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Abstract: Forest gaps and margid submontane (roughly half being primary forest), or a mere 9%
forests inthe Knuckles Forest Reserve (KFR) arepf original forest covering almost 16,000 Iém

invaded byAgeratina riparia.lt creates a dense cover (Myers, 1990). Suimontane forests are located
and prevents the penetration of sunlighthie ground, ?t 1000-1,500 m elevatiorabove the mean sea

which may affect the seedling establishment %avel and cover 1.1% of the total land area
indigenous species in invaded areas. Six forest gaj '

and four footpaths inside suhontane forests were Péastlaansse_n and 'Cha'ndrapal.a, 2003). These
sampledor A. riparia cover, density of forest species, forestswith high biodiveristyare importantdue

soil moisture, soil root densitand canopy openness. 0 many ecosystem services provided by them
Soil seed bank experiments were conduaiedng including protecting ofmportant watersheds and
wet and dry seasondhe percentage cover ok. providing habitats for manyendemicflora and

riparia decreased significantivhenmovingfrom the  fauna (Doumengest al, 1995; Weerawashe,
center of gaps/footpathisto the forest interior. Mean 2005).
density and species diversitpf forest species

decreased with the increasepsrcentage cover &. The introduction of invasive species has

riparia. Low root density of forest species Wasyacome a major problem to biodiversity in many

observed in areas with high density tbfs invasive . . .
speciesHigher seedling emergence/friparia from f[roplcal countries of the world and some consider
it as the second greatestolhl threat to

soil seed bankvas observedlong footpaths £1500 L . : .
seedlings M) thanin forest gaps+750 seedlings ) biodiversity, after habitat destruction (Gowdd

during the wet seasoA. riparia seedling emergence Gorchoy 1999; Kairo et al., 2003. Special
was higher during the dry season (~22%) than the weharacteristics unique to invasive species include
season (A1%). Lower number of forest seedlingsthe high dispersal capacity, physiological
emerged in locations it higher percentage oA. t ol er ance shown by the
riparia seedlings. Availability of lightaffects the streses in new habitats (environmental gradients
establishment ofA. riparia inside forests Native g,ch as temperature, photoperiod, the climate
species, Psychotria  zeylanica and Symplocos | oqiqent species as competitors, predatets)
cochinchinensigan be used to restore forests invadede - . ’

N or the phenotypic plasticity (Marcet al.,2004),
by A. riparia. . .

production of small, short lived seeds and

Keywords: Ageratina riparig forest gaps, footpaths, 9€rmination withoutpermanent short juvenile

Invasive speciesoil seedbank periods (Goodwin et al, 1999), high
reproductive allocation, rapid vegetative growth
INTRODUCTION rates, high potential for acclimation (McDowell,

