Available from http://www.pnas.org/content/early/2014/10/29/1409347111

Supporting Information

Driscoll et al. 10.1073/pnas.1409347111
SI Text

FFICRC

The FFICRC pioneered integration of environmental weed risk
assessment with agricultural plant development and promotion
(1). In one case when the system was applied, perennial veldt
grass (Ehrharta calycina) was rated as a very high risk of be-
coming an environmental weed. The rating discouraged further
promotion of this species within the organization. In a second
case, tall wheatgrass (Thinopyrum ponticum) was rated as a very
high risk in one Australian state (Victoria), but as high risk in
three other southern states. If the benefits are considered to
outweigh the risks, high-risk species may continue to be de-
veloped and promoted by the FFICRC. Management guide-
lines to minimize risk of escape were provided for this species.
However, the weed risk assessment differentiates among states
only by the extent of the area of native vegetation that the
taxon could invade. The risk of environmental impacts in
suitable environments is the same. Thus, release of tall
wheatgrass in the high-risk states of New South Wales and
South Australia could facilitate invasion of the adjacent state of
Victoria where the weed risk is very high. Although integrating
weed risk assessment with pasture development is an important
advance, the detail of how weed risk is assessed (2), the scale to
which it is applied, and the industry and government* response
to those assessments, strongly influences whether environ-
mental impacts are likely to be prevented. The FFICRC ceased
operations in June 2014.

Does Government Guard Against Environmental Weed Risk?

All countries surveyed have lists of excluded species and in most
cases include a small number of pasture species (South Africa, 22;
Australia, 19; New Zealand, 13; United States, 12; India, 6; Chile,
3; Canada 1; Czech Republic, 0). Below we provide details of the
legal frameworks that contribute to regulating pasture plants in
each country.

Australia.
Law/regulation. Quarantine Act, 1908 (Cth)

Environment Protection and Biodiversity Conservation (EPBC)
Act 1999 (Cth)

Australian Weeds Strategy

Australia’s Biodiversity Conservation Strategy 2010-2030

Weeds of National Significance

Standards Australia HB 294:2006 National Post-Border Weed
Risk Management Protocol, CRC Australian Weed Management,
Adelaide, and Standards Australia International Ltd., Sydney
(a nonbinding guideline)
Department responsible. Department of Agriculture, Forestry and
Fisheries

Department of the Environment

Individual State Agencies
Extent to which new taxa are regulated. Quarantine Act 1908 (Cth),
Proclamation 1998 (as amended), Schedule 5 lists permitted
species (which includes all subspecific taxa of each species). The
Quarantine Act 1908 (Cth), Proclamation 1998 (as amended),
Schedule 6 lists species that cannot be imported, including two

*Unrelated to the FFICRC, the Victorian Government continues to promote the use of tall
wheatgrass, despite the species being listed as a potentially threatening process in that
state. Although the weed risk is legally recognized, the feed paradigm dominates
regulation.
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pasture species and six pasture genera.” Species within three of
these genera are also listed on Schedule 5, limiting exclusions to
subsets of the genera. Considering the range of potential pasture
species,” the number of excluded pasture species is 19. Species
that are not on the permitted or excluded list are subject to
a weed risk assessment.

Federal, state, and territory policies are reactive and not
preventative; they can require eradication once a species is listed
as a threatening process, under the EPBC Act for example; or
impose obligations on land-mangers to eradicate and control
weeds, as occurs under weed legislation such as the Noxious
Weeds Act 1993 (NSW). Notably, once the impacts of a species
are listed as a threatening process, no further action is taken
unless the relevant minister thinks that adopting a threat
abatement plan is a feasible and cost-effective means of abating
the threat; see for example, sections 74 and 83 of the Threatened
Species Conservation Act 1995, (NSW) and section 270A of the
EPBC Act 1999 (Cth). The absence of remedial action despite
listing is exemplified by the recent listing in Victoria of invasion by
tall wheatgrass (Thinopyrum ponticum) as a potentially threat-
ening process. This species continues to be promoted by the
Victorian government for use in agriculture.

