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Abstract

Background: Philopatry rate is one of the main factors shaping population dynamics in colonial seabirds. Low rates
of philopatry are linked to populations with high dispersal, while high rates are linked to populations with a very high
spatial structure pattern (i.e., metapopulations). The Cantabrian Yellow-legged Gull (Larus michahellis) population is
considered to be resident, with relatively low dispersal rates. Precise estimations of its philopatry rates are however
still lacking. Here, we aimed to estimate philopatry rates in the main Yellow-legged Gull colonies of the province of
Gipuzkoa, in the southeastern part of the Bay of Biscay.

Methods: We analysed 734 resightings, during the breeding season at the colonies of Getaria, Santa Clara and Ulia,
relative to a total of 3245 individuals ringed at birth in these same colonies during a period of 13 years. These data
were analysed using Multi-State Recapture models in MARK.

Results: After controlling survival and resighting probability, the average dispersal rate among colonies was 4%

(£ SD = 2%) when individuals are immature, decreasing to 1 4 1%) for adult breeding gulls (i.e., philopatry rate was
99%). Annual survival rates were assessed to be 0.27 £ 0.02 for birds in their first year of life and 0.87 £ 0.01 for older
individuals. The probability of observing immature birds in the colonies was 0.08 0.01, as compared to 0.21 £0.02 in
adult birds.

Conclusions: We obtained evidence of extremely high local philopatry rates, clearly within the upper limit found in
gulls. A high philopatry favour a speciation in these species who are vulnerable to obtain the main food source (land-

fills and fishing discard) which are transforming under new ecological process.
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Background

In population dynamics, philopatry is the habit by which
individuals show fidelity to a site, hence natal philopa-
try would refer to those breeding in or close the place
where they were born. Recruitment, however, refers to
new individuals joining a population, either by birth or
by immigration, thus involving philopatric specimens,
together with those that, coming from abroad, also set-
tle (recruit) in a place to breed (e.g., Croxall and Rothery
1991). Note, therefore, that this definition approximately
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fits to the one provided by Pradel (1996), where recruit-
ment is shown to be equivalent to survival in reverse,
and can be carried out by inverting capture histories. In
colonial birds, therefore, we can calculate the degree of
philopatry to natal sites (i.e., to origin colony), i.e., the
extent (or rate) to which birds from given colonies return
(recruit) to their natal colony (Pradel et al. 1997; Hafner
et al. 1998; Oro et al. 2013). If we call this last concept
‘local’ recruitment, it can be then stated as a synonym of
philopatry. The local recruitment among close-by well-
established colonies has been one of the least known
aspects on seabird biology (Gaston 2004), though the
body of studies dealing with this subject is increas-
ing (Bosch et al. 2019; Davis et al. 2019; McKnight et al.
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2019). The analysis of local recruitment rates in colonial
seabirds is called to play a very relevant role in our com-
prehension of the dynamics and demographic factors
driving seabird populations (Spear et al. 1998; Cam et al.
2002; Payo-Payo et al. 2015).

Recruitment rates in gulls can differ greatly both inter-
and intra-specifically. In general, local recruitment rates
will be higher in colonies that grow fast (Oro and Pradel
2000) and that have not reached their maximum carrying
capacity (Newton 1998, 2013). Or when birds find cues
indicating good conditions, such as a high reproductive
output (Cadiou et al. 1993, 1994), high colony size (Oro
and Pradel 2000), or high food availability (Spear et al.
1995). Abnormally high mortality rates in adult birds
would promote local recruitment as well (Votier et al.
2008) due to the occurrence of vacant places within the
colonies. By contrast, these rates will decrease when a
colony shows density-dependence (e.g., saturation of
breeding places) (Coulson and Coulson 2008) or other
external factors that will promote natal dispersal, such as
culling programs carried out in the colonies (Chabrzyk
and Coulson 1976; Parsons and Duncan 1978).

