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EFFECTS OF CHANGES IN THE AVAILABILITY OF HUMAN

REFUSE ON BREEDING PARAMETERS IN A HERRING GULL

Larus argentatus POPULATION IN BRITTANY, FRANCE

J.-M. PONS

ABSTRACT Feeding behaviour and breeding parameters of Herring Gulls
Lams argentatus were studied on Treberon. France, before (1983-88) and
after (1989) a decrease of 80% in the amount of refuse dumped at a nearby
tip. In 1989, fewer gulls visited the refuse tip than before the alteration, while
intraspecific competition at the dump had increased compared with that in
1983-88. The decreased food availability affected all breeding parameters
studied. The number of breeding pairs dropped by 11.5%. Mean clutch size
decreased from 2.8-2.9 eggs per clutch in 1983-88 to 2.7 eggs per clutch in
1989. Egg volume in three-egg clutches dropped by 1.8% (b-eggs) to 3.6%
(a-eggs). Hatching success decreased from 75% to 63%, while fledging suc
cess declined by 46%. Overall breeding success decreased from an average
of 1.3 to 0.5 young per breeding pair (61 % decline). In 1989, chicks were
fed less than in previous years. Leslie's matrix models showed that the asymp
totic multiplication rate of the breeding population decreased from 1.1 in
1983-88 to 1.0 in 1989.

Centre de Recherches sur la Biologie des Populations d'Oiseaux, Museum
National d'Histoire Naturelle, 55 rue de Buffon, F-75005 Paris, France.

INTRODUCTION

Since the beginning of the twentieth century, Her
ring Gull Lams argentatus numbers have in
creased dramatically (Harris 1970, Spaans 1971,
Drury & Kadlec 1974). Several authors suggest that
the increasing number of Herring Gulls is related
to the quantity of artificial food resulting from hu
man fishery activities and the concentration of gar
bage in refuse tips (e.g. Kadlec & Drury 1968,
Spaans 1971). However, protective measures could
also have influenced the demographic changes of
the gulls (Spaans 1971).

Previous investigators have shown that there is
a direct relationship between the availability of
food of human origin and the demographic para
meters of a Herring Gull population. Thus, Hunt
(1972) studied the breeding success ofHerring Gull
colonies in relation to their distance to an artificial
food source and found that chick survival increased
when this distance diminished. Spaans (1971) ob
served a positive relationship between brood size
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and the amount of human refuse in the chicks' diet.
He showed that chicks with such a diet grew faster
than others, and suggested that the postfledging
survival of the gulls might have been improved.
Fordham (1970) showed that a decrease in fishing
rejects or human refuse had a great impact on the
mortality of young Dominican Gulls L. domini
canus before and after fledging in colonies near
major cities.

The objective ofthe present study is to compare
breeding parameters of a Herring Gull colony near
a large refuse tip before and after the tip was almost
completely closed.

STUDY AREA AND METHODS

The study area comprises Treberon island near
Brest, Finistere (Fig. 1). The study was started in
1983 (Migot 1987). Herring Gulls have bred on
Treberon since the early 1960s and numbered 1500
pairs in 1988. Treberon covers 8 hectares and is a
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BRITTANY

Fig. 1. Map of the study area, indicating colony site
(star), refuse tips (dots) and flight paths of gulls to the
feeding areas (underbroken lines: 2 and 3 towards Cro
zon refuse tip, fields and coastline).

mixture of grassy areas and gentle rocky slopes.
There is no public access to the island and there
are no predators, except for a small number of
Brown Rats Rattus norvegicus.

The feeding area of the Treberon Herring Gulls
includes two refuse tips: a large one near Brest and
a smaller one in Crozon (Fig. 1). The former is 12
km from the colony. Up to December 1988, it re
ceived an average of 220 tons of human refuse per
day, of which 4.7 tons were accessible to the gulls
(0.85 x 2.5% of the amount dumped, see Isenmann
1978). However, on the 15th December, an inciner
ator came into operation. From then on, the daily
amount of refuse dumped decreased to 44 tons, a
decline of 80%.

'":.'he refuse tip in Crozon is 8 km from the colo
ny. However, the refuse dumped here is crushed,
so that the tip is difficult for Herring Gulls to use.

Besides, the amount of food at the Crozon tip does
not exceed 0.4 ton a day. Therefore the site cannot
compensate for the loss of food resulting from the
closing of the Brest tip.

