Supplementary text


Study species: Eucalyptus camaldulensis Dehnh.

Morphological traits

Eucalyptus camaldulensis has lanceolate to narrow-lanceolate, green or grey-green, dull or shiny, pendulous adult leaves that are 8 - 30 cm long, and 0.7 – 2.0 cm wide (CABI, 2018). Its juvenile leaves are green, grey-green, or blue-green in colour, are smaller and broader with an ovate to broadly lanceolate shape, and are up to 26 cm long and 8 cm wide (CABI, 2018). The axillary inflorescences are 7-11 (sometimes up to 13)-flowered, between 6-15 mm long and are attached to 5-12 mm long slender pedicels (CABI, 2018). The flower buds have a cap (operculum) which covers the stamens and ovary during their development which is shed just before flowering (Brooker et al., 2002). The operculum has a globular-rostrate, ovoid-conical, or horn-shaped form (CSIRO, 2018). The minute double-coated seeds (yellow to yellow-brown in colour when ripe) are borne in hemispherical or ovoid fruits (‘gumnuts’) with broad discs and 3-5 exserted valves (Brooker et al., 2002; CSIRO, 2018).

Subspecies and hybrids

In regard to their geographical distribution, some subspecies of E. camaldulensis are well isolated from each other by geographical features which prevent gene flow, but none of the subspecies is completely isolated (Fig. 1; McDonald et al., 2009). Gene flow between the subspecies in overlap zones is mainly prevented due to different flowering times but there is intergradation between some subspecies (e.g. between ssp. acuta and ssp. obtusa in northern Queensland, between ssp. minima and ssp. arida in South Australia, etc.; McDonald et al., 2009; Colloff, 2014). In such cases, trees are characterized by highly variable bud shapes and intermediate morphological traits (McDonald et al., 2009). Subspecies of E. camaldulensis can naturally hybridize with numerous other eucalypt species (e.g. ssp. camaldulensis with E. blakelyi, E. chloroclada, E. dealbata, E. largiflorens, etc.; ssp. obtusa with E. bigalerita and E. tintinnans; McDonald et al., 2009). There is also well documented evidence of hybridization between E. camaldulensis and its closest relative E. tereticornis (forest red gum) which comprises two subspecies (i.e. ssp. mediana and tereticornis) whose ranges overlap with that of E. camaldulensis (Fig. 1; McDonald et al., 2009). Areas where hybridization occurs exhibit trees with, for example, a mixture of yellow double-coated seeds typical of E. camaldulensis as well as black single-coated seeds (McDonald et al., 2009; Colloff, 2014). Because of the complex taxonomic and geographic variations, E. camaldulensis has an extraordinary genetic variability and structure (Butcher et al., 2009; McDonald et al., 2009; Dillon et al., 2014). A remarkable genetic variation also exists within the currently recognized subspecies, even within single river systems, which implies that additional subspecies may be described in the future (Butcher et al., 2009).


Management options

In the latest Problem Plant Control Compendium (van Zyl, 2018) there is one registered herbicide entry for ‘Eucalyptus spp.’ in general which would then also include E. camaldulensis. This entry lists tebuthiuron (i.e. Molopo 500 SC, Dow AgroSciences) for stump application on eucalypt trees. Tebuthiuron, however, is indicated as very persistent in the soil (i.e. >400 DT50) and as ‘moderately’ toxic to fishes and bees (van Zyl, 2018).
Research into the control of eucalypt species was driven by the forestry market where eucalypts were rotated to pines. The stumps needed to be killed, hence the development of herbicides registered for treatment of eucalypts using cut-stump treatments. Management of invasive eucalypts with herbicides followed but registrations did not flow to all invasive species. Common practice in the field of eucalypt management with herbicides is to rate them as “hard” or “soft” gums, based on frost tolerance. Soft gums got less herbicide while hard gums received a higher dose of herbicide. This is evident if one looks at any imazapyr label registered for gum control.
A species registration for herbicides is feasible but not with a diverse genus as Eucalyptus. Some require as low as a 5% mix to kill them while others as much as 12.5%. A product such as tebuthiuron that is soil applied and absorbed by the roots is often good at controlling a wide spectrum of trees. However, because E. camaldulensis invasions occur mostly along rivers, this is a dangerous product to use due to the length of the residual activity of the chemical.
As a result of the above, operators tend to use products based on their efficacy on gums or perceived limited off-target risk to the system. Probably due to lack of resources, a blind eye is turned to this activity, often leading to reduced efficacy. However, Act 36 of 1947 is clear that only registered herbicides can be used. This then dictates that registration trials should be carried out for E. camaldulensis to determine what herbicides and rates will kill the trees.

