
ORIGINAL ARTICLE

Melanin and carotenoid ornaments are related to the individual
condition in free-living grey partridges (Perdix perdix)

Jana Svobodová1
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Abstract According to the viability indicator hypothesis,

ornaments of many bird species honestly signal individual

quality and health status. In this study, we investigated the

health- and stress-indicating capacity of both feather- and

skin-based ornamental traits in the grey partridge (Perdix

perdix), a vulnerable avian species of the European agri-

cultural landscape. In 50 free-living males, we assessed

individual health status by examining the differential and

absolute leukocyte counts, absolute erythrocyte count,

complement activity, and pro-inflammatory immune

responsiveness to phytohaemagglutinin (PHA). We found

that males expressing extensive melanin-pigmented breast

ornaments developed stronger skin inflammation after PHA

stimulation than males with limited ornaments, suggesting

that these are high-quality individuals that are able to

mount a robust immune response. Furthermore, we found

that the UV signal of the carotenoid-pigmented eye patch

ornament is negatively related to the absolute immature

erythrocyte count and the peripheral blood

heterophil/lymphocyte (H/L) ratio, indicating that males

with a slow pace of life and healthier males express skin

ornaments with higher UV reflectance. Ornamental

colouration in grey partridge males may, therefore, serve as

a reliable signal of condition (in terms of resource balance)

and health (in terms of stress resistance) to females.

Keywords Complement � Condition-dependent sexual
signalling � Carotenoid and melanin colouration � Game

bird � Haematology � Phytohaemagglutinin

Zusammenfassung

Melanin- und karotinoidbasierte Ornamentation hängt

bei freilebenden Rebhühnern (Perdix perdix) von der

individuellen Körperkondition ab.

Gemäß der Handicap-Hypothese dienen die Ornamente

vieler Vogelarten als ehrliches Signal für individuelle

Qualität und Gesundheitszustand. In dieser Studie unter-

suchten wir die gesundheits- und stressanzeigende Funk-

tion von ornamentalen Merkmalen sowohl des Gefieders

als auch der Hautpartien bei Rebhühnern (Perdix perdix),

einer gefährdeten Vogelart europäischer Agrarlandschaf-

ten. Wir bewerteten den individuellen Gesundheitszustand

von 50 freilebenden Männchen, indem wir die differenzi-

ellen und absoluten Leukozytenzahlen, die absoluten

Erythrozytenzahlen, die Aktivität des Komplementsystems

und die proinflammatorische Immunantwort auf Phy-

tohämagglutinin (PHA) betrachteten. Wir stellten fest, dass

Männchen, welche ausgedehnte melaninpigmentierte
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Republic

4 Institute of Vertebrate Biology, v.v.i., The Czech Academy
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Brustornamente trugen, nach PHA-Stimulation eine stär-

kere entzündliche Hautreaktion zeigten, als Männchen mit

begrenzten Ornamenten, was nahelegt, dass es sich hier um

Individuen hoher Qualität handelt, die eine starke

Immunantwort aktivieren können. Weiterhin fanden wir

heraus, dass das UV-Signal des durch Karotinoidpigmente

gefärbten Augenflecks in negativem Verhältnis zur abso-

luten Anzahl unreifer Erythrozyten und dem peripheren

H/L-Verhältnis (Heterophile Granulozyten/Lymphozyten)

steht, was andeutet, dass Männchen mit ruhigem Lebens-

wandel und besserer Gesundheit Hautornamente mit

höherer UV-Reflexion ausbilden. Die Schmuckfärbung

männlicher Rebhühner kann daher den Weibchen als

zuverlässiges Signal für Körperkondition (im Hinblick auf

die Ressourcenbilanz) und Gesundheit (bezüglich der

Stressresistenz) dienen.

Introduction

Birds express a broad range of conspicuous colourful

ornaments. Several hypotheses have been proposed to

explain their signalling function and the physiological

mechanism underlying their expression (McGraw 2006a, b;

Vinkler et al. 2011). According to the viability indicator

hypothesis, these ornaments honestly signal individual

quality and health (Andersson 1994). It has been shown

that females of several avian species use such ornamental

signals to assess male quality, preferring males that exhibit

brighter colouration (Hill 1990; Safran et al. 2005).

