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Abstract

We tested the hypothesis that there is a positive relationship between standard meta-
bolic rate (SMR) and reproductive success using captive zebra finches Taeniopygia gutta-
ta. This hypothesis is based on the assumption that individuals that work harder can
be expected to provision their offspring at a higher rate, and the earlier finding that
SMR and work rate are positively associated. Independent of mass, males with high
SMR were more likely to start breeding, and high male SMR was further associated
with early laying and large clutch size. Female SMR was not correlated with breeding,
laying interval or clutch size. We further measured body mass and hematocrit before
and during breeding as potential physiological traits that may determine individual
performance. Pre-breeding hematocrit was negatively associated with SMR and mass in
males, opposite to most other species studied, but probability of breeding and clutch
size were independent of hematocrit and mass in both sexes. Brood size has previously
been shown to affect daily energy expenditure, and we manipulated brood size to two
or six young to test whether birds would adjust their SMR. Parents did not adjust SMR
or hematocrit significantly to brood size, although both increased (effect sizes 0.2-
0.39). Thus our hypothesis was supported on a correlational level, but only weakly by
the experiment.
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Introduction

The hypothesis that energy expenditure may set a limit to reproductive output is intui-
tively plausible, because individuals that work harder can be expected to provision
their offspring at a higher rate (Williams & Vézina 2001). It is thought that the maxi-
mum sustained or peak rate of energy expenditure is functionally linked with the basal
metabolic rate, or BMR (Drent & Daan 1980; Peterson et al. 1990; Daan et al. 1991).
This hypothesis is supported by experimental effects of induced changes in daily ener-
gy expenditure on BMR (Gelineo 1964; Arieli et al. 1979; Daan et al. 1989; Speakman
& McQueenie 1996; Williams & Tieleman 2000). The link between BMR and maxi-
mum sustainable energy output can be understood considering that BMR is a reflec-
tion of the size of the ‘metabolic machinery’, i.e. organs such as heart, kidney, liver and
intestines (Daan et al. 1989; Daan et al. 1990; Piersma et al. 1996a).

Although it seems plausible that there is a positive association between BMR and
reproductive effort and, consequently, reproductive success, this has been little stud-
ied. In mammals there is some evidence for associations between metabolic rates and
life-history variables on the interspecific level (Glazier 1985; McNab 1986b;
Stephenson & Racey 1995), although other studies failed to find such a pattern
(McNab 1986a; Read & Harvey 1989; Harvey et al. 1991; Stephenson & Racey 1995).
Intraspecific studies of mammals failed to reveal any association between BMR and
aspects of reproduction (Derting & McClure 1989; Earle & Lavinge 1990; Hayes et al.
1992; Stephenson & Racey 1993a; Stephenson & Racey 1993b; Johnson et al. 2001b).
In birds no interspecific associations between BMR and life history traits have been
found so far (Padley 1985; Trevelyan et al. 1990). However, Nilsson (2002) recently
found a positive relationship between manipulated nestling provisioning rate and
mass-corrected BMR in female marsh tits Parus palustris.

In this paper we test the hypothesis that individuals with a high standard metabolic
rate (SMR) have a higher reproductive success. (We refer to SMR instead of BMR
because we measured MR at temperatures just below the lower critical temperature.)
First we measured SMR of captive zebra finches Taeniopygia guttata before the onset of
reproduction, and investigated how pre-breeding SMR was associated with aspects of
reproductive success. Female zebra finches increase their DEE in response to an in-
crease in brood size (Deerenberg 1996), and SMR may also increase in response to
increased demands of the brood (Johnson et al. 2001b; Nilsson 2002). To test this
hypothesis we manipulated brood size, and measured SMR late in the nestling phase.
In addition to SMR we measured body mass and hematocrit, because they are func-
tionally associated with energy expenditure (Carpenter 1975; Hammond et al. 2000).

