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Abstract 15 

Southern Rockhopper Penguins (Eudyptes chrysocome chrysocome) have a strongly 16 

synchronised breeding cycle with a fixed pattern of nest attendance for males and females. 17 

We studied leucocyte profiles and the development of granulocyte/lymphocyte (G/L) ratios as 18 

an indicator of stress. Variation in G/L ratios were related to sex and breeding stage, but not 19 

individual body condition. G/L ratios were similar for males and females during the first part 20 

of the incubation period (“shared incubation”, when males and females both attend the nest), 21 

but in the second part of the incubation (“single incubation”, only one adult attends the nest), 22 

females had significantly higher G/L ratios and lower body condition than males. The lowest 23 

G/L ratios were registered during the crèche of the chicks at the end of the breeding season. 24 

Our results show that G/L ratios in breeding southern rockhopper penguins on the population-25 

scale reflect the temporally and sexually different timing of fasting and refeeding related to 26 

the breeding cycle. However, this measurement was not subtle enough to reveal an effect of 27 

body condition on G/L ratios on an individual scale.  28 

 29 
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 33 

Zusammenfassung 34 

 35 

Spiegeln Leukozyten-Profile zeitliche und sexuelle Variation in der Körperkondition während 36 

des Brutzyklus des südlichen Felsenpinguins wider? 37 

 38 

Südliche Felsenpinguine (Eudyptes chrysocome chrysocome) haben einen stark synchronisierten 39 

Brutzyklus. Während der Inkubation und  Kükenaufzucht wechseln sich Männchen und Weibchen am 40 

Nest in einem festgelegten Muster ab. Wir untersuchten Leukozyten-Profile und die Entwicklung des 41 

Granulocyten/Lymphozyten- (G/L) Verhältnisses als Indikator von Stress. Das G/L Verhältnis war 42 

abhängig von Geschlecht und Brutphase (Inkubation, Kükenaufzucht), aber nicht individueller  43 



Körperkondition. Männchen und Weibchen hatten ähnliche G/L Verhältnissein der ersten Phase der 44 

Inkubation ("gemeinsame Inkubation", wenn Männchen und Weibchen gemeinsam das Nest bewachen 45 

und die Eier bebrüten).Weibchen hatten signifikant höhere G/L Verhältnisse und geringere 46 

Körperkondition als Männchen in der zweiten Phase der Inkubation ("einzelne Inkubation", nur ein 47 

Elternteil bleibt am Nest). Wir fanden die niedrigsten G/L Verhältnisse während der Crèche (Küken 48 

bleiben tagsüber allein und formen kleine Gruppen, sog. Crèches) am Ende des Brutzyklus. Unsere 49 

Ergebnisse zeigen, dass das G/L Verhältnis das zeitliche Muster von Fasten und Gewichtszunahme 50 

während des Brutzyklus für Männchen und Weibchen des südlichen Felsenpinguins auf 51 

Populationsebene gut widerspiegelt. Auf individueller Ebene war diese Methode jedoch nicht subtil 52 

genug um einen Effekt von Körperkondition auf das G/L Verhältnis nachzuweisen.53 



Introduction 54 

 55 

During the breeding period, parental birds must cope with high energetic demands, resulting 56 

in a trade-off between reproduction and self-maintenance. This trade-off can also influence 57 

investment into the immune system (e.g. Sheldon & Verhulst 1996; Lee 2006). As the 58 

defence mechanism against pathogens and parasites, the immune system is necessary for the 59 

health and survival of animals, but it can be suppressed when the resources are needed for 60 

other body maintenance functions (Davis et al. 2008; Lee 2006).  61 

Leucocytes, or white blood cells, are the main element of the immune system. 62 

Depending on their function, they are attributed either to the innate or to the acquired arm of 63 

the immune system (Roitt et al. 1993). The innate immunity works predominantly by means 64 

of phagocytosis and provides initial protection against a variety of different pathogens 65 

(Maxwell & Robertson 1998; Roitt et al. 1993). It is based on monocytes and three different 66 

types of granulocytes (heterophils, eosinophils and basophils), which react to different 67 

pathogens. Heterophils, the most frequent type of granulocytes, increase during inflammatory 68 

processes, chronic stress, and infection (Maxwell & Robertson 1998; Coles 1997). The 69 

acquired immunity is more pathogen-specific and works by means of cell-mediated and 70 

humoral responses of lymphocytes (Roitt et al. 1993). Under nutritional stress, animals have 71 

been found to suppress their cell-mediated immunity, leading to a decrease of lymphocyte 72 

concentrations (Gross & Siegel 1983; Hõrak et al. 1998a). 73 

Since heterophils (H) usually increase with stress while lymphocytes (L) decrease in 74 

the same conditions, the ratio of heterophils to lymphocytes (H/L ratio) is often a useful 75 

indicator of stress (Gross & Siegel 1983; Ots & Hõrak 1996; Davis et al. 2008). Elevated H/L 76 

ratios have been found to be related to a range of stressors and energetically demanding 77 

phases, such as long-distance migration (Owen & Moore 2006), injuries (Vleck et al. 2000), 78 

and parasitic infection (Lobato et al. 2005). H/L ratios have also been found to differ between 79 



males and females (Hõrak et al. 1998b) and between chicks and adults (Quillfeldt et al. 2008 80 

and references therein) in some bird species. As heterophils are the most frequent type of 81 

granulocytes (G) compared to eosinophils and basophils (e.g. Davis et al. 2008), the ratio of 82 

granulocytes to lymphocytes (G/L ratio) can also be used instead of the H/L ratio (e.g. Hoi-83 

