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Abstract. The provision of sufficient food to chicks is of key relevance not only for their growth, but also for the accu-
mulation of a certain degree of reserves that can be allocated to face potential food shortages in the future. The Yellow-
legged Gull Larus michahellis is the most abundant gull in the southwestern Palearctic but the species is showing a very
fast demographic decline directly attributed to food shortage, in particular linked to the closure of open-air landfills.
Theory predicts that such a strong and sudden limitation in food availability should have a strong impact on chicks, but
studies dealing with how body condition of Yellow-legged Gull chicks varies annually, and is also influenced by other
environmental factors including weather, is still barely known. Using a data set of thousands of Yellow-legged Gull
chicks ringed in three colony sites from Gipuzkoa (N Spain) during 14 years, we aimed to test for the effect of different
environmental stressors to evaluate the relative importance of the colony, year or weather in spring on chick body con-
dition. Body condition varied significantly in relation to colony, together with a random year-colony effect. Prevailing
meteorological conditions (particularly, temperature) also seemed to, more moderately, explain the pattern of this vari-
ation. We conclude that the main environmental driver explaining our results may be food availability, but weather may

also have an impact.
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INTRODUCTION

The provision of sufficient food to chicks is of key
relevance not only for their growth, but also for
the accumulation of a certain degree of reserves
that can be allocated to face potential food short-
ages in the future (Braasch et al. 2009, Arizaga et
al. 2015). Thus, fatten chicks have a better survival
prospect in the case of adverse weather in spring,
for instance due to rainfall anomalies (Rodriguez
& Bustamante 2003). Similarly, post-fledging sur-
vival is higher with increasing fledging mass
(Greno et al. 2008, Arizaga et al. 2015), and the
physical status of the chicks can have long-term
consequences on recruitment and, overall, popu-
lation dynamics through carryover effects (Cam &
Aubry 2011, Monticelli & Ramos 2012). To some
extent, chicks body condition can be used as a sur-
rogate of the quality of breeding season, and
understanding the role of factors shaping body
condition is, therefore, important in population

dynamics contexts. This is also important to esti-
mate the effects of climate change on reproduc-
tion.

Many gull (genus Larus) species have shown
very fast population growth rates since the last
quarter of the 20th Century (Raven & Coulson
1997, Morais et al. 1998, Vidal et al. 1998, Oro &
Martinez-Abrain 2007). Such exceptional increase
contrasts with the general decline observed for
many seabirds worldwide (BirdLife International
2021). To a large extent gulls have benefited from
exploiting food subsidies of human origin found
offshore, along the coast and inland (Isaksson et
al. 2016, Ramirez et al. 2020), a behavior allowing
them to be more competitive than many other
strictly marine seabirds. Thus, gulls forage on fish
discards (obtained offshore) (Zorrozua et al. 2023),
but also organic waste from dumps, fishing har-
bors or urban areas (Ramos et al. 2009b, Cama et
al. 2012, Arizaga et al. 2013, Camphuysen et al.
2015, Méndez et al. 2020). The progressive
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closure/management change of several of these
artificial food subsidies, however, is giving rise to
a new scenario where gulls would be forced to
return to more ‘natural’ environments, adopting
foraging strategies linked to potentially natural
food sources (Payo-Payo et al. 2015, Delgado et al.
2021b).

Gulls are long-lived species which, under food
shortage scenarios, sacrifice their actual reproduc-
tive output in favor of future reproduction
(Stearns 1992), with adults prioritizing their own
body condition prior to their offspring needs
(Erikstad et al. 1998). A decrease in prey availabil-
ity during the breeding season is expected to be
passed over to chicks, which will then reduce
their amount of fuel stores, growth rate and/or
survival. Even though population size of seabirds
depends more on adult survival than on repro-
duction, it is demonstrated that a poor breeding
success can lead to population declines as well
(Sandvik et al. 2012, Reiertsen 2013). Thus, annual
variation in body condition could be partly
explained by the same amount of variation in the
availability of key feeding sources.

