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Vitellogenin dynamics during egg-laying: daily variation,
repeatability and relationship with egg size
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Daily variation in circulating levels of the avian yolk precursor, vitellogenin (VTG),
throughout the laying cycle was investigated in female zebra finches Taeniopygia
guttata and compared with predicted ovarian follicle demand (based on a model of
follicular development for this species). In general, the pattern of variation in plasma
VTG matched the predicted demand from the developing ovarian follicle hierarchy.
Plasma VTG was non-detectable in non-breeders, but increased rapidly with onset of
yolk development, remaining high (1.43–1.82 �g/ml, zinc) through to the 3-egg stage.
Plasma levels then declined at the 5-egg stage (to 0.78�0.32 �g/ml) and were
undetectable at clutch completion. This result is consistent with the hypothesis that
yolk precursor production is costly and that selection has matched supply and
demand. While inter-individual variation in plasma VTG was marked (e.g. 0.47–4.26
�g/ml at the 1-egg stage), it also exhibited high intra-individual repeatability (r=
0.87–0.93). Finally, we examined the relationship between plasma VTG and primary
reproductive effort. While individual variation in plasma VTG was independent of
clutch size, laying interval and laying rate, there was a complex, diet-dependent
relationship between VTG and egg size, with low plasma VTG levels being associated
with both very small (�0.90 g) and very large (�1.15 g) egg sizes.
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Williams 2001a; no relationship in captive-breeding ze-
bra finches Taeniopygia guttata, Williams and Chris-
tians 1997). In both of these studies, plasma VTG was
measured at a single point in the laying cycle (the 1-egg
stage) but the experimental diets differed between stud-
ies, raising the possibility that the form of the relation-
ship between plasma VTG and reproductive output is
diet- (i.e. resource) dependent. These studies also pro-
vided no information on how yolk precursor levels vary
throughout the laying cycle (but see Challenger et al.
2001) or to what extent they might vary within individ-
uals between breeding attempts (i.e. repeatability of
yolk precursor production).

In this paper we first describe the pattern of daily
variation in circulating levels of VTG throughout the
laying cycle in female zebra finches, and compare this
pattern to the predicted demand based on a model of



circulating levels of VTG at various stages of the laying
cycle were compared to a model of ovarian follicle
growth and yolk precursor ‘demand’ previously gener-
ated for a 6-egg clutch (for details of the model see
Williams and Ternan 1999; units of total energy used in
Williams and Ternan 1999 were converted to grams of
yolk assuming zebra finch yolk is composed of 75%
water, 15% lipid, and 10% protein (K. G. Salvante
unpubl. data), and the energy equivalents of 9.4 kcal/g
lipid and 4.25 kcal/g protein (Schmidt-Nielsen 1990)).

Variation in plasma VTG in relation to
reproductive effort

Female zebra finches were paired under the same envi-
ronmental conditions, and using the same methods as
described previously, with two exceptions: (1) all of the
females in this part of the study were sampled for blood
only on the day that the first egg was laid (1-egg stage),
and (2) all of the eggs were weighed and numbered, but
not collected. Data from two groups of females were



both cases). Prior to the predicted onset of RYD,
plasma VTG levels increased slightly, but not signifi-
cantly (P�0.002), from the non-breeding stage to the
early pre-laying stage. With the onset of RYD there
was a sharp increase in plasma VTG to 1.43�0.51
�g/ml, and plasma levels remained high through the
1-egg and 3-egg stages (no difference between these
three stages, P�0.80 in all cases; Fig. 1). Circulating
levels of the yolk precursor then decreased significantly
between the 3-egg and 5-egg stage (P�0.0015), but
were still significantly higher than zero at the 5-egg
stage (P�0.00025). By clutch completion (CC), two
days after the last egg was laid, plasma VTG levels were
again not significantly different from zero (P�0.90).