Nocturnal metabolism and reproductive success 85

PW diss  29-10-2003  09:08  Pagina 85



METHODS

Animals and housing

This study was carried out under license 2281 of the Animal Experiments Committee
of the University of Groningen. A total of 78 wild-type, captive zebra finches were ini-
tially used in the experiment. All birds were at least two years of age. The birds had a
blue or black plastic, numbered leg ring. They were housed in cages of 40x80x40 cm
(hxwxd). Pairs were formed between June 2 and 6. Room temperature was on average
25°C, ranging from 23 to 27°C. Lights went on at 8:00 and off at 22:00, i.e. a LD cycle
of 14:10 h. Food and water were present ad libitum. Food consisted of a mixture of dry
seeds, and a teaspoon of fortified canary food was given 3 times per week as source of
complementary nutrients, until completion of the clutch.

Chronology

Chronologically, the experiment was performed as follows: pair formation was fol-
lowed, within 12 days, by pre-breeding metabolic, body mass and hematocrit measure-
ments. A nest box and nesting material was offered 20 days after pair formation and
brood size was manipulated when chicks were 1-3 days old. Then breeding metabolic
rate, body mass and hematocrit measurements were taken when nestlings were 14-15
days of age (age estimation was accurate to ca. 0.5 d), and nestling size was measured
when on average 20.7 d old.

Manipulation

The nest boxes were checked daily for nest building and eggs. A clutch was considered
complete when no more eggs were laid on three consecutive days. After completion of
the clutch, the eggs were checked regularly for hatching. Broods were manipulated
when the chicks were 1-3 days old. Broods of two and six nestlings were created. In
total 10 broods were formed having two nestlings and nine broods with six nestlings.
The other pairs failed to produce a nest, eggs or young. Original and manipulated
brood size were not correlated (r = -0.086, P = 0.73).

Measurements

Metabolic rates were measured by indirect calorimetry, using rate of oxygen consump-
tion and carbon dioxide production. Bird were kept in a 1.7 l Plexiglas box, with a
perch and drinking water, but without food, inside a climate room. Dry air was pumped
through the boxes at a rate of 20 l/h. The air was dried over a molecular sieve (3Å,
Merck, Darmstadt, Germany). Flow rates were measured with mass-flow controllers
(Brooks, type 5850S, Veenendaal, The Netherlands). Oxygen concentration was meas-
ured with a paramagnetic analyser (Servomex, type Xentra 4100), as was the carbon
dioxide concentration (Servomex, type 1440). We measured 8 birds per night, and
each bird was measured for 1 min at 9-min intervals. The inlet air was also measured
every 9 min. Oxygen consumption was calculated from the volume of dry air entering
the respirometer box and the fractions of oxygen and carbon dioxide in the incoming
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and outgoing dry air. Metabolic rate was calculated using the, RQ dependent, conver-
sion factor for the oxygen consumption as given by Brody (1945). RQ was on average
0.726 ± 0.002 (±SE) and did not differ between sexes (t77 = 0.52, P = 0.6).

Metabolic rate was measured 1-3 weeks before offering nesting material (pre-breed-
ing) and when nestlings were 14-15 days of age (breeding). The birds were put in the
respirometer at 17:30 (pre-breeding) or 21:00 (breeding) and taken out at 8:00. A later
starting time was used for breeding birds to minimise consequences for the chicks.
Unfortunately, the different starting times impede direct comparisons between first
and second measurement. Lights were off between 18:00 and 7:00. The chamber was
regulated at two temperatures during the measurements: first the temperature was
similar to the temperature inside their home cage, i.e. 25°C, to obtain estimates of
their metabolic rate in the nest cages. These values were not used in this study.
Between 22:30 and 3:30 the temperature was increased to on average 32.2°C.
Metabolic rates were estimated by taking the average value between 00:15 and 3:30.
We estimated that the food retention time in the digestive tract was ca. 1 h (Karasov
1990) and therefore assumed that the birds were post-absorptive at the time of meas-
urement. Although we aimed to measure BMR (i.e. metabolic rate in the thermoneu-
tral zone), there was still an effect of temperature on metabolic rate (Table 6.1). This
was unexpected, because Calder (1964) reported that the lower critical temperature of
zebra finches was 29.5°C. There was no indication that part of the measurements had
been in the thermoneutral zone, because temperature squared did not have an addi-
tional effect in the model (F1,72 = 2.66, P > 0.1). In the statistical analyses we therefore
controlled for ambient temperature, and we refer to our measurements as standard
metabolic rate (SMR). One SMR value of the breeding measurements was considered
an outlier (this value was 4.9 standard deviations above the mean), and this value was
omitted from further analyses. This bird was probably active during large part of the
night.

