
INTRODUCTION

The conservation and management of wild goose
populations requires accurate information on pop-
ulation size, which is achieved in many species by
annual counts (Madsen et al. 1999), which can
detect any upward or downward trend in numbers.
Complete assessment of the conservation status of
each population, however, requires additional infor-

mation on productivity and mortality, followed ide-
ally by predictive modelling of population dynam-
ics (Pettifor & Rowcliffe 1995). Measurement of
productivity, in terms of age ratio and brood size,
is also important in assessing the importance of
factors affecting breeding success (Williams et al.
1993, Lindholm et al. 1994, Summers et al. 1998,
Alisauskas 2002). To achieve this, a reliable esti-
mate of productivity must be made each year.
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The conservation and management of wild goose populations requires
an accurate estimate of productivity to be made each year, usually soon
after the birds’ arrival in the wintering grounds. The best time to make
the estimates is not always clear, however, since the measures used may
vary over the autumn. Seasonal variation in the percentage of juveniles
and in mean brood size in Pink-footed Geese Anser brachyrhynchus were
investigated, both in the UK as a whole and at one specific site. Data
from 1994 to 2002, held by The Wildfowl & Wetlands Trust (WWT),
were used to investigate national trends, while data from the Loch of
Strathbeg, Aberdeenshire, were used to test for variation at one site. A
significant decrease from September to November in the percentage of
juveniles in the population was found in both sets of data. Both sets of
data also showed a significant decrease in mean brood size from
September to November. The percentage decrease in brood size (9%)
was less than that in the proportion of juveniles in the population
(41%). There was no correlation between the two measures in any
month or between their month to month changes. It is suggested that
only about a quarter of the decrease in the percentage of juveniles from
September to November can be accounted for by differential shooting
mortality of juveniles and that later arrival of sections of the population
with fewer young might be involved.
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Juvenile geese of most species can be distin-
guished from adults for some time after their
arrival on the wintering grounds, allowing mea-
surement of the age ratio (percentage of juveniles
in the flocks). The young birds also stay close to
their parents, so that brood size (the mean brood
size of successful pairs) can also be measured.
However, both of these measures are likely to vary
with a number of factors, leading to possible bias
in the overall estimates.

A number of factors are likely to affect mea-
sures of productivity over the autumn period.
There may be differences in the timing of migra-
tion between families and birds without young
(Lambeck 1990) and there may also be larger fam-
ilies among early-breeding (and hence possibly
early-migrating) birds (Dalhaug et al. 1996, Roh-
wer 1992). Birds from different parts of the breed-
ing range, with the possibility of differences in pro-
ductivity, may reach the wintering grounds at dif-
ferent times (Patterson & Hearn unpubl. data).
Differential shooting mortality may also affect
measures of productivity, since juveniles are
known to be more vulnerable than adults, with
their proportion in shooting bags tending to be at
least twice that in the population at the same time
(Wright & Boyd 1983, Hearn & Mitchell 1995, I.J.
Patterson unpubl. data). In addition to these fac-
tors, juveniles moult throughout the autumn, with
an increasing proportion of adult-type feathers
making it more difficult to distinguish the age
classes, especially at long range. The existence of
such potential influences makes it difficult to
decide on the best time to make productivity mea-
surements and emphasises the need to document
seasonal changes.

The aim of the present study was to analyse
month to month variation in the percentage of
juveniles and in mean brood size in Pink-footed
Geese over the autumn, both in the national UK
sample and at one specific site, to help to deter-
mine the optimal time to make measurements of
productivity. An additional aim was to measure
changes over the autumn period in the plumage
criteria that were used to identify juveniles in this
species.

METHODS

Data collection
Seasonal changes in age ratio and brood size were
investigated at two levels; among measurements
made throughout the UK range of the Pink-footed
Goose and among those made at one major win-
tering site.

