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Chemical control of the invasive non-native shrub murtilla Ugni molinae in mountain scrub
on Robinson Crusoe Island, Juan Fernandez Archipelago, Chile
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SUMMARY

The Juan Fernandez Archipelago is a global biodiversity hotspot, where 67% of plant species are endemic,
but competition with invasive plants threatens many native plant species with extinction. Murtilla Ugni
molinae is a prevalent invasive plant in the archipelago which displaces native vegetation. This study
aimed to determine an efficient one-time control method for murtilla that required little or no follow-up.
We used an adaptive management framework to conduct chemical control trials of murtilla in order to
identify an effective treatment. Eight different combinations of chemical treatments and manual cutting
were tested in four trials between 2015 and 2017. The herbicides Rango (glyphosate) and Garlon 4
(triclopyr) were tested along with a surfactant, an emulsifier, ammonium sulphate and urea. Cutting
stems at the base followed by stump application of triplocyr proved ineffective. All other treatments used
foliar spraying. The most effective treatment was a foliar application of 3% triclopyr, 2% glyphosate and
15 g/l of urea diluted in water, which completely eliminated murtilla in 12 months. This treatment can be
used for the control of murtilla over large areas and may also be useful to control other invasive shrubs
that have leaves with thick cuticles resistant to herbicide absorption.

BACKGROUND

Oceanic $lands arevery importantfor the conservation of the sustainability of native forests by preventing natural
biodiversity because theyften contain high percentageof regeneratin and monopolizing clearings formed when trees fall
endemic species resulting frotimousands of years adolated due to storms or old age (Dirnbdek al. 2003). Murtilla was
evolutionary processesHowever, these ecosystemsare probably introduced to Robinson Crusoe Island in the early
vulnerable becaustheir biological communitiesevolved in  1800s for cultivation by colonizers (Johow 1896). The time of
isolationand have notlevelogd adaptationsor theability to  arrival of this spe@s on Alejandro Selkirk Island, the
compete withspecies introduced by humafBstades 1998). westernmost island of the archipelago, is not known. As it is still
Biological invasions have causemuch damage onsland restricted to few sites on this island, eradication might be
ecosystemsvorldwide (Bellardet al.2016 Spatzet al.2017) achievable with an efficient control method.

The Juan Ferandez Archipelagoin Chile was madea Murtilla is an edible, frudbearing, evergreen shrub in the
National Parkin 1935 and aBiosphere Reservim 1977 and Myrtaceae family that grows on oprrainwhereshrubs and
67% of plant specis on the islandsre endemic (Penneckam herbsare dominantjin forest undergrowth and along forest
Furniel 2018) The archipelagthas been identified & global bordersandhas become highly invasive the Juan Fernandez
priority for conservation on several occasions armbissidered Archipelago Murtilla is native to central and sowatm
a biodiversity hotspo{Mittemeier et al. 1999, Myers et al. continental Chile (Hoffmann 1997 Pasteneset al. 2003
2000). Despite legal protection, however, the introduction oRetamalet al. 2014). It grows onsoils oflow fertility andis
non-nativeanimals and plantsas been linked to thextinction ~ known for outcompeting other speci@eguelet al. 2000).
and neaextinction of manyspecies that arendemic to the On Robinson Crusoksland murtilla occursmostlybetween
archipelago(Matthei 1995 Cuevas& Van Leersum 2001, altitudes ofl70and350m, forming dense thickets theevelop
Greimleret al. 2002 Dirnbdcket al. 2003 Cuevaset al.2004  into impenetrablebarriers (Caviereset al. 2011). On these
Danton 2004). Among the endemic plants Santalum fragile, steep slopéasdisplaces native species suctBé&schnum
fernandezianunand Eryngium sarcophyllunare extinct, while cycadifoliumand Gunnera bracteatgGreimler et al. 2002).
Dendroseris giganteas extinctin the wild, but a few live Approximately 116 ra on Robinson Cruso@re covered by
specimengemainin local nurseriesOnly two specimens of murtillaandit has a very rapithte ofannualkspreadintheseven
Dendroseris neriifolilandGreigia berteroiare knowrto occur  yearsbetween 2003 and 201@nurtillaincreased 3.43 ha in
in the wild Dantonet al. (2006)notedthat, of the213endemic surfacearea corresponihg to anannualrate ofspread 00.49
plantspeciesfound on the archipelagt8 disappeared (3.8% of hayr (DiazVega 2013)
the plant species), 173 are threatened at various levels (81.2%)This study aimed to identify an efficient control method for
and 32 are classified as least concern or data deficient (15.09)urtilla in order to restore the vegetation on steep slopes