The Yellow-legged Gull (Larus michahellis) is the most
abundant gull in the southwestern Palaearctic (Olsen
and Larson 2004). Its abundance is linked to the high
availability of food subsidies from landfills or fish dis-
cards. Overall, this superabundance of food, that can be
very high at a local scale, is considered to foster seden-
tary habits and reduce dispersal processes to a minimum
(Gilbert et al. 2016). In such a scenario, gulls would be
expected to show high local recruitment rates, as they
would tend to show a high degree of philopatry to those
colonies where they find cues indicating good conditions
(Gaston 2004). Previous research with the species has
assessed local recruitment rates under scenarios where
culling programs were active (Bosch et al. 2000, 2019) or
using reference estimates from other gull species of simi-
lar ecology (Brooks and Lebreton 2001), but where, again,
the colonies were subject of culling (Chabrzyk and Coul-
son 1976; Parsons and Duncan 1978). Therefore, there is
still a gap of knowledge on this topic.

Our aims in this work were to: (1) estimate natal
philopatry rates in a Yellow-legged Gull population non-
intervened by culling consider the local recruitment and
the philopatry of adults (with the immigration rate), and
(2) survival, in order to test whether high philopatry
rates might be linked with low survival in adults since
these low rates could facilitate vacant places within the
colony which would be available for new breeders (Votier
et al. 2008). A priori, we hypothesize high local philopa-
try rates, since previous works on this population have
shown very low dispersal and short-range movements
from breeding colonies (Arizaga et al. 2010; Egunez et al.

Page 2 of 8

2017). To address this work, we used data collected over
a period of 13 years in three Yellow-legged Gull colonies
from the Bay of Biscay (Spain).

Methods

Study area and data collection

This study was carried out in the most important Yellow-
legged Gull colonies from Gipuzkoa (North of Spain;
from east to west): Ulia (43°20’ N, 1°57" W, 1.25 ha), with
660 adult breeding pairs (last census from 2017); Santa
Clara (43°19' N, 1°59’ W, 3.28 ha), with 100 pairs; and
Getaria (43°18’ N, 2°12' W, 0.7 ha), with 165 pairs. The
distance from Ulia to Getaria (the two colonies situated
in the two furthest coordinates) is roughly 20 km.

A variable number of chicks were ringed within each
colony on a yearly basis since 2005 (Ulia and Santa Clara)
or 2006 (Getaria). Overall, up to 2018, we ringed 3285
chicks (for details see Table 1). The chicks were ringed at
the age of ca. 20 days (range: ca. 15 to >30 days), with
both a metal ring and a Darvic ring with an alphanu-
meric code (red ring with four white numbers/letters),
with no differences among years or colonies. Previous
study in Ulia breeding colony shows a pre-fledging sur-
vival of 60% per chick, conditioned to hatching date (Del-
gado and Arizaga 2017). Together with this task, we also
compiled all the re-sighting data (ring-readings) obtained
across the entire year, both by our teams and by fellow
birdwatchers. However we only selected those obtained
in the colonies during the breeding period and com-
prised a 3-month period from April (eggs’ laying) to June
(grown chicks almost ready to fledge). We assumed that
adult individuals found inside the colonies were breed-
ing. Overall, up to 2018, we collected 853 readings of 398
individuals, but 111 gulls had more than one sighting in
a year, hence we removed 119 readings from the data set,
resulting in 734 resightings (Table 1). In four occasions
(0.46%), an individual bird was seen in the same year in
different colonies, we selected the resighting from the
original colony or the one closer to it.

Statistical analyses: philopatry models

We used the software Mark (White and Burnham
1999) to estimate local recruitment rates in each of the
three study colonies. In particular, we used multi-state
recapture models (Lebreton et al. 2009). Before start-
ing to build any model, we tested for the fit of the data
to Arnason-Schwartz assumptions. We used for that a
goodness of fit test ran in the software U-CARE (Cho-
quet et al. 2009). The global GOF test was non-significant
(x* =44.14; df = 80; P>0.05), test 3G for trap-dependence
(x*=29.59; df=58; P>0.05) was not significant and test
M for transients (*>=14.56; df=12; P>0.05). Our mod-
els provided three different parameter estimates: (1)
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Table 1 Number of chicks ringed and subsequently number of different encounters (resightings) per colony along the period 2005 to

