Demande de dérogation pour la destruction, U'altération, ou la dégradation de sites de
reproduction ou d’aires de repos d’animaux d’espéces animales protégées

EncartC

La cathédrale Saint-Etienne de Sens a une histoire religieuse, politique et architecturale
prestigieuse.

A partir du Vle siécle, Sens devient la métropole d’une vaste province ecclésiastique.

Située au cceur de la cité, la cathédrale est alors 'église mére des sept dioceses suffragants de
Chartres, Auxerre, Meaux, Paris, Orléans, Nevers et Troyes. Leurs évéques sont placés sous
l'autorité de 'archevéque de Sens dont le pouvoir est considérablement renforcé lorsqu’au IXe
siecle il regoit du Pape le titre de primat des Gaules et de Germanie.

Reconstruite au Xlle siécle en développant les techniques les plus avancées de 'époque, elle
devient la premiére cathédrale gothique construite au monde.

Alors que la commission des monuments historiques est initiée en France en 1837 par le comte
de Montalivet, ministre de UIntérieur du gouvernement de Louis-Philippe, la cathédrale Saint-
Etienne est classée au titre des Monuments historiques sur la premiére liste de 1840. Cette
reconnaissance initiale atteste de Uintérét immense que représente ce monument unique dans
U'histoire de France, ainsi que dans Uhistoire de larchitecture et de celles des techniques
constructives et décoratives.

La cathédrale devient propriété nationale sous la Premiére République, puis propriété de ’Etat en
1905.

Peu restaurée au siécle dernier, UEtat met en ceuvre d’ambitieux travaux depuis plusieurs années.

A la suite de la restauration de la tour sud de la facade occidentale qui s’est achevée en 2023 et
de travaux d’amélioration et de reconception de Uéclairage intérieur actuellement en cours
d’achevement, la restauration du portail occidental doit démarrer a 'automne prochain.

C’est a U'occasion de ce prochain chantier que se pose notamment la question de U'importante
colonie d’hirondelles de fenétre qui s‘installe chaque année dans les voussures et sur la statuaire
du portail Saint-Etienne.

En effet, cette colonie occasionne la dégradation continue du portail et de son exceptionnel décor
sculpté. Des déjections acides contenant des substances corrosives et des sels solubles
(nitrates) recouvrent les sculptures (voir photos ci-apres). Cette pollution dégrade les couches de
décors polychromes médiévaux et altere les supports pierreux.

L'enlévement des déjections ne livrera plus que des épidermes altérés (nus, durcis et sombres)
privés des vestiges de décors peints qui datent de prés de 900 ans.
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En complément des arguments avancés dans le dossier initial de demande de dérogation initiale,
envoyé en novembre 2023, le pole scientifique Microbiologie du Laboratoire de Recherche des
Monuments historiques de Champs-sur-Marne (LRMH) a été interrogé a ce propos. Ce service fait
valoir quelques-uns des problémes posés par les fientes d’oiseaux en général - et d’hirondelles
de fenétre en particulier -, sur les environnements habités et sur les monuments :

- Propreté et Hygiéne : Les déjections d’oiseaux s'accumulent sous les nids, salissant
les facades des batiments, les rebords de fenétres et les trottoirs. Cela peut
nécessiter un nettoyage régulier pour éviter les désagréments esthétiques et
hygiéniques.

- Risques Sanitaires : Bien que les risques sanitaires posés par les fientes
d'hirondelles soient généralement faibles, elles peuvent contenir des pathogenes
comme des champignons (par exemple, l'histoplasmose) et des bactéries qui peuvent
causer des infections, surtout si les fientes séches sont inhalées.

- Dommages Substrats : Les fientes acides peuvent endommager les matériaux
pierreux, les peintures et les enduits. Avec le temps, cela peut entrainer des co(ts de
restauration importants.

Sont également joints a 'encart C :

- Un extrait du livre Pierre et Patrimoine - éditions Actes Sud.
- Un article diffusé sur le site scientifique anglo-saxon Crimson Publishers, explicitant
les désordres causés par les fientes acides des oiseaux.

Au regard des points énoncés ci-dessus, toute poursuite de nidification sur les portails de la
facade occidentale de la cathédrale de Sens est considérée impossible et une demande de
dérogation pour la destruction, laltération ou la dégradation de sites de reproduction
ou d’aires de repos d’animaux d’especes animales protégées est faite pour Raison impérative
d’Intérét Public Majeur.

En effet, les 3 conditions cumulatives suivantes peuvent étre considérés satisfaites :

- le projetcorrespond al'undes 5 cas mentionnés au 4° de l'article L411-2. Prévenir des
dommages importants notamment aux cultures, a l'élevage, aux foréts, aux
pécheries, aux eaux et a d'autres formes de propriété ;

- iln’existe pas de solution alternative satisfaisante ayant un moindre impact;

- la dérogation ne nuit pas au maintien dans un état de conservation favorable, des
populations des espéces concernées dans leur aire de répartition naturelle, sur la
base des diagnostics et des mesures ERC (voir encart H : Compte-rendu de visite et
accompagnement a demande de dérogation de la LPO, assorti de remarques de la
MOA).

De fagon complémentaire, la DRAC de Bourgogne-Franche-Comté a commandé a la LPO de
’Yonne a la demande de la DREAL, un nouveau diagnostic avifaunistique comprenant deux
passages entre le 15 mai et le 15 juillet. Ce nouveau diagnostic est en cours.