The most common visual traits in birds are carotenoid-

based (yellow-orange-red) and melanin-based (brown-

grey-black) ornaments. These traits are produced through

different physiological mechanisms and have thus been

frequently hypothesised to possess different functions

(Griffith et al. 2006). Carotenoid-based ornaments are

believed to be more environmentally dependent, since they

are obtained from less abundant food resources and may be

involved in frequent trade-offs given their immunomodu-

latory and antioxidant functions. Compared to carotenoid-

based ornaments, the expression of melanin ornaments has

been shown to be under tighter genetic control (McGraw

2006a, b; Ducrest et al. 2008). Therefore, carotenoid-based

traits have traditionally been viewed as more reliable

indicators of actual body condition and health than mela-

nin-based ornaments (Badyev and Hill 2000; McGraw and

Hill 2000; Senar et al. 2003). However, recent studies have

proposed that melanin-based ornaments are also frequently

related to individual condition, similarly to carotenoid-

based traits (Griffith et al. 2006; Guindre-Parker and Love

2014). In addition, it has been shown that melanin-pig-

mented traits can also be associated with immune function

(e.g., Gangoso et al. 2011; Jacquin et al. 2011).

Colourful ornaments in birds also have significant UV

reflectance. Most attention has been paid to the UV-com-

ponent signalling function of carotenoid-based ornaments

such as the grouse comb (Mougeot et al. 2005), mallard bill

(Peters et al. 2004), and budgerigar plumage (Griggio et al.

2010). Several studies have suggested a positive correlation

of UV reflectance with parasite resistance (Doucet and

Montgomerie 2003) and pro-inflammatory immune

responsiveness (Griggio et al. 2010). For example, blue tit

females with a high UV signal in their feather ornamen-

tation exhibited low baseline corticosterone levels indi-

cating low physiological stress. Thus, it was hypothesised

that females with low baseline corticosterone can invest

more in feather growth and quality (Henderson et al. 2013).

Nevertheless, associations between UV-based signals and

other aspects of individual quality (e.g., humoral immunity

or haematological traits other than the frequently used H/L

ratio) have never been investigated.

The grey partridge (Perdix perdix) was once a widely

distributed galliform species in the European-Asian agri-

cultural landscape. However, its population size has dra-

matically decreased, mainly during the past 60 years

(Kuijper et al. 2009). In many European countries, there-

fore, partridges are nowadays artificially bred and released

to reinforce the local populations (Liukkonen 2006; Vidus-

Rosin et al. 2010; Buner et al. 2011; Andersen and Kahlert

2012). Both sexes express two ornamental traits that can

be used as honest indicators of individual quality, a car-

otenoid red skin patch behind the eye (Svobodová et al.

2013) and a dark-brown horseshoe-shaped patch in the

breast plumage. In captive grey partridge males, it has

been found that the two ornamental components were

unrelated to each other, and the directions of their asso-

ciation to the H/L ratio were opposite. While the expres-

sion level of the carotenoid-based skin ornament is

influenced by the actual condition and health (i.e., nega-

tively associated with the H/L ratio), the size of the mel-

anin-based feather ornament is related to dominance and

long-term stress (i.e., positively associated with the H/L

ratio; Svobodová et al. 2013). Nevertheless, ornaments are

frequently context-dependent (Vergara et al. 2012a), and

their function may differ not only among species but also

among populations (Griffith et al. 2006; Dunn et al. 2010).

Investigation of the signalling function of ornaments in

wild grey partridge populations is still needed to allow the

appropriate utilisation of these traits in breeding conser-

vation programmes.

The aim of our study was to test whether melanin and

carotenoid ornaments are related to health and condition in

free-living grey partridge males. As general estimators of

condition and health status we used standardised weight,

differential and absolute leukocyte counts, the total ery-

throcyte count, complement activity and the pro-
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inflammatory immune responsiveness to subcutaneous

phytohaemagglutinin (PHA) stimulation. Both these

haematological traits (Ots et al. 1998; Campbell and Ellis

2007) and the PHA skin-swelling test (Kennedy and Nager

2006; Bı́lková et al. 2015) have frequently been used in

ecological research as good indicators of condition,

immune function, and health status (see Adelman et al.