Measurements are made each autumn from
September to November throughout the core win-
tering areas of the species (chiefly north-east
Scotland, east-central Scotland, Lancashire and
Norfolk), by WWT personnel and by a number of
volunteers. Since 1986, the data have been held in
a database by WWT, but only those from 1994
onwards, when the format was standardised, were
used in the present study. Preliminary analysis
showed that the data were very heterogeneous,
being from different regions, observers, flock sizes
and habitats, with the proportion from different
sources varying greatly between years. In most
years, some factors were confounded, with (for
example) all of the data from one region being col-
lected by one observer in one month, preventing
multi-variable analysis of the influence of these
factors. Such analysis was also made difficult by
the data being non-normal in ways which were
resistant to transformation. Consequently, the
influence of region and observer were investigated
by selecting sub-sets of data in which one factor
was held constant. There was no consistent varia-
tion with region or habitat in either age ratio or
brood size and no variation in the latter with flock
size or observer. The percentage of juveniles was
significantly higher in smaller flocks in most of the
years investigated. This is consistent with the find-
ings of other studies (van Impe 1996) but did not
affect month to month comparisons in the present
study, since the mean flock size observed did not
vary significantly between months.

The alternative approach, which overcomes
problems of heterogeneity in the samples, was to
investigate seasonal changes in age ratio and
brood size at one major site, where the same
observer (IJP) made measurements which were
distributed evenly over the autumn. The study was

176 ARDEA 94(2), 2006



carried out at the Loch of Strathbeg, Aberdeen-
shire, north-east Scotland (57°37'N, 1°54'W), on a
reserve owned by the Royal Society for the
Protection of Birds (RSPB), from mid-September
to mid-November 1996–2001, with data collected
in two-week periods. Pink-footed Geese arrive in
the area during the second half of September (at
around the same time as arrivals in the other core
wintering areas), and numbers are usually in the
range of 30 000–40 000 during October and
November. The mean annual maximum count for
the five-year period from 1996/97 to 2000/01
(Pollit et al. 2003) was 35 256 out of a GB maxi-
mum of 242 419 (October 2000), suggesting that
the reserve supports a maximum of about 15% of
the total population at any one time. A study of
individually-marked geese, however, showed that
over one third of the population pass through the
Strathbeg area in the course of the autumn
(Patterson & Hearn in press). 

Juvenile moult
Juvenile Pink-footed Geese are distinguishable,
even at a considerable distance, by the absence of
white-edged feathers along the upper margins of
their flanks, feathers that are conspicuous in the
adults. This character was most useful early in the
autumn, before most juveniles had progressed far
in their body-feather moult, since the proportion
of juveniles with some adult-type feathers on the
margins of their flanks tended to increase over the
autumn. At the Loch of Strathbeg, the percentage
of juveniles with white-edged feathers along the
upper margin of the flank increased from 7.5% in
late September to 28.5% in early November (Fig.
2; Logistic regression, Wald-statistic associated
with a linear effect of month = 59.6, df = 1, P <
0.0001). Juveniles thus became less easy to distin-
guish from adults at a distance as the autumn pro-
gressed, so that after mid-October, age ratio counts
were carried out only at shorter ranges (less than
500m).

Juveniles also have evenly-mottled flank and
belly plumage, compared to the adults’ striped
flanks, which often have progressive darkening
towards the rear. The much larger and wider
adult-type flank feathers appear in the juveniles’
flanks progressively over the autumn. At the Loch
of Strathbeg, the percentage of birds with entirely
juvenile plumage decreased from 36.7% in the
second half of September to only 7.1% by the first
half of November (Fig. 2; Logistic regression,
Wald-statistic = 116.6, df = 1, P < 0.0001). Cor-
respondingly, the percentage with more than a
quarter of the juvenile flank feathers replaced by
adult-type ones increased from 3.1% to 25.3% in
the same period (Fig. 2; Wald-statistic = 101.6,
df = 1, P < 0.0001). However, even in November,
75% of juveniles had moulted no more than a
quarter of the flank area and could still be distin-
guished readily from adults by the remaining juve-
nile feathers, which contrasted with the new ones.
The moult thus had not progressed sufficiently by
the end of the study period to cause serious prob-
lems in the determination of the ages of individ-
ual geese.
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Figure 1. The Strathbeg study area, showing the north-
west end of the Loch of Strathbeg, the principal subsidi-
ary roost pool, goose roosting areas, main morning
departure directions (arrows) and the positions of obser-
vation hides.



