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Abstract

Numerous studies have focused on song in songbirds as a signal involved in mate choice and intrasexual competition. It is
expected that song traits such as song rate reflect individual quality by being dependent on energetic state or condition.
While seasonal variation in bird song (i.e., breeding versus non-breeding song) and its neural substrate have received a fair
amount of attention, the function and information content of song outside the breeding season is generally much less
understood. Furthermore, typically only measures of condition involving body mass are examined with respect to song rate.
Studies investigating a potential relationship between song rate and other indicators of condition, such as physiological
measures of nutritional condition, are scant. In this study, we examined whether non-breeding song rate in male European
starlings (Sturnus vulgaris) reflects plasma metabolite levels (high-density lipoproteins (HDL), albumin, triglycerides and
cholesterol) and/or body mass. Song rate was significantly positively related to a principal component representing
primarily HDL, albumin and cholesterol (and to a lesser degree plasma triglyceride levels). There was only a trend toward a
significant positive correlation between song rate and body mass, and no significant correlation between body mass and
the abovementioned principal component. Therefore, our results indicate that nutritional condition and body mass
represent different aspects of condition, and that song rate reflects nutritional rather than body condition. Additionally, we
also found that intra-individual song rate consistency (though not song rate itself) was significantly positively related to
lutein levels, but not to body mass or nutritional condition. Together our results suggest that the relation between
physiological measures of nutritional condition and song rate, as well as other signals, may present an interesting line of
future research, both inside and outside the breeding season.
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Introduction

Numerous studies have focused on the information content of

animal signals, particularly in birds species [1,2]. Notably, bird

song has received much attention from researchers as a signal

involved in mate choice and intrasexual competition [3,4,5,6,7].

The information conveyed by song has therefore, for the most

part, been examined during the breeding season, when song

expression is often enhanced due to seasonally elevated plasma

testosterone levels [6] and thought to express individual condition

or quality [2]. By contrast, while a fair number of studies have

examined seasonal variation in bird song and its neural substrate

[8,9], and for some species, such as the European starlings (Sturnus

vulgaris), much progress has been made in understanding the

underlying neural and hormonal mechanisms [10,11,12], the

function and information content of non-breeding song has

received little attention and is generally much less understood

[13]. It has, however, been suggested that in at least some species

non-breeding song may also affect mating decisions and pair

formation, as well as social cohesion and territorial dominance

[5,14,15]. Therefore, understanding the information content of

non-breeding song may prove essential to form an integrated

picture of seasonal variation in the expression and physiological

control of song as a signal.

The amount of singing activity, typically referred to as song rate,

is expected to be dependent on neuromuscular capacities and

performance abilities [6], as well as an individual’s energetic state

and condition, which can reflect their energy reserves, their ability

to sequester resources and/or the efficiency of underlying

physiological pathways [6,16,17]. Additionally, Hill [17] recently

proposed that ‘‘a condition-dependent display trait is a conspic-

uous feature of an organism that varies in expression depending on

the capacity to withstand environmental challenges’’. For dynamic

traits such as song rate, it could therefore be expected that not only

the degree of expression of the trait may be condition-dependent,

but also the amount of variation it may display over time and/or

under varying conditions.

From a theoretical perspective it would be expected that the

possession of greater energy reserves (as an aspect of better

condition) would allow for a greater energy investment towards

‘non-maintenance behaviors’, such as singing (see [16] for

discussion). Observations of a positive correlation between song

rate and body mass, as well as the positive effects of food
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supplementation on song rate support this expectation ([7,16], but

see [18]). However, typically only body mass (or its residual against

body size) is used as a measure of condition [7,16]. Studies

investigating a potential relationship between song rate and other

aspects of condition, such as physiological measures of nutritional

condition, are scant [6]. These plasma metabolites can however

provide an insight into conditions over time through a single time

point measure [19]. At the same time, being closely linked to

dietary state [20], some plasma metabolites may also represent a

dynamic measure of condition [21]. For instance, plasma albumin

and triglycerides respectively represent protein and lipid reserves

[19,20,22], while plasma levels of cholesterol, an important

precursor to e.g. steroid hormones such as testosterone, may also

reflect energetic state [23]. Plasma lipoproteins such as high-

density lipoproteins (HDL) furthermore enable triglycerides and

cholesterol to be transported within the water-based bloodstream

[24,25]. Most of these plasma metabolites have been used

extensively as nutritional condition parameters for birds

[19,22,26].

