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ESTIMATION OF ANNUAL ADULT SURVIVAL RATES OF

BARNACLE GEESE Branta leucopsis USING MULTIPLE

RESIGHTINGS OF MARKED INDIVIDUALS

BARWOLT S. EBBINGEl, JOHAN B. van BIEZENI & HILKO van der VOET2

ABSTRACT Accuracy and feasibility of three different methods to estimate
adult annual survival rates in a migratory population of Barnacle Geese
(Branta leucopsis) are examined. Estimates from resightings ofbirds marked
with coloured leg-rings prove to be the more accurate. Both estimates derived
from recoveries of metal-ringed birds, and those based on counts and age
ratio assessments are less accurate, particularly on an annual basis. The pro
portion of birds recovered is 4.3% for metal-ringed, and 99.1 % for colour
ringed birds. The mean annual resighting rate of the colour-ringed birds is
80.5%. Underlying assumptions to estimate survival rates from such
resightings are examined. Inequality between individual birds in the proba
bility to be reported and ring loss cause underestimation of the survival rate.
Misreading of the inscription on the rings may lead to an overestimation of
the survival rate in one year, followed by an underestimation in a later year.
In all, the estimated annual survival rate of0.90 for adults seems to be slightly
conservative. The effect of sex, age, and year on survival is examined.

lResearch Institute for Nature Management, P.O.Box 9201, NL-6800 HB
Arnhem, the Netherlands. 2Agricultural Mathematics Group, P.O. Box 100,
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INTRODUCTION

Demographic models
Demographic models are an essential step in

understanding how population size is influenced
by variation in the parameter values. Originally
conceived as an invariate statistic, annual adult sur
vival rate is in fact sensitive to environmental
change and must be continuously monitored if
modelling is to be realistic. This paper is concerned
with estimating annual survival rates as a first step
towards the construction of a demographic model
for migratory goose populations.

When dealing with long-lived species the annu
al survival rate has to be estimated particularly
accurately, since the mean expectancy for further
life increases exponentially with increasing surviv
al rate. A bird having a constant annual survival
rate of 0.90 will have an expected additional life
time or mean life expectancy (Seber 1982) of 9
years, whereas for one having a constant survival
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rate of 0.95 the expected additional lifetime is over
19 years (Fig. I). There are several methods to esti
mate the annual survival rate:

(1) Indirect method using population counts and
birth rate estimates

When a population is stationary in numbers the
mortality rate equals its birth rate. But when popu
lations change in size by a known amount the mean
mortality rate can still be derived from the mean
rate of reproduction, if one corrects for the rate of
change in population size. Regular censuses of total
population size and estimates of annual productiv
ity are obtained on the wintering grounds for sever
al goose species (Ogilvie 1978). Several authors
have used these data to estimate annual mortality
rates (Owen & Norderhaug 1977, Ogilvie & St.
Joseph 1976, Owen 1980, Ebbinge 1982, Prokosch
1984). Usually one calculates the total number of
first-year-birds in a population by multiplication of
the total population size by the proportion of first-
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Table 1. Overview ofthe Brownie et al. (1985) models
to estimate survival and recovery rates.

covery data) by Brownie et at. (1978, 1985) which
provides a series of models that estimate both sur
vival and recovery rates (Table 1). These models
differ in whether one assumes these rates to be con
stant or dependent on age, calendar year and/or sex.
However, when recovery data are too sparse for
these models to be used, often only the simplest
model assuming a constant survival and recovery
rate (essentially Haldane's model (1955» can be
used. When only shot birds carrying rings are con
sidered in these models, the number of rings recov
ered in a particular year can be considered as a ran
dom sample of the ringed birds still alive in that
year. Since each ringed individual can only be re
covered once, when shot or found dead, recovery
rates are generally low (less than 5%).

(3) Multiple sightings of marked individuals
When individuals have been marked in such a

way that they can be followed throughout their
entire life-span without the need to catch them
again, the annual survival rate can be estimated as
the proportion of observed survivors in one year
(t+ 1) over the proportion observed and/or marked
individuals in the previous year (t). Multiple sight
ings of marked individuals have been widely ap
plied in intensive life history research and have
more recently involved cooperation among a team
of observers (Owen 1982, 1984). However, the
drawback that all marked survivors may not have
the same probability of being seen, has not yet sys
tematically been explored. In order to arrive at
unbiased estimates of the annual survival rate one
has to allow for those still alive but not seen. In this
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Fig. 1. Mean life span as a function of the constant
annual survival rate: MLS = - 1/In(S); (Seber 1982).

year-birds (based on samples). Then subtraction of
this number leaves the number of survivors from
the previous season. Since the proportion of first
year geese is estimated after the autumn migration
has been completed (when this age-class is about
four months old) mortality during the first four
months of life is accounted for in a reduction of the
reproductive rate. From the age of four months
onwards the survival rate is assumed to be equal
for all age-classes. Further assumptions are that
population censuses and sampling the proportion
of first-year birds provide reliable statistics.

(2) Single ring recoveries
To arrive at an estimate of mortality rate inde

pendent of the birth rate one can use recoveries of
ringed individuals found when dead (Lack 1954,
Haldane 1955, Brownie et al. 1978, 1985).

This method, originally applied in pioneering
studies fifty years ago (e.g. Kortlandt 1942), has
been reviewed and extended by Lack (1954). Since
then the method has been greatly improved statisti
cally using not only the number of recoveries, but
also the number of birds ringed. This culminated
in a handbook (statistical inference from band re-

Model 3
Model 2

Modell

Model 0

Constant recovery and survival rates
Year specific recovery rates
Constant survival rate
Year specific recovery rates
Year specific survival rates
As Modell but in addition the recovery rate
in the year after ringing differs from that in
subsequent years
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essentially capture-recapture method (Seber 1982)
seven assumptions have to be made:
(a) there is neither migration nor immigration. In
Seber's terms we are dealing with an enclosed open
population. It is open in the sense that numbers can
change as a result of birth and death.
(b) the marked sample is representative of the
entire study population and marking does not affect
the behaviour and survival chances of a bird.
(c) every marked individual has the same
probability of being spotted, identified and
reported.
(d) observers do not make mistakes while reading
the inscriptions on the rings, or when they write
their observations down. Nor are any mistakes
made when inserting the reported sightings into a
computerized database.
(e) marked birds do not lose their marks (i.e. rings).
(f) each marked individual has the same probability
to survive from one season to the next.
(g) the fate of a marked individual is independent
of the fate of other marked individuals.

annual cycle and migratory movements of the
population concerned, the Barents-Sea-populatioriof
the Barnacle Goose, will be given before discussing
the technical aspects of survival estimation.

MATERIAL AND METHODS

Study population
The study population is the largest of the three

more or less discrete populations of Barnacle
Geese in the world (Boyd 1961, Ebbinge 1982). The
relatively limited range of this population in winter
allows accurate delimitation. Therefore regular
censuses on the wintering grounds, in the Nether
lands and northwestern Germany, provide statis
tics on its total size (Fig. 2a, Table 9).

Annual productivity has been measured by
scanning flocks for the proportion of birds in first
winter plumage. This proportion has been multi
plied by the total population size to give the actual
number of birds in first-winter plumage (Fig. 2b).
The annual movements of this population have

140 A

Fig. 2. Population size (A) and proportion of first
winter birds (B) of the Russian Barnacle Goose.
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Statement of objectives
The scope of this study is to compare these three

methods regarding the accuracy and feasibility of
estimating annual survival rates in a free-ranging, but
discrete population ofamigratory long-lived species,
the Barnacle Goose Branta leucopsis (Bechstein). In
particular the use of multiple sightings of marked
individuals will be investigated. The assumptions
basic to this approach will be examined in detail in
the section on Methods. Finally the estimates
resulting from this method will be compared with
those resulting from the other two methods.

Faced with the conflicting requirements, as stated
by Seber (1982), of finding out as much about the
population as possible and, at the same time, leaving
the population undisturbed, we have chosen to mark
relatively few animals (achieving a level ofabout 1%
marked birds in the population), but to couple this
with a high intensity of observation of these marked
individuals.

In order to validate the underlying assumptions,
sound biological knowledge of the species concern
ed is necessary. Therefore a brief description of the
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NL FRG DK SV BSS SF RUS

Table 2. Recoveries of metal-ringed Barnacle Geese
reported as freshly dead and ringed in the Netherlands
(NL) between 1958 and 1987. Federal Republic of Ger
many (FRG), Denmark (DK), Sweden (SV), Baltic Re
publics (BSS), Finland (SF), northern Russia, including
Vaygach Island (RUS)

been revealed by recoveries of metal-ringed birds,
and by coordinated censuses in the Baltic and
Western Europe outside the breeding season.

From December 1956 till January 1987 4 895
Barnacle Geese have been ringed in the Nether
lands. Of these birds 428 (8.7%) individuals have
been recovered. This number consists of 291 birds
reported dead, of 125 birds that have been re
trapped and released again or that even had the
inscription on the metal(!) ring read in the field; fi
nally there are 12 birds that have been reported
without any further details.

To analyse the temporal and spatial distribution
throughout the annual cycle recoveries of freshly
dead birds have been tabulated in Table 2. Recov
eries of birds with the dying date not accurately
known, have been excluded to ensure that the re
coveries used, not only indicated where the birds
have been, but also when they visited the sites con
cerned. In all, this table contains 187 recoveries,
of which 15 refer to birds found just after they died
naturally and 172 that have been killed intentional
ly by man. Only seven recoveries were from out
side the narrow corridor between the wintering and
breeding grounds, e.g. one from central Russia,
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two from the German Democratic Republic, one
from Belgium, two from France, one from Norway
and one from Iceland. The latter two indicate
exchange with the Svalbard and even Greenland
population.

During most of this ringing period (1956-1987)
the Barnacle Goose was a legal quarry species in
the USSR. So it was until 1968 in the Estonian SSR
(Leito et al. 1986), until 1977 in Schleswig Holstein
and in arctic Russia it is even up to the present day.
Itcould be shot under licence on Gotland (Sweden)
until 1970. Even in countries that have granted legal
protection to the species (e.g. The Netherlands in
1950), Barnacle Geese still get shot to some extent.
As a result Table 2, based mainly on shot birds
(91 %) provides a fairly accurate description of the
whereabouts of this population.

During the months of migration (October and
May in particular) some further refinements in the
time-scale can be made: the mean October-date for
the 7 birds recovered in northern Russia is
8 October, the 6 Danish recoveries have a mean
value of20 October, whereas the 18 recoveries from
Schleswig-Hostein are on average from 23 October.
In May the 11 recoveries from the Baltic, range from
1 to 19 May for a mean of 10 May, whereas the 19
recoveries from northern Russia range more widely
from 1-28 May, but have a mean value of 18 May.

Thus these ring recoveries indicate a late and
fairly rapid migration in October from northern
Russia to the German Bight, then wintering in the
Netherlands, followed by spring staging (April till
mid May) in the Baltic and finally, a return to the
breeding grounds in northern Russia in the second
half of May. This pattern is borne out by consid
ering available census data.

Recent information from Russia (Kalyakin
1986) indicates that the birds after leaving their
breeding grounds on the southern island of Novaya
Zemlya, Vaygach and the Yugor-peninsula, stay
along the west coast of the Kanin peninsula and in
the Onezhskaya Guba in the south of the White Sea
till the second week ofOctober. On 14 October 1984
mass departure of several tens of thousands of
Barnacle Geese took place from here. In southern
Finland Barnacle Geese pass from 4-20 October
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(Bergman 1972). In Estonia mass migration usually
takes place between 5 and 25 October (Leito et ai.
1986). At Ottenby (Oland, in the Baltic) the peak of
the autumn flight is around 20 October, but
migration can be observed from 5 October till
15 November (Hjort 1976). On autumn migration
only small numbers halt in the Baltic, the majority
flying straight to the coastal areas of the Wadden

Sea in NW-Germany and the northern Netherlands
(areas 3,4 and 5 see Fig. 3). Here the first birds usu
ally arrive around 10 October.

In the early sixties the numbers wintering along
the coasts of the German Bight declined markedly
(Busche 1977), while at the same time an increase
was noticed in the northern part of the Netherlands
(Timmerman 1962).

2=---
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Fig. 3. Temporal and spatial distribution of the Russian Barnacle Goose population from October till May, based
on counts in the 1970s. The scale is a relative one as the population size changes over time, the peak value in the
Baltic in May corresponding to the total population size.
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Of particular importance in the seventies was
the newly reclaimed Lauwerszee in the northern
Netherlands (area 3, Fig. 3), where vast expanses
covered with the halophyte Salicornia europaea,
intersected by fresh-water creeks, proved to be ex
tremely attractive to both Wigeon (Anas penelope)
and Barnacle Geese (Ebbinge 1975). The existence
of this staging area of about 3 300 ha ofSalicornia
soon attracted the entire Russian population ofBar
nacle Geese. Peak numbers concentrated there
earlier and earlier, from mid November in 1972 till
late October in 1978 (van Eerden 1984). After the
Salicornia ears had been cropped by the Barnacle
Geese and Wigeon, the geese again dispersed over
the grasslands and grazed salt-marshes around the
Lauwerszee (area 3) they used to visit before this
bay was diked in. In the eighties the vast Salicor
nia expanses were outgrown by grasses as a result
of the gradual desalination of the reclaimed plains,
while during this same period in fact environmen
tal changes were taking place along the west coast
of Schleswig-Holstein. Here large-scale embank
ment schemes have created areas currently highly
attractive to the now protected geese, which have
reverted in appreciable numbers to their former
autumn staging area (Prokosch pers. comm.).

In the course of December about two-thirds of
the geese move on to the lake district of the Dutch
province of Friesland (area 2). About 40% move
to their southwesternmost wintering area, situated
mainly along the former Haringvliet-estuary, just
south of Rotterdam (area 1).

