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INTRODUCCIO GENERAL

Les activitats antropogéniques son
la principal causa de transformacio
i degradacié dels ecosistemes (Vi-
tousek et al. 1997). La transforma-
ci6 dels paisatges naturals per a la
produccié d’aliments, |'obtencié
d’energia i minerals o la urbanitza-
cid i construccié d’infraestructures
sén, entre altres, grans elements
transformadors dels entorns natu-
rals. En l'actualitat, les terres de
cultiu i les pastures s’han convertit
en un dels biomes més extensos
del planeta ocupant una extensio
del 40% de la superficie terrestre
del planeta (Foley et al. 2005).
L’incessant creixement de la pobla-
cié humana incrementa la deman-
da sobre la produccié d’aliments
convertint-la en una activitat cada
vegada més intensificada (Tilman
et al. 2002).

La intensificacid dels sistemes de
produccié d’aliments, en definitiva
dels sistemes agropastorals, ha es-
tat identificada com un dels princi-
pals factors causants de la perdua
de biodiversitat d’aquests sistemes
(Benton et al. 2003). La intensifica-
ci6 agricola té un gran impacte
sobre diferents taxons, afectant les
poblacions d’especies de plantes,
artropodes i vertebrats (Robinson i
Sutherland 2002). Aquest procés

d’intensificacié actua des d’un
complex multifactorial dirigit a
maximitzar la produccio i a mini-
mitzar els costos economics. La
mecanitzacié dels sistemes de
produccié, I'increment en I'Gs de
fertilitzants sintetics, I’Us d’herbici-
des i pesticides, la irrigacio de les
terres de seca, la substitucié de
cultius o la concentracié parcel-la-
ria son alguns clars exemples
d’aquesta intensificacio (Sudrez et
al. 1997, Robinson i Sutherland
2002).

Sota aquest context, les espécies
que habiten els sistemes agricoles
s’han d’adaptar, en un sentit ampli
de la paraula, als canvis rapids i
constants que aquests medis patei-
xen. No obstant aix0, no totes les
espécies ho aconsegueixen i com a
resultat es produeixen drastiques
davallades poblacionals (Donald et
al. 2001) i fins i tot una pérdua de
la biodiversitat (Benton et al.
2003). Dins d’aquestes espécies,
els ocells esteparis sén un dels
grups d’espécies que han vist min-
var més les seves poblacions i a dia
d’avui sén considerats un dels
grups més amenacats a escala eu-
ropea (BirdLife International 2004,
Burfield 2005). Les caracteristiques
d’aquest heterogeni grup d’espe-
cies des d’un punt de vista filoge-
netic, pero amb condicions de vida
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i adaptacions al medi similars (De
Juana 2005), fa que molts dels rep-
tes que se’ns plantegen des d’un
punt de vista de la seva conserva-
cié a nivell especific siguin compar-
tits per una gran majoria d’elles.

Per tal de revertir les negatives i
abruptes tendéncies poblacionals
d’algunes d’aquestes espeécies i la
pérdua de biodiversitat d’aquests
espais calen doncs mesures correc-
tores que facin compatible I'activi-
tat agricola amb I'existéncia d’una
biodiversitat rica en espécies, tal i
com han estat tradicionalment els
sistemes agricoles (Benton et al.
2003, Kleijn et al. 2006).

Demografia i estrategies de
vida en un entorn canviant

A nivell demografic, les poblacions
d’ocells presenten fluctuacions en
la seva mida poblacional de mane-
ra natural. La densitat poblacional
esta afectada principalment per
tres parametres demografics: la
natalitat, la mortalitat i la dispersid
(Perrins and Birkhead 1983). En
poblacions sedentaries i relativa-
ment tancades, la dispersié juga un
paper secundari en les dinamiques
poblacionals. Aixi, el creixement
poblacional d’'una determinada po-
blacid depeén principalment del ba-
lang entre el reclutament amb dels

nounats i els individus morts. Una
poblaci6 amb una mortalitat més
elevada que el reclutament (creixe-
ment negatiu) i sostinguda en el
temps pot acabar desapareixent.
Mentre que una poblacié on el
reclutament és més alt que la mor-
talitat (creixement positiu), si és
suficientment elevat, pot assolir un
limit maxim de mida poblacional,
conegut com a capacitat de carrega
(Begon et al. 2005). La capacitat de
carrega d’'un ambient esta relacio-
nada amb la disponibilitat de recur-
sos. | el nombre d’individus que
una poblacié pot sostenir esta re-
gulada per la limitacid en algun
d’aquests recursos. Per a moltes
espécies, la disponibilitat d’aliment
és el factor més limitant i defineix
el nombre d’individus que un siste-
ma pot suportar, mentre que per
altres ho pot ser la disponibilitat
d’arees de cria (Perrins and Birk-
head 1983), entre altres factors.
Les alteracions antropogéniques
modifiquen els recursos disponi-
bles per a les espécies i alteren el
nombre d’individus que un sistema
pot suportar. Les estrategies de
vida de les espécies i les respostes
dels seus individus als canvis de
I’entorn sén aspectes fonamentals
gue determinaran les dinamiques
poblacionals.
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Els diferents individus d’una pobla-
cié poden mostrar estrateégies dife-
rents en la manera en la que
exploten I"habitat disponible o I'es-
pai (Cardador et al. 2012a, Roever
et al. 2013, Brown and Crone
2016). De fet, les diferéncies indivi-
duals en la conducta, la morfologia,
la fisiologia, la personalitat i els
trets de la historia de vida son
freqlients entre els taxons, la qual
cosa pot conduir a diferéncies
interindividuals en els balancos de
cost-benefici de les diferents estra-
tegies (Réale et al. 2007, Wilson
and Mclaughlin 2007, Boon et al.
2008). Un dels principals paradig-
mes en l'ecologia del comporta-
ment és que la variacid individual
existeix i aquesta variacioé pot afec-
tar a I’éxit reproductor i a la proba-
bilitat de supervivencia dels dife-
rents individus (Seether et al.
1996). Saether et al. 1996, analit-
zant la relacié entre la mida de
posta i la supervivencia adulta de
més de 100 espécies d’ocells, va
identificar tres estrategies de vida
diferents. Moltes espécies presen-
taven elevades taxes de supervi-
véncia i mides de posta petita,
mentre que altres mostraven una
baixa taxa de supervivéncia i mides
de posta gran. Un tercer grup, més
reduit en nombre d’espeécies, exhi-
bia taxes de supervivencia relativa-
ment altes i mides de posta també

elevades. En el mateix estudi, utilit-
zant un conjunt de dades més re-
duit, es descriuen diferencies en el
moment del cicle vital de major
importancia en la regulacio de la
dinamica poblacional entre espe-
cies precocials i altricials. Per a la
majoria d’especies precocials, les
fluctuacions poblacionals es corre-
lacionaven amb I'época de cria,
mentre que per a la majoria de les
espécies altricials les fluctuacions
poblacionals s’explicaven millor
per les perdues durant el periode
no reproductor.

En ambients canviants per I'accid
de I’lhome, els individus han d’ajus-
tar el seu comportament a aques-
tes condicions (Wong i Candolin
2015). La modificacié del compor-
tament es genera com a primera
resposta a aquests canvis. El com-
portament es considerat com un
element plastic que permet als
individus respondre davant de no-
ves situacions. Aixi, la plasticitat
comportamental juga un paper
clau en explicar perqué algunes
espécies sén capaces de sobreviure
en ambients alterats per I'home i
altres no (Van Buskirk 2012). Per
algunes espécies les alteracions an-
tropogeniques es confronten di-
rectament amb les seves estrate-
gies de vida (Kriska et al. 2006, Bre-
tagnolle et al. 2018). A més, sovint
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aquestes alteracions es produeixen
d’una manera tant rapida i accen-
tuada que moltes espécies no te-
nen suficient capacitat de resposta
(Van Buskirk 2012, Sih 2013). Per
altra banda, les alteracions creades
per ’home poden minar la fiabilitat
de les senyals utilitzades per els
animals a I’hora d’avaluar la quali-
tat de I’habitat. Aquestes modifica-
cions poden resultar en I'eleccié
d’un habitat suboptim i aquest fet
pot tenir conseqliencies sobre la
supervivencia (Battin 2004) i I'exit
reproductor (Kokko i Sutherland
2001, Hale i Swearer 2016, Lameris
et al. 2016, Bretagnolle et al. 2018).

Efectes de la intensificacio
agricola sobre I'avifauna

La conservacié de les especies
requereix entendre els factors que
influencien la seleccié d’habitat, la
supervivencia i la productivitat de
les seves poblacions. Els principals
factors d’intensificacio agricola sén
elements transformadors dels pai-
satges i dels ecosistemes agraris i
tenen una gran influéncia sobre les
espécies vinculades a aquests am-
bients. La intensificacié dels siste-
mes de produccio agricola ha estat
identificada com la principal res-
ponsable de la reduccié de les
poblacions d’ocells a Europa vincu-
lades als medis agricoles (Donald et

al. 2001) i de la pérdua de bio-
diversitat (Benton et al. 2003). |
com ja hem mencionat, els ocells
esteparis es consideren actual-
ment un dels grups d’ocells més
amenacats a nivell europeu (Bird-
Life International 2004, Burfield
2005).

La irrigacio de les terres de seca
produeix una reduccio de les arees
de distribucid de les espécies este-
paries. A més a més, tenint en
compte que moltes d’aquestes es-
pecies nidifiquen a terra, les fa es-
pecialment sensibles a les prac-
tigues agricoles, com sén el reg per
inundacio, la sega dels cultius o les
activitats d’aplicacié dels tracta-
ments fitosanitaris. Aquestes espe-
cies també es veuen afectades,
tant per l'abandonament de les
activitats ramaderes en algunes zo-
nes, ocasionant la pérdua d’habi-
tats, com per la seva intensificacio
a causa de les pérdues de nius al
pas dels ramats. A més a més, tant
la sega com la sobrepastura redu-
eixen drasticament l'alcada i co-
bertura de la vegetacid, exposant
als ocells a l'acci6 depredadors
(Onrubia and Andrés 2005, Santos
and Suarez 2005).

D’altra banda, la implantacié del
regadiu provoca canvis en les
espécies cultivades, provocant de
vegades la proliferacié de cultius
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llenyosos. Aquest punt és especial-
ment rellevant per als ocells este-
paris ja que son espécies d’espais
oberts i que poden no tolerar una
configuracid del paisatge excessi-
vament tancada provocada per
cultius llenyosos (Cardador et al.
2015) o altres cultius, com el blat
de moro, que assoleixen una gran
alcada.

Els canvis en els usos del sol, com
per exemple el provocat per I'a-
bandonament de zones agricoles,
també té conseqliéncies sobre les
comunitats d’ocells. L’abandona-
ment d’aquestes zones afavoriria
les espécies forestals i de matollar,
en detriment de les especies d’am-
bients agricoles (EBCC 2015). Con-
cretament, a I'oest de la conca del
Mediterrani les espécies que es
veurien més afectades per aquest
abandonament serien les espécies
d’ambients agricoles (Sirami et al.
2008).

Per altra banda, els canvis de sol
agricola per a usos urbans o d’in-
fraestructures suposen una peéerdua
directe de I’habitat per a aquestes
espeécies que veuen reduida aixi les
zones d’habitat disponible i conse-
glientment la seva distribucié. Ad-
dicionalment, aquests canvis fo-
menten la fragmentacié de I’habi-
tat que pot tenir conseqiliencies
negatives per algunes espécies

(Fahrig 2003, Liu et al. 2016, Xu et
al. 2018).

La biodiversitat dels ambients agri-
coles s’ha vinculat directament a la
heterogeneitat del paisatge (Ben-
ton et al. 2003, Katayama et al.
2014, Fahrig et al. 2015). En con-
cret, la biodiversitat estaria més
relacionada amb |’heterogeneitat
configuracional del paisatge, és a
dir com els diferents usos del sol es
distribueixen en l'espai, que amb
I’heterogeneitat composicional, el
percentatge dels diferents usos del
sol (Fahrig et al. 2011). Per altra
banda els ambients més homoge-
nis formats per parcel-les de mida
gran presenten una menor diversi-
tat dels diferents taxons (Fahrig et
al. 2015).

L'ds de fertilitzants sintétics pro-
mou l'eliminacié dels guarets, que
suposa la destruccié de zones de
nidificacié, aprovisionament d’ali-
menti arees de refugi per als ocells
esteparis (Lapiedra et al. 2011,
Morales et al. 2013).

Finalment, I'Gs excessiu de herbici-
des, insecticides i fungicides afec-
ta a tot I'ecosistema. La disminucid
d’espécies de plantes arvenses es
déna tant en abundancia com en
nombre d’espécies (Romero et al.
2008, Geiger et al. 2010). Aquesta
reduccié en el nivell basal de la
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cadena trofica provoca una afecta-
cié en tots els nivells del sistema
(Abrams et al. 1996)

Estat de conservacio dels
piocs a escala global

El desenvolupament de I'agricultu-
ra ha tingut lloc, principalment, en
sols fertils i relativament plans.
Que a la mateixa vegada, han sigut
els entorns escollits per a situar els
assentaments humans, incloses les
grans metropolis. El creixement
d’una agricultura cada vegada més
intensificada i I'expansio de les po-
blacions humanes han anat gua-
nyant terreny a les arees de distri-
bucié de les espécies que habita-
ven aquests paisatges en el passat.

La familia dels piocs o otidids sén
un clar exemple d’espeécies lligades
a zones planes o terrenys ondu-
lants i que, a més a més, habiten
espais oberts amb vegetacid arbo-
ria escassa i dispersa (Cramp and
Simmons 1980, Figura 1 del Requa-
dre 2). El sol-lapament de les arees
de distribucié d’aquestes espécies
amb les zones d’interés huma i
alterades per I’home, ha produit la
perdua forcosa de part de I’habitat
ocupat per aquestes espécies en
un passat recent, posant en risc la
existencia d’algunes d’elles. De les
26 especies que conformen la

familia Otididae, el 58% d’elles es
troben catalogades en l'actualitat
dins d’alguna de les categories amb
grau d’amenaca de la Unid Interna-
cional per a la Conservacié de la
Natura. D’aquestes, 2 espeécies es
troben en perill critic d’extincid, al-
tres 2 en perill d’extincid, 4 d’elles
son vulnerables i 7 espécies es tro-
ben proximes a I'amenaca (veure
Requadre 1).

A continuacié, sense pretendre fer
una revisid exhaustiva sobre la
materia, es descriuen les principals
amenaces i estat de conservacié de
les especies de la familia Otididae,
basant-nos en la informacié proce-
dent de les fitxes especifiques de la
IUCN (www.iucnredlist.org). Les
principals amenaces per a les espée-
cies d’aquesta familia sén la inten-
sificacié agricola, la caga, les col-li-
sions amb infraestructures i el can-
vi climatic (Fig. 1 del requadre 1).
Les activitats antropogéniques
relacionades amb la agriculturai la
cria de bestiar, amenacen actual-
ment a un total de 14 especies de
piocs distribuides en 3 continents
(Africa, Asia i Europa). D’aquestes,
a més a més, 11 espécies soén
objecte de caca, essent un total de
12 espécies de piocs les que pate-
ixen els efectes de la pressio cine-
gética. A més, per a una altre espeée-
cie (Ardeotis australis), originaria
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d’Oceania, tant la intensificacio
dels sistemes agropastorals com la
caca eren factors d’amenca de la
espécie en el passat. Per altra ban-
da, 8 espécies (Ardeotis kori, A.
Nigriceps, Chlamydotis macquee-
nii, C. undulata, Neotis denhami, N.
Ludwigii, Otis tarda i Tetrax tetrax)
es veuen afectades per les vies de
serveis, com son les linies eléctri-
qgues i una novena (Houbaropsis
bengalensis) se’n podria veure
afectada en un futur. En addicio,
les carreteres i les vies ferroviaries
suposen una amenaca per a les 4
especies que es distribueixen en el
Paleartic (Chlamydotis macqueenii,
C. undulata, Otis tarda i Tetrax
tetrax) i una cinquena que habita el
subconti-nent indi (Ardeotis nigri-
ceps). Cal destacar pero, I'impacte
present o possible en un futur de
les vies de transport i linies de ser-
veis sobre A. nigriceps i H. benga-
lensis, donat que ambdues espe-
cies es troben en perill critic d’ex-
tincid. El canvi climatic i les condi-
cions de clima sever, com son les
sequeres, les temperatures extre-
mes, les tempestes o les inunda-
cions, afecten a les poblacions
d’hubares i de pioc salvatge. Per
altra banda, s’ha descrit que en un
futur el canvi climatic podria agreu-
jar l'estat de conservacié d’alme-
nys 8 especies de piocs (Afrotis
afra, Chlamydotis macqueenii, Eu-

podotis caerulescens, Heterotetrax
humilis, H. vigorsii, Neotis denha-
mi, Sypheotides indicus, Tetrax te-
trax). Altres factors d’amenaca re-
llevants son les activitats humanes
i molésties generades per les activi-
tats recreatives, guerres i activitats
militars, entre altres. També la
produccié d’energia i la mineria.

A nivell continental, les poblacions
asiatiques sén les que presenten
un pitjor estat de conservacio, on
de les 6 espécies que hi habiten 1
es troba proxima a la amenacga a
nivell mundial (T. tetrax), 2 son
vulnerables (C. macqueenii i O.
tarda), 1 esta en perill (S. indicus) i
2 en perill critic (A. nigriceps i H.
bengalensis). Del conjunt d’amena-
ces que hem descrit per als piocs,
hi hauriem d’afegir I'efecte dels
gossos, sobretot salvatges, sobre
les poblacions asiatiques de pioc
salvatge i que afectaria també a
altres espécies (A. nigriceps, H.
bengalensis, S. indicus, T. tetrax)
(Collar et al. 2017). Al continent
africa, hi trobem la major diversitat
d’espécies amb un total de 22
espécies. En general, les espécies
africanes presenten un millor estat
de conservacié que les espécies
asiatiques. Excloent les 3 espécies
gue presenten una distribucié mar-
ginal a Africa (C. macqueenii, O.
tarda i T. tetrax) (Fig. 2 del requa
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re 1), 10 espécies presenten un
estat de conservacié de preocu-
pacié menor, 6 es troben properes
a I'amenaca, 2 sén vulnerables i 1
es troba en perill. No obstant,
s’hauria d’estar atent i monitorit-
zar les tendencies poblacionals a
través de censos especifics.

A Europa tan sols hi trobem 2
espécies (O. tarda i T. tetrax) que a
nivell regional es troben cataloga-
des com a “Vulnerables” (BirdLife
International 2015). No obstant, a
la peninsula Ibérica, on trobem les

poblacions europees més impor-
tants per ambdues espécies, les
poblacions de pioc salvatge s’han
recuperat en les Ultimes decades,
mentre que en el cas del sisé comu
s’ha produit |'efecte contrari
(veure Casas et al. 2018). Dins dels
limits administratius d’Espanya
també s’hi troba una subespécie de
I'hubara africana (C. undulata
fuertaventurae) que habita les illes
orientals de 'arxipélag canari i que
compta amb uns pocs centenars
d’efectius poblacionals (Martin et
al. 1997, Carrascal et al. 2006).



Requadre 1 Estat de conservacio, principals amenaces i habitats de les espécies de
pioc. Catalogacié del nivell d’amenaga designada per la Unid Internacional per a la
Conservacié de la Natura (UICN, 2018) de les 26 espécies representants de la familia
Otididae. També es descriuen les principals amenaces per a les diferents espécies, aixi

com també la seva distribucio.

Nom (angleés) Especie Estatus
1.- Asian houbara Chlamydotis macqueenii VU
2.- African houbara Chlamydotis undulata VU
3.- Little bustard Tetrax tetrax NT
4.- Great bustard Otis tarda VU
5.- Australian bustard Ardeotis australis LC
6.- Great Indian bustard Ardeotis nigriceps CR .
7.- Arabian bustard Ardeotis arabs NT
8.- Kori bustard Ardeotis kori NT
9.- Nubian bustard Neotis nuba NT
10.- Denham's bustard Neotis denhami NT
11.- Heuglin's bustard Neotis heuglinii LC
12.- Ludwig's bustard Neotis ludwigii EN .
13.- Black-bellied bustard Lissotis melanogaster LC
14.- Hartlaub's bustard Lissotis hartlaubii LC
15.- White-bellied bustard  Eupodotis senegalensis LC
16.- Blue bustard Eupodotis caerulescens NT
17.- Little brown bustard Heterotetrax humilis NT
18.- Black-throated bustard Heterotetrax vigorsii LC
19.- Ruppell's bustard Heterotetrax rueppelii LC
20.- Southern black bustard Afrotis afra VU
21.- Northern black bustard Afrotis afraoides LC
22.- Bengal florican Houbaropsis bengalensis CR I
23.- Lesser florican Sypheotides indicus EN
24.- Buff-crested bustard Lophotis gindiana LC
25.- Red-crested bustard Lophotis ruficrista LC
26.- Savile's bustard Lophotis savilei LC
5:11.Us imencionat| | N 45.prats - suotropicaropical sec-| | N
a2 viitatirinies ce serveis | | 35. aroustiu - subtropicairropicat sec| |
213 agroincustia | | 14.1. aiiciaiTerrestre - Terra ravie | |
6.3 Trevaiis i atres actitts || N NREEE 21.savana - seca | [ N EREEEEEEEEEE
112.sequeres | | EEEEEEEL 1 I
2.1.2. Explotacic 1 I 4.56. Prats — Subtrop Tropical est humitinundat{ [
22 sneraipeawres | [ Amenaces F— Habitats
J ;\lespécie;U h ) ) N es;JUécies h N

Figura 1 Principals amenaces i habitats de les 26 espécies de la familia Otididae segons la UICN. Dades adaptades.
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§ Afrotis afra
S Afrotis afraoides

: g Ardeotis arabs
I Ardeotis australis
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§ Ardeotis nigriceps
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Figura 2 Distribucio de les 26 espécies de la familia Otididae. Mapa derivat de les dades procedents de la Unid Internacional per a la Conservacio de la Natura
(IUCN; https://www.iucnredlist.org). Mapa de confeccié propia.
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El sisd comu superiors als 46° N l'espécie és
migradora i tan sols hi és present
1. Biologia de I'especie durant el periode reproductor. Una

vegada finalitzada la reproduccid i
cria dels polls, aquestes poblacions
comencen la migracié postnupcial
cap a latituds més baixes on queda-
ran aresguard de les temperatures
rigorosament baixes de les latituds
més septentrionals. D’altra banda,
en latituds entre els 33—-46°N po-
dem trobar importants poblacions
de sisons considerades com a se-
dentaries o migradores parcials
(Cramp and Simmons 1980, Garcia
de la Morena et al. 2015). A Ia
Peninsula Ibérica hi trobem la po-
blaci6 més important d’individus
sedentaris de I'espécie i una de les
poblacions més importants de

El sis6 comu (Tetrax tetrax) és un
ocell estepari que es distribueix al
llarg de la regid Paleartica. El seu
rang de distribucié compren des de
la peninsula Ibérica i el nord d’Afri-
ca fins al nord-oest de la Xina (del
Hoyo et al. 2014, BirdLife Interna-
tional 2017) (Fig. 1). Originaria-
ment, |'especie ocupava les este-
pes naturals d’Eurasia, perd a me-
sura que la transformacié dels usos
del sol cap a medis agricoles avan-
cava al llarg de la historia de la
humanitat, el sis6 comu va anar
colonitzant de manera secundaria
les arees cultivades. En latituds

I Resident

Reproductor "N
n
I Hivernant LNy
B Migracié ’
., P A
B cxtincio & al'f 3

_ e £ 4 o

Figura 1 Distribucié del sis6 comu (Tetrax tetrax). Mapa de distribucié de
I’espécie segons BirdLife International i el Handbook of the Birds of the World
(2016). Tetrax tetrax. Llista Vermella de les espécies amenacades IUCN. Versid

2017-2. Mapa de confeccié propia.
-11-
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I’espécie a nivell mundial (Garcia
de la Morena et al. 2006, 2015).

Des d’un punt de vista reproductiu,
el sis6 comu és una especie poligi-
nica que presenta un sistema d’a-
parellament basat en lek dispers
(Jiguet and Bretagnolle 2001). Els
mascles es distribueixen en arenes
formades per agregacions de mas-
cles on efectuen un caracteristic
comportament de display per tal
d’atreure femelles amb les que
copular. Les femelles, per la seva
banda, acudeixen als territoris dels
mascles exclusivament a la recerca
de mascles de bona qualitat per
aparellar-s’hi. No obs-tant aixo, les
femelles poden nidifi-car dins dels
territoris defensats per mascles
(Jiguet et al. 2002, Morales et al.
2013) o visitar els territoris dels
mascles en busca de recursos
trofics quan aquests sén escassos.
De ben segur que la dis-ponibilitat
d’'un habitat adequat per a la
nidificacié i aspectes rela-cionats
amb la densitat de mascles hi estan
involucrats (Jiguet et al. 2002,
Morales et al. 2014, Devoucoux et
al. 2018).

Durant laincubacié dels ousilacria
de les pollicades, el mascle no con-
tribueix en l'atencié parental (Ji-
guet et al. 2000). Aixi que tota la
responsabilitat de la cura parental
recau en la femella. El niu és una

simple depressio al terra guarnida
amb herba (Boutinot 1957) localit-
zat entre vegetacio herbacia baixa,
sovint en guarets o camps de
cultiu. La posta, generalment
formada per 3—4 ous (Shlyakhtin et
al. 2004), té lloc principalment a la
primavera, encara que al Marroc
s’han descrit nius des del febrer al
mes de juny. A la peninsula Ibérica
el mes de maig és el periode on
ocorren la majoria de postes
(Johnsgard 1991). Probablement,
la femella comenga a covar abans
que l'ultim dels ous sigui post i la
incubacié es perllonga durant 20—
22 dies. Encara que després del
fracas del niu les femelles sén
capaces de pondre postes de repo-
sicio, aquestes s’han descrit com a
infreqlents (Lapiedra et al. 2011,
Bretagnolle et al. 2018). Els polls
son precocials i atesos exclusiva-
ment per la femella (Cramp and
Simmons 1980).

Estat de conservacio

En les Ultimes décades, I'espécie ha
patit una forta regressié poblacio-
nal deguda, principalment, a la in-
tensificacié agricola. Els efectes
negatius de la caca i de les colli-
sions amb infraestructures i trans-
ports s’han descrit, també, com a
factors d’amenaca per a les seves
poblacions. Actualment, I'espeécie
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esta catalogada com a Vulnerable
(VU) a nivell europeu (Staneva and
Bur-field 2017) i Propera a I’Ame-
naca (NT, de les seves sigles de
I’angles) a nivell mundial (BirdLife
International 2016). Tot i que els
resultats obtinguts en els ultims
censos efectuats a Europa (Garcia
de la Morenaetal. 2017, Silva et al.
2018) posen de manifest la urgen-
cia d’una actualitzacié del seu estat
de conservacio.

Els processos especifics vinculats a
la intensificacié agricola i a la dava-
llada poblacional del sisé6 comu sén
de ben segur complexes i multifac-
torials. Investigacions dutes a ter-
me a I'oest de Franga (Bretagnolle
et al. 2011) i al nord-est de la
peninsula Ibérica (Lapiedra et al.
2011) indiquen que I’éxit reproduc-
tor d’aquestes poblacions esta per
sota del que es considera el llindar
de viabilitat demografica (Inchausti
and Bretagnolle 2005, Morales et
al. 2005a) en ambdues poblacions.
Als sistemes agricoles intensius de
I'oest de Franca, el baix éxit repro-
ductor s’ha atribuit a la destruccié
dels nius durant la sega dels cultius
(Bretagnolle et al. 2018) i també
s’ha associat a la perdua de les po-
llicades deguda a la baixa abundan-
cia d’artropodes (Inchausti and
Bretagnolle 2005, Bretagnolle et al.
2011), els quals sén essencials per

ala cria dels polls (Jiguet 2002). Per
altra banda, a les pseudoestepes
cerealistiques del nord-est de la
peninsula Ibérica, I'abséncia d’'una
cobertura vegetal adequada i I'es-
cassetat d’aliment també s’han
identificat com a responsables de
I'alta mortalitat dels polls. No obs-
tant, contrariament al descrit a
I'oest de Franca, tan sols una petita
proporcié de les pérdues esdevin-
gudes durant la incubacié es van
poder atribuir a I'efecte directe de
les operacions de sega o altres
activitats agricoles (Lapiedra et al.
2011), ja que moltes de les postes
fracassades durant la incubacio te-
nien lloc abans de la collita del ce-
real en aquesta regid.

D’altra banda, des d’un punt de
vista demografic, no tan sols la
productivitat i el reclutament de
nous individus a les poblacions
juguen un paper important en la
viabilitat de les poblacions. En les
espécies relativament longeves, un
dels parametres demografics clau
per a que una poblacié disposi de
bona salut és la supervivéncia dels
individus adults i sexualment ma-
durs (Newton 1998, Morales et al.
2005a). Les principals amenaces
descrites fins ara que afecten la
supervivencia adulta séon la caca
il-legal i les col-lisions amb linies
eléctriques (lfiigo and Barov 2010,
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BirdLife International 2016). Tot i
que la seva importancia relativa de
cadascun d’aquests factors resta
desconeguda.

Intensificacio agricola a
Espanya

A Espanya, encara avui dia, trobem
forces zones agricoles extensives
(Kleijn et al. 2006), amb un alt per-
centatge de la superficie arable del
pais ocupada per pseudoestepes
(Suarez et al. 1997). Aquestes es
caracteritzen per ser zones obertes
i planes o ondulants, dominades
per cereals d’hivern, com l'ordi i el
blat (Suarez et al. 1997), en un
clima mediterrani continental. Que
encara perdurin zones agricoles
extensives és un dels motius per els
quals les poblacions d’ocells de
medis agricoles a Espanya disposen
de millor salut que en altres paisos
europeus (Butler et al. 2010). De
fet, el conjunt de la peninsula
Ibérica és la regid més important
per als ocells esteparis dins de la
Unid Europea (Santos and Suarez
2005) amb una gran diversitat
d’espeécies a Espanya (Traba et al.
2007). Aixi, aquest estat té una
gran responsabilitat en garantir la
conservacié d’aquestes espécies.
Els processos d’intensificacié agri-
coles actuals a Espanya posen en

perill algunes d’aquestes espécies.
| en I'actualitat, trobem davallades
poblacionals més accentuades que
en altres paisos de I'entorn euro-
peu (Staneva and Burfield 2017).

1. Conversio a regadiu

Els sistemes agricoles extensius de
seca tradicionals, dominats princi-
palment per cereals d’hivern, tals
com l'ordi o el blat, sén poc pro-
ductius en comparacié amb els
cereals que es troben en sistemes
agricoles irrigats (Mueller et al.
2012). De fet, si es deixessin de
regar tots els cereals irrigats, ac-
tualment, la produccié d’aquests
cultius disminuiria un 47%, causant
una pérdua en la produccié dels
cereals a nivell mundial al voltant
d’un 20% (Siebert i D6l 2010). Les
diferéncies s’evidencien molt més
si comparem la produccid i rendi-
ments economics dels cereals de
seca amb altres tipus de cultius que
requereixen d’aportacié hidrica,
com podrien ser els cultius de blat
de moro o els cultius llenyosos de
fruita dolga. A escala global, el 24%
de les terres de cultiu sén regades i
aquestes son les responsables del
34% de la produccid agricola
(Siebert and Dol 2010).

A Espanya, la construccid de
nombrosos pantans a les principals
con-ques hidrografiques a partir
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dels anys 50 va permetre I'emma-
gatzemament de grans reserves
d’aigua. Aquesta disponibilitat hi-
drica va propiciar el desenvolupa-
ment dels sistemes de regadiu.
Aixi, a mitjans del segle XX comen-
¢a una important conversido de
cultius de seca a cultius de regadiu
que continua tenint lloc en I'actua-
litat (Fig. 2). Avui dia, el regadiu
ocupa un 22.0% de la superficie
agricola espanyola i un 7.4% de la
superficie geografica del pais
(MAPAMA, 2017).

El sistema de reg per gravetat va
ser el primer sistema de reg utilit-
zat de manera generalitzada, ja
que és el que necessita d’'una me-
nor infraestructura i técnica (veure
Requadre 2). Encara avui dia,
aquest sistema de reg esta forca
estes (25% de la superficie regada
a Espanya; MAPAMA 2017), tot i
que és poc eficient en I'estalvi
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d’aigua. Per altra banda, 'augment
progressiu de la superficie de reg
ha provocat un increment en la
pressid sobre aquest recurs tan
preuat. Aixi que, cada vegada més,
es fa més necessaria la modernitza-
cié dels sistemes de reg menys efi-
cients en I'Us de I'aigua per altres
sistemes que permeten un major
estalvi dels recursos hidrics (Tilman
et al. 2002). Actualment, el reg per
gravetat esta sent substituit per al-
tres sistemes de reg més eficients.
A Espanya, durant I'Gltima decada
(periode 2007-2016), el reg per
gravetat ha disminuit un 15%,
mentre que altres sistemes de reg
com son el reg per aspersido amb
suport fixe, el reg per aspersié mit-
jancant pivot o el reg localitzat han
augmentat un 18%, un 24% i un 23
%, respectivament, per al mateix
periode (MAPAMA, 2017).

Figura 2 Evolucio de la superficie de
cultius de regadiu a Espanya pel
periode (1920-2017). Les dades em-
prades per generar la grafica han estat
recopil-lades de diverses fonts: Estruc-
tura econémica de Espafia per Tama-
mes (2008) (periode: 1920-1980);
Anuario de estadistica 2002 del Minis-
terio de Agricultura, Pesca, Alimenta-
cién y Medio Ambiente (MAPAMA)
(periode: 1985-2001); Anuario de es-
tadistica 2017, MAPAMA (periode:
2002-2017).
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Requadre 2 Descripcio dels sistemes de reg més comuns. A la dreta es poden observar
imatges aeries de zones dominades pels diferents sistemes de regadiu descrits. Observis
que I'Us dels diferents sistemes de reg pot tenir efectes en I’heterogeneitat del paisatge

agricola.

SISTEMES DE REG

Reg per gravetat: és el sistema més antic de reg
i encara avui dia el més estes al mon. L'aigua
procedent d’un riu o font es canalitza mitjan-
¢ant un seguit de canals que porten I'aigua fins
als conreus. El reg es realitza amb I'obertura
d’un comporta per on surt I'aigua i gracies a un
cert desnivell de la parcel-la aquesta es regada.

Reg per aspersors fixes: sistema de reg a
pressio que requereix de molta energia. L'aigua
es transportada per unes canonades que porten
I"aigua fins a uns aspersors fixes que dispersen
I'aigua simulant la pluja. Per assolir la pressio
requerida normalment es necessari I'Gs de
bombes o bé diposits d’aigua elevats o sistemes
similars.

Reg per pivots: tipus de reg per aspersiéo mobil.
El més comu és el de tipus central que rep el seu
nom degut al seu moviment circular al voltant
d’un punt central sobre el qual pivota. Per a que
aquest sistema de reg sigui rentable es reque-
reix que I'estructura mobil sigui bastant llarga,
generant aixi conreus de grans dimensions. Es
considera que la mida minima de la parcel-la per
a que aquest tipus de reg sigui rentable és
d’unes 16 hectarees.

Reg localitzat per degoteig: de la mateixa
manera que el reg per aspersid, aquest és un
tipus de reg pressuritzat. Aquest sistema es
basa en un alt aprofitament de I'aigua a través
d’un sistema de petites canonades que reguen
per degoteig el sistema radicular de les espécies
cultivades. Generalment aquest tipus de reg
s’utilitza per espécies llenyoses encara que
també es poden utilitzar en cultius herbacis.
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Aguests canvis poden tenir impor-
tants efectes en el paisatge agrico-
la, ja que cadascun d’aquests sis-
temes duu associat un determinat
tipus de parcel-la agricola. Per
exemple, les parcel-les regades per
gravetat normalment presenten
una mida relativament petita, ja
que és necessari que tinguin una
amplada que permeti el direccio-
nament de I'aigua amb la finalitat
que lairrigacid es produeixi en tots
els punts de la parcel-la. Mentre
que, per exemple, el reg per pivot
requereix que les parcel-les ocupin

grans extensions de terreny per a
que aquestes explotacions siguin
rendibles.

