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DEMOGRAPHIC CHANGES IN FRENCH HERRING GULL

Larus argentatus POPULATIONS: A MODELLING APPROACH AND

HYPOTHESES CONCERNING THE REGULATION OF NUMBERS

P. MIGOT1.2

ABSTRACT This work presents an interpretation of the demographic
changes in the French Herring Gull Larus argentatus population recorded
since 1850. Data obtained by a Leslie matrix model, together with population
parameters resulting from field work and subsequent simulations, suggest
that at present a large proportion of potentially mature birds does not breed.
I discuss the parameter 'proportion of breeders' (with 'immigration' versus
'emigration' as intrinsic and extrinsic elements of recruitment, respectively),
together with its suggested role in the population regulation of the gulls.
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INTRODUCTION

The west European subspecies of the Herring Gul1
Larus argentatus argenteus breeds predominantly
along the British coast (80% of the estimated num
ber of breeding pairs) and, to a lesser extent, along
the coasts of The Netherlands and west Germany
(11 %) and France (8%, of which 88% are nesting
in the Armorican Massifbetween the Cotentin pen
insula, Normandy, and the Loire river). Smal1er
numbers are found on the Faeroes and on Iceland
(I % of the total population) (Bermejo 1978 in
Henry & Monnat 1981). The west European Her
ring Gull population size increased dramatically
between 1920 and 1980 (e.g. Cramp & Simmons
1983). Using a model to determine the demograph
ic mechanisms responsible for the increase or de
cline in animal populations (Migot 1987b), I tried
to get an insight into the population dynamics of
the Herring Gull in Brittany, France.

The Herring Gull was on the verge of extinction
in Brittany at the beginning of the twentieth centu
ry, but its population size has increased dramatical
ly since 1920 after a period of decline that started
in 1850. At the beginning of the present century it
could be found at only a few sites (notably in Les
Sept lies and Les Tas de Pois (Henry & Monnat
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1981). The population was estimated at 6000-7000
pairs in 1955, 17 000-19 000 pairs in 1965, and
45 000-49 000 pairs in 1978, showing average an
nual increases of II % and 8% during the two peri
ods (Henry & Monnat 1981).

Several reasons have been put forward to explain
the increase in the Herring Gull number during the
present century. The measures for protecting the
species in the 1920s put an end to its persecution by
man, which would have halted its decline (Spaans
1971, Drury & Kadlec 1974, Guermeur & Monnat
1980, Furness & Monaghan 1987). New and perma
nently available abundant food supplies, particularly
from an increasing quantity of refuse at garbage
dumps and of fishery discards and offal from fishing
boats, should have enabled individual birds to sur
vive more easily at all stages of life (Blondel 1963,
Harris 1970, Spaans 1971, Bailey & Hislop 1978, Nis
bet 1978, Furness & Monaghan 1987, Migot 1987b).

Starting from these evidently inconclusive
facts and interpretations, I will analyse how certain
habitat changes relevant to the species cause the
numbers of gulls to fluctuate. Thus, not only should
the values of natality, mortality and immigration
and emigration be known, but so should their rela
tive importance regarding the functioning of the
population.
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My study is based on a Leslie matrix model
(Leslie 1945) and its extensions (Usher 1972, Houl
lier & Lebreton 1986), allowing both a simulation
ofparameters affecting a population in equilibrium
and a description of the fate of an increasing or de
clining population. The model requires knowledge
of several population parameters, i.e. the number
of young fledged per breeding pair (P), the propor
tion of breeding birds per age class (B), and the an
nual survival rate (5) per age class. The model
yields several types of output data: the asymptotic
annual multiplication rate (Ie), the generation time
(n measured as the mean age of the breeding fe
males, and the stable age distribution. Using these
data, it is possible to interpret field estimates and
to determine the particular role of each parameter
in the species' demography. The model may be ap
plied under certain conditions only: (1) balanced
population movements (immigration, emigration)
or a closed population, and (2) a balanced sex ratio.

A comparison of the model results based on
field data and the numerical population changes
from 1850 onwards enables one to explain the
mechanisms of fluctuation and regulation in the
Herring Gull populations. Here I will discuss the
intrinsic mechanisms adjusting the breeding popu
lation in response to variations in survival rate due
to some environmental factors which can unobtru
sively but effectively regulate population size.