In 1983-89, 378 breeding adults were colour"
ringed on Treberon and the proportion ofgulls that
fed at the Brest refuse tip was determined. The
flight direction of gulls departing from the colony
to the feeding grounds was determined on 29 days
between 21 April and 14 July of 1988 and 1989,
from 09.30 to 11.30 h. Gulls which went to the
Brest refuse tip used the northern flight path, while
birds going towards the coastline, farmlands and
the Crozon refuse tip used the eastern and southern
flight paths (Fig. 1). The diet of chicks and adults
was studied by analysing regurgitations found at
the colony during ringing.

The feeding behaviourofadult gulls at the Brest
tip was recorded during one-minute observation
periods at distances of 2 to 10m. For each gull ob
served, the number of food items swallowed and
the number of aggressive encounters (interactions
in which a bird was kept from a food source by
conspecifics, or which led to intraspecific klepto
parasitism), either provoked or received by the
bird, were recorded.

The gulls' breeding biology was studied in two
different plots: (1) a flat area of0.2 hacovered with
grass in the north of the island (sector H) and (2)
an area of 0.3 ha on a rocky slope more to the west
(sector C). Each nest in sector H was numbered"
and its contents checked every other day between
egg laying and hatching. Eggs were marked a, b,
or c, according to the sequence in which they were
laid. Each egg was measured with a vernier to 0.05
mm and its volume calculated using the formula:
V = 0.5035.!ength.breadth2 (Spaans & Spaans
1975). Sector C was used to estimate the production
of fledged young. Nests were numbered at the end
of incubation. To avoid any disturbance of chicks,
subsequent obsen'ations were made by boat from
the sea. Fledging success was calculated by com
bining hatching success in sector H and the percent
age of hatchlings that fledged in sector C. This
seems justified because the gulls in the two sectors
had identical diets.
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RESULTS

Feeding ecology
Of 378 adults which had been ringed at their

nests on Treberon in 1983-89, 71 % were seen at
least once at the Brest tip. Gulls were present at the
tip during the entire year, with numbers of sightings
per hour ranging from 5.3 in Octoberto 10.5 in De
cember (Table 1).

During 1983-88, the proportion ofhuman refuse
in the gulls' diet varied between 61 % and 85% (Ta
ble 2). During the maize planting season in May
the gulls also fed on earthworms. The amount of
marine invertebrates and fish in the gulls' diet was
negligible. In 1983-88, therefore, the Brest refuse
tip played an important role in the feeding ecology
ofthe Treberon Herring Gulls. In 1989, the propor
tion of birds leaving the colony towards the Brest
tip was 39.3% (N =4767, 13 counts), and signifi
cantly smaller than in 1988 (62.7%, N =9254, 16
counts;x2 =692.2,dJ= 1,P<0.0001). This resulted
in a significant decrease in the proportion ofhuman
refuse (X2 = 6.65, dJ = 1 (earthworms and others
combined), P < 0.01) and an increase in the propor
tion of earthworms in the gulls' diet, compared
with 1983-88. In 1989, only 5% of the 154 chicks
handled regurgitated food against 20% of the 172
chicks in 1987 and 16% of the 166 chicks in 1988.

The difference between 1989 and 1987-88 is signifi
cant (X2 = 14, dJ = 1, P < 0.0005; no difference
between 1987 and 1988: X2 =0.97, dJ= 1, P > 0.05).

During 1983-88, gulls visiting the Brest tip fed
at two different sites: (l) behind the bulldozer
where the refuse was dumped and where food was
available in large quantities from 08.30 to 17.00 h,
and (2) in an area where the refuse had been dump
ed for some time and had not yet been covered with

Table 2. Occurrence (in %) of various types of food
regurgitated by breeding adults during ringing on Tre-
beron in May (N = number of regurgitations).

Year Garbage Earthworms Others! N

1983 83 11 6 63
1984 72 13 15 39
1987 61 39 0 18
1988 85 15 0 20

1989 50 45 5 20

1fish, marine invertebrates.

soil. After the incinerator became active in Decem
ber 1988, refuse dumped by the lorries was avail
able for the gulls only in a very localised area for
a limited period of time (up to 15 min); moreover,
most of the time only industrial refuse without any
nutritional value was loaded by the lorries. In 1983
88, as well as in 1989, the number of food items
swallowed and the number of aggressive en
counters in which the birds were involved were sig
nificantly larger at the site where recently dumped
refuse was available (Table 3, Wilcoxon Mann
Whitney test, situation 1-2 food items: Z =0.83, P
=0.004, encounters: Z =2.69, P =0.003; situation
1'-2' food items: Z = 3.25, P = 0.001, encounters:
Z =3.63, P =0.0002). The site which offered most
food was also the one where gulls were involved
in most aggressive encounters.