Leitner et al. 2001). For example, a high G/L ratio was also reported to reflect starvation in 84 

serin (Serinus serinus) chicks (Hoi-Leitner et al. 2001).  85 

As infections and diseases lead to an increase of leucocytes, a condition called 86 

leucocytosis (Fudge 1989), the ratio of leucocytes to erythrocytes (red blood cells) might 87 

provide additional information on the immune status. In fact, leucocyte numbers per 10,000 88 

erythrocytes have been used as a measure of health status in reproducing great tits (Parus 89 

major; Ots et al. 1998) and Magellanic penguins (Spheniscus magellanicus; Moreno et al. 90 

2002).  91 

Moreover, the interpretation of H/L ratios sometimes necessitates the estimation of 92 

leucocyte numbers per erythrocytes. For example, Masello et al. (2009) observed a positive 93 

correlation between body condition and the H/L ratio in wild burrowing parrot (Cyanoliseus 94 

patagonus) nestlings: nestlings in better body condition invested more energy into their innate 95 

immunity, which led to an increase in the number of heterophils. In contrast, the number of 96 

lymphocytes was independent of body condition. 97 

Thus, leucocyte profiles can help to understand how animals distribute limited 98 

resources between the different arms of the immune system. Yet, data of free-living birds, 99 

including penguins, are still scarce. Even though there are reference haematological values for 100 

some penguin species in the wild (Hawkey et al. 1989; Karesh et al. 1999; Nicol et al. 1988), 101 

immunological findings are rarely related to ecology or breeding stages (Merino & Barbosa 102 

1997; Moreno et al. 1998, 2002; Sergent et al. 2004; Vleck et al. 2000). However, for 103 

penguins, while both parents participate in incubation, brooding and feeding (Williams 1995), 104 



they also show different investment during the breeding stages. Thus, it is likely that sexual 105 

differences in haematological values represent different parental effort. 106 

Penguins invest heavily in each breeding attempt, from their arrival at the colony until 107 

the departure of the fledgling. Breeding adults undergo fasting and a serious loss of body 108 

weight during incubation (Williams 1995). Indeed, correlations between body condition and 109 

haematological values were found in wild little penguins (Eudyptula minor) (Sergent et al. 110 

2004). Vleck et al. (2000) reported differences in H/L ratios between different breeding stages 111 

in Adélie penguins (Pygoscelis adeliae). Additionally, reproductive output has been linked 112 

with health status (evaluated by counting leucocyte numbers per 10,000 erythrocytes) in 113 

Magellanic penguins (Moreno et al. 2002). 114 

The breeding cycles of crested penguins (genus Eudyptes) include long periods of both 115 

parents at the nest, during which they fast alternatively for several weeks (Warham 1972). In 116 

southern rockhopper penguins (Eudyptes chrsysocome chrysocome), males arrive at the 117 

colony about 3-4 weeks before laying, and about 10 days before females (Fig. 1; Strange 118 

1982). Both parents stay at the colony until laying and during the first incubation (“shared 119 

incubation”) stage. About 10 days after laying, males leave the colony for a 7-10 day feeding 120 

trip while the females stay at the nests alone (“female single incubation” stage) (Strange 121 

1982). After the return of the males, females leave for a feeding trip (“male single incubation” 122 

stage) and return by the time the young hatch (Strange 1982). The chicks are initially brooded 123 

continuously by the males while the females feed them every 1-2 days until they are about 124 

three weeks old. Then chicks are no longer guarded permanently and form crèche groups 125 

(“crèche” stage). They are fed by both parents in regular intervals of usually less than two 126 

days until they fledge at about 10 weeks old (Williams 1982; Raya Rey et al. 2007). 127 

As rockhopper penguins show a strongly synchronised breeding cycle with long 128 

alternating fasting periods, they provide a good model to test whether parental care is equally 129 

demanding for males and females, and whether there are differences between the breeding 130 



stages. We studied leucocyte profiles and granulocyte/lymphocyte (G/L) ratios in adult 131 

southern rockhopper penguins on New Island, Falkland Islands, to investigate if G/L ratios 132 

reflect the sexually different temporal patterns of fasting and refeeding during breeding. 133 

Thereby, we interpret the G/L ratio as an indicator of persistent stressors during the breeding 134 

season (Vleck et al. 2000), especially in reference to energetic demands.  135 

Specifically, we expected to find (1) a negative correlation between individual body 136 

condition and G/L ratios for both sexes, (2) little to no sex differences in immunological 137 

parameters and body condition during crèche but (3) lower body condition and higher G/L 138 

ratios in females compared to males during single incubation due to the possibility of foraging 139 

for males but not females prior to this incubation period. We had no clear expectations of G/L 140 

ratios for the shared incubation phase, as males had fasted longer, but females had produced 141 

eggs. 142 

143 



Material and Methods 144 

 145 

 Study area and study species 146 

Field work was conducted in the “Settlement Colony” on New Island, Falkland/Malvinas 147 

Islands (51°43’S, 61°17’W) between October 2006 and February 2007 as part of an ongoing 148 

study on southern rockhopper penguins (Poisbleau et al. 2008; 2009a; 2009b). The colony 149 

holds about 5,000 breeding pairs of southern rockhopper penguins. We captured males and 150 

females during three stages of their breeding cycle: shared incubation, single incubation, and 151 

crèche. Birds were captured from their nests by hand. To minimize disturbance, the bird’s 152 

head was covered during the measurements. Blood samples were collected immediately (end 153 

of the sampling within 3 minutes after capture) from the brachial vein with a 1 ml heparinised 154 

syringe and a 25 gauge needle. Flipper length (extended from axilla) was measured with a 155 

ruler to the nearest millimeter. Bill length (exposed culmen) and bill depth (at junction of 156 

gonys and inter-ramal region) were measured to the nearest 0.1 mm using callipers (following 157 

