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SUMMARY

After a wildfire, a second severe disturbance usually takes place in conifer forests:
salvage logging. This kind of management is carried out basically for an economic
purpose, and involves a drastic change in the habitat structure. The short-term effect of
these two disturbances on birds is analyzed in this thesis, with different objectives. First
of all, the response of the different bird species to postfire logging is analyzed during
the three years after fire, focusing especially on those of conservation interest.
Considering that in Europe a number of open-habitat birds hold an unfavorable
conservation status, salvage logging may favor their presence after the removal of
snags. On the other hand, the response of birds to salvage logging is compared between
the Mediterranean Basin (Catalonia) and the North-American Rocky Mountains
(Montana), where conservation priorities are different and fall on some fire specialist
species. A second aim is to assess the change in the bird community in the breeding
season, which was studied trough variables such as species richness, density, species
composition and the overall community conservation value. Finally, the effect of
postfire salvage logging is assessed on ecosystem processes in which birds are involved.
Seed dispersal of fleshy-fruited plants that several frugivorous birds carry out is one of
these processes. Specifically, the influence of salvage logging on the frugivores’ habitat
preferences, seed rain and the distribution of dispersed plants is studied. The results
show that postfire salvage logging determines very significantly the presence of most
species in burned Aleppo pine forests, being detrimental for forests birds and facilitating
the colonization of the area by open-habitat birds. As a result of such species turnover,
which takes place without an overall loss in richness and density values (despite
existing important interannual variations), the overall community conservation value
increases. However, there are also species of conservation interest that are affected
negatively by salvage logging. Seed dispersal by birds is also altered by postfire
management. Seed rain decreases in general, exceptuating wood debris or slash piles
built using logging remnants, where seed dispersal was comparable to what can be
found in adjacent unburned pine forests. These structures also enhance the presence of
frugivorous species in winter, one of the most important seasons for fleshy-fruited
plants’ seed dispersal in the Mediterranean region. These plants were found in higher
abundances within these wood debris piles than outside of them, particularly in dry
areas. Therefore, postfire salvage logging has a very important influence on birds and
on ecosystem process in which birds are involved. A heterogeneous postfire
management that combined logged areas (leaving a minimal snag density) with non-
intervention areas would be probably the most suitable for both open-habitat and other
species that are also of conservation interest but require the presence of snags, as well as
for those bird species that play an important role in the seed dispersal process.
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RESUMEN

Después de un incendio forestal, en bosques de coniferas suele tener lugar una segunda
perturbacion severa: la tala de los arboles quemados. Este tipo de gestion responde
principalmente a motivos economicos, y tiene como consecuencia un cambio drastico
en la estructura del habitat. En esta tesis se pretende analizar el efecto combinado de
estas dos perturbaciones sobre la avifauna, a corto plazo y con diferentes objetivos.
Inicialmente, se estudia qué especies se ven mas afectadas por la tala durante los tres
primeros afios después del fuego, poniendo énfasis en aquellas que tienen interés de
conservacion. Considerando que en Europa muchas aves de zonas abiertas estan en
situacion desfavorable, la tala podria favorecer su presencia por la eliminacion de los
arboles quemados. Por otra parte, se compara la respuesta de las aves a la tala post-
incendio entre la Cuenca Mediterrdnea (Catalufia) y las Montafias Rocosas
norteamericanas (Montana), donde las prioridades de conservacion son distintas y
recaen principalmente en aves especialistas de bosques quemados. En un segundo
objetivo, se estudia también como cambia la comunidad de aves nidificantes después de
la tala, a través de la riqueza, la densidad, la composicion de especies, y el valor de
conservacion de toda la comunidad. Finalmente, también se valora si la afectacion de la
tala post-incendio sobre la avifauna tiene efectos sobre procesos a nivel de ecosistema
en los cuales participan las aves. El proceso de dispersién de semillas de plantas con
fruto carnoso que llevan a cabo algunos frugivoros es uno de estos casos.
Concretamente, se estudia como la gestion forestal puede alterar las preferencias de
habitat de las aves frugivoras, la lluvia de semillas y la distribucién de las plantas
dispersadas. Los resultados de los diferentes capitulos muestran como la tala determina
de un modo muy importante la presencia de la mayoria de especies en bosques de pino
carrasco quemados, perjudicando las forestales y facilitando la colonizacion de las que
son propias de zonas abiertas. Como resultado de esta sustitucion de especies, que se
produce sin pérdidas globales en la riqueza y la densidad (aunque con variaciones
interanuales considerables), el valor de conservacion de la comunidad aumenta después
de la tala. Pese a esto, algunas aves con interés de conservacion también se ven
perjudicadas por la tala. EI proceso de dispersion de semillas también se ve afectado por
la gestion post-incendio. La lluvia de semillas disminuye en general, excepto en los
montones de ramas construidos con restos de arboles cortados, donde la dispersién fue
equiparable a la encontrada en pinares proximos no quemados. Estas mismas estructuras
favorecen la presencia de frugivoros en invierno, una de las épocas mas importantes
para la dispersion de semillas de plantas con fruto carnoso en la regién mediterranea.
Estas plantas se encontraron en abundancias mas elevadas en estos montones de ramas
que fuera de ellos, especialmente en las zonas mas secas. La tala post-incendio, por lo
tanto, tiene un efecto muy importante sobre la avifauna y sobre procesos a nivel de
ecosistema en los que las aves estan implicadas. Una gestion heterogénea, alternando
areas cortadas (dejando una minima densidad de pies) con otras sin intervencién
probablemente sea lo mas adecuado para favorecer tanto especies de zonas abiertas
como otras que también tienen interés de conservacion y que requieren la presencia de
arboles, y también las que desempefian un papel importante en la dispersion de semillas.
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RESUM

Després d’un incendi forestal, als boscos de coniferes acostuma a tenir lloc una segona
pertorbacié severa: la tala dels arbres cremats. Aquest tipus de gestid respon
principalment a motivacions economiques, i té com a conseqiiencia un canvi drastic en
I’estructura de I’habitat. En aquesta tesi s’analitza 1’efecte combinat d’ambdues
pertorbacions sobre 1’avifauna, a curt terme i amb diferents objectius. Inicialment,
s’analitza quines espécies es veuen més afectades per la tala durant els tres anys
posteriors al foc, posant un emfasi especial en aquelles amb interes de conservacio.
Tenint en compte que a Europa moltes especies d’espais oberts estan en una situaciod
desfavorable, la tala podria afavorir la seva presencia per I’eliminacié dels arbres
cremats. D’altra banda, es compara la resposta dels ocells a la tala post-incendi entre la
Conca Mediterrania (Catalunya) i les Muntanyes Rocalloses nord-americanes
(Montana), on les prioritats de conservacié son diferents i recauen basicament en
especialistes de boscos cremats. En un segon objectiu, s’estudia com canvia la
comunitat d’ocells nidificants després de la tala, a través de la riquesa, la densitat, la
composicid d’espécies i el valor de conservacio de tota la comunitat. Finalment, també
es valora si ’afectacio de la tala post-incendi sobre 1’avifauna té efectes sobre processos
a nivell d’ecosistema en els quals participen els ocells. EI procés de dispersio de Ilavors
de plantes amb fruit carnos que duen a terme alguns frugivors és un d’aquests casos. En
concret, s’estudia de quina manera la gesti6 altera les preferéncies d’habitat dels ocells
frugivors, la pluja de llavors i la distribucié de les plantes dispersades als boscos
cremats gestionats. Els resultats dels diferents capitols mostren com la tala determina de
manera molt important la preséncia de la majoria d’especies en boscos de pi blanc
cremats, perjudicant els forestals i facilitant la colonitzacio dels d’espais oberts. Com a
resultat d’aquesta substitucio d’espécies, que es produeix sense pérdues globals en la
riquesa d’espécies i la densitat (malgrat haver-hi variacions interanuals considerables),
el valor de conservacié de la comunitat augmenta després de la tala. Tot i aix0, algunes
espécies amb interes de conservacié també es veuen perjudicades per la tala. EI procés
de dispersié de llavors per ocells també es veu afectat per la gestidé post-incendi. La
pluja de llavors disminueix en general, excepte als pilons de branques o feixines
construits amb restes dels arbres tallats, on la dispersio va ser equiparable a la trobada
en pinedes no cremades properes. Aquestes mateixes estructures afavoreixen també la
preséncia de frugivors a I’hivern, una de les époques més importants per la dispersio de
Ilavors de plantes amb fruit carnés a la regio mediterrania. Aquestes plantes es van
trobar en abundancies més elevades en aquests pilons de branques que fora dels
mateixos, especialment en vessants més secs. La tala post-incendi, per tant, té un efecte
molt important sobre 1’avifauna 1 sobre processos a nivell d’ecosistema en els que estan
implicats els ocells. Una gestio heterogénia alternant arees tallades (deixant una minima
densitat de peus) amb altres sense intervenir probablement sigui el més adient per
afavorir tant espécies d’espais oberts com d’altres que també tenen interés de
conservacio i que requereixen la preseéncia d’arbres, aixi com aquelles espécies que
tenen un paper important en la dispersié de llavors.
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Introduccié general

INTRODUCCIO GENERAL

Foc, fauna i gestio post-incendi

El foc és una de les pertorbacions ecologiques que incideix de manera mes important
sobre els ecosistemes forestals de tot el mon, tant des d’un punt de vista ecologic com
també economic (Blondel & Aronson 1999, Hessburg & Agee 2003, FAO 2007). Com
a pertorbacié natural, forma part de la propia dinamica d’aquests ecosistemes, les
comunitats vegetals i faunistiques dels quals han conviscut i evolucionat amb el foc
durant mil-lennis, i hi estan adaptades o fins i tot en depenen (Hutto 2008, Baker 2009,
Pausas & Keeley 2009). Tanmateix, la percepcié que la societat té dels incendis
actualment és que es tracta de fenomens catastrofics que cal evitar i contra els quals cal
[luitar, més que no pas de processos naturals. Aquesta visio negativa del foc, juntament
amb les perdues economiques i, en alguns casos, de vides humanes, ha portat a
promoure’n la supressié en algunes arees i a augmentar els esforcos en tasques de
prevencié i, sobretot, d’extincié d’incendis (Beschta et al. 2004; Lindenmayer et al.
2004).

Paradoxalment, pero, en les darreres décades el nombre i1 I’extensio dels focs forestals
han augmentat de manera molt significativa en zones on aquestes politiques s’han dut a
terme (Keane et al. 2002, Plana 2004, Pausas et al. 2008). Diversos factors poden haver
jugat un paper important en aquest fet. En zones de Nord Ameérica, les politiques de
supressio del foc s’han traduit en canvis importants en el paisatge, on ha augmentat de
manera significativa la superficie i la continuitat dels boscos en detriment d’ambients
més oberts, i de gran interes, com les praderies o els matollars (Keane 2002, Hessburg
& Agee 2003). A la regié mediterrania, en décades recents els canvis dels usos del sol
han tingut un efecte similar, atés que 1’abandonament de les activitats agricoles ha donat
pas també a ’augment de la superficie forestal (Moreira et al. 2001, Pausas et al. 2008).
Aquests canvis, entre altres coses, han permés que tant la quantitat de combustible com
la continuitat de superficie forestal augmentés de forma important, propiciant unes
condicions adients per a I’ocurréncia de grans incendis forestals (Plana 2004). A més a
més, el risc d’ignicid esta molt relacionat amb la preséncia humana, de manera que
I’increment en les ultimes décades del nombre d’urbanitzacions, segones residencies,
presencia de linies de conduccid eléctrica, etc. en zones d’interfase entre els ambients
urba i rural-forestal, també ha contribuit a augmentar el nombre d’incendis en aquestes
zones (Plana 2004, Pausas et al. 2008). D’altra banda, les prediccions sobre la
incidéncia dels incendis forestals apunten que en les properes décades el seu nombre
s’incrementara, tant a nivell global com a la regié mediterrania (Pinol et al. 1998,
Krawchuk et al. 2009), de manera que la seva importancia en la configuracié del
paisatge mediterrani probablement augmentara en el futur.
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Els incendis suposen una pertorbacié important en 1’ecosistema forestal, la magnitud del
qual depén tant de les caracteristiques del propi foc com de les del bosc que es crema.
La resposta de les comunitats faunistiques al foc ha estat estudiada en diferents grups
(e.g. cargols: Santos et al. 2009; formigues: Arnan et al. 2006, Rodrigo & Retana 2006;
coleopters: Kaynas & Gurkan 2005, Rodrigo et al. 2008, Fattorini 2010; reptils:
Lindenmayer et al. 2008, Santos & Poquet 2010; mamifers: Fisher & Wilkinson 2005,
Henriques et al. 2006, Cunningham et al. 2006), destacant pero ’atenci6é dedicada als
ocells en aquest camp, amb estudis duts a terme en diferents regions biogeografiques, a
diferents escales i sobre espécies concretes 0 sobre comunitats senceres (e.g. Hutto
1995, Pons & Prodon 1996, Herrando et al. 2003, Barlow & Peres 2004, Brotons et al.
2005, Smucker et al. 2005, Hutto 2008, Lindenmayer et al. 2008, Vallecillo et al. 2008,
Jacquet & Prodon 2009). No obstant, I’atencié que s’ha dedicat als ocells en ambients
cremats presenta un biaix regional important, tenint en compte que més de la meitat dels
estudis corresponen a treballs desenvolupats a Nord Ameérica (Leidoff & Bissonette
2009). Europa representa menys del 10% d’aquests treballs, i tot i que la majoria
corresponen a la regio mediterrania (Prodon & Pons 1993), la informacié disponible
sobre aspectes concrets d’aquest tema, com 1’efecte de la gestié post-incendi sobre la
fauna, és certament limitada.

Després d’un foc forestal, sovint té lloc una segona pertorbacid, que també implica un
canvi important en la complexitat estructural de I’habitat (Figures 1 i1 2). Aquest canvi
addicional esta directament provocat per 1’home, i ve donat per la tala dels arbres
cremats. La tala post-incendi és la mesura de gestié més corrent després que un bosc es
cremi a moltes regions del mén (Bautista et al. 2004, Beschta et al. 2004, Lindenmayer
et al. 2004). La conveniéncia o no d’aquest tractament és un tema que ha estat objecte
d’un intens debat en els darrers anys, pels efectes ecologics que pot tenir: a més de
I’evident canvi en I’habitat cremat, també pot alterar cicles de nutrients i processos com
I’erosiod del sol i la regeneracid de la vegetacio. Aquests efectes han fet que la seva
aplicacid s’hagi qiiestionat en diverses ocasions des de la comunitat cientifica (Mclver
& Starr 2000, Lindenmayer et al. 2004, Beschta et al. 2004, Dellasala et al. 2006, Hutto
2006).

Motivacions de la tala post-incendi

La tala post-incendi s’ha convertit en el principal tipus de gestié de zones cremades a
molts paisos de mon a causa d’un conjunt de condicionants economics, silvicoles, de
restauracio, i fins i tot estétics. Algunes d’aquestes motivacions responen també a la
visio del foc com una catastrofe ecologica, i a la idea que cal rehabilitar el bosc cremat
d’alguna manera per tornar a 1’estat pre-incendi tan rapidament com es pugui (Beschta
et al. 2004, Lindenmayer et al. 2004, Schmiegelow et al. 2006). En qualsevol cas, la
principal motivacid6 d’aquest tipus de gestid sol ser 1’economica. En explotacions
forestals on I’interés principal és la comercialitzacio de la fusta, retirar els arbres
cremats permet recuperar part de les perdues ocasionades pel foc (Beschta et al. 2004,
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Figura 1. Pineda de pi blanc Pinus halepensis cremada en ’incendi de Ventallo (entre I’Alt i el Baix
Emporda) de I’agost de 2006. La fotografia va ser presa el mes de juny de 1’any segiient.

Figura 2. La major part de 1’area cremada durant ’incendi de Sant Lloreng Savall (Vallés Occidental),
I’agost de 2003, va ser tallada en els anys segiients, donant com a resultat el paisatge que es mostra a la
fotografia (presa el maig de 2009, sis anys després del foc).
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Bautista et al. 2004, Castro et al. 2009). Tot i cremada, la fusta conserva part del seu
valor; en el cas de Catalunya, per exemple, on la major part d’aquesta fusta és de pi
(basicament pi blanc Pinus halepensis i pinassa Pinus nigra), es pot destinar a la
fabricacio de palets o taulons, o es pot triturar i obtenir-ne conglomerat de fusta i
combustible de biomassa (Figures 3 i 4). L’extraccio de la fusta cremada amb una
finalitat comercial, tanmateix, s’ha de fer amb una relativa celeritat

(durant els primers anys després del foc) per no accentuar la pérdua del seu valor.
Tornant al cas de Catalunya, les feines de tala se solen dur a terme durant els dos
primers anys, per evitar que la fusta es vegi massa afectada per 1’activitat de coleopters
barrinadors o per fongs, la qual cosa empitjora la seva sortida al mercat. D’altra banda,
la tala dels arbres també serveix per a facilitar ’accés a la zona afectada i per a dur a
terme altres treballs silvicoles més endavant, atés que si no es retiren els troncs dels
arbres morts que van caient amb el pas del temps, el transit dins 1’area cremada es fa
realment dificil. De tota manera, la tala d’arbres cremats es duu a terme també en altres
boscos on la principal motivacié no és economica, com en boscos publics o en arees on
la fusta no és rendible. En aquests altres casos, es proposen altres arguments a favor de
la tala post-incendi, alguns dels quals han estat desenvolupats en la casuistica dels
boscos nord-americans i han estat després extrapolats com a valids a altres regions, com
la Conca Mediterrania.

Un dels arguments que s’utilitzen per a justificar la tala de pins cremats (com també
després d’altres pertorbacions severes) és que els arbres poden convertir-se en focus de
coleopters barrinadors (escolitids, buprestids o cerambicids) que podrien esdevenir una
plaga i afectar masses forestals veines no cremades (Amman & Ryan 1994). Tot i aixo,
la majoria d’aquests barrinadors generalment només ataquen arbres vius debilitats, com
aquells que s’han cremat parcialment, perd no afecten arbres morts completament
cremats —que son la majoria d’arbres que es poden trobar després dels focs de capgada
que solen tenir lloc a la regié mediterrania (Eckberg et al. 1994, McCullogh et al. 1998,
Bautista et al. 2004, Martikainen et al. 2006). La tala d’arbres també s’ha proposat com
un metode per reduir el risc de nous incendis a la mateixa area, adduint que els troncs i
branques cremats poden ser un combustible important per a futurs incendis. Aquest
argument, tanmateix, s’ha posat en qiiestid tenint en compte el baix poder d’ignicio de
la fusta que ja ha estat cremada, especialment els troncs mes gruixuts (Castro et al.
2009). Fins 1 tot s’ha vist que la severitat del foc pot ser fins i tot més elevada en arees
on s’havien extret aquestes restes que en altres on no s’havien retirat (Kulakowski &
Veblen 2007, Thomson et al. 2007). En altres ocasions la tala post-incendi es duu a
terme amb 1’objectiu de reduir 1’erosié del sol, que pot ser un problema important en
determinades ocasions (Bautista et al. 2004, Pausas et al. 2008). Una part de la fusta
talada (o tota), a partir dels troncs i/o0 les branques, es pot destinar a la construccié de
barreres en pendents pronunciats amb I’objectiu de disminuir I’escorrentia, cosa que
també es pot intentar amb la trituracio i escampada de les restes cremades (Mclver &
Starr 2000, Bautista et al. 2004).
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Figura 3. Tala post-incendi al foc de Ventalld (de ’agost 2006). En aquest cas, s’aprofitava només la
fusta dels troncs més gruixuts, i les branques i restes més primes es van deixar sobre el terreny,
escampades o en petits pilons. Fotografia presa el juny de 2009.

Figura 4. Trituraci6 dels pins cremats a Ventallé. Aqui els arbres eren triturats completament al mateix
lloc de tala, per obtenir-ne combustible de biomassa. Fotografia feta 1’abril de 2008.
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A T’estat espanyol, la necessitat de la gestio post-incendi fins i tot queda recollida a
nivell legislatiu. A la Ley de Montes (BOE ntim. 102 de 29 d’abril de 2006), s’hi indica
“I’obligacid de restauraci6 dels terrenys incendiats”, 1 es defineix el foc literalment com
un “desastre ecologic”. Aquesta obligacié no implica explicitament la tala post-incendi,
tot 1 que si que s’emplaga les comunitats autonomes a “fixar les mesures encaminades a
la retirada de la fusta cremada i a la restauracio de la coberta vegetal afectada pels
incendis”. Aix0 fa que en determinats casos, aquestes mesures fixades per les
comunitats autonomes es tradueixin en forma de subvencions i ajuts per als propietaris
dels boscos cremats. En el cas de Catalunya, quan la fusta cremada no és rendible
econdmicament, s’obren sovint linees d’ajuts perque el propietari gestioni (tali) aquestes
parcel-les no comercials per tal de retirar els arbres que poden obstaculitzar futurs
treballs silvicoles i també per “prevenir incendis, assolir la regeneraciéo natural o
artificial, eliminar els efectes de 1’erosi6 del sol, disminuir les possibles fonts de
malalties per a masses forestals no afectades pel foc i esmorteir els impactes negatius
sobre el paisatge” (resoluci0 MAH/965/2006). Per acollir-se a aquesta convocatoria
concreta, pels incendis de 1’estiu de 2005, la gesti6 a realitzar implicava la tala dels
arbres i arbustos cremats i que les restes fossin trossejades i escampades sobre el
terreny; treballs pels quals els propietaris podien percebre fins a 1.150 euros/ha, que
podien ser més en el cas que s’haguessin de construir o arranjar camins o pistes forestals
(Generalitat de Catalunya 2006). A Catalunya, una altra opcié per al propietari és la
cessid dels terrenys a 1’administracio perqué gestioni la zona afectada segons un pla de
gestid concret, amb garanties d’aconseguir una parcel-la explotable en un futur (D.
Meya com. pers.).

Conseqiiéncies de la tala post-incendi sobre la fauna

La tala post-incendi suposa una segona pertorbacid sobre els ecosistemes forestals
afectats pel foc, en tant que suposa una alteracié important de la complexitat estructural
de I’habitat, la qual cosa té un efecte sobre la fauna present en boscos cremats (Mclver
& Starr 2000, Hutto 2006). Després de pertorbacions severes, les estructures que
formaven part de I’habitat i que es mantenen (els anomenats llegats biologics, o
biological legacies en anglés) poden tenir una funcié important per a algunes especies i
per a la recuperacié de 1’ecosistema, a través dels serveis ecologics que aquestes
realitzen (Hutto 2006, Lindenmayer & Noss 2006). En el cas dels incendis, ’arbrat
cremat en seria un exemple, atés que suposa un recurs important per a certes espéecies
que I’utilitzen com a lloc d’alimentacié o reproduccié (ja sigui a les capcades o en
cavitats), de manera que la tala té com a resultat que algunes espécies que ocupaven el
bosc cremat en desapareguin, com ¢€s el cas d’una bona quantitat d’ocells de medis
forestals (Llimona et al. 1993, Izhaki & Adar 1997, Morissette et al. 2002, Cahall &
Hayes 2009, Moneglia et al. 2009, Castro et al. 2010). En el cas dels ocells, a Nord
America fins i tot existeixen picots (e.g. Picoides arcticus) que es consideren
especialistes de boscos cremats d’elevada severitat, atés que seleccionen positivament
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aquests ambients (Saab & Dudley 1998, Imbeau et al. 1999, Hoyt & Hannon 2002,
Kotliar et al. 2002, Hutto & Gallo 2006, Hutto 2008).

No obstant aix0, algunes altres espécies d’ocells més lligades a ambients oberts 0 a
estadis successionals inicials, colonitzen o esdevenen més abundants en llocs on s’han
retirat els arbres que no pas en boscos cremats que s’han mantingut intactes (Izhaki &
Adar 1997, Morissette et al. 2002, Castro et al. 2010). En el cas que els arbres no
s’hagin eliminat completament (tales parcials o selectives), algunes espécies que crien
en cavitats d’arbres, perd que necessiten ambients més oberts que els forestals, poden
ocupar aquestes zones (Kotliar et al. 2002, Saab et al. 2007). D’altra banda, la manera
com es gestionen les restes de fusta morta no aprofitables comercialment (les branques
més primes) també és important per a la fauna. Deixar les branques in situ, ja sigui
escampades o0 en petits pilons, afavoreix la preséncia de més espécies d’ocells en época
reproductora (Herrando et al. 2009). A banda dels ocells, la preséncia de brancam
apilonat afavoreix la preséncia de conills (Oryctolagus cuniculus), una especie clau dels
ecosistemes mediterranis (Rollan & Real 2010), i també de micromamifers (Haim &
Izhaki 1994, Loeb 1999, Tiedemann et al. 2000, Manning & Edge 2005) i d’algunes
especies de reptils (Santos & Poquet 2010).

Aquests canvis en la presencia i abundancia de determinades espécies també poden
tenir, en conseqiiéncia, un efecte en els processos de I’ecosistema en els quals aquestes
especies participen. Per exemple, la dispersié de llavors de plantes amb fruits carnosos
és un procés clau per al manteniment de bones poblacions d’aquestes plantes, pero
depén de la presencia d’ocells frugivors. L’eliminacio d’elements singulars de 1’habitat
o legacies com ara els arbres aillats que poden atraure ocells dispersors de llavors
(Guevara & Laborde 1993, Pausas et al. 2006, Herrera & Garcia 2009) podria tenir un
efecte negatiu per al manteniment de la dispersid per ocells frugivors. En aquest sentit,
Castro et al. (2010) van observar que en pinedes cremades de muntanya (a Sierra
Nevada, Andalusia), la preséncia de tardids, els principals responsables de la dispersid
de llavors de fruits carnosos en aquella area, es veia afectada molt negativament per la
tala post-incendi. En consequéncia, la dispersié de llavors que duen a terme aquests
ocells també es podria veure compromesa.