There was no significant difference in the num
ber of items swallowed between the first situation
of each period (situation 1-1': Z =0.13, P =0.891),
even though food was permanently available for
the gulls during 1983-88 and only temporarily so in
1989. However, there was a significant difference

Table 1. Mean number of Herring Gulls colour-ringed as breeding adults on Treberon, sighted each month at the
Brest refuse tip (N = numbers of observation hours).

J F M A M J J A S 0 N D

Sightings.h-! 9.2 7.0 5.5 6.9 8.2 7.0 7.9 5.3 9.3 10.5
N 47 3 35 8 11 24 12 13 3 63
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I situation 1: behind bulldozer, with large amount of food
available from 08.30 to 17.00 h; situation 2: area where
refuse had been dumped some time ago but which had
not been covered yet with soil; situation 1': rather large
amount of food available for short spells only; situation
2': very small amounts of food during entire day.

between the two situations in the number ofaggres
sive encounters in which the birds were involved,
with more encounters in 1989 than in 1983-88 (Wil
coxon Mann-Whitney test, Z =4.27, P =0.00005).

In 1989, gulls swallowed fewer items in the sec
ond situation than during 1983-88, but the differ
ence was not significant (Wilcoxon Mann-Whit
ney test, Z =1.14, P =0.251). However, there was
a significant increase in the number of aggressive
encounters in 1989 compared with 1983-88 (Wil-

coxon Mann-Whitney test, Z =2.52, P =0.011).
So, the presence of the incinerator considerably re
duced the feeding capacity for the gulls at the tip
and caused a significant increase in the gulls' ag
gressive behaviour.

Breeding parameters
In 1989, the number of breeding pairs dropped

by 11.5% in the census plots when compared with
1983-88. In the latter period, mean clutch size var
ied from 2.8 to 2.9 eggs.nest- I , with no significant
differences between years (Table 4, Scheffe test,
P > 0.05). In 1989, mean clutch size (2.7 eggs·
nest-I) had significantly decreased compared with
1983, 1987 and 1988, but there was no significant
difference compared with 1984 (ANOVA, F4,603 =
4.91, P = 0.0007; Scheffe test, P < 0.05 and P >

Table 5. Mean volume (ml) ±SD of first (a), second (b) and third (c) laid eggs of Herring Gulls on Treberon be
fore (1983, 1988) and after (1989) the opening of an incinerator at the Brest refuse dump (N = number of clutches
measured).

Year A-egg B-egg C-egg N

1983, 1988 82.22 ± 5.36 79.26 ± 4.43 72.04 ± 4.91 40

1989 79.24 ± 6.43 77.79 ± 6.09 70.52 ± 5.48 43

Difference -2.98 -1.46 -1.52
between means
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Table 6. Hatching success of Herring Gull eggs on
Treberon before (1983-88) and after (1989) the opening
of an incinerator at the Brest refuse tip (Nh =number of
hatchlings. N =number of nests studied).

0.05, respectively). There was no significant dif
ference in the distribution of clutches in 1983-88

(X2 =4.77, df= 3, P > 0.05, one-egg and two-egg
clutches combined). However, the distribution in
1989 was significantly different from that in 1983

88 (X2 = 20.17, df = 2, P < 0.0005). Two-egg
clutches represented 28% of the clutches in 1989,

against only 10% in 1983-88.

In 1989, egg volume in three-egg clutches had
decreas~d by 3.6% for a-eggs, 1.8% for b-eggs, and
2.1 % for c-eggs, compared with values for 1983

88 (Table 5). However, the decrease was significant
for a-eggs only (Student's {-test, a-eggs: {= -2.29,
df= 81, P = 0.02, b-eggs: {= -1.25, df= 81, P =
0.20, c-eggs: (= -1.33, df = 81, P = 0.18).

--------

Hatching Nh,nest- l N
success (%)

In 1989, on average only 1.5 eggs per clutch
(63%) hatched, compared with 2.1 eggs per clutch
(75%) in 1983-88 (Table 6). The difference in hatch
ing success between the two periods is statistically
significant (X2 = 14.20, df= 1, P < 0.005).