Poisbleau et al. in press). Penguins were weighed with an electronic balance to the nearest 158 

20g. Sex was determined using morphological measurements (Poisbleau et al. in press). 159 

Following Ruiz et al. (2002), one drop of blood was smeared on a glass slide and air-dried. 160 

Samples were later fixed with methanol (100%) and stained with Giemsa prior to counting. 161 

 162 

 Leucocyte counts 163 

Blood smears were scanned with a light microscope (1,000x, oil immersion) for a monolayer 164 

of blood cells. Differential leucocyte counts were accomplished along the short-axis of the 165 

slide to prevent differences in thickness of blood cells, following previous authors (e.g. 166 

Merino et al. 1999, Masello et al. 2009). A minimum of 100 leucocytes were counted per 167 

slide and distinguished as granulocytes, lymphocytes, and monocytes following the criteria of 168 

Hawkey & Dennett (1989). We could not clearly distinguish between eosinophils and 169 



heterophils, therefore all heterophils, eosinophils, and basophils were classified as 170 

granulocytes. Relative numbers of each leucocyte type were calculated as the percentage of 171 

all leucocytes (“relative leucocyte numbers”). Leucocyte numbers per 10,000 erythrocytes 172 

were calculated by counting the number of all erythrocytes in one microscopic visual field 173 

and multiplying it with the number of the microscopic visual fields that were scanned until 174 

reaching 100 leucocytes, following Lobato et al. (2005), who found a high repeatability of 175 

this method. 176 

 177 

 Statistics and data evaluation 178 

Statistical tests were performed with SPSS 11.0. Data were tested for normality 179 

(Kolmogorov-Smirnov tests) and homogeneity of variances (Levene’s test). Data of G/L 180 

ratios, granulocytes [%], granulocytes per 10,000 erythrocytes, and lymphocytes per 10,000 181 

erythrocytes were ln transformed. Monocytes per 10,000 erythrocytes were ln transformed 182 

after adding 1, as they contained zero values. Means are given with standard errors 183 

throughout.  184 

Body condition was calculated separately for males and females as they differ in size 185 

(e.g. Warham 1972, Strange 1982). We used a multiple linear regression of body mass as the 186 

dependent variable; flipper length, bill length and bill depth as predictors (N = 42, R = 0.505, 187 

F = 4.334 and P = 0.010 for males and N = 44, R = 0.488, F = 4.175 and P = 0.012 for 188 

females). The resulting regression equations were taken to calculate the expected body mass 189 

for males = 48.19*(flipper length) + 28.24*(bill length) – 120.71*(bill depth) – 4370.25, and 190 

for females = 9.89*(flipper) + 18.69*(bill length) + 115.06*(bill depth) – 1795.12. Body 191 

condition was then calculated as the residual between the observed and expected body mass. 192 

The data set contained samples taken during shared incubation (14 females, 14 males), single 193 

incubation (15 females, 14 males) and crèche (15 females, 14 males). Each individual was 194 

represented in the dataset only once to ensure independent data. We used General Linear 195 



Models (GLMs) to test for differences in leucocyte parameters between the three breeding 196 

stages. Initially, we included both sexes into one GLM and tested for the influence of sex 197 

(fixed factor), breeding stage (fixed factor) and body condition (covariate) as well as the 198 

interactions on leucocyte parameters (as dependent variable). This resulted in a significant 199 

interaction between sex and breeding stage. As main effects cannot be interpreted when 200 

interactions are significant (see e.g. McDonald 2008), we had to separately analyse the effects 201 

for males and females. Therefore, we tested the influence of “breeding stage” (as a fixed 202 

factor) and “body condition” (as a covariate) on differential leucocyte counts and G/L ratio 203 

(as dependent variables) separately for males and females. GLMs were based on Type III Sum 204 

of Squares and we give partial Eta-squared values (η
2
) as a measurement of the effect size. 205 

For significant relationships, we also present t-values to indicate the direction of covariate 206 

relationship. Additionally, we conducted t-tests to test directly for differences in differential 207 

leucocyte counts and body condition between males and females, separately for the different 208 

breeding stages. However, multiple testing of essentially the same H0 and/or the same data set 209 

required some error-level correction. We did this using Fisher's omnibus test. This procedure 210 

combines a number of P-values into a single chi-square-distributed variable with its degrees 211 

of freedom equaling twice the number of P-values (Haccou and Meelis 1994, Quinn and 212 

Keough 2003). Thus, we conducted Fisher’s omnibus tests for each breeding stage separately, 213 

including all leucocyte parameters.  214 

 215 

216 



Results 217 

Development of body condition over the breeding cycle 218 

Body condition differed between breeding stages in both sexes (Fig. 2; ANOVA for 219 

differences between breeding stages: F2,42 = 25.2 and P < 0.001 for males, and F2,44= 32.56 220 

and P < 0.001 for females). 221 

Body condition of females decreased from shared incubation towards single 222 

incubation and was highest during crèche. In comparison, body condition of males increased 223 

from shared incubation to single incubation and peaked during crèche (Fig. 2). Males were 224 

therefore in a lower body condition during shared incubation, but in a higher body condition 225 

during single incubation compared to females (t = -5.1 and 7.6, df = 26 and 27, P < 0.001 and 226 