Il sera transmis a la DREAL dés son achévement dans le cadre de cette demande.
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Statue de St-Etienne couverte de fientes au trumeau du portail
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Statues du tympan systématiquement affectées par des fientes et des coulures
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Décor peint altéré a l'endroit d’un nid détruit. Autres nids construits contre les précieux chapiteaux des ébrasements.
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Depuis des siécles, lhomme extrait la pierre pour construire et
sculpter, de méme qu’il lutilise comme support pour peindre et
graver. Matériau naturel et durable, la pierre transmet ainsi, a
travers les temps, le mode de vie, les réflexions et les croyances,
les connaissances et le savoir-faire des Anciens. Calcaire, gres,
basalte, granite ou schiste, la pierre porte en elle un peu de Uhis-
toire géologique qui modeéle nos paysages et contribue a lidentité
d’une région et de son architecture.

Ce riche patrimoine est encore tres présent dans le bati tradi-
tionnel, les monuments, les musées et sur les grands sites archéo-
logigues. Cependant, sous l'effet d'interventions inappropriées ou
de son environnement, la pierre vieillit et s'altere. Aussi les spé-
cialistes conduisent-ils de nombreuses recherches pour assurer
la protection et la valorisation de ce matériau si familier.

Cet ouvrage, qui résulte du travail collectif d'une vingtaine de
spécialistes aux compétences variées, présente l'état des connais-
sances sur la pierre — ses provenances, son extraction, ses pro-
priétés - et livre une vision actuelle sur la construction en pierre,
ses techniques et ses regles. Tirant parti des travaux de recherche
les plus récents, il fait le point sur les altérations qui affectent ce
matériau et sur leur diagnostic. Il décrit enfin les principes et les
méthodes de restauration et de conservation actuels, en attirant
lattention sur limportance des opérations de suivi et d’entretien
qui doivent accompagner ces interventions.

=~

Présentation du collectif

Les auteurs de cet ouvrage appartiennent a la commission “Pierre
Durabilité” du Comité francais d'anticorrosion, qui réunit la totalité des labo-
ratoires publics et privés reconnus dans le domaine de ['‘étude du matériau
Pierre, plusieurs universités ou écoles et des représentants de divers autres
secteurs dactivité centrés sur [utilisation de la pierre : le Syndicat national
des roches ornementales et de construction, UInstitut des Compagnons de
Rodez, la revue Pierre Actual, plusieurs producteurs, des entreprises de
restauration, des architectes...

La vocation de ce groupe est d’informer ses adhérents de [actualité scienti-
fique et technique concernant la pierre, de communiquer et de proposer des
avancées pour l'ensemble de la filiére Pierre en France.
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Les sels dits hygroscopiques se montrent sensibles aux variations de température et d’humi-
dité de Pair. Ils sont cristallisés et stables au-dessous d’un certain taux d’humidité de Pair
(humidité relative d’équilibre). Ils se transforment en une phase plus hydratée, voire en une
solution saline, lorsque I'air devient plus humide. Ainsi, si I'atmosphére est instable (enso-
leillement épisodique, chauffage intermittent), on observe alternativement sur la pierre des

efflorescences ou des taches sombres d’humidité.

SOLUBILITE ET HUMIDITE RELATIVE D’EQUILIBRE DE QUELQUES SELS SOLUBLES FREQUENTS

Humidité relative d’équilibre en %

. 5 50 S 6
Sel Solubilité en g/l a 20-25 °C 320 °C et 25 °C
natron Na,C0;, 10H,0 220 98 - 88
thermonatrite Na,C0;, H,0 160 95
thénardite Na,50, 388 82
mirabilite Na,S0,, 10H,0 110 - 193 94 - 91
halite NaCl 360 75-175
\‘

salpétre KNO, 47 95 - 94
gypse CaS0,, 2H,0 2,4 100

Les alternances de cristallisation et dissolution de ces sels hygroscopiques, plus ou moins
cycliques, aboutissent 4 une désagrégation superficielle et rapide du matériau. Des ccuvres
en pierre que 'on a cru mettre définitivement 4 I’abri dans un musée, continuent ainsi i se
dégrader au gré des variations thermohydriques (cest-a-dire de la température et de 'hu-
midité atmosphériques). Pour stopper ce processus, il faut recourir 2 une élimination quasi
compléte des sels ou & une meilleure stabilisation de la température et de 'humidité de air
ambiant.

Enfin, certains sels dits alcalins forment au contact de I’eau des solutions alcalines (cas des
carbonates alcalins) capables de dissoudre les minéraux des roches silicatées. D’intenses
dégradations se développent ainsi 2 la surface de pierres granitiques 2 cause de 'accumula-

tion des effets physiques et chimiques de ces composés.

Laction des organismes vivants : les altérations biologiques

De nombreux organismes vivants actifs dans I'environnement interferent avec les plerres en
ceuvre. La colonisation des fagades par les organismes vivants est souvent favorisée par la
présence d’eau ou d’humidité. On classe les micro-organismes responsables des biodéterio-
rations en deux groupes : ceux qui entrainent la formation de couches visibles (cas des
algues, champignons et lichens), et ceux, plus insidieux, qui provoquent une décohésion du
matériau par I'intermédiaire de leur réaction métabolique sans former de dépor visible (cas
de certaines bactéries).

Les algues sont des organismes principalement chlorophylliens (photosynthétiques) qui
croissent dans les milieux trés humides. Leur installation et leur développement dépendent

INTERVENTION SUR L'EXISTANT

Désagrégation granulaire de la pierre
contaminée par des sels
hygroscopiques et soumise a

des variations thermohydriques
ambiantes. Statue de sainte Barbe,
collection lapidaire du musée

de Carpentras.

Détail de l'altération de la base
de la statue [sable de désagrégation).
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Salissures noires d’origine biologique
[cyanophycées) sur les zones
humides de contreforts en calcaire.
Grange a dimes.
Saint-Ouen-lAumbéne.