European starlings are seasonally breeding songbirds, the males

of which produce high levels of song even when plasma T levels

are basal, such as during fall (the non-breeding season) [10,27] as

well as after castration [28], and the females of which can also

produce song through out the year [29]. These findings make the

European starling one of only a few temperate climate songbirds

species who, apart from during the breeding season, also display a

high song rate throughout most of the non-breeding season [5].

Studies involving European starlings have, among other things,

provided important insights into the physiological and neural basis

of song outside the breeding season, and how this relates to

breeding season song [8,10,11,12]. However, surprisingly little is

know about the function and information content of this non-

breeding song. Here, we used captive male European starlings to

investigate whether non-breeding song (during fall) conveyed

information about individual condition. Therefore, we determined

(a) whether song rate reflected nutritional condition, measured

through plasma metabolite levels, and (b) whether this potential

relation is dependent on a correlation between body mass and

song rate, and between body mass and nutritional condition,

respectively. We furthermore also investigated whether intra-

individual variation over time with respect to song rate may be

explained by differences in condition. Finally, since we previously

observed a positive effect of experimental carotenoid supplemen-

tation on song rate [30], the relation between plasma carotenoid

(i.e. lutein) levels and song rate, as well as intra-individual variation

in song rate, was also examined.

Materials and Methods

Ethics Statement
The housing and experimental procedures were performed in

agreement with the Belgian and Flemish laws and were approved

by the ethical committee of the University of Antwerp (ID number

2006/22). European starlings have been shown to adapt easily to

captivity and to show normal social behavior under these

conditions [5,27]. Both aviaries used in this study were equipped

with 20 identical nest boxes, each equipped with a 30 cm perch

allowing the males to sit or sing in front of it, several larger

perches, shelter, and food and water ad libitum. When taking

blood samples, care was taken to minimize stress for the starlings.

Origin and Housing of Starlings
The 37 male starlings used in this study were captured as

juveniles. At the time of the study, they were between 2 and 4

years old and housed (pseudo-randomly with respect to age) in two

large aviaries (N = 18 and N = 19; University of Antwerp,

Belgium), equipped with ample nest boxes, perches, shelter, and

food and water ad libitum [30]. The bill color of all starlings

remained black throughout the course of the study, which

represents a highly sensitive and integrated measure of T

concentration and action over a period of several days

[27,31,32], indicating that plasma T levels of all starlings had

remained basal.

Body Mass and Metabolites
On 25 November 2008, body mass and tarsus length was

determined (to the nearest 1 g and 0.1 mm, respectively) and

blood samples were collected (approximately 500 mL, extracting

plasma after 10 min centrifugation at 1500 g). As the residuals of

body mass and tarsus length were highly correlated with body

mass itself (r37 = 0.84, p,0.0001), body mass was used as a more

direct measure of condition. Plasma metabolites levels (albumin,

triglycerides, cholesterol and HDL) were determined using a

Horiba ABX Mira Chemistry Analyser (Horiba, France; see [26]).

Repeatability (within-run precision) and reproducibility (run-to-

run precision) of the measurements are certified by including a

calibrator and a control (provided by Horiba ABX) with known

concentrations each run and was in all cases between 95 and

105% of the certified value. Plasma lutein levels were measured as

described in detail by [30]. As the amount of plasma varied, not all

parameters could be determined for all individuals.

Observations
Prior to the blood sampling, we used a point sampling technique

with a one minute interval to monitor the behavior of all starlings

simultaneously (as described elsewhere: [27]), in three sessions of

approximately 45 min, all between 09h00 and 13h00 on the 22nd,

23rd and 24th November 2008, while alternating the order of the

aviaries between subsequent days. Song rate was defined as the

proportion of samples during which a male was singing compared

to the total number of samples. This measure is repeatable (this

study: r = 0.22, p,0.0001; [33]), even between seasons [27]. The

mean of these 3 samples was used as the individual measure of

song rate in further analyses. For each individual we also

determined the standard deviation of the song rate measurements

across the different observation days (as a measure of song rate

variability). As this measure was positively correlated with song

rate (Pearson correlation test: r37 = 0.352, p = 0.03), this shared

variation was statistically removed by determining the residuals of

the starlings’ song rate standard deviations (when controlling for

song rates). These were subsequently multiplied by 21 (in order to

invert the orientation of the axis) to obtain a measure for

individual ‘song rate consistency’.

