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Supplementary Material 
 
Appendix S1.  Environmental weed species included in McAlpine and Howell’s (2024) list 
but excluded from this study, with reasons for their exclusion (x). Information on viable seed 
production in New Zealand was obtained from Healy and Edgar (1980), Webb et al. (1988), 
Esler (1988), Fromont and King (1992), Timmins and Mackenzie (1995), Edgar and Connor 
2000, Ogle and La Cock (2019), New Zealand Plant Conservation Network 
(www.nzpcn.org.nz), Weedbusters (www.weedbusters.org.nz) and Peter de Lange (pers. 
comm., July 2022). 
 
Species Fern or 

fern ally 
Seaweed Seed not 

seen in NZ 
Seed set 
rare 

Adiantum raddianum x    
Azolla pinnata x    
Cyrtomium falcatum x    
Dryopteris affinis x    
Dryopteris filix-mas x    
Equisetum arvense x    
Nephrolepis cordifolia x    
Osmunda regalis x    
Polypodium vulgare x    
Pteris cretica x    
Selaginella kraussiana x    
Sphaeropteris cooperi x    
Caulerpa brachypus  x   
Undaria pinnatifida  x   
Aloe maculata   x  
Alternanthera philoxeroides   x  
Andropogon virginicus   x  
Anredera cordifolia   x  
Artemisia verlotiorum   x  
Buddleja madagascariensis   x  
Cenchrus purpureus   x  
Ceratophyllum demersum   x  
Chlorophytum comosum   x  
Crassula multicava   x  
Crocosmia ×crocosmiiflora   x  
Delairea odorata   x  
Elodea canadensis   x  
Elodea densa   x  
Erica vagans   x  
Erythrina ×sykesii   x  
Furcraea foetida   x  
Furcraea selloa   x  
Hedychium flavescens   x  
Imperata cylindrica   x  
Kalanchoe pinnata   x  
Lagarosiphon major   x  
Lamium galeobdolon   x  
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Species Fern or 
fern ally 

Seaweed Seed not 
seen in NZ 

Seed set 
rare 

Myriophyllum aquaticum   x  
Phyllostachys aurea   x  
Reynoutria ×bohemica   x  
Reynoutria sachalinensis   x  
Senecio angulatus   x  
Sporobolus ×townsendii   x  
Sporobolus alterniflorus   x  
Tradescantia fluminensis   x  
Vallisneria australis   x  
Watsonia meriana   x  
Yucca gloriosa   x  
Akebia quinata    x 
Ammophila arenaria    x 
Arundo donax    x 
Cenchrus clandestinus    x 
Cestrum aurantiacum    x 
Cestrum elegans    x 
Cestrum fasciculatum    x 
Cyperus rotundus    x 
Elaeagnus ×reflexa    x 
Genista monspessulana    x 
Impatiens sodenii    x 
Ipomoea indica    x 
Jasminum polyanthum    x 
Ligustrum ovalifolium    x 
Nymphaea alba    x 
Passiflora ×rosea    x 
Pseudosasa japonica    x 
Salix ×fragilis    x 
Solanum laxum    x 
Tecomaria capensis    x 
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Appendix S2.  Plant traits, assigned seed dispersal syndromes, dispersal mechanisms, modelled maximum dispersal distances and dispersal mechanism 
references for the New Zealand environmental weed flora. Dispersal distances were not modelled for seeds dispersed by water or for species where the 
dispersal mechanism is unknown. – indicates trait data was unavailable, * indicates dispersal distance was unable to be modelled but maximum dispersal 
distance was obtained from published literature (not included in analyses). Dispersal mechanisms: animal (internal + attachment + nesting material + scatter-
hoarding) – seeds are dispersed when ingested by fruit- or seed-eating vertebrates, attached to fur, feathers or feet, by birds in material used to make their 
nests, or when vertebrates cache seeds and fail to retrieve them; wind – seeds are dispersed by wind; wind.none – seeds are dispersed by wind but have no 
special adaptations; ant – seeds are carried by ants and/or have an elaiosome; ballistic – seeds are ejected from an explosively dehiscent fruit; water – seeds 
are dispersed by rivers, streams, ocean currents or in surface water flows on land; and unknown – no dispersal mechanisms currently known. Taxonomy 
follows the Global Biodiversity Information Facility (https://www.gbif.org). NZPCN = New Zealand Plant Conservation Network, 
https://www.nzpcn.org.nz; SID = Seed Information Database, https://ser-sid.org/. 
 
Species Order Family Fruit 

type  
Growth 
form 

Release 
height 
(m) 

Seed 
mass 
(mg) 

Dispersal 
syndrome 

Dispersal 
mechanism 

Dispersal 
distance (m) 

References 

Acacia baileyana Fabales Fabaceae fleshy shrub 10 21.81 ant ant 106.88 
O'Dowd & Gill 1986; Morgan 
et al. 2002 

        wind 89 NZPCN 
        wind.none 4.73 NZPCN 
Acacia dealbata Fabales Fabaceae fleshy tree 30 12.68 ant ant 183.26 O'Dowd & Gill 1986 
        animal 2275.01 Higgins et al. 2006 
        wind 152.59 Cronk & Fuller 1995 
        wind.none 8.11 Cronk & Fuller 1995 
        water – Cronk & Fuller 1995 

Acacia longifolia Fabales Fabaceae fleshy shrub 10 14.86 ant ant 116.79 

Rice & Westoby 1981; 
O'Dowd & Gill 1986; 
Pemberton & Irving 1990; 
Smart et al. 2023 

        animal 1449.87 

O'Dowd & Gill 1986; Higgins 
et al. 2006; Marchante et al. 
2010 

        wind 97.25 NZPCN 
        wind.none 5.17 NZPCN 
Acacia mearnsii Fabales Fabaceae fleshy tree 10 13.25 ant ant 115.45 O'Dowd & Gill 1986 
        animal 1433.17 Cronk & Fuller 1995 
        wind 96.13 NZPCN 
        wind.none 5.11 NZPCN 
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        water – Cronk & Fuller 1995 

Acacia 
melanoxylon Fabales Fabaceae fleshy tree 30 13.58 internal, ant animal 2239.25 

O'Dowd & Gill 1986; Cronk 
& Fuller 1995; Higgins et al. 
2006 

        ant 180.38 Pemberton & Irving 1990 
        water – Cronk & Fuller 1995 
Acacia paradoxa Fabales Fabaceae fleshy shrub 3 14 ant ant 72.16 Berg 1975 
        wind 60.08 NZPCN 
        wind.none 3.19 NZPCN 
Acacia verticillata Fabales Fabaceae fleshy shrub 10 8.86 ant ant 131.61 Armstrong 1998 
Acanthus mollis Lamiales Acanthaceae dry herb 1.2 208 ballistic ballistic 1.39 Esler 1988 
        animal 55.48 NZPCN 
        water – NZPCN 
Acer negundo Sapindales Sapindaceae dry tree 17 35.98 wind wind 171.3 Matlack 1987 

Acer 
pseudoplatanus Sapindales Sapindaceae dry tree 20 95.1 wind wind 146.31 

Jones 1945; Matlack 1987; 
Webb et al. 1988; Cronk & 
Fuller 1995 

        animal 2181.28 
Spurr et al. 2011; Albert et al. 
2015 

Actinidia 
chinensis Ericales Actinidiaceae fleshy shrub – 1.6 internal animal 107.93 

Sullivan & Williams 2002; 
Logan & Xu 2006; Higgins et 
al. 2006 

Agapanthus 
praecox Asparagales Amaryllidaceae dry herb 1.2 – wind wind 8.75 Esler 1988 
Agave americana Asparagales Asparagaceae dry shrub 10 8.98 unspecialised unknown –  

Ageratina 
adenophora Asterales Asteraceae dry herb 3 0.06 wind wind 41.12 

Fromont & King 1992; 
Timmins & Mackenzie 1995; 
Cronk & Fuller 1995 

Ageratina riparia Asterales Asteraceae dry herb 1 – wind wind 13.84 
Fromont & King 1992; 
Timmins & Mackenzie 1995 

Ageratum 
houstonianum Asterales Asteraceae dry herb 1 0.1 wind wind 22.79 NZPCN 

Agrostis capillaris Poales Poaceae dry herb 1 0.07 unspecialised animal 1605.81 

Timmins & Mackenzie 1995; 
Couvreur et al. 2004; 
Mouissie et al. 2005; Albert et 
al. 2015; Almeida et al. 2022; 
Quin et al. 2023 

        wind 107.71 Timmins & Mackenzie 1995 
        wind.none 5.73 Timmins & Mackenzie 1995 
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        water – Timmins & Mackenzie 1995 
Ailanthus 
altissima Sapindales Simaroubaceae dry tree 25 29.2 wind wind 144.51 

SID; Kaproth & McGraw 
2008 

        water – Kaproth & McGraw 2008 
Allium triquetrum Asparagales Amaryllidaceae dry herb 0.6 – ant ant 6.78 Pemberton & Irving 1990 
Alnus glutinosa Fagales Betulaceae dry tree 15 5 wind wind 264.89 SID 

        animal 3949.29 
Couvreur et al. 2004; Albert et 
al. 2015; Almeida et al. 2022 

        water – Rosenthal 2006 
Alocasia 
brisbanensis Alismatales Araceae fleshy herb 3 10 internal animal 188.28 West 1996 
Amphilophium 
crucigerum Lamiales Bignoniaceae dry shrub – 55.79 wind wind 30.49 NZPCN 
Angelica 
pachycarpa Apiales Apiaceae dry herb 0.6 8.17 unspecialised wind 2.33 NZPCN 
        wind.none 0.12 NZPCN 
        water – NZPCN 
Aponogeton 
distachyos Alismatales Aponogetonaceae dry herb 0.06 – water water – SID 

Araujia sericifera Gentianales Apocynaceae dry shrub 10 – wind wind 289.93 

Timmins & McKenzie 1995; 
Vivianne-Smith & Panetta 
2005; Killick 2017 

        water – 
Vivianne-Smith & Panetta 
2005; Killick 2017 

Archontophoenix 
cunninghamiana Arecales Arecaceae fleshy tree 13 568.2 internal animal 557.81 Weedbusters; SID 
        water – Weedbusters 

Arctium minus Asterales Asteraceae dry herb 1.5 8.9 attachment animal 142.35 

Esler 1988; Webb et al. 1988; 
Green 2016; Almeida et al. 
2025 

        wind 9.55 NZPCN 
        wind.none 0.51 NZPCN 
        water – NZPCN 
Aristea ecklonii Asparagales Iridaceae dry herb 0.45 1.22 unspecialised wind 8.22 NZPCN 
        wind.none 0.44 NZPCN 
        water – NZPCN 

Arum italicum Alismatales Araceae fleshy herb 0.6 39 internal animal 70.91 
Thompson 1976; Webb et al. 
1988; Esler 1988 
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Asparagus 
aethiopicus Asparagales Asparagaceae fleshy herb – 38.34 internal animal 51.25 Esler 1988 
Asparagus 
asparagoides Asparagales Asparagaceae fleshy shrub – 5.4 internal animal 101.55 

Esler 1988; Fromont & King 
1992; Higgins et al. 2006 

        ant 13.76 SID 

Asparagus 
scandens Asparagales Asparagaceae fleshy shrub – – internal animal 115.98 

Fromont & King 1992; 
Timmins & Mackenzie 1995; 
Atkinson 1997 

Asphodelus 
fistulosus Asparagales Asphodelaceae dry herb 0.4 2.7 unspecialised unknown –  
Baccharis 
halimifolia Asterales Asteraceae dry shrub 4 0.1 wind wind 254.48 Sims-Chilton & Panetta 2011 
        animal 3794.08 Almeida et al. 2025 
        water – Sims-Chilton & Panetta 2011 

Banksia 
integrifolia Proteales Proteaceae dry tree 15 13.66 wind wind 114.72 

Australian National 
Herbarium 
https://www.anbg.gov.au/bank
sia/, accessed 1/6/2023; 
Weedbusters 

Bartlettina 
sordida Asterales Asteraceae dry shrub 2 – wind wind 111.01 NZPCN 

Bellis perennis Asterales Asteraceae dry herb 0.15 0.12 unspecialised animal 149.29 
Welch 1985; Albert et al. 
2015 

Berberis darwinii Ranunculales Berberidaceae fleshy shrub 4 8.45 internal animal 1878.18 