Body mass (resolution 0.1 g) was measured before each respirometer measure-
ment. High mass can be due to high mass of nutritional stores, organs and muscles,
and to large structural body size, and we therefore examined the effect of these varia-
bles separately. We used tarsus length (length tibiotarsus; resolution 0.1 mm) as a
measure of size, and the residual of the regression of mass on tarsus as a measure of
nutritional stores, muscle and organ sizes. Both before and during breeding, mass and
tarsus were strongly related (before breeding: mass = -0.63 (±5.44) + 1.18 (±0.38) x
tarsus, F1,81 = 8.13, P < 0.01, sex and interaction sex x tarsus: F1,81 > 0.73, P > 0.1;
during breeding: mass = -13.92 (±7.22) + 2.01 (±0.52) x tarsus, F1,43 = 16.3, P <
0.001, sex and interaction sex x tarsus: F1,43 > 0.52, P > 0.1). Tarsus length squared
or wing length (squared) did not significantly improve the regressions.

Hematocrit was measured ca. 10 h prior to the respirometer measurement. A blood
sample was collected in two heparinised capillaries by puncturing the brachial vein
with a needle. Capillaries were centrifuged for 10 min at 10000 rpm and height of the
blood column, packed red blood cells and white blood cells was measured with a mag-
nifying glass and digital sliding callipers to the nearest 0.1 mm. Hematocrit and buffy
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coat thickness were calculated as the percentage of red and white blood cells, respecti-
vely, of the total blood column.

As measures of reproductive output we used laying incidence, i.e. whether breeding
started at all, laying interval, clutch size, hatching incidence, i.e. whether one or more
eggs hatched, and average nestling mass. Laying interval was defined as the time
between receiving a nestbox and laying the first egg. Nestling size (mass, wing and tar-
sus length) was measured at an age of 20.7 ± 0.2 (±SE) d.

Statistical analyses

Although pairs were randomly created by us, due to accidental assortative mating, the
pre-breeding size (tarsus and wing length, body mass and residual mass) and SMR of
birds forming pairs could have been correlated, but this was not the case (all r < 0.34,
all P > 0.09). Also during breeding the change in body mass, SMR and hematocrit
were not correlated within pairs (all P > 0.34). Pair members were therefore statisti-
cally treated as independent values in the analyses. Chick development was analysed
using hierarchical linear models (MLwiN version 1.10), with brood on the second level
(Rabasch et al. 2000). In these models, P-values were based on the X2-distributed
changes in deviances. Models were selected using backwards deletion of the least sig-
nificant term.

When experimental effects are expressed as ‘effect size’ we refer to Cohen’s stan-
dardised effect size (Cohen 1988), which for a comparison of two groups is the dif-
ference between the means, divided by the mean standard deviation.

