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Supplementary Methods 1. Worldwide distribution of rose-ringed and the monk

parakeets

Supplementary Figure 1. Global occurrence data of the rose-ringed parakeet Psittacula
krameri (A) and the monk parakeet Myiopsitta monachus (B) compiled from the eBird

database' across their native (shaded areas?) and non-native (red points) ranges.
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Supplementary Figure 2. Map of the study area (outlined in red) covering the metropolitan
area of Seville and surroundings (southern Spain) (indicated by a red dot in the inset map).
The locations of monitored plants (i.e., where plant-bird interactions and dispersal

mechanisms were recorded) are shown as blue dots.
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Supplementary Figure 3. Accumulation curves of the richness of birds preying and
dispersing seeds of the different arboreal and shrubby plants present in the study area.
Accumulation curves were calculated using the cumulative number of individuals sampled
per plant species as the unit of sampling effort. Gray shading around interpolated (solid) lines
represents the 95% confidence intervals. Most plants reached stabilization in their
accumulation curves. The few species that did not stabilize were predominantly those utilized
by parrots. However, due to their high abundance in the study area and the extensive sampling

effort, we included these species in the analyses, confident they were adequately represented.
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Supplementary Methods 3. Classification and quantification of interspecific interactions

Interactions were classified based on the bird’s actions and the fate of the seeds of each fruit
(Table 1). When birds completely destroyed the seeds, the interaction was classified as seed
predation. If birds consumed only the pulp of the fruit, it was considered fruit defleshing. For
acorns (seeds from trees of the genus Quercus), partial consumption of cotyledons (less than
60%) does not damage the embryo and facilitates germination®*. This is analogous to pulp
removal in fleshy fruits>®, so these observations were classified as fruit defleshing.
Interactions where birds only defleshed fruits were considered as commensalists and excluded
from network analyses as it was uncertain whether this action benefits or harms germination,
even though it clearly benefits the birds. Seeds that were swallowed whole were generally
considered dispersed by endozoochory unless damaged while passing through the bird’s
digestive tract. Such instances, confirmed through faecal and regurgitate analysis, included: 1)
ingestion of unripe fruits with unprotected seeds’, 2) ingestion of ripe fruits with small seeds
(< 5 mm) and soft coats (hardness 1; Supplementary Table 2) by pigeons and doves®® and 3)
ingestion of acorns by the wood pigeon (Columba palumbus), whose gizzard completely
crushed them!? (F. Hiraldo, own data). In some instances, especially with berry-like fruits,
some seeds were consumed with the pulp, and the interaction was therefore classified as
endozoochory. When birds carried viable seeds away from the mother plant, the interaction
was classified as stomatochory if the transport was active, involving the bird carrying intact
seeds in the beaks or feet, or as epizoochory if seeds were passively transported attached to
the bird’s body. To confirm stomatochory as an effective seed dispersal mechanism, we
visually tracked the birds whenever possible and examined the fate of the seeds in situ (i.e.,

whether they were predated, swallowed or wasted).

To quantify the interaction strength (interaction weight, wij) of a link connecting a
bird species i and a plant species j, we used the number of seeds predated or dispersed as a
proportion of the total number of seeds predated, dispersed, defleshed or wasted by all bird
present in a plant species, including the two parakeets. To account for the considerable
variability in seed counts among fruits, we expressed bird-handled portions in fractions of
fifths. For example, consuming an entire single-seeded fruit was counted as 5/5, while
consuming of a part of a multi-seeded was counted as x/5, where x represents the portion

consumed, dispersed or wasted. The inflorescences of sunflowers and thistles were treated as



fruits to quantify the seeds handled by birds. The mean number of seeds per fruit were taken
from the literature (Table 2). This approach was the best approximation to assess the relative
role each bird plays in the plant community, regardless of the number of total seeds

consumed.