Tot aixd, té grans conseqliencies
en la configuracio del paisatge. En
general, els sistemes agricoles
constituits per parcel-les de mida
petita fomenten la heterogeneitat
del paisatge ja que poden propiciar
una matriu paisatgistica més diver-
sa, mentre que aquells sistemes
formats per parcel-les de mida més
gran, sovint, sén considerats com a
sistemes més homogenis (Fahrig et
al. 2011). No obstant aixo, hi ha

0 25 50 100

150 Km

I N I T T T S T |

Figura 3 Ortofotomapa de la conca de I’'Ebre. Mapa generat a partir de I'obtencio
d’imatges satel-litals (Spot-5 a 20 m de resolucid) i ortofotografies (PNOA 0.25-
0.50 m de resolucid). A la imatge es poden apreciar les principals arees de regadiu
(verd pal-lid) presents a l'interior de la conca. Les principals arees de regadiu es
poden delimitar, d’est a oest, en regadius de la Plana de Lleida irrigats mitjancant
el Canal d’Urgell amb aportacié de cabal del riu Segre, regadius amb aportacié del
riu Cinca i regadius a la llera de I'Ebre i altres afluents.
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gran diversitat de medis agricoles i
existeixen sistemes amb parcel-les
de mida petita que sén forca ho-
mogenis en la seva composicio.

2. Canvis en els usos del sol

La produccié agricola respon a les
necessitats de mercat. Aixi que les
noves plantacions de cultius bus-
qguen satisfer les demandes del
mercat interior i exterior. Tal i com
hem mencionat préviament, els
sistemes agricoles de regadiu per-
meten conrear cultius i varietats
que d’altra manera no serien pos-
sibles en entorns on les precipita-
cions no son suficientment abun-
dants. Cal destacar que les planta-
cions de cultius llenyosos modifi-
quen drasticament els paisatges
agricoles tradicionalment caracte-
ritzats per ser espais oberts amb
cultius herbacis anuals, generant
ambients molt més tancats domi-
nats per grans extensions de mo-
nocultius gestionades de manera
intensiva. Per altra banda, la modi-
ficacid dels usos del sol no tan sols
es produeix per una substitucid
d’uns cultius per uns altres. Para-
I-lelament al procés d’intensificacid
agricola s’ha produit una progre-
ssiva translocacié de la poblacié de
les zones rurals a les ciutats que ha
provocat I'abandonament de zo-
nes agricoles menys productives
(MacDonald et al. 2000, Rey

Benayas 2007). Aquest abandona-
ment ha propiciat que amb el
temps la vegetacid natural recolo-
nitzi aquests espais (Cohen et al.
2011). Es ddna aixi, un procés de
forestacid natural quan les condi-
cions de I'ambient i la propia vege-
tacié natural ho permeten, aquest
procés no s’hauria de confondre
amb el fenomen de reforestacio
efectuada per repoblacions actives
d’arbres mitjancant la plantada o
la sembra de llavors (Mather and
Needle 1998).

Segons The Economist (2017), Es-
panya ha passat d'un 28% de
superficie forestal a I’'any 1990 a un
37% en l'actualitat. A altres paisos
de la Unidé Europea s’han observat
tendéncies similars. No obstant,
aquests increments no es deuen
exclusivament a processos de fo-
restacio natural, sind que les fores-
tacions actives també han contri-
buit a I'increment de la superficie
forestal en els paisos occidentals.

La forestacié de les ultimes deca-
des a Espanya esta vinculada a I’en-
trada d’aquest estat a la Comunitat
Economica Europea al 1986 i a les
mesures de proteccié ambiental i
forestals proposades dins de la
Politica Agraria Comuna (PAC)
aprovades a I'lany 1992 (Rey Bena-
yas 2007, Vadell et al. 2016). Els
sols objecte d’aquesta forestacio
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van ser un 22% terres de cultiu, un
50% pastures i guarets pasturats i
un 28% zones forestals obertes
(Picard 2001). Durant el periode
1993-1999 les zones forestades
van assolir les 460.000 ha a Espa-
nya, amb taxes d’increment anuals
similars a les reforestacions dels
anys 50 (Vadell et al. 2016).

Finalment, I'abandonament de les
zones rurals ha conduit a una ex-
pansié de les zones urbanes i de les
infraestructures, ocupant entre
d’altres habitats, els medis agrico-
les.

3. Mecanitzacid i concentra-
cid parcel-laria

El desenvolupament tecnologic ha
propiciat la mecanitzacio dels siste-
mes de produccié agricola aug-
mentant la mida de les explota-
cions agricoles i accelerant els pro-
cessos de produccié. En I'actua-
litat, per exemple, la collita del ce-
real succeeix molt més rapid que
guan aquesta s’efectuava manual-
ment o amb I'ajuda de traccid ani-
mal, a més a més, la nova maquina-
ria agricola permet realitzar de ma-
nera simultania diferents opera-
cions (p. ex., la collita del cereal, la
trilla del gra i I'embalatge de Ia
palla) (Robinson and Sutherland
2002). Paral-lelament, el progre-
ssiu desenvolupament economic i

social, junt amb [I'escas relleu
generacio-nal a la pagesia, ha pro-
vocat una reestructuracié en la
possessié de les propietats agrico-
les. Consequiientment, avui dia te-
nim explotacions agricoles de mida
més gran (Stoate et al. 2001).

D’altra banda, I'aparicié de tractors
cada vegada més potents i altra
maquinaria agricola ha facilitat I'e-
liminacié de rodals amb vegetacid
natural i de marges de parcel-les.
Addicionalment, en alguns casos,
des de I"'administracio publica s’ha
fomentat la concentracid parcel-la-
ria. Aquesta es basa en la redistri-
bucié espacial i concentracié de les
parcel-les agricoles d’un mateix
propietari en blocs de parcel-les a-
gregades. Aixi que, sovint, la con-
centracio parcel-laria provoca I'eli-
minacié de marges i augmenta la
mida de les parcel-les agricoles. Per
posar un exemple proper, si com-
parem en nombre i mida les par-
cel-les agricoles en una mostra de
1018 hectarees a la Zona d’Especial
Proteccid per a les Aus (ZEPA) dels
Secans de Belianes-Preixana abans
i després d’una concentracié par-
cel-laria trobem que el nombre de
parcel-les d’Us agricola ha dismi-
nuit un 38%. Mentre que la mida
de les parcel-les abans de la con-
centracié parcel-laria era de 1.4 +
1.6 ha (mitjana * sd), en I'actuali-
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tat és de 2.1 + 2.6 ha (dades pro-
pies obtingudes a partir de la carto-
grafia SIGPAC 2009 i 2016). A més
a més, la concentracio parcel-laria
al generar parcel-les agricoles de
mida més gran, redueix la densitat
de marges, elements estructurals
importants pel manteniment de la
biodiversitat (Robinson and Su-
therland 2002) i provoca la simplifi-
cacio i homogeneitzacié dels pai-
satges agricoles.

4. Us de fertilitzants

L'augment dels rendiments en la
produccié de les explotacions agri-
coles ha estat possible gracies a
I"aplicacié de fertilitzants sintétics.
A escala global, entre 1960 i 1995
I'aplicacié de fertilitzants nitroge-
nats es va multiplicat per 7 i I'us del
fosfor va augmentar 3.5 vegades
(Tilman et al. 2002). Avui dia, I'Us
de fertilitzants sintétics permet
conrear varis cultius en un mateix
camp per temporada agricola. A
banda dels compostos sintétics,
existeixen altres productes que
s'utilitzen per a fertilitzar el sol,
com poden ser els fertilitzants
d’origen organic. La materia orga-
nica acostuma a millorar I'estruc-
tura del sol i ajuda a retenir
nutrients importants per a les
plantes. No obstant, a vegades
porta alguns problemes associats,

com és el cas dels purins generats
per la industria porcina. Els purins,
rics en nitrogen, s’utilitzen com a
fertilitzants dels cultius i, simulta-
niament, els productors de porci es
desfan d’un residu incomode de
gestionar.

A banda dels problemes de conta-
minacio de rius i aquifers per I'es-
correntia dels compostos nitroge-
nats, degut a la seva alta mobilitat
i de I'emissi6 a l'atmosfera de
gasos com els Oxids de nitrogen
que augmenten '0z6 troposferic,
I’4s de fertilitzants ha modificat els
sistemes agricoles tradicionals ba-
sats en la rotacid dels conreus i el
repos de la terra en guaret. A dia
d’avui, les terres en repos o guarets
han quedat relegats dels sistemes
agricoles intensius. No obstant,
aquest sistema de rotacié s’ha
mantingut en les zones poc pro-
ductives on, per les caracteristi-
gues del sol, els costos de fertilitza-
ci6 no compensen |'escas rendi-
ment economic d’aquest tipus
d’explotacions agricoles.

Pel que fa a Espanya, els guarets
s’han reduit un 16.4% durant el pe-
riode 2006—-2016 segons dades del
Ministeri d’Agricultura del govern
espanyol (MAPAMA 2017). Tot i
aix0, és un dels paisos dins de la
Unid Europea amb un major per-
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Figura 4 Percentatge de superficie en
guaret respecte el total de superficie
agricola total per els diferents paisos
de la UE per a I'any 2007 segons
EUROSTAT. Per el cas de Suissa no hi
havia dades disponibles per aquest
any i s’han utilitzat les dades per a
I’any 2005. Font: http://appsso.euro-
stat.ec.europa.eu

centatge de guarets respecte la su-
perficie agricola total del pais (Fig.
4). Malauradament, comprovem
per a les dades disponibles per a
I'any 2007, com el rang dels per-
centatges de guarets respecte la
superficie total agricola per als di-
ferents paisos de la UE es compreén
entre el 11.2% de Xipre i el 0.2%
d’Irlanda (EUROSTAT 2015).

Tradicionalment, els guarets s’'em-
praven com un metode de mante-
niment de la fertilitat del sol i de
control de les “males herbes” (Pier-
ce and Rice 1988). En addicid, les

terres en repos tenen una impor-
tancia ecologica rellevant sobre la
flora i fauna d’aquests ambients
(Van Buskirk i Willi 2004) i també
sobre els propis serveis ecosiste-
mics. Per posar un exemple, s’ha
descrit com els sistemes de rotacié
amb guaret tindrien un efecte posi-
tiu sobre la pol-linitzacié a través
de I'afavoriment de la riquesa d’es-
pecies i 'abundancia dels insectes
pollinitzadors (Kuussaari et al.
2011). A més a més, els guarets
podrien afavorir a altres grups
d’insectes amb funcions tant im-
portants com sén I'eliminacié d’ex-
crements i el control de plagues
(veure Zhang et al. 2007). Altres
taxons, com son els ocells també
poden exercir el servei de supre-
ssio0 de plagues (Boesing et al.
2017). A més a més, la vegetacid
seminatural redueix els danys als
cultius per insectes degut a una
major presencia dels ocells que els
depreden (Martin et al. 2013). Aix0
ultim és especialment rellevant, ja
gue en un sistema agricola intensi-
ficat amb un paisatge simplificat
basat en monocultius, la presencia
de plagues d’aquests cultius pot
ser especialment important (An-
dow 1983, Ost-man et al. 2001). No
obstant, els guarets també podrien
servir com a zones de refugi i pro-
pagacié d’espécies no desitjades
(Rodriguez-Pastor et al. 2016).
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5. Us de pesticides

L'ds desmesurat d’herbicides i
altres pesticides per fer front a les
plantes i plagues indesitjables des
d’un punt de vista agronomic és,
segurament, un dels problemes
més greus que ocasiona la produc-
cié agricola intensiva. Els seus
efectes actuen en forma d’efecte
cascada “bottom-up”. Es a dir, s’al-
teren els nivells basals de I'ecosis-
tema i aquesta alteracié afecta a la
resta d’estrats superiors (Abrams
et al. 1996). | és que els pesticides
d’ampli espectre son letals perales
especies objectiu (p.e. plagues dels
cultius) pero, al ser poc selectius,
afecten a les altres espécies, alte-
rant I'estructura de les comunitats
(Rohr and Crumrine 2005) i amb
conseqliencies molt negatives per
a tot I'ecosistema.

A més a més, els pesticides poden
causar efectes no letals, afectant
I’estat de salut i condicio fisica dels
individus, fet que pot revertir nega-
tivament en la supervivencia i les
taxes reproductives de les pobla-

cions afectades (Lopez-Antia et al.
2015). D’altra banda, I'estres fisio-
logic provocat per aquests agents
externs pot desequilibrar la home-
ostasi interna dels individus, aug-
mentant la carrega alostatica que
pot produir una disminucié de la
resposta immunitaria i la suscepti-
bilitat dels individus a patir malal-
ties (Ramsay and Woods 2014).

Finalment, en els pesticides s’hi
poden trobar altes concentracions
de contaminants, com per exemple
els metalls pesants, de la mateixa
manera que els trobem presents
en els fertilitzants inorganics
(Gimeno-Garcia et al. 1996, Singh
et al. 2017). Aquestes substancies
contaminen el sol, sén absorbides
per les plantes i bioacumulades en
els teixits, especialment en els
organismes situats en els nivells su-
periors de les cadenes trofiques
(Singh et al. 2017). Fins i tot en
dosis baixes, els metalls pesants
poden tenir greus conseqliéncies
sobre la salut dels organismes
(Lukacinova et al. 2011).
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OBIJECTIUS

Els objectius generals d’aquesta tesi son aprofundir en alguns aspectes poc
coneguts sobre la biologia i ecologia del sis6 comu, perd fonamentals per
a la seva conservacié en un context d’intensificacié agricola. Més concreta-
ment en aquelles qliestions més rellevants des d’un punt de vista de la
dinamica poblacional (mortalitat adulta i productivitat) o aspectes que han
estat poc estudiats fins a I'actualitat, com és la dieta o les diferéncies
interindividuals en els patrons de seleccié d’habitat i el comportament
espacial i les seves limitacions. Els objectius especifics dels diferents
capitols d’aquesta tesi sén:

Capitol 1

1. Analitzar el comportament espacial de les femelles de sisé durant
el periode no reproductor definit per predictors d’habitat i limita-
cions espacials.

2. Avaluar la variacio interindividual en els patrons de seleccié d’habi-
tat i comportament espacial.

3. Proposar mesures correctores per a la conciliacio del desenvolupa-
ment agricola i altres activitats humanes amb la conservacio de les
poblacions de sisé durant el periode no reproductor.

Capitol 2

4. Descriure per primera vegada la composicié d’especies vegetals i
animals que constitueixen la dieta del sis6 en ambients agricoles
durant el periode no reproductor.

5. Comparar la composicid i diversitat d’especies que conformen la
dieta del sis6 durant el periode no reproductor sota diferents
esquemes agricoles (seca — regadiu) i gradients d’intensificacio
(extensiu — intensiu).

6. Discutir les possibles implicacions per a les poblacions de sis6 que
tenen les diferencies trobades en la dieta en els diferents sistemes
agricoles.
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Capitol 3

7.

Avaluar les causes de mortalitat adulta i estimar la importancia
relativa de cadascuna de les causes de mort identificades a la
peninsula Ibérica.

8. Plantejar solucions per tal de minimitzar els impactes negatius

d’origen antropic sobre la supervivéncia adulta de I'espécie.
Capitol 4

9. Caracteritzar per primera vegada els patrons d’incubacié de les
femelles de siso.

10. Identificar les causes relacionades amb el fracas reproductiu durant
la fase d’incubacio.

11. Investigar els factors responsables del fracassos produits abans de
I'eclosié relacionats tant amb activitats agricoles com amb causes
naturals.

12. Quantificar la taxa de reposicié per aquelles femelles que fracassen
durant el periode d’incubacié o mort prematura dels polls.

13. Suggerir mesures destinades a corregir les pressions sobre els nius

de siso per tal de contribuir a una major taxa d’eclosid i productivi-
tat de I'especie.
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INTER-INDIVIDUAL CONSISTENCY IN HABITAT SELECTION PATTERNS
AND SPATIAL RANGE CONSTRAINTS OF FEMALE LITTLE BUSTARDS
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Identifying the factors that affect ranging behavior of animals is a cen-
tral issue to ecology and an essential tool for designing effective conserva-
tion policies. This knowledge provides the information needed to predict
the consequences of land-use change on species habitat use, especially in
areas subject to major habitat transformations, such as agricultural land-
scapes. We evaluate inter-individual variation relative to environmental
predictors and spatial constraints in limiting ranging behavior of female lit-
tle bustards (Tetrax tetrax) in the non-breeding season. Our analyses were
based on 11 females tracked with GPS during 5 years in northeastern
Spain. We conducted deviance partitioning analyses based on different
sets of generalized linear mixed models (GLMMs) constructed with envi-
ronmental variables and spatial filters obtained by eigenvector mapping,
while controlling for temporal and inter-individual variation. The occur-
rence probability of female little bustards in response to environmental
variables and spatial filters within the non-breeding range exhibited inter-
individual consistency. Pure spatial factors and joint spatial-habitat factors
explained most of the variance in the models. Spatial predictors represent-
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ing aggregation patterns at ~ 18 km and 3-5 km respectively had a high
importance in female occurrence. However, pure habitat effects were also
identified. Terrain slope, alfalfa and corn stubble availability were the var-
iables that most contributed to environmental models. Overall, models re-
vealed a non-linear negative effect of slope and positive effects of interme-
diate values of alfalfa and corn stubble availability. High levels of
cereal stubble in irrigated land and roads had also a positive effect on
occurrence at the population level. Our results provide evidence that
female little bus-tard ranging behavior was spatially constrained
beyond environmental variables during the non-breeding season. This
pattern may result from different not mutually exclusive processes, such
as cost-benefit balances of animal movement, configurational
heterogeneity of environment or from high site fidelity and conspecific
attraction. Measures aimed at keeping alfalfa availability and habitat
heterogeneity in open landscapes and flat terrains, in safe places close
to breeding grounds, could contribute to protect little bustard
populations during the non-breeding season.

Cuscd, F., L. Cardador, G. Bota, M.B. Morales, and S. Mafiosa. 2018. Inter-
individual consistency in habitat selection patterns and spatial range
constraints of female little bustards during the non-breeding season.
BMC Ecology (in minor review since 24th September 2018)
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Introduction

Identifying the factors that affect
ranging behavior of animals is a
central issue to ecology and an es-
sential tool for designing effective
conservation policies (Sutherland
1998, Tella et al. 1998). This
knowledge provides the infoma-
tion needed to predict the conse-
quences of land-use change on
species habitat use, especially in
regions subject to major habitat
transformations, such as agricul-
tural landscapes. However, this
type of information is not always
available, particularly in the non-
breeding season or non-breeding
areas of species with different sea-
sonal distribution ranges (Pe-
terjohn 2003, Suarez et al. 1997).
Locations of radio and satellite te-
lemetry provide valuable infor-
mation on animal movement and
are widely used for studies of habi-
tat selection (Manly et al. 2002,
Cardador and Manosa 2011, Hoo-
ten et al. 2017). However, this type
of data is frequently spatially auto-
correlated (Kenward 2001, Aarts et
al. 2008). Spatial autocorrelation in
animal is often as-
sumed to be the result of species-
specific responses to spatially
structured environment. However,
other ecological processes, such as
cost-benefit balances of animal

movement

movement across space and time,
dispersal limitations or conspecific
attraction, can also be involved in
generating this pattern (Pinto and
Macdougall 2010). Thus, account-
ing for spatial autocorrelation in
analyses is essential to understand
the ecological processes underly-
ing ranging patterns (Hooten et al.
2017).

Among environmental factors,
habitat characteristics and resour-
ce availability have been identified
as major factors determining rang-
ing behavior in birds (e.g., Carda-
dor and Mafiosa 2011, Tarjuelo et
al. 2013). Other environmental fac-
tors such as risk of predation or an-
thropogenic conditions can also be
involved (Le Cuziat et al. 2005,
Alonso et al. 2012). Additionally,
individuals within a population can
show different strategies in the
way they exploit available habitat
or space (Cardador et al. 2012,
Roever et al. 2013, Brown and
Crone 2016). Indeed, individual dif-
ferences in behavior, morphology,
physiology, personality, and life
history traits are common across
taxa, which may lead to inter-indi-
vidual differences in cost-benefit
balances of different ranging strat-
egies (Réale et al. 2007, Wilson and
McLaughlin 2007, Boon et al.
2008). Behavioral variability in a
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population is thus an issue to take
into account to develop effective
conservation measures.

The little bustard (Tetrax tetrax L.)
is @ medium-sized steppe bird that
inhabits natural steppes and culti-
vated areas of the Palearctic
(Cramp and Simmons 1980). This is
a ground nesting bird with a char-
acteristic polygynic mating system
based on exploded leks (Jiguet et
al. 2002). During the non-breeding
season the species is gregarious,
forming large mixed flocks up to
hundreds of individuals (Pinto
1998, Garcia de la Morena et al.
2006, Ponjoan et al. 2011), even a
few thousands in some regions
(Gauger 2007). The species has
been described as migrant in Rus-
sia, central Asia and northern
France and as sedentary or par-
tially migrant - with variations be-
tween and within populations - in
the Iberian Peninsula, Italy and
southern France (Cramp and Sim-
mons 1980, Villers et al. 2010, Gar-
cia de la Morena 2015).

The species is listed as “Near
Threatened” at global scale (Bird-
Life International 2016) and
“Vulnerable” in Europe (BirdLife In-
ternational 2015). The Iberian Pen-
insula holds one of the most
important populations in the world
(Garcia de la Morena et al. 2006).

There, the species is undergoing
rapid declines regionally (De Juana
2009, Mafiosa et al. 2015, Morales
et al. 2015), leading to a global de-
crease of up to 50% of the Spanish
population in a decade (Garcia de
la Morena et al. 2017). Contribut-
ing factors to such decline around
the world are the loss and degrada-
tion of habitat related with agricul-
tural intensification and hunting
pressure (Goriup 1994, Del Hoyo et
al. 1996, Inigo and Barov 2010).
Although habitat requirements
during the breeding season have
been the subject of much research
(Martinez 1994, Salamolard and
Moreau 1999, Wolff et al. 2001,
Morales et al. 2005, 2008, Tarjuelo
et al. 2013), studies centered on
the non-breeding period are scarce
(but see Leitdo and Costa 2001,
Silva et al. 2004, Faria and Silva
2010), even when the species
spends around 3/4 of its annual cy-
cle (from July to February) in non-
breeding grounds (Garcia de la Mo-
rena et al. 2015). In addition, most
studies on the species are based on
male observations, while female
ecology and behavior have been
scarcely studied. This is largely due
to the extremely secretive behav-
ior of females in spring and conse-
guently the difficulty of obtaining
data about them (Cramp and Sim-
mons 1980).

-32-



Capitol 1

In this study, we evaluate the role
of environmental predictors in lim-
iting ranging behavior during the
non-breeding season of female lit-
tle bustards in an intensified farm-
land, while considering potential
spatial constraints in ranging pat-
terns. We did so by implementing
habitat selection models cons-
tructed with orographic, crop ty-
pes, human-related variables and
by excluding or incorporating spa-
tial constraint variables obtained
by eigenvector mapping. The inclu-
sion of spatial constraint variables
in models has recently been shown
to effectively capture the effect of
subjacent spatial structures that
are not related to the environmen-
tal factors considered in models
(De Marco et al. 2008, Estrada et al.
2016, Romero et al. 2016). We also
assessed for inter-individual varia-
tion in the importance of response
to ecological requirements and
spatial constraints by incorporating
a random structure in models. Fi-
nally, we use our results to propose
some recommendations in order
to design future conservation ac-
tions to reconcile agricultural de-
velopment and other potentially
conflicting human activities with
the preservation of little bustard
populations during the non-breed-
ing season.

Methods

Study area

The study area is located in the
Plana de Lleida (UTM Y: 4592-4629
km N; X: 289-341 km E), a large ag-
ricultural area situated in the
northeastern Ebro basin (lberian
Peninsula) at 261 * 65 meters over
sea level. Climate is semiarid Med-
iterranean, with an average annual
rainfall of 300-400 mm and an av-
erage temperature of 7-8 2C in win-
ter and 24-25 °C in summer
(AEMet 2015). In the last decades,
the study area has suffered a
strong process of agricultural in-
tensification with an increase in
mechanization, the use of chemical
fertilizers and pesticides, land con-
centration processes and the trans-
formation of dry lands to irrigated
crops (Calvet et al. 2004). Nowa-
days, the zone is dominated by in-
tensively irrigated cultivated farm-
land, although more extensive dry
lands are also present in the pe-
riphery of the area, where the main
breeding grounds of the species in
the region are located (Fig. 1). Dry-
lands are dominated by winter ce-
reals (mainly barley and wheat), as
well as some scattered almond and
olive tree groves. Irrigated crops in-
clude fruit orchards, corn, alfalfa
and spring cereals. In autumn, with
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Figure 1 Location and land-use composition of the study area. Boundaries are
defined by the minimum convex polygon (MCP) including the pool of locations of
tagged female little bustards. Lleida is the large urban area located on the left.
The black star indicates the main breeding area for the species in the study area.
Reference coordinates in UTM. Map derived from SIGPAC cartography.

the beginning of a new agricultural
cycle, most of cereal and corn
fields are stubbles that will be
plowed in the course of the season
to turn into new sowings. Natural
vegetation is scarce in the study
area, representing around 10% of
total surface.

Telemetry data

From 2009 to 2013, 18 female little
bustards were captured using
adapted funnel traps (see Ponjoan
et al. 2010). The females were
tagged with 22 g Solar Argos/GPS
PTT—100 transmitters (Microwave
Telemetry). The transmitter weight

with harness never represented
more than 5% of the body weight
of the birds to avoid overload (Ken-
ward 2001). To avoid capture myo-
pathy, the time of capture and
handling were minimized and ne-
ver exceeded 15-20 minutes (Mar-
co et al. 2006, Ponjoan et al. 2008).

A maximum of 6 locations per
transmitter and day were obtained
for each female in non-breeding
period (23t September — 20t De-
cember) 2009-2013, with a lati-
tude/longitude accuracy of 18 m
(Microwave Telemetry). The study
period was selected to ensure that
all tracked birds had finished
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breeding or rearing chicks (the end
of the breeding period and chick
rearing period largely varies across
individuals — from July to August —
in the study area) (Calvet et al.
2004) and to maximize data quality
(the long periods of fog during win-
ter in the study area did not allow
the batteries recharge, leading to
important information gaps). To
homogenize the data from the dif-
ferent transmitters (oldest devices
were programed to transmit only
one location during non-breeding
season to avoid the drain of batter-
ies caused by long periods of fog),
only one location per day for each
female was used. For location se-
lection we chose the common hour
for all transmitters (14:00 GMT). In
case this was not available, the
nearest location in time was used.
For 7 females complete data for
the study period was not available
due to mortality or device failure
(n=6), or abandonment of the
study area (n=1). These females
were excluded from analyses.
Thus, final data included 1841 loca-
tions for a total of 11 female little
bustard for the whole study period.
Final sample size per bird and sea-
son ranged from 34 to 89 locations
(mean % sd: 76.7 + 16.1). Locations
were incorporated into a Geo-
graphic Information System (GIS)

using a Universal Transverse Mer-
cator (UTM) grid of 1-km? to fit en-
vironmental data resolution (see
below). Duplicate samples (i.e. two
or more records within the same
grid cell) within same female and
non-breeding season were han-
dled as single observations, since
we were interested in a pres-
ence/absence approximation of
data. Association in flocks between
tracked females was low (see Addi-
tional file 1) and thus data can be
reasonably considered independ-
ent.

Habitat variables

We compiled landscape composi-
tion data on 5 dominant crop cover
type variables to represent habitat
variability in the study area as well
as human influence predictors and
terrain slope (Table 1). These vari-
ables are likely to affect the species
ranging patterns during the non-
breeding period due to their differ-
ent vegetation structure and man-
agement that affect provision of
food availability, food accessibility
and shelter (Leitdo and Costa 2001,
Silva et al. 2004, Faria and Silva
2010, Bravo et al. 2017).

The habitat variables were ac-
guired combining the informa-tion
from Geographic Information Sys-
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Table 1 Description of habitat variables (mean + standard deviation), measured on each 1x1
km?, included in occurrence probability models of female little bustards in the Plana de Lleida

(2009-2013).

Variable Description Source Mean = SD
Alfalfa Proportion of alfalfa SIGPAC & DUN 0.11+0.10
Corn stb. Proportion of corn stubble/plow SIGPAC & DUN 0.15+0.15
D. cereal stb.  Proportion of cereal stubble/plow in dryland SIGPAC & DUN 0.09£0.20
I. cereal stb. Proportion of cereal stubble/plow in irrigated land ~ SIGPAC & DUN 0.11+0.10
Orchards Proportion of orchards SIGPAC 0.24+£0.19
Roads Proportion of roads SIGPAC 0.01+£0.02
Terrain slope  Standard deviation of elevation (m) DEM (15x15 m pixel) 6.58 + 4.80
Urban areas  Proportion of urban areas SIGPAC 0.03+0.11

tem of Farming Land (SIGPAC ver-
sions 2009 to 2013) — which pro-
vides information on large groups
of land uses (such as arable lands,
orchards and urban areas) and the
Unique Agrarian Statement (DUN
2009-2013) — which provides spe-
cific information on cultivated
crops and their varieties according
to annual owners’ declaration.
Both data were provided by the re-
gional Department of Agriculture,
Livestock, Fisheries, Food and Envi-
ronment of the Generalitat de Ca-
talunya  (http://agricultura.gencat.
cat). Habitat predictors were com-
puted using ArcGIS 10.2.2 with a 1-
km? grid cell resolution. Human in-
fluence variables (Silva et al. 2004,

Faria and Silva 2010), were also
compiled considering urban areas
and roads as the main ones. Ter-
rain slope was calculated as the
standard deviation of elevation in
each 1-km? grid cell and was de-
rived from a digital elevation mo-
del with a resolution of 15 m.

Spatial constraints

To account for spatially structured
patterns on little bustard ranging
behavior, we used spatial variables
obtained through eigenvector
mapping (hereafter called spatial
filters) (Griffith and Peres-Neto
2006, De Marco et al. 2008). Filters
represent spatial aggregation at
different scales in the study area
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(Diniz-Filho and Bini 2005). Thus,
their significance when they are in-
cluded in distribution models indi-
cates spatial autocorrelation in the
data (De Marco et al. 2008). We
computed the spatial filters in SAM
4.0 (Rangel et al. 2010) by con-
structing a pair-wise distance ma-
trix amongst all grid cells of the
study area using their Universal
Transverse Mercator coordinates
(X and Y). The distance matrix was
truncated at four times the maxi-
mum distance that connects all
cells under minimum spanning tree
criterion, and from this modified
distance matrix 464 positive spatial
filters were computed using princi-
pal coordinate analysis (Borcard
and Legendre 2002). To reduce
model complexity and include only
relevant filters in multiple regres-
sions assessing habitat selection
patterns at the population level
(see distribution modelling below),
we used univariaable logistic mod-
els (a generalized linear model per
female and year) and retained only
significant filters after Bonferroni
correction. This approach was used
to retain potential temporal and in-
ter-individual variation in spatial
patterns in our final models. We
used Moran’s | coefficients and
correlograms to evaluate spatial
patterns in selected filters as a
measure of their spatial scale and

structure (Diniz-Filho and Bini

2005).

Distribution modelling

We built multiple regression mo-
dels to estimate the probability of
occurrence of female little bustard
in relation to habitat variables and
spatial filters at the population
level using generalized linear mix-
ed models (GLMMs) including data
on all female and years. Female
and year were included as random
effects (intercepts) in those models
to account for potential differ-
rences in occurrence probability.
We then conducted variation parti-
tioning analyses to separate the in-
dependent contribution of envi-
ronment and spatial filters from
their joint contribution (i.e., that
due to spatial aggregation of occur-
rences related to responses to a
spatially autocorrelated environ-
ment). Variation partitioning en-
tails the calculation of incremental
improvement in model fit due to
the inclusion of a variable set (in
our case, habitat variables and spa-
tial filters) in models. As measure
of model fit we used the deviance
explained by models.

For this, we followed a hierarchical
approach and ran GLMMs based
on three different sets of the fixed
variables, namely (1) a habitat
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GLMM that included only habitat
variables (HAB); (2) a spatial GLMM
that included only spatial filters
(SPAT) and (3) a habitat and spatial
GLMM that included both habitat
and spatial filters (HAB+SPAT). All
continuous variables were standar-
dized before modelling. Linear and
quadratic terms of habitat varia-
bles were considered to account
for nonlinear relationships.

For GLMMs development, a Ber-
noulli error distribution for the de-
pendent variable (presence-absen-
ce data) and a logit-link function
were fitted. Absence data were
generated by random selection of
50 non-used locations per female
and year within the study area,
which we defined as the minimum
convex polygon (MCP) including
the pool of presence locations of all
females and years. We selected 50
locations to ensure neutral preva-
lence (Aradjo and Williams 2000,
Brotons et al. 2004). To avoid mo-
del overfitting and an excess of nui-
sance in GLMM outputs due to the
inclusion of a large number of pre-
dictors (Whittingham et al. 2006),
we applied a backward stepwise
procedure based on the Akaike In-
forma-tion Criterion (AIC) (Burn-
ham and Anderson 2002). How-
ever full models provided highly
consistent results (see Results).

The best HAB, SPAT and HAB+SPAT
models were then ranked as the
models receiving higher support
(models with lower AIC). Dropped
variables from the best HAB or
SPAT models were removed and
not included in more complex
HAB+SPAT models. 95% confiden-
ce intervals of fixed effect esti-
mates were reported based on par-
ametric bootstrap across 1000 ite-
rations (Efron and Tibshirani 1986).
Analyses were implemented in R
software (version 3.2) through
‘Imed’, ‘stats’ and ‘MuMIn’ libra-
ries. We also evaluated the inde-
pendent contribution of each vari-
able in the HAB, SPAT and HAB+
SPAT models by assessing the loss
in model fit (deviance explained)
when dropping that predictor. Fi-
nally, to further account for poten-
tial inter-individual differrences in
habitat selection patterns, we re-
conduct our final GLMM models by
fitting an alternative random struc-
ture (random intercepts-and-slop-
es models) (Nussey et al. 2007).
This allows estimating a random
term (slope) to the coefficient of
the fixed effects, so it can be
different for each female. Due to
model complexity, the random
slope of only one fixed effect can
be fitted at a time.
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Results

In total, information on 24 non-
breeding ranges was recorded
from 11 females for the whole
study period (3 repeated non-
breeding ranges were recorded for
4 females, 2 for 5 females and one
for 2 females). In different years,
non-breeding ranges of 1 and 9 fe-
males were recorded. In total, fe-
male little bustard occurred in 271
grid-cells of 1 km? (20%) of the
study area during 2009-2013, most
of them distributed in the eastern
part of the study area (Fig. 2). In
86% of occupied grid cells the pre-
dominant habitat was irrigated
land (>80% of cropland), whilst in
9% it was dryland and 5% shared
both habitats. The spatial overlap
of presences between different fe-
males in a same year averaged 18 +
2% (mean * se) and between a
same female in different years av-
eraged 25 + 3% (mean = se).

Habitat models

At the population level, models re-
vealed a non-linear negative ef-
fect of terrain slope on female oc-
currence probability and a positive
effect of intermediate values of al-
falfa and corn stubble availability
(negative quadratic effect) and to
small and high values of irrigated

cereal stubble (positive quadratic
effect) (Table 2 and Fig 3). These ef-
fects were overall consistent
across different females (see Addi-
tional file 2). Female little bustard
also showed a positive response to
availability of roads and dry cereal
stubble at the population level.
However, individual response cur-
ves to such variables showed high
variability among females (see Ad-
ditional file 2). Attending to varia-
ble importance, slope, alfalfa, corn
stubble and irrigated cereal stub-
ble availability were the variables
that most contributed to the habi-
tat models at the population level
(Fig. 4). The rest of variables show-
ed a low independent contribution
to the models (0.8 — 3.6% of total
deviance explained by the best
HAB model). The total percentage
of deviance explained by habitat
models was 35.1%.

