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EDRR in PNAs

1 Introduction

The Global Environment Facility (GEF) through theitdd Nations Development Program is
funding a program to enhance national capacitiesanage invasive alien species (IAS) by
implementing the Mexican National Strategy for WASich is being coordinated by the
Mexican National Commission for Knowledge and UgBiodiversity (CONABIO). The
focus of the program is on prevention and rapigaase to incursions, rather than
management of long-standing problems caused byalfgady present in Mexico. The
expected outcomes of this area of the GEF projectaastrengthen national institutional
capacity to reduce risks from IAS, particularlyexico’s biodiversity and vulnerable
ecosystems, by improving prevention of incursioms aestablishment of IAS.

As part of this programmine Protected Natural Areas (PNAS) were selecsesitas for pilot
field projects to be funded in the GEF progrdreams from the Instituto de Biologia of
Universidad Nacional Autbnoma de México (UNAM) ah@MT-IMAC visited each site
and produced a summary report (Flores Martinek 8043) and nine site fact sheets. The
aim of these reports was to:

* Analyse the use of IAS within each by collatingomhation provided by institutions and
agencies that promote the use of IAS and desdnib&eay introduction pathways for IAS
used in productive activities

* Analyse the capacities of CONANP and local stakedwsl to implement management
actions against the IAS.

» Explore the use of pilot projects that might bealeped by managers of the PNAs.

To provide guidance for the implementation of {hést of the programKurahaupo
Consultinghas been commissioned to report on how Early Dete&apid Response
(EDRR) principles could be developed for inclusiorsite management plans. Therefore,
this report largely focusses on species not yetrdsxd within the nine demonstration PNAs
(Table 1) but that may be a risk to the biodivgrsilues should they arrive. The focus is
largely on non-native species but includes someispaative to Mexico but not to the
particular PNA.

We visited two sites (El Vizcaino and Sian Ka’am)pril 2013.

2 Objectives

» To discuss the elements and options to be considemmanagement plans to establish an
EDRR concept or system in mainland Protected NeAneas (PNAs) including
protocols, regulations, activities, cost, timinglaasponsibilities for implementation
during the FSP in order to control the spread @& IA the nine selected PNAs.

Kurahaupo Consulting
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3 Background information

3.1 The Protected Natural Areas

The main characters of the nine demonstration PiAsioted in Table 1. They represent a

wide range of climatic zones, human use and maditia, size and degree of threat from

new IAS.

Table 1. Summary information for nine Protected Naturalaseelected as demonstration
sites for the GEF project. We have used data fPanks Watchwww.parkswatch.organd
the site reports in this prograhtAS are but one threat to the biodiversity anedgnity of the

PNAs.
Site Area(ha) | Habitats Resident Main threats other than IAS!
human
population
Los Tuxtlas 155, 122 Tropical moist 27,646 Livestock, deforestation, hunting,
Biosphere Reserve forest. High fishing, water pollution, population
altitude to coastal growth
Cumbres de 177,39 Coniferous fores | 2795 Agriculture,ranching, forestry
Monterrey and chapatrral fishing
Sierra de Alamos 92,890 Lowland tropical 600 Livestock, agriculture
deciduous forest
evergreen pine-
oak, thorny scrub
El Vizcaino 2,546,791 | Arid shrubland 44,446 Ranching cattle and goats, ille¢
hunting, agriculture, mining,
aquaculture
Valle de Bravo 139,871 Water catchment, 176,565 | llegdl logging, aquaculture
Cafién del Sumidero, 21,789 Tropical deciduos163 Urban growth
forest, pine-oak
forest, grasslands
Sian Ka'al 528,14 Tropical forest or | 345 lllegal bunting and fishing, catt
limestone ranching, exploitation of forests
Tutuaca 444,488 Pine-oak forests 3,957 Fire, foreldvestock
Marismas 133,854 Mangroves, dune| 0 Livestock, forestry, fishing
Nacionales vegetation

Each PNA is further sub-divided into managemenesarccording to biological, physical
and human use criteria. We do not have maps séthenes or current distribution of exotic
species within the PNAs, but it is likely that fesv@ccur in the core areas and so EDRR
might be more relevant to stop invasions from thidos.

Buffer areas are sub-divided into four zones wipeeservation, sustainable use of natural
resources, sustainable use of ecosystems, oraetign are permited activities.

» Preservation sub-areas allow for scientific redeard monitoring, environmental
education and some limited productive activitieddnal communities that do not

substantially alter the natural condition and whaamg negative impacts are regulated.
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» Sustainable use of natural resources sub-areas fatadesearch and education as
well as tourism with low impact. Exploitation chtural renewable resources that
benefit local residents is allowed, as is harvgstihwildlife under a permit.

» Sustainable use of ecosystems sub-areas allownt@msity agriculture, livestock,
forestry and artisanal fishing uses that are susidé and compatible with the
conservation goals of the PNA.

» Recuperation areas are sub-areas where past ingpadiging remediated.

3.2 Current management capacity at national and site level

Many government agencies are mandated to managaIM8xico; some by sector, some
by biosecurity pathway, some as regulators, andcesasriand managers. EDRR systems and
who conducts them will differ in detail betweengheagencies and at different scales.

Within PNAs, CONANP is the land manager and hasary responsibilities to manage IAS.
CONANP has limited capacity to actively manage anghe exotic species already present
and affecting biodiversity values in the parks thegnage. They have few staff with
expertise in IAS planning in their central offi@md between 6 and 27 staff in total at each
PNA with no specialist staff in IAS management. JFFEPA has the legal capacity to
regulate human uses of the parks, while SENASICASRPA may promote sustainable
uses of exotic species in buffer zones in parkh ainsequent adverse impacts in core zones
of the park. There may therefore be conflicts lsetwthese roles of government agencies.
CONABIO is an information broker across governmeggncies (particularly the
environmental agencies) and may commission or premesearch. CONABIO has an
interest in IAS management in PNAs and across Meagit is mandated to implement the
National Biodiversity Information System. It doest manage land. SAGARPA agencies
have an interest in IAS within PNAs in two aspecifiey may promote the sustainable use
of exotic species (some of which mat be IAS) tovte subsistence livelihoods for residents,
and they have an interest when diseases or |IA8tdffese productive systems.

The national parks and biosphere reserves of Mextieamanaged by CONANP. Current
capacity within CONANP to actively manage IAS i thine sites is largely absent (Table 2).
It also appears to be difficult for PROFEPA to radel human activities within the sites or to
halt incursions of people or IAS into the pristpets of the sites due to a lack of staff (e.g.
one for the whole of the Vizcaino Bioshpere Reserve
(www.patrkswatch.org/patrkprofile.php?1=enf&countnyex&park=vibr&page=thr)

To put this potential capacity into some contextoaa look at what other countries or
National Parks systems allocate to managing IAgaitks and reserves . New Zealand is a
country with very substantial IAS problems and thiseflected in substantial expenditure of
about US$200 million per year in their managemdiite equivalent of CONANP, the New
Zealand Department of Conservation (DOC), managgg0snt or about 30% of the
country with a staff of 518 general rangers covghnth biodiversity and biosecurity
management plus 16 planning staff. The IAS manageis supported by 31 technical and
science staff. It is not possible to separate tiexational roles into just weed and pest
management or just native species management\rrias&éundred FTEs is estimated (Ben
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Reddiex, DOC, pers. comm.). The department alssoouces much of its delivery to private
contractors and other regional governments, diseasmgement agencies and private
landowners which spend about as much again on 0h8a@. The state of Victoria in
Australia has an equivalent agency, Parks Victtiniat manages the state’s national parks.
These cover 39,000 Knor about 18% of the state and are managed withffao§ 1100 FTEs
of whom 88 manage weeds and pests (Ben Fahey, P&tksia, pers. comm.). The USA
National parks Service manages 340,000 &nB.5% of the country with a total staff in its
‘resource stewardship’ function (which includes IA@nagement) of 3400 FTEs. ltis
difficult to determine the proportion of staff wamk) on IAS in the USA.