Per tant, el conjunt d’estudis existents posa de manifest que la tala post-incendi i altres
formes concretes de gestio de les restes cremades afecten de manera important la
presencia 1 distribucié de moltes especies d’animals. A més a més, aquests tipus de
gestio també influeix en 1’as que fa la fauna dels recursos, la qual cosa pot tenir, en
determinats casos, repercussions importants en altres processos a nivell d’ecosistema on
intervenen animals, com la regeneracié de la vegetacio.
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Objectius

Els ocells sén un grup faunistic que es considera un bon indicador dels canvis en
I’habitat i en el paisatge, per diverses raons: moltes espécies responen a aquests canvis
de forma rapida, els seus requeriments d’habitat son forca predictibles en ¢época de cria,
hi ha molta informaci6 sobre la seva biologia, distribucio i tendéncies, etc. (Furness &
Greenwood 1993, Bibby 1999, Robledano et al. 2010). A més a més, certes especies
estan implicades en processos clau per al funcionament dels ecosistemes mediterranis,
com la dispersié de llavors de plantes amb fruits carnosos (Herrera 1984). Per aixo,
aquest grup €s un bon model d’estudi per avaluar I’impacte dels canvis que té la tala
post-incendi a curt terme sobre la fauna i sobre el procés de dispersio de llavors fet per
la fauna frugivora en arees cremades.

La tala post-incendi suposa un impacte important en I’avifauna de boscos cremats, que
molts estudis previs han valorat com a negatiu per a la conservacié. Tanmateix, la
majoria d’aquests estudis s’han dut a terme fora d’Europa, on els ocells s’enfronten a
problematiques forca diferents a les d’altres zones. Per exemple, moltes especies
Iligades a ambients oberts i agricoles es troben en declivi pels canvis en els usos del sol
que han tingut lloc a Europa (inclosa la part mediterrania) en les Gltimes décades. La
tala post-incendi, per tant, podria beneficiar també algunes d’aquestes especies, pel
canvi en 1’habitat que porta associat (de forestal a obert). L’objectiu del capitol 1 és
estudiar quins elements de 1’habitat cremat
tenen més efecte sobre la composicio de
I’avifauna, tant a nivell de comunitat com
d’espécie, i de manera particular sobre els
ocells amb interés de conservacid. Per aixo,
s’analitzen quins components de 1’habitat
poden tenir un efecte més important, si
aquells relacionats amb la tala (densitat
d’arbres) o aquells relacionats amb la
regeneracio de la vegetacid (recobriment
vegetal, presencia de rieres). A més, també
s’analitza ’efecte del pas del temps i de la
gestid0 sobre la comunitat d’ocells
mitjancant una aproximacié  pseudo-
experimental BACI (before/after control-
impact).

Tot i ser una practica estesa en boscos de tot
el moén, ’efecte de la tala post-incendi sobre
comunitats 1 especies d’ocells ha estat
estudiat sobretot a les muntanyes

Figura 5. Bosc de coniferes cremat en el foc de

Black Mountain (Montana) ’agost de 2003. La ..
fotografia esta presa gairebé set anys després, el Rocalloses de Nord America. Manquen, en

juny de 2010. canvi, estudis que comparin aquest efectes
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entre diferents parts del mon i dels que se’n puguin derivar generalitzacions. La Conca
Mediterrania, per exemple, és una regio on els incendis forestals son una pertorbacio
recurrent, amb un paisatge i unes comunitats d’ocells amb unes caracteristiques ben
diferents a les de les Rocalloses. L’objectiu del capitol 2 és explorar els patrons de
resposta a la tala post-incendi per part de grups d’ocells amb requeriments similars pel
que fa a habitat, nidificacio i alimentacid, entre les muntanyes Rocalloses i la Conca
Mediterrania, per tal de trobar patrons similars que permetin generalitzar els efectes
d’aquesta gestid a una escala intercontinental. A més, també es pretén valorar si els
efectes de la tala post-incendi es poden considerar diferents a 1’hora de donar
recomanacions sobre la gestid. Per fer aix0 es van utilitzar bases de dades extenses
sobre censos d’ocells en boscos de coniferes cremats de Catalunya (regié mediterrania) i
de Montana (muntanyes Rocalloses), basades en mostrejos realitzats durant el tercer i
quart any després del foc.

D’altra banda, els canvis en I’habitat fruit de la gestié post-incendi també poden afectar
la composicio de la comunitat d’ocells a hivern, que és 1’¢época principal en que té lloc
el procés de dispersid de llavors de plantes amb fruit carnds per mitja d’ocells frugivors.
Si el canvi en I’habitat afectés la preséncia de determinades espécies d’ocells frugivors
implicades en la dispersié de llavors de plantes amb fruits carnosos, de retruc, podria
afectar —negativament o positiva- al procés de dispersid. L’objectiu del capitol 3 és
estudiar I’efecte de la tala post-incendi sobre la comunitat d’ocells a I’hivern i analitzar
quines parts de I’habitat resultant d’aquesta gestid (arbres cremats morts no tallats,
arbres vius no tallats, vegetacio arbustiva, sol nu i pilons de branques) sén més
utilitzades pels ocells frugivors implicats en el procés de dispersioé de plantes amb fruit
carnds, 1 si aquests ocells seleccionen positivament algun d’aquests microhabitats, la
qual cosa pot derivar en propostes concretes de gestio.

La dispersio de llavors per ocells des de zones no cremades fins a I’interior de boscos
cremats €s un procé€s que podria ser d’importancia per a la regeneracio de la vegetacio
de les arees cremades, i que tanmateix no ha estat descrit. D’altra banda, 1’0s
preferencial que poden fer els ocells frugivors de les noves estructures o microhabitats
originats per la gestié post-incendi, hipoteticament podria generar una pluja de llavors
més intensa sota algun d’ells, en particular sota d’arbres, que podrien atreure especies
frugivores. La intensitat de la pluja de llavors, a més a més, pot dependre de la distancia
a la qual es trobi la font de fruits, en zones no cremades. Aquestes preguntes s’intenten
respondre al capitol 4, mesurant la pluja de Ilavors de plantes amb fruit carnés dins del
perimetre d’un incendi per mitja de trampes de recollida de llavors situades sota arbres
aillats, arbres cremats situats en zones no talades, sol nu, vegetacié arbustiva i pilons de
branques. Per assegurar que les llavors provenien de zones no cremades, el mostreig es
va realitzar el segon hivern després del foc, aprofitant que encara no hi havia produccié
de fruits dins de la zona cremada i que els microhabitats resultants de la tala post-
incendi ja estaven construits.

Finalment, havent vist que efectivament la intensitat de la dispersio de llavors de plantes
amb fruit carnds depén de les estructures originades per la gestio forestal post-incendi (a
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GESTIO FORESTAL POST-INCENDI
EFECTE SOBRE ELS OCELLS
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regions biogeografiques? (capitol 5)
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Figura 6. Resum dels objectius de la tesi.

partir dels resultats dels capitols 3 i 4), essent més intensa en pilons de branques que en
altres zones, queda per respondre la qiiestié de la qualitat d’aquesta dispersié. Es a dir,

si la diferent pluja de llavors en aquests pilons doéna com a resultat una major
abundancia de les plantes dispersades per ocells frugivors en aquests pilons. Verificar
aquesta hipotesi és 1’objectiu del capitol 5, en el qual es va analitzar si el recobriment
de plantes emergides, productores de fruits carnosos, és més elevat en pilons que fora de
pilons. Aquest estudi es va realitzar en quatre incendis diferents, tots ells de pi blanc.

Area d’estudi

L’area d’estudi d’aquesta tesi es troba a la terra baixa de Catalunya; un territori que es
caracteritza per un paisatge format per un mosaic de zones agricoles i boscos dominats
pel pi blanc. Aquest és un tipus de bosc que colonitza facilment zones pertorbades o
camps de conreu abandonats (Blondel & Aronson 1999), la qual cosa ha fet augmentar
la seva superficie de manera significativa en les darrers cent anys, convertint-se en
I’espécie arboria més abundant del territori catala (Burriel et al. 2004). D’altra banda,
aquests tipus de boscos son els més afectats per incendis forestals a Catalunya (Zozaya
et al. 2011), després dels quals el pi blanc regenera vigorosament, de manera que en una
vintena d’anys ja pot haver-hi una nova pineda sense cap necessitat de repoblacions.
Després del foc, la gestio més habitual que té lloc als boscos de pi blanc és la tala dels
arbres. En alguns incendis, especialment en aquells de boscos publics, les restes no
comercials s’han apilonat per a construir feixines, amb I’objectiu de reduir 1’erosio.

En concret, el treball de camp per als treballs que es presenten s’ha fet a la comarca de
I’Alt Emporda, als incendis de Ventalld (613 ha forestals cremades) i Cistella (170 ha),
de I’agost de 2006 (capitols 1 i 3), i al de Santa Caterina, al Montgri (188 ha), del
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setembre de 2004 (capitols 3, 4 i 5). Altres incendis mostrejats durant la tesi son el de
Cardona (1.438 ha), al Bages, i el de Sant Lloren¢ Savall (4.559 ha), al Vallés
Occidental (capitol 5)

D’altra banda, 1’area d’estudi per al segon capitol inclou 23 incendis diferents a tot
Catalunya, mostrejats per diferents observadors en el marc del projecte DINDIS
(incendis ocorreguts entre els anys 2000 i 2007, inclosos els esmentats abans; per detalls
veure Zozaya et al. 2010) i 17 incendis a Montana, als Estats Units (tots ells de ’any
2003), també mostrejats per diversos observadors.

Cistella’

) d .
Cardona Ventallo /
. Montgri
Sant Lloreng L
Savall

Figura 7. Situacio a Catalunya dels incendis on es va dur a terme més treball de camp durant la tesi.
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Summary

1. Postfire salvage logging is the forestry practice most commonly applied in burned
forests worldwide, mainly for economic reasons. However, it strongly affects bird
communities and is generally considered to be detrimental for bird conservation. In the
Mediterranean part of Europe, as elsewhere in the continent, birds face different threats
to those encountered in less intensely exploited areas (e.g., the loss of habitat for
declining open-habitat species due to recent land-use changes). We therefore aimed to
assess the effect of postfire salvage logging on birds in the Mediterranean basin, with
particular reference to declining species.

2. We surveyed breeding birds in two burned secondary pine forests in Catalonia
(western Mediterranean Basin), and analyzed the effect of salvage logging (measured
through snag density) and vegetation regeneration as determinants of individual species
and community parameters. We also used a pseudo-experimental before-after-control-
impact approach to study the changes in the bird community during the first three
springs after fire.

3. Most bird species were affected by snag density, which was positive for forest birds
and negative for open-habitat species, although those more linked to shrub and edge
habitats were more affected by vegetation regrowth. Logged areas showed a higher
conservation value than unlogged areas. Species richness and overall density were
affected significantly by time since fire.

4. Salvage logging is the main factor affecting the occurrence of bird species in burned
Mediterranean pine forests. It benefits a number of declining open-habitat species,
although it is not positive for all species of conservation concern. In contrast to
published literature, we show that the effect of salvage logging on bird conservation
cannot always be considered as negative; it depends on the specific threats that
declining birds face in each region.
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5. Synthesis and applications. The results of this study suggest that a certain level of
postfire wood harvesting can be compatible with bird conservation in the Mediterranean
region. Such management should be planned taking into consideration the preservation
of the ecosystem’s functionality. We make recommendations along these lines that may
be of help to forest managers and policy makers.

Keywords: colonization, conservation, disturbance, fire, open-habitat birds, forest
management, wood harvesting.

Introduction

Salvage logging has traditionally been the most common management practice carried
out in forests affected by severe wildfires worldwide (Lindenmayer et al. 2004; Hutto
2006; Lindenmayer & Noss 2006). The main goal of postfire salvage logging is to
minimize or recoup the economic loss caused by fire on timber, by selling surface-
charred logs before they start to deteriorate and become unsalable. However, other
justifications have been given for removing dead wood, such as speeding forest
recovery, avoiding the proliferation of xylophagous insects, reducing fuel for future
fires, making transit within the burned area easier and safer, reducing erosion with log
barriers, and even improving the aesthetic appearance of the forest (Ne’eman et al.
1995; Martinez-Sanchez et al. 1999; Sessions 2004). There has been very little social
resistance to these justifications because the prevailing perception is that wildfires
(especially severe wildfires) are catastrophic events that are not part of the natural
dynamics of ecosystems and that burned areas have little value to wildlife (Ne’eman et
al. 1997; Hessburg & Agee 2003; Lindenmayer & Noss, 2006; Pausas et al. 2008). This
view, together with the associated belief that burned areas need to be rehabilitated,
promotes the generally accepted idea that salvage logging is a positive practice that may
even accelerate forests’ return to pre-fire ‘ideal’ conditions.

However, postfire logging has a strong impact on ecosystem processes involving soil,
nutrient and hydrological cycles, and also on the ecosystem’s physical structure, since
the removal of snags creates a drastic habitat change from a burned forest structure to an
unwooded area (Mclver & Starr, 2000; Beschta et al. 2004; Karr et al. 2004; Dellasala
et al. 2006). This habitat transformation has strong effects on the biota living in burned
areas. Studies carried out on birds show a reduction of forest species living in logged
areas compared with those in unlogged ones, because of the removal of snags that
provided them food and nesting opportunities (Llimona et al. 1993; Morisette et al.
2002; Hutto 2006; Stuart-Smith et al. 2006; Cahall & Hayes 2009; Castro et al. 2009;
Moneglia et al. 2009). In western North American forests, salvage logging is especially
detrimental for certain woodpeckers that are considered fire specialists due to their
strong dependence on severely burned stands (Hutto & Gallo 2006; Koivula &
Schmiegelow 2007; Hutto 2008). At the same time, partial or moderate salvage logging
may create habitats for species that live in more open environments (Kotliar et al. 2002;
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Abstract

Postfire salvage logging is currently a controversial issue because of the impact
it has been argued to have on forest ecosystems. Although it is a relatively extended
practice worldwide, its effects have been scarcely studied and the absence of
comparisons across regions hinders the development of broad generalizations. Here we
compared bird response to postfire salvage logging in two regions with important
differences in landscape and bird communities, the Mediterranean basin and the Rocky
Mountains, aiming to find general responses of species with similar life-history traits
when facing salvage logging. We used databases describing bird species occurrence in
burned forests from both regions and defined three groups of birds according to their
increasing dependence on snags. We then analyzed the differences in the proportion of
each group between samples that were heavily logged, lightly logged or unlogged, and
also between regions. Species that showed some degree of dependence on snags were
more common in burned forests of the Rocky Mountains than in the Mediterranean
basin, and the opposite held true for non-snag-dependent species. Highly snag-
dependent birds from both regions showed a common negative response to salvage
logging. Non-snag-dependent species increased in salvaged areas, but only in the
Mediterranean basin. The general negative effect of salvage logging on forest-dwelling
species that depend on trees or snags is a noteworthy pattern given the big differences
between regions. However, considering that forest birds, including several fire
specialists, are especially important in the Rocky Mountains and that in the
Mediterranean some threatened open-habitat species even benefit from logging, we
considered the overall effect of the removal of snags to be more detrimental in the
Rocky Mountains. Therefore, we recommend concentrating wood harvesting efforts in
less sensitive areas rather than in burned forests in the Rocky Mountain region.

Keywords: Catalonia, conifer forests, conservation, fire, forest management, Montana,
wood harvesting.
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Introduction

Wildfires are a crucial part of the natural dynamics of many forest ecosystems
worldwide. Species living in environments that have been repeatedly affected by fire
show adaptations to a particular disturbance regime; in some instances, species even
appear to have evolved to depend on the presence of relatively intense fire events (Hutto
2008, Pausas & Keeley 2009). Although wildfire is a natural component of the forest
dynamics in most systems, in areas where forests are managed for wood harvesting or
other purposes, wildfire is usually considered to be a problem mainly because the loss
of economic value associated with timber. Consequently, the prevailing public
perception in many countries is still that wildfires are environmental disasters that have
to be avoided, and that burned forests must be “restored” or rehabilitated to re-create
“healthy” forests as rapidly as possible (Swanson et al. 2010). This public perception
has also led to a level of fire suppression that has affected forest structure and dynamics
(Hessburg & Agee 2003, Pausas et al. 2008), and to current postfire management
practices that emphasize salvage logging over a hands-off management strategy during
the most sensitive phase of forest succession. In private forests aimed at timber
production, postfire logging allows the landowner to recoup some of the economic
losses caused by fire, which seems reasonable, given the primary objective of the
landowner. In public forests, however, ecological sustainability is assumed to be the
prevailing goal and therefore salvage logging for the sake of mining the economic value
tied up in the standing dead timber is not as easily justified. After all, there are values
associated with a standing dead forest to consider. Specifically, snags and other coarse
woody debris play important roles in the ecosystem after fire, being sources of nutrients,
providing habitat to species that need burned forest conditions, and contributing to the
role of natural succession in the ecosystem (Mclver & Starr 2000, Lindenmayer & Noss
2006). Nevertheless, public land managers tend to couple economic values with a
perceived need for “forest restoration” to gain public support for salvage logging
operations.

The removal of snags during salvage logging operations profoundly affects the process
of natural forest succession, however, and can be viewed as a second form of
disturbance rather than a restoration activity. How do organisms normally respond to
natural disturbance events, and how does the occurrence of a second form of artificial
disturbance affect the response of those organisms to the natural disturbance event?
The impact of salvage logging on the biota living in burned forests has been studied
mostly with birds, which show responses that differ among species (Llimona et al.
1993, Kaotliar et al. 2002, Morisette et al. 2002). In general, forest birds are negatively
affected by the removal of snags, while early-successional species may benefit from this
practice. Interestingly, most studies that have focused on the issue of salvage logging
have been carried out primarily in conifer forests from two regions: northwestern United
States and Canada (e.g. see Saab & Dudley 1998, Kotliar et al. 2002, Morisette et al.
2002, Saab et al. 2007, Hutto 2008, Cahall & Hayes 2009) and, to a lesser extent, the
Mediterranean basin (e.g. Llimona et al. 1993; Izhaki & Adar 1997; Rost et al. 2010;
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Castro et al. 2010). For millennia, wildfires have played (and still play) an important
role in the vegetation and landscape dynamics of both regions (Arno et al. 2000,
Hessburg & Agee 2003, Pausas et al. 2008), which also share salvage logging as the
most commonly performed management treatment after a conifer forest burns.

However, these two regions present striking differences concerning other aspects of
forest management, fire regime, human settlement and land-use histories, and the
landscape configuration and composition of their bird communities. North American
forests have undergone lower human pressure and management intensity than those in
the Mediterranean basin (Hessburg & Agee 2003), and they harbor a higher number of
forest specialist birds, including several fire specialists (Hutto 2006). In contrast,
Mediterranean forests have been deeply modified by humans for ages (Pausas 2008),
and their forest bird communities are basically composed of species that are widely
distributed across most European forests (Blondel & Aronson 1999). On the other hand,
the bird species that have captured most conservationists’ concerns and efforts in
Europe in recent decades are those from steppes, shrublands and farmlands, which have
sharply declined due to habitat loss and degradation (BirdLife International 2004).
Some of these species colonize recently burned areas, benefitting from fire (Pons & Bas
2005, Brotons et al. 2008) and logging (Castro et al. 2010, Rost et al. 2010). The
differences in both regions’ avifauna need to be considered when assessing the impact
of salvage logging on their bird communities.

In this study, we compare the response of birds from these two distant regions to
postfire salvage logging, aiming to find common patterns that would help us to
understand and generalize the effects of postfire forest management in a way that could
overcome geographical and political boundaries. We hypothesize that birds with similar
life-history traits concerning their use and dependence of trees and snags will probably
share common responses to the removal of snags in a burned forest. On the other hand,
given the differences between the avifaunas from both regions and their threats, we also
predicted that the impact of postfire salvage logging would be more severe in the Rocky
Mountains than in the Mediterranean basin. With these questions in mind, we took
advantage of the availability of information on the occurrence of birds in burned areas
gathered in Catalonia (Mediterranean basin) and western Montana (Rocky Mountains),
and studied the response of groups of bird species from both regions to salvage logging
after fire.

Methods

Study area

Catalonia, located in the western part of the Mediterranean basin (henceforth WMB) is a
32,000 km? region located in the northeastern corner of the Iberian Peninsula
(latitudinal range from 40°N to 42°N; Figure 1). Excluding the temperate and colder
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Figure 1. Location of the two regions compared: a) West Mediterranean Basin (Catalonia) and b)
Northern Rocky Mountains (north-western Montana). In the enlarged pictures, which are in the same
scale, studied burned areas that were used in the comparison are highlighted in black. Areas darkened in
gray represent forest cover, which are shown in order to highlight landscape configuration differences
between the two regions.

Pyrenees Mountains in the north and northwest, which are forested but where wildfires
are very rare, the rest of Catalonia has a typically Mediterranean climate and a rugged
landscape dominated by a mosaic of farmland, forest and shrubland. These low-
elevation forests are dominated by Aleppo pines (Pinus halepensis), European black
pines (Pinus nigra) and Holm oaks (Quercus ilex). Most of them are second-growth
forests that have colonized former agricultural areas.

The northern Rocky Mountain study area (henceforth NRM) is a 80,000 km? region
located in the northwestern part of the United States, in western Montana (latitude
between 46°N and 48°N). The region’s climate is continental, and the landscape is
dominated by mountains covered by conifer forests, whose main species are Ponderosa
pine (Pinus ponderosa), Lodgepole pine (Pinus contorta) and Douglas-fir (Pseudotsuga
menziesii). Sagebrush, prairies and farmland are found mostly in valleys. In contrast
with the Catalan system, the Rocky Mountain system is largely intact, and many forests
grow as they have for millennia.

The plant species of both regions show several common adaptations to fire, which
reflect the fact that they may have evolved with a long history of fire (Pausas and
Keeley 2009). There are fire-dependent pines with serotinous cones that open and
release the seeds in the presence of fire (Aleppo pine in WMB, Lodgepole pine in
NRM), there are species with thick bark, high canopy and few low branches that avoid
torching, that can survive surface fires (European black pine in WMB, Ponderosa pine
in NRM), and even some species that resprout after being burned if fire does not kill
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them outright (Holm oak and Cork oak (Quercus suber) in WMB, Western larch (Larix
occidentalis) in NRM).

However, there are fundamental differences in the fire regimes between the two regions.
In WMB, most fires are human-caused, while in NRM most of them ignite by natural
causes (lightning). This is not surprising, given that the population density in Catalonia
(about 230 people/km?) is roughly 50 times that of western Montana. The average size
of fires is much smaller in WMB than in NRM (Table 1), which is partly a consequence
of the differences in landscape configuration between the two regions. Most fires in
WMB are high-severity, stand-replacement fires, which have increased in number in
recent decades (Pausas 2004, Gonzalez & Pukkala 2007) due to rural depopulation,
farmland activity abandonment (Pausas et al. 2008), and fire exclusion policies that
contributed to increases in fuel loads and forest connectivity. In NRM, most fires are
mixed-severity fires, and the fire regimes associated with all but the lowest elevation
dry forest type are well within what is expected of the natural fire regimes in the region
(Arno et al., 2000, Baker 2009).

The way salvage logging is carried out in both regions has also some particularities that
are worth highlighting here. In our WMB study area, 80% of the forests are privately
owned, so salvage logging is mainly intended to recoup the economic losses caused by
fire. This means that the most usual postfire treatment consists in logging everything
except the smallest snags and the trees that were not killed by fire, which results in large
clearcuts. Selective logging is rare, and carried out almost entirely on publicly owned
forests under the guise of forest restoration. In contrast, most NRM forests are public
and managed by the US Forest Service. There, postfire salvage logging occurs in
relatively small patches or management units (which average about 40 ha in extent).
Managed burned forests in the NRM usually consist of a mix of unlogged patches,
lightly logged patches, and clearcuts.

Table 1. Summary of the number of burned sites, their average size (in hectares) and the number of
samples included in the study for each region. For further information see Table A2.1 in Annex 2.

Sample sizes®

Region Fires Fire size  Total UL LS HS
West Mediterranean Basin 23 648 384 transects 170 39 139
Northern Rocky Mountains 17 6,944 889 point counts 544 221 124

'Postfire tratment: UL, unlogged; LS, light salvage logging; HS, heavy salvage logging.

Data on birds and postfire management

We gathered data on the occurrence and abundance of birds in recently burned forests in
association with independent monitoring projects. In WMB, birds were surveyed by line
transects (Zozaya et al. 2011), counting birds along walking transects that were 15 min
in duration. Each transect was separated from other transects by at least 150 m. In these
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transects, birds were counted in three distance bands (0-25m, 25-50m and 50-100m). In
NRM, surveys were carried out using 10-min point counts. Points were separated from
one another by at least 250 m. At each point, observers registered the distance from the
observer to the bird. In both surveys, birds flying over were not registered. Surveys
were carried out in the breeding season (spring) in both cases. Taking into account the
differences in methods, we used only the occurrence of each bird species detected
within 50 m of the observer. The relatively short fixed distance allowed us to be
confident that we detected most birds in the area immediately surrounding the transect
or point count.