2018
Year Getaria Santa Clara Ulia

Ringed Resightings Ringed Resightings Ringed Resightings
2005 0 - 23 - 17 -
2006 30 0 69 129 2
2007 10 12 85 202 0
2008 38 0 55 194 5
2009 20 27 50 1 265 7
2010 59 21 42 18 221 38
2011 32 6 37 0 129 17
2012 63 9 86 4 130 22
2013 50 10 54 16 68 66
2014 50 M 59 10 151 31
2015 50 0 35 0 141 12
2016 33 15 40 12 162 35
2017 33 5 27 9 81 37
2018 49 31 52 28 164 195

The number of chicks ringed in total is 3285

movement rate among sites (states), y; probability of
moving from a site (colony) a to b, contingent on sur-
vival. Applied to our colonies the parameter ¥ may be the
probability of a bird ringed as a pullus in colony a to be
subsequently seen in colony b; (2) survival, S; probability
of surviving from year ¢ to year t+ 1; S can be calculated
for each site (colony); (3) encounter rate, p; probability of
detecting a bird which is alive in a site. Note that, con-
cerning S, what we estimate here is the apparent local
survival, because dispersal outside the colonies will
appear as mortality.

In Mark, the models were built under the ‘multi-state
recaptures only’ framework. For that, ‘recaptures’ (i.e.,
resightings) from Ulia were coded as 1, Santa Clara as
2, and Getaria as 3. The distance between colonies was:
Ulia-Santa Clara, 3.54 km; Ulia-Getaria, 19.60 km; Santa
Clara-Getaria, 16.32 km.

First, we built a model where all the parameters (abbre-
viated as y, S, p) were constant (.) or time dependent
(t). Afterwards, we ran a set of alternative models con-
sidering an effect of age, colony, and age and colony on
the parameter estimates. We considered up to three age
categories: 2a, 3a and 4a. 2a refers to models assuming a
difference between two age categories (birds in their first
year of life and older birds); 3a refers to models assuming
a difference between birds in their first and second vyear,
and older birds; 4a refers to models assuming a difference
between birds up to their third-year of life (immatures),
and older birds (adults). Given that most birds hatch by
the end of May or early June (Arizaga et al. 2012), a year
was considered to last from June to the end of May of

the subsequent year. To run such models: (1) we started
by fixing y and S as constant and time dependent, and
testing for the best options fitting on p. Alternative mod-
els were ranked in relation to their small sample size-
corrected Akaike values (AICc; Burnham and Anderson
1998); models differing in less than 2 AICc values were
considered to fit to the data equally well (Burnham and
Anderson 1998); (2) Once we found the model best fit-
ting on p, we repeated a similar process on S, and, finally,

on y.

Results
Out of 3285 chicks ringed from 2005 to 2018, 398 (12%)
were seen in the colonies 1 or more years after-fledging
(Table 1). Most resightings of ringed gulls were detected
when the gulls were adults (n=653; note here than many
individuals were seen more than once); by contrast, a
small fraction of the birds were seen in the colonies as
immatures (#=93) (Table 2). The proportion of resight-
ings of adults in any colonies was higher in Ulia (95.9%)
as compared to Santa Clara (77.6%) or Getaria (77.5%)
(for further details see Table 2). Out of these 398 birds,
205 (51.5%) were observed only once, whilst 193 (48.5%)
were seen in more than a single breeding period. The
number of gulls found in a colony different from the natal
one was just 18 (4.6%) (Table 2); these birds were seen in
64 occasions. Only one individual was observed to visit
the three sampling colonies, and just four out of these
398 birds were found in more than one colony.