There was significant variation between years
in the degree of flank moult in each two-week
autumn period (Online Appendix, Table 2). The
variation was complex, with particular years hav-
ing a relatively large proportion of well-moulted
juveniles in some months but not in others. For
example, in 1997 and 1999, a high percentage of
juveniles still had not started to moult by the sec-
ond half of October, whereas in 1998, 2000 and
2001, most birds had started to moult by this time
(Online Appendix, Table 2). There was similar sig-
nificant variation between years in the percentage
of juveniles with white upper margins on their
flanks (Online Appendix, Table 3). The percentage
with white edges in the first half of November was
particularly high in 1999 and 2000, at almost half
of the samples, although in the former year there
was little increase before November. Such year to
year variation require the age criteria to be applied
flexibly.

At close range, juveniles can be distinguished
from adults by their much narrower, round-ended
secondary covert feathers, which are about half

the width of the adults’ square-ended coverts. This
character remains reliable throughout the autumn
and early winter, since the coverts are not moulted
until spring, but was used only occasionally to
check the age of birds whose status was doubtful.

Field observations
Most of the geese roost overnight on the north-
west part of the Loch of Strathbeg, with others at
the south-east end, some on the estuary of the out-
let stream and up to 5000 on pools close to the
loch. During the morning departure, while many
birds from the loch fly directly to outlying feeding
areas, large numbers usually land again beside the
birds at the pools (Fig. 1). Here they spread out
over the adjoining grassland to feed for some time
before final departure. Geese returning to the
reserve in the late afternoon tend to feed and loaf
in the fields adjacent to the loch, before moving on
to the water at dusk. Morning observations, start-
ing at dawn, were made from hides on the edge of
the roost pools (Fig. 1) and afternoon ones from a
hide in the middle of the fields of the reserve,
where birds returning from feeding were likely to
settle. From the hides, it was possible to distin-
guish juvenile geese from adults at up to 1 km,
using a 60x telescope. Measurements were made
on large, reasonably random samples of the local
roosting population (Patterson & Hearn in press),
so avoiding problems of varying flock size. No sig-
nificant difference in age ratio or brood size was
found between morning and afternoon samples, or
between samples from the reserve and those taken
from flocks in the surrounding fields during the
day.

Since most of the characters described above
can be seen most easily when the bird is side-on to
the observer, only those birds which were standing
or walking at (or nearly at) right angles to the
observer’s line of view were included in the sam-
ples. An ideal situation was where a flock was
moving across the observer’s field of view; each
bird was then classified as adult or juvenile as it
crossed the telescope field.

The proportion of juveniles is known to vary
between different parts of the flock (e.g. on the
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Figure 2. The percentage of juvenile Pink-footed Geese
with moulted flank feathers in late September, the two
halves of October and the first half of November
1997–2002 at the Loch of Strathbeg. Columns represent
the percentage of the samples (n) which had none of the
juvenile flank feathers replaced by adult-type ones, the
percentage with more than 25% replaced, and the per-
centage of juveniles with white-edged feathers on the
flank. The data are shown in detail in the Online
Appendix, Tables 1 and 2.



edges, particularly the leading edge of moving
flocks, compared to the centre). In situations
where all of the visible birds in a flock could not be
classified as juvenile or adult, samples were taken
from all parts of the flock. In particular, care was
taken not to take most samples from the nearest
edge of the flock, where a greater proportion of
juveniles is generally found.

Families were identified as pairs with one or
more juveniles closely attached to them, forming a
discrete group, in the following situations:
(1) landing together and staying together after
landing; (2) moving around together, away from
other geese; (3) moving together through a flock
of resting birds (e.g. to go to water); (4) taking off
together, after showing pre-flight behaviour
together; (5) displaying as a group in aggressive
interactions with other birds.

Apparent families were watched for several
minutes before the brood size was recorded, to
ensure that all family members were included;
juveniles could become separated temporarily
from the rest of the family, so that too short a
period of observation would give too small a
brood size. Conversely, apparently unattached
juveniles seemed sometimes to follow families
closely, and could be identified only when they
were attacked and driven off by one of the adults.
If the families concerned had not been watched for
long enough, such juveniles would have been
counted as family members.

Statistical analysis
Logistic regression was used to test for significant
variation in the percentage of juveniles from
September to November while controlling for year
effects and using polynomial contrasts for the
months. Variation within separate years was
explored by χ2 tests. Variation in brood size was
tested by General Linear Models with polynomial
contrasts for months while controlling for year
effects. Variation within separate years was tested
by Kruskal-Wallis tests when three months’ data
were available and by Mann-Whitney tests where
only two months were represented. Correlations
between the percentage of juveniles and mean

brood size were tested by Pearson correlation
analysis, using arcsine transformation of the per-
centage data from the UK sample. 