In both locations, we gathered information on the postfire management treatment
performed at the sample level (transect or point count). Management possibilities were:
1) unlogged (UL), when the sample area was not logged; 2) light salvage logging (LS),
when some snags were removed but the area still had an intermediate snag density and
3) heavy salvage logging (HS), when the area was basically clearcut and very few snags
were left standing.

In order to focus on the most similar habitats and forms of disturbance, we chose only
conifer forests that were burned by high-severity fires. Although surveys were
conducted since the first year after fire in both locations, we used only those samples
that were obtained in the third and fourth year after fire because of the lack of enough
salvaged samples in the two first years after fire. This way we avoided comparing bird
communities from samples derived from slightly different times after fire, which can be
substantially different (Smucker et al. 2005). This resulted in a sample of 384 transects
in 23 burned sites in WMB and 889 points in 17 sites in NRM (Table 1).

Species ranking

In order to compare different bird species’ occurrence from both regions, we ranked all
species detected according their theoretical dependence on snags or trees and, therefore,
their expected sensitivity to salvage logging. We used known life-history traits to give
each species a snag dependence value (SDV), an adaptation of the ‘threat factor’
ranking proposed by Imbeau et al. (2000). We used information from literature (Ehrlich
et al. 1988; Snow & Perrins 1998; Estrada et al. 2004) and our own knowledge to
assign three scores to each species, which depended on their habitat preference, foraging
behavior, and nest location, respectively (Table 2). We obtained a SDV for each species

Table 2. Critera used to assign each species a score according to its habitat, nesting, and foraging
requirements. Scores were then summed to calculate a snag dependence value (SDV).

Score Habitat requirements Nest location Foraging behavior

0 generalists, farmland, grassland, ground, shrubs ground, shrubs
shrubland, urban

1 open woods, forest edges, riparian snags and trees, bark and canopy gleaners
bottomlands including cavities

2 forests - -
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by summing these scores. We then ranked all the species detected in both regions from
4 to 0 according to their SDV (Table A2.3 in Annex 2). In order to ease data analysis
and the subsequent interpretation of results, we reduced the number of SDV categories
and grouped species with 4 and 3 SDV into a highly snag-dependent species (HSD)
category, species with 2 and 1 SDV into an intermediate snag-dependent species (ISD)
category, and species with 0 SDV into a not snag-dependent species (NSD) category.

Data analysis

In order to compare the response of HSD, ISD and NSD species to salvage logging, we
calculated the number of those species in each sample (transect or point), and obtained
the proportion of each class of species in each sample. We then analyzed the effect of
the 3 different postfire management treatments on the proportionate contribution of
these three species groups using Generalized Linear Mixed Models (GLMM), where we
included the region, the interaction between regions (WMB and NRM) and the postfire
treatment (UL, LS and HS), as fixed effects. Samples were not entirely independent
because they were grouped in different fires, and some of them were surveyed twice, so
we included the sample, nested within site, as a random factor in the model. Since
response variables were proportions, we used a model with binomial error distribution
and logit link. Furthermore, we also analyzed the response of the five most frequent
species of each snag dependence group from each region. To do so we used the same
random factors structure for each species, but including only postfire treatment as a
fixed effect. We validated the significance of fixed effects with F tests with p<0.05
judged to be statistically significant, and looked for differences between each factor
category using multiple comparisons (Tukey tests). We performed all these analyses
with SAS 9.1.

Results

We obtained information on the occurrence of 70 species in the WMB and of 80 in the
NRM. The proportions of species with different degrees of snag dependence differed
significantly between regions: both HSD species (F1.279=30.8, P<0.001) and ISD species
(F1.279=72.5, P<0.001) represented a higher share of the bird community in NRM than in
WMB. In contrast, the proportion of NSD species was higher in WMB (F1.279=206.2,
P<0.001).

Salvage logging affected species with different levels of snag dependence differently
(Figure 2). While the proportion of HSD birds was negatively affected by more intense
salvage logging, the proportion of ISD species did not show a clear trend. In contrast,
the proportion of NSD species was not affected by salvage logging treatment in NRM,
but was in WMB, where they represented a higher proportion of the bird community in
highly logged areas than in unlogged ones.

65



2. Postfire logging and birds in different regions

1.0

B none
WMB b NRM ligh
0.8 - abr=) | - @ ot
hi
) a O heawvy
0.6 4 _ a T
a
0.4 | ab .
a
a ab a g a
0.2 - : a @
; ol
0.0 ] : .
HSD ISD NSD HSD ISD NSD

Figure 2. Proportion of highly snag-dependent species (HSD), intermediate shag-dependent species
(1SD) and not snag-dependent species (NSD) in samples of burned forests that had not been logged (black
bars), had been lightly logged (gray bars) or had been heavily logged (white bars), in the Western
Mediterranean Basin (WMB) and in the Northern Rocky Mountains (NRM). Different letters above bars
show significant differences (Tukey adjusted p<0.05) between postfire treatment categories, according to
multiple comparisons tests.

The individual responses of the most frequently detected bird species can help us to
understand these patterns of change in bird community composition (Figure 3; see
Table A2.2 in Annex 2 for further details). Four of the five most commonly detected
HSD species in WMB (Blue Tit, Crested Tit, Eurasian Chaffinch, and Short-toed
Treecreeper), and two of the five most commonly detected HSD species in NRM
(Yellow-rumped Warbler and Mountain Chickadee) showed a significant negative
response to salvage logging. Similarly, the majority of ISD species did not show a
strong response to salvage logging, but those that did (European Blackbird, European
Goldfinch, and American Robin) were affected negatively by snag removal. In contrast,
more NSD species showed positive than negative responses to salvage logging, and all
of the significant responses were positive. However, the response of Lincoln’s Sparrow,
a commonly detected NSD species, could not be tested statistically since it was never
detected in the HS treatment, suggesting a strong negative effect of salvage logging on
its occurrence.

Discussion

In burned forests from regions as different as the Mediterranean Basin and the
American Rocky Mountains, the drastic change in habitat structure following salvage
logging produces a common pattern: the drastic decline of bird species that highly
depend on snags. The abundance of most strictly forest birds from both regions
(chickadees, tits, creepers, woodpeckers, nuthatches, arboreal warblers and finches)
decreases markedly, as does the availability of snags that they need for nesting and
foraging. For many bird species, the negative effect of salvage logging is not so drastic
when performing a less intensive, intermediate salvage logging. Nevertheless, the
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Figure 3. Response of five most common species® of each snag dependence category” to light and heavy
salvage logging. Bars represent the proportion of samples with presence of the species in unlogged
samples minus the proportion of samples with presence of the species in lightly logged (gray bars) or
heavily logged (black bars), divided by the sum of both proportions. Asterisks indicate which species’
occurrence showed significant differences (p<0.05) between postfire categories. No analysis could be
performed with Lincoln’s Sparrow (LISP) occurrence because it was not detected in any heavily logged
sample.

'BLTI: Blue Tit, GRTI: Great Tit, CRTI: Crested Tit, EUCH: Eurasian Chaffinch, STTC: Short-toed
Treecreeper, EUSE: European Serin, BLBI: European Blackbird, CONI: Common Nightingale, WIWR:
Winter Wren, EUGO: European Goldfinch, SAWA: Sardinian Warbler, SUWA: Subalpine Warbler,
WOLA: Wood Lark, DAWA: Dartford Warbler, COST: Common Stonechat, YRWA: Yellow-rumped
Warbler, PISI: Pine Siskin, WETA: Western Tanager, MOCH: Mountain Chickadee, BRCR: Brown
Creeper, DEJU: Dark-eyed Junco, CHSP: Chipping Sparrow, MOBL: Mountain Bluebird, AMRO:
American Robin, TOSO: Townsend’s Solitaire, MGWA: McGillivray’s Warber, LAZB: Lazuli Bunting,
WAVI: Warbling Vireo, DUFL: Dusky Flycatcher, LISP: Lincoln’s Sparrow.

’HSD: highly snag-dependent species, ISD: intermediate snag-dependent species, NSD: not snag-
dependent species.

occurrence or breeding success of several fire specialist bird species seems to depend on
the presence of relatively densely stocked burned forests, and those bird species appear
to be negatively affected even by incomplete salvage logging operations (Kotliar et al.
2002, Hutto & Gallo 2006, Saab et al. 2007, Hutto 2006, Hutto 2008).

The occurrence of bird species that were considered less dependent on the availability
of snags (intermediate snag-dependent birds), and therefore could be less sensitive when
facing salvage logging, did not show a significant response to any level of postfire
salvage logging in either region or when considered as a whole. However, some species
in this category showed negative responses to snag removal, suggesting that different
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species can be sensitive to different thresholds of snag density. Even though their
probabilities of occurrence may not have been affected by salvage logging, some other
aspects of their biology may still have been negatively affected. For instance, even
though the probability of occurrence of the Mountain Bluebird did not differ
significantly between treatments in our study, this species’ nest density was much lower
in salvaged patches than that in unlogged ones due to the reduction in the number of
cavities in logged areas (Hutto & Gallo 2006). Therefore, information about the
occurrence of bird species, although being a useful metric for understanding the
distribution and habitat preferences of species, should be complemented by other
information related to the species’ biology that may also be affected by salvage logging
(e.g., issues related to breeding success).

Non-snag-dependent bird species showed different responses to salvage logging
between regions. In the NRM they did not show a significant response as a whole
group, while in the WMB their importance within the bird community increased in
logged areas. That can be explained by differences in the biology of these species in
each region. On one hand, both regions had a handful of shrub-dwelling birds (some
warblers, shrikes) that, in general, did not show significant differences between
unlogged and logged areas. These species are probably more linked to shrubland
regeneration itself rather than to the presence of snhags, although some of them, provided
there is enough shrub cover, may prefer more open, logged areas (e.g., Subalpine
Warbler, Warbling Vireo and Dusky Flycatcher). On the other hand, in the WMB there
are many bird species that typically inhabit farmland and steppe-like habitats that
colonize burned forests (Brotons et al. 2005, Pons & Bas 2005), and that generally
benefit from salvage logging (Rost et al. 2010). Species such as larks, buntings or pipits
are far more common in WMB burned areas than in NRM burned areas, which is
probably a consequence of the different landscape configurations between regions.
Open-habitat colonizers tend to occur in recently burned areas only if there are source
populations close enough, because the probability of colonization is limited by dispersal
constraints (Brotons et al. 2005, Brotons et al. 2008). Therefore, burned (and logged)
areas located too far from source populations are less likely to be occupied than those
areas located near those habitats supporting populations of potential colonizers. In the
fine-grained Mediterranean landscape, forests are relatively close to farmland areas, and
that can explain the difference in response of farmland birds between regions. On
average, the distance between the burned forests we studied in the WMB and the nearest
farmland area was just 180 m. In contrast, in the NRM, burned forests were two orders
of magnitude farther away (on average, 17.8 km from prairies and pastures).
Consequently, NRM burned and logged forests, that could be suitable for species from
open habitats, were not as easily colonized as similar forests in WMB.

The spatial arrangement of logged stands in each region may also help to explain some
unexpected effects of this disturbance, such as the weak response showed by some
species that were a priori considered highly snag-dependent (e.g., Pine Siskin, Western
Tanager). The distribution of salvage logging in small patches within NRM forests may
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mask an otherwise detrimental effect, since these species may have been detected in
logged areas primarily because of the close proximity of unlogged patches. Therefore,
the negative effect of salvage logging could have been somewhat underestimated in the
NRM.

The results of the comparison we carried out, although showing interesting common
patterns between regions, also suggest that the impact of salvage logging cannot be
considered equally severe in both regions, in the line of our initial predictions. Indeed,
bird communities inhabiting burned forests are dominated by different kind of species
in each region. In the NRM, highly snag-dependent birds constitute a higher proportion
of the bird community (28 of 80 species, or 35%) than they do in the WMB (15 of 70
species, or 21%). Therefore, the impact of salvage logging can be greater in the NRM
because it is detrimental to a higher proportion of the bird community that occurs in
burned forests than in the WMB. Furthermore, salvage logging (either clearcut or
intermediate) is clearly detrimental in the NRM to several fire specialists, like the
Black-backed Woodpecker (Picoides arcticus) or the American Three-toed Woodpecker
(Picoides tridactylus), which are restricted to dense and severely burned forests (Saab &
Dudley 1998, Schwab et al. 2006, Hutto 2008). In the WMB, in contrast, none of the
bird species can be considered to be fire specialists, and most species that are damaged
by postfire salvage logging are common forest birds that have wide distributions across
European forests, being neither rare nor threatened birds at a continental scale (Blondel
& Aronson 1999, BirdLife International 2004). However, managers from certain areas
of the Mediterranean Basin must be aware of the occurrence of narrowly distributed and
endemic species, which may need to be preserved in the face of postfire salvage
logging, like the Corsican Nuthatch (Sitta whiteheadi) (Moneglia et al. 2009). On the
other hand, most Mediterranean open-habitat species that occur in burned forest patches
show negative population trends in Europe due to the loss and deterioration of their
habitat (Fuller et al. 1995, BirdLife International 2004). Therefore, the change in the
cover type from forest to a more open habitat due to fire and salvage logging would be
beneficial to them (Rost et al. 2010).

Conclusions

Postfire salvage logging appears to be strongly detrimental to species most closely tied
to forest environments, a generalization that holds across two very different regions.
We can expect that forest birds would be the most negatively affected by postfire
logging in other parts of the world as well. However, the gravity of those negative
effects depends on the particularities of each region, and therefore it seems advisable
not to generalize management decisions on burned forests, which should take into
account each region’s characteristics and conservation priorities. Specifically, it can be
considered to be more seriously detrimental to carry out salvage logging operations in a
burned forest in NRM than in WMB, where the negatively affected species are
generally neither threatened nor restricted to postfire conditions. In NRM, the
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environment is still relatively pristine, and some species strongly depend on burned,
unmanaged forest habitats. Thus, the ecological costs associated with postfire salvage
logging appear to be much greater in NRM than they are in WMB. Therefore, it would
be more advisable in NRM to concentrate timber harvesting operations in unburned
forests located in and near the wildland-urban interface, where there is also a strong
need to address issues of public safety.
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Abstract

Salvage logging is a common practice carried out in burned forests worldwide, and
intended to mitigate the economic losses caused by wildfires. Logging implies an
additional disturbance occurring shortly after fire, although its ecological effects can be
somewhat mitigated by leaving wood debris on site. The composition of the bird
community and its capacity to provide ecosystem services such as seed dispersal of
fleshy-fruited plants have been shown to be affected by postfire logging. We assessed
the effects of the habitat structure resulting from different postfire management
practices on the bird community, in three burned pine forests in Catalonia (western
Mediterranean). For this purpose, we focused on the group of species that is responsible
for seed dispersal, a process which takes place primarily during the winter in the
Mediterranean basin. In addition, we assessed microhabitat selection by seed disperser
birds in such environments in relation to management practices. Our results showed a
significant, positive relationship between the density of wood debris piles and the
abundance of seed disperser birds. Furthermore, such piles were the preferred
microhabitat of these species. This reveals an important effect of forest management on
seed disperser birds, which is likely to affect the dynamics of bird-dependent seed
dispersal. Thus, building wood debris piles can be a useful practice for the conservation
of both the species and their ecosystem services, while also being compatible with
timber harvesting.

Keywords: salvage logging, postfire management, winter bird community, frugivorous
birds, seed dispersal, Pinus halepensis.

Introduction

Wildfires are one of the most important disturbances affecting ecological processes and
economic interests in forest ecosystems worldwide (Blondel & Aronson 1999, Hessburg

75



3. Postfire forest management and frugivorous birds

& Agee 2003, FAO 2007). In many countries postfire salvage logging (i.e., the
harvesting of burned timber for mainly commercial purposes) is the most extended
forestry practice intended to compensate for the economic losses caused by wildfires
(Hutto 2006; Lindenmayer et al. 2004). Salvage logging is also justified by other
objectives, such as reducing the fuel load, enhancing future tree survival, preventing the
proliferation of xylophagous insects or making it easier and safer for people to pass
through the burned area or for future forest management work to be carried out
(Ne’eman et al. 1995, Martinez-Sanchez et al. 1999, Lindenmayer & Noss 2006).

In the Mediterranean Basin, where there has been a long history of landscape
management, fires often take place in lowland pine forests, most of which grow on
abandoned agricultural land (Trabaud 1981). In this type of forest, after a fire, salvage
logging is the most frequently used management method, because pine wood is still
commercially profitable for use as boards until two years after a fire, and even later if
ground down (e.g., to produce biomass fuel). In general terms, salvage logging involves
a drastic habitat change —from a burned forest structure to open grassland and
shrubland— a short time after the fire. However, on a smaller scale the characteristics of
these new open habitats also depend on the interests and decisions of landowners and
managers, and therefore on the ownership structure of each burned forest. When forests
are divided into small privately-owned lots, as is often the case in Mediterranean areas,
individual decisions lead to the coexistence of multiple management models in burned
stands in close proximity. These strategies result in clearcuts (where wood debris may
be completely removed, left on the ground or piled up), areas where isolated snags
remain, and unlogged stands of partially burned pines. Furthermore, restoration
measures such as log erosion barriers can be found in burned public forests, which are
managed essentially for restoration purposes. The administrative authority concerned
may also issue management recommendations, and grant subsidies to, or reach
agreements with, local landowners, who may then delegate postfire management to
public managers.

The habitat disturbance induced by postfire salvage logging affects animal
communities, an issue that has sometimes been studied using birds as the focal group
(Kotliar et al. 2002, Hutto & Gallo 2006, Cahall & Hayes 2009). It has been shown that
salvage logging can have a greater impact than the fire itself on the forest bird
community, including the substitution of forest specialists by open-land species (Izhaki
1993, Llimona et al. 1993, Morisette et al. 2002, Castro et al. 2010). Such changes are
likely to affect frugivorous bird species, some of which are involved in important
ecological processes such as seed dispersal of fleshy-fruited shrubs and climbers. In the
Mediterranean, fleshy-fruited plants produce ripe fruit during the fall and winter
(Mooney & Kummerow 1981, Jordano 1992), when various species of small and
medium-sized birds disperse their seeds (Herrera 1984, Herrera 1998). In burned areas,
early succession gives rise to a shrubland-like habitat (Trabaud & Lepart 1980), which
hosts a diverse winter bird assemblage, including some species that attain high densities
thanks to postfire fruit and seed production (Pons & Prodon 1996, Pons 2001, Telleria
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et al. 2004). Izhaki & Adar (1997) showed that winter bird communities in eastern
Mediterranean burned and logged forests were dominated by shrubland species, some of
which were seed dispersers. However, the habitat and microhabitat use of these species
under different scenarios of postfire management has not yet been studied in depth.
Previous studies have reported that bird-dependent seed rain strongly relies on habitat
structures that act as dispersal foci, such as isolated trees that act as perches (Guevara &
Laborde, 1993; Pausas et al. 2006, Herrera & Garcia 2009). After logging, wood debris
piles and barriers built in a burned pine forest can also act as dispersal foci (Rost et al.
2009). Thus, the variability of postfire treatments after logging, which leads to the
presence of different microhabitats on a small scale, may have important implications
for bird-dependent seed rain, depending on the differential use that seed dispersers make
of the resulting microhabitats.

The aims of this study are: (1) to investigate the effects of postfire management on
winter bird communities in burned Mediterranean pine forests, (2) to determine whether
certain management practices have positive effects on species richness and abundance
of seed dispersers in winter, and (3) to analyze microhabitat selection by seed dispersers
in order to describe patterns in their use of the microhabitats. If postfire management
practices had an effect on seed dispersers distribution and microhabitat use, this would
also affect seed rain and the regeneration of fleshy fruit-producing shrub or climber
species. We took advantage of the availability in three study areas of examples of
different postfire logging practices (ranging from completely logged areas to unlogged
ones, and including different methods of managing wood debris) to investigate which of
these practices may be more favorable to the presence of bird species involved in seed
dispersal.

Methods

Study area

The study was carried out in three burned areas located in Catalonia, in the northeast of
the Iberian Peninsula: Torroella de Montgri (henceforth TM, 3°7° E, 42°3° N), Ventallo
(VE, 3°2’ E, 42°7° N) and Cistella (Cl, 2°50° E, 42°17° N) (Figure 1). The maximum
distance between any two areas was 30 km. All three areas have a meso-Mediterranean
climate, limestone substrates, and altitudes ranging from 80 to 210 m above sea level.
Before the fire, they featured a vegetation mosaic composed of Aleppo pine (Pinus
halepensis) forests, shrubland and crops. TM burned in September 2004 and the fire
affected 188 ha of pine forest; in VE and CI fires burned 613 and 170 ha of pine forest,
respectively, in August 2006. All were severe fires that affected forest canopy and
undergrowth, and as a result the vast majority of pines died and the shrub cover
disappeared.
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Figure 1. Location of the three study areas and distribution of the 76 stations (dots) within these areas
(CI: Cistella; TM: Torroella de Montgri; VE: Ventalld). Gray areas correspond to the former forests zones
on which the study focused. Fire perimeters obtained from DMAH (2008).

Properties at VE and ClI study areas are small and privately owned. In VE 96% of the
area is in private ownership, with stands ranging in area from 0.5 to 5 ha and only a few
stands larger than 15 ha, while in Cl 100% of the area is in private ownership, with one
stand of 80 ha and the rest ranging from 5 to 20 ha. In both areas salvage logging started
during the first winter after the fires and was still happening when the fieldwork was
conducted, affecting approximately 60% of the burned forest area in VE and about 75%
in Cl. The few forest patches where pines survived after the fires were left unlogged. In
a few areas, non-profitable wood debris was heaped up in small, low piles. In TM, the
predominance of public ownership (66% of the total area) led to patchy postfire
management, including both logged and unlogged areas and restoration measures. In
logged patches, however, a few standing snags were preserved (ca. 10 snags/ha) and log
barriers were built up against runoff and erosion by piling trunks and branches along the
contour lines (the sizes of the piles being 0.5-1 m high and 3-10 m long) (Rost et al.,
2009). By the time we conducted the fieldwork in TM all unlogged snags had fallen
down, as had almost a third of those in VE and CI.

The study was conducted in winter 2008-09, the third winter after the fires in VE and CI
and the fifth in the case of TM, when vegetation was in early succession. The
regenerating undergrowth was composed of resprouter and seeder shrubs (Quercus
coccifera, Phillyrea angustifolia, Cistus spp.) and herbs (Brachypodium spp.), with
young Aleppo pine saplings in many stands. We concentrated all fieldwork in a single
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month (January) in order to avoid as much as possible the changes in bird abundance
that may happen along winter.

Bird sampling

We distributed 74 sampling stations of 100 m radius in the study areas, following a
regular spatial distribution within the burned forests (48 stations in VE, 17 in TM and 9
in Cl; Figure 1). When choosing the exact location of the stations we bore in mind to
allow a minimum distance between station centers (300 m), to ensure good visibility,
and to sample a homogeneous habitat (burned forest with the same management model).
Recently logged areas (less than four weeks after logging) were not sampled in order to
avoid the disturbance that logging work might have caused to the birds. Birds were
counted using the point count method (Bibby et al. 1992) once at each station. All
counts were performed by the same observer, conducted between one and four hours
after dawn and under good weather conditions. All birds seen or heard within a 100 m
radius during three consecutive five-minute periods were registered, but individuals
seen just flying over were not counted, as they were not considered to be using the
sampled habitat. In order to reduce the probability of double counts during the 15
minutes, we computed each species’ abundance as the maximum number of individuals
in any of the three five-minute periods. We initially separated bird observations in three
distance bands from the observer (0-25 m, 25-50 m and 50-100 m) to account for
detectability. However, the estimation of detection probabilities with Distance 5
program (Thomas et al. 2006) was only possible for the 42% most frequent species. For
these species, bird density taking into account detection probability was highly
correlated with the raw abundance (R?=0.83). Moreover, at least 67% of detections of
the species that accounted for 75% of the total abundance where auditory, so that birds
were detected rather irrespectively of the cover structure. For these reasons we used raw
abundances in all the analyses.

Habitat variables

Habitat variables related to vegetation recovery and postfire management were recorded
at each station. Within a 20 m radius area centered on the station we estimated the
relative area (in percentage) covered by: bare ground, vegetation up to 0.25 m,
vegetation up to 0.5 m, vegetation up to 1 m, and vegetation higher than 1 m (excluding
live trees), which all together totaled 100%. The density and cover of standing snags
and live trees were measured in a 20 m radius area (if density was >100 trees/ha), 50 m
radius area (between 10 and 100 trees/ha) or 100 m radius area (<10 trees/ha). The
density (number/ha) and cover of wood debris piles or barriers in a 50 m radius area,
and the cover of logging debris scattered on the ground in a 20 m radius area were
considered as management variables. Cover measures were estimated by visual
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comparison with the template used by Prodon & Lebreton (1981), except for scattered
wood debris, for which we designed a specific template (Figure 2).

30% } N 70%

90%

Figure 2. Template used to estimate the scattered wood debris cover on the ground.

