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There is much discrepancy about the relationship between

testosterone (T) and male aggressive behavior. For example, in

birds, males of many species significantly elevate T levels during

inter-male conflict. However, this is not universal, and in species

where males typically do not elevate T during aggressive

interactions, concentrations of the hormone are often assumed to

be circulating at maximum levels. We examined if male northern

cardinals (Cardinalis cardinalis) significantly elevated T during

simulated territorial intrusions (STIs). We also examined if

individuals had the capacity to further elevate T levels in response

to gonadotropin-releasing hormone (GnRH) injections

immediately after an aggressive encounter. Our results indicate

that male cardinals do not significantly elevate T levels in response

to STIs, but have the physiological capacity to significantly elevate

T in response to GnRH injections following aggressive interactions.

This implies that T levels of individuals captured during STIs were

not at maximum concentrations. However, additional findings in

this study also suggest the possibility that prolonged social

instability could elicit significant elevations in T in males of this

species, warranting further investigation.

Highlights

► We examined if male cardinals significantly elevate testosterone

levels in aggressive contexts. ► Males were injected with

gonadotropin-releasing hormone (GnRH) following aggressive

behavior. ► Testosterone levels of birds subject to STIs were not

significantly higher than passive captures. ► Males captured in
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aggressive contexts could elevate testosterone in response to GnRH

injection.

Introduction

Testosterone's (T) influence on aggressive behavior in male

vertebrates has been researched extensively (reviewed in

Goymann et al., 2007). However, definitive relationships between

T and male aggression are not fully established due to variation in

T's impact on aggressive behavior among vertebrate species

(Wingfield et al., 2006). For example, in birds, a correlation

between elevated levels of T and male aggression exists for some

species (e.g., Wingfield, 1984, Beletsky et al., 1990, Hau et al., 2000,

McGlothlin et al., 2007), but not others (e.g., Hunt et al., 1999,

Moore et al., 2004, Lynn and Wingfield, 2008, Apfelbeck and

Goymann, 2011). Such discrepancy of T's impact on male

aggression among avian species warrants further investigation of

this hormone–behavior relationship (Lynn, 2008).

Many studies examining the relationship between T and territorial

behavior provide support for the ‘challenge hypothesis’ (Wingfield

et al., 1990), which suggests that inter-male competition is

enhanced by transient elevations in T above levels required for

breeding physiology. In the field, such investigations are frequently

accomplished through the use of simulated territorial intrusions

(STIs) that stage a relatively short-term aggressive interaction

between a male territory owner and a simulated ‘intruder’ (i.e. a

decoy or captive live individual) placed within the focal bird's



territory. Males of numerous avian species have demonstrated

higher levels of T than their respective breeding concentrations

following an STI, therefore supporting the challenge hypothesis

(reviewed in Goymann et al., 2007). Conversely, many studies do

not provide support for the challenge hypothesis as male birds of

many species do not elevate T above seasonally average levels in

response to STIs (reviewed in Goymann et al., 2007). In these latter

species, male T concentration is sometimes presumed to be

circulating at maximum levels, thus inhibiting transient elevations

of the hormone. Quantifying if males are physiologically capable of

elevating T above circulating levels observed in response to an STI

has received little attention (but see Apfelbeck and Goymann,

2011). Therefore, it remains unclear whether males who do not

elevate T above normal circulating levels when presented with a

simulated intruder are incapable of producing higher androgen

concentrations, or if they are physiologically capable of elevating T,

but do not during aggressive contexts.

Northern Cardinals (Cardinalis cardinalis, hereafter: cardinals) are

year-round temperate zone residents ranging from Central

America to southern Canada (Halkin and Linville, 1999). Breeding

pairs are socially monogamous and display longer periods of

reproduction (6 + months, Halkin and Linville, 1999) and

territoriality (almost year-round, little territorial behavior

observed in Oct. and Nov.) than most temperate zone species

(Jawor, 2007). Territories are often occupied by the same pair for

consecutive breeding seasons (Halkin and Linville, 1999) and

paternal care of offspring may be essential (Linville et al., 1998).



Prior work suggests that male cardinals captured in passive

contexts (e.g. foraging) have low, but detectable, levels of T year-

round with little fluctuation between breeding and non-breeding

seasons (Jawor, 2007). However, it was unknown if infrequently

observed elevated T (see Jawor, 2007) supported aggressive

interactions among male cardinals and if T concentrations

observed within this behavioral context were at maximum.