Together with food, prevailing meteorological
conditions can also have a very high impact on
reproduction, either directly (cold and humidity
can increase the energy demands and compro-
mise chicks” growth and survival) or indirectly
(e.g., adults can reduce their foraging efficacy
under adverse weather conditions) (Christensen-
Dalsgaard et al. 2018b, Zorrozua et al. 2020b). The
assessment of weather effects on chicks is of high
importance to know how weather pattern pre-
dicted for the next decades may impact the repro-
ductive output of birds (Christensen-Dalsgaard et
al. 2018a).

The Yellow-legged Gull L. michahellis is the
most abundant gull in the southwestern Palearctic
(Olsen & Larson 2004). Currently, however, the
species is showing a very fast demographic decline
in several areas where it was very abundant until
recent times (Arcos et al. 2022). Depending on
regions, the decline can even be higher than 80%
in less than 20 years (Arizaga et al. 2022). As men-
tioned above for gulls in general, the decline of
the Yellow-legged Gull is directly attributed to a
food shortage scenario, in particular linked to the
closure of open-air landfills (Payo-Payo et al. 2015,
Delgado et al. 2021b). Theory predicts that such a
strong and sudden limitation in food availability
should have a strong impact on chicks (Stearns
1992). In such a context, it is important to assess
to what extent a deteriorating environmental

scenario, with a progressively increasing number
of closed landfills, is also reflected in a progres-
sively worsening average body condition in
chicks. Moreover, how Yellow-legged Gull chicks
body condition varies annually in relation to other
environmental factors including weather, is still
largely unknown. Using a data set over 3,000
Yellow-legged Gull chicks ringed in their colonies
during 14 years, we aimed to test for the effect of
different environmental stressors to evaluate the
relative importance of the colony, year or weather
in spring on chicks body condition.

MATERIAL AND METHODS

Sampling area and data collection

This study was carried out in three close-by
Yellow-legged Gull colonies along the coast of the
southeastern part of the Bay of Biscay (province of
Gipuzkoa, Basque Country, N Spain), from west
to east: Getaria (43°18'N 02°12'W), Santa Clara
(43°19N 01°59'W) and Ulia (43°20'N 01°57'W).
Colony sizes were approximately 145, 100 and 850
breeding pairs, respectively (last census 2021),
comprising most of the Yellow-legged Gull popu-
lation in Gipuzkoa (Arizaga et al. 2022). The maxi-
mum inter-colony distance was of 20 km. Trophic
ecology studies have shown that the colony of
Getaria has a higher consumption of marine prey
than the other two colonies, which in summer
depend more on landfills, probably also urban
waste and terrestrial prey (such as earthworms) as
well (Arizaga et al. 2018, Zorrozua et al. 2020a,c).

Most chicks were ringed at the age of 20-30
days (Jordi & Arizaga 2016) during 14 consecutive
seasons (2007-2020) in late June (Arizaga et al.
2020). They were ringed with individually identi-
fied metal rings (Aranzadi ringing scheme,
www.ring.eus) and a Darvic ring with an
alphanumeric code (Fernandez et al. 2017). Ethics
approval was not required and ringing was done
with the licenses provided by the Gipuzkoa
Administration. Chicks were weighed at ringing
(with a Pesola balance, 20 g accuracy) and one
tarsus was measured (with a digital calliper, pro-
viding an accuracy of 0.01 mm, though real accu-
racy should be of ca. 0.5 mm; J. Arizaga, pers.
obs.).

Meteorological data (accumulated precipita-
tion, mean of the daily mean and minimum tem-
perature; for details see Appendix 1) were
obtained from the Igeldo meteorological station,
located 3 km west from the Santa Clara colony
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(source: Spanish Agency of Meteorology, AEMET).
Hence, we had a single value per month and year
for each variable.

Statistical approach

First, we obtained an index of body condition,
which in our case was calculated from regressing
body mass on tarsus length (this last used as a
surrogate of body size). A log-linear function fit-
ted to the data better than a linear function
(Akaike values: log-linear, AIC = 35957.6; linear,
AIC = 35990.8). Therefore, we used the residual
values of the log-linear function of body mass on
tarsus length to obtain a body condition surrogate
(Fig. 1). Hereafter, we call this variable BC.