Murtilla Ugni molinag elmleaf blackberryRubus ulmifolius invaded by this species in the Juan Fernandez Archipdimo.
and maqui Aristotelia chilensis are the most aggressive evidence was found in th€onservation Evidence database
introduced plants in the archipelago and have severely affecdgicribing the effectiveness of chemical control of invasive

shrubs, nor were there any studsnurtilla.
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Figure 2. Slope invaded by murtilla, where trials were
conducted in Phases 1 and 2 on Robinson Crusoe Island, Juan
7000008 7052608 7004408 rasezse Fernandez Archipelago, Chile.

Figure 1. Location of murtilla control trials in Phases213 and . . .
4 on Robinson Crusoe Island, Juan Fernandiehipelago, adaptivemanagemenrapproach. The information from each set
Chile. of trials was used to improve the followintgial until a

satisfactory result was achieved
The herbicides Garlon @riclopyr) and Rangdglyphosate)
ACTION were chosen for the trials becaudkey degrade in a short time
(half-life between 20 and 45 days) and are not exuded through
Control trials for murtilla were conducted on Cerro the roots of plants. These characteristics are relevant for work in
Centinelaon Robinson Crusoésland in the JuanFernandez natural areas and fragiezosystembecausehey help prevent
Archipelagg about667 kmwest of theSan Antonioharba in  soil andwatercontamination
CentralChile, in the Pacific Oceaf 3 3 ° 3 84 8 'SFigureé 8 ° All plants were individually numberedith the number of
1). Fourtrial phasesvereconductedn mountain scrulen steep the plot and the plant weresinga permanent marker pemd
slopes, the first two in an area at 336bmaesealevel, between plastic tape The results of each treatment were monitored
December 2015 and May 2016, and the last two in another atBepugh direct observation of the plants and photograpéach
at 328 m hove sealevel between October 2016 and Marchindividual, comparing the percentage of dead leavEse
2017. These plots were monitored until February 2018. Tieeatments of the first two phases were maeioat montt8, 6
trials aimed to identify an effective control method through anand 12.The treatments d?hase 3 were monitored in months 1,

Table 1. Different combinations of chemical treatments applied in Bhhsg, 3 and 4f trials to controlmurtilla on Robinson
Crusoe IslandAll treatments were applied as a foliar spray diluted in water unless otherwise tateddmmonium sulphate.

Treatment Garlon 4 (ml/l) Rango (mi/l) Adjuvants
[triclopyr (%) ] [glyphosate (%]
PHASE 1
1 10[0.67 - 5 ml surfactant + 10nl dye
2 20[1.34 - 5 ml surfactant + 10nl dye
3 -- 40[2] 5 ml surfactant + 10nl dye
4 30[2.00 -- 5 ml surfactant + 1@nl dye
5 -- 60[3] 5 ml surfactant + 1@nl dye
Application on cut stump (cut with chainsaw)i dilution in vegetable oil
6 10[0.67 -- 10 ml emulsifier + 10ml dye
7 30[2.00 -- 10 ml emulsifier + 10ml dye
Application on cut stump (cut manually)i dilution in vegetable oil
8 10[0.67 10 ml emulsifier + 10ml dye
PHASE 2
9 60[4.0Q 0[0.04g 10g/l urea + 1aml dye
10 60[4.00 60[3.00 10g/l urea + 10ml dye
PHASE 3
11 60[4.0Q 60[3.09 10 g/l urea + 7.9/l AS + 10 ml dye
12 60[4.0Q 0[0.0q] 10 g/lurea + 7.59/1 AS + 10 ml dye
13 60[4.0Q 60[3.09 10 g/l urea + 10 ml dye
14 60[4.09 0[0.04g 10 g/l urea + 1@/l AS + 10 ml dye
15 45[3.00] 40[2.00 10 g/l urea + 10 ml dye
PHASE 4
16 45[3.00 40[2.0Q 159/l urea + 10ml dye

