Control of invasive plants on the Poor Knights Islands,
New Zealand
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Abstract In 1995 the New Zealand Department of Conservation initiated a weed control programme on the Poor
Knights Islands, 16km offshore from Tutukaka, Northland, New Zealand. Theintentionisto eradicate all infestations
of five environmentally invasive plant species (weeds) to the point where windborne re-invasion from seed sources on
the mainland is the only threat. The invasive plants targeted, Ageratina adenophora, A. riparia, Araujia sericifera,
Cortaderia selloana and C. jubata, are the only invasive plants present. All known weed sitesare visited twice ayear
and all weeds found destroyed. Visitsaretimed to coincide with peak germination periods and pre-to-early flowering
to prevent further seed set. Aerial surveysare completed during early flowering to locate any plantson cliff facesorin
the canopy of trees. Areasof theisland proneto reinvasion are thoroughly ground searched every year in spring, while
the weed-free areas are searched every second year. Ageratina adenophora numbers have been reduced from several
thousands to fewer than fifty. Araujia sericifera has continued to have high germination of seedlings, but is now in
decline, probably because the seedbank is being depleted. Araujia sericifera has been the most difficult species to
locate. A spreadsheet was devel oped that provides useful field datafor control purposesand theraw statistical informa-
tion for management and monitoring purposes. With refinement and manipul ation this database could be beneficial for
scientific research including speciesfecundity, seedling recruitment trends/time, seedbank viability under various geo-
physical site conditions, and rates of re-invasion from outside sources.
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INTRODUCTION
Scope of this paper

This paper describes and discusses observations and ac-
tions at one location, with one group of target plants and
the results of one management technique designed to fit
the site conditions and plant behaviour inthat site. Itisa
report on what was planned, how it was done and what has
happened asaresult. Analysisand comparisonisleft for
othersto consider.

Poor Knights Islands Management Area
Location and geography

The Poor Knights Islands (PK1) are situated 16km off the
coast of Northland, New Zealand. The group comprises
272 hectares of land and consists of two main islands,
Tawhiti Rahi and Aorangi, and seven smaller islets. The
islandsthemselves are a Nature Reserve and are adminis-
tered by the New Zealand Department of Conservation
(DOC). They are surrounded by an 800m-wide Marine
Reservewhichisinternationally recognised for recreational
diving. The general public are not allowed accessto the
islands and all landings are by permit only.

The islands were created by ancient volcanic activity and
have been geographically separate from the mainland for
longer than any other islands around New Zealand's im-
mediate coast. Thusthe Poor Knights biotahasone of the
highest rates of local endemism in New Zealand
(Nieuwland 1999).

History of human contact

Maori, the Polynesian settlers of New Zealand, had sig-
nificant settlements on both the main islands until a mas-
sacre occurred around 1820. The islands were then de-
clared sacred and settlement ceased. Prior to the massa-
cre, Captain Cook, an 18" century English explorer, gifted
pigs (Sus scrofa) to Maori on Aorangi island, and when
the Maori |eft these animal sreached high numbers (Fraser
1925). A successful feral pig eradication project was com-
pleted in the 1930s (Challies 1976). No other mammals
have been recorded.

Invasive naturalised plants targeted

There are numerous alien plant species on the islands but
only five have been identified as likely to have adverse
impacts on the islands if left uncontrolled. These are
Mexican devil (Ageratina adenophora), mistflower (A.
riparia), two pampas grasses (Cortaderia selloana and C.
jubata) and mothplant (Araujia sericifera). Theseweeds
invade open disturbed sites, forming dense swards that
outcompete the native regeneration. They gradually ex-
pand their range from the margins of their infestations by
encroachment and displacement asthe surrounding native
species die out. Mistflower is shade-tolerant, so it can
penetrate the forest interior and smother native seedlings.
M othplant seedlings are al so shade-tolerant and remainin
aphase of low foliar growth, until conditions such asin-
creasesin light and moisturelevel senable aburst of growth
up into the canopy.