This general description of the annual move
ments of the Russian Barnacle Geese changes
slightly when severe winter weather hits the
Netherlands. Then a much higher proportion or
even the entire population may be concentrated in
the southwestern part of the Netherlands. Birds
remaining in the northern part of the Netherlands
are then usually concentrated in the Noordoostpol
der, one of the vast new polders created in the for
mer Zuiderzee. Very extreme cold and inparticular
a prolonged period of glazed frost may even force
appreciable numbers to move on to northern'
France, but this only happened in 1962/63 and
1978/79 (Schricke 1983).

In mild winters, however, appreciable numbers
stay in the coastal areas along the Waddenzee, par
ticularly on the island of Schiermonnikoog (within
area 3) and along the Elbe estuary (area 4). In Feb
ruary numbers in the southwesternmost wintering
area (area 1) decline again and a simultaneous rise
in numbers occurs in the Frisian lake district (area
2, Fig. 3). In March numbers decline in the Nether
lands to produce a steep rise in numbers on the fore
shore along the west coast of Schleswig-Holstein
(area 5). Here numbers peak in the end of March.
By mid April most birds have left this area for the
Baltic (area 6), where they spend the last month
before the breeding season. In these pre-breeding
spring staging areas the first birds have already
arrived in late March, but numbers peak by the end
of April or early May. The most important areas in
the Baltic are the east coast of Gotland (Sweden),
holding about one third of the population and the
coastal islands and west coast of Estonia (USSR),
holding the other two-thirds.

Mass departure from here usually takes place
between 18-20 May, after a considerable weight
gain (Fig. 4). The very first arrivals on the breeding
grounds take place around mid May, but the bulk
arrives in the first week of June. On Vaygach in
1983 the first pair arrived 10 May, the second
18 May, the bulk 6 June and the last 14 June (Kalya
kin 1986). Quite often the Barnacle Geese nest in
the vicinity of nests of Rough-legged Buzzards
(Buteo lagopus) or Glaucous Gulls (Larus hyper
boreus). The eggs hatch between the end of June
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and early July. After leaving the nest, brood size in
1983 varied from 1to 4 for a mean of 2.4. The num
ber of breeding birds seems to be highly variable.
On Vaygach the breeding population in 1983
amounted 22 000-25000 birds, but in 1984 (a poor
breeding season) only 10 000-12 000. However,
this difference might be caused by a higher propor
tion of failed breeders leaving Vaygach early to
moult somewhere else.

Concomitant with the increased population
size, the breeding range has also expanded. At
present the population during the breeding season
on Vaygach numbers about 25 000 and an equal
number breeds on the southern Novaya Zemlya. A
smaller but increasing number nests on the nearby
Yugor-peninsula, but of late the species has also
been recorded further east, in northern Gydan and
in the delta of the river Ob (Kalyakin 1986).

Unexpectedly a breeding population developed
in the Baltic area in the 1980-s. Most likely it has
originated from Russian birds staging there in
spring on their way north (Larsson et al. 1988) and
numbered almost 4 000 individuals in 1986-87.

Methods
Marking The birds have been caught with
cannon-nets on the feeding grounds in Germany,
the Netherlands and Sweden and marked with en
graved coloured legrings. All marked birds have
been aged, sexed and had their body-weight, wing
length and skull-length taken.

Leg-rings have been chosen to minimize the
risk of affecting the bird's behaviour and survival
chances by the method of marking. We adopted the
method as developed by StJoseph (1979) for Brent
Geese. To facilitate identification he used as large
as possible symbols and engraved only a single
symbol three times round the ring for easy observa
tion. The height of the rings we used in this study
is 30 mm and of the engraved symbols 19 mm.

To allow a sufficient number of different indi
vidual codes, birds were fitted with one such ring
on each leg. The rings are made oflaminated plastic
(PVC): a thick black underlayer covered by a thin
coloured toplayer in which the symbols are en
graved. In this study 22 different black symbols:

Fig. 5. Colour-rings as used in this study.

A, C, D, F, H, J, K, N, P, T, Y, 1,2,3,5,6,7,8,9,
as well as one. two or three black horizontal bars
have been used (Fig. 5).

Three different background-colours have been
used, viz. yellow. white and pale-green. Since
white and pale-green are not always easy to distin
guish from one another, pale-green rings have only
been used in combination with a white ring on the
other leg, so the observer would note the difference
between the two colours by direct comparison. The
other colour-combinations used are: yellow
yellow, white-white and white-yellow. To avoid er
roneous observations due to observers mixing up
the left and right leg of a bird, the reverse ofexisting
ring-combinations has not been used, e.g. left
yellow P, right white A (notation: YPWA) has been
used, but not WAYP.

Observers and data storage Using high-powered
telescopes (40-50x magnification) persistent ob
servers can read the inscriptions on both rings and
thus identify the marked bird at distances of 200 to
300 metres. Observations are made from hides, ob
servation towers and in recent years increasingly
from cars parked on small roads intersecting the
feeding grounds. Since geese walk steadily while
grazing, there is ample opportunity to scan flocks
for marked birds and, once spotted, to look at the
rings from different angles to decipher the inscrip
tion. Observers were asked to send in their observa
tions on special forms. For each sighting the spe
cies (similar schemes are in operation for several
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goose species), the individual code of the bird, the
date, the site and the observer were stored in one
table of a relational database (Oracle). Observed
details on pairbonds, number ofaccompanying off
spring were stored in a separate table and the ring
ing details in another table.

Before inserting the data into this database a
computer program checked whether a reported bird
existed in the ringing list and if so, whether it had
not been found dead before the actual sighting.
Sometimes the error in reports ofnon-existing birds
could be traced. E.g. white rings have been report
ed as light-green, mainly because some telescopes,
particularly when used at maximal magnification
under poor light conditions, produce a greenish

Table 3. Potential and actually used number of ring
combinations for the Russian breeding population of
Barnacle Geese.

Possible number
Colour-combination of combinations Actually used

yellow/white (+ 198*) 484 221
white/white 253 123
yellow/yellow 253 100
lightgreen/white 484 122
lightgreen or white/metal 22 14

Total 1496 778

'used for the Gotlandic breeding population in July 1984.

Fig. 6. Sites from which colour-ringed birds from the Russian Barnacle Goose population have been reported
between 1979-1985. For each cluster of sites the percentage of ringed geese that during these 6 years at least once
have been reported there, is given (n =576). For sites that are only occasionally visited by these geese the exact
number of birds reported is given.
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haze. Since light-green rings have only been used
in combination with white ones, the difference
between the two rings remained visible. Therefore
a report of a bird carrying two green rings was
interpreted as a bird carrying two white rings.
Similarly a light-green/yellow combination was as
sumed to have been a white/yellow combination.
To notate the ring-combination we used a sequence
of four alphanumericals (e.g. YPWA see above):
the first pertaining to the colour of the left ring, the
second to its inscription, the third to the colour of
the right ring and finally, the fourth indicating the
inscription on that ring. Here another unexpected
possible source of error turned up as a result of the
different languages used by the various observers.
We used Y for yellow, G for light-green and W for
white, but as the colour yellow in Dutch, German
and Swedish (resp. 'geel', 'gelb' and 'giil') is spell
ed starting with a 'g', sometimes observers used G,
instead of Y to indicate a yellow ring. However,
since this was done systematically, such reporters
would not use a Y for yellow rings. It is quite un
likely that an observer would only report white (W)
and green (G) rings and no yellow (Y) ones, since
67% of the marked birds did carry at least one
yellow ring and only 17% carried a light-green ring
in combination with a white ring (Table 3). Usually,
due to the gregarious habits of the geese, several
ringed birds are seen at once by observers, so ob-

servers that never reported Y's, but did report G's,
have been specifically asked what colour they ob
served. Moreover many reporters describe the
colour in full, so the possible error resulting from
the different languages seems to be negligible; it
has been ignored in this study. Observers were also
asked to check their field-notes for possible writing
errors when non-existing ring-combinations were
reported. To keep a check for observer errors, re
ports of inscription sequences known to be impos
sible were stored separately.

The marked birds have been sighted all over
their winterrange (Fig. 6) stretching from the south
western Netherlands to Estonia (USSR) in the
Baltic. Over a time span of 6 years no less than 90%
of the 576 marked birds has been reported from the
major autumn staging area the Bandpolder in the
northern Netherlands. The total number ringed is
given in Fig. 7, which also shows the total number
of individual birds reported per season. Each
September all observers received a print-out of all
other observations of "their" birds during the
previous season (September - August). In all 257
different observers, mainly volunteers, enthusiasti
cally participated in the project between 1979 and
1987, resulting in 19,984 observations of possibly
existing birds. Per season the number of observers
varied between 48 and 98. Relatively few observers
(8% of all observers) collected on average 67% of
all the sightings (Fig. 8).
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Fig. 7. Number of ringed Barnacle Geese per season.
The upper line gives the cumulative number ringed (n =
576), whereas the lower line (observed) indicates the total
number ofindividuals actually reported. Ifall living ringed
geese would be reported correctly the hatched area reflects
the cumulative number of ringed birds that have died.
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Fig. 8. Number of sightings per season. The numbers
refer to the number of observers. Hatched are observa
tions made by observers reporting at least 100 sightings
per season. In white are observations of those reporting
less than 100 sightings per season.
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servations is made in November upon arrival of the
birds in the Netherlands, but then many birds are
observed several times by several observers. How
ever, the highest number of individuals has not
been reported in November, but in March when the
birds leave the Netherlands for the salt-marshes in
the German Bight (Fig. lOb).

The total number of sightings we had to deal
with, was in fact considerably bigger (Fig. 9), since
from July 1984 up to July 1986 also 1102 Barnacle
Geese breeding on Gotland (Larsson et al. 1988)
have been marked. This relatively small population
(ca. 3000-4000 birds in 1986-87) mixes completely
with the Russian breeding population on the
wintering grounds (Ebbinge & Van Biezen 1987).

Reporting rates The proportion of birds reported
(0) during a season from a number ofmarked birds
(N), known to be alive during that season, is taken
as an estimate (0IN) for the reporting rate. The set
of birds alive in season t has been defined as being
ringed before season t and being reported at least
once after season t.

Secondly, to reduce the possibility of misread
birds, reporting rates have been estimated only con
sidering birds when they have been reported at least
twice per season. This restriction affects both 0
andN.

Thus ~= OIN is the estimator for the reporting
rate and its variance can be estimated by

1:2:1 Boltic

1ZI Gotlandic

• Russian
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Fig. 9. Number of sightings per season of this study
compared with the number of sightings of ringed Got
landic Barnacle Geese, that winter in mixed flocks with
the Russian Barnacle Geese.
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Though we have received two sightings of our
marked birds at the nest on Vaygach island, the
bulk of the observations is from the period October
through May (Fig. lOa). The highest number ofob-
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Fig. 10. Number of observations per month over the
three main areas (A): The Netherlands, the Federal
Republic of Germany, and the Baltic, which comprises
Gotland (Sweden) and Estonia (USSR). Number of
marked individual geese reported per month over the
same three main areas (B).

Table 4 lists the estimated annual reporting rates
for adult males and females separately. Every sea
son about 80% of the marked birds is in fact report
ed. When only considering birds reported at least
twice per season the reporting rate was much lower
during the very first season, but later on it was con
sistently high; there are no significant differences
between the two sexes.

The reporting rate is higher when only consid
ering birds reported at least twice, than when all
reported birds are taken into account (Table 4).
Most likely this is because some birds are consis-
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Table 4. Annual reporting rates (RR) of colour-ringed adult Barnacle Geese. Two different criteria have been used:
in A also birds reported only once in a season have been included. In B only birds reported at least twice per season
have been included SD: standard deviation; n: sample size.

