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ABSTRACT

As indicator for environmental disturbances, the understoey I8 an Important struciueal and fonctional
componeat of forests ecosystems. Hence, this study wae conducted o investipae the diversfiy and composition of
understory plants in the lowlard forests adjacent to the trekideg paths slong Semut Bay (dock entunce) to Segara
Anakan Lagoon and seme cossml aress in Sewpu Ishnd, acd o detemine thelr amsocistion with the vodedying
envivoncoental factors a3 disharbanee indicators by the preseoce of understory invasive aien specdes (AS). Stuty oix plots
of 2 x 2 m® were esmblished to analyze the vnderstory vegetatiog, the site profiles and the environmental wadables,
4 roral of 135 understory plant spedies belonging 1o 108 penera and 60 families were recorded within the 66 plots of the
study areas. Poaceas was the domingnt family, followed by Compositee, Phellanthacess, Stercullaceas, Rublaceas,
Puotranjivacese and Cyperacese. The understory communities in the lowlind forest adjscent to Semmut Path were
dominated by tree sondlings and had 2 eelathvely fower composition of sheubs, Coasstal arcas, which have more open
canopics, were dominated by grasses and sheobs. Some dominane sative uodsestory species include Cldnantdar
ablompifelins, Plrogymbinm juvaniom, Lsbosmume sutionm, Geuettards spediora, ete. Todicating distarbance, 12 understory TAS
were found in the study areas. Four of these are amony the wodd's worst invaders (Chromoliens advrata, Iuperata gyfindvica,
Lantana cwmara and Spathoden compaslats), and three are nowious weeds (Oyerny ratwndus, Flewsine indice and Tngheraia
eyfisdrica), The Hght Intensy and alr temperature were strongly positively associated with disturbed sites, while relative
bunemidty, zoil pH, and elevatdon were sssodated with less distuzhed sites. These study resulis provide the scientific basis
for nunagement and secommendations on the current diversity staius of the understory plant species at Sempu Island,
boping that these would justify fucther conservation of indigenous species and their protection from these disnrhances.

Beywords: cosstal vegetaton, dstearbasee indicaror, invasive alien species, lowland foress, Sempu Islaod, understory
plasnt

INTRODUCTION

Semopu  Island is a2 very small  island
(UNESCO 1991} with a total area of 877 km®
located in the southern part of Java Island, and
is administered by the Malang Regency, Hast
Java Province, Indonesia. The island is un-
irthabited and designated as 2 pature monument
by the Governor Genersl of the Duich Bast
Indies in 1928, then later in 1999, it was decreed
as & nature reserve by the Mindstry of Forestry
(BBKSDA Jawa Timue 200%). It possesses
unique and distinctive biotic and  abiotic
resources. Undoubtedly, small and very-small
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islands have great potental for development of
both biological and non-blological resource-
based industries, such 25 for foresuy, plantatdon,
farmning, fisheries, mining, marine energy,
tourism, etc. However, these small islands
having limited land area, small plains, Hmived
fresh  water resources containing endemic
species with high ecological walue and,
sometimes  situzared in isolated locadon, are
highly sensitive and vulnerable 1o environmenial
changes brought sbout by both patural disasters
andd anthropogenic disturbances (Nurse ¢ 4l
2001; Morrison 2011),

Activities that are camried out in a nagture
reserve are limited to the interests of pesearch
and development, science, education and other
activities that support cultivaton {(Asticle 17
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patagraph (1} of Law RI 5/1990). Sempu lsland
was decteed a3 4 nature reserve but due to its
beauiful landscape and scenery, the island is 2
popular tourism  destination with Hmitedly
peemitted  visitors  (Muttagin o & 2011
Purnomo ef e 2013; Situmorang 2014}, Around
37,000 visitors, mostly domeste, went to the
island from 2011 w 2015 (BBKSDA Jawa
Timur 2015). Toutsm activities may create
pressutes and disturbances oo the ecosystems
and their services. Anthropogenic risks and
impacts due to tourism are even higher on
islands than continental areas (Nurse o of 2001).
Therefore, an inventory and documentation of
Sempu Island’s hiodiversity is important due w
the very fast rate of degradation resultng from
various environmentsl pressures of toudist such
as the forest opening, alien species invasion,
increasing volume of garbage, among others.