Microhabitat selection by avian seed dispersers

As a result of the postfire management explained above, we defined five different
microhabitat categories: live trees, standing snags, regenerated shrubs, wood debris
piles, and bare ground. The availability of each microhabitat was estimated as its cover
(in percentage) within the station. During point counts, we recorded the microhabitat,
(only one in each case) in which individual birds were detected. For flushed out
individuals, we recorded the microhabitat from which they had flown away. When this
was not possible (e.g., in the case of wood piles among live shrubs and bare ground
patches), the second site where the bird stopped was recorded, since the first movement
might have been influenced by the presence of the observer. The behavior of seed
disperser species of fleshy-fruited plants was also recorded, categorized as foraging,
perching, sheltering or unknown (when a bird had been flushed out and not relocated).
Only those species classified as major dispersers in Herrera (1995), that is, all species of
the genus Sylvia and Turdus plus the European robin (Erithacus rubecula), were
considered as seed dispersers in the analyses.

Data analyses

Multivariate analyses were used to explore the relationships between bird community
and habitat structure. All species occurring in less than 5% of point counts were
excluded. A redundancy analysis (RDA) was applied to the species and to the habitat
and management variables matrices, including burned area as a covariate. A forward
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selection of habitat variables was performed using Monte-Carlo permutation tests and
including those variables that were significant at a p<0.1 level. In the RDA, two species
occurring in 3-5% of the points were included as supplementary species (thus not
influencing the analysis results). These were the European jay (Garrulus glandarius),
because of its importance as oak acorns disperser, and the Southern grey shrike (Lanius
meridionalis), because of the interest in its conservation in Europe (BirdLife
International 2004). We used a linear method (RDA) instead of a unimodal approach
because the length of the gradient of a DCA performed to the 20 species and 74 samples
matrix was 2.75 SD, suggesting a mostly linear response of the species (ter Braak &
Smilauer 1998). RDA and DCA were performed with CANOCO (ter Braak & Smilauer
1998). A Principal Components Analysis (PCA) with varimax rotation was performed
to resume habitat variability in a reduced number of habitat gradients. The variables
used were bare ground, all the live vegetation categories defined above, snag density,
and live tree density. We interpreted the meaning of principal components using
variables with factor loadings higher than 0.6, in absolute value. PCA gradients were
kept to be used as predictor variables in subsequent analyses. We used Statistica 6
(Statsoft Inc. 2001) to perform this analysis.

Generalized linear mixed models (GLMM) were used to assess the importance of
habitat-management variables on the following community variables: abundance and
species richness of the overall bird community, and abundance and species richness of
seed dispersers. Abundances of most common seed dispersers were also analyzed. We
used first two PCA gradients, scattered wood debris cover and piles density as
predictors. GLMM with Poisson error and link log were performed, including the
locality as a random factor in order to control possible site-based differences. For each
dependent variable, the minimum adequate model was selected following a manual
backward selection procedure, retaining those predictors with p-values smaller than
0.05. GLMMs were performed with program R 2.9.2 (R Development Core Team
2009), using the Ime4 software.

Microhabitat selection by seed disperser birds was analyzed for the overall seed
dispersers group and for the three most abundant seed disperser species (Sardinian
warbler [Sylvia melanocephala], Dartford warbler [Sylvia undata] and European robin)
by comparing observed and expected bird observation frequencies in each microhabitat
with chi-square tests. Expected frequencies were calculated from the availability of
microhabitats in the stations where the species had been detected, after scaling these
Microhabitats’ cover to 1. Behavior was not included in the analyses due to the
excessive reduction of frequencies that would be involved by doing so, and was only
represented graphically.
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Results

In the point counts we recorded a total of 744 birds belonging to 38 species (Table 1).
The most abundant species were the Sardinian warbler, the Dartford warbler, the
European robin, the Hedge accentor (Prunella modularis) and the Chaffinch (Fringilla
coelebs). The seed disperser group is composed by nine species (Table 1), which
accounted for 58% of the total abundance, the three most abundant accounting for 48%
of the total abundance.

RDA results showed that habitat variables explained 16% of the total variance of the
species dataset, and the first two axes explained 87% of the species-environment
relationships (eigenvalues: first axis = 0.08, second axis = 0.04). Covariates explained
an additional 9% of the variance. The ordination of species along these two axes shows
two main gradients, one related to regenerated vegetation structure and the other related
to the density of snags and live trees (i.e., the logging intensity) (Figure 3). The first
gradient separates species that require open areas with low vegetation cover, such as the
Woodlark (Lullula arborea), from those that dwell in well-developed, high shrubland,
such as the Sardinian warbler and the Blackcap. The second axis separates forest species
that prefer high tree density, such as Parus tits or Chaffinches, from those that mainly
select unwooded habitats in winter, which is the case of the Dartford warbler, the
European robin or the Zitting cisticola (Cisticola juncidis).
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Figure 3. Biplot of the first two axes of the RDA, showing species and significant environmental
variables (live vegetation up to 0.25 m, live vegetation higher than 1 m, snag density and live tree
density). Triangle marks indicate seed disperser species. Species abbreviations are shown in Table 1. The
inset graph (top left) shows the ordination of samples along the same axes, with dots representing the
study areas (black-TM; gray-Cl and white-VE).
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Table 1. Species recorded in all 74 point counts with occurrence and total number of individuals.
Asterisks show seed disperser species (Herrera 1984) of fleshy-fruit plants, and double asterisks show
major disperser species (Herrera 1995). The horizontal bar separates those species considered in
multivariate analyses from those not considered.

English name Scientific name Acronym  Occurrence Sum of counts
Sardinian warbler ** Sylvia melanocephala SYME 71 191
Dartford warbler ** Sylvia undata SYUN 52 93
European robin ** Erithacus rubecula ERRU 48 74
Hedge accentor Prunella modularis PRMO 33 44
Winter wren Troglodytes troglodytes TRTR 26 29
Chaffinch Fringilla coelebs FRCO 24 43
Great tit Parus major PAMA 20 30
Chiffchaff Phylloscopus collybita PHCO 16 16
Woodlark Lullula arborea LUAR 15 24
Song thrush ** Turdus philomelos TUPH 13 28
Blackcap ** Sylvia atricapilla SYAT 12 19
Blue tit Parus caeruleus PACA 12 17
Blackbird ** Turdus merula TUME 11 14
Zitting cisticola Cisticola juncidis Clu 10 12
Crested tit Parus cristatus PACR 8 10
Short-toed treecreeper Certhia brachydactyla CEBR 8 11
Great Spotted woodpecker ~ Dendrocopos major DEMA 6 6
Stonechat * Saxicola torquata SATO 6 7
Common kestrel Falco tinnunculus FATI 4 4
Woodpigeon Columba palumbus COPA 4 12
European jay * Garrulus glandarius GAGL 3 4
Common buzzard Buteo buteo BUBU 2 2
Meadow pipit Anthus pratensis ANPR 2 2
Long-tailed tit Aegithalos caudatus AECA 2 5
Southern grey shrike Lanius meridionalis LAME 2 2
Goldfinch Carduelis carduelis CACD 2 6
Serin Serinus serinus SESE 2 11
Cirl bunting Emberiza cirlus EMCI 2 2
Peregrine falcon Falco peregrinus FAPE 1 1
Hoopoe Upupa epops UPEP 1 1
Green woodpecker Picus viridis PIVI 1 1
Alpine accentor Prunella collaris PRCO 1 3
Blue rock-thrush Monticola solitarius MOSO 1 1
Mistle thrush ** Turdus viscivorus TUVI 1 1
Greenfinch Carduelis chloris CACH 1 2
Linnet Carduelis cannabina CACN 1 1
Red crossbill Loxia curvirostra LOCU 1 2
Corn bunting Miliaria calandra MICA 1 13

The first axis of the PCA explained 29% of total variance in habitat characteristics
(eigenvalue = 2.04), and was positively related to vegetation up to 1 m and higher than
1 m, and negatively to bare ground and vegetation up to 0.25 m. The second axis
explained a further 21% of the variance (eigenvalue=1.50), and was positively related to
snag density and vegetation up to 0.5 m. The first factor thus represented undergrowth
structures ranging from open areas to high shrublands, while the second ordered
samples from clearcuts to areas with high snag density.
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The overall bird abundance was higher in areas of low density of snags and live trees,
while overall richness was not affected by any habitat-management predictor. The
abundance of seed dispersers was positively related to pile density and shrub cover and
negatively to snag density, and their species richness was not affected by any predictor.
Shrub cover was also related to the abundance of the Sardinian warbler, the most
common seed disperser. In addition to influence frugivores abundance, pile density
favored the occurrence of the Dartford warbler, the European robin, and the Blackcap
(Sylvia atricapilla). On the other hand, Turdus thrushes did not show any habitat-
management preferences. See Table 2 for further details and significance values.

Both the seed disperser group and the three most abundant species (Sardinian warbler,
Dartford warbler and European robin) used available habitat elements in a hon-random
fashion (Figure 5). As a group, seed dispersers were most frequently found on piles,
resprouting shrubland and snags, using piles and snags more than would be expected
from habitat element availability (x*=643.16, p<0.01). In terms of individual species,
the Sardinian Warbler, Dartford Warbler and European Robin prefered wood piles more
than expected (3°=258.14, p<0.01; ¥*=100.03, p<0.01, and y?=173.10, p<0.01,
respectively). Behavior observations revealed that bird species used these elements for
somewhat different purposes, with Sardinian and Dartford warblers using piles and
shrubs basically for foraging, and European robins mostly for perching.

Discussion

Habitat heterogeneity in burned Mediterranean pine forests allows the coexistence of
bird species with different habitat requirements during winter, and thus we found a
mixture of open land, shrubland and forest birds in our study sites. Such habitat and bird
community heterogeneity likely results from the management carried out in these areas,
as well as from the regeneration of the low plant cover. We found that different
management practices favored different bird species in winter. Indeed, managers
decisions, such as the extent of snag logging and how wood debris is managed, that
depend both on their objectives (harvest/restoration) and on the small size of lots in the
area, greatly affect which bird species will occupy the area. Thus, strict open land birds
may take profit both from fire, which creates open areas of low herbs and bare ground,
and from logging, because of the mechanical damage to ligneous vegetation associated
with logging operations, which hinders proper regeneration (Martinez-Sanchez et al.
1999, van Nieuwstadt et al. 2001, Lindenmayer & Noss, 2006). Shrubland birds dwell
in the regenerated shrubs and bushes that have grown since fire and logging occurred, as
well as in newly-built wood piles and barriers. In these clearcuts created by salvage
logging, winter bird abundance is higher than in unlogged patches where snags have
been retained. However, unlogged areas allow the persistence of some forest species
that do not occur when snags are logged.
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Table 2. Summary of GLMM selected models analyzing the effect of habitat and management variables
(PCAL, PCAZ2, pile density and scattered wood debris cover) on the overall community abundance and
richness, major disperser abundance and richness and most common major disperser species abundance,
using locality as a random factor. Explained variance is shown as the variation in deviance between null
and selected models, when both differed.

Response variable Explained variance (%) Predictors Estimate p
Overall community
Abundance 4.3 PCA2 -0.090 0.016
Richness 0.0 - - -
Major seed dispersers
Abundance 5.3 Pile density 0.009 0.017
PCA1l 0.141 0.005
PCA2 -0.116 0.030
Richness 9.6 Pile density 0.009 0.088
Sardinian warbler 10.8 PCA1l 0.200 0.006
Dartford warbler 4.7 Pile density 0.016 0.026
European robin 6.2 Pile density 0.023 0.003
Blackcap 15.0 Pile density 0.042 0.003
Blackbird 0.0 - - -
Song thrush 0.0 - - -
Overall community Seed dispersers
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Figure 4. Effect of pile density on overall community and seed dispersers abundance and species
richness. Only major seed dispersers have been considered (Herrera 1995). The dashed line represents the
linear regression line.

Almost a quarter of all bird species and more than half of the individuals detected in the
study area were seed dispersers, and among them, the Sardinian and Dartford warblers
and the European robin were the most frequent species. In general, Sylvia warblers
occurred mainly in bushy habitats without snags and trees. However, they showed some
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Figure 5. Relative frequencies of microhabitat use by all major disperser species, the Sardinian warbler
(SYME), the European robin (ERRU) and the Dartford warbler (SYUN). For each habitat element (GR,
ground; PI, pile; SH, shrub; SN, snag; LT, living tree), the left bar shows observed frequencies for four
behavior categories, while the right white bar shows expected frequencies (for every graph, observed and
expected frequencies add up 100%). The numbers above the bars show the number of observed or
expected frequencies for each category.

differences in habitat preferences in accordance with their requirements (Shirihai et al.
2001), because Dartford warblers were found in lower shrubland than Sardinian
warblers and Blackcaps. The European robin was found in similar habitats to those of
warblers, since wintering individuals can occur in more open and drier habitats than
breeding ones (Snow & Perrins 1998). On the other hand, Turdus thrushes were not
closely linked to any specific habitat, but the Song thrush seemed more related to the
presence of snags and live trees. By contrast, Castro et al. (2010) found that in
Mediterranean montane pine forests, Turdus thrushes were the most abundant seed-
disperser/frugivorous species in winter, the European robin was absent, and Sylvia
warblers were uncommon. Salvage logging can thus have different effects on the seed
dispersers group depending on the altitude, probably being more detrimental for seed
dispersers in montane than in lowland forests.

The most remarkable result of our study is that seed dispersers are more abundant where
piles of burned wood are built up in large gquantities, being particularly important for
Dartford warblers, European robins and Blackcaps. The vertical structure of these piles
or barriers may give them the appearance of shrub patches and thus attract birds in early
successional vegetation stages (Herrando et al. 2009), and seemed also to be important
structures for species such as the European robin that are used to perching frequently
when foraging, or as part of their territorial behavior. Furthermore, the occurrence of
macro-arthropods in coarse wood debris (Grove 2002, Jabin et al. 2004, Varady-Szabo
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& Buddle 2006) may increase the use of piles by insectivorous species. In addition, the
preference for piles shown by frugivorous birds may have interesting ecological
implications for the seed rain process in burned and managed areas, and support the role
played by piles as seed dispersal foci (Rost et al. 2009). If dispersed seeds can
germinate and survive under piles, a positive relationship between the abundance of
fleshy-fruited plants and of frugivorous birds is likely, since piles may later host a
greater abundance of such plants, and thus become important feeding points for
frugivorous birds. However, the possible link between piles and fruit availability is a
subject still to be studied. Apart from this, another way to deal with wood debris is to
leave it scattered on the ground. Our results show that this management method did not
have a big effect on the frugivorous guild.

Building wood debris piles in burned and logged areas may therefore be an important
factor for fleshy-fruited plants, if afterwards these structures become points of high
densities of dispersed and established plants. This could lead to a heterogeneous
distribution of dispersed plant species within burned logged areas where piles have been
built up. Seed disperser birds can bring seeds from unburned neighboring areas, where
they may have eaten fruit, into burned areas (Rost et al. 2009). The arrival of migrant
frugivores and the loss of territorial behavior of local ones during winter could allow
longer dispersal distances than in spring-summer, when seed dispersal by birds takes
place only at short distances (i.e., mostly below 100 meters) (Jordano et al. 2006).
Therefore, birds attracted to burned areas by the presence of wood debris piles could
facilitate the colonization of these areas by the dispersed plant species, with possible
positive consequences for the recovery of the vegetation after fire.

The implications, suggested here, of the effect of management practices on seed
disperser birds and on the seed dispersal process, are also likely to apply to forests
altered by other harvesting practices. Common forest management measures in the
Mediterranean, such as undergrowth clearing and tree thinning, intended to produce
open forest stands for pasture, to maximize timber production or to reduce the risk of
fire by eliminating the fuel load, are likely to cause such changes. Some existing studies
of these management techniques and bird communities in the Mediterranean region
(Camprodon & Brotons 2006, De La Montafia et al. 2006) found that some major seed
dispersers (Sardinian warbler, Blackcap, Garden warbler Sylvia borin and Blackbird)
disappear or decline locally when shrub clearing and thinning occur. This may mean a
disruption in the seed dispersal process in such managed areas because of the lack of
dispersers, negatively affecting bird-dispersed plant species. In such situations, piling up
cut branches and other woody debris could therefore be seen as palliative measures,
because they may provide shrubland-dwelling seed disperser birds with some resources
that may favor their site tenacity.
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Management recommendations

Our results suggest that the abundance and distribution of bird species in burned
lowland pine forests in the western Mediterranean during the winter is strongly
influenced by the implementation of postfire forest management practices. As shown in
our results, if managers and landowners decide to harvest the burned pines, the fate of
wood debris (branches and non-profitable logs) is not a trivial issue for birds, because it
affects the abundance of major seed disperser species. Our recommendation, since
scattered wood debris has no effect on birds abundance, is to collect and heap it up in
piles of at least 0.5 m high. Around 15-25 piles/ha could be an appropriate density to
allow the persistence of seed disperser birds in winter. Furthermore, wood piles, if
found in an appropriate density, also have a positive effect on the species richness and
abundance of breeding bird species (Herrando et al. 2009), on the abundance of some
species of rodents (Haim & lzhaki 1994, Manning & Edge 2008), and even on the
European rabbit (Catalan et al. 2008, Joan Real pers. comm.), a keystone of
Mediterranean ecosystems. In most cases, the main purpose of building up wood debris
piles is to reduce soil loss by erosion (Robichaud et al. 2000), although it is not clear
that they are useful for that purpose (Raftoyannis & Spanos 1998, Marqués & Mora
1998). Nevertheless, their value for birds and other fauna would justify their inclusion
in postfire management plans aiming to restore the habitat or introduce
environmentally-friendly measures. Such practices seem feasible in public pine forests
where postfire management is not so closely linked to economic imperatives, and could
be made a requirement to obtain public subsidies for the management of private forests.
Including the building up of wood debris piles in postfire management guidelines could
thus become an important factor in helping to conserve both species and animal-
dependent ecological services in the Mediterranean region. Finally, dialogue with
landowners of burned forests is a necessary step to find ways to make economic
objectives compatible with the benefits of biodiversity, thus facilitating the maintenance
of important ecological functions such as bird-dependent seed dispersal processes.
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Abstract

The recovery of vegetation in Mediterranean ecosystems after wildfire is mostly a result
of direct regeneration, since the same species existing before the fire regenerate on-site
by seeding or resprouting. However, the possibility of plant colonization by dispersal of
seeds from unburned areas remains poorly studied. We addressed the role of the
frugivorous, bird-dependent seed dispersal (seed rain) of fleshy-fruited plants in a
burned and managed forest in the second winter after a fire, before on-site fruit
production had begun. We also assessed the effect on seed rain of different
microhabitats resulting from salvage logging (erosion barriers, standing snags, open
areas), as well as the microhabitats of unlogged patches and an unburned control forest,
taking account of the importance of perches as seed rain sites. We found considerable
seed rain by birds in the burned area. Seeds, mostly from Olive trees Olea europaea and
Evergreen pistaches Pistacia lentiscus, belonged to plants fruiting only in surrounding
unburned areas. Seed rain was heterogeneous, and depended on microhabitat, with the
highest seed density in the unburned control forest but closely followed by the wood
piles of erosion barriers. In contrast, very low densities were found under perches of
standing shags. Furthermore, frugivorous bird richness seemed to be higher in the
erosion barriers than elsewhere. Our results highlight the importance of this specific
post-fire management in bird-dependent seed rain and also may suggest a consequent
heterogeneous distribution of fleshy-fruited plants in burned and managed areas.
However, there needs to be more study of the establishment success of dispersed seeds
before an accurate assessment can be made of the role of bird-mediated seed dispersal in
post-fire regeneration.

Keywords: wildfire, frugivorous birds, seed rain, post-fire management, colonization,
microhabitat.

Introduction

Mediterranean plant communities have been defined as resilient to fire (Lavorel 1999)
because of the widespread occurrence of persistence organs and the strong recovery
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capacity found in vegetation. After a disturbance, plants regenerate by two main
strategies, resprouting and seed germination, depending on each species’ life traits
(Pausas 2001, Buhk et al. 2007). Resprouters are plants that shoot buds from
undamaged lignotuber, epicormic tissues, rhizomes, roots, etc. Seeders have dry fruits
with small seeds which germinate from the seed bank after heat stimulus caused by fire
(Verda 2000, Keeley & Fotheringham 2000). Both regeneration strategies allow most
Mediterranean plant communities to regenerate directly in a process that has been called
autosuccession, that is, the fast recovery of a plant community with the same species
pool that it had before the disturbance (Trabaud & Lepart 1980). However, not all plant
communities are capable of direct regeneration (Rodrigo et al. 2004) and even if they
were, propagule colonization could play an unnoticed role in post-disturbance
succession.

Seed dispersal, by different agents, is the natural process that is most important in
allowing plant colonization of disturbed habitats (Neeman & lIzhaki 1996). Directed
dispersal by animals towards locations with particular characteristics is fundamental for
successful seedling establishment and recruitment (Howe & Smallwood 1982, Schupp
& Fuentes 1995). In the Mediterranean Basin the fruit of most fleshy-fruited plants
ripens in autumn-winter, when it can be consumed by carnivore mammals and by
wintering and resident frugivorous birds. These endozoochorous vertebrates digest the
fruit pulp but defecate the viable seeds at some distance from the mother plant. In
general, fleshy-fruited plants have big, short-life seeds that are killed by heat, and
resprout after fire (Pausas & Verdd 2005). During the first months following the fire,
these plants dedicate their strength to vegetative growth, and most of them do not bear
fruit until more than a year after the fire. Throughout this initial period, the
endozoochorous dispersal of their seeds from unburned habitats to burned areas could
play a role in regeneration. However, this process remains to be studied (but see
Cowling et al. 1997).

The pattern and composition of the seed rain can determine the regenerative potential of
fleshy-fruited plants dispersed by endozoochorous vertebrates (Howe & Smallwood
1982, Schupp & Fuentes 1995). Factors that influence the composition of the seed rain
include the density, distribution and fecundity of the seed sources in the vicinity, the
spatial pattern of dispersal by the agents involved, and landscape features, such as perch
availability for birds, that influence seed deposition (Murray 1988, Izhaki et al. 1991).
Post-fire management, such as salvage logging operations, may take place after a forest
fire. Logging alters the habitat use of birds, including frugivorous species (Llimona et
al. 1993, Izhaki & Adar 1997, Herrando et al. in press), and could therefore affect the
quantity and spatial distribution of dispersed seeds belonging to fleshy-fruited plants.
Hence, the removal of perches (surviving trees, snags and burned branches) could be a
critical issue, because of the importance of perches in seed deposition patterns
originating from bird transport (Guevara & Laborde 1993, Pausas et al. 2006, Herrera &
Garcia 2009).
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We took advantage of a large area of Mediterranean forest and shrubland that had
recently been severely burned to investigate the magnitude of seed dispersal of fleshy-
fruited plants by birds (i.e. seed rain). Since the plants of the burned area had not yet
come to fruition during the study, all the collected seeds originated in unburned areas,
which made it possible to assess genuine seed colonization in a disturbed area. A second
aim of this study was to analyse the effects of post-fire management on seed rain by
birds. In this connection, we predicted that the removal of perches would negatively
affect the magnitude of seed rain in burned and managed forests.

Methods

Study area and post-fire management

The study was carried out in the Santa Caterina valley (3°7’ E, 42°3” N), in the Montgri
massif (Catalonia, in the north-east of the Iberian Peninsula). This is a limestone area
with a meso-Mediterranean climate. In September 2004 a wildfire burned 627 ha of
Aleppo pine forest (Pinus halepensis), shrubland, rocky outcrops and crops. It was a
severe fire which affected the forest canopy and undergrowth and caused widespread
tree mortality. The study was conducted in the second winter after the fire (winter 2006-
07) in a burned area of c. 90 ha, and in an unburned control area at a distance of 2 km
(Figure 1). The vegetation in the burned area was at an early regeneration stage and
consisted of low shrubs (Kermes oak Quercus coccifera, Evergreen pistache Pistacia
lentiscus, rock roses Cistus spp.), climbing plants (Rough bindweed Smilax aspera,
Wild madder Rubia peregrina and Wild asparagus Asparagus acutifolius) and grass
(Brachypodium retusum). Within the burned study area only one patch of 2 ha was
unburned. This patch was the nearest source of seeds (of native fleshy-fruit shrubs,
some planted olive trees Olea europaea var. europaea and European hackberries Celtis
australis). We knew this because we visually inspected the burned area and verified that
fleshy-fruited plants were not fruiting in the regenerating shrubland. The unburned
control area was an Aleppo pine forest unburned for the latest 50 years and with well-
developed undergrowth.

Most of the burned study area (c. 70 ha) was managed for timber harvesting. It was
public property so homogeneous salvage logging, consisting of felling almost all pine
snags but leaving 5-10 standing snags/ha, was carried out. Non-commercially profitable
logs and branches were piled along the contour lines in order to avoid soil erosion in
this rugged terrain. The size of these barriers ranged between 0.5 and 1 m high and 3-10
m long (Figure 2a). The density of barriers was very high in some areas, reaching 100
barriers/ha (Figure 2b). Open areas, covered by regenerated low shrub vegetation, were
found between the barriers. The rest of the burned study area (patches totalling up to 15-
20 ha) was not managed and pine snags (200-400 snags/ha) remained standing until
they fell naturally in following years. Finally, the unburned control Aleppo pine forest
was unmanaged.
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Figure 1. Left: Area burned by the 2004 wildfire (the solid line is the fire perimeter) and location of the
bird census transects in burned and unburned areas (dashed lines); the extent of pine forest is shown in
grey and the square shows the area enlarged at right. Right: location of the bird transect and seed trap
sites in the burned study area (circles: unlogged; stars: barriers; squares: open areas; triangles: isolated
trees; the last three microhabitats were located in logged areas) The two-hectare unburned patch is also
drawn.
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Figure 2. Log and branch erosion barriers in the study area. (a) A typical barrier; (b) Aerial photograph
showing the distribution of barriers (dark lines).