Timmins & Mackenzie 1995; 
Burrows 1995; Higgins et al. 
2006 

Berberis 
glaucocarpa Ranunculales Berberidaceae fleshy shrub 7 42.2 internal animal 1630.62 

Williams & Karl 1996; 
Wyman & Kelly 2017 

Betula pendula Fagales Betulaceae dry tree 25 0.6 wind wind 533.42 Webb et al. 1988 

        animal 7952.76 
Mouissie et al. 2005; Albert et 
al. 2015; Almeida et al. 2022 

Biancaea 
decapetala Fabales Fabaceae dry shrub 15 1244.9 unspecialised wind 41.31 West 1996 
        wind.none 2.2 West 1996 
        water – Hosaka & Thistle 1954 

Bidens frondosa Asterales Asteraceae dry herb 2 4.93 attachment animal 183.66 

Couvreur et al. 2004; Warren 
et al. 2017; Almeida et al. 
2022, 2025; NZPCN 

        water – Kehr et al. 2014 
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Bomarea 
multiflora Liliales Alstroemeriaceae fleshy shrub – – internal animal 115.98  

Bromus tectorum Poales Poaceae dry herb 0.8 3 attachment animal 624.75 

Eichberg et al. 2007; Albert et 
al. 2015; Rutledge & 
McLendon 1996 

        wind 41.9 Cronk & Fuller 1995 
        wind.none 2.23 Cronk & Fuller 1995 
Bryonia cretica Cucurbitales Cucurbitaceae fleshy shrub 6 22.47 internal animal 706.83 Snow & Snow 1988; NZPCN 

Buddleja davidii Lamiales Scrophulariaceae dry shrub 3 0.1 wind wind 177.34 
Timmins & Mckenzie 1995; 
Tallent-Halsell & Watt 2009 

        water – 
Timmins & Mckenzie 1995; 
Tallent-Halsell & Watt 2009 

Callistachys 
lanceolata Fabales Fabaceae dry tree 7 – unspecialised unknown – Hopley & Byrne 2018 

Calluna vulgaris Ericales Ericaceae dry shrub 0.5 0.03 unspecialised wind 103.01 
Timmins & Mackenzie 1995; 
Bullock & Clarke 2000 

        wind.none 5.48 
Timmins & Mackenzie 1995; 
Bullock & Clarke 2000 

        animal 1535.79 

Welch 1985; Mouissie et al. 
2005; Albert et al. 2015; 
Almeida et al. 2022 

Calystegia 
silvatica Solanales Convolvulaceae dry shrub – 21.26 unspecialised unknown – Esler 1988 
Canna indica Zingiberales Cannaceae dry herb 2 155.15 unspecialised unknown – Esler 1988 
Carex demissa Poales Cyperaceae dry herb 0.3 0.69 water water – Rosenthal 2006 
Carex divisa Poales Cyperaceae dry herb 0.6 1.36 unspecialised unknown –  
Carex divulsa Poales Cyperaceae dry herb 0.6 2.51 unspecialised animal 144.7 Almeida et al. 2022 

Carex flacca Poales Cyperaceae dry herb 0.5 0.9 unspecialised animal 170.14 
Healy & Edgar 1980; Albert et 
al. 2015; Almeida et al. 2022 

Carex flacca Poales Cyperaceae dry herb 0.5 0.9 unspecialised water – Healy & Edgar 1980 
Carex leporina Poales Cyperaceae dry herb 0.6 0.63 unspecialised animal 199.15 Carroll 1966 
Carex 
longebrachiata Poales Cyperaceae dry herb 0.9 1.7 unspecialised wind 12.55 Molloy et al. 1967 
        wind.none 0.67 Molloy et al. 1967 
        animal 187.08 Molloy et al. 1967 
Carex lurida Poales Cyperaceae dry herb 0.9 1.16 unspecialised animal 204.26 NZPCN 
Carex pendula Poales Cyperaceae dry herb 2.5 0.75 unspecialised unknown –  

Carex scoparia Poales Cyperaceae dry herb 0.9 0.44 unspecialised animal 256.02 
Warren et al. 2017; Almeida et 
al. 2025; NZPCN 
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Carpobrotus 
chilensis Caryophyllales Aizoaceae fleshy herb – 0.34 internal animal 58.97 

Vila & D'Antonio 1998; 
Higgins et al. 2006 

Carpobrotus 
edulis Caryophyllales Aizoaceae fleshy herb – 0.37 internal animal 58.63 

Vila & D'Antonio 1998; 
D'Antonio 1990 

Casuarina glauca Fagales Casuarinaceae dry tree 15 3 wind wind 167.57  
Celastrus 
orbiculatus Celastrales Celastraceae fleshy tree 12 10.48 internal animal 1869.89 Williams & Timmins 2003 
Cenchrus 
alopecuroides Poales Poaceae dry herb 0.4 – attachment animal 469.62 

McIntyre et al. 1995; Toon et 
al. 2018 

        wind 39.08 McIntyre et al. 1995 
        wind.none 2.76 McIntyre et al. 1995 
Cenchrus 
caudatus Poales Poaceae dry herb 1.2 1.53 unspecialised unknown –  
Cenchrus 
longisetus Poales Poaceae dry herb 0.35 1.4 unspecialised unknown –  
Cenchrus 
setaceus Poales Poaceae dry herb 1 1.64 wind wind 52.81 Toon et al. 2018; NZPCN 
        animal 787.34 NZPCN 
        water – NZPCN 
Centranthus ruber Dipsacales Caprifoliaceae dry herb 0.8 1.77 wind wind 4.7 SID 
Cestrum 
nocturnum Solanales Solanaceae fleshy shrub 2.5 3.24 internal animal 763.84 Higgins et al. 2006 
Chamaecytisus 
prolifer Fabales Fabaceae dry tree 5 23.6 ballistic, ant ballistic 23.56 Webb et al. 1988 
        ant 75.97 Pemberton & Irving 1990 
        animal 943.07 Higgins et al. 2006 
        water – NZPCN 
Chrysojasminum 
humile Lamiales Oleaceae fleshy shrub 2.5 – internal animal 1963.99 Meisenburg & Fox 2002 
Cirsium arvense Asterales Asteraceae dry herb 1 1.34 wind, ant wind 12.51 Soomers et al. 2013 

        animal 186.58 

Harrington et al. 2011; Albert 
et al. 2015; Almeida et al. 
2022 

        ant 15.03 Pemberton & Irving 1990 
        water – Soomers et al. 2013 

Cirsium vulgare Asterales Asteraceae dry herb 1.5 2.91 wind, ant wind 12.36 

Matlack 1987; Burrows 1995; 
McIntyre et al. 1995; Morris 
et al. 2011 
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        animal 184.29 

Marchant & Higgins 1990a; 
Couvreur et al. 2004; 
Harrington et al. 2011; 
Almeida et al. 2022 

        ant 14.85 Pemberton & Irving 1990 
Clematis 
flammula Ranunculales Ranunculaceae dry shrub – 8.12 wind wind 35.23 Esler 1988 
        water – Esler 1988 
Clematis 
terniflora Ranunculales Ranunculaceae dry shrub – 5.24 wind wind 36.29 Esler 1988 
        water – Esler 1988 

Clematis vitalba Ranunculales Ranunculaceae dry tree – 2.22 wind wind 376.46 
Esler 1988; Williams & 
Buxton 1995 

        water – Esler 1988 
Cobaea scandens Ericales Polemoniaceae dry shrub – 72.3 wind wind 21.01 Esler 1988 

Cornus capitata Cornales Cornaceae fleshy tree 6 36.9 internal animal 824.84 
Webb et al. 1988; Higgins et 
al. 2006; Spurr et al. 2011 

Cortaderia jubata Poales Poaceae dry shrub 4.5 – wind wind 537.05 
Esler 1988; Timmins & 
Mackenzie 1995 

Cortaderia 
selloana Poales Poaceae dry shrub 6 – wind wind 587.47 

Esler 1988; Fromont & King 
1992; Timmins & Mackenzie 
1995; Almeida et al. 2025 

Cotoneaster 
coriaceus Rosales Rosaceae fleshy shrub 5 7.77 internal animal 820.3 NZPCN 
Cotoneaster 
franchetii Rosales Rosaceae fleshy shrub 2 8.88 internal animal 545.6 Williams & Karl 1996 
Cotoneaster 
glaucophyllus Rosales Rosaceae fleshy shrub 4 7.18 internal animal 762.13 

Esler 1988; Fromont & King 
1992 

Cotoneaster 
simonsii Rosales Rosaceae fleshy shrub 3.5 13.18 internal animal 626.94 Burrows 1995 
Cotyledon 
orbiculata Saxifragales Crassulaceae dry shrub 0.5 0.02 unspecialised wind 135.63 SID 
        wind.none 5.81 SID 

Crataegus 
monogyna Rosales Rosaceae fleshy shrub 10 96.87 internal animal 609.05 

Stidolph 1951; Esler 1988; 
Timmins & Mackenzie 1995; 
Cronk & Fuller 1995; 
Williams & Karl 1996; Albert 
et al. 2015; Almeida et al. 
2022 
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Cupressus 
macrocarpa Pinales Cupressaceae dry tree – 11.73 wind wind 259.58 NZPCN 

Cuscuta 
campestris Solanales Convolvulaceae dry herb – 0.84 unspecialised animal 69.51 

Costea et al. 2016; Oveisi et 
al. 2020; Zidon et al. 2016; 
Almeida et al. 2025 

        water – 

Department of Conservation: 
https://www.doc.govt.nz/conte
ntassets/fcebada855be443a89b
a27f28b352140/factsheet-
golden-dodder.pdf, accessed 
14 April 2023. 

Cynodon dactylon Poales Poaceae dry herb 0.5 0.3 unspecialised animal 876.53 

Dean et al. 1990; Eichberg et 
al. 2007; Albert et al. 2015; 
Jurado et al. 1991; Almeida et 
al. 2022, 2025 

Cyperus 
eragrostis Poales Cyperaceae dry herb 0.9 0.12 unspecialised animal 345.14 

McIntyre et al. 1995; 
Reynolds & Cumming 2016 

Cytisus 
multiflorus Fabales Fabaceae dry shrub 3 5.25 ballistic ballistic 28.07 Webb et al. 1988 

Cytisus scoparius Fabales Fabaceae dry shrub 2 8.78 ballistic, ant ballistic 21.09 
Webb et al. 1988; Cronk & 
Fuller 1995 

        animal 844.48 
Cronk & Fuller 1995; Albert 
et al. 2015 

        ant 68.03 Pemberton & Irving 1990 
        water – Cronk & Fuller 1995 
Dactylis 
glomerata Poales Poaceae dry herb 1.2 0.81 unspecialised wind 67 Timmins & Mackenzie 1995 
        wind.none 3.56 Timmins & Mackenzie 1995 

        animal 998.89 

Welch 1985; Timmins & 
Mackenzie 1995; Couvreur et 
al. 2004; Bartuszevige & 
Endress 2008; Albert et al. 
2015; Almeida et al. 2022 

        water – Timmins & Mackenzie 1995 
Datura 
stramonium Solanales Solanaceae dry herb 1 8.1 water wind 7.69 SID 
        wind.none 0.33 SID 
        water – Weaver & Warwick 1984 
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Digitalis 
purpurea Lamiales Plantaginaceae dry herb 2.5 0.08 unspecialised wind 38.63 SID 
        wind.none 2.05 SID 

        animal 575.96 
Couvreur et al. 2004; Albert et 
al. 2015 

Dimorphotheca 
fruticosa Asterales Asteraceae dry herb – – unspecialised unknown –  
Dipogon lignosus Fabales Fabaceae dry shrub – 15.6 unspecialised water – NZPCN 
Dolichandra 
unguis-cati Lamiales Bignoniaceae dry shrub – 18.33 wind wind 32.89 NZPCN 
Eccremocarpus 
scaber Lamiales Bignoniaceae dry shrub – 0.4 wind wind 42.67 NZPCN 
Echium vulgare Boraginales Boraginaceae dry herb 0.9 3.09 unspecialised wind 9.77 SID; NZPCN 
        wind.none 0.42 SID; NZPCN 
        water – NZPCN 
Ehrharta erecta Poales Poaceae dry herb 0.8 0.85 unspecialised wind 56.15 Timmins & McKenzie 1995 
        wind.none 2.98 Timmins & McKenzie 1995 

        animal 837.07 

Dean et al. 1990; Timmins & 
McKenzie 1995; Quin et al. 
2023 

        water – Timmins & McKenzie 1995 
Ehrharta villosa Poales Poaceae dry herb 2 – unspecialised wind 64.55 Hilton et al. 2007 
        wind.none 4.56 Hilton et al. 2007 
Embothrium 
coccineum Proteales Proteaceae dry tree 10 15.26 wind wind 94.64 NZPCN 
Epilobium 
hirsutum Myrtales Onagraceae dry herb 2 0.1 wind wind 205.5 Soomers et al. 2013; NZPCN 

        animal 3063.77 
Albert et al. 2015; Almeida et 
al. 2022 

        water – Soomers et al. 2013 
Eragrostis 
curvula Poales Poaceae dry herb 0.7 0.2 unspecialised wind 74.15 McIntyre et al. 1995; NZPCN 
        wind.none 3.94 McIntyre et al. 1995; NZPCN 
Erica arborea Ericales Ericaceae dry tree 5 0.07 unspecialised unknown –  
Erica baccans Ericales Ericaceae dry shrub 2.5 0.08 unspecialised unknown – Atkinson 1997 
Erica caffra Ericales Ericaceae dry shrub 3 0.02 unspecialised unknown – NZPCN 
Erica cinerea Ericales Ericaceae dry shrub 0.3 0.13 unspecialised wind 59.27 Bullock & Clarke 2000 
        wind.none 3.15 Bullock & Clarke 2000 
        animal 883.61 Albert et al. 2015 
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Erica lusitanica Ericales Ericaceae dry shrub 2 0.01 unspecialised wind 225.16 