Canada.
Law/regulation. International Plant Protection Convention

Office International des Epizooties

International Maritime Organization

Convention on Biological Diversity

World Trade Organization Agreement on Sanitary and Phy-
tosanitary Measures

Health of Animals Act

Canadian Environmental Protection Act

Environmental Assessment Act

Seeds Act

Pest Control Products Act

Forestry Act

Natural Resources Act

Transportation of Dangerous Goods Act

Oceans Act

Fisheries Act

Canada Wildlife Act

Wild Animal and Plant Protection

Regulations of International and Interprovincial Trade Act

Canada National Parks Act

Plant Protection Act
Department responsible. Ministry of Agriculture and Agri-Food

Ministry of Fisheries and Oceans

Ministry of Natural Resources

Ministry of the Environment
Extent to which new taxa are regulated. A permit from the Canadian
Food Inspection Agency is required to import plant material into
Canada, and this includes a weed risk assessment that considers
weed risk alongside agricultural pest risks.

New taxa, imported or developed within Canada, must be
referred to the Safety Assessment Process if they meet the def-
inition of plants with novel traits (these must be declared by the
importer/developer). This assessment includes consideration of

To ensure a consistent method for identifying pasture species on lists of prohibited
species, we used the www.feedipedia.org database, accessed 22 January 2014. At that
time, 599 feed species were listed. We included all species that are used as fodder for
livestock, including fodder trees and fodder crops in that database.
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invasion risk. To date, approved plants with novel traits were
genetically modified and no conventionally bred pasture taxa have
been nominated.

Canada maintains a list of species that are not permitted
(pests), which includes one pasture species.” There is also a list of
Prohibited Noxious Weed Seeds in Canada under the Weed
Seeds Order (2005), with no pasture species listed. Plants may be
imported from the United States without a permit, provided they
are not on the excluded lists and are not plants with novel traits.

Chile.
Law/regulation. Application of Sanitary and Phytosanitary (ASPS)
regulations, as dictated by the World Trade Organization (WTO)

The ASPS refers to the International Plant Protection Con-
vention (IPPC)

Department responsible. Service of Agriculture and Livestock
(SAG), Ministry of Agriculture

Extent to which new taxa are regulated. The main aim of IPPC is to
protect wild and cultivated plants by preventing the introduction
and spread of pests and to minimize interference with the in-
ternational movement of goods and people. Chile follows IPPC
International Standards for Phytosanitary Measures (ISPM),
among which the ISPM No. 11 stands out because it provides for
“Pest Risk Analysis (PRA) for quarantine pests, environmental
risks, and living modified organisms” and ISPM No. 5, which
includes a glossary of phytosanitary terms and terminology of the
Convention on Biological Diversity (CBD).

New species introduced to Chile need to undergo a modified
version of the Australian weed risk assessment. However, most
effort is directed to detect agricultural weeds. Environmental
concerns are just recently being considered. New taxa need to be
declared and registered, but no risk assessment is required.

Chile has a list of quarantine pests, which includes 3 pasture
species’ of 22 excluded plant species. New regulations are being
discussed for environmental weeds under the new Ministry of the
Environment.

Czech Republic.
Law/regulation. EU: CBD Article 8h, Bern Convention

Bird Directive 79/409/EHS

Habitat Directive Smérnice 92/43/EEC

Act no. 114/1992 Sb. On protection of nature and landscape

Act no. 326/2004 Sb. on plant protection

Act no. 289/1995 Sb. § 32 odst. 1 on forest protection

Act no. 334/1992 Sb. on protection of agricultural land

Act no. 99/2004 Sb. on fisheries
Department responsible. Ministry of Environment

Ministry of Agriculture

State Phytosanitary Administration Agency
Extent to which new taxa are regulated. The Czech Republic has a list of
environmental weeds that are classified based on scientific criteria.
A “Dlack list” for state authorities has been prepared and may be
adopted by the government soon. The black list does not include
any pasture species, whereas a gray list (permitted but warrants
close monitoring) includes three pasture species.” Species that are
not on this list will not be subject to biosecurity consideration.