Développement d'algues vertes
marquant le cheminement de ['eau

a lextérieur d’'une descente pluviale
déboitée.

Cathédrale de Saint-Denis.
Salissures noires [cyanophycées]
sur les surfaces les plus exposées
aux pluies et aux ruissellements.
Arc de triomphe de Carpentras.
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de la présence d’eau et de lumiére, deux facteurs essentiels 2 leur existence. Les algues étant
trés peu exigeantes en substances nutritives, la nature du substrat ne s'avére pas trés impor-
tante. On les trouve sur les granites, les calcaires, les grés mais aussi sur les enduits, les
bétons et méme les peintures murales ou les vitraux.

Les algues participeqt 2 Ialtération du support de trois maniéres : tout d’abord par le phé-
nomene de rétention d’eau quelles entrainent ; ensuite par la production de cerrains acides
organiques, qui seffectue de fagon mécanique quand elles s'accrochent sur le support grace
aux prolongements de leurs cellules appelées rhizoides ; enfin par des modifications chro-
matiques inesthétiques. On qualifie couramment ces derniers changements de couleur
d’“altérations biologiques”. Les salissures vertes, noires et rouges en constituent globalement
les types. Les salissures vertes se rencontrent sur des supports toujours trés humides, pou-
vant étre tres lisses comme trés rugueux. Les favorise une orientation au nord, ol l'on
trouve souvent un mélange de chlorophycées (algues vertes) et de cyanobactéries (algues
bleues). Les salissures noires se développent 2 I'extérieur sur des supports rugueux, plutdt
orientés 4 'ouest, ainsi qua 'intérieur dans des milieux trés humides. Les espéces les plus
courantes sont les cyanobactéries. Ces taches d’origine biologique proliferent sur des surfa-
ces bien exposées aux pluies ; il est donc impossible de les confondre avec les crofites noi-
res qui se forment par dépét de polluants particulaires dans les zones ne recevant jamais la
pluie. Dans les recouvrements rouges dominent les chlorophycées appartenant 2 la famille
Trentepolhia. Leur croissance est optimale sur des substrats exposés aux vents pluvieux (nord
ou nord-ouest).

Les lichens proviennent d’une association complexe entre champignon et algue, 'ensemble
donnant naissance 4 ce que 'on appelle un thalle. Ils saccrochent sur le matériau grice 2
leurs racines, les rhizines. Ils prennent la forme de recouvrements colorés sur les surfaces
humides. Parmi les grands groupes morphologiques de lichens, ce sont les foliacés et les
crustacés que I'on observe majoritairement sur les constructions en pierre. Les foliacés




forment une couche compacte mais superficielle, sans insertion profonde dans la roche. En
revanche, les crustacés font presque partie intégrante de la pierre. Leurs rhizines pénétrent
dans les fissures de la pierre, voire en créent d’autres par I'émission d’acides organiques. Ils
sont donc capables d’entrainer 2 long terme une désagrégation granulaire superficielle.

Les champignons dégradent les supports qu'ils colonisent en diffusant des acides organi-
ques. Ces composés réagissent avec les pierres calcaires pour produire une patine brune
riche en oxalate de calcium. Menant une attaque chimique acide (complexante ou oxydo-
réductrice), cette interaction a également pour effet de creuser de petits crateres superficiels
qui correspondent 2 un phénomene d’altération caractéristique nommé biopitting.

Parmi les bactéries, on distingue deux catégories que 'on organise, entre autres, selon leur
type de métabolisme : les bactéries hétérotrophes et les bactéries autotrophes.

Les bactéries hétérotrophes ne subviennent 2 leurs besoins énergétiques qu'en présence de
composés organiques d’origine naturelle (poussiéres, pollens...) ou apportés par d’anciens
traitements organiques. On les repére parfois en grand nombre sur la pierre (jusqu’a un mil-
liard par gramme). Elles peuvent étre 4 Lorigine de la formation d’acides organiques (acide
oxalique, par exemple) susceptibles d’entrainer 'apparition indirecte de sels comme les oxa-
lates de calcium, et de phénomenes de dissolution, en particulier de minéraux sensibles
comme les carbonates.

Quant aux bactéries autotrophes, elles utilisent comme source d’énergie 'oxydation d’un
composé minéral. Ce groupe se partage entre les bactéries nitrifiavites et les bactéries
oxydant le soufre. Les bactéries nitrifiantes (Nizrosomonas et Nitrobacter), qui oxydent I'am-
moniaque (provenant de la pollution agricole ou de traitements de la pierre) en nitrates,
président 2 la formation de nitrate de potassium (salpétre). Cette microflore spécifique a été
signalée 2 maintes reprises dans les altérations des calcaires et des gres. Toutefois, aucune
relation entre la quantité de nitrates présents dans la pierre et la population de germes nitri-
fiants n'a pu étre érablie, du fait de la grande solubilité des nitrates. Les bactéries oxydant
le soufre sont les thiobacilles. Il en résulte lal

INTERVENTION SUR L'EXISTANT

Image en microscopie optique
sur lame mince. Recouvrement

d’une pierre par un lichen de type

Ochrolechia. Vue en coupe.

Recouvrement de la pierre par divers
lichens. Vue de dessus. Lanmodez.

Recouvrement de grés par
des lichens et mousses diverses.
Moigny-sur-UEcole.
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Lichen. Fontaine. La Malhoure.