Supplementary Table 1. Plant-bird interactions used to construct the ecological networks before and after the entrance of the rose-ringed
parakeet Psittacula krameri and the monk parakeet Myiopsitta monachus (pre-invasion and invasion networks, respectively). For each
plant species, we included its origin (Native or Exotic to the study area), growth habit (Tree or Shrub-tree), fruit type, mean number of
seeds per fruit (N seeds), number of individuals sampled for interactions (N plants) and seed harness. Fruits were classified as fleshy or dry
based on the presence (or absence) of a soft, juicy mesocarp (pulp), and further divided drupaceous (i.e., single fleshy fruits with up to 10
seeds per fruit, including true drupes, pomes, hesperidia and some few-seeded berries) or berry-like (i.e., multiple fleshy fruits with more
than 10 seeds per fruit, including berries, syconia and aggregates)!!. Growth habit, geographical origin and mean number of seeds per fruit
were taken from the literature (Table 2). As there is no standard measure available for all the studied plants, seed hardness was categorized
into three levels representing increasing bite force required to deform or compress a seed, based on manual testing by the same person

(DHB) on 20 seeds per species, including equal number of mature and immature seeds (mature/immature)'?.

Plant species Origin Geographic range Growth Fruit type N N Seed Bird species Pre-invasion network Invasion network
seeds/fruit  plants hardness antagonistic mutualistic antagonistic mutualistic
Arbutus unedo Native Macaronesia / Ireland / S Europe / Shrub-tree Berry-like 12.9 9 1/1 Carduelis carduelis 1 3 1 3
Mediterranean Sylvia atricapilla 26 26
Curruca melanocephala 6 6
Fringilla coelebs 25 25
Passer domesticus 1 25 1 25
Turdus merula 8 8
Campsis radicans Exotic E North America Liana Dry 696 6 1/1 Columba livia var. dom. 5
Mpyiopsitta monachus 6 8
Passer domesticus 5
Psittacula krameri 23 21
Catalpa bignonioides Exotic SE USA Tree Dry 94.1 9 1/1 Columba livia var. dom. 1 1
Passer domesticus 8 3 8 3
Psittacula krameri 49 3

Celtis australis

Native S Europe / W Asia / N Africa Tree Drupaceous 1 32 32 Columba livia var. dom. 12
Columba palumbus 7
Sylvia atricapilla 1

Cyanopica cooki 3



Plant species Origin
Ceratonia siliqua Native
Cercis siliquastrum Exotic
Citrus X aurantium Exotic
Cupressus sempervirens Exotic
Eriobotrya japonica Exotic
Ficus carica Native
Ficus microcarpa Exotic

Geographic range

Mediterranean

SE Europe / Middle East

China

Aegean

W China / Japan

Mediterranean / Middle East /

Pakistan

Indian subcontinent / SE Asia

Growth

Fruit type

N

seeds/fruit

N

plants

Seed

hardness

Bird species

Pre-invasion network

Invasion network

antagonistic

mutualistic

antagonistic

mutualistic

Shrub-tree

Shrub-tree

Shrub-tree

Tree

Shrub-tree

Tree

Tree

Dry

Dry

Berry-like

Dry

Drupaceous

Berry-like

Berry-like

10

17.82

152.1

1215

168

3/1

3/1

2/1

2/2

1/1

1/1

1/1

Myiopsitta monachus
Passer domesticus
Pica pica

Psittacula krameri
Streptopelia decaocto
Sturnus unicolor
Turdus merula
Psittacula krameri
Streptopelia decaocto
Columba palumbus
Mpyiopsitta monachus
Psittacula krameri
Streptopelia decaocto
Psittacula krameri
Cyanopica cooki
Chloris chloris
Mpyiopsitta monachus
Psittacula krameri
Streptopelia decaocto
Mpyiopsitta monachus
Psittacula krameri
Sylvia atricapilla
Mpyiopsitta monachus
Oriolus oriolus
Passer domesticus
Passer hispaniolensis
Psittacula krameri
Sturnus unicolor
Sylvia borin

Turdus merula

Coloeus monedula

Columba livia var. dom.

Columba palumbus

Sylvia atricapilla

Curruca melanocephala

6

40

52

22

NoRERV RV )
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Plant species

Origin Geographic range

Fraxinus sp

Helianthus annuus

Lantana strigocamara

Native F. angustifolia: Europe /SW Asia /
NW Africa

F. excelsior: S Europe / W Asia

Exotic NW North America

Exotic Caribbean / Central / America / N

South America

Growth

Fruit type

N

seeds/fruit

N

plants

Seed

hardness

Bird species

Pre-invasion network

Invasion network

antagonistic

mutualistic

antagonistic

mutualistic

Tree

Herb

Shrub

Dry

Dry

Drupaceous

591.6

1/1

1/1

2/1

Myiopsitta monachus
Passer domesticus
Passer hispaniolensis
Pica pica

Psittacula krameri
Streptopelia decaocto
Sturnus unicolor
Sylvia borin

Turdus merula
Chloris chloris
Fringilla coelebs
Myiopsitta monachus
Pica pica

Psittacula krameri
Streptopelia decaocto
Carduelis carduelis

Chloris chloris

Columba livia var. dom.