RESULTS

Month to month variation in age ratio
The percentage of juveniles among Pink-footed
Geese decreased significantly over the autumn,
both in the UK sample and at the Loch of
Strathbeg (Fig. 3). There was a similar significant
decrease in each year (Online Appendix, Tables 4
and 5) and, although the percentages in consecu-
tive months were not always significantly differ-
ent, the percentage in November was significantly
lower than that in September in all years (except
for 1999 in the UK sample).

Month to month variation in brood size
Mean brood size among Pink-footed Geese de-
creased significantly over the autumn, in both data
sets (Fig. 4). Among individual years in the UK
sample, there was no significant decline in mean

Patterson & Hearn: AGE RATIO IN PINK-FOOTED GEESE 179

0

10

20

30

pe
rc

en
ta

ge
 o

f a
ge

d 
bi

rd
s

Sep
month

Oct Nov

2096 1937n = 9098 3812 8203 1950

UK
Loch of Strathbeg

Figure 3. The percentage of juvenile Pink-footed Geese
among the samples (n) age-classified in September,
October and November 1994–2002 throughout the UK
range and at the Loch of Strathbeg. The decrease is signi-
ficant in both cases (Logistic regression, Wald-statistic
associated with the linear effect of date (month): 39.5
and 41.8, respectively, df = 1, P < 0.0001). The data are
shown in detail in the Online Appendix, Tables 4 and 5.



brood size over the autumn in the first three years
of the study (1994–1996), but a significant de-
crease in all of the subsequent six years (Online
Appendix, Table 6). The year to year variation in
mean brood size was considerably less than that in
the percentage of juveniles (for example; the
Coefficient of Variation in September was 8% com-
pared to 20% respectively). At the Loch of Strath-
beg, there was also a significant decrease in each
of the seven years, except in 1996 (Online Appen-
dix, Table 7). Mean brood size was significantly
higher in September than in November in all years
with adequate data for both months.

Correlation between age ratio and brood size
There was no correlation between the percentage
of juveniles in a given month and year and mean
brood size at the same time, in September (r =
0.514, P = 0.157), October (r = 0.127, P =
0.765) or November (r = 0.456, P = 0.218).
There was also no correlation between the month
to month changes in the two measures, either
from September to October (r = 0.540, P =
0.167) or from October to November (r = 0.067,
P = 0.875).

DISCUSSION

Month to month variation in age ratio and
brood size
In the UK data, the significant decrease in the per-
centage of juveniles in the population over the
autumn period (in all years combined) was paral-
leled by a significant decrease in mean brood size.
In both measures, there was a significant decline
in most of the individual years. Potentially con-
founding factors in the national sample (possible
variation with region, observer, flock size and
habitat) meant that it was important to repeat the
analysis on data collected by one observer at one
site. The resulting analysis showed stronger and
more consistent trends, as would be expected
when data were collected in a standardised way,
and confirmed the significant decrease over the
autumn in both the percentage of juveniles and in
brood size.

Possible reasons for the seasonal decrease
The study has documented a decrease in the per-
centage of juveniles and in brood size over the
autumn, but cannot in itself determine the possi-
ble cause (or causes) of the decline. It can, how-
ever, provide an estimate of the magnitude of the
decrease, namely around 41% in the proportion of
juveniles (Fig. 3) and around 9% in mean brood
size (Fig. 4) between mid-September and mid-
November, which must be accounted for by any
proposed causal factors. The lack of correlation
between the month to month changes in the two
measures in our data suggests that the decrease in
the percentage of juveniles and in mean brood size
may have been affected by different factors, or by
the same factors (such as hunting mortality) oper-
ating in different ways. 