season adult males adult females
~~~--~..

RR SD n RR SD n

all sightings

79/80 0.79 0.05 81 0.78 0.05 81
80/81 0.79 0.04 122 0.84 0.03 119
81/82 0.76 0.04 141 0.83 0.03 135
82/83 0.81 0.03 181 0.79 0.03 165
83/84 0.78 0.03 181 0.77 0.03 163
84/85 0.76 0.03 142 0.81 0.03 165
85/86 0.81 0.03 167 0.84 0.03 146
86/87 0.83 0.03 114 0.87 0.03 104

mean: 0.79 0.82

at least twice reported

79/80 0.70 0.06 66 0.58 0.06 66
80/81 0.80 0.04 99 0.81 0.04 94
81/82 0.86 0.03 112 0.93 0.02 105
82/83 0.87 0.03 150 0.90 0.03 129
83/84 0.82 0.03 141 0.85 0.03 122
84/85 0.89 0.03 144 0.93 0.02 132
85/86 0.91 0.02 129 0.90 0.03 113
86/87 0.93 0.03 86 0.95 0.02 81

mean: 0.85 0.86

~
DYING BETWEEN YEAR t AND YEAR (\+ 1)

Fig. 11. Classification of the n marked birds reported
in season t (2$xSX); n = doo + aoo + alO + aO! + all' The
hatched categories are directly observable, aoo can be
estimated from these categories, and since n is known,
doo can be estimated by subtraction.

tently more likely to be observed than others. By
selecting those birds seen at least twice, one is se
lecting for a category of birds which is easier to
observe. See also Evaluation of the assumptions
(sighting probabilities) and appendix III.

Estimation of annual survival rates from resightings
The n marked individuals reported in a particular
year (t) can be divided into five mutually exclusive
categories: (Fig. 11)
(a) doo: individuals dying between year t and the
next year (t+ 1).
(b) aoo: individuals alive in year U+1), but neither
reported in U+ 1), nor in any subsequent year (t+x)

€Q;;l
NOT SEEN IN (\+1)

NOT SEEN IN (\+x)

SEEN IN (\+1)
NOT SEEN IN (\+x)

~aOl
NOT SEEN IN (\+1) "

'SEEN IN (t+x) .

"
SEEN IN (\+1)
SEEN IN (\+x)
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But of those reported in year (t+ I) this proportion
is:

So the problem is to estimate how many individuals
(aDO) are still alive in year (t+ 1) despite the fact that
they are never reported again. We have assumed
that all living marked birds have the same probabil
ity of being reported. This means that the probabil
ity of a bird to be reported in later years does not
depend on whether it has been reported in year
U+ I ).Of those not reported in year (t+ 1) the
proportion showing up in later years (t+n) is:

(c) alQ: individuals reported in (t+ 1), but not in any
subsequent year (t+x)
(d) aOI: individuals not reported in year (t+ 1), but
at least once later on (t+x)
(e) all: individuals both reported in year (t+ 1) and
at least once later on (t+x).

The first subscript indicates: reported (1) or not
reported (0) in year (t+1), the second one indicates
whether reported (1) or not reported (0) in year
(t+x), with 2 ~ x ~ X (X = number of years of
observation). Addition of numbers per category
will be indicated with a '+' as subscript, e.g. aDO +

aOI =ao+, alQ + all =al+, and aDO + alO + aO! + all
=a++, etc.

Obviou.s1y the survival rate from year ttill (t+ 1)
is the number still alive in year (t+ 1) expressed as
a proportion of the number alive (n) in the previous
year (t). If we consider these n birds as a random
sample of the Russian breeding population of the
Barnacle Goose, an estimate of the annual survival
rate S could be calculated as

/\
S

n

. . aO! all
Rewntmg --=--

ao+ al+

from which aDO

can be estimated as GOO =

gives
aDO

--,

Here a++ = aDO + aOI + alO + all is the number of
individuals in the sample still alive in year (t + 1).
Unfortunately only n, alQ, aO! and all are known
from observations, whereas aDO cannot be mea
sured directly.

From the above formula it will be clear that one
underestimates the survival rate from one year to
the next if only taking into account those actually
reported in the next year:

S'

where GOO has been written instead of COO' because
the equality of the proportions is only tr ~ in expec
tation. The number surviving from t t( (t + I), or
a++ can thus be estimated as:

alQ,aO! al+'a+l
G'++ =---+ alQ +aO! + all =---

all all

Comparable to Seber's (1982) approach in capture
recapture analysis, a less biased estimator for this
number of survivors is

and thus the annual survival rate is estimated by:

n

Even if one would add those still showing up only
in later seasons (aO!) one would still underestimate
the annual survival rate

(al+ + l)(a+1 + 1)

all + I
- 1

S" = a'++

n
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The variance of the survival rate can be estimated
as

derived from the variance estimator for capture
recapture analysis as described by Seber (1982).

Thus, at least one extra season of observation
(t+x) is required to estimate the survival rate from
season (t) to season (t+ I). It will be clear that these
estimates can only be realistic if the underlying as
sumptions are met. These assumptions will be ex
amined in the next section.

RESULTS

Evaluation of the assumptions
Observer variability (a) When an observer
reported a non-existing bird like WCYP while
YPWC existed, we assumed that YPWC was in
fact seen and that the observer had mixed up left
and right. Since no reversed combinations have
been used in this study one could ignore such
mistakes. However, it is still useful as a general
check on the reliability of observers. Moreover, in
other studies reverse combinations have been used
and to evaluate such studies, one needs to know
how often observers mix up left and right. The
magnitude of such errors per observer per season
has been estimated by dividing the number of
'reversed readings' by the total number of
observations. The resulting over all mean value is
1.6%.

(b) It is not always easy to read the inscriptions
on the leg-rings, particularly when the grass is so
high that the rings are only visible when a bird lifts
its leg. Since the birds usually feed in dense flocks,
another frequently occurring nuisance is other
(unringed) birds obscuring the legrings. Despite
the fact that we only used a restricted set of alpha
numericals, we still received a small number (57)
of observations of non-existing inscriptions, like:
4, B, E, G, L, M, 0, R, S, D, V, X, W, Z or four
horizontal bars. Most often a B (17x), presumably

a misread 8 or 9, or 0 (l4x), presumably a misread
CorD, occurred. These errors were only made by
new inexperienced observers and most soon
learned which alphanumericals had been used.

When an observer although misreading the in
scriptions still produces a possible ring combina
tion, his observation will wrongly be accepted.
Sometimes it can be deduced what bird should have
been observed, e.g. when one of the two partners
of a pair has been misidentified. E.g. the female
W8Y- has been observed 25x paired with YYW5
and only once with YYW8. Obviously an observer
has taken the 5 for an 8. Likewise the female WAY
has been reported 152x paired with YJWC, but
only once with YYWC, so a Y has been taken for
a J, or mis-spelt into a J. Or, the female YKY- has
been observed together with her mate WKW6 46x,
and only once as paired with WKW5, so a 6 has
been taken for a 5. Lastly the female YNY7 has
been reported 109x paired with WTW- and only
once as paired with WTWT, so a single bar has
been taken for a T.

In order to estimate how often such mistakes
have been made and to what extent our database
contained observations of the wrong individuals,
we have adopted two different methods.

The first method makes use of the fact that we
did not use all possible combinations. The discov
erable misreadings pertain to the subset of unused
combinations. We have assumed that the number
of undiscoverable misreadings pertains in a similar
way to the subset of used - and still existing 
combinations.

Thus if 10 observations pertain to non-existing
birds, and out of 200 possible combinations 50
have in fact been used, the number of erroneous
observations (x) that falsely have been accepted
can be estimated by

(50 - I)
x = 10· =3.3

(200-50)

or the probability of an observation falsely being
accepted is:

x
- , where n =all accepted observations.
n
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This probability has been estimated per observer
per season. Since it has been assumed that in this
case a binomial distribution holds, the variance of
this probability can be estimated as:

x(n-x)/n3•

In this analysis we have included the observations
of the first 198 birds marked as breeding birds on
Gotland, since also yellow/white colour-combina
tions have been used on these birds. Later catches
made on Gotland have been marked with other
colour-combinations (blue/yellow, orange/blue
and white/red) and could thus, even when misread,
easily be excluded in this study. As can be seen in
Table 3 in aU 778 colour combinations have been
used out of the 1496 possible combinations. At the
start, of course, fewer combinations were in use
and in the calculations due corrections have been
made. For each season the error probability has
been calculated per observer and then mean values
(over all observers) per season have been averaged
over the eight study seasons 1979/80 up till 1986/87.
The mean error per observer per season for unde
tected misreadings is thus estimated at 0.6%.

Since the number of sightings per observer
varies considerably (Fig. 8), relatively few observ
ers gather a large proportion of the data. These hap
py few become very experienced, and quite likely
make fewer mistakes than the less experienced.

Whether this is true has been tested by defining
a test statistic Thaving a standard normal distribu
tion under the null hypothesis that observers
making many observations per season are just as
likely to misread the engravings on the colour-rings
as those making but a few observations. For details
on this test statistic see appendix I. Since only
misreadings ofunused combinations ofengravings
are traceable, only such detectable misreadings can
be taken as a measure of accuracy. For every single
season the values obtained for T deviated
significantly from zero (p < 0.04). Over all seasons
T =-4.981 (p < 0.00001).

Thus the hypothesis that observers making
many observations are just as likely to produce
misread~ngs as those contributing only a few

observations has to be rejected. Therefore the
above estimated mean error per observer will be
an overestimation, since no allowance has been
made for differences in the quantity of observations
per observer.

Calculating a straightforward mean value for
undetected misreadings over all reported sightings
regardless of the number of observers will there
fore produce an estimate much closer to the mark,
since in that case observers will be taken into ac
count proportional to the number of sightings they
contribute. Table 5 lists the estimates per season,
plus the parameter values necessary to make these
estimates. Indeed the mean value of 0.3% is lower
than the 0.6% that has been calculated taking the
over all mean value of the seasonal means per ob
server.

The second approach to estimate error levels
makes use of the fact that partners of a pair are al-

TableS. Calculation of error probability of undetected
misreadings. NR = number ringed (cumulative over the
years), ND = number of ringed birds (cumulative over
the years) found dead, Np =NR-ND =number potentially
present, No =total number ofobservations, NE = number
of obvious misreadings (within the used set of inscrip-
tions), Pu =probability of undetected misleadings.

Season NR ND Np No II Pu*

79/80 306 0 306 1057 10 0.0024
80/81 362 2 360 1541 14 0.0029
81/82 409 4 405 2223 6 0.0010
82/83 516 4 512 3467 13 0.0019
83/84 580 5 575 3707 24 0.0040
84/85 778 5 773 6800 26 0.0041
85/86 778 5 773 5190 25 0.0051
86/87 778 8 770 5022 27 0.0057

mean 0.0034

*calculated as:
N E (Np-l)

Pu=--·----
No (1496-Np )

in which 1496 is the potential number of ring-combina
tions (see Table 3).
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most invariably together. In order to be classified
as being paired the two partners should have been
observed as walking close together while grazing,
or one following the other after aggressive inter
actions with other conspecifics. Only skilled ob
servers can determine whether birds are paired to
one another. E.g. pairs may split temporarily while
grazing and the observer may have to wait for one
of the partners to start calling, to see its partner
come back from the other side of the flock. As a
criterion we have therefore taken that at least two
independent observations stating that two birds
form a pair are needed. In 20 cases there was only
one observation of two marked birds being paired
and these had to be discarded, whereas 99 pairs
with both partners marked fulfilled our criterion.
These 99 pairs have been reported as a pair 21 times
on average per pair.

When one of the two partners was subsequently
not reported during a season, while the other was
reported at least twice, we assumed the missing
bird to be dead. Posthumous observations of such
dead birds in later seasons are taken to be mis
readings and can be used to estimate the incidence
of misreading. Implicitly it is assumed that these
pairs do not separate by divorce. If they do, we have
wrongly declared birds dead and will overestimate
the rate of misreading. Owen et at. (1988) report
for the Svalbard-population of the same species an
annual divorce rate of 0.017. Assuming a similar
rate of divorce for the Russian population of Bar
nacle Geese due corrections can be made (see
appendix II). According to this method the proba
bility of undetected misreading is estimated at
0.2%, however with a standard error of at least
0.4%.

Representativeness of marked sample In order to
take a representative sample of the entire Russian
breeding population, we have always caught the
geese at times and places when peak numbers were
there: in November in the Bandpolder (NE-Fries
land, Neth.), in March/April in Schleswig-Holstein
(GFR) and in May on Gotland (Sweden). The size
of the catches varied from 10 to 118 for a mean of
42 birds. Catches were made from flocks varying

in size from at least several hundreds up to 10 000
birds.

Apart from these catches comprising 505 birds
in all, 75 first-winter birds have been colour-ringed
in December/January in SW-Friesland and the
southwestern part ofthe Netherlands (Haringvliet),
the adults caught there have been marked with
metal rings only. Four of these colour-ringed birds
later were found breeding on Gotland and have
been excluded from this analysis.

Subsequent observations of the remaining 576
birds, showed that we had caught both members of
already established pairs in 99 cases. In 242 cases
only one of the two members of a pair or solitary
birds had been caught. Birds caught in their first
winter (n = 131) have never been observed coupled
with another colour-ringed bird. In one case a
marked female, having lost her marked mate, got
paired again with an already marked male. Only 5
out of the 576 marked birds have never been report
ed after their release. Taking pairs as a basic unit
our 571 marked birds that have been sighted repre
sented 472 bird units.

To test whether this sample really represented
the Russian breeding population, we analysed
whether:

(a) all major catches were represented to the
same extent in a well-watched area (the Haringvliet
area), to ensure thorough mixing of the marked
sample in the study-population.

(b) the proportion of ringed birds reported in
the Haringvliet area was similar to the proportion
of the entire Russian breeding population counted
there during the midwinter-count.

(c) the breeding success of the marked birds
was similar to that of the whole population as esti
mated by age-ratio-counts.

(a) In Table 6 the marked birds have been
