). Females who originally laid eggs with high PC2

values provisioned their foster nestlings at higher than average rates (Figure 3.4). These

additional models also confirmed that male provisioning rates were not related to any of

the predictor variables we tested (PC1 original: F1,31=0.047, p=0.830; PC1 foster:

F1931=1.404, p=0.245; PC2 original: F 1,31=0.125, p=726, PC2 foster: Fair—0.343, p=0.562;

male condition: F|,31=0.599, p=0.445).

In our models comparing the difference in color between original and foster eggs,

the change in PC1 was positively correlated with female provisioning rate (F139:5.83,

p=0.02l; Figure 3.5). Females whose foster eggs were brighter than their original eggs

provisioned at higher than average rates, while those whose foster eggs were less bright

than their original eggs provisioned at lower than average rates. The difference between

foster and original egg color for PC2 and PC3 was not related to female provisioning rate

39



 

24

1.8 . ’ °

1.61 . 9

F
e
m
a
l
e
p
r
o
v
i
s
i
o
n
i
n
g
t
r
i
p
s
p
e
r
n
e
s
t
l
i
n
g

   
-8 e 4 -2 o 2 4 6 8  Mean value of PC2 for original eggs

 

Figure 3.4. Relationship between mean PC2 values of original eggs and female

provisioning trips per nestling of her foster nestlings during a 30 minutes observation

period. Females who had laid eggs with higher values of PC2 provisioned their foster

nestlings at higher rates (F 1.35:4-41, p=0.043).
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Figure 3.5. Relationship between the change in PC1 values (mean PC1 values for foster

eggs minus original eggs) and female provisioning trips per nestling for foster nestlings

during a 30 minuteobservation period. Females whose foster eggs were less bright than

their original eggs provisioned at lower rates those whose foster eggs were brighter than

their original eggs (F .,39=5.83, p=0.021).
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(PC2: F1,39=0.933, p=0.340; PC3: F1,39=O.007, p=0.935) and no aspects of the difference

in egg color were related to male provisioning rate (PC1: F1,39=0.849, p=0.363; PC2:

F1,39=0.478, p=0.494; PC3: F.,39=0.906, p=0.765).

Discussion

This study provides evidence that the amount of brown pigment in eggshells is

related to maternal effects on the offspring inside those eggs. We found that brighter

house wren eggs (i.e. those with less brown pigment) were heavier, and that nestlings

from clutches of eggs that were brighter on average and in comparison to the original

clutch were provisioned at higher rates by their foster mothers. Even though our cross-

fostering manipulation did not completely eliminate the potential correlation between egg

color and female quality, the positive relationship between the change in egg color and

female provisioning rates suggests that at least part of the correlation between egg color

and female provisioning is due to maternal effects on nestling quality, rather than female

quality itself. In addition, female provisioning rates were not related to our index of body

condition or to the brightness (PC 1) of the eggs they originally laid, providing further

evidence that the relationship between foster egg brightness and female provisioning

rates is due to some aspect of the foster eggs or nestlings, rather than characteristics of

the female. Although we did not expect female provisioning rates to be affected by the

color of their foster eggs, we speculate that nestlings from brighter eggs were of higher

quality, and therefore better at begging, than those from darker brown eggs.

Nestlings from heavier eggs, which in this study were also brighter in color, may

elicit more provisioning from their parents because higher egg mass is usually associated
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with increased growth and survival in birds (Willaims 1994). In this study, mean nestling

mass at day 10 was not correlated with the mean mass of the eggs they hatched from.

However, we did not measure nestling mass at day 4-6, which is when we made our

provisioning observation, so we do not know the status of nestlings at that time. In a

study on house wrens, Styrsky et al. (1999) found that egg mass in the first brood was

correlated with nestling mass early after hatching, but by day 10 the effect had

disappeared. It is also possible that nestlings from larger eggs beg more effectively even

if they do not have higher mass. In addition, begging ability could be related to the level

of antibodies (Morales et al. 2006), antioxidants (Helfenstein et al. 2008), or hormones

(Schwabl 1996) that females allocated to eggs. Females who lay brighter eggs could

also have allocated larger amounts of these beneficial compounds in addition to the

higher overall mass of brighter eggs that we have demonstrated in this study. More

research is needed to determine exactly what aspects of nestling and female quality are

related to brown egg color. Studies directly measuring the relationship between egg color

and begging intensity, for example, would help our interpretation of why female

provisioning is higher for nestlings from brighter eggs.