Frugivorous bird sampling

Bird censuses were conducted once a month, from November to February, in order to
record frugivorous species that could potentially disperse the seeds of fleshy-fruited
plants. A line transect (Bibby et al. 1992) 3.3 km long was carried out within the burned
study area (Figure 1). Approximately 40% of the total length of the transect passed
through unlogged areas, while the rest was in salvage logged areas. A second transect
(900 m long) was carried out in the unburned control area. Bird species occurrence was
recorded within a band 40 m wide on each side of the pathway. We defined three
microhabitats in the logged area: isolated snags, barriers and open areas. The location of
birds among the three microhabitats was recorded in order to assess the microhabitat use
of frugivorous species. We also classified bird species as fleshy-fruit plant dispersers in
line with the available information for the Mediterranean region in autumn-winter
(Herrera 1984, 1998).
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Management effects on seed rain

Dispersion of fleshy-fruited plant seeds by birds was assessed in the five microhabitats
resulting from management or its absence: unburned control forest, burned unlogged
forest, and isolated snags, barriers and open areas in the burned logged forest. Seeds
were collected using seed traps installed under perches from where birds could defecate.
Perches consisted of living trees, snags, isolated snags, barriers or resprouting sprouts,
depending on the microhabitat. Seed traps consisted of circular 0.07 m? plastic trays
with a height of 4 cm. Each tray was covered by a 0.7 cm? wire mesh to prevent seed
predation by rodents and birds. A sampling unit was made up of five of these traps put
together and separated by 0.5 m from each other below the same perch. Four sampling
units were set up in each microhabitat. Sampling units of the different microhabitats
were interspersed in the available area. However, as management was not under our
control, unlogged sites could not be interspersed with the other three microhabitats in
the burned area (Figure 1). Sampling units, within and among microhabitats, were
located at different distances from the nearest seed-source areas (unburned pinewood
patch and burned area perimeter), ranging between 200 and 2,500 m from these sources.
The seed traps were installed in November and checked monthly until early March.
Once the seeds had been collected, they were counted and identified using a reference
seed collection. We then obtained the dispersed seed density per plant species in each
sampling unit, by dividing the number of seeds collected by the sampling unit area.

Data analysis

We used general linear mixed models (GLMM) to assess whether the distance from the
seed source area affects the density of seeds found in traps. To this aim we used only
the microhabitats where seed rain had to come from a distant seed source, thereby,
excluding the unburned control. Seed density was the dependent variable in the GLMM,
the distances between each replicate and the seed sources were the explicative variables
and the four microhabitats from the burned area were the random factor, in order to
control their possible effect on seed rain. We tested the seed results for the native
shrubland species (Evergreen pistache, Wild asparagus, Rough bindweed and Wild
madder) together since we assumed they had a common potential origin (i.e. the
unburned patch and the unburned shrubland adjacent to the burned area perimeter). We
separately tested the seed results of the Olive trees with a potential origin in the
unburned patch and in the groves to the south and on the west side of the burned area. In
both cases we used, alternately, the minimum distance to the nearest potential source
(usually the unburned patch) and the mean distance between the two/three nearest
potential sources as the explicative variable in the model.

We also performed ANOVA tests to detect differences in seed dispersal between
microhabitats and plant species. For a first analysis, we used the seeds collected for all
the plant species together, and we conducted two more, separate, tests for the Olive tree
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and the Evergreen pistache, the two most dispersed species. In all cases, seed density
was the dependent variable and microhabitats were the categorical predictors. Post-hoc
differences were tested with Tukey tests. Seed density was square root transformed in
order to fit the normality assumption. Statistical tests were performed with
STATISTICA 8 software (StatSoft Inc. 2001). In all cases we considered P < 0.05 as
being statistically significant.

Results

Frugivorous birds

We found 25 bird species in transect censuses, eight of which have a frugivorous diet in
autumn-winter. These species were both forest species (found in the control and burned
sites) and open-habitat ones: European Robin (Erithacus rubecula), Black redstart
(Phoenicurus ochruros), Stonechat (Saxicola torquata), Blackbird (Turdus merula),
Song thrush (Turdus philomelos), Sardinian warbler (Sylvia melanocephala), Dartford
warbler (Sylvia undata) and Blackcap (Sylvia atricapilla) (Table 1). Frugivorous bird
richness reached its highest value in wood debris barriers (66.7% of the total number of
bird species), followed by open areas (46.2%), unburned control (35.3%), snags in the
unlogged area (30.0%) and isolated snags (15.4%). The eight frugivorous species were
observed in the barriers, with Sylvia warblers being especially frequent, and six of them
were found in the open area around the barriers (although less frequently), or perched
on the isolated snags of the logged area (occasionally). On the other hand, Turdus
thrushes were the only species recorded in unlogged areas.

Table 1. Frequency of occurrence of frugivorous bird species in the five microhabitats (CO: unburned
control, UN: burned unlogged, IS: isolated snags, OP: open area and BA: barriers) obtained from the four
monthly censuses.

Microhabitat

Species CO UN IS OP BA

European Robin Erithacus rubecula 0.75 0.25
Black redstart Phoenicurus ochruros 0.50 0.50
Stonechat Saxicola torquata 0.75 0.75
Blackcap Sylvia atricapilla 0.50 0.75
Sardinian warbler Sylvia melanocephala 1.00 0.25 0.25 1.00
Dartford warbler Sylvia undata 0.25 0.50 1.00
Blackbird Turdus merula 1.00 0.50 0.25 0.50
Song thrush Turdus philomelos 0.75 0.75 0.25
Total richness 5 2 2 5 8

Seed rain and management effect

We collected a total of 135 seeds of six fleshy-fruit plant species: Olive tree, N=83;
Evergreen pistache, N=37; Wild asparagus, N=10; Rough bindweed, N=2; European
hackberry, N=1; and Wild madder, N=1. The highest densities of Olive tree seeds were
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found in barriers, whereas Evergreen pistache was much more dispersed in the
unburned control forest (Table 2).

The distance from the potential seed sources to the sampling sites had no significant
effect on seed dispersal (Table 3) either for native plant species or for Olive trees.
However, microhabitat affects significantly the seed rain of olives. The ANOVA
revealed significant differences in seed dispersal between microhabitats (F4 15 = 5.18, P
< 0.01). The barrier and unburned control microhabitats had the highest values of seed
density, reaching more than ten seeds/m? in the four-month sampling period. The lowest
values were found in the burned unlogged, open area, and in especially, isolated shag
microhabitats (Figure 3). However, post-hoc testing only showed that unburned control
and barrier microhabitats were significantly different from the isolated shag
microhabitats. Nevertheless, the effect of microhabitat depended on plant species: being
significant for both Olive tree (F415 = 3.21, P = 0.04) and Evergreen pistache (F415 =
4.60, P = 0.01). Post-hoc comparisons show that significant differences existed between
barriers and selective logging microhabitats for the Olive tree, and between the
unburned control and burned unlogged, selective logging and open areas microhabitats
for the Evergreen pistache (Figure 3).

Table 2. Mean density (in seeds/m® + standard error) of fleshy fruit plant seeds collected in traps per
microhabitat (CO: unburned control, UN: burned unlogged, IS: isolated snags, OP: open area and BA:
barriers).

CO UN IS OP BA
Olive tree Olea europaea 1344+70 77849 071+0.7 849+31 19.10+79
Evergreen pistache Pistacia lentiscus 1698 +4.8 212+13 212+0.7 354+27 354+0.7
Wild asparagus Asparagus acutifolius  4.24+18 212+13 - - 2.83+£20
Rough bindweed Smilax aspera 0.71+07 - - - 0.71+0.7
European hackberry Celtis australis - - - - 0.71+£0.7
Wild madder Rubia peregrina - - - - 0.71+£0.7
12 6
A B
10 - 4
8 - 21
6 0-
6
C
4 - 4 -
2 4 ‘ 2
0 . 0 -
co UN IS oP BA CO UN IS OP BA

Figure 3. Mean density of collected seeds per square meter (square root transformed) in each
microhabitat. A: sum of all plant species; B: Olive tree seeds; C: Evergreen pistache seeds. Black bars
correspond to burned sites (CO: unburned control, UN: burned unlogged, IS: isolated snags, OP: open
area and BA: barriers). Error bars indicate standard error.
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Table 3. Linear regression analysis between seed density and distance from the nearest seed source, using
microhabitats as the random factor.

SS df F p
Native shrub species
Nearest source
Distance 8.79 1 0.66 0.432
Microhabitat 76.45 3 1.93 0.183
Average 2 nearest sources
Distance 1.10 1 0.08 0.784
Microhabitat 70.61 3 1.69 0.226
Olea europaea
Nearest source
Distance 0.31 1 2.67 0.130
Microhabitat 2.40 3 6.86 0.007
Average 3 nearest sources
Distance 0.26 1 2.17 0.169
Microhabitat 2.25 3 6.19 0.010
Discussion

Our results show that there exists a bird-dependent seed rain in Mediterranean burned
and managed forests, originating from seed sources in unburned areas. Furthermore, the
quantity of seeds coming into a burned area is not very different in magnitude from the
seed rain measured in nearby unburned forests. However, the density of seeds found in
burned logged forests was heterogeneous, which suggests that habitat and microhabitat
do have an important effect on seed rain (Debussche & Isenmann 1994, Kollmann &
Pirl 1995, Milton et al. 1997).

Seed dispersal of fleshy-fruited plants can be affected by the different occupancy of
microhabitats by frugivorous birds. The highest seed density in the burned area was
concentrated in wood barriers, which may be attributable to the frequency of
frugivorous bird species in this microhabitat. Bird species recorded in barriers usually
occur in low vegetation, such as open shrublands or forest undergrowth, and wood
barriers may favour their presence since these structures are the main perches in the
short term after fire, when shrub regeneration is still very limited. Birds may actively
use wood barriers for shelter, roosting, perching and even as feeding points. Even
without fruiting plants, coarse woody debris can be a source of macro-arthropods in
winter (Jabin et al. 2004, Varady-Szabo & Buddle 2006), and the majority of the
frugivorous species we found also have an insectivore component in their diet (Snow &
Perrins 1998). Consequently, the higher use of the barriers by frugivorous-insectivorous
birds could be the cause of the higher seed dispersion rate in this microhabitat. Besides,
such widely different microhabitats as unlogged burned patches and open areas both
show evidence of a similar seed rain. The intermediate seed density found in completely
logged areas could be due to the close proximity of barriers, from where frugivorous
birds can occasionally visit the surrounding area. This edge effect at small scale may
increase the seed rain in those open areas. In contrast, the similar seed density found in
unlogged burned patches can be explained by the fact that only thrushes were found in
such areas. On the other hand, few bird species used the isolated snags resulting from
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selective logging, probably because of the lack of a suitable canopy cover, a shag
density that is too low for thrushes, and because warblers do not usually perch on the
highest branches. Therefore, contrary to our predictions, remaining isolated snags do
not seem to act as dispersal sites for frugivorous bird depositions in such areas.
Nevertheless, we showed that the effect of microhabitat on seed rain varies with the
seed species. Such differences may stem from the local availability of each plant fruits,
since Evergreen pistache fruits are probably much more abundant in unburned control,
where seed rain has found to be higher, than Olive tree fruits, where it is not a common
plant.

The Olive tree, a cultivated variety grown in nearby groves, was the species for which
more seeds were found. Despite its high seed dispersal rate in the study area, its post-
dispersal seeding capability seems very limited in natural conditions, and it is not
considered an invasive species. Large thrushes (Song Thrush and Blackbird) are
probably responsible for the dispersal of these seeds, since the gape size of birds limits
the swallowing of large olive fruits (Rey et al. 1997). Hence, smaller frugivores should
be considered as pulp peckers (Herrera 1984, Rey & Gutiérrez 1996) and not seed
dispersers of commercial olive trees. On the other hand, the smaller fruits of native
species may have been dispersed either by thrushes or by other major frugivores
(mainly Sylvia warblers and the European Robin, see Herrera 1995). However, despite
thrushes being scarcer than other species in barriers, that is where commercial olive
seed rain reached its highest value (Table 2). Furthermore, the fact that we could not
find an effect of distance from seed sources on seed density suggests that bird dispersers
can move considerable distances between the burned and the unburned area. Jordano et
al. (2006) found that small-sized frugivores (warblers) rarely disperse seeds at more
than 100 m, and the nearest seed source was at c. 200 m to its nearest sampling unit.
This also suggests that the majority of seed dispersal in our area is attributable to
thrushes, the largest bird dispersers found in the burned area.

Bird depositions produce a directed, non-random seed rain (Murray 1988, Izhaki et al.
1991, Herrera et al. 1994). Nevertheless, the number of dispersed seeds is only a
guantitative factor (Schupp 1993) since plant recruitment depends also on the
microhabitat’s suitability for seedling emergence and establishment (the nurse-plant
effect), including factors such as competition, light intensity, temperature, soil
conditions, rodent predation and herbivore damage (Tewksbury & Lloyd 2001,
Kollmann 2000, Garcia & Obeso 2003). Although wood barriers only represent a 5-
10% of a burned and managed forest area, and therefore the absolute seed rain is
probably not higher there than over other more extensive microhabitats, barriers may be
more suitable because of their similarity to shrubs, where the germination of certain
species is higher (Garcia-Fayos & Verdd 1998). However, seed predation by rodents
tends to be more intense under shrubs than in open areas (Kollmann 1995, Hulme
1996), and wood piles can benefit certain rodents (Manning & Edge 2008). Therefore,
further investigation is needed to evaluate whether bird-dispersed seeds can successfully
establish themselves in those microhabitats so that they can act as recruitment sites for
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fleshy-fruited plants. If they could, the differential seed rain between microhabitats
would lead to a heterogeneous distribution of fleshy-fruited plants in burned and
managed areas in which a fine-grained mosaic of structures (isolated snags, wood
barriers and open areas derived from logging) occurs. In contrast to our study area,
small, privately-owned forest properties are the rule in Catalonia, a pattern that
promotes patchy management. And finally, there needs to be further investigation into
frugivorous bird distribution in autumn-winter in burned areas, in order to determine
their habitat and microhabitat relationships more accurately, and to assess the effects of
post-fire management on these species.
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Abstract

Plant dispersal and colonization are important processes in vegetation recovery after fire
and, for several species, depend on the presence of frugivorous avian seed dispersers. In
burned and salvage logged Mediterranean pine forests, the occurrence of disperser birds
is enhanced by the presence of wood debris piles built as erosion barriers, which
become seed dispersal foci. We hypothesized that the distribution of bird-dispersed
plants after fire could be determined by the presence of wood piles. We analyzed the
differences in species richness and overall cover of bird-dispersed plants, as well as the
cover of the most common species, within piles and outside of them. We also tested if
micro-environmental conditions (slope orientation and pile size) may influence plant
occurrence. We found more species and overall cover within piles, when located on
southern and south-eastern slopes, than outside of them. Moreover, taller piles showed
higher values of bird-dispersed plant cover and richness. Therefore, wood piles may
provide the necessary conditions for bird-dispersed plants’ recruitment in dry burned
areas. To our knowledge, this is the first reported man-made structure that clearly
benefits the recovery of bird-dispersed plants in burned areas, and suggests that piles
may be a useful restoration measure when logging Mediterranean burned forests.

Keywords: fire, seedling recruitment, postfire management, restoration.

Introduction

Plant regeneration strategies after fire involve resprouting from undamaged
subterraneous organs or epicormic shoots, germination of heat-resistant seed banks and
colonization from outside the burned area (Verdd 2000, Keeley & Fotheringham 2000).
Though the resilience of postfire vegetation is ensured in many ecosystems by
resprouting and germination, fire may also affect other important community processes.
Among them, dispersal and colonization can alter population dynamics and influence
the characteristics of individuals from distant origins recruited into the community
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(Loveless & Hamrick 1984, Rey & Alcantara 2000). Since plants affected by fire
initially dedicate far more effort to vegetative growth than to reproductive success, in
the first years after fire, the seed dispersal of species with short-lived, large seeds that
are killed by fire depends basically on the contribution of seed disperser animals from
unburned areas. These animals, mostly frugivorous birds and some carnivorous
mammals, contribute to seed dispersal by eating the fruit and defecating the seed
afterwards (Herrera 1989, Herrera 1995). Alternatively, seeds may be transported
directly to other areas (e.g., by ants) (Aronne & Wilcock 1994, Bas et al. 2009).

The drastic habitat alteration induced by fire causes changes in the distribution of
Mediterranean avian seed dispersers (e.g. Pons & Prodon 1996, Herrando et al. 2003,
Jacquet & Prodon 2009). Furthermore, in the Mediterranean basin, after pine forests
burn they are usually salvage logged, a measure intended to harvest the profitable
timber and minimize the economic losses caused by fire. Such postfire management
constitutes a second disturbance within a short time interval, especially intense in
clearcuts where the previous burned forest is turned into a fine-grained mosaic of
grassland and shrubland. This additional habitat change also affects frugivorous bird
dispersers, and its impact depends on altitude and on the habitat preferences of each
species. For instance, in montane areas of southern Spain, Castro et al. (2010) reported
a strong negative effect of salvage logging on bird dispersers, consisting mainly of
Turdus thrushes. In contrast, in lowland Mediterranean burned areas, the most abundant
frugivorous dispersers are Sylvia warblers (Herrando et al. 2003, Jacquet & Prodon
2009), which prefer the shrubland areas in the open habitat created by salvage logging
rather than unlogged areas (lzhaki & Adar, 1997). Nevertheless, the regenerated
shrubland is suitable for lowland dispersers only after significant vertical regrowth has
taken place. Therefore, changes in the abundance and distribution of dispersers in
recently-burned environments may hinder the seed dispersal of fleshy-fruited plants,
whose regeneration in burned habitats is restricted to resprouting or to germination from
a seed bank, with consequent limits on the recruitment of individuals from distant areas.

However, the management of wood debris that is not commercially profitable (branches
and the thinnest pine logs) appears to be a key issue in terms of the persistence of avian
seed dispersers in burned and logged pine forests (Rost et al. 2010). Whenever wood
debris is not completely removed from the burned area (e.g. to produce biomass fuel), it
may be left scattered on the ground, or in some cases heaped up into piles, which are
sometimes built into log or branch erosion barriers, aimed at helping the restoration
process (Robichaud et al. 2000). The construction of such barriers, designed to prevent
erosion by runoff, is a relatively rare practice in burned and logged pine forests in the
Mediterranean basin, and their effectiveness in reducing runoff is variable, depending
on factors such as structural design, the combination with other mitigation treatments,
the characteristics of the terrain and rainfall intensity (Marques & Mora 1998, deWolfe
et al. 2008, Robichaud et al. 2008). However, piles made up of logs and branches are a
key microhabitat for frugivorous birds, which use them for foraging, perching and
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shelter even quite soon after fire, when vegetation regrowth is just beginning (Rost et al.
2009).

The frequent use of wood piles by frugivorous birds may be behind the high density of
dispersed seeds found beneath piles in burned and logged forests, which is equivalent to
that found in unburned forests (Rost et al. 2009). The role of wood debris piles as seed
dispersal foci suggests important consequences for the distribution of dispersed species
in burned areas. If a significant part of dispersed seeds can be successfully established,
this microhabitat-dependent seed rain may result in more individuals of bird-dispersed
species being found in wood piles than in other microhabitats, which may mean a future
heterogeneous plant distribution in areas where wood piles have been created. On a
broader scale, this would indicate that burned and logged areas where such piles have
been built up may hold more diverse plant communities than areas lacking these
structures. Moreover, taking into account that dispersed plants produce fleshy fruits that
are consumed (and dispersed) by several animal species, the effect of building wood
piles may have implications at the ecosystem level. However, the establishment of
dispersed seeds under piles will depend on various post-dispersal factors, such as seed
predation rates, germination and emergence success, and seedling survival, all of which
are shaped by many different habitat and microhabitat conditions (Kollmann et al.
2000).

The aims of this study were to test the following hypotheses: 1) bird-dispersed plant
species will be more abundant within wood piles than outside of them and 2) extrinsic
micro-environmental conditions (i.e. the orientation of the terrain slope) and intrinsic
ones (such as the size of the piles) will have an influence in the effect that wood piles
have on the establishment of dispersed plants and their distribution in burned and
logged Mediterranean pine forests.

Methods

Study area

The study was conducted in Catalonia (NE Iberia), in three burned Aleppo pine (Pinus
halepensis) forest sites: Montgri (henceforth MO; 42°3°34” N, 3°7°22”E), Sant Lloreng
(SL; 41°40°55” N, 02°1°’53”E) and Cardona (CA; 41°54°31” N, 1°43°17” E). Since
building wood debris piles into erosion barriers is, at present, uncommon in the study
region, we could only find cases of this practice in these three recently-burned sites. All
three sites have a Mediterranean climate (mean annual rainfall c. 600 mm, mean annual
temperature 13-15°C, with MO being slightly warmer than SL and CA). The substrate
in MO and CA consists of limestone, while in SL it is sedimentary. CA burned in 2005
(1,438 ha), MO in 2004 (627 ha) and SL in 2003 (4,559 ha). All were severe canopy
wildfires that killed the majority of pines and, after the fire, the majority of the snags
were salvage logged. In certain areas of each site (20 ha in MO, 6 ha in SL and 5 ha in
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CA), wood debris piles were built into log erosion barriers. The density of piles in these
areas was high, reaching 100 piles/ha (Figure 1). Piles were set up at about 10 m apart
between each other, had an average length of 7.4 m (x0.4 SE), an average height of 0.5
m (£1.3 SE) and an approximate width of 1 m.

855 S . i sl e
Figure 1. Photograph showing an area where wood piles were built (courtesy of Alex Rollan and Joan
Real, Equip de Biologia de la Conservacié-Universitat de Barcelona).

Sampling design and field methods

We surveyed two areas in the MO burned area, one on a northern slope (8 ha), the other
on a southern slope (8.5 ha) and two more areas in CA (1.5 ha) and SL (1.6 ha), both on
south-eastern slopes. Unfortunately, in choosing these areas we were limited by the
availability of areas where piles had been built, which did not occur in the same slopes
in all sites. This fact made impossible to replicate adequately these conditions and
therefore, to separate the effect of slope and site, an issue that we have to consider when
interpreting the results. In each area, we sampled fleshy-fruited plant species in 100
sampling stations, 50 of them within piles (in-pile) and the other 50 outside of piles
(out-pile). We used a UTM coordinate grid drawn on an aerial photograph of each pile
area to locate the sampling stations, which were situated in the intersection of the grid
lines. In MO, the grid was 50x50 m in size, while in CA and SL it was 25x25 m, due to
the more reduced extent of the pile area. After finding each grid intersection (by GPS),
the pile-out sampling station was placed in the exact intersection coordinates and the in-
pile station was set in the nearest pile, with the condition that it was at least at 5 m from
the out-pile point. When the intersection coordinates coincided with a pile, this point
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became an in-pile station, while the out-pile station was set 5 m north from the pile, an
orientation chosen with the purpose of standardizing the procedure. The 5 m distance
was intended to reduce any possible influence between in-pile and out-pile paired
stations, and was chosen considering that piles were set up with an approximate
separation of 10 m to each other, thus being 5 m the maximum possible distance
between an out-pile station and its paired in-pile one. We sampled fleshy-fruited plant
cover at each station with a 1x1 m square delimiting a grid of 25 10x10 cm squares. The
1x1 m square was placed four times per station (two to the left and two to the right,
starting from the station center and adjacent to each other), which made for a total of
100 squares per station. For each sampling station, we recorded the presence of fleshy-
fruited plants in every 10x10 cm square, and then calculated the frequency of each bird-
dispersed plant species cover in each station as the number of squares with presence of
the species on the 100 squares. Furthermore, we measured the height of each pile in
order to assess if pile height had an effect on fleshy-fruited plant cover. At each in-pile
station, we measured pile height at four points, each one coinciding with the center of
the four cover measurements (i.e. each point separated by 1 m from the next), and
obtained the average height of each pile, which we used for further analyses. Sampling
was carried out in the spring of 2009, between four and six years after fire, depending
on the site.

Data analysis

We analyzed the effect of piles and pile height on species richness of fleshy fruited
plants and total cover, as well as on the cover of the most common species (those
occurring in more than 10% of the stations of a given pile area; N>10). When a species
was absent from one site we excluded this site from the analysis. When analyzing two
or three sites, we used generalized linear mixed models (GLMM), with site included as
a random factor in order to control for spatial-associated variability. When only one site
was analyzed, generalized linear models (GLM) were performed. Pile (in-pile/out-pile)
was a fixed- effects factor in all analyses. Slope (N, S or SE) was also included as a
fixed-effects factor if the analyzed data included more than one slope category. In that
case, pile was included in the analysis nested within slope. We used the same analysis
structure for pile height, but excluded all out-pile stations. In both analyses, we selected
a Poisson error distribution —or quasipoisson when the first was overdispersed
(Crawley, 2000)— and a log link. For the GLMM, we used the PQL approximation. All
analyses were performed with the R 2.9.2 (R Development Core Team 2009) program.
We took p<0.05 as being statistically significant in all cases.
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Table 1. Percentage of occurrence of fleshy fruited plants in the stations, calculated from 50 pile-in (in)
and 50 pile-out (out) stations per site. Site’s slope shown in parenthesis.