These comparisons between countries need to be witideaution because the whole park
and/or IAS management systems differ between jigtisths and staff job descriptions or
budgets are inconsistent.

Table2. Current management capacity at nine PNAs

PNA No. staff in local No. staff with specialist IAS
CONANP management expertise

Los Tuxtlas 12

Cumbres de Monterrey ? ?

Sierra de Alamos 14 2 with some

El Vizcainc 21 Limited

Valle de Braw 9 Limited

Canon del Sumidero 10 Limited but increasing

Sian Ka’an 27

Tutuaca ? ?

Marismas Nacionales 6

Totals at demonstration PNAs ? ?

Totals at all PNA ? 7

National Office ? 1

The Third Report by Flores Martinez et al. (20E)arded projects aimed at IAS at the nine
PNAs. Several sites have surveyed IAS issues, $@we small control programs against
weeds such a&rundo donaxandLigustrum lucidum{Cumbres de Monterrey§;asuarina
equisetifolia(Sian Ka’an) ancupressus lindleyiCafion de Sumidero), while three fund
sterilization and control of cats and/or dogs.

There are university studies on IAS conducted asites (see the site reports and Flores
Martinez et al. 2013). Most appear to be eitherests of the exotic species present or social
studies to raise awareness about IAS among thépopalations. Long-established areas
such as Los Tuxtlas have several active univepsiigrams, which may explain the longer
list of exotic species recorded at this site. Stely we have seen measured the impact of
feral goats on vegetation in Vizcaino (Angulo Valds al. (2011).
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3.3 Exotic non-native and out of place native species already present in the PNAs

It is important to know what exotic non-native dadt-of-place’ native species are already
present within the PNAs so that new incursionstmaidentified as ‘new’ and enter an EDRR
process. Even if present in the PNA, it may &dlsaseful to know what their distribution is
across the management zones if they are absentfyoeror pristine areas and managers aim
to keep them out. Such lists have several purposesation to EDRR, i.e. to assist
managers to predict risks and design surveillagseems to meet them. They allow
managers to:

» Use the lists to predict what sort of IAS are nib&ly to invade the PNA. For
example, trees seem to present most risk at Cagidhutinidero but not at Vizcaino.

» Formulate local black or white-lists so regulatagencies can restrict the importation
of new species for use in the zones allowing soabde uses when they are not
already present.

» Compare with national black-lists.

The site reports note the presence of 260 exo#cigp in the nine demonstration sites
(Appendix 1) and 135 Mexican species that are tiyttace’ within the sites (Appendix 2).
Forty-eight species (including 26 plants, 7 fiskh & mammals) were listed as particular
concern. The exotic species are not present aited, with those sites with most human use
(including those most frequented by researchecerding most exotic species (Table 3).
However, all these totals (particularly for plaatsl invertebrates) are likely to be
underestimates. Evidence for this claim is thatdites with most species listed are also sites
where most research activity occurs and one siiednonly exotic trees.

Table 3. Numbers of exotic species of various types rembid nine PNAs in Mexico.
1 — Los Tuxtlas; 2 — Cumbres de Monterrey; 3 —r&ide Alamos - Rio Cuchujaqui; 4 — El

Vizcaino; 5 — Valle de Bravo; 6 — Cafon del Sunuogé&r— Sian Ka'an; 8 — Tutuaca; 9 —
Marismas Nacionales.

Classof IAS Number of speciesby site (see Appendix 1)

Site 1 2 3 4 5 6 7 8 9 All
Terrestrial plants 68 72 45 26 24 17 17 7 1 190
% Trees 25 3 29 8 21 100] 57 0.0 5
% Herbs, shrubs 46 53 38 50 17 0 29 57 100 48
% Grasses, sedges 29 44 33 42 63 0 24 43 @ 33
Aquatic plants 10 5 6 5 2 1 3 1 1 19
% Freshwate 10C | 10C |1oC |40 10C | 10C |10C |10C |1oC |84.
Marine 0 0 0 60 0 0 0 0 0 15.9
Invertebrates 1 1 0 0 0 0 4 0 2 8
Fish 8 3 3 0 4 4 4 1 1 16
Amphibians 1 1 0 1 1 1 0 0 0 2
Reptiles 6 1 0 1 0 1 0 0 0 7
Birds 4 0 2 3 3 0 0 0 0 6
Mammal: 6 2 4 8 6 7 5 1 3 12
TOTAL 104 | 85 60 44 40 31 33 10 8 260
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Mainland areas in the tropics tend to have feweasive species than mainland areas in
temperate regions (Pysek & Richardson 2006). Neegksss, we were struck by the
relatively low numbers of non-native plants in #ldAs compared with, for example, the
average number of such species (n = 119) in a sa0fif@5 areas managed by the US
National Park Servive (Loope 1992) or the 370 native plants with 121 invasive and two
transforming weeds in Kruger National Park in SoAthica (Foxcroft et al. 2003). In the
latter case most plants were introduced for hdttical purposes and their distribution is
concentrated around human habitation (Foxcroft. &098) and near roads (Foxcroft et al.
2010).

4 Early Detection Rapid Response in PNAs

Early Detection-Rapid response to a new speciedsteefollow a step-wise process (e.g.
NISC 2003).

» Firstis to detect, report and confirm that a npacges has been found.

» Second is to assess whether the new speciesusfiofent threat to warrant any
response, and if it does, who should respond.

» Third is to conduct a preliminary survey to confitine new species is present
and to delimit its extent. The purpose of thiscgsurvey is to assess the scale
of the response required. The question to be gidge/hether a rapid response
will deal with the problem at small cost, or whethiee likely response is major,
costly, and outcomes are not certain, thus requaifull feasibility study of the
options.

» Fourth is to mount the rapid response — assumisgtihievable. If not, the step
has to wait for the outcome of a formal feasibiitydy with its recommended
action (eradication, containment, sustained contiminothing) and appropriate
funding and operational accountabilities.

* The final step in an EDRR process is to review Wwaethe actions have
succeeded, or if not to reconsider whether motbetame management is
desirable or whether the project should evolveoteihg a formal feasibility
study.

Clearly, the timeframes for this process will alwalepend on the ability of people to work
through this process, but it is also clear thattileéogical timeframe between arrival and
establishment will depend on the life history af tAS — some must dealt with very quickly
while others will be slow to establish and spreadesponses can be slower.

These steps are the same as for any national ER&ens where multiple agencies may have
roles in all or parts of the process. Howeverpmtpof discussion for Mexican agencies is
whether those managing the steps in a national EBRERm should also manage the same
steps in a site-based system of EDRR. BudgetSBP&R are contingent on the arrival of
new species — analagous to a fire-fighting servi€¢here are sufficient events a full-time
service can be developed. However, if the worleisqalic the staff planning and conducting
EDRR (especially the RR component) will need tebwloyed on other tasks or contracted
when required. For government agencies, such &80, the other tasks might involve
the other strategies required for IAS management.
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An EDRR system within PNAs may have a spatial famushe core areas of the PNAs (in
which case new incursions may come from the buibeies as well as elsewhere), or a
whole-of-park focus (in which case species fronaeet areas or elsewhere are the risk).

This system may also set a baseline date for detgrgnwhat is a “new” incursion. This

may be ‘now’ or ‘the near future’ so only reallywmécursions will be considered.
Alternatively, the baseline date many be ‘the répast’ so that incursions that have not fully
established may be considered for the rapid regpomsiponent — albeit a delayed response.
The latter option has some advantages so that l@yBtrhe used in the GEF program to
demonstrate the EDRR process (see section 5).

4.1 Surveillance

Surveillance for new species in the whole PNA dhisi core areas may be passive or active.
Passive surveillance relies on people (residergipks, researchers) present in the PNA for
other reasons to note and report any suspectedgpeeies. The advantage of a passive
approach is that it provides a more continuousesllance. The disadvantages of a passive
approach are that it will report false positivesdgotic species already present or for native
species, although an ‘alert’ scheme to educatelpeegularly using the PNA would reduce
these problems. Active surveillance by expertgeting the PNA for new species would be
more reliable but has the disadvantage of expem$evauld only operate when the funds
were available to conduct surveys and so may migsitant incursions in time to respond
quickly.