Spatial models

24 spatial filters were selected to
describe spatial structuration in oc-
currence data and be included in
multiple regressions (Additional
file 3). Spatial correlograms show-
ed that selected filters reflected
spatial aggregation from large (c.
18 km) to small (c. 3 km) spatial
scales (Fig. 5a, see also the Addi-
tional file 4 for the map pattern of
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Figure 3 Responses curves for the best habitat model explaining the occurrence prob-
ability of female little bustard in the Plana de Lleida and univariate and independent
contribution. Values for terrain slope response were scaled by subtracting the mean
and dividine the sd.
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Table 2 Results for the occurrence of female little bustard according to habitat models
(GLMMs, logit link function). The table indicates the estimates + standard error of the vari-
ables and 95% confidence intervals generated by a bootstrap procedure (1000 iterations).
In bold intervals not containing the zero are marked. Results for the model containing all
the predictors and for the best model based on AIC are shown.

Best Model Full Model
AIC 1609.6 1613.4
Fixed effects B+SE cl B +SE Cl
Intercept -0.88+0.13 (-1.13,-0.58) -0.85+0.17 (-1.18,-0.53)
Alfalfa 0.98+0.15 (0.70,1.31) 1.00+0.15 (0.74,1.38)
Alfalfaz -0.22+0.06 (-0.34,-0.10) -0.22+0.06 (-0.35,-0.10)
Corn stb. 1.10+£0.15 (0.82,1.46) 1.11+0.15 (0.84,1.46)
Corn stb.? -0.41+0.07 (-0.56,-0.27) -0.41+0.07 (-0.57,-0.27)
Dry cereal stb. 0.36+0.14 (0.09,0.64) 0.46 £+0.30 (-0.09,1.09)
Dry cereal stb.? -0.04+0.10 (-0.24,0.16)
Irrigated cereal stb. -0.32+0.14 (-0.61,-0.06) -0.33+0.14 (-0.60,-0.05)
Irrigated cereal stb.? 0.43 +0.06 (0.31,0.57) 0.43 £0.06 (0.32,0.57)
Orchards 0.34+0.14 (0.08,0.64) 0.35+0.14 (0.07,0.66)
Orchards? -0.29+0.10 (-0.51,-0.10) -0.29+0.10 (-0.49,-0.10)
Roads 0.39+0.07 (0.26,0.55) 0.36+£0.16 (0.02,0.67)
Roads? 0.01+0.06 (-0.09,0.15)
Terrain slope -1.27+0.13 (-1.56,-1.05) -1.28+0.13 (-1.56,-1.03)
Terrain slopez 0.33+0.08 (0.11,0.48) 0.32+0.08 (0.10,0.47)
Urban areas 0.68+0.24 (0.24,1.37) 0.70£0.24 (0.31,1.37)
Urban areas? -0.07+0.05 (-0.33,-0.00) -0.07+0.05 (-0.35,-0.01)

Urban areas
Terrain slope
Roads 1
Orchards

I. cereal 5th, -
Dry cereal stb. 7
Com sth.

Alfalfa 4

-Independent. Univariable

I

=

Contribution to the best hal

40

bitat model (%)

all
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Figure 4 Univariate and in-
dependent contribution of
habitat predictors in the best

habitat model.

Values are

shown as percentage of the
total explained variation by
the best habitat model.
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selected filters). Filters with high
levels of spatial autocorrelation in
the first, intermediate and last dis-
tance classes (represented by large
positive and negative values of Mo-
ran’s | coefficients, Fig. 5a) tended
to be portrayed by a map pattern
containing few major clusters of
similar values as in the first eigen-
vectors (e.g. SF1, SF3). As the de-
gree of positive spatial autocorre-
lation decreased in filters with
lower eigenvalues, the map pat-
tern became more fragmented
(e.g. SF54, SF102), representing
finer-resolution spatial variation in
the data (Additional file 4). Post
hoc variograms representing the
semi-variance in positions as a
function of the time lag separating
observations (Additional file 5) re-
vealed that smaller spatial-tem-
poral aggregation (~ 3-5 km) show-
ed by spatial filters was consistent
with spatio-temporal aggregation
at low time intervals. Thus, despite
birds can move as long as 23 £ 2 km
per day (mean + SE of maximum
distance recorded per individual
and year, n = 24), average distance
traversed per day was 3.1 £ 0.2 km
(mean % SE, n = 24).

When the spatial filters were con-
sidered together in multiple re-
gression (GLMM) representing ha-

bitat selection patterns at the pop-
ulation level, the spatial filter rep-
resenting spatial autocorrelation at
the largest scale (SF1) had substan-
tially greater importance in female
occurrence than other filters (Fig.
5b, see also Additional file 6 for
modelling results). Other broad-
scale filters (such as SF3, SF4, SF5
and SF6 representing spatial auto-
correla-tion at around 10-13 km)
were also important, as well as
fine-scale filters such as SF25, SF26,
SF39 and SF60 (with autocorrela-
tion patternat~5, ~4 and ~ 3 km,
respectively). Overall, the respon-
se of different females to the most
important filters was highly con-
sistent (Additional file 7). The total
percentage of variation explained
by spatial models was 81.4%.

Habitat + Spatial models

HAB+SPAT models performed bet-
ter than the HAB model. Total vari-
ation explained by the final
HAB+SPAT model was 89.2% (see
Additional file 8 for the results). Ac-
cording to variation partitioning,
pure contribution of spatial filters
to variation in distribution patterns
was 61%. All broad-, intermediate-
and fine-scale filters contributed
independently to models (Addi-
tional file 9). Independent contrib-
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Figure 5 Spatial correlograms of
spatial filters and their indepen-
dent contribution to the best
spatial model according to AIC. (a)
Spatial correlograms of the 10
most important spatial filters (in
order of importance: SF1, SF25,
SF39, SF26, SF11, SF60, SF15, SF7,
SF4 and SF23) in spatial models de-
fined by Moran’s | coefficients in 5
distance classes, indicating links
among points of the study area
successively separated by 10 km.
Spatial filters are represented in a

. . . SF90 (~2

blue gradient representing filters SF6
. SFE0 (~3.3 k
from broad (dark) to fine scales SF54 (35 k
. . . . F39 (~39k
(light). In Fig. 5a the first distance  &rae o
at which Moran’s | values crosses NESI

SF25 (~4.9 km)

the expected value in the absence

of spatial autocorrelation (0) is SF15 (6
SF13 (~6.6
shown as an estimate of the scale SF11 (~6.9 k
H . SFO(~7.7k
of the spatial pattern that each fil- SF8 (~8.0k
ter represents. And (b), Estimate of Soiger
the spatial filters in backward step- fofi;f'g :
wise explaining the occurrence e

probability of female little bustard
in the Plana de Lleida.

Moran's|

0.5

0.0

SF102 (~26 k

ution of habitat was 9% and the

joint effect between habitat and
spatial filters accounted for 30%
(Fig. 6). Covariation between habi-
tat and spatial variables mostly oc-
curred at the highest scale (note
the reduction in the independent
effect of SF1 in HAB+SPAT vs. SPAT
models, Fig. 5b and Additional file
9).
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Discussion

Animals usually show non-random
spatial distributions resulting from
the cumulative effects of many dif-
ferent factors that are often diffi-
cult to separate. By using spatial ei-
genvector mapping in combination
with habitat models, our results
showed that ranging behavior of
female little bustard in the non-
breeding season was affected by
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Habitat
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Pure | Autocorrelated Pure
Habitat Habitat Spatial
9%) | (30%) (61%)

Spatial

Habitat + Spatial

Figure 6 Results of the best habitat
(HAB), spatial (SPAT) and more com-
plex models combining both habitat
and spatial variables (HAB+SPAT)
based on stepwise AIC. Deviance par-
titioning analysis for the probability of
occurrence of female little bustard.
The figure shows a conceptual dia-
gram of variance partitioning: the two
circles represent the total variance ex-
plained by models with the two com-
ponents (habitat + spatial), while the
left and right circles show the variance
explained by the habitat and spatial
models, respectively. Percentage of
total variation in occupancy rate ex-
plained by the pure and joint effects of
habitat and spatial filters is shown.

the independent effect of habitat
variables and spatial constraints, as
well as by their joint effect. We
found that the variance explained
by the joint effect of habitat and
spatial filters was high, meaning
that approximately one third of the

spatial aggregation observed in fe-
male little bustard distribution was
related to responses to the spa-
tially aggregated environment.
The fact that different females pre-
sented, not only spatial aggrega-
tions at the same scales, but also
aggregation to the same areas of
the study area, suggests that ob-
served patterns could be related
with landscape configuration het-
erogeneity (i.e., how different crop
types are interspersed at the land-
scape level) in the study area. Sup-
porting the latter, female little
bustards showed a negative res-
ponse to filter SF1 (which mostly
represent a decreasing western-
eastern gradient, see Additional
file 4). That is, female little bus-
tards avoided the western parts of
the study area, where irrigated ar-
able land (suitable for females) ap-
pears interspersed in a more inten-
sive farmland dominated by or-
chard crops (unsuitable for at least
some females). Previous studies
have already shown that landscape
configurational heterogeneity can
be an important determinant of
habitat suitability perception for
the species, beyond landscape
composition (Cardador et al. 2015).

However, a remarkable result of
our research was also the high imp-
ortance of pure spatial effects in
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the distribution models, which in-
dicates that a good deal of the
ranging behavior of female little
bustards within the non-breeding
season could be explained by other
factors not related to habitat com-
position or its spatial arrangement
alone. In general, the broad-scale
spatial constraints representing ag-
gregation patterns at approxima-
tely 18 km were the most impor-
tant in the distribution of female
little bustard. However aggrega-
tion at more local scales (~ 3-5 km)
was also important. This spatial
structuration may result from dif-
ferent, not mutually exclusive pro-
cesses.

First of all, cost-benefit balances
between the quality of different
habitat patches and the energy re-
quired to move across them may
be important. Indeed, optimal for-
aging theory has been widely ac-
cepted when describing foraging
patterns observed in birds (Char-
nov 1976, Alonso et al. 1995,
Amano and Katayama 2009). Ac-
cordingly, post hoc variograms re-
vealed that the smaller aggrega-
tion patterns (~ 3-5 km) showed by
spatial filters were consistent with
spatio-temporal aggregation at low
time intervals. This suggests that
aggregation at local scale is mainly
related with daily activity of female

little bustards. Moreover, observ-
ed daily spatial structuration oc-
curs at higher spatial scales than
that reported for the breeding sea-
son (Lapiedra et al. 2011, Ponjoan
et al. 2012) - as it would be ex-
pected taking into account that
during the non-breeding season in-
dividuals are no longer under the
constraints related to reproduction
and chick rearing (Suarez-Seoane
et al. 2008).

On the second place, high concen-
tration of little bustards in the east
of the study area could be associ-
ated with the high site fidelity of
the species and conspecific attrac-
tion (Gauger 2007, Garcia de la
Morena et al. 2015, Garcia de la
Morena 2016). Site fidelity could
be important for little bustards to
ensure resources (e.g. foraging
places), reduce energy costs of
search, and it contributes to flock
aggregation. Finally, the spatial dis-
tribution of breeding and non-
breeding areas within the region
could partially explain the im-
portance of spatial filters at larger
scales, resulting in flocks using
preferentially the areas closer to
breeding sites. The distance from
the occurrences’ centroids to the
main breeding grounds was 14.9 +
0.4 km (mean se).

Nevertheless, even when spatial
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constraints largely affected female
little bustard occurrences, our re-
sults also showed an independent
contribution of habitat variables to
observed patterns. Our explana-
tory models suggest that the most
suitable habitat for female little
bustards during the non-breeding
season in the study area is flat ter-
rains with presence of irrigated ar-
able land. Habitat models predict-
ed a positive effect in the occur-
rence probability at heterogene-
ous sites, with positive effects of
intermediate availabilities of irri-
gated alfalfa and corn stubbles, as
well as sites dominated by irrigated
cereal stubbles. The alfalfa crops
are an attractive resource for little
bustards during this period, since
they provide abundant food (Bravo
et al. 2017) and shelter (Cardador
et al. 2014, Garcia de la Morena
2016). Additionally, recently har-
vested corn and cereal stubbles,
holding a varied weed community,
provide interesting food resources
for little bustards complementary
to alfalfa crops (Bravo et al. 2017).

Regarding the effect of anthropo-
genic infrastructures, human dis-
turbances caused by roads and
urban areas have been reported as
being avoided by little bustards
during the breeding season
(Suarez-Seoane et al. 2002, Arcos

and Salvadores 2005) and winter
(Silva et al. 2004, Gauger 2007).
Meanwhile, other studies define
the species as tolerant (Martinez
1994, Suarez-Seoane et al. 2008).
Our results suggest that the little
bustard is a flexible species, with
some individuals that can exhibit
habituation to human disturbances
in highly humanized landscapes
(Martinez-Marivela et al. 2018). In-
deed, some females in the study
area positively selected road vicin-
ity areas. Positive effect of roads
might be related to the fact that
some roads are fenced and others
have a high traffic intensity, which
might hamper the crossing of pred-
ators or people, which otherwise
may kill or simply flush the birds
(Forman et al. 2003, Jaeger and
Fahrig 2004). Additionally, in the
study area roads are provided with
a hunting security band where
shooting is totally banned, which
may act as a refuge for the species,
subject to some degree of illegal
killing pressure (Goriup 1994, Mar-
celino et al. 2017). In that way, ar-
eas in the vicinity of certain roads
may provide relatively quiet pla-
ces, which could be selected by
some little bustards, while other
individuals might be more sensitive
to stress levels produced by an-
thropogenic disturbances (Casas et
al. 2009, Tarjuelo et al. 2015).
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Conclusions

Altogether, the present study in-
creases our understanding of habi-
tat selection patterns of a threa-
tened steppe bird species and their
associated spatial patterns at a re-
gional scale during the non-breed-
ing season. Individual responses to
habitat and spatial variables pro-
vide evidence of a high inter-indi-
vidual consistency in overall habi-
tat selection patterns. According to
such results, measures to promote
flat open heterogeneous land-
scapes, with alfalfa and stubble
availability, in safe places as close
as possible to breeding sites, could
contribute to benefit resident or
scarcely migratory little bustard
populations in non-breeding grou-
nds. Our results also highlight the
need to investigate further about
the role of roads on the ranging be-
havior of this and other species oc-
cupying highly humanized land-
scapes. Although the specific pro-
cess underlying the observed se-
lection of roads is not yet well
understood, promoting areas with
restricted game shooting and limit-
ing human access may help to im-
prove the quality of the non-breed-
ing grounds and, consequently, the
condition of the birds. Finally, our
results show the existence of spa-

tial constraints in occurrence pat-
terns beyond landscape composi-
tion. Whether site fidelity and con-
specific attraction and/or configu-
rational heterogeneity are involved
in observed patterns must be ad-
dressed to anticipate potential ef-
fects of new land-use changes and
provide timely advice toward long-
term management planning.
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Additional files

Additional file 1. Flock association between female little bustards in a same year.
Pairwise estimates based on HWI index.

Additional file 2. Random intercepts-and-slopes habitat models. Variation in
habitat predictors of the best habitat model within the female factor.

Additional file 3. Retained spatial filters. Number of times that spatial filters were
retained in univariate spatial models for each female and year.

Additional file 4. Map patterns of spatial filters. Geographic patterns of the
spatial filters included in univariate models testing occurrence probability of
female little bustards in the non-breeding season.

Additional file 5. Variograms of distance between positions. Variograms
representing the average square distance between positions (semi-variance) as a
function of the time lag separating observations.

Additional file 6. Results of spatial models (SPAT). Estimates of fixed effects
predicting the occurrence probability of female little bustard according to spatial
models.

Additional file 7. Random intercepts-and-slopes spatial models. Variation in
spatial predictors of the best spatial model within the female factor.

Additional file 8. Results of HAB+SPAT models. Estimates of fixed effects
predicting the occurrence probability of female little bustard according to
SPAT+HAB models.

Additional file 9. Contribution of predictors to HAB+SPAT models. Independent
contribution of different predictors to the best HAB+SPAT model.

-55-



Capitol 1

Additional file 1

Flocking

As the little bustard is a gregarious species during non-breeding season
(Cramp and Simmons 1980), data can be highly aggregated among individ-
uals. To account for possible non-independence of the data, we calculated
pairwise association of females in a same flock in different years. To obtain
female association we used the Half-Weight Index (HWI) (Cairns and
Schwager 1987). This index measure association degree between two in-
dividuals and it can be expressed as: HWIlap = x / % (ya + yb), Where x is the
number of times in which two females (a and b) were associated in a same
flock, and ya and yy, correspond to the total of locations for the female a
and for the female b. This index ranges from 0 (two females never shared
a flock) and 1 (two females always detected together). Two females were
considered to be in a same flock whether at time t they were located at <
500 m distance. The flock association (HWI) between females was rela-
tively low (0.04 £ 0.06; mean + SD), where in the 50% of pairwise compar-
isons HWI showed a value equals to 0 and in the 38% was below 0.1 (see
the upper hemi-matrices in Table S1).

Cairns, S. J., and S. J. Schwager (1987). A comparison of association indices.
Animal Behaviour 35:1454-1469. D0i:10.1016/50003-3472(87)80018-0

Cramp, S., and K.E.L. Simmons (1980). The Birds of the Western Palearctic.
Oxford.

Table S1 Results for the flock association between female little
bustards (HWI: Half-Weight Index) in a same year.

Year

Female

90594

2009

90594

Year

Female

34175 35893 33139 90594

35960

37131

33348

37131
33348

34175 0.08 0.15 0.00 0.00 0.18 0.02
35893 0.02 0.06 0.03 0.00 0.15
33139 0.01 0.00 0.23 0.03
2010 90594 0.00 0.00 0.15
35960 0.00 0.00

0.01
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Table S1 Continued.

Additional file 2

Inter-individual variation

Year Female | 37562 34175 33139 90594 37614 37561 35960 37131 37560
37562 - 0.04 0.15 0.00 0.09 0.00 0.00 0.00 0.09
34175 - 0.04 0.00 0.03 0.02 0.00 0.01 0.04
33139 - 0.00 0.33 0.05 0.00 0.07 0.00
90594 - 0.00 0.00 0.00 0.00 0.00
2011 37614 - 0.00 0.00 0.03 0.00
37561 - 0.06 0.00 0.05
35960 - 0.00 0.03
37131 - 0.00
37560 -
Year Female | 37562 34175 37614 33348 37560
37562 - 0.01 0.00 0.02 0.00
34175 - 0.01 0.00 0.14
2012 37614 - 0.00 0.01
33348 - 0.00
37560
Year Female 37562 37560
37562 - 0.00
2013
37560 -

Figure S2 Partial response curves showing individual responses of female
little bustard to habitat predictors based on random intercepts-and-
slopes models.
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Additional file 3

Figure S3 Spatial filters retained to be included in multivariate regression
(N=24). Number of times that each spatial filter was retained in univariate
spatial models conducted for each female and year.
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Additional file 4

Figure S4 Geographic patterns of 24 spatial filters resulting significant in
univariate test for occurrence distribution of at least one female and non-
breeding season. Positive values are represented in a dark gradient and

negative values in clear.
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Additional file 5

Figure S5.1 Independent contribution to the best habitat+spatial model
explainedby habitat and spatial predictors.
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Table S5.1 Results for the occurrence of female little bustard according to habitat+spatial
models (GLMMs, logit link function). The table indicates the estimators + standard error
and confidence intervals for predictor estimates. Confidence intervals at 95% for fixed
effects were generated by bootstrap procedure (1000 iterations). In bold intervals not
containing the zero are marked. Standard deviation of random effects are also provided.
Results for the model containing all the predictors and for the best model based on AIC

are shown.

Best Model Full Model
AIC 331.1 338.4
Random effects
Female intercept sd=0.324 sd =0.336
Year intercept sd = 0.000 sd = 0.000
Fixed effects B +SE cl B +SE cl
Intercept -2.32+0.84  (-5.52,0.10) -2.68+097 (-6.96,1.15)
Alfalfa 0.87+0.51  (-0.31,2.63) 0.92+0.53  (-0.36,2.93)
Alfalfa? -0.44+0.20 (-1.09,-0.01) -0.44+020 (-1.21,0.02)
Corn stb. -2.15+0.77 (-4.99,-0.46) -2.04+£0.80 (-5.16,-0.23)
Corn stb.? -0.57+0.28  (-1.54,-0.04) -0.60+0.29 (-1.74,-0.03)
Dry cereal stb. -417+0.72  (-7.74,-2.94) -433+0.77 (-8.36,-3.27)
Irrigated cereal stb. -3.71+0.54 (-6.41,-3.05) -3.68+0.58 (-6.93,-2.92)
Irrigated cereal stb.? 1.78 £0.31 (1.38,3.30) 1.76+0.31  (1.36,3.47)
Orchards -1.63+0.58 (-3.83,-0.14) -1.73+065 (-4.27,0.11)
Orchards? 0.60+0.42  (-0.43,2.16) 0.64+0.43 (-0.58,2.38)
Roads 0.13+£0.36  (-0.84,1.41)
Terrain slope -6.44+0.89 (-12.17,-5.68) -6.69+1.00 (-13.82,-5.95)
Terrain slope? 2.94+0.46 (2.36,5.61) 3.08+0.52  (2.41,6.32)
Urban areas -891+1.70 (-16.03,-5.27) -9.42+1.79 (-18.09,-5.50)
Urban areas? 1.55 +0.45 (0.14, 2.82) 1.66+0.41  (0.15,3.33)
SF1 -11.54+1.45 (-22.78,-10.83) -11.59+1.51 (-26.90,-11.13)
SF3 -3.68+0.59 (-7.27,-3.10) -3.66+0.62 (-8.35,-2.96)
SF4 5.10+0.63 (4.57,9.33) 5.16+0.66 (4.78,10.33)
SF5 0.37+0.65 (-2.88,2.58)
SF6 -5.49+0.74 (-11.32,-4.89) -5.90+0.97 (-13.55,-4.94)
SF7 2.64+0.37 (2.29,5.35) 2.62+0.37  (2.27,6.26)
SF8 -3.62+0.71  (-7.09,-1.98) -3.59+0.74 (-8.04,-2.06)
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Table S5 Continued.

Best Model Full Model

Fixed effects B +SE cl B +SE cl

SF9 -3.43+0.51 (-6.90, -2.55 ) -3.41+0.56 (-7.94,-2.63)
SF11 -5.85+0.80  (-11.83,-5.29) -5.82+0.86 (-13.80,-5.55)
SF13 -4.27 £0.52 (-8.30,-4.00) -4.47+061 (-9.74,-4.15)
SF15 4.71+0.62 (4.33,9.06) 4.68+065  (4.47,10.34)
SF23 3.41+0.58 (2.80,7.13) 3.3510.60 (2.91,8.26)
SF25 8.75+1.09 (8.06,16.02) 890+1.11  (8.44,18.96)
SF26 5.77+0.75 (5.23,10.55) 5.89+0.80  (5.46,12.85)
SF29 -2.26+0.49 (-4.60,-1.58) -2.24+0.54  (-5.44,-1.57)
SF35 1.84 £0.53 (0.79,4.10) 2.01+0.59 (0.83,4.89)
SF39 -6.24 £0.83 (-11.68, -5.73) -6.21+0.84 (-13.61,-5.77)
SF54 -0.16£0.52  (-2.37,1.37)
SF60 -2.57+0.38 (-4.93,-2.20) -2.534£0.40 (-5.92,-2.16)
SF64 -0.12+0.36  (-1.39,1.12)
SF90 -0.76 £0.38 (-2.28,-0.03) -0.65+041  (-2.76,0.25)
SF102 -3.18+0.44  (-5.96%-2.81) -3.34+£050 (-6.90%-3.01)

Semi-variance (square kilometers)

40

30
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Additional file 6

Figure S6 Variograms representing the average square distance between
positions (semi-variance) as a function of the time lag separating observa-
tions. Mean semi-variance values across all individuals and years (a) and
individual values (b) are shown. Shadow areas represent 95% confidence
intervals around the semi-variance estimates.
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Inter-individual variation

Figure S7 Partial response curves showing individual responses of female
little bustard to spatial predictors based on random intercepts-and-slopes
models.
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Additional file 8

Figure S8 Results for the occurrence of female little bustard according to
habitat+spatial models (GLMMs, logit link function). The table indicates
the estimates * standard error and 95% confidence intervals generated by
bootstrap procedure (1000 iterations). In bold intervals not containing the
zero are marked. Results for the model containing all the predictors and

for the best models based on AIC are shown.

Best Model Full Model
AIC 3311 3334
Fixed effects B=SE I B=SE CI
Intercept -2322084  (-552,0.10) -2632087 (-696,115)
Alfaifa 0.87=051  (-0.31,263) 082053 (-0.36,2.53)
Alfaifr 0442020 (-1.09,-0.01) 0442020  (-1.21,002)
Comn stb. “2152077  (-4.99,-0.46) -2042080 (-5.16,-0.23)
Corn stb.7 —03572028 (-1.54,-0.04) —0602028 (-1.74,-0.03)
Dry cereal sth. 4172072 (-7.74.-2.94) —433£077  (-8.36,-3.27)
Irrigated cereal sth. —371£054  (—6.41,-3.08) -368£058 (—6.93,-1.91)
Irrigated cereal sth? 1.78 £ 0.31 (1.38,3.30) 1.76 £ 031 (1.36,3.47)
Orchards 163058 (-3.83,-0.14) -173£ 065 (—427.0.11)
Orchards’ 060£042 [ -0.43,2.16) 064043  (-0.5%2.38)
Roads 013036  (-0.84,1.41)
Terrain slope 6442089 (-12.17,-5.68) 6692100 (-13.82,—5.95)
Terrain slops’ 2941046  (2.36.561) 308£052 (2.41.632)
Urban areas 891170 (-16.03,-527) 942179 (-18.09,—550)
Urban areas’ 1.55 £ 0.45 (0.14,2.82) 166 =041 (0.15,3.33)
SFI —11542145 (-22.78,-10.83)  -11.59=131 (-26.90,-11.13)
SF3 —3.632059  (-7.27,-3.10) —3.662062 (-B.35,—1.96)
SF4 S10:063  (4.57.9.33) 5162066  (4.78,10.33)
SFJ 03T£065  (-2.88,2.38)
SFE —5.492074 (-11.32,-4.89) —5.902087 (-13.55,—4.94)
SF7 2642037 (1.28,535) 2622037 (1.27.6.26)
SF8 —3622071 (-7.09,-1.98) —3552074  (—8.04,-2.06)
SFY -3.432051 (—-6.90,-1.58) —3412056 (-7.94,-2.63)
SF1I —5.852080 (-11.83,-5.29) -5.822086 (-13.80,-5.55)
e —4272052 (-B.30,-4.00) 4472061  (-9.74,—4.15)
SFI3 4712062 (4.33,9.06) 4632065  (4.47.10.34)
SF22 34120358 (2.80,7.13) 3352060  (2.9L.8.26)
SF25 8752109  (B.06,16.02) ES0=111  (B.44,18.96)
SF26 5772075 (5.23,10.55) 585080  (5.46,12.85)
SF29 ~226204% (—4.60,-138) ~2242054 (-5.44,-157)
SF35 1842055 (0.79,4.10) 201£0359  (0.83,4.89)
SF39 6242085 (-1168,—5.73) 6212084 (-13.61,—5.77)
SF34 0162052 (-237,1.37)
SFe0 ~2572038 (—-4.93,-1.20) ~2532040 (-5.92,-2.16)
SFed 0122036 (-139,112)
SF90 —0762038 (-2.28,-0.03) 0652041 [-276,025)
SFI02 —3.132044 (-5.96+-281) —3342050 (—-6.90+-301)
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Figure S9 Independent contribution to the best habitat+spatial model
explained by habitat and spatial predictors.
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DIET COMPOSITION OF A DECLINING STEPPE BIRD THE LITTLE
BUSTARD (TETRAX TETRAX) IN RELATION TO FARMING PRACTICES

Carolina Bravo?, Francesc Cuscd?, Manuel B. Morales? and Santi Mafiosa*

1 Departament de Biologia Evolutiva, Ecologia i Ciencies Ambientals, Institut de
Recerca de la Biodiversitat (IRBio), Universitat de Barcelona, Facultat de Biologia.
Barcelona

2 Terrestrial Ecology Group (TEG). Departamento de Ecologia. Facultad de
Ciencias, Universidad Auténoma de Madrid. Madrid

Foraging strategies and diet selection play an essential role in indi-
vidual survival and reproductive success. The study of feeding ecology be-
comes crucial when it concerns endangered species such as the Little Bus-
tard (Tetrax tetrax), whose populations are suffering strong declines as a
consequence of agricultural intensification. Despite the fact that several
populations are overwintering in areas affected by agricultural transforma-
tion, nothing is known about how feeding behavior responds to these
changes. We studied for the first time the winter diet composition of the
Little Bustard in Spain and compared it between areas with two different
farming systems: dry and irrigated farmland. Diet was studied through the
micro-histological analysis of 357 droppings collected in 16 locations
across the wintering range of the Little Bustard in Spain. Up to 62 plant
species were identified. Most consumed species were cultivated legumes
(46.7%) and dicotyledon weeds (45.6%), while monocotyledons were
scarcely consumed (7.7%). Diet composition differed significantly between
dry and irrigated farmland areas. In irrigated areas, diet was mainly com-
posed of legumes, in particular alfalfa (Medicago sativa). In contrast, in dry
farmland areas diet was more diverse, composed mainly of weeds (Com-
positae, Papaveraceae, and Cruciferae) and also cultivated legumes, par-
ticularly vetch (Vicia sativa). These results suggest that legume crops could
be an effective measure to improve habitat quality in areas with scarce
food resources. However, in the case of irrigated areas, the strong reliance
on alfalfa could make the Little Bustard more vulnerable to changes in land
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use. This study is the first step to understand the winter trophic require-
ments of the endangered Little Bustard, but further research is necessary
to understand the food requirements of this species during the entire an-
nual cycle.

Bravo, C., F. Cuscd, M. Borja Morales, and S. Maiosa. 2017. Diet composi-
tion of a declining steppe bird the Little Bustard (Tetrax tetrax) in relation
to farming practices. Avian Conservation and Ecology 12(1):3.
https://doi.org/10.5751/ACE-00938-120103
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Introduction

The Little Bustard, Tetrax tetrax, is
a medium-sized Paleartic steppe
bird from the Otididae family that
has suffered a strong population
decline during the last century. It is
classified as “Near threatened” at
the global scale and “Vulnerable”
in Europe (BirdLife International
2004, 2016). Nowadays, a signify-
cant proportion of the world’s pop-
ulation is concentrated in the Ibe-
rian Peninsula (Garcia de la Mo-
rena et al. 2006, Iiigo and Barov
2010), where it inhabits extensive
pastures and cereal farmland (Mar-
tinez 2008). Studies determining
habitat selection and population
trends suggest that the species
population decline has been main-
ly caused by recent agricultural
changes affecting their foraging
habitats (Goriup 1994, Wolff et al.
2001, Bretagnolle et al. 2011). Land
irrigation is one of the most im-
portant alterations in agricultural
farmland, mainly through crop
change and intensification, and it is
considered one of the major thre-
ats for the conservation of this
steppe bird (Brotons et al. 2004).
The negative effect of agricultural
transformation through irrigation
schemes has been reported in Lit-
tle Bustard and several steppe spe-
cies (Tella and Forero 2000, Bro-

tons et al. 2004, De Frutos et al.
2015). However, although land-
scape transformations and other
potential threats in their areas are
thought to contribute to this de-
cline, it is unknown how the feed-
ing ecology of Little Bustards is af-
fected by these changes. In fact,
although there are numerous stud-
ies on Little Bustard ecology, little
is known about the species’ diet.
Little Bustards are omnivorous,
their diet consisting mainly of
green plant material followed by
arthropods and seeds (Cramp and
Simmons 1980). The only previous
studies on the diet of the Little Bus-
tard were carried out in Russia dur-
ing the breeding and post-breeding
seasons (Shlyakhtin et al. 2004) or
focused only on the animal compo-
nent (Jiguet 2002). Most studies of
Little Bustard ecology have focused
on breeding and postbreeding eco-
logy (Martinez 1994, Salamolard
and Moreau 1999, Wolff et al.
2001, 2002, Silva et al. 2007, Mo-
rales et al. 2008, 2013, Traba et al.
2008, Delgado et al. 2010), but lit-
tle information is available on its
habitat requirements during wint-
er (but see Silva et al. 2004, Garcia
de la Morena 2016), when it is con-
gregated in large flocks and food
availability could be a critical fac-
tor. Indeed, winter diet composi-
tion, which is presumably mostly
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herbivorous, is completely un-
known. We studied for the first ti-
me the winter diet composition of
the Little Bustard in two of the
main wintering areas for the spec-
ies in Spain (Ebro valley and South-
ern Plateau; Garcia de la Morena et
al. 2006). Furthermore, we explo-
red the effects of irrigation schem-
es on diet composition. To do this,
we compared the diet composition
between areas under two different
farming systems: dry and irrigated
farmland. Our studied dry farm-
land areas were characterized by
cereal crops in a two-year rotation
system, which generates a mosaic-
like agricultural landscape of stub-
bles, ploughs, fallows, and sown
cereal, along with to a lesser ex-
tent, other crops such as legumes,
olive groves, and vineyards. On the
contrary, irrigated farmland areas
were dominated by intensively
managed herbaceous crops, e.g.,
maize, alfalfa (Medicago sativa),
and irrigated cereal, along with
fruit-tree orchards, and character-
ized by smaller field sizes, and thus
greater amount of field margins,
than dry farmland (Table 1). Based
on the different characteristics of
each system, we hypothesized that
Little Bustards should change their
feeding behavior with the condi-
tions of each agroecosystem. On
the one hand, because the Little

Bustard strongly selects legume
crops (Martinez 1994, Salamolard
and Moreau 1999, Bretagnolle et
al. 2011), we expected that their
diet should be mainly composed of
legumes, especially in irrigated
landscapes where legume crops of
alfalfa are highly available. On the
other hand, optimal foraging the-
ory proposes that as a preferred re-
source becomes scarce, individuals
tend to open their trophic niche
behaving as opportunistic (Ste-
phens and Krebs 1986), hence in
areas with low legume availability
such as dry farmland, we expected
that diet diversity of Little Bustards
should be higher. We provide a
more comprehensive understand-
ing of the winter requirements of
the Little Bustard, and other her-
bivorous birds inhabiting cultivated
farmland in a rapidly changing en-
vironment. In this context, the
study of the feeding behavior of an
endangered species could be an es-
sential tool to reverse its negative
trend. A precise knowledge of the
diet of species living in changing
environments can help to identify
key environmental resources for
designing reliable
strategies.

conservation
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Methods

Study area

The study was conducted on irri-
gated and dry wintering farmland
areas within the Spanish Little Bus-
tard range, where populations of
the species have been intensively
studied (Fig. 1; Garcia de la Morena
et al. 2007, Ponjoan et al. 2012,
Tarjuelo et al. 2013). Irrigated
farmlands were covered by a large

variety of crops, although domi-
nated by winter-sown cereal and
maize crops, as well as alfalfa fields
and fruit-tree orchards (Table 1).
Sampling of these irrigated areas
was carried out in seven locations
of Lleida Plains (Anglesola, Arbeca,
El Poal, Torregrossa, Castellnou de
Seana, Sidamon, Miralcamp), situ-
ated on the northeastern edge of
the Ebro Valley and dominated by
small fields linked to gravity-irri-
gated agriculture, and one location

O Irrigated sampling site

o

11 Guadalajara
14
12~ @15
13
100

Madrid

16.