Sites: MO (N) MO (S) SL (SE) CA (SE)
Scientific name Common name in out in  out In  out in out
Rubia peregrina Wild madder 74 56 84 46 72 40 78 34
Asparagus acutifolius  Wild asparagus 60 62 48 36 12 4 0 0
Smilax aspera Rough bindweed 56 54 22 12 10 6 0 0
Lonicera implexa Evergreen honeysuckle 32 42 6 2 8 4 0 0
Rubus ulmifolius Bramble 6 4 0 0 28 20 20 2
Pistacia lentiscus Lentisk 6 0 0 0 14 10 16 8
Rhamnus alaternus Evergreen buckthorn 4 4 4 0 10 4 0 0
Ligustrum vulgare Wild privet 0 0 0 0 10 10 0 0
Daphne gnidium Spurge-flax 0 0 0 0 8 8 0 0
Arbutus unedo Strawberry tree 0 0 0 0 0 0 4 10
Crataegus monogyna  Hawthorn 8 4 0 0 0 0 0 0
Ruscus aculeatus Butcher’s broom 0 8 0 0 2 0 0 0
Phyllirea latifolia Mock privet 2 6 0 0 0 0 0 0
Juniperus oxycedrus  Prickly juniper 0 0 0 0 0 2 2 2
Olea europaea Olive tree 2 4 0 0 0 0 0 0
Rosa sempervirens Evergreen rose 0 4 0 0 2 0 0 0
Viburnum tinus Laurestine 4 2 0 0 0 0 0 0
Pistacia terebinthus ~ Terebinth tree 0 2 0 0 0 0 0 0
Prunus spinosa Blackthorn 0 0 0 0 0 0 2 0
Results

We found 19 plant species with fleshy fruit, potentially dispersed by birds (Table 1).
The six most common species were Rubia peregrina, Asparagus acutifolius, Smilax
aspera, Lonicera implexa, Rubus ulmifolius and Pistacia lentiscus, and their cover was
analyzed individually.

The GLMM and GLM results showed a positive and significant effect of piles on the
species richness of fleshy-fruited plants, on all fleshy-fruited plant cover and on Rubia
peregrina, Asparagus acutifolius and Rubus ulmifolius cover (Table 2). We observed
that slope orientation had a strong influence on the effect that the wood piles had on
species richness, total fleshy-fruited plant cover and A. acutifolius cover. In these cases,
southern and south-eastern slopes showed higher in-pile than out-pile values, whereas in
stations located on northern slopes, we did not observe such differences (Figure 2).
However, we did not find any influence of slope in the case of R. peregrina cover.

Furthermore, we found a positive effect of pile height on richness, total cover and A.
acutifolius cover and this also depended on slope orientation, since this positive effect
was only observed in southern and south-eastern slopes and not in northern ones (Figure
3).
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Discussion

We found that the distribution of some bird-dispersed plants in burned and logged pine
forests is highly influenced by new structures created by postfire management. Our
results show that the presence of wood debris piles is favorable to the abundance of, at
least, Rubia peregrina, Asparagus acutifolius and Rubus ulmifolius —species which are
likely to be far less represented in the absence of piles, especially in southern and south-
eastern slopes. This is a remarkable result, because it means that a man-made structure
can help the recovery of several Mediterranean plant species after fire and postfire
management. Although it was not possible to know if the individuals established
beneath piles were actually regenerated from a bird-dispersed seed or by resprouting,
we found that —whatever the regeneration strategy used— piles favored a greater bird-
dispersed plant cover.

The success of the plant recruitment process in its different stages (seed dispersal, seed
survival, germination, seedling survival and establishment) depends on several factors
that are determined by habitat and microhabitat quality, e.g. the presence of seed or
seedling predators, soil characteristics, distance from parent plant or presence of perches
(Kollmann 2000, Gomez-Aparicio 2008). Although being aware of the lack of
independence in our data, which does not effectively allow to separate the effects of
slope and site, the fact that the positive effect of wood piles was found only in southern
and south-eastern slopes but not in the northern slope area, suggests that the orientation
can influence the effect of piles on plant cover. In areas oriented to the south, irradiance
is higher and soil is usually thinner, with higher temperature and lower humidity than in
northern slopes, where vegetation regenerates faster after fire (Raftoyannis & Spanos
2005). Southern slope soils are probably less suitable for seed germination and seedling
emergence because water availability in the soil is critical in this process (Evans &
Etherington 1990). However, on these drier slopes, soil under wood piles may present
different micro-environmental conditions than those of the surrounding ground in the
short time after fire, such as, for example, much lower irradiance. Therefore, the soil
would be more humid and less compact, as is the case beneath nurse shrubs (Verdu &
Garcia-Fayos 1996, Garcia-Fayos & Verdu 1998, Gomez-Aparicio 2008), creating a
favorable situation for seed germination and seedling establishment. The fact that the
cover of bird-dispersed plants was almost as high in piles situated in southern slopes as
it is in northern slopes (either in piles or outside them) would support this idea. If so,
such effect could be independent of the plant dispersal strategy, being likely to be
observed in other species as well, which could be worth to be investigated in the future.
The fact that taller piles have a greater effect on fleshy-fruited species richness and
cover (Figure 3) may also be related to this effect, since taller piles may maintain better
micro-environmental conditions for seed germination than shorter piles. On the other
hand, on northern slopes, R. peregrina was the only species that was positively affected
by slash piles. This may indicate that this species would not be as influenced by
different micro-environmental conditions between slopes as other plant species. The
larger cover of this species in piles may be more related to other positive effects of piles
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Table 2. Effect of pile presence and pile height on seven response variables (richness, total cover, and six
fleshy-fruited species), in each slope (N, S and SE). Significant results are highlighted in bold. We also

present the model estimate in order to show the sign of each effect.

N S SE
In/out of pile Estimate p Estimate p Estimate p
Richness 0.007  0.944 0.535  0.001 0.579 <0.001
Total cover 0.135  0.479 1.245 <0.001 0.552  0.001
Rubia peregrina 1.163 <0.01 1.826 <0.001 1.313 <0.001
Asparagus acutifolius 0.216 0.445 0.683 0.040 - -
Smilax aspera -0.105 0.765 0.971 0.082 - -
Lonicera implexa -0.719 0.067 - - - -
Rubus ulmifolius - - - - 0.990 0.039
Pistacia lentiscus - - - - -0.402 0.458
Pile height Estimate p Estimate p Estimate p
Richness -0.003  0.531 0.021  0.018 -0.005  0.302
Total cover -0.001  0.370 0.023  0.041 -0.001  0.930
Rubia peregrina -0.018  0.117 0.007  0.591 0.002  0.713
Asparagus acutifolius 0.005 0.639 0.060 0.001 - -
Smilax aspera 0.000 0.986 0.029 0.306 - -
Lonicera implexa -0.032 0.064 - - - -
Rubus ulmifolius - - - - 0.004 0.742
Pistacia lentiscus - - - - 0.023 0.251
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Figure 2. Mean richness, total cover and covers of Rubia peregrina, Asparagus acutifolius and Rubus
ulmifolius outside of piles (grey bars) or within piles (black bars), on each slope (N: north, S: south and
SE: south-east). Error bars show standard error and significant effects are shown with an asterisk.
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on species recruitment, e.g. a greater seed rain in these structures, the fact that it is a
climbing plant and the piles provide structural support for its growth, reduced
competition with heliophilous shrubland species beneath these piles, or some possible
role of piles in preventing seed and seedling predation.

In fact, wood piles may have an important influence on post-dispersal seed predation
and seedling predation in recently burned areas. The closed structure of these piles may
offer protection to seeds against granivorous birds, which can be abundant after fire
(Thibault & Prodon 2006), and ungulates, as has been seen in the case of wild boar (Sus
scrofa), which cannot easily reach the diaspores if they are situated under a layer of
wood debris (Puerta-Pifiero et al. 2010). However, in burned Mediterranean forests, the
predation pressure exerted by these groups on seeds appears to be less than that of ants
and rodents (Ordo6fiez & Retana 2004, Puerta-Pifiero et al. 2010) and wood piles do not
offer much protection against ants and rodents. Predation by rodents is usually higher in
protected microhabitats than it is in open sites while the contrary happens with
granivorous or harvester ants (Hulme 1997), although in early successional habitats,
granivorous ants do not show clear microhabitat preferences (Rey et al. 2002). This
could mean that both rodents and ants may be important seed predators under piles.
Moreover, wood piles may represent important shelters for rabbits (Rollan & Real
2010) and therefore there may be significant seedling predation by these herbivores
beneath the piles. However, recruitment is determined by seed and seedling predation
only in seed-limited areas, while predation has a minimal effect in safe sites where
recruitment is not seed-limited (Andersen 1989, Calvifio-Cancela 2007). The high
density of dispersed seeds found below wood piles compared to other microhabitats of
burned and unburned Mediterranean pine forests (Rost et al. 2009) would support the
idea that the piles do not show seed limitation. Therefore, if we can consider them as
safe sites, predation would not be a determinant constraint for seedling recruitment.

On the other hand, if wood debris piles were useful for reducing soil erosion by runoff,
richer soils would be found under piles than elsewhere, which would also favor plant
establishment. Moreover, whatever the effect against erosion, the attraction of birds to
branch piles, as perches or as a foraging microhabitat (Rost et al. 2010), would mean
that the soil under the piles will also be richer because of fertilization by bird droppings.

In turn, a higher abundance of fleshy-fruited plants in wood piles implies that, in the
future, such structures may represent important food resources for fruit-eating fauna
(and also other species that depend on such fauna) —food that is otherwise scarce,
especially in the driest areas. If frugivorous disperser birds have an important role in
determining the presence of these plants in burned areas (Rost et al. 2009), the same
bird species responsible for the establishment of certain fleshy-fruited plants will benefit
in the future from the process they started some years before.

In conclusion, tall piles of wood debris built in burned areas, intended to prevent soil
erosion, may have other unplanned restoration results, such as facilitating the
regeneration of fleshy-fruited plant species. This process was found to be especially
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Figure 3. Effect of wood pile height on richness, total cover and covers of Rubia peregrina and

Asparagus acutifolius, on southern slopes. Significant relationships (p<0.05) are shown with an asterisk.

important on southern slopes —with more stressful conditions regarding water
availability— where the presence of a favorable micro-environment under piles could
determine the abundance of such plants, an interesting point that needs to be confirmed
by further experimental research. Therefore, piles can represent safe sites for fleshy-
fruited, bird-dispersed plant germination, seedling survival and establishment in burned
areas, as well as being important seed dispersal foci in the same environments. It also
brings potential benefits for fruit-eating fauna in burned areas. Therefore, we highly
recommend including the creation of wood piles in the management and restoration
strategies of burned and logged Mediterranean pine forests.
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DISCUSSIO GENERAL | CONCLUSIONS

El conjunt de treballs presentats en aquesta tesi estudien com és I’efecte de dues
pertorbacions severes, el foc i la tala dels arbres després de I’incendi, sobre 1’avifauna i
sobre alguns processos ecologics que en depenen. Els resultats obtinguts posen de
manifest la importancia que té la gestio forestal post-incendi, pel gran canvi que es
produeix en I’habitat que es tradueix en un canvi molt significatiu en la comunitat
d’ocells que ocupa aquestes arees i que afecta processos a nivell d’ecosistema on elS
ocells estan implicats. Les estructures resultants de la gestio (com els pilons de
branques) influeixen també en 1’Gs que fan els ocells de I’habitat, la qual cosa
repercuteix en processos on aquests interactuen amb altres espécies, com la dispersio de
llavors d’algunes plantes. Per tant, els resultats recollits en aquesta tesi son rellevants
atés que aporten informacié nova i aplicada, que pot ser utilitzada per millorar els
criteris actuals de gestié post-incendi dels boscos mediterranis. A continuacié es
discuteixen i es relacionen els resultats dels diferents capitols d’aquesta tesi, i es
proposen recomanacions concretes de gestio.

La resposta de I'avifauna a dues pertorbacions severes

La resposta de la fauna a les pertorbacions ecologiques depén basicament de la
magnitud o severitat d’aquestes (Karr & Freemark 1985). Les respostes poden anar des
de petites modificacions fisiologiques a nivell individual fins a canvis a nivell de
poblacié (densitat, reproduccid, distribucié espacial, probabilitat d’extincio,...), de
comunitat (composici6 d’especies, estructura trofica,..) 1 fins i tot a nivell d’ecosistema,
si la resposta de les espécies afecta processos en els que aquestes estan implicades (Karr
& Freemark 1985). En el cas de ’avifauna, I’efecte d’una pertorbacié com el foc en
ecosistemes forestals ja és forca conegut, i implica canvis importants tan a nivell
poblacional com de comunitat (Hutto 1995, Herrando et al. 2003, Jacquet & Prodon
2009); uns canvis que estan modulats per la severitat del foc (Barlow & Peres 2004,
Smucker et al. 2005).

Si al foc s’hi suma una segona pertorbacié de la magnitud d’una tala post-incendi, la
transformacié de 1’habitat és encara més drastica i produeix canvis encara més
pronunciats a nivell poblacional i de comunitat, com mostren els resultats dels capitols 1
i 3 d’aquesta tesi i com han provat estudis anteriors (Morissette et al. 2002, Izhaki &
Adar 1997, Castro et al. 2010). A nivell poblacional, la preséncia de moltes espécies (de
fet, la majoria d’elles) depén de la tala post-incendi, algunes de les quals colonitzen el
nou habitat o s’extingeixen localment després de la intervencio. A nivell de comunitat,
aquestes respostes poblacionals es visualitzen en un canvi important i rapid en la
composicid d’especies.

Per altra banda, I’estudi d’ambdues pertorbacions dut a terme al capitol 1 permet veure
com és el seu efecte, tant per separat com de manera combinada, sobre les especies i
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sobre la comunitat d’ocells. Tot i I’important efecte de la tala en la preséncia de la
majoria d’espécies, i per tant en la composicié de la comunitat, altres parametres com la
riquesa i I’abundancia es veuen més afectats pel pas del temps des del foc. Aquesta
estabilitat en riquesa i densitat desprées de la tala ja havia estat observada per Izhaki &
Adar (1997) a I’est del Mediterrani, també en pinedes de pi blanc de terra baixa (a uns
300 m s.n.m.). Tanmateix, en boscos de pi situats a més altitud (1.500-2.000 m), Castro
et al. (2010) van observar que tant la riquesa com 1’abundancia d’ocells disminuien
després de la tala, cosa que podria estar relacionada amb una major lentitud de
colonitzacié d’ambients cremats a muntanya per part dels ocells d’espais oberts, on
arriben a les seves maximes abundancies més tard que a terra baixa, entre una i dues
décades despreés del foc (Pons & Clavero 2010, dades del Pirineu).

D’altra banda, I’efecte d’aquestes dues pertorbacions és diferent segons el grup
d’espécies estudiat. Separant aquestes en forestals i d’espais oberts-agricoles, es posa de
manifest com les primeres disminueixen tant si es tallen els arbres com si no es fa. Per
tant, el canvi d’habitat causat pel foc, en si mateix ja implica que la densitat d’aquestes
especies disminueixi des del primer any després del foc. Per contra, si bé 1’obertura de
I’habitat causada pel foc també beneficia les espécies d’espais oberts (presents també en
zones no talades), aquestes es veuen meés clarament beneficiades per la tala dels arbres,
augmentant especialment en densitat durant el segon i tercer any en aquells llocs que
s’han talat. En global, aquest increment és de prop del 70%, i possiblement es degui a la
combinacid de la continuacié de la colonitzacio i de la reproduccié local de la poblacié
que havia colonitzat 1’area durant el primer i segon any després del foc, anys entre els
quals la seva densitat varia molt menys. Aquest fet probablement sigui la causa que
també els valors de riquesa i densitat millorin entre la segona i la tercera primavera,
respecte del pas entre la primera i la segona; un fet especialment obvi en els indrets on
els arbres cremats es van tallar.

Per altra banda, seria d’esperar que els canvis en 1’avifauna que tenen lloc a nivell de
poblacio 1 comunitat es traduissin en canvis en aquells processos de 1’ecosistema on
participen els ocells. La dispersio de llavors és un d’aquests processos, en el que els
ocells frugivors tenen un paper important en ecosistemes mediterranis (Herrera 1984).
Tanmateix, aquest tipus de mutualismes planta-animal es poden veure interromputs
quan una pertorbacio afecta 1’espécie dispersora (e.g. mamifers, cacera i fragmentacio:
Peterson et al. 1998, Wright & Duber 2001; réptils i introduccid d’espécies exotiques:
Traveset & Riera 2005). Tanmateix fins el moment no hi havia informacio sobre com
influeixen dues pertorbacions com el foc i la gestié forestal posterior sobre la dispersio
de llavors per ocells, tot i que és un tema ja plantejat per alguns autors (e.g. Castro et al.
2010). Com mostren els resultats dels capitols 3, 4 i 5 d’aquesta tesi, la transformacié de
I’habitat i la disponibilitat o no de certes estructures com a resultat tan del foc com de la
gestid posterior tenen un efecte important sobre aquest procés. Tanmateix, és interessant
(i atil de cara a la gestid) el fet que siguin estructures com els pilons de branques, que
podriem qualificar d’artificials, les que afavoreixin la dispersio de llavors per ocells
frugivors, i no tant els arbres que es deixen de tallar, que sovint han estat considerats
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elements importants per a la fauna (Hutto 2006). Aquests resultats i les seves
implicacions es comenten amb més detall més endavant.

Canvis d’espécies i implicacions de conservacio

Com es descriu als capitols 1 1 3, el canvi drastic en I’estructura de I’habitat que es
produeix com a resultat de la tala post-incendi és el factor que determina de manera més
important la composicié de la comunitat d’ocells a curt terme, en boscos de pi blanc
cremats. La preséncia de més de la meitat de les espécies més freqiients d’aquestes
zones es veu condicionada per la tala o no dels arbres cremats, tant a 1’¢poca
reproductora com a I’hivern. D’aquestes espécies, les que es veuen afectades de manera
més negativa son les de requeriments meés forestals, les quals necessiten la presencia
d’arbres cremats per tal de mantenir-se després de 1’incendi (Llimona et al. 1993, 1zhaki
& Adar 1997, Kotliar et al. 2002, Morisette et al. 2002). En aquest sentit, com es mostra
al capitol 2, les espécies més perjudicades per la tala post-incendi s6n, concretament, les
que més depenen dels arbres cremats com a lloc potencial de nidificacio, d’alimentacio
0 com a component estructural del seu habitat, en un patr6 que es manté entre regions
biogeografiques diferents, com la Conca Mediterrania i les Muntanyes Rocalloses nord-
americanes.

No obstant, també hi ha una bona quantitat d’ocells que es beneficien de la tala dels pins
cremats. Es tracta d’especies propies de zones agricoles i altres ambients oberts amb
relativament poca cobertura de vegetacid, caracteristiques que es troben en les zones
cremades durant els primers anys després del foc. Aquestes espécies tenen capacitat per
colonitzar arees cremades (Herrando et al. 2002, Pons & Bas 2005, Brotons et al. 2008)
en el cas de tenir poblacions relativament properes a I’incendi (Brotons et al. 2005).
Com mostren els resultats del capitol 1, la tala dels arbres potencia la preséncia d’aquest
grup d’ocells d’espais oberts. Aquestes especies colonitzen el nou habitat molt
rapidament, trobant-s’hi ja durant la primavera segiient a la tala. En qualsevol cas, la
tala post-incendi causa una substitucié clara d’espécies, malgrat que no s’observi una
davallada en el nombre net d’especies ni en la densitat d’ocells, en el global dels tres
anys després del foc.

D’altra banda, en el capitol 1 també es descriu com aquest canvi de la composicid
d’espécies fa canviar també I’index de conservacié de la comunitat. L’eliminacio dels
arbres cremats té com a conseqiiéncia un augment en el valor de conservacio de la
comunitat d’ocells, beneficiant un conjunt d’espeécies d’espais oberts i agricoles que
presenten un estatus de conservacio forca desfavorable a escala europea (e.g. el trobat
Anthus campestris, el cruixidell Miliaria calandra, el cotoliu Lullula arborea o el
passerell Carduelis cannabina; BirdLife International 2004). Les espécies d’ambients
agricoles, especialment, han experimentat una davallada molt important a gairebe tot
Europa des dels anys 80, que oscil-la entre un 53% i un 25% de la seva poblacid
(PECBMS 2009). Les causes d’aquest declivi s’atribueixen, per una part, a canvis en la
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Figura 1. El cotoliu Lullula arborea és un ocell tipic d’espais oberts, que es veu afavorit per la tala dels
pins cremats. A més a més, aquesta espécie té un estatus de conservacio desfavorable a Europa.

gestid de D’agricultura, que s’ha intensificat 1 especialitzat. Aix0 ha comportat una
tendencia a la homogenitzacié de conreus, la perdua de marges, de guarets i de prats, i
un increment en la utilitzacié de pesticides i fertilitzants (Donald et al. 2001). D’altra
banda, els canvis en els usos del sol també han jugat un paper en la pérdua d’habitat per
a aquestes espécies. L’abandonament de les activitats agraries i el despoblament de
zones rurals, especialment en els relleus i les arees mées improductives de tot Europa, ha
portat a que zones antigament cultivades s’hagin convertit en boscos i matollars. Amb
aquesta transformacio, els ocells lligats a espais oberts han perdut part del seu antic
habitat (Preiss et al. 1997, Sirami et al. 2007). Amb criteris de conservacié europeus,
per tant, es pot dir que la tala post-incendi pot ser una gestié de 1’habitat positiva per a
la conservaci6 dels ocells d’ambients oberts, almenys en zones de mosaic agro-forestal
com les estudiades, on les poblacions font d’espécies colonitzadores es troben a poca
distancia de la zona cremada. De tota manera, aquest efecte és relativament efimer,
limitat només als primers anys després del foc. Després, la regeneracio progressiva de la
vegetacio —que sera més o menys rapida en funcié de I’aridesa de la zona- porta a un
tancament del matollar que fa que 1’habitat deixi de ser tan favorable per a especies
d’espais oberts, beneficiant a tallarols i altres ocells propis de la brolla (Jacquet &
Prodon 2009, Pons & Clavero 2010). D’aquestes espécies de matollar, per cert, la
tallareta cuallarga Sylvia undata és 1’ocell que té un estatus de conservacid més
preocupant d’entre totes les espécies trobades en aquesta tesi: es troba com a proper a
I’amenaga a nivell global (BirdLife International 2008). Aquest ocell, tot i que no esta
afectat positivament per la tala post-incendi a la primavera, a I’hivern si que prefereix
zones cremades sense pins drets i amb pilons de branques, com es veu al capitol 3, de
manera que la tala post-incendi no la perjudicaria, siné6 més aviat el contrari.

Malgrat tot, també hi ha espécies amb un estatus de conservaci6 desfavorable a Europa i
que es veuen perjudicades per la tala post-incendi. Aquest és el cas de la tortora
Streptopelia turtur, molt afectada per la tala com es veu al capitol 1, de la mallerenga
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emplomallada Parus cristatus i del papamosques gris Muscicapa striata, que estan
relacionats amb la preséncia de peus cremats drets. En qualsevol cas, si les zones talades
son un habitat poc favorable per a aquests ocells respecte de zones no talades, es pot
afirmar el mateix en comparar pinedes cremades amb no cremades, on s6n molt més
abundants (Herrando et al. 2003, Ukmar et al. 2007). De fet, la tértora no es pot
considerar un ocell estrictament forestal, sind6 més aviat propi de zones “de mosaic” on
s’intercalen boscos 1 altres tipus d’habitat, especialment zones obertes (Snow & Perrins
1998), de manera que una certa extensio d’aquestes arees obertes resultat del foc i de la
tala podria no ser-li tan negativa. Tampoc es pot descartar que la tortora aprofiti els
claps de pins no cremats que van quedar dins del perimetre dels incendis com a llocs de
nidificacio, i que utilitzi les zones més obertes per alimentar-se. Les mallerengues, al
seu torn, van ser observades alimentant-se de les restes de pinyons que encara quedaven
als pins cremats. Desconeixem, pero, quin éxit poden tenir com a reproductores dins la
zona cremada, on els recursos per a ocells que s’alimenten a les capcades, com aquest,
poden ser escassos. D’altra banda, considerant una escala més amplia que la del propi
bosc cremat, i en un context de canvi d’usos del sol on la superficie forestal va en
augment, la preséncia d’aquestes especies més forestals probablement no es vegi massa
compromesa per la tala de boscos cremats. En qualsevol cas, seria molt interessant
realitzar estudis més concrets i a diferents escales per veure com el foc i la tala afecten
realment 1’Gs de I’habitat que fan aquestes 1 altres especies d’ocells forestals.

o«
Figura 2. La mallerenga emplomallada Parus cristatus és una espéecie de requeriments més aviat forestals
que esta en una situacié de conservacié desfavorable a Europa, i que és present a les pinedes cremades.