A sensible combination of the passive and activeltvbe to educate the passive cohort to
report any putative new species, and to focus ¢hieeacohort on areas of highest
biodiversity value or areas of highest risk of isiea within the PNAs.

Alert lists:

An ‘alert’ list of 25 non-native species were raden as having the potential to invade one or
more of the demonstration sites (Table 4). Tisisié probably optimistically short,

especially in areas with on-site or adjacent toams cities. The number of weeds on 234
reserves in New Zealand was highly correlated #igir proximity to towns (Timmins
&Williams 1991), and we suspect the urban plantimggardens in towns adjacent to the
demonstration sites will similarly increase invasicsks.

We can also use the current list of exotic spe@ependix 1) to predict the type of species
that might present risks. Apart from the trivia¢gdictions marine species need saltwater, or
that few aquatic species will present risks in aitds, Table 3 suggests which type of plants
(for example) appear to be best suited to eachadtteough this assumes such lists are
complete.

Black and white lists:

CONABIO is also developing a national black listspecies of concern. A black list names
species (or classes of organisms) that are navedldo be imported into Mexico. Not all
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species on a national list will present risks fmagicular PNA, but local managers can use it
to form an alert list of species that do presembssible risk to their park.

Most black lists, by implication, usually do notiande IAS already present in the PNA
unless importation of more of such species presantee transparent additional risk. All is
permitted unless forbidden by the black list!

The advantages of local black lists for a PNA crhiteclude (a) focussing the attention of
residents and agencies promoting use of speciggdductive purposes that some species
are not a good idea even if they might be usefabtoe people in the PNA, (b) alerting PNA
managers to species in adjacent areas (such as)ttvat present risks to the PNA, and (c)
ensuring dangerous incursions are promptly manadeeth detected in the PNA. The
disadvantages of a black list are that only a spralbortion of potential risk species are ever
listed and many known and unknown risks remairlistf-

A white list names species that are allowed taygorted. White lists assume all species not
on the list are prohibited or must be subject tormal risk assessement before their
importation would be permitted. All is forbiddenless permitted, and this approach may be
best for PNAs.

The advantages of white lists include a more prémaary approach in that all exotic species
are considered and risk analyses done as theptareepted or before someone imports them
into the PNA. The disadvantages are that decisiakers have to know what species are
already present in the PNA and people may be eagedrto illegally import new species
rather than subject them to the risk analysis arssiple rejection.

IAS within the sustained use buffer zones butmtita core areas of PNA:

We do not have sufficient detail on the statuslidhase species in the PNAs to distinguish
between those most affecting biodiversity valukedormation is needed on their distribution
within the PNAs, within the different managemennhes (core areas, buffers, areas of
restricted use), how they got there, their usallperceptions of them, and on their impacts
on biodiversity values.

It would be useful to separate the species listde Appendices into those that affect
biodiversity values from those affecting mostlyiagitural or productive values in the
different management zones in the PNAs. Some epeaight be transformational if they
spread across wide areas (e.g. lion fish, red paibes, or buffel grass?), others might be less
critical even if they spread widely (e.g. debatgabeé iceplant in Vizcaino?), while others
might have little impact (e.g. some of the empherhieerbs?). Such data on distributions and
potential impacts would allow the key species afaan to be identified and management
priorities to be justified.

We cannot do these prioritisations here but wesedmout an approach or set of strategic
options for their management depending on suchmpeteas, i.e. a combination of the
problem posed by a species and its manageabilitypeaised to sort the lists of exotic
species in the appendices. Whether such manadgaiaiti be imposed is a moot point given
current capacity.
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Table 4. Species listed by Flores Martinez et al. (2053)aving the potential to invade one
or more of the demonstration PNAs. Note: somealieady present in some PNAs.

1 — Los Tuxtlas; 2 — Cumbres de Monterrey; 3 —r&ide Alamos - Rio Cuchujaqui; 4 — El
Vizcaino; 5 — Valle de Bravo; 6 — Cafion del Sunugd@r— Sian Ka’an; 8 — Tutuaca; 9 —

Marismas Nacionales.

Red = herbs and shrubs, green = grasses andssétige = trees, yellow = animals, purple

= marine species.

= noted as having greatest impact in the PNA bydsldartinez et al. (2013); EW = listed
in at least one weedlist as likely to spread but@cessarily become a major problem; ISSG

= listed on the ISSG’s 100 worst invasive sped&fB = listed in the Global Invasives

Database for Mexico.

Species IAS Protected Natural Area
2|3|/4]|/5|/6]7]8]9

Terrestrial plants

Amaranthus palme (Palmer’s pigweed EW

Brassic: tournefortis (Sahara mustar EW

Cenchrus (Pennisetum) ciliar(Buffel grass EW B

Chenopodium albu (Fathen EW

Chenopodium mura (Nettle-leafed goosefoc EW

Cryptostegia grandiflor (Rubber vine EW

Cyperus esculenti(Nut grass EW

Oeceoclades macule (Monk orchid Y

Ricinus commin (Castor oil plan EW

Invertebrates

Crassostrea gig: (Pacific oyster Y

Dosidicus giga (Humbolt squid

Pandinus imperatc (Emperor scorpiol

Fish

Species in Loricariidae (Armored catfi

Oreochromis mossambic(Tilapia)

Reptiles

Hemidactylus turcicu(Turkish geckc

Trachemys scripta elega(Rec-eared slide!

Birds

Myiopsitta monachu(Monk parakee ISSC

Streptopelia decaoc (Eurasian collared dov ISSC

Mammals

Bos taurus(Cow)

Canis familiaric (Dog)

Felis catu: (Cat) ISSC

Mus musculu(House moust ISSC

Odocoileus virgineant (White-tailed deer

Rattus rattu (Black rat ISSC
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Who should be responsible for surveillance withinARR

Current surveillance within PNAs is largely passiwvel ad hoc. The ‘alert’ list of IAS most
likely to invade the PNAs, i.e. based on the seidlentified in the site reports (and collated
in Appendices 1 — 3) should be developed withinRB® as publicity pamphlets for
distribution to people using the PNA.

A formal survey of at least one PNA to list spedietd in adjacent towns, found in buffer
zones and in core zones is recommended within $ftb check the completeness of the
current lists and to explore the spatial risk peoficross the zonations around and within a
park. We estimate 0.5 of a Full Time Equivalentkl, i.e. 2 people for 3 months would be
required to survey and report for more complex PM#th several towns within or adjacent
to the park.

Active surveillance is expensive but a programdaqalically survey at least core zones of
the demonstration PNAs should be planned pastuitert GEF program. We estimate it

would take 0.25 of an FTE, i.e. a plant and an aheuologist for 1 month, to survey core

zone(s) in a PNA.

4.2 Validating and determining the status of incursion

Whoever detects potential new species will nedthie a clear process to report their find to
a single person/position within an appropriate agefdeally, the report should be
accompanied by a location and a specimen or phagbgr

The report and/or specimen needs to be identifyeainbexpert who then reports back to the
detector thanking them for their vigilance, andhe person/agency who makes a decision on
how to proceed. The expert’'s name and authoritylshbe attached to the identification and
its archive record.

This phase of EDRR aims to convince those who baagpprove and/or fund the project not
only that it is worth doing but that the variousysaf doing it have been considered. The
‘ways of doing it’ need to consider (a) which stgies are appropriate or possible — in this
case a rapid response to remove or at least cah@incursion, (b) what tactics (control
tools and methods) are available and best suitdtetaim, (c) what set of options are likely
to be supported by key stakeholders, and (d) giistaestimate of the costs and time the
funding will be required. This process is essdiytihe same as done for larger projects to
explore whether eradication is possible or, if mdtat sort of ongoing management can be
deployed — a feasibility study but one constraibgdhe need for haste.