We fitted General Linear Mixed Models
(GLMM) to test to what extent BC varied in rela-
tion to colony, year (this latter considered as a con-
tinuous variable to estimate temporal trends), and
in relation to prevailing meteorological conditions
in spring. We used for that the package ‘Ime4’
(Bates et al. 2014) for R (R Core Team 2023). Before
this, we considered a number of control factors or
covariates which were fixed in all the models.
Thus, we controlled BC for the age of the bird,
here assessed with tarsus length (Jordi & Arizaga
2016). In addition, even if every single chick was
measured and weighed only once to get its BC, all
chicks in a colony and year are affected by the
same set of external stressors (meteorological con-
ditions, temporal availability of the key trophic
sources, disturbances, etc.). Therefore, it can be
expected that BC of chicks in a year and colony
are more similar than BC of chicks from other
years and colonies. The models should consider
this lack of independence, e.g. by including a ran-
dom part with coefficients for each year-colony.
Given that we had some gaps within the data set
(no data for a few colonies in given years), we
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Fig. 1. Relationship between body weight and tarsus length of
Yellow-legged Gull chicks, and the fitted logistic regression line.

introduced a combined colony-year factor as ran-
dom component rather than a colony|year ran-
dom effect. So, all tested models kept this random
part, together with tarsus length as covariate.

We considered rainfall (rain) and the mean of
the minimum daily temperature (temp) in May
(late incubation, hatching) or June (chicks grow-
ing period) (Arizaga et al. 2012), noted in the mod-
els as rain , rain, temp  or temp].. We used the
monthly means of daily minimum temperature,
rather than daily mean, because minimum tem-
peratures would be a better proxy of the existence
of cold days, which potentially would have a
higher impact on BC. The correlation between
the monthly means of daily mean and minimum
temperature were from high to very high (May:
R? = 0.94; June: R? = 0.68).

To select models, we fitted a global model.
Next, we used the ‘dredge’ function of the MuMIn
package (Barton 2014), that runs all the possible
nested combinations and ranks the models in rela-
tion to their small sample size-corrected Akaike
value (AICc) (Burnham & Anderson 1998). All
models were run in the software R (R Core Team
2023).

RESULTS

We used a data set with 3033 chicks with their
body mass and tarsus length measured (Getaria —
N = 584, Santa Clara— N = 633, Ulia— N = 1816).
The main statistics of the data set were (for details
see also Table 1): mean body mass of the chicks
when they were ringed: 628.7 g (range: 180-
1080 g); mean tarsus length: 59.4 mm (range: 34.4—
72.8 mm).

Of all models, the one considering an effect of
the colony, year, temp_ and temp. on BC was the
most-supported one (Table 2). Models considering
an effect of rain in June (rainj) were also well sup-
ported. Models considering only an effect of
colony, year or both, as well as the null one, were
much less supported (Table 2).

The top-ranked model was found to explain
20.8% of all the variance in the data, where the
fixed variables explained a 4.2% (R? = 0.042), and
the random one, a 16.6% (RZC = 0.166; see also for
further details Appendix 2). This last means that
BC varied annually within each colony, support-
ing a yearly effect on BC. According to the top-
ranked model (Table 3), chicks from Getaria
showed a significantly better BC than chicks from
the other two colonies (Fig. 2).
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Table 1. Main descriptive statistics (mean, and range in brackets) of the body mass and tarsus length of Yellow-ledged Gull chicks

ringed in three breeding colonies from Gipuzkoa.

Colony Sample size Body mass (g) Tarsus length (mm)
Getaria 584 638.0 (200-1080) 58.5 (34.4-70.2)
Santa Clara 633 639.6 (260—-1000) 59.8 (42.8-71.8)
Ulia 1816 621.6 (180-1040) 59.6 (38.0-72.8)
Total 3033 628.7 (180-1080) 59.4 (34.4-72.8)

In addition, we detected a negative, but non-
significant effect, of tarsus length on BC. Similarly,
the year and temperature did not have a signifi-
cant effect on BC. However, it must acknowl-
edged that the models including meteorological
variables were higher-ranked, and in the top-
ranked one the effect of both temp  and temp,
was truly close to p = 0.05, so the effect of temper-
ature on BC cannot be ignored.