2014). In addition to the frequently used H/L ratio as an

indicator of health and stress (Davis et al. 2008), we also

evaluated the immature erythrocyte frequency as a trait

positively linked to the rate of haematopoiesis, metabolism,

and development (Vinkler et al. 2010b). Changes in

immature erythrocyte count are known to be associated

with anaemic diseases and alterations in the blood cell

formation rate (Campbell and Ellis 2007; Yamato et al.

1996; Belskii et al. 2005; Carleton 2008). Since Vinkler

et al. (2010b) showed that levels of peripheral blood

immature erythrocytes predict the nestling growth rate in

scarlet rosefinches (Erythrina erythrina), we hypothesise

that this haematopoiesis-related trait indicates the pace of

life. We predicted that higher redness and UV reflectance

of the carotenoid-based ornament and a larger melanin

breast patch signal better health and condition.

Methods

Field procedures

The study was carried out in a hilly, agricultural landscape

(490–619 m a.s.l., 17 km2, near the villages Milešı́n and

Nová Ves, 49�22058.26400N, 16�1208.36400E, Czech

Republic). The core study area consisted of arable land

(79.3 % of area), forest fragments (7.9 %), smaller patches

of shrubs scattered in fields (6.0 %), a few villages (3.4 %),

uncultivated grassy patches (2 %) and small ponds or

streams (1.4 %; detailed information in Rymešová et al.

2013). In total, 50 male partridges were caught during

January 2009 and January 2010 (30 in 2009 and 20 in

2010) with drop traps at feeding sites. After being caught,

the birds were placed into outdoor aviaries where they

remained 1–3 weeks until examination (details on caging

in Rymešová et al. 2013). First, approximately 200 ll of
blood was taken from the brachial vein of each individual

and placed into a glass tube with Natt-Herrick solution

(15 ll of blood into 2985 ll of Natt-Herrick solution), a

glass tube with Drabkin solution (15 ll of blood into

3750 ll of Drabkin solution) and two or three heparinised

microhaematocrit capillaries. A blood smear was prepared

from a drop of blood. The blood samples collected into the

capillaries were immediately centrifuged (11,000 r.p.m for

5 min), haematocrit levels were recorded (the mean value

calculated from 2 to 3 capillaries was used for further

analysis; n = 38, blood for haematocrit measurements

could not be collected in 12 males) and plasma was stored

at -80 �C for complement analysis. Then, the weight

(measured by a spring balance, accuracy 0.5 g; Pesola,

Baar, Switzerland) and tarsus length (measured by a digital

calliper, accuracy 0.01 mm; Kinex, Prague, Czech

Republic) were recorded. Two ornamental traits potentially

important for grey partridge mate choice (Beani and Dessi-

Fulgheri 1995) were examined: the red skin patch behind

the eyes and the dark-brown horseshoe-shaped patch in the

breast plumage. To assess the area of these ornaments,

standard digital images of the breast and both sides of the

head were taken of each male with a Perfection V10

scanner (Seiko Epson Corporation, Nagano, Japan). All

images were taken in a standardised position in a dark

room, with grey and colour standard reference swatches

equipped with a ruler (a GC 18 grey card and Q 14 colour

and grey chart; Danes-Picta, Prague, Czech Republic). In

addition, eye patch colouration was measured by an

AvaSpec 2048 spectrometer with an AvaLight-XE light

source (Avantes, The Netherlands). The spectrometer was

standardised against the darkroom and a WS-2 white

standard after each ten individuals. The reflection probe

(2 mm diameter) was placed at a perpendicular angle at

three points of the ornament on both sides of the head.

Then, birds were tagged by aluminium rings with a unique

code (Museum Prague).

Finally, individual pro-inflammatory immune respon-

siveness was assessed by the PHA skin-swelling test (Smits

et al. 1999; Cucco et al. 2006; Vinkler et al. 2010b, 2014).