Table S1 Countries in which Eucalyptus camaldulensis is known to be present outside its native range. The list represents a compilation of information from Haysom & Murphy (2003), Doran & Wongkaew (2008), Rejmánek & Richardson (2011, 2013), the Global Biodiversity Information Facility (GBIF Secretariat, 2017), the Global Compendium of Weeds (Randall, 2017), the Invasive Species Compendium by CAB International (CABI 2018) and the Global Checklist of Introduced and Invasive Species (Pagad et al., 2018).
	Countries were Eucalyptus camaldulensis is present

	Albania
	Eritrea
	Madagascar
	Sierra Leone

	Algeria
	Ethiopia
	Malawi
	Singapore

	Angola
	F. S. of Micronesia
	Malaysia
	Solomon Islands

	Argentina
	Fiji
	Mali
	Somalia

	Bangladesh
	France
	Malta
	South Africa

	Benin
	Gambia
	Mauritius
	South Sudan

	Bolivia
	Ghana
	Mexico
	Spain

	Botswana
	Greece
	Morocco
	Sri Lanka

	Brazil
	Guam
	Mozambique
	Sudan

	British Virgin Isl.
	Guatemala
	Myanmar
	Taiwan

	Brunei
	Guyana
	Namibia
	Thailand

	Burkina Faso
	Honduras
	Nepal
	Togo

	Burundi
	India
	New Zealand
	Trinidad and Tobago

	Cabo Verde
	Indonesia
	Nicaragua
	Tunisia

	Cambodia
	Iran
	Niger
	Turkey

	Cameroon
	Iraq
	Nigeria
	Uganda

	Chad
	Israel
	Pakistan
	United Kingdom

	Chile
	Italy
	Panama
	U. R. of Tanzania

	China
	Ivory Coast
	Paraguay
	USA

	Colombia
	Jamaica
	Peru
	Uruguay

	Comoros
	Jordan
	Philippines
	Venezuela

	Costa Rica
	Kenya
	Portugal
	Vietnam

	Cuba
	Kuwait
	Puerto Rico
	Yemen

	Cyprus
	Kyrgyzstan
	R. of the Congo
	Zambia

	D. R. of the Congo
	Laos
	Rwanda
	Zimbabwe

	Ecuador
	Lebanon
	Saudi Arabia
	

	Egypt
	Lesotho
	Senegal
	

	El Salvador
	Libya
	Seychelles
	


Abbreviations: D. R. = Democratic Republic; F. S. = Federal States; Isl. = Islands; R. = Republic; U. R. = United Republic


Table S2 Countries where Eucalyptus camaldulensis is considered to be invasive according to six literature and online sources which provided information on the invasive status of the species.
	Country/Region
	CAB International
(CABI 2018)
	Haysom 
& 
Murphy (2003)
	Rejmánek & Richardson (2011)
	Rejmánek & Richardson (2013)
	Randall (2017)
	Pagad (2018)

	Argentina
	 
	X
	 
	 
	X
	X

	Bangladesh
	X
	X
	 
	 
	X
	 

	Botswana
	 
	X
	 
	 
	 
	 

	Brazil
	 
	 
	 
	 
	X
	 

	Colombia
	 
	 
	 
	 
	X
	 

	Cuba
	 
	 
	 
	 
	X
	 

	Israel
	 
	 
	 
	X
	X
	X

	Jamaica
	X
	 
	 
	 
	X
	 

	Mexico
	 
	 
	 
	X
	X
	 

	Myanmar
	 
	 
	 
	 
	 
	X

	Namibia
	 
	 
	 
	 
	X
	 

	Pakistan
	 
	X
	 
	 
	X
	X

	South Africa
	X
	X
	X
	X
	X
	X

	Spain
	 
	 
	X
	X
	X
	X

	Uruguay
	 
	 
	 
	 
	X
	 

	USA (California)
	X
	
	X
	X
	X
	

	Zimbabwe
	 
	X
	 
	 
	 
	 




Table S3 Historical key dates for presents of Eucalyptus camaldulensis in South Africa.
	Year
	Event
	Reference/Source

	1870
	Introduction to South Africa
	Troup, 1932

	1890
	First record of E. camaldulensis in Garden Route National Park
	Baard & Kraaij, 2014 

	1893-1910
	11 consignments of seed imported into South Africa (56 kg)
	Poynton, 1979

	1970
	39 seed samples (collected across native range) received from Forestry and Timber Bureau, Canberra
	Poynton, 1979

	1972
	Further seed lots from Australia received, plus another acquired from Brazil; these were used, together which a stock of 'Hunter's Rise' strain (locally collected), to establish provenance trials in the eastern Transvaal, Orange Free State, Zululand and the southern and western Cape Province
	Poynton, 1979

	1980s/90s
	Heydays of E. grandis x camaldulensis hybrids'
	B. du Toit, pers. comm.

	1988
	Oldest record of E. camaldulensis in the database of the Southern African Plant Invaders Atlas (SAPIA)
	Henderson, 1999, 2007

	1990s
	Community Forestry project by forestry department
	Ham & Theron, 1999 

	2009
	Taxonomic revision; 7 subspecies of E. camaldulensis recognized
	McDonald et al., 2009 

	2011
	Present in 9 out of 19 South Africa’s national parks
	Spear et al., 2011 
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Fig. S1 Overview and frequency of the habitat types classified for the 344 Eucalyptus camaldulensis occurrence records in the database of the Southern African Plant Invader Atlas (Henderson, 1999, 2007). Note that an occurrence record can be characterized by more than one habitat type.
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