2002) and production of allelopathic compounds
Although Sri Lanka is a smattopical islangda (Orr et al, 2005). A large number of species
wide range of topographic and climaticextnctions were reported to have occurred due to
variations in the country have led to evolution ofhe introduction of invasive speciegile others
many types of ecosystemsith high level of contribute tothe degradation of catchment areas
biodiversity per unit areathat is higher than and irrigation systemsausingsevere economic
most of other countriesin the region losses (Mooneyet al., 1989; Marambeet al.,
(Bambaradeniya, 2002). When considering th2001; Vila and Weier, 2004; Weerawardane,
forest cover of Sri Lanka, the richest biodiversity005). Invasive speciebat have escaped from
of the country is in the southwest of the countr{he cultivations have infested lawns as pests,
which include, 670 krhof montane forest, 740 displaced native plant species, reduced wildlife
km? of lowland forest, a total of 1,410 Km habitats, clogged important water ways and have
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altered the processes in natural ecasyst 1991). The most important character that makes
(Marambeet al, 2001), thus it is important to this plant a serious threat to the native plant
prevent the introduction of new species t@pecies is that many juvenile plafSA. riparia
pristine environments. grow from a single primary stengeveloping
many branchesand they intertwineswith the
Usually nonnative invasive species adjacent plants giving a blanket effect (Zancola
colonize degraded habitats. Invasive species thett al., 2000). A. riparia is found along road
are shade tolerant also can establish on disturbsides, footpaths inside the forest and forest gaps
forest habitats (Fine, 2002; Brovet al., 2006). in the Knuckles Mountain Range of Sri Lanka at
The disturbances in forest ecosystems influenegevaton approximately ,200-1,300 m a.s.l.
soil conditions, propagule availability, speciesMoreover, no or few seedlings or saplings of
composition and community structuref the native forest specieare observed inA. riparia
forest (Fine, 2002). Invasive species tend tdnvadedsites In the areas where the ground layer
dominatedisturbedareas, aghey are capabl®f of the forest had been cleared for cardamom
tolerating harshconditions. If invasive species cultivation, the invasion igreater than in the
dominate the initial stage of regeneration of areas withaforestgroundcover.
forest,it is most likely to limit the establishment
of native species by competing aggressively with Investigation of threats caused byhis
them for resources (Lichsteét al.,2004). Many invasive species on forest regenerai®arucial,
studies have documented reduced number bécause of the serious thigitmay causgor the
native species establishment in areas invaded fynctioning of sub monatneforest ecosysters
nonnative species (Ebhareeb, 1991; Bgc and No study fas been conducted in Sri Lanka on the
Pygec, 1995; Dunbar and Facelli, 1999; Martinecology of A. riparia to our knowledge. We
1999). In forest ecosystems, light is a criticanypothesize that dense standsAofriparia have
factor affecting the growth of new seedlings of Negative impact on natural regeneration
forest speciesand in disturbed areas invasiveforest species itheseforests by preventing the
plants may suppress the native plarfestablishment of seedlings ofative plant
establishment by reducing the light availabilitsPecies. The objectives of the study were to
(Wyckoff and Webb, 1999; Levinet al.,2003; determine the distribution oA. riparia in sub
Lichstein et al., 2003). Redction of soil montane forests, the effect @&. riparia on
moisture, alteration of soil conditions, alteratiorfegeneration of sutmontane forests species, the
of soil fauna and microbial communities ares€asonal effect on the soil seed bank composition
some of the other effects of these invasiviél submonatne forests infested b4. riparia,
species in an ecosystem, which lead to reduce t@gtimate the root density of native tree seedlings
native species establishment (Melgoea al, and A. riparia, and determine soil moisture
1990; El-Ghareeb, 1991; Belnap and Philipscontent and canopy openness in areas infested by
2001; Ehrenfelet al, 2001). A. riparia.

The mist flower orA. riparia (Rege) R. MATERIALS AND METHODS
M. King & H. Rob (Asteraceae), which is a .
native plant to Centta America has been Study Sites
introducedto Hakgala Botanic Gardens of SriThe study was conducteal submontane forests
Lanka in 1905 ash in 1918 it was reported at Riverston area from September 2011 to
outside the botanic gardens (Weerawardeng8eptember 2012 at Knuckles Forest Reserve
2005; Wijesundra, 1999). Since thenit has (KFR), SriLanka(7°2 1 6t 204 6/IN 4580 o
become a weed in the hill country of Sri Lank&y 4 8 . 5. @& he EFR which is situated in
(McFadyen, 2003)it is observedn themargins kandy and Matale administrative districts of
and interior of the disturbed montane and subcentral Sri  Lank covers an area of
montane forests of Sri Lanka\. riparia is @ approximately 21,000 ha, and it spato the
moderately shade tolerant, shrubby perennial thgbjand and highland peneplains (Bambaradeniya
grows very fast and attains a heigfitabout 0.3 gnq Ekanayake, 2003). Theservewhich is high
1 0.5m at elevations between 104800 m in iy piodiversity is an important watershed in the
Sri Lanka Thus, seedlings of ative plant coyntry, with several streams draining from the

species may get smotieel by the growth of A. 55t of the reserve into the lower Mahaweli
riparia due to lack osuright (Humphrieset al,
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system (eg: Hasalakaya and Heemgjanga) from Lantana camara Clidermia hirta, Tithonia
the southwest into the upper Mahaweli systendiversifoliaandEupatorium riparium(Ageratina
(eg: Hulu ganga) (Bambaradeniyaand riparia) (Bambaradeniyand Ekanayake2003).
Ekanayake, 2003). The KFR along with Peak
Wilderness Protected Areand Horton Plais EXPERIMENTAL DESIGN