All five species were introduced to New Zealand as gar-
den ornamenta saround 1900. By the 1930sthey had natu-

Pages 79-84 In Veitch, C. R. and Clout, M. N. (eds.). Turning the tide: the eradication of invasive species. IUCN SSC Invasive
Species Specialist Group. IUCN, Gland, Switzerland and Cambridge, UK.



Turning the tide: the eradication of invasive species

ralised and started spreading. A trypetid gall fly
(Procecidochares utilis) was released in 1958 as a bio-
logical control agent for Mexican devil (Hoy 1960) but it
doesnot provide successful control. To control mistflower
the white smut fungus Entoloma ager atinae was rel eased
in 1998 (Frollick 1999) and it appearsto be very success-
ful. These control agents have not been observed on the
Poor Knights although they are present on the Hen and
Chickens Islands which are a similar distance from the
mainland. The control agents are certainly capable of
reaching the islands so their absence is probably due to
the Poor Knights now having a lower weed density and
therefore less chance for the control agentsto establish.

Determination of when the invasive weeds arrived on the
islands is difficult. Pampas grass, Mexican devil and
mistflower have been widespread in Northland (Fig. 1)
sincethe 1950s. Mothplant appeared in Northland around
the 1980s. Pampas grass was first recorded on the Poor
Knightsislandsin 1974 (Veitch 1974) and Mexican devil
in 1986 (Daugherty and Powlesland 1986). Mistflower
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Fig. 1 The Poor Knights Islands showing their
relationship to the coast of Northland and the
places named in the text. The weed areas are
marked as: “A” weed-free prone to invasion -
contains known sites; “B” weed-free not prone
to invasion — no known sites.
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was first recorded in 1991 (Wright 1991) and mothplant
in 1993 (Parrish 1993). Density or distribution was not
recorded at these early stages. Seedbank longevity of these
species under New Zealand conditionsis unknown.

METHODS

Early control efforts

Control of pampas (not identified to species level at this
time) commenced in 1991 and focused on three obvious
infestations on the coastline. Control of the other three
invasive speciescommenced in 1994. Thiswork wasdone
using volunteers and involved one trip ayear to each is-
land. No formal search techniques or data recording
protocolswerein place and theinformation gathered from
siteswaslacking detail or extremely variable. Siteswere
marked with various techniques. Random searching pat-
terns at this point also resulted in many sites not being
found. By 1995, 36 sites had been located.

Weed Eradication Strategy Poor
Knights Islands (WESPKI)

A formal Weed Eradication Strategy for the Poor Knights
Islands (referred to as WESPKI) was developed in 1996
(Bowden and Bowden 1996). The purpose of the strategy
was to give control direction for the following five years
and to standardise procedures for all weeding teams and
data collection. The sensitive nature of the cultural and
ecological values of the islands were also recognised.
Therewaslittleinformation available at thistime regard-
ing theindividual weedsand their attributesin thistype of
environment. Suitable techniques for intensive survey,
relocation of sitesand eradication werenot available. The
strategy was developed around errors uncovered during
early control efforts, relating to seasonal timing of visita-
tion and an appropriate site management regime.

Thisstrategy has been altered each year since 1996 to rec-
ognise newly-developed best practices. Further reviews
will continueto redirect it for the next fiveyears. When it
was developed, WESPK | was referred to as an “amanac
for island visitation.” Factors such as site hygiene and
minimising impacts of visitation wereincorporated because
they impact directly on the efficacy of the weed work and
success of the programme. Key aspects of WESPKI are
listed below:

Management regimes and island visitation

The islands have been divided into three management
zones: actual weed sites; weed free zones prone to inva-
sion; weed free zones not proneto invasion. These were
determined with consideration to the proximity to existing
weed sitesand thetype of vegetation cover present. Where
unmodified pohutukawa (Metrosideros excelsa) forest is
found thereisastriking absence of invasives. All existing
weed sites occur in areas of disturbance associated with
exposed coastal faces, shrubland and broadleaf forest. The
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weed free areas not proneto re-invasion coincide with the
major seabird breeding areas.

A weed site is defined as any continuous infestation of
weeds usually defined by proximity to a mature plant for
mothplant or by the size of the light patch in which the
weeds are present. Weed sitesrange from 1m x 1m plots
with an individual plant to areas 20m x 30m. These are
searched twice ayear in early spring and early summer to
coincide with the earliest flowering to occur.