Sempu Island has three types of forest
ecosystems; the coastal, mangrove, and lowland
forests (BBESDA Jawa Timur 2009; Abywijaya
¢ ab 2014). The understory is an important
steuctutal and funcdonal component of any
forest ecosystems. It supports the majority of
plant species diversity in the forest and affects
ecosystem level processes, sach as nutrent
cycling and energy exchange. Furthermore, the
characteristics of the understory have 2 major
impact on the future species composition of the
forest canopy (Ares & 4 2009). Studies on the
understory plant divessity of very small islands,
patticulaty Sempu Island, are thus critdeally
important.  Some understory  plants  were
recorded only in two sites on Sempu Island,
particularly, Warorwara and Telonpring (Sadili &
Kartawinata 2016}, Hence, complementary
studies of Sempu Island’s lowland forest and
coastal areas are still necessary.

Undesstory plants are mostly opportunistic;

they survive and are well adapted 1o
disturbances, have gumerous adaptatdons
for dealing with adverse eovitonmental

conditions, and have competitive relationships
with larger plants of the forest. Understory
plants are also effective indicators of
disturbaoces and forest integrity, allowing for
the identfication of forest patches that wareant
further protection (Moffat & McLachlan 2004;
Denslow o ol 2009). Purthermore, the
increasing understory colontzation by IAS is

alarming. Earlier studies desceibed IAS as
occurting primarily in forest gups and open
environments due to distusbances. Their
presence contributes to environmental changes
by altering the ecosystem composition arnd
functions. Moreover, the existence of invasive
plants is positively correlated with disturbance
and thus, vodistutbed tropical forests harbour
fewer aliens species (Asner of o/ 2008; Valladares
ef af, 2016).

The Segara Anskan lagoon and its
surtounding besches and bays ave favorite
touriam  destinations in Sempu Island, and
presumably, have experience high disturbance
impact. The objectives of this study were: () to
investigate the diversity and compositional
vardaton of understory plaats in lowland forests,
adiacent to the teekking paths along Semut Bay
a3 3 dock emtrance to Segara Anakan Lagoon
and some coastal areas in Sempu Island; () o
detemine the underlying environmental factors
and (i) to anzlyre their association with the
presence of understory [AS as  disturbance
indicavors. Resules of this study provide
scientific information oa the current status of
understory plant diversity in Sempu Island aad
hopefully, justify its conservaton and further
protection.

MATERIALS AWND METHODS

Study sites

The study was conducted at Sempu Island
Nature Heserve, Fast Java which is
geographically  located at  112°4045°
112°42°45° B and 8°27°24" to B°2434" S, It 18
about 800 meters from the southern coast of
Java Island and separated by the Sempu Steait.
Sempu Island {s mosdy hilly with moderate to
steep slopes, elevatdon ranging from 50-100 m
above seas level The eastern, southern and
western parts of the island are bordered by the
Indian Ocean, with mostly limestone cliff
coastlines (BBKSDA Jawa Timur 2009; Risna
2009}, The study sites were on the forests
adjacent 1o the wekking paths from Semut Bay
to Segara Aunskan Lagoon and on the coastal
areas along the western part of Sempu Island

(Fig. 1).
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Figure 1 Location map of Sempu Island and sempling shtes of the snderstory vegetation

Sarmnpling Method and Data Collection

Fieldwork was undertaken during the raing
scason in May 2016, In total, 66 plots of 2 x 2
o’ wete established to anslyze the understory
vegeuton., For the forests adjacent w the
trekking paths, the sampling plots were
systematically estublished along the wekking
paths a3 transect lines. The trekldng paths
statted from Semut Bay, and then headed
toward Segara Anakan Lagoon. Two plots were
established per sive with a left-dight line tansect
orieptation at a distance of 20 m between
sampling sites. In total, eight plots have been
established at Semut Path I (Korak Sempu to
Watu Pluacing, Seotud and Bululawang I} and six
plots have been established at Sernut Path I
(Joho Block to Iral Cave and Bululawang II).
Meanwhile, for the uandemstory wvegetation
around Segara Anskan Lagoon and some cosstd
areas, five sampling plots per site were set up
using purposive method, except at Semut Bay
which has only two plots because of its Himited
area,

Ground cover plants and seedlings less than
1.5 m in height were considered as understories.
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In ecach plot, the uonderstory plants were
identified, counted, categorized according to
theit plant habit and recorded as tree scedlings,
shrubs, grasses, herbs, Hanas, ferns and palms.
Environmental variables recorded at sampling
sites included clevation, air wemperature, relative
humidity, soil pH and Lght intensity.