MATERIAL AND METHODS

Parameter estimations
Production of young (model parameter P) Be
tween 1983 and 1985, the production of young was
estimated at several sites in western Brittany. At
each site, nests were marked at the end of the in
cubation period of the clutch (genuine first clutches
only) with either a painted number or pegs with
different colour bars next to the nest site. Nest sites
were subsequently observed from the sea or from
the top of a facing cliff once or twice per week up
until almost all chicks had fledged. A chick was
considered 'produced' when it was not seen on the
nest site after the age of 35-40 days. During the

study period, an average of 1.3 (range for individ
ual colonies: 1.0-1.7) young·breeding pair! (N =
274 nests) fledged (Migot 1987a). Differences in
the reproduction rate resulted primarily from dif
ferences in the mortality rate of eggs and chicks,
rather than from the number of eggs laid.

Estimation ofthe proportion ofbreeding birds by age
class (model parameterB) According to the litera
ture, recruitment of Herring Gulls to the breeding
population occurs between the age of 3 and 7 years.
This made it impossible to estimate this parameter
during my 4-year study period. Work of J.C. Coul
son and co-workers in Scotland (Chabrzyk & Coul
son 1976) shows that in the age classes of 4,5 and
6 years, 14%,69% and 92% respectively of the in
dividual birds are breeding, considering that 100%
of the birds in each age class will breed after 6
years. Because of a lack of data in Brittany, I will
use the Scottish data. An analysis of the output data
of the model permits an a posteriori judgement of
our assessment.

Annual survival rates (model parameters Sl and Sz)

To assess the survival rates for different age classes,
we used two complementary methods, one based
on recoveries of birds ringed as chicks and found
dead after fledging, and another one based on sight
ings of living birds ringed as incubating adults.

The first method (Cormack 1964, Lebreton
1977, Lakhani & Newton 1983, Anderson et al.
1985) gives a constant recovery rate and the annual
survival rate for k age classes, especially when used
with age-dependent models (k being the age at
which the survival rate will stabilise according to
the likelihood-ratio tests). The set of input data for
analysis was made up of the 139 recoveries obtain
ed between 15 July 1974 and 15 July 1984 from
15 660 chicks ringed between 1974 and 1983 in Brit
tany (file CRBPO/Euring).

The second method (Cormack 1970, Seber 1971,
1973, Clobert et al. 1985), by which several (age
time-dependent, parameter-stability) models are
tested (likelihood tests) allows the precise esti
mation of adult survival rates (5). The 497 sightings
from 1984 to 1986 of 250 adults trapped at their nest
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(Mills & Ryder 1979) and colour-ringed between
1983 and 1985 on the small island of Treberon
(46°26'N, 4°32'W) were used for analysis. Birds
were sexed by head and bill measurements (Migot
1986). During the next breeding season the sight
ings from the nesting colony were obtained by ob
serving the birds either in the open or from a blind.
I also visited the Brest dump site where the birds
from this colony fed. Except for a very few birds
all marked gulls seen at the dump site were also
sighted on Treberon during the same year, which
suggests that the year-to-year return rate to the col
ony is close to I. Thus, there should be a good fit
between the obtained estimates and the observed
survival rates.

Without getting into details (Migot 1987b), it is
important to recall that the two methods are comple
mentary. Both permit an estimate of the annual sur
vival rate for adult birds. The results are identical, but
precision is greatest forthe sightings (annual survival
rate for adult birds with 95% confidence interval: 52
is 0.91,0.79-1.04, for recoveries, and 0.89, 0.85-0.93,
for sightings). Recovery data of birds ringed under
the French ringing scheme have allowed an estima
tion of the first-year survival (51) only, once more
with a low level of precision (0.71,0.49-0.92).

Review of the conditions under which the Leslie
model may be applied
Balanced movements (emigration, immigration) be
tween populations A dispersal analysis of recov
eries (or sightings) of birds ringed between 1965
and 1984 shows that (1) no chicks ringed outside
the Armorican Massifwere recovered as a breeding
bird in Brittany, (2) no chicks ringed in Brittany
were recovered as a breeding bird outside the
Amorican Massif, and (3) birds breeding in Brit
tany were only recovered outside the Armorican
Massif during the non-breeding season. Moreover,
the populations in the Channel Islands, the western
part of the Cotentin Peninsula, Brittany, Vendee
and Charentes appeared to form a relatively closed
entity. This assumption is strengthened by the fact
that the clinal variation in external biometric char
acteristics, in particular wing length (Voous 1959,
Barth 1967), continues into Brittany (Migot 1986).

