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Abstract: Life history theory predicts evolutionary trade-offs between investing in immune defense and other traits. We 

investigated whether reduced longevity was associated with increased investment in immunity in an avian brood parasite, 

the brown-headed cowbird (Molothrus ater). Previously we had found that the brown-headed cowbird was unusually re-

sistant to infection with West Nile virus and other pathogenic arboviruses when compared with three closely related spe-

cies in the same Family, Icteridae, the New World blackbirds. In this study, we hypothesized that the cowbird’s more ef-

fective immune responses may be associated with a trade-off in somatic maintenance that results in a shorter lifespan. We 

measured lifespan using the North American bird banding database and compared the lifespan of the cowbird with the 

lifespan of red-winged blackbird (Agelaius phoeniceus) and Brewer’s blackbird (Euphagus cyanocephalus), two related 

species whose immune defenses were previously found less effective against West Nile virus. The cowbird lifespan was 

significantly shorter than those of both the red-winged blackbird and Brewer’s blackbird. We also found that both male 

and female cowbirds had a shorter lifespan than the males and females in the two non-parasitic blackbird species. These 

data suggest that the brown-headed cowbird is a good study species for examining the trade-offs between immunity and 

longevity.  
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INTRODUCTION  

 Immunological competence is increasingly suspected to 
be one of the most important determinants of life-time re-
productive success and fitness for many species [1, 2]. How-
ever, the benefits of increased investment in immunity are 
balanced against the costs of reduced investment in other 
traits [3]. Increased evolutionary investment in the immune 
system entails changes in structure and/or mechanisms of 
immune defenses. Such investment may be made at the cost 
of investment in general somatic maintenance, which could 
reduce lifespan [4]. For example, Schwarzenbach and Ward 
[5] examined trade-offs between immunity and longevity in 
an artificial selection study using yellow dung flies (Scatho-
phaga stercoraria (L.), and they demonstrated that increased 
genetic investment in immune system capability resulted in a 
trade-off with longevity. They selected for increased phe-
noloxidase (PO) activity, a component of insect innate de-
fense, and found that this yielded lines of high-PO flies that 
died earlier than lines of low-PO flies.  

 We investigated the relationship between longevity and 
immune investment in an obligate brood parasite, the brown-
headed cowbird (henceforth “cowbird”)(Passeriformes, 
Icteridae, Molothrus spp). We selected the cowbird based on 
evidence that it has an unusually effective immune system. 
We had previously conducted a comparative study of immu-
nity in the New World blackbirds, Icteridae [6] which con-
sisted of experimental infection of the parasitic cowbird and 
three closely-related, non-parasitic blackbirds (Fig. 1) with 
 

 

*Address correspondence to this author at the USGS-Patuxent Wildlife 

Research Center, Laurel, MD 20708-4039, USA; Tel: 301-497-5653;  

Fax: 301-497-5515: E-mail: chahn@usgs.gov 

virulent encephalitis viruses that cause illness and mortality 

in many avian species. We used Western equine encephalo-

myelitis virus (Togaviridae, Alphavirus, WEEV) and St. 

Louis encephalitis virus (Flaviviridae, Flavivirus, SLEV), 

native viruses endemic to California [7, 8], and West Nile 

virus (Flaviviridae, Flavivirus, WNV), a particularly virulent 

virus that invaded North America in 1999 and California in 

2003 [9, 10]. The cowbird showed significantly more effec-

tive immune defenses against both native and introduced 

viruses than did the related non-parasitic species, exhibiting 

no morality, a lower rate of infection, lower levels of vire-

mia, and faster rate of recovery [6]. This finding was sup-

ported subsequently by another experimental infection study 

with West Nile virus that found that the shiny cowbird (M. 

bonariensis), also an extreme host-generalist brood parasite, 

has enhanced immune responses similar in effectiveness to 
those of the brown-headed cowbird [11]. 

 Other studies have also showed that the brown-headed 

cowbird is an unusually resistant species to infection [12-

15]. Kilpatrick et al.’s [16] review, which concluded that 

immunity to WNV is typically similar among species within 

a taxonomic Family, notably showed that the Family Icteri-

dae had an unusual degree of immune variation: the cowbird 

was classified ‘zero host-competence’ while other Icterid 

species were classified with ‘moderate’ (Brewer’s blackbird, 

red-winged blackbird) and ‘highest’ (common grackle) host-

competence [16]. The cowbird’s strong immunity is more 

characteristic of species in taxonomically distant orders such 

as parakeets (Psittaciformes), quail, chicken, pheasants (Gal-

liformes), and rock doves (Columbiformes) than of songbird 
species in its own order (Passeriformes) [6].  
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 All cowbirds are brood parasites, but a comparative ap-
proach [17, 18] can be taken to studying the cowbird im-
mune system by using non-parasitic species in sister genera. 
The New World blackbirds (Icteridae) are well-studied, hav-
ing been used in numerous studies of avian ecology, evolu-
tion, and behavior [19-24], and the phylogeny has been es-
tablished for both the cowbird genus, Molothrus [25] and the 
Family Icteridae [26], which includes several sister genera 
similar to cowbirds in most traits except brood parasitism 
[27].  