Tanmateix, les conclusions relatives a I’efecte de la tala post-incendi sobre temes de
conservacio podrien haver estat unes altres d’haver treballat amb uns criteris diferents
dels del SPEC europeu. A nivell catala o espanyol, per exemple, la majoria d’ocells
d’espais oberts no presenten tendeéncies poblacionals negatives —alguns fins i tot
augmenten- ni estan amenacats a aquesta escala (Marti & del Moral 2003, Estrada et al.
2004, ICO 2010). Per queé utilitzar el criteri SPEC i no criteris de Ilista vermella UICN a
Catalunya o Espanya, per exemple? En primer lloc, utilitzar una escala regional
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continental té 1’avantatge d’evitar el considerar com a amenagada una espécie que pot
ser molt escassa a una escala local pero que a una escala més gran no té problemes
greus de conservacio, i que per tant, no hauria de rebre esfor¢os excessius per mantenir-
la. Per altra banda, el sistema SPEC, té en compte la categoritzacié de la llista vermella
regional europea (IUCN 2003), I’amplia i adapta el grau d’informacio disponible per a
les poblacions europees, incloent, per exemple, tendencies poblacionals meés llargues o
definint categories amb llindars de declivi més baixos. D’aquesta manera, especies que
no estan amenacades segons els criteris de llista vermella regional, per exemple per
haver tingut tendencies poblacionals estables en els darrers deu anys o tres generacions
(IUCN 2001), perd que no s’han recuperat de declivis importants anteriors, apareixerien
amb estatus desfavorable segons els criteris SPEC. Finalment, el sistema SPEC té la
virtut de la simplicitat, classificant les espécies en quatre categories segons si el seu
estatus és favorable o no, segons la responsabilitat d’Europa en la seva conservacio, i
segons si I’espécie esta amenacada a nivell global (BirdLife International 2004). Per tot
aixo, un index de conservacio basat en els criteris SPEC pot ser més adequat que un de
basat en altres sistemes de categoritzacié o en ambits geografics més restringits.

De totes maneres, és interessant posar les tendéncies dels ocells d’espais oberts, que ara
son objectius de conservacid, en un context temporal més ampli, fins i tot historic. La
davallada d’ocells d’ambients agricoles (i [’increment dels forestals) ha estat
documentada a Europa des dels anys seixanta i setanta fins a 1’actualitat (Vorisek et al.
2008, PECBMS 2009), 1 s’ha atribuit basicament a ’intensificacio agricola 1 als canvis
en els usos del sol. Es a dir, es tracta d’espécies les poblacions de les quals varien
d’acord amb els canvis en el paisatge i 1’habitat, que tenen com a causa fonamental la
manera en que ’home ha explotat els recursos naturals. Agafant periodes de temps
diferents, les tendencies dels ocells d’espais oberts haurien estat tamb¢ diferents, i la
seva situacio de conservacio també. Per exemple, des de 1’edat mitjana fins als inicis del
segle XX la superficie forestal va anar minvant a Europa i especialment a la regio
mediterrania (Blondel & Aronson 1999), i les espécies associades a ambients agricoles
que ara estan en declivi, en aquest interval deurien augmentar de forma molt important.
Per tant, és interessant tenir en compte que les prioritats de conservacié van canviant
amb el pas del temps, de manera lligada als canvis socioeconomics que determinen la
pressio que fa I’home sobre 1’ambient on viu i les especies amb les que coexisteix.

D’altra banda, I’efecte positiu de la tala post-incendi per a espécies amb interes de
conservacio s’ha d’emmarcar en aquest context mediterrani particular 1 en els canvis
d’ts del sol que s’hi han donat, comentats anteriorment. En altres parts del mon, on la
tala post-incendi també desencadena una substitucié d’espécies forestals per altres de
zones obertes (Morissette et al. 2002, Schwab et al. 2006), les particularitats i els
interessos de conservacié poden ser ben diferents. Aquest és el cas que es discuteix al
segon capitol, en comparar I’efecte de la tala entre boscos de Catalunya i de ’oest de
Montana. A les Muntanyes Rocalloses americanes, 1’explotacid intensa de 1’habitat va
comencar fa tan sols dos segles, amb I’arribada dels colonitzadors europeus, i per tant
estan molt menys alterades que la regié mediterrania, incloent-hi un paisatge menys
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fragmentat amb boscos molt més continus. Els incendis forestals son, la gran majoria,
d’origen natural (per llamps), cosa que constitueix una important diferéncia amb la
regié mediterrania. A Nord America es considera que algunes espécies d’ocells han
evolucionat amb els incendis forestals fins al punt de dependre dels boscos cremats,
com és el cas del picot Picoides arcticus (Hutto 2008), que és molt més abundant als
boscos cremats que en qualsevol altre habitat forestal. D’altra banda, la proporcid
d’ocells d’ambients oberts en zones cremades de les muntanyes Rocalloses és molt
baixa, probablement per la llunyania de poblacions que podrien funcionar com a font
(praderies, pastures o zones agricoles). Tot 1 ser un grup d’ocells que també té intercs de
conservacio (Brawn et al. 2001, Hunter et al. 2001), la tala post-incendi no les beneficia
gaire. Per tant, als boscos de les Rocalloses, I’efecte de la tala post-incendi sobre els
ocells és ben diferent d’aquell que té lloc a la regi6 mediterrania, on no hi ha ocells
forestals que es beneficiin (o depenguin) del foc. A diferéncia d’alldo que succeeix als
boscos de Montana, aqui la tala facilita la preséncia d’espécies amb interés de
conservacid. Per tant, tot i que els efectes de la tala siguin molt semblants pel que fa a
les espécies beneficiades i perjudicades, agrupades pels seus requeriments ecologics,
les recomanacions de gestid en un i altre lloc poden no ser comunes, i han de considerar
la distribuci6 a escala de paisatge de I’avifauna i les prioritats de conservacio particulars
de cada regio.

Tornant als boscos cremats catalans, €s interessant destacar que també hi ha especies
d’ocells que no es veuen massa afectats per la desaparicid dels pins cremats, sind per
altres aspectes de 1’habitat que també canvien de manera important al llarg dels primers
anys després del foc. Sén les espécies més lligades a brolles, maquies i bardisses, (e.g.
tots els tallarols del génere Sylvia, i algunes altres), per a les quals és important comptar
amb un minim recobriment de ’estrat arbustiu (Pons et al. 2008). L’altra cara de la
moneda és la dels ocells que necessiten sol descobert, principalment per alimentar-se,
com el pinsa comu Fringilla coelebs, la cardina Carduelis carduelis i el pardal comu
Passer domesticus, als quals la regeneracio vegetal els perjudica (capitol 1). D’altra
banda, si la presencia d’ocells de brolla ve determinada pel recobriment de I’estrat
arbustiu, a d’altres ocells més tipics de bardisses els afavoreix la presencia de cursos
d’aigua per colonitzar arees cremades. En aquestes zones, després del foc la major
humitat probablement afavoreixi una rapida recuperacio de la vegetacid. Aixo permet la
presencia de rossinyols Luscinia megarhynchos, bosquetes Hippolais polyglotta i, fins i
tot, ulls de bou Troglodytes troglodytes. Algunes espécies més propies d’ecotons, com
el gratapalles Emberiza cirlus, també es beneficien d’aquesta vegetacié propera a les
rieres.

Els ocells frugivors i la dispersioé de llavors

A la Conca Mediterrania els ocells frugivors son importants per a la dispersio de llavors
de plantes amb fruit carnds (Herrera 1984), sobretot a la tardor i hivern; 1’época quan la
major part d’aquestes plantes presenten fruits madurs (Jordano 1992). Els resultats de
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I’efecte de la tala sobre les espécies d’ocells a I’hivern és molt similar a tot el comentat
fins ara per a la primavera, tal i com es mostra al capitol 3. Tot i que part de les espécies
canvia respecte a 1’época reproductora, fruit dels fluxos migratoris i dispersius, els
ocells forestals segueixen ocupant les arees no tallades, els d’espais oberts ocupen les
que s’han tallat, i els de matollar, les zones on més recobriment ofereixi la brolla o el
sotabosc (tot i preferir les que menys arbres tinguin). Tanmateix, el resultat més
rellevant és que espécies frugivores seleccionen positivament els pilons de branques i
d’aquests pilons ¢és el d’actuar com a barreres contra 1’erosio, per intentar minimitzar
I’escorrentia en una situacid de desproteccio del sol. Els ocells frugivors utilitzen els
pilons de branques —com a punts de guaita i d’alimentacio-, més que cap altra estructura
de I’habitat (terra, estrat arbustiu, tronc cremat o pi viu). A més, zones amb més pilons
alberguen més ocells frugivors i de més espeécies.

Figura 3. El tallarol capnegre Sylvia melanocephala és 1’ocell frugivor i dispersor de llavors més
abundant de les zones cremades de terra baixa mediterrania.

Les conseqiiéncies d’aquesta seleccidé del microhabitat per a la dispersio de llavors per
part dels ocells frugivors es posen de manifest al capitol 4: la pluja de llavors és molt
més elevada sota aquestes feixines que en qualsevol de les altres estructures estudiades
(sobre el terra, sota ’estrat arbustiu, sota arbres aillats o sota arbres agrupats), i és
equiparable a la dispersié que té lloc en boscos veins no cremats. Aquest resultat
contrasta amb el que s’esperava dels arbres aillats, considerats a priori com a importants
per als ocells dispersors, sobre els quals tindrien un hipotétic perch effect, un efecte
d’atraccid o reclam que ha estat trobat per altres autors, tot 1 que no en condicions post-
incendi (Guevara & Laborde 1993, Pausas et al. 2006). Podria ser que per als dispersors
de costums més o menys arbaries (el tord Turdus philomelos i, potser en menor mesura,
la merla Turdus merula), els arbres cremats resultin poc atractius, cosa que es podia
esperar més de dispersors que seleccionen estrats de vegetacio mes baixos (tallarols, pit-
roig), sobre els quals els pilons si que exerceixen aquesta atraccio.
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En qualsevol cas, un resultat no menys important del capitol 4 és que els ocells
frugivors poden dispersar llavors de plantes amb fruit carnés consumides a 1’exterior del
perimetre cremat cap a dins d’aquest, un procés no descrit amb anterioritat. Aix0
confirma que la dispersidé per ocells frugivors és un mitja de colonitzacié d’arees
cremades per part d’espécies vegetals amb fruit carnds, la qual cosa ja havia estat
suggerida per Cowling et al. (1997). Aixi mateix, alguns mamifers carnivors, com les
guilles Vulpes vulpes, gorjablancs Martes foina i teixons Meles meles, s’ha vist que
també son responsables de la dispersio de llavors de fruits carnosos cap a ’interior de
zones incendiades (resultats inedits). La magnitud d’aquesta dispersié no havia estat
valorada, que en tinguem coneixement, fins aquesta tesi. Cal dir, pero, que en aquest
estudi (capitol 4) no es va trobar dependéncia entre 1’abundancia de llavors dispersades i
la distancia a les possibles fonts de colonitzacio, situades fora del perimetre cremat.
Estudis previs sobre les distancies de dispersio de llavors per ocells a 1’estiu (Jordano et
al. 2007) situaven el limit de dispersio dels ocells petits (tallarols) vora els 100 m de la
planta mare i dels mitjans (un tardid, la griva Turdus viscivorus) fins al mig quilometre.
En el capitol 4, la font de llavors més propera es situava a uns 200 m de la unitat
mostral més propera, la qual cosa podria suggerir que en aquest cas la dispersio es deu
principalment a ocells de mida mitjana (com podrien ser, a I’area d’estudi de la tesi, la
merla i el tord). El fet que una bona part de els llavors recollides sota els pilons fossin
d’olivera Olea europaea, també aniria en aquesta direccio.

Als capitols 1 i 3 es mostra com aquests tardids no mostren cap associacid particular
amb les variables ambientals mesurades a les zones cremades i gestionades, com també
van trobar Izhaki & Adar (1997). Aix0 sugereix que la tala no els hauria de perjudicar
especialment, aixi com tampoc al procés de dispersio de llavors que duen a terme a
I’hivern, atés que no son les zones amb arbres (ja siguin peus aillats o zones no
internvingudes) on la pluja de llavors és més intensa, sind a les feixines de branques
cremades gue es troben a la zona talada. De totes maneres, en un estudi fet a Sierra
Nevada, Castro et al. (2010) van trobar que els turdids i el gaig Garrulus glandarius —
important dispersor d’aglans- eren més abundants en zones no talades, resultats que
contrasten amb les associacions més aviat febles, i no significatives, d’aquestes espécies
amb ambients forestals a terra baixa (capitols 1 i 3). Probablement, la mes rapida
regeneracio vegetal a baixa altitud provoca que els dispersors, especialment els tardids,
puguin ocupar una varietat d’ambients més elevada que no en ambients de muntanya,
després del foc. Aixo, tenint en compte que les merles ocupen principalment el sotabosc
1 els tords no son rars a la brolla, a I’hivern. En qualsevol cas, la preséncia de dispersors
i la dispersio de llavors que duen a terme son aspectes condicionats també per qliestions
d’escala (Peterson et al. 1998, Kollmann 2000). A les arees forestals cremades on es
van dur a terme aquests treballs, de superficie relativament poc extensa (de 613 ha la
més gran) en comparacio amb incendis forestals de milers d’hectarees, la proximitat al
marge de I’incendi i1 de taques de bosc no cremades ni tallades al seu interior, podria
haver facilitat la preséncia d’aquests dispersors més forestals dins la zona tallada.
Restaria per estudiar, per tant, si també son presents en zones cremades i tallades més
amplies.
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Figura 4. Els pilons de branques son estructures que afavoreixen la preséncia d’ocells frugivors, reben
una pluja de llavors important i presenten abundancies de plantes dispersades per ocells més elevades que
a la vegetacio dels voltants. En aquesta fotografia aeria es poden observar la quantitat de feixines (linies
fosques discontinues que segueixen les corbes de nivell) que es van construir per a evitar 1’erosié en
moltres parts de I’incendi de la Vall de Santa Caterina, a Torroella de Montgri (cremat el 2004, fotografia
presa dos anys més tard; Font: Google Earth).

Els resultats que mostraven una major abundancia d’ocells frugivors a les feixines, i una
pluja de llavors més intensa sota les mateixes, van conduir a pensar si realment aquesta
dispersio es traduia en més plantes amb fruit carnés als pilons que al seu voltant. Al
capitol 5 els resultats mostren com aixo es compleix en determinades zones, que van
coincidir amb els vessants més assolellats i secs (els orientats al sud), on la regeneracio
de la coberta vegetal és més lenta després del foc (Raftoyannis & Spanos 2005). Els
resultats dels dos capitols anteriors podrien suggerir que 1’efecte positiu dels pilons es
degui a una major dispersio per ocells als pilons. De totes maneres, no es pot assegurar
que les plantes amb fruit carn6s d’aquestes arees tinguin el seu origen en la dispersio;
per contra, bona part de les especies també poden regenerar per rebrot, després del foc
(Pausas & Verdu 2005). El que resta fora de dubte és 1’efecte positiu que tenen les
feixines i pilons per a aquestes plantes, essent per tant un microhabitat de qualitat per a
la regeneracié de les plantes estudiades, sigui quin sigui el seu origen. Aquesta qualitat
podria estar relacionada amb unes millors condicions microclimatiques per a les
plantules als pilons que fora d’ells, en proporcionar aquestes estructures més ombra 1
més humitat que un ambient descobert (Bautista et al. 2004, Castro et al. 2008),
condicions que podrien ser més accentuades en pilons més grans. Aixo podria suposar
un avantatge per a la supervivéncia dels plancons, que és més elevada sota els pilons per
a espécies com el ginebre Juniperus communis (Castro et al. 2008). Per altra banda,
I’estructura de la feixina pot tenir també un efecte protector davant de la depredacié de
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plantules i granes per part de mamifers mitjans i grans (Puerta-Pifiero et al. 2010), tot i
que davant de rosegadors 1’efecte podria ser més limitat o fins i tot contraproduent, cosa
que resta per valorar. Tot i aix0, la depredacio no sembla ser un problema en zones on la
pluja de llavors es dona en quantitats elevades i els depredadors no estan limitats per
aquest recurs (Calvifio-Cancela 2007). Els factors que fan dels pilons de branques bons
microhabitats per a les plantes amb fruit carnos, en tot cas, podrien variar d’especie en
especie, perqué a algunes els afecta només la preséncia de pilons (e.g. la rogeta Rubia
peregrina), mentre que a d’altres també els afecta el lloc i ’algada del pild (e.g.
I’esparraguera Asparagus acutifolius).

Aquests resultats sobre la dispersié per endozoocoria de plantes amb fruit carnos cap a
arees cremades, i la influéncia que hi té la gestié post-incendi, son rellevants en el marc
de la recuperacié de la vegetacid després del foc. La majoria d’espécies de plantes
mediterranies tenen estratégies que els permeten regenerar in situ, per rebrotada i/o per
germinacio a partir d’un banc de llavors (Pausas & Verdu 2005), en un procés anomenat
autosuccessio que fa que la vegetacido mediterrania sigui molt resilient al foc (Trabaud
& Lepart 1980; Lavorel 1999). Des d’un punt de vista quantitatiu (de recobriment
vegetal), la contribuci6 relativa d’aquesta colonitzaci6 des de I’exterior a la recuperacio
de la vegetacio podria ser forca limitada, en comparacio a les estrategies que permeten
I’autosuccessid. No obstant, els mecanismes de dispersio i colonitzacié son claus per a
la dinamica de les poblacions de plantes (Rey & Alcantara 2000), influint, per exemple,
en I’estructura genética de les mateixes (Loveless & Hamrick 1984).

D’altra banda, els pilons de branques han resultat una estructura clau per a la presencia
d’aquestes plantes dispersades per ocells en determinades arees. De totes maneres, seria
molt interessant analitzar si aix0 es deu Unicament a una major dispersio de llavors, o si
s’hi combina també un possible efecte de facilitacio (e.g. per unes millors condicions
ambientals sota els pilons). En aquest sentit es podria analitzar si altres plantes, més
enlla de les dispersades per ocells, son també més abundants en pilons que en altres
zones, en els vessants més secs. En qualsevol cas, els resultats del capitol 5 posen de
manifest que la preséncia de pilons de branques provoca que les plantes amb fruit
carnoOs apareguin en llocs on no hi serien en abséncia d’aquestes estructures. Finalment,
els resultats d’aquests capitols son també rellevants per a la gestio, atés que mostren que
la construcci6 de pilons i feixines de branques pot ser una eina molt interessant en la
recuperacio d’especies amb fruit carnos a les parts més arides de les arees cremades.

Propostes de gestio post-incendi

Els resultats i conclusions que es presenten en aquesta tesi tenen, a més d’un interés
purament ecologic, una rellevancia practica, ates que aporten informacié nova que pot
ser tinguda en consideracidé a I’hora de decidir com gestionar els boscos de pi blanc
cremats a Catalunya i en altres parts de la Conca Mediterrania de caracteristiques
similars. En aquesta tesi es mostra com [’aprofitament de la fusta cremada pot ser
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compatible amb la conservacié d’espécies d’ocells en declivi i de processos d’interaccid
entre fauna i vegetaci6. Tanmateix, els criteris de conservacid no solen regir les
activitats de gestio post-incendi, almenys quan es duen a terme amb finalitats purament
comercials, i en els casos de boscos publics on els criteris ambientals poden tenir mes
pes, I’escassetat d’informacié disponible sobre quins tractaments sén més adequats,
basada en estudis cientifics, és sempre un problema. Els resultats dels treballs que es
presenten en aquesta tesi poden contribuir, per tant, a omplir part d’aquest buit
d’informacio pel que fa a I’avifauna i a la vegetacio. A continuacié es comenten algunes
propostes de gestié que es podrien implementar en futurs plans de gestio de boscos
cremats, basades en el que s’exposa en els diferents capitols d’aquesta tesi.

Un dels resultats principals dels treballs presentats és el benefici que obtenen els ocells
propis d’espais oberts, molts d’ells en situacié de conservacié desfavorable, de la tala
dels pins cremats. En principi, per tant, la tala post-incendi seria una activitat prou
compatible amb la conservacido d’aquestes espécies. Tanmateix, moltes d’aquestes
espécies necessiten també estructures verticals com a punts elevats de guaita, 0 com a
llocs de cant, o de descans (en serien casos el cruixidell, I’abellerol Merops apiaster, el
capsigrany Lanius senator, el botxi Lanius meridionalis, el cotoliu Lullula arborea, el
passerell Carduelis cannabina, el xoriguer Falco tinnunculu, ...). Els arbres cremats fan
aquesta funcio, de manera que la seva desaparicio completa després de la tala pot
resultar perjudicial per a especies que en un principi s’havien vist afavorides per un
habitat més obert. Per tant, en els llocs on es tallin els arbres seria interessant no endur-
se’ls tots, sind deixar-ne alguns de drets. Quines caracteristiques han de tenir els arbres
cremats que no es tallin no és una quiestié facil de respondre, perqué si bé els individus
més joves —menys valuosos comercialment- ja podrien complir aquesta funcio, els més
vells poden oferir recursos que esdeven escassos amb la tala, com les cavitats. Tampoc
ho és la densitat amb qué s’haurien de deixar aquests arbres, quedant pendent per a
futures investigacions, perd no hauria de ser necessariament alta. D’altra banda,
mantenir rodals sense talar també podria evitar la desaparici6é d’ocells amb requeriments
forestals, alguns dels quals també tenen una situacié de conservacié desfavorable, com
la tortora i la mallerenga emplomallada. Altres especies (tord, merla, gaig...) que poden
ser importants per al procés de dispersid de llavors, en determinades arees, son més
abundants a les zones no talades, de manera que aplicant un principi de precaucio, el
millor podria ser deixar també alguns rodals sense intervencio. Per tant, probablement el
model de gestié de pinedes cremades més adequat és una gestié mixta, talant els pins
d’una part de la zona cremada (cosa que d’altra banda permetria obtenir un cert
rendiment economic) perd mantenint una minima densitat de peus cremats drets, i
deixant de talar alguns rodals per afavorir la preséncia d’espécies més forestals que
també poden ser objectiu de conservacio.

Dr’altra banda, els tres darrers capitols de la tesi posen de manifest la importancia de
construir pilons de branques, per afavorir els ocells frugivors, per al propi procés de
dispersio de llavors i per a la distribucié de plantes dispersades per ocells. L’objectiu
primer d’aquests pilons o feixines €s el de fer de barreres per a I’escorrentia, reduint aixi
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I’erosio del sol (Mclver & Starr 2000). Aquest efecte, tanmateix, ha estat posat en
entredit per alguns estudis (Wohlgemuth et al. 2001, Marqués & Mora 1998), i s’ha vist
que aquestes barreres son poc efectives davant d’episodis de precipitacid intensa
(Robichaud et al. 2008), que no son estranyes a la regié mediterrania. Tot i aixo, els
seus efectes sobre la biodiversitat i sobre el manteniment de processos ecologics com la
dispersio de llavors son clarament beneficiosos, 1 es tracta, per tant, d’un tractament de
gestié post-incendi molt recomanable, independentment que sigui efectiu o no per a
reduir 1’erosi6. Les feixines contra I’erosid se solen construir seguint les corbes de
nivell i sovint emprant tot I’arbre cremat, fixant el tronc a terra amb estaques i apilant-hi
a sobre les branques més primes (Robichaud et al. 2008). Aquestes estructures, si son
prou altes (entre 0.5 i 1 m d’al¢ada, capitols 3 i 5) i es construeixen en prou densitat
(15-25 pilons/ha, capitol 3), van bé per als ocells i la vegetacid. Fins i tot pilons més
senzills, construits només amb les branques més primes, pero amb 1’alcada i densitat
adequades, probablement fossin igual d’eficagos, i permetrien aprofitar comercialment
la fusta dels troncs gruixuts. A més d’ocells, els pilons de branques tamb¢ beneficien
alguns reptils (Santos & Poquet 2010), micromamifers (Haim & Izhaki 1994) i el conill,
una especie clau dels ecosistemes mediterranis (Rollan & Real 2010).

Aguestes recomanacions de gestid no serien tampoc contraries a la conservacio del sol o
la regeneraci6 de la vegetaciod, dos aspectes que també poden veure’s afectats per les
activitats derivades de la tala post-incendi. L’erosié és un aspecte preocupant després
d’un incendi, per la desproteccioé del sol davant d’episodis de precipitacié intensa, 1 que
es podria veure agreujat per 1’aixafament de vegetacio i pertorbacio del sol a resultes del
transit amb maquinaria pesada (e.g. skidders, remolcs...) per a dur a terme els treballs
forestals (Mclver & Starr 2000, Beschta et al. 2004). L’efecte d’aquests treballs s’ha
quantificat en un augment del 15% en 1’erosio respecte de llocs no gestionats, tot i que
les diferencies es van reduint a mesura que el recobriment de la vegetacié augmenta, i es
fan imperceptibles a mig terme, una decada despreés del foc (Bautista et al. 2004, Spanos
et al. 2005, Ferndndez et al. 2007). Tanmateix, si que es produeix un increment
persistent en 1’erosio en els casos en que les restes no aprofitables comercialment no es
preserven in situ siné que es cremen, en vessants amb substrats susceptibles a perdre
sol, com els sorrencs, i quan s’obren pistes forestals en llocs de fort pendent (Marqués
& Mora 1998, Bautista et al. 2004). Per altra part, I’efecte dels treballs relacionats amb
tala post-incendi sobre la regeneracié de la vegetacié es considera poc important
(Ne’eman et al. 1995), i els efectes negatius a curt termini també van desapareixent en
pocs anys (Martinez-Sanchez et al. 1999, Bautista 2004, Spanos et al. 2005,
Raftoyannis & Spanos 2005). Per tant, aquests resultats indicarien que els efectes de la
tala post-incendi sobre la recuperacio de 1’ecosistema no han d’implicar greus perjudicis
a mig i llarg termini per a la conservacio del sol i la recuperacio de la vegetacio, sempre
I quan es tinguin en compte accions senzilles i poc costoses economicament com evitar
I’obertura de pistes en zones de pendent fort, no realitzar tales en zones de sols
vulnerables a 1’erosid, 1 deixar les restes no aprofitables sobre el terreny enlloc de
cremar-les, preferentment amuntegades en pilons.
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Les recomanacions de gestio basades en els resultats d’aquesta tesi, per tant, indiquen
gue una gestid post-incendi mixta permetria compaginar 1’aprofitament comercial d’una
part dels recursos fustaners amb la conservacid d’especies d’ocells amb interés de
conservacio i de processos importants per a 1’ecosistema com la dispersio de Ilavors.
Per tant, seria interessant incloure aquestes propostes a les directrius i estratégies de
gestié post-incendi en boscos de titularitat publica, on la gestié és responsabilitat de
I’administracid, i també a les condicions necessaries per a la concessio de subvencions
encaminades a la gestio de finques privades. D’altra banda, cal també destacar la
conveniencia de continuar la recerca sobre els efectes de la gestio post-incendi sobre
I’avifauna, per tal de perfeccionar-ne el coneixement, i ampliar-la a aquells grups i
processos en els que encara existeixen buits d’informacid, per tal que les decisions
practiques de gestio es basin sempre que sigui possible en evidéncies cientifiques ben
contrastades.