Columba palumbus
Cyanopica cooki
Linnaria cannabina
Passer domesticus
Passer hispaniolensis
Pica pica

Psittacula krameri
Serinus serinus
Streptopelia decaocto
Chloris chloris

Coloeus monedula

Columba livia var. dom.

Sylvia atricapilla

Curruca melanocephala

Passer domesticus
Streptopelia decaocto

Sturnus unicolor
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Plant species Origin
Ligustrum japonicum Exotic
Livistona chinensis Exotic
Melia azedarach Exotic
Morus sp Exotic

Geographic range

Korea / Japan

SE China / Japan

Indian subcontinent / SE Asia /

Japan / N Australia

M. alba: CE China / Korea

M. nigra: Anatolia

Growth Fruit type N N Seed Bird species Pre-invasion network Invasion network
seeds/fruit  plants hardness mutualistic antagonistic mutualistic
Sylvia borin 1 1
Turdus merula 15 15
Shrub-tree Drupaceous 1 13 1/1 Carduelis carduelis 1
Chloris chloris 22
Columba livia var. dom. 1
Sylvia atricapilla 1
Curruca melanocephala 1
Mpyiopsitta monachus 32 2
Passer domesticus 1
Psittacula krameri 30 5
Sturnus unicolor 1 1
Turdus merula 1 1
Turdus philomelos 1
Tree Drupaceous 1 15 3/2 Coloeus monedula 1
Mpyiopsitta monachus 1
Passer domesticus 1 1
Psittacula krameri 18
Turdus merula 13 13
Tree Drupaceous 3.61 24 32 Columba palumbus 5 5
Sylvia atricapilla 2
Cyanopica cooki 16 16
Mpyiopsitta monachus 18
Psittacula krameri 27 1
Sturnus unicolor 1 1
Turdus merula 5 5
Turdus philomelos 5
Tree Berry-like 17.9 66 1/1 Chloris chloris 1 4 1
Coloeus monedula 1
Columba livia var. dom. 1
Columba palumbus 1
Sylvia atricapilla 1
Curruca melanocephala 1
Cyanopica cooki 8 1 8
Linnaria cannabina 1 1 1
Mpyiopsitta monachus 7 7



Geographic range

Invasion network

antagonistic

Myrtus communis

Olea europaea europaea

Bird species Pre-invasion network
antagonistic

Oriolus oriolus 1

Passer domesticus 1

Passer hispaniolensis
Passer montanus
Pica pica

Psittacula krameri

Serinus serinus 1
Streptopelia decaocto 1
Sturnus unicolor 1
Sylvia borin 1
Turdus merula 1
Chloris chloris 10
Columba livia var. dom. 3
Sylvia atricapilla 3
Curruca melanocephala 1
Fringilla coelebs 1
Passer domesticus 1

Psittacula krameri

Turdus merula

Coloeus monedula 1
Cyanopica cooki

Mpyiopsitta monachus

Passer domesticus

Pica pica

Psittacula krameri

Sturnus unicolor

Turdus merula

Chloris chloris

Columba livia var. dom.