DISCUSSION

The variance associated to body condition (BC) of
Yellow-legged Gull chicks was better explained by
a random year-colony effect (yearly variations on
BC, within each colony, fitting overall a random
distribution), together with a colony effect and by
the prevailing meteorological conditions (temper-
ature) in spring, than by a linear effect (trend) of
year. These results suggest that factors shaping BC
were likely in part linked to food availability (due
to the strong colony- and colony-year-associated
effect), since we found in previous studies that the
diet of this Yellow-legged Gull population varies
substantially both among years (Zorrozua et al.
2020a) and in relation to colony (Arizaga et al.
2013). Yellow-legged Gulls adapt their diet to
the existence of nearby main feeding sources,

especially during breeding period (Egunez et al.
2017, Zorrozua et al. 2020c). As a consequence,
even nearby colonies can depend on very differ-
ent trophic resources, from fish/marine prey to
landfills or urban waste (Ramos et al. 2006, Moreno
et al. 2009, Carmona et al. 2021). In the region
where the study was carried out, the Getaria
colony largely relies on fish discards/fishery waste
taken from the harbour located next to that colony
(just some hundreds of meters), while birds in the
Ulia colony depend more on landfills and, in sum-
mer, also on invertebrates (earthworms) (Arizaga
et al. 2013, Zorrozua et al. 2020a). Our results sup-
port other studies where chicks BC is highly influ-
enced by diet, with those being fed with marine
prey (fish) are in better condition than those fed
with other food types (Ramos et al. 2009a).

In this line, it was not surprising that the
Getaria colony was the one where the chicks
showed higher mean values of BC. The better BC
of these chicks would not only allow a longer life
expectancy during the pre-fledging period, but
also, probably, a better post-fledging survival
prospect (Arizaga et al. 2015), especially in a
moment of their life cycle when having high
fuel reserves could be fundamental to overcome
the critical period on becoming independent. All
this could also have long-term demographic
consequences, in terms of survival or recruitment

Table 2. Top-ranked models used to test the effect of the colony, year as numeric and weather on Yellow-ledged Gull chicks body
condition (BC parameter), ranked according to their small sample size-corrected Akaike values (AICc). Moreover, we also show
the models with an effect of the colony, year, or both, as well as the null one (with only a tarsus effect). Abbreviations: AAICc —
difference in AICc in relation to the top-ranked model; df — degrees of freedom. Weather variables: temperature (temp), rainfall
(rain); for the months, ‘m’ is May, 'j’ is June. All models included a random colony-year effect.

Models AlCc AAICc df
tarsus+colony+tempm+tempj+year 35612.19 0.00 9
tarsus+co|ony+tempm+tempj 35613.21 1.02 8
tarsus+co|ony+tempm+tempj+year+rainj 35613.67 1.48 10
tarsus+colony+tempm+tempj+rainj 35614.43 2.24 9
tarsus+colony+year 35623.98 11.79 7
tarsus+colony 35624.87 12.68 6
tarsus+year 35638.29 26.10 5
tarsus 35639.33 27.14 4
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Table 3. Beta-parameter estimates obtained from the top-
ranked model from Table 2, which includes an additive effect
of year as numeric, weather (temp, +temp)), colony and tarsus
length on Yellow-ledged Gull chicks body condition (BC
parameter). Reference factors (Beta = 0): Colony: Ulia.