Conclusions

1. La tala post-incendi és el principal factor que determina la composicié de la
comunitat d’ocells en pinedes cremades mediterranies, facilitant la substitucio
d’espécies forestals per espécies propies d’espais oberts.

2. Com a resultat de la tala post-incendi, el valor de conservacié de la comunitat
d’ocells s’incrementa, a causa que bona part dels ocells d’espais oberts que es
veuen beneficiats per la tala presenten una situacié de conservacio desfavorable
a escala europea.

3. L’efecte negatiu de la tala post-incendi sobre ocells forestals és un patré general
en comunitats d’ocells de regions diferents, com la Conca Mediterrania 1 les
muntanyes Rocalloses americanes. Tanmateix, les diferéncies entre I’avifauna
d’ambdues regions aconsellen mesures de gestio diferents.

4. Els pilons de branques cremades construits com a feixines contra 1’erosio
afavoreixen la presencia d’ocells frugivors a I’hivern, que els utilitzen més que
cap altra estructura resultant de la gestié forestal post-incendi, com a punts
d’alimentacio, de guaita o de refugi.

5. Els ocells frugivors dispersen llavors de plantes amb fruit carnds cap a I’interior
de pinedes cremades i gestionades. La pluja de llavors d’aquestes plantes
derivada de les deposicions dels ocells és més intensa als pilons de branques que
en cap altra estructura resultant de la gestio post-incendi.

6. Les especies de plantes amb fruit carnds dispersades per ocells frugivors son
més abundants en pilons de branques cremades que fora d’aquestes estructures,
especialment als pilons de més algada. Aquest efecte és més evident als vessants
més secs, la qual cosa suggereix que els pilons poden presentar condicions
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microclimatiques especialment favorables per a I’establiment d’aquestes plantes
en aquestes arees.

7. Latala post-incendi és una activitat en bona part compatible amb la conservacid
d’ocells d’espais oberts a la regi6 d’estudi, tot i que seria interessant deixar
arbres cremats aillats sense tallar com a punts de guaita, cant o descans per
aquestes especies, i deixar també alguns rodals sense tallar per mantenir espécies
forestals amb interés de conservacié. Aquests rodals podrien estar a les arees
més vulnerables a 1’erosio6 on la tala pot suposar un risc més elevat de pérdua de
sol.

8. La construccié de pilons de branques amb les restes de tala no aprofitables
comercialment, com a feixines contra 1’erosio, és una mesura de gestio altament
recomanable per mantenir processos com la dispersio de llavors per part d’ocells
frugivors, 1 per afavorir la preséncia d’una bona quantitat d’especies de fauna
que aprofiten també aquestes estructures.
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Annex 1 (capitol 1)

Table A1.1. List of species found during the study and the number of individuals of each one detected in
each year. We also show each species’ habitat group, according to the regional EBCC (2010)

classification.

Detected individuals

Scientific name Common name Habitat 2007 2008 2009 total
Accipiter gentilis Goshawk 1 0 0 1
Accipiter nisus Sparrowhawk Forest 1 0 0 1
Aegithalos caudatus Long-tailed tit Forest 10 0 0 10
Anthus campestris Tawny pipit Farmland 1 2 9 12
Buteo buteo Common buzzard 1 2 1 4
Caprimulgus europaeus Nightjar 1 1 0 2
Carduelis cannabina Linnet Farmland 26 16 30 72
Carduelis carduelis Goldfinch Farmland 29 14 15 58
Carduelis chloris Greenfinch Farmland 18 8 18 44
Certhia brachydactyla Short-toed treecreeper Forest 17 12 3 32
Clamator glandarius Great spotted cuckoo 0 1 0 1
Circaetus gallicus Short-toed snake-eagle 0 0 2 2
Cisticola juncidis Zitting cisticola 5 0 6 11
Columba palumbus Wood pigeon 11 6 6 23
Cuculus canorus Common cuckoo 3 1 0 4
Dendrocopos major Great spotted woodpecker Forest 4 7 3 14
Emberiza cirlus Cirl bunting Farmland 7 7 14 28
Erithacus rubecula European robin 17 6 2 25
Falco subbuteo Hobby 0 0 3 3
Falco tinnunculus Common kestrel Farmland 1 4 0 5
Fringilla coelebs Chaffinch Forest 27 8 3 38
Galerida cristata Crested lark Farmland 6 7 16 29
Garrulus glandarius European jay 10 11 5 26
Hippolais polyglotta Melodious warbler 2 7 30 39
Lanius collurio Red-backed shrike 0 0 1 1
Lanius meridionalis Southern grey shrike 0 0 3 3
Lanius senator Woodchat shrike Farmland 2 19 22 43
Lullula arborea Wood lark Farmland 23 36 58 117
Luscinia megarhynchos Common nightingale Farmland 17 19 10 46
Merops apiaster Bee-eater Farmland 16 12 29 57
Miliaria calandra Corn bunting Farmland 2 17 46 65
Motacilla alba White wagtail Farmland 3 1 1 5
Muscicapa striata Spotted flycatcher Forest 8 5 4 17
Oriolus oriolus Golden oriole 5 7 1 13
Parus caeruleus Blue tit Forest 11 2 1 14
Parus cristatus Crested tit Forest 24 16 13 53
Parus major Great tit 22 26 3 51
Passer domesticus House sparrow Farmland 17 10 10 37
Phylloscopus bonelli Bonelli's warbler Forest 1 3 0 4
Petronia petronia Rock sparrow Farmland 1 0 5 6
Pernis apivorus Honey buzzard 0 0 1 1
Picus viridis Green woodpecker Forest 1 3 2 6
Regulus ignicapillus Firecrest Forest 1 0 0 1
Saxicola torquata Common stonechat Farmland 2 7 26 35
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Detected individuals

Scientific name Common name Habitat 2007 2008 2009 total
Serinus serinus Serin Farmland 24 19 8 51
Streptopelia turtur Turtle dove Farmland 26 20 7 53
Sylvia atricapilla Blackcap 8 3 0 11
Sylvia cantillans Subalpine warbler 20 25 29 74
Sylvia melanocephala Sardinian warbler 26 58 87 171
Sylvia undata Dartford warbler 1 9 22 32
Sturnus vulgaris Common starling Farmland O 2 0 2
Troglodytes troglodytes Winter wren Forest 7 6 3 16
Turdus merula Blackbird 27 10 11 48
Turdus philomelos Song thrush Forest 8 0 0 8
Turdus viscivorus Mistle thursh Forest 0 1 0 1
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Figure Al.1. Distribution of the 6 plots of habitat sampling within a station. The central line represents
the pathway followed during the transect census.
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Figure Al1.2. Plot of the first two partial DCA axes, showing each species position. The small plot shows
the samples distribution in the same axes (ACP: Anthus campestris, CBR: Certhia brachydactyla, CCD:
Carduelis carduelis, CCH: Carduelis chloris, CCN: Carduelis cannabina, CPA: Columba palumbus,
DMA: Dendrocopos major, ECIl: Emberiza cirlus, ERU: Erithacus rubecula, FCO: Fringilla coelebs,
GCR: Galerida cristata, GGL: Garrulus glandarius, HPO: Hippolais polyglotta, LAR: Lullula arborea,
LMG: Luscinia megarhynchos, LSE: Lanius senator, MAP: Merops apiaster, MCA: Miliaria calandra,
MST: Muscicapa striata, PCA: Parus caeruleus, PCR: Parus cristatus, PDO: Passer domesticus, PMA:
Parus major, SCA: Sylvia cantillans, SME: Sylvia melanocephala, SSE: Serinus serinus, STO: Saxicola
torquata, STU: Streptopelia turtur, SUN: Sylvia undata, TME: Turdus merula, TTR: Troglodytes

troglodytes).
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Annex 2 (capitol 2)

Table A2.1. Details of the burned sites included in the study, showing their size (in hectareas), total
number of samples, and number of samples of each postfire management treatment.

Postfire management”

Site Size Samples UL LS HS
West Mediterranean Basin
Balsareny 963 33 2 - 31
Borges del Camp 120 6 6 - -
Caldesl 86 2 - 2 -
Caldes2 70 4 4 - -
Cardona 1,438 42 - 7 35
Castellbell 391 4 2 - 2
Castellbisbal 224 8 - 2 6
Cistella 250 3 1 1 1
Magcanet 1,255 20 10 4 6
Masquefa 93 6 6 - -
Montanissell 82 5 4 1 -
Ogern 232 2 - - 2
Pobla de Massaluca 105 8 8 - -
Platja d’Aro 444 18 18 - -
Rocafort 839 34 16 18 -
Riba-roja 642 35 35 - -
Sant Feliu 514 36 36 - -
Sant Lloreng 4,559 26 2 3 21
Talamanca 191 13 - - 13
Tivissa 55 2 2 - -
Vandellés 1,211 15 13 - 2
Ventallo 1,011 22 1 1 20
Vimbodi 126 4 - - 4
348 170 39 139
Northern Rocky Mountains
Ball Creek 3,082 26 13 5 8
Beta Doris 2,118 73 14 39 20
Big Creek 549 7 6 1 -
Blackfoot Complex 5,754 46 13 15 18
Black Mountain 2,861 89 72 5 12
Boles Meadow 1,807 54 37 13 4
Cooney Ridge 9,767 45 45 - -
Crazy Horse 4,510 57 21 30 6
Howard Creek 1,144 1 1 - -
Mineral Peak 7,137 60 60 - -
Robertl 5,548 97 34 50 13
Robert2 15,813 63 63 - -
Thompson Creek 15,471 50 31 10 9
Trapper Creek 7,567 49 49 - -
Snow Talon 13,189 13 8 5 -
Wedgel 9,689 100 18 48 34
Wedge2 12,040 59 59 - -
889 544 221 124

YUL: unlogged; LS: light salvage logging; HS: heavy salvage logging.

148



Annexos

Table A2.2. Results of GLMM for the five most common species in each postfire treatment in each
region, and relative frequency of each species in each postfire treatment category.

Postfire treatment?

N* P UL LS HS
Western Mediterranean Basin
HSD  Blue Tit 49 >0.001 0.25 0.13 0.01
Great Tit 40 0.250 0.14 0.15 0.08
Crested Tit 37 0.002 0.18 0.10 0.01
Eurasian Chaffinch 33 0.007 0.16 0.10 0.01
Short-toed Treecreeper 25 0.021 0.12 0.10 0.01
ISD European Serin 92 0.694 0.28 0.28 0.24
European Blackbird 66 0.023 0.24 0.26 0.12
Common nightingale 47 0.328 0.16 0.18 0.09
Winter wren 42 0.384 0.14 0.15 0.09
European Goldfinch 41 0.014 0.18 0.10 0.05
NSD  Sardinian Warbler 171 0.073 0.55 0.51 0.41
Subalpine Warbler 155 >0.001 0.28 0.38 0.66
Wood Lark 126  >0.001 0.22 0.51 0.50
Dartford Warbler 107 0.072 0.24 0.44 0.35
Common Stonechat 101 >0.001 0.11 0.46 0.46
Northern Rocky Mountains
HSD  Yellow-rumped Warbler 198 >0.001 0.27 0.17 0.10
Pine Siskin 197  0.256 0.22 0.26 0.19
Western Tanager 110 0.251 0.14 0.10 0.11
Mountain Chickadee 84 0.015 0.12 0.06 0.05
Brown Creeper 80 0.068 0.10 0.11 0.03
ISD Dark-eyed Junco 549  0.107 0.64 0.62 0.53
Chipping Sparrow 231 0.659 0.26 0.27 0.23
Mountain Bluebird 171 0.272 0.17 0.22 0.22
American Robin 138 0.039 0.18 0.11 0.13
Townsend’s Solitaire 58 0.522 0.06 0.06 0.09
NSD  McGillivray’s Warbler 168 0.510 0.20 0.19 0.15
Lazuli Bunting 70 0.500 0.09 0.06 0.07
Warbling Vireo 44 0.011 0.03 0.06 0.10
Dusky Flycatcher 39 0.027 0.03 0.06 0.08
Lincoln’s Sparrow 27 - 0.04 0.02 0.00

N: number of samples with presence of the species
2UL: unlogged; LS: light salvage logging; HS: heavy salvage logging
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Table A2.3. List of all species detected and their scores in each snag-dependence factor.

Snag dependence?

Common name Scientific name N* H N F SDV
Western Mediterranean Basin

Blue Tit Parus caeruleus 49 2 1 1 4
Great Tit Parus major 40 2 1 1 4
Crested Tit Parus cristatus 37 2 1 1 4
Short-toed Treecreeper Certhia brachydactyla 25 2 1 1 4
Firecrest Regulus ignicapillus 14 2 1 1 4
Great Spotted Woodpecker Dendrocopos major 13 2 1 1 4
Eurasian Golden Oriole Oriolus oriolus 7 2 1 1 4
Long-tailed Tit Aegithalos caudatus 6 2 1 1 4
Coal Tit Parus ater 1 2 1 1 4
Eurasian Chaffinch Fringilla coelebs 33 2 1 0 3
Wood Pigeon Columba palumbus 22 2 1 0 3
European Jay Garrulus glandarius 21 2 1 0 3
Bonelli’s Warbler Phylloscopus bonelli 16 2 0 1 3
Common Cuckoo Cuculus canorus 3 2 0 1 3
Song Thrush Turdus philomelos 2 2 1 0 3
European Blackbird Turdus merula 66 2 0 0 2
Blackcap Sylvia atricapilla 15 2 0 0 2
Spotted Flycatcher Muscicapa striata 4 2 0 0 2
Cetti’s Warbler Cettia cettia 2 2 0 0 2
Eurasian Green Woodpecker Picus viridis 2 1 1 0 2
Stock Dove Columba oenas 1 1 1 0 2
Common Chiffchaff Phylloscopus collybita 1 2 0 0 2
European Serin Serinus serinus 92 1 0 0 1
Common Nightingale Luscinia megarhynchos 47 1 0 0 1
Winter Wren Troglodytes troglodytes 42 1 0 0 1
European Goldfinch Carduelis carduelis 41 1 0 0 1
European Greenfinch Carduelis chloris 19 1 0 0 1
Cirl Bunting Emberiza cirlus 18 1 0 0 1
European Robin Erithacus rubecula 18 1 0 0 1
European Starling Sturnus vulgaris 10 0 1 0 1
European Turtle-dove Streptopelia turtur 9 1 0 0 1
Black-billed Magpie Pica pica 4 0 1 0 1
Common Buzzard Buteo buteo 3 0 1 0 1
Short-toed Snake-eagle Circaetus gallicus 2 1 0 1
Eurasian Nightjar Caprimulgus europaeus 1 1 0 0 1
Carrion Crow Corvus corone 1 0 1 0 1
Eurasian Hobby Falco subbuteo 1 1 0 1
Eurasian Hoopoe Upupa epops 1 1 0 0 1
Sardinian Warbler Sylvia melanocephala 171 0 0 0 0
Subalpine Warbler Sylvia cantillans 155 0 0 0 0
Wood Lark Lullula arborea 126 0 0 0 0
Dartford Warbler Sylvia undata 107 0 0 0 0
Common Stonechat Saxicola torquata 101 0 0 0 0
Melodious Warbler Hippolais polyglotta 89 0 0 0 0
Eurasian Linnet Carduelis cannabina 71 0 0 0 0
Rock Bunting Emberiza cia 65 0 0 0 0
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Snag dependence’

Common name Scientific name N* H N F SDV
Corn Bunting Emberiza calandra 62 0 0 0 0
Black-eared Wheatear Oenanthe hispanica 58 0 0 0 0
Woodchat Shrike Lanius senator 34 0 0 0 0
House Sparrow Passer domesticus 29 0 0 0 0
Thekla Lark Galerida theklae 22 0 0 0 0
Tawny Pipit Anthus campestris 20 0 0 0 0
Ortolan Bunting Emberiza hortulana 20 0 0 0 0
European Bee-eater Merops apiaster 17 0 0 0 0
Red-legged Partridge Alectoris rufa 14 0 0 0 0
Rock Sparrow Petronia petronia 14 0 0 0 0
Crested Lark Galerida cristata 13 0 0 0 0
Southern Grey Shrike Lanius meridionalis 8 0 0 0 0
Blue Rock-thrush Monticola solitarius 8 0 0 0 0
Zitting Cisticola Cisticola juncidis 5 0 0 0 0
Common Kestrel Falco tinnunculus 5 0 0 0 0
White Wagtail Motacilla alba 5 0 0 0 0
Black Wheatear Oenanthe leucura 5 0 0 0 0
Black Redstart Phoenicurus ochruros 5 0 0 0 0
Rufous-tailed Rock-thrush Monticola saxatilis 4 0 0 0 0
Little Owl Athene noctua 2 0 0 0 0
Red-backed Shrike Lanius collurio 1 0 0 0 0
Tree Sparrow Passer montanus 1 0 0 0 0
Common Pheasant Phasianus colchicus 1 0 0 0 0
Orphean Warbler Sylvia hortensis 1 0 0 0 0
Northern Rocky Mountains

Yellow-rumped Warbler Dendroica coronata 292 2 1 1 4
Western Tanager Piranga ludoviciana 145 2 1 1 4
Mountain Chickadee Poecile gambeli 117 2 1 1 4
Red-breasted Nuthatch Sitta canadensis 108 2 1 1 4
Brown Creeper Certhia americana 106 2 1 1 4
Hairy Woodpecker Picoides villosus 99 2 1 1 4
Three-toed Woodpecker Picoides tridactylus 52 2 1 1 4
Black-backed Woodpecker Picoides arcticus 50 2 1 1 4
Ruby-crowned Kinglet Regulus calendula 42 2 1 1 4
Red Crossbill Loxia curvirostra 41 2 1 1 4
Cassin's Vireo Vireo cassinii 17 2 1 1 4
Townsend's Warbler Dendroica townsendi 15 2 1 1 4
Red-naped Sapsucker Sphyrapicus nuchalis 10 2 1 1 4
Chestnut-backed Chickadee Poecile rufescens 4 2 1 1 4
Pileated Woodpecker Dryocopus pileatus 2 2 1 1 4
Williamson's Sapsucker Sphyrapicus thyroideus 2 2 1 1 4
Pine Siskin Carduelis pinus 294 2 1 0 3
Hammond's Flycatcher Empidonax hammondi 82 2 1 0 3
Black-capped Chickadee Poecile atricapilla 33 1 1 1 3
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Snag dependence’

Common name Scientific name N* H N F SDV
Cassin's Finch Carpodacus cassinii 28 2 1 0 3
Gray Jay Perisoreus canadensis 21 2 1 0 3
Steller's Jay Cyanocitta stelleri 11 2 1 0 3
Golden-crowned Kinglet Regulus satrapa 8 2 1 0 3
Downy Woodpecker Picoides pubescens 4 1 1 1 3
White-breasted Nuthatch Sitta carolinensis 4 1 1 1 3
Cooper's Hawk Accipiter cooperi 3 2 1 0 3
Clark's Nutcracker Nucifraga columbiana 2 2 1 0 3
Evening Grosbeak Coccothraustes vespertinus 1 2 1 0 3
Dark-eyed Junco Junco hyemalis 832 2 0 0 2
Chipping Sparrow Spizella passerina 368 1 1 0 2
Mountain Bluebird Sialia currucoides 237 1 1 0 2
Swainson's Thrush Catharus ustulatus 79 2 0 0 2
Northern Flicker Colaptes auratus 68 1 1 0 2
Olive-sided Flycatcher Contopus cooperi 32 1 1 0 2
Western Wood-Pewee Contopus sordidulus 22 1 1 0 2
Hermit Thrush Catharus guttatus 12 2 0 0 2
Winter Wren Troglodytes troglodytes 11 0 2 0 2
Cedar Waxwing Bombycilla cedrorum 10 1 1 0 2
Pine Grosbeak Pinicola enucleator 7 2 0 0 2
Western Bluebird Sialia mexicana 6 1 1 0 2
Red-tailed Hawk Buteo jamaicensis 5 1 1 0 2
American Kestrel Falco sparverius 4 1 1 0 2
Mourning Dove Zenaida macroura 3 1 1 0 2
Bullock's Oriole Icterus bullocki 1 1 1 0 2
Great Horned Owl Bubo virginianus 1 1 1 0 2
Lewis' Woodpecker Melanerpes lewis 1 1 1 0 2
Northern Hawk Owl Surnia ulula 1 1 1 0 2
American Robin Turdus migratorius 245 0 1 0 1
Townsend's Solitaire Myadestes townsendi 82 1 0 0 1
Brown-headed Cowbird Molothrus ater 42 0 1 0 1
House Wren Troglodytes aedon 36 0 1 0 1
Wilson's Warbler Wilsonia pusilla 30 1 0 0 1
Song Sparrow Melospiza melodia 28 1 0 0 1
Calliope Hummingbird Stellula calliope 23 1 0 0 1
Northern Waterthrush Seiurus noveboracensis 17 1 0 0 1
Common Yellowthroat Geothlyphis trichas 8 1 0 0 1
Ruffed Grouse Bonasa umbellus 5 1 0 0 1
American Goldfinch Carduelis tristis 2 1 0 0 1
Blue Grouse Dendragapus obscurus 2 1 0 0 1
American Crow Corvus brachyrynchos 1 0 1 0 1
Common Nighthawk Chordeiles minor 1 1 0 0 1
Eastern Kingbird Tyrannus tyrannus 1 1 0 0 1
European Starling Sturnus vulgaris 1 0 1 0 1
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Snag dependence’

Common name Scientific name N* H N F SDV
MacGillivray's Warbler Oporornis tolmiei 228 0 0 0 0
Lazuli Bunting Passerina amoena 88 0 0 0 0
Warbling Vireo Vireo gilvus 62 0 0 0 0
Dusky Flycatcher Empidonax oberholseri 53 0 0 0 0
Lincoln's Sparrow Melospiza lincolnii 53 0 0 0 0
White-crowned Sparrow Zonotrichia leucophrys 33 0 0 0 0
Black-headed Grosheak Pheucticus melanocephalus 18 0 0 0 0
Fox Sparrow Passerella iliaca 17 0 0 0 0
Orange-crowned Warbler Vermivora celata 17 0 0 0 0
Rufous Hummingbird Selasphorus rufus 14 0 0 0 0
Willow Flycatcher Empidonax traillii 10 0 0 0 0
Rock Wren Salpinctes obsoletus 7 0 0 0 0
Yellow Warbler Dendroica petechia 4 0 0 0 0
Nashville Warbler Vermivora ruficapilla 3 0 0 0 0
Gray Catbird Dumetella carolinensis 1 0 0 0 0
Horned Lark Eremophila alpestris 1 0 0 0 0
Spotted Towhee Pipilo maculatus 1 0 0 0 0

IN: number of samples with presence of the species

’H: Habitat requirements, N: nest location, F: foraging behavior, SDV: snag-dependence value
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Annex 3

Figura A3.1. En primer terme, pilons de fusta de pi blanc triturada per a combustible de biomassa. Al
darrere es veuen els pins tallats, tallats esperant a ser triturats. Incendi de Ventallo, juny de 2009.

Figura A3.2. Regeneracio de plantes sota un pilé de branques cremades construit a 1’incendi de Sant
Lloreng, algunes de les quals fan fruits carnosos i son dispersades per ocells (esparraguera, llentiscle,
romaguera, rogeta). Maig de 2009.
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Figura A3.3. Rodal tallat al foc de Black Mountain, a Montana, juny de 2010 (gairebé set anys després
del foc). Al fons es veu la vall de Missoula i més enlla, les Mission Mountains nevades.

Figura A3.4. Zona tallada al foc de Ventallo, febrer de 2010. Al vessant de la dreta es veuen algunes
terrasses, prova que la pineda cremada havia estat una zona treballada anteriorment, possiblement de
conreus d’oliveres. Al fons s’endevinen les muntanyes de Serra Verdera. La regeneracid de la vegetacid
(tres anys i mig després del foc) contrasta amb la de la foto anterior de Montana.
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Figura A3.5. Regeneraci6 intensa de pi blanc en una zona tallada dins de I’incendi de Ventalld, febrer de
2010 (tres anys i mig després del foc).
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Figura A3.6. Vista del Montgri en un dia encalitjat des del puig Segalar, el punt més alt de la zona
cremada de Ventall6. Juliol de 2007 (gairebé un any després del foc).
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Figura A3.7. | per acabar, una foto de les vistes privilegiades que tenia des del meu lloc de treball durant
la tesi!
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