grouped into three main groups corresponding to
the three main catching areas, viz. the west coast
of Schleswig-Holstein (4 catches in March/April
1979 comprising 189 birds), the Bandpolder area
(NE Friesland, 5 catches in November 1979, 1980
and 1983) and the south-east coast of Gotland (3
catches in May 1982).
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Table 6. Number of marked individual Barnacle Geese reported in the Haringvliet area and of those only reported
elsewhere, grouped according to catching area, to test whether the catch-origins of Barnacle Geese observed in this
area differed from those observed elsewhere. The differences have been tested per season using a chi-square test
(2 x 2 tables during the first three seasons, when no birds were ringed on Gotland; 2 x 3 tables later on). The p-values
are given in the bottom row.

season

catch-site 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88

in Haringvliet area

Schleswig-Holstein
Bandpolder (Neth.)
Gotland

28
16

53
45

69
75

41
46
33

39
77
24

48
68
28

41
76
35

33
38
14

21
29
10

only elsewhere (not in the Haringvliet-area)

Schleswig-Holstein 112 79 50 67 58 45 46 39 40
Bandpolder (Neth.) 84 94 49 69 91 74 61 71 53
Gotland 52 52 37 22 37 29

p-valtae 0.43 0.18 0.69 0.95 0.11 0.57 0.22 0.10 0.54

Per season the reported individuals are divided
into two groups. Those reported at least once in a
particularly well watched area, along the Haring
vliet, an enclosed estuary (SWNetherlands), which
holds on average about 40% of the entire study
population, are given in the lower half of Table 6,
whereas individuals not reported along the Haring
vliet, but only elsewhere, are given in the upper
half of this table. Per season these two data-sets
have been tested for heterogeneity using a chi
square test. The correspondingp-values have been
listed in the bottom row of Table 6. The null
hypothesis that wherever a bird may have been
ringed, it is just as likely to tum up in this Haring
vliet-area, is not rejected by the data.

(b) Another way to test whether the marked
birds mix completely throughout the study popula
tion is to compare the percentage of all ringed birds
reported in the Haringvliet-area with the percent
age of the entire study population staging in the
Haringvliet area during the mid-winter-count,
when numbers peak there. Since the number of
observers was still quite low in this area during the

first season (1979-80), that season has been ex
cluded from the analysis. Assuming that all marked
birds that visit the Haringvliet-area will be reported
from there at least once, due to both the accessibil
ity ofthe birds on the relatively small feeding areas
and the high number of observers, the percentage
of the population present in the southwestern part
of the Netherlands during the mid-winter/peak
count should be equal to the percentage of ringed
birds actually reported from this area (Fig. 12).
There is no significant difference between the two
data-sets (paired t-test, p = 0.24).

(c) Breeding success, expressed as the percent
age of first-winter birds in the population, can be
estimated from random samples out of the entire
population (see chapter 2). Since a number of ob
servers also collected information on the number
of offspring accompanying the marked birds, the
percentage of first-winter birds can also be esti
mated independently. If the marked population is
really representative the two estimates should
match one another. In Table 7 I have calculated the
mean number of offspring (P·P) per marked pair,
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success, thus estimated, has been plotted for three
different categories, viz. pairs with only the female
ringed, pairs with only the male ringed and pairs
with both partners ringed (Fig. 13). There is no
obvious difference between these three categories,
so all three have been lumped; the mean values for
breeding success compared with the breeding suc
cess estimates for the entire population (Fig. 13).
Again no significant difference could be found be
tween the estimates for the colour-ringed subpopu
lation and for the entire population (paired t-test,
p::: 0.86).

So there is no evidence that the marked birds are
not representative for the entire study population as
far as their breeding performance is concerned.

Summarizing this section: - birds from three
widely separated catching areas mix very well at
other times in the annual cycle,

- the same proportion of birds winters at the
extreme southwestern end of the wintering range,
regardless whether one uses total censuses or the
number of ringed birds and finally:

- the reproductive output of the marked birds is
the same as that of the population as a whole.

Therefore the marked birds can be considered as
a representative sample out of the target population.

Fig. 13. Breeding success, expressed as the proportion
of first-winter birds in the wintering flocks (thick hori
zontal bars), compared with estimates of breeding suc
cess derived from the number offspring that accompany
marked pairs. For each season the lefttnost bar is based
on observations of pairs with only the female carrying
rings, the middle one on pairs with only the male being
marked, whereas the rightmost bar is based on pairs of
which both partners had been marked.

7060

*
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Fig. 12. Annual peak counts of Barnacle Geese in the
southwestern part of the Netherlands, expressed as a
proportion of the total population size, plotted versus
the number of ringed birds reported from this area,
expressed as a proportion of all ringed birds reported
per season. The line y::: X has been drawn to indicate the
expected values of these points.
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P: proportion of pairs with offspring
F: mean brood-size of successful pairs
n: respective sample sizes
P·F: mean number of offspring over all pairs

Season P n F n P·F

79/80 0.11 81 1.9 9 0.21
80/81 0.22 60 2.0 13 0.43
81/82 0.11 80 1.8 9 0.20
82/83 0.10 193 2.3 19 0.23
83/84 0.42 86 2.4 36 1.01
84/85 0.14 44 1.8 6 0.24
85/86 0.64 63 2.7 40 1.71

assuming that all adult birds (second-winter and
older) are paired, including the adults without
young. Then the percentage of first-winter birds
can be estimated as: P·F/(P·F + 2). Breeding

Table 7. Reproductive output ringed birds.
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Site-faithfulness If individuals remain strictly
site-faithful throughout their lives, one would ex
pect them to visit invariably the same sites in the
course of each annual cycle. In order to examine
site-faithfulness, we have chosen one particularly
well-watched area, the Haringvliet area at the
southern end of the migration route. Though there
are observations from 53 different areas com
prising 247 different sites, ranging from the south
western part of the Netherlands to Estonia in the
Baltic, not all these areas are covered to the same
extent. The observation intensity, expressed as the
mean number of sightings per r~ported individual,
was by far highest in the chosen ar~a (Table 8). If
it is assumed that the number of times an individual
is reported, follows a Poisson distribution, the
probability of a marked bird being overlooked, as
a function of the mean number of observations can
be calculated. For a mean of 3 observations per
individual this probability equals 0.05, and de
creases to 0.007 when the mean number ofobserva
tions is increased to 5. Given the values in Table 8
for the Haringvliet, we assumed that hardly any
marked bird visiting this area during the period
1980-81/1986-87 will have escaped observation.
The first season 1979-80 has been excluded from
this analysis, because then the observation intensi
ty was still low. From a subset of birds that were
definitely alive and marked throughout this period

we analysed how often they have been reported
from the Haringvliet area. This subset comprised
75 adult birds, 45 being ringed between 25 March
and 13 April 1979 in Schleswig-Holstein and 30 in
November 1979 in the northern Netherlands. All
have been reported at least twice in 1986-87; thus
they were alive and marked during the seven
seasons to be analysed.

From the mid-winter-censuses, when numbers
peak in this area, we know that between 1979 and
1987 maximally 61 %ofall Russian Barnacle Geese
were concentrated in this area (Fig. 12). This hap
pened in the cold winter of 1981-82.

Assuming that the severe-weather pattern re
presents an extreme case, with in 'normal' winters
a still smaller proportion of the population actually
reaching the southern Netherlands, only 61 % of the
sample of 75, or 46 birds, should ever have been
reported from the Haringvliet area. In fact 65 (87%)
have been reported from there (X2 = 20.78; p <
0.00001), so certainly not all birds are strictly site
faithful throughout the years.

The opposite theoretical extreme to strict site
faithfulness is that each season the birds mix ran
domly before arrival on the wintering grounds.
Since one knows for each season from the cen
suses, what proportion does not visit the Haring
vliet area, one can, by multiplication of these
fractions, calculate the expected fraction of the

TableS. Observation intensity in five important staging areas. Areas: Bandpolder (area 3), Haringvliet (1), South-
Friesland (2), Hamburger Hallig (5), Gotland (6); number of marked individuals reported (N); mean number of
observations per reported marked individual (R, 'intensity').

Season area 3 area 1 area 2 area 5 area 6

N R N R N R N R N R

79/80 161 1.7 44 2.0 16 1.1 16 1.1 11 1.2
80/81 136 2.0 100 4.8 67 1.6 68 1.6 0
81/82 135 2.7 168 3.1 53 1.2 58 1.6 121 2.3
82/83 210 3.8 134 9.1 105 1.9 66 1.4 43 2.6
83/84 224 4.3 155 9.3 79 1.1 45 1.4 58 2.9
84/85 207 4.8 162 7.6 151 2.1 67 2.0 70 2.1
85/86 184 3.5 165 4.7 64 1.4 72 3.2 22 1.5
86/87 158 4.1 94 7.7 5 1.0 50 2.2 7 4.0
87/88 111 4.9 66 11.7 2 1.0 38 3.2 6 2.3
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population that will never have been to the Haring
vliet area during these seven seasons, which
amounts to 1.65% or just over one bird (1.24). This
value, too, departs highly significantly from the 10
birds that have never been reported there (X2 =
62.93; P< 0.0001). So random mixing each season
is not the case either.

Sighting probabilities In order to estimate the sur
vival rate from resightings the crucial assumption
has to be made that all marked living birds have
the same probability ofbeing spotted and identified
by an observer. In other words, the assumption is
that being reported in season (t+ 1) has no influence
on the probability that a bird will be reported again
in the future. Technically speaking this means that
there is no interaction between the rows and
columns in the table shown in Fig. 11. Since aoo is
unknown this cannot be tested with the data

tabulated this way. However it can be done if the
available data are tabulated in somewhat more
detail, by splitting the observed birds not into two,
but into three categories ('not seen', 'seen once'
and 'seen more than once', see appendix III). If
some birds are consistently more secretive over the
seasons this will result in relatively high numbers
in categories aoo anda II and relatively low numbers
in categories alO and aOI' This means that the
estimation we make for the real value of aoo will
be too low; as a result the survival rate will be
underestimated.

Survival rates
From counts and age ratios Annual peak counts
have been gathered in Table 9 together with esti
mates for the proportion of first-winter birds. This
proportion has been estimated both in the field by
scanning flocks for the proportion of birds in first-

Table 9. Population dynamics of Russian Barnacle Geese Branta leucopsis based on counts and productivity
estimates.

Season Number Pjuv Njuv N ad Survival 95% c.L.

1972-73 40600 0.35 14210 26390
1973-74 50000 0.24 12000 38000 0.94
1974-75 43300 0.Q7 3031 40269 0.81
1975-76 52000 0.27 14040 37960 0.88
1976-77 58600 0.18 10548 48052 0.92
1977-78 54900 0.05 2745 52155 0.89
1978-79 43200 0.02 864 42336 0.77 0.38-1.16
1979-80 47500 0.21 9975 37525 0.87
1980-81 50900 0.21 10689 40211 0.85
1981-82 54000 0.11 5940 48060 0.94 0.81-1.09
1982-83 57000 0.15 8550 48450 0.90 0.78-1.02
1983-84 71000 0.35 24850 46150 0.81
1984-85 55800 0.08 4464 51336 0.72
1985-86 83000 0.39 32370 50630 0.91 0.79-1.03
1986-87 89700 0.04 3588 86112 1.04 0.95-1.12
1987-88 105100 0.06 6306 98794 1.10 1.07-1.14
1988-89 126700 0.31 39277 87423 0.83

1979-88 mean: 0.90

Pjuv = proportion of first-winter birds
Njuv = number of first-winter birds
Nad = number of adults
c.L. = confidence limits
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winter plumage and by aging much smaller sam
ples of the birds that have been caught for ringing
purposes. There was no significant difference
betweenthese two data-sets (paired t-test p = 0.66).

IfNt is the total population size in season t and
P t the proportion of birds in first-winter plumage
in season t, then the proportion of birds in adult
plumage is ofcourse (1- Pt) and the annual survival
rate (s) can be estimated by:

(l - Pt)·Nt

Table 10. Comparison of recoveries between 1978/79
and 1986/87 from metal ringed and colour-ringed Bar
nacle Geese ringed between 1978/79 and 1983/84.

metal colour

Ringed 966 576
Found dead 20 9
Retrapped/Resighted 25 20320
Never reported 924 5

Never reported (%) 95.7 0.9
s=

or the number of birds in adult plumage in season
t divided by the entire population size in the previ
ous season (t-l).' From the formula it can be seen
that there will be a negative correlation between
the estimated survival rates of successive years.
When e.g., the population size in year t has been
overestimated, the survival rate from (t-l) to t will
be overestimated, since Nt is in the numerator.
However, the survival rate during the next season,
from t to (HI), will be underestimated, because
then Nt will be the denominator and Nt+1 in the
numerator.

The in-season variance in the age ratios can be
calculated from the different samples, but the in-

season variance of the counts cannot be calculated
for seasons when there is only one full census
covering all sites. Only for 6 seasons, with between
2 and 4 censuses each, could 95% confidence limits
for the estimated annual survival rates be esti
mated. As can be seen (Table 9) these values range
widely, well over the edge of immortality. The odd
estimates for the annual survival rate in 1986-87

and 1987-88 (1.04 and 1.10) are presumably due to
an underestimation of the population size in the
three extremely cold winters 1984-85, 1985-86 and
1986-87. During such extreme weather conditions
the birds are dispersed over a wider range of sites
and some scattered flocks will have escaped atten-

Table 11. Analysis according to Brownie et at. (1985) model 3 of Barnacle geese ringed in the Netherlands
1979-1984, recovered 1979-1986; N number ringed.

Year N

Survival probability (S)

Recovery probability (F)

81.83

Recovery matrix

0 1 0 0 0
1 0 0 0 1
0 0 1 1 0
1 2 0 0 1

1 1 0 0
0 0 0

SD(%) 95% C.L.

11.94 58.43 - >1.00

0.20 0.21 - 0.99

1
1
o

4
1

Estimate (%)

0.60

267
74
83

452
211
79

1979
1980
1981
1982
1983
1984

Parameter

The program output further mentions: standard deviations for Sand F are underestimated by a factor of perhaps 1.5
to 5.0. Correlation(S,F) =-.739
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tion. This resulted in an underestimation for the the counts yielded a complete picture of the real
survival rate in 1984-85, which was somewhat population size and thus fully compensated the