Esler 1988; Mather & 
Williams 1990; Cronk & 
Fuller 1995 

        wind.none 11.97 

Esler 1988; Mather & 
Williams 1990; Cronk & 
Fuller 1995 

Erigeron 
karvinskianus Asterales Asteraceae dry herb 0.4 0.05 wind wind 18.15 NZPCN 
        water – NZPCN 
Erythranthe 
guttata Lamiales Phrymaceae dry herb 0.6 0.03 unspecialised water – NZPCN 
Eschscholzia 
californica Ranunculales Papaveraceae dry herb 0.3 1.5 unspecialised unknown – SID 
Eucalyptus 
delegatensis Myrtales Myrtaceae dry tree 30 8.91 unspecialised wind 355.54 SID 
        wind.none 18.9 SID 

Euonymus 
europaeus Celastrales Celastraceae fleshy shrub 6 38.95 internal animal 594.34 

Webb et al. 1988; Burrows 
1995; Williams & Karl 1996; 
Higgins et al. 2006 

Euonymus 
japonicus Celastrales Celastraceae fleshy shrub 7 29.67 internal animal 711.24 Ando et al. 2022 
Eupatorium 
cannabinum Asterales Asteraceae dry herb 1.8 0.29 wind wind 22.7 Matlack 1987; NZPCN 

        animal 338.42 
Couvreur et al. 2004; Albert et 
al. 2015; Almeida et al. 2022 

        water – NZPCN 
Euphorbia 
paralias Malpighiales Euphorbiaceae dry herb 0.7 5.8 water water – SID 
Fatsia japonica Apiales Araliaceae fleshy shrub 2 7.1 internal animal 696.97 Rogan 1997 

Festuca rubra Poales Poaceae dry herb 0.45 1.1 attachment animal 621.7 

Couvreur et al. 2004; 
Mouissie et al. 2005; Albert et 
al. 2015; Almeida et al. 2022 

Ficus 
macrophylla Rosales Moraceae fleshy tree 55 2.03 internal animal 4089.34 

Moncrieff 1928; Macdonald 
1951; Anderson 2006; Spurr 
et al. 2011 

Fraxinus 
excelsior Lamiales Oleaceae dry tree 30 61.6 wind wind 145.7 SID 
        animal 2172.25 Spurr et al. 2011 
Fuchsia boliviana Myrtales Onagraceae fleshy shrub 3 – internal animal 14835.2  
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Glaucium flavum Ranunculales Papaveraceae dry herb 0.3 0.96 ballistic ballistic 5.88 Solås et al. 2004 
        wind 15.8 Solås et al. 2004 
        wind.none 0.84 Solås et al. 2004 
        water – Solås et al. 2004 
Glyceria 
declinata Poales Poaceae dry herb – 1.28 unspecialised animal 116.66 

Simpson 1971; Almeida et al. 
2022 

        water – NZPCN 

Glyceria fluitans Poales Poaceae dry herb – 1.43 unspecialised animal 115.79 

Carroll 1966; Marchant & 
Higgins 1993; Couvreur et al. 
2004; Albert et al. 2015; 
Almeida et al. 2022; NZPCN 

        water – NZPCN 

Glyceria maxima Poales Poaceae dry herb – 0.95 water animal 119.05 
Carroll 1966; Almeida et al. 
2022 

        water – van den Broek et al. 2005 
Gunnera tinctoria Gunnerales Gunneraceae fleshy herb 2.5 0.78 internal animal 295.03 Williams et al. 2005 
Gymnocoronis 
spilanthoides Asterales Asteraceae dry herb 1 – unspecialised animal 166.35 NZPCN 
        water – NZPCN 

Hakea gibbosa Proteales Proteaceae dry shrub – 44.9 wind wind 17.65 

Esler 1988; Timmins & 
Mackenzie 1995; Cronk & 
Fuller 1995; Atkinson 1997 

Hakea salicifolia Proteales Proteaceae dry tree – 20.2 wind wind 182.35 

Esler 1988; Timmins & 
Mackenzie 1995; Atkinson 
1997 

Hakea sericea Proteales Proteaceae dry tree – 31.7 wind wind 176.84 

Esler 1988; Timmins & 
Mackenzie 1995; Atkinson 
1997 

Hedera 
canariensis Apiales Araliaceae fleshy shrub – – internal animal 123.85  

Hedera helix Apiales Araliaceae fleshy shrub – 19.72 internal animal 89.69 

Webb et al. 1988; Esler 1988; 
Fromont & King 1992; 
Burrows 1995; Atkinson 1997 

Hedychium 
gardnerianum Zingiberales Zingiberaceae fleshy herb 2 – internal animal 139.05 

Esler 1988; Fromont & King 
1992; Timmins & Mackenzie 
1995 

Helichrysum 
petiolare Asterales Asteraceae dry herb – – wind wind 17.04  
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Helosciadium 
nodiflorum Apiales Apiaceae dry herb 1 0.86 unspecialised animal 72.04 Zidon et al. 2016 
Hieracium 
levicaule Asterales Asteraceae dry herb 0.75 – wind wind 12.65 

Miller et al. 2015; French 
2021 

        water – Miller et al. 2015 

Holcus lanatus Poales Poaceae dry herb 1.1 0.3 unspecialised animal 1212.35 

Carroll 1966; Welch 1985; 
Couvreur et al. 2004; 
Mouissie et al. 2005; Albert et 
al. 2015; Warren et al. 2017; 
Flaherty et al. 2018; Almeida 
et al. 2022; Quin et al. 2023; 
SID 

        wind 81.32 Morris et al. 2011; SID 
        wind.none 4.32 Morris et al. 2011; SID 
        water – van den Broek et al. 2005 
Homalanthus 
populifolius Malpighiales Euphorbiaceae fleshy shrub 5 21.61 internal animal 1595.12 Innis 1989; NZPCN 
        ant 128.49 Berg 1975 
        water – NZPCN 
Humulus lupulus Rosales Cannabaceae dry shrub – 2.62 wind wind 25.73 SID 
Hydrangea 
macrophylla Cornales Hydrangeaceae dry shrub 2 0.02 unspecialised unknown – NZPCN 
Hypericum 
androsaemum Malpighiales Hypericaceae fleshy shrub 1.5 0.07 internal animal 3166.84 Burrows 1995 
Hypericum 
perforatum Malpighiales Hypericaceae dry herb 1 0.2 unspecialised wind 22.35 

Rutledge & McLendon 1996; 
NZPCN 

        wind.none 1.19 
Rutledge & McLendon 1996; 
NZPCN 

        animal 333.19 

Couvreur et al. 2004; Albert et 
al. 2015; Almeida et al. 2022, 
2025; Rutledge & McLendon 
1996 

        water – Rutledge & McLendon 1996 

Ilex aquifolium Aquifoliales Aquifoliaceae fleshy tree 12 32.27 internal animal 1311.88 
Webb et al. 1988; Williams & 
Karl 1996 

Impatiens 
glandulifera Ericales Balsaminaceae dry herb 2.5 9.83 ballistic ballistic 2.98 Webb et al. 1988 
        water – NZPCN 
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Iris foetidissima Asparagales Iridaceae fleshy herb 0.8 79.41 internal animal 59.12 

Webb et al. 1988; Atkinson 
1997; Timmins & Mckenzie 
1995 

        water – Timmins & Mckenzie 1995 
Iris pseudacorus Asparagales Iridaceae dry herb 1 42.79 water animal 74.76 Almeida et al. 2022 

        water – 

Coops & van der Velde 1995; 
van den Broek et al. 2005; 
NZPCN 

Jacobaea vulgaris Asterales Asteraceae dry herb 1.2 0.21 
wind, 
unspecialised wind 20.7 Wardle 1987 

        animal 308.6 Wardle 1987 
        water – NZPCN 
Juglans 
ailantifolia Fagales Juglandaceae dry tree 15 6767 scatterhoarding animal 324.76 Tamura 2001 

        water – 

Weedbusters 
https://www.weedbusters.org.
nz/what-are-weeds/weed-
list/japanese-walnut/ 

Juncus acutus Poales Juncaceae dry herb 1 0.1 attachment animal 217.05 Esler 1988; NZPCN 
        water – NZPCN 

Juncus articulatus Poales Juncaceae dry herb 0.6 0.02 attachment animal 255.15 

Welch 1985; Esler 1988; 
Couvreur et al. 2004; 
Rosenthal 2006; Albert et al. 
2015; Almeida et al. 2022; 
NZPCN 

        wind 17.11 Rosenthal 2006 
        wind.none 0.91 Rosenthal 2006 
        water – NZPCN 
Juncus bulbosus Poales Juncaceae dry herb 0.15 0.24 attachment animal 81.21 Esler 1988; NZPCN 
        water – NZPCN 

Juncus 
squarrosus Poales Juncaceae dry herb 0.35 0.1 attachment animal 140.93 

Welch 1985; Esler 1988; 
Mouissie et al. 2005; Albert et 
al. 2015; NZPCN 

        water – NZPCN 
Kennedia 
rubicunda Fabales Fabaceae fleshy shrub – 25.41 ballistic, ant ballistic 4.29 Berg 1975 
        ant 12.64 Berg 1975 
Lagunaria 
patersonia Malvales Malvaceae dry tree – 48.2 water water – NZPCN 
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Lantana camara Lamiales Verbenaceae fleshy shrub 2 11.14 internal animal 776.87 

Webb et al. 1988; Fromont & 
King 1992; Cronk & Fuller 
1995; Meisenburg & Fox 
2002; Higgins et al. 2006; 
Green 2016 

Larix decidua Pinales Pinaceae dry tree – 6.4 wind wind 393.13 
Timmins & Mackenzie 1995; 
SID 

Lathyrus latifolius Fabales Fabaceae dry herb – 40.3 unspecialised unknown –  
Lathyrus 
tingitanus Fabales Fabaceae dry herb – 93.5 unspecialised unknown –  
Laurus nobilis Laurales Lauraceae fleshy shrub 7 516.27 internal animal 289.12 NZPCN 
Leptospermum 
laevigatum Myrtales Myrtaceae dry shrub 2 1.12 wind wind 195.75 Burrell 1981 

Leucanthemum 
vulgare Asterales Asteraceae dry herb 1 0.42 unspecialised animal 243.94 

McIntyre et al. 1995; 
Clements et al. 2004; 
Rosenthal 2006; Albert et al. 
2015; Green 2016; McDougall 
et al. 2018 

Leycesteria 
formosa Dipsacales Caprifoliaceae fleshy shrub 2 0.3 internal animal 971.56 

Webb et al. 1988; Williams & 
Karl 1996; Atkinson 1997; 
Spurr et al. 2011 

Leymus 
racemosus Poales Poaceae dry herb 1.6 10.59 unspecialised unknown –  

Ligustrum 
lucidum Lamiales Oleaceae fleshy shrub 10 31 internal animal 1682.95 

Esler 1988; Fromont & King 
1992; Timmins & Mackenzie 
1995; Atkinson 1997; Karan 
2000; Higgins et al. 2006 