Ow

Toledo

9 Ciudad Real

0 20Km
[SE )

200Km

Lleida

) 20Km
{ IR SR |

Dry farmland site

0 250 500 1,000 m
| ST T R |

@ Dryland sampling site
A Point of droppings collection

[ cereal sown ] otlive
Fallow @ Legume
Cereal stubble [ Fruit
[ Corn stubble [ other
Ploughed

Irrigated site

== Buffer 1500 m

1,000 m

Figure 1 Map of the study area showing the irrigated sampling sites (1: Anglesola; 2: Arbeca; 3:
Castellnou de Seana; 4: Torregrossa; 5: Miralcamp; 6: El Poal; 7: Sidamon; 8: La Puebla de Mon-
talban) and the dry farmland sampling sites (9: Campo de Calatrava; 10: Campo Real; 11: Valde-
piélagos; 12: Cobefia; 13: Daganzo de Arriba; 14: Valdetorres de Jarama; 15: Villanueva de la
Torre; 16: Torrejon de Velasco). Agrarian land-use composition in 1500 m buffers around the
point of dropping collection is shown for two of the 16 sampling points (Torrejon de Velasco and
Arbeca), as an example of each farmland system.
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Table 1 Averaged (+SD) habitat and configuration of the study sites composition on grouped
by irrigated and dry farmland areas.

Irrigated areas Dry farmland areas Mann Whitney

(n=8) (n=8) U-test
Habitat configuration
Shannon index habitat 16 * 0.2 15 + 0.3 54 0.024
Field size (ha) 13 + 1.4 25 + 16 9 0.015
Land uses (%)
Fallows 40 £ 2.6 6.1 + 6.2 27 0.645
Sown cereal 94 + 51 50.8 + 18.0 1 <0.001
Ploughs 31.0 + 186 15.0 + 115 50 0.065
Maize stubble 115 * 75 -
Cereal stubble 20 = 3.7 26.1 + 253 9.5 0.018
Fruit-tree orchard 183 £ 149 --
Legume cropst 194 + 10.2 09 = 16 64 <0.001
Olive and vineyard 3.1 = 3.2 12 £+ 19 47 0.122

tLegume crops in irrigated areas corresponded to irrigated alfalfa crops (Medicago sativa), whereas in
dry farmland corresponded to dry legume crops of Vicia sativa, Vicia spp and Pisum sativum.

in the Tagus valley (La Puebla de Diet analysis
Montalban) sited in the Iberian
Southern Plateau, dominated by
large pivot-irrigated fields. Dry
farmland was mostly dedicated to
cereal production (> 80%), with
some olive groves, vineyards, and
leguminous crops (Vicia sativa and
Vicia spp.; Table 1). Sampling of the
dry farmland area was carried out
in eight locations of the Southern
Plateau in Madrid, Guadalajara,
and Ciudad Real provinces (Valde-
piélagos, Valdetorres de Jarama,
Cobefia, Daganzo de Arriba, Campo
Real, Villanueva de la Torre, Torre-
jon de Velasco, Campo de Cala-
trava).

The diet was studied using 357
droppings collected in late Novem-
ber—January between 2003-2013
(Table A1.1.), in the above-men-
tioned eight irrigated and eight dry
farmland sites within the study
area (Fig. 1). On each site, fresh
droppings were collected at roost-
ing sites at dawn from cereal sown
(25.5%), stubble (37.7%), and legu-
minous crops (36.8%). Each morn-
ing, we randomly collected 13.2 +
5.1 (meanzSD, range: 6 — 25) fresh
individual droppings per flock
(127.5 +182.1 individuals per flock,
range: 13 — 500). To avoid pseudo-
replication, we collected fewer
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droppings than individuals per
flock and only those that were at
least 10 m apart. Each dropping
was individually stored in a labeled
bag, oven-dried at 60°C within 48
hours, and weighed afterward (ac-
curacy: 0.001 g). Each dropping
was partitioned into green plant
material, arthropods, and seeds
with the aid of a binocular micro-
scope (20x). These components
were weighed separately and the
dry weight proportion calculated
per dropping. Plant species were
identified and quantified by micro-
histological techniques using our
reference collection of tissues from
the study area (Bravo et al. 2016; C.
Bravo, O. Jordi, F. Cuscé and S. Ma-
nosa 2016, unpublished data).
From each sample, 80 fields, i.e.,
the visible circle that is observed
through the microscope, were ex-
amined with a microscope (40x),
recording the presence or absence
of each plant species. We calcu-
lated the diet composition as the
occurrence percentage of each
plant species per dropping, OD =
ni*100/80, where n; is the number
of microscope fields in which spe-
cies i occurred in the 80 micro-
scope fields. All identified plants
and their occurrence percentage in
the diet (OD) are shown in Table
Al.2.

Habitat configuration and land
uses

To describe habitat configuration
and proportion of land-use types of
the study area, we delimited a
1500 m buffer around each drop-
ping collection site (n = 16). Based
on ecology movement of the Little
Bustard in the study area (F. Cusco
and S. Mafiosa 2016, unpublished
data, personal observation), we as-
sumed that this buffer provides
characteristic information of the
feeding areas on each sampling
point. Indeed, habitat configura-
tion and proportion of land-use
types were also calculated for buff-
ers of 1000 m and 500 m radius to
determine whether results were
sensitive to radius choice. Because
similar results were obtained, only
results of 1500 m radius are pre-
sented. In each buffer area, the
habitat composition was assessed
by recording the land-use type in
each field and calculating the pro-
portion of different land-use types
using ArcView 10.2.2 (ESRI 2014).
The land-use types considered
were sown cereal crops, cereal
stubbles, maize stubbles, ploughs,
fallows, irrigated legume crops
(Medicago sativa), dry legume
crops (Vicia sativa and Vicia spp.),
olive and vineyards, fruit-tree or-
chard crops, and nonused land
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(shrubland, infrastructures, etc.;
Table 1). Farmers usually plow
stubble during this period. To rec-
ord the land-use types actually
available for foraging Little Bus-
tards, land-use data were collected
on the same day or a few days
around the date of dropping collec-
tion. Habitat configuration on the
same buffer areas were estimated
using FRAGSTATS 4.2 (McGarigal et
al. 2012) by calculating the follow-
ing variables: (i) habitat diversity
(SHDI; computed using the Shan-
non index and considering the pro-
portional abundance of each land-
use types); and (ii) mean field size
(ha) as a measure of edge density.

Statistical analysis

We examined the overlap in diet
composition (percentage of each
plant species per dropping) betwe-
en and within dry and irrigated
farmland areas using non-metric
multidimensional scaling (NMDS).
NMDS is an ordination technique
that uses a Bray-Curtis matrix of
ranked similarities and displays
samples in lowdimensional space
while retaining as nearly as possi-
ble the similarity rankings between
groups. We chose this method for
the following reasons: (i) avoids
the assumption of linear rela-
tionships among variables; (ii) non-

normal and nonlinear data can be
used; and (iii) the ordination based
on ranks relieves the “zero-trunca-
tion problem” (McCune and Grace
2002). The stress criterion was
used to evaluate goodness of fit for
the final NMDS model. NMDS re-
sults were considered to represent
a useful model if two-dimensional
stress was less than 0.2 (Kruskal
1964, Clarke 1993). We then used
analysis of similarities (ANOSIM), a
nonparametric test that uses per-
mutations to calculate significance
between groups, to determine if
there were differences in diet com-
position of dry and irrigated farm-
land area. The test statistic was the
global R, which can range from -1
to +1, with a value close to -1 indi-
cating that the variation within
groups is higher than the variation
between groups and a value close
to +1 indicating that the variation
between groups is higher than the
variation within groups (Clarke
1993). If a significant result (p <
0.05) was obtained using ANOSIM,
we used analysis of similarity per-
centages (SIMPER) to determine
which particular plant species were
responsible for the dissimilarity be-
tween areas (Clarke 1993). All anal-
yses above were conducted with
vegan package for R 2.15 (Oksanen
et al. 2013). Diet diversity in the
droppings was calculated using the
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Shannon diversity index H' = -3(pi
‘In pi), where piis the proportion of
species i (plant, animal and seed
species) per dropping. Differences
in diet diversity between dry and ir-
rigated farmland areas were ana-
lyzed by the nonparametric Mann-
Whitney U test, based on the mean
diversity per sampling site. Also,
differences of diet diversity among
sampling sites of dry farmland and
among sampling sites of irrigated
farmland were analyzed by Krus-
kalWallis test followed by Dunn’s
post hoc multiple comparison test.
Differences in habitat configura-
tion variables, land-use availability,
and differences in dry weight of
droppings in the two agroecosys-
tems were analyzed by means of a
nonparametric Mann-Whitney U
test. Results are reported as
meantSD in the text and tables;
and mean4SE in the figures.

Results

NMDS2

Dry weight of droppings was 0.95%
0.86 g, showing no differences be-
tween the two agrosystems
(Mann-Whitney U = 16573, p =
0.43). The dry weight proportions
of droppings were 99.998% of gre-
en plant material, 0.001% of ar-
thropod, and 0.001% of seeds.
Most droppings were composed
exclusively of green plant material

(96.4%), whereas only 2.8% and
0.8% of total droppings contained
arthropod and seed remains, res-
pectively. Up to 62 plant species
were identified, with an average of
614 species per dropping and 15.8+
9.8 species per sampling area (n =
16). Overall, most species were cul-
tivated legumes (46.7% of diet
composition) and weeds (45.6% of
diet composition), with reduced
presence of graminoid species
(7.7% of diet composition; Table
Al.1). Arthropod remains corre-
sponded to Coleoptera and Hyme-
noptera (Formicidae), 2.2% and
0.6% of droppings, respectively.
Seeds belonged to undetermined
weeds, but did not belong to any
cultivated cereal or legume.

T T T T

=2 -1 0 1 2
NMDS1

Figure 2 Nonmetric multidimensio-
nal scaling (NMDS) plot representing
diet similarity for dry farmland (dark
grey) and irrigated areas (light grey).

-79-

e m o @ B ¥ e & kB JI O X + DO

Anglesola
Arbeca
Castellnou de S.
Torregrossa
Miralcamp

El Poal

Sidamon

La Puebla de M.
C. de Calatrava
Campo Real
Valdepiélagos
Cobenfa
Daganzo de A.
Valdetorres de J.
Villanueva de la T.
T. de Velasco



Capitol 2

Among plants, the high consump-
tion of cultivated legumes was
highlighted (83.2% of total leg-
umes), mainly Medicago sativa and
Vicia sativa. Among weeds, Com-
positae, Papaveraceae, and Crucif-
erae were the most frequent fami-
lies consumed (Table Al.1). The
main species eaten were Anacyclus
clavatus, Papaver rhoeas, Capsella
bursa-pastoris, Diplotaxis erucoi-
des, and Convolvulus arvensis (Ta-
ble A1l.2). Regarding graminoid
plant species, Hordeum vulgare
was the most common in the diet
of Little Bustard (4.9% of diet com-
position; Table A1.2). The NMDS
analysis of the diet composition
showed a clear spatial separation
between diet composition of dry
farmland and irrigated areas (Fig.
2). This was statistically verified
with ANOSIM test, which showed a
significant difference in the degree
of separation between the two as-
semblages (R = 0.56, p < 0.05). An
additional post hoc analysis, SIM-
PER, found that the 38% of the dis-
similarity between the assembla-
ges was attributed to the propor-
tion of Medicago sativa, 11.7% at-
tributed to Capsella bursa-pastoris,
and 6.8% to Vicia sativa. Among
dry farmland sampling sites, ANO-
SIM test showed no significant dif-
ference in the degree of separation

between assemblages of dry farm-
land sites (R = -0.011, p > 0.05).
Also among irrigated sampling
sites, ANOSIM test showed no sig-
nificant difference in the degree of
separation between assemblages
of irrigated sites (R = -0.072, p >
0.05).

Diet diversity was significantly
higher in dry farmland area (H"
1.34+0.47) than in irrigated area
(H': 0.59+0.33, Mann-Whitney U =
2938.5, p < 0.001). Diet in irrigated
areas mainly consisted of legumes
(67.1+£28.3% of diet composition),
followed by Cruciferae (25.2+ 25.5
% of diet composition; Fig. 3), whe-
reas in dry farmland area diet was
characterized by the presence of
species from Leguminosae, Com-
positae, Papaveraceae, and Crucif-
erae species (Fig. 3). Among irrigat-
ed areas, diet diversity was signifi-
cantly different between sampling
sites (H7 = 131.5, p < 0.05); being
Arbeca and El Poal significantly mo-
re diverse than Anglesola, Castell-
nou de Seana, and La Puebla de
Montalban (Dunn’s test p < 0.05).
Whereas among dry farmland ar-
eas, diet diversity was also signifi-
cantly different between sampling
sites (H7 = 39.4, p < 0.05); being
Campo de Calatrava and Campo
Real significantly more diverse
than the remaining sites, except
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Torrejon de Velasco (Dunn’s test p
< 0.05).

Discussion

In agreement with previous studies
conducted in France and Russia
(Jiguet 2002, Shlyakhtin et al. 2004)
on the diet in the breeding and
postbreeding seasons, the winter
diet of the Little Bustard in Spain
fundamentally consisted of green
plant material, mainly cultivated
legumes (46.7%) and weeds (45.6
%). Monocotyledon species were
only seldom consumed (<8%), in
accordance with what has been re-
ported for related species, such as
the Great Bustard (Lane et al. 1999,
Bravo et al. 2016). This low con-
sumption is remarkable because
the availability of wild or cropped
monocotyledons is very high in the
studied farmland habitats, and is
probably the consequence of its
low digestibility and nutritional
value compared to weeds and leg-
umes (Smith et al. 1972).

Microhistological analysis is a me-
thod widely used to assess diet
composition of herbivorous spec-
ies (La Morgia and Bassano 2009,
Blanco-Fontao et al. 2010, Whitney
et al. 2011, Kobayashi and Takat-
suki 2012, Xu et al. 2012, Freschi et
al. 2014). However, results from

microhistological analysis of drop-
pings could have a potential bias
derived from differential digestibil-
ity of plant species. For example,
graminoids or ligneous species are
generally over-represented in fae-
cal samples (Vavra and Holechek
1980, Alipayo et al. 1992). Our re-
sults showed that diet consisted
mainly of dicotyledon weeds, with
smaller proportion of graminoids.
Therefore, unless there are large
differences in digestibility between
dicotyledon weed species of our
study area, our results should not
differ significantly from the compo-
sition of true diet. In any case, any
potential bias should not affect the
comparisons between farming sys-
tems, which supports the reliability
of our conclusions. On the other
hand, although our sample of drop-
pings was collected over a long pe-
riod of time, sample size did not al-
low to test for interannual varia-
tion. Nevertheless, this study is the
first step to understand the trophic
requirements of Little Bustards and
further studies are needed to ad-
dress the changes in diet across
years as agricultural intensification
and land-use changes are the main
threat to this species. Cultivated
legumes were an important winter
food resource for Little Bustard in
both irrigated (67%, alfalfa) and
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dry farmland (26%, mainly vetch
Vicia sativa). This was not surpris-
ing onirrigated farmland, where al-
falfa covers up to 19% of land (Ta-
ble 1), but it was somehow unex-
pected on dry farmland, with only
a meagre 1% of legume crop avail-
ability (Table 1). This indicates a
strong preference for feeding on
legumes, as already suggested by
the reported selection of legume
crop areas exhibited by the Little
Bustards (Martinez 1994, Salamo-
lard and Moreau 1999, Bretagnolle
et al. 2011). In spite of this appar-
ent preference for cultivated legu-
minous plants, noncultivated plan-
ts were also very important in the
winter diet of the Little Bustard.
This dominance of weeds was
remarkable on dry farmland, whe-
re Anacyclus clavatus, Papaver
rhoeas, Diplotaxis erucoides, and
Capsella bursa-pastoris formed the
bulk of the diet. But it was

Figure 3 Percentage (mean1SE) of the
main plant families in the diet of Little
Bustards (Tetrax tetrax) in irrigated
(white columns) and dry farmland
areas (grey columns) in Spain. Infre-
guent families (Caryophyllaceae, Bo-
raginaceae, Dipsacaceae, Euphorbia-
ceae, Malvaceae, Plantaginaceae, Pri-
mulaceae, Resedaceae, Rubiaceae,
Scrophulariaceae) have been grouped
in the “other” category.

somehow surprising in irrigated
habitats, where the Little Bustards
consumed a remarkable 32% of
noncultivated plants despite that
alfalfa crops seemed to provide a
virtually unlimited high quality
food supply. We hypothesized that
nutrient requirement cannot be
met from a single plant species
(Stephens and Krebs 1986, Rau-
benheimer and Simpson 1997)
and, consequently, Little Bustards
try to incorporate a greater variety
of plant species in their winter diet
to meet a complete range of nutri-
ent needs. The fact that there
were no significant differences in
diet composition between sam-
pling sites among irrigated areas,
or among dry farmland areas, sug-
gests a consistent feeding behavior
within each agroecosystem,
gardless of the region (Ebro Valley
or Southern Plateau), hence high-

re-
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lighting the robustness of the pat-
tern described and indicating that
diet composition varied between
agrarian systems rather than be-
tween regions. Likely these differ-
ences in diet were the consequen-
ce of different land-use availability
between agrosystems (Table 1). On
dry farmland areas, diet composi-
tion was much more diverse, being
composed mainly of weeds and
legumes. These plants were proba-
bly provided by cereal stubble (Ta-
ble 1), which hold higher availabili-
ty of weeds (Ponce et al. 2014; per-
sonal observation). Also, the higher
global dietary diversity on dry
farmland areas was both the result
of a higher between and within site
variation (Figs. 2 and 3, Table A1.1).
At some sites, such in Valdepiéla-
gos and Valdetorres, cultivated leg-
umes in diet were dominant (Table
A1.1), because in these areas there
was about 2% of surface occupied
by V. sativa crops provided by the
agri-environmental scheme pro-
grams (Ponce et al. 2014). In other
areas, where these crops were less
available, diet was more diverse,
based on a mixture of legumes and
weeds (Campo Real, Villanueva de
la Torre), cereals and weeds (Cobe-
na), or mainly on weeds (Campo de
Calatrava, Daganzo de Arriba, and
Torrejon de Velasco), likely de-

pending on the land-use composi-
tion on each site. The Little Bustard
therefore seems to follow the pre-
diction of optimal foraging theory,
which proposes that diet diversity
decreases as the abundance of the
preferred resource increases (Ste-
phens and Krebs 1986). On the
contrary, in irrigated areas, despite
having higher edge density and
habitat diversity (Table 1), which
could counteract a potentially con-
strained diet by providing a wider
variety of food resources (Ottens
et al. 2014), the dietary spectrum
and diet diversity were always low,
mainly composed of legumes alfal-
fa or, in one location (Miralcamp),
cruciferae (Figs. 2 and 3, Table
A1.1). Therefore, we cannot pre-
clude the possibility that the low
diversity in the diet of Little Bus-
tard inirrigated farmland is reflect-
ing the reduced availability of alter-
native resources as a consequence
of agricultural intensification as
has been reported in other species
(Britschgi et al. 2006, Moorcroft et
al. 2006, Cardador et al. 2012). Alt-
hough cultivated legumes seem to
provide a good food resource for
Little Bustards in winter, we would
like to warn about some potential
drawbacks of this dependence.
First, the strong reliance on leg-
umes as a winter food resource,
particularly in irrigated areas,
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could result in a vulnerable system,
being very sensitive to changes in
land uses, because of the lack of al-
ternative suitable food resources.
Alfalfa crops seem to act as a habi-
tat island surrounded by unsuita-
ble habitat for Little Bustards, such
as fruit-tree orchard and ploughs
(Silva et al. 2004), hence a decrease
in the surface of alfalfa or isolation
from each other could entail the
abandonment of the area by the
Little Bustard (Saunders et al. 1991,
Brotons et al. 2004), as has been
recently described by Morales et
al. (2015) for the Tagus valley. Sec-
ond, the benefits of a diverse diet
on the fitness, growth, or survivor-
ship has been reported for several
species, particularly herbivorous
ones (Lefcheck et al. 2013) so it is
likely that a narrow diet composed
mainly of alfalfa does not meet the
complete range of nutrients
needed by Little Bustards. In fact,
as stated above, our results sug-
gest that, even in alfalfa-domi-
nated areas, a high proportion of
weeds are included in the diet, sug-
gesting that the Little Bustard
needs to equilibrate their winter
diet with a variety of plants. Finally,
alfalfa monocultures are inten-
sively managed crops, involving the
use of high amounts of pesticides
(Barker et al. 1980, Almacellas and

Perdiguer 2007, Cantero and Mon-
cunill 2012). It is well known that
the use of these compounds has di-
rect or indirect effects on avian
wildlife, compromising bird sur-
vival or breeding success because
of intoxication by the ingestion of
contaminated food, soil, or water
(Fry 1995, Lemly et al. 2000). Thus,
the potential negative effects that
a high reliance on alfalfa as a win-
ter food resource may have on the
Spanish Little Bustard population
and those of other farmland birds
deserve further attention from an
ecological, nutritional, and toxico-
logical point of view. In the mean-
time, although the effectiveness of
providing legume crops as a meas-
ure to increase habitat quality and
carrying capacity for bustards in
agricultural landscape has been
well established (Wolff et al. 2001,
Ursda et al. 2005, Bretagnolle et al.
2011, Kovacs-Hostyanszki and
Baldi 2012, Ponce et al. 2014), we
suggest that these crops should be
included within a web of a diverse
habitat matrix providing different
suitable and complementary habi-
tats such as fallow land (Silva et al.
2004) to supply alternative and
varied food resources. To summa-
rize, our results show that Little
Bustards show a great trophic plas-
ticity, being able to change their
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foraging behavior with the condi-
tions prevailing on each agrarian
system. The conservation of this
species in Spain requires the ade-
guate management of agricultural
farmland aiming to meet its food
requirements. In winter, this would
involve providing diversified land-
scapes, containing large amounts
of wild or cropped legumes, but
also many weeds to complement
the diet. In areas dominated with
cultivated legumes, fallow land
should be promoted. On the con-
trary, on cereal- and fallow-domi-
nated areas, plots of legume crops
should be provided. Finally, prac-
tices associated to the intensive
treatment of fallows such as re-
peated tillage of rotatory fallows
should be avoided. This study is the
first step to improve our know-
ledge about feeding behavior of
the Little Bustard in a changing
farmland environment. However,
there is still much work to be done
to understand to what extent the
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Table A1.2 Plant species identified in Little Bustard diet sorted by irrigated (n=8)
and dry (n=8) farmland areas. Frequency of each plant species is expressed as the
average percentage (+SD) of droppings in which the species appears, and diet
composition is shown as the average (+SD) percentage of microscope fields with
presence of each species per dropping. Averages were based on the mean of the
8 sampling sites per agroecosystem.

Frequency (%)

Diet composition (%)

Irrigated area Dry farmland

Irrigated area

Dry farmland

Family Species area area
Boraginaceae Echium plantagineum 40 = 93 017 = 039
Heliotropium europaeum 01 =04
Lithospermum apulum 13 = 33 0.7 = 21 0.04 = 0.12 001 = 0.02
Lithospermum arvensis 1.7 = 36 12 = 23 005 = 0.14 002 = 0.16
Caryophyllaceae  Stellaria media 13 = 33 74 = 188 0.03 = 0.08 0.14 = 034
Compositae Anacyclus clavatus 282 = 202 583 = 426 1.68 = 2.00 11.53 15.06
Andryala integrifolia 254 = 284 262 = 430
Bellis perennis 06 = 1.7 0.01 = 0.02
Calendula arvensis 02 =07 0.00 = 0.01
Carthamus lanatus 6.7 = 118 0.16 = 034
Chnicus benedictus 21 = 59 0.12 = 0335
Crepis sancta 04 =13 0.00 = 0.01
Crepis vesicaria 14 = 37 11.8 = 16.0 0.03 = 0.09 030 = 044
Filago sp 7.0 = 134 065 = 1.71
Picris echinoides 197 = 257 0.53 0.67
Picris sp 19 = 42 0.04 = 0.009
Senecio vulgaris 25 = 43 01 =04 0.03 = 0.06 0.00 = 0.01
Silybum marianum 03 =07 05 = 1.0 0.00 = 0.01 0.01 0.02
Tolpis barbata 01 =04 0.01 0.02
Undetermined 7.0 = 130 91 = 204 0.60 = 1.07 330 = 409
Convolvulaceae  Convolvulus arvensis 39 = 50 350 = 362 009 = 0.14 345 7.48
Cruciferae Alyssum minus 09 = 25 003 = 0.08
Biscutella auriculata 9.7 = 217 1.11 = 259
Brassica repanda 01 =04 0.02 = 0.05
Camelina micrarpa 13 = 33 0.01 = 0.04
Capsella bursa-pastoris 911 = 78 423 = 245 2434 = 2562 524 = 588
Cardaria draba 31 = 88 0.64 = 1.80
Descurainia sophia 03 =07 07 = 21 0.00 = 0.01 0.01 = 003
Diplotaxis erucoides 36.6 = 385 847 = 1589
Malcolmia africana 01 =04
Naslia paniculata 134 = 196 1.77 = 3.69
Raphanus raphanistrum 20 = 45 027 = 048
Sisymbrium irio 45 = 69 36 = 6.8 020 = 045 071 = 135
Undetermined 201 = 263 269 = 323 022 = 050 0.64 = 1.67
Dipsacaceae Scabiosa sp 32 = 51 006 = 011
Scabiosa stellata 13 = 33 02 = 07 002 = 0.06 0.00 = 001
Euphorbiaceae Euphorbia helioscopia 05 =14 0.03 0.08
Geraniaceae Undetermined 3870 80 = 177 000 = 0.18 1.86 = 253
Gramineae Bromus diandrus 24 = 45 0.09 = 0.22
Bromus sp 07 = 21 0.02 = 005
Hordeum murinum 6.9 = 184 324 = 118 031 = 0.89 0.84 = 038
Hordeum vulgare 26 = 38 555 = 445 0.08 = 0.17 10.79 10.40
Lolium rigidum 3870 07 = 21 046 = 087 0.01 0.04
Triticum aestivum 38 =99 15 = 28 061 = 1.73 0.18 = 035
Undetermined 69 = 116 279 = 348 001 = 0.02 0.00 = 0.01
Labiatae Lamium amplexicaule 328 = 277 344 = 330 1.95 = 2.67 624 = 9083
Leguminosae Astragalus hamosus 103 = 200 1.16 = 3.27
Astragalus sp 28 =73 0.03 = 0.09
Medicago polymorpha 25 = 6.6 0.03 = 0.08
Medicago sativa 800 = 255 66.90 = 28.34
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Table A1.2
Frequency (%) Diet composition (%)
Familv . Irrigated area Dl'}'fn?'mland Irrigated area Dry fnrmlnn(l
amily Species area area
Medicago sp 372 = 283 539 = 763
Ornithopus compressus 119 = 277 0.48 1.10
Trifolium angustifolium 3571 0.04 0.07
Trigonella monspeliaca 03 0.7 94 = 265 0.00 = 0.01 031 0.89
Vicia sativa 250 = 451 17.15 3139
Vicia sp 38 = 70 240 = 304 010 = 021 391 = 622
Malvaceae Malva sylvestris 35 = 51 0.04 0.06
Papaveraceae Papaver hybridum 63 = 177 015 = 042
Papaver rhoeas 244 = 233 276 = 436 117 = 1.58 817 = 19.29
Plantaginaceae Plantago lagopus 09 = 17 12 = 23 0.02 = 0.06 0.01 0.02
Primulaceae Anagallis arvensis 02 =07 0.01 0.02
Resedaceae Reseda alba 03 = 08 0.01 0.02
Rubiaceae Galium tricormutum 40 = 114 0.11 031
Sherardia arvensis 03 =08 0.00 = 001
Scrophulariaceae  Veronica heredifolia 63 = 102 156 = 183 0.13 = 020 029 = 036
Veronica polita 14 37 01 = 04 0.02 = 0.05
Undetermined Undetermined 206 = 13.0 123 = 103 0.26 = 0.62 0.29 = 0.69
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The Little Bustard Tetrax tetrax (Linnaeus, 1758) is a medium-sized,
“Near Threatened” steppe bird, whose Iberian population has been
alarmingly declining over recent decades. Although this population loss
has been mainly attributed to agricultural intensification, there is no
information on Little Bustard adult mortality levels and their drivers. Based
on a joint effort combining all the tracking data on adult Little Bustards
collected over a period of 12 years by all research teams working with the
species in Iberia, we found that annual anthropogenic mortality is likely to
have a critical impact on the species, with values almost as high as the
mortality attributed to predation. Collision with power lines was found to
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be the main anthropogenic threat to the adult population (3.4-3.8%/year),
followed by illegal killing (2.4—3%/year), which had a higher impact than
initially foreseen. Our work shows how poorly understood and previously
unknown threats are affecting the survival of the most important Little
Bustard population in Europe.

Marcelino, J., F. Moreira, S. Manosa, F. Cuscd, M.B. Morales, E.L. Garcia de
la Morena, G. Bota, J.M. Palmeirim, J.P. Silva. 2017. Tracking data of the
Little Bustard Tetrax tetrax in Iberia shows high anthropogenic mortality.
Bird Conservation International, 1-12. doi:10.1017/50959270917 00051X
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Introduction

Identifying causes of death and
assessing their prevalence is funda-
mental in understanding species’
population dynamics, and target-
ing the reduction of mortality in
endangered populations. A good
understanding of the causes and
rates of mortality is therefore of
vital importance for the conserva-
tion of endangered species.

Compared to other demographic
parameters of wildlife populations,
mortality is difficult to estimate
(McCallum 2000) due to difficulties
in capturing and monitoring ani-
mals, which usually results in small
sample sizes, and the uncertainty
about the fate of alarge proportion
of tracked individuals. Neverthe-
less, the increasing use of remote
tracking devices and the improve-
ment in capture techniques has
facilitated mortality and survival
studies in free-ranging animals
(Krebs 1999, Kenward 2001, Mills-
paugh and Marzluff 2001).

While natural threats are less sub-
ject to human control, sources of
anthropogenic mortality can be
challenging to manage (Loss et al.
2012). This is the case with mortali-
ty caused by overhead power lines,
wind farms and buildings, or hunt-
ing and illegal killing (Erickson et al.

2005, Tourenq et al. 2005, Loss et
al. 2014, Silva et al. 2014).

The Little Bustard Tetrax tetrax
(Linnaeus, 1758) is currently classi-
fied as globally “Near Threatened”
(BirdLife International 2016). Its
present breeding distribution is
fragmented and concentrated in
two main regions: one centered in
south-eastern European Russia
and Kazakhstan, and a second in
the Iberian Peninsula, France, Sar-
dinia and Morocco (Cramp and
Simmons 1980, del Hoyo et al.
1996, Palacin and Alonso 2009,
BirdLife International 2016). Over
recent decades the population has
been declining mainly in its west-
ern range. In western France, for
example, between the 1980s and
late 1990s the population suffered
an estimated decline of 92% (Joli-
vet 1997). Because of this declining
trend, the species is classified as
“Vulnerable” in the Iberian Penin-
sula (Madrofio et al. 2004, Cabral
et al. 2005) and is considered a
priority species under the Europe-
an Union Wild Birds Directive
(2009/147/EC), which has led to
the designation of many steppe
areas as Special Protection Areas
(SPA).

The Iberian Peninsula holds the
main stronghold of the species in
Europe (Ifiigo and Barov 2010). The
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Spanish population was estimated
between 29,000 and 48,000 indivi-
duals (Garcia de la Morena et al.
2006), and the Portuguese popula-
tion was estimated at 17,500 males
(Silva and Pinto 2006). Over the last
10 years, alarming declines have
been reported for several regions
of Iberia, such as Catalonia, Central
Spain and Extremadura, with regio-
nal losses between 50% and 70% of
the breeding population (Morales
et al. 2006a, 2015, De Juana 2009,
Mafiosa et al. 2015).

A number of factors are contribut-
ing to the Little Bustard’s decline. A
major overall threat is agricultural
intensification, which leads to ha-
bitat loss and degradation (e.g. Go-
riup 1994, Morales et al. 2005a,
2006b, Garcia et al. 2007). In Ibe-
rian landscapes, agricultural inten-
sification leads to the decreasing
use of traditional crop rotation sys-
tems and suppression of fallow
land, which is a key breeding habi-
tat for the species (Martinez 1994,
Morales et al. 2005b, Moreira et al.
2012). In France, nest destruction
during harvesting has also been re-
ported as a main factor of decline
(Inchausti and Bretagnolle 2005).

Adult survival has also been point-
ed out as one of the most impor-
tant demographic parameters af-
fecting Little Bustard population

viability (Morales et al. 200543, In-
chausti and Bretagnolle 2005),
highlighting the importance of
knowing mortality rates as well as
their underlying causes. There is,
however, a great dearth of infor-
mation on these topics. Exceptions
include the study by Schulz (1987),
who found that predation is the
most common natural cause of
death for Little Bustard. In fact, its
behaviour seems to be determin-
ed, in great measure, by an anti-
predator strategy that includes
flocking outside the breeding sea-
son and selecting habitats with a
vegetation structure that provides
both cover and visibility (Silva et al.
2004, Garcia de la Morena 2016).
Collisions with overhead power
lines have also been described as
an important source of nonnatural
mortality (Silva et al. 2010, unpubl.
data). A rough estimate based on
the number of dead birds found
next to power lines indicated that
1.5% of the Portuguese national
population could be killed annually
by these structures (Silva et al.
2014). Other sources of human
induced mortality, such as illegal
killing, have also been identified as
threats, but have never been quan-
tified (Ifigo and Barov 2010).

The purpose of this paper is to
assess the causes of adult mortality
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and estimate the relative impor-
tance of each of the identified
causes in the lIberian Peninsula.
This information is essential to out-
line a future strategy aiming to set
a conservation plan to reverse the
decline of this threatened steppe-
land bird. Based on a joint effort, all
tracking data on adult Little Bus-
tards collected by the Iberian
research teams over a period of 12
years were used for this paper.

Methods

Study area

The study was carried out in the
Iberian Peninsula, within several

areas holding important popula-
tions of Little Bustard, namely
north-eastern Iberia (Catalonia and
Aragdn), central lberia (Madrid,
Castilla-La Mancha, Castilla-Ledn)
and south-western lberia (Extre-
madura in Spain and Alentejo in
Portugal). In central and north-
eastern Iberian areas, the agricul-
tural landscape is dominated main-
ly by dry cereal farmland of varying
degrees of intensification (Mafiosa
et al. 2015, Morales et al. 2015).
Conversely, in south-western lbe-
ria the landscape is characterised
by larger fields and considerable
amounts of grasslands, especially
in Portugal (Moreira et al. 2012).

Figure legend:

* Vehicle collision
W Power line collision
A Poaching

+ Natural Causes
O Undetermined

Figure 1 Symbols indicate the location of dead individuals recorded between
2001 and 2013 used in the cause-specific analysis. The areas in light grey
represent the potential habitat for the Little Bustard, i.e. land uses most
frequented by the species (Martinez, 1994, Silva et al. 2004, 2007, Morales et al.

2006b).
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Table 1 (a) Number of birds, tracking methods, data frequency and sex per
region; censored individuals. (b) Number of individuals per tracking method and

data frequency.