Statistical Analyses
Statistical analyses were performed in XLSTAT 2010TM

(Addinsoft, USA). Normal distribution was confirmed using

Shapiro-Wilk tests. As song rate represents a fraction, arcsine-

square root-transformed song rate data were used in the following

analyses. Initial Pearson correlation tests showed that HDL,

albumin and cholesterol, and to a lesser degree triglycerides, are all

strongly inter-correlated (Table 1). Because of this observation,

and also to avoid multiple testing, a principal component analysis

(PCA) was performed for these nutritional condition parameters

(however, individual correlations are also reported and addressed

in the discussion). A single principal component (PC) with an

eigenvalue larger than one was obtained (eigenvalue: 2.348),

explaining 59% of the total variation (factor loadings reported in

Song Rate Reflects Nutritional Condition

PLoS ONE | www.plosone.org 2 May 2012 | Volume 7 | Issue 5 | e36547



Table 1). This PC was used in a linear regression model with song

rate as the dependent factor. Potential aviary and age effects were

non-significant (p.0.13) and therefore not included in the final

model. A linear regression with the PC as an independent factor

was used to assess whether body mass also reflects plasma

metabolite levels (i.e. the PC), while a Pearson correlation test was

used to examine whether song rate reflects body mass. The same

approach was applied to investigate whether song rate consistency

was dependent on either plasma metabolite levels (i.e. the PC) or

body mass. For plasma lutein levels, the same approach was used

as for body mass. For all tests, an a of 0.05 was used to judge

significance.

Results

Song Rate, Plasma Metabolites and Body Mass
A linear regression with song rate as the dependent variable

showed a significant positive effect of the PC (primarily HDL,

albumin and cholesterol; b= 0.431, p = 0.02; Figure 1A; see also

Table 2 for individual correlations). There was only a trend toward

a significant positive correlation between song rate and body mass

(r37 = 0.279, p = 0.095; Figure 1B). A linear regression model for

body mass showed no significant effect of the PC (b= 0.262,

p = 0.12). For song rate consistency, no significant effect of the PC

was found (b= 0.131, p = 0.5), nor was song rate consistency

significantly correlated with body mass (r37 = 0.21, p = 0.2).

Song Rate and Plasma Lutein Levels
Plasma lutein levels were significantly positively correlated with

song rate consistency (r29 = 0.38, p = 0.04; Figure 1C), but not with

song rate (r29 = 20.04, p = 0.8). Using plasma lutein levels as a

dependent variable, a linear regression model showed no

significant effect of the PC (b= 0.083, p = 0.7).

Discussion

Besides producing high levels of song rate during the breeding

season, male European starlings typically also display a high song

rate outside the breeding season [10,27] as well as after castration

[28]. Particularly in this species, a sizeable amount of studies have

provided import insights into the physiological and neural basis

underlying variation in song rate, both inside and outside the

breeding season [8,10,11,12]. The function and information

content of song rate outside the breeding season is, however, not

well understood. Notably, our results show that non-breeding song

rate can reflect physiological parameters of nutritional condition

(i.e. plasma metabolites), and in particular plasma levels of HDL,

albumin and cholesterol (Table 1; see also Table 2 and Figure 2

for individual correlations). Given that all the factors of the PC

Table 1. Intercorrelations of plasma levels of HDL, albumin,
cholesterol and triglycerides and their factor loadings for the
principal components of nutritional condition.

HDL Albumin Cholesterol Triglycerides Factor loadings

HDL – 0.59*** 0.72*** 0.53** 0.954

Albumin – 0.43** 0.18 0.740

Cholesterol – 0.09 0.778

Triglycerides – 0.534

**p,0.01;
***p,0.001.
doi:10.1371/journal.pone.0036547.t001

Figure 1. Correlations between song rate and nutritional
condition, body mass and plasma lutein levels. (A) Between
average song rate and the PC of nutritional condition, reflecting
primarily HDL, albumin and cholesterol (and to a lesser degree plasma
triglyceride levels), (B) Between average song rate and body mass, and
(C) Between song rate consistency and plasma lutein levels. Statistics
are discussed in the text.
doi:10.1371/journal.pone.0036547.g001
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(HDL, albumin and cholesterol, and to a lesser degree triglycer-

ides) are strongly inter-correlated (Table 1), this suggests that to a

large extent they reflect a singular aspect of condition.