Since the measurements were made by experi-
enced observers, with similar trends occurring
over a period of years when different individuals
were involved, it is unlikely that the observed de-
crease could be a result of some systematic ob-
server error. This leaves two main possibilities:

It is possible that different components of the
population, with different productivity, might
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Figure 4. Mean brood size in Pink-footed Geese among
samples (n) in September, October and November
1994–2002, throughout the UK range and at the Loch of
Strathbeg. The t-statistic associated with a linear trend
through the months was –5.44 and –7.79, respectively
(both P < 0.0001). The data are shown in detail in the
Online Appendix, Tables 6 and 7.



arrive in the UK at different times during the
autumn. At the Loch of Strathbeg, the proportion
of Pink-footed Geese with neck collars decreased
through the autumn (Patterson & Hearn unpubl.
data). Since most captures of Pink-footed Geese
for attachment of collars have been made while
the birds were flightless in or near a number of
breeding areas in Iceland, it is likely that birds
which spent the summer there would be more
likely to have collars than birds which summered
elsewhere (including Greenland and other parts of
Iceland). Only a few of the latter, caught in the UK
in winter, would be expected to have collars.
Strong site fidelity among nesting Pink-footed
Geese (WWT unpubl. data) will tend to perpetuate
this pattern. It is possible, therefore, that the
decrease in percentage of juveniles and in brood
size over the autumn could be because of later
arrival of birds which summered in areas other
than the main breeding areas in Iceland. However,
there are no data on either the arrival times or
productivity of such birds, which would allow for
this possibility to be tested.

A second possibility is that shooting mortality
might cause the decrease in juveniles, since they
are known to be more vulnerable than adults, with
their proportion in the shooting bag typically at
least twice that in the population at the same time
(Wright & Boyd 1983, Hearn & Mitchell 1995, I.J.
Patterson unpubl. data). The potential influence of
shooting can be estimated by a crude calculation,
using the most recent estimate of the shooting bag
in the UK (25 000; Frederiksen 2003). (This esti-
mate, however, applies to the whole open season
so that mortality during the autumn alone will be
less).
Total population (1999–2001) = 230 000, with 

27% juveniles in September. Total juveniles =
62 100 and total adults = 167 900.

Total shot = 25 000, including (say) 50% juveniles
= 12 500 juveniles shot. Therefore, juveniles 
surviving = 62 100–12 500 = 49 600.
Adults surviving = 167 900–12 500 = 155 400.

Total surviving = 205 000.
Therefore, percentage juveniles after
shooting = 24.2%.

The calculation thus suggests a reduction of only
three percentage points (to 24% from a starting
percentage of 27%), a decrease of 11% compared
to the observed decrease of 41% (27.3% to 16.2%;
Fig. 3), in spite of the use of a probable over-esti-
mate of the shooting bag for the restricted autumn
period. Keeping other values the same, it can be
estimated that the shooting bag over the autumn
would have to be around 75 000, ie three times
the estimated value for the whole winter, to pro-
duce the observed decrease in the percentage of
juveniles. It thus seems unlikely that differential
shooting mortality can account for the entire
decrease, although more accurate data on the
shooting bag prior to mid-November would be
needed to test this more precisely.

It is surprising that there was no correlation
between the percentage of juveniles in a given
month and mean brood size at the same time,
since the two variables have been found to be
strongly correlated between years, both in Pink-
footed Geese (WWT unpubl. data) and in other
species (van Impe 1996). Lambeck (1990) also
found that the mean brood size in flocks of Brent
Geese Branta b. bernicla was positively correlated
with the percentage of juveniles. Consideration of
the possible reasons for the seasonal decrease in
the measures of productivity must take into
account the fact that the decrease in the percent-
age of juveniles between months in a given year
was not significantly correlated with the (smaller)
decline in mean brood size over the same period.
In terms of different arrival times of different com-
ponents of the population, it might be suggested
that among later birds with a lower percentage of
juveniles, the successful breeders had brood sizes
which were not much smaller than those of earlier
arrivals. Alternatively, in terms of differential
shooting mortality, it is possible that whole fami-
lies might tend to be shot together, so that the per-
centage of juveniles might decrease more than
mean brood size.

Implications for measurement of productivity
The main aim of this study was to document
month to month variation in age ratio and brood
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size in Pink-footed Geese as a guide to the opti-
mum time to make the measurements, which are
essential to long-term monitoring of productivity
(van Impe 1996). The suggestion that different
processes might be involved in the decrease over
the autumn in both the percentage of juveniles
and in mean brood size suggests that measure-
ments of productivity should be carried out mainly
in October, with samples from each region being
proportional to the number of birds normally
found there at that time. By then, the whole popu-
lation should have arrived in the UK and should
have mixed thoroughly, but the percentage of juve-
niles (or average brood size) would not have
decreased sufficiently to produce an underestimate
of productivity.
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SAMENVATTING