Analysis Methods
The understory taxa in the sampling plots
were  tabulated  and  caleulated.  Their

composition was evaluated by analyzing the
frequency, deasity, asbundance and Important
Vane Index (IVI) according to Ludwig and
Reynolds (1988). The diversity indices analyzed
were the species dchness (D) using the
Margalef index (Margalet 1958), 3Shannon
diversity index (M) of Shannon and Weaver
(1949} and species evenness index (') using the
Piclou method (Magurran 1988).

The disturbance effect to the island was
indicated by the presence of understory TAS.
The determination of invasivencss status of an
alfen species was assessed using the world IAS
online databases including (i} Global Invasive
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Species Database (GISD) of the International
Union for Conservation of Natwe (TUCN)
(http:/ fwww.iaengisd.org/gisd /), @) Tovasive
Species Compendiun (ISC) (https:/ /www.cabi.
ofg/isc) and @) Southeast Asian Regional
Centre for Tropical Biology (SEAMEO
BIOTROP, database on IAS  (hep://
kmtb. biotrop.otg/collections /spias). IAS
designations were also cross-checked using
other published references ie, books and
journals articles.

Muldvariate  ordinadon  of  puncpal
components analysis (PCA} were conducted
using  statistical  sofiware  Pualeontological
Statistics (PAST) version 3.15. The PCA analysis
was petformed to identify the associadon
pattern between the abundance of understory
IAS with eoviroomental wvadables wsing a
correlation matrix and scatter biplot (Hammer ¢
/. 2001}

RESULTS AND DISCUSSION

Site  Characteristics
Conditions

and Eovirormsmental

A typlcal visitor’s journey of about two hours
begins at Semut Bay and continues along

trekking paths to Segars Anskan Lagoon. The
surrounding forest is considered a tropical
lowland forest with 2 relatively wet climate, or
type C chmate (Schmids & Ferguson 1951), and
an zverage annual reinfall of 2,132 mm
(BBESDA Jatim 2009; Risna 2009; Kartawinata
2013; Abvywijaya o «f 2014; Rindyastutd o <
2018). Seven sites were sampled in the lowland
forests adjacent to the trelddng path to the
lagoon, The landscape was divided into two
zones. Semut Path I Kok Sempu o Wata
Pluscing, Sentol and Bubdlawang I) is the first
half of the tip w Segara Anskan Lagoon
(Fig. 1). Semut Path I iz facing-upwmsd slopes

(0 - 45°) with an elevation of 38 - 63.5 m sbove
sea level. bemut Path I {Joho Block to Iral Cave
and Bululawang 1T} is the second half of the tip
to the lagoon. Semut Path 11 15 facing-downward
slopes with an elevatdon of 45 mup to 635 m
above sea level (Table 1), The forest canopy
adjacent to the Seraut trekking path is thicks
with Semut Path 1T thicker than Semut Path L
The trekldng paths have created openings in the
forest canopy and patches of greater bight
availability. Average light intensity at Semut
Path I (1,409.50 lux) was higher than that at
Sernut Path I (633.50 lux) (Table 1}.

Table 1 Bowironmensal profile of the sunpling sires in Seropu Isleed, Indonesia

Sipe HAwerage air AW Average solar Bghe
. . Forest/ . rebartee . . .
Sise Sampling plot . elevation tmperature s Soil pH intansity
vegion tpe () ) e ()
(%)
Kogek Bempun Lowland BOGETOT 2750089 MO i14l B 00D 1032.50 £ 140.71
Semut  Wawm Plunding  Lowland EeBG A 07T 2710034 9050+ 495 691014 TE9.50 & 194.45
Path [ Sertul Lowland 47EG+ 354 Z2805-+092  SARNAEO7T O+ 000 854.00 + 371.94
Bulnlawang I Lowland GRS LTS 30I5E052 #5007l 7O 00D 2RO L 347897
- Jobo Block Loveland 4453+ 212 3005052 S9OS04 68 10407 S350 & 143.54
Parh 1T Tent Cave Lomwland BOGTI4L 2935 +023  B400+ 434 684000 832,50 + 473,05
Buollewang I Lowland S0 212 201014 MO0 L5466 4B LOLD 560,50 & 46457
Segacs Begava Aoskean  Coagesl i 26804152 31581177 6840467 SBE00% 9311800 16221843
Serrat Bay Cosstal sand plain 775+ 295 2980+ 112 7725+ 2336 57+031 7580000+ 413812
Taruag Coagtal sand plaia 433 £1.53 20801 087 801100 711034 4453331135031
Sentigen Coastzl sand plain 1250 £ 071 2655 £ 2658 7650+ 071 634014 1,119.33 + 650.50
Serambut Counstal sand plain 1000 £ 141 2815106 83504071 7012000 393633 + 520568
Coastal  Karetan Cosstal sand platn 2000+ 141 3305+134 7500+ 283 &8+028 T,200.00 + 35100
4188 Pelowangan Coagtal gand pliafa S50 £ 071 3305 £120 61501212 7010400 8576667 1 2118640
Selabun Cosgtal sand plain 950 £ 071 30901071 63001283 70X 000 5480000 & 2908959
Gladabon Cosstal sand plain 1250 £ 071 31302070 6250+ 071 661000 105733.00 £ 930878
Pandan Bay Coastal sand plate 1050+ 212 3305+ 120 &450+x 212 491+ 0104 8216667 + 3826674
Barubars Conetal sand plain 800 5283 35000141 TROD L1131 69 L0414 9373335 11299273
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Segara Anakan Lagoon is the visitor’s most
favorite destination in Sempu Island. It has a
beautiful landscape with an approximately four
hectare lagoon separated from the raging tdes
of the open ocean by hmestone cliffs and the
surrounding forests. The unique characteristics
of the vegetation around Segars Anakan Lagoon
is due to the coastal chff tereain and thin soil
bayer. It is considered the harshest environment
relative to the other sites. Its elevaton ranges
from 24 m to 29 m above sea level.