< 0.001, respectively). During crèche, body condition was similar between the sexes (t = -0.6, 227 

df = 27, P = 0.584). For comparison, we present the changes in body mass for males and 228 

females in table 1.  229 

 230 

 Leucocyte profiles and body condition 231 

Rockhopper penguins had slightly more lymphocytes than granulocytes, resulting in mean 232 

G/L ratios of 0.86 ± 0.40 (range 0.34 - 2.23, Table 2). Monocytes were less frequent. 233 

Relative granulocytes and lymphocytes, as well as G/L ratios varied depending on 234 

breeding stage for both sexes (Tables 3 and 4). Even though body condition was found to be 235 

high in those stages when the G/L ratio was low (Figs. 2 and 3), individual body condition 236 

was not identified as a significant influence on leucocyte parameters except for monocytes in 237 

females (Tables 3 and 4). Indeed, monocyte counts (both relative and per 10,000 erythrocytes) 238 

were independent of breeding stage and body condition in males, but were negatively affected 239 

by body condition in females. In females, there was an interaction between body condition 240 

and breeding stage for lymphocytes per 10,000 erythrocytes, and granulocytes per 10,000 241 

erythrocytes were related with breeding stage (Table 4). Granulocytes per 10,000 erythrocytes 242 



were elevated in females during single incubation compared to females during crèche 243 

(ANOVA for differences within breeding stages: F1,44 = 3.86, P = 0.029). 244 

 Relative numbers of granulocytes and lymphocytes and G/L ratios did not differ 245 

between males and females during the shared incubation stage (Fig. 3; Fisher’s omnibus test P 246 

= 0.673). With ongoing incubation period, females had increased granulocyte and decreased 247 

lymphocyte levels, while males showed the opposite trend (Fisher’s omnibus test P = 0.012; 248 

Fig. 3). The resulting G/L ratios were higher in females than males in the single incubation 249 

stage (Fig. 3, t = -2.2, df = 25.2, P = 0.037; Nfemales = 15, Nmales = 14). Females later decreased 250 

granulocytes and G/L ratios from the single incubation to the crèche stage, while the levels 251 

remained similar for males. During crèche, males had elevated G/L ratios compared to 252 

females (Fig. 3, t = 2.3, df = 27, P = 0.029; Fisher’s omnibus test for crèche P = 0.005). This 253 

was mainly explained by lowered lymphocytes compared to females (Fig. 4; t = -2.8, df = 27, 254 

P = 0.009 for lymphocytes, and t = 1.936, df = 27, P = 0.063 for granulocytes; Nfemales = 15, 255 

Nmales = 14; tests with ln-transformed data). 256 

Relative numbers of monocytes did not change among breeding stages, but were 257 

generally higher in males than females, though not significantly (Fig. 3). 258 

 259 

260 



Discussion 261 

In the present study, body condition differed significantly between sexes and breeding stages, 262 

and we observed associated changes in leucocyte parameters. In contrast, data of individuals 263 

reflected hardly any influence of body condition on leucocyte parameters. Instead, breeding 264 

stage alone explained most of the variation in G/L ratios, relative counts of lymphocytes and 265 

granulocytes. In the rockhopper penguins, G/L ratios were not sufficiently sensitive or did not 266 

change quickly enough to reveal an effect of body condition on G/L ratios on an individual 267 

scale. 268 

 269 

 Absolute leucocyte counts per 10,000 erythrocytes 270 

Total leucocytes per 10,000 erythrocytes were independent of any tested factor and remained 271 

stable throughout the breeding season. This indicates that influences of increased energetic 272 

demand during the breeding season in rockhopper penguins are mainly traded off between the 273 

different leucocyte types, while for absolute leucocyte counts only granulocytes/10,000 274 

erythrocytes were affected by breeding stage in females. 275 

This is in a contrast to sex differences not only in relative leucocyte numbers, but also 276 

lymphocytes per 10,000 erythrocytes and total leucocytes/10,000 erythrocytes found in 277 

breeding Magellanic penguins (Moreno et al. 2002). These results could indicate that breeding 278 

stages have a more serious impact on the health status, including leucocytosis, in Magellanic 279 

penguins compared to rockhopper penguins. 280 

 281 

 G/L ratio and relative leucocyte counts 282 

As predicted, the results of relative leucocyte numbers and G/L ratios revealed significantly 283 

higher G/L ratios and therefore higher stress in females compared to males during single 284 

incubation. Moreover, G/L ratios were higher during shared incubation compared to crèche 285 

for both sexes. Contrasting these results with the time scale of the breeding cycle and the 286 



body condition, G/L ratios well reflect the burden related to the different activities of males 287 

and females during the distinct breeding stages. 288 

 289 

During shared incubation, both males and females stay at the nest permanently and therefore 290 

do not forage. This explains high G/L ratios in both sexes due to fasting and low body 291 

condition, but maybe also inter- and intraspecific competition and aggression within the 292 

colony. As males arrive in the colony about 10 days earlier than females and defend their nest 293 

territory more aggressively than females (Strange 1982), one could expect higher stress levels 294 

in males due to longer fasting, higher activity, and a significantly lower body condition than 295 

females. Despite this, G/L ratios of males and females during shared incubation were similar. 296 