National Parkwas declared apart of Central . : .
Highlands World Heritage Site in 2010 by Six _fore_st gaps and four footpat'hs |r_1fested with
UNESCOas thisregion includeghe largest and A. riparia were selectedto_m the |nter'|or ofthe
least disturbed remaining areas of theubmontane forestsat Riverstone(Figure _1).
submontane and montane rainforests of Spn€ angles of all the slopes were approximately
Lanka, withhigh endemism antiodiversty and °C.- The direction of the footpaths was reded
they provide habitatfor many threatened plant USINg @ compasQuadrats(l m x 1 m were
and animal specie§World Heritage Committee, €Stablished across each footpath at,Gm and
2012). However, he biodiversity of KFR is 10 m distances on either side of the footpath (in

greatly threatened by cardamom cultivation, teaerp_endic_ular to the footpatkjwardsthe forest
and paddy cultivation and introduction ofinterior (Figure 2). Quadrats (1 m 1 m) were

invasive species (Babaradeniyand Ekanayake establishedn the forest gaps at the center, edge

2003). The common invasive alien plants in th@Nd Sm away from the edge into the forest on

area include Austroeupatorium inulifolium, POth sides, along the nortiouth direction.
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Figure 1: A map showing study sitesat Knuckles Forest Reserve, Sri Lanka
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Figure 2: a) The layout of the quadrats alofigotpathsandb) in forest gaps.

VEGETATION SAMPLING sampeés wereobtained. The soil moisture content

L . was expressed as the ratio between the mass of
The percentage cover Af ripariawas estimated aer and the mass of wet soil (wet mass basis)
visually as a percentage from the total area of “ﬂﬁngelis 2007).

quadrat (Klimeset al., 2003). The number of
individuals of seedlingddss than 1 m height) of CANOPY OPENNESS

differe_nt spe_cies was recorded. Unknown _specie?]e canony obenness was determined by takin
were identified using the reference collections % Py op y g

the Department of Botany, Faculty of Sciencel®mispherical photographs (CoolPix0&Nikon
University of Peradeniya and by comparing witfFamMera and a Fisheye lens). A single view of the

the herbarium specimens at the NationdianOPy was taken at each location using a
Herbarium at Royal Botanical GardensVertically oriented fisheye lens (center of the
PeradeniyaSri Lanka forest gaps and the footpaths) usangipod. All

the photographs were taken from 10.00 a.m. to
SOIL ROOT DENSITY 12.30 p.mto reduceany errorsdue to reflection

. of light. Canopy openness was analyzed usin
A total of 24 soil sample§l5 x 15x 10 cni) g py op y g

./ the Hemiview software (Vincent, 2001).
were collected from four footpathBom six
guadrats in each location. Soil samples werOIL SEED BANK

collected into polythene bags and wesgaled. _ _
Then the samples were mixed well and werfa‘ soil sample was collected from each quadrat in
0

sieved (<2 mm) under the running watefFhe otpaths and forest gaps excémim quadrats
root samples were carefullseparated (roots of Placed in thecenter 6 gaps where two samples

forest species andl. riparia) and weighed (Lata Were collected, using a soil corer (5 cm depth
et al, 2000). The root samplegere dried in the @nd 3.2 cm diameter) during the wet (February
oven at 75 °C until a constant weight was 2012)and dry(June 2012) seasons at KFR. The

obtained (Shengand Hunt,991). samples were laid separately on siszill soil on
trays in theplant houseat the Departma of
SOIL MOISTURE CONTENT Botany, University of Peradeniya, Sri Lanka.

. : _ Each tray was separated into six sub divisions
Soil samples were taken using a soil corer (3yging Aluminum sheets and one division was
cm diameterup to a depth ob cm. Two soil yent"as a control. The positisnf the seed bank
samples were taken from the center of the foregt, o \ere changed wegk Soil on each division
gaps and one soil sample easlas collected ¢ rned and ed until no more seedlings

from all other quadrats. Soil was coI_Iectiard merged from samples. Tlseedling emergence
polythene bags, labeled and sealed tightly. Alla5 recordedfor three months until no more

soil samples were oven dried at 105 for 24 o0 4jings emerged from tiseil samples in both
hours after taking their fresh weightSamples