Ligustrum sinense Lamiales Oleaceae fleshy shrub 5 16.53 internal animal 1463.28 

Esler 1988; Fromont & King 
1992; Timmins & Mackenzie 
1995; Williams & Karl 1996; 
Atkinson 1997 

Ligustrum vulgare Lamiales Oleaceae fleshy shrub 5 15.96 internal animal 1475.19 Debussche & Isenmann 1994 
Lilium 
formosanum Liliales Liliaceae dry herb 0.75 1.65 wind wind 10.66 Cameron 1989 
Lolium 
arundinaceum Poales Poaceae dry herb 1.5 1.1 unspecialised animal 1020.18 Warren et al. 2017 

Lolium perenne Poales Poaceae dry herb 0.75 2 unspecialised animal 668.12 

Welch 1985; Marchant & 
Higgins 1993; Harrington et 
al. 2011; Morris et al. 2011; 
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Couvreur et al. 2004; Albert et 
al. 2015; Almeida et al. 2022 

        wind 44.81 Morris et al. 2011 
        wind.none 2.38 Morris et al. 2011 
Lomatia fraseri Proteales Proteaceae dry shrub 4 7.2 wind wind 80.22 Perrie & Shepherd 2021 

Lonicera japonica Dipsacales Caprifoliaceae fleshy shrub – 1.8 internal animal 61.55 

Esler 1988; Timmins & 
Mackenzie 1995; Williams & 
Karl 1996; Atkinson 1997 

Lophospermum 
erubescens Lamiales Plantaginaceae dry herb – 0.27 wind wind 24.69 NZPCN 
Ludwigia 
peploides Myrtales Onagraceae dry herb – 1.54 unspecialised animal 338.29 

Marchant & Higgins 1990; 
Almeida et al. 2022, 2025 

        water – Kehr et al 2014 
Luma apiculata Myrtales Myrtaceae fleshy tree 8 17.4 internal animal 2636.6 Heenan et al. 2004 
Lupinus arboreus Fabales Fabaceae dry shrub 3 32.76 ballistic ballistic 18.39 NZPCN 
Lupinus 
polyphyllus Fabales Fabaceae dry herb 0.6 21 ballistic ballistic 1.66 Timmins & Mackenzie 1995 
        water – Timmins & Mackenzie 1995 

Lycium 
ferocissimum Solanales Solanaceae fleshy shrub 6 2.54 internal animal 1404.99 

Marchant & Higgins 1993; 
Fromont & King 1992; 
Timmins & Mackenzie 1995; 
Atkinson 1997; Higgins et al. 
2006 

Lycopus 
europaeus Lamiales Lamiaceae dry herb 1 0.3 water animal 206.22 

Couvreur et al. 2004; Albert et 
al. 2015; Almeida et al. 2022 

        water – 
van den Broek et al. 2005; 
Rosenthal 2006; NZPCN 

Lythrum salicaria Myrtales Lythraceae dry herb 1 0.07 water animal 576.73 
Couvreur et al. 2004; Albert et 
al. 2015; Almeida et al. 2022 

        wind 38.68 Rutledge & McLendon 1996 
        wind.none 2.06 Rutledge & McLendon 1996 

        water – 
Rutledge & McLendon 1996; 
NZPCN 

Malva arborea Malvales Malvaceae dry herb 2 12.69 unspecialised unknown –  
Maytenus boaria Celastrales Celastraceae fleshy shrub 10 14.55 internal animal 1106.09 NZPCN 

Medicago 
lupulina Fabales Fabaceae dry herb – 1.6 unspecialised animal 64.98 

Lammerink 1968; Dunbier 
1972; Turkington & Cavers 
1979; Bartuszevige & Endress 
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2008; Albert et al. 2015; 
Almeida et al. 2022, 2025 

        water – Turkington & Cavers 1979 
Melianthus major Geraniales Melianthaceae dry shrub 2 31.15 wind wind 47.24 SID 
        animal 704.36 Simpson 1971 
        water – SID 
Miscanthus 
nepalensis Poales Poaceae dry herb 2 – wind wind 64.55 SID 

Moraea flaccida Asparagales Iridaceae dry herb 0.6 3.11 unspecialised wind 7.45 
van Kleunen et al. 2008; 
NZPCN 

        wind.none 0.4 
van Kleunen et al. 2008; 
NZPCN 

        animal 111.03 NZPCN 
        water – NZPCN 
Myoporum 
insulare Lamiales Scrophulariaceae fleshy shrub – 14.66 internal animal 88.84 

Higgins et al. 2006; Guja et al. 
2010 

        water – Guja et al. 2010 

Myricaria 
germanica Caryophyllales Tamaricaceae dry shrub 1.5 0.05 wind wind 92.89 

Werth & Scheidegger 2014; 
Fink et al. 2017; Fink et al. 
2022 

        water – 

Werth & Scheidegger 2014; 
Fink et al. 2017; Fink et al. 
2022 

Nardus stricta Poales Poaceae dry herb 0.3 0.4 attachment animal 664.72 
Welch 1985; Mouissie et al. 
2005 

Nassella neesiana Poales Poaceae dry herb 1.2 6.7 attachment animal 613.09 

Gardener et al. 2003; 
Humphries & Florentine 2021; 
NZPCN 

        wind 41.12 Gardener et al. 2003 
        wind.none 2.19 Gardener et al. 2003 
        water – NZPCN 
Nassella 
tenuissima Poales Poaceae dry herb 0.7 0.31 unspecialised wind 67.01 Humphries & Florentine 2021 
        wind.none 3.56 Humphries & Florentine 2021 

Nassella 
trichotoma Poales Poaceae dry herb 0.7 – wind wind 46.53 

Hilgendorf & Calder 1967; 
Cronk & Fuller 1995; 
Humphries & Florentine 2021; 
Timmins & Mackenzie 1995; 
NZPCN 



Wotton et al.: Dispersal of environmental weeds 

19 
 

        animal 559.17 NZPCN 
Nymphaea 
mexicana Nymphaeales Nymphaeaceae dry herb – – water animal 39.98 Almeida et al. 2025 
        water – Bonilla-Barbosa et al. 2000 
Ochna serrulata Malpighiales Ochnaceae fleshy shrub 3 55.06 internal animal 975.68 Heenan et al. 1999; NZPCN 
        water – NZPCN 
Olea europaea Lamiales Oleaceae fleshy shrub 7 107.78 internal animal 1089.74 West 1996; Cameron 2017 
Opuntia 
monacantha Caryophyllales Cactaceae fleshy tree 5 24.16 internal, ant animal 517.07 Humphries et al. 2022 
        ant 41.65 Humphries et al. 2022 
Osteospermum 
moniliferum Asterales Asteraceae fleshy shrub 2 31.2 internal animal 756.91 

Esler 1988; Webb et al. 1988; 
Fromont & King 1992 

Paraserianthes 
lophantha Fabales Fabaceae dry shrub 8 64.9 ballistic ballistic 23.5 NZPCN 
        water – NZPCN 

Paspalum 
distichum Poales Poaceae dry herb 0.45 – unspecialised animal 487.19 

Middleton et al. 1991; 
Almeida et al. 2022, 2025; 
NZPCN 

        water – NZPCN 
Paspalum 
vaginatum Poales Poaceae dry herb 0.3 0.63 unspecialised animal 598.41 Almeida et al. 2022 
Passiflora 
caerulea Malpighiales Passifloraceae fleshy shrub – 10.05 internal animal 110.25 NZPCN 
Passiflora edulis Malpighiales Passifloraceae fleshy shrub – 15.46 internal animal 107.07 NZPCN 
Passiflora mixta Malpighiales Passifloraceae fleshy tree – – internal animal 663.02 NZPCN 
Passiflora 
pinnatistipula Malpighiales Passifloraceae fleshy shrub – – internal animal 115.98 Williams & Buxton 1995 
Passiflora 
tarminiana Malpighiales Passifloraceae fleshy tree – – internal animal 663.02 Fromont & King 1992 

Passiflora 
tripartita Malpighiales Passifloraceae fleshy tree – 29 internal animal 1003.68 

Williams & Buxton 1995; 
Williams & Karl 1996; 
Beavon & Kelly 2015 

Persicaria 
capitata Caryophyllales Polygonaceae dry herb – 1.51 ant ant 3.31 Pemberton & Irving 1990 
Phalaris 
arundinacea Poales Poaceae dry herb 2 0.8 water wind 82.9 SID 
        wind.none 4.41 SID 

        animal 1236.02 
Couvreur et al. 2004; Almeida 
et al. 2022, 2025 
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        water – 
Coops & van der Velde 1995; 
SID 

Phoenix 
canariensis Arecales Arecaceae fleshy tree 6 1056 internal animal 286.64 Williams 2006 
Phragmites karka Poales Poaceae dry herb 3 0.1 unspecialised wind 158.36 SID 
        wind.none 8.42 SID 

        animal 2361.05 
Almeida et al. 2022, 2025; 
SID 

        water – SID 

Phytolacca 
icosandra Caryophyllales Phytolaccaceae fleshy shrub 2 5.32 internal animal 522.65 

Moncrieff 1928; Hilgendorf & 
Calder 1967; Wotton 2002; 
Higgins 2006; Spurr et al. 
2011 

Pilosella 
officinarum Asterales Asteraceae dry herb 0.1 0.18 wind wind 7.67 

Esler 1988; Timmins & 
Mackenzie 1995; Atkinson 
1997; SID 

Pilosella 
piloselloides Asterales Asteraceae dry herb 0.45 0.21 wind wind 13.8 Timmins & McKenzie 1995 

Pinus contorta Pinales Pinaceae dry tree 37 4.1 wind wind 663.88 
Timmins & Mackenzie 1995; 
Wyse & Hulme 2021; SID 

Pinus halepensis Pinales Pinaceae dry tree 18 21 wind wind 338.42 Wyse & Hulme 2021 
Pinus monticola Pinales Pinaceae dry tree 35 20.41 wind wind 447.84 Ledgard 2002; SID 
Pinus mugo Pinales Pinaceae dry shrub 8 13.7 wind wind 277.95 Wyse & Hulme 2021; SID 
        animal 4144.03 Camarero et al. 2005 
Pinus muricata Pinales Pinaceae dry tree 22 13 wind wind 410.61 Wyse & Hulme 2021; SID 

Pinus nigra Pinales Pinaceae dry tree 40 17 wind wind 493.54 

Timmins & Mackenzie 1995; 
Atkinson 1997; Wyse & 
Hulme 2021; SID 

Pinus patula Pinales Pinaceae dry tree 33 14 wind wind 476.9 
Cronk & Fuller 1995; Wyse & 
Hulme 2021 

Pinus pinaster Pinales Pinaceae dry tree 37 47 wind wind 377.88 

Timmins & Mackenzie 1995; 
Cronk & Fuller 1995; 
Atkinson 1997; Wyse & 
Hulme 2021 

Pinus ponderosa Pinales Pinaceae dry tree 57 39 wind wind 471.28 Wyse & Hulme 2021; SID 

Pinus radiata Pinales Pinaceae dry tree 44 32 wind wind 443.49 

Timmins & Mackenzie 1995; 
Cronk & Fuller 1995; 
Atkinson 1997; Wyse & 
Hulme 2021; SID 



Wotton et al.: Dispersal of environmental weeds 

21 
 

Pinus strobus Pinales Pinaceae dry tree 50 17 wind wind 540.98 SID; NZPCN 

        animal 8065.54 
Warren et al. 2017; Almeida et 
al. 2025 

Pinus sylvestris Pinales Pinaceae dry tree 33 6 wind wind 580.02 Wyse & Hulme 2021; SID 
        animal 8647.55 Albert et al. 2015 
Pinus thunbergii Pinales Pinaceae dry tree 15 13.83 wind wind 345.77  
Pinus uncinata Pinales Pinaceae dry tree 5 7.94 wind wind 250.15 Camarero et al. 2005 
Pittosporum 
undulatum Apiales Pittosporaceae fleshy tree 14 8.35 internal animal 1438.97 Webb et al. 1988; Mullet 2002 
Plectranthus 
ciliatus Lamiales Lamiaceae dry herb 0.3 0.53 unspecialised unknown –  
Plectranthus 
ecklonii Lamiales Lamiaceae dry shrub 2.9 – unspecialised unknown – Esler 1988 

