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   Introduction 

 As in many species of cooperative breeders, west-

ern bluebirds,  Sialia mexicana , have adult male off -

spring that help at nests of close relatives. Th ey are 

unusual in maintaining helping at a low level; only 

11% of sons help and, when they do, they feed at nests 

of one or both parents, nestmate brothers, or rarely, 

grandfathers. On average, only 7% of pairs have help-

ers, although the range is 3–16% depending upon the 

year (Dickinson et al.  1996 ). Helping is facultative, with 

males able to switch from helping to breeding and 

back again within a season (Dickinson and Akre  1998 ). 

While their most common behavior is to breed in pairs, 
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three characteristics render western bluebirds useful 

for understanding the evolution and maintenance of 

helping behavior as a facultative trait. 

 First, the mode of helping is unusually fl uid: in addi-

tion to the typical “stay-at-home” helpers, which delay 

dispersal, remain on their natal territory, and then help 

as yearlings, western bluebirds have “redirected help-

er  s,” which help mid-season after their mate is killed 

or their nest fails ( Figure  2.1 ). Th is makes the territo-

rial system of western bluebirds more similar to that 

of colonial white-fronted bee-eaters   ( Merops bullock-

oides ) in Kenya (Emlen and Wrege  1989 ) or Galápagos 

mockingbirds   ( Mimus parvulus;  Curry and Grant  1990 ) 

than to the acorn woodpeckers   ( Melanerpes formi-

civorus ) with which they often share cavity trees and 

space ( Chapter 13 ). Western bluebirds also have a third 

type of helper, “simultaneous breeder-helpers  ,” which 

breed adjacent to their parents and feed at both their 

parents’ nest and their own nest within a single day. 

Th is cross-territorial helping was our fi rst hint that 

western bluebirds favor kin even while living on dif-

ferent territories. A strength of the study system is that 

we have been able to follow birds as they adopt these 

diff erent options to gain important insights into each 

option’s relative fi tness benefi ts.  

 Second, although western bluebirds are marginal 

cooperative breeders in spring, they exhibit high levels 

of kin-based sociality in winter, living in stable family 

groups on their territories (Kraaijeveld and Dickinson 

 2001 ). Th is has aff orded us the opportunity to examine 

the drivers and fi tness consequences of delayed and 

localized dispersal, which we hypothesize provide the 

permissive conditions for kin-based helping. Benefi ts 

can include nepotism   as well as access to abundant 

or familiar resources and space (Ekman et  al.  2001 ). 

While relatively few western bluebird males ever help, 

many stay home on their natal territories during their 

fi rst winter, and among these, a large proportion also 

settle near their parents and brothers, where they have 

the opportunity to interact in complex neighborhoods 

comprised of a mix of kin and nonkin. 

 Th ird, western bluebirds are an example of a coop-

erative breeder in which fi tness measures for males 

are signifi cantly infl uenced by extra-pair paternity 

(Dickinson and Akre  1998 ). Th is has made assessing 

the benefi ts of helping tricky, but it also means that 

males potentially exercise outside options, seeking 

copulations with females outside the group in which 

they reside. Th is can feed back on the fi tness benefi ts 

of philopatry   and of living near kin in interesting and 

complex ways, infl uencing the structure of the fi tness 

payoff s of helping, having sons help, or breeding close 

to kin (Dickinson et  al.  1996 ; Stern  2012 ). Together, 

these attributes of western bluebirds, discovered over 

many years, make for an informative case study in the 

fi eld of cooperative breeding.  

  Natural history and methods 

  Taxonomic affiliation and distribution 

 Western bluebirds are one of three species in the genus, 

 Sialia , which is restricted to North America. Th eir dis-

tribution runs from British Columbia and southwest-

ern Alberta to Northern Baja and Mexico’s volcanic belt 

with a large gap in the great basin of the western United 

States (Guinan et al.  2008 ). Western bluebirds are par-

tially separated from mountain bluebirds ( S. currucoi-

des ) by elevation, and from eastern bluebirds   ( S. sialis ) 

by geography, although there are contact zones, such 

as in eastern Texas, where all three species co-occur. 

Western bluebirds   are short-distance, partial migrants, 

and populations vary from being exclusively migratory 

to being altitudinal migrants or year-round residents. 

 Figure 2.1.      Routes to helping behavior in western bluebirds.  
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Adults eat a variety of berries in fall and winter, and 

they rely heavily on juniper berries in some parts of 

the southwestern United States (Balda  1987 ). Western 

bluebirds also consume mistletoe    (Phoradendron  spp .)  

throughout most of their range and, in general, mistle-

toe appears to be an important winter food resource 

(Guinan et al.  2008 ). Th e population we studied is res-

ident year-round in the mistletoe-rich oak savanna of 

central coastal California.  

  Study site and methods 

 At Hastings Reservation, a University of California, 

Berkeley fi eld station in the Santa Lucia Mountains of 

central California’s outer coast range, western blue-

birds inhabit blue oak ( Quercus douglasii ) savanna  – 

one of the largest old-growth forests remaining in 

North America (Stahle  2002 ) – and are rarely found in 

the intermingled patches of chaparral and mixed hard-

wood forest. Th ey nest in secondary cavities and, in our 

study system, nest boxes, which they occupy almost 

as greedily as do other bluebird species. Boxes with a 

3.8 cm-diameter entrance-hole were fi rst put up on our 

study site in 1983–1985 by Walt Koenig, who until 1989 

oversaw color-banding and monitoring of 363 nest 

boxes scattered over 700 hectares of oak woodland. 