were reweighedand the dry weight of the soll
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seasons. The procedure was repeated for both dopt density wasacorded for the seedlings of
and wet seasons. forest species than that of tAeriparia at all the
distances in gaps and at footpaths. However, the
DATA ANALYSIS root density of the seedlings of forest species is
The meanpercentage cover oA. riparia was |OWer in the quadrats where the root densitpof
calculated for each distander footpaths and riparia is high. The sil moisture content was not
forest gaps separatelythe mean number of significantly different when moving away from
seedlingsof the forest species athe footpaths the footpaths and the forest gaps into the forest.
and forest gaps were calculated for each distandd!® canopy openness was higher in forest gaps
Oneway ANOVA was carried out sing thaninfootpaths.
MINITAB (2003) to compare the percentage Seedling emergence &f riparia from soil

cover of A. riparia and mean number of forestseed bank was higheduring the dry season
seedlingsfor each distance fdhe twolocations. g:igure 5: a and c) (~22%) thimthe wet season

Oneway ANOVA was used to compare the soi Figure 5: b and d) (9%). Lower seedlings

moisture content, soil root density, root moistur ensityof forest speciesvas observedrom soil
content and the capy openness. seed bank in locations with high seedlings
RESULTS density of A. riparia. However, there was no
relaionship between the seedlimdgensity of A.
The percentage cover @&. riparia decreaed riparia and that of tree and shrub species that
significantly (p = 0.001, df 2, F =9.78) when emerged from the soil seed banks. Pheiparia
moving away from the center of forest gaps angkedlinggiensityat the footpath§2021seedlings
footpaths into the forest interior (Figure 3). Then? at 0 m distance)vere lower thanthat of
lowest seedling density of the forepiesies was forest gaps 2280 seedlings nt at center of the
observed at the center of the forest gaps and Ogap)during the dry season
distance of the footpaths, where tlnighest
percentage cover oA. riparia was recorded DISCUSSION

[Figure 3 (b)] However, the highest seedling, fiparia is not capable of growing in

density of forest species was obseneadthe undisturbed forests where the canopy is closed
edge of the fest gaps figure 3 (@)] The (7ah0015 et al.,, 2000, Frohlichet al, 1999,

number of forest species decreased with the, tonet al, 2003). In our stud. riparia was
increased cover ok riparia. The shrub species .,y recorded in disturbed areasich as forest
Psychotria zeylanicahad the highest mean gaps footpaths and roadsideat margins or

density of 0.75% 0.31 m* seedlings in the jnicrior of submontane forests. According to
footpath at 0 m distance, and 1.2 + 8e2diNGS  ipathi and Yady (1987) forest leaf litter can
m* at the center of the forest gaps with the,hinit the seed germination and seedling growth
presence of thé. riparia (Figure 4). However, j¢ A riparia due to aelopathic compounds
the regression values indicated that there was \@ich are released by the decay of the litter or

relationship between the mean density of foregl,y pe gue to the competition for the limited
seedlings and the percentage coveAofiparia oqources for the seedling growth (physical

2 _ 2 _
(footpathsk™= 0.114, forest gapR”= 0.018). intervention) ofA. riparia (Xiong and Nilsson,

A total numberof 45 different speciesf 1997). Zancolat al.,(2000) also reported tha.
seedlingswere identified from the footpaths andfiParia volume index  significantly negatively
forest gaps invaded by. riparia (Table 1, correlated with the forest leaf litter biomass.
Appendix 1). The mean densityand the Moreover, branches ofadjacent A. riparia
composition of the forest species varied whefftertwine with each other producing a blanket
moving away from the footpaths and forest gapafféct and produce a 100% ground cover
towardsthe forest interiorPsychotria zeylanica (£ancolaet al., 2000). Due @ this densecover,
(Rubiaceae) had the highest abundance follow&§€ds of forest species may not be able to reach
by Symplocos cochinchinengiisour.) S. Moore the soil to initiate germination.

(Symplo@ceae) (Table 1 and Figure 3). Kylier
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Figure 3: (a) The graph of the mean density of seedlings of forest species and the percentage Aovipaoé vs the
distance from the forest ga (b) The graph of the mean density of seedlings of the forest species and the percentage cover of
A. riparia vs the distance from the footpaths.