RESULTS

Pre-breeding

Before analysing the relationships between reproduction and the different state para-
meters (tarsus, residual mass, SMR and hematocrit), we briefly describe metabolic
rates and the correlations between state parameters for the two sexes measured before
the start of reproduction. Female SMR was 10.3% higher than male SMR (Table 6.1).
At 32°C, the averages were 256 ± 5.7 mW for females and 232 ± 5.7 mW for males.
Females tended to be heavier than males (females: 16.4 ± 0.32 g, n = 39; males: 15.6
± 0.34, n = 39; t76 = 1.59, P = 0.1), but the effect of sex on SMR remained significant
when tarsus length and residual mass were controlled for statistically (Table 6.1). To
our knowledge only a few other studies found a differences between the sexes in BMR
or SMR when mass was controlled for (Daan et al. 1989; Hammond et al. 2000).

Males with high hematocrit had low residual mass and low SMR (Figure 6.1). We
corrected for the effect of residual mass in a partial correlation and the negative corre-
lation between SMR and hematocrit remained significant (r = -0.36, n = 36, P =
0.029). However, the correlation of hematocrit with residual mass did not persist
when controlling for SMR (partial correlation: r = -0.14, n = 36, P = 0.39), indicating
that hematocrit was related to SMR and not to residual mass. Female hematocrit was
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Table 6.1 Result of GLM analysis of pre-breeding measurements of SMR (mW) of 78 individuals in
relationship to temperature, body mass, tarsus length and sex.

source coefficient F df P

intercept 1173 ± 335 12.5 1 < 0.001

temperature (°C) -35.24 ± 10.32 11.67 1 < 0.005

sex (female=1, male=0) 19.70 ± 6.84 8.29 1 < 0.01

tarsus length (mm) 13.85 ± 5.64 6.03 1 < 0.05

residual mass (g) 9.22 ± 1.74 28.03 1 < 0.001

error 73

total 78

Note. Shown are parameter coefficient estimates ±SE. The r2 of the model was 0.48.

Figure 6.1  SMR (W) and residual mass (g) in relation to hematocrit in male and female birds prior
to reproduction. Residual mass is the residual of the regression of body mass with tarsus length.
Lines depict the statistically significant relationships. Male residual mass: r = -0.38, n = 39, P <
0.02; male SMR: r = -0.49, n = 39, P < 0.002; female residual mass: n = 38, P > 0.99; female SMR:
n = 38, P = 0.15.
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not correlated with residual mass or SMR (Figure 6.1), nor with the interaction term
of both variables (P = 0.31).

Reproduction

Pairs of which males had a high pre-breeding SMR had more eggs in their nest (Figure
6.2). Tarsus length and residual mass, entered either singly or simultaneously could
not explain this variation (Table 6.2; t37 < 1.2, P > 0.22). This regression includes
clutch sizes of zero, because not all birds started breeding when they were given a
nestbox. (We define breeders as pairs that had at least one egg in the nest.) SMR was
higher in breeding males than in non-breeders (difference of 30 mW, or 15%; t37 =
2.79, P < 0.01). This was not due to confounding effects of size or mass, because tar-
sus and residual mass did not differ between breeders and non-breeders (t37 < 1.09, P
> 0.25). We also analysed the variation between breeders and non-breeder using mul-
tiple logistic regression (with parameters hematocrit, pre-breeding SMR, residual mass
and tarsus length of both sexes), and this yielded a model with only male pre-breeding
SMR. Also among breeders there was a positive correlation between male pre-breeding
SMR and clutch size (r = 0.49, n = 27, P < 0.01), and males with high pre-breeding
SMR had short intervals until the start of laying (Figure 6.2). Tarsus length and/or

Chapter 690

Figure 6.2  Laying interval (days between receiving a nestbox and the day the first egg was laid), and
clutch size in relation to SMR measured prior to reproduction. Lines depict the significant relation-
ships.
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residual mass did not explain variation in laying interval. No effects of pre-breeding
SMR on hatching success was found in either sex, but females with high pre-breeding
residual mass and small tarsus were more likely to hatch their young. Female or male
state parameter were not correlated with nestling mass (controlling for nestling age
and brood size).