Potentially, females are energetically strained by producing and laying two eggs and therefore 297 

have elevated G/L ratios, similar to those of males despite a better body condition. The 298 

differences might also reflect sex differences in hormonal regulation of parental effort versus 299 

self-maintenance independently of body condition, for example differences among males and 300 

females in prolactin levels (e.g. Riou et al. in press). 301 

 302 

During single incubation, G/L ratios of females increased and were higher than during shared 303 

incubation. By this time, females had already been fasting for about four weeks, resulting in a 304 

low body condition and elevated G/L ratios. When males were sampled in their following 305 

single incubation stage, they had recently returned from a foraging trip and hence were in a 306 

good nutritional stage. This could explain low G/L ratios and the significant differences in 307 

G/L ratios and body condition compared to the females during single incubation. 308 

 309 

Although G/L ratios were significantly higher in males than in females during crèche, the G/L 310 

ratios in both sexes were very low compared to the previous breeding stages. As the crèche 311 

period offers the possibility of regular foraging for both genders, the nutritional status and 312 



therefore body condition of adults improved compared to the previous breeding stages. This 313 

elevation in body condition could also explain the low G/L ratios. The sexual difference in the 314 

G/L ratio during crèche might be related to the previous guard stage. During the 315 

approximately 3 weeks of guarding, males attend the nest and fast, while females forage daily 316 

to feed the chicks. On closer examination, high G/L ratios in males during crèche were caused 317 

by significantly lowered lymphocytes, not granulocytes (Fig. 3). As lymphocytes have a 318 

lifespan of up to 200 days (Reece 2004), low lymphocyte numbers during crèche could still 319 

reflect immunosuppression and therefore an extra strain for males during guard. 320 

 321 

 G/L ratio and body condition 322 

Although the G/L ratio appeared to reflect changes in body condition throughout the breeding 323 

stages in both sexes, we could not verify a significant correlation between the G/L ratio and 324 

individual body condition. This is in contrast to findings in northern goshawks (Accipiter 325 

gentilis; Hanauska-Brown et al. 2003) and burrowing parrots (Plischke et al. 2010), but in 326 

agreement with results from Quillfeldt et al. (2008) in thin-billed prions (Pachyptila belcheri). 327 

 328 

 Leucocyte profiles as a measure of the parental demand 329 

Breeding season has been shown to affect immunological parameters in several bird species, 330 

sometimes with different effects for each sex. However, there is no consistent trend of the 331 

G/L or H/L ratio with ongoing breeding season within the studied species. While the H/L ratio 332 

increases over the breeding season in thin-billed prions (Quillfeldt et al. 2008) and female 333 

great tits (Hõrak et al. 1998b), Vleck et al. (2000) found the opposite for Adélie penguins. As 334 

elevated H/L ratios imply high stress levels, they are likely to connote higher parental 335 

demands, as suggested by Quillfeldt et al. (2008). For both Adélie and rockhopper penguins, 336 

incubation is more demanding for parental birds than chick-rearing (Davis 1982). In addition 337 

to the aspect of mass loss due to fasting, Vleck et al. (2000) named several more potential 338 



reasons for higher demands and stress levels in adult breeding penguins during incubation 339 

compared to later breeding stages: During incubation, the nest site and eggs have to be 340 

defended against conspecifics and skuas (Catharacta sp.), respectively. In comparison, during 341 

crèche, chicks are large enough to be left alone, thus releasing parental penguins from staying 342 

in the colony permanently. This also leads to a lower density of penguins in the colony and 343 

thus less aggression (Vleck et al. 2000). Even the need to provide the chick with enough food 344 

during chick-rearing, allows for additional effort in foraging, it does not seem to compensate 345 

for these benefits. On the contrary, during foraging trips, adults can also maintain their own 346 

nutritional and water homeostasis (Vleck et al. 2000).  347 

In contrast to penguins, courtship for parental thin-billed prions is less demanding than 348 

foraging for the chick and themselves during chick-rearing (Quillfeldt et al. 2008), which 349 

explains increasing H/L ratios with ongoing breeding season. The same argument applies to 350 

great tits, where females are more heavily affected than males (Hõrak et al. 1998b, Ots et al. 351 

1998). The results from the present study are consistent with this overall picture, where the 352 

G/L ratio during the breeding season changes in respect to parental demands and body 353 

condition, and may differ between the sexes for the same reason, but as a rule does not 354 

increase or decrease with ongoing breeding season. Particularly the findings of Vleck et al. 355 

(2000), who reported elevated H/L ratios during incubation, are consistent with our results 356 

and reflect the similar breeding ecology of Adélie penguins and southern rockhopper 357 

penguins. 358 

 359 

In summary, we were able to show that relative leucocyte numbers and the G/L ratio reflect 360 

the pattern of fasting and refeeding during the breeding cycle in southern rockhopper 361 

penguins. High G/L ratios coincided with periods of fasting and low body condition. Even 362 

though these relationships are correlational and lack causality, these results indicate that the 363 

G/L ratio provides a useful measurement of long-termed stress related to the breeding cycle.  364 



365 



Acknowledgements 366 

We are grateful to the New Island Conservation Trust for permission to work on the island. 367 

We thank Ian, Maria and Georgina Strange, and Dan Birch for their support during the field 368 

season. Thanks also to Helen Otley, Falkland Islands Government and British Antarctic 369 

Survey for their logistic help. Our study was funded by a grant provided by the Deutsche 370 

Forschungsgemeinschaft DFG (Qu 148/1-ff). All work was approved by the Falkland Islands 371 

Government (Environmental Planning Office). We would like to thank Jill Lodde Greives and 372 

two anonymous referees for helpful comments on this manuscript.  373 

374 



References   375 

Coles BH (1997) Avian medicine and surgery. Blackwell Science, Oxford 376 

Davis AK, Maney DL, Maerz JC (2008) The use of leukocyte profiles to measure stress in 377 

vertebrates: a review for ecologists. Funct Ecol 22:760-772 378 

Davis LS (1982) Timing of nest relief and its effect on breeding success in Adelie penguins 379 