Repeatability of VTG

A total of 28 females were blood sampled during both
their first and second breeding attempts and 12 of these
birds were sampled at the same stage of laying in the
two clutches. Controlling for laying stage, plasma VTG
was highly repeatable within individuals between their
first and second breeding attempts (r=0.87, F27,28=
12.3, P�0.001, n=28, Fig. 2a) with individual ex-
plaining 85.0% of the total variation in plasma VTG.
Similar results were obtained when analysis was re-
stricted to females that were sampled at the same stage
of laying in the two successive clutches: plasma VTG

Fig. 2. Repeatability of VTG between two laying bouts, (a)
controlling for stage of laying and (b) for females sampled at
the same stage of laying in both breeding attempts.

levels were highly repeatable within individuals between
breeding attempts (r=0.93, F11,12=26.2, P�0.001,
n=12, Fig. 2b) and individual explained 92.6% of the
total variation in plasma VTG.

Plasma VTG at the 1-egg stage and reproductive
effort

Body mass at the 1-egg stage, laying interval, total
number of days skipped during the laying cycle, and
laying rate were independent of diet (P�0.05 in all
cases, Table 1). Clutch size, laying interval, total num-
ber of days skipped during the laying cycle, and laying
rate were also independent of circulating VTG, regard-
less of diet (ANCOVA controlling for diet, P�0.05 in
all cases). In contrast, diet had a significant effect on
residual mean egg mass (controlling for body mass,
F1,50=16.8, P�0.001), clutch size (F1,50=13.1, P�
0.001), and plasma VTG levels (F1,49=4.9, P�0.05;
Table 1). Females whose diets were supplemented with
egg-food laid larger eggs, more eggs, and had lower
plasma VTG than females fed only seed. Furthermore,



Table 1. Variation in body mass, reproductive effort, and plasma VTG in relation to diet in female zebra finches. Plasma VTG
was log10-transformed for statistical analyses. Values are least-squares means�SE, with sample sizes in parentheses. Values with
the same superscript do not differ significantly (P�0.05).

Trait Experienced females on seed Experienced females on seed
and egg-food supplement

16.3�0.3 (28)aBody mass (g) at pairing 15.6�0.4 (25)a

1.108�0.017 (28)bMean egg mass (g) 0.995�0.018 (25)a

Mass-corrected mean egg mass (g) 0.045�0.016 (28)b−0.051�0.017 (25)a

Clutch size 4.0�0.2 (25)a 5.4�0.2 (28)b

Laying interval (days from pairing) 5.5�0.4 (25)a 5.7�0.4 (28)a

Plasma VTG (�g/ml, VTG-zinc) 1.47�0.18 (26)b2.04�0.19 (25)a

with egg-food (r= −0.36, F1,24=3.5, P=0.07), but
these traits were positively correlated in the seed-diet
females (r=0.50, F1,23=7.7, P�0.01, Fig. 3a). The
extreme mean egg sizes in both diet groups (small eggs
in seed-diet females, large eggs in females supplemented
with egg-food) appear to be driving these relationships
between egg size and plasma VTG. Therefore, the
relationship between mean egg mass and circulating
levels of VTG was assessed using the range of mean egg
sizes that were common to both groups (0.913 to 1.154
g). In this restricted analysis plasma VTG levels did not
differ between the two diets (F1,36=2.8, P�0.10), and
the interaction between plasma VTG levels and diet
was not significant (F1,34=2.8, P�0.10). Mean egg
mass was not related to plasma VTG levels over this
range of egg sizes (F1,36=0.3, P�0.50, Fig. 3b), de-
spite marked (over seven-fold) variation in plasma
VTG among individuals.

Discussion

In this study we have confirmed that plasma VTG
levels are highly variable in female zebra finches during
egg-formation, as has been reported previously for the
zebra finch (Williams and Christians 1997) and the
European starling (Christians and Williams 2001a).
However, more importantly we have shown that this
individual variation is independent of diet (see Fig. 3)
and is non-random: plasma VTG levels vary systemati-
cally and predictably through the laying cycle, and
plasma VTG is highly repeatable within individuals in



finches, despite the lack of follicle demand for yolk
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