The thickness of the central part of the left wing web

(patagium) was measured three times in each male with a

pressure-sensitive digital gauge (Mitutoyo 7301, Mitutoyo

Corp., Kanagawa, Japan; accuracy 0.01 mm). This site was

then injected subcutaneously with 1 mg PHA dissolved in

40 ll PBS (product nos. L8754 and D5652, Sigma-Aldrich,

St Louis, MO, USA). Then, the individual was placed into

a small cage in a dark room and left in calm until mea-

suring the response. After 6 ± 0.5 h the thickness of the

patagium was again measured (three times with the pres-

sure-sensitive gauge; repeatability r = 0.86, n = 48,

p\ 0.001; Lessels and Boag 1987). All thickness mea-

surements were performed during afternoon hours to

minimise time-dependent variation. The PHA-induced

swelling response index was later calculated as the average

tissue thickness 6 h after the treatment minus the average

thickness before the PHA injection (Vinkler et al. 2010b).

The research was approved by the Ethical Committee of

the University of Life Sciences in Prague and was carried

out in accordance with the current laws of the Czech

Republic.
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Measurements of ornamental traits

Colouration of the eye patch ornament was measured as its

reflectance between 300 and 700 nm. Five variables of

colour were calculated according to Svobodová et al.

(2013) from the spectral measurements: (1) total bright-

ness (sum of the reflectance from 300 to 700 nm), (2) red

chroma (reflectance from 600 to 700 nm, in percent, rel-

ative to the total brightness), (3) k Rvis50 (the wavelength,

k, of the point with reflectance at half the distance

between the minimum and maximum reflectance in the

visible light spectrum), (4) UV chroma (reflectance from

300 to 400 nm, in per cent, relative to total brightness),

and (5) k RUV (wavelength, of the point in which maxi-

mal reflectance was reached in the UV light spectrum,

300–400 nm). Given that each ornamental eye patch (on

each side of the head) was measured three times, only

average values were used for further analysis. Although

PC1 and PC2 of these carotenoid-based ornament colour

parameters explained 75.0 % of the variance, we did not

use PCA scores in subsequent analyses because using this

approach would preclude later utilisation of information

on the transmittance in particular variables. Since red

chroma correlated with total brightness, UV chroma, and k
Rvis50 (see Table S1), only red chroma and k RUV were

used for further analysis. As k RUV negatively correlated

with k Rvis50 (which positively correlated with red

chroma), higher k RUV may also be interpreted as lower

redness of the red patch area (see also Svobodová et al.

2013).

The areas of the eye patch and breast ornaments were

measured from digital images using Adobe Photoshop CS3

software version 10.0 (Adobe Systems Inc., San Jose, CA).

First, the image scales were equalised according to the

rulers. From these standardised images, areas of the mel-

anin- and carotenoid-based ornaments were measured in

the software (see Svobodová et al. 2013; for details).