Fixed effects Beta SE(Beta) p-value
Tarsus length -0.58 0.30 0.058
Colony: Getaria +18.90 7.82 0.022
Colony: Santa Clara -1.24 8.02 0.878
Temp,, +9.62 5.18 0.072
Tempj -14.66 7.65 0.065
Year +1.00 1.40 0.478

(Arizaga et al. 2015). It should be highlighted here
that, to date, the Yellow-legged Gull colonies in
Gipuzkoa have very marginal, virtually null natal
dispersal rates (Delgado et al. 2021a), in such a
way that the chicks born in each of the colonies
are the ones that will ensure the long-term persist-
ence of these colonies. In contrast, the poorer BC
of the Santa Clara and Ulia chicks, would be com-
patible with what seems a worse scenario, which
could be related to the demographic recession
occurring in Ulia (Arizaga et al. 2022). The fact that
the largest colony had the lowest BC is also com-
patible with potential density-dependent mecha-
nisms (Newton 2013).

The BC did not show a linear trend, but
seemed to fluctuate from year to year. Weather,
moreover, also seemed to have an effect on BC,
even though its effect seemed to be more margin-
al as compared to other predictors which were
found to have a much higher impact. This result
could be due to the fact that chicks are able to
compensate for the effect of days with adverse
weather (e.g., due to heavy rains, cold spells, etc.),
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Fig. 2. Predicted marginal mean (£95% confidence interval)
Yellow-ledged Gull chicks body condition (BC parameter), in
relation to colony, according to the top-ranked model from
Table 2.

maybe because their parents can afford for these
potential effects. Bad weather in spring is not per-
sistent and several ‘bad” days within the region
are normally followed by dry and warmer days.
However, springs with prevailing adverse weath-
er, especially rain, might have an impact on chicks
BC, though we should acknowledge that we were
not able to demonstrate such an effect. We
observed an opposite effect of temperature on BC
across the spring. In May, coinciding with late-
incubation and hatching period (Arizaga et al
2012), higher temperatures improved BC (proba-
bly because the weather is colder and the chicks
are not yet able to thermoregulate). In June, how-
ever, higher temperatures showed a negative
effect on BC. This could be given that in June
chicks are older and spend longer periods alone,
so too hot days may impact negatively on them.
Climate change is expected to increase the num-
ber of extreme and violent meteorological episodes
in regions like Gipuzkoa (Bay of Biscay). Our
models predict moderate effects of weather on
chicks BC, but we cannot reject that very adverse
springs could have a higher significant impact.

In conclusion, we observed that BC of a resi-
dent Yellow-legged Gull population from the Bay
of Biscay varied substantially in relation to colony.
Prevailing meteorological conditions also seemed
to, more moderately, explain the pattern of this
variation. We suppose that the main environmen-
tal driver explaining our results may be food avail-
ability, but weather may also have an impact.
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STRESZCZENIE

[Czynniki wplywajace na kondycje pisklat w
populacji mewy romanskiej]

Zapewnienie piskletom wystarczajacej ilosci
pokarmu ma kluczowe znaczenie nie tylko dla ich
wzrostu, ale takze pozwala na gromadzenie zapa-
sow, ktére ptaki moga wykorzysta¢ w trakcie po-
tencjalnych niedoboréw pozywienia w przyszto-
Sci. Stad lepiej odzywione piskleta maja wieksza
szanse na przezycie w sytuacji nagtego zalamania
pogody. Ponadto, przezywalno$¢ mlodych pta-
kéw w okresie po opuszczeniu przez nie gniazda
jest zwiazana z ich masa ciala w okresie pis-
klecym. Kondycja pisklat jest wiec wazna dla
okreslania dtugoterminowej dynamiki populacji i
jednoczesnie moze by¢ pewnego rodzaju wskaz-
nikiem jakosci danego sezonu legowego. Mewa
romafska jest najliczniejszag mewa w potudniowo-
zachodniej Palearktyce, ale gatunek ten wykazuje
bardzo szybki spadek liczebnosci bezposrednio
przypisywany niedoborom pozywienia, w szcze-
golnosci zwiazanym z zamykaniem wysypisk
Smieci. Nalezy przewidywaé, ze tak nagte i
drastyczne ograniczenie dostepnosci pozywienia
powinno mie¢ silny wpltyw na piskleta, ale
badania dotyczace tego, jak kondycja pisklat
mewy romanskiej zmienia si¢ corocznie, takze
pod wptywem innych czynnikéw srodowiskowych,