(a)

n VHF P 1 Daily Biweekly Quarterly TFemales Males

Tracking GPS Doppler data  data data
North-eastern Iberia 8o 62 18 o 18 42 20 40 40
Central Iberia 36 22 10 1 6 18 12 g 27
South-western Iberia 35 o 28 7 28 7 O 3 32
Censored individuals 69 43 21 5 16 4z 11 24 45
Total 151 73 58 8 52 67 32 52 99
(L)

VHEF PTT PTTI

Tracking GPS  Doppler
Daily data o 52 o
Biweekly data 55 5 7
Quarterly data 3o 1 1

Data collection

We collected mortality data from
151 adult individuals that were tag-
ged in several areas of the lberian
Peninsula (Figure 1) from 2001 to
2013. A total of 52 females and 99
males were tracked by different
technologies in different areas:
VHF tracking, PTT-GPS and PTT-
Doppler, and with different data
acquisition frequencies (Table 1).
Life expectancy of the transmit-
ters ranged between one and three
years for VHF tracking and above
three years for solar PTT-GPS and
PTT-Doppler. For males, the cap-
ture was made with a stuffed fe-
male used as a decoy, with trap
loops around it. Individuals that
were attracted and fell into the
traps were fitted with harnesses
with transmitters attached. Fema-
les were captured with the funnel

trap method (Ponjoan et al., 2010).
In all cases the tracking device was
fitted to the bird using Teflon rib-
bon harnesses (Kenward 2001).
When a tracking signal was lost, or
when the mortality sensor was ac-
tivated or indicated immobility for
a long period of time (Burnside et
al. 2016), the individual’s last posi-
tion was field-checked. The individ-
ual’s status was set to censor-ed
(lost to follow-up) if no carcass, re-
mains or transmitter were subse-
qguently found, or when the tag
reached the end of its functional
time. In these cases, the individual
was accounted as alive until the
last day of appearance. Instead, if a
carcass, a feather spot or a trans-
mitter were located, the likely
cause of death was assessed based
on the signs found on the remains
or the transmitter, combined with
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local evidence and the circum-
stances surrounding the place and
time of death. Causes of death we-
re categorised as human or natu-
ral. Anthropogenic deaths were
classified as (a) collision with over-
head transmission lines, if the bird
was found near or underneath
overhead transmission power lines
with clear signs of trauma; (b) vehi-
cle collision, if the carcass was
found next to a road, with hard
trauma injury, no evident signs of
illegal killing nor near power lines;
or (c) illegal killing, if the carcass
was found with pellets or showing
pellet wounds; transmitter with
pellet impacts or Teflon ribbon
showing pellet marks.

Natural deaths corresponded to
predation events, and for most ca-
ses it was possible to distinguish
predation by birds of prey from
predation by mammals. In the pre-
sence of broken bones, or feathers
still attached to the remains or
without remaining feather quills,
or even bite marks on the tag’s
plastic cover, the predator was pre-
sumably a mammal (Brown et al.
2003, Fraigneau 2008). In contrast,
if the carcass was left whole, with
feathers with remaining broken
section quill around it, a bird of
prey was the probable predator
(Brown et al. 2003). In cases when

there was information on whether
the predated carcass was near a
power line of road, the cause of
dead was assigned to collisions
with the latter, as many dead car-
cassses resulting from collisions
are scavenged. If the cause of dea-
th was not clearly identified, it was
set to “undetermined” or, in case
of obvious signs of human manipu-
lation (birds with Teflon ribbon
cuts or manipulation or buried tags
without signs of the carcass), to
“undetermined with human ma-
nipulation”.

Given that it is not always possible
to distinguish between a transmit-
ter failure/end of natural battery
life or actual death, mortality rate
estimation was carried out using
two models: model 1 — where we
followed the classification above
and censored individuals were not
considered to be mortalities (Pol-
lock and Winterstein 1989) being
accounted until the last day of ap-
pearance; and model 2 — where all
censored cases were classified as
undetermined death:s.

Because the Little Bustard in partic-
ular is susceptible to capture myo-
pathy (Marco et al. 2006, Ponjoan
et al. 2008), which can affect the
bird’s mobility up to 11 days after
capture and consequently render-
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ing it vulnerable to predation (Pon-
joan et al. 2008), we only analysed
mortality events that occurred af-
ter a first tracking period of 25 days
to avoid confounding effects be-
tween natural death and capture
myopathy. Our total sample of 151
tracked animals does not include
those cases.

Data analysis

The date of death or disappearan-
ce was assumed to be the median
time between the date of the last
live record and the date when the
carcass was found (range 0-67
days, mean = 2.32, SD = 8.97). Cen-
sored individuals were not consid-
ered to be mortalities (Pollock and
Winterstein 1989) and were only
accounted for until the last day of
appearance.

Transmitter weight can influence
animal mortality, and consequent-
ly affect the final study results (Wil-
son and McMahon 2006, Brooks et
al. 2008, Casper 2009). Backpack
transmitters, like those used in our
study, fitted with a full harness,
have the advantage of not affect-
ing the bird’s balance (Irvine et al.
2007). The medium weights of the
backpacks (i.e. transmitter plus
harness) was 4.54% (SD + 0.69) of
the weight of the bustards, there-

fore below the maximum recom-
mended 5% of body weight for har-
ness mounts (Kenward 2001). In
order to evaluate if there was a
bias effect of the tracking device
weight on mortality, we carried out
a Kaplan-Meier analysis (Kaplan
and Meier 1958), and a Log-Rank
Test (Harrington and Fleming
1982), to compare the distributio-
ns of the backpack weights.

Descriptive statistics were used to
characterise the relative prevalen-
ce of anthropogenic and natural
deaths in the adult population. The
Heisey and Fuller estimator (Heisey
and Fuller 1985) was used to com-
pute annual mortality rates, i.e. the
percentage of the population that
died each year due to each type of
causal factor. When extended for
multiple causes of death, the Hei-
sey and Fuller estimator states that
the daily mortality rate due to a
particular death cause (j) is the
probability that an animal alive at
the beginning of a day in interval i
dies during the day due to this
cause. The maximum likelihood es-
timator of this probability m; is the
number of deaths in interval i due
to cause j (y;;), divided by the total
number of transmitter days in the
interval (x;): M;; = y;;/x;. The
probability that an animal dies
from cause j during the interval i
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(M;;) is the sum of the probabilities
that it survives to a particular day,
and then dies on that day from
cause j. This result is expressed as:
M;; = my; + symyj + sfmy;
+... +

+sG g = (20 (1 -5/,

1-s;

where s; is the daily survival rate
for the interval and L; is the length
in days of interval i. This estimator
was computed using the software
MICROMORT 1.3 (Heisey and Fuller
1985).

Results

Out of the 151 tracked individuals
followed over a total of 76,182
radio-tracking days, and after cen-

1.00-
0.75-

0.50-

Survival Probability

0.25-

0.00-

Population 151 69

soring individuals whose transmit-
ter stopped working, we recorded
82 mortality events and 69 cen-
sored individuals that entered the
analysis - a summary of the data is
presented as a Kaplan-Meier sur-
vival curve (Figure 2). Cases of pos-
sible failed transmit-ters were a
small percentage (8.6%). Predation
was responsible for 26% of the to-
tal recorded mortality. Birds of
prey were the main predators
identified, with a prevalence of
55.6%, while mammals were re-
sponsible for 38.9% of predation
events. Cases classified as natural
deaths but for which it was not
possible to recognize the type of
predator corresponded to 5.6%.
Anthropogenic death causes repre-

— Population

1000 1500
Time

16 1

Numbers at risk

Figure 2 Plot of Kaplan-Meier product limit estimator of survival for the 151 Little
Bustards with 82 mortality events. Time is displayed in days and the number of
birds at risk at day 0, 500, 1000 and 1500 is represented below.
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Table 2 Annual cause-specific mortality rates and 95% confidence intervals estimated
using Heisey and Fuller method (1985) for adult Little Bustards Tetrax tetrax in the Iberian
Peninsula. Annual rates were computed based on a 12-year period (2001-2013).

Cause of death Number of deaths  Annual Mortality  95% C.I.
Rates
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Natural 21 21 8.7% 7.7%  1.7-16.5% 1.4-7.7%
Anthropogenic 7.4% 7"

Vehicle collision 2 2 1% 0.8% 0-2.8% 0-2.9%

Hlegal killing 8 8 3% 24% 0.2-87% 0.1-5.1%

Power line collision 5 5 34%  3.8% 0-11.4% o-13.1%
Undetermined 34 103 12.8%  329%  1.4-25.6% 32.9%-—47.0%
Undetermined  With human 12 12 4.6% 4.0% 0-10.8% 0-16.6%

manipulation

sented 18% of the detected mor-
tality events. lllegal killing was the
most common source of anthropo-
genic mortality (10%), followed by
power line collision (6%) and vehi-
cle collision (2%). Undetermined
mortality corresponded to 57% of
the mortality cases.

Using the Heisey and Fuller estima-
tor, the estimated overall annual
survival rate was 66.5% (C.l. 95%:
48-82%) for model 1 and 48.3%
(C.1.95%: 32—66%) for model 2. An-
nual cause-specific mortality rates
are presented in Table 2. Both
models produced similar results for
cause-specific mortality rates - the
yearly mortality rate of Little
Bustards due to anthropogenic
causes was 7% while 8% died from
natural causes. Power line collision
represented 3.4-3.8% of popu-
lation deaths, followed by illegal

killing (3—2.4%) and vehicle colision
(1-0.8%) (Table 2). The estimates
presented above correspond to
model 1 and model 2, respectively.
The Log-Rank Test did not detect a
statistically significant relation be-
tween mortality and the weight of
the tracking device (y>=0.6,df =1,
P =0.436).

Discussion

This is the first time that mortality
rates of adult Little Bustard were
estimated based on a relatively lar-
ge sample of tagged birds. Previous
estimates, used for the develop-
ment of demographic models in
France, were based on resighting
data of colour-ringed birds (In-
chausti and Bretagnolle 2005), and
might therefore be subject to dif-
ferent sorts of biases. This new da-
taset is particularly important since
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it relates to the species’ stronghold
in Europe, contributing to an as-
sessment of its global conserva-
tions needs.

Animal tracking allowed us not
only to estimate mortality rates,
but also to obtain some informa-
tion on the causes of death. Alt-
hough we were not able to deter-
mine with absolute certainty the
cause of death of many birds, the
evidence was usually enough to as-
sess the most probable cause of
death and, at the very least, to dis-
tinguish between anthropogenic
and predation-related mortality.
The fact that we did not find any
significant effect of the weight of
the transmitters on the survival of
the tracked Little Bustards, indi-
cates that our results were not af-
fected by the tagging protocol. Alt-
hough with the current tracking
equipment, failure is not common,
it does occur. We were not able to
distinguish between possible tran-
smitter failure and natural end of
battery life and both situations
were treated as censored cases. In
any case, when censored data
were classified as mortality by un-
known causes, they yielded similar
mortality estimates compared to
model 1, showing that possible un-
determined censored data did not
represent a source of bias in the

analysis. White and Garrott (1990)
refer that a low number of possible
transmitter failures will not influ-
ence the analysis. Premature ces-
sation of transmission (defined by
us as < 365 days) occurred in 13
cases (8.6%).

Here we adopted a simple approa-
ch to distinguish anthropogenic
from natural mortality. It is also im-
portant to note that we are assum-
ing that the identification of the
causes of death is reliable, even
though it is a probable cause of
death, in the absence of necropsy.
In addition, we also assume that
the probability of detecting anthro-
pogenic death is the same as of de-
tecting natural death.

We estimated an overall annual
survival rate of adult Little Bustards
of just 67%, similar to the 68-72%
estimated for western France
when the population was declining
between 1998 and 2003 (Inchausti
and Bretagnolle 2005). It is also lo-
wer than in other vulnerable Eura-
sian bustards: Great Bustard Otis
tarda with 90% (Palacin et al. 2017)
and Houbara bustard Chlamydotis
undulata with 75-86% in non-
hunting areas (Hardouin et al.
2015). As lower confidence inter-
vals seem highly unlikely to repre-
sent the reality of the Little Bus-
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tard’s survival rates, the upper con-
fidence intervals of both models in
terms of annual survival rate
(model 1: 82% and model 2: 66%),
probably indicate the best-case es-
timates for the survival of this spe-
cies. Given that only 54% of the
chicks seem to survive to become
adult (Schulz 1987), the overall an-
nual population mortality (consid-
ering both juvenile and adult to-
gether) is likely to be higher.
Productivity is a key demographic
parameter for the viability of ani-
mal populations. A productivity of
less than one fledging per female a
year could lead to a decline in the
Little Bustard population of 15% a
year (Bretagnolle et al. 2011).
Other factors are likely to worsen
this scenario in areas with more in-
tensive agriculture, such as low
productivity (Bretagnolle et al.
2011, Lapiedra et al. 2011), or a bi-
ased sex ratio towards males (In-
chausti and Bretagnolle 2005, Mo-
rales et al. 2005a, 2008), that may
result in a decrease in productivity
due to female shortage (Tarjuelo et
al. 2013). Morales et al. (2005a)
used simulations to show that in
declining populations like those in
western France, adult survival val-
ues close to 70% result in popula-
tion survival probabilities of 60%, a
low value for a species with “Near

Threatened” classification. Addi-
tional analyses are needed to as-
sess how this level of mortality
could be affecting the Iberian Pen-
insula population dynamics.

Anthropogenic mortality of the
Iberian Little Bustard population
was, surprisingly, almost as high as
the annual mortality recorded by
predation. These high estimated
mortality rates are consistent with
the species’ overall declining trend
(Morales et al. 2015).

Power line collision was the main
anthropogenic cause of mortality
identified in both models, estima-
ted to cause the death of 3.4%
(model 1) and 3.8% (model 2) of
the population, yearly. These val-
ues could reach up to 11.4% and
13.1% in the highest intervals of
model 1 and model 2, respectively.
A comparison with previous studi-
es (Infante et al. 2005, Jenkins et al.
2010, Silva et al. 2010) shows that
the annual rate of mortality due to
collisions with power lines is one of
the highest ever recorded for a par-
ticular species. Previous estimates
of mortality caused by linear infra-
structure are based on counts of
Little Bustard carcasses found next
to power lines or roads, and may
thus be biased by factors like re-
moval by scavengers, difficult de-
tection and limited search area
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(APPLIC, 2012). Survival analysis
using tracked birds provide more
robust estimates of mortality rates
as it is subject to fewer biases (e.g.
Naef-Daenzer et al. 2017).

lllegal killing was identified as the
second main threat to Little Bus-
tard’s survival, with an estimated
annual mortality rate of 2.4 (model
2) and 3% (model 1) by this cause.
These values could reach up to
8.7% in the highest interval of the
most conservative model. Even
though this threat was identified as
important by IfAigo and Barov
(2010), its importance has never
been quantified. There are few ref-
erences to Little Bustard hunting
tradition or illegal killing in Iberia
(Smith 1868), in contrast to other
Otididae species such as the Great
Bustard or Houbara Bustard, for
which there is a long and well doc-
umented hunting tradition (Palacin
and Alonso 2009, Sehhatisabet et
al. 2012, Brochet et al. 2016). In
fact, hunting and illegal killing have
been identified as one of the main
negative factors affecting the pop-
ulation viability of both species in
areas of North Africa and Asia
(Tourenq et al. 2005, Alonso et al.
2005), in spite of legal protection
of the Great Bustard in Morocco.

As regards predation, even though
birds of prey were responsible for
most of the identified cases, it was
not possible to ascertain statistica-
lly if they were more important
predators than mammals. Howe-
ver, it should be noted that the Lit-
tle Bustard in Iberia is depend-ent
on man-made landscapes and
farming practices. Changes in land-
scapes or how these habitats are
managed can play a decisive role in
the rate of predation (Whittingham
and Evans, 2004). For example,
overgrazeed pastures may lead to
birds being more exposed to pre-
dation due to reduced vegetation
cover. Also, more intensified irriga-
tion crops may lead to higher rates
of disturbance and, finally, in-
creased urbanisation of the rural
landscape may promote increasing
numbers of human-associated pre-
dators. Therefore, our designated
“natural” mortality may be highly
dependent on how the habitat is
being transformed and/or manag-
ed.

Our work shows how poorly under-
stood and previously unknown
threats are affecting the survival of
the most important Little Bustard
population of Western Europe. Re-
ducing anthropogenic mortality
can thus have a major positive im-
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pact on the species’ viability, par-
ticularly for populations that show
low breeding productivity (Lapie-
dra et al. 2011, Bretagnolle et al.
2011). Anthropogenic deaths seem
to have higher importance than
what was initially foreseen in this
species. Low awareness of the spe-
cies’ conservation status amo-ng
hunters is a problem, and the unfa-
vourable population trends should
be better communicated. The un-
expectedly high impact of collision
with power lines high-lights the im-
portance of adapting the overhead
electric power line network to con-
servation needs. This may include
the relocation of existing hazard-
ous power lines and the routing of
new ones away from areas with
greater collision risk (Silva et al.
2014). New power line designs that
minimise collision risk, should also
be considered, includ-ing under-
ground cabling (Raab et al. 2012,
Silva et al. 2010, 2014, Barrientos
et al. 2012, Alcazar 2013). Legisla-
tion should be drawn up at national
level to ensure the integration of
these preventive measures into
the design of new power lines na-
tionwide and not limited to the
Natura 2000 netwok.
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The viability of little bustard (Tetrax tetrax) populations has been
shown to be particularly sensitive to breeding rates. However, little is
known about the reproductive biology of hens and their requirements dur-
ing the breeding season. In 2010-2016, we monitored 28 clutches of eight
little bustard females tracked by GPS in the Ebro Depression (NE Spain)
with the objective of elucidating those essential factors concerning the in-
cubation behavior of this species. In addition to describing the incubation
pattern, we evaluated the factors that determine the hatching probability
(by generalized linear mixed models) and the risk to fail by unit of time (by
Cox models with mixed effect) as a function of breeding timing, nest habi-
tat and incubation behavior. Overall, nest failure accounted for 67.9% of
clutches, influenced by the low hatchability of replacement clutches
(16.7%). Farming practices accounted for 36.8% of nest failures. The main
cause of failure was nest desertion/predation (58%). The increased risk to
fail by desertion/predation towards the end of incubation may indicate
that nest desertion/predation may be facilitated by other factors, such as
hen exhaustion. Laying date had a negative effect on the hatching proba-
bility of clutches and on the risk to fail among first clutches. The size of
nesting field (negative effect) was the most important predictor for the
hatching probability, but the home-range size (positive effect) also contrib-
uted to this. Measures aimed at improving food provision by increasing
field edge density and fallow availability may facilitate hens to keep body-
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condition prior and during incubation, as well as providing suitable habitat
for replacement clutches. Adaptive irrigation and mowing patterns in al-
falfa fields during the nesting season would also contribute to increase the
hatchability of replacement clutches.

Cuscd, F., A. Llovet, G. Bota, S. Mafiosa. 2018. Incubation behavior of the
Little Bustard (Tetrax tetrax) hens: nest site, incubation patterns and
hatching success. (In preparation).

-124 -



Capitol 4

Introduction

Incubation is a critical process in
the reproduction of birds, allowing
for the correct development of the
embryo. It involves the provision of
suitable temperature and humidity
conditions to the eggs, as well as
protection against predators or ad-
verse weather conditions (Deem-
ing 2002). It is a very demanding
activity involving high costs for the
incubating birds (Williams 1996,
Monaghan and Nager 1997), which
have to care and protect the nest
and the eggs as well as satisfy their
own needs, mainly feeding, at the
same time. This may involve leav-
ing the nest unattended for some
periods of time which may entails
risk to the eggs (see Inglis 1977,
Conway and Martin 2000). To re-
duce this constraint, incubation is
often shared by both members of
the pair or, if only one incubates,
the mate provides food and vigi-
lance for the incubating partner.
But this is not the case for some
species, in which care of the eggs
and young is conducted solely by a
single bird, which has to incubate
and satisfy its own needs at the
same time, without any help. For
these species, the incubation pha-
se might be still a more critical pe-
riod in the reproduction cycle as it
already is for the majority of birds.

The Little Bustard (Tetrax tetrax;
Linnaeus, 1758) is one of such bird
species. It is a medium sized steppe
bird of Palearctic distribution (Del
Hoyo et al. 1996), inhabiting both
natural steppes as well as cultivat-
ed areas and pastures (Morales et
al. 20054, Silva et al. 2010). It is a
polygynous lekking species in whi-
ch males do not provide any sort of
parental care (Jiguet et al. 2000)
and incubation is conducted solely
by the female. The nest is a simple
depression on the ground garnish-
ed with dry grass (Boutinot 1957),
located among low herbaceous
vegetation, often in fallow or ara-
ble fields. In the Iberian Peninsula
the clutch, usually of 3-4 eggs
(Cramp and Simmons 1980, Shlya-
khtin et al. 2004), is laid in late
April-May. Effective incubation
probably begins before the last egg
is laid and the clutch is incubated
for 20-22 days. Although after
nesting failure hens are able to lay
replacement clutches, these clut-
ches have been described as infre-
qguent (Lapiedra et al. 2011, Breta-
gnolle et al. 2018). Chicks are pre-
cocial and are cared by the female
alone (Cramp and Simmons, 1980).

Nowadays, the Little Bustard is ex-
periencing a rapid decline in the
Western area of its distribution
range, mainly due to habitat loss
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and degradation by agricultural in-
tensification and infrastructures
development. However, poaching
effects and bird collisions with
power lines have also been descri-
bed as threatening factors (liiigo
and Barov 2010, BirdLife Interna-
tional 2016, Marcelino et al. 2017).
Although the current status and
trends of Eastern populations is un-
certain, the rapid reduction of Eu-
ropean populations is alarming
enough to list the species as “Vul-
nerable” in Europe and “Near
Threatened” at a global scale
(BirdLife International 2016, Collar
et al. 2017).

The specific processes linking agri-
cultural intensification and popula-
tion decline in this species are sure-
ly complex and multifactorial. Re-
search conducted in Western Fran-
ce (Bretagnolle et al. 2011) and
Northeastern Spain (Lapiedra et al.
2011) indicates that breeding suc-
cess is below the demographic via-
bility threshold (Inchausti and Bre-
tagnolle 2005, Morales et al.
2005b) in both populations. In the
intensive farming systems of Wes-
tern France, low breeding success
has been attributed to nest de-
structtion during harvest opera-
tions (Bretagnolle et al. 2018), as
well as to brood losses associated
to low abundance of arthropods

(Inchausti and Bretagnolle 2005,
Bretagnolle et al. 2011), which are
essential for chick rearing (Jiguet
2002). In the cereal pseudosteppes
of Northeastern Spain, lack of ade-
guate cover and shortage of food
has also been found responsible of
high chick mortality, but only a mi-
nor proportion of the losses taking
place during the incubating phase
were attributed to the direct effect
of harvest operations or other
farming activities (Lapiedra et al.
2011). Many incubation failures
have been recorded before harvest
in this area, which might suggest
that some internal or external fac-
tors affecting the incubation be-
havior of the hens, facilitating high
levels of desertion or predation,
precludes the correct outcome of
incubation.

The aim of this study was to descri-
be the incubation behavior of the
little bustard hens and to explore
whether the analysis of the timing
of breeding, the nest location and
substrate and the incubation beha-
vior can give some cues on the fac-
tors explaining the high levels of
clutch losses reported in the study
area. With this purpose, we mod-
elled the hatching probability and
the risk of failure by unit of time in
an attempt to determine the
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mechanisms linked with clutch sur-
vival, in order to better explain the
factors affecting the final repro-
ductive outcome.

Methods

Study area

The study was based on the moni-
toring of female little bustards
which were captured and equip-
ped with GPS transmitters in the
Secans de Belianes—Preixana SPA
(Special Protection Area; Fig. 1), NE
Iberian Peninsula, in 2009-2013.
Subsequent nesting attempts of
tagged hens were followed from
2010 to 2016. Most nests were sit-
uated in the Secans de Belianes—
Preixana, but some were distrib-
uted on a wider region within the
Ebro Depression (Fig. 1). Nest loca-
tion latitude and longitude ranged
from 41.39-41.852 Nand 0.67¢' W
— 1.032 E, respetively, and altitude
ranged from 164-489 m a.s.l. The
climate of the area is Mediterra-
nean with continental characteris-
tics in most of the basin and semi-
arid in the center of the depression
(Romani et al. 2011).

The Secans de Belianes—Preixana
SPA (41.592 N, 02 59’ E) is ranked as
an important area for the conser-
vation of birds in Spain, mainly for
the relevance of its steppe bird

populations (Traba et al. 2007), no-
tably for the Little Bustard, which
reaches densities of up to 6 males/
km? (Tarjuelo et al. 2017). The area
occupies an expanse of 6,519 ha
and it is dominated by a pseudo-
steppe of winter cereal crops, ma-
inly barley, but also wheat and
some fallow fields (< 10% of culti-
vated land). In this area, the tradi-
tional 2-year rotation cycle for ce-
real crops has almost disappeared
completely due to a farmland in-
tensification process and the use of
chemical fertilization. Most exist-
ing fallow land is left as compulsory
countervailing actions of the
Segarra-Garrigues irrigation pro-
ject and of the pit-gravel industry.
West to the area there is a wide ex-
pand of irrigated land dominated
by maize, alfalfa and orchards. Alt-
hough most of nests were located
in the Secans de Belianes—Preixana
SPA, some hens nested in other
nearby rainfed farmland SPAs, such
as Secans del Mas de Melons-Alfés
(7,617 ha) and Secans del Segria i
Utxesa (7,718 ha), both in Lleida
plains, or in the vicinity of the Sier-
ra de Alcubierre SPA (42,108 ha) in
the Monegros (Fig. 1). Cereal har-
vest usually starts in early June in
the study area.
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Figure 1. Study area. Digital elevation model (DEM) with a resolution of 200 m
of the Ebro Basin in Iberian Peninsula (top-left). Boundary delimitation of ZEPAs:
Secans de Belianes—Preixana in black (top-right), Sierra de Alcubierre in blue
(bottom-left), Secans del Segria i Utxesa in green and Secans del Mas de Melons—
Alfés in red (bottom-right). Clutches occurring in rainfed farmland are shown in
red and clutches occurring in irrigated farmland in blue.

Capture and monitoring

Between 2009-2013, 18 little bus-
tard hens were captured using fun-
nel traps as described by Ponjoan
et al. (2010). This method was spe-
cially designed to capture hens and
it has been reported to perform
better than previous methods both
in terms of efficiency and animal
welfare. All hens were tagged with
22 g Solar Argos/GPS PTT-100
transmitters (Microwave teleme-
try). The relationship between the
weight of the transmitter and the

weight of hens (646 + 63 g; mean +
SD; range: 522-760 g) never ex-
ceeded the 5% safety threshold for
harness mounted tags and rings
(Kenward 2001). Capture and han-
dling of hens followed the recom-
mendations of Ponjoan et al.
(2008) and no capture myopathy
occurred following capture and re-
lease. As captured hens were fe-
males with offspring, gathering da-
ta on incubation behavior could
only start in successive breeding
seasons, in years 2010-2016. Only
in one case, a replacement clutch
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Figure 2. Fixes and movement patterns of a hen little bustard during breeding
season (PTT-34175; clutch Id 11). We distinguished 3 stage: previous week, laying
and incubation stage. The previous week was defined as the period occurring
seven days before the first visit to the nest. Laying stage as the period between
the first visit to the nest until the hen sits to incubate. And incubation stage was
defined as the period from the laying of the last egg in a clutch to the hatching of

the first chick.

was monitored after the loss of the
brood on the same year of capture
(PTT-33139, 2010). For each trans-
mitter, we obtained up to 6 diurnal
fixes daily (£ 18 m Lat/Long GPS ac-
curacy; maximum error:

V/(182+182) = 25 m) between 5:00

— 22:00 hours GMT (Greenwich
Mean Time). Fixes were provided
on a regular grid of 0.00016 de-
grees.

Incubation patterns and nest at-
tendance

We analyzed the behavior of the
hens during the laying period (from
laying of the first egg to the start of
incubation) and during the incuba-
tion period (from the start of incu-
bation to hatching or failure). In or-
der to avoid disturbances, we ne-
ver tried to flush the hens, so the
exact location of the nests was not
determined. The start of laying and

the nest-point were determined
from GPS fixes, as they concen-
trated around a central point, as-
sumed to be the nest, drawing a
star-shaped movement pattern.
The onset of incubation (Julian
date) was estimated based on an
increase of the nest attendance
and hourly differences in the at-
tendance pattern (see nest attend-
ance in Results section). Nest at-
tendance for each period and
clutch was determined as the per-
centage of fixes in which the hen
was considered to be in the nest in
relation to the total number of
fixes. Females were assumed to be
on the nests if they were located
on the central point (usually with
the highest frequency of fixes) or in
the immediate surrounding points
(Fig. 2). Considering that all fixes
are referred to daytime period,
there may be a certain bias in nest
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attendance on a 24 h basis (proba-
bly underestimated), since we
would expect a higher attentive-
ness overnightin order to avoid the
cooling of eggs.

Hatching success and causes of
nest failure

Clutch fate (hatched or failed) was
evaluated once data provided by
GPS fixes indicated that a hen did
not return to the nest anymore. At
that point, we tried to locate the
nest and to find evidences on the
potential nest outcome. We con-
sidered that a clutch was success-
fullly hatched if chicks were ob-
served or if, after 19.5 days of
incubation (minimum time a clutch
was successfully hatched in our
study), the movement pattern of
the hen suggested that it was ac-
companied by chicks (see Lapiedra
et al. 2011). Alternatively, we con-
sidered a nest as failed if it was
abandoned before 19.5 days of in-
cubation or, if abandoned shortly
later, the female movements (dis-
tance covered) were incompatible
with the existence of chicks. In this
case, we tried to determine the
cause of failure. If we found clear
signs of recent agricultural activi-
ties on the nest field, such as cereal
harvest, alfalfa mowing or field irri-
gation, we assumed the nest was

abandoned or destroyed because
of the farming practice. If no sign of
farming practices was noticed and
the eggs were found broken with
yolk remains, some eggshells out of
the nest or ticking signals, we as-
sumed the nest has been deserted
or depredated. However, it was im-
possible to ascertain whether pre-
dation occurred during incubation
or after desertion, so desertion and
predation were clumped in the
analysis on a single cause category
(“natural causes”).

Ranging behavior

Home ranges were defined as the
100% Minimum Convex Polygons,
and were calculated for the week
previous to laying (PRE_MCP), the
laying period (LAY_MCP), the incu-
bation period (INC_MCP) and the
laying+incubation periods together
(TOT_MCP). We also delineated
the 80% MCP for the laying and the
first week of incubation together
(80L1_MCP) as a measure stand-
ardized by time. Home-range ec-
centricity for the laying and for the
incubation period were calculated
by obtaining the geometric center
of the home-range (defined by
LAY_ MCP or INC_MCP) and divid-
ing the distance between the cen-
troid and the nest by the distance-
between the centroid and the
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farthest point of the home-range.

Habitat selection

We measured the proximity of
every nest to the field edges (m),
the size of the field where the nest
was located, and the index of elec-
tivety (lvlev 1961) of the selected
nesting habitat vs the total availa-
ble habitat. For the nests occurring
in cereal, we also calculated nest
proximity to the nearest fields with
permanent or semi-permanent
herbaceous vegetation (i.e. fal-
lows, legume fields, unplowed al-
mond/olive cultivations), hence-
forward called HVF. Spatial nest
location was compared with ran-
dom distribution points in relation
to field edge proximity (all clutch-
es) and to HVF (only for cereal clut-
ches). For edge proximity we gen-
erated 100 points distributed ran-
domly within each nest field and
for distance to HVF we selected
100 random points within a 300 m
buffer around each nest. In both,
we compared nest distances and
random distributions by a Kolmo-
gorov-Smirnov test.

To evaluate habitat selection and
habitat preferences of hens in off-
nest bouts during the laying and
the incubation, a compositional
analysis (Aebischer et al. 1993) was
performed. This method highlights

whether the utilization of habitat
types is disproportionate in rela-
tion to its availability or whether
habitat is used randomly. For this,
the method compares log-ratios
between the used and the availa-
ble habitats, measuring the dispro-
portionality between them at indi-
vidual level. In our study, habitat
use and its availability was calcu-
lated for each of the clutches. We
performed a third-order habitat se-
lection analyses where fixes were
used to determine the utilization of
different habitat types and the pro-
portional areas of each habitat
within the home-range (TOT_MCP)
as a measure of habitat availability
(Johnson 1980). In a third-order
habitat selection, zero values could
be found in the matrix of available
habitats. So, in some clutches, so-
me habitat types could not be used
by the hens. Under these condi-
tions, a randomization test, which
compares a matrix containing the
mean difference between the used
and available log-ratios, is needed.
In this procedure, weighted mean
lambda (A) is used instead of the
usual Wilk’s A. If a habitat type was
available but not used by the hen,
we replaced these 0 values in the
utilization matrix by a small posi-
tive value (0.01%) in order to ob-
tain a valid log-ratio transforma-
tion (Aebischer et al. 1993). Fixes
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located at lower distance than 4
meters to a field edge were as-
signed as to be in the field edge,
since edges act as source of weed
propagules, exerting a greater in-
fluence in the first meters of their
vicinity, both at abundance level
and number of species (Wilson and
Aesbischer 1995).

Considering that home-range size
commonly increases with number
of fixes before reaching an asymp-
tote (Seaman et al. 1999, Powell
2000), that some clutches failed
prematurely and that not always
an asymptote was reached, certain
biases related to sampling effort
may occur. In order to avoid these
possible biases, we estimated the
number of fixes for which most of
home-ranges reached an asympto-
te (Harris et al. 1990). Thus, we se-
lected only home-ranges (TOT_
MCP) with a minimum of 20 off-
nest fixes for the compositional
analysis (n = 22). Additionally, to
test differences in habitat selection
related to the nesting habitat this
analysis was also performed for
only clutches occurring in dryland
(n = 16) and for only clutches oc-
curring on cereal (n = 13).

Factors affecting incubation be-
havior

We explored the relationships be-
tween nest attendance, home-
range size (80L1_MCP) and food
availability around the nest. Becau-
se home-range estimation in-
creases as more days are consid-
ered, we restricted these analyses
to the laying stage and the first
week of incubation for the 23
clutches for which we had com-
plete information for this period.
Food availability was measured as
the percentage of HVF + Field
Edges within 300 m buffer around
the nest. This buffer encloses 91%
and 98% of off-nest fixes during the
laying and the incubation periods,
respectively, for the global of the
clutches.

Nest survival analysis

We calculated the probability of
clutch survival by means of a
Kaplan-Meier estimate and confi-
dence intervals for the set of clut-
ches, comparing first and replace-
ment clutches, and for those clut-
ches that were hatched or failed by
natural causes. The Gehan’s test, a
generalization of the Wilcoxon
rank sum which allows for cen-
sored data, was used to prove if
the risk of failure changed along
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the incubation stage (i.e., by com-
paring the risk to fail between the
two halves, first half and last, of in-
cubation stage). This analysis was
also conducted for first clutches
that did not fail by agricultural
causes.

The analysis of the factors that ex-
plained hatching success was con-
ducted through generalized linear
mixed models (GLMMs) with bino-
mial error structure and logit link
function. Female and year factors
were included to the models as
random effects. Preliminarily, we
performed univariate models ex-
plaining hatching success in rela-
tion to the timing of breeding, hab-
itat, and behavioral patterns (see
Table S1 in Appendix 1 for the de-
scription of predictors used in uni-
variate analysis). To avoid high cor-
relation ratios among predictors,
we selected those predictors that
were not affected by multicolline-
arity through the variance inflation
index. Finally, five predictors were
retained for more complex models:
the laying date, the size of the nest
field, the 80% home-range of the
laying and the first week of incuba-
tion (80L1_MCP), the mean size of
the fields within 300 m of the nest,
and the land use richness in a 300
m buffer around the nest.

Additionally, the hazard rate to fail

(i.e., rate of clutch lost per day sin-
ce laying started) was investigated
by Mixed Effects Cox models with
random effects, including same
predictors and random structure as
in GLMMs. These models had the
advantage of predicting the hazard
rate over time as a baseline of risk
(Therneau 2015).

Model selection was based on a
multi-model inference approach
for both sets of models (GLMMs
and Cox models). This implied buil-
ding models by combining the dif-
ferent selected predictors. Once
models were generated, we rank-
ed them according to the Akaike’s
Information Criterion corrected for
small samples (AlCc) and a probabi-
lity of being the best model was
computed (w;) (Burnham and An-
derson 2002). Final models were
then calculated as averaged values
of models receiving higher support
(models within the 90% probability
of cumulative w;). In hatching prob-
ability model averaging, estimates
were standardized based on partial
standard deviations to avoid scale
problems across models (Cade
2015).

Statistical analysis were carried out
using the following packages of the
R v.3.4.2 software (R Development
Core Team 2016): ‘survival’ for
Kaplan-Meier estimates (Therneau
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and Grambsch 2000), ‘adehabitat’
for compositional analysis (Calenge
2006), ‘Ime4d’ for generalized linear
mixed models (Bates et al. 2015),
‘coxme’ for mixed effect Cox mo-
dels (Therneau 2015) and ‘MuMIn’
package for model averaging (Bar-
ton 2017).