Haematological assays

In all 50 individuals, the differential leukocyte count,

absolute leukocyte count (total white blood cell count,

TWBC), absolute erythrocyte count (total red blood cell

count, TRBC), and immature erythrocyte frequency were

evaluated. The air-dried blood smears were stained with

Modified Wright-Giemsa Stain (product no. WG128,

Sigma–Aldrich) and scanned with an Olympus CX-31

microscope (Olympus, Tokyo, Japan) under 10009 mag-

nification to count the proportion of lymphocytes, hetero-

phils, eosinophils, basophils, monocytes and immature

leukocytes from a sample of 110–140 leukocytes per

smear. TWBC and TRBC were calculated from the cell

count in 100 and 20 big squares (0.2 9 0.2 mm) in a

Bürker counting chamber, respectively. The repeatability

of the measurement was r = 0.73, n = 10, p = 0.004. The

immature erythrocyte frequencies were estimated from five

randomly chosen monolayer fields photographed at 1009

objective magnification (ca. 500–1000 cells; for more

details, see Vinkler et al. 2010b). The repeatability of this

estimate was r = 0.74, n = 10, p = 0.003. Finally, the

absorbance at 540 nm was measured for all blood samples

dissolved in Drabkin solution using a laboratory spec-

trophotometer. Haemoglobin concentrations were then

calculated using calibration with a human haemoglobin

standard (product no. H7379, Sigma-Aldrich). Since the

proportion of the variance explained by PC1 and PC2 was

very low (52.5 %), particular haematological and

immunological variables were chosen for subsequent

analyses based on results from a correlation matrix. Given

the strong correlations between most erythrocyte- and

leukocyte-based parameters (Table S2, namely between the

TRBC, haematocrit and haemoglobin concentration, and

between the H/L ratio and basophil frequency), only the H/

L ratio and TRBC were used as stress- and health-related

traits and absolute immature erythrocyte count as a meta-

bolism-related trait in further analysis.

Complement activity

Complement activity was measured using the biolumines-

cence-based method described in Atosuo et al. (2013). The

light emission produced by living cells of a bioluminescent

strain of Escherichia coli K12 (pEGFPluxABCDEamp)

was measured by a luminometer (LM01-T, Immunotech,

Prague, Czech Republic) at 37 �C. Total complement

activity of 25 ll blood plasma was determined against

65,000 cells/well (total volume 50 ll) in duplicates.

Diminishment of the light signal was positively correlated

with the decreasing viability of bacteria. Heat-inactivated

serum was used as a control. Relative results of comple-

ment activity were computed from kinetic curves as the

time difference between the final time of the measurement

(2 h) and the time needed to kill 50 % of bacterial cells.

Statistical analyses

The relationships among condition, ornaments, and health

status were analysed using linear regression models (LMs) in

which the red chroma, k RUV, area of the carotenoid orna-

ment, and area of the melanin ornament were the response

variables. For each response variable a separate LM model

was created. The intensity of the inflammatory response after

the PHA stimulation, H/L ratio, absolute erythrocyte count,

absolute immature erythrocyte count, year, and their mean-

ingful two-way interactions (i.e., those between the year and

both haematological and immunological parameters,
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respectively) were included as explanatory variables. Since

there was a weak correlation between the standardised

weight and the H/L ratio (rs = -0.37, p = 0.009), the

standardised weight was included as a covariate in all mod-

els. The significance (set to p\ 0.05) of particular terms in

the models was calculated based on the change in deviance

between the full and reduced (null) models. To achieve the

best minimal adequate model (MAM—the model with the

lowest parsimony and all variables being significant), all non-

significant terms were removed using a backward stepwise

procedure, with the statistic reported for each corresponding

to the step when they were removed from the model

(Crawley 2002). All analyses were performed in the software

R. 3.0.3 (R Development Core team 2008).

Results

Grey partridge males showed substantial variation in most

health-related parameters measured. Table S3 gives

statistics on all condition-dependent traits assessed (in-

cluding haematological, immunological, and ornamental

traits). Interestingly, we found a significant negative rela-

tionship between the absolute immature erythrocyte count

and complement activity (rs = -0.43, p = 0.017), possi-

bly indicating that metabolic rate is linked to baseline

humoral innate immunity investments in male partridges.

There was no significant correlation between any of the

selected haematological parameters and the magnitude of

the PHA-induced skin swelling (in all cases p[ 0.198).

In grey partridge males, the area of the melanin-pig-

mented breast ornament was positively related to the

increase in wing-web thickness 6 h after the PHA injection

(LM: estimate ± SE = 855.4 ± 257.4, F1,48 = 11.05,

p = 0.002; Fig. 1). Although the carotenoid pigmentation

of the eye patch showed high variation in all parameters of

colour measured (Table S3), the two most prominent traits,

i.e., the patch area and red chroma, remained unrelated to

any of the health-related traits examined (Table S4). An

effect of year was found in the MAM model explaining k
RUV (LM: F1,47 = 10.03, p = 0.003), suggesting incon-

sistency in k RUV over time. Therefore, for this response

variable, we analysed the data from each year separately. In

2009, k RUV was negatively related to the H/L ratio (LM:

estimate ± SE = -1.695 ± 0.685, F1,27 = 6.13, p =

0.020, Fig. 2a) and absolute immature erythrocyte count

(LM: estimate ± SE = -81.024 ± 38.430, F1,27 = 4.49,

p = 0.043, Fig. 2b). Although in 2010 these relationships

were non-significant because of the low sample size, they

notably remained in the same direction as in 2009, and the

effect of the H/L ratio on k RUV was only marginally non-

significant (LM: estimate ± SE = -1.162 ± 0.525,

F1,18 = 3.52, p = 0.077; Table S5).