Although there was no relationshipsuch as allelochems or alteration of microbial
between the mean density of forest species apdpulations which are associated with the
the percentage cover éf riparia, lower number neighboring plants (Christiet al., 1978). Lower
of forest species and lower mean densities wereot density of forest species was observed with
observed in quadratsith higher percentage of higher percentage cover Af riparia. Hence A.

A. riparia. The high shade inside the foresan riparia seem to exert higpompetition for below
suppress the growth of the seedlings of nativground resources such as water and nutrients
species and the invasive species. Moreovaherebylimiting the growth of forest seedlings.

cardamom cultivation may influence the seedling i
establishment of forest species in the forest N center of the forest gaps is wetter than

interior.  Although cardamom cultivation is the forest interior and the soil moisture content

legally prohibited inside the KFR, advancedan vary based on the distance from the gap and

regeneration of sumontane forests is frequently9aP orientation (&mer, 1964; Grayet al,
cleared bylocals to erhance the growth of 2002). Gihidy et al., (2006) reported that the
cardamom plants. Thus, management practic&8il moisture contenin the center of the gap
used during cardamom cultivation and spread §ways has the maximum value, regardless of the
A. riparia play a crucial role on the Size of the gap and is usually higher than the
establishment oub montandorest speciesn forest interior. However, our results indicate that
theKFR. the center of the forest gaps had similar moisture

contentto the forest interior probably due to
The native specie®. zeylanicahas shown small size of the gaps in our studyhe results
the capallity to survive in the presence @. suggest thatestablishment ofA. riparia has
riparia. Root systems of certain species careduced the soil moisture content in invaded
affect the other species by certain mechanisnageas.
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Table 1: The species recorded at the study locations.

Number of seedlings

key Species Family Footpaths Forest gaps
Sc Symplocos cochinchinensis Symplocaceae 11 19
Ta Toddalia asiatica Rutaceae 0 5
Sp.4 Ul - 0 3
Sp.5 U2 - 0 2
Ps Psychotria zeylanica Rubiaceae 43 76
Sp.7 U3 - 0 5
Sw Semecarpus walkeri Anacardaceae 10 3
Lw Lasianthus walkerinus Rubiaceae 2 4
Sp.11 U4 - 0 2
Sp.12 U5 Rubiaceae 0 9
Ga Glycosmis angustifolia Rutaceae 0 2
Sp.14 U6 - 0 3
Sf Syzygium fergusoni Myrtaceae 4 4
Sp.16 u7 - 0 4
Sp.18 us - 0 1
Rd Rauvolfia densiflora Apocynaceae 0 5
Sp.21 U9 - 1 1
Sch Sacandra chloranthoides Chloranthaceae 6 3
Sp.25 u10 - 3 0
El Elaeagnussp. Elaeagnaceae 0 0
Sp.29 U1l - 1 0
Sp.30 Uiz - 1 0
Sp.32 u13 - 0 2
Ca Calophyllum acidus Clusiaceae 6 2
Sp.34 ui4 - 0 0
Me Mallotus ariocarpus Euphorliaceae 1 1
Sp.36 uis - 0 3
Stc Strobilanthes calycina Acanthaceae 3 0
Sp.39 ule6 - 3 0
Sp.40 ui7 - 1 0
Sp.45 uis - 3 0
Sp50 u19 - 1 1
Pc Procris crenata Urticaceae 0 2
Sp.55 u20 - 0 1
Fi Flacourtia indica Flacourtiaceae 1 0
Sp.56 u21 - 1 0
Sp.57 u22 - 0 1
Sp.58 u23 - 1 0
2 0

Lm

Lasianthus mooni

Rubiaceae

91
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Number of seedlings

key Species Family Footpaths Forest gaps
Sp.60 u24 - 0 0
Ap Acronychia pedunculata Rutaceae 0 3
Aa Aglaia apiocarpa Meliaceae 0 2
Ct Cissus trilobata Vitaceae 0 3
Sp.64 u25 - 0 3
Sp.65 u26 - 1 0

r 80
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Figure 4: (a) The graph of the mean density of forest species and the percentage éowiparfa vs the distance from the
forest gaps (b) The graph of the mean density of forest species and the percentagefcaymiats the distance from ¢éh
footpaths.
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Figure 5: (a) The graph o$eedling densitys. the distance from the forest gaps during the dry season (b) The graph of the
seedling densitys. the distance from the forest gaps during the wet season (c) The graptseddhieg densitys. the
distance from the footpaths during the dry season (d) The graph eée¢ldéng densitys. the distance from the footpaths
during the wet season.