17 45[3.00 40[2.00 20g/l urea + 10ml dye
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Figure 3. Murtilla shrub with characteristic dry branches andrigure 5. Murtilla on Robinson Crusoe Island, Juan Fernandez
some reddish leaves, before trials carried out on Robinsofrchipelago, Chileafter Phase 2 treatments including uesa
Crusoe Island, Juan Fernandez Archipelago, Chile. well astriclopyr and glyphosate

3,5, 8, 15 and 17 after herbicide application. The treatments@furfactant (Dash© HC by BASF) was added to all herbicide
Phase 4 were monitored at month 3, 10 and 12 after herbicigdutions in Phase 1 in order to improve absorption. A blue dye
application (Hi Light by Rigrantec) was also added to mark the solution and

All herbicide applications were conducted with persondlicréase application safety and efficiency. The solutions
protective equipment that included nitrile gloves, impermeabR¥epared for foliar spray were mixed in clean water
hoodedaprons, eyewear, respirators and rubber boots Spraying 1 1reé additional treatments were tested on cut stumps of
was carried out with hardeld 1.5 L sprayers, as only smallMmurtilla in Phase 1. In treatments 6 ar_1d 7, triclopyr was applied
volumes of herbicide solutions were required for each treatmefifl StUMpS cut with a chainsaw, while treatment 8 it was
The application of each trement took between 6 and 8 h, which@PPlied as each stem saut manually with pruning shears
included setting up the trial plots and marking the plante (Table 1). Themanual procedure took between one and two
total cost of trials and monitoig were estimated at US $185.00,n0urs per shrub. Theselutions were mixed in soybean oil with
including  herbicides, personal protection equipmeng €mulsifier required for dilution of the dye.

transportation, sprayers and working hours for applications and ) )
monitoring. Phase 2:A second trial was conducted on 19 April 2016. A new

set of treatments was designed including urea, aclost

Phase 1:Eight treatments usg different combinations of Product, to break the cuticle of leaves antbwal herbicide
herbicide solutions were conducted (Figure 2) on 4 and @PsSorption. The use of a surfactant and the cut stump method
December 2015 (Table 1). were both discontinued. The plants in two of the piaated in
Four plots with five plants each were established for each pfiase Were sprayed with the revised solutions diluted in water
the five foliar spray treatments, totaling 20 plants per treatmed@ble 1). i . )
and 100plants treated (Table 1). The height of all plants was As these treatments were applied before the fruiting period
recorded in three classesZ0 cm, 2640 cm and >40 cm) to of murtilla, the local community was informed and asked not to
ensure that efficiency in relation to plant size was consideredGllect fruit for consumption from the trial area.
the evaluation of results. A minimum distance of1.5 m was ) )
maintainedbetween plots. The larger shrubs characteristicalé’%hf’ls_e 3 Further trials were conducted in a new area on Cerro
had some dry branches with a few reddish leaves bef gntinela on 21 Oober 2016. Five treatments were applied
treatment (Figure 3). (Table 1) to four new plots, with 30 plants in each plot. This
Because the leaves of murtilla are covered by a thiclpcluded five control plants per plot that were not sprayed. All

prominent cuticle on the upper surface (Retameles. 2014), treatments were applied_ by foliar sp_rayi_ng of h_erbicidg solut!ons
with different concemttions of active ingredients diluted in

water andheaddition of 10g/l of urea.

Phase 4 Based on the results of the previous trials, two new
treatments were appliesh 31 March 2017 (Table 1). These
solutions were diluted in clean water and applied on new plants
that had not been previously treated in an area near the Phase 3
plots. The use of ammonium sulphate was discontinued and the
concentration of urea was increased $oand 2@y/I.