Weed-free zones proneto invasion consist of the northern
and southern tips of Tawhiti Rahi and Crater Bay, Tatua
and Maroro Bay on Aorangi, and incorporate all those ar-
eas surrounding existing sites. These are intensively
searched annually in early Spring.

Weed-free zones not prone to invasion include the seven
islets, the tableland on Tawhiti Rahi and Oneho Hill on
Aorangi. Theseare searched every second year in spring.

Every spring four people spend two days transit/setting/
breaking camps, four days searching and visiting sitesand
weed-proneareason Aorangi and three days searching and
visiting sites and weed-prone areas on Tawhiti Rahi. On
each alternate year half of the weed-free areas not prone
to invasion are searched. In summer sites are re-checked
by four people spending one day transit/setting/breaking
camp, three dayson Aorangi and oneday on Tawhiti Rahi.

Aerial surveys

An aerial search is conducted annually in early summer
for flowering mothplant and pampas grass and, every sec-
ond spring for flowering mistflower and Mexican devil.
Inthe case of mothplant it isvirtually impossibleto locate
mature vines from the ground in dense vegetation once
the plant has reached the canopy. Some coastal faces are
not accessible by foot and the only way to search themis
by aerial observation.

Database and information recording

The information recorded provides detail for re-location
of weed sites and for analysis of the success of the weed
programme.

For new sites detail s are taken describing the location and
size of the site and satellite infestations. Detailsfor relo-
cation from other sites or from the track system are re-
corded. For both new and re-visited sites details of weeds
removed include: date; species; humbers of adult/imma-
ture; control actions taken; and team leader. Adult plants
arethose which have completed acyclefrom germinating
to setting and dropping seed.

Search techniques
Sweep searching is conducted during spring visits to lo-

cate new infestations. Except for mothplant the species
areall just commencing flowering at thisstage. The sweep-

ing technique involves all team members. They space
themselves 10-20m apart, dependent on terrain and vis-
ibility, and movein line abreast between reference points.
When weeds sites are encountered all weeders come to-
gether to record and intensively ground search the site.
They then spread back out and continue sweeping. |nten-
sive ground searching of sites by people on their hands
and knees will pick up the majority of seedlings which
could set seed by the next visitation. During the summer
visitsonly known sitesarevisited. Thisavoidsaccidental
movement of seed and disturbance of breeding seabirds.

Search timing

In northern New Zealand Mexican devil and mistflower
can set seed from mid-spring to late summer although peak
seed set isaround late spring. Thefirst treatment isthere-
foretimed for early spring prior to seed setting in late Sep-
tember/October. During spring/early summer the time
taken from germination to maturity is much faster than
over autumn/winter and January has proven to be the best
time to revisit sites to catch plants that have germinated
sincethespringtrip, prior to their setting seed in late sum-
mer (February/March).

Site marking protocols

All weed sites are marked with a purple plastic triangle
with the site number written on it. Thisis placed in the
centre of the sitewith apiece of pink flagging tapetoiden-
tify its location. Around the boundary of the site more
pink flagging tape is installed also with the site number
and referenceto its position on the site (e.g. northern limit
of site 124). The labels are replaced regularly to avoid
perishing completely. Thesitelocationisrecorded on GPS
(Global Positioning Systems).

Weed removal

All flowers and seedheads are removed from the plants
and placed in secure bags for removal from the island.

All plants are hand pulled, soil is shaken from the roots
and the plant is placed so that the roots are clear of the
ground. Therootsof larger mothplants are grubbed out to
ensure that they do not re-grow.

Inthefirst two years of thisoperation adult mothplant stems
were cut and painted with a herbicide mix of metsulfuron
methylester (600g/kg) at 2g/2| of water.

RESULTS

Field trips in 1996 required 96 person/days per year: 40
person/days searching and 56 person/days weeding sites.
It now takes 56 person/days per year: 40 person/days com-
pleting surveillance for new infestations and 16 person/
days searching and controlling the existing sites.