CONANP is mandated to manage the PNAs so shouldebprimary response agency. PNA
managers (in CONANP) need a policy to manage arroed new incursion that:

» Determines whether the incursion is primarily algheon for productive systems (and
transition the response to SINEXE (Exotic and Enmgy@iseases National
Information System ) or NED (National Emergencydisitive Against Regulated
Pests in Mexico), or is primarily a problem for dhixzersity, or both.
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» If a biodiversity threat, CONANP needs to managesimcursion, usually by
eradicating the population within the PNA and/srpathway of introduction to limit
the chance of further incursions.

» Decides that the organism cannot be managed aadtiom is feasible.

* Formally transitions the response (or some pait) &b another agency or group
better equiped or mandated to manage the incursios.desirable that CONANP has
formal agreements in place with other governmeehags (e.g. PROFEPA to
manage regulated pathways such as deliberate umttiod of new species into
production zones within the PNA), and communityasrigations so the process for
these formal transitions are pre-established aodped.

» CONANP should be responsible for any rapid respaoseponent of this process,
but if this fails to remove the threat and the Iés3ablishes the next steps should be to
commission a formal feasibility study to determwneat strategic options are
possible, who should do it, and at what cost and s#ould fund it, i.e. a larger-scale
eradication, containment, sustained control, onakhing.

» Local CONANP staff might not have the knowledgédientify what expertise is
available in Mexico (or elsewhere) so all reportd areliminary data should be sent
to an agency who knows who to ask. Either CONABI@ONANP head office
would be suitable to achieve this initial validati®out whoever is responsible would
need prior agreements, especially around matteunsgeincy, with appropriate
taxonomists in universities (e.g. for plants anureats), or other government agencies
(e.g. via the SINEXE or NED diagnostic laboratoifehe new species is a disease or
pest of agriculture).

» The appropriate response in an EDRR process isndi@ted by the ability to quickly
remove the incursion. The decision-maker requspeific knowledge on the scale
of the incursion and so must have the funds anddatarto commission a rapid
survey to delimit the area of the incursion. Knedde on whether such an incursion
can be removed is more likely to lie across a raviggecialists so accessing this
advice is also critical. A delimitation surveyosiid simply ask the question ‘is the
incursion established and breeding or not, vergllsed, patchily distributed, or
widespread? Fine details are not required anduheey should be completed in days
rather than weeks. The effort required is casespedies dependent but should not
be large. We recommend the responsible agency sgisll budget limit to enforce a
rapid survey.

* The output from this is a decision to proceed () and if the former a plan of action
(allocate the task, provide a budget, pass omtleernation gathered to date).

* We estimate that 1 FTE would be required as a psentgosition.
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4.3 Rapid response

At this stage a decision to attempt to remove tkearsion has been made, a budget allocated
and a team to conduct the operation formed. Gletmd response should begin as soon after
the IAS is detected as possible if the IAS hasathibty to reproduce and spread quickly.
However, even when the IAS is not capable of amptive increase and spread, the
timeframe to remove it should be as short as plessibnly because funding is difficult to
sustain in projects that drift past deadlines. Wit of team is an issue that will be case
dependent.

* Generally, reliance on local communities or uniitgrstaff/students to manage
incursions of new IAS in PNAs will not be sufficteio effectively protect the
biodiversity and integrity of Mexico’s PNAs.

» Capacity to conduct IAS control operations at thgkpgevel will need to be
developed, not just for EDRR but to manage the @ngyproblems caused by
IAS. Some of the skills required, aligning opeoatil expertise with academic
study, have been developed by Grupo Ecologia y €wasion de Islas (GECI)
and their structure and process might form a tetata the government
agencies’ requirements.

» The effort required for the Rapid Response compiowéhbe case-specific, but
a rule of thumb might be that if it is predictedréguire more than 2 FTEs over
about 12 months then RR is probably not the ap@tgpaction and a full
feasibility study would be required to decide hawptoceed.

* Funding the Early Detection component of EDRR camdse-lined in budgets.
However, funding the Rapid Response componentrisrggent on finding
incursions and so requires an ‘emergency’ budgettstre. This is easier to
justify at larger scales because generally theaepipeline of work, but
contingency budgets at the local scale are oftiicuali to manage.

The rules and contraints to remove an incursiorsandar to those for eradication of an
established population — it is just they have tedesidered in haste of the response is to be
‘rapid’. Eradication is the permanent removal @ tihole population of pests. Once
achieved it stops any further damage that thewastcausing and may allow natural
recovery or active restoration of past damage. NHeweo achieve eradication some
conditions should be met (Parkes & Panetta 2009):

. The average annual long-term rate of removal imcpopulations must be greater
than the annual intrinsic rate of increase.

. There is no immigration of individuals that candxeLogically this can never be quite
met as the pest arrived once and could do so aglaérefore, on-going border
management and surveillance is needed with theidwcaf the effort along the risk
chain (from source populations, on vectors sucthgss, to the site being protected).
This is based on assessment of the risks andHdadi of reinvasion and the costs of
remedying any breach.

. There must be no net adverse effects. Eradicatepnmot be desirable if the adverse
effects on non-target species of the control metfaailable are predicted to be
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unacceptable and unresolvable, or if the conse@seoicremoval of the pest outweigh
the benefits (Courchamp et al. 2003).

Clearly, one has to have the tools to kill or remtive animals and a strategy to apply them
to ensure all the above ‘start rules’ are met, ahthe constraints on their application
(stakeholder support, legal sanctions, environniemta non-target issues, funding, etc.) need
to be overcome or managed. If the rules cannotdteard/or any constraints not overcome,
then eradication is not possible, and setting & geal can distract from the planning

required for optimal sustained control.

Eradication strategies fall into two categorieam8achieve their goal with a single event
that, if done well, may kill 100% of the target jpibgtion, e.g. the eradication of rodents using
aerial baiting. Others achieve their goal by apujyh sequence of events that successively
reduce the target population to zero. These twesyy eradication have quite distinct
management consequences.

For the first type, managers get only one chanseatess. In these cases, meticulous
planning, over-engineering, fail-safe and backygieams are the rule because everything
must go right on the day (or few days) of the opiena (Cromarty et al. 2002). The rule is
‘do not start unless it is all in place’. Howevgenerally such methods (e.g. aerial baiting for
insular rodents) provide no information on the ssscor failure from the operation itself and,
because the cost or ability to detect and locatéaurs (so any can be killed cheaply) is
often more than the cost to repeat the whole ojpersadherence to the start rules is the key
to success.

For the second type of eradication, the sequencenifol events themselves can provide
managers with on-going information on the locatioil changes in numbers of survivors,
such as GPS locations of traps or animals sh@da#ch rates or kill-rates (Parkes et al.
2010). In the case of plants, time may reveal ttegroductive potential and response to
herbicides. This allows managers to be flexible adalptive as the project proceeds, so
having everything just right on day one is not @discal. However, for these projects it is the
‘stop rules’ that are difficult (Ramsey et al. 201How do you know that no animals are left
when no more are seen or killed; and so when shaudstop, demobilise and declare
success? In this type of project it helps to trabkut managing it in phases:

Initial reduction of the population

Good maps showing where the pests are and are deli(nitation survey) are an important
input for planning an eradication operation. If gapulation is not present over the whole
area, a general rule is to deal with outlying soptpations first; at least if these are capable
of sustaining themselves without input from theecpopulations, or if not to target the
breeding core. This ‘rule’ has evolved from weechagement where outliers may be self-
sustaining. It is less rigid for animals where i) groups may not be viable sub-
populations and in fact rely on dispersal fromehee population — in which case the core is
the key target.

A second rule of thumb for this initial phase (whka target is an animal species) is to first
use control methods that do not teach survivolsetwary. It is often a mistake to deploy all
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the control tools in the toolbox at once from thats Sub-optimal control tools may kill a
few animals but may also interfere with the effestiess of the optimal methods.

The third rule of thumb is to attempt to do thigiad phase as quickly as possible to avoid a
drawn out process; if the initial phase is spreadss many years, the population can replace
a large part of their losses in every breeding@eas

Therefore, some thought about the best sequermentfl tools is required when several
methods are available.