Poa annua Poales Poaceae dry herb 0.35 0.3 unspecialised animal 756.91 

Carroll 1966; Marchant & 
Higgins 1993; Couvreur et al. 
2004; Albert et al. 2015; 
Green 2016; Warren et al. 
2017; Almeida et al. 2022, 
2025; Rutledge & McLendon 
1996 

        wind 50.77 Rutledge & McLendon 1996 
        wind.none 2.7 Rutledge & McLendon 1996 
        water – Rutledge & McLendon 1996 
Polygala 
myrtifolia Fabales Polygalaceae dry shrub 2 9.65 ant ant 79.09 Berg 1975 
        wind 65.86 NZPCN 
        wind.none 3.5 NZPCN 
        water – NZPCN 
Pomaderris 
aspera Rosales Rhamnaceae fleshy shrub 3 0.78 ant ant 129.04 

Ashton 1979; Rice & Westoby 
1981 

Populus alba Malpighiales Salicaceae dry tree 25 0.32 unspecialised wind 685.42 Gonzalez et al. 2010 
        wind.none 36.43 Gonzalez et al. 2010 
        water – Gonzalez et al. 2010 
Potamogeton 
crispus Alismatales Potamogetonaceae dry herb 0.05 2.5 unspecialised animal 48.13 Almeida et al. 2022 
Prunus avium Rosales Rosaceae fleshy tree 12 183.08 internal animal 545.53 Burrows 1995; Atkinson 1997 
Prunus 
campanulata Rosales Rosaceae fleshy tree 8 – internal animal 550.51 Webb et al. 1988 
Prunus domestica Rosales Rosaceae fleshy tree 6 704.17 internal animal 300.48 Gibb 1970; McEwen 1978 
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Prunus 
laurocerasus Rosales Rosaceae fleshy shrub 10 267.3 internal animal 481.74 Ridley 1998; Spurr et al. 2011 
Prunus lusitanica Rosales Rosaceae fleshy shrub 7 42.71 internal animal 635.47 Webb et al. 1988 
Prunus serotina Rosales Rosaceae fleshy tree 15 83.9 internal animal 716.1 Deckers et al. 2008 
Prunus serrulata Rosales Rosaceae fleshy tree 12 52.91 internal animal 726.72 Esler 1988 
Pseudotsuga 
menziesii Pinales Pinaceae dry tree 60 10.7 wind wind 648.95 

Timmins & Mackenzie 1995; 
SID 

Psidium 
cattleianum Myrtales Myrtaceae fleshy shrub 6 – internal animal 2809.04 

McEwen 1978; West 1996; 
Atkinson 1997; Karan 2000; 
Higgins et al. 2006; Spurr et 
al. 2011 

Psidium guajava Myrtales Myrtaceae fleshy shrub 3 11.71 internal animal 2004.87 

West 1996; Atkinson 1997; 
Anderson et al. 2006; Almeida 
et al. 2025 

Psoralea pinnata Fabales Fabaceae dry shrub 5 6.98 unspecialised water – Esler 1988; Stirton et al. 2015 
Pueraria montana Fabales Fabaceae dry shrub – 12.32 unspecialised animal 98.05 Aurambout & Endress 2018 
Pultenaea 
daphnoides Fabales Fabaceae dry shrub 2 4.2 ant ant 80.66 

Berg 1975; O'Dowd & Gill 
1986 

Pyracantha 
angustifolia Rosales Rosaceae fleshy shrub 2.5 49.08 internal animal 402.9 Gibb 2000 
Quercus robur Fagales Fagaceae dry tree 30 3378 scatterhoarding animal 427.35 Almeida et al. 2022; SID 
Reynoutria 
japonica Caryophyllales Polygonaceae dry shrub 2 2.06 wind wind 25.26 Maruta 1976 
Rhamnus 
alaternus Rosales Rhamnaceae fleshy shrub 5 9.53 internal animal 1108.24 

Timmins & Mackenzie 1995; 
Atkinson 1997 

Rhaphiolepis 
bibas Rosales Rosaceae fleshy tree 8 

1446.8
8 internal animal 286.39 

Fromont & King 1992; Karan 
2000 

Rhaphiolepis 
umbellata Rosales Rosaceae fleshy shrub – – internal animal 78.8 Corlett 1996 

Rhododendron 
ponticum Ericales Ericaceae dry shrub 6 0.1 unspecialised wind 216.78 

Cronk & Fuller 1995; 
Stephenson et al. 2007; Harris 
et al. 2009; SID 

        wind.none 11.52 

Cronk & Fuller 1995; 
Stephenson et al. 2007; Harris 
et al. 2009; SID 

Ribes sanguineum Saxifragales Grossulariaceae fleshy shrub 2 1.72 internal animal 814.14 Burrows 1994 
Ribes uva-crispa Saxifragales Grossulariaceae fleshy shrub 1.5 3.33 internal animal 554.96 Snow & Snow 1988 
Ricinus communis Malpighiales Euphorbiaceae dry shrub 4 285.4 ballistic, ant ballistic 20.02 Martins et al. 2006 
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        ant 64.58 
Pemberton & Irving 1990; 
Martins et al. 2006 

        animal 801.66 
Smith 1985; Cronk & Fuller 
1995 

Robinia 
pseudoacacia Fabales Fabaceae dry tree 25 19.2 unspecialised wind 128.63 Morimoto et al. 2010; SID 
        wind.none 6.84 Morimoto et al. 2010; SID 
        water – Morimoto et al. 2010; SID 
Roldana petasitis Asterales Asteraceae dry shrub 1 – wind wind 89.43 NZPCN 

Rosa rubiginosa Rosales Rosaceae fleshy shrub 3 15.56 internal animal 566.28 

Esler 1988; Timmins & 
Mackenzie 1995; Higgins et 
al. 2006; Jones & Norbury 
2011; Rouco & Norbury 2013; 
NZPCN 

Rubus armeniacus Rosales Rosaceae fleshy shrub – 3.42 internal animal 73.2 Esler 1988 
Rubus 
cardiophyllus Rosales Rosaceae fleshy shrub – 3.06 internal animal 73.75 Esler 1988 
Rubus 
cissburiensis Rosales Rosaceae fleshy shrub – 2.09 internal animal 75.69 Esler 1988 
Rubus echinatus Rosales Rosaceae fleshy shrub – – internal animal 78.8 Esler 1988 
Rubus laciniatus Rosales Rosaceae fleshy shrub – 3.79 internal animal 72.69 Esler 1988 
Rubus 
leptothyrsos Rosales Rosaceae fleshy shrub – – internal animal 78.8 Esler 1988 
Rubus 
phoenicolasius Rosales Rosaceae fleshy shrub 4 – internal animal 856.36 Esler 1988; NZPCN 
Rubus 
polyanthemus Rosales Rosaceae fleshy shrub – 2.93 internal animal 73.97 Esler 1988 

Rubus ulmifolius Rosales Rosaceae fleshy shrub – 2.52 internal animal 74.73 

Esler 1988; Debussche & 
Isenmann 1994; Mora & 
Smith-Ramirez 2016; Quin et 
al. 2023 

        wind 19.49 Mora & Smith-Ramirez 2016 
        wind.none 1.11 Mora & Smith-Ramirez 2016 
Rubus vestitus Rosales Rosaceae fleshy shrub – – internal animal 78.8 Esler 1988 
Rumex sagittatus Caryophyllales Polygonaceae dry shrub – 1.84 wind wind 10.9 Esler 1988; SID, NZPCN 

Sagina 
procumbens Caryophyllales Caryophyllaceae dry herb 0.1 0.02 unspecialised animal 103.02 

Welch 1985; Albert et al. 
2015; Almeida et al. 2022, 
2025 

        wind 6.91 Rosenthal 2006 
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        wind.none 0.37 Rosenthal 2006 
Salix cinerea Malpighiales Salicaceae dry tree 7 0.17 wind wind 469.38 Griffiths et al. 2018; NZPCN 
        animal 6998.02 Couvreur et al. 2004 
        water – NZPCN 
Salix purpurea Malpighiales Salicaceae dry shrub 8 0.21 wind wind 491.12 van Kraayenoord et al. 1995 
        water – van Kraayenoord et al. 1995 
Salpichroa 
origanifolia Solanales Solanaceae fleshy shrub – – internal animal 135.32 Reati et al. 2022 

Sambucus nigra Dipsacales Viburnaceae fleshy shrub 6 9.87 internal animal 1101.54 

Webb et al. 1988; Burrows 
1995; Williams & Karl 1996; 
Atkinson 1997; Higgins et al. 
2006; Spurr et al. 2011 

Schinus 
terebinthifolia Sapindales Anacardiaceae fleshy shrub 3 18.14 internal animal 1094.9 Higgins et al. 2006; NZPCN 
        ant 88.2 Leal et al. 2007 
Schoenoplectus 
californicus Poales Cyperaceae dry herb 3 0.68 attachment animal 379.36 Almeida et al. 2025; NZPCN 

Sedum acre Saxifragales Crassulaceae dry herb 0.09 0.04 unspecialised animal 99.52 
Eichberg et al. 2007; Albert et 
al. 2015; Almeida et al. 2022 

        wind 9.47 Esler 1988; Rosenthal 2006 
        wind.none 0.41 Esler 1988; Rosenthal 2006 
Sedum praealtum Saxifragales Crassulaceae dry shrub – 0.02 unspecialised unknown –  
Senecio elegans Asterales Asteraceae dry herb 0.6 – wind wind 11.8  
Senecio 
glastifolius Asterales Asteraceae dry herb 1 0.48 wind wind 15.85  
Senecio 
skirrhodon Asterales Asteraceae dry herb 0.5 – wind wind 11.15  
Senna 
septemtrionalis Fabales Fabaceae dry shrub 2 20.03 ballistic ballistic 17.43 West 1996 
Setaria palmifolia Poales Poaceae dry herb 2 1.5 unspecialised animal 1068.94 Smith 1985; NZPCN 
        water – Smith 1985; NZPCN 
Setaria pumila Poales Poaceae dry herb – 1.33 unspecialised animal 116.36 Almeida et al. 2022, 2025 
Silybum 
marianum Asterales Asteraceae dry herb 2 24.2 wind, ant wind 8.53 SID; NZPCN 
        ant 10.24 Pemberton & Irving 1990 

        animal 127.17 

Harrington et al. 2011; 
Almeida et al. 2022; SID; 
NZPCN 

        water – NZPCN 
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Solanum 
dulcamara Solanales Solanaceae fleshy herb – 26.44 internal animal 73.84 

Snow & Snow 1988; Albert et 
al. 2015; Green 2016; 
Almeida et al. 2022 

Solanum 
linnaeanum Solanales Solanaceae fleshy shrub 1 4.86 internal animal 384.92  
Solanum 
marginatum Solanales Solanaceae fleshy shrub 5 3 internal animal 1193.2  

Solanum 
mauritianum Solanales Solanaceae fleshy shrub 10 1.15 internal animal 2461.03 

Esler 1988; Fromont & King 
1992; Timmins & Mackenzie 
1995; Atkinson 1997; Higgins 
et al. 2006 

Solanum 
pseudocapsicum Solanales Solanaceae fleshy shrub 1.2 2.78 internal animal 512.86 

Webb et al. 1988; Williams & 
Karl 1996; Higgins et al. 2006 

Sorbus aucuparia Rosales Rosaceae fleshy tree 8 6.32 internal animal 1004.91 
McEwen 1978; Burrows 1995; 
Almeida et al. 2022 

Spartium junceum Fabales Fabaceae dry shrub 3 14.54 ballistic ballistic 22.18 Geerts et al. 2013 
        ant 71.53 Geerts et al. 2013 
        animal 888.01 Geerts et al. 2013 
        water – Geerts et al. 2013 
Spiraea japonica Rosales Rosaceae dry shrub 1.5 0.05 unspecialised wind 105.57 Feldhaus et al. 2013 
        wind.none 5.61 Feldhaus et al. 2013 
        water – Feldhaus et al. 2013 
Sporobolus 
anglicus Poales Poaceae dry herb 1 – unspecialised wind 52 

Timmins & Mackenzie 1995; 
NZPCN 

        wind.none 3.67 
Timmins & Mackenzie 1995; 
NZPCN 

        water – NZPCN 
Stenotaphrum 
secundatum Poales Poaceae dry herb 0.25 1.77 water wind 29.32 West 1996 
        wind.none 1.56 West 1996 
        animal 437.09 West 1996 
        water – Sauer 1972 
Syzygium australe Myrtales Myrtaceae fleshy shrub 10 97.92 internal animal 2014.2 Webb et al. 1988 