In arctische gebieden broedende ganzen behoren tot de
vogels waarvan uitgebreide populatiestatistieken bestaan.
Populatiegroottes en de jaarlijkse jongenaanwas zijn vaak
over lange tijd geregistreerd. Het bepalen van de jongen-
productie is mogelijk doordat eerstejaars vogels in het
overwinteringsgebied vaak goed te onderscheiden zijn
van oudere dieren. Het bepalen van de verhouding van
jonge en oude vogels (jongenpercentage) moet wel met
beleid gebeuren, omdat bijvoorbeeld verschillen in overle-
vingskansen tussen jonge en oude dieren gemakkelijk tot
een vertekend beeld van de productiviteit van een popula-
tie kunnen leiden. In het onderhavige onderzoek werd de
vraag gesteld wat de meest geschikte periode is om het
jongenpercentage te bepalen van Kleine Rietganzen Anser
brachyrhynchus afkomstig uit IJsland en Groenland die in
het Verenigd Koninkrijk overwinteren. Over een groot
aantal seizoenen werden de veranderingen in het jongen-
percentage en de familiegrootte in de loop van het najaar
bepaald en geanalyseerd. 

Eerst werd gekeken naar het ruipatroon van eerste-
jaars vogels om te onderzoeken hoelang jonge vogels
goed te onderscheiden zijn van oudere dieren. Jonge die-
ren zijn al op grote afstand te herkennen door het ontbre-
ken van witte randen langs de flankveren. Het percentage
jonge dieren met de voor oude vogels kenmerkende veren
nam echter in de herfst snel toe (van 7,5% in september
naar 28,5% begin november), waardoor dit kenmerk
alleen vroeg in de herfst bruikbaar is en later de vogels
van dichterbij (op minder dan 500 m) moeten worden
bekeken op subtielere kenmerken. Zo’n kenmerk is het
patroon op de veren van buik en flank: bij jonge vogels
zijn deze veren gestippeld, bij oude dieren gestreept.
Jonge dieren ruien deze veren echter ook in de loop van
het najaar. Toch bleek in november dat 75% van de jonge

vogels hooguit een kwart van deze veren geruid te heb-
ben, waardoor in die periode de jongen nog goed te
onderscheiden waren van de oudere dieren.
Geconcludeerd wordt dat de vogels van deze populatie,
mits elk individu aandachtig wordt bekeken, tot ver in de
herfst correct op leeftijd te brengen zijn.

De veranderingen in jongenpercentage en broedsel-
grootte in de loop van de herfst werden op twee ruimte-
lijke niveaus onderzocht; voor het gehele land (gegevens
uit 1994–2002) en op een meer gestandaardiseerde
manier voor één pleisterplaats (Loch of Strathbeg in
Aberdeenshire, Schotland, 1996–2002). Uit beide sets
gegevens bleek dat het aandeel jongen tussen september
en november maar liefst met 41% afnam. Bovendien werd
waargenomen dat in deze periode het aantal jongen per
familie met 9% daalde. Er worden twee mogelijkheden
besproken die de teruggang in jongen zouden kunnen ver-
klaren. In de eerste plaats is het mogelijk dat dit kwam
door jacht: het is bekend dat relatief meer jonge dan oude
vogels ten slachtoffer vallen aan de jacht. Een rekenvoor-
beeld laat echter zien dat jacht alleen de sterke afname
niet kan verklaren. Een tweede mogelijkheid is dat laat in
de herfst nog vogels uit het noorden aankomen die
afkomstig zijn uit minder productieve gebieden en die
daarmee de productiecijfers drukken, of dat vogels zonder
jongen later trekken. Deze hypothese zou met behulp van
gemerkte vogels kunnen worden getest, maar concrete
gegevens hieromtrent ontbreken nog. Geconcludeerd
wordt dat de periode om jongenpercentages en familie-
groottes te verzamelen het best beperkt kan blijven tot de
periode rond het moment waarop de hele populatie in het
overwinteringsgebied is gearriveerd. In het geval van de
onderzochte populatie is dat oktober. (JP)
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ONLINE APPENDIX

Appendix to Patterson I.J. & Hearn R.D. 2006. Month to month changes in age ratio and brood size in
Pink-footed Geese Anser brachyrhynchus in autumn. Ardea 94(2): 175–183.