During the fieldwork, the average relative
humidity in this site was quite low (6840% &
4.67%) and the air temperature was at 31.58 &
1.77 °C. The tree canopy in the Separa Anakan
forest was quite thin, with high light intensity
{Table 1}.

The sampling sites on the coastal areas of the
western part of the island comprised 10 beaches
and two bays (Fig. 1), The beaches and bays also
exhibit beautiful landscapes, and despite the
challenging trekking paths, these coastal areas
still do attract some visitors, The typology of
beaches and bays are considered coastal sand
plaing and their elevations range from 4 m
to 27 m shove sea level, with low average
relative humidity of 73.08% & 7.45% and high
lght intepstty ranges from 1,119 hux 1o 105,733
lux, The soll pH at the coastal sand plains,
coastal cliffs, and lowlind forests in Sempu
Island were nevteal (pH 6.6 - 7) except at Semaut
Bay where it was dlightly acidic (pH 57)
(Table 1).

Undesstory Plant Species Community and
Compositonal Variation

A total of 135 understory plant species
belonging to 108 genera and 60 families were
recorded inside the 66 plots within the study
areas In Sempu Island. The species commonly
found wete generally understory species from
the Huphorbiscese and Rubisceae families
(11 spedes each family); followed by the
Poaceae (7 species), Annonaceae (6 species) and
Compositae (& species). However, according to
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the dominance metdc and Important Value
Index {IVI), the study areas were dominated by
Poaceas;  followed by  Phyllanthacese,
Sterculiaceae, Rubiacesze, Putranjivacese and
Cyperaceae (Table 2). Based on plant habit
categorization, the plant composition recorded
68 tree seedling species, 36 shrubs, 12 grasses,
cight Kanas, six herbaceous species, three ferns
and two palm seedlings.

The understory plant community in the
lowland forest adjscent to Semut Path was
distinetly dominated by tree seedlings with o
relatively fewer composition of shrubs and a
very few composidon of herbaceous plants,
gragses, ferns and Hanas. The understory plant
comumunities adiacent to Segara Anakan Lagoon
and at coastal areas, which had more open forest
canopy, were dominated by shrubs and grasses,
followed by tree seedlings, and had only 2 small
herbaceous plast community (Table 2). This
shows o highly divergent understory  plant
species composition between the inland lowland
forest and the coastal ecosystem in the western
part of Sempu Island Nature Reserve,

Tree seedlings from the Buphorbiaceae sensw
fate (Fuphorbiaceas and its segregates families
i.e., Phyllanthaceae and Putranjivacese) had high
IVI in the lowland forests adjacent to Semut
Path. Species of Clistantbas oblonpifolius, Mallsius
rueffidunias and Drypetes bongifolia were dominant in
Semut Path (Table 2, Fig. 2 D-G-E). The
occurrence  of Buophorbiaveae, particularly
Mallotus  species, was closely related 1w
mtermediate-to-low  levels of disturbance in
tropical forests. These species prefer open areas
with high Hghr intensity (Slik o #/ 2003). In
addition, D). Jesgfde also occurred in the
secondary forests wsually a5 a pre-disturbance
remnant tree (Cleary & Priadjati 2005). The
number of Buphorhiacese species at Semuot Path
I was also larger than those at Semut Path 1L
The composition of specles at Semut Path O
was more diverse than that at Semut Path L
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Takde 2 List of understory plant specles with fve top imporiant values in lowland forests adjecent to the trekling path
o Begara Anakan Lagoon aod some coastal arens in Sempu Islsnd