Syzygium smithii Myrtales Myrtaceae fleshy tree 15 173.15 internal animal 2008.22 
Esler 1988; Fromont & King 
1992; Karan 2000 

Thinopyrum 
acutum Poales Poaceae dry herb 1.25 – water water – Refoufi & Esnault 2006 
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Thinopyrum 
obtusiflorum Poales Poaceae dry herb 2 – unspecialised animal 775.79 

Rob Simons, unpubl. data on 
notes recorded with herbarium 
specimen 

Thunbergia alata Lamiales Acanthaceae dry herb – 25.11 ballistic ballistic 2.43 Quijano-Abril et al. 2022 
Thymus vulgaris Lamiales Lamiaceae dry shrub 0.3 1.38 unspecialised water 100* Gouyon et al. 1987 
Toxicodendron 
succedaneum Sapindales Anacardiaceae fleshy tree 5 63.08 internal animal 975.1 Heenan et al. 2008 
Trachycarpus 
fortunei Arecales Arecaceae fleshy tree 12 181.28 internal animal 761.53 Esler 1988 
Tropaeolum 
majus Brassicales Tropaeolaceae dry herb 2 146.7 water animal 63.62 Webb et al. 1988; West 1996 
        water – Chambert & James 2009 
Tropaeolum 
speciosum Brassicales Tropaeolaceae fleshy shrub – – internal animal 115.98 

Burrows 1995; Ridley 1998; 
Spurr et al. 2011 

Tussilago farfara Asterales Asteraceae dry herb 0.3 0.3 wind wind 10.78 SID 

Ugni molinae Myrtales Myrtaceae fleshy shrub 2 0.91 internal animal 3061.81 
Mora & Smith-Ramirez 2016; 
NZPCN 

Ulex europaeus Fabales Fabaceae dry shrub 2 6.54 ballistic, ant ballistic 22.58 

Smith 1985; Webb et al. 1988; 
Esler 1988; Cronk & Fuller 
1995; Atkinson 1997; Roberts 
& Florentine 2021 

        ant 72.82 
Pemberton & Irving 1990; 
Roberts & Florentine 2021 

        animal 903.94 

Smith 1985; Higgins et al. 
2006; Harrington et al. 2011; 
Reynolds et al. 2015; Roberts 
& Florentine 2021 

        water – Roberts & Florentine 2021 
Utricularia gibba Lamiales Lentibulariaceae dry herb 0.3 0.05 unspecialised animal 219.24 deWinton et al. 2009 
        water – NZPCN 
Verbascum 
thapsus Lamiales Scrophulariaceae dry herb 1 0.1 unspecialised wind 17.88 

Smith 1985; Gross & Werner 
1978; Gross 1980 

        wind.none 0.95 
Smith 1985; Gross & Werner 
1978; Gross 1980 

        animal 266.58 Warren et al. 2017 
Vinca major Gentianales Apocynaceae dry herb – 19.41 unspecialised unknown – Esler 1988 

Vitis vinifera Vitales Vitaceae fleshy shrub – 30.5 internal animal 66.82 

Gibb 2000; Anderson et al. 
2006; Spurr 2011; Almeida et 
al. 2022 
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Zantedeschia 
aethiopica Alismatales Araceae fleshy herb 1.5 20.26 internal animal 120.26 

Esler 1988; Stansbury 2001; 
NZPCN 

        water – NZPCN 
Zizania latifolia Poales Poaceae dry herb 3 – water animal 880.37 NZPCN 

        water – 
Timmins & Mackenzie 1995; 
NZPCN 



Wotton et al.: Dispersal of environmental weeds 

28 
 

References 
Albert A, Auffret AG, Cosyns E, Cousins SA, D'hondt B, Eichberg C, Eycott AE, Heinken T, 

Hoffmann M, Jaroszewicz B, Malo JE 2015. Seed dispersal by ungulates as an 
ecological filter: a trait-based meta-analysis. Oikos 124(9): 1109–1120. 

Almeida BA, Lukacs BA, Lovas-Kiss A, Reynolds C, Green AJ 2022. Functional traits drive 
dispersal interactions between European waterfowl and seeds. Frontiers in Plant 
Science 12: 795288. 

Almeida BA, Silva GG, Costea M, Maltchik L, De La Cruz SEW, Takekawa JY, Green AJ 
2025. Waterfowl endozoochory: traits drive plant-bird dispersal interactions in North 
America. Freshwater Biology 70: e70027 70021. 

Anderson S, Heiss-Dunlop S, Flohr J 2006. A moving feast: the influence of landscape 
context on bird-mediated seed rain into conservation areas. In: Preston C, Watts JH, 
Crossman ND eds, 15th Australian Weeds Conference. Adelaide, Weed Management 
Society of South Australia, Pp. 67–71. 

Ando H, Mori Y, Nishihiro M, Mizukoshi K, Akaike M, Kitamura W, Sato NJ 2022. Highly 
mobile seed predators contribute to interisland seed dispersal within an oceanic 
archipelago. Oikos 2: e08068. 

Aurambout JP, Endress AG 2018. A model to simulate the spread and management cost of 
kudzu (Pueraria montana var. lobata) at landscape scale. Ecological Informatics 43: 
146–156. 

Armstrong WP 1998. The unforgettable acacias. Zoonooz 71(8): 28–31. 
Ashton DH 1979. Seed harvesting by ants in forests of Eucalyptus regnans F. Muell. in 

central Victoria. Australian Journal of Ecology 4(3): 265–277. 
Atkinson IAE 1997. Problem weeds on New Zealand islands. Science for Conservation 45. 

Wellington, Department of Conservation, P. 58. 
Aurambout JP, Endress AG 2018. A model to simulate the spread and management cost of 

kudzu (Pueraria montana var. lobata) at landscape scale. Ecological Informatics 43: 
146–156. 

Bartuszevige AM, Endress BA 2008. Do ungulates facilitate native and exotic plant spread?: 
Seed dispersal by cattle, elk and deer in northeastern Oregon. Journal of Arid 
Environments 72(6): 904–913. 

Beavon MA, Kelly D 2015. Dispersal of banana passionfruit (Passiflora tripartita var. 
mollissima) by exotic mammals in New Zealand facilitates plant invasiveness. New 
Zealand Journal of Ecology 39:43–49. 

Berg RY 1975. Myrmecochorous plants in Australia and their dispersal by ants. Australian 
Journal of Botany 23: 475–508. 

Bonilla-Barbosa J, Novelo A, Orozco YH, Márquez-Guzmán 2000. Comparative seed 
morphology of Mexican Nymphaea species. Aquatic Botany 68: 189–204. 

Bullock JM, Clarke RT 2000. Long distance seed dispersal by wind: measuring and 
modelling the tail of the curve. Oecologia 124(4): 506–521. 

Burrell JP 1981. Invasion of coastal heaths of Victoria by Leptospermum laevigatum (J. 
Gaertn.) F. Muell. Australian Journal of Botany 29(6): 747–764. 

Burrows CJ 1994. Seed trapping in Ahuriri Summit Bush Scenic Reserve, Port Hills, western 
Banks Peninsula, 1985-86. New Zealand Journal of Botany 32: 183–215. 

Burrows CJ 1995. Sawmill Road Bush, Bowyers Stream, Staveley, mid-Canterbury. 
Canterbury Botanical Society Journal 29: 47–56. 

Camarero JJ, Gutiérrez E, Fortin M-J, Ribbens E 2005. Spatial patterns of tree recruitment in 
a relict population of Pinus uncinata: forest expansion through stratified diffusion. 
Journal of Biogeography 32(11): 1979v1992. 

Cameron EK 1989. Lilium formosanum II. Auckland Botanical Society Journal 44(2): 48–49. 



Wotton et al.: Dispersal of environmental weeds 

29 
 

Cameron EK 2017. Naturalised African olives (Olea europaea subsp. cuspidata) in New 
Zealand. Auckland Botanical Society Journal 72(1): 71–76. 

Chambert S, James CS 2009. Sorting of seeds by hydrochory. River Research and 
Applications 25: 48–61. 

Chen Y-Y, Chu H-J, Liu H, Liu Y-L 2012. Abundant genetic diversity of the wild rice 
Zizania latifolia in central China revealed by microsatellites. Annals of Applied 
Biology 161: 192–201. 

Clements DR, Cole DE, King J, McClay A 2004. The biology of Canadian weeds. 128 
Leucanthemum vulgare Lam. Canadian Journal of Plant Science 84(1): 343–363. 

Coops H, van der Velde G 1995. Seed dispersal, germination and seedling growth of six 
helophyte species in relation to water-level zonation. Freshwater Biology 34(2): 13–
20. 

Corlett RT 1996. Characteristics of vertebrate-dispersed fruits in Hong Kong. Journal of 
Tropical Ecology 12: 819–833. 

Costea M, Stefanović S, García MA, De La Cruz S, Casazza ML, Green AJ 2016. Waterfowl 
endozoochory: An overlooked long-distance dispersal mode for Cuscuta (dodder). 
American Journal of Botany 103(5): 957–962. 

Couvreur M, Christiaen B, Verheyen K, Hermy M 2004. Large herbivores as mobile links 
between isolated nature reserves through adhesive seed dispersal. Applied Vegetation 
Science 7: 229–236. 

Cronk QCB, Fuller JL 1995. Plant Invaders: the threat to natural ecosystems. London, UK, 
Chapman & Hall. 241 p. 

Dean WRJ, Milton SJ, Siegfried WR 1990. Dispersal of seeds as nest material by birds in 
semiarid karoo shrubland. Ecology 71: 1299–1306. 

Debussche M, Isenmann P 1994. Bird-dispersed seed rain and seedling establishment in 
patchy Mediterranean vegetation. Oikos 69: 414–426. 

Deckers B, Verheyen K, Vanhellemont M, Maddens E, Muys B, Hermy M 2008. Impact of 
avian frugivores on dispersal and recruitment of the invasive Prunus serotina in an 
agricultural landscape. Biological Invasions 10: 717–727. 

deWinton MD, Champion PD, Clayton JS, Wells RDS 2009. Spread and status of seven 
submerged pest plants in New Zealand lakes. New Zealand Journal of Marine and 
Freshwater Research 43(2): 547–561. 

Dunbier M 1972. Genetic variability in Medicago lupulina L. across a valley in the Weka 
Pass, New Zealand. New Zealand Journal of Botany 10: 48v58. 

Eichberg C, Storm C, Schwabe A 2007. Endozoochorous dispersal, seedling emergence and 
fruiting success in disturbed and undisturbed successional stages of sheep-grazed 
inland sand ecosystems. Flora - Morphology, Distribution, Functional Ecology of 
Plants 202(1): 3–-26. 

Esler AE 1988. The naturalisation of plants in urban Auckland, New Zealand. 4. The nature 
of the naturalised species. New Zealand Journal of Botany 26: 345–385. 

Feldhaus JJ, Copenheaver CA, Barney JN 2013. Mapping and management of the non-native 
Japanese spiraea at Buffalo Mountain Natural Area Preserve, Virginia, USA. Natural 
Areas Journal 33(4): 435–439. 

Fink S, Lanz T, Stecher R 2017. Colonization potential of an endangered riparian shrub 
species. Biodiversity and Conservation 26(9): 2099–2114. 

Fink S, Hoppler-Wiedmer A, Zengerer V, Egger G, Schletterer M, Scheidegger C 2022. Gene 
flow in a pioneer plant metapopulation (Myricaria germanica) at the catchment scale 
in a fragmented alpine river system. Scientific Reports 12(1): 1–12. 

Flaherty KL, Rentch JS, Anderson JT 2018. Wetland seed dispersal by white-tailed deer in a 
large freshwater wetland complex. AoB Plants 10(1): plx074. 



Wotton et al.: Dispersal of environmental weeds 

30 
 

French K 2021. Invasion by hawkweeds. Biological Invasions 23(12): 3641–3652. 
Fromont M, King S 1992. Characteristics and control methods of 30 weed species affecting 

conservation land in Northland. Whangarei, Department of Conservation. 
Gardener MR, Whalley RDB, Sindel BM 2003. Ecology of Nassella neesiana, Chilean 

needle grass, in pastures on the Northern Tablelands of New South Wales. I. Seed 
production and dispersal. Australian Journal of Agricultural Research 54: 613–619. 