Females with high hematocrit had a longer interval until the start of laying. This
increase was restricted to part of the range (Figure 6.3), and significantly more varia-
tion was explained when hematocrit squared was included in the model (r2 = 0.43,
hematocrit: P < 0.04, hematocrit2: P = 0.02). Minimum laying interval was found at a
hematocrit of approximately 47%.

Nocturnal metabolism and reproductive success 91

Table 6.2 Associations between metabolism, body size, residual mass and hematocrit of male and
female parents prior to the start of reproduction with parameters of subsequent reproductive behav-
iour and success.

clutch size laying interval (d) eggs hatched? nestling mass (g)

mean (±SE) 3.2 ± 0.4 7.9 ± 0.6 0.66 10.1 ± 0.3

sample size 39 27 27 17

sex variable parameter t parameter t parameter t parameter t

tarsus -0.97 1.53 -2.79 ± 7.52** 1.26
1.35

res. mass 0.32 -0.55 0.96 ± 5.80* -1.17
0.50

hematocrit -0.46 0.214 ± 2.21* 1.11 1.96
0.097

SMR 0.03 -0.2 1.26 1.18

tarsus -1.66 1.12 1.22 1.78

res. mass -1.12 -0.74 0.01 -0.27

hematocrit 0.35 -0.22 0.07 0.46

SMR 35.09 ± 3.91*** -44.42 ± -2.44* 1.12 0.18
8.97 18.23

Note. Parameter, t and P-values are based on backward stepwise linear or logistic regressions, performed for
females and males separately. Only values of significant parameters are printed. Non-significant t-values were
calculated by entering parameters singly in the final model. Also shown are the averages and their standard
errors of the reproduction variables. Clutch size include clutches of 0. We checked whether the residuals of the
regression with clutch size and male SMR deviated from a normal distribution, but this was not the case (P =
0.7). ‘eggs hatched?’ is a binary variable indicating whether at least one egg hatched. Analyses of nestling
mass were performed with the per-brood mean of the age and brood size controlled nestling mass just prior to
fledging.
*P < 0.05, **P < 0.01, ***P < 0.001
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Breeding

Parents seemed to be constrained in their chick feeding effort when brood size was
large, since nestlings in broods of six chicks were 1.68 ± 0.31 g lighter than nestlings
in broods of two (X12 = 13.49, P < 0.0005). Wing length of nestlings in large broods
was also reduced (-2.42 ± 0.86 mm, X12 = 7.48, P < 0.01), while tarsus length was
not affected (-0.30 ± 0.17 mm, X12 = 1.32, P = 0.25). In four of the large broods and
in none of the small broods, a nestling died (age 2-5 d), but these numbers are too low
to allow statistical testing.

When investigating effects of brood size on parental mass and SMR we calculated
the within-individual change between the pre-breeding measurement and the breeding
measurement to control for individual variation (Table 6.3). All breeding birds became
lighter (Figure 6.4), but birds rearing large broods lost 1.06 ± 0.49 g more than birds
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Figure 6.3  Female hematocrit and the laying interval (days between receiving a nestbox and the day
the first egg was laid). The line shows the significant relationship with hematocrit and hematocrit2.

Table 6.3 Differences in condition, SMR and hematocrit in parents with small or large brood and the
change therein from pre-breeding to breeding.

female male
reduced enlarged reduced enlarged

body mass (g) 13.33 ± 0.58 (8) 13.78 ± 0.55 (9) 13.74 ± 0.31 (10) 12.64 ± 0.50 (9)

change (g) -2.08 ± 0.27 (8) -3.33 ± 0.53 (9) -2.28 ± 0.57 (10) -3.16 ± 0.51 (9)

residual mass (g) 0.32 ± 0.29 (8) 0.11 ± 0.49 (9) 0.42 ± 0.34 (10) -0.86 ± 0.32 (9)

relative SMR changea -10.8 ± 14.2 (8) -9.7 ± 18.7 (7) -10.9 ± 15.9 (8) -1.9 ± 12.9 (9)

hematocrit (%) 51.0 ± 1.3 (10) 53.3 ± 1.9 (9) 47.9 ± 1.3 (10) 47.8 ± 1.3 (9)

change (%) -0.9 ± 2.2 (10) 0.5 ± 2.4 (9) -4.7 ± 0.9 (10) -3.7 ± 1.5 (9)