Interestingly, females who originally laid eggs with positive values of PC2

provisioned their foster nestlings at higher rates, regardless of the color of the eggs the

foster nestlings came from. PC2 had high positive loadings at wavelengths above 600, so

higher values of PC2 could be interpreted as eggs that appear redder. Since high values

of PC2 in eggs seem to predict higher provisioning rates in the females that laid them,

this component of egg color could be related to some aspect of female quality. This
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relationship merits further research to determine what characteristics of eggshells

influences redness and what specific female characteristics are related to redder eggs.

No aspect of egg color predicted male provisioning rates in this study, which is

surprising given the positive relationships between egg color and female provisioning

rates. However, male and female birds do not necessarily use the same provisioning

strategies, and other studies have found differences between males and females in their

response to nestlings (MacGregor and Cockburn 2002; Mock et a1. 2005; Ardia 2007).

Even if nestlings from brighter eggs are more effective beggars, males and females could

respond to their begging in different ways depending on the fitness value of a such as

response (Johnstone and Hinde 2006).

It is also possible that some aspect of male investment that we did not measure is

dependent on egg color or correlated traits. For example, males with brighter colored

foster eggs might continue to feed their nestlings later into the season rather than

abandoning them to search for a mate for the second brood. Male house wrens provide

relatively more parental care for nestlings during the second breeding attempt of the

season than the first (Dubois 2004), so perhaps males would be more responsive to

nestling begging if a similar experiment were performed during their second breeding

attempt

We do not believe the lack of male response to egg color was the result of males

not seeing the eggs. Male house wrens frequently enter and inspect the nest when

females are away (L.A.W., personal observation). Even though the interior of a nest box

is relatively dark, some light enters through the opening. The relatively lower light levels

inside nest boxes does not appear to be an obstacle to assessing egg color for male pied
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flycatchers (Moreno et al. 2006b) or spotless starlings (Soler et al. 2008). In both of

these cavity nesting species, males provisioning rates were influenced by experimentally

manipulated egg color. The majority of the work examining these types of questions has

been performed in cavity nesting species, and it would be interesting to see if these

patterns also hold up in open-nesting species, where spectral properties and predation

pressures would be different.

The results of this study suggest that nestlings from brighter eggs have the

advantage of greater maternal investment, most likely through maternal effects on egg

content. These findings represent an intriguing first step into the investigation of brown

egg color as a potential cue of female investment in their nestlings. The correlations we

observed between egg brightness and nestling quality set the stage for the evolution of

egg brightness as a sexually selected cue in brown eggs. However, there is currently no

evidence that males respond to this potential cue in species that lay brown eggs. It is

possible that egg color does not function as a sexually selected signal in species that lay

brown eggs, although more research is needed to determine how brown egg color is

related to parental investment for both sexes. If males of species that lay brown eggs

truly do not use egg color to assess female quality or investment like they do in species

that lay blue eggs, understanding the reasons for this difference will increase our

knowledge of how evolution influences sexually selected traits.
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CHAPTER 4

DIFFERENTIAL ALLOCATION IN THE HOUSE WREN DECLINES

SYSTEMATICALLY ACROSS YEARS AS POPULATION DENSITY

INCREASES

with Natalie S. Dubois and Thomas Getty

Abstract

Differential Allocation theory suggests that iteroparous organisms should increase

their parental investment when they have an attractive mate who increases the

reproductive value of offspring produced from that breeding attempt. Studies testing for

differential allocation in wild populations have yielded variable and conflicting results.