At the time the results presented in the current study were

obtained (during fall, the non-breeding season), plasma testoster-

one levels were basal [27], which was also evidenced by the lack of

any change in bill coloration from black to yellow (as discussed in

the Methods section; [27,31,32]). Therefore, it is unlikely that the

observed relation between song rate and the measured nutritional

condition parameters is in any way dependent on the previously

mentioned positive effect of an experimental increase in plasma

testosterone levels on song rate [30]. It would however be

interesting for future studies to explore whether (or to what degree)

both effects might interact.

Given the positive correlation between song rate and the PC (of

which HDL shows the highest factor loading: Table 1, as well as

the largest correlation: Table 2 and Figure 2A), and the fact that

plasma HDL levels in humans show high heritability [34], HDL

may be particularly interesting for future studies as a potential

measure of condition and/or individual quality [21]. Although

further research is required, HDL’s positive relation to song rate

might involve its role in the mobilization of e.g. cholesterol and

triglycerides within the bloodstream [25]. This would be in line

with the notion that condition-dependence of ornamental traits

may not only reflect an individual’s energy reserves, but could also

reflect the efficiency of physiological pathways (as recently

emphasized by Hill [17] and referred to as the Pathway

Functionality Hypothesis). This connection of plasma HDL levels

to condition is furthermore supported by the negative effects that

immune challenges can have on plasma HDL levels [24,35].

Along the same lines, HDL is also implicated in carotenoid

mobilization (uptake, transport and delivery) [36]. However,

although we previously experimentally demonstrated a positive

effect of carotenoid supplementation on song rate [30]), here we

did not find a significant relation between the PC of nutritional

condition (i.e. HDL) and plasma lutein levels, nor between lutein

levels and song rate. This suggests that the effect of carotenoids on

song rate may itself depend on inter-individual variation in other

physiological factors involved in carotenoid metabolism, or

confounded by the effects of other aspects of condition (such as

immune function) on HDL and plasma carotenoids levels [35].

The positive relation between song rate and the PC may also

depend on the contribution to the PC of albumin and (to a lesser

degree) triglyceride levels, which represent energy reserves under

the form of proteins and lipid reserves, respectively [19,20,22].

Therefore, higher albumin or triglyceride levels may allow

allocation of more energy towards non-maintenance, fitness-

enhancing traits [21], which may include prolonged singing

activity [16]. Similarly, the positive contribution of cholesterol to

the PC also indicates that song rate may reflect energetic state

[23]. Notably, this result was not dependent on individual

differences in food availability (e.g. foraging ability or territory

quality [16]), as the captive starlings received ad libitum food.

Therefore, this finding suggests that individual differences in song

rate may reflect inherent physiological differences, in accordance

with the Pathway Functionality Hypothesis [17].

Table 2. Pair-wise Pearson correlations of song rate and song rate consistency with plasma levels of HDL, albumin, cholesterol,
triglycerides and lutein, and with body mass, respectively.

HDL Albumin Cholesterol Triglycerides Lutein
Body
mass

Song rate r 0.409 0.384 0.394 0.173 20.040 0.279

p 0.02 0.04 0.02 0.3 0.8 0.095

Consistency r 0.210 20.181 0.230 0.298 0.380 0.205

p 0.25 0.28 0.18 0.08 0.04 0.22

doi:10.1371/journal.pone.0036547.t002

Figure 2. Correlations between song rate and separate plasma metabolite levels. (A) Plasma HDL levels (r32 = 0.45, p = 0.01), and (B) Plasma
albumin levels (r37 = 0.37, p = 0.02).
doi:10.1371/journal.pone.0036547.g002
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Our results show no significant correlation between body mass

and the PC (primarily HDL, albumin and cholesterol). Therefore,

this suggest that HDL, albumin and cholesterol levels (and to a

lesser degree triglyceride levels) on the one hand and body mass on

the other may represent two separate aspects of condition.

Furthermore, our results show no significant correlation between

song and body mass, the latter being an often-used index of

condition [7,19]. Our results could arguably also be interpreted as

a trend for a positive correlation between song rate and body mass.

However, in either case our data clearly indicates that song rate

better reflects plasma parameters of nutritional condition than it

reflects body condition.