A. riparia tends topreferareas with partial could be observed from one meter or lassy
shadebut notopen areas, such aseasadjacent from the edge of the footpathAlong most
to grassland. According to Zancolat al. (2000), footpaths A. riparia is grown only as a thin strip
the availability of sunlight had a significant(a width of approximately 0.5 inparallel to the
positive relationship with the volume indexAf footpath.
riparia plant biomass. Similarly, higher

availability of light in forest gaps than footpaths, Understanding the disturbancegimes and
may have resultechihigher cover ofs. riparia €Jeneration pattems in forests is essential to
in the forest gapthanthe footpaths determine the health of the forests and to

recommend restoration strategies d¢onserve

The invasion ofA. riparia in the forest biodiversity and ecosystem services. The natural
interior may be relatedo the type and the regeneration in tropical subonatne forests at
frequency of disturbanc€&ootpaths are disturbed KFR is affected by cardamom cultivation as well
frequently compared to forest gapsSuch as the spread oA. riparia. The invasive A.
frequent diturbance may have a negative effect riparia has suppressed the growth of seedlings of
on the growth ofhis invasive specied\. riparia forest species by altering the microhabitat
prefers theedges of footpaths probably due to conditions and resource availability along
low light intensities than that dhe center of the footpaths and in canopy gaps. Sinkeriparia
footpath and also wk to less disturbances.threatens the regeneration of the forest species in
Another possible reasas that undisturbed forest submontane forests, their spread must be
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controlled Based on the results of the current http://harvardforest.fakarvard.edu8080existxque
study, native forest species includiRgychotria rydata.xqid=hf153 (Accessed on 01.05.2011).
zeylanicaand Symplocos cochinchinensian be Bambaradeniya, C. N. (2002). The status and

usedto restoretheseaffected submontane forest implications of alien invasive species in Sri
patches Lanka.Z o 0 s 6 Pr i17{l): QBA936r n a |

Bambaradeniya, C. N. B. and Ekanayake, S. V.
could be carried out by several methogs forest region. IUCN The world conservation
including the use of chemicals Kerbicides, union, Sri Lanka country office-4 and 50 51.

hanical trol d the biological t IBarreto, R. W. and Evans, H. C. (1988). Taxonomy of
mechanical control an € Dbiological control. o fungus introduced into Hawaii for biological

The aerial application of thierbices before control of Ageratina riparia (Eupatorieae:
the production of mature seeds by the péniid Compositae), with observations on related weed
be effective in restricting further spread thie pathogens. Transactions of the British

invasive species (Land protection, 2006). The Mycological society9(1): 81-79.

mechanical control could be done plrysically Barton, J. (née Frohlich), Boow, J., Ragiel, K.,
uprootingsmdl plants and disposing thesither Edenborough, K., and Whaley, K. (2003).
by burning or putting into black plastic bags to Evaluating the flowon effects ofthe biological
rot down. Cultivation, grubbing, hoeing and control agents foAgeratina riparia(mist flower)

. . . " on plant successionProceedings of the XI
burning along with replanting of competitive International Symposium on Biological Control

pastures or replacement Af riparia by native of Weed 487.492

flora w'|II successfu_lly c_ontroA. riparia (Land Bastiaanssen, W. G., and Chandrapala, L. (2003).
protection, 2006)Biological control couldalso Water balance variability acrosSri Lanka for

be done usingagents such asgall fly, assessing agricultural and environmental water

Procecidochares alarsteyskal; the plume moth use.Agricultural water managemes(2): 17k

or defoliator,Oidaematophors sp., and the leaf 192.

spot fungusCercosporella ageratinaéNakaoet Belnap, J., and Phillips, S. L. (2001). Soil biota in an
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Appendix 1: Seedling reference collection of the identified species

Mallotus ariocarpus  Strobilanthes calycina

Aglaia apiocarpa

Toddalia asiatica Psychotria zeylanica

Acronychia pedunculata