Note. Shown are parameter values ±SE with sample size given in parentheses. The individual change in body
mass is identical to the change in residual mass, which is therefore omitted.
aThe absolute values of SMR changes were overestimated due to a change in the time of start of the measure-
ment. SMR values were corrected for temperature variation.
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rearing small broods (t34 = 2.17, P = 0.037), in agreement with the result of
Deerenberg (1996). Mass change did not differ between the two sexes. The change in
SMR was not significantly associated with brood size (Figure 6.4; controlling for sex,
F1,29 = 1.13, P = 0.30), although effect size was reasonable at 0.39. Controlling for
mass change did not alter this result.

The change in hematocrit between the pre-breeding and breeding was independent
of manipulated brood size (controlling for sex, F1,34 = 0.46, P = 0.50). Hematocrit
decreased from pre-breeding (51.8 ± 0.8%) to breeding (47.9 ± 0.9%) in males (pair-
ed t-test: t19 = 4.66, P < 0.001), but not in females (51.9 ± 1.4% to 52.6 ± 1.1%;
paired t-test: t18 = 0.41, P = 0.68). In the non-breeders there was no change in hema-
tocrit in either sex (both P > 0.24). The sex difference in response to breeding was sig-
nificant (interaction sex and breeding incidence: F1,48 = 4.49, P = 0.039; model inclu-
ded main effects).

Discussion

We aimed to test the hypothesis that a positive relationship exists between SMR and
reproductive success. This hypothesis was based on the assumption that individuals
that expended more energy could potentially provide their offspring with more resour-
ces, and the positive association between SMR and daily energy expenditure in compa-
rative studies. Our results are mixed, in the sense that clear effects were found one-
way only: experimentally increased reproductive effort had no significant effect on
SMR, but we found that there were significant correlations between male SMR and the
probability that a pair started laying, clutch size and the laying interval (Figure 6.2). To
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Figure 6.4  Change in SMR and residual mass in female and male individuals from before reproduc-
tion until when the chicks were 14-15 d of age, plotted against the manipulated brood size. The
absolute values of the SMR changes could not be calculated, but comparisons between categories are
valid. The black dots depict the average values of both females and males with their associated stan-
dard error. Only for residual mass the relationship is significant.
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our best knowledge, this is the first study to demonstrate an association between pre-
breeding nocturnal metabolic rate and aspects of reproduction in birds. The associa-
tions with SMR were independent of mass, because in the regression models (Table
6.2) tarsus length and residual mass did not explain additional variation, and SMR
remained significant when mass was added to the model.

Female zebra finches increased daily energy expenditure with increasing brood
size (Deerenberg 1996), but we found no significant effect of brood size manipulation
on SMR in either sex (Figure 4). Effect size of this difference in SMR was intermedia-
te at 0.39, but the statistical power to detect such an effect was only 0.22, which is
rather low. Given the sample size, an effect size of 1.03 (53 mW) was detectable with
80% power, suggesting that if an effect of brood size on SMR exists it is likely to be
smaller than 53 mW, i.e. ca. 20% of SMR. Although the effect that we found was not
significant, it was of similar magnitude as the effect size of 0.50 (n = 39) found in a
similar experiment with marsh tits (Nilsson 2002). Both values are substantially higher
than the effect size of -0.01 (n = 17) found in a comparable study in free living great
tits Parus major (Wiersma & Tinbergen 2003: Chapter 5). When these values are com-
bined in a meta-analysis (following Hedges & Olkin 1985, pp. 230-232), we find that
overall there is a trend that BMR (SMR) is adjusted in response to brood size manipu-
lation, which doesn’t quite reach significance (z = 1.75, P = 0.08). It is clear that
more studies are needed to verify whether there really is an adjustment of BMR
(SMR) in response to brood size, and how the large interspecific differences can be
explained.