Discussion

According to the viability indicator hypothesis, individual

quality in many bird species is honestly signalled by

ornaments. Here we show that in the grey partridge, male

individual health and immune responsiveness are signalled

through both feather-based and skin-based ornamental

traits. Males expressing an extensively melanin-pigmented

breast ornament responded with greater intensity to the

PHA pro-inflammatory stimulation than males with limited

ornamentation, suggesting that these were high-quality

individuals that were able to mount a robust immune

response. Our results also suggest that healthier males (low

H/L ratio) and males with a presumably slow pace of life

(low immature erythrocyte count) express skin ornaments

with higher UV reflectance. Based on the negative asso-

ciation between complement activity and frequency of

immature erythrocytes, we assume that immune function

and pace of life are linked in this species, with possible

effects on investments into ornamental colouration. Grey

partridge ornamental colouration in males may, therefore,

serve as a reliable signal of condition and health to females.

Immune function has repeatedly been shown to be

condition-dependent (Hõrak et al. 2000; Rodrı́guez et al.

2014). This is because mounting an immune response may

be costly in terms of energy as well as resources (Martin

et al. 2003; Sears et al. 2011; Moreno-Rueda 2010). The

costs of an immune response are especially high when

Fig. 1 Associations between the increase of wing-web thickness

(tissue swelling) 6 h after the PHA application and size of the melanin

ornament in grey partridge males (n = 50). Dashed lines are 95 %

confidence interval
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triggering an inflammatory response (Ashley et al. 2012).

Since the PHA skin-swelling test commonly used in birds

is a test of pro-inflammatory immune responsiveness

(Vinkler et al. 2010a, 2014), individuals in poor condition

often tend to develop a weak immune response to PHA

treatment (Mougeot and Redpath 2004). Various studies

have reported that melanin-pigmented feather-based orna-

ments are related to body condition (Gladbach et al. 2011),

immune function (Galván and Alonso-Alvarez 2008; Jac-

quin et al. 2011), parasite loads (Fitze and Richner 2002),

and oxidative stress (Galván and Alonso-Alvarez 2008).

Our results also show that the area of breast melanin in

male Grey Partridges is positively linked to the magnitude

of the increase in wing-web thickness after a PHA injec-

tion, indicating stronger inflammatory responses in high-

quality birds. Given that no contradicting association (see

Bı́lková et al. 2015) between haematological traits and the

immune responsiveness to PHA has been found, this sug-

gests that free-living partridges with large melanin breast

ornaments may be in better condition, investing more into

their immune defence. These findings are consistent, for

example, with those from feral pigeons (Columba livia),

where darker ‘‘melanic’’ individuals had greater skin-

swelling responses to PHA than paler ones (Jacquin et al.

2011). Furthermore, this is also congruent with the results

of a manipulative experiment in the grey partridge reported

by Beani and Dessi-Fulgheri (1995). These authors found

that males with larger melanin feather-based ornaments

were more frequently involved in antagonistic interactions

during the mating period (Beani and Dessi-Fulgheri 1995).

Due to frequent involvement in fights being associated with

an increased risk of injuries, these males may be predicted

to invest more into self-defending pro-inflammatory

immune responsiveness.

We found a negative link between standardised weight

and the H/L ratio. The H/L ratio is frequently used in the

field of avian research as a peripheral blood indicator of

inflammation (Buchanan et al. 2003; Bı́lková et al. 2015),

disease (Ots and Hõrak 1998; Garvin et al. 2003), and long-

term physiological stress (Davis et al. 2008). Hence, our

data suggest that birds in poor condition (low standardised

weight) were more stressed. This could have been influ-

enced, for instance, by their susceptibility to infectious

diseases, and thus an elevated H/L ratio may be also

associated with survival probability (Lobato et al. 2005;

Parejo and Silva 2009).