Finally, contrary to song rate itself, song rate consistency did not

significantly reflect either nutritional condition (i.e. the PC) or

body mass. Song rate consistency however did significantly

positively correlate with plasma lutein levels. Similarly to the

abovementioned finding that experimental carotenoid supplemen-

tation positively affects song rate in European starlings [30], this

also suggest a relation between singing activity and carotenoid

metabolism. However, further research on this subject is needed.

In conclusion, our main results show that song rate in European

starlings reflects information about nutritional condition rather

than body condition, while the lack of a significant correlation

between both indices of condition suggests that they represent

distinct aspects of condition. It would be important for future

studies to investigate whether this relation between song rate and

nutritional condition also exists during the breeding season and in

other species. Examining relationships between other (and/or

multiple) signals and these plasma metabolites also presents an

interesting line of future research [22].

Acknowledgments

We thank Peter Scheys and Geert Eens for taking care of the starlings, and

two anonymous reviewers for comments on earlier drafts.

Author Contributions

Conceived and designed the experiments: AVH RP AG ME. Performed

the experiments: AVH RP AG. Analyzed the data: AVH RP AG ME.

Contributed reagents/materials/analysis tools: AVH AG ME. Wrote the

paper: AVH RP AG ME.

References

1. Andersson M (1994) Sexual selection. N.J.: Princeton University Press.
2. Gil D, Gahr M (2002) The honesty of bird song: multiple constraints for multiple

traits. Trends in Ecology & Evolution 17: 133–141.

3. Catchpole C, Slater PJB (2008) Bird song : biological themes and variations.
Cambridge [England]; New York: Cambridge University Press.

4. Searcy WA, Andersson M (1986) Sexual Selection and the Evolution of Song.
Annual Review of Ecology and Systematics 17: 507–533.

5. Eens M (1997) Understanding the complex song of the European starling: An

integrated ethological approach. Advances in the Study of Behavior 26:
355–434.

6. Podos J, Huber SK, Taft B (2004) Bird song: The interface of evolution and
mechanism. Annual Review of Ecology Evolution and Systematics 35: 55–87.

7. Foerster K, Poesel A, Kunc H, Kempenaers B (2002) The natural plasma
testosterone profile of male blue tits during the breeding season and its relation

to song output. Journal of Avian Biology 33: 269–275.

8. Ball GF, Auger CJ, Bernard DJ, Charlier TD, Sartor JJ, et al. (2004) Seasonal
plasticity in the song control system - Multiple brain sites of steroid hormone

action and the importance of variation in song behavior. Behavioral
Neurobiology of Birdsong. pp 586–610.

9. Tramontin AD, Brenowitz EA (2000) Seasonal plasticity in the adult brain.

Trends in Neurosciences 23: 251–258.
10. Riters LV, Eens M, Pinxten R, Duffy DL, Balthazart J, et al. (2000) Seasonal

changes in courtship song and the medial preoptic area in male European
starlings (Sturnus vulgaris). Hormones and Behavior 38: 250–261.

11. Riters LV, Eens M, Pinxten R, Ball GF (2002) Seasonal changes in the densities
of alpha(2)-noradrenergic receptors are inversely related to changes in

testosterone and the volumes of song control nuclei in male European starlings.

Journal of Comparative Neurology 444: 63–74.
12. Heimovics SA, Cornil CA, Ellis JMS, Ball GF, Riters LV (2011) Seasonal and

individual variation in singing behavior correlates with alpha 2-noradrenergic
receptor density in brain regions implicated in song, sexual, and social behavior.

Neuroscience 182: 133–143.

13. Riters LV (2011) Pleasure seeking and birdsong. Neuroscience and Biobehav-
ioral Reviews 35: 1837–1845.

14. Wingfield JC, Soma KK (2002) Spring and Autumn Territoriality in Song
Sparrows: Same Behavior, Different Mechanisms?1. Integrative and Compar-

ative Biology 42: 11–20.
15. Hausberger M, Richardyris MA, Henry L, Lepage L, Schmidt I (1995) Song

sharing reflects the social organization in a captive group of European starlings

(Sturnus vulgaris). Journal of Comparative Psychology 109: 222–241.
16. Barnett CA, Briskie JV (2011) Strategic Regulation of Body Mass and Singing

Behavior in New Zealand Robins. Ethology 117: 28–36.
17. Hill GE (2011) Condition-dependent traits as signals of the functionality of vital

cellular processes. Ecology Letters 14: 625–634.