Percentage of flank feathers moulted White edges
n 0 1–25 26–50 51–75 n %

Sept 551 36.7 59.3 3.1 0.0 387 7.5
Oct(1) 1047 24.8 67.3 7.5 0.3 793 9.0
Oct(2) 667 20.8 59.1 19.2 0.9 775 12.9
Nov 534 7.1 67.6 21.9 3.4 495 28.5

Table 1. The percentage of juvenile Pink-footed Geese with moulted flank feathers in late September, the two halves of
October and the first half of November 1997–2002 at the Loch of Strathbeg. The values shown are a) the percentages
of the samples (n) which had differing proportions of the juvenile flank feathers replaced by adult-type ones, and b) the
percentage of the sample which had white upper edge feathers on the flanks.
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Percentage of flank feathers moulted
n 0 1–25 26–50 51–75 χ2 P

September
1997 63 77.8 22.2 0.0 0.0
1998 83 68.7 30.1 1.2 0.0
1999 131 29.0 64.9 6.1 0.0 107.97 <0.001
2000 136 26.5 72.1 1.5 0.0
2001 138 19.6 76.1 4.3 0.0

October (1)
1997 50 44.0 50.0 6.0 0.0
1998 265 29.1 62.3 7.5 1.1
1999 143 23.1 70.6 6.3 0.0 68.04 <0.001
2000 197 11.1 81.7 7.1 0.0
2001 170 12.4 72.9 14.7 0.0
2002 222 38.3 58.1 3.6 0.0

October (2)
1997 118 39.8 53.4 5.9 0.8
1998 116 3.4 75.9 18.1 2.6
1999 113 42.3 53.1 4.4 0.0 145.95 <0.001
2000 204 4.4 74.0 21.6 0.0
2001 150 6.0 65.3 27.3 1.3
2002 106 20.8 69.8 9.4 0.0

November
1998 134 3.0 72.4 20.9 3.7
1999 182 11.0 74.2 13.7 1.1 19.65 <0.001
2000 39 0.0 66.7 26.6 7.7
2001 180 7.8 57.2 30.0 4.4

Table 2. The percentage of juvenile Pink-footed Geese with moulted flank feathers in late September, the two halves of
October and the first half of November 1997–2002 at the Loch of Strathbeg. The values shown are the percentages of
the samples (n) which had differing proportions of the juvenile flank feathers replaced by adult-type ones. χ2 tests were
carried out on 0 vs. 1–25 for September and October and on 1–25 vs. 26–75 for November, to test for significant varia-
tion between years.

1998 1999 2000 2001 2002 χ2 P

Sept – (0) 3.8 (130) 7.5 (107) 10.7 (150) – (0) 4.67 0.097
Oct(1) 9.5 (42) 4.9 (162) 16.8 (197) 9.4 (170) 4.4 (222) 23.35 <0.001
Oct(2) 13.8 (138) 4.5 (177) 21.6 (204) 13.3 (150) 8.5 (106) 26.65 <0.001
Nov 15.7 (140) 45.6 (136) 48.7 (39) 21.1 (180) – (0) 43.38 <0.001

Table 3. The percentage of juvenile Pink-footed Geese with adult-type white edge feathers on their flanks in late
September, the two halves of October and the first half of November 1998–2002 at the Loch of Strathbeg. The values
shown are the percentages of the samples (between brackets) which had white edges in each period of each year, with
χ2 tests for significant variation between years.
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Sep Oct Nov χ2 P

1994 36.5 (1988) 25.2 (2298) 21.8 (13646) 210.62 <0.001
1995 25.7 (2404) 24.5 (2903) 13.1 (10727) 375.40 <0.001
1996 32.1 (620) 20.4 (9468) 16.2 (5961) 110.37 <0.001
1997 24.6 (2650) 22.9 (6776) 10.7 (10520) 624.42 <0.001
1998 32.6 (2450) 21.4 (7891) 17.4 (13273) 306.11 <0.001
1999 19.5 (2162) 20.1 (6765) 16.3 (12841) 51.92 <0.001
2000 32.6 (2124) 17.4 (16424) 15.9 (2527) 307.71 <0.001
2001 22.1 (2620) 16.4 (16112) 16.8 (3482) 58.62 <0.001
2002 25.7 (1842) 20.7 (13331) 14.7 (850) 45.96 <0.001

Table 4. The percentage of juvenile Pink-footed Geese among the samples (between brackets) age-classified in
September, October and November 1994–2002 throughout the UK range, with the results of χ2 tests.