Results

From a total of 20 breeding oppor-
tunities (i.e. GPS tagged hens alive
at the start of each breeding sea-
son from 2010-2016), laying was
initiated in 16 and it was not in
three of them, corresponding to
two different hens. In another ca-
se, the start of laying could not be
determined with certainty, giving a
global laying rate of 84% (n = 19).
Hens were able to lay up to three
different clutches in a same breed-
ing season after nest lost during in-
cubation or immediately after hat-
ching. In total, we managed to mo-
nitor 28 clutches from eight of
these females, corresponding to 16
first clutches, 8 second clutches
and 4 third clutches (Appendix 2).
The replacement rate was 67% for
first clutches that failed during in-
cubation (n =9) and 57% for failed
second clutches (n = 7). No third
fail-ed clutch (n = 3) was replaced.
Fled-glings (>30 days old chicks)
were produced only in 2011 (five

fledglings, 0.83 chicks/laying hen, n
= 6), giving an average of 1.67
chicks per successful hen (n = 3),
0.31 chicks/ laying hen (n = 16) and
0.25 chicks/ hen (n = 20) for all con-
sidered vyears. Globally, nine
broods were produced of which
only three (33%) survived to fledg-
ling.

Timing of breeding and nest site
selection

Considering all 28 clutches, laying
occurred between 17 April and 13
July. First clutches (n = 16) took
place in dry farmland between 17
April and 22 May, 12 in cereal and
4 in fallow. Second clutches (n = 8)
were initiated between 15 May
and 13 July and occurred both in
the dry pseudoesteppe (n =4) orin
alfalfa fields within the irrigated
farmland area (n = 4). Finally, third
clutches (n = 4) took place between
2 and 18 June, always in alfalfa
fields in the irrigated farmland (Fig.
3a; Appendix 2). Time to replace a
lost nest was 5.0-18.8 days (9.6 +
4.0, n =12). Distance between con-
secutive nests of a hen during a
breeding season ranged from 0.2—
100.7 km (median: 5.3 km of 11
nest comparisons). Distance be-
tween first clutches of a hen in con-
secutive years ranged from 0.2 to
133.7 km (median: 3.3 km of 8
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Figure 3 Incubation behavior of hen
Little Bustard based on 28 clutches in
the Ebro Depression: a) Timing of lay-
ing depending on the clutches se-
guence. Time is shows by weeks; b)
Edge proximity of nests. The graph
shown the number of clutches by dis-
tance classes (10 m intervals) to the
nearest field edge.

comparisons). And distance be-
tween the last clutch of a hen oc-
curring in dryland and the first
clutch of the next breeding season
ranged from 0.0 to 142.9 km (me-
dian: 3.0 km of 8 comparisons). Fi-
nally, successive clutches between
dryland and irrigated land in a

breeding season ranged from 4.0
to 100.7 km (median: 21.7 km of 6
comparisons) (Appendix 3).

In dry farmland, hens showed a
stronger positive selection to nest
in fallow fields (Ivlev’s electivity in-
dex =0.21) than in cereal fields (Iv-
lev’s electivity index = 0.11). In irri-
gated farmland, alfalfa was posi-
tively selected (Ivlev’s electivety in-
dex = 0.38, Figure S4 in Appendix
4). Nests were located at 23.6 +
25.3 m (mean £ SD) to the field
edges (Fig. 3b), but they were not
distributed differently than ran-
dom points (D = 0.146, P = 0.598).
Distance to field edges showed sig-
nificant differences between sub-
strates (ANOVA; F = 5,697, P =
0.009). According to Bonferroni
post-hosc test, clutches in cereal
occurred closer to the field edges
(135 £+ 10.1 m, n = 16) than
clutches in alfalfa (45.2 +37.1m, n
= 8) (P = 0.007). No significant dif-
ferences were found between clut-
ches occurring in cereal or fallow
(21.2 £14.6 m, n = 4), nor between
clutches in fallow and alfalfa. How-
ever, clutches in cereal fields (n =
16) were not closer to edges than
random points (13.5+10.1 m) (D =
0.108, P=0.993). Clutches in cereal
were located between 1.8-402.9
m (116.5 + 104.1 m, n = 16) from
HVF, but this was not different
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Figure 4. Frequency distribution of nest attendance of laying (top-left) and incu-
bation stage (top-right) for each hour interval. Below, actogram of nest attend-
ance pattern (bottom) based on frequency distribution of nest attendance by
hour range (main axis). Nest attendance mean is represented on a bi-daily basis
(secondary axis). Incubation start is centered at time 0 (horizontal axis) and neg-
ative values refer to laying stage. The time is shown as GMT (Greenwich Mean

Time). Spanish time during summer equals to GMT+2. No available data are pre-

sented in white rectangles.

from random (D =0.223, P=0.409).
Field size showed a marginal trend
toward significant differences be-
tween substrate type (4.1 £ 5.3 ha,

n =28) (F = 3.198, P = 0.058).
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Laying and incubation length

Laying lasted for 4.9 + 1.8 days and
was similar for first clutches (5.3 +
1.8 days, n = 16) and replacement
clutches (4.3 +1.6days,n=12) (F=
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Figure 5. Factors affecting incubation behavior for 23 clutches of Little Bustard in
the Ebro Depression. a) Linear regression between laying date (Julian days) and the
percentage of nest attendance. b) Linear regression between the percentage of
foraging resources and the percentage of nest attendance. c) Linear regression be-
tween the percentage of foraging resources and the home-range size (ha). d) Lin-
ear regression between the percentage of nest attendance and the home-range
size (ha). Foraging resources availability were measured as the percentage of per-
manent or semi-permanent vegetation within 300 m buffer around the nest. Nest
attendance and home-range size (80% MCP) were calculated for the laying and first

week of the incubation stage.

2.298, P = 0.142). Estimated incu-
bation time of successful clutches
was 20.7 + 1.0 days (19.5-22.3
days, n = 9). In one case, a clutch
failed after 5.4 days after the first
visit to the nest and we cannot be

sure if incubation had started. For
clutches that failed after the start
of incubation, incubation was in-
terrupted on average after 11.1 +
4.8 days (2.6—-18.0, n = 18) of incu-
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Figure 6. Frequency distribution of off-nest fixes grouped by nest substrate of 28
little bustard clutches during both, laying and incubation stages. The frequency of
off-nest fixes is shown in distance classes of 25 m. Nest locations (0—25 meters)

are not shown.

bation. Time to failure showed sig-
nificant differences in relation to
clutch sequence (F = 9.283, P =
0.002). According to Bonferroni
post-hosc test, time to failure was
significantly longer for first clutch-
es (14.5 = 3.7 days, n = 9) than for
second clutches (6.9 £ 2.7 days, n =
7, P = 0.002), but none of these
were significantly different from
third clutches (11.8 + 4.2 days, n =
3).

Nest attendance

Nest attendance during laying was
30.8 £11.5%, (9.5-53.3%) and 86.8
+6.4% (72.5-95.7%) during incuba-

tion. Nest attendance tended to in-
crease as incubation progressed,
particularly in the last days (Fig. 4).
During laying, nest attendance that
peaked at midday (10-14 h), while
during incubation, this showed a
peak at late evening showed a nor-
mal daily distribution bimodal pat-
tern with a maximum (19-22 h)
and a lower peak at midday. Thus,
incubation recesses were concen-
trated in early morning and during
the afternoon (Fig. 4). Considering
only the clutches which completed
the first week of incubation (n = 23,
including one that failed at day
6.88 of incubation), nest attendan-
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ce during laying+first week of incu-
bation increased as the Julian date
of laying progressed (Fig. 5a). Simi-
larly, we found a positive effect of
food availability (measured as the
percentage of permanent or semi-
permanent vegetation, HVF+Field
Edges, within 300 m buffer around
the nest) on nest attendance dur-
ing laying+first week of incubation
(Fig. 5b).

Ranging behavior during laying
and incubation

The median TOT_MCP for the 28
incubation events was much small-
er (3.4 ha; IQR: 2.1-13.1 ha) than
the median 100% MCP of the week
previous to laying (PRE_MCP:
355.0 ha; IQR: 63.7-1900.0 ha), in
which some females can make long
movements (i.e., a hen abandoned
the breeding ground, traveling a
linear distance of 219 km and re-
turning to the starting area 3.4

days later). The LAY_MCP (mean %
SD: 8.4 + 10.3 ha; n = 28) was 15
times larger than the INC_MCP (1.4
+ 2.0 ha; n = 27) (Wilcoxon paired-
data test: W =377; P<0.001). Con-
sidering only the successful clutch-
es (n = 9), the median TOT_MCP
was 6.8 ha (IQR: 3.2-10.5 ha), the
median PRE_MCP was 132.1 ha
(IQR: 34.7-344.1 ha), the median
LAY MCP was 4.6 ha (IQR: 3.2-9.9
ha) and the median INC_MCP was
1.3 ha (IQR: 1.2-2.5 ha).

The average overlap between the
LAY_MCP and the INC_MCP was
73.1 + 30.7% of the INC_MCP (n =
27). Similarly, average overlap be-
tween the LAY_MCP and the
PRE_MCP was 72.8 + 30.8% of the
LAY_MCP (n = 27). Home range ec-
centricity during laying (0.486 *
0.247) was not different than dur-
ing incubation (0.387 + 0.212)
(Paired t-student test: 1.499, P =
0.146, n = 27). A negative relation-

Table 2. Ranking matrices for breeding hen little bustards based on comparing
proportional habitat use (off-nest fixes) of each clutch within the hen’s MCP
(Minimum Convex Polygon) range. Each element in the matrix represents the
mean differences between usage and availability replaced by its sign. Triple sign
indicates significant deviation from random with P < 0.05. The rank shows sub-
strate preference, where high values indicate a higher substrate preference.

All substrates (n=22)

Usage/Availability Cereal Herbaceous Other Rank
Cereal +++ 1
Herbaceous +++ +++ 2
Other 0
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ship was found between food avail-
ability around the nest and the
home-range of the Ilaying+first
week of incubation (80L1_MCP)
(Fig. 5¢), and between nest atten-
dance and 80L1_MCP (Fig. 5d).

Off-nest habitat use and selec-
tion

The spatial distribution of the off-
nest fixes, considering laying and
incubation stages together, varied
in relation to nest substrate (Fis-
her’s exact test: P = 0.032) (Fig. 6).
In clutches located on fallow or al-
falfa, 80% of off-nest fixes were lo-
cated at <125 m from the nest cen-
troid, whilst only 57% of fixes were
found at this distance for nests oc-
curring in cereal fields.

Compositional analysis showed
that habitat used by hens during
the laying and incubation period
(off-nest fixes) was different from
proportional available habitat (n =
22, weighted mean A =0.2419, P =

0.002). Ranking of habitat prefer-
ences from the most to the least
selected was: herbaceous >>> ce-
real >>> other (where >>> denotes
a statistically significant difference)
(Table 1). We found the same habi-
tat selection pattern considering
only clutches in dry farmland (n =
16, weighted mean A = 0.2695, P =
0.006) or considering only those
clutches found in cereal (n = 13,
we-ighted mean A = 0.1621, P =
0.002).

Nest survival and hatching prob-
ability

Only 9 of the 28 clutches hatched
(32.1%) and 19 failed (67.9%) (Ap-
pendix 2). Among first clutches (n =
16), 7 hatched (43.7%) and 9 failed
(56.3%). Among second clutches (n
=8), 1 hatched (12.5%) and 7 failed
(87.5%). And among third clutches
(n = 4), 1 hatched (25%) and 3
failed (75%). Incubation success
was 40% on dry farmland and

Table 1. Absolute and relative frequencies (%) of successfully incubated and fail-

ed clutches according to farming system, nest substrate and cause of failure.

Farming system Dryland (n=20) Irrigated (n=8) Total

Nest substrate Cereal Fallow Alfalfa (n=28)

Succesfully incubated 7 43.75% (1 25.0%| 1 12.5% 32.1%

- Agricultural practices 1 63% |1 250%| 5 62.5% 25.0%

%—; Desertion/predation 8 50.0% |2 500%| 1 12.5% 39.3%

“ | Unknown 0 00% |0 00%| 1  125% 3.6%
16 57.1% |4 143%| 8 28.6%
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12.5% onirrigated land (Table 2). In
dry farmland most of losses were
associated to desertion/predation,
while on irrigated farmland failures
were mostly caused by agricultural
practices.

Excluding those clutches which
failed as a consequence of farming
practices (n = 7) or by unknown
causes (n = 1), the Kaplan-Meier
survival curves for the laying and
incubation period (n = 20) showed
a higher failure probability at the
end of the incubation stage (Fig. 7c;
see Table S5.3 in the Appendix 5 for
detailed information on survival

Figure 7. Survival probability of lit-
tle bustard clutches based on Ka-
plan-Meier estimates (lines) with
95% confidence bands (shaded): a)
Survival probability for all the clut-
ches (n = 28); b) Survival probabil-
ity for the first clutches (n = 16) and
replacement clutches (n = 12); and
c) Survival probability of clutches in
which failure was not associated
with agricultural causes (n = 20).
Axis time comprises laying and in-
cubation stages with dashed line
indicating the average start time of
incubation. The cross marks show
hatched clutches or censored ob-
servations when a failure event
was not detected.

probabilities). Considering only the
incubation period (n = 19), the risk
to fail during the first half and the
second half of incubation stage
was 0.21 and 0.40, respectively,
although this difference was not
significant (Gehan’s test: 1.249, P =
0.212). The risk to fail during the
second half of the incubation stage
was much higher (0.46) than in the
first half (0.07) among first clutches
that did not fail by agricultural
causes (n = 14) (Gehan’s test:
2.330, P = 0.020).

Univariate models predicting the
hatching probability for the whole
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set of clutches, indicated that lay-
ing date has a negative effect on
the hatching probability, whereas
the number of fields in a 300 m
buffers had a positive effect (Fig.8;
see also the Fig. S1.1 in Appendix 1
for a full predictors’ responses).
Although similar responses were
obtained when we excluded from
the analyses those clutches that
failed as a consequence of farming

practices, no factor retained a sig-
nificant effect. Laying date for
hatched clutches was 126.4 + 14.9
(range: 108-153; n = 9), for natu-
rally failed clutches was 134.4 +
16.0 (range: 107-170; n = 11) and
for clutches failed as a consequen-
ce of farming practices was 159.6 +
13.3 (range: 143-178; n=7).

Among GLMMis predicting the hat-
ching probability, 11 individual mo-

Table 5 Results of the model averaging explaining the hatching probability of the Little
Bustard clutches. The table indicates the estimates + standard errors and the relative
importance of the predictors in both subsets of models, models containing the total
set of clutches and models that excluded the clutches failed by agricultural causes.
Model averaging was conducted on a subset of the best models (i.e. selection
probability in the best set of models based on the < 90% probability of cumulative AICc
weight). Coefficients were standardized by the partial sd in model averaging. The
predictors are shown by order of predictor importance in the models.

Predictors Estimate SE Predictor importance
All clutches (n=28)
Intercept 0.00 0.00
Field size (nest) -6.41 4.28 1.00
Laying date -1.76 1.05 0.63
80% MCP (laying + first week of incubation) 1.47 1.16 0.58
Land use richness (300 m buffer) 0.89 0.70 0.31
Field size (300 m buffer) 0.10 1.09 0.15
Excluding agricultural causes (n=20)
Intercept 0.00 0.00
Field size (nest) -4.69 3.03 0.95
80% MCP (laying + first week of incubation) 1.57 1.86 0.36
Laying date -0.93 0.82 0.19
Land use richness (300 m buffer) 0.76 0.88 0.18
Field size (300 m buffer) 0.07 0.81 0.08
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Figure 8. Univariate responses predicting the hatching probability of the Little
Bustard clutches in univariate models. At left, univariate responses of selected
predictors, predicting the hatching probability for the whole set of clutches (n =
28), and at right, the responses for the clutches failed by agricultural causes (n =
20). Model estimates and significance levels (*** P < 0.001; ** P < 0.01; * P <

0.05) are shown.

dels were selected within 90%
probability of cumulative AlCc
weight, both for models predicting
the hatching probability consider-
ing all clutches (n = 28) and for mo-
dels considering only clutches not
failed as a consequence of farming
practices (n = 20) (see Appendix 6).
In both cases, averaged models
revealed a negative effect of field
size and laying date on the hatch-
ing probability, and a positive ef-
fect of home-range of the laying+

first week of incubation (80L1_

MCP), land use richness and avera-
ge field size within a 300 m buffer
(Table 5). Field size, laying date and
80L1_MCP were the variables with
the highest relative importance to
the averaged model built for all
clutches. Nevertheless, the relative

importance of laying date substan-
tially decreased in the averaged
model constructed using clutches
not associated with agricultural
failures (Table 5).

Among first clutches, model aver-
aging of Cox models with random
effects showed the laying date as
the main factors explaining clutch
survival (0.96 of relative
portance). Contribution to models
of other predictors was much low-
er (see Appendix 7 for full model
results). The averaged model indi-
cated that the risk to clutch failure
increased 18% per day of laying
date (coefficient: 0.17, SE = 0.96, P
= 0.336, hazard ratio: 1.18), but p-
value was not significant for the av-
eraged coefficient. An increase of

im-
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one hectare on the field size caus-
ed a risk to fail 1.4-fold higher (co-
efficient: 0.87, SE =0.34, P=0.011,
hazard ratio: 2.39).

Among cereal clutches, no differ-
ence was found on nest distance to
the field edge between hatched
(10.5 £ 5.5; range: 3.4-18.2; n = 7)
and naturally failed clutches (16.5
+13.1; range: 1.8-37.7; n = 8) (F =
1.273, P=0.280).

Discussion

We studied the incubating beha-
vior and the hatching success of
the Little Bustard in one of the
most important areas of the Ebro
basin population. Previous resear-
ch in the area showed that breed-
ing success is limited by low brood
survival (Lapiedra et al. 2011) asso-
ciated to low chick habitat availa-
bility. Our research on the incuba-
tion behavior adds to our under-
standing of the factors that com-
promise the viability of this little
bustard population and provide
crucial data to develop effective
conservation policies.

GPS tracking during laying and in-
cubation was useful to uncover
some little known aspects of the lit-
tle bustard breeding biology in the
wild. The fact that 16% of hens did
not even start breeding pointed

out that there may be reproductive
limitations. Since all our hens had
experience in reproduction, this
makes us to think that other factor
such as body-condition could be in-
volved. Having enough accumu-
lated reserves is fundamental for
egg production and incubation per-
formance (Ankney et al. 1991,
Ankney and Alisauskas 1991). Nev-
ertheless, other factors such as hen
senescence or habitat constraints
could help to explain it. The obtain-
ed rate of hens that did not start
breeding was similar to that pro-
vided by Lapiedra et al. (2011), sug-
gesting that this parameter is a
fairly constant in the population.

Our estimate for incubation length
(20.7 £ 1.0 days) was consistent
with previous information (Cramp
and Simmons 1980, Johnsgard
1991). However, this is the first ti-
me that renesting rates are quanti-
fied. We found that replacement
clutches are more common that it
was previously reported (Lapiedra
et al. 2011) or assumed (Breta-
gnolle et al. 2018). Actually, 67% of
the females that lost their first nest
initiated a replacement clutch,
which can be laid as early as 5 days
after the loss of the previous one.
In that way, hens can lay up to
three clutches in a season. Al-
though in our study area the period
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of first laying extends only for little
more than four weeks, the egg-lay-
ing period extends for over 12
weeks, as in Western France (Bre-
tagnolle et al. 2018), due to the
high frequency of relaying. The pe-
riod of initiation of second clutches
had little overlap with the end of
the first laying period, but lasted
for more than 8 weeks, until the
end of the laying season, and is the
main factor responsible for the ex-
tension of the laying season as a
whole. Curiously, the period for
third laying started only a couple of
weeks later than the beginning of
the second clutch period and
lasted for only two weeks. This
probably indicates that while lay-
ing a second clutch is little con-
strained by the timing on the sea-
son, the laying of a third clutch
probably is. However, we should
be cautious with this interpretation
of results due to our low sample of
third clutches.

During the nesting period, female
little bustards can make consider-
able movements between consec-
utive nests, up to 100 km. This sort
of movements can be similar in
length to the reproductive disper-
sal movements between nests in
consecutive seasons, which can
reach up to 142 km. Both are prob-
ably related with the hens trying to

find the best conditions to breed,
reflecting the ability of this species
to track environmental conditions
across large expanses of land. Both
(intra-season and inter-season) can
be relatively long and can contrib-
ute to maintain genetic and demo-
graphic connection between rela-
tively distant populations. This re-
sult is especially relevant, since a
weak genetic geographic structure
for little bustard populations in
Spain has been documented (Gar-
cia et al. 2011).

The bimodal daily pattern of nest-
attention was similar to other gy-
neparental birds ground nesting
species (Deeming et al. 2001) or
species incubating under high solar
radiation conditions (Mougeot et
al. 2014). This pattern is probably
the best strategy to protect the
eggs both from high midday tem-
peratures or from cooling in early
morning or late evening (Webb
1987). Nest attention increased as
the season progressed, and this
may also be related to thermal re-
guirements. We also found that
nest attendance increased in the
last days of incubation, a trend
which has been observed in other
species, but which is by no means
universal, as different species show
different patterns (Skutch 1962).
This could be related to the need
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for further protection of the em-
bryos or hatching chicks. Surpris-
ingly, in spite of this increased nest
attentiveness, the risk of failure of
our clutches increased during the
final days of incubation. Because
hatching time was estimated with
some error, some of this failure
may include also the early death of
chicks immediately after hatching,
which is a critical time and may ex-
plain this increased probability of
failure around hatching time.

At the start of the season, clutches
were always placed on dry farm-
land but, after the beginning of
June, all of them were laid on irri-
gated alfalfa fields. Nests were
found at variable distances from
field edges, depending on nests
substrate, being shorter in the ce-
real crops, where hens have to rely
on margins to feed, than in the ed-
ible alfalfa or fallow fields, where
food is highly available within the
field. As field margins are a preda-
tion prone habitat (Benson et al.
2010), female little bustards would
have to trade-off accessibility to
food resources and antipredator
behavior, given that predation is a
primary cause of nest loss in preco-
cial birds (Martin 1988) and that
single-sex incubators are usually
constrained in time for foraging

(Mertens 1977,
Martin 2000).

Conway and

In dry farmland, fallows were the
prefered substrate for nesting (see
also Morales et al. 2013), but most
of nests were found on cereal,
which was the dominant habitat in
the area. Although being pre-
ferred, breeding success was low in
fallow, because many fallow fields
are subject to grazing, tillage, tram-
pling or slurry dumping which can
cause nest abandonment.
ever, hatching success was also low
in cereal fields. Contrary to what
happens in other farmland areas
where little bustards nest mainly
on alfalfa (Bretagnolle et al. 2011),
nest losses in cereal were mostly
associated to desertion/predation
rather that to farming practices,
that accounted only for 36.8% of
failures, a similar value to that re-
ported previously for the same
area (43%, Lapiedra et al. 2011).
High rates of nest predation are ex-
pected in ground nesting species
(Martin 1995, Davis 2003) and this
might probably be an important
cause of nest failure in the Little
Bustard as it is also shown in other
ground nesting steppe birds. For
example, nest predation was the
second cause of failure for Otis
tarda (Ena et al. 1987) and caused

How-
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85% of incubation failures in An-
thus campestris (Calero-Riestra et
al. 2013) in Spain. Desertion/pre-
dation was reported to cause 85%
of incubation failures in Burhinus
oedicnemus in France (Gaget et al.
2018).

After the beginning of June, no mo-
re clutches were laid in dry farm-
land. The most likely explanation
for this is the concomitant deterio-
ration of environmental condi-
tions. By this time, cereal is ripe
and field margins and fallow dry, so
alfalfa fields offer a more attractive
nesting substrate. However, hatch-
ing success in alfalfa fields, as it is
the case in France, is virtually null,
because time between successive
farming practices (flooding irriga-
tion or mowing) is shorter than lay-
ing plus incubation time (=25 days).
Moreover, little bustard hens re-
quire a minimum of vegetation
height (~ 40 cm) to nest (Bretagno-
lle et al. 2018; unpublished data),
meaning that when hens start lay-
ing in alfalfa fields, mowing time is
relatively close.

Most of successful clutches (78%)
were first clutches and most of re-
placement clutches failed (80%).
Laying date had a strong impact on
hatching success. This is probably
caused by a change in nesting sub-
strate as the season progresses.

Our results indicate that changes in
hatchability throughout breeding
season are mainly associated to
the differential hatching success in
different substrates. However,
while substrate change related to
farming practices explain the low
hatching success of most replace-
ment clutches, a relevant amount
of first and second clutches in ce-
real fields are deserted or predated
before any farming practice have
destroyed them. Our results do not
suggests that low female body con-
dition reduces nests attention and
induce desertion or predation, be-
cause 1) we did not found differ-
ences in female attentiveness be-
tween hatched and unhatched
nests and 2) most of hens laid a re-
placement clutch, a situation not
compatible with reduced body
condition. Alternatively, we found
that hatching success is inversely
related to some agricultural inten-
sification factors, such as field size
or reduced habitat diversity aroun-
d the nest. This is consistent with
our findings that increasing amo-
unts of food resources around the
nest reduces home range size and
the distance females had to travel
out the nest to find food, and in-
creases female attentiveness to
the nests, which may reduce the
risk of predation and have obvious
benefits on hatching success. In
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that way, reduction of food around
the nests produced by intensifica-
tion would indirectly promote
higher predation rates.

Nevertheless, our findings showed
how optimal habitats for incubat-
ing hens, such as fallows and alfalfa
crops, actually are harmful due to
the current agricultural manage-
ment, as suggested by Morales et
al. 2013. In that sense the unex-
pected relation between hatching
success and the home-range of lit-
tle bustard hens, is probably
caused by a confounding effect re-
lated with nest substrate. Since
those clutches situated in cereal
fields showed an increased home-
range and these were mostly not
affected by farming activities.

Finally, our data show that breed-
ing success of Little Bustard is sub-
ject to high inter-annual variations.
Weather and vegetation condi-
tions could be the main factors ex-
plaining this variation, through
changes in the timing of crop phe-
nology and farming practices, as
well as changes in food availability.
Rainfall regime can influence pop-
ulation trends of Little Bustard
(Delgado et al. 2009). Rainfalls dur-
ing the months before spring have
a positive effect for Little Bustard,
since they contribute to a greater

availability of weeds and arthro-
pods during the breeding season
(zaller et al. 2014). In opposite,
high temperatures in spring can
cause a reduction in the life cycle of
primary producers. A study carried
out in Spain during 26 six years has
shown an advance in spring phe-
nophases and harvest timing of
winter cereals (Oteros et al. 2015).
Under a global climate change con-
text, warmer temperatures and
shorter cereal phenophases are ex-
pected, reducing food availability
and constraining the time window
to nest, especially in cereals and
fallows. In addition, high tempera-
tures inhibit little bustard activity
during breeding season, limiting
the breeding and foraging time
(Silva et al. 2015). This could have
consequences on hen fitness and
reduce, even more, the low
productivity of this species. Like-
wise, it can increase direct nest
losses by a heat excess and intense
solar radiation. Other factors, such
as vegetation structure (height and
cover vegetation), could also be in-
volved (Gillis et al. 2012, Capdevila
et al. 2016) and further research is
needed.
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Conclusions and conservation
remarks

Incubation behavior of Little Bus-
tards in our study area was con-
sistent with previous information
and highlights the outstanding ca-
pacity of this species for laying re-
placement clutches, as an adapta-
tion to cope with high nest preda-
tion typical of ground nesting bird.
Hatching success in our study area
was very low, because clutches in
cereal fields were subject to high
levels of natural failure and be-
cause farming practices reduces
hatching success to virtually zero in
fallow land and alfalfa fields. The
high levels of renesting indicates
that failures in cereal fields are
more probably associated to pre-
dation rather to abandonment, but
predation could be associated to
low feeding conditions or low hab-
itat quality in a progressively inten-
sified farmland. More detailed re-
search is needed on this topic. Our
results also highlight the im-
portance of semipermanent and
permanent vegetation for incubat-
ing hens, so improving the habitat
quality in the cereal pseudo-
esteppe, by increasing the amount
of field margins and the amount of
well managed fallow land could
contribute to increase hatching

success, and also to provide alter-
native nesting habitats to the agri-
culturally unsafe alfalfa fields. The
adequation of farming practices in
alfalfa cultivations could contrib-
ute to increase the extremely low
hatchability of replacement
clutches. Replacing the widespread
flooding irrigation system by asper-
sion or pivot systems, or increasing
the time between successive al-
falfa cuts during the critical incuba-
tion period could facilitate the
hatchability on this substrate.
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Appendix 1

Table 51 Description of explanatory predictors used in a univariable analysis describing the hatching probability of 28 Little Bustard clutches.

Variable Description Units or levels
Nest site
Nest substrate Substrate where the nest was located fcereal, fallow, olfalfa)
Edge proximity Distance from the nest centroid to the field edge frm)
Freld size Field size of the nest (ha)
Timing
Laying date lulian date of laying date (Hulian date)
Laying length Length of laying stage (hours)
Clutch order Clutch sequence (first, second, third)
Nest attendance
Laying attendance Percentage of nest fixes during the laying stage {propartion)
Food resources
; Habili Proportion of permanent or semi-permanent herboceous vegetation 0 ion in 300 m b )
availability in a 300m buffer around the nest proporuon m m buffer
Habitat heterogeneity
Number of fields Number af plats in @ 300m buffer around the nest (N in 300 m buffer)
Land use richness Number of different land use types in o 300m buffer around the nest (N in 300 m buffer)
Field size meon Mean of filed size, eccurring in a 300m buffer oround the nest {ha, in 300 m buffer)
Ranging behavior

B home-range (laying + first week of
incubation)

B0% of home-range size during the loying and the first week of the
incubwation

{ha, 80% MCP)
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Figure S1 Univariate responses predicting the hatching probability of the Little Bus-
tard clutches in univariate models. At right, univariate responses predicting the
hatching probability for the whole set of clutches and, at left, responses for failed
clutches not associated with agricultural oractices.
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Appendix 3

Table $3 Distance between clutches for a hen in a same breeding season and for a hen in consecutive years (time t and time t—1).

Hen code year/s

Distance between clutches (km)

In a same breeding season
905594 2010
50554 2011
33139 2011
34175 2012

37562 2013
37562 2015
37562 2008

In consecutive breeding seasons
90554 2002021
33139 amo-2011
33139 2m1-2022
34175 am1-2012
37131 212022
37562 2012-2003
37562 2m3-2004

37562 201a-2008
37562 2ms5-208

1st — 2nd clutches

0.240 (D-D)
2.080 (D-D)
0.934 (D-D)
4.007 (D)

18.718 (D-1)

17.583 (D-D)

45.579 (D)

1st 1 — 1stq clutches

0.216 (D-D)
0.936 (D-D)
0.456 (D-D)
0.403 (D-D)

48.758 (D-D)
5.585 (D-D)

92.642 (D-D)
133.673 (D-D)

2nd — 3rd clutches
24.684 (D-1)
5.354 (D-)

100.653 (D-1)
3.073 (H)
2nd +1 — 1st: clutches
0.033 (D-D)
13.896 (1-D)
0.023 (D-D)

24.115 (1-D)

142.854 (D-D)

1st— 3rd clutches

22.890 (D-1)
6.083 (D)

50.015 (D-1)
42,924 (D)

(D-D): both clutches in dryland; (D) or (I-D): one clutch in dryland and other in irrigated land; {I-1): both clutches in irrigated land.
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Figure S4.1 Overall percentages
of nests (n=28) occurring in
different substrates and their
availabilities (measured in a 300
m around the nests) in dryland
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Figure S4.2 Mean lvle’s electivity in-
dex for the different habitats used by
hen little bustards (ri - pi) / (ri + pi).
Where ri was the % of nests occurred
in substrate i; and pi the % of availa-
bility of the substrate i measur-ed in a
300 m buffers around the nests
(n=28) by both environments, dry-
land and irrigated land.
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Appendix 5

Table 55.1 Survival probabilities by Kaplan-Meier estimate of the 28 little bustard

clutches (data associated to Figure 7a in the body text).

Time (days) MNrisk Nevent Survival prab. S.E. Lower 95% C1  Upper 95% CI
5.38 28 1 0.964 0.0351 0.898 1.000
6.25 27 1 0.929 0.0487 0.838 1.000
7.88 26 1 0.893 0.0585 0.785 1.000
8.00 5 1 0.857 0.0661 0.737 0997
9.00 24 1 0.821 0.0724 0.691 0476
13.25 23 1 0.786 0.0775 0.648 0953
14.00 22 2 0.714 0.0854 0.565 0903
15.50 20 1 0.679 0.0883 0526 0876
15.62 19 1 0.643 0.0906 0.488 0.847
16.38 18 1 0.e07 0.0923 0.451 0818
17.25 17 1 0571 0.0935 0.415 0.788
18.75 16 1 0.536 0.0942 0.379 0.756
20.38 15 1 0.500 010545 0.345 0.724
2088 14 1 0.454 010542 0312 0.651
2188 13 1 0.429 0.0935 0.279 0.657
2225 1 1 0.393 0.0923 0.243 0623
23.00 11 1 0.357 0.0906 0.217 0587
2400 9 1 0.317 0.0888 0.184 0.549
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Table 55.2 Survival probabilities by Kaplan-Meier estimate of the first clutches and the
replacement clutches of little bustard (data associated to Figure 7b in the body text).

Time [days) M risk N event Survival prob. S.E. Lower 95% €1 Upper 95% CI
First clutches (n=186)

5,38 16 1 0938 0.0605 0.826 1.000
13.25 15 1 0.875 0.0827 0.727 1.000
17.25 14 1 0.812 00976 0.642 1.000
18.75 13 1 0.750 0.1083 0.565 0.995
20.38 12 1 0.688 0.1159 0.454 0.957
21.88 11 1 0.625 01210 0.428 0914
2225 10 1 0.562 0.1240 0.365 0.867
23.00 g 1 0,500 0.1230 0.306 0.81&
24.00 8 1 0438 0.1240 0.251 0.763

Replacement clutches (n=12)

6.25 12 1 0917 0.0798 07729 1.000

7.88 11 1 0833 0.1076 (.6470 1.000
£.00 10 1 0.750 0.1250 0.5410 1.000
a.00 g 1 0.667 0.1361 04458 0.995
14.00 8 2 0.500 01443 0.2840 0.880
15.50 & 1 0417 0.1423 0.2133 0.814
1562 5 1 0.333 0.1361 01458 0.742
16,38 4 1 0.250 0.1250 0.0938 0.666
2088 3 1 0167 0.1076 00470 0.591

Table 55.3 Survival probabilities by Kaplan-Meier estimate of the 20 clutches not associated
with agricultural causes (data associated to Figure 7cin the body text).

Time (days) N risk Nevent Survival prob.  S.E.  Lower95%Cl Upper 95% ClI
5.38 20 1 0.950 0.0487 0.859 1.000
8.25 19 1 0.200 0.0671 0.778 1.000
T.88 18 1 0850 0.0788 0.707 1.000
13.25 17 1 0.800 0.0894 0.643 0.096
14.00 16 1 0.750 0.0968 0.582 0.966
17.25 15 1 0.700 0.1025 0.525 0.933
20.38 14 1 0.650 0.1067 0471 0.397
2188 13 1 0.600 0.1085 0.420 0.358
22.25 12 1 0,550 0.1112 0.370 0.818
23.00 11 1 0.500 0.1118 0.323 0.775
24.00 9 1 0,444 01123 0.271 0729
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Figure S5.1 Survival probabilities of 28 little bustard clutches by clutch order (first,
second and third clutches). The graph shows Kaplan-Meier estimates (lines) and
95% confidence bands (shaded). Axis time comprises laying and incubation
stages. The cross marks show hatching time of successfully incubated clutches.
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Table S5.4 Survival probabilities by Kaplan-Meier estimate of the first, second, and third
clutches of little bustard.