On the Poor Knights Islands 142 weed sites have been
recorded since 1995. During thevisit of 9 February 2001,
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Fig. 2 The numbers of mothplants (Araujia

sericifera) destroyed on Aorangi Island. The
upper graph is adult plants and the lower graph
is immature plants.

112 of these were weed free. A comparison of the detail
recorded in our field trip reports over successive years,
showsthat the number of clean sites continuesto increase
and the number of new sites has rapidly decreased.

The numbers of weeds controlled on successive visits are
presented in Fig. 2-5. There are seasonal fluctuations be-
tween spring/summer visits but there is a clear declining
trend. Theactual ‘effort’ intermsof applying attention to
thoroughness has remained constant during searching
within sites for weeds and during surveillance for new in-
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Fig. 3 The numbers of mistflower (Ageratina
riparia) plants destroyed on Aorangi Island.
The black bars are adult plants and white bars
immature plants. Note that one immature plant
was destroyed in Jan. 2002.
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Fig. 4 The numbers of pampas plants
(Cortaderia selloana and C. jubata combined)
destroyed on Aorangi Island (upper graph) and
Tawhiti Rahi Island (lower graph). The black
bars are adult plants and white bars immature
plants.

festations. As there are now fewer weeds to remove the
hours required to complete trip visits have reduced.

The total number of mothplants (Fig. 2) has fluctuated as
new sites were found after aerial survey commenced in
January 1997. However, sincethistimethetrend line has
started a steady decline, although thisappearsto be slower
than other speciesand could be areflection of greater seed
longevity in the soil.

Mistflower (Fig. 3) showed an interesting reversal in adult
to juvenile plants numbers around 1996/1997. Thiscame
about because two mistflower siteswere missed and were
full of adultsthe following year. This stresses the impor-
tance of visiting sites at least twice a year to beat the set-
ting of seed. After this, juvenile numbers increased and
then a steady decline occurred as the seed bank started
depleting.

Pampas grass control commenced on Aorangi earlier than
on Tawhiti Rahi (Fig. 4). There has been a dramatic de-
clinein numbersof pampas after thelargeinfestationswere
dealt with. Pampas probably has a shorter seed viability
than the other weeds.

The reduction of mature Mexican devil has been similar
on both islands (Fig. 5) but immature plants continue to
occur on Aorangi. There have been significant benefits
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Fig. 5 The numbers of Mexican devil

(Ageratina adenophora) plants destroyed on
Aorangi Island (upper graph) and Tawhiti Rahi
Island (lower graph). The black bars are adult
plants and white bars immature plants. Note
that one immature plant was destroyed on
Tawhiti Rahi in Jan. 2000 and one in Sep. 2000.

from commencing control on Tawhiti Rahi before theweed
waswell established.

Tawhiti Rahi had no weeds during the visit of 9 January
2001 and consistently had only one or two plants found
during each of the last four visits. There have been no
new sites found for more than two years. The fortunate
factor that has resulted in success is the smple fact that
weeds had only just started to establish and never reached
significant populations. 1tismy assumption that these sites
may have established later from seed dispersing from
Aorangi.

Mist flower on Aorangi had declined to zero plants but
then two new sites containing one plant each in the first
year of flowering (one of which had set seed) were lo-
cated. Mexican devil, which wasthe most widely dispersed
and prevalent weed, is now down to around 20 plants, all
juveniles, found during each search.

DISCUSSION

Although control was not commenced until well after the
invasive species had arrived on theislands, we started con-
trol before massive encroachment had occurred. 1n any
eradication programme involving these five species this
should be a fundamental criterion in evaluating whether
or not to proceed with eradication or focus on sustained

control. Once popul ations have become well-established,
the ability to achieve coverage over all sitesat the critical
management times makes it difficult to beat the rapid cy-
cle from germination to seeding.

A team of four people was found to be a good number to
manage. More people become difficult to keep in forma-
tion and resulted in delays waiting for othersto catch up.
Fewer people meant sweep searches were narrower and
took longer to complete. For greater efficiency the team
can splitintwo to deal with very small siteslessthan nine
metres square.