We present data from a wild population of house wrens (Troglodytes aedon) in which

female response to male quality changed over time. For six years, we monitored the

magnitude of parental investment by female wrens whose mates were randomly assigned

to either a high quality (three nest boxes) or low quality (one nest box) territory. Early

on, females mated to a male randomly assigned one nest box in his territory had

significantly smaller clutches than females mated to a male randomly assigned three nest

boxes in his territory. However, the difference in clutch size between females in the two

treatments declined over time, as the clutch size of one-box females increased

systematically to equal those of three-box females. In order to determine what might be

causing this diminishing female response, we looked for a relationship between year and

other factors that might change systematically over time, including weather, female

experience, and population density. Only population density changed systematically

across years. The differential female response was strongly negatively correlated with

local wren density. This pattern is consistent with the hypothesis that with increasing
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density, the expected value of future breeding opportunities and the reproductive value of

future offspring decline. Future studies of differential allocation and sexual selection

should consider the effects of population-level characteristics like density.

Introduction

Reproductive effort is costly; by definition it reduces expected future reproduction

(Trivers 1972; Clutton-Brock 1991; Stearns 1992). Consequently, iteroparous organisms,

with repeated bouts of reproduction, face a fundamental life history tradeoff between

investment in current and future reproduction. If the marginal fitness return on

reproductive effort varies between breeding attempts, organisms should invest relatively

less when the returns are low in order to increase investment in future breeding attempts

when the returns might be higher. In sexual organisms, the return on reproductive

investment can depend on the quality of the mate in a particular breeding attempt. An

attractive high quality mate can improve the return on investment either directly, by

providing better parental care and resources, or indirectly, by providing genetic benefits

to the offspring (Sheldon 2000). If opportunities for future breeding attempts with higher

quality mates are abundant, individuals mated to unattractive low quality mates might be

better off saving reproductive effort for better mates later. This idea is called the

Differential Allocation Hypothesis (Burley 1986, 1988).

Differential allocation is gaining increasing recognition as an important

component of sexual selection (Sheldon 2000; Head et al. 2006). Although there has been

some empirical support for differential allocation in a variety of species (e.g. Osomo et

al. 2006, Loyau et al. 2007; Roed et al. 2007; Skinner and Watt 2007), other studies
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testing for differential allocation yield negative or conflicting results (e. g. Cooper and

Ritchison 2005; Hargitai et al. 2006; Ferree 2007, Nakagawa et al. 2007). Even studies

using similar manipulations on the same species can produce different results. For

example, Limbourg et al. (2004) found that female blue tits mated to males whose

attractiveness was experimentally reduced had lower provisioning rates than females

mated to control males, causing their nestlings to have shorter tarsus lengths. In contrast,

Johnsen et al. (2005) found that male attractiveness had no overall impact on female

provisioning rate or nestling tarsus length in a different population of blue tits. What are

we to make of this inconsistency?

It is possible such differences among studies result from random noise, variation

in abiotic conditions, or slightly different experimental methods. However, some of the

apparent noise could also be due to overlooked differences in demographic

characteristics. Indeed, Johnsen et al. (2005) found that female age influenced

differential allocation in their study population. Even though there was no overall effect

of male attractiveness on female provisioning, the results changed when older females

were excluded from the analysis. Younger females with less attractive males did indeed

provision at lower rates than younger females with more attractive males. This pattern

of older females not reducing current effort when paired with less attractive males is

consistent with the hypothesis that older females have a lower probability than younger

females of improving their breeding opportunities the next year.

Other demographic characteristics, such as population density, could also have

important effects on differential allocation. The Differential Allocation Hypothesis

focuses on the probability of having future breeding attempts with higher quality
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partners. This probability will be influenced by not only by the probability that a

successful future breeding attempt will be with a partner of higher quality than the current

one, but also by the probability that there is a successful future breeding attempt at all.

All else being equal, the first component-should increase if the current partner is below

average. However, we might expect the second component to decrease if the female is

old, or if the population density is high relative to the number of available nesting sites.