From 28 models tested in total, only one was detected
to fit the data better than the rest (Table 3). The second
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Table 2 Number (percentage in brackets) of resightings within each colony (columns) in relation to the origin colony (rows)

Age class Immatures Adults

Origin colony Getaria Santa Clara Ulia Getaria Santa Clara Ulia
Getaria 25 (92.6%) 6 (18.7%) 9 (26.5%) 107 (97.3%) 16 (13.1%) 15 (2.8%)
Santa Clara 2 (7.4%) 26 (81.3%) 3(8.8%) 3(2.7%) 100 (82.0%) 4(0.7%)
Ulia 0 0 22 (64.7%) 0 6 (4.9%) 509 (96.4%)

Immature gulls comprise birds of up to 3 years of life; older birds have been considered as adults

Table 3 Best-ranked models used to estimate a total of three demographic parameter estimates: local recruitment rates, ; annual

survival, S; encounter rate, p

Models AlCc AAICc AlCc weight n, Deviance
W(colony +4a), S(2a), p(colony + 3a) 5665.27 0 0.9995 18 1735.92
Y(4a), S(2a), p(colony + 3a) 5680.45 15.18 0.0005 10 1767.22
W(colony), S(2a), p(colony + 3a) 5696.30 31.08 0.0000 14 1775.02
W(), S(), p(r) 6359.11 693.84 0.0000 54 2356.37
W), S0, p() 6367.65 704.52 0.0000 7 246045

For comparison, we also add the model with constant and time-dependent parameter estimates. Conducted models consider either a constant, colony and/or age-
dependent effect on parameter estimates. Age categories have been lumped into 2a, 3a or 4a. 2a refers to models assuming a difference between two age classes
(birds in their first calendar year and older birds); 3a refers to models assuming a difference between birds in their first and second year, and older birds; 4a refers to
models assuming a difference between birds up to their third-year of life, and older birds

AlCc small sample sizes-corrected Akaike values, AAICc difference of AlCc values in relation to the first model, n, number of parameters

model was found to have an AICc value 15 units higher
than the first one, as also the third-ranked model had
(Table 3). The probability of moving between nearby
colonies was age-dependent, it differed among colonies
(Fig. 1), and was very low overall (0.025, 2.5%). In imma-
tures, such flow rates ranged from 0.01 (1%) to 0.09 (9%)
(for details see Fig. 1). In adults, such rates were even
smaller, being virtually close to zero (Fig. 1), indicat-
ing that, once established in a colony, an adult was very
unlikely to move to another one.

Regarding survival estimation, we observed that this
parameter varied between two age classes, whilst it was
not colony-associated. Annual survival in the first-year
gulls was 0.27 (95% CI 0.24, 0.31), increasing up to a
mean of 0.86 (95% CI 0.84, 0.88) in older birds (>sec-
ond-year gulls, Fig. 2). Finally, encounter rates differed
between age classes and colonies (Fig. 3), being lower in
immatures (<15%), and in the Santa Clara colony, and
higher in adults and the colony of Ulia (Getaria showed
intermediate values; Fig. 3).

In the first one, local fidelity rates varied among colo-
nies and in relation to age classes. Overall (birds older
than 4 years), these rates ranged from 0.98 (£ SE=0.014)
to 0.9940.041 in adults, being only slightly smaller in
Getaria (Fig. 1). In immature gulls, local philopatry rate
varied more markedly among colonies, from 0.88 +0.023
in Santa Clara to 0.92+0.010 in Getaria or 0.95+0.001
in Ulia.

Discussion

This study is one of the few ones analysing local philopa-
try rates in a Yellow legged Gull population. Our colo-
nies showed extremely high philopatry, with rates, close
to 100%. It is true that this result might partly be biased
by the fact that our sampling colonies were located close
between each other, hence ignoring those birds which
might recruit in colonies located at further distances
(Coulson and Coulson 2008). However, during the period
of 14 years in which this study was carried out, we were
notified to have only 21 birds breeding in colonies found
at further distances, and all of them located to the west
of the western-most colony of Getaria: Lekeitio (25 km),
Bermeo (44 km), Santander (130 km). Furthermore,
even within our small sampling range in Gipuzkoa, an
extremely low number of birds were found to breed in a
colony different from the one where they hatched. Over-
all, evidence supports that the philopatry rates are truly
high within the population.