(Pygoscelis adeliae). Condor 84:178-183 380 

Fudge AM (1989) Avian hematology: identification and interpretation. Proc Ass Avian Vet, 381 

Annual Meeting 1989:284-292 382 

Gross WB, Siegel HS (1983). Evaluation of the heterophil/lymphocyte ratio as a measure of 383 

stress in chickens. Avian Dis 27:972-979 384 

Haccou P, Meelis E (1994) Statistical analyses of behavioural data. Oxford University Press, 385 

Oxford 386 

Hawkey CM, Dennett TB (1989) A colour atlas of comparative veterinary haematology. 387 

Normal and abnormal blood cells in mammals, birds and reptiles. Wolfe Medical 388 

Publications Ltd., London 389 

Hawkey CM, Horsley DT, Keymer IF (1989) Haematology of wild penguins 390 

(Spenisciformes) in the Falkland Islands. Avian Pathol 18:495-502  391 

Hoi-Leitner M, Romero-Pujante M, Hoi H, Pavlova A (2001) Food availability and immune 392 

capacity in serin (Serinus serinus) nestlings. Behav Ecol Sociobiol 49:333-339 393 

Hõrak P, Jenni-Eiermann S, Ots I, Tegelmann L (1998b) Health and reproduction: The sex-394 

specific clinical profile of great tits (Parus major) in relation to breeding. Can J Zool 395 

76:2235-2244 396 

Hõrak P, Ots I, Murumägi A (1998a) Hematological health state indices of reproducing great 397 

tits. A response to brood size manipulation. Funct Ecol 12:750–756 398 



Karesh WB, Uhart MM, Frere E, Gandini P, Braselton WE, Puche H, Cook RA (1999) Health 399 

evaluation of free-ranging rockhopper penguins (Eudyptes chrysocomes) in Argentina. J 400 

Zoo Wildl Med 30:25-31 401 

Lee KA (2006) Linking immune defenses and life history at the levels of the individual and 402 

the species. Integr Comp Biol 46:1000-1015 403 

Lobato E, Moreno J, Merino S, Sanz J, Arriero E (2005) Haematological variables are good 404 

predictors of recruitment in nestling pied flycatchers (Ficedula hypoleuca). Écosci 405 

12:27-34. 406 

Masello JF, Choconi RG, Helmer M, Kremberg T, Lubjuhn T, Quillfeldt P (2009) Do 407 

leucocytes reflect condition in nestling burrowing parrots Cyanoliseus patagonus in the 408 

wild? Comp Bioch Physiol A 152:176-181 409 

Maxwell MH, Robertson GW (1998) The avian heterophil leucocyte: A review. World’s 410 

Poult Sci J 54:155-178 411 

McDonald JH (2008) Handbook of Biological Statistics. Sparky House Publishing, Baltimore, 412 

Maryland 413 

Merino S, Barbosa A (1997) Haematocrit values in chinstrap penguins (Pygoscelis 414 

antarcitca): variation with age and reproductive status. Pol Biol 17:14-16  415 

Merino S, Martínez J, Møller AP, Sanabria L, de Lope F, Pérez J, Rodríguez-Caabeiro F 416 

(1999) Phytohaemagglutinin injection assay and physiological stress in nestling house 417 

martins. Anim Behav 58:219-222 418 

Moreno J, de Léon A, Fargallo JA, Moreno E (1998) Breeding time, health and immune 419 

response in the chinstrap penguin Pygoscelis antarctica. Oecologia 115:312-319  420 

Moreno J, Yorio P, Garcia-Borboroglu P, Villar S (2002) Health state and reproductive output 421 

in Magellanic penguins (Spheniscus magellanicus). Ethol Ecol & Evol 14:19-28  422 

Nicol SC, Melrose W, Stahel CD (1988) Hematology and metabolism of the blood of the little 423 

penguins, Eudyptula minor. Comp Biochem Physiol A 89:383-386 424 



Ots I, Hõrak P (1996) Great tits Parus major trade health for reproduction. Proc R Soc 425 

London B 263:1443-1447 426 

Ots I, Murumägi A, Hõrak P (1998) Haematological health state of reproducing Great Tits: 427 

methodology and sources of natural variation. Funct Ecol 12:700-707 428 

Owen JC, Moore FR (2006) Seasonal differences in immunological condition of three species 429 

of thrushes. Condor 108:389-398  430 

Plischke A, Quillfeldt P, Lubjuhn T, Merino S, Masello JF (2010) Leucocytes in adult 431 

burrowing parrots Cyanoliseus patagonus in the wild: variation between contrasting 432 

breeding seasons, gender, and individual condition. J Ornithol  151:347-354  433 

Poisbleau M, Demongin L, Angelier F, Dano S, Lacroix A, Quillfeldt P (2009a) What 434 

ecological factors can affect albumen corticosterone levels in the clutches of seabirds? 435 