Sylvia atricapilla 5
Curruca melanocephala 1
Cyanopica cooki

Fringilla coelebs

Myiopsitta monachus

Pica pica

1
1



Plant species Origin Geographic range Growth Fruit type N N Seed Bird species Pre-invasion network Invasion network
seeds/fruit  plants hardness antagonistic mutualistic antagonistic mutualistic
Psittacula krameri 15 2
Sturnus unicolor 3 3
Turdus merula 9 9
Turdus philomelos 9 9
Phoenix canariensis Exotic Canary Islands Tree Drupaceous 1 43 3/2 Myiopsitta monachus 5 1
Passer domesticus 1 1
Psittacula krameri 20 10
Sturnus unicolor 2 2
Turdus merula 7 7
Phoenix dactylifera Exotic NE Sahara / Middle East Tree Drupaceous 1 31 32 Cyanopica cooki 2 2
Mpyiopsitta monachus 4 1
Psittacula krameri 57 3
Pistacia lentiscus Native Canary Islands / Mediterranean Shrub-tree Drupaceous 1 15 2/1 Carduelis carduelis 2 2
Chloris chloris 18 1 18 1
Sylvia atricapilla 21 21
Curruca communis 2 2
Curruca melanocephala 8 8
Cyanopica cooki 26 26
Passer domesticus 2 1 2 1
Sylvia borin 9 9
Turdus merula 9 9
Turdus philomelos 1 1
Platycladus orientalis Exotic China Shrub-tree Dry 251.5 4 2/1 Chloris chloris 10
Myiopsitta monachus 55
Passer domesticus 3
Psittacula krameri 17 2
Prunus dulcis Exotic Balkans / SW Asia / N Africa Tree Dry 1 8 3/3 Myiopsitta monachus 23
Psittacula krameri 45 11
Punica granatum Exotic Irano-Turanian Tree Berry-like 384.1 9 2/1 Sylvia atricapilla 17 17
Curruca melanocephala 10 10
Myiopsitta monachus 25 4
Passer domesticus 1 10 1 10
Psittacula krameri 4 3
Turdus merula 7 7
Pyrus bourgaeana Native Iberian Peninsula / NW Africa Tree Drupaceous 7.9 16 1/1 Cyanopica cooki 2 2



Plant species Origin
Quercus sp Native
Silybum marianum Native
Styphnolobium japonicum Exotic
Tipuana tipu Exotic
Ulmus minor Native

Geographic range

Q. ilex: Mediterranean

Q. suber: W Mediterranean

Mediterranean / SW Asia / Indian

subcontinent

E China

Bolivia / N Southern Cone

Europe / NW Asia

Growth Fruit type N N Seed Bird species Pre-invasion network Invasion network
seeds/fruit  plants hardness antagonistic mutualistic antagonistic mutualistic
Myiopsitta monachus 2
Psittacula krameri 17 6
Streptopelia decaocto 1
Tree Dry 1 24 1/1 Coloeus monedula 3 3
Columba palumbus 6 6
Myiopsitta monachus 7 5
Pica pica 13 13
Psittacula krameri 9 17
Turdus merula 1 1
Herb Dry 150 17 2/1 Carduelis carduelis 11 11
Chloris chloris 24 24
Linnaria cannabina 1 1
Passer domesticus 1 1
Passer hispaniolensis 3 3
Psittacula krameri 6 46
Serinus serinus 1 1
Tree Drupaceous 35 22 2/1 Columba livia var. dom. 1 1
Mpyiopsitta monachus 42 1
Psittacula krameri 43 3
Streptopelia decaocto 1 1
Sturnus unicolor 1 1
Turdus merula 1 1
Tree Dry 1.4 4 32 Mpyiopsitta monachus 66
Psittacula krameri 17 2
Tree Dry 1 14 1/1 Carduelis carduelis 10 10
Chloris chloris 21 21
Columba palumbus 3 3
Linnaria cannabina 6 6
Mpyiopsitta monachus 7
Passer domesticus 3 3
Passer hispaniolensis 1 1
Passer montanus 1 1
Psittacula krameri 21 2
Serinus serinus 12 12
Streptopelia decaocto 7 7



Plant species Origin Geographic range Growth Fruit type N N Seed Bird species Pre-invasion network Invasion network

seeds/fruit  plants hardness antagonistic mutualistic antagonistic mutualistic

Washingtonia robusta Exotic SW USA /N Mexico Tree Drupaceous 1 22 3/2 Coloeus monedula 1 1

Columba livia var. dom. 3 3

Sylvia atricapilla 7 7

Curruca melanocephala 1 1

Cyanopica cooki 6 6

Myiopsitta monachus 1

Passer domesticus 2 2

Pica pica 2 2

Psittacula krameri 4

Sturnus unicolor 10 10

Turdus merula 24 24
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Supplementary Table 3. Geographic range!? of bird species recorded feeding on fruits and seeds during the study period. Non-native bird

species in the study area are indicated with an asterisk.