w tym pogody, sa nadal nieliczne. Celem pracy
bylo okreslenie wplywu kolonii legowej, roku
oraz pogody na kondycje pisklat na podstawie
wieloletnich danych zebranych podczas obracz-
kowania pisklat mewy romanskiej w koloniach
zlokalizowanych wzdluz wybrzeza w poludnio-
wo-wschodniej czesci Zatoki Biskajskiej (pétnocna
Hiszpania), w prowincji Gipuzkoa.

Badania prowadzono w trzech koloniach me-
wy romanskiej: Getaria, Santa Clara i Ulia licza-
cych odpowiednio 145, 100 i 850 par legowych.
Maksymalna odlegloé¢ miedzy koloniami wyno-
sita 20 km. Ptaki z kolonii Getaria majgq wyzszy
udzial pokarmu pochodzacego z morza (gléwnie
odpady w porcie rybackim) niz w dwoéch
pozostatych koloniach, w ktérych ptaki latem
zeruja na wysypiskach, wykorzystuja pokarm
pochodzenia antropogenicznego i zdobywany na
ladzie (np. dzdzownice). Piskleta byly obraczko-
wane w wieku 20-30 dni, pod koniec czerwca, w
latach 2007-2020. Ptaki byly wazZone i mierzono
im skok, tacznie zebrano dane dla ponad 3 tys.
pisklat (Tab. 1). W analizach kondycje pisklat
okreélono jako wartosci resztowe z regresji log-
liniowej masy ciata i dtugosci skoku (Fig. 1). Dane
pogodowe obejmowaly miesieczna sume opadéw
oraz $redniga miesieczng minimalng dziennag
temperature osobno dla maja (okres wysiadywa-
nia i klucia sie pisklat) i czerwca (okres karmienia
pisklat) (Apendyks 1).

Najlepszy model wg kryterium informacyj-
nego Akaike (AIC) zawieral efekt kolonii, roku
(zmienna ciagla opisujaca trend czasowy) oraz
temperatury w maju i czerwcu (Tab. 2). Model
uwzgledniajacy dodatkowo opady w czerwcu byt
réwnie wiarygodny. Najlepszy model wyjasniat
20.8% zmiennosci, przy czym czynnik losowy
(efekt kolonii w danym sezonie) — az 16.6%
(Apendyks 2). Ten ostatni wynik wskazuje, ze w
danej kolonii kondycja pisklat réznita sie miedzy
latami, tym samym potwierdzajac wptyw roku na
kondycje pisklat. Piskleta z kolonii Getaria byly w
lepszej kondycji niz w pozostatych koloniach (Tab. 3,
Fig. 2). Nie stwierdzono wystepowania trendu
wieloletniego w kondycji pisklat (Tab. 3). General-
nie nie stwierdzono takze wplywu temperatury
na kondycje pisklat, jednak wszystkie wiarygo-
dne modele zawieraty te zmienne, a w najlepszym
modelu efekt tych parametréw byt bliski istotnosci
statystycznej (Tab. 2, 3). Co wazne, temperatury
maja i czerwca mialy przeciwstawny wpltyw na
piskleta: wyzsze temperatury w maju wiazaty sie
z lepsza kondycja miodych, zas w czerwcu —
wplywatly na kondycje negatywnie (Tab. 3).
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Autorzy wskazuja, ze gtéwnym czynnikiem cho¢ pogoda w sezonie legowym moze takze mie¢
Srodowiskowym wyjasniajacym uzyskane wyniki ~ wplyw na kondycje pisklat.
jest najprawdopodobniej dostepnosé pozywienia,

Appendix 1. Accumulated precipitation and mean of the minimum daily temperature in spring in the study area. Source: Igeldo
meteorological station (AEMET).
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Appendix 2. Relationship of the mean observed and predict-
ed body condition of Yellow-ledged Gull chicks for each year
and colony, according to the top-ranked model from Table 2.
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