India.
Law/regulation. Destructive Insects and Pest Act 1914 and
amendments

The Plant Quarantine (Regulation of Import into India) Order
2013

International Plant Protection Convention

WTO-SPS Agreement

Indian Forest Act 1927

Biological Diversity Act 2002
Department responsible. National Biodiversity Authority, Chennai,
India
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Plant Quarantine Organization of India

State Biodiversity Board

Biodiversity Management Committees
Extent to which new taxa are regulated. The Indian institute must sign
a material transfer agreement with the institution from where
seeds or plants were sourced, and then an import permit is
obtained from the National Bureau of Plant Genetic Resources
(NBPGR). Imported/introduced plant material passes through
a quarantine process.

Lists of excluded and permitted species are maintained under
the Plant Quarantine Order 2013; these focus on excluding dis-
eases and weeds of crops. Schedule IV lists 13 excluded species,
none of which are typical pasture plants (grasses or legumes),
although 6 are sometimes regarded as forage species’ (banana,
cassava, taro, oak, sugarcane, and the tuberous liana Dioscoria).
Although new subspecific taxa of pasture plants pass through a
quarantine process, regulation does not consider environmental
risks of the new taxa.

New Zealand.
Law/regulation. The Biosecurity Act 1993

Hazardous Substances and New Organisms Act 1996
Department responsible. Ministry for Primary Industries (MPI)
Extent to which new taxa are regulated. The Biosecurity Act 1993
reformed the laws relating to pests and other unwanted organ-
isms. It was a world first. In the act, an unwanted organism is
defined as one that “is capable or potentially capable of causing
unwanted harm to any natural and physical resources or human
health” and a restricted organism means “any organism for
which a containment approval has been granted in accordance
with the Hazardous Substances and New Organisms Act 1996.”
Part 5 of the act provides for a National Pest Management
Strategy and Regional Pest Management Strategy.

MPT’s Plants Biosecurity Index identifies approved species for
importation by their scientific name. Only species listed in the
Plants Biosecurity Index with a valid seed for sowing import spec-
ification can be imported. The Plants Biosecurity Index also lists 414
species that are prohibited from entry into New Zealand including
13 pasture species.” Importation of species not on the Plant Bio-
security Index requires full risk assessment for potential weed risk.

South Africa.
Law/regulation. National Environmental Management: Biodiversity
Act, 2004 (Act No. 10 of 2004) (NEMBA)

Conservation of Agricultural Resources Act, 1983 (Act No. 43
of 1983) (CARA)

Genetically Modified Organisms Act, 1997 (Act No. 15 of
1997) (GMOA)

Plant Breeders’ Rights Act, 1976 (Act No. 15 of 1976) (PBRA)

Plant Improvement Act (Act No. 53 of 1976) (PIA)
Department responsible. Department of Environmental Affairs

Department of Agriculture, Forestry, and Fisheries
Extent to which new taxa are regulated. NEMBA provides for the
placement of species under two categories: la species must be
controlled/removed, and 1b species require a management pro-
gram to be drawn up. NEMBA provides for the placement of
species under four categories, all of which may not be imported
into the country, sold, spread, grown or released in the country
(unless with a permit). Category la species must be controlled/
eradicated and control must be maintained, and 1b species must
be contained. Management programs must be developed for
these species, and landowners must implement the plan. Category
2 species require a permit to be on a landowner’s property and
must be contained within the boundaries of the property. Cate-
gory 3 species may not be imported into the country.