Geerts S, Botha PW, Visser V, Richardson DM, Wilson JR 2013. Montpellier broom 
(Genista monspessulana) and Spanish broom (Spartium junceum) in South Africa: An 
assessment of invasiveness and options for management. South African Journal of 
Botany 87: 134–145. 

Gibb JA 1970. A pigeon's choice of plums. Notornis 17(3): 239. 
Gibb JA 2000. Activity of birds in the Western Hutt Hills, New Zealand. Notornis 47(1): 13–

35. 
González E, Comín FA, Muller E 2010. Seed dispersal, germination and early seedling 

establishment of Populus alba L. under simulated water table declines in different 
substrates. Trees 24: 151–163. 

Gouyon PH, King EB, Bonnet JM, Valdeyron G, Vernet P 1987. Seed migration and the 
structure of plant populations: An experimental study on Thymus vulgaris L. 
Oecologia 72(1): 92–94. 

Green AJ 2016. The importance of waterbirds as an overlooked pathway of invasion for alien 
species. Diversity and Distributions 22(2): 239–247. 

Griffiths J, Armstrong H, Innes R, Terry J 2018. Can aerial herbicide application control 
Grey Willow (Salix cinerea L.) and stimulate native plant recovery in New Zealand 
wetlands? Ecological Management & Restoration 19(1): 49–57. 

Gross KL 1980. Colonization by Verbascum thapsus (mullein) of an old-field in Michigan: 
experiments on the effects of vegetation. Journal of Ecology 68(3): 919–927. 

Gross KL, Werner PA 1978. The Biology of Canadian Weeds. 28. Verbascum thapsus L. and 
V. blattaria L. Canadian Journal of Plant Science 58: 401–413. 

Guja LK, Merritt DJ, Dixon KW 2010. Buoyancy, salt tolerance and germination of coastal 
seeds: implications for oceanic hydrochorous dispersal. Functional Plant Biology 
37(12): 1175–1186. 

Harrington KC, Beskow WB, Hodgson J 2011. Recovery and viability of seeds ingested by 
goats. New Zealand Plant Protection 64: 75–80. 

Harris CM, Park KJ, Atkinson R, Edwards C, Travis JM 2009. Invasive species control: 
incorporating demographic data and seed dispersal into a management model for 
Rhododendron ponticum. Ecological Informatics 4(4): 226–233. 

Healy AJ, Edgar E 1980. Flora of New Zealand Volume III. Adventive cyperaceous, petalous 
& spathaceous monocotyledons. Wellington, P D Hasselberg, Government Printer. 

Heenan PB, de Lange PJ, Glenny DS, Breitwieser I, Brownsey PJ, Ogle CC 1999. Checklist 
of dicotyledons, gymnosperms, and pteridophytes naturalised or casual in New 
Zealand: additional records 1997-1998. New Zealand Journal of Botany 37: 629–642. 

Heenan PB, de Lange PJ, Cameron EK, Ogle CC, Champion PD 2004. Checklist of 
dicotyledons, gymnosperms, and pteridophytes naturalised or casual in New Zealand: 
Additional records 2001-2003. New Zealand Journal of Botany 42(5): 797–814. 

Heenan PB, de Lange PJ, Cameron EK, Parris BS 2008. Checklist of dicotyledons, 
gymnosperms, and pteridophytes naturalised or casual in New Zealand: additional 
records 2004-06. New Zealand Journal of Botany 46(2): 257–283. 

Higgins P, Peter J, Cowling S eds 2006. Handbook of Australian, New Zealand and Antarctic 
Birds. Volume 7: Boatbill to Starlings. Melbourne, Oxford University Press. 1984 p. 



Wotton et al.: Dispersal of environmental weeds 

31 
 

Hilgendorf F, Calder J 1967. Weeds of New Zealand and how to eradicate them. 
Christchurch, Whitcombe and Tombs. 261 p. 

Hilton M, Harvey N, James K 2007. The impact and management of exotic dune grasses near 
the mouth of the Murray River, South Australia. Australasian Journal of 
Environmental Management 14(4): 220–230. 

Hodder LM 1997. The biology and control of Ehrharta villosa, South African pypgrass. 
Massey University, Palmerston North. 152 p. 

Hosaka EY, Thistle A 1954. Noxious plants of the Hawaiian Range. Extension Bulletin 32, 
University of Hawaii, P. 39. 

Humphries T, Florentine SK 2021. A comparative review of six invasive Nassella species in 
Australia with implications for their management. Plants 10(6): 1036. 

Humphries T, Campbell S, Florentine S 2022. Challenges inherent in controlling prickly pear 
species: a global review of the properties of Opuntia stricta, Opuntia ficus-indica and 
Opuntia monacantha. Plants 11(23): 3334. 

Innis G 1989. Feeding ecology of fruit pigeons in subtropical rainforests of south-eastern 
Queensland. Wildlife Research 16(4): 365–394. 

Jones EW 1945. Acer Pseudo-Platanus L. Journal of Ecology 32(2): 220-237. 
Jones C, Norbury G 2011. Feeding selectivity of introduced hedgehogs Erinaceus europaeus 

in a dryland habitat, South Island, New Zealand. Acta Theriologica 56(1): 45–51. 
Jurado E, Westoby M, Nelson D 1991. Diaspore weight, dispersal, growth form and 

perenniality of central Australian plants. Journal of Ecology 79(3): 811–828. 
Kaproth MA, McGraw JB 2008. Seed viability and dispersal of the wind-dispersed invasive 

Ailanthus altissima in aqueous environments. Forest Science 54(5): 490–496. 
Karan A 2000. Diet of kereru in an urban area: implications for weed dispersal. MSc thesis, 

University of Auckland, Auckland. P. 76. 
Kehr JM, Merritt DM, Stromberg JC 2014. Linkages between primary seed dispersal, 

hydrochory and flood timing in a semi-arid region river. Journal of Vegetation 
Science 25(1): 287–300. 

Killick SA 2017. The dispersal and establishment potential of moth plant (Araujia hortorum 
E. Fourn. Apocynaceae) on the Hauraki Gulf islands, New Zealand. MSc thesis, 
University of Auckland, Auckland. 

Lammerink J 1968. Genetic variability in commencement of flowering in Medicago lupulina 
L. in the South Island of New Zealand. New Zealand Journal of Botany 6(1): 33-42. 

Leal IR, Wirth R, Tabarelli M 2007. Seed dispersal by ants in the semi-arid Caatinga of 
north-east Brazil. Annals of Botany 99(5): 885–894. 

Ledgard NJ 2002. Report on wilding conifer control and management in the Wye and 
Waihopai catchments, inland Marlborough. Forest Research Contract Report. 
Christchurch, New Zealand Forest Research Institute, P. 28. 

Logan DP, Xu X 2006. Germination of kiwifruit, Actinidia chinensis, after passage through 
Silvereyes, Zosterops lateralis. New Zealand Journal of Ecology 30(3): 407–411. 

Macdonald N 1951. Birds in a fig tree. Notornis 4(3): 48. 
McDougall K, Wright G, Peach E 2018. Coming to terms with ox-eye daisy (Leucanthemum 

vulgare) in Kosciuszko National Park, New South Wales. Ecological Management & 
Restoration 19(1): 4–13. 

McEwen WM 1978. The food of the New Zealand pigeon (Hemiphaga novaeseelandiae 
novaeseelandiae). New Zealand Journal of Ecology 1: 99–108. 

McIntyre S, Lavorel S, Tremont RM 1995. Plant life-history attributes: their relationship to 
disturbance response in herbaceous vegetation. Journal of Ecology 83: 31-44. 

Marchant S, Higgins PJ eds 1990. Handbook of Australian, New Zealand & Antarctic birds. 
Volume 1, Ratites to ducks. Melbourne, Oxford University Press. 1408 p. 



Wotton et al.: Dispersal of environmental weeds 

32 
 

Marchant S, Higgins PJ eds 1993. Handbook of Australian, New Zealand & Antarctic Birds. 
Volume 2, Raptors to lapwings. Melbourne, Oxford University Press. 1048 p. 

Marchante H, Freitas H, Hoffmann JH 2010. Seed ecology of an invasive alien species, 
Acacia longifolia (Fabaceae), in Portuguese dune ecosystems. American Journal of 
Botany 97: 1780–1790. 

Martins VF, Guimarães Jr PR, da Silva RR, Semir J 2006. Secondary seed dispersal by ants 
of Ricinus communis (Euphorbiaceae) in the Atlantic Forest in southeastern Brazil: 
influence on seed germination. Sociobiology 47(1): 265–274. 

Maruta E 1976. Seedling establishment of Polygonum cuspidatum on Mt. Fuji. Japanese 
Journal of Ecology 26(2): 101–105. 

Mather LJ, Williams PA 1990. Phenology, seed ecology, and age structure of Spanish heath 
(Erica lusitanica) in Canterbury, New Zealand. New Zealand Journal of Botany 28: 
207–215. 

Matlack GR 1987. Diaspore size, shape, and fall behaviour in wind-dispersed plant species. 
American Journal of Botany 74(8): 1150–1160. 

Meisenburg MJ, Fox AM 2002. What role do birds play in dispersal of invasive plants? 
Wildland Weeds Summer 2002: 8–14. 

Middleton BA, van der Valk AG, Mason DH, Williams RL, Davis CB 1991. Vegetation 
dynamics and seed banks of a monsoonal wetland overgrown with Paspalum 
distichum L. in northern India. Aquatic Botany 40(3): 239–259. 

Miller AL, Wiser SK, Sullivan JJ, Duncan RP 2015. Creek habitats as sources for the spread 
of an invasive herb in a New Zealand mountain landscape. New Zealand Journal of 
Ecology 39(1): 71–78. 

Molloy BPJ, Rumball PJ, Cumberland GLB 1967. Distribution and ecology of Australian 
sedge. Proceedings of the New Zealand Grassland Association: 112–127. 

Moncrieff P 1928. Bird migration in New Zealand. Emu 28(2): 138–149. 
Mora JP, Smith-Ramírez C 2016. Are birds, wind and gravity legitimate dispersers of fleshy-

fruited invasive plants on Robinson Crusoe Island, Chile? Flora 224: 167–171. 
Morgan, A., Carthew, S.M., & Sedgley, M. (2002) Breeding system, reproductive efficiency 

and weed potential of Acacia baileyana. Australian Journal of Botany, 50, 357–364. 
Morimoto J, Kominami R, Koike T 2010. Distribution and characteristics of the soil seed 

bank of the black locust (Robinia pseudoacacia) in a headwater basin in northern 
Japan. Landscape and Ecological Engineering 6: 193–199. 

Morris K, Raulings EJ, Melbourne WH, Mac Nally R, Thompson RM 2011. A novel trap for 
quantifying the dispersal of seeds by wind. Journal of Vegetation Science 22: 807–
817. 

Mouissie AM, Lengkeek W, Van Diggelen R 2005. Estimating adhesive seed-dispersal 
distances: field experiments and correlated random walks. Functional Ecology: 478–
486. 

Mullett TL 2002. The Biology of Australian Weeds 41. Pittosporum undulatum Vent. Plant 
Protection Quarterly 17(4): 130–139. 

O'Dowd DJ, Gill AM 1986. Seed dispersal syndromes in Australian Acacia. In: Murray DR 
ed. Seed dispersal.  London, Academic Press. Pp. 87–123.  

Oveisi M, Ojaghi A, Rahimian Mashhadi H, Müller-Schärer H, Reza Yazdi K, Pourmorad 
Kaleibar B, Soltani E 2021. Potential for endozoochorous seed dispersal by sheep and 
goats: Risk of weed seed transport via animal faeces. Weed Research 61(1): 1–12. 

Pemberton RW, Irving DW 1990. Elaiosomes on weed seeds and the potential for 
myrmecochory in naturalized plants. Weed Science 38(6): 615–619. 



Wotton et al.: Dispersal of environmental weeds 

33 
 

Perrie L, Shepherd L 2021. Lomatia fraseri (Proteaceae), an Australian tree newly 
documented as naturalised in New Zealand. Tuhinga: Records of the Museum of New 
Zealand Te Papa Tongarewa 32: 52–63. 

Quijano-Abril MA, Castaño-López MdlÁ, Marín-Henao D, Sánchez-Gómez D, Rojas-Villa 
JM, Sierra-Escobar J 2021. Functional traits of invasive species Thunbergia alata 
(Acanthaceae) and its importance in the adaptation to Andean forests. Acta Botánica 
Mexicana 128: e1870. 