Apparition d’'une lézarde

dans une maconnerie en pierre
suite a la pénétration d’une racine.
Saint-Ouen-lAuméne.
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Outre les micro-organismes, les végéraux supérieurs e_
s griffent la pierre.

pousser, les plantes herbacées ou grimpantes, les arbres et les arbustes développent

=s. Lorsqu'on les laisse

des systémes racinaires qui exploitent les plans de faiblesse tout en exercant des
pressions suffisamment importantes pour provoquer I'élargissement des fissures
préexistantes et la fragmentation de la pierre. Ils générent en outre des microsols
humides qui sont une source de sels et le lieu d’une intense activité micro et
macrobiologique.

Limpact de la pollution atmosphérique

En concentration suffisante, certaines substances présentes dans 'air sont consi-
dérées comme polluantes pour les pierres de construction : elles ont un effet nocif
mesurable sur la vie et les matériaux. Polluants particulaires, polluants gazeux et
caux de pluie acidifiées (pluies acides) constituent autant de causes d’altération de
la pierre.

D’origine naturelle ou dues 2 la pollution anthropogénique (industrie, chauffage,
transports), les particules stagnant dans 'atmosphere sont trés variées. Les pol-
luants particulaires issus de la combustion du charbon ou des dérivés du pétrole
consistent en suies de tres petite taille (10°m) et en cendres volantes de plus gran-
des dimensions (10°m). La plus grande partie de ces microparticules se compose
principalement de carbone, d’ol1 leur coloration générale noire. Elles contiennent
aussi du soufre réactif et des métaux lourds en faibles quantités, catalyseurs
supposés des _r\éactions chimiques générées par le contact des matériaux et des com-
posants gazeux de atmosphere. Elles forment un composant majeur des crofites
noires qui couvrent la pierre et dans lesquelles on trouve aussi d’autres particules
d’origine anthropique (grains silico-alumineux...) ou naturelle (sables, limons et
argiles d’origine ¢olienne, pollens et spores d’origine végétale...). Toutes ces parti-
cules se cimentent en présence d’humidité grice & des microcristallisations de
gypse, qui proviennent de I'interaction du dioxyde de soufre (SO,) gazeux avec la pierre et
les particules. Ces derniéres contribuent 4 I'altération des pierres par les dépéts inesthéti-
ques, compacts et relativement imperméables qu'elles produisent, mais aussi par 'apport
d’¢léments réactifs favorisant la sulfatation et la cristallisation de sels solubles (soufre,
métaux lourds catalyseurs...) ou alimentant une activité microbiologique nuisible (pollens,
spores et autres matieres organiques).

On a particulierement ¢tudié le réle des polluants gazeux carbonés, comme le monoxyde
de carbone (CO), le dioxyde de carbone (CO,) et le méthane (CHy), les oxydes d’azote
(NO et NO,), le protoxyde d’azote (N,0), le dioxyde de soufre (SO,), les chlorofluorocar-
bures (CFC), ou I'ozone (O3). Les composés organiques volatils (COV), trés nocifs pour la
santé humaine, ont un impact plus délicat 4 cerner sur la pierre et les constructions.
Parmi les polluants les plus nuisibles pour la pierre, on trouve le dioxyde de soufre (SO,)
et les oxydes d’azote (NO et NO,). Ils sont 3 mettre en relation avec le caractére acide des
eaux météoriques, mais ils peuvent aussi agir directement en tant que gaz. Dans 'atmo-
sphere, les sources de dioxyde de soufre sont soit naturelles — océans, volcans... —, soit
anthropiques — combustion du charbon (60 %), du fuel (28 %), rejets industriels (usines
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Birds Effects on Heritage Buildings

Rodriguez Elizalde Rubén*

UOC Open University of Catalonia - Barcelona, Spain

Introduction

This article is based on the need for awareness that should exist today to maintain and
reuse existing constructions, and not execute so many new works that would make existing
ones obsolete. From this awareness, the need arises to study the mechanisms of deterioration
of construction elements: only in this way can a solution be found to the deterioration that
many of the elements suffer, particularly heritage elements. This article was written in Spain.
Spain is a country with a lot of heritage buildings and cultural value constructions; and Spain
is in Europe, a continent with a lot of heritage buildings and cultural value constructions
as well. Every building, public or private, can be used by birds. However, cultural heritage
buildings pose special problems related to bird damage. So, birds can affect monuments
in many ways, causing a lot of alterations: aesthetic alterations, physical and mechanical
alterations, chemical alterations or biological alterations.

Thus, one of the degradation factors that currently have more incidence in monuments is
the bird nesting and the accumulation of bird droppings. This is especially important in urban
areas: there, bird populations increase day by day because of the environment transformations
and the environment alterations. Thus, damage and demolition buildings have occurred as a
result of bird droppings accumulation. For example, in November 2013, the roof of a primary
school collapsed in Mendoza, a city in the western of Argentina, causing various injuries to 17
students [1].

In addition to the unsightly aesthetic effect, bird feces cause chemical damage to the stone
substrate [2] and, consequently, its deterioration [3].

On the other hand, when bird droppings are not removed periodically, it can cause the
obstruction of rainwater evacuation routes, with the consequences that this entails [4]. Nor
should we forget the stability problems that stork nests create both in structural elements
and in ornamental elements [5].

Biodeterioration

Once we know the above, it is important to study biodeterioration. The biodeterioration
of monuments has been studied from a multidisciplinary perspective, due to the diversity of
deterioration processes that it comprises, which are as many as there are agents [6,7].

Within biodeterioration, the agents causing the processes, in principle, are all living
beings (including man) and they only have in common that they are born, grow, reproduce
and die, and in this vital cycle in which there is a great energy expenditure, build and destroy,
of course.