CARA species are also categorized (1-3) and may only occur
within biological control reserves and/or demarcated areas.
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NEMBA and CARA both prohibit the import of listed species,
and NEMBA requires a risk assessment for the import of any
alien species. In terms of both of these laws, it is possible that if
a pasture species was to become problematic, it could be moti-
vated to be added to the NEMBA list. However, there is no
provision in these laws for new cultivars of species already in the
country to have to undergo any sort of risk assessment.

The three other acts deal with the importation of new species or
taxa into the country: The GMOA requires permits for genetically
modified species and risk assessments for these species. Taxa with
Plant Breeders’ Rights may not be imported into the country
without permission from the PBR owner (PBRA), but there is no
need for risk assessment. The PIA exempts a number of agri-
cultural species from the need for import permits. All other
species require permits in terms of this law, but these merely
require e.g., minimum germination standards.

One pasture species is excluded by CARA, and 21 pasture
species’ are excluded by NEMBA.

United States.
Law/regulation. Plant Quarantine Act of 1912

1. Stone LM, Byrne M, Virtue JG (2008) An environmental weed risk assessment model
for Australian forage improvement programs. Aust J Exp Agric 48(4):568-574.

2. Hulme PE (2012) Weed risk assessment: A way forward or a waste of time? J App/ Ecol
49(1):10-19.
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Federal Plant Pest Act of 1957

Federal Noxious Weed Act of 1974

Plant Protection Act of 2000
Department responsible. US Department of Agriculture, Animal
and Plant Health Inspection Service (USDA APHIS)
Extent to which new taxa are regulated. Only species on state or
federal noxious weed lists are regulated in the United States.
USDA APHIS, and more specifically the Plant Protection and
Quarantine program, is responsible for determining which species
are added to the federal list, which follows a weed risk assessment.
At the federal level, species for planting can be added to the Not
Authorized Pending Pest Risk Analysis list, followed by a weed
risk assessment and final judgment for listing by APHIS officials.
Individual states vary greatly in their process: some have formal
risk assessment systems, but most do not. Regulatory authority
at the state level is not consistent among the 50 states (for
a detailed description of noxious weed lists, see ref. 3). The
federal noxious weeds list includes 12 pasture species,” which
cannot be imported.

3. Quinn LD, Barney JN, McCubbins JSN, Endres AB (2013) Navigating the “noxious”
and “invasive” regulatory landscape: Suggestions for improved regulation. Bioscience
63(2):124-131.
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Fig. S1. Meat production (A) and area subject to livestock grazing (B) for target countries compared with the rest of the world. To describe how livestock
production in our surveyed countries compares with global production, we accessed the Food and Agriculture Organization of the United Nations tool,
FAOSTAT (faostat3.fao.org/faostat-gateway/go/to/home/E) in July 2014. We summed production of beef, buffalo, sheep, and goats as an estimate of meat
production. To estimate the percentage of land area subject to grazing by livestock, we subtracted the percentage of land permanently under crops from the
total percentage under agriculture. The remaining agricultural land is therefore used for grazing or both grazing and cropping. Box plots show the median,
interquartile range, and maximum and minimum values. Country names are positioned by their y axis value and offset horizontally to avoid text overlap.
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Table S3. Enumeration of taxa developed or sold for each
agribusiness and whether those taxa are recognized as weeds,
based on data in Table S1

Number of taxa Number listed
Agribusiness no.  developed or sold as weeds* Weeds/total
1 12 10 0.83
2 3 3 1.00
3 4 4 1.00
4 2 2 1.00
5 6 6 1.00
6 1 1 1.00
7 15 12 0.80
8 15 12 0.80
9 10 9 0.90
10 52 39 0.75
11 22 21 0.95
12 13 12 0.92
13 12 12 1.00
14 22 21 0.95
15 61 55 0.90
16 11 10 0.91
17 21 14 0.67
Mean (SD) 0.91 (0.10)
No. taxa 178 141 0.79

No. taxa indicates the total number of unique taxa in the data set; taxa
used by more than one agribusiness were only counted once.
*Environmental weeds listed in Randall's Global Compendium of Weeds
(www.hear.org/gcwy/).
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