In addition to lack of statistical power, there could be several biological explana-
tions for the absence of an effect of brood size on SMR. In a number of studies on non-
reproducing birds and mammals, and reproducing brown long-eared bats Plecotus auri-
tus, an experimental elevation of exercise level induced a reduction in SMR
(Deerenberg et al. 1998; Bautista et al. 1998; McLean & Speakman 2000; Nudds &
Bryant 2001; Westerterp 2001). The BMR reduction was interpreted as energy saving
behaviour to cope with the increased work load, and in our study adjustment of SMR
may have been masked by saving mechanisms acting during the night. Alternatively, a
brood size effect on DEE in our study may have been insufficient to induce a detecta-
ble effect on SMR. Although our data on mass of offspring and parents indicate that
parental provisioning was constrained with increasing brood size (Table 6.3), we were
unfortunately not able to measure energy expenditure to verify that DEE increased as
found by Deerenberg (1996).

Average hematocrit tended to be higher in birds rearing large broods (effect size
0.29 in males, 0.20 in females), in reasonable agreement with the significant effect size
of 0.49 found in great tits (Hõrak et al. 1998). To our knowledge there are no other
studies of the association between hematocrit and manipulated brood size. The increa-
se in hematocrit with increasing brood size is in agreement with other studies showing
a positive association between flight effort and hematocrit (Carpenter 1975; Saino et al.
1997; Verhulst et al. 2002), and is probably an adaptation to accommodate the increas-
ed oxygen demands of e.g. the flight muscles.
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The absence of associations of clutch size with female mass, tarsus or condition, is in
agreement with earlier results obtained in zebra finches (Williams 1996b). The hema-
tocrit of female birds typically decreases around the time of laying (Silverin 1981; Keys
et al. 1986; Morton 1994), and our result (Figure 6.3) is consistent with this find-ing.
Male hematocrit was negatively correlated with SMR and residual mass (Figure 6.1),
suggesting that birds with high hematocrit were in worse shape, although there was
no direct correlation between male hematocrit and reproductive success. These results
are surprising, because hematocrit is usually found to be lower in birds with lower
(residual) mass (Svensson & Merilä 1996; Piersma et al. 1996b; Piersma et al. 2000;
our unpublished personal observations in oystercatchers Haematopus ostralegus and star-
lings Sturnus vulgaris), and correlations between hematocrit and metabolic rate are usu-
ally positive (Burness et al. 1998; Hammond et al. 2000). The cause of the negative cor-
relations is not clear, but could in theory be the result of dehydration of birds with
high RMR, although water was always present ad libitum for all birds. However, if the
correlations were caused by dehydration this would also have resulted in a positive
correlation between hematocrit and the buffy coat (proportion of white blood cells),
but no such correlation was found (r = 0.02, n = 38, P = 0.9).

The correlations between SMR and breeding, laying interval and clutch size were
restricted to males (Figure 6.2), and since the female lays the eggs this is somewhat
unexpected. In zebra finches and other species, females invest more in reproduction
when their males are more attractive (Sheldon 2000; Verhulst 2003). BMR has been
found to increase in response to testosterone treatment, at least in some species (e.g.
in house sparrows Passer domesticus; Buchanan et al. 2001), suggesting that males with
high SMR might have had high testosterone levels. Since testosterone stimulates sexu-
al behaviour, males with high SMR may have been more sexually active (e.g. better
singers or nest builders), inducing a higher investment of their mates. Obviously,
direct observations of sexual behaviour and testosterone are necessary to substantiate
these speculations.
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