Removal of survivors

Most eradication attempts of this type reach thgestvhen only a small proportion of the
original population is left. This often consistsaddl, wary individuals that have survived all
thrown at them in phase 1, and/or are animalsdiuinplaces where any control is difficult,
e.g. the topography makes access hard, or thenmesé people or livestock restricts the use
of some control tools. Seed banks and persistdittiduals sriviving earlier control are the
analagous case for plants. Clearly good feasilpléys should predict how these survivors
will be located and killed, and good operationang should not leave such contingencies to
chance.

What a Rapid Response component of an EDRR proeesisdo is achieve eradication in
one-hit or set short time-frames to reduce the [ajmn and remove survivors before the
population establishes or spreads too widely.

4.4 Data management and reporting

In all cases CONANP head office if it develops thpacity (or CONABIO) should retain a
metadata base of reported incursions, diagnosesapdnses.

4.5 Validating outcomes

Eventually a stage is reached when no more aniongdkants are found or killed and it might
be that the rapid response has succeeded in etingrthe incursion. There are both
informal and formal methods to judge whether tlas heen achieved.

Informal methods include waiting to see if the péaor animals become obvious after the
control has stopped, or by conducting some arljimamber of searches once the last known
individual has been removed.

Formal methods take account of the problem th&t déde@vidence that survivors exist does
not mean none are actually present. Formal metheelsearch and detection theory to give
some probability that none found equals none teltet found, and how much more searching
might be justified to raise this probability toevél commensurate with the residual risk of
being wrong and falsely declearing success (eegRsansey et al. 2011; Samaniego-Herrera
et al. 2013). These formal methods may be betitgdsto eradication projects on
established population than to rapid response @ incursions because they require
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either pre-determined detection probability pararsefthe probability than if at least one
individual is present it wil be detected by thershanethod or device), or there are enough
data collected as a target population is reduceoltect this probability for the incursion
population being removed. In the latter case tmdrol method is often also the detection
device.

5 Demonstration studies

One aim of the FSP is to explore the use of ptladies with emphasis on those that prevent
new incursions. For EDRR, the logical option isv&it until a new incursion is discovered
in a PNA, perhaps one of those predicted as hghimi Table 3, and run the process
described in section 4 as a pilot study. Howethgs,is impractical because we cannot
predict whether a suitable invasion will presesglitover the immediate future in time to be
used as a pilot project. The solution is to sedeate incursions already established in at
least one PNA and test the EDRR process (or patt of them. The questions are which
species at which sites and how many can be aff@rded

Some rules for this selection are that the spestieald be localised or patchily distributed
but with the ability to spread and so analagous tiecent incursion, listed on the ‘alert’ list
(Table 4), a tractable problem so a pilot projexs B good chance of success, a species
present in several PNAs, and representative cdssaf IAS.

Table 5 lists our suggestions for each site inugihaanking so priorties can be applied as
funds dictate. We suggest selecting at least ameCasuarina equisitifolisand/orArundo
donay and one animal (the parrot at Guerrero Negrol MiEcaino) as pilot studies — or
more if funds are available and local CONANP stath to participate.

The site report (Flores Martinez et al. 2013) nttescurrent work done at some of the sites
by local NGOs or community groups. The FSP comlest funds in supporting action
against some demonstration established IAS thanharegeable (Table 5). We think this
support should consist of technical support (fro@NABIO or CONANP) to demonstrate
how the eradication needs to be planned (as a &enfadr eventual EDRR for new IAS) as
well as funding to facilitate peoples’ time and gigng costs.

Table 5. Potential pilot species in each PNA.

PNA Possibletest | Spatial Onalert | No. Tractability | Class of
IAS distribution | list from | PNAs | for IAS
other present | management
PNAs
Los Tuxtlas| Oeceoclades In towns Cafion |1 High Terrestria
maculata del orchid
Sumidero
Cumbres de Arundo Riparian No 4 Moderate Aquatic
Monterrey | donax plant
Sierra de | Tamarix Patchy No 1 Moderate Tree
Alamos ramosissima
El Vizcaino | Myiopsitta | In town No 1 Moderate Bird
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monarchu
Valle de Micropterus | 7 No Low Fist
Bravo salmoides
Cafon de | Felis catu: Towns anc | Los Low Mamma
Sumidero ferals, Tuxtlas
widespread
Sian Ka’ar | Casuarina Coasta No Moderatt Tree
equisitifolia | strip, patchy
Tutuaci Oreochromis| Rivers Sian Low Fistk
mossambicus Ka'an
Marismas | Cissus Mangrove | No Unknowr Native
Nacionales | sicyoides Plant

If funding is limited, we suggest four speciesairfsites would test aspects of EDRR. As
examples for the project and CONANP to considesuggest:

Parrot population at Guerrero Negro:

The parrot at Guerrero Negro in Vizcaino has besed ag-orpus passerinuand

Myiopsitta monachuso validating which species is present would belede Its
establishment history current population size a@\kn and it is apparently restricted to the
town, although this would need to be confirmed lmebmitation survey. A feasibility plan
would need to be developed to explore precedentsiffd eradication (e.g. Copsey & Parkes
2013), what control methods are available and dabép(e.g. trapping, shooting, netting,
poisoning), and estimate how much it would cosheet all the rules and constraints for
eradication (Parkes & Panetta 2009). An atteraptccthen be made to remove the
population and validate success by appropriateeysrvThe wider project would need to
encourage the local population that keep exotidsbmot to keep risky species and to report
(early detection) any escapes.

This example would require all the elements offad@aesponse — initial assessment of the
status of the population, feasibility and operadigrianning, an operation on the ground, and
monitoring to judge success. It is large enougtetpire at least one person to manage the
planning process (about 1 month) and perhaps Beofle to remove the birds over a short
period. How long this would take is difficult togalict, but we would guess at least a year
judging by other bird eradications of a similares(e.g. pigeonsJolumba livig from three
Galapagos islands; Phillips et al. 2012).

Sheoaks at Sian Ka’'an:

The sheoaksGasuarina equisitifolipare native to Australia. At Sian Ka’an they were
planted many decades ago to provide tall treebeltes and shade around coastal holiday
properties. They are now spreading. Elsewherspbeies is known to adversely affect
turtle nesting sites by binding the sand.

! It is the monk parrot according CONANP (Celerinomies, pers. comm.).
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The delayed response would require a delimitatiowes and a survey of property owners to
see which would allow access to remove the tredsaadlings. If access to all areas
infested is not possible, then the positive respam®ne of containment rather than
eradication and so either some ongoing budget (E@NANP) or short-term budget (via
the GEF) to either conduct the surveys and pertlapwnstrate the best methods to halt
dispersal.

Giant reed at one of several sites:

Giant reed Arundo donakis a tall perennial grass that grows in many-sieah, cane-like
clumps typically forming dense stands on distursiéel, sand dunes, riparian areas and
wetlands (Fig. 1). Itis native to Spain but nowle@spread elsewhere in the world. Itis
recorded at five PNAs and occurs as a problem westhny other places in Mexico (e.g. on
the Rio Grande; Seawright et al. 2009). It is appty spreading in some PNAs but
restricted generally to wet, riparian sites. Thoption for GEF pilot funding would be to
determine the most efficient method to eradicatehms of the reed.
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Figurel. Giant reed on Laguna Muyil shore, Sian Ka’an simgwhizome structure (above).

Two demonstration sites have already conducteddomnanagement of the giant reed so
there are some data on precendents, and if thege{wdid not eradicate the target
populations, on the minimun effort required for gilpt project. The weed is also the target
of control in many places around the world so attudy could make a quick assessment
of, for example, biocontrol (Seawright et al. 2Q@#)d chemical and physical control (e.g.
Mackenzie 2004), the latter at a cost of at le&®$2500 per hectare.

Monk orchid at Los Tuxtlas:

The orchid Qeceoclades maculgté recorded as a potential IAS and is/was presgiat
horticultural plant in the Los Tuxtlas PNA. A peci was conducted to convince residents to
remove these plants, so a small GEF-funded prajeatd be to follow up this advocacy to
find out whether people have removed the incippapgulations.