In this research we were not able to estimate the first
age of reproduction due to two main reasons: the orogra-
phy and the fact that most gulls fly when we approach to
the colony, which hampers us from confirming whether a
certain bird is breeding or not. Age of recruitment, is an
aspect that remains for future studies (Porter and Coul-
son 1987; Cadiou et al. 1994; Spear et al. 1995; Coulson
and Coulson 2008; Oro et al. 2013). Therefore, we had to
assume that adults were breeding, so by default the first
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age of reproduction was the fourth year of life, which
is the age when the species reaches its sexual maturity
(Olsen and Larson 2004). This assumption, however, is
rather irrelevant for the conclusions made in this study,
since many gulls were sighted several years after their 4th
year of life, and the flow among colonies was extremely
low.

What we were able to confirm is that immatures were
rare within the colonies and this is due to the fact that
these birds do not have the need to breed, hence they
remain in other areas where they can feed and rest with-
out getting in conflict with adults. The observation of
these immature birds within the colonies may be asso-
ciated to prospecting processes (Dittmann et al. 2005).
Even though our data set comprised mostly adult birds,
since immatures avoid entering the colonies, therefore,
they are much more unlikely to be seen, we still had data
to estimate their movement among colonies. During
prospection, seabirds visit several sites in order to evalu-
ate the quality and suitability of each colony for future
breeding (Dittmann et al. 2005). It is interesting to note
here that in Gipuzkoa most immatures were found in
their hatching colonies, i.e., the philopatry was high even
for these immature birds, suggesting that the prospection
was small or very fast, until most birds decided to settle
in their origin colony. This suggests that, if prospection
exists, our birds may decide at relatively early age recruit-
ing in their natal colony; otherwise, the proportion of
resightings at their natal sites would be remarkably lower.

Ultimate causes underlying such a high philopatry in
these colonies still remain to be determined, so we can-
not do more than advancing some plausible explanations:
(1) The familiarity with hatching site may have played a
role in this phenomenon (Greenwood and Harvey 1982),
but not the colony size (as found by Oro and Pradel
2000), since local recruitment was not higher in Ulia, by
far the largest colony within the region; (2) Differences
in feeding patterns between the colonies can also influ-
ence these high rates of fidelity to natal sites (Enners
et al. 2018). In spite of their proximity, our colonies are
well known to depend on different feeding resources
(Zorrozua et al. 2020), and maybe the juveniles from
a given colony would tend to specialize on feeding on
those resources exploited by their parents which, con-
sequently, would favour to settle in their hatching sites;
(3) The density of the colony has been reported to have
a negative effect on recruitment: in areas with high rates
of mortality in adults (Duncan 1978), the recruitment
for immature individuals is possible in greater number.
However, this does not seem to be the case for our colo-
nies. Adults’ annual survival was assessed to be almost
90%, which might be considered a ‘normal’” value for a
Larus gull (Gaston 2004). After applying this estimate
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in a simple population model, we found that our popu-
lation was stable or even experiencing a slight, moderate
increase (Additional file 1: Appendix S1). In this scenario,
it could also be stated that the colonies may have a higher
carrying capacity, which would still allow a high philopa-
try (Duncan 1978); (4) High recruitment rates would also
be possible in contexts of very high availability of food
subsidies, both due to the existence within the region
of a number of fish harbours with high activity (Arizaga
et al. 2011; Zorrozua et al. 2020), as well as some still
open-air landfills (Egunez et al. 2017; Arizaga et al. 2018).
However, the landfills still remaining in the region are
expected to be closed in a very short-term period, which
is expected to have direct consequences on the dynam-
ics and trophic ecology of this population (Steigerwald
et al. 2015; Zorrozua et al. 2019). A sudden food short-
age should result in a decreasing reproductive output or
survival (Oro et al. 1995), and may also increase dispersal
(Arizaga et al. 2014), and it’s likely to generate population
declines relatively fast (Galarza 2015). As a consequence,
local recruitment rates would be lower because natal dis-
persal would be expected to increase (Oro and Pradel
2000). This incoming new scenario will offer us an excel-
lent opportunity to test for the effect of landfill closure on
local recruitment rates.