Existing literature on the topic of weed control consists
either of site-specific data, general autoecol ogical/biologi-
cal information about species, or models on plant behav-
iour such as dispersal. The behavioural traits of species
vary dramatically in different geophysical and climatic
contexts. For example, Ageratina adenophoraisalsoin-
vasivein Australiaand Hawaii, yet in all threelocationsit
occupies very different habitats and has different behav-
ioural characteristics, such as seed density and infestation/
proliferation density, compared with its growth in New
Zedland. The techniques described here would probably
be excessivein Hawaii and inadequate in Australia.

Seed viability

We do not know the maximum time over which seeds can
remain viable for any of the species being controlled in
this environment. Individual site trends on the Poor
Knights suggest that significant seed bank depletion for
pampas grass, mistflower and Mexican devil occurs be-
tween two and four years. Mothplant seeds seem to per-
sist for longer as seedling numbers only started to decline
after five years. Mothplant does not show a decline as
clearly because a number of adults have been located in
thelast two years. It isexpected that they may persist for
ten years. Weinitially planned to declare individual sites
weed-free and to “archive’ the site (i.e. no longer specifi-
cally search the site twice ayear) after two years without
any seedlings. It hasbeen considered too early to takethis
step and we are considering afour year period of seedling
absenceinstead.

Risks and impacts associated with
intensively searching the islands

Our presence on the islands could be contributing to the
weed problem. This was especially so during the early
stages of control when the seedbank in the soil and the
number of mature plants with setting seed was still high.

It is easy to prevent visitors bringing weeds onto the is-
lands by following standard hygiene procedures prior to
visitation, but it is very difficult to control the spread of
seeds on staff footwear and clothing after weeding one
site and moving onto another. It has been observed that
many of the new sites encountered in the past two years
have been on tracks or regularly-used pathways. Theman-
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agement regimes described in WESPK| are an attempt to
reduce the amount of unnecessary travel and thereforethe
risk of spreading seed. Protocols of dusting seed off team
members before leaving a site are followed but are not
infallible.

Re-invasion from the mainland

Weeds have arrived on theislandsin the past therefore re-
introduction remainsathreat. The main means of disper-
sal for these species is by wind and they may have got
there by their own means. It is also possible that they
arrived with earlier research parties, asthey did not follow
stringent island hygiene standards.

We do not know whether new sites are the result of new
invasion or from existing seed in the soil being given opti-
mum conditionsto germinate. We do not know the extent
of the seed shadow from the mainland, but the probability
of seed dispersing 16 km and landing on an island in a
location with suitable germination factorsislow. All new
Mexican devil, mistflower and mothplant sites have been
in close proximity to existing sites, suggesting they have
originated from the old sites. New pampas sites have oc-
curred in remote areas away from old infestations. The
pampas seed shadow may be more frequent than the other
three weeds and the physical design of dispersal methods
for the various seeds supports this theory.

The weed control programme and WESPKI model has
been replicated on the Chicken Islands since 1997 and is
showing promising resultsthere. Hen Island hasbeen in-
cluded since 1998. However, we cannot logistically or
financially complete control trips to all the islands over
the critical pre-flowering period, and the Hen and Chick-
ens programme is regarded as an intensive control pro-
gramme. The intention is to contain and reduce infesta-
tionsand allow natural regeneration to aid the process by
means of displacement. We anticipate successful control
will beachieved on theseislands over alonger timeframe.
It will be several yearsbeforewe can confirm this, assome
sites are yet to receive initial treatment. On the Hen and
Chickenswe have completerecords of all sites, commenc-
ing with their first control visit, so the data will include
earlier weed trends which are missing from the Poor
Knights database.

Over five years our strategy has been refined with the
knowledge gained from each visit. It isacase of success-
ful techniques evolving and being developed by trialing
ideas for management. On the Poor Knights Islands we
have created arecipe that is successful at eradicating the
five invasive weeds present and involves a balance be-
tween the timing of field trips, techniques for control and
reducing interference and impacts of our visits. Attention
to detail by those doing the work is paramount as to miss
one plant prior to seeding has a significant bearing on the
duration of the programme and whether the final result
will be control or eradication.
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