Order

Family

Bird species

Geographic range

Columbiformes Columbidae

Passeriformes

Corvidae

Fringillidae

Oriolidae

Passeridae

Columba livia var. dom.

Columba palumbus
Streptopelia decaocto
Coloeus monedula
Cyanopica cooki

Pica pica
Carduelis carduelis

Chloris chloris

Fringilla coelebs
Linaria cannabina

Serinus serinus

Oriolus oriolus

Passer domesticus

Passer hispaniolensis

Passer montanus

Macaronesia-Eurasia-N Africa-Sahel
Europe / Near East

Macaronesia / Eurasia / NW Africa
Europe / NW Asia

Iberian Peninsula

Eurasia / NW Africa

Macaronesia / Europe / W Asia / Irano-
Turanian

Macaronesia / Europe / NW Asia
Europe / NW Asia

Macaronesia / Europe / N Africa/ NW
Asia / Irano-Turanian

Europe / Mediterranean

Europe / NW Asia/ C-SE Africa
Europe / N Africa/ NW Asia / Indian
subcontinent

Macaronesia / Mediterranean / Middle
East / NW India

Europe / W-SE Asia



Sturnidae Sturnus unicolor W Mediterranean

. Europe / NW Asia /S Sahel / CW Af-
Sylviidae Curruca communis .
rica

Curruca melanocephala Macaronesia / Mediterranean / Sahel
Macaronesia / Europe / N Africa / NW
Sylvia atricapilla
Asia / Ecuatorial Africa

Europa / NW Asia / Sub-Saharan

Sylvia borin )
Africa
Europe / N Africa / Middle East/ W
Turdidae Turdus merula .
China
Turdus philomelos Europa / N Africa/ NW Asia
Psittaciformes Psittacidae ~ Myiopsitta monachus S Bolivia / N Southern Cone
Psittaculidae Psittacula krameri Indian subcontinent / S Sahel

Supplementary Table 4. Food facilitation events recorded during the study period. Facilitation is defined as any interaction in which a
species -primarily parakeets, Iberian magpies Cyanopica cooki or humans- enhances fruit or seed access for other bird species by

discarding, partially consuming or modifying food items, thereby making them more available, accessible, or easier to consume.

Seed predation N fruits  Facilitating spp
Chloris chloris - Cupressus sempervirens 41 Parakeets
Chloris chloris - Platycladus orientalis 27 Parakeets

Columba livia var. dom. - Campsis radicans 40 Parakeets



Columba palumbus - Cercis siliquastrum 2 Parakeets

Passer domesticus - Arbutus unedo 1 Unknown
Passer domesticus - Campsis radicans 52 Parakeets
Passer domesticus - Ficus microcarpa 8 Human

Passer domesticus - Platycladus orientalis 14 Parakeets
Streptopelia decaocto - Ceratonia siliqua 1 Parakeets
Streptopelia decaocto - Cercis siliquastrum 36 Parakeets
Streptopelia decaocto - Cupressus sempervirens 8 Parakeets

Fruit defleshing N fruits  Facilitator spp

Columba livia var. dom. - Quercus sp 32 Parakeets
Passer montanus - Quercus sp 1 Parakeets
Streptopelia decaocto - Quercus sp 53 Parakeets
Cyanopica cooki - Citrus sinensis 13 Parakeets
Passer domesticus - Citrus sinensis 84 Parakeets
Passer hispaniolensis - Citrus sinensis 2 Parakeets

Sylvia atricapilla - Citrus sinensis 38 Parakeets

Sylvia atricapilla - Pyrus bourgaeana 11 Cyanopica cooki
Sylvia borin - Pyrus bourgaeana 2 Cyanopica cooki
Curruca melanocephala - Citrus sinensis 8 Parakeets
Turdus merula - Citrus sinensis 3 Parakeets

4

Turdus merula - Phoenix dactylifera Cyanopica cooki



Turdus philomelos - Phoenix dactylifera 4 Cyanopica cooki

Seed dispersal N fruits  Facilitator spp

Cyanopica cooki - Citrus sinensis 5 Parakeets




Supplementary Methods 4. Species roles

Supplementary Figure 4. Contribution to nestedness by birds (left panel) and plants (right
panel) in the invasion multilayer network. Species with positive values make a greater

contribution to nestedness than those with negative values.
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