Exogenous administration of gonadotropin-releasing hormone

(GnRH) can assess if an individual's circulating T levels are at

maximum (e.g. Jawor et al., 2006, DeVries et al., 2011). Injections

of GnRH stimulate the anterior pituitary to release luteinizing

hormone (LH), which promotes T production by the testes. Pre-

injection and post-injection levels of T are compared to assess if an

individual has the physiological capacity to elevate T. GnRH

injections have been used to assess reproductive axis activity in

males of several songbird species (e.g. Moore et al., 2002, Jawor et

al., 2006, Spinney et al., 2006, Busch et al., 2008, Apfelbeck and

Goymann, 2011, DeVries et al., 2011). However, to our knowledge,

only Apfelbeck and Goymann (2011) administered GnRH injections

to males following an aggressive encounter (i.e. an STI). Findings

from Apfelbeck and Goymann (2011) suggest that male black

redstarts (Phoenicurus ochururos), a migratory, territorial European

songbird, do not elevate T levels above average breeding

concentrations in response to STIs, but have the physiological

capacity to do so (Apfelbeck and Goymann, 2011). We performed a

similar investigation with cardinals, a species in which males

exhibit comparable behavior to male black redstarts (e.g. highly



territorial, social monogamy, etc.). The objectives of this study

were to determine if circulating T levels of male cardinals varied

with behavioral context (aggressive vs non-aggressive) and if

individuals engaged in aggressive behavior were physiologically

capable of elevating T above circulating levels following an STI.

Section snippets

Field methods

This study was conducted during the month of March in 2009,

2010, and 2011 in Hattiesburg, Mississippi, USA at the

Eubanks/Lake Thoreau (ELT-USM) property owned by the

University of Southern Mississippi (USM). Male territorial

aggression (e.g. song, conspecific conflict, etc.) in this population

of cardinals can be observed as early as December with a

subsequent peak in March prior to the onset of breeding in April.

Therefore, to quantify if elevated T levels accompanied male

responses to…

Initial testosterone levels
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Results indicate that initial levels of T of male cardinals captured

passively or during aggressive contexts did not significantly differ

(Table 1, Fig. 1). CORT levels of passively captured individuals were

significantly higher than individuals captured during STIs

(independent samples t-test: t  = 10.48, P = 0.0001), but there was

no significant relationship between initial levels of CORT, handling

time, or mass on initial T levels of both treatments (Table 1).

However, there was a significant…

Discussion

Similar to recent studies reporting a lack of a relationship between

elevated T and territorial aggression in males of some tropical

avian species (reviewed in Goymann et al., 2007), our data show

that levels of T were not significantly elevated in male cardinals

responding aggressively to STIs. Our results also demonstrate that

male cardinals were physiologically capable of elevating gonadal T

in response to GnRH injections delivered immediately after an STI,

suggesting that circulating T…

Conclusions

Our findings suggest that male cardinals do not significantly

elevate T levels in response to STIs, but have the physiological

capacity to do so. Thus far, males of at least two songbird species

(i.e. black redstarts, northern cardinals) have demonstrated that a

lack of significant T elevation during aggressive interactions was

not due to the bird's inability to produce greater amounts of the
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hormone. Considering that both species share several behavioral

characteristics (e.g. social monogamy,…

Acknowledgments

We thank Aaron Holbrook and Eben Paxton for much needed field

assistance and Joel McGlothlin for statistical advice. We also thank

Turner Brothers Taxidermy for decoy preparation and repair and

Russell Hart for hormonal assay assistance. Funding for this study

was provided by the Animal Behaviour Society (MSD) and a

fellowship from the National Science Foundation GK-12 program

“Connections in the Classroom: Molecules to Muscles,” award

#0947944 to USM.…

Recommended articles

References (45)

B. Apfelbeck et al.

Simulating winning in the wild — the behavioral and

hormonal response of black redstarts to single and

repeated territorial challenges of high and low intensity
Horm. Behav. (����)

W. Goymann et al.

https://www.sciencedirect.com/science/article/pii/S0018506X11001875


Distinguishing seasonal androgen responses from male–

male androgen responsiveness: revisiting the challenge

hypothesis
Horm. Behav. (����)

M. Hau et al.

Testosterone and year‐round territorial aggression in a

tropical bird
Gen. Comp. Endocrinol. (����)

K.E. Hunt et al.