A fish at one site:

Removing established fish populations is very diffi but not impossible in enclosed waters
(e.g. see Nico & Walsh 2011 for information on resaloof tilapias). We have no data on the
distribution of exotic fish within the PNAs butritight be possible to select an enclosed
water body with recently-established fish populagiand attempt to eradicate it —
presumably using rotonone as a fish toxin.

We suspect the cost to achieve this and the s€at@st problems (especially in rivers and in
the sea) would drive management towards stoppitgy$ions at their source rather than
EDRR per se.

6 Recommendations

6.1 Recommendations for the FSP

A single government agency should have a mandatgabnsibility to overview the process
to manage EDRR in PNAs. CONANP, as land managemeé candidate for PNAs but they
have no current capacity to do this and no manuolattgde the parks. CONANP should
conduct a gap analysis of its current capacityAid (see the lack of information in Table 2 of
this report). CONABIO is in better position to pirde wider oversight across both PNAs and
other land tenures to manage EDRR for IAS threatghiodiversity outside PNAs.

We recommend that CONABIO provide oversight for pilet projects (or more accurately
the Rapid Response projects since the IAS aredyingi@sent) in PNAs within the GEF
project but suggest a decision then needs to be miaolut whether the future site-based
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EDRR management is devolved to local CONANP marsagenether oversight is retained
as part of the developing national EDRR for biodsity protection, or subsumed into a
national system for threats to biodiversity anddociive sectors. The first option —
developing local capacity within CONANP will be essial for at least the surveillance and
operational response parts of an EDRR system fétsPN

Some exotic species permitted within the bufferemoof PNASs are also IAS with respect to
core zones. Site-specific blacklists would givedguace to the regulatory agency
(PROFEPA) that some species not yet present simatlde approved.

More complete surveys for IAS would be of valugexsally in urban areas adjacent to the
PNAs.

When eradication is the aim the project is bestdetd by a dedicated team with the
necessary skills and operating to a set of milest@nd deadlines. Such a team may be from
within the land or IAS managing agency as trairtaff 8r (more commonly today) as
contractors with the specialist skills. The lattan be more efficient than agency staff
especially when performance-based or set pricaacistare used (e.g. see the use of such
contracts by The Nature Conservancy to drive effitand successful feral pig eradication

on Santa Cruz Island in California, USA; Morrisdd038).

6.2 Indicators of success for the FSP

Five pilot studies (the moderate to high tractépibnes in Table 5) should be completed.
The costs will be case-dependent and cannot beastil until feasibility studies are
completed, i.e. the scale of each project and vdes dt.

CONANP’s capacity to manage an EDRR process shmilteveloped with both national
capabilities in planning and local capabilitiesitdiver the rapid responses that will arise.
These capacities need to be but part of widertesilto manage IAS and not just recent and
new incursions.

Local communities and NGOs at each PNA should laaslear process to report suspected
new IAS. Site-based blacklists for both the wHeIA and for core areas within the PNAs
should be develped.

6.3 Recommendations for after the FSP

A small (2 FTEs) dedicated group should be fornteal rzational level within CONANP to
plan key IAS projects more widely than just EDRRPINAs. This group would prioritise
projects, commission feasibility studies and liaisth local PNA staff to design and plan
projects.

Mexico needs to develop capacity to manage |IAStffg biodiversity on the mainland.
Planning by itself is no use unless it leads taoacigainst priority IAS and/or priority sites.
How such plans would be put into operation woulpgexe on the type of project and the
availability of local capacity (within agencieswithin local communities) to deliver action
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on the ground. We note the current capacity toaganAS on islands (by GECI) has
developed some of the skills to act on plans. Soh@&ECI's skills are retained as full-time
staff, some Mexicans are contracted for short plerauring projects, while other people are
contracted internationally when it is uneconomidévelop local infrastructure.

Increasing CONANP’s capacity would free CONABIOctancentrate on its role as a
coordinator between agencies and an informatiorresearch broker.
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Appendix 1 Species not native to Mexico present in nine Protected Natural
Areas

1 — Los Tuxtlas; 2 — Cumbres de Monterrey; 3 —r8ide Alamos - Rio Cuchujaqui; 4 — El
Vizcaino; 5 — Valle de Bravo; 6 — Cafion del Sumiglér— Sian Ka'an; 8 — Tutuaca; 9 —
Marismas Nacionales.

Red = herbs and shrubs, green = grasses and sbliges trees, yellow = animals, purple =
marine species.

= noted as having greatest impact in the PNA bydsldartinez et al. (2013); EW = listed
in at least one weedlist as likely to spread but@cessarily become a major problem; ISSG
= listed on the ISSG’s 100 worst invasive sped®&fB = listed in the Global Invasives
Database for Mexico.

Species Known Protected Natural Area |
IAS 1/2|3[4/5/6]7|8

Terrestrial plants

Agrostis gigantegRedtop grass) EW

Agrostis stolonifergdCreeping bent grass) EW

Albizia lebbecKYellow mimosa)

Ambrosia artemisiifoliq’ Wormwood

Anagallis arvensi(Red pimperne

Annona cherimolgCherimoya)

Artocarpus altilis(Breadfruit)

Atriplex semibaccatéAustralian saltbush) EW
Asphodelus fistulosy®nionweed) EW
Avena fatugWild oat) EW
Bambusa arundinace(Spiny bamboc Y

Beta vulgaris(Beet

Bidens pilosgSpanish needle)

Bougainvillea glabrgBougainvillea) -

Brachiaria brizantha(Signal grass)

Brachiaria humidicola(Koronivia grass)

Brassica junce (Indian mustarc

Brassica rape(Rape

Bromus catharticL (Rescue gras EW
Bromus tectorungDowny brome) EW
Briza minor(Lesser quaking grass) EW
Cardamine hirsutgBittercress) EW
Cassia fistulgdGolden shower tree) EW
Casuarina cunninghamiar(River oak

Casuarina equisetifoli(Sheoak YYY
Cenchrus browni(Slim bristle sandbu EW
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Cenchrus(Pennisetumciliaris (Buffel grass

YY

Centaurea melitens(Tocalote

Cerastium glomeratur(mouse«eared chickwee

Chenopodium muralfNettle-leafed goosefoot)

EW

Chrysalidocarpus lutescens (Bamboo palm)

Chrysanthemum coronariu@@hrysanthemum)

Citrus aurantifolia(Lime)

Citrus nobilis(Mandarin

Citrus sinensi(Orange

Citrus limonia(lemon x mandarin)

Cocos nucifergCoconut)

EW

Coffea arabicgArabica coffee)

EW

Coffea borbor{Coffee)

Coffea caturgDwarf coffee)

Coix lacrymijobi (Job’s tears

Colubrina asiatice(Asian snakewoor

GIDB

Coriandrum sativungCoriander)

Coronilla varia (Crown vetch)

EW

Coronopus didymu@d_esser swine cress)

EW

Cortaderia selloana(Pampas grass)

EW

Crepis(Youngia)japonica(False hawksbear

Crotalaria pumila Chipilan’

Cucumis angurigBur cucumber)

Cucumis melgMusk melon)

Cydonia oblongdQuince)

Cynodon dactylofBermuda grass)

Cynodon plectostachyu(@iant star grass)

Cyperus esculentt (Nut grass

Cyperus rotundu(Puple nut sedg

GIDB

Dactyloctenium aegyptiuCrowfoot)

Delonix regia(Framboyan)

EW

Desmodium procumbe({§railing tricktrefoil)

Dichanthium annulatun(Hindi grass)

Digitaria bicornis (Crabgrass)

Digitaria decumbens = eriantl (Pangola gras

EW

Digitaria sanguinalis = ciliaris (Hairy crabgras:

EW

Digitaria ternata(Crabgrass)

Diplotaxis muralis(Annual wall-rocket)

Echinochloa colongJungle rice)

EW

Echinochloa crus-gall{Barnyard grass)

EW

Eleusine indicéIndian goosegras

Emilia sonchifolii (Lilac tasselflowel

Eragrostis barrelieri(Mediterranean lovegrass)

EW

Eragrostis cilianensigStinkgrass)

Eragrostis pilosgIndian lovegrass)

EW

Erodium cicutarium(Common stork’s bill)