compensated for by an overestimation in 1986-87, previous underestimates of the survival rate.
but it was not until the mild winter of 1986-87 that Therefore a mean value of 0.90 for the annual

Table 12. Raw data to calculate survival rates from resightings. Only birds reported at least twice per season in-
cluded.

Season N all alO aO! aaa SR SE

adult males
78/79 20
79/80 89 9 3 3 1.00 0.80 0.05
80/81 118 56 11 11 2.16 0.90 0.02
81/82 130 82 10 7 0.85 0.85 0.01
82/83 165 101 10 6 0.59 0.90 0.01
83/84 170 111 24 13 2.81 0.91 0.01
84/85 160 117 14 8 0.96 0.82 0.01
85/86 142 111 22 4 0.79 0.86 0.01
86/87 77 37 4 1.92 0.84 0.01

mean: 0.86
adult females
78/79 23
79/80 87 7 2 9 2.57 0.88 0.09
80/81 109 51 10 7 1.37 0.80 0.02
81/82 127 83 7 3 0.25 0.86 0.00
82/83 155 92 14 9 1.37 0.92 0.01
83/84 154 96 24 12 3.00 0.87 0.01
84/85 146 110 10 7 0.64 0.83 0.01
85/86 128 97 24 9 2.23 0.91 0.01
86/87 74 25 3 1.01 0.80 0.01

mean: 0.86

first-winter birds (both sexes combined)
78/79 5
79/80 14 3 0 2 0.00 1.00
80/81 17 10 1 1 0.10 0.86 0.02
81/82 56 14 2 1 0.14 1.01 0.02
82/83 14 34 10 3 0.88 0.85 0.02
83/84 22 9 1 2 0.22 0.87 0.03
84/85 16 3 0 0.00 0.86

SR = Survival rate; SE = standard error
N = number of ringed birds reported (first-winter birds: number of birds ringed)
all = number of birds out of N in season (t-1), reported both in season (t) and in later seasons (t+x)

alO = number of birds out of N in season (1-1), reported in season (t), but not later on
aO! = number of birds out of N in season (t-1), not reported in season (t), but reported later on (in t+x)

aaa = estimated number out of N in season (t-1), still alive in (t), but never reported again
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survival rate over the period 1979-1988 (Table 9) Model 3 of the models provided by Brownie et at.
resulting from this method will be more reliable could be used. To compare the results obtained from
then the annual estimates in themselves, since metal-ringed birds with those obtained from colour-
errors in the estimated survival rates resulting from ringed birds we have continued to mark Barnacle
errors in censusing will be cancelled out. Geese with metal rings, too, in the Netherlands,

while we marked others with colour-rings. From
From single recoveries of metal-ringed individuals 1978/79 till 1983/84 966 Barnacle Geese have been
reported dead The number ofrecoveries ofmetal- marked with metal rings, while we marked 576
ringed Barnacle Geese is very low indeed (see Barnacle Geese with colour-rings. Table 10 shows
Recoveries of metal-ringed birds), so that only that of the colour-ringed sample only 0.9% of the

Table 13. Raw data to calculate survival rates from resightings. All reported birds included.

Season N an alO aO! doo SR SE

adult males
78/79 59
79/80 115 41 2 10 0.49 0.91 0.01
80/81 131 85 10 12 1.41 0.94 0.01
81/82 150 98 5 16 0.82 0.91 0.01
82/83 182 124 9 9 0.65 0.95 0.01
83/84 187 136 18 11 1.46 0.91 0.01
84/85 172 135 14 16 1.66 0.89 0.01
85/86 164 128 19 4 0.59 0.88 0.00
86/87 92 38 6 2.48 0.84 0.01

mean: 0.90

adult females
78/79 56
79/80 113 39 3 10 0.77 0.94 0.02
80/81 129 84 6 13 0.93 0.92 0.01
81/82 147 104 4 12 0.46 0.93 0.01
82/83 167 119 10 12 1.01 0.97 0.01
83/84 175 119 18 12 1.82 0.90 0.01
84/85 168 128 14 10 1.09 0.87 0.01
85/86 150 117 18 7 1.08 0.85 0.01
86/87 87 30 6 2.07 0.83 0.01

mean: 0.90

first-winter birds (both sexes combined)
78/79 5
79/80 14 3 0 2 0.00 1.00 0.00
80/81 17 10 1 2 0.20 0.94 0.02
81/82 56 16 1 0 0.00 1.00 0.02
82/83 14 37 9 3 0.73 0.89 0.02
83/84 22 10 1 2 0.20 0.94 0.03
84/85 18 1 0 0.00 0.86 0.00
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birds did not produce any recovery or resighting,
compared with no less than 95.7% of the metal
ringed birds which was never heard of again.

In Model 3 we only used those birds that have
been recovered dead (n = 20), from a subset
restricted to the same time period of our colour
ringing programme (Table 11). Under the assump
tion of constant annual survival, this rather poor
data-set produced a mean annual survival probabil
ity of0.82, however with a 95% confidence interval
ranging from 0.58 well into immortality.

Multiple resightings ofcolour-ringed individuals
To reduce the effect of undetected misreadings

on the calculation of survival rates, initially only
birds reported at least twice per season have been
considered, but later on the full data set containing
also observations of birds seen only once per
season has been used too. The results have been
listed in Tables 12 and 13 respectively. It appears
that using the full data set the estimated mean
annual survival rate increases from 0.86 to 0.90.
Because both estimates are too low, since not all
birds have the same probability to be spotted (see
appendix III and Probability of being reported in
the Discussion), we prefer the higher estimate
(Table 13).

For adults the results have been listed separated
out according to sex, for juveniles with both sexes
combined. Because not all ringed juveniles have
been properly sexed, here the two sexes have been
combined.

It is clear that category aoo, the birds still alive
but never reported again, is very small indeed.

Though in some years the estimated survival
rates are significantly different for the two sexes,
the overall mean value for both adult males and
adult females is the same. In only one season did
we ring a fair number of birds in first-winter plum
age, viz. 56 in 1981-82, so that the survival rates for
adults and juveniles can be compared for 1982.
Both adult males and adult females had a signifi
cantly higher survival rate from 1981-82 till 1982
83 (0.96 for adults on average) than these first
winter birds becoming second-winter birds (0.89).
In the sample of adult birds all birds ringed in their

first winter have been included after their second
summer.

As we shall see, this estimated mean annual sur
vival rate requires slight modification to take into
account ring loss and observer variability.

DISCUSSION

Representativeness of the colour-ringed birds
By catching the birds in three widely separated

areas, viz. the northern part of the Netherlands, the
west coast of Schleswig-Holstein and on the east
coast of Gotland, the attempt was made to achieve
as representative a sample as possible of the migra
tory population of Russian Barnacle Geese.

As is shown in Table 6 similar proportions of
marked birds from these three catching areas have
been reported in the southernmost part of the
wintering quarters of this population, along the
Haringvliet, in the southwestern part of the Nether
lands. Also the proportion of ringed birds reported
from this area equals the proportion of birds
wintering there, as revealed by complete censuses
ofthe entire population (Fig. 12). So in the course
of their annual cycle the individual marked birds
mix very well with the entire study population; thus
sightings can be considered as representative.

Moreover the reproductive success of the
marked birds (Table 7) did not differ from that of
the population as a whole, as measured by the pro
portion of first-year birds in random scans of
wintering flocks (Fig. 13).

Since most of the birds have been marked in
1979 and 1980 (the first two years of the study) and
no further birds have been marked since 1983-84,
the mean age of the marked birds in later years will
be higher than the mean for the population as a
whole (see Fig. 15 and the section on factors influ
encing survival). Apart from age in the later part
of the study, however, it can be concluded that the
marked birds do indeed represent the target popula
tion.
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Observer variability
In analyzing the reliability of the reported

sightings, it has been assumed that the carefully
selected set of symbols, used as engravings on the
leg-rings, are equally identifiable through a tele
scope. The accuracy of most observers, partici
pating voluntarily in the project, is remarkably high
(see section 4.3 and appendices I & II). Neverthe
less, after several computer-checks during inser
tion of the sight-records have been made, still some
of the accepted observations will be wrong. The
error margin remaining is estimated at about 0.3%
or even lower (see appendix II). The effect of such
an error on the estimation of the annual survival
rate will be even smaller, since only wrong obser
vations matter of birds that are really dead. Using
the just estimated annual survival rate (section 6.3)
of 0.90, it can be estimated that in the end of the
study, in 1987-88, 303, or just over 50%, of the
marked birds will have died. This means that 0.50
x 0.3% =0.15% of the observations in 1987-88 will
lead to an overestimation of the survival rate.
Multiplication by the number of observations in
that season (see Fig. 8) yields an estimate of 3
'resurrected' birds. In the previous seasons with an
even lower proportion of dead birds this rate will
consequently be even lower. E.g. in 1983-84, the
season in which the total number of observations
peaks at 3683 only 28% of the birds marked up to
that time will have died, yielding an estimate of
0.28 x 0.003 x 3683 = 3 incorrect posthumous
observations, which, in the most extreme case, viz.
if these pertained to three different birds, all of
which belonging to the 349 birds reported in the
previous season (see Table 13), would mean an
overestimation of the survival rate of less than 1%.
Moreover such an overestimation in one year is
likely to result in an underestimation ofthe survival
rate in the next year. Therefore the effects of such
errors on the estimated survival rate will be
cancelled out over a longer period.

Probability of being reported
A crucial assumption in this study is that all

marked birds have the same probability of being
reported. To estimate survival rates Ebbinge & Van

Biezen (1987) used all resightings both of birds
ringed in the previous season and of the already
ringed ones reported in the previous season. In this
study a more strict criterion has been used and only
resightings of birds reported in a previous season
have been considered. In this way we selected for
birds that were not too secretive. Even so it is un
likely that all reported birds have the same proba
bility of being reported. Although a high degree of
mixing takes place in the course ofthe annual cycle,
there is at the same time a high degree of site-faith
fulness, when considering a specific site at a specif
ic time of the year. Since observers are not evenly
distributed over all sites, and moreover the oppor
tunities to observe the birds differ considerably
between the different sites, some birds will be more
difficult to find than others. In particular those birds
that happen to be faithful to a series of sites where
observation is difficult. They only occasionally
visit one of the well-watched sites, so they have a
lower probability of being reported, than those
frequenting the welt-watched sites like the Band
polder, in the northeastern part ofFriesland (Neth.),
or the Haringvliet area in the southwestern part of
the Netherlands. Moreover, there are behavioural
differences: some birds manage to keep fairly well
hidden within a flock, whereas others are continu
ously very conspicuous on the edge of a flock. This
explains why the reporting rate increases if one
excludes all observations of birds reported only
once per season (Table 4). In this way, particularly
the secretive birds are excluded, so one is left with
a subsample of birds that are easier to spot and
identify. In this study it does not necessarily matter
if some birds are reported more often than others,
as long as the probability that each individual is
reported at least once during a season, is the same
for all individuals. However, even this assumption
is not fully satisfied (see appendix III), so the
resulting survival estimates will be somewhat
underestimated.

This is clear when comparing Tables 12 and 13.
In Table 12 only observations of birds reported at
least twice per season have been included, whereas
in Table 13 all sightings have been included. Al
though the restriction to include only birds reported
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at least twice per season (Table 12) virtually ex
cludes overestimation of the survival rate due to
misreadings, it includes a further departure from
the assumption that all birds have the same
probability to be reported. This results in a much
lower estimate for the mean annual survival rate of
0.86 (Table 12). If all birds would have the same
resighting probability one would not expect such
a difference in the estimates for the survival rate in
these two tables. The assumption that all birds have
the same probability to be reported at least once
every year in subsequent years, seems to be a better
one than the assumption that all birds have the same
probability to be reported at least twice every year
in subsequent years.

Ring loss
In this study we used two plastic rings per bird;

only the combination of the two rings was unique.
Some birds lost one of the rings. Since most birds
that have lost one of the two rings cannot be reliably
identified, these have all been excluded from the
present analysis. By 1987-88 at least 24 different
birds have been reported with only one ring. Over
the years, starting in 1979-80, this number increased
as follows: 0, 3, 2, 0, 3, 4, 6, 4, 2. Expressed as a
percentage of the number of ringed birds reported
(Fig. 7) in the previous season the values are: 0%,
1.0%, 0.6%, 0%, 0.8%, 1.0%, 1.6%, 1.2% and
0.7%. The mean value of this series, 0.8% (SD 0.5),
can be taken as a rough estimate for the annual rate
of loss of identity by losing one of the two rings.

We stored all sightings of these one-ring-birds
and developed a model to estimate the rate of ring
loss, in which it is sufficient to know the total
number ofobservations ofone-ringed birds and not
the number of individual birds concerned.
According to this model (see appendix IV) the
annual rate of ring loss is estimated at 0.2 - 0.3%
(Gotland-population) or 0.1 - 0.3% (Russian
population) (see appendix IV). The rate of ring loss
should be doubled to estimate the rate of loss of
identity by losing one ring, since our birds carried
two rings each. It has been assumed that the
probability to lose one ring is independent of the
probability to lose the other. In this analysis any

age effect of the rings has been ignored, but as can
be seen above there is no progressive increase in
number of one-ringed birds in later years. So the
rough estimate of 0.8%, should be compared with
a value of 0.6%. As can be seen in appendix IV the
latter estimate is slightly conservative, presumably
because birds carrying only one ring are more
difficult to spot in the field than those carrying two
rings. as a result the rate of ring loss estimated by
the model presented in appendix IV will be too low.

Preliminary estimates for the rate of ring loss
in the Spitsbergen Barnacle Goose population,
where similar colour-rings have been used, yielded
a value of only 0.14% per year, when only rings
that had been fitted less than five years before were
taken into account (Owen 1982). However, later
estimates yielded a cumulative ring loss of 2.1 %
over a period of 6 years (Owen pers. comm.), or
0.4% per year. For colour-rings used on Lesser
Snow Geese (Anser caerulescens) a cumulative
ring loss of 1.7% over a period of six years has been
reported (Cooke et al. 1980), or an annual rate of
0.3%. These values are of the same orderofmagni
tude as the values found in this study.

Survival rate estimates
Though the individual estimates of the annual