In 1983-88, on average 1.3 (1.2-1.5) young per
pair fledged (Table 7), with no differences between
years (Scheffe test, P > 0.05). In 1989, only 0.5
young per pair fledged, which is significantly
smaller than the value obtained in the previous
years (ANOVA, FS.392 =8.07, P < 0.0001; Scheffe
test, P < 0.05 for 1989 and each of the years 1983

88). The distribution of the number of fledglings
per brood did not vary during 1983-88 (X2 =18.42,
df= 12, P > 0.05), but was significantly different
in 1989 (X2 =45.71, df= 3, P < 0.0005). In 1989,

many more pairs failed to produce young after
having laid eggs than in previous years, and no pair
raised three fledglings (Table 7). The results show
that the opening of the incinerator had a negative
impact on all breeding parameters studied. The
most important effect took place during the chick
stage (Fig. 2). Fledging success dropped by 46%
in 1989 and the overall breeding success dropped
by 61 %, compared with 1983-88. Since the number
of breeding pairs dropped by 11.5% on the census
plots, the total number of fledglings produced on
Treberon decreased by 66%.

1.52 99

2.03 104
2.22 112
2.10 68

62.8

70.8
79.8
74.5

150

211
249
143

Eggs
hatched

239

298
312
192

Eggs
laid

Year

1983
1984
1988

1989

Table 7. Mean annual production of young in Herring
Gulls on Treberon before (1983-88) and after (1989) the 50
opening of an incinerator at the Brest refuse tip (N =
number of hatched nests studied). ?i 40

_~ 30

1983 16 12 20 6 1.30 ± 1.02 54
1984 18 25 21 7 1.24 ± 0.95 71
1985 15 18 21 13 1.48 ± 1.05 67
1987 22 20 16 10 1.21 ± 1.06 68
1988 13 34 20 8 1.31 ± 0.88 75

1989 39 16 8 0 0.51 ± 0.72 63

Number of fledglings
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Fig, 2. Differences (in %) of mean values of breeding
parameters between 1989 and 1983-88.

60

Mean±SD N

32o

Year



148 ARDEA 80 (1), 1992

DISCUSSION

Up to and including 1988, Treberon Herring Gulls
fed to a large extent at the Brest refuse tip. After
December 1988, when an incinerator came into op
eration, the amount of food available to the gulls
decreased by 80%. In spring 1989, fewer adults
flew from the colony towards the tip than before,
while the proportion of human refuse in the diet of
the gulls decreased drastically. Of the birds which
remained to feed at the dump, feeding success was
not lower than before, but the number ofaggressive
encounters in which birds were involved increased.
These phenomena were paralleled by a drop in the
number of pairs that bred on Treberon and by a
decrease in clutch size, egg size, hatching success,
fledging success, and the number of times that
chicks regurgitated when handled.

Female Herring Gulls are smaller than males
and as a result less efficient in obtaining food in
feeding flocks at refuse tips than males (Monaghan
1980, Sibly & McCleery 1983a, Greig et af. 1985).
One can speculate that after the incinerator came
into operation, the food situation was worst for the
females and may have led to their physical condi
tion declining, resulting in a decrease in their pro
ductive capacity compared with that of previous
years. In Herring Gulls, a full clutch represents
about 30% of the female's weight (Rahn et af.
1984). Females therefore need a large amount of
energy to produce eggs. Moreover, in the Lesser
Black-backed Gull L. !uscus, egg weight and the
protein level in the yolk are positively correlated
with the level of protein reserves in the female
(Houston et at. 1983).

A relationship between clutch size and the
available amount offood has been previously sug
gested by (1) Schreiber et at. (1979) for Laughing
Gulls L. atricilla, (2) Spaans et af. (1987) for Her
ring Gulls, based on an inverse relationship they
found between population size and clutch size, and
(3) Mills (1979) and Meathrel et at. (1987) for Red
billed Gulls L. novaehollandiae scopulinus and
Herring Gulls, respectively, based on variation in
clutch size within the same colony between years.
Coulson et at. (1982) and Spaans et at. (1987) sug-

gested a similar relationship for egg size in Herring
Gulls. In Red-billed Gulls, changes in clutch and
egg size ran parallel with one another (Mills 1979).
Parsons (1976) suggested that smaller clutch sizes
occur to limit the number of small eggs, since these
have little chance to produce fledglings.

The decline in hatching success could have
been the result either of changes in the size and
quality of the eggs or of a disturbance of the gulls'
behaviour during incubation as a result ofthe worse
feeding situation.