Carotenoid-based colouration is widely acknowledged

as a health signal in many avian species (Badyaev and

Young 2004). This holds true for both feather ornaments

(McGraw and Hill 2000; Hõrak et al. 2004) and living

tissues such as the ramphotheca of the bill or bare skin

(Pérez-Rodrı́guez and Viñuela 2008; Mougeot et al. 2010).

In our previous experiments, we have shown that redness

of the grey partridge eye patch is caused by carotenoid

pigmentation (Svobodová et al. 2013), similarly to several

other galliform species expressing red-coloured skin-based

ornamentation (e.g., Egeland et al. 1993; Mougeot et al.

2007). In captive grey partridge males, we found that the

birds with paler carotenoid-based ornament had higher H/

L ratios, supporting the relationship between the eye patch

signalling and health (Svobodová et al. 2013). In the pre-

sent study using free-ranging birds, we did not find any

direct association between redness (red chroma) and any

Fig. 2 Associations between a the H/L ratio and wavelength of

maximal UV reflectance (k RUV) of the carotenoid ornament,

b frequency of immature erythrocytes and k RUV of the carotenoid

ornament in grey partridge males in 2009 (n = 30). Dashed lines are

95 % confidence interval
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individual physiological state parameter measured. Nev-

ertheless, our results show that the UV signal of the car-

otenoid eye patch ornament is negatively related to the

peripheral blood H/L ratio and absolute immature ery-

throcyte count. While an increased H/L ratio is indicative

of increased stress and impaired health (Ots et al. 1998;

Davis et al. 2008), the absolute immature erythrocyte count

is positively linked to the rate of haematopoiesis (Campbell

and Ellis 2007; Yamato et al. 1996; Belskii et al. 2005;

Carleton 2008), developmental rate (Vinkler et al. 2010b),

and presumably also with metabolism and pace of life.

Therefore, our results suggest that males with lower UV

signalling lived likely faster (reflected by higher immature

erythrocyte levels released into circulation) and were

exposed to more stress (decreased health associated with an

increased H/L ratio). This is consistent with the results

reported earlier by Mougeot et al. (2005) showing that

impaired health (measured as elevated nematode parasite

loads) is negatively related to UV reflectance of the red

comb in the closely related red grouse (Lagopus lagopus).

The association between the complement activity and

absolute immature erythrocyte count also suggests that the

immune function and pace of life are linked in this species.

This is consistent with the allocation trade-off theory,

which suggests that increased resource investments into

growth and development may negatively affect health-

promoting traits such as immune function (van der Most

et al. 2011). Both the immune function and rate of growth

and development may then affect ornament development

(Vinkler et al. 2011). However, we found a significant

relationship among the UV reflectance of the eye patch,

immature erythrocyte frequency, and the H/L ratio only in

the first year of our study, which supports the idea of

context dependency of the signalling (Vergara et al. 2012a,

b).

To conclude, this study presents evidence showing that

the extent of melanin feather-based ornamentation is a

reliable predictor of pro-inflammatory immune respon-

siveness in free-living grey partridge males. Females

choosing males with large melanin ornaments may thus

obtain high-quality males in prime condition (in terms of

resource balancing). The skin-based red eye patch, on the

other hand, appears to signal health (in terms of stress

resistance). Considering that ornament function may differ

not only among species but also among populations

(Griffith et al. 2006; Dunn et al. 2010) and that this sig-

nalling may be context-dependent (Vergara et al. 2012a, b),

there is little surprise that slightly different health-related

signals are emitted in birds from a natural population than

in the captive birds investigated earlier (Svobodová et al.

2013). This is likely due to completely different environ-

mental conditions in captivity (no predation, low stress

from parasites, pathogens, and starvation) and in the wild.

Our findings are thus potentially valuable for conservation

efforts in this species.
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