Environmental Analysis & Ecology Studies 1119
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Living beings establish all kinds of relationships with
monuments. Food chains are produced in which some depend on
others, and in some links of these chains are the birds, of course. For
monuments, birds are true scourges, with a destructive potential
unthinkable when observed in other environments.

Birds have coexisted with humans in urban and peri-urban
environments for as long as such environments exist. In this
coexistence, there has been no negative effect for both. However, in
the middle of the 20" century, the problems caused by some birds
began to increase: their excessive growth began to produce negative
impacts, especially on agricultural yields. Later, these impacts were
extended, affecting the well-being of the urban population. Thus,
was born the need to increase measures to control these birds.

Damage-causing species are all birds whose populations have
increased notably thanks to their ability to exploit the resources
provided by man, especially food and breeding sites. As we have
said before, the impact of birds on human activities was manifested
first (and is manifested today fundamentally) in agriculture, as
well as in stored products, in the conservation of monuments and
buildings, as well as in all kinds of impacts and threats to urban
health.

For this reason, an adequate and reconciled coexistence
between the avifauna and the human being is currently required.
Such coexistence is possible: it only requires the preparation of a
control program, in which the Public Administrations, the control
operators and, of course, the citizens themselves participate.
However, a main objective is pursued, which is to reduce the
environmental costs caused by the species that cause damage,
maintaining an acceptable density through ecological and human
management.

This strategy has to be considered in alocal context and directed
at the target species [8], taking into account:

A.  Ecology. We have to consider population dynamics. Only
an adequate and correct knowledge of the population evolution of a
specific species, in a specific place and over a considerable period of
time, will allow the technician to adopt adequate measures for the
problem to be analyzed.

B. Integration. We have to several
simultaneously. One of the biggest problems that we can face in
bird control is the ability of the species to get used to the elements
that are introduced into their daily habits. Alternating different

practices can avoid this problem.

use measures

C. Selection. We have to minimize the impact on “non-
target” species. It is not understood, at present, to try to act against
a population causing damage, if it cannot be ensured that only the
specimens of the population on which it is intended to act will be
affected.

D.  Sustainability. The benefits must outweigh the costs. In
the case of birds, the evaluation of the benefit of control must be

considered in its entirety. In other words, not only the physical
damage against household goods, but also those caused as a
consequence of being animals that carry other vectors (such as
fleas, lice and others) that can cause collateral damage to man.

E.  Ethics. The methods must be accepted by public opinion,
in accordance with the law and respecting the welfare of animals.
One of the biggest problems in addressing bird control is citizen
opposition. The capture of birds is not “well seen” by a large
majority of the population [8]. Therefore, the actions have to be
carried out considering all existing legal regulations in this regard.
At all times the welfare of animals must be cared for and protected.

F.  Long-lasting effect. Once the poultry control measures
have begun, the actions must be maintained in such a way that
tolerable population levels are maintained. We cannot ignore, at any
time, that we try to deal with animals that have great reproductive
potential. For this reason, the actions must aim to achieve a lasting
effect.

G. However, there is a background that is the claim, also, to
become aware of the importance of investment in maintenance and
conservation of existing buildings. It is time to direct the steps to
a greater extent to take care of, maintain and readapt the already
existing elements, rather than to the execution of new elements, and
it is considered convenient to analyze this factor of deterioration.

Alteration Mechanisms

Birds can affect buildings and monuments in many different
ways, causing alterations of all kinds: aesthetic alterations, due, for
example, to dirt or the construction of nests of diverse morphology;
physical-mechanical alterations, due, for example, to pecking
or breakage due to the weight of the nests; chemical alterations,
due, for example, to the effects that their excrements produce; or
biological alterations, due, for example, to the organic matter they
deposit [9], which contributes to the development of a significant
microbial flora of a heterotrophic nature, such as bacteria and fungi.

In global terms, the damage that birds cause in the buildings
in which they nest or in the buildings where they alight, including
buildings that constitute the artistic and monumental heritage, are
increasingly greater [10]. Such effects are highly variable, and can
cause blockages in the drainage channels, erosion caused in the
stone as a result of droppings or damage caused by the installation
of nests in buildings, among others.

When birds alight on roofs, they end up causing leaks and
dampness and in some cases even cause bad odors due to the
accumulation of droppings in the areas surrounding the air
conditioning ducts of buildings [8]. In urban areas it is mainly
pigeons that take part in bioalteration processes; while in coastal
and river areas they are seagulls [11].

Thus, authors distinguish the destructive action of birds on two
fronts, hence they speak of direct destructive action and indirect
destructive action:
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A.  The direct destructive action is mechanical (or physical-
mechanical) and chemical. The mechanical action is that exerted
by friction, pecking and other typical poultry actions. This action
is especially damaging on substrates that have poor adhesion. The
chemical action, on the other hand, is caused by excrements rich in
organic nitrogen and phosphates, mainly in the form of uric acid,
phosphoric acid and nitric acid.

B.  Theindirect destructive action is the action that is carried
out by the contribution of organic substances that serve as nutrients
to the aforementioned heterotrophic microflora (bacteria, fungi).

Autotrophic flora can also benefit from the presence of these
substances.

Similarly, the performance of these organisms as vectors in
the propagation of other species must be taken into account. Their
reproductive structures can remain attached to their feathers
or legs and, in this way, be transported on the stony substrate;
or as controls of the populations of other living beings on which
they feed. Some birds, such as pigeons [12] or storks [13], in their
original habitats nested in rocks or vertical areas; however, in the
urban environment they have found substitute resources according
to their needs.