 Starting in 1990, we initiated a rigorous sampling 

scheme, which included observing nests for provision-

ing rates and assessing group composition at three 

evenly-spaced intervals over the course of the nesting 

cycle. We also measured nestlings at 6 and 14 days of 

age, and banded new adults once nestlings were 9 days 

old, creating a powerfully consistent set of measure-

ments. From 1985 to 2001 densities on Hastings and the 

adjacent Oak Ridge Ranch ranged from 36 pairs in an 

el niño year to 130 pairs 3 years later, placing the upper 

limit of nest box occupancy by western bluebirds at 

36%. During this period, the Hastings study area stood 

at 7 km 2  and was little changed until 2002, when we 

lost access to the section that was located on Oak Ridge 

Ranch and added a section of another, more distant 

ranch (Rana Creek). Most of our experimental work 

was conducted after 2001, making the 1985–2001 data 

the most valuable for long-term demography. 

 Western bluebirds are the primary nest box occu-

pants on our study area, comprising 67% of occupants 

with the other 33% comprising deer mice, fi ve other 

cavity-nesting bird species, bumblebees, and ves-

pid wasps. About half of nest boxes were empty most 

years and western bluebirds had up to seven nest boxes 

within their territories. Radio-tracking studies indi-

cated that territories comprise a disproportionately 

large amount of grassland and, within territories, birds 

spend proportionally more time in edges than expected 

by chance (C. Marx and J.  Dickinson, unpubl. MS). 

Th ese results, based on GIS analysis and randomiza-

tion tests, indicate that western bluebirds are an open 

habitat and edge-loving species. 

 When we started our study, it was generally thought 

that western bluebirds travel in mobile fl ocks in win-

ter, tracking resources and thermal regimes, with 

some altitudinal migrants moving uphill to visit 

their territories on warm, winter days (Guinan et  al. 

 2008 ). Our discovery that they live on their territories 

year-round was incidental and developed over time as 

we began to accumulate observations of color-banded 

birds coming to water troughs in family groups and 

appearing in winter precisely where they had been the 

prior spring. Once we began observing family groups 

systematically, their cohesiveness and their connec-

tion to mistletoe became apparent (Kraaijeveld and 

Dickinson  2001 ). 

 Upon further investigation, it turned out that Grinnell 

and Storer ( 1924 ), prominent early California ornithol-

ogists closely associated with Hastings Reservation, 

had pointed out that   mistletoe berries are commonly 

eaten by western bluebirds in winter and that “the pres-

ence of this plant may govern local occurrence.” Even 

though they presented no quantitative data supporting 

their claims, they took extensive fi eld notes, making a 

fi ne example of the unparalleled wealth of knowledge 

these and other early naturalists accumulated during 

long trips on foot and horseback observing birds and 

other organisms throughout California. 

 Oak mistletoe ( Phoradendron villosum ) provided 

a new context for understanding the socioecological 

factors infl uencing delayed and localized dispersal 

and, ultimately, helping at the nest ( Figure 2.2 ). Of the 
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handful of berry types consumed by western blue-

birds at Hastings, mistletoe and toyon ( Heteromeles 

arbutifolia ) are the only two that provide a constant 

berry supply all winter long. As toyon is neither com-

mon nor clumped at our study site, mistletoe was the 

only candidate with the constancy and abundance to 

support winter territoriality. Early analysis revealed 

that nestbox occupancy rates declined exponentially 

with distance from the nearest mistletoe, dropping off  

to near zero at a distance of 50 m ( r  
s
   =  -0.35,  N   =  50 

boxes,  P  = 0.03). Th is led us to map, photograph, and 

quantify mistletoe within 200 m of all nest boxes 

on our study areas, which amounted to quantify-

ing mistletoe volume on 3377 trees (Dickinson and 

McGowan  2005 ).  

 Mean winter territory size is between 1.27 and 3.85 

ha, depending on the year (Kraaijeveld and Dickinson 

 2001 ; Dickinson et al.  2014 ). We also found that mistle-

toe volume is spatially autocorrelated to a distance of 

250 m.  Th is means, when sons disperse next door to 

their parents, as often occurs, they will acquire a terri-

tory similar in quality to that of their parents (Wilson 

et  al.  2014 ). Having a quantifi able resource that is 

apparently so important  – all individuals caught have 

mistletoe seeds   in their feces in winter  – provided us 

with the opportunity to study the social and ecological 

drivers of delayed dispersal.   

    Breeding behavior and sexual selection 

 Both sexual competition and kin-biased helping are 

important components of the breeding system of west-

ern bluebirds at Hastings, allowing for an integrated 

understanding of sexual selection and cooperative 

breeding. About 45% of nests have extra-pair young 

(Dickinson and Akre  1998 ), and paired males guard 

their mates assiduously by following females during the 

peak receptive period (10 days before and during lay-

ing), when they begin to accept over 80% of within-pair 

copulatio  n attempts (Dickinson and Leonard  1996 ). 

When their mate was detained for an hour during 

the laying period, most females (86%) were joined by 

intruder males, often from neighboring territories, 

whereas females whose mate was caught and released 

immediately were joined only 5% of the time; these 

results demonstrate a 17-fold eff ectiveness of mate 

guarding   (Dickinson  1997 ). 

 Female receptivity to such attempts favors males that 

are older, but not necessarily larger, than the female’s 

social mate (Dickinson  2001 ) and this preference is 

consistent with the fi nding that older males are most 

successful at gaining extra-pair paternity (Ferree and 

Dickinson  2011 ). How, though, do females tell which 

males are older? Based on spectrometry of fi ve body 

regions, we discovered a strong positive relationship 

 Figure 2.2.      Western bluebird male with rufous back patch (left) and blue oak with mistletoe (right). See plate section for 

color figure.  
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