survival rate from the total population counts and
estimated age ratios are not very accurate (see 95 %
confidence limits in Table 9), the over all mean
value will be more reliable, since due to the calcula
tion method an overestimation in one year will be
compensated by an underestimation in the next
year.

The number of returned metal rings is much too
low to allow accurate estimations for the survival
rate (Table 11). The mean value of 0.82 is much
lower than the other estimates, but the 95%-confi
dence limits are so wide, that this difference is
certainly not significant. This method is only useful
if a much larger number of birds can be ringed, but
even then the fact that one only receives informa
tion about less than 5% of the ringed birds (see
Table 10), raises the question ofhow representative
this information is. Moreover the assumption of
constant annual survival is not in line with the esti-
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mates resulting from resightings of colour-ringed
birds (Tables 12 & 13).

The estimated survival rate from resightings of
colour-ringed Barnacle Geese is an underestima
tion because of an annual rate of loss of identity
through ring loss of about 0.6% and because some
birds are more secretive than others. This vari
ability in probability of being reported results in a
considerably lower estimate if only birds reported
at least twice per season are considered (Table 12
& 13). On the other hand, considering also birds
reported only once per season may lead to an
overestimation of the survival rate of at most 1%,
because then some 'posthumous' observations are
included as well. On the whole, however, the thus
estimated survival rates will be conservative.

Iffirst-winter birds have different survival rates
than older ones, one would expect a difference in
the mean estimates from counts and age-ratios
(where implicitly the same survival rate for all age
classes is assumed) on the one hand, and from the
resightings ofonly adult colour-ringed birds on the
other hand. For only one season (1981/82 till
1982/83, Table 13) a fair number of first-winter
birds had been ringed, resulting in a survival rate
estimate of 0.89 (SD 0.02), whereas the survival
rates for adults in the same season was significantly
higher, viz. 0.95 (SD 0.01) for adult males and 0.97
(SD 0.01) for adult females. Despite this difference
in survival rates, both methods yield similar
estimates of about 0.90 for the mean annual
survival rate, whereas given the lower survival rate
for first-winter birds one would expect a slightly
lower survival rate from the counts/age ratio
method.

In reality, taking into account ring loss and the
be it small effect of misreadings, the mean annual
survival rate for adult Russian Barnacle Geese
during this study period will be about 0.91.

Factors influencing survival
The species is nowadays almost fully protected

over its entire range, except for a short period in
spring in the Russian arctic, e.g. on Vaygach, where
about 6% of the hunter's bag consists of Barnacle
Geese (Kalyakin 1986). Owen (1982) estimates that

for the Svalbard population of Barnacle Geese,
which has a slightly lower adult survival rate (0.89),
about half of the total mortality results from illegal
shooting mainly on the wintering grounds in
Scotland. For the Russian population of Barnacle
Geese too, shooting still accounts for part of the
mortality, but no accurate estimation as to its extent
is possible.

Though in some years there are significant dif
ferences between the survival rates of males and
females, there is no systematic difference in surviv
al between the two sexes according Wilcoxon's
signedrank test, two-tailed,p = 0.94 (Table 12), resp.
p = 0.89 (Table 13).

As also can be seen in Tables 12 and 13 there are
significant differences between various seasons in
the estimated survival rate. However, to relate these
differences to environmental factors, it is necessary
to define clearly to which time-interval the estimated
survival rates pertains, since all observations made
from September till May have been lumped. Birds
reported in season 1981/82 include not only those
dying in the same winter (those reported only early
in the season 1981/82), but also birds of which we
know for certain that they survived that winter (those
reported in May 82). So birds disappearing between
season 1981/82 and season 1982/83 may have died
either in the winter of 1981/82, or early in the winter
1982/83 (without actually being reported that
winter), or in the summer in between these two
seasons. Therefore if one would like to examine the
impact of winter severity on survival, the estimated
survival rate from e.g. 1981/82 to 1982/83 should be
compared with the severity of both winters.

As a measure of winter severity (W) we have
taken the sum of all mean daily temperatures (oq
per decade (lO-day period) that are below freezing
point between 1December and 1March. In this way
particularly prolonged cold-spells contribute to a
low score of W. The values are taken from the
meteorological station at Eelde in the northern
Netherlands. The entire study period comprised four
fairly severe winters, viz. 1981-82 (W = -13.0),
1984-85 (W=-19.5), 1985-86 (W=-17.5) and 1986-87
(W = -14.0). The mild winters in between had a
W-score varying between -1.0 and -5.5.
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Fig. 16. Adult survival estimated from marked birds
(see Table 13), plotted against the estimated mean age
(see Fig. 15 and text) of the marked population in the
previous season.

Fig. IS. Mean age in January of the Russian Barnacle
Goose population (lower line), compared with the mean
age in January of the colour-ringed sample (upper line);
see text.
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size of the various age classes is roughly known
and also the mean age of birds caught as adults.
Since all Barnacle Geese in this population are born
in July (Kalyakin 1986), the mean age of the
population in January can be calculated (Fig. 15).
There is a highly significant negative effect of age
on survival rate (p =0.007 for males and p =0.002
for females; Fig. 16). The problem is that age and
winter severity are confounded, since there was a
series of three severe winters during the last three
years of the study, coinciding with an increasing
age of the marked birds. The correlation between
age and winter severity is -0.79 (p <0.0 1). Multiple
regression analysis with both age and winter
severity as independent variables showed, that
given age, the effect of winter severity is not
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Fig. 14. Adult survival estimated from colour-ringed
birds (see Table 13), plotted as a function ofthe cumula
tive sum ofbelow zero values ofthe daily mean tempera
ture in Eelde (northern Netherlands) per lO-day period
from 1December to 1March (winter severity). To match
the time span over which the survival rate has been esti
mated, winter severity has been averaged over consecu
tive winters; see text.
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To match the estimated survival rates these
sums have been averaged over consecutive win
ters. The only exception is the first season, because
no birds have been marked before the cold winter
of 1978-79 was over, the first catches taking place
in late March and early April. Thus during the first
study season only birds that had survived the cold
winter of 1978-79 have been followed.

There is a significant relationship between win
ter severity and survival, both for males and fe
males (Fig. 14; regression analysis: p = 0.03 for
both sexes). However, a second factor that could
also have an impact on survival is the age of the
marked birds. If survival would depend on age, this
could distort the results particularly in the later
years, since we stopped ringing in 1983-84; conse
quently the age of the ringed birds diverged from
the population mean (see Fig. 15). To examine the
effect of age, the survival rate has been plotted as
a function of the mean age of the ringed birds. Since
most birds have been ringed as adults, the age at
catching has been estimated as the mean
population age for birds in adult plumage. This
again has been estimated by multiplying the
cohorts of first-winter birds from 1972-73 onwards
(Table 9) by a mean annual survival rate of 0.90.
Therfore at the start of this study, 6 years later, the
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significant (p =0.61 for males and p =0.87 for
females). On the other hand, given winter severity,
the effect of age is almost significant as far as
females are concerned (p = 0.17 for males, p =
0.054 for females). Therefore, and the more so
since there was no negative effect of the severe
winter of 1981-82 on survival (see Table 13 with
0.95 and 0.97 survival for males resp. females from
8182 to 8283) it seems likely that old age has a
significant depressing effect on survival, whereas
the negative impact of severe winter weather is a
mere coincidence (see Fig. 14).

Increased ring loss because ofworn rings would
also produce a lowered estimate for the survival
rate, but so far we have no indication that the rate
of ring loss increases over time (see section on ring
loss).

Lifetime reproductive output
A mean annual survival rate of 0.91 for adult

birds means an average reproductive life-span of
10.6 years. The mean number of offspring per adult
that survive until midwinter (= half the mean brood
size in winter) equals 0.29. If we accept a survival
rate of 0.86 for first-winter birds until their second
winter (see above) and equal survival rates for older
birds, then on average 0.29 x 0.86 x 0.91 = 0.23
offspring reaching maturity is produced per adult per
year. This means that each individual produces on
average 2.4 mature individuals during its entire life.
Or 4.8 mature offspring per pair.

For the rapidly increasing Gotland-breeding
population (Larsson et al. 1988) it is difficult to pro
duce a directly comparable figure. Per adult that at
least attempts to breed, on average 1.425 x 0.81 x
0.766 x 0.95 = 0.84 individual reaching maturity is
produced annually! (half the number of fledged
young per successful breeding attempt x proportion
of breeding attempts that are successful x survival
rate until second winter x survival rate until third
winter, which is assumed to equal the adult survival
rate). However, Larsson et al. (1988) provide no
figure for the proportion of birds in adult plumage
(including second-winter birds, or yearlings), that do
not make any breeding attempt at all. Hence 81 %
successful breeding attempts is an overestimate.

Given the constant breeding success on Gotland the
yearlings should comprise about one-third of the
birds in adult plumage, so 2/3 x 0.84 =0.56 would
be a figure more directly comparable to the
calculation for the Russian breeding population, but
this is still more than twice as high. Our figure of
0.23 is based on a mean value for all adults, including
marked second-winter birds in the early years, but
only relatively old birds (see Fig. 15) in the later
years. So in the later years it should be compared
with the Gotlandic figure of 0.84, but earlier on to
the corrected figure of 0.56. In both cases the
reproductive output of this young Gotlandic
population is much higher than that of their arctic
counterparts.

Comparison with other populations
Also the adult survival rate of the Gotlandic pop

ulation is significantly higher (compare Table 12 &
14 and Larsson et al. 1988). Since these two
populations winter in the same area in mixed flocks,
these differences in sutvival rate must be due to the
longer migratory distances, harder climatic
conditions in the arctic, or the higher incidence of
hunting in the arctic. However, the population on
Gotland is relatively young; since the survival rate
drops at older ages, this may also explain part of the
higher mortality rate in the arctic breeding Russian
Barnacle Geese.

In the Svalbard breeding population similar sur
vival rates have been measured: the survival rate of
first-winter birds is 0.897, of second-winter birds
0.927 and of adult birds 0.89. The survival rate of
adults varies between years between narrow limits
of 0.863 and 0.913. (Owen 1982, 1984). In this
population it has been shown that at least in some
autumns the long migratory flight has a markedeffect
on survival (Owen & Black 1989). The reproductive
output ofthis population, is lower than in the Russian
population; the mean age in the autumn in the
population has increased from 2.5 years in 1972 to
almost 6 years in 1983 (Owen 1984). The mean age
of the Russian population did not change very much
and remained about 4.5 years in midwinter in
1979-1987 (Fig. 15), or for direct comparison with
the Svalbard population 4.25 years in the autumn.
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Table 14. Raw data to calculate survival rates for the Gotlandic breeding population from resightings. Only birds
reported at least twice per season included.

Season N all alQ aOl doo SR SE

adult males(reporting rate: 0.99)

84/85 66
85/86 215 60 4 0 0.00 0.97 0.000
86/87 294 172 26 5 0.76 0.95 0.004

mean: 0.96

adult females (reporting rate: 0.94)
84/85 68
85/86 220 59
86/87 335 196

I
II

4
6

0.07
0.34

mean:

0.94
0.97

0.96

0.004
0.003

first-winter birds (both sexes, reporting rate: 0.93)
84/85 64
85/86 151 43 4
86/87 127 116 18

5
4

0.47
0.62

0.82
0.92

0.011
0.006

Evaluation of colour-rings as marking method
Using colour-rings one can arrive at very accu

rate estimates of survival rates, without having to
catch and ring geese in big numbers, provided that
one can combine a large team ofvolunteer-observ
ers with sufficient computer faCilities to process
the very many sightings that are needed to fulfill

the necessary assumption that all marked birds
have the same probability to be reported at least
once per season.

The leg-rings that have been used in this study
are very difficult to read when the vegetation is
high, or when the geese are on the water. To en
hance readability in the field neck-collars have

been used in several studies on geese and swans,
but these are quite often a nuisance to the birds,

causing e.g. excessive preening in Brent Geese
(own obs.). Quite possibly it has an effect on the
social status of the marked bird resulting in a lower

reproduction, or even higher mortality. Moreover,
the loss rate of neck-collars can be very high (over
30% per year in Canada Geese, Raveling pers.

comm.). So, in species like Barnacle and Brent

Geese, that regularly feed on extremely short vege
tation, the use of engraved leg-rings is certainly the
most reliable method to measure the annual surviv

al rate.
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SAMENVATTING

Drie verschillende methodes om de jaarlijkse overle
vingskansen van Brandganzen te schatten zijn onder
zocht op nauwkeurigheid en praktische toepasbaarheid.
De onderzochte Brandganzen behoren tot de grootste
van de drie Brandganspopulaties die er op de wereld zijn:
de populatie die broedt in Noord-Rusland en overwin
tert in Nederland en Noord-Duitsland.

Op grond van tellingen wordt het voorkomen van
deze populatie in ruimte en tijd beschreven (Fig. 3). De
eerste methode schat de overlevingskans op grond van
jaarlijkse totaaltellingen van de gehele populatie, en
jaarlijkse schattingen voor de aanwas door het per
centage voge1s in eerstejaars verenkleed vast te stellen.
De tweede is gebaseerd op eenmalige terugme1dingen
van vers dood gevonden (of geschoten) voge1s die
gemerkt waren met een metalen ring van het Vogel
trekstation Arnheml Heteren. De derde methode, waar