In this sense, when the human being introduced the buildings
in their habitat, the pigeons immediately adapted to this new
favorable environment, all of this enhanced by the breeding of
pigeons for food purposes. What was initially tolerable and even
promoted in that environment and historical context, ended up
being a problem in the city when man stopped using pigeons for
economic or food purposes and these, in turn, became urban.

These circumstances largely explain the problematicinteraction
between urban pigeons and man, as well as the risks associated
with such birds. And it is that at present the pigeons use any space
or cavity available in a construction, especially if it is located near
a food source, to form their nests or take refuge, causing damage,
both structural and aesthetic.

Not limiting itself to pigeons exclusively, but expanding the
range of pernicious birds, the causes of such damage could be
explained based on their nature. Without forgetting that the
dividing line between one and the other is not rigid or static, but
rather that all areas are interrelated, the areas or families of natures
of damage that make up the following sections are distinguished
[10,14].

Physical-Mechanical Alteration

Damage of a physical-mechanical nature derives mainly from
the vital action of birds for the construction of nests and from their
nature.

For example, barn owls make their nests in very large holes
(Figure 1) and usually very deep in steeples, vaults, and even
pinnacles. They not only make them outside, but also inside
buildings, taking advantage of elements such as sculptures.

Figure 1: Owl half-hidden in the hollow of a wall of
an old building in Mieres, Asturias (Spain). Author’s
photograph.

Storks, on the other hand, prefer bell towers [5], although we
can find it on the roofs of buildings (Figure 2).

Figure 2: Storks nest on the roof lantern of the Ermita
de Santa Lucia, in Alcala de Henares (Spain). Author’s
photograph.

In addition, a lot of birds file their beaks over construction
element and ingest small fragments of stone material to promote
their digestion. These small fragments of stone material are
plucked from the monuments by them. In the case of the storks,
for example, they fundamentally remove stone from the sculptures,
and more specifically from the area of the face or shoulders, since
they are the most prominent points; pigeons, for their part, tend to
peck at materials that are not very resistant, such as the plastering
of facades or the external protection of pipes, in order to cover the
mineral contributions that their diet lacks and to get abrasives for
food in their gizzard.

As we already pointed out at a general level, within the action
of a physical-chemical nature, direct and indirect actions should be
distinguished [10]:

A. The direct action would be, for example, the action
produced on the structures by the adults and the chicks of the
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different species. We include here the already mentioned direct
pecking on the facades, or the elements of the walls, to obtain the
material that helps their digestive process.

B.  Theindirectaction, on the other hand, is due to the weight
of the material accumulated in the nests. Among such material
would be excreta, branches and other elements. It is not convenient
to minimize such damage depending on the species: although it
is conceivable that in the case of some birds, such as pigeons, this
weight is less than in the case of others, such as storks, seagulls or
parrots, it can become significant in the case of very old nests or in
special circumstances. This would be the case, for example, of the
collapse of false ceilings and air chambers below deck.

The following cases would also be included within the indirect
action:

A.  The damage caused by the growth, on the facades, of
plant roots that have germinated on the nests. The reason for this
consideration is that the plant comes from the seeds that the birds
brought to the nests or that they eliminate, through their faeces, in
the same location.

B.  The inherent effect of the water that penetrates through
the cracks and crevices produced by the action of birds and that,
when it freezes in winter (the freeze-thaw cycle), expands and
deteriorates the materials considerably.

C. The damage associated with the periodic cleaning tasks
of the facades, which are essential to tidy up such walls and other
spaces smeared by nests and excrement. Also take into account the
cost of these operations.

D. Direct or indirect mechanical damage associated with the
installation of specific protection elements against poultry action;
that is, the damage caused by any of the technical solutions to
protect the construction elements.

Chemical Alteration

Chemical nature damage has been perhaps the most highlighted
and studied by the experts in heritage protection. The chemical
alterations that birds produce are related, above all, to the chemical
nature of the excrements of some of the bird species, fundamentally
pigeons and seabirds. Those of pigeons are known by the generic
name of palomina and those of seabirds as guano, exactly the same
as in the case of bats. Guano is exploited as a natural fertilizer [15].

The droppings of such species are mainly composed of ammonia
(NH,), uric acid (C,H,N,0,), phosphoric acid (H,PO,), oxalic acid
(H,C,0,) and salts [14]. It is yellowish in color and, although it has
been said that it is used as a fertilizer, it has tremendously corrosive
effects on monuments (Figure 3).

Palomina, which can also be used as a fertilizer under certain
conditions, is a real scourge in the conservation of monuments,
due to its chemical composition, mainly with the aforementioned
uric and phosphoric acids. The chemical action is manifested
here in the reaction that occurs between the components of the

urine - excrement of the pigeons with the stone and that can lead,
depending on its composition, in a more or less accelerated way to
its progressive dissolution.

In addition, the droppings of some species cause premature
corrosion and oxidation of some metal structures and other similar
elements (Figure 3), damage the paint of vehicles, without forgetting
the unsightly effect that the stain of the depositions causes on the
surface on which excrement falls (Figure 4, 5 & 6), whether they
are buildings, vehicles, statues, benches or any other monument or
element of urban furniture.

Figure 3: Monument to the Turia River in the Placa
de la Verge in Valencia, next to the Cathedral. Here
we can observe the presence of pigeons, as well as the
defecated pigeon on sculptural elements.

Figure 4: Remains of excrement, under a stork’s
nest built on the roof of the banstand in the Plaza de
Cervantes in Alcala de Henares (Spain).

Figure 5: Pigeon feces accumulation of at the base of
a corinthian column, in the colonnade of the Iglesia de
Santa Maria, in Alcala de Henares (Spain).
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Figure 6: Swallow droppings accumulation over
installation elements on the of a residential building
facade in Toledo (Spain).