CONSEQUENCES

The Phase 1chemical control trialusing triclopyr and
glyphosatewvas carried ouinh December 2018y March 2016,
Figure 4. Murtilla on Robnson Crusoe Island, Juan Fernandegone of thetreatedplants had died, although part of the leaves
Archipelago, Chileafter Phase 1 treatmenith triclopyr and  of most planthad becomeeddish(Figure4). The thick, waxy
glyphosatewith many reddish leaves. cuticle of murtilla apparently peventedthe herbicide solutions
from beingabsobed None of the plants dried upmpletely
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Figure 6.Percentage of dry murtilla leaves resulting frimeatmentd.1 — 15 in Phase 3 of the triate control murtilla with triclopyr,
glyphosate and ammonium sulphat;nducted on Cerr@entinela,Robinson Crusoe Island, Juan Fernandez Archipelago, Chile.
Treatments were applied in October 2016.

and all were alivafter 12 months. The shrubs cut manually owith triclopyr, glyphosate and urezonducted onCerro
with a chainsaw rsprouted from roots or the base of stumpsCentinela, Robinson Crusoe Island, Juan Fernandez
while the tiny stemghat were not possible to treat by thisArchipelago, ChileTreatments were applied in March 2017.
method were not affected and continued to devédepausd¢he of size, and large variation was observed between treatments
treatments were not effidee, no detailed results were recordedduring the monitoring per (Figure 6). After 17 months the
New trials were then planned based on these negative resultpercentage of dried leaves on 100 plants treated varied between
In Phase 2, in whickhe same plants were treataith a 0 and 100%. While 14 plants had 10% or less of the leaves
herbicide mix containingurea as well astriclopyr and affected, 22 plants dried up and the other 64 dried partially.
glyphosate (Figure 5), only five plants % dried up Therefore, the use of ammonium sulfghdid not increase the
completely(treatmentl10). After six months,45% plants had percentage of dead plants and was discontiiutge following
90%dry leaves, 20% had 80% dry leaves and 10% had 70% drial phase The plants in theintreatedplot had no dry leaves
leaves. Although tis trial showed that the combination of showing that external causesgre notaffectingthe plants
herbicide plus urea was more effective thasmatment with Finally, in Phase 4wo more treatmentslé and17) were
herbicide alone, itwas not corsideredeffective becausethe tested ormnewset ofplants in the same area 31 March, 2017
incomplete drying out meariat anotherfollow-up treatment The concentration of herbicide was redute8% triclopyr and
would be requiredBased on these results, new trials wer2% glyphosatewhile the amount of urea was increate5 g/l
conducted in a different area, on plants that had not been treaad 20g/l in treatmerg 16 and 17 respectively This proved
before. effective. Threemontts after application40% ofthe leaves of
Ammonium sulphate waadded to the treatment in Phase 3all plants weradry and all plants were still alive. By thienth
to help break the thick cuticle of murtilla leaves. In this phasejonth(January 2018)ll plants had at least 9@&dry leavesand
none of the five treatments eliminated all the plants, regardlek3 plants were still alivéAfter a yearall except six plants were
100% dry (Figure 7).The exceptions were two plants in

100 Treatment k3 I =
18

17

a0

80

% of dead leaves

60

= Figure 8. Murtilla shrub partially affected by Phagdreatment

junH7 jani18 marM8

Date 10 of the control trials carried out on Cerro Centinela, Robinson

Figure 7. Percentage of dry murtilla leaves resulting fronys0e Island, Juan Fernandez Archipelago, Chile
treatments 16 and 1 Phase 4 of the trial® control murtilla
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Figure 9. Completely drymurtilla shrub after Phase #eatment ~ Figure 11 Completely drymurtilla shrubsn February 20123
16 of the trials carried out on Cerro Centinela, Robinson CrusB®@nths after the treatmeint Phase 4rial on Robinson Crusoe
Island, Juan Fernandez Archipelago, Chile. Island, Juan Fernandez Archipelago, Chile, Neighbouring

untreated shrubs were not affected.

treatment 16 and four plantstiratment 17hat were less than

100% dry but more than 90%y 12 monthsafter application. mm diameter, which were not viable to treat with the cut stump
Twentythree months after application, in February 2019, almethod without contaminating the soil witierbicide mixture,
treatedshrubs treatediere100% dry (Figure 9). There was little Which was not desirable in the National Park. Any tiny stems
difference in the results of treatments withgflband20 g/l urea left untreated continued to growompromising the success of
(Figure 7) this method.