Most chicks died within ten days of hatching.
This has also been observed in other Herring Gull
studies (Paludan 1951, Harris 1964, Kadlec & Drury
1968, Spaans et at. 1987) and is often hypothesised
to be due to an increase in cannibalism resulting
from bad feeding conditions (e.g. Hunt 1972,
Spaans et at. 1987). On Treberon, cannibalism has
never been recorded during the many hours the
birds were observed. I suggest therefore that due
to the limited amount of food available to the gulls
in 1989 either more birds had difficulties in chang
ing their behaviour from incubation to chick raising
(Harris 1965, Kadlec et at. 1969) or birds left their
chicks for longer periods to collect food (Hunt
1972, Van Klinken 1992). The longer absence of the
parents from the colony may have resulted in a
longer exposure of the chicks to extreme weather
conditions than normal. The sunny and hot spring
of 1989 may have augmented this tendency. Since
in 1989 the chicks were less well fed than before,
they may also have had a greater tendency to wan
der away, thus increasing their chances of being
killed by neighbouring adults (Fordham 1970).

When the incinerator at the Brest tip came into
operation, the main shift was to arable fields (May,
when fields were being ploughed) and pastures
(entire breeding season). My data show that the
shift from refuse to earthworms could not fully cov
er the energy requirements of the gulls, either dur
ing the prebreeding stage or during incubation and
the chick stage. The availability of earthworms de
pends partly on the humidity of the soil (Sibly &
McCleery 1983b). May 1989 was unusually dry, and
it is therefore likely that the number of available
earthworms was smaller than normal during the
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chick stage. This atypical decrease in earthworms
could therefore also have been a main reason for
the decrease in fledging success in the gulls. How
ever, a possible decrease in the number of earth

worms took place after egg laying and can there
fore have affected neither clutch and egg size nor
hatching success.

The simulations which were made using Les
lie's matrix models (Leslie 1945, 1948, Lebreton
1980) showed that the asymptotic annual multipli
cation rate of the number of breeding birds drops
from 1.1 to 1.0 when the production ofyoung drops
from 1.3 to 0.5 per pair, assuming that the other de
mographic parameters, survival rate and propor
tion of breeders per age class, remain the same.
However, this assumption is probably wrong since

the postfledging mortality of the young may also
have increased due to the increased intraspecific

competition at the Brest refuse tip. It is therefore
likely that the closing of the refuse tip can have
serious repercussions on the demography of the
Treberon Herring Gull colony in the long term. A
decrease in breeding success and population size
when less food became available has also been de
scribed for Finnish Herring Gulls (Bergman 1982).
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SAMENVATTING

De Zilvermeeuwen Larus argentatus die op TreMron
voor de kust van Bretagne, Frankrijk, broeden, foera
geerden tot en met 1988 voornamelijk op de vuilstort
plaats van Brest, op 12 km afstand van de kolonie. Na
de inwerkingtreding van een vuilverbrandingsinstallatie
in december van dat jaar is de hoeveelheid afval die er
wordt gestort, met 80% afgenomen. Het afval is boven
dien een veel kortere tijd beschikbaar voor de meeuwen
dan voorheen. In 1989 bleek dat het aantal meeuwen dat
sindsdien uit de kolonie naar de stortplaats vliegt, aan
zienlijk kleiner is dan daarvoor en dat veel meer meeu
wen wormen eten dan voorheen. Het foerageersucces
van de vogels die de stortplaats trouw waren gebleven,
was niet geringer dan in de voorafgaande jaren, maar het
aantal conflicten om voedsel met soortgenoten was sterk
toegenomen. Parallel aan deze ontwikkelingen is het
aantal broedparen op Treberon met 11,5% afgenomen
en is de legselgrootte gedaald van 2,8-2,9 tot 2,7 eieren
per nest. De eigrootte is met 1,8% (b-eieren) tot 3,6%
(a-eieren) afgenomen. In 1989 kwam 63% van de eieren
uit, tegen 75% daarvoor. De voedingsconditie van de
kuikens is sedert de inwerkingtreding van de verbran
dingsinstallatie slechter dan voorheen. Het percentage
jongen dat v1iegvlug wordt, is mede daardoor met 46%
afgenomen. Het overall succes is gedaald van 1,3 tot 0,5
jong per paar. Berekeningen met het Leslie-matrix
model laten zien dat deze veranderingen in de nabije
toekomst grote gevolgen zullen kunnen hebben op het
populatieverloop van de Zilvermeeuw op TreMron.