Testosterone implants increase song but not aggression in

male Lapland longspurs
Anim. Behav. (����)

J.M. Jawor et al.

Seasonal and individual variation in response to GnRH

challenge in male dark-eyed juncos (Junco hyemalis)
Gen. Comp. Endocrinol. (����)

R.V. Lacava et al.

Social environment affects testosterone level in captive

male blue-black grassquits
Horm. Behav. (����)

S.U. Linville et al.

Plumage brightness as an indicator of parental care in

northern cardinals
Anim. Behav. (����)

https://www.sciencedirect.com/science/article/pii/S0018506X07000098
https://www.sciencedirect.com/science/article/pii/S0016648099973902
https://www.sciencedirect.com/science/article/pii/S0003347297905583
https://www.sciencedirect.com/science/article/pii/S001664800600181X
https://www.sciencedirect.com/science/article/pii/S0018506X10002564
https://www.sciencedirect.com/science/article/pii/S0003347297905959


S.E. Lynn

Behavioral insensitivity to testosterone: why and how does

testosterone alter paternal and aggressive behavior in some

avian species but not others?
Gen. Comp. Endocrinol. (����)

S.E. Lynn et al.

Dissociation of testosterone and aggressive behavior during

the breeding season in male chestnut-collared longspurs,

Calcarius ornatus
Gen. Comp. Endocrinol. (����)

S.E. Lynn et al.

A phylogenetically controlled test of hypotheses for

behavioral insensitivity to testosterone in birds
Horm. Behav. (����)

S.L. Meddle et al.

Steroid hormone interrelationships with territorial

aggression in an arctic-breeding songbird, Gambel's white-

crowned sparrow, Zonotrichia leucophrys gambelii
Horm. Behav. (����)

I.T. Moore et al.

Latitudinal variation in plasma testosterone levels in birds

of the genus Zonotrichia
Gen. Comp. Endocrinol. (����)

I.T. Moore et al.

https://www.sciencedirect.com/science/article/pii/S0016648008001998
https://www.sciencedirect.com/science/article/pii/S0016648008000075
https://www.sciencedirect.com/science/article/pii/S0018506X04002247
https://www.sciencedirect.com/science/article/pii/S0018506X02918131
https://www.sciencedirect.com/science/article/pii/S0016648002005634


The effects of combined aromatase inhibitor and anti-

androgen on male territorial aggression in a tropical

population of rufous-collared sparrows, Zonotrichia

capensis
Gen. Comp. Endocrinol. (����)

L.M. Romero et al.

Hormones and territorial behavior during breeding in snow

buntings (Plectrophenax nivalis): an arctic-breeding song

bird
Gen. Comp. Endocrinol. (����)

S.J. Schoech et al.

The effects of exogenous testosterone on parental behavior,

plasma prolactin, and prolactin binding sites in dark-eyed

juncos
Horm. Behav. (����)

B. Silverin

Effects of long-acting testosterone treatment of free-living

pied flycatchers, Ficedula hypoleuca, during the breeding

period
Anim. Behav. (����)

L.H. Spinney et al.

Endocrine correlates of alternative phenotypes in the

white-throated sparrow (Zonotrichia albicollis)
Horm. Behav. (����)

https://www.sciencedirect.com/science/article/pii/S001664800300340X
https://www.sciencedirect.com/science/article/pii/S0018506X9791432X
https://www.sciencedirect.com/science/article/pii/S0018506X98914556
https://www.sciencedirect.com/science/article/pii/S0003347280801527
https://www.sciencedirect.com/science/article/pii/S0018506X06001851


B.L. Van Roo

Exogenous testosterone inhibits several forms of male

parental behavior and stimulates song in a monogamous

songbird: the blue-headed vireo (Vireo solitarius)
Horm. Behav. (����)

J.C. Wingfield et al.

Effects of corticosterone on territorial behavior of free-

living male song sparrows Melospiza melodia
Horm. Behav. (����)

E. Adkins-Regan

Hormones and Animal Social Behavior
(����)

B. Apfelbeck et al.

Ignoring the challenge? Male black redstarts (Phoenicurus

ochruros) do not increase testosterone levels during

territorial conflicts but they do so in response to

gonadotropin-releasing hormone
Proc. R. Soc. Lond. B (����)

L.D. Beletsky et al.