Without particularizing bird species, we can affirm that poultry
droppings incorporate ammonia, uric, phosphoric, oxalic acid and
salts into the factories. In this way, if the masonry is made of stone
rich in calcium carbonates (such as limestone, for example), we can
infer that adding acid to them will activate the carbonation cycle,
according to

CaC0,+H,0+C0, & Ca(HCO,),,

Thus the rock breaks down to produce calcium bicarbonate,
which is soluble in water. The same can be deduced for those cases
in which it is a cement construction element.

OH-

2Cu** + 2 wric acid — 2Cu* +

OH-

(I)H
O=l|3—OH H
OH

Uric acid is a heterocyclic organic compound, consisting of
carbon, nitrogen, oxygen, and hydrogen, with the chemical formula
C,H,N,0, (Figure 7). It is the main waste product of birds, and is
expelled with the feces; animals that predominantly excrete uric
acid are called uricotelic [16]. The high nitrogen content of uric acid
is the reason why guano is so valuable as a fertilizer in agriculture.
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Figure 7: Chemical structure of uric acid. Image by
Vasiliu & Buruiana [25].

Uric acid, at an alkaline pH, undergoes an oxidation process
in the presence of catalytic amounts of copper, such as can be
incorporated in any bronze monument (Figure 3). The initial
product of oxidation is similar to dehydroascorbic acid (or cystine),
called dehydrouric acid.

Phosphoric (or orthophosphoric) acid, on the other hand, is
a ternary compound, whose formula is H3P04; it belongs to the
category of oxoacids (Figure 8).
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Figure 8: Chemical structure of phosphoric acid.

Biological Nature

Although all the alterations produced by birds on the
monumental heritage are important and must be considered,
the alterations of a biological nature constitute one of the most
worrying. They allow, directly or indirectly, the development of
a very extensive microbial flora, which not only causes chemical
alterations; so much so, that some of the species that develop are
carriers of diseases even for humans.

Some of the manuals consulted for this article jointly address
the chemical and biological nature [17].

The presence of organic matter, due to the metabolites they
produce and the other organic remains that accumulate, such as
droppings, feathers or remains of corpses, among others, allow the
development of an important heterotrophic microbial flora, both
bacterial and fungal, which contributes and favors the chemical
attack of stone and metallic elements [6,7].
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In addition, at the mercy of other substances, which are
provided by said dejections, microorganisms of the nitrogen and
sulfur cycles develop that present a synergistic action leading to
nitrification and the formation of acids even more corrosive than
those already mentioned, such as sulfuric acid or nitric acid [6].

Let us also frame this in the fact that the technicians who are
in charge of the construction, conservation, maintenance and
rehabilitation operations of constructions have little knowledge
in biological matters. We cannot forget, in this sense, that guano
or palomina, as fertilizers, are very effective fertilizers, thanks to
their high content of three main components for the growth and
development of plants: nitrogen, phosphorus and potassium.

Seabird guano is rich in nitrogen, ammonium oxalate
((NH,),C,0,.H,0), urea, phosphorus and phosphates, and earth salt
and impurities as well as; pigeon manure is also a highly coveted
fertilizer thanks to its properties to fertilize plants and soils. For
all these reasons, the excrement can be a fertilizer that favors,
indirectly and together with other factors, the growth of plants and
vegetation on the constitutive rock of the facing ashlars and other
construction elements (Figure 8) [7].

Thus, the biological action is associated with the proliferation
of parasites or microorganisms, whose growth is encouraged by the
excrement deposits, rich in nitrogen or by the humidity associated
with previously induced mechanical damage (or even by a
combination of both) . These microorganisms can generate, in turn,
different types of excretions and substances, capable of behaving as
aggressive agents for construction materials [6].

Wooden structures can also be damaged by the development
and growth of fungi [7], which are present in the droppings.

Collateral Damage

Along with the aforementioned mechanisms, there are other
collateral effects that derive, of course, from the biological activity
of the birds, from the types of alterations that the birds produce, as
well as from the methods that exist to eliminate these alterations.

The aesthetic and physical damage that birds cause is primarily
the patinas of dirt that, sometimes, end up becoming authentic
accumulations of droppings, food scraps, broken eggs, nests or
carcasses.

In the case of nests, the effects can be even more important
depending on the weight and the materials with which they have
been erected. Some nests, such as those of storks that are built with
branches that accumulate year after year, have come to destroy bell
towers and roofs of monuments. As an example, we can cite the
case of the church of Rdgama, near to Salamanca (in Spain), where a
side roof collapsed due to the fall of a stork’s nest in 2009 [18]. The
case of the parish church of Andosilla, in Navarra (Spain) can also
be cited: there a nest of storks nesting in the tower fell on a vault,
causing it to collapse [19].

Other nests are made with mud and some corvids that live in
cities, such as magpies, which use any waste material from man,
such as aluminum foil or plastic bags.

We have already said before that the nests can obstruct the
drains, which in a building constitutes a real danger due to the
increase in humidity, which, as is well known, is one of the worst
pathologies that a monument can suffer [14] (Figure 9 & 10). In
addition, the chemical and biological alterations that they produce
lead to a sometimes very severe change in the chemical composition
of the support, making its repair impossible in some cases and
conditioning restoration techniques [6].

Figure 9: Seagull on the roof lantern that tops one of
the three domes with metallic gloss chevrons of the
Municipal Palace of a Coruna, current seat of the City
Council. We can see, next to the place where the bird
has perched, the presence of vegetation.

Figure 10: Detail of the roof of a residential building.
The presence of birds can lead to the accumulation of
a large amount of droppings and feathers, in addition
to the birds that die on the roofs, which can clog drains
and gutters, causing leaks and other damage.

