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Abstract The optimal duration of parental care is shaped by the trade-off between
investment in current and expected future reproductive success. A change in migratory
behaviour is expected to affect the optimal duration of parental care, because migration and
non-migration differ in expectations of future reproductive success as a result of differ-
ential adult and/or offspring mortality. Here we studied how a recent emergence of non-
migratory behaviour has affected the duration of parental care in the previously (until the
1980s) strictly migratory Russian breeding population of the barnacle geese Branta
leucopsis. As a measure of parental care, we compared the vigilance behaviour of parents
and non-parents in both migratory and non-migratory barnacle geese throughout the sea-
son. We estimated the duration of parental care at 233 days for migratory and 183 days for
non-migratory barnacle geese. This constitutes a shortening of the duration of parental care
of 21% in 25 years. Barnacle geese are thus able to rapidly adapt their parental care
behaviour to ecological conditions associated with altered migratory behaviour. Our study
demonstrates that a termination of migratory behaviour resulted in a drastic reduction in
parental care and highlights the importance of studying the ecological and behavioural
consequences of changes in migratory behaviour and the consequences of these changes
for life-history evolution.
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Methods

To quantify parental care behaviour we observed migratory and non-migratory barnacle
geese. We observed migratory geese during migratory stopover (October 2008 and May
2009) on the island of Saaremaa in Estonia (58 05’ N, 22 06’ E), hosting approximately
10,000 barnacle geese in autumn and spring. We observed the migratory population during
winter and spring (November 2008-April 2009) in the northern part of The Netherlands
(53 02 N, 5 25" E). We observed non-migratory geese in the southern part of the
Netherlands near the Krammersche Slikken (51 40' N, 4 13' E) from November 2008
until April 2009. The distance between the observation locations in the Netherlands is
approximately 170 km. We alternated observation periods between the migratory and non-
migratory sub-populations, which resulted in six periods (Table 1), named after the months



determine parental status, we observed an adult goose for up to 10 min, to determine whether
there were goslings attached or not. We then observed the focal individual again up to

10 min, recording behaviour with a Psion Workabout MS (RACO Industries, Cincinnati,
Ohio, USA) and Noldus Observer 5.0 (Noldus Information Technology, Wageningen, The
Netherlands). We categorized behaviour as Oforaging®, OvigilanceO, OwalkingO, Opreenin
Oresting®, Oattackingd or Oother® behaviour. We quantify parental care by comparing th
vigilance behaviour. Vigilance is an often used measure for parental care in geese (Black and
Owen1989 and swans (Scott980. In a previous study on this system, we showed that the



the migratory and non-migratory sub-populations, using an independent samples t test for
unequal variances, and used a Bonferroni correction for multiple comparisons. To estimate
the termination of parental care, we used the date half way between the end of the last
observation period with significant parental care and the beginning of the first period
without parental care.

Results

As stated previously, vigilance and foraging are strongly and negatively correlated, and
together constitute about 90% of the time budget. Consequently, any decrease in time spent
vigilance corresponded with an equal increase in foraging time (Fig. 3). There was sig-
nificant parental care in the migratory sub-population until February, but in the non-
migratory sub-population only until November, indicated by a significant interaction
between period of the year, parental status and migratory status on the difference in
vigilance between parents and non-parents (Resy) in the linear model (see Table 2 for
model results). This is illustrated in Fig. 3 as follows: in the migratory sub-population, the
percentage of time vigilant is twice that for parents (33.84%) as for non-parents (12.52%)
in October. In this period, the non-migratory population parents (38.22%) were also more
vigilant than non-parents (20.78%) (Fig. 3a; Table 3). From November until February
parents (27.18%) were more vigilant than non-parents (16.86%) only in the migratory
population, whereas vigilance levels were equal in the non-migratory population (13.59%
vs. 13.40%) (Fig. 3b; Table 3). From March onwards there was no difference in vigilance
between parents and non-parents in either sub-population (migratory: 22.79% vs. 18.55%;
non-migratory: 23.94% vs. 20.20%) (Fig. 3c; Table 3). No interactions including group
size significantly influenced the Resy. The use of a linear model was justified because the
residuals approximated a normal distribution.
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Table 2 Results stepwise linear model RESy