For example, a female with a low quality mate in a habitat with 100 nest sites has a lower

expectation of successfully breeding with a higher quality male in the future if she is

competing with 200 other females than if she is competing with 100 other females. An

additional demographic consideration is that in a growing population, the reproductive

value of future offspring is discounted by the population growth rate (Fisher 1958). In a

growing population, fewer offspring now can be more valuable than more offspring later.

Many studies have found that clutch size is negatively correlated with density

(Perrins and McCleery 1989; Both 1998; Wilkin et al. 2006; Mallord et al. 2007), but

researchers have not empirically explored how density might interact with mate quality to

affect female investment in reproduction. Despite the important influences of density on

many types of animal behavior, scientists studying sexual selection have tended to focus

exclusively on a behavior of interest, overlooking possible interactions with population

density (Kokko and Rankin 2006). One likely reason is that behavioral studies are often

conducted on a single population over one or two years. However, interactions between

density and a behavioral response will only become apparent using multiple populations

or a single population monitored over multiple generations for which density varies.
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We studied variation in differential allocation in a single population of house

wrens (Troglodytes aedon) over six years. Male house wrens defend breeding territories

containing one or more preexisting cavities and are facultatively polygynous (Johnson

1998). The number of cavities on a male’s territory, a trait that is related to male

competitive ability, influences female reproductive decisions (Dubois et al. 2006; Eckerle

and Thompson 2006). Therefore, we consider it a component of “male attractiveness”

and use that term hereafter to refer to the number of cavities on a male’s territory.

Previously, Dubois et al. (2006) reported results from this population demonstrating that

females mated to males who were randomly assigned territories containing surplus nest

boxes produced larger clutches than females mated to males given only one nest box. We

continued to study this population to address new questions. To our surprise, the female

differential allocation effect declined over the six years of combined studies. In this

paper we describe the pattern and provide correlative evidence consistent with the

hypothesis that differential allocation is sensitive to local population density.

Methods

We conducted our study from 2001-2002 and 2004-2007 at Lux Arbor Reserve, a

529 ha site in southwest Michigan. The study site contains fragmented habitat including

deciduous and coniferous forests, agricultural fields, open fields, and wetlands. This area

has few natural cavities because the forests consist of mostly younger, secondary grth

trees, and because dead trees are periodically removed. Therefore, prior to 1998, the year

that nest boxes were first erected as this site, there were very few wrens nesting in the

area. The local population of nesting wrens began to grow after nest boxes were
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provided. At the same time, the abundance of house wrens across the region was also

growing; according to the North American Breeding Bird Survey (Sauer et al. 2008;

http://www.mbr-pwrc.usgs.gov/bbs/), house wren abundance in the state of Michigan

increased significantly between 1998 and 2007.

The current study began in 2001, by which time we had established 53 territories

that each contained three nest boxes. Boxes within a territory were situated within 15 m

of each other, and territories were spaced approximately 100 m apart so that male wrens

could only control boxes on one territory at a time. We held the number of available

territories steady at 53 from 2001 to 2007. Every year we removed the boxes after the

breeding season, emptied old nests, and returned the boxes before the wrens returned in

the spring, replacing or repairing damaged or worn out boxes

Before the wrens arrived each spring, all territories contained three nest boxes, but

only a single nest box was available to the wrens. The other two boxes were plugged

using rubber stoppers to prevent access to the nest box. In 2004-2007, after both a male

and female had arrived on a territory, we randomly assigned the pair to either the single

or multiple nest box treatment. For territories in the multiple box treatment, we removed

the rubber stoppers from the two extra nest boxes, providing the breeding pair with

access to three boxes. We considered a territory to be occupied by a breeding pair once

the cup nest was lined with soft material such as feathers, moss, or grass. Although both

males and females build the stick portion of the nest (Alworth and Scheiber 2000), this

lining behavior is uniquely performed by the female (Kendeigh1952).

Our experimental design ensured randomization of both male and female quality

with regard to the treatment of single versus multiple nest boxes in male territories.
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Although differences in quality surely existed among individual birds, the average

condition of males and females should have been the same in both treatments, since the

treatments were randomly assigned afier settlement. As a result, we could compare

reproductive investment between treatments independent of actual individual quality.