 Parasite-mediated selection [28] offers an evolutionary 
explanation why the cowbird has stronger immune responses 
than close relatives. The cowbird lays its eggs in the nests of 
>225 other avian species and never builds its own nest [29]. 
This life history strategy of an obligate brood parasite and, in 
particular, an extreme host-generalist like the brown-headed 
cowbird [30-32] brings cowbirds into unusual physical inti-
macy with diverse avian species, their nests and parasites 

[33]. Parasites is used here in its widest sense, including vi-
ruses, bacteria, protists, and eukaryotes [2].  

 In this study we hypothesized that the cowbird’s more 
robust immunity is associated with a trade-off in longevity. 
Specifically, we predicted that the cowbird would have a 
shorter lifespan than related, non-parasitic species with less 
effective immune responses. We also hypothesized that male 
and female cowbirds would have similar lifespans. To esti-
mate longevity, we used bird banding records from the North 
American Bird Banding Lab [34], which contains > 80 years 
of records. We compared the lifespan of the brown-headed 
cowbird with that of red-winged blackbird and Brewer’s 
blackbird, the two related species in the same family Icteri-
dae for which we have comparative data on immunity. There 
were too few banding records to include tricolored blackbird, 
the third blackbird species in the experimental infection 
study [6]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Phylogeny of a sub-group of Icteridae, the grackles and allies, which include cowbirds (Molothrus spp.) and the closely related gen-

era Agelaius spp. and Euphagus spp. Reprinted with permission from Lanyon and Omland 1999. 
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METHODS 

 To estimate longevity, we used the large bird banding 
database of the Bird Banding Laboratory (BBL) at the USGS 
Patuxent Wildlife Research Center [34]. We drew upon re-
cords from 1923 – 2005, a time span of 83 years. 

 We estimated lifespan using SAS [35] to calculate the 
average number of days between date of banding (first re-
cord) and date of recovery (‘found dead’ or last record) for 
adults. We excluded all records in which date of recovery 
was inexact or where the cause of death was due to human 
intervention (e.g. shot, poisoned, collected for scientific pur-
poses), because we wanted estimates of longevity based on 
natural mortality. 

 Using one-way analysis of variance, we first compared 
the lifespan estimates for adult brown-headed cowbirds, red-
winged blackbirds, and Brewer’s blackbirds with males and 
females together. Next, we used post-hoc tests to determine 
where the differences existed between species. A comparison 
of male vs female lifespans was done using the program 
CONTRAST [36, 37]. The number of records used to com-
pare lifespan in relation to gender (Table 2) was smaller than 
the number of records used to compare lifespan among spe-
cies (Table 1), because some banding records lacked gender 
information. 

RESULTS 

 The difference in lifespan among the cowbird, red-
winged and Brewer’s blackbirds was significant (Table 1)  
(F = 20.76; p < 0.001). Post hoc tests showed that the 
lifespan of the brown-headed cowbird was significantly 
shorter than that of the lifespan of the red-winged blackbird 
(p= 0.003) and the Brewer’s blackbird (p= 0.007). 

 The lifespan of female cowbirds was also significantly 
shorter than the lifespan of male cowbirds (Table 2) (CON-
TRAST: chi square = 20.88, p < 0.0001), while there was no 
difference between male and female lifespan in either red-
winged blackbird or Brewer’s blackbird.  

 The lifespan of cowbird females was also shorter than 
that of female red-winged blackbirds and female Brewer’s 

blackbirds, and the lifespan of male cowbirds was shorter 
than that of male red-winged blackbirds and male Brewer’s 
blackbirds (Table 2). Thus the shorter lifespan observed for 
adult cowbirds vs adult red-winged and Brewer’s blackbirds 
was not due only to the shorter lifespan of female cowbird, 
but to shorter lifespans of both cowbird sexes.  