Globally, our results are within the upper limit of other
species where very high rates of local recruitment have
been also detected, e.g., in colonies of Audouins gull
(Oro and Pradel 2000). By contrast, other smaller gulls,
such as the Black-legged Kittiwake (Rissa trydactyla),
were shown to have much smaller local recruitment
rates, ranging between 35 and <10% (Porter and Coulson
1987; Coulson and Coulson 2008; McKnight et al. 2019).
Estimates for the Herring Gull (Larus argentatus) have
also reported considerably low local recruitment rates
(<40%) (Chabrzyk and Coulson 1976; Parsons and Dun-
can 1978), though in this case the cull of breeding birds
could have promoted philopatry rates values abnormally
high (Bosch et al. 2000, 2019). The effect of external fac-
tors like culling programs on recruitment is important,
and the values from some colonies may not be extrapo-
lated to other colonies since this would lead false prem-
ises in demographic models (Brooks and Lebreton 2001).
Even though the use of mean values is a common practice
when building population models, we highlight here the
need to be very cautious, and to estimate values obtained
from the surveyed colonies always that this is possible.

Local apparent survival estimation values did not
vary substantially as compared to previous works (Juez
et al. 2015), providing a relatively low value for the first
year of life (where the first weeks after fledgling are the
most critical ones; Genovart et al. 2017). The real sur-
vival value for these first-year birds after fledging could



Delgado et al. Avian Res (2021) 12:36

indeed be slightly higher, since all these birds were
ringed when they were chicks, so pre-fledging mortal-
ity should be considered. It is also true, in addition, that
pre-fledging survival varies with the chick age, being
lower for those birds ringed at an age closer to fledg-
ing time (Delgado and Arizaga 2017). Overall, if we
assume that that daily mean survival rate from hatching
to fledging is ca. 0.98, and that the chicks were ringed
when they were 20 days, their survival from ringing to
fledging is roughly 0.668 (Delgado and Arizaga 2017).
Thus, survival from fledging to next year could be about
0.40. As we assessed apparent local survival rates, low
values in first-year birds might be also interpreted as an
artefact associated to dispersal outside our three-col-
ony system. This is possible, and it is probably the case
for some individuals, but our population is resident,
and the majority of birds remain close to their natal col-
onies even in their first year of life (Arizaga et al. 2010).
Therefore, it can be stated that local survival rates must
be rather close to true survival.

The survival estimation of adults felt within the range
found for other large gulls (Chabrzyk and Coulson 1976;
Pons and Migot 1995). Our models did not detect differ-
ences among colonies hence suggesting that, within such
a small geographic range, the factors driving the survival
of our population may operate at spatial scales larger
than a very few kilometres around each colony.

Encounter probabilities were, overall, relatively low
(0.15-0.26 in adult birds), showing that finding ringed
individuals in the colonies was relatively difficult. A
higher sampling effort should help to enhance these
results, though, as deducted from the relatively low
confidence intervals obtained for the other two param-
eter estimates, we consider that this higher effort may
not have a statistical effect on recruitment or survival.
Encounter probabilities were found to be still much
lower in immature gulls. Causes underlying this result
must focus on the fact that immature specimens tend to
remain outside the colonies, often exploiting different
foraging areas (Pettex et al. 2019). The colony-dependent
variation in these encounter rates is attributed by us to
the topography and the accessibility.

Conclusions

In conclusion, the Yellow legged Gull population breed-
ing in the southeaster part of the Bay of Biscay showed
remarkably high philopatry, indicating a high depend-
ency to natal sites. Such rates might be expected to
change in a nearby future, where the still existing open
landfills will be closed, hence promoting higher dispersal,
probably lower survival rates and also decreasing local
recruitments.
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Additional file 1: Appendix S1. A simple population model to check
whether our population was stable, decreasing or increasing (i.e., showed
alambda, A, equal, below or above 1).
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