The increase in available boxes within a territory should not have lowered the female’s

perception of population density because the newly opened boxes were spaced close

together within the already established territory of her mate. Therefore, the newly

opened nest boxes did not increase the number of nesting sites that were available for

additional breeding pairs. Over the course of the study, additional breeding pairs settled

in these newly opened boxes less than 1.5% of the time (4 instances out of 267 available

boxes).

A slightly different design was used in 2001-2002 (described in Dubois et al.

2006); the primary difference was that the stoppers were removed from the surplus nest

boxes after male settlement but before female arrival. We modified the design in 2004-

2007 in order to rule out the possibility that females in better condition preferentially

settled with males in territories with multiple nest boxes. This change in design between

2002 and 2004 did not result in a qualitative change in female response between the two

years (Figure 4.1), supporting the argument that female sorting in 2001-2002 did not have

a major influence on the observed differences in clutch size. Boxes were provided for the

wrens in 2003, but this manipulation of box number was not performed that year.

We checked nests at least every other day and recorded the status of the nest,

including clutch size. We captured, banded, and measured females during incubation.

In our analyses, we only included first mated females on the first nesting attempt in each
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territory (n=242). Consistent with Dubois et al. (2006), polygyny was rare in this

population, and neVer occurred until well after the first mated female had completed

laying her clutch. For females that bred in our study population during multiple years

(n=35), we only used data from one randomly selected year to ensure statistical

independence.

We estimated breeding population density by counting the total number of

territories (out of 53) that were occupied by both a male and a female during the first

breeding season, before any wrens attempted a second brood. We considered females

experienced if they had bred in our population in a previous year and naive if they were

born in our population the previous year or if they were unbanded at capture. Unbanded

females had not bred previously at our study site, but it is possible they bred elsewhere in

previous years. The few females (less than 10%) whose band status was unknown,

usually because their nest was destroyed by predation before they could be identified,

were not included in the calculation of female experience or in models that included

female experience.

We also examined the effects of weather conditions on variation in differential

allocation. We used the average of spring (March through May) monthly mean values of

the North Atlantic Oscillation (NAO) index as an integrated measure of general weather

trends (Bamston and Livezey 1987). The NAO influences temperature and rainfall

patterns in Europe and North America (Thompson and Wallace 2001), and has been

shown to affect avian productivity in North America (Nott et al. 2002; Jones et al. 2003;

Weatherhead 2005). We obtained NAO index values from the National Oceanic and
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Atmospheric Administration’s Climate Prediction Center

(http://www.cpc.ncep.noaa.gov/data/).

We compared the response of females to male quality across years using an

ANOVA with clutch size as the response variable and treatment, year, and the interaction

between treatment and year as predictor variables. Because Johnsen et al. (2005) found a

significant interaction between treatment and female age, we initially included female

experience and the interaction between experience and treatment in this model.

However, we removed them for the final model because they were not significant

predictors of clutch size and including them decreased the fit of the model.

Because year itself is not a biologically significant variable, we also tested for

demographic and abiotic factors that might vary by year. To do this, we performed a

second ANOVA with year as the response variable. Our predictor variables were

density, measured as the number of occupied territories, weather conditions, measured as

the mean spring NAO index value (March-May), and population-level female experience,

measured as the proportion of naive females. We performed all statistical analyses using

the program R (R Core Development Team, 2006).

Results

Females mated to a male randomly assigned three nest boxes in his territory laid

significantly larger clutches than females mated to a male with one nest box in his

territory (F1,203=4.55, p=0.034). However, female response to manipulated male

attractiveness also varied among years as evidenced by a significant treatment by year

interaction in our initial ANOVA (F1,203=4.34, p=0.038). In earlier years, the difference
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in mean clutch size between treatments tended to be larger, while in later years there was

no difference between the two treatments (Figure 4.1). To determine how changes in the

clutch size of females in each treatment affected this interaction, we performed ANOVAS

analyzing the relationship between year and mean clutch size separately for females in

each treatment group. The clutch size of females in the one box treatment increased

significantly over time (F1,4=16.4, p=0.015). The clutch size of females in the three box

treatment did not change significantly, but exhibited a marginally non-significant pattern

of decreasing with year (F1,4=7.57, p=0.051), although the magnitude of the decrease was

smaller than the increase in clutch size among one box females.