DISCUSSION 

 Longevity is influenced by many factors, not all well 
understood [38, 39]. Body size can influence lifespan [40], 
so we considered whether smaller body size could explain 
the cowbird’s shorter lifespan. In our data, red-winged 
blackbird and Brewer’s blackbird showed no difference in 
lifespan despite their being as different in size as are the 
cowbird and the red-winged blackbird (Table 1). Further-
more, Searcy and Yasukawa [41] analyzed the relationship 
between lifespan and size in seven species of Icteridae and 
showed that the cowbird’s shorter lifespan cannot be ex-
plained by size alone. In their graph of 7 New World black-
bird species (Icteridae), there is a significant relationship 
between wing length and lifespan for the 6 non-parasitic 
species, but the point designating cowbird lifespan lies sig-
nificantly below the curve. The prevailing conclusion in the 
literature is also that only large differences in body size ac-
count for significant differences in longevity [40].  

 We also considered whether higher predation rate or 
other ecological factors could contribute to cowbird’s shorter 
lifespan. The literature does not report that cowbirds experi-
ence higher predation than other Icterid species [29], and the 
three blackbird species examined in our study have similar 
feeding, roosting and migration behaviors; all are abundant 
and have large ranges [42]. In terms of mating system, 
brown-headed cowbirds, red-winged and Brewer’s black-
birds are all polygamous [20, 43, 44] and differ primarily in 
the trait of brood parasitism.  

 Finally, we considered whether higher reproductive costs 
for female cowbirds could contribute to shorter lifespan. 
Field studies have concluded that the average number of 
eggs laid by cowbirds under natural conditions is similar to 
that laid by non-parasitic blackbirds [45, 46]. Two laboratory 

Table 1. Comparison of Longevity in Brown-Headed Cowbirds vs Two Related, Non-Parasitic Icterid Species with Weaker Im-

munity 

Species Weight (g) N Mean age (days) 95 % Confidence Interval (days) 

Brown-headed cowbird  44 2223 451.55 429.8 - 473.3 

Red-winged blackbird  52 1341 675.37 639.5 - 711.2 

Brewer’s blackbird  63 236 594.19 512.5 - 675.8 

Table 2. Differences in Longevity Related to Species and Gender in Cowbirds vs Two Non-Parasitic Blackbirds with Weaker Im-

munity 

 All birds Males Females 

 Mean age (days) (N) SE Mean age (days) (N) SE Mean age (days) (N) SE 

Brown-headed cowbird 451.55 (2223) 11.11 537 (1347) 16.12 421.29 (564) 19.65 

Red-winged blackbird 675.37 (1341) 18.30 677.48 (1209) 19.31 652.02 (145) 60.18 

Brewer’s blackbird 594.19 (236) 41.66 648.16 (92) 76.71 638.38 (68) 71.71 
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studies found that female cowbirds laid a much higher num-
ber of eggs per season than non-parasitic Icterid females, 
although this result cannot be assumed to represent the re-
productive behavior of wild cowbirds, because one study 
was based on ad lib food supplies, including calcium [47], 
and the other was based on an inference from ovarian devel-
opment that has not been validated with controls [48]. Con-
sequently, the typical number of eggs laid in a season by a 
female cowbird remains an unsettled question, and many 
investigators have observed that the cowbird’s higher egg-
laying costs must be balanced against its lower parental care 
costs [32, 49]. One noteworthy consideration is that we 
found that male cowbirds have a shorter lifespan than males 
of the two non-parasitic blackbird species (Table 2), which 
suggests that higher egg-laying costs of females could not by 
itself explain the shorter adult cowbird lifespan.  

 The hypothesis that the cowbird’s life history strategy 
incurs higher exposure to diverse parasites and selection for 
greater investment in immunity, although novel, is consistent 
with both theory and accumulating evidence that parasite 
exposure has significant costs. Parasite-mediated-selection 
emerged as a major principle when Hamilton and Zuk [28] 
predicted that parasites would be found to have far-reaching 
effects on species’ life histories. Several investigators look-
ing at various avian species in environments or niches with 
increased environmental exposure to parasites have reported 
elements of increased investment in immunity in various 
species. For example, Lindstrom et al. [50] found that popu-
lations of Darwin’s finches (Geospiza fuliginosa ) on larger 
islands with higher parasite abundance showed a higher con-
centration of natural antibodies and also mounted an anti-
body response more quickly than populations on smaller 
islands. Piersma [51] noted that shorebird species (Charadrii) 
restricted to parasite-poor breeding environments like the 
high arctic tundra and exposed seashores were characterized 
by reduced immunocompetence, based on observations that 
six shorebird species kept in captivity at north temperate 
latitudes were much more difficult to keep disease-free than 
other species. Blount et al. [52] found that scavenging spe-
cies, which face heightened exposure to disease organisms 
and foreign microbes, had larger spleens than non-
scavenging species as well as higher total blood leukocyte 
concentration. Moller and Erritzoe [53] found that hole-
nesting birds that re-use nest sites, risking greater exposure 
to ectoparasites, had larger spleens and larger bursae of Fab-
ricius than species that nest in open nests which they build 
new each year.  