Eruca vesicarigRocket)

EW
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Erucastrum gallicur (Common dogmustar

Eucalyptus camaldulens(River red gunr Y
Eucalyptus globulu(Blue gum EW
Euphorbia (Chamaesyce) hir{&olondrina) EW
Euphorbia hyssopifoli@Sandmat) EW
Euphorbia lathyrigCaper spurge)

Euphorbia prostratgProstrate sandmat)

Festuca rubre(Red fescue EW
Fiscus benjamini(Weeping fig

Foeniculum vulgarg¢Fennel) EW
Gliricidia sepium(Mata raton) EW
Gomphrena globosgGlobe amaranth)

Guadua angustifoligThorny bamboo)

Hackelochloa granularigPitscale grass)

Hordeum glaucul (Barley grass EW
Hordeummurinum leporinur (Wall barley EW
Hibiscus rosa-sinensigose mallow) EW
Hyparrhenia hirta(Thatching grass) EW
Imperata cylindrica(Cogon grass) Y
Lagenaria sicerarigBottle gourd) |
Lantana cameri(Wes Indian lantane Y
Lantana hirsute(Lantana EW
Latuca sativgLettuce)

Leonotis nepetifoligLions ear) EW
Ligustrum lucidun{Glossy privet) Y
Ligustrum sinens@Chinese privet) EW
Lobularia maritima(Sweet alyssum)

Luffa aegyptiacdViethamese gour:

Magnifera indica(Mango B
Malus domesticgApple)

Manihot esculent§Cassava)

Marrubium vulgareWhite horehound) EW
Medicago lupulingBlack medic) EW
Medicago polymorphéBurclover) EW
Medicago sativiAlfalfa) EW
Melia azedaracl(White cedat GIDB
Melilotis officinalis(Yellow sweet clover) EW
Melinis minutiflora(Molasses grass) EW
Melinis repengNatal grass) YY I_
Mesembryanthemum crystallinioeplant) Y
Miscanthus sinens(Chinese silver gras

Mormodica charantig(Bitter melon

Musa X paradisiacdHybrid banana)

Musa sapientunfLatudan banana) -
Nicandra physalode@pple of Peru)

Odontonema cuspidatu(iirespike)

Oxalis corniculata(Creeping wood sorrel) GIDB
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Panicum antidotal(Blue panicgras:

Panicum repen(Torpedo gras: EW
Paspalum dilatatur(Dallisgrass EW
Paspalum urville(Vasey'’s grass) EW
Pectis prostratgdSpreading cinchweed) EW
Pennisetum alopecuroidéSountain grass) EW
Pennisetum clandestinufdikuyu grass) EW
Pennisetum purpureu(Elephant gras

Petroselinum crispur(Parsley

Phalaris minor(Lesser canary grass)

Phoenix dactylifergDate palm) Y
Pisum sativuniGreen pea)

Plantago lanceolatgRibwort plantain)

Plantago major(Greater plantain)

Poa annu. (Meadow gras: EW
Poa compress(Canada bluegras EW
Poa pratensigKkentucky bluegrass) GIDB
Polygonum avicularéCommon knotgrass)

Polygonum persicariéSpotted ladysthumb)

Polypogon monspeliendidnnual beard grass) EW
Polypogon viridis(Beard gras: EW
Prunus persic{Peach

Pueraria phaseoloide@udzu) ISSG
Punica granatunfPomegranate)

Raphanus sativu&Radish)

Rhododendron indicurfAzalea)

Rhus aromaticgFragrant sumac)

Ricinus communi(Castor oil plant YY
Robinia pseudoacaci(Black locust EW
Rumex acetocellgSheep sorrel) EW
Rumex obtusifoliuBroad-leaf dock) EW
Saccharum officinarun{Sugarcane)

Saponaria officinaligCommon soapwort) EW
Schinus terebinthifoliuPepper tree) Y
Schismus barbaty(Common Mediterranean gra EW
Senecio vulgari(Common groundse EW
Senna bicapsulariRambling senna) EW
Senna multijugdFalse sicklepod)

Setaria adhaeren@ur bristlegrass)

Setaria verticillata(Bristly foxtail) GIDB
Setaria viridis(Green foxtail

Sisymbrium iric(London rocket EW
Solanum nigrescer(®ivine nightshade)

Solanum seaforthianufBrazilian nightshade) EW
Sonchus aspgiSpiny sow thistle) EW
Sonchus oleracey$mooth sow-thistle) EW
Sonchus tenerrimy$lender sow thistle) EW
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Sorghum halepen (Johnson gras EW
Spathodea campanul: (African tulip tree Y
Tamarindus indic (Tamarind EW
Tamarix aphylla(Athel pine) EW
Tamarix chinensig¢Chinese tamarisk) EW
Tamarix ramosissiméSalt cedar) YY
Taraxicum officinal§Dandelion) EW
Tectona grandi(Teak

Terminalia catappiBengal almonc EW
Tibuchina urvilleanaPrincess plant)

Thunbergia fragrangBlack-eyed Susan) EW
Tragus berteronianuéSpike bur grass)

Trifolium repengWhite clover) GIDB
Triticum aestivunfWheat)

Urochloa (Panicum) maxim(Guinea gras: EW
Vicia sativa(Common vetct EW |
Vicia villosa(Hairy vetch) EW
Vigna unguiculatgCowpea)

Vinca major(Blue periwinkle) EW
Vulpia bromoidegBrome fescue)

Vulpia myuros(Rat’s tail fescue

Youngia japonici(False hawksbear

Zinnia peruviangPeruvian zinnia) l.:
Aquatic plants

Arundo donaxGiant reed) YYYY
Cladostephus spongios(Seaweed)

Codium fragil¢ (Green sea finger EW
Cyperus alternifoliu(Umbrella papyrus

Cyperus difformigVariable flat sedge)

Cyperus involucratugAfrican umbrella plant)

Cyperus iria(Rice flat sedge)

Cyperus odoratugFlat sedge)

Eichhornia azuregAnchored water hyacinth) EW
Eichhornia crassipe(Water hyacintr YYY
Ludwigia palustris(Water purslant

Mimulus guttatu§Common monkey flower) |
Pistia stratiotegWater lettuce) EW
Rorippa nasturtium-aquaticufWatercress) EW
Sagittaria sagittifolia(Arrowhead)

Sargassum muticu(Japanese wire seawe EW
Stenotaphrum secundati(St Augustine gras
Symphiotrichum subulatu@®altmarsh aster) -
Uruchloa mutica(Buffalo grass) GIDB

Invertebrates

Balanus Amphitrit Acorn barnacle)
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Digitonthophagus gazel (Dung beetle

Litopenaeuvanname (Whiteleg shrimg

Melanoides tubercula (Rec-rim melania

Mesocyclops aspericorn{€opepod)

Mesocyclops thermocyclopoid@®pepod)

Procambrus clarkigFreshwater crayfish) GIDB
Raoiella indica(Red palm mite) Y
Fish

Carassius carassiugrucian carp) GIDB
Cichlosoma managuengigger guapote)

Cyprinella lutrensigRed shiner)

Cyprinus carpio(Carp) YYY
Dorosoma peteneng@hreadfin shad)

Micropterus salmoide(Large mouthed bas YYYY
Poecilia spenop(Common molly

Oncorhynchus mykig®ainbow trout) Y
Oreochromis (Tilapia) aureudlue tilapia) Y
Oreochromis mossambic(Eilapia) YYY
Oreochromis niloticugNile tilapia)

Species in Loricariidae (Armored catfi YYY
Pterois volitans(Lion fish) YY |
Tilapia rendalli (Redbreast tilapia)

Tilapia zillii (redbelly tilapia) GIDB
Xiphophorus hellerii(Green swordtail)

Amphibians

Lithobates(Ranacatesbeiant (Bull frog) Y
Rhinella (Bufo) marin{Cane toac ISSC
Reptiles

Norops (Anolis) sagreBrown anole) GIDB
Hemidactylus frenatugAsian house gecko) YY
Hemidactylus mabouigHouse gecko) GIDB
Hemidactylus turcicu(Turkish geckc