Time (days) N risk N event Survival prob. S.E. Lower 95% Cl Upper 95% CI

First clutches (n=16)

5.38 16 1 0.938 0.0605 0.826 1.000
13.25 15 1 0.875 0.0827 0.727 1.000
17.25 14 1 0.812 0.0876 0.642 1.000
18.75 13 1 0.750 0.1083 0.565 0.995
20.38 12 1 0.688 0.1159 0.494 0.957
21.88 11 1 0.625 0.1210 0.428 0.914
22.25 10 1 0.562 0.1240 0.365 0.867
23.00 1 0.500 0.1250 0.306 0.816
24.00 1 0.438 0.1240 0.251 0.763
Second clutches (n=8)
6.25 g 1 0.875 0.117 0.6734 1.000
7.88 7 1 0.750 0.153 0.5027 1.000
8.00 6 1 0.625 0.171 0.2654 1.000
Q.00 5 1 0.500 0.177 0.2500 1.000
14.00 4 1 0.375 0.171 0.1533 0.917
15.50 3 1 0.250 0.153 0.0753 0.830
16.38 2 1 0.125 0.117 0.0200 0.782
Third clutches (n=4)
14.0 4 1 0.75 0.217 0.4259 1.000
15.6 3 1 0.50 0.250 0.1877 1.000
20.9 2 1 0.25 0.217 0.0458 1.000
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Figure S5.2 Survival probabilities of 28 little bustard clutches by nest sub-
strate (cereal, fallow and alfalfa). The graph shows Kaplan-Meier estimates
(lines) and 95% confidence bands (shaded). Axis time comprises laying and
incubation stages. The cross marks show hatching time of successfully in-
cubated clutches.
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Table S5.5 Survival probabilities by Kaplan-Meier estimate of little bustard clutches in
relation to the nest substrate.

Time (days) MNrisk Nevent Survival prob. S.E. Lower 95% CI  Upper 95% CI

Cereal (n=16)

5.38 16 1 0.938 0.0605 0.826 1.000
6.25 15 1 0.875 0.0827 0.727 1.000
7.88 14 1 0.812 0.0976 0.642 1.000
9.00 13 1 0.750 0.1083 0.565 0.995
13.25 12 1 0.688 0.1159 0.494 0.957
17.25 11 1 0.625 0.1210 0.428 0.914
20.38 10 1 0.562 0.1240 0.365 0.867
21.88 1 0.500 0.1250 0.306 0.816
23.00 1 0.438 0.1240 0.251 0.763
Fallow (n=4)
18.8 4 1 0.75 0.217 0.4259 1.000
222 3 1 0.50 0.250 0.1877 1.000
24.0 2 1 0.25 0.217 0.0458 1.000
Alfalfa (n=8)

3.0 g 1 0.875 0.117 0.6734 1.000
14.0 7 2 0.625 0.171 0.3654 1.000
15.5 5 1 0.500 0.177 0.2500 1.000
15.6 4 1 0.375 0171 0.1533 0.917
16.4 3 1 0.250 0.153 0.0753 0.830
208 2 1 0.125 0.117 0.0200 0.782
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3

Table S6.1 Results for the best models (i.e., models within the 0.9 of the cumulative AICc weight) predicting the hathing probability of the
Little Bustard. Models were based on 28 clutches in the Ebro Basin. The table shows estimates and standar error of the predictors included
in the models. The R?, the number of fixed effects (k), AlCc, AAICc, AICc weight and the cumulative AlCc weight are also shown.

. . . _S.nv 80% Crop richness  Field size (300 . cumulative
Model Intercept Field size (nest) Laying date :.ui:w + first (300 m buffer) i b} R? k AlCc  AAICc weight waight
inc. week)
f=se f=xse f+se f+se O+se fxse
1 -3.33+£1.96 647 £3.77 1.60+1.21 0.401 2 33526 0.000 0.173 0.173
2 -3.85+2.22 -6.27 £4.14 =1.99+1.03 0.401 2 33,532 0.007 0.172 0.345
3 —4.29+253 —7.57+4.70 -1.53+1.09 1.12+0.81 0455 3 34175 0650 0.125 0.469
4 -4.27+3.13 —6.84 + 5.68 -2.51+145 0.88+0.74 0.440 3 34917 1391 0.08 0.556
5 -5.64 +3.43 -9.80+6.24 =2.16+1.36 1.41+0.90 1.19+081 0506 4 35.034 1508 0.081 0.637
6 -3.58+2.21 -6.73+£4.20 2.03x1.48 0792072 0.434 3 35.249 1723 0.073 0.710
7 -249+1.34 —473+271 0.264 1 36319 2793 0.043 0.752
8 -3.09 £ 2,02 =523 2407 2.24+2.10 -0.84 +1.49 0.410 3 36.392 2867 0.041 0.794
Q -4.30+2.62 -7.34+£5.17 -2.04+1.06 0.31+0.79 0.405 3 36.651 3.125 0.036 0.830
10 -5.83+3.38 -10.77x6.70 -2.79+£1.37* 1.31+0.78 1.35+£1.17 0.471 4 36916 3.380 0.032 0.862
11 -4.14 + 2,60 —7.12+5.10 -1.49+1.09 1.19+0.88 -0.25+1.19 0456 4 37729 4203 0.021 0.883

Significance levels: *** P <0.001; ** P<0.01; * P < 0.05.
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Discussio general

DISCUSSIO GENERAL

Les activitats antropogéniques han
estat identificades com un dels
principals factors responsables del
declivi dels ocells esteparis, influ-
enciant la seva distribucio, I'ecolo-
gia trofica, la supervivencia i el seu
éxit reproductor (Onrubia i Andrés
2005). Paradoxalment, les trans-
formacions humanes sén les que
van permetre |'expansié territorial
i poblacional de moltes d’aquestes
especies en el passat. Fa entre
7500 i 4500 anys l'esclarissada i
I’eliminacié de boscos per a I'agri-
cultura i la ramaderia va oferir a
moltes espeécies d’ocells uns nous
habitats que els hi proporcionaven
totes les necessitats d’alimentacio
i nidificacié que aquestes espécies
requerien (Onrubia i Andrés 2005).
En contrast, en les ultimes deca-
des, el desenvolupament d’una
agricultura cada cop més intensifi-
cada ha provocat que moltes d’a-
guestes especies és trobin actual-
ment en un estat de conservacié
preocupant (BirdLife International
2004, Burfield 2005).

El sisé comu a Europa depén quasi
exclusivament dels sistemes agri-
coles i pastorals (Martinez 1994,
Salamolard i Moreau 1999, Wolff
et al. 2001, Silva et al. 2004, 2014a,
Morales et al. 2005b, 2013, Delga-

do i Moreira 2010, Faria i Silva
2010, Santangeli i Dolman 2011,
Lapiedra et al. 2011, Faria et al.
2012, Moreira et al. 2012, Ponjoan
et al. 2012, Tarjuelo et al. 2013,
Cusco et al. 2018). De fet, podriem
dir que aquesta dependéncia és ex-
trapolable al conjunt de la seva po-
blacié global. Ja que inclus en les
arees de distribucio on I’habitat es
podria considerar com més “natu-
ral”, com per exemple, les estepes
euroasiatiques, s’hi produeixen so-
vint activitats agricoles i ramade-
res.

Ja en el passat, en algunes arees
orientals de la seva distribucio,
I’espécie va arribar a ser considera-
da com extingida en algunes zones
de les estepes transurals i I'oest si-
beria, on als anys 70s i 80s I'espeécie
era quasi completament absent
degut al desenvolupament agricola
en zones de I'estepa eurosiberiana.
Durant el mateix periode, una
situacid similar es va observar a les
zones veines del Nord del Kazakhs-
tan, on després d’una forta regre-
ssig, I'especie ha comencat a recu-
perar, gradualment, la seva
distribucié i nombre d’efectius
poblacionals. Aquesta recuperacio
s’ha atribuit parcialment a I'aban-
donament de cultius després del
col-lapse de la Unid Sovietica a
I'any 1991 (Shlyakhtin et al. 2004,
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Kamp et al. 2011). En contrast,
I’espécie actualment es considera
extingida regionalment a Algeéria,
Austria, Bielorussia, Bulgaria, Re-
publica Txeca, Alemanya, Grecia,
Hongria, Moldavia, Montenegro,
Polonia, Serbia i Eslovaquia (Bird-
Life International 2017).

Normalment, els animals no es
distribueixen en I'espai de manera
aleatoria. Sind que la seva distribu-
cié espacial és el resultat de la
suma d’efectes de molts factors
gue, sovint, son dificils de separar
els uns dels altres. Entre els factors
ambientals, les caracteristiques de
I’habitat i la disponibilitat de recur-
sos han sigut identificats com a
factors principals en determinar el
comportament espacial dels ocells
(p.e., Newton 1998, Cardador i Ma-
nosa 2011, Tarjuelo et al. 2013). En
ambients creats per 'home, com
els paisatges agricoles, la distribu-
ci6 de les especies depen en gran
mesura dels canvis o alteracions
antropogeniques que en aquestes
ambients s’hi produeixen (Brotons
et al. 2004, Sirami et al. 2008,
Regos et al. 2018).

En el capitol 1, hem pogut demos-
trar com el comportament espacial
de les femelles de sisé durant el
periode no reproductor esta influ-
enciat per I'efecte independent de
les variables d’habitat i per les

limitacions espacials, aixi com pel
seu efecte conjunt. Aproximada-
ment un ter¢ de I'agregacié espa-
cial observada en la distribucié de
les femelles de sisé estava relacio-
nada amb les respostes a un entorn
amb caracteristiques adequades i
agregat espacialment. Els patrons
d’agregacidé observats suggereixen
gue la heterogeneitat de la confi-
guracié del paisatge, és a dir com
els diferents cultius es troben dis-
tribuits en espai, esta involucrada
en el comportament espacial de les
femelles de sis6. Majoritariament,
els patrons espacials de gran escala
(~18 km) explicaven en major me-
sura la distribucié de les femelles
durant el periode no reproductor,
encara que altres patrons d’agre-
gacié que actuen a un nivell més
local també hi estarien involucrats.
Segons els nostres resultats, a-
quests patrons més locals (~3-5
km) estarien vinculats a I'activitat
diaria de les femelles.

Basant-nos en els nostres models,
els habitats seleccionats per a les
femelles de sisé durant el periode
no reproductor a la plana de Lleida
serien terrenys plans amb preséen-
cia de cultius herbacis de regadiu.
Els models d’habitat van predir un
efecte positiu en la probabilitat
d’ocurréncia en llocs heterogenis,
amb disponibilitats intermedies de
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cultius d’alfals i rostolls de blat de
moro en regadiu, aixi com també
en arees dominades per rostolls de
cereals en regadiu.

En referencia a I'efecte de les infra-
estructures d’origen antropic, els
nostres resultats suggereixen que
el sisé és una espeécie flexible, en la
gue alguns individus poden exhibir
habituacid a les pertorbacions an-
tropogéniques en paisatges alta-
ment humanitzats (veure també
Martinez-Marivela et al. 2018). En
el nostre estudi realitzat a la plana
de Lleida, les femelles selecciona-
ven les zones proximes a les carre-
teres. Desconeixem si la seleccio
d’aquestes zones té algun benefici
per aquests individus, tot i que po-
dria estar relacionat amb el fet que
aquestes zones podrien presentar
un menor grau de molésties huma-
nes o de depredadors naturals
(Forman et al. 2003, Jaeger i Fahrig
2004). No obstant aixo, altres indi-
vidus podrien ser sensibles als ni-
vells d’estres produits per les mo-
lesties d’origen antropic (Casas et
al. 2009, Tarjuelo et al. 2015).

Com hem mencionat anterior-
ment, les caracteristiques de |'ha-
bitat i la disponibilitat de recursos
determinen el comportament es-
pacial i, conseqientment, la distri-
bucié dels individus d’una pobla-
ci6. Addicionalment, altres factors

ambientals com el risc de depreda-
cié o les condicions antropogeni-
gues poden afectar al comporta-
ment espacial dels individus (Le
Cuziat et al. 2005, Alonso et al.
2012). Durant el periode no repro-
ductor, I'Gs de I'habitat s’explica,
per una banda, en la utilitzacié de
recursos trofics en zones tranqui-
I-les i segures que els hi ofereix una
determinada estructura de la vege-
tacié i, de I'altra, en I'agregacid
conespecifica (Martinez 1994,
Gauger 2007, Garcia de la Morena
2016).

En el capitol 2 hem comprovat que
els sisons presenten una elevada
plasticitat trofica, essent capacos
de variar el seu comportament
d’alimentacio en funcié de les con-
dicions presents en diferents siste-
mes agricoles. Els recursos trofics
gue constitueixen la dieta hivernal
del sis6 comu a Espanya consistien
fonamentalment en plantes llegu-
minoses cultivades (46.7%) i plan-
tes arvenses de fulla ampla (45.6
%). Per altra banda, les espeécies
monocotiledonies eren consumi-
des escassament (< 8%), tot i la
seva elevada disponibilitat en les
diferents arees d’estudi. En con-
cordanca amb el que ja s’havia
descrit en espécies properes com
el pioc salvatge (Lane et al. 1999,
Bravo et al. 2016).
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En el nostre estudi, les llegumino-
ses cultivades van ser una impor-
tant font d’aliment a I’hivern per al
siso, tant en regadiu (67% d’alfals)
com en seca (26%, principalment
veces Vicia sativa). Aixd no era
sorprenent en les zones de rega-
diu, on l'alfals ocupava un 19% de
la superficie, pero va ser d’alguna
manera inesperat a les terres de
seca, amb només un escas 1% de
disponibilitat de cultius de llegumi-
noses. Aquest fet indica una forta
preferéncia alimentaria per les lle-
guminoses, tal i com ja s’havia re-
portat la seleccié de les arees amb
cultius de lleguminoses exhibida
per els sisons (Martinez 1994,
Salamolard i Moreau 1999, Breta-
gnolle et al. 2011, Cuscé et al.
2018). Tot i aquesta aparent prefe-
réncia per les plantes lleguminoses
cultivades, les plantes no cultiva-
des també van ser molt importants
en la dieta hivernal de sisé. El do-
mini de les plantes arvenses va ser
notable a les terres de seca, on
Anacyclus clavatus, Papaver rho-
eas, Diplotaxis erucoides i Capsella
bursa-pastoris van conformar la
major part de la seva dieta. Aques-
tes plantes arvenses sén abun-
dants a la zona d’estudi (dades no
publicades) i de gran importancia
per als sisons, ja que també s’han
descrit com a les principals espe-
cies que, juntament amb [alfals,

constitueixen la major part de la
dieta primaveral a la plana de
Lleida (Cusco et al. 2013).

En canvi, als habitats de regadiu,
on els alfalsars semblaven propor-
cionar un subministrament d’ali-
ment practicament il-limitat, els
sisons consumien un gens menys-
preable 32% de plantes no cultiva-
des. Hipoteticament, els sisons
intentarien incorporar una major
varietat d’espécies en al seva dieta
hivernal per tal d’assolir una gam-
ma completa de nutrients, ja que
probablement els requeriments
nutricionals de I'espécie no es po-
den satisfer en base a una sola
especie vegetal (Stephens i Krebs
1986, Raubenheimer i Simpson
1997).

Com ja hem mencionat anterior-
ment, les diferéncies a la dieta eren
conseqliencia de la disponibilitat
dels diferents usos del sol entre
agrosistemes. A les zones de seca,
la composicio de la dieta era molt
més diversa, composta princi-
palment per plantes arvenses i lle-
guminoses. Aquestes plantes pro-
bablement van ser proporcionades
per rostolls de cereals, que tenen
una major disponibilitat de plantes
(Ponce et al. 2014, observacio per-
sonal). En alguns ambients de seca
amb cultius de V. Sativa proporcio-
nats pels programes d’esquemes
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agroambientals (Ponce et al. 2014),
les lleguminoses conreades eren
dominants en la dieta del siso, tot i
que aquestes tan sols ocupaven un
2% de la superficie ocupada per
conreus. En altres zones de seca,
on conreus de lleguminoses encara
eren menys disponibles, la dieta
era més diversa, basada en una
barreja de lleguminoses i plantes
arvenses, o bé composta principal-
ment per plantes arvenses, proba-
blement depenent de la composi-
cié dels usos del sol de cada locali-
tat. Per tant, els sisons segueixen la
predicci6 de la teoria oOptima
d’alimentacio, que proposa que la
diversitat alimentaria disminueix a
mesura que augmenta I'abundan-
cia del recurs preferit (Stephens i
Krebs 1986). Aixi, en arees de
regadiu on les lleguminoses sén el
conreu herbaci dominant, els si-
sons presenten un espectre trofic
reduit, basat fonamentalment en
alfals, malgrat disposar en alguns
casos d’una bona densitat de
marges i diversitat d’habitats, que
podria completar una dieta po-
tencialment pobre o poc diversa
(Ottens et al. 2014). De tota
manera, tampoc podem obviar la
possibilitat que la baixa diversitat
de la dieta del sisd al regadiu
reflecteixi la reduida disponibilitat
de recursos alternatius com a
conseqliencia de la intensificacio

agricola tal com s’ha informat en
altres espécies (Britschgi et al.
2006, Moorcroft et al. 2006, Carda-
dor et al. 2012b), i si I'alt consum
d’alfals té implicacions en la super-
vivéncia i reproduccio de 'espécie,
donat que és un cultiu gestionat de
manera intensiva on s’hi apliquen
grans quantitats de pesticides
(Barker et al. 1980, Almacelles i
Perdiguer 2007, Cantero-Martinez
i Moncunill 2012).

Encara que en la present tesi no
s’han analitzat els efectes nutricio-
nals i toxicologics sobre la supervi-
vencia dels individus i la seva re-
produccid, s’han analitzat les prin-
cipals causes que determinen la
mortalitat adulta (capitol 3) i la
productivitat (capitol 4), com un
primer pas imprescindible per
comprendre els impactes antropo-
génics sobre la dinamica poblacio-
nal de I'espéecie.

Aixi, en el capitol 3 s’han estimat
per primera vegada les taxes de
mortalitat adulta del sis6 a partir
d’'una mostra relativament gran
d’ocells i en un rang geografic
extens, de Catalunya a Portugal.
Aguest treball és especialment im-
portant ja que posa xifres a I'im-
pacte directe d’origen antropic
sobre la supervivéncia adulta en el
baluard poblacional de I'espécie a
Europa, contribuint a I'avaluacié de
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les seves necessitats de conserva-
cié a escala global. El seguiment
d’animals no només ens va perme-
tre estimar les taxes de mortalitat,
sind que també es va obtenir infor-
macié sobre les principals causes
de mort.

El percentatge de supervivéncia
adulta anual estimada va ser de no-
més el 67%, similar al 68-72%
estimat per a la part occidental de
Franca quan la poblacié estava en
declivi entre 1998 i 2003 (Inchausti
i Bretagnolle 2005). Cal destacar,
gue aquestes xifres sén més baixes
que les trobades en altres otidides
paleartiques vulnerables, com és el
cas del pioc salvatge Otis tarda
(82-93%, Palacin et al. 2017) o
I'hubara africana  Chlamydotis
undulata (72-79%, Hardouin et al.
2015).

En referéncia a les causes de mort,
la mortalitat antropogeénica sorpre-
nentment va ser gairebé tant ele-
vada com la mortalitat anual regis-
trada per depredacid. Aquestes
elevades taxes de mortalitat esti-
mades sén coherents amb la ten-
dencia global de disminuciéo de
I’especie (Morales et al. 2015). La
primera causa de mortalitat antro-
pogénica identificada en els nos-
tres models va ser la mortalitat per
col-lisi6 amb linia electrica. Aques-
ta, s’ha estimat que causa la mort

anualment del 3.4% o del 3.8% , en
funcié dels models, de la poblacio
adulta. Aquests valors podrien arri-
bar finsal 11.4% o el 13.1% si consi-
derem els intervals de confianga
superiors dels nostres models. Rea-
litzant una comparacié amb estu-
dis previs es constata que la taxa
anual de mortalitat per col-lisié
amb linia eléctrica és una de les
més elevades registrades per a una
espécie en particular (Infante et al.
2005, Jenkins et al. 2010, Silva et al.
2010b). A més a més, el fet que els
nostres resultats es basin en dades
de seguiment d’ocells amb emi-
SsOors proporciona estimacions ro-
bustes de les taxes de mortalitat ja
qgue aquestes son menys suscepti-
bles als possibles biaixos d’altres
metodes (p.e. Naef-Daenzer et al.
2017).

La segona principal amenaca per a
la supervivencia adulta del sisé va
ser la mort il-legal per tret amb una
taxa de mort anual estimada del
2.4% i del 3%, segons el model. En-
cara que podria arribar fins al 8.7%,
tal i com indicava l'interval supe-
rior del model més conservador.
Aguestes dades son molt impor-
tants des d’un punt de vista de la
conservacio de 'espécie. Tot i que
sabem que en el passat el siso era
una especie objecte de caca a Espa-
nya i Portugal, existeixen poques
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referéncies de tradicié de caca del
sis6 a la peninsula Ibéerica (veure
Smith 1868). No obstant aixo, I'a-
menaca de la caca ja s’havia identi-
ficat com a important per liigo i
Barov 2010, encara que la seva im-
portancia mai abans s’havia quan-
tificat.

En referencia a la depredacié, tot i
qgue les aus rapinyaires eren res-
ponsables de la majoria dels casos
identificats, no va ser possible de-
terminar estadisticament si eren
depredadors més importants que
els mamifers. No obstant aixo, cal
assenyalar que el sisé a la penin-
sula depén dels paisatges creats
per I'home i de les practiques agri-
coles. Els canvis en els paisatges
agricoles o com aquests es gestio-
nen poden tenir un paper decisiu
en la taxa de depredacio (Whittin-
gham i Evans 2004). Per exemple,
les pastures sobrepasturades po-
drien provocar que els ocells esti-
guessin més exposats a la depreda-
ci6 a causa de la reduccidé de la
vegetacid. A més, els cultius de re-
gadiu més intensificats poden con-
duir a taxes de molesties més altes
i 'augment de la urbanitzacié del
paisatges rurals pot afavorir un
nombre creixent de depredadors
associats als humans. Per tant, la
nostra mortalitat designada com a
“natural” pot dependre molt de

com es transformii/o gestioniI’ha-
bitat. El nostre treball mostra com
les amenaces poc conegudes i fins i
tot desconegudes anteriorment es-
tan afectant la supervivéncia de la
poblacié de sisd6 més important de
I'Europa occidental. Addicional-
ment, altres causes de mort podri-
en entrar en joc, com és el cas de la
intoxicacid per aliments contami-
nats amb plaguicides (veure capi-
tol 2), i que a falta de necropsia no
es va poder avaluar i, en cas d’ha-
ver-n’hi, s’haurien classificat com a
casos de mort per causes naturals.

Aixi doncs, les morts per causes an-
tropogéniques semblen tenir una
major importancia del que inicial-
ment es preveia per aguesta espe-
cie. La reduccié de la mortalitat an-
tropogenica pot tenir un impacte
positiu important en la viabilitat de
I'especie, especialment per a po-
blacions que mostren una baixa
productivitat reproductiva (Breta-
gnolle et al. 2011, 2018, Lapiedra
et al. 2011).

En especies de vida relativament
llarga, com és el cas del sisé, la pro-
ductivitat juntament amb la morta-
litat adulta s’han descrit com els
dos parametres demografics més
rellevants en la dinamiques pobla-
cionals (Newton 1998, Morales et
al. 2005a). Aixi, en el capitol 4 s’ha
emfatitzat en els aspectes relacio-
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nats amb la reproduccié i producti-
vitat de I'especie. Addicionalment,
s’han descrit per primera vegada
els patrons d’incubacido de les
femelles de siso.

En el nostre estudi la productivitat
de les femelles de sis6 va ser de
0.25 polls/femella, molt similar al
valor que s’havia reportat prévia-
ment per a la plana de Lleida (La-
piedra et al. 2011). Al igual que en
aquell estudi, també varem detec-
tar que una part de les femelles
(16%) no efectuava cap intent de
pondre en algunes de les tempora-
des reproductives. En canvi, algu-
nes femelles van presentar fins a 3
postes en una mateixa temporada
reproductiva. Aquestes, eren pos-
tes de reposicid que tenien lloc
després de que el niu fracassés o
bé per la mort prematura dels polls
durant els primers dies de vida. En
referéncia al lloc de nidificacid,
existia una elevada corresponden-
cia entre el substrat del niuil'ordre
de posta (primera, segona o terce-
ra posta) que podria estar relacio-
nada amb la fenologia dels cultius
de cereal. Mentre que en les pri-
meres postes, els nius es situaven
en major freqliencia en el cereal,
tal com s’havia observat previa-
ment a la plana de Lleida (Ponjoan
2012), una vegada té lloc la collita
del cereal, es produeix una pérdua

d’habitat per a la nidificacié a les
zones de seca i, aleshores, les pos-
tes de reposicid es localitzen en
alfalsars de regadiu.

La nostra estimacié de la durada
d’incubacio (20.7 £ 1.0 dies) va ser
coherent amb la bibliografia
publicada (Cramp i Simmons 1980,
Johnsgard 1991). No obstant, les
femelles comencaven a visitar el
niu i pondre els ous 4.9 = 1.8 dies
abans de l'inici de la incubacid. Per
altra banda, aquesta és la primera
vegada que es quantifiquen les
taxes de reposicio per a 'espécie.
Els nostres resultats indiquen que
les reposicions de les postes
fracassades sén molt més fre-
glents del que s’havia descrit
anteriorment (Lapiedra et al. 2011,
Bretagnolle et al. 2018). De fet, el
67% de les femelles que van perdre
el seu primer niu van iniciar una
segona posta, que podia ser
reemplacada tan aviat com 5 dies
després de la perdua de la posta
anterior, i el 57% de les que
perdien la segona posta en van fer
una tercera. Amb tot, el periode de
posta a la zona d’estudi s’estén
durant més de 12 setmanes, al
igual que a I'oest de Franca (Breta-
gnolle et al. 2018). No obstant, les
primeres postes es comprenien en
un periode de poc més de 4
setmanes, mentre que les segones

-182 -



Discussio general

postes tenien lloc durant més de 8
setmanes i eren les responsables
de I'extensid del periode de posta
global.

Durant el periode de nidificacio, les
femelles, generalment, mostraven
fidelitat al lloc de cria d’un any a
I'altre. No obstant, algunes feme-
lles es podien desplagar considera-
blement, fins a 100 km, per a situar
les postes de reposicid, o bé utilit-
zar noves zones de nidificacié en
anys successius que podien estar
tant llunyanes com 142 km. Amb-
dés casos, probablement, estan
relacionats amb el fet que les fe-
melles de sisd intenten trobar les
millors condicions per a reproduir-
se i que reflecteix la capacitat
d’aquesta especie per a rastrejar
les condicions ambientals al llarg
de grans extensions de terreny. A
més a més, cal destacar que les
femelles podrien anar ampliant les
seves arees de cria amb I'edat, tal i
com hem observat per a la femella
gue va ser monitoritzada durant
més anys. Tant els desplagcaments
per a pondre les postes de reposi-
cié com els canvis de zones de cria
entre temporades reproductives
poden ser relativament grans i
podrien contribuir a la connectivi-
tat genetica entre nuclis poblacio-
nals relativament distants. Aquest
resultat és especialment rellevant,

degut a la baixa diversitat genética
per a la majoria de les poblacions
de sisé a Espanya (Garcia et al.
2011).

L'atencio al niu es veu afectada per
una varietat de factors que influen-
cien la reproduccié dels ocells.
Aguests inclouen la participacio
d’un o dels dos progenitors, reque-
riments nutricionals, I'estadi d’in-
cubacidiles condicions climatiques
(Skutch 1962). Tal i com s’ha vist en
el capitol 4, les femelles van mos-
trar valors intermedis d’atencié al
niu durant la posta, mostrant una
major assisténcia al niu durant el
migdia. En el moment d’incubar, el
percentatge d’atencié al niu va
augmentar fins al 86.8% de mitja-
na. Tanmateix, aquesta és una
estima a la baixa, donat que les
nostres dades no comprenien el
periode nocturn, en el que cal
suposar una atencid al niu més
elevada. D’altra banda, el patrd
bimodal en les sortides diaries del
niu observades durant el periode
d’incubacio, amb una menor fre-
gliencia de sortides durant al mig-
dia i al vespre, mostra que no no-
més les baixes temperatures po-
den afectar als patrons en el com-
portament d’incubacié de les fe-
melles de sisd, siné que també una
forta radiacié solar. De la mateixa
manera, aquest patré és coherent

-183 -



Discussio general

amb altres estudis centrats en es-
pécies relacionades o que habiten
ambients similars (Deeming et al.
2001, Mougeot et al. 2014). Aquest
patrd podria haver evolucionat ja
qgue la hipertérmia és clarament
més perjudicial per al desenvolu-
pament de I'embrid que la hipotér-
mia (Webb 1987). No obstant aixo,
altres factors no exclusius entre
ells podrien explicar aquest patré,
com per exemple, els requeriments
energetics de les femelles. Per un
altre costat, I'atencié al niu aug-
mentava al llarg de la temporada
reproductiva, fet que podria estar
relacionat amb els requisits ter-
mics, pero parcialment també rela-
cionat amb la disponibilitat de re-
cursos trofics propers al niu.

Tanmateix, I'assistéencia al niu in-
crementava en els ultims dies d’in-
cubacio, tendéncia que s’ha obser-
vat en altres espécies, pero que no
és de cap manera un patré univer-
sal, ja que les diferents espécies
presenten estratégies diverses
(Skutch 1962). Aquest fet podria
estar relacionat amb la necessitat
de proteccid dels embrions o dels
polls després d’eclosionar. Sorpre-
nentment, tot i que I'atencié al niu
augmentava, el risc de fracassar
s'incrementava també durant els
ultims dies d’incubacid. No obstant
aixo, ja que el moment d’eclosio

era estimat i s’assumeix algun petit
error (p.e., no disposavem de
dades d’activitat nocturna), alguns
d’aquests fracassos podrien inclou-
re la mort prematura dels polls poc
després de I'eclosio, ja que és un
moment critic i que podria explicar
aquesta probabilitat incrementada
de fracassar en les hores proximes
al moment d’eclosid.

Al comengament de la temporada
reproductora les postes tenien lloc
en els secans, per0 després de
I'inici del mes de juny aquestes es
situaven en camps d’alfals al rega-
diu. Els nius eren situats a distan-
cies variables dels marges del
camp, depenent del substrat del
niu. En postes localitzades en ce-
real, els nius es trobaven més
proxims als marges, ja que les
femelles depenien dels marges per
alimentar-se, mentre que en les
postes situades en guarets o camps
d’alfals, les femelles disposaven
d’aliment en grans quantitats dins
del mateix camp (capitol 2). La im-
portancia de la vegetacié herbacia
permanent o semipermanent ha
estat destacada per aquesta espe-
cie en nombrosos treballs (Marti-
nez 1994, Salamolard i Moreau
1999, Silva 2010, Lapiedra 2011 et
al., Morales et al. 2013, Tarjuelo et
al. 2013), ja que aquests recursos
proporcionen plantes verdes per
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als sisons reproductors (Jliguet et
al. 2002, Cuscé et al. 2013) i també
podrien oferir refugi en cas de pre-
sencia de depredadors (Martinez
1994, Morales et al. 2008). Aquest
punt és especialment important
durant les etapes de posta i incuba-
cié. Durant la posta, les femelles
han d’acumular reserves per a la
incubacié i tenir fonts d’aliment
properes al niu afavoreix un menor
temps en els torns de sortida per la
cerca d’aliments durant la incuba-
cié, que les femelles podrien inver-
tir en altres activitats com ara acti-
vitats de manteniment propi (Lon-
dofio et al. 2008).

Donat a que els marges dels camps
sén un habitat propens a la depre-
dacié (Benson et al. 2010), les
femelles de sisoé podrien haver de
fer front a un compromis entre
I"accessibilitat als recursos trofics i
al comportament antidepredador,
donat que la depredacié és una
causa principal de la pérdua de nius
en ocells (Martin 2004) i al fet que
en les especies en les quals cova
tan sols un dels progenitors el
temps destinat a I'alimentacié sol
ser restringit (Mertens 1977, Con-
way i Martin 2000).

Als paisatges agricoles de seca, els
guarets eren el substrat preferit
per a la nidificacié, encara que la
majoria dels nius van tenir lloc en

cereal, que era |’habitat dominant
d’aquests paisatges. Tot i que eren
preferits, en els guarets [exit
d’eclosié va ser baix (25.0%), degut
a que molts es troben subjectes a
la pastura, al llaurat, al trepig o fins
i tot a I'abocament de purins, els
quals poden causar danys a la
posta o bé I'abandonament del niu.
Als cultius de cereal, I’exit d’eclosio
era també baix (43.8%), valor
similar al que previament s’havia
informat per a la mateixa zona
(47%, Lapiedra et al. 2011). Mentre
que en els camps d’alfals, I'exit
d’incubacio es va situar en un infim
12.5%, donant un exit d’eclosio
global de tan sols el 32.1%. Aquest
és un valor extremadament baix,
fins i tot si el comparem amb I'éxit
d’eclosié descrit per a la fragil po-
blacié de l'oest de Franga (41.6%,
Bretagnolle et al. 2018). Contraria-
ment al que succeeix a altres zones
agricoles on les femelles de sisé ni-
difiguen principalment en alfals
(Bretagnolle et al. 2011), les per-
dues al cereal s’associaven majori-
tariament a la desercié/depredacié
més que no pas a les practiques
agricoles, que tan sols representa-
ven un baix 11.1% dels fracassos. |
és que en les espécies d’ocells que
nidifiquen a terra es preveuen altes
taxes de depredacié dels nius
(Martin 1995, Davis 2003) i aixo,
probablement, podria ser una
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causa important de fracas en les
postes de sisd, com s’ha mostrat en
altres ocells esteparis que nidifi-
quen a terra (Ena et al. 1987, Yanes
i Sudrez 1995, Calero-Riestra et al.
2013, Gaget et al. 2018).

Basant-nos en els nostres models,
la data de posta va tenir un fort
impacte en I'éxit d’eclosié. Aquest
fet es deu principalment al canvi de
substrat de nidificacié a mesura
gue avanga la temporada repro-
ductora i a I'exit d’eclosio diferen-
cial entre els diferents substrats.
No obstant, mentre que el canvi de
substrat i les practiques agricoles
associades a aquests expliquen el
baix éxit d’eclosio de les postes de
reposicié, una proporcié rellevant
de primeres i segones postes
situades en cereal eren abandona-
des o depredades abans que ningu-
na practica agricola les destruis.

Tot i aix0, els nostres resultats no
suggereixen que estiguem davant
d’un problema de baixa condicid
fisica de les femelles que modifiqui
el comportament d’incubacié de
les femelles i que
I'abandonament o depredacié del
niu. Els arguments que ens fan
creure aixo sén que no vam detec-
tar diferéncies en els patrons d’a-
tencié al niu entre les postes eclo-
sionades i les postes fracassades
per causes naturals i que la majoria

indueixi a

de les femelles que perdien la
posta eren capaces de fer una
posta de reposicid, unes condi-
cions que no semblen compatibles
amb una baixa condicié corporal.
Alternativament, els nostres resul-
tats indiquen que I'exit d’eclosio
esta inversament relacionat amb
alguns factors d’intensificacié agri-
cola, com ara la mida del camp on
esta situat el niu i la diversitat
d’habitat al voltant d’aquest. Aixo,
és conseqlient amb les nostres tro-
balles que mostren que incremen-
tant la disponibilitat de recursos
trofics al voltant del niu és redueix
el rang de moviment de les feme-
lles, ja que la distancia que les fe-
melles han de recérrer en la recer-
ca d’aliment és més petita i I'aten-
cio al niu augmenta.