Balanced sex ratio The observed sex ratio of
chicks was almost equal: 24 males and 26 females
among 50 25-40 days old chicks sexed by autopsy.
There is little difference between male and female
survival rates (Migot 1987b), suggesting that the
adult sex ratio is balanced.

RESULTS

Annual multiplication rate (A)
The output of the Leslie matrix model is given

in Figure 1. The estimated annual multiplication rate
obtained with the model using the data described
above (input parameters B, P, 51, 52), is 1.11. This
rate is comparable with the mean annual multiplica
t~on rate estimated from population,trends since 1955
(A= 1.11 between 1955 and 1965, A= 1.08 between
1965 and 1978). Supposing that the parameters (P,
51,52) estimated during the present study varied little
between 1955 and 1985, which is a plausible hypo
thesis, and assuming the correctness of the para
meter estimates for P, 51,52, the results suggest that,
at least as a first approach, the proportion ofbreeding
birds by age class (B) proposed by Chabrzyk &
Coulson (1976) can also be applied to the Brittany
population. It also suggests that the Leslie model is
applicable in the study of Herring Gull populations
which are at a stage of demographic increase.

Generation time (n
The generation time represented by the mean age

of the breeding females is 9.8 years. This result is
close to the data obtained by Lebreton (1977) based
on the findings of Chabrzyk & Coulson (1976) forthe
population of the Isle of May in Scotland. From this
value and knowing that, on average, the age of first
reproduction is about 5, one can obtain the relative
sensitivities of the population multiplication rate A, to
variation in the parameters introduced into the model
(see for theoretical considerations e.g. Houllier &
Lebreton 1986). It follows then that the relative
sensitivity of A to a parameter of fecundity (P, B or
P x B) is five times less than the relative sensitivity
of A to adult survival (52)' This should be taken into
account when population control is required.
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Fig. 1. The relationship between the annual multiplication rate (A) and the proportion of breeders based on simu
lations of the Leslie matrix model (a = age class, B = proportion of breeders, P = number of fledged young.pair- 1,

51 =first-year survival, 52 =survival in later years).

Asymptotic age structure
Once the theoretical age structure (for defini

tion see e.g. Houllier & Lebreton 1986), estimated
either at the beginning of the breeding season or
after fledging, is known, it is possible to assess the
importance of the fraction ofnon-breeding birds in
a Herring Gull population (66%, ofwhich 44% are
1-3 year old birds) and to determine the mean age
of the breeding birds (70% of breeders are over 6
years old). Again, these results have repercussions
for the management of gull colonies.

DISCUSSION

Simulations for lh~beron: an example
The colony on the small island ofTreberon was

monitored from 1976 onwards. This permits us to
indicate the importance of each demographic para
meter for the regulation of population numbers.
Two periods between 1976 and 1983 can be distin
guished in which the habitat of the island remained
unchanged: a period of rapid population increase
(14% per year) between 1976 and 1979, followed
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by a period of less rapid increase in the breeding
population (5% per year) between 1979 and 1983.

How can we explain such a tendency towards
a stabilisation of the population? A tendency
which, incidentally, has been observed throughout
the region, while production and survival apparent
ly did not change over time. The latter is probably
because of the many food sources available to the
birds, such as the Brest garbage dump mentioned.

Simulations of the Leslie model based on field
data on the Herring Gull population in Brittany sug
gest that from a demographic view point, this ten
dency may result from a higher proportion of non
breeding birds: in the age classes of four years or
older, 50% of the birds are not breeding (Fig. 1).
However, with respect to the colony it is important
to know whether these birds were actually non
breeders or whether they had emigrated.