The size of the shrubs did not influence the resNh)q:ﬂantS The Phasel and 2trials showed that the thick cuticle of
of any sizedied in Phase 1 of the trialghile all plantsof all murtilla leavesprevented herbicide absorpticand applying
sizesdried up in the last trialAgain, the plants in the control higher herbicide concentrations was not enouglovercome
plot were not affecte@Figures 10 and 11) this (Figure8). Similarly, urea was igffective until the dosage

was increased to 1§/l. Two years after the application of

treatments 16 and 17 (Phase 4) all shrubs treated were
DISCUSSION completely dry and breaking apart (Figure 1Tyeatmentl6

(3% triclopyr, 2% glyphosate and 4l urea diluted in water

This studyaimedto determine an effective method for thewith a dye) was therefore consideredan effeetive control
controlof murtilla in the Juan Fernandez Archipelago in ChiletreatmentNo side effects were observed in neighbouring-non
Severalbof the initialtrials did not yield satisfactory results, buttréated shrubs or other néarget plants. _
an effective treatment was ultimately identifiegsinga solution Given the steepness and isolation of areas invaded by
of 3% triclopyr, 2%glyphosate and 1§/l urea _murtllla in the Juan Feamdgz Archipelago (Figur#0), it was

The cut stump method proveénpractical and was important todevelopa onetime treatment that does not require
abandoned fothree reasons. First,took between one and two Much follow-up work. A onetime treatment was also an
hours to manually cut and treat the stems of a single shrub (wh@portant goal becausthe climate on therchipelagoonly
cut with a chainsaw, the stumps were longer and miifiieult ~ allows for control work to be carried out in the sumybetween
to treat); second, it was not possible eosnire that all the stems December and March, when iains less. The average
of the same shrub were cut and treated, especially in areas wi§gSipitation in summer (January to Maresi}2.6 mm, while
there was a continuum of invasion byurtilla and individual in winter (July to September) it is 125@m (Direccion
plants could not be distinguisheandthird becauseach shrub Meteooldgica de Chile 2019, data fé861 to 1990).

had many thin, tiny stengrowing from the roots, some of2L Priority areas for contrdh the Juan FeandezArchipelago
are thosewhereinvasionby murtilla is in its early stagesnd

native vegetation still predominateBherefore on Alexander
Selkirk Island control should begin by eliminating isolated
murtilla plants in the high areas of the island. Theeesaveral
murtilla shrubs along the traito theTres Torresector and_a
Cucharahatcould be eliminated with low effortOn Robinson
Crusoe, priority must be given to contiegy murtilla in sites
where it affects plants in critical risk of extinction, such as the
El Camote, Cerro Damajuana, Cordon Atravesado and La Pifia
sectors, as well as the high mountain areas wkademic
specie®f RobinsoniaandEryngiumoccur.

The potenl for soil erosion following treatment needs to
be considerednd nonitoring to verify potential regeneration of
native species is needed. This will support decismaking on
whether to eliminate strips of murtilla plants to help avoid
erosion, or whettr eliminating murtilla shrubs on whole slopes
Figure 10. Aerial view of murtilla invasion with dead shrubs 5t once is feasibleds the shrubsook about a year to die, and
among norreated shrubs and ndarget plants after treatments|onger than thiso dry up andirop allleaves, therenay beless
in Phase 3, Cerro Centinela, Robinson Crusoe Island, Ju&hcern about soil erosion, as there will be time for native plants
Fernandez Archipelago, Chile, October 2017. to developand replace murtillaWorking in strips to maintain
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partial cover and prevent erosion is recommended data on Greimler J., Stuessy.F., Swenson U., Baeza.M. & Matthei
regeneration is available. 0. (2002 Plant invasions on an oceanic archipelago.
Biological Invasiongt, 73-85.
HoffmannA. (1997 Flora Silvestre de Chile, Zona Araucana
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