Timing of breeding, disturbance and laying order in rockhopper penguins (Eudyptes 436 

chrysocome chrysocome). Gen Comp Endocrinol 162:139-145 437 

Poisbleau M, Demongin L, Strange IJ, Otley H, Quillfeldt P (2008) Aspects of the breeding 438 

biology of the southern rockhopper penguin Eudyptes c. chrysocome and new 439 

consideration on the intrinsic capacity of the A-egg. Polar Biol 31:925-932 440 

Poisbleau M, Demongin L, Trouvé C, Quillfeldt P (2009b). Maternal deposition of yolk 441 

corticosterone in clutches of southern rockhopper penguins (Eudyptes chrysocome 442 

chrysocome). Horm Behav 55:500-506 443 

Poisbleau M, Demongin L, van Noordwijk HJ, Strange IJ, Quillfeldt P (2010) Sexual 444 

dimorphism and use of morphological measurements to sex adults, immatures and 445 

chicks of rockhopper penguins. Ardea 98:217-224 446 

Quillfeldt P, Ruiz G, Aguilar Rivera M, Masello JF (2008) Variability in leucocyte profiles in 447 

thin-billed prions Pachyptila belcheri. Comp Biochem Physiol A 150:26-31 448 

Quinn GP, Keough MJ (2003) Experimental designs and data analysis for biologists. 449 

Cambridge University Press, Cambridge 450 



Raya Rey A, Trathan P, Schiavini A (2007) Inter-annual variation in provisioning behaviour 451 

of southern rockhopper penguins Eudyptes chrysocome chrysocome at Staten Island, 452 

Argentina. Ibis 149:826-835 453 

Reeze WO (2004) Functional Anatomy and Physiology of Domestic Animals. Third Edition. 454 

Lippincott Williams & Wilkins, Baltimore 455 

Riou S, Chastel O, Lacroix A, Hamer KC (in press) Stress and parental care: Prolactin 456 

responses to acute stress throughout the breeding cycle in a long-lived bird. Gen Comp 457 

Endocrinol 458 

Roitt I, Brostoff J, Male D (1993) Immunology. Mosby, London 459 

Ruiz G, Rosenmann M, Novoa FF, Sabat P (2002) Hematological parameters and stress index 460 

in rufous-collared sparrows dwelling in urban environments. Condor 104:162-166 461 

Sergent N, Rogers T, Cunningham M (2004) Influence of biological and ecological factors on 462 

hematological values in wild little penguins, Eudyptula minor. Comp Biochem Physiol 463 

A 138:333-339  464 

Sheldon BC, Verhulst S (1996) Ecological immunology: Costly parasite defences and trade-465 

offs in evolutionary ecology. Trends Ecol Evol 11:317-321  466 

Strange IJ (1982) Breeding ecology of the rockhopper penguin (Eudyptes crestatus) in the 467 

Falkland Islands. Le Gerfaut 72:137-188  468 

Vleck CM, Vertalino N, Vleck D, Bucher TL (2000) Stress, corticosterone, and heterophil to 469 

lymphocyte ratios in free-living Adélie penguins. Condor 102:392-400 470 

Warham J (1972) Breeding seasons and sexual dimorphism in rockhopper penguins. Auk 471 

89:86-105 472 

Williams AJ (1982) Chick feeding rates of macaroni and rockhopper penguins at Marion 473 

Island. Ostrich 53:129-134  474 

Williams TD (1995) The penguins. Oxford University Press, Oxford 475 

 476 



Table 1. Body mass (in g) in 86 free-living adult southern rockhopper penguins throughout 477 

the breeding season. N = 14 for each breeding stage in males, 14 for females during shared 478 

incubation, and 15 for females during single incubation and crèche, respectively. Sampling 479 

dates for the different breeding stages are provided in column 1.  480 

 481 

Breeding Stage Males  Females  

 Mean ± SE Range Mean ± SE Range 

Shared incubation 

6.11.-17.11.2006 

 

 
2603 ± 33 

 
2340 - 2760 

 
2706 ± 58 

 
2280 - 2980 

Single incubation 

Females: 17-25.11.2006  

Males: 30.11.-5.12.2006 

 

 
 

3318 ± 38 

 
 

3040 - 3500 

 
 

2384 ± 56 

 
 

2080 - 2960 

Crèche 

3.1.-4.2.2007 

 

 
3084 ± 118 

 
2180 - 3940 

 
2988 ± 48 

 
2700 - 2988 

482 



Table 2. G/L ratios and differential leucocyte counts of 86 free living adult southern 483 

rockhopper penguins (42 males and 44 females). 484 

 485 

 Mean ± SE Range 

G/L ratio 0.86 ± 0.43 0.34 – 2.23 

Granulocytes [%] 42.48 ± 1.04 24.00 – 67.65 

Lymphocytes [%] 53.59 ± 1.04 30.39 – 71.00 

Monocytes [%] 3.93 ± 0.28 0.00 – 13.00 

Granulocytes/10,000 erythrocytes 33.26 ± 1.31 11.39 – 70.94 

Lymphocytes/10,000 erythrocytes 42.87 ± 1.92 13.40 – 108.39 

Monocytes/10,000 erythrocytes 3.03 ± 0.24 0.00 – 9.74 

Total leucocytes/10,000 erythrocytes 79.15 ± 2.82 35.56 – 171.33 

486 



Table 3. Results of GLMs with independent data, showing the effects of breeding stage and 487 

body condition on leucocyte profiles in adult male southern rockhopper penguins. Leucocyte 488 

parameters were used as dependent, breeding stage as fixed factor, and body condition as 489 

covariate. η
2 

was included to indicate the effect size. N = 42, df = 2. 490 

 491 

Parameter Breeding stage (BS) Body condition (BC) Interaction (BC*BS) 