The habitat modifications in the centre of the
island of Treberon allow us to elucidate the actual
status of the non-breeders. In 1983, gulls only oc
cupied the edges of the island since the central part
with its thick vegetative growth was difficult to in
habit. In 1984, after the centre had been cleared of
bushes, the whole island became favourable as a
nesting habitat. As a result, numbers at the edges
increased only slightly while colonisation of the
central part was rapid. Yet (except for a few individ
uals) the 145 birds ringed in 1983 in the periphery
remained in this area. These data suggest that at
present the non-breeding fraction ofthe age classes
ofpotentially mature birds could have become very
important. The demographic approach presented
in this paper and our analysis of the experimental
case are appropriate in proposing some inter
pretations of the various life-history stages of the
Herring Gull population in Brittany since the
middle of the nineteenth century.

Hypotheses based on a demographic approach
(Fig. 2)

Prior to 1850, Herring Gull populations are sup
posed to have varied around a stable equilibrium
point, the habitat of the birds being only slightly
modified by man during that period. Fluctuations
in population numbers around the equilibrium

point could be due to random habitat variation. This
variation may have resulted in irregular variation,
particularly in the survival rate (at all stages),
which would explain the fluctuations in the popu
lation level. Regulation mechanisms through the
parameters 'percentage of breeders' or'immigra
tion, emigration' could have somewhat restricted
the amplitude of this variation (see also Lebreton
1981, and Lebreton 1987 for L. ridibundus).

Populations declined between 1850 and 1920.
The frequent destruction of eggs, young and adults
explains this decline and it resulted in a decrease
in survival rates at all stages. This state of relative
population instability may have partially been
countered by regulation acting through the para
meters 'rate of breeders' and 'immigration'. How
ever, these mechanisms were not strong enough to
prevent the progressive disappearance of the spe
cies, and the species will have only maintained it
self due to the continuous interaction between pop
ulation heterogeneity and environmental hetero
geneity.

Between 1920 and 1980there was an almost per
manent increase in numbers. The end to killings by
man and more food sources led to better survival
at all ages. This state of positive population insta
bility may have triggered emigration followed by
colonisation ofnumerous unoccupied, now favour
able sites. Gradually, however, the still unoccupied
favourable sites became scarcer, which probably
did increase the proportion of non-breeders in the
age classes with high recruitment rates. It is likely
that the growing presence of this category ofindi
viduals on sites frequented during the pre-breeding
years (urban sites, southern Brittany coastline) has
incited many to colonise new habitats such as urban
habitats and has contributed to their geographical
expansion. Yet, this was a slow process which,
among other things, will have been limited by geo
graphical and human constraints. It explains the
tendency towards an overall stabilisation of popu
lation numbers observed during the 1980s (Migot
1985).

At present we are most probably at a stage of
population stabilisation, which occurs because of
high survival rates, a high proportion of non-
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SATURATION OF
COLONISED SITES

Fig. 2. Interpretation of demographic changes in the French Herring Gull population since 1850 (B = proportion
of breeders per age class, P =number of fledged young.pair1, S =survival, E =Emigration, I =immigration).

breeders and limited colonisation. The high pro
portion ofnon-breeding birds can have the follow
ing consequences:
(1) the system remains stable,
(2) colonisation of new habitats continues in spite
of the inertia of the process, for example within the

species' continental distribution range, such as
along riversides, and
(3) intraspecific relationships are modifying, pos
sibly resulting in a decline in the productivity of
the colonies. Moreover, in abundant and stable
populations, interspecific interactions could in-
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crease, resulting in a higher mortality through para
sitism, disease or predation.

However, when evaluating future trends, one
should keep in mind that environmental constraints
are changing, two of which are particularly im
portant:
(l) Dumps are progressively being closed. What
will be the consequences for populations that large
ly depend on such food sources? In 1983-8478%
of the adults collected on Treberon regurgitated
garbage or waste material of human origin. The
first indications imply an important decline in pro
duction (Pons 1992).
(2) Numbers of Great Black-backed Gulls L.
marinus which may greatly disturb the reproduc
tion of Herring Gulls, are increasing (on Treberon,
for example, from 2 pairs in 1983 to 12 pairs in
1986). Great Black-backs do not only kill and eat
Herring Gull chicks, but also eventually force them
to leave sites they previously occupied, as has hap
pened on the islet of for instance Roc-Hir/Banneg
(Migot & Linard 1984).