Dependent variable: RESy Estimate SE t value Pr( |t)
(Intercept) 3.15E- 01 1.09E ? 00 0.289 0.77287
Period 7.58E - 02 2.26E - 01 0.335 0.73769
Population 6.41E - 01 2.34E ? 00 0.274 0.78417
Parental status 1.82E ? 01 1.74E ? 00 10.498 \ 2e - 16***
Group size - 7.46E - 04 3.10E - 04 - 2.403 0.01639*
Population* parental status - 1.03E? 01 3.54E ? 00 - 2.904 0.00375**
Period* population - 239E- 01 5.30E - 01 - 045 0.65297
Period* parental status - 3.11E? 00 5.26E - 01 - 5913 4.32e - 09***
Period*population*parental status 2.14E ? 00 9.06E - 01 2.362 0.01834*

The model that was selected from a stepwise selection method based on AIC using the step function in
R. The full model include the factors: period (period of the year), population (migratory or non-migratory),
parental status (parent or non-parent) and group size, including all interactions between these factors

Residual SE: 11.58 on 1272 df
Multiple R-squared: 0.1482, Adjusted R-squared: 0.1429
F-statistic: 27.67 on 8 and 1272 df, P value:\ 2.2e - 16

Table 3 Statistical summary post-hoc t tests between parents and non-parents

Population Period t df P

Migratory October - 10.83 2704 \ 0.001
November - 5.82 57.8 \ 0.001
December—February - 4.19 80.5 \ 0.001
March - 0.61 38.6 0.55
April - 1/Ft-5747.2(57.8)] TJ/F16 .55

The termination of parental care was estimated for the migratory sub-population at
February 28, against November 23 for the non-migratory sub-population. After correction
for the difference in mean hatch date, which is July 11 for the migratory and May 25 for the
non-migratory sub-population (Van der Jeugd et al. 2009), parental care lasts approxi-
mately 183 days for non-migratory against 233 days for migratory barnacle geese.

Discussion

The non-migratory sub-population of barnacle geese emerged only approximately 25 years
ago from the migratory population (Meininger and Van Swelm 1994) and our results show



that parental care in these non-migrants is much shorter than in the migratory sub-popu-
lation (183 vs. 233 days). Even though we still found parents after the termination of
parental care, the effort needed to find these individuals greatly increased after this ter-
mination (see also Jonker et al. 2011). The difference constitutes 21% of the current
duration of parental care of the migratory sub-population. An earlier study on the parental
care duration of this migratory population of barnacle geese suggests that the duration of
parental care has shortened as compared to 30 years ago (Jonker et al. 2011). In our study
we assume that the Dutch non-migratory population originates from the Russian migratory
population and recent genetic analysis confirms this assumption (unpublished data).
Assuming that, before the emergence of the non-migratory sub-population, parental care in
the migratory sub-population lasted at least until the commencement of spring migration
(Kear 1970; Black and Owen 1989), which was approximately mid-April in the 1970s
(Jonker et al. 2010), the difference between the current duration of parental care in the non-
migratory sub-population (183 days) and the assumed duration of parental care in the
1970s (279 days) is even larger, viz. 96 days, which amounts to a reduction of 34% of the
‘original’ duration.

To put this rate of change in perspective we calculated the rate of phenotypical change
in darwins (Haldane 1949). This method allows to compare rates of relative phenotypic
change over a given time period, corrected for the measurement interval. For example,
when one bone length has increased by 10% and another by 20% in a million year (the
example given by Haldane), one can use the darwin to compare these rates. Here the
phenotypic change is from 233 to 183 over 25 years, resulting in 9662 days. When this rate
of phenotypic changes is corrected for the time scale of the change (Gingerich 1983), it



In ducks it has been shown that post hatching parental care is regulated by high levels of
prolactin (Boos et al2007), which in turn seems to have a genetic basis in geese (Jiang
et al. 2009. Future common garden experiments could elucidate whether this change in
parental care is caused by phenotypic plasticity or evolution. Based on our study, we
cannot discriminate between these two mechanisms.

To understand the implications of this change, we need to address the functional aspects
of extended parental care in geese. In other animals, such as Corvids, long periods of
parental care allow offspring to copy foraging skills from parents, and hence increase
parentsO btness via increased survival chances of the offspring (Clayton ancd?B@ery
It is known from geese that in the brst weeks after hatching parents assist their offspring
with Pnding the best plants to eat by allowing them to forage form the same tussock of
grass or even the same plant (Ofood sharing® according to Black antigBgeHowever,
whether this is a kind of provisioning or teaching is unclear, but this behaviour does not
last long enough to explain the duration of parental care in geese. An obvious benebt for
caring for offspring as long as geese do is that it provides protection for offspring against



between migration and non-migration in our system. In African Buffalo Syncerus caffer,
the population of Manyara continue to produce milk for offspring for 18 months, while
those in the Serengeti stop producing milk after 10 months. Similar as in our study the
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