aan in dit artike1 de meeste aandacht wordt besteed, is
gebaseerd op meervoudige zichtwaarnemingen van met

kleurringen in het veld individueel herkenbare Brand
ganzen. Deze kleurringen zijn 3 cm hoog en voorzien
van een inscriptie die driemaal rondom de ring wordt
herhaald, zodat met behulp van een telescoop de
inscriptie goed is af te lezen tot op 300 meter afstand
(Fig.5).

Uitvoerig wordt nagegaan in hoeverre de met kleur
ringen gemerkte Brandganzen representatief zijn voor
de gehele populatie. Er blijken geen aanwijzingen te zijn
dat dit niet het geval is. Voor de Brandgans, die in vrijwel
zijn gehele verspreidingsgebied beschermd is (dus wei
nig terugmeldingen van geschoten vogels), blijkt de
kleurring-methode de meest nauwkeurige schattingen
op te 1everen. Van in totaal576 met kleurringen gemerkte
vogels werden in de loop der jaren (van 1979 tim
1987-88) er maar liefst 99.1% teruggezien. Elk jaar
wordt ruim 80% van de nog 1evende ganzen teruggezien.
Dit alles is mogelijk door de enthousiaste medewerking
van 257 waarnemers, hoofdzakelijk vrijwilligers, en het
beperkte verspreidingsgebied van deze vogelsoort. Ge
durende deze periode werden 966 Brandganzen met me
talen ringen gemerkt. Hiervan werd slechts 4.3% terug
gemeld, dat wil zeggen dood verzameld, levend terugge
vangen of zelfs afgelezen in het veld! (Zie Tabel 10).
Het verwerken van de ruim 20 000 zichtwaamemingen
is echter een tijdrovende zaak.

Uitvoerig wordt in de vier appendices ingegaan op
de invloed die diverse foutenbronnen, zoals: mogelijke
onjuiste aflezingen, het feit dat sommige vogels vaker
worden afgelezen dan andere, de kans op ringverlies,
e.d. hebben op de uiteindelijke schatting voor de
jaarlijkse overlevingskans. Slechts 0.3% van de waar
nemingen (Tabel 5) is onjuist zonder dat dat bij het
verwerken van de gegevens opgemerkt kan worden.

Voor adulte Brandganzen is de gemiddelde jaarlijkse
overlevingskans op 90% geschat. Gezien de mogelijke
foutenbronnen is dit waarschijnlijk een lichte onder
schatting.

Er is geen duidelijk verschil in overlevingskans tus
sen beide sexen. Ook tussen de jaren, waarbij zowe1 zeer
strenge als zachte winters voorkwamen, waren de ver
schillen uiterst klein. Eerstejaars vogels, waarvan slechts
in een seizoen een vo1doende groot aantal is geringd,
hebben een iets lagere overlevingskans (Tabel12 & 13).
Met het stijgen van de leeftijd (Fig.16) neemt de overle
vingskans ook bij adu1te vogels duidelijk af.
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I
L (nj"n?)
i=l

Appendix I. Testing whether observers making
many observations, make as many mistakes as those
contributing only a few observations
In order to test statistically whether there is a difference
in the proportion of erroneous observations between ob
servers identifying many ringed birds and those contri
buting only a few identifications, a table has been con
structed in which for each observation two characteris
tics have been listed, Firstly the total number ofobserva
tions made by the same observer (ni for the i-th observer)
and secondly an index q indicating whether this observa
tion was an obvious error (non-existing ring combina
tion) (q = 1) or an acceptable observation (existing ring
combination) (q = 0), Per observer the values of q can
be summed up to mi, or the number of obvious errors
made by the i-th observer.

Under the null hypothesis that both observers
making many observations, and those observing only a
few birds, are just as likely to produce erroneous observa
tions, one would not expect a difference between the ex
pected (mean) value ofni' and the expected (mean) value
of indicator variable ni where q =1 .

The values of ni are considered to be fixed, whereas
the selection ofthose values where q = 1(non-existing ring
combination reported) are considered as stochastic values.

If the total number ofobservers equals I, the expecta
tion of a randomly drawn value for ni can be calculated
as follows:

E(n})

(For observer i there are ni values of n?). If one draws
all values after one another the sum of all observed ni
has a variance O. So, if there are

values, then the sum of N variances of randomly drawn
values must equal N·(N-1) times a covariance between
two randomly drawn values without replacement. (Dis
regarding whether the two values do or do not belong to
the same observer). So a covariance between two ran
domly drawn (without replacement) values is

Drawing M values randomly without replacement, the
variance of the sum is:

var(~ nj) = M'var(nj) + M(M-1)'cov(nj,nk)
} = [M -M·(M-1)/(N-1))·var(n)

= M·var(n)·(N-M)/(N-l).

I
L (n(nj)
i=l

E(n)

The variance of the mean is:

var(mean)
M·(N-1)

var(n) M-1
---. (l - --).

M N-I

(Note that for each observer i there are ni values in the
above mentioned table; each value equals ni)' The vari
ance of nj can be calculated as:

in which E(n}), or the second non-central moment of the
randomly drawn value can be calculated by:

The last factor (in brackets) is known as the finite popula
tion correction factor (Cochran 1977) for the fact that
ones draws without replacement.

Returning to our null hypothesis that observers con
tributing many observations are just as likely to report
erroneous observations as the ones contributing but few
observations, it will be clear that erroneous observations
(q = 1) should (under the null hypothesis) be considered
as random draws out of the values listed in the above
mentioned table. So if there are
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and T = E(n) - E(n} = O.

However, ifthe null hypothesis is not valid and the num
ber of traceable misreadings is 2, 3 and I respectively,
instead (so the one contributing most sightings making
relatively fewer misreadings), then

I
M = 2:mi

i=1

erroneous observations in total, then an estimated expec
tation of an erroneous observation should not differ too
much from a randomly drawn value. The expected value
for values where q = 1 can be estimated unbiasedly as:

I
2: (mrn)
i=1

E(n)
2·10 + 3·40 + 1·100

2 + 3 +1
=40

E(n)

1

2: mi
i=l

while E(nj) remains unchanged and therefore T = -38.

Reference
Cochran, WG. 1977. Sampling techniques, Wiley, New

York.

T=
var(mean)

E(n) - E(n}

According to the central limit theorem E(n) is approxi
mately normally distributed under the null hypothesis.
Therefore

From year t;+ I onwards member d; is declared to be dead;
the remaining partner Wi is then called widow/widower.
Since members of a goose pair remain closely together
most of the time, the same number of observations is ex
peeted for both members before one has been declared
dead, while observations of d i , after it has been declared
dead, will result from one of the two following types of
error:
(I) d i has wrongly been declared dead, because of e.g.
divorce.
For the annual rate of divorce for another population of
the same species (the Svalbard population of Barnacle
Geese) Owen et al.(1988) calculated a value of 0.017.
We assumed this same value ofp' =0.017 to hold for our
study population as well.
(2) The code of another bird has wrongly been reported
as the one belonging to d i . The probability of this event
(P), or the probability of reporting wrongly one of the
codes in use, is what we would like to estimate.

Appendix II. Posthumous observations as a mea
sure of the probability to misread engraved codes.
Out of all observations made in the seasons t = I ...T we
select all observations of members of pairs, for which
the following holds:
(I) Both members are marked and have at least twice
been reported as a couple.
(2) In some year (Ii for couple i) one of the members (d;)

is not reported, whereas the other (w;) is reported at least
once.

1+4+10

1·10 + 4·40 + 10·100
--------- = 78 and

10·10 + 40·40 + 100·100
E(n} = 78

10+40+ 100

Therefore E(n)

has a standard normal distribution under the null hypoth
eSIs

The statistic T has been used as a test statistic. Low
values ofT indicate that observers making few observa
tions make relatively more mistakes in identifying the
inscriptions on the rings than those contributing many
observations. The test can also be made for several sea
sons together. One can add the values of all test statistics
T of the different seasons and divide this sum by the
square root of the total number of seasons. Under the
null hypothesis this new test statistic is also approximate
ly standard normally distributed.

A numerical example will demonstrate that T is in
deed zero under the null hypothesis. Consider three dif
ferent observers producing 10,40 and 100 sightings (ni)

in a particular season. If all three are equally likely to
misread the inscriptions on the rings, and produce 10%
misreadings, the number of misreadings will be I, 4 and
10 respectively (m;).
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The codes in use comprise all used ring-combinations
minus the ring-combinations of birds found dead. Let
there be ktDt,t codes in use in season t, of which kd,t be
long to partners declared to be dead, but not found and
reported as such. The probability that a reading is wrong
within the set ofused codes has been defined as p. There
fore the probability to misread a code as one of the birds
declared dead can be written as:

Ifone excludes the possibility of divorce, one would ex
pect for Nd,t, or the number of observations in season t
of partners declared dead:

This means that p can be estimated as:

where NtDt,t is the total number ofobservations in season
t.

The expected number of observations of birds wrongly
declared to be dead, because of divorce equals p' ·Nw,t,

in which Nw,t is the number of observations of widows/
widowers in season t.

Summation of the expected numbers resulting from
the two sources of error over all seasons gives:

T

p'I, [kd,t"NtDt,r!(ktDt,t - 1)] + p' ·Nw ,

t=1

where N d is the total number of observations of birds de
clared to be dead, and Nw is the total number ofobserva
tions ofwidows/widowers. Thereforep can be estimated
as:

T
P (Nd - p' ·Nw)/I, [kd,t'NtDt,J(ktDt,t - 1)].

t=1

The available data are given in Table 1.

So using p' = 0.017 (Owen et al. 1988) p will be
estimated as:

(33 - 0.017'1803)/1469 =(33 - 30.65)/1469 =
0.0016.

However the precision of this estimate is not very great,
since two roughly equal numbers have been subtracted
from one another. The standard error of the first term
(Nd/1469) is ('-'33)/1469 =0.0039. Inaccuracy inp' will
only enlarge the standard error of the estimate. In any
case divorce seems to be a much more important cause
to explain posthumous observations of the kind de
scribed above, than errors in reading the codes in the
field.

Table 1. Data to estimate the probability of reporting
wrongly one of the used codes (P). Symbols are explain
ed in the above text.

season: kd,t ktDt,t NtDt,t Nd,t Nw,t

79/80 0 306 1047 0 0
80/81 1 360 1527 0 14
81/82 9 405 2217 1 45
82/83 23 512 3454 1 214
83/84 26 575 3683 4 192
84/85 41 575 3458 5 305
85/86 55 575 2542 7 363
86/87 63 572 2792 7 325
87/88 74 572 2269 8 345

Total 33 1803

Appendix III. Have all Barnacle Geese (Branta
leucopsis) the same probability of being sighted?
- implications for estimation of survival rate.

Ebbinge & Van Biezen (1987) estimated annual survival
rates of free-ranging Barnacle Geese from resightings of
individually marked birds, that can be identified by tele
scope at a range of up to 300 metres. The methods used
in that study are described in detail in the main paper.
We considered all marked birds seen and those newly
ringed in season t. Let nt be the number of such birds.
Table 1 summarizes the classification into four cells of
this number (see also Fig. 11). All birds seen in season
(t+ 1) and/or in later seasons, were alive (a) at the
beginning ofseason (t+ 1), whereas the nODbirds that have
never been seen again after season t, were either alive in
season (t+1) (aoo) or dead (doo).
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Table 1. Classification into four cells of the fate of
marked birds seen and/or newly ringed in season t.

In season (t+2) and later

Table 2. Classification into nine cells of the fate of
marked birds seen and/or newly ringed in season t.

In season (t+2) and later

In season (t+ 1) not seen
seen

not seen seen

not seen
In season (t+ 1) seen 1x

seen>1x

not seen seen Ix seen>1x

(aoo)

alO

azo

1n order to estimate the survival rate from season t to
season (t+ 1) the crucial assumption is made that all
individual marked living birds have the same probability
of being spotted and identified by an observer. In this
appendix we examine the validity of this assumption, and
how departures from this assumption would affect the
eventual estimation of the survival rate.

If we assume a negligible death rate between the
beginning of season t+1 and the time of the last sighting
in that season, the assumption of having the same
probability to be resighted can be rephrased as: being seen
in season (t+ 1) has no influence on the probability that a
bird will be seen again in future seasons. Ifthis assumption
is true, we have aoolalO =aOl/al1 ; thus aoo can be estimated
from the other three (known) quantities (aoo). Therefore
one can also estimate the survival rate from season t to
season (t+ 1):

(Note that the bias correction as used by Ebbinge & Van
Biezen (1987) has been disregarded in this case).

Technically speaking, the crucial assumption ex
cludes interaction between the rows and columns (in
Table 1), when only looking at the living birds (the a-cate
gories). Since aoo is unknown this assumption cannot be
tested with the data tabulated in this way, but this can be
done ifone tabulates the available data in somewhat more
detail, e.g. by splitting the observed birds into three
categories ('not seen', 'seen once', and 'seen more than
once'), instead of the hitherto used two categories ('not
seen' and 'seen'), see Table 2.

Again aoo is unknown, but the hypothesis of no inter
action between rows and columns can also be tested using
the remaining 8 cells ofthis table.

If it is assumed that the counts follow a Poisson distri
bution, then this test can be made using a log-linear model
for counts, where the calculations are made by maxi
mizing the Poisson-likelihood (Poisson-regression)
(Chapter6 in McCullagh and Neider 1983, Dobson 1983).

The residual variance then equals the expected value
for each cell (dispersion factor = 1). The model can be
written as:

E(aij) = EXP(m+ri+Cj+intij)

var(ai) = E(ai)

where m is a constant, ri the effect of row i, Cj the effect
of column}, and intij the interaction between row i and
column}. Under the null hypothesis of 'no interaction'
the interaction-deviance has a chi-square distribution
with 3 degrees of freedom (and thus also an expected
value of 3).

In this analysis the catching and ringing of a bird has
not been included as a sighting of this bird, so we are
only dealing with birds actually observed through tele
scopes. Eight frequency tables corresponding to eight
different seasons t have been listed in Table 3. The last
column gives the interaction deviance calculated per
season. When there is no interaction, one would expect
the value 3 in this column, while the critical value of the
chi-square distribution is 7.81 for a = 0.05. It is obvious
that in all cases the null hypothesis has to be rejected. In
Table 3 the most important deviation is also clear, viz.
the values for an are relatively very high. Apparently a
marked bird seen at least twice in season (t+ 1) also has
a relatively high probability of being seen at least twice
per season in future seasons.

There are several reasons (not discussed here) why