Breeding bird density in our study population increased significantly over time

(Fl,2=32.8, p=0.029; Figure 4.2). This increase parallels state and regional increases

estimated from the USGS Breeding Bird Survey (Sauer et al. 2008). Spring NAO index

values (F.,2=4.86, p=0.158) and population-level female experience (F1,2=6.51, p=0. 125)

were not related to year. In addition, individual female experience did not influence

clutch size (F1,.31=2.07, p=0.152) and had no interaction with treatment (F1,131=1.14,

p=0.287) in the initial version of our first model. Because only density was correlated

with year, and because year interacted significantly with treatment to influence clutch

size, we performed a post hoc linear regression between density and the difference

between treatments in mean yearly clutch size (Figure 4.3). Differential allocation and

density were strongly negatively correlated (r2=0.811, F1,4=17.2, p=0.014), although the

average yearly clutch size for the population as a whole was not related to population

density (F1,4=1.79, p=0.252).
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Figure 4.1. Mean clutch size (:t se.) for females mated to males with one nest box (filled

bars) and females mated to males with three nest boxes (open bars) by year (treatment by

year interaction: F3,203=4.34, p=0.038).
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To determine if the correlation between differential allocation and density might

be affected by the minor difference in methods between 2001-2002 and 2004-2007, we

also analyzed the two groups of years separately. We performed the same linear

regression between density and the difference between treatments in mean clutch size

using only the years from 2004-2007. In this more limited analysis we found the same

pattern as when all the years were included, although the trend was marginally non-

significant (r2=0.892, F.,2=16.4, p=0.056), likely due to the loss of statistical power from

decreasing our sample size from 6 years to 4. This pattern of increased differential

allocation with lower density also held for 2001-2002, but with only two data points we

could not statistically test the pattern for these two years by themselves.

Discussion

Differential allocation to clutch size in response to male attractiveness declined

across years as density increased in this population of house wrens (Figure 4.3). Females

mated to more attractive (three-box) males consistently laid large clutches. The declining

difference was due to a decline in the response of females mated to less attractive (one-

box) males; as the local and regional density of house wrens increased over the years,

one-box females reduced their clutch sizes less and less relative to three-box females

(Figure 4.1 ).

We have no reason to think that time itself should influence differential

allocation; instead, we propose that increasing density over time explains the negative

relationship between year and differential allocation. If the decline in differential

allocation over time was best explained by the slight change in methodology between
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2002 and 2004, we would have expected to see a dramatic change in differential

allocation between 2002 and 2004 in Figure 4.1 and two distinct groupings by

methodology in Figure 4.3. Contrary to these predictions, we see a relatively continuous

decline in differential allocation in Figure 4.1 and a pattern consistent across all 6 years in

Figure 4.3, suggesting that the change in methods is not an adequate explanation for the

decline in differential allocation over time. In fact, the most dramatic change seemed to

occur between 2004 and 2005, two years with identical experimental designs. We

observed no obvious environmental changes between 2004 and 2005 that might explain

this change, but wren density did increase by a relatively large amount between those two

years.

We have not manipulated the density of breeding birds, so the decline in

differential allocation with increasing density is correlative. It is possible that some other

causal factor covaries with time, density, and differential allocation, explaining the

negative correlation found between density and differential allocation in this study. We

performed post hoc tests looking for other possible covariates of time that could have

caused the change in differential allocation. However, we could find no other covariates

of time after testing winter NAO values, local precipitation and temperature during the

breeding season, yearly local precipitation and temperature, female size, female return

rate, and nestling mass. Nor were we able to find any other covariates of either

differential allocation or density.