G/L ratio* F=5.242, P=0.010, 

η
2
=0.226 

F=2.772, P=0.105,    

η
2
=0.071 

F=1.993, P=0.151, 

η
2
=0.100 

Granulocytes [%]* F=4.353, P=0.020, 

η
2
=0.195 

F2,42=2.077, P=0.158,  

η
2
=0.182 

F=1.785, P=0.182, 

η
2
=0.090 

Lymphocytes [%] F=5.809, P=0.007, 

η
2
=0.244 

F=2.163, P=0.130,       

η
2
=0.081 

F=2.163, P=0.130, 

η
2
=0.107 

Monocytes [%] F=0.327, P=0.723, 

η
2
=0.018 

F=0.181, P=0.673,       

η
2
=0.005 

F=0.191, P=0.827, 

η
2
=0.011 

Granulocytes/   

10000 erythrocytes* 

F=0.641, P=0.533, 

η
2
=0.034 

F=1.122, P=0.296,       

η
2
=0.030 

F=0.275, P=0.761, 

η
2
=0.015 

Lymphocytes/   

10000 erythrocytes* 

F=2.111, P=0.136, 

η
2
=0.105 

F=0.213, P=0.647,       

η
2
=0.006 

F=2.247, P=0.120, 

η
2
=0.111 

Monocytes/        

10000 erythrocytes* 

F=0.344, P=0.711, 

η
2
=0.019 

F=0.104, P=0.749,       

η
2
=0.003 

F=0.044, P=0.957, 

η
2
=0.002 

Total Leucocytes/ 

10000 erythrocytes  

F=0.711, P=0.498, 

η
2
=0.038 

F<0.001, P=0.983,       

η
2
<0.001 

F=1.813, P=0.178, 

η
2
=0.092 

 492 



* transformed data. G/L ratio, Granulocytes [%], Granulocytes/10,000 erythrocytes and 493 

Lymphocytes/10,000 erythrocytes were transformed using the natural logarithm, 494 

Monocytes/10,000 erythrocytes were transformed ln(1+monocytes/10,000 erythrocytes). 495 

496 



Table 4. Results of GLMs with independent data showing the effects of breeding stage and 497 

body condition on leucocyte profiles in adult female southern rockhopper penguins. 498 

Leucocyte parameters were used as dependent, breeding stage as fixed factor, and body 499 

condition as covariate. η
2 

was included to indicate the effect size. If P-values revealed 500 

significance, we additionally give the t-value to indicate the direction of the relationship. N = 501 

44, df = 2. 502 

 503 

Parameter Breeding stage (BS) Body condition (BC) interaction (BC*BS) 

G/L ratio* F=3.588, P=0.037, 

η
2
=0.159 

F=2.470, P=0.124,      

η
2
=0.061 

F=2577, P=0.089, 

η
2
=0.119 

Granulocytes [%]* F2,44=3.298, P=0.048, 

η
2
=0.148 

F=2.453, P=0.126,      

η
2
=0.061 

F=2.672, P=0.082, 

η
2
=0.123 

Lymphocytes [%] F=3.424, P=0.043, 

η
2
=0.153 

F=1.645, P=0.207,      

η
2
=0.041 

F=2.537, P=0.092, 

η
2
=0.118 

Monocytes [%] F=0.954, P=0.394, 

η
2
=0.048 

F=6.332, P=0.016,     

t=-1.172, η
2
=0.143 

F=0.112, P=0.895, 

η
2
=0.006 

Granulocytes/ 10000 

erythrocytes* 

F=3.528, P=0.039, 

η
2
=0.157 

F=0.806, P=0.375, 

η
2
=0.021 

F=1.035, P=0.365, 

η
2
=0.052 

Lymphocytes/ 10000 

erythrocytes* 

F=1.428, P=0.252, 

η
2
=0.070 

F=0.430, P=0.516, 

η
2
=0.011 

F=4.694, P=0.015, 

η
2
=0.198 

Monocytes/        

10000 erythrocytes* 

F=1.273, P=0.292, 

η
2
=0.063 

F=5.424, P=0.025,     

t=-0.591, η
2
=0.125 

F=0.461, P=0.634, 

η
2
=0.024 

Total Leucocytes/ 

10000 erythrocytes 

F=1.238, P=0.301, 

η
2
=0.061 

F=0.058, P=0.812, 

η
2
=0.002 

F=2.781, P=0.075, 

η
2
=0.128 



 504 

* transformed data. G/L ratio, Granulocytes [%], Granulocytes/10,000 erythrocytes and 505 

Lymphocytes/10,000 erythrocytes were transformed using the natural logarithm, 506 

Monocytes/10,000 erythrocytes were 507 

508 



Fig. 1. Overview of the attendance patterns of males and females in the colony during the 509 

breeding season. Arrows indicate when samples were collected. Note that the samples during 510 

crèche were taken over a period of 4 weeks.  511 

 512 

Fig. 2. Body condition (means ± standard errors) of adult male and female rockhopper 513 

penguins during shared incubation, single incubation and crèche stages. N= 14, 15, 15 for 514 



females during shared incubation, single incubation and crèche, respectively, and 14 for males 515 

for all three breeding stages. Body condition was calculated separately for males and females, 516 

using residuals of a linear regression. Results from t-tests for differences between males and 517 

females within each breeding stage are included in the graph. * for P < 0.05, ** for P < 0.01, 518 

n.s. for not significant values. 519 

 520 



 521 

Fig. 3. G/L ratios and leucocyte types (means ± standard errors) of adult southern rockhopper 522 

penguins during shared incubation, single incubation and crèche stages. Values for males are 523 

shown with filled circles, values of females with open circles. Sample sizes as in Fig. 2. 524 

Results from t-tests for differences between males and females within each breeding stage are 525 

included in the graph. * for P < 0.05, ** for P < 0.01, n.s. for not significant values. 526 

 527 