it can be expected that in reality the variance of aij is
greater than its expected value (overdispersion). In that
case the assumption that the data strictly follow a Poisson
distribution is no longer valid, but this assumption can
be relaxed somewhat if one uses a simple adaptation of
the above mentioned method. This method is known as
the quasi-likelihood method, or Poisson regression with
free dispersion parameter. This method can only be
applied when there are more observed values than para
meters in the model, which is not the case in the above
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Table 3. Frequency tables of observed marked Bar
nacle Geese, for testing interaction per season.

Table 4. Frequency table ofobserved marked Barnacle
Geese, to test interaction over all seasons combined.

Season Resightings
t in (t+1)

Resightings in
(t+2) and later

Season
t

Resightings
in (t+ 1)

Resightings
in (t+2)

not
seen

seen
Ix

seen interaction
> Ix deviance

not seen seen 1x seen>1x

not seen
78/79 seen 1x 2

seen >lx 3

not seen
79/80 seen Ix 4

seen >lx 12

not seen
80/81 seeR Ix 1

seen >lx 8

not seen
81/82 seen Ix 5

seen>Ix 14

7
o
5

8
2

11

15
2
9

13
2
8

13
19
56

17
14

142

13
5

186

8
12

222

13.5

13.4

43.3

54.9

78/79

80/81

82/83

84/85

not seen
seen Ix
seen>Ix

not seen
seen Ix
seen >lx

not seen
seen Ix
seen>Ix

not seen
seen Ix
seen>Ix

3
12

2
21

10
48

7
38

3
3
6

2
3

12

4
1

16

5
2

17

7
15
46

5
3

170

9
17

201

2
11

209

not seen
82/83 seen Ix 7

seen >lx 29

11
2

16

12
19

220
28.2

df

interaction 3
residual 9

deviance
32.42
13.50

mean dev.
10.81

1.50

ratio
7.21

model. Therefore a model has been made in which the
data of all seasons are combined. To avoid counting the
same observations twice, only observations in season
(t+2) have been used to classify the columns; later ob
servations [(t+3),etc.], have been ignored. A three-di
mensional table has been made with four layers for the
seasons t = 7879,8081,8283, and 8485 (see Table 4).

not seen
83/84 seen Ix 10

seen>lx 18

not seen
84/85 seen Ix 6

seen>lx 31

not seen
85/86 seen Ix 13

seen>Ix 55

13
2
5

7
2

13

9
4

14

13
8

250

4
12

220

3
5

158

74.8

28.5

14.7

The model now is:

E(aij) = EXP(m+YI+ri+cj+intli+intlj+inti)
var(aij) = d· E(aij)'

Here YI models the differences in total numbers between
seasons, while the interaction between seasons and rows,
and the interaction between seasons and columns (intli

and intI) have been introduced, because the intensity of
observation varies per season, which will lead to differ
ences in the distribution over the cells.

The dispersion-factor d in the variance-model has to
be estimated. The advantage of this model is the avail
ability of degrees of freedom to estimate the dispersion
factor (the residual deviance), to allow for departures
from the Poisson distribution. Significance will be tested
using an approximate F-test, comparing the mean inter
action deviance with the mean residual deviance. This
is similar to the approach in an ordinary analysis ofvari
ance, but instead of sums of squares, deviances are used.

This model (see Table 4) yields a mean interaction
deviance (32.42/3 = 10.81), which is large when com-
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The problem is how to estimate rand d from the available
information.

LetD2 be the average time span spent as a two-ringed
living bird and D1 the average time span spent as a one
ringed living bird. Ifit is possible to estimateD2 andDI,
then rand d can be estimated by solving the equations:

Other reasons for a marked bird not being observed
anymore are its death, or the biologist stopping the col
lection of data. Let the combined "density" of these
events be lid.

Schematically the fate of birds marked with two
rings can be represented as follows:

Estimates for D1 and D2 can be obtained as follows:
Assuming that the time-intervals between successive
sightings of a two-ring individual follow a symmetrical
distribution, one expects that after the last observation that
particular individual is still present as a two-ring living bird
during halfthe time-interval between successive sightings.

Let Ii be the time interval between ringing and the
last observation as a two-ring living individual for bird
i. Ifthere areN ringed birds and 02 observations ofthem
as two-ring living birds, then the average time interval

(I) and
(2)

lIr1---..[no rings

+1/d

dead etc.

D2 = rd/(r +2d)
DI = D2 [2d/(r+d)]

dead etc.

2/r I---. one-rings
L-_,--_~

+1/d

dead etc.

These equations can be derived as follows:
The "density" of not being observed anymore carry

ing both rings, is lid + 2/r. Again this "density" can be
converted to an expected time span by taking the recip
rocal value. Hence the expected time span that a bird can
be observed with both rings still on is:

D2 = 1/[(lId)+(2/r)] = rd/(r +2d).
The fraction that loses one of the two rings before dying
can be expressed as p = (2/r) / [(lId)+(2/r)] = 2d/(r+2d).
The expected additional time span for this fraction p as
a one-ring living bird is TI =1/ [(lid) + (lIr)] =rd /(r+d)
(analogous to the derivation ofD2 above). Uncondition
ally, for all birds, we then have an expected additional
time span as a one-ring living bird of DI = p·TI + (1
p)'O = [2d/(r+2d)]'[rd/(r+d)] = D2'2d/(r+d), which
completes the derivation of equation (2).
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pared with the mean residual deviance (13.50/9 = 1.50).
The ratio is 7.21, corresponding with a p-value of 0.009
in an F3,9-distribution. So even when the presence of a
certain amount of overdispersion is taken into account,
interaction remains significant.

It can be noted that the estimated dispersion factor
d (= residual mean deviance) does not differ much from
1, so that overdispersion does not seem an important
problem with these data.

If the interaction is indeed the result of differences
between marked birds in the probability of being identi
fied in the field, there will be birds that have a lower
probability of being seen than other birds. This means
that some birds are consistently more secretive over the
seasons, which will result in relatively high numbers in
categories aoo and a11, and relatively low numbers in
categories a10 and ao ,. This means that aoo will be an
underestimation of the real value of aoo; therefore also
the survival rate will be underestimated. The estimated
survival rates should be interpreted as estimates of a
lower boundary for the real survival rate.

Appendix IV. A model to estimate ring-loss.
After ringing a bird can be identified as an individual
several times until it dies, loses one or both rings, or the
biologist stops collecting observations.

Losing a ring is considered to be a chance event. If
it takes on average r years before a ring drops off, the
"density" of losing either the right or the left ring is lIr.
Because l/r is small this "density" in time is approxi
mately the yearly probability. If the event of losing one
ring is independent of losing the other, the "density" of
losing either the right or the left ring is (I/r + lIr) = 2/r.
The expected time until one of the two rings will be lost
is the reciprocal value r/2 . The bird is then left with one
ring which on average will last another r years, so the
expected additional time span until also its second ring
has been lost, is r years. The "density" of losing also the
second ring after the first has been lost is l/r.
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between two successive sightings can be estimated as: written as :

2·01·N
ARR (5)

r s'(2'02+N)'(01+2·02+N)
s

02

and D2 can be estimated by

N
I,ti
i=1 02 1

D2 =-- + (1/2)·s = (- + - )·s (3)
N N 2

One-ring birds are no longer uniquely identifiable, but
ifone assumes that the probability ofspotting a one-ring
bird (which has lost one ofthe two rings) is the same as
the probability to spot a two-ring-bird, it follows that the
mean time-interval between successive sightings (s) of
two-ring-birds is the same for one-ring-birds.

Suppose that a bird i has been observed 01 i times as
a one-ring living bird (this number will be unknown, be
cause these birds are not uniquely identifiable), then it
has been present as a one-ring living bird for at least 01 i

- 1 time intervals (of mean length s). Moreover we can
expect that this period is preceded on average by a time
span (l/2)s and is also followed on average by a time
span (l/2)s. This means that the expected total time spent
as a one-ring living bird is:

(01 i-I + 1/2 + 1/2)·s = 01 i's.

We do not know 01 i' but we do know

N
01 I,0h

i=l

We have estimated the rate of ring loss for both the Rus
sian and the Gotlandic breeding population. In order to
do so, it is necessary to know for all one-ring birds to
which population they belong. Since these birds are no
longer uniquely identifiable, and in 1984 also for the
Gotlandic breeding population yellow-white ring-com
binations have been used (compare Table 1ofthis appen
dix with Table 3 in the main paper), this is not always
possible. After 1984 further ringing has been carried out
on the Gotlandic breeding population using different
combinations of colour-rings (see Table 1), but even
then, after losing one of its rings, a bird's origin was not
always clear. Since for the Russian population only
yellow, white or light-green rings have been used, birds
with only a blue, orange or red ring belong for certain to
the Gotlandic breeding population, but e.g. a bird with
only a yellow ring on the right leg could just as well be
long to the Russian breeding population. Therefore mini
mum and maximum values had to be used for 01, the
number of sightings of one-ring birds.

A further complication is the fact that some of the
one-ring birds from the Gotlandic breeding population
have been recaptured and reringed. Further observations
ofsuch reringed birds have also been counted as observa
tions of one-ring birds.

The data have been gathered over the period 1979 
1988/89, with the Gotlandic breeding population not
starting until 1984. To overcome the problem of the
origin ofone-ring birds we have also pooled data of both
populations.

The values obtained are listed in Table 2. The annual
loss of identity rate (which is twice the annual rate of
ring loss) thus amounts to a value between 0.2% and
0.6%.

With the estimates for D2 andD1 from equations (3) and
(4) equations (1) and (2) can be solved for l/r and l/d.
The estimated annual rate of ringloss (ARR) can then be

which is the total number of sightings of one-ring birds.
Therefore the expected total time spent as a one-ring
living bird can be estimated by:

01

Table 1. Colour-rings used for the Gotlandic breeding
population.

1984 1985

190

44
41

140

1987 1988

314

1986

433
yellow/white 198
blue/yellow
orange/blue
white/red

(4)D1 =--·s
N
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Table 2. Estimation of annual rate of ring loss.

Russian Gotlandic Both
1979- 1984- combined

variable 1988/89 1988/89 1979-
1988/89

sum 3266 3793 7059
N 580 1360 1940
02 24749 69773 94522
OJ 307-800 726-1219 1526

s 0.132 0.054 0.0747
D2 5.70 2.82 3.68
DJ 0.070-0.182 0.029-0.048 0.059

ARR (= l/r) 0.0011-0.0028 0.0018-0.0031 0.0022
ARD (= l/d) 0.170 -0.173 0.352 -0.349 0.268

Explanation of variables:

N
sum = L ti

i=l
t i = time interval between ringing and last sighting

of a two-ringed living bird (in years).
N = number of birds ringed
02 = number of observations of two-ringed living

birds
OJ = number of observations of one-ringed living

birds
s = sum/02 = average time interval between two

succesive sightings (in years)
D2 = average time span spent as a two-ringed living

bird (in years)
D1 = average time span spent as a one-ringed living

bird (in years)
ARR = annual rate of ring loss
ARD = annual rate of disappearance, either through

death or other causes such as ending of observa
tions

The other parameter estimated by the model: l/d, the
annual disappearance rate either through death or
through other causes such as the ending of observations
shows higher values, when the time between ringing and
stopping of observations is shorter. Would one continue
the observation program until all marked birds have died,
this value should equal the annual death rate. In the case
of the Russian population where no further ringing has

taken place since 1983-84, this parameter has the lowest
value (0.17), which is still appreciably higher than the
estimated annual death rate of0.1 0 for the Russian breed
ing population, or 0.04 for the Gotlandic breeding pop
ulation (death rate = 1 - survival rate).

As a rough check the expected number of birds with
only one ring has been calculated. To do so the number
of ringed birds still alive has each year been calculated
using 0.90 survival in the Russian population and 0.96
survival in the Gotlandic one. If ofthis number each year
0.6% would lose one ring one would expect that up to
and including 1988/8921 Russian birds with only one
ring would have been observed, and 24 ofsuch Gotlandic
birds. In reality at least 61 different one-ring birds have
been observed in the course of this period, of which 11
- 40 belong to the Russian population and 21 - 50 to the
Got1andic breeding population.

Our model therefore seems to underestimate the rate
of ring loss somewhat, particularly for the Gotlandic
breeding population. This may be caused by the possibil
ity that birds with only one colour-ring are less likely to
be spotted than birds with two colour-rings, because
lower values forO 1also lower the estimates for the annu
al rate of ring loss. A further complicating factor may
have been the fact that the rings used up to and including
1984 (the first marking of Gotlandic breeding birds)
were made of Darvic, whereas later rings had to be made
out of a slightly different material called Gravoply,
which seemed less durable. A high proportion of the
Gotlandic birds is annually recaptured during the
moulting period. Then birds with damaged rings and
those having lost one ring have been re-ringed. Of the
198 birds ringed with Darvic rings not a single one had
to be re-ringed, while of the 433 birds ringed in 198561
had to be re-ringed. Likewise of 314 ringed in 1986 17
had to be re-ringed and of the 225 ringed in 1987 only
7 had to be re-ringed.

Of the re-ringed birds 91 % were males! Several
broken rings have been found on the breeding territories,
apparently broken during the fierce clashes between
males while fighting over territory boundaries (Larsson
& Forslund pers.comm.). Ifmales have indeed a higher
rate of ring-loss this invalidates the assumption that
throughout the population losing one ring is independent
of losing the other. In order to investigate the conse
quences of this for the estimated rates we performed
some simulations with our model, using the combined
Russian/Gotlandic data as an example. All other para
meters of the model were assumed equal for males and
females (average time span between sightings s = 0.0747
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year, annual rate of disappearance lid = 0.268). A simu
lation run with 1940 birds all having the same annual
rate of ring-loss (ARR) of 0.00220 reproduced an esti
mated ARR of 0.00220. Then separate simulations were
run for 970 males with an ARR of 0.00400 and 970 fe
males with anARR of0.00040. Note thatthemeanARR

is again 0.00220. The resulting values for OJ and 02
were added over the sexes; with equation (5) an esti
mated ARR of 0.00214 was obtained.

Thus a tenfold higher ring-loss rate for males seems
to introduce only a very small negative bias in the esti
mated mean ring-loss rate.