Unlike Johnsen et al. (2005), we found no interaction between treatment and

female age. In addition, density had no effect on overall population clutch Size, in

contrast to previous studies on other species that have found a negative relationship
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between population density and clutch size (but see Sinclair 1989). This lack of a direct

density effect on clutch size is perhaps not surprising, given that we placed nest box

clusters far enough apart that there should be little, if any, competition between

neighboring wrens for resources within territories. In this experimental population,

increasing wren density should have a much greater impact on competition for nest boxes

than on competition for food.

Females in the two treatment groups allocated their clutch sizes differently when

the density of wrens was low relative to the density of nest boxes. At relatively low

densities, females whose mates had one nest box seemed to be withholding reproductive

effort by having smaller clutch sizes compared to years when density was high.

Withholding reproductive effort for future reproductive attempts only makes sense if

there are reasonable expectations for better future reproductive attempts. One possible

explanation for the increase in clutch size of one box females as density increased is that

actual or perceived competition for mates and nest boxes is greater in high density years.

Recent work suggests that females should increase their clutch size when their future

access to mates is uncertain (Heubel et al. 2008). If this is the case, we would predict that

females mated to less attractive (one-box) males should invest maximally in reproduction

during high density years despite the low attractiveness of their mate because they

perceive a low future probability of acquiring a breeding territory or higher quality mate.

However, in lower density years when future reproduction is more certain, we would

predict that females should decrease their investment in clutch size when they have a

comparatively less attractive mate because they perceive a higher probability of better

breeding opportunities the next year.
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In contrast, the clutch size of females mated to the more attractive (three box)

males did not change significantly with density. This is what we would predict if these

females were already investing maximally in low density years because of their

comparatively higher quality mate. Their clutch size would not increase with increasing

density because they were already producing their maximum clutch size in low density

years. Females who were lucky enough to have an apparently high quality mate for the

current breeding attempt would have a very 10w chance of finding a better partner or

breeding situation in the future no matter what the population density. Although they did

not increase their clutch size during high density years, these females with attractive

mates may have increased their investment in other components of nestling fitness such

as allocation of nutrients to eggs, nestling provisioning, and nest defense. It is possible

that the marginally non-significant trend toward decreasing clutch size during high

density years among three box females was a result of these females shifting their

reproductive investment from quantity to some aspect of quality during high density

years. We did not consistently measure other forms of maternal investment across all of

the years of our study, so we cannot directly address this issue. More research is needed

investigating alternative forms of reproductive investment for females in both treatment

groups.

Although we have assumed that nest box number is a signal of male

attractiveness, we did not directly test the relationship between male quality and nest box

number because we wanted to randomize male quality between our treatments. It is

possible, though unlikely, that female response to nest box number occurs because cavity

availability on a male’s territory is connected to some environmental factor entirely
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unrelated to male quality. As long as cavity availability within a territory reflects the

value of a particular breeding attempt in some way, female investment should vary with

cavity availability regardless of whether it is related to male quality. However, we

believe it is unlikely that cavity number is completely unrelated to male quality in nature

because of the intense competition between male house wrens for territories (Kendeigh

1941; Johnson 1998) and the fitness benefits that multiple cavities provide for males

(Soukup and Thompson 1998). We consider cavity availability an indirect measure of

male attractiveness because in nature higher quality males should be able to obtain

territories with more cavities (Dubois 2004; Eckerle and Thompson 2006). A study

comparing characteristics of males that are allowed to settle naturally on territories

containing various numbers of nest boxes prior to male arrival would test the

appropriateness of this assumption.

Female response to nest box number, which we assume results from differential

allocation based on male attractiveness, declined over time in this population. Further,

this decline seems to be related to population density. What first appeared to be random

noise and inconsistency in female behavior was actually readily explained by a

population-level parameter. Whether density has widespread effects on sexually selected

behaviors remains an open and interesting question. New studies that manipulate both

density and male quality in a variety of systems would greatly advance our understanding

of these processes.
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