Testosterone and polygyny in birds
There are more references available in the full text version of this article.

Cited by (26)

https://www.sciencedirect.com/science/article/pii/S0018506X04001643
https://www.sciencedirect.com/science/article/pii/0018506X86900036


Whither the challenge hypothesis?
����, Hormones and Behavior

Show abstract

Testosterone secretion varies in a sex- and stage-specific

manner: Insights on the regulation of competitive traits

from a sex-role reversed species
����, General and Comparative Endocrinology

Citation Excerpt :

…Levels of T in circulation are typically elevated at the beginning of the

breeding season, when competition for mating opportunities is high, and

then T levels decline as behavioral efforts shift to parental care (Wingfield

et al., 1990). This cross-stage shift in T production has been well

demonstrated in males (Hirschenhauser and Oliveira, 2006), and is

potentially more dramatic in females (DeVries et al., 2012; George and

Rosvall, 2018; Jawor et al., 2007). Cross-stage shifts may also alter

correlations between T and sexually selected traits, such that these traits

are strongly integrated with T during competition for mates, but more

independent from T during periods of parental care (Ketterson et al.,

2009; Lipshutz et al., 2019a).…

Show abstract

Evaluating testosterone as a phenotypic integrator: From

tissues to individuals to species
����, Molecular and Cellular Endocrinology

Citation Excerpt :

https://www.sciencedirect.com/science/article/pii/S0018506X19302508
https://www.sciencedirect.com/science/article/pii/S0016648019306215
https://www.sciencedirect.com/science/article/pii/S0303720719302333


…Experimental stimulation of the HPG axis with exogenous GnRH

injections has mitigated these concerns by flooding the HPG axis with

GnRH and quantifying an individual's maximal T output after a

standardized waiting period. Results are nonetheless mixed: T levels

produced in response to GnRH injections are correlated with suites of T-

mediated traits, including territorial aggression, parental care, and

ornamentation in dark-eyed juncos (McGlothlin et al., 2008), but they are

not correlated with parenting or aggression in Northern cardinals

(Cardinalis cardinalis) (DeVries et al., 2012). T responses to GnRH

challenge also track morph-related differences in T-mediated traits in

male white-throated sparrows (Zonotrichia albicollis) (Spinney et al.,

2006) and side-blotched lizards (Uta stansburiana) (Mills et al., 2008), but

average T responses to GnRH do not differ among morphs in male red-

backed fairy-wrens (Malarus melanocephalus) (Barron et al., 2015) or

Gouldian finches (Erythrura gouldiae) (Cain and Pryke, 2017).…

Show abstract

Testosterone production and social environment vary with

breeding stage in a competitive female songbird
����, Hormones and Behavior

Citation Excerpt :

…Our results highlight the importance of using saline controls to

determine whether animals can elevate T in response to exogenous GnRH.

Many studies do not use saline controls in conjunction with GnRH

injections (e.g., Husak et al., 2009; Jawor et al., 2007; Rosvall et al., 2014-

but see Covino et al., 2017; Covino et al., 2018; Devries et al., 2012;

Spinney et al., 2006). In some cases, saline injections may be less relevant

or necessary, for example, when GnRH challenges are administered to all

https://www.sciencedirect.com/science/article/pii/S0018506X17305366


individuals as an assay of an endocrine phenotype, which is then related

to some other individual trait (e.g., Cain and Pryke, 2016; Mcglothlin et al.,

2008).…

Show abstract

Territorial aggression in urban and rural Song Sparrows is

correlated with corticosterone, but not testosterone
����, Hormones and Behavior

Show abstract

Sex-specific hypothalamic-pituitary-gonadal axis

sensitivity in migrating songbirds
����, Hormones and Behavior

Show abstract

View all citing articles on Scopus

View full text

Copyright © ���� Elsevier Inc. All rights reserved.

https://www.sciencedirect.com/science/article/pii/S0018506X1730168X
https://www.sciencedirect.com/science/article/pii/S0018506X17300065
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-84862265025&md5=e7b9793e7114e7c1c08c521029b8803a
https://www.sciencedirect.com/science/article/pii/S0018506X12001493


All content on this site: Copyright © ���� Elsevier B.V., its licensors, and contributors. All rights are reserved,

including those for text and data mining, AI training, and similar technologies. For all open access content, the

Creative Commons licensing terms apply.

https://www.elsevier.com/
https://www.relx.com/