Quin MJ, Morgan JW, Murphy NP 2023. Assessing the diet and seed dispersal ability of non-
native sambar deer (Rusa unicolor) in native ecosystems of south-eastern Australia. 
Ecology and Evolution 13: e10711. 

Reati CA, Toledo JM, Peluc SI 2022. Identification of the bird species that disperse native 
seeds of the chaco serrano forest in a nature reserve of central Argentina. Ornitología 
Neotropical 33: 182–191. 

Refoufi A, Esnault MA 2006. Genetic diversity and population structure of Elytrigia 
pycnantha (Godr.) (Triticeae) in Mont Saint-Michel Bay using microsatellite markers. 
Plant Biology 8(2): 234–242. 

Reynolds C, Cumming GS 2016. Seed dispersal by waterbirds in southern Africa: comparing 
the roles of ectozoochory and endozoochory. Freshwater Biology 61: 349–361. 

Reynolds C, Miranda NAF, Cumming GS 2015. The role of waterbirds in the dispersal of 
aquatic alien and invasive species. Diversity and Distributions 21(7): 744–754. 

Rice B, Westoby M 1981. Myrmecochory in sclerophyll vegetation of the West Head, New 
South Wales. Australian Journal of Ecology 6: 291–298. 

Ridley AR 1998. The feeding ecology and habitat use of kereru and bellbird in a modified 
forest remnant, South Canterbury, BSc (Honours) thesis, Lincoln University, New 
Zealand, P. 54. 

Roberts J, Florentine S 2021. Biology, distribution and control of the invasive species Ulex 
europaeus (Gorse): A global synthesis of current and future management challenges 
and research gaps. Weed Research 61: 272–281. 

Rogan D 1997. The naturalisation of Fatsia japonica (Araliaceae) in New Zealand. New 
Zealand Botanical Society Newsletter, Pp. 7–11. 

Rosenthal G 2006. Restoration of wet grasslands - effects of seed dispersal, persistence and 
abundance on plant species recruitment. Basic and Applied Ecology 7(5): 409–421. 

Rouco C, Norbury G 2013. An introduced species helping another: dispersal of a rose seed 
infesting wasp by a marsupial in New Zealand. Biological Invasions 15: 1649–1652. 

Rutledge CR, McLendon T 1996. An assessment of exotic plant species of Rocky Mountain 
National Park. Jamestown, ND, Department of Rangeland Ecosystem Science, 
Colorado State University. 

Sauer JD 1972. Revision of Stenotaphrum (Gramineae: Paniceae) with attention to its 
historical geography. Brittonia 24: 202–222. 

Simpson MJA 1971. Travelling seeds. Wellington Botanical Society Bulletin 37: 63-64. 
Sims-Chilton NM, Panetta F 2011. The biology of Australian weeds 58. Baccharis 

halimifolia L. Plant Protection Quarterly 26: 114–123. 
Smart HR, Andrew NR, O’Hanlon JC 2023. Ant mediated dispersal of spiny stick insect 

(Extatosoma tiaratum) eggs and Acacia longifolia seeds is ant-species dependent. 
Australian Journal of Zoology 70: 105–114. 

Smith CW 1985. Impact of alien plants on Hawaii’s native biota. In: Stone CP, Scott JM eds. 
Hawaii's terrestrial ecosystems: preservation and management. Honolulu, Cooperative 
National Parks Resources Studies Unit, University of Hawaii. Pp. 180–250. 

Snow B, Snow D 1988. Birds and berries: a study of an ecological interaction. Calton, 
England, Poyser. 268 p. 



Wotton et al.: Dispersal of environmental weeds 

34 
 

Solås HF, Stabbetorp OE, Nordal I 2004. The viability of a plant “on the edge”: Glaucium 
flavum (Papaveraceae) in Norway. Nordic Journal of Botany 24: 433–444. 

Soomers H, Karssenberg D, Soons MB, Verweij PA, Verhoeven JTA, Wassen MJ 2013. 
Wind and water dispersal of wetland plants across fragmented landscapes. 
Ecosystems 16(3): 434–451. 

Spurr EB, Rod S, Tranter KP 2011. Food preferences of the bellbird (Anthornis melanura) in 
native forest remnants on the Port Hills, Banks Peninsula, New Zealand. Notornis 
58(3-4): 139–157. 

Stansbury CD 2001. Dispersal of the environmental weed bridal creeper, Asparagus 
asparagoides, by silvereyes, Zosterops lateralis, in south-western Australia. Emu 
101: 39–45. 

Stephenson C, Kohn D, Park K, Atkinson R, Edwards C, JM T 2007. Testing mechanistic 
models of seed dispersal for the invasive Rhododendron ponticum (L.). Perspectives 
in Plant Ecology, Evolution and Systematics 9(1): 15–28. 

Stidolph RHD 1951. Summarised Classified Notes. Notornis 4(3): 38–59. 
Stirton CH, Stajsic V, Bello A 2015. Naturalised species of Psoralea (Fabaceae: Psoraleeae) 

in Australia. Muelleria 33: 97–107. 
Sullivan J, Williams P 2002. The ecology, distribution, and environmental weed potential of 

wild kiwifruit (Actinidia species) in the Bay of Plenty, New Zealand. Landcare 
Research Contract Report LC 0102/166 prepared for Environment B.O.P., 
Whakatane, New Zealand. 37 p. 

Tamura N 2001. Walnut hoarding by the Japanese wood mouse, Apodemus speciosus 
Temminck. Journal of Forest Research 6(3): 187–190. 

Thompson A 1976. Studies of the biology and control of Italian arum. Proceedings of the 
New Zealand Weed and Pest Control Conference, Pp. 110–113. 

Timmins SM, Mackenzie I 1995. Weeds in New Zealand protected natural areas database. 
Wellington, Department of Conservation. 

Toon A, Sacre E, Fensham R, Cook L 2018. Immigrant and native? The case of the swamp 
foxtail Cenchrus purpurascens in Australia. Diversity & Distributions 24: 1169–1181. 

Turkington R, Cavers PB 1979. The biology of Canadian weeds. 33. Medicago lupulina L. 
Canadian Journal of Plant Science 59: 99–110. 

van den Broek T, van Diggelen R, Bobbink R 2005. Variation in seed buoyancy of species in 
wetland ecosystems with different flooding dynamics. Journal of Vegetation Science 
16(5): 579–586. 

van Kleunen M, Manning JC, Pasqualetto V, Johnson SD 2008. Phylogenetically 
independent associations between autonomous self-fertilization and plant 
invasiveness. The American Naturalist 171(2): 195–201. 

van Kraayenoord C, Slui B, Knowles F 1995. Introduced Forest Trees in New Zealand 15: 
The Willows Salix spp. Recognition, role and seed source. FRI Bulletin No. 124, New 
Zealand Forest Research Institute, P. 32. 

Vilà M, D’Antonio CM 1998. Fruit choice and seed dispersal of invasive vs. noninvasive 
Carpobrotus (Aizoaceae) in coastal California. Ecology 79: 1053–1060. 

Vivian-Smith G, Panetta F 2005. Seedling recruitment, seed persistence and aspects of 
dispersal ecology of the invasive moth vine, Araujia sericifera (Asclepiadaceae). 
Australian Journal of Botany 53(3): 225–230. 

Wardle DA 1987. The ecology of ragwort (Senecio jacobaea L.): a review. New Zealand 
Journal of Ecology 10: 67–76. 

Warren RJ, Love JP, Bradford MA 2017. Nest-mediated seed dispersal. Plant Ecology 218: 
1213–1220. 



Wotton et al.: Dispersal of environmental weeds 

35 
 

Weaver SE, Warwick SI 1984. The Biology of Canadian Weeds. 64. Datura stramonium L. 
Canadian Journal of Plant Science 64: 979–991. 

Webb CJ, Sykes WR, Garnock-Jones PJ 1988. Flora of New Zealand Volume IV. Naturalised 
pteridophytes, gymnosperms, dicotyledons. Christchurch, Botany Division DSIR. 
1365 p. 

Welch D 1985. Studies in the grazing of heather moorland in north-east Scotland. IV. Seed 
dispersal and plant establishment in dung. Journal of Applied Ecology 22(2): 461–
472. 

Werth S, Scheidegger C 2014. Gene flow within and between catchments in the threatened 
riparian plant Myricaria germanica. PloS one 9(6): e99400. 

West CJ 1996. Assessment of the weed control programme on Raoul Island, Kermadec 
Group. DOC Science & Research Series. Wellington, Department of Conservation. 
100 p. 

Williams PA, Buxton RP 1995. Aspects of the ecology of two species of Passiflora (P. 
mollissima (Kunth) L. Bailey and P. pinnatistipula Cav.) as weeds in South Island, 
New Zealand. New Zealand Journal of Botany 33: 315–323. 

Williams PA, Karl BJ 1996. Fleshy fruits of indigenous and adventive plants in the diet of 
birds in forest remnants, Nelson, New Zealand. New Zealand Journal of Ecology 
20(2): 127–145. 

Williams PA, Timmins SM 2003. Climbing spindle berry (Celastrus orbiculatus Thunb.) 
biology, ecology, and impacts in New Zealand. Science for Conservation 234. 
Wellington, Department of Conservation. 28 p. 

Williams PA, Ogle CC, Timmins SM, La Cock GD, Clarkson J 2005. Chilean rhubarb 
(Gunnera tinctoria): biology, ecology and conservation impacts in New Zealand. 
DOC Research and Developments Series. Wellington, Department of Conservation. 
26 p. 

Williams PA 2006. The role of blackbirds (Turdus merula) in weed invasion in New Zealand. 
New Zealand Journal of Ecology 30(2): 285–291. 

Wotton DM 2002. Effectiveness of the common gecko (Hoplodactylus maculatus) as a seed 
disperser on Mana Island, New Zealand. New Zealand Journal of Botany 40: 639-647. 

Wyman TE, Kelly D 2017. Quantifying seed dispersal by birds and possums in a lowland 
New Zealand forest. New Zealand Journal of Ecology 41(1): 47–55. 

Wyse SV, Hulme PE 2021. Dispersal potential rather than risk assessment scores predict the 
spread rate of non-native pines across New Zealand. Journal of Applied Ecology 
58(9): 1981–1992. 

Zidon R, Leschner H, Motroc U, Saltze D 2016. Endozoochory by the Persian fallow deer 
(Dama mesopotamica) reintroduced in Israel: species richness and germination 
success. Israel Journal of Ecology & Evolution 63(1): 28–34. 

  



Wotton et al.: Dispersal of environmental weeds 

36 
 

Appendix S3.  Comparison of maximum seed dispersal distances for environmental weed 
species estimated using trait-based models (modelled distance) and empirical methods 
(including mechanistic models). References are listed in Appendix S2. 

Species Dispersal 
mechanism 

Modelled 
distance (m) 

Empirical 
distance (m) 

Reference 

Ailanthus altissima wind 145 200 Kaproth & McGraw 2008 
Baccharis halimifolia wind 254 140 Sims-Chilton & Panetta 2011 
Calluna vulgaris wind 103 80 Bullock & Clarke 2000 
Jacobaea vulgaris  wind 21 37 Wardle 1987 
Myricaria germanica wind 93 50 Fink et al. 2017 
Pinus contorta wind 664 790* Wyse & Hulme 2021 
Pinus halapensis wind 338 350* Wyse & Hulme 2021 
Pinus mugo wind 278 120* Wyse & Hulme 2021 
Pinus muricata wind 411 365* Wyse & Hulme 2021 
Pinus nigra wind 494 690* Wyse & Hulme 2021 
Pinus patula wind 477 525* Wyse & Hulme 2021 
Pinus pinaster wind 378 550* Wyse & Hulme 2021 
Pinus ponderosa wind 471 820* Wyse & Hulme 2021 
Pinus radiata wind 443 600* Wyse & Hulme 2021 
Pinus sylvestris wind 580 700* Wyse & Hulme 2021 
Robinia pseudoacacia wind 129 67 Morimoto et al. 2010 
Ehrharta erecta wind 56 5 Hodder 1997 
Rhododendron ponticum wind 217 100 Stephenson et al. 2007 
Spartium junceum ballistic 22 4 Geerts et al. 2013 
Thunbergia alata ballistic 2 3 Quijano-Abril et al. 2021 

* approximate distance from Figure 2b in Wyse and Hulme 2021 
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