Ramphotyphlops bramin (Brahminy blind snak GIDB
Trachemys scripta elega®d-eared slider) Y
Birds

Columba livia(Feral pigeon) Y
Gallusgallus (Chicken

Molothrus bonariensi(Shiny cowbird GIDB
Myiospitta monarchugMonk parrot) Y
Passer domesticyslouse sparrow) Y
Sturnus vulgarigStarling) ISSG

Mammals
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Axis axis(Axis deer

Bos taurus(Cow) YYY
Canis familiaris (Dog) YYY
Capra hircus(Goat) YY
Equus asinugDonkey)

Equus caballugHorse) GIDB
Felis catugCat) YYYYYYY
Mus musculu(House mousi YYYY
Odocoileus virgineanu(White-tailed deel

Ovis aries(Sheep) GIDB
Rattus norvegicu@Norway rat) GIDB
Rattus rattugBlack rat) YYYYY
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Appendix 2 Mexican species in 9 PNAs but outside their natural range

1 — Los Tuxtlas; 2 — Cumbres de Monterrey; 3 —r&ide Alamos - Rio Cuchujaqui; 4 — El
Vizcaino; 5 — Valle de Bravo; 6 — Cafion del Sumigér— Sian Ka’an; 8 — Tutuaca; 9 —

Marismas Nacionales.

Red = herbs and shrubs, green = grasses and sbliges trees, yellow = animals, purple =

marine species

= noted as having greatest impact in the PNA bydsldartinez et al. (2013); EW = listed
in at least one weedlist as likely to spread buh@cessarily become a major problem; ISSG
= listed on the ISSG’s 100 worst invasive sped&fB = listed in the Global Invasives

Database for Mexico

Species

IAS

Protected Natural Area

2

3

4

5 |6 71819

Terrestrial plants

Acacia farnesiani

Acalypha ostryifolieg(Hophornbean

Agonandra ovatifolig Aceituna)

Amaranthus palmeiiCareless weed)

Ambrosia confertiflorfWeakleaf bur ragweed)

Ambrosia psilostachyéPerennial ragweed)

Annona muricatgSoursop)

Anoda cristata = hastat(Violetta)

Arachis hypogae(Peanult

Argemone mexican@lexican poppy)

Aristida ternipeqSpidergrass)

Baccharus salicifoligMulefat)

Bidens bigelovi(Beggars tick)

Boerhavia coccineéScarlet spiderling)

Boerhavia erect (Erect spiderlinc

Bouteloua aristidoide(Needle gramma gra:

Bouteloua barbat#Six-weeks gramma grass)

Calyptocarpus vialigStraggler daisy)

Carica papaygPapaya)

Casimiroa sapotgWhite sapote)

Cassytha filiformi (Love vine

Castilla elastice(Panama rubber tre

Celtis laevigatgSouthern hackberry)

Celtis pallida(Desert hackberry)

Cenchrus echinatu$Southern sandbur)

Cenchrus incertugCoastal sandbur)

Chamaecrista absu$ensitive pea)
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Chamaedorea humulis = elega(Palmita

Chenopodium neomexicani(N. Mexico goosefol)

Chloris virgate (Feather finger gras

Cissus sicyoiderincess vine)

Conzya (Erigeron) canadengidorseweed)

Crotalaria retusa(Wedge-leafed rattlepod)

Cucurbita digitata(Fingerleaf gourd)

Cucurbita foetidissimi(Wild gourd’

Cupressus lindleéi (White cedal

Cuscuta americanéNew Mexican goosefoot)

Cynodon plectostachyStargrass)

Datura discolor(Desert thorn apple)

Datura lanosa(Toloache)

Datura stramoniunfJimson weed)

Dasyochloa pulchell(Fluffgrass

Dieffenbachia seguin(Dumbcane

Diodia teres(Poorjoe)

Dodonaea viscosgAkeake)

Eragrostis ciliaris(Gophertail lovegrass)

Euphorbia erianthgBeetle spurge)

Euphorbia heterophyll(Fireplant

Eustachys (Chloris) petrae(Pinewood finger gras

Fiscus yoponensi§ig)

Fraxinus chiapensi§Tropical ash)

i

Gaura parviflora(Velvetweed)

Helianthus annuugSunflower)

Helianthus niveugShowy sunflower)

Heliotropium toreyi (Slim-leafed heliotrope

Heterotheca subaxillari(Camphorweec

Hydrocotyle verticillatal\Whorled pennywort)

Ipomoea cristulatgMorning glory)

Jaltomata procumben€reeping false holly)

Juglans majoi(Arizona walnut)

Juniperus gamboan@ambo juniper)

Lantana urticoidey(Texas lantani

Leucaena leucocepha(White acacie

Lithospermum distichuiiPanalillo)

Litsea glaucescen®lexican bay laurel)

Lupinus arizonicugLupin)

Machaeranthera tanacetifoli@l ahoka daisy)

Mimosa aculeaticarpi(Catsclaw

Mirabilis longiflora (Maravillita)

Mollugo verticillata(Carpetweed)

Muhlenbergia fragiligDelicate muhly)

Muhlenbergia rigengDeergrass)

e

Muntingia calaburaJamaican cherry)

Nectandra ambigen@d.aurel)
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Nicotiana glauce(Tobacco

Opuntia phaeacanth(Prickly pear

Orobanche coopel(Desert broomrap

Orobanche multicauli$Spiked broomrape)

Panicum bulbosur(Bulb panicum)

Paspalum vaginaturfSeashore paspalum)

Persea americanéAvocado)

Phaseolus vulgari(Common beat

Physalis acutifolie(Tomatillo)

Pinus patulaMexican weeping pine)

Pithecellobium dulcéGuamuchil)

Polygonum lapathifoliunfPale smartweed)

Populus fremonti{Alamo cottonwood)

Portulaca suffrutescen$hrubby purslane)

Pseudognaphalium arizonicu(Arizona cudweec

Psidium guajavi(Guava

b

Roystones regiéCuban royal palm)

Russelia equisitiformi@Coralillo)

Sabal mexican@Mexican palmetto)

Sambucus mexicarfexican elderberry)

Salix bonplandian (Ahuejote

Senna pallid¢(Twin-flowered cassii

Setaria grisebachifBristlegrass)

Sicyos deppgBur cucumber)

Solanum rostratunfMexican thistle)

Sporobolus indicu§Smut grass)

Swietenia humiligPacific coast mahogany)

Tecoma stan(Yellow bells’

Tillandsia recurvate(Ballmoss bromeliac

Trixis californica(American threefold)

Vitis arizonica(Canyon grape)

Vulpia octoflora(Sixweeks grass)

Xanthosoma sagittifoliurffArrowleaf elephant ear)

Aquatic plants

Berula erect (Water parsnif

Cyperus nige(Black flatsedge)

Elodea canadensig?ondweed)

Equisitum laevigatuniSmooth horsetail)

Eustachys petraeg@ringergrass)

Phragmites australi(Reed

Typha dominguens (Cumbungi

Typha latifolia(bulrush)

YY

"

Invertebrates

Macrodactylus mexicanyfose chafer beetle)

Perkinsus marinugProtozoan parasite of oysters)
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Rhynchophorus palmaru (Palm weevil Y
Fish

Astyanax fasciatugMexican tetra)

Heterandria bimaculatdTwospot cichlid)

Ictalurus punctatugChannel catfish)

Lepomis macrochiru@Bluegill)

Membras martinic{Rough silverside

Petenia splendid(Bay snook

Thorichthys meeKFiremouth cichlid)

Xiphophorus maculatuSouthern platy)

Xiphophorus variatug§Variegated platy)

Amphibians

Reptiles

Drymarchon coraigEastern indigo snake)

Crocodylus morele{iMexican crocodile)

Birds

Bubulcus ibi (Cattle egre YY

Molothrus aeneu(Bronze cowbirc

Quiscalus mexicanu®lexican grackle)

Mammals

Ammospermophilus leucur(é/hite-tail squirrel)

Canis latrang Coyote)

Odocoileus virgineanu(White-tailed deel
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