The measures adopted to eliminate or repel birds from
monuments [20] also constitute, in themselves, a problem due to
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their conservation, their design and their permanence over time,
since they are difficult to maintain. Such would be the case, for
example, of the placement of structures to contain the nests on
the monument itself or the installation of cables to scare away the
pigeons.

Finally, and although it does not directly affect monuments but it
does affect people, we must not forget that birds are a problem from
a health point of view due to the various parasites they carry. These
can transmit diseases to man and the microorganisms that develop
as a result of their activity can be pathogenic. As an example, there
are the following types caused by bacteria and fungi: Clamidiosis,
Salmonelosis, Colibacilosis, Histoplasmosis and Alveolitis Alérgica.
All of them can cause a wide range of diseases, in a wide range of
hosts, including humans, other mammals and, of course, birds [7].

In unprotected buildings and facilities, certain birds are capable
of causing significant damage; damages that, in turn, are the cause
of non-negligible economic losses and conflict between citizens.
This is the case, for example, of those who feed the birds, compared
to those who suffer the consequences of poultry activity on their
properties.

To a great extent, the damage referred to in the previous
paragraph is a direct consequence of the habit of some birds of
nesting in constructions. Such damages include, among others, the
following:

A. Humidity due to damage to roofs, roof drains, gutters and/or
downspouts.

B. Dirt/damage to awnings.

C. Dirt / damage to hanging clothes.

D. Expenses associated with facade cleaning interventions.
E. Damage to plantations and gardening.

F.  Costs associated with operations to protect buildings, patios,
or the like against birds.

Hygiene

The main hygienic risk is linked to faeces. If faeces become wet,
such as after rain, they become slippery, posing a risk to pedestrians
and, depending on quantity and location, cyclists and motorists.
The nests, it is insisted, can reach considerable sizes, even exceed
one hundred kilograms, with danger for passers-by in the event of
their fall.

Some large species become aggressive during the nesting
season, even reaching, as in the case of some gulls [21], to attack
humans if they feel threatened. The accumulation of excrement is
the breeding ground for many potentially harmful microorganisms.
Special vigilance deserves the so-called invading microorganisms,
coming from other places, such as avian influenza [7].

In the plumage of birds, as well as in their nests, arthropods
are housed [7] with a possible impact on human health and that of

other species. The presence of pigeon ticks (argas reflexus) [1] has
been confirmed in dwellings of buildings where they have nested
[24].

Finally, feathers and droppings can contaminate drinking water
reservoirs and stored food [10].

Cosmetic Damage

As has already been pointed out in the previous sections, the
accumulation of excrement, feathers, nests, eggs and even some
carcasses of the birds themselves, create a series of layers of dirt
on the monuments that, in the case of the excrement, destroy
the aesthetics of it. Anyone will have in mind the case of Venice’s
Piazza San Marco [22], perhaps because it is one of the best known
worldwide, but unfortunately it is not the only one.

Throughout the trips made to prepare this article, we were
able to discover these alterations throughout the geography in
monuments located both in large cities and in towns, and even in
the middle of nature. The effect of bird movements on the roofs of
buildings is an especially harmful aspect in the case of heavy birds,
such as seagulls or storks; the scratches of their claws and their
pecks, are also an agent of deterioration in the walls and walls.

The construction of nests on the roofs or their installation in
their air chambers cause the breakage of tiles and the fall of other
elements. When they are large, as in the case of storks, fractures of
great magnitude can be caused [23].

The accumulation of faeces stimulates the corrosion and
degradation of many construction materials, both metallic and
stone; For this reason, in the long run, a deterioration in facades,
structural and ornamental elements, urban furniture and vehicles
originates [11]. Likewise, some highly corrosive excrements also
destroy plants and trees in gardens, and their corrosive action may
also accelerate the aging of different types of machinery.

The accumulation of debris from its activity produces the
obstruction and breakage of gutters and downspouts, generating
leaks and humidity in the buildings which, in turn, promote the
aforementioned colonization of microorganisms that further
increase their deterioration.

Economic damages

Firstly, we must take into account the damage caused by the
aforementioned health impact: the presence of birds increases the
maintenance and conservation costs of buildings and public spaces.
Population monitoring and control campaigns constitute a budget
to be added to the previous chapters.

Other impacts

The activity of some species can generate annoying noises
and bad smells; in this sense, it is worth highlighting the impact it
produces in tourist areas [10]. The proliferation of exotic species, if
they take advantage of the same resources, nesting place, food, and
others, can cause the displacement of the native fauna.
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Some flocks of birds can cause interference to air traffic [10].

Certain birds, mainly starlings and sparrows due to their type
of feeding, are considered harmful in gardens and in some crop
areas [10]. Special mention deserves, once again, the droppings of
the birds. It is recalled again that such faeces contain, or can lead
to, acids such as uric, phosphoric or nitric, as well as enzymes,
mineral salts and water in different proportions. The acidity of
the droppings makes them an extremely corrosive substance, so
that, over time, they affect different structures, causing problems
of an aesthetic nature, and others of a hygienic nature. Depending
on their degree of humidity, such droppings can be transformed
into humus, which can serve as a settlement for different botanical
species that complete the biodeterioration action [11], entering
and increasing the size of possible cracks in the stone substrate
[17], reaching crumble items such as tiles and bricks.

The set of all these pernicious aspects has caused the need to
census and control the populations of certain species [23], which
is implying certain controversies because, apart from certain
prejudices and cultural considerations about birds (or certain
species of birds), inadequate control can have very negative effects,
not only on the target species but also on others that are in some
way detrimental.
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