18. Atagan Y, Forstmeier W (2012) Protein supplementation decreases courtship
rate in the zebra finch. Animal Behaviour 83: 69–74.

19. Ardia DR (2006) Glycated hemoglobin and albumin reflect nestling growth and
condition in American kestrels. Comparative Biochemistry and Physiology A-

Molecular & Integrative Physiology 143: 62–66.
20. Jenni-Eiermann S, Jenni L (1998) What can plasma metabolites tell us about the

metabolism, physiological state and condition of individual birds? An overview.

Biol Conserv Fauna 102: 312–319.

21. Lailvaux SP, Kasumovic MM (2011) Defining individual quality over lifetimes

and selective contexts. Proceedings of the Royal Society B: Biological Sciences

278: 321–328.

22. Hegyi G, Szollosi E, Jenni-Eiermann S, Torok J, Eens M, et al. (2010)

Nutritional correlates and mate acquisition role of multiple sexual traits in male

collared flycatchers. Naturwissenschaften 97: 567–576.

23. Alonso-Alvarez C, Velando A, Ferrer M, Veira JAR (2002) Changes in plasma

biochemistry and body mass during incubation in the yellow-legged gull.

Waterbirds 25: 253–258.

24. Allen PC (1987) Effect of Eimeria acervulina infection on chick (Gallus

domesticus) high density lipoprotein composition. Comparative Biochemistry

and Physiology Part B: Comparative Biochemistry 87: 313–319.

25. Kwiterovich PO (2000) The metabolic pathways of high-density lipoprotein,

low-density lipoprotein, and triglycerides: A current review. American Journal of

Cardiology 86: 5L–10L.

26. Geens A, Dauwe T, Eens M (2009) Does anthropogenic metal pollution affect

carotenoid colouration, antioxidative capacity and physiological condition of

great tits (Parus major)? Comparative Biochemistry and Physiology C-

Toxicology & Pharmacology 150: 155–163.

27. Van Hout AJ-M, Eens M, Balthazart J, Pinxten R (2009) Complex modulation

of singing behavior by testosterone in an open-ended learner, the European

Starling. Hormones and Behavior 56: 564–573.

28. Pinxten R, De Ridder E, Balthazart J, Eens M (2002) Context-dependent effects

of castration and testosterone treatment on song in male European starlings.

Hormones and Behavior 42: 307–318.

29. Pavlova DZ, Pinxten R, Eens M (2007) Seasonal singing patterns and individual

consistency in song activity in female European starlings (Sturnus vulgaris).

Behaviour 144: 663–680.

30. Van Hout AJ-M, Eens M, Pinxten R (2011) Carotenoid supplementation

positively affects the expression of a non-visual sexual signal. PLoS ONE 6:

e16326.

31. Ball GF, Wingfield JC (1987) Changes in plasma levels of luteinizing hormone

and sex steroid hormones in relation to multiple-broodedness and nest-site

density in male starlings. Physiological Zoology 60: 191–199.

32. Riters LV, Baillien M, Eens M, Pinxten R, Foidart A, et al. (2001) Seasonal

variation in androgen-metabolizing enzymes in the diencephalon and telen-

cephalon of the male European starling (Sturnus vulgaris). Journal of

Neuroendocrinology 13: 985–997.

33. Lessells CM, Boag PT (1987) Unrepeatable repeatabilities - a common mistake.

Auk 104: 116–121.

34. Goode EL, Cherny SS, Christian JC, Jarvik GP, de Andrade M (2007)

Heritability of longitudinal measures of body mass index and lipid and

lipoprotein levels in aging twins. Twin Research and Human Genetics 10:

703–711.

35. Pascalon-Pekelniczky A (1998) Plasma lipid changes in the female mule duck

(Cairina moschata x Anas platyrhynchos) experimentally infected with Eimeria

mulardi. Veterinary Research 29: 197–206.

36. McGraw KJ, Parker RS (2006) A novel lipoprotein-mediated mechanism

controlling sexual attractiveness in a colorful songbird. Physiology & Behavior

87: 103–108.

Song Rate Reflects Nutritional Condition

PLoS ONE | www.plosone.org 5 May 2012 | Volume 7 | Issue 5 | e36547