To support the hypotheses explaining the mech
anisms of Herring Gull population dynamics in
demographical terms, at least five things remain to
be done: (I) to verify whether the stabilisation of
population numbers occurs everywhere through
censusing, (2) to estimate the proportion of non
breeding birds in order to check whether this pro
portion is as high as predicted by this model, (3) to
study population parameters over a long time and,
using a stochastic model, to evaluate the effect of
parameter variation on regulating mechanisms, (4)
to evaluate the consequences of habitat modifica
tions, such as the disappearance of food sources, and
the growth ofGreat Black-backed Gull colonies, and
(5) to investigate the biological mechanisms
counteracting the permanent fluctuation of pop
ulation environment systems, the most important
mechanisms being the recruitment to the breeding
population and mechanisms governing colonisation.
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SAMENVATTING

De Zilverrneeuw Larus argentatus is tussen 1920 en 1980
in Norrnandie en Bretagne, Frankrijk, sterk in aantal toege
nomen. Thans vindt er een stabilisatie van het aantal plaats.
De toename volgde op een periode waarin de soort geduren
de bijna driekwart eeuw hevig was vervolgd. In dit artikel
wordt met behulp van een wiskundig model (Leslie-matrix)
getracht inzicht te krijgen in de demografische parameters
die op het aantalsverloop in de loop van de laatste 150 jaar
de grootste invloed hebben gehad. Het gaat daarbij dus niet
zo zeer om de waarde die de parameters hebben aangeno
men in de besproken periode, maar om de mate waarop zij
invloed op de aantalsontwikkeling hebben gehad.

In 1983-85 werd in het westen van Bretagne een pro
duktie van 1,3 vliegvlug jong per broedpaar vastgesteld.
Omdatzilverrneeuwen eerst op drie- tot zevenjarige leef
tijd voor het eerst tot broeden komen en de studie beperkt
van duur was, was het niet mogelijk om zelf het aandeel
van de potentiele broedpopulatie dat tot broeden kwam,
te bepalen. Voor deze parameter werd daarom terug
gevallen op literatuurgegevens uit Groot-Brittannie
(14% van de vierjarige vogels, 69% van de vijfjarige,
92% van de zesjarige en 100% van de nog oudere vogels
werden geacht aan het broedproces deel te nemen). De
jaarlijkse overlevingskans van oude vogels bedroeg
0.90, die van eerstejaars vogels 0.71. De analyse van
zichtwaamemingen van vogels met kleurringen bleek
betrouwbaardere getallen op te leveren dan de analyse
van terugmeldingen van vogels met aluminiumringen
(gemeten aan het 95%-betrouwbaarheidsinterval).

Een Leslie-matrix-model kan alleen worden toege
past als (1) er sprake is van een gesloten populatie ofeen
open populatie met een gelijke emi- en immigratie en (2)
de sexe-ratio gelijk is. Aan beide voorwaarden bleek de
populatie in Bretagne te voldoen.

Gebruikmakend van de verrnelde gegevens nam de
populatie in Bretagne volgens het Leslie-matrix-model
met 11 % per jaar toe, overeenkomend met de in het veld
vastgestelde aantalstoename (1955-65 11 %perjaar, 1965
78 8% per jaar). Met het model kon worden bepaald dat
(1) de waarden uit de Britse literatuur over het aandeel
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vogels dat van de drie- tot vijfjarige meeuwen tot broeden
komt, ook voor Bretagne gelden, (2) de berekende toena
mesnelheid van de populatie vijfmaal zo gevoelig is voor
veranderingen in de overleving van oude vogels als voor
die in het reproduktiesucces, en (3) 66% van de populatie
(waarvan 44% een tot drie jaar oude vogels) niet tot
broeden komt (70% van de vogels meer dan zes jaar oud).

Aan de hand van de gegevens van meeuwen op het
eilandje Treberon voor de kust van Bretagne wordt aan-

nemelijk gemaakt dat de huidige stabilisatie van de aan
tallen het gevolg is van een toename van het percentage
vogels dat niet tot broeden komt, hoewel zij daar wei po
tentieel toe in staat zijn. Ten slotte worden met behulp
van de verkregen resultaten de demografische processen
geschetst in de populatieontwikkeling van de Zilver
meeuwen in Frankrijk sinds 1850 (vgl. Fig. 2). Ook
wordt gewezen op de resultaten van het onderzoek voor
het beheer van meeuwenkolonies.