Sep Oct(1) Oct(2) Nov χ2 P

1996 – (0) 23.5 (950) 18.3 (950) – (0) 7.65 0.006
1997 25.0 (2350) 23.9 (2300) 19.3 (1575) – (0) 18.21 <0.001
1998 32.6 (2450) 21.2 (4050) 18.3 (2150) 17.6 (2250) 199.80 <0.001
1999 19.0 (2000) 18.0 (2050) 17.5 (2000) 15.9 (2450) 7.68 0.053
2000 33.0 (2000) 22.4 (2100) 20.6 (2050) 16.2 (2200) 177.33 <0.001
2001 21.0 (2250) 18.5 (2000) 19.0 (2000) 17.0 (2000) 11.84 0.008
2002 27.2 (567) 26.0 (1000) 19.3 (1500) 14.7 (850) 50.50 <0.001

Table 5. The percentage of juvenile Pink-footed geese (%) among the samples age-classified (between brackets) in the
second half of September, the two halves of October and the first half of November 1996–2002, at the Loch of
Strathbeg, with the results of χ2 tests.

Patterson & Hearn: AGE RATIO IN PINK-FOOTED GEESE

Sep Oct Nov H P

1994 2.43±0.09 (119) – (0) 2.52±0.06 (266) 0.363
1995 2.33±0.22 (12) 2.38±0.18 (45) 2.38±0.06 (191) 0.32 0.852
1996 2.61±0.26 (23) 2.36±0.08 (190) 2.50±0.09 (111) 2.13 0.345
1997 2.34±0.10 (119) 1.89±0.07 (141) 1.70±0.16 (23) 14.04 0.001
1998 2.79±0.12 (122) 2.34±0.09 (136) 1.93±0.14 (53) 19.98 <0.001
1999 2.36±0.09 (146) 2.01±0.11 (95) 2.04±0.09 (124) 9.90 0.007
2000 2.80±0.08 (170) 2.08±0.07 (172) 1.77±0.18 (26) 48.06 <0.001
2001 2.59±0.11 (130) 2.23±0.09 (155) 2.29±0.22 (17) 6.62 0.036
2002 2.40±0.17 (48) 2.34±0.10 (134) 1.20±0.20 (5) 6.73 0.035

Overall 2.55±0.04 (888) 2.20±0.03 (1068) 2.31±0.03 (816) 48.92 <0.001

Table 6. Mean brood size (±SE) in Pink-footed Geese among samples (between brackets) in September, October and
November 1994–2002, throughout the UK range, with the results of Kruskal-Wallis tests (Mann-Whitney test in 1994).
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Sep Oct(1) Oct(2) Nov H P

1996 – (0) 2.38±0.11 (97) 2.10±0.19 (31) – (0) 0.188
1997 2.34±0.10 (119) 1.99±0.13 (67) 1.92±0.18 (25) – (0) 8.01 0.018
1998 2.79±0.12 (122) 2.49±0.12 (77) 1.96±0.15 (27) 1.92±0.14 (24) 15.51 0.001
1999 2.37±0.10 (133) 2.08±0.16 (49) 1.85±0.17 (39) 1.72±0.16 (25) 14.07 0.003
2000 2.51±0.11 (96) 2.08±0.11 (83) 1.77±0.14 (35) 1.77±0.18 (26) 20.45 <0.001
2001 2.59±0.11 (130) 2.44±0.16 (55) 1.93±0.15 (28) 1.70±0.05 (20) 16.06 0.001
2002 2.40±0.17 (48) 2.49±0.19 (51) 1.90±0.14 (20) 1.20±0.20 (5) 9.69 0.021

Overall 2.51±0.05 (648) 2.29±0.05 (479) 1.93±0.06 (205) 1.77±0.08 (100) 68.92 <0.001

Table 7. Mean brood size in Pink-footed geese (±SE) among the samples (between brackets) in the second half of
September, the two halves of October and the first half of November 1996–2002, at the Loch of Strathbeg, with the
results of Kruskall-Wallis tests (Mann-Whitney test in 1996). Mean brood size in September was significantly higher
than in November in all years when both months were adequately represented (i.e. excluding 1996 and 2002).
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