Entrat el mes de juny, cap de les
postes va tenir lloc a les zones
agricoles de seca. L'explicacié més
raonable d’aquest fet seria que es
produeix un deteriorament de les
condicions ambientals al llarg del
periode reproductor. Per aquesta
epoca, el cereal ha madurat i els
marges i guarets s’han assecat, per
tant els camps d’alfals ofereixen un
substrat de nidificacié més atrac-
tiu. No obstant aix0, a causa de les
practiques agricoles, I'éxit d’eclo-
sié en aquest substrat, com en el
cas de Franca, és baix. Aix0 es
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degut a que el temps entre les
activitats agricoles en els cultius
d’alfals (reg per inundacio o sega)
és més curt que la suma de la dura-
da de la posta i la incubacié (= 25
dies). A més a més, les femelles de
sisd necessiten per niar un minim
d’al¢ada de la vegetacid (~ 40 cm)
(Bretagnolle et al. 2018, dades no
publicades), cosa que suposa que
quan les femelles comencen a
covar en els camps d’alfals el mo-
ment de la sega del cultiu es troba
relativament a prop. Aixi doncs, les
practiques agricoles vinculades al
maneig d’aquests cultius els po-
drien convertir en una trampa eco-
logica en les zones on la majoria de
postes ocorren en aquests cultius
(Bretagnolle et al. 2018).

Aixi, els nostres resultats indiquen
que els cultius d’alfals podrien
actuar com un embornal atractiu
per la majoria de postes de reposi-
cid, ja que el 67% d’aquestes tenen
lloc en alfals, pero només el 17%
d’elles arribaven a eclosionar. El fet
gue les femelles que covaven en
alfals presentaven menors distan-
cies en les sortides al niu, una ma-
jor atencio al niu, arees vitals més
petites i una major disponibilitat de
recursos trofics déna suport a la
idea que els alfalsos proporcionen
un habitat d’alta qualitat en quan a
la disponibilitat de recursos trofics,

perd si no s’adapten les actuals
practiques de maneig d’aquests
cultius, com sén el reg per inunda-
cio o els intervals entre segues,
aquesta situacié podria conduir a
I’extincid local dels sisons a la plana
de Lleida.

Implicacions de l'alta depen-
dencia als cultius d’alfals inten-
sificats

Tant en el capitol 1 com en el
capitol 2, hem comprovat com els
sisons fora del periode de repro-
duccidé presenten una forta prefe-
réncia per als cultius d'alfals, ja que
la seva distribucié espacial i la seva
dieta depenien en gran mesura de
la disponibilitat d’aquests cultius.
Més enlla de que els alfalsars sem-
blen proporcionar un recurs trofic
adient durant I’hivern, aquesta alta
dependeéncia cap a aquest recurs,
sovint tractat de manera intensiva,
podria tenir certes conseqliencies
negatives sobre la condicid fisica
dels individus que podrien repercu-
tir en la reproduccié i superviven-
cia dels individus.

Des d’un punt de vista de la ecolo-
gia de I'especie, la forta dependéen-
cia a les lleguminoses podria donar
lloc a un sistema vulnerable, on els
sisons podrien ser molt sensibles
als canvis en els usos del sol. Els
cultius d’alfals semblen actuar com
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illes d’habitat envoltades d’un en-
torn inadequat, com per exemple
cultius llenyosos de fruita dolga i
llaurats (Silva et al. 2004, Cuscé et
al. 2018), de manera que la dismi-
nucio de la superficie d’alfals o I'ai-
llament entre aquestes illes podria
comportar I'abandonament d’a-
questes zones per part dels sisons
(Saunders et al. 1991, Brotons et al.
2004), tal i com ha estat
recentment descrit per Morales et
al. (2015) a la vall del Tajo.

Addicionalment, els beneficis d’u-
na dieta diversa sobre la condicid
fisica, el creixement o la supervi-
veéncia, han estat comunicats per a
diverses espécies, particularment
herbivores (Lefcheck et al. 2013),
per la qual cosa és probable que
una dieta reduida basada principal-
ment en I'alfals no compleixi amb
el rang complet de nutrients que
son requerits pels sisons. De fet,
com s’ha mencionat anteriorment,
els nostres resultats indiquen que,
fins i tot en arees dominades per
alfals, s’inclouen una elevada pro-
porcido de plantes arvenses en la
dieta, suggerint que el sisd necessi-
ta equilibrar la seva dieta hivernal
amb varietat d’espeécies de plantes.

En el capitol 1, també hem pogut
observar com algunes femelles
presentaven una area vital relativa-
ment petita durant el periode no

reproductor, segurament relacio-
nada amb I'explotacié de manera
intensiva d’unes poques parcel-les
d’alfals. Préeviament, s’ha descrit
com els bandols de sisé a la plana
de Lleida utilitzen recurrentment
els mateixos camps agricoles (Me-
ca et al. 2013), i aquests poden
concentrar centenars d’individus.
Aquesta explotacid intensiva de
I'espai juntament amb [’elevada
agregacio conespecifica de I'espe-
cie durant el periode no reproduc-
tor podria tenir certes conseqiién-
cies en la condicié fisica dels indivi-
dus, ja que facilitaria la transmissio
de parasits i malalties (Anderson i
May 1978, Mennerat et al. 2010). A
més, I'aplicacié de fertilitzants d’o-
rigen organic, tals com els purins i
la gallinassa poden contaminar el
sol amb patogens parasitaris i bac-
terians i afectar les poblacions
d’animals salvatges (Olson 2001,
Hutchison et al. 2005).

Addicionalment, com ja assenyala-
vem anteriorment, els cultius d’al-
fals al regadiu son gestionats de
manera intensiva als quals s’apli-
guen elevades quantitats de pesti-
cides (Barker et al. 1980, Almace-
lles and Perdiguer 2007, Cantero-
Martinez i Moncunill 2012). Es ben
conegut que I'ds d’aquests com-
postos té efectes directes o indi-
rectes sobre la vida silvestre avia-

-188 -



Discussio general

ria, comprometent la supervivén-
cia dels ocells o el seu éxit repro-
ductor a causa de la intoxicacio per
la ingesta d’aliment, sols o aiglies
contaminades (Fry 1995, Lemly et
al. 2000). D’aguesta manera, els
possibles efectes negatius que pot
tenir la gran dependencia a I'alfals
com a recurs trofic hivernal sobre
les poblacions de sisé i sobre altres
ocells d’ambients agricoles merei-
xen més atencié des d’un punt de
vista ecologic, nutricional i toxico-
logic.

A més a més, aquesta dependéncia
envers als conreus d’alfals de rega-
diu no solament es produeix du-
rant I’hivern, sind que també s’ha
fet palesa en el capitol 4 pel que fa
al periode reproductor, durant el
gual hem observat que I'alfals es
converteix en el principal conreu
disponible capac d’acollir les
postes de reposicié tardanes, amb
conseqliencies nefastes per a la
supervivencia d’aquestes postes.

Consideracions demografiques

La productivitat i la mortalitat adul-
ta sén parametres clau per a la via-
bilitat de les poblacions animals.
Aquests parametres demografics
adquireixen una major transcen-
déncia en espécies de vida relativa-
ment llarga (Begon et al. 2005). La
baixa productivitat detectada de

tant sols 0.25 polls/femella i any
(capitol 4) és del tot insuficient per
mantenir una poblacid de sisé via-
ble, ja que es considera que perqué
una poblacid de sisd persisteixi en
el temps s’hauria d’assolir una
productivitat minima d’un poll per
femella (Inchausti i Bretagnolle
2005). Els nostres valors de pro-
ductivitat, han demostrat ser molt
consistents amb els resultats tro-
bats anteriorment a la plana de
Lleida (Lapiedra et al. 2011), la qual
cosa ens fa pensar que no s’han
produit canvis significatius que
empitjorin la productivitat de I'es-
pécie, pero tampoc que en millorin
I"alarmant situacié actual. Cal des-
tacar pero, que existeix un forta
variabilitat interanual en la produc-
tivitat que, probablement, estaria
relacionada amb les condicions
meteorologiques anuals i la fenolo-
gia de la vegetacié (Morales et al.
2002, Delgado et al. 2009, Delgado
i Moreira 2010). En el nostre estudi
la productivitat va ser nul-la per a
la majoria dels anys i només al
2011 es van reclutar polls de >30
dies, essent la productivitat per
aquell any de 0.83 polls/femella.
Recentment, aquesta variabilitat
interanual en la productivitat de les
femelles de sis6 també ha estat
descrita per a les poblacions fran-
ceses (Bretagnolle et al. 2018).
Perod cal advertir que aquestes esti-
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macions es basen en mides mos-
trals anuals relativament petites i
estan subjectes a certs biaixos.

Els estudis basats en models de
viabilitat poblacional de les pobla-
cions de sisé han destacat que la
productivitat i la supervivencia a-
dulta serien els parametres més
importants per a la preservacio de
les poblacions de Franca (Inchausti
i Bretagnolle 2005, Morales et al.
2005a) i d’Espanya (Delgado et al.
2009). De fet, Delgado et al. (2009)
ressalten que serien la superviven-
cia de les femelles adultes i la seva
productivitat els dos parametres
més importants per a la dinamica
poblacional de I'especie. Aix0 es
deu, principalment, al fet que els
sisons presenten un sistema d’apa-
rellament poliginic (veure Legen-
dre 2004) i que en aquest estudi
s’estimava una mortalitat diferen-
cial entre mascles i femelles amb
un 5% més de supervivencia per als
mascles dins de la poblacié de més
d’un any d’edat. Les diferéncies en
la mortalitat entre sexes es basa-
ven en que la rad de sexes observa-
da per les poblacions estudiades
semblava estar forca esbiaixada
cap als mascles adults (1.39-1.85
mascles per femella). De la mateixa
manera que ho estarien altres
poblacions europees, com les fran-
ceses (1.47+0.12 mascles per

femella) (Inchausti i Bretagnolle
2005). Aquest biaix en la rad de
sexes s’ha relacionat amb wuna
major mortalitat de les femelles
relacionada amb la reproduccid i
cria dels polls (Bretagnolle et al.
2011, 2018). No obstant aixo,
podria existir cert biaix en aquestes
estimes degut a que les femelles de
sisd presenten un comportament
discret (Cramp i Simmons 1980) i
sén molt més dificils de detectar
gue els mascles. A la plana de
Lleida, segons dades inéedites
basades en un métode basat en la
determinacié del sexe mitjancant
fotografies de bandols de sisé en
volique no esta subjecte al biaix de
deteccié entre mascles i femelles,
la rad de sexes no sembla estar
tant desequilibrada com en els
casos anteriorment mencionats,
tot i aixd hi haurien més mascles
que femelles (dades propies). Ob-
tenir estimacions fiables de Ia
proporcidé de sexes és important ja
gue una rad de sexes esbiaixada
envers als mascles podria provocar
una disminucié de la productivitat
deguda a l'escassetat de femelles
(Tarjuelo et al. 2013).

Com ja hem avancgat, aquest biaix
en la rad de sexes s’explicaria per
una major mortalitat de les feme-
lles, ja que s’espera que la natalitat
d’ambdds sexes estigui relativa-
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ment equilibrada (Martin et al.
2007, Székely et al. 2014). No
obstant, ni en I’estudi sobre morta-
litat (capitol 3) ni en I'estudi de la
incubacié (capitol 4), no hem de-
tectat cap mort per efecte directe
de la sega, com si que han apuntat
altres treballs (Bretagnolle et al.
2018), encara que les femelles
guedarien molt més exposades als
depredadors un cop la sega s’ha
produit.

Per altra banda, els valors de su-
pervivencia adulta obtinguts en el
capitol 3 propers al 70% no serien
suficient per a mantenir les pobla-
cions de sis6 d’acord amb les
simulacions realitzades per a les
poblacions occidentals de Franga,
donant lloc a probabilitats de su-
pervivencia de la poblacié del 0.6
(Morales et al. 2005a). Tot i que
aquestes prediccions partien de
mides poblacionals molt inferiors a
les que trobem a la peninsula Ibeéri-
ca. En base al mateix estudi, I'incre-
ment d’un 10% en la superviven-
cia adulta podria tenir un efecte
molt positiu en la viabilitat de les
poblacions de sisé a la peninsula
(Morales et al. 2005a).

Addicionalment, I'esperanca de vi-
da podria ser un parametre demo-
grafic a tenir en compte, ja que
aquest determina les vegades que
un individu es pot reproduir poten-

cialment al llarg de la seva vida
(Lessells 1991). Realment, es des-
coneix quina és I'esperanca de vida
mitjana dels sisons adults en condi-
cions de llibertat. L’'edat maxima
descrita per a I'espéecie en condi-
cions de llibertat és de 18 anys,
fruit d’'una observacié al centre-
oest de Franga. Recentment, s’ha
reportat I'observaciéo d’un mascle
de 14 anys a la plana de Lleida
(Mafiosa et al. 2018; en premsa).

Tornant a la productivitat, en el
capitol 4 hem pogut observar com
a la plana de Lleida la baixa produc-
tivitat s’explicava per un baix exit
d’eclosié, perd també per una
baixa supervivéncia de les pollica-
desi al fet que algunes femelles en
algunes temporades reproductives
no arribaven a pondre. De les 19
oportunitats de reproduccié po-
tencials, en 3 casos les femelles no
van pondre (16%). De les que si que
van pondre, es van obtenir un total
de 28 postes de les que els fraca-
ssos d’incubacid confirmats van ser
elevats (67.9%), principalment
degut a la infima taxa d’eclosié de
les postes de reposicid (16.7%), ja
gue aquestes postes tenen lloc,
majoritariament, en camps d’alfals
de regadiu on els fracassos s’asso-
cien principalment a les activitats
agricoles, mentre que en camps de
cereals i guarets aquestes repre-
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sentaven una baixa proporcié de
fracassos. Tanmateix, pel conjunt
de les postes, només un 36.8% de
les postes fracassades es podien
relacionar amb causes agricoles.

Excloent les postes de reposicid, on
I'afectacio de les activitats agrico-
les era molt elevada, els nostres
resultats van mostrar que ['éxit
d’eclosié era relativament baix
també entre les primeres postes
(43.8%). Aquest valor és similar a la
taxa d’eclosié trobada anterior-
ment a la Plana de Lleida (47.1%)
(Lapiedra et al. 2011). Aquests
valors relativament baixos en Iexit
d’eclosidé, probablement, estarien
relacionats amb el fet que en les
especies que nidifiquen a terra, es
preveuen altes taxes de depreda-
cié dels nius (Martin 1995, Davis
2003) i aixo probablement podria
ser una causa important de fracas
en les postes de sisd. No obstant,
les diferéncies trobades en el risc
de fracas, amb un increment subs-
tancial de fracassar cap al final de
la incubacié, ens fa pensar que
altres factors poden estar interve-
nint. El fet que varem detectar
algunes femelles no arribaven a
pondre en alguns anys, probable-
ment es podria atribuir a que
aquestes no van assolir una bona
condicid corporal per a reproduir-
se, ja que tenir suficients reserves

acumulades és fonamental per a la
produccié dels ous i I'acte d’incu-
bacié (Lack 1968, O’Connor 1984).
Hipoteticament, aquest augment
del fracas al llarg de la incubacié es
podria atribuir a una reduccidé de la
condicié corporal causada per I'es-
gotament fisic de les femelles al
llarg del procés d’incubacié. No
obstant aixo, l'elevada taxa de
reposicié de le postes fracassades
ens fa pensar que no existeix un
problema de condicié fisica, al-
menys per a les femelles que ini-
cien la posta.

Pel que fa a la supervivéencia de les
pollicades, del total de 9 postes
eclosionades, tan sols en 3 d’elles
algun dels polls de sis6 va assolir
I’edat de 30 dies, la qual cosa dona-
ria un 66.7% de mortalitat comple-
ta de les pollicades que eclosiona-
ven. Aquest valor és practicament
el doble del trobat préviament a la
zona d’estudi (Lapiedra et al.
2011), on la mortalitat de les polli-
cades era del 37.5%. No obstant,
per a determinar la supervivéncia
dels polls s’hauria de tenir en
compte el nombre de polls que
arriben a sortir de I'ou, cosa que en
el nostre estudi va ser dificil de
determinar, ja que no visitavem els
nius fins que les femelles finalitza-
ven, amb éxit o no, la incubacid.
Tanmateix, segons Schulz (1987)
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només el 54% dels polls semblen
sobreviure fins esdevenir adults. La
baixa supervivencia dels polls s’ha
atribuit a la disminucié de I'abun-
dancia d’artropodes després del
periode de sega (Inchausti i Breta-
gnolle 2005, Bretagnolle et al.
2011, Lapiedra et al. 2011) i que es
agreujada a causa de la intensifica-
cié agricola. Cal destacar que la
dieta dels polls durant les primeres
setmanes de vida es basa en el
consum d’artropodes, principal-
ment, coleoptersiortopters (Jiguet
2002). A més, |'escassetat de zones
de refugi després de la sega podria
tenir efectes sobre la mortalitat
dels polls (Lapiedra et al. 2011) i
gue es veuria incrementada per
algunes practiques agricoles perju-
dicials com el llaurat dels rostolls
de cereal en només 7-10 dies
després de la sega (Lapiedra et al.
2011), practica que sembla haver-
se accelerat en els ultims anys
(observaciod personal). Aixi que una
gran part de I’habitat per a les
families de sis6 quedaria llaurat
molt rapidament deixant als sisons
sense recursos trofics ni suficients
zones de refugi.

Finalment, tot i que els moviments
migratoris no han estat tractats en
aquesta tesi, cal mencionar que
aquests poden ser importants en
les dinamigues poblacionals dels

animals. Els sisons a la peninsula
Ibérica s’han descrit com a seden-
taris o migradors parcials (Cramp
and Simmons 1980), perd veure
Garcia de la Morena et al. (2015).
Aguests moviments tindrien lloc
basicament entre les zones de
reproduccié i els emplagaments
d’hivernada. Degut a la alta fideli-
tat a les zones de cria (Garcia de la
Morena et al. 2015), els sisons
tornarien a la primavera segiient a
les mateixes arees de reproduccié
(pero veure capitol 4). No obstant,
s’ha suggerit que els moviments
entre poblacions podrien ser im-
portants (Morales et al. 2005a).
Basant-nos en les nostres dades de
seguiment d’individus, podem dir
gue els traspassos d’unes pobla-
cions a unes altres no son molt fre-
glents. Per posar un exemple, de
les 18 femelles marcades amb GPS
a la plana de Lleida, només s’han
detectat moviments puntuals fora
de la depressié de I'Ebre en una de
les femelles i aquests van tenir una
durada de tan sols uns dies (dades
no publicades).

Per resumir, des d’un punt de vista
demografic, la baixa productivitat
detectada causada per el baix éxit
d’eclosid, especialment de les pos-
tes de reposicio, perdo també per
I’elevada mortalitat de les pollica-
desiel fet que un percentatge gens
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menyspreable de femelles no cova
serien els principals factors que
explicarien el declivi de les pobla-
cions a la plana de Lleida, aixi com
també l'alta mortalitat dels indivi-
dus adults observada a nivell pe-
ninsular. Finalment, donat que
gran part de les morts dels indivi-
dus adults es deguda a causes
antropogeniques, aquestes sén
evitables i s’hauria de fer un esforg
per tal de garantir la supervivéncia
de les poblacions de sisé.

Canviant la percepcio respecte
al sisé

Recentment, s’ha destacat la nece-
ssitat d’abordar la conservacié de
la biodiversitat des d’una perspec-
tiva socioecologica (Ban et al. 2013,
Bennett et al. 2017), donant valor
aquells aspectes en que la biodi-
versitat contribueix al benestar hu-
ma a través dels serveis ecosiste-
mics (Diaz et al. 2015, Morales-
Reyes et al. 2018).

En algunes zones agricoles de seca,
la preséncia del sisé es viu com un
impediment al desenvolupament
economic entre la poblacié agrico-
la, ja que responsabilitzen a I'espée-
cie del fet que no puguin regar en
algunes arees protegides, causant
un greuge comparatiu amb els
agricultors de les zones veines de
regadiu. Aquesta percepcid negati-

va suposa un problema per a la
conservacié de l'espécie ja que
alguns agricultors podrien prendre
accions il-legals (Mateo-Tomas et
al. 2012) per tal de molestar i
foragitar als sisons, destruir els
seus nius i, inclds, tirotejar als
individus adults (Capitol 3; no
obstant, cal destacar que desconei-
xem les motivacions de les perso-
nes responsables de les morts per
tret detectades). Aixi que, des de la
biologia de la conservacio s’hauria
de treballar per tal de revertir
aquesta percepcid perjudicial de
I'espeécie.

Fruit dels nostres resultats en base
a la seleccié de zones amb disponi-
bilitat d’alfals (capitol 1) i I'elevada
utilitzacié d’aquest com a recurs
trofic (capitol 2) podriem arribar a
pensar que els sisons tenen un
impacte negatiu sobre el rendi-
ment d’aquest tipus de cultiu.
Lluny de suposar un perjudici per a
I'agricultura, creiem que el sisons
no tenen un impacte negatiu sobre
aquesta i s’hauria de considerar
com a una espécie innocua en la
majoria dels casos o, en tot cas,
amb certs beneficis ja que es pot
alimentar d’espécies perjudicials
per als cultius. No obstant aixo, en
determinades zones d’hivernada al
centre de la peninsula Ibérica
poden ocasionar danys en cultius,
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com ara els cultius de melons
(communicacié personal), ja que
tenim constancia de que s’utilitzen
mecanismes per a foragitar-los i,
fins i tot, paranys per a capturar-
los. En tot cas, I'habitat majorita-
riament utilitzat per als sisons sén
els alfalsars. L'efecte negatiu que
podria tenir el consum d’alfals en
els camps on es produeixen altes
congregacions d’individus seria mi-
nim, donat que aquestes agrupa-
cions es produeixen durant |'hi-
vern, quan l'alfals es troba en un
estat vegetatiu inactiu o de creixe-
ment reduit (Lloveras 2001). Pre-
viament, s’ha descrit com la pastu-
ra dels camps d’alfals per part de
ramats d’ovi durant I’hivern té pocs
efectes en la produccié d’aquests
cultius en les primaveres successi-
ves (Delgado 1993). A més a més,
es d’esperar que I'impacte d’herbi-
voria per part dels sisons sigui molt
menor, donada la seva petita mida
corporal i necessitats de consum
trofic molt inferiors.

Addicionalment, el consum d’espé-
cies indesitjables des d’un punt de
vista agrondmic podria ser espe-
cialmentimportant aI’hivern enels
rostolls de cereal i blat de moro
(capitol 1 i capitol 2), pero també
durant la primavera (Cusco et al.
2013). El consum d’espécies com el
panigroc (Anacyclus clavatus), la

rosella (Papaver rhoeas), la campa-
neta (Convolvulus arvensis), la
tinya negra (Lamium amplexicau-
le), la ravenissa blanca (Diplotaxis
erucoides) o els sarronets de pastor
(Capsella bursa-pastoris) ocasio-
nen perdues econdmiques als
agricultors. El panigroc, la raveni-
ssa blanca i la rosella han estat
identificades com les espeécies di-
cotiledonies no cultivades més
abundants en els cereals d’hivern a
la Plana de Lleida (Westerman et
al. 2012). A banda de ser molt
abundant, la rosella es coneguda
per la seva capacitat de reduir el
rendiment dels cereals d’hivern a
les zones del sud d’Europa de clima
mediterrani (Wilson et al. 1995,
Holm et al. 1997). Encara que altres
espécies, com la campaneta, sén
considerades com a més nocives
per part dels agricultors (Giralt et
al. 2018). Tot i que creiem que I'e-
fecte d’herbivoria del sisé sobre la
propagacio de les “males herbes”
és limitat, el consum d’espécies
considerades com a perjudicials
per a |’agricultura pot ser vista com
una oportunitat per a canviar la
percepcio de la pagesia respecte a
aquesta especie.

Finalment, I'atraccié que desperta
aquesta espécie cap al public a-
mant de la natura i dels ocells, pot
representar una oportunitat per al
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desenvolupament economic de les
zones rurals. En I'actualitat, ja exis-
teixen algunes experiencies al res-
pecte on els pagesos perceben una
guantia economica provinent dels
visitants que volen observar al siso6
i a altres ocells esteparis. Aquesta
activitat suposa un complement
econodmic a la activitat agricola i
ajuda a canviar la percepcid res-
pecte aquesta espécie i dels ocells
en general.

Mesures de conservacio

En I'actual context de péerdua de la
biodiversitat i abundancia de les
poblacions d’ocells que habiten els
ambients agricoles a causa de la
intensificacié agricola (BirdLife In-
ternational 2004, Burfield 2005), es
fan necessaries mesures de gestid
dirigides a mantenir la biodiversitat
i efectius poblacionals de les espé-
cies. A continuacid, es proposen un
seguit de mesures de gestid en
base als resultats obtinguts en la
present tesi per a una conservacié
adequada i efectiva de les pobla-
cions de sisd a la peninsula Ibérica.
En zones agricoles intensificades
de regadiu, les mesures dirigides a
promoure els paisatges oberts i
heterogenis, amb disponibilitat
d’alfals i rostolls, en llocs segurs el
més a prop possible de les arees de
reproduccié, podrien contribuir a

beneficiar a les poblacions de si-
sons residents o escassament mi-
gradors en els emplacaments no
reproductors (capitol 1). Tot i que
I'eficacia de proveir cultius de
lleguminoses com a mesura per in-
crementar la qualitat de I’habitat i
la capacitat de carrega per a les po-
blacions de sisons en els paisatges
agricoles ha estat ben establerta
(Wolff et al. 2001, Ursua et al.
2005, Bretagnolle et al. 2011,
Kovacs-Hostyanszki i Baldi 2012,
Ponce et al. 2014), suggerim que
aquests cultius haurien de ser in-
closos dins d’'una xarxa en una
matriu d’habitats diversos que pro-
porcioni diferents habitats ade-
guats i complementaris, com per
exemple ho serien els guarets
(Silva et al. 2004), per tal de pro-
porcionar recursos trofics variats i
alternatius. De fet, tot i que els si-
sons presenten una alta preferen-
cia per a les lleguminoses, tant cul-
tivades com arvenses, la podriem
considerar una espeécie relativa-
ment generalista, ja que consu-
meix un elevat nombre d’espécies
vegetals (capitol 2) i I'Us de I'habi-
tat varia al llarg del cicle anual en
funcié de la disponibilitat i fenolo-
gia dels diferents tipus de cultius
(Mafiosa i Cusco, dades inedites).

Aixi, per a una conservacié adient
de I'espécie cal garantir la diversifi-
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cacio dels usos del sol en els dife-
rents sistemes agricoles dominats
per cultius herbacis per tal de
cobrir els requeriments d’aquesta
espécie al llarg del seu cicle anual.
A I’hivern, aix0 suposaria propor-
cionar paisatges diversificats, que
continguin grans quantitats de lle-
guminoses cultivades o silvestres,
pero també d’altres plantes arven-
ses per tal de completar la seva
dieta. En arees dominades per
cultius de lleguminoses, s’haurien
de promoure els guarets. En canvi,
en les arees dominades per cereals
amb preséncia de guarets, s’hau-
rien de proporcionar camps de
lleguminoses. Finalment, s’haurien
d’evitar les practiques associades
al tractament intensiu dels guarets,
com ara el llaurat recurrent dels
guarets tradicionals, o I'herbicidat
dels rostolls.

A la primavera, durant el periode
reproductor, s’hauria de promoure
la disponibilitat de vegetacié her-
bacia permanent o semipermanent
per millorar la qualitat de I’habitat
per a les femelles reproductores
(capitol 4), pero també per als
mascles adults (Morales et al.
2005b, 2008, Silva et al. 2014a) i els
polls (Lapiedra et al. 2011, Tarjuelo
et al. 2013). Aquesta millora de la
gualitat de I’habitat es podria asso-
lirincrementant la disponibilitat de

guaretsiaugmentant la densitat de
marges amb parcel-les de mida re-
lativament petita per tal d’oferir a
les femelles reproductores majors
fonts d’aliment per a la incubacid i,
al mateix temps, reduir les possi-
bles pressions sobre les postes lo-
calitzades en els escassos guarets
existents, que podrien tenir certs
beneficis en [I'exit d’incubacid.
D’altra banda, aquestes mesures
podrien afavorir que les femelles
decidissin romandre en el seca per
arepondre en cas de fracas i, a més
a més, oferirien també recursos
trofics i zones de refugi per als mas-
cles i les families de sis6 (Morales
et al. 2005a, 2008, Lapiedra et al.
2011, Tarjuelo et al. 2013, Silva et
al. 2014a).

Addicionalment, mesures dirigides
a adequar les actuals practiques
agricoles en els cultius d’alfals po-
drien contribuir a l'increment de
I’extremadament baixa taxa d’eclo-
sié de les postes de reposicid en
aquests cultius (capitol 4). La trans-
formacid del sistema de reg per
gravetat per altres sistemes que no
suposin lainundacid del camp, com
serien el reg per aspersié amb
suport fix o el reg mitjancant pivot,
i I'ampliacio dels intervals entre els
talls de I'alfals durant el periode en
gue es produeixen les postes de
reposicié (del 15 de maig al 15 de
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juliol) podria facilitar una incuba-
cié exitosa en aquest substrat. No
obstant, caldria estar atents a les
possibles implicacions sobre la
configuracid de les parcel-les i la
heterogeneitat del paisatge que
aquests canvis en el sistemes de
reg podrien comportar (introduc-
cid i capitol 1).

Des d’un punt de vista social, cal
treballar per a la conscienciacié de
la societat sobre la situacié de vul-
nerabilitat de les poblacions de sisé
a Europa. El desconeixement de
I’estat de conservacio de les espe-
cies és un problema entre els caca-
dors i cal comunicar millor la situa-
cié real de I'especie. D’altra banda
és necessari revertir I'actual visié
negativa que alguns sectors de la
pagesia tenen sobre aquesta espée-
cieis’hauria de promoure una visio
de I'especie amb efectes positius
sobre I'agricultura.

L'inesperat alt impacte de les col:li-
sions amb linies electriques (capi-
tol 3) posa de relleu la importancia
d’adaptar les xarxes de linies elec-
triques a les necessitats de conser-
vacio. Aixo, pot incloure la senyalit-
zacié o soterrament de les linies
eléctriques existents considerades
com a perilloses, aixi com la mini-
mitzacid o eliminacié total del risc
de col-lisid en les de nova construc-
cio, ja sigui evitant que el seu tracat

discorri per zones de major presen-
cia de les especies afectades (Silva
et al. 2014b), o bé considerant el
cablejat subterrani (Silva et al.
2010b, 2014b, Barrientos et al.
2012, Raab et al. 2012, Alcazar
2013). Addicionalment, la legisla-
cié s’hauria d’elaborar a nivell na-
cional per tal assegurar la integra-
cio d’aquestes mesures preventi-
ves en el disseny de les noves linies
eléctriques a tot el territori i no
restringit a la xarxa Natura 2000.

El conjunt de mesures de gestid
gue proposem per a la conservacié
del sis6 podrien afavorir la majoria
de les especies d’ocells que ha-
biten els paisatges agricoles de la
peninsula Ibérica. Tot i que aques-
tes poden presentar requeriments
trofics diferents al sisé o necessitin
d’una estructura de la vegetacio
diferenciada (Delgado and Moreira
2000, Cardador et al. 2014, Traba
et al. 2015, Robleno et al. 2017,
Giralt et al. 2018), el foment de les
cobertes vegetals, com sén els
cultius de lleguminoses, els guarets
i 'augment de la densitat de mar-
ges mantenint una mida de par-
cel-la relativament petita, es tradu-
irien en una millora de la qualitat
de I’habitat, oferint una diversitat
de recursos per a les diferents
espécies (McMahon et al. 2010,
Roblefio et al. 2017).
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CONCLUSIONS

1. El comportament espacial de les femelles de sisé durant el periode
no reproductor esta influenciat per I'efecte independent de
I’habitat i per limitacions espacials, aixi com per el seu efecte
conjunt.

2. Aproximadament un terg¢ de |'agregacid espacial observada en la
distribucié de les femelles de sis6 estava relacionada amb les
respostes a un entorn agregat espacialment.

3. Els filtres espacials que representaven patrons d’agregacié a ~18
km i 3-5 km tenien una gran importancia en 'ocurrencia de les
femelles. No obstant aix0, també es van identificar efectes purs de
I’habitat. El pendent del terreny, la disponibilitat d’alfals i rostolls
de blat de moro van ser les variables que més van influir en Ila
seleccid de I’habitat.

4. En general, els models van revelar un efecte negatiu no lineal del
pendent i efectes positius a valors intermitjos en la disponibilitat
d'alfals i rostolls de blat de moro. Elevats nivells de rostolls de
cereals enregadiui les carreteres també van tenir un efecte positiu
en l'ocurréncia a nivell de poblacié.

5. Fins a 62 especies de plantes van ser identificades en la composicid
de la dieta del sisé comu a I’hivern mitjangant I'ds de tecniques
microhistologiques. Les espécies més consumides eren llegumino-
ses cultivades (46.7%) i dicotiledonies arvenses (45.6%), mentre
gue les monotcotiledonies eren escassament consumides (7.7%).

6. La composicié en la dieta diferia significativament entre les zones
agricoles de seca i les zones de regadiu. A les zones de regadiu, la
dieta es composava principalment per lleguminoses, particular-
ment per alfals (Medicago sativa). En constrast, a les zones agrico-
les de seca la dieta era més diversa, composada principalment per
plantes arvenses (Compositae, Papaveraceae i Cruciferae) i també
per lleguminoses cultivades, en particular per veces (Vicia sativa).

7. La mortalitat antropogeénica anual semblava tenir un impacte critic
sobre I'espécie, amb valors quasi tan elevats de mortalitat com els
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atribuits a la depredacid. Les col-lisions amb linies electriques van
ser identificades com la principal amenaca sobre la poblacié adulta
(3.4-3.8%/any), seguides de les morts il-legals (2.4-3%/any), les
guals tenien un impacte superior al que inicialment s’esperava.

La taxa de reposicio de les postes fracassades era molt més elevada
de l'esperat, essent de 67% per a les primeres postes que
fracasades i del 57% per a les segones postes que no arribaven a
eclosionar.

L’exit d’eclosid de les postes de reposicié va ser molt baix a la zona
d’estudi degut a les practiques agricoles perjudicials associades als
substrats més utilitzats en les postes de reposicié, els cultius
d’alfals en regadiu. En conseqiéncia, I'éxit d’eclosiéd depenia
principalment de les primeres postes situades en sistemes agricoles
de seca, majoritariament en cereals.

El risc de fracassar al final de la incubacié va ser molt més alt que a
I'inici de la incubacid. Tenint en compte que els factors externs
haurien de ser relativament constants al llarg de la incubacié,
podriem hipotetitzar que aquestes diferéncies es poden atribuir a
una reduccid en la condicié corporal de les femelles deguda a un
esgotament fisic durant la incubacié. No obstant aix0, |'elevada
taxa de reposicié de les postes fracassades i al fet que no vam
trobar diferéncies en els patrons d’incubacié entre les postes
eclosionades i les que fracassaven per causes naturals, ens fa
descartar aquesta hipotesi.

El patré diari de sortides del niu durant la incubacié era coherent
amb els patrons trobats en altres especies d’ocells d’ambients
esteparis i que nidifiquen a terra. Aquest patré va mostrar una
distribucié bimodal a una freqiiencia de les sortides del niu més
elevades durant al matii a la tarda.

Els nius eren situats proxims als marges dels camps. La proximitat
als marges era més elevada en aquells conreus amb menys
disponibilitat de vegetacié herbacia permanent o semipermanent.
La disponibilitat de vegetacid6 herbacia permanent o
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semipermanent determinava la localitzacié del niu, I'atencid al niu
i 'exit d’eclosio.

Mesures destinades a millorar la qualitat de I'habitat, com per
exemple incrementar la superficie de guarets i la densitat de
marges per tal de proporcionar una major font d’aliment per a les
femelles durant a la incubacié i, al mateix temps, reduir les
possibles pressions sobre els nius localitzats en guarets, podria
tenir certs beneficis sobre I'éxit d’eclosid.

Altres mesures dirigides a adequar les actuals practiques agricoles
en els cultius d’alfals podrien millorar la extremadament baixa taxa
d’eclosié de les postes de reposicidé en aquest tipus de cultiu. Per
exemple, un canvi en I'estés sistema de reg per inundacio a la plana
de Lleida per a altres sistemes d’irrigacié com podrien ser el reg per
aspersidé o pivot, i una ampliacié dels intervals de sega de I'alfals
durant el periode reproductor podria facilitar I'éxit d’eclosié en
aquest substrat.
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