 Parasite-mediated selection can be used to theorize that 
the cowbird’s frequent exposure to foreign parasites and mi-
crobes led to more frequent infection, and this favored the 
evolution of greater investment in immune defenses. There is 
evidence that the cowbird’s more effective immune defenses 
are based on evolutionary changes in innate immunity, since 
these are the cellular-level mechanisms activated and provid-
ing the first line of immune defense in the hours and days 
following infection with encephalitis viruses [6]. Hahn et 
al.’s [54] preliminary assessment of innate immune defenses 
in the cowbird supported this hypothesis by showing changes 
in cowbird immunity at the cellular level.  

 The cowbird’s shorter lifespan could be due in part to 
increased costs associated with more frequent deployment of 

immune defenses as well as to increased evolutionary in-
vestment in immunity. Brown et al.’s [55] elegant study 
showed that cliff swallows (Hirundo pyrrhonota) experi-
enced reduced annual survivorship -- equivalent to losing up 
to one year of lifetime reproductive success -- when immune 
deployment costs were increased by manipulating a higher 
ectoparasite load over an 8 year period. Ectoparasites have 
negative effects on the health and fitness of their hosts [56-
60]. Future work on cowbird lifespan is required to measure 
both the contribution of evolutionary costs of immune in-
vestment and deployment costs of immune defenses and to 
distinguish their relative contributions. For example, greater 
evolutionary investment in immunity may lower deployment 
costs if the mechanisms become more efficient.  

Gender, Immunity, and Lifespan 

 We also found that the female cowbird has shorter 
lifespan than the male cowbird, while females did not have 
shorter lifespans than males in the red-winged blackbird or 
Brewer’s blackbird (Table 2). Current work on gender dif-
ferences in immunocompetence recognizes that they are the 
result of multiple factors associated with both endocrine dif-
ferences [61-65] and life history differences [66-68]. Several 
studies have demonstrated that males and females invest in 
immunity to differently. Joop and Rolff [69] showed that 
female damselflies exposed to increased parasitism by water 
mites increased their immune response, but males did not; 
McKean and Nunney [70] found in Drosophila that female-
biased immune suppression resulted when food was limited, 
while male-biased immune suppression resulted when food 
was abundant and sexual activity high; Bize et al. [71] re-
ported that, as nestlings, female alpine swifts (Apus melba) 
showed lower immunocompetence and higher mortality than 
males in response to experimentally increased ectoparasite 
load.  

 We have no data on differences in immunity of male vs 
female cowbirds, but if female cowbirds have higher expo-
sure to parasites than males, they could experience greater 
selection for investment in immunity. Individual female 
cowbirds do not specialize in a particular host species, but 
lay their eggs in the nests of many different species [45], and 
thus each female is exposed to diverse ectoparasites [72] as 
well as other foreign microbes and parasites. Female cow-
birds also explore more diverse habitats searching for nests 

than non-parasitic birds [73], which exposes them to more 
diverse insect vectors and thus to more diverse parasites 
[74]. Experimental infection studies comparing female vs 
male cowbird resistance to encephalitis viruses, especially 
West Nile virus, would distinguish differences in effective-
ness of immune defenses between the sexes. Female cow-
birds may also have higher reproductive costs than males, 
which could contribute to shorter lifespan, but as discussed 
above, the question of cowbird fecundity is not settled [45], 
nor is the question of evolutionary vs deployment costs of 
immunity.  

 Rolff [75] predicted that females may invest more in im-
munity than males based on Bateman’s Principle that fe-
males increase their fitness through longevity while males 
increase fitness through increased mating success. However, 
if the life history strategy entails greater exposure to para-
sites for females than males, as seems likely for the brown-
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headed cowbird, then the female’s greater investment in im-
munity may result in different life history trade-offs, includ-
ing shorter lifespan.  

CONCLUSIONS 

 One of the challenges of investigating trade-offs between 
immunity and longevity is that trade-offs are likely to be 
complex relationships among several variables [39, 76]. A 
good starting point is a comparative study of longevity using 
closely related species that differ in immunity. When correla-
tional data like those presented here suggest a trade-off be-
tween immunity and longevity, it provides a basis for further 
experimental studies to examine the relationship directly. 
While insects are amenable to experimental studies of the 
effect of greater immune investment on longevity [5], long-
lived vertebrate species present a greater challenge. The New 
World cowbirds, genus Molothrus, are a good group for 
studying the evolution of immunity, because in addition to 
the presence of several sister genera similar to cowbirds in 
most traits except brood parasitism [27], the cowbird genus 
includes both extreme host-generalists (e.g. brown-headed 
and shiny cowbird) as well as host-specialist species, which 
offer a contrast in degree of exposure to other species and 
their parasites [11].  
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