Site Sclesific natme Fasnily Hbit  Swos md_]i’;mz} ¥ Abundsnce VY
Clsliantbus obisngifoline Phollaruhaceae  Tree scedling  Nagee 441 0.38 4700 33.01

Hiypaesier sp. Acanthaceae Shrub Mathee 1.88 (.38 2000 16.03

Sermat Path I Gl smmraniiva Zingihetsoeae Herbaceous  Matve 1.5¢ 0.38 16.00 1351
Ballptus rylfidulus Buphorbipeeag  Teee seedling  MNative 0.63 (.63 400 .94

Drybudar bagtolia Potserjivaceze  'Tres secdling  Native (.91 025 14.50 8.38

Provogynsbisom jovasivss Swerenbiacsas Tree seediing Mative .02 .17 4000 18.22

Dirpetes bngifola Putrevjivacese  Tree seedling  Native 001 .50 ALY 18.24

Semm Path T AMafbe rgfliduder Fuphothisceae  Tree seeding  Native 6.0 067 5.50 15.87
Frerogpermurm juvanis Sterenlincens Tres seedling Nadve .01 ¢33 13.00 1413

Colnliba mvaroniina Zingiberaese Herbaceous Native 0.05 (.67 275 11,33

Syoedrelln podith Compositae Shrok 143 33.00 Q.50 22000 BATS

Esshasmnny senticont Posceae Grase MNative 280 .40 28.00 1156

Segarn Angkan  Chmomoleeae odpeats Compositas Sheul 148 1.5 .60 100 1L76
OeBsmsenyy conghostius Poaveas (rass Native 70 0.6 4.87 5.93

Cirofon sipliunt Euphorbiaceas  Tree seedling  Nadee Q.50 (.60 3.33 548

Wollussunia biffone Compaositas Shrub Watlesr 1.08 0.50 800 39.17

siticia gendorussa Acandhacess Sheab Mative 0.88 (.50 740 35.83

Serout Bay  Thupenis popufren Malwnosue Tree seadbing  Naties 0.63 (.50 5.0 2837
; i Tree seedbng  Nativs (.25 .50 200 2583

Tree seedling  Natdve 0.50 2.50 400 19,17

Grass Mathve 1510 0.6 67.33 7454

List Mathes 1.85 040 18.50 1a.85

Tanjung Tree sedling  Natve 0.65 Q.60 433 14.83
Tree seedbing Nathe 0.65 A &.50 11.26

Herbaceons Naive 0.35 040 3.50 9.%6

Sheub Mutdve 450 0.60 3257 47.53

Tres seadling Native 300 (.60 2000 3233

Sentigen Allsbylis eobibe Sapindaceas Tree seedling  MNatbve 0.75 (.80 375 1711
Sopdare fomonioes Lepuminosas Tree seedliing Nadwve 090 L) 8.6} 158.83

Drgpetes sp Puttaniivacese  'Tree secdling  Native 030 040 3.80 750

Digypeter sp Purranjivacese  Troe seedling  Natiwe 4.05 (.80 2025 40.9%

; Commelingceae  Grags Mative 380 .40 38.00 3275

Seturrhuk Comnchnacess Corrnelingrese Grass Hattye 256 .20 5800 23.30
Dhpspyeas wariisms Bhenaceas Tees seedling  Madve 0.55 .54 387 13.48

Apksia favi Meliacens Tree seedling  Native 0.48 0.60 300 12,79

Cyherne 5, Cypetaceas {irass Mathes 1160 1.00 46.40 55.47

Saipia wrirools Lamiscene Sheak Mative 480 G.B0 24.00 2832

Kanetwn Burarsilia saidire Acznthacese Sheuly Mative 4,55 (80 22,758 742
Phylonthur sinpmins Phyllanthaceass  Sheub Mative 1260 .50 200 12.6%

sAvkeln bl Melisceae Tree seedling  Natdve 145 040 14.50 10.78

Dichassnny mulicuns Poareas {irass Mathrs 3240 0.60 21733 9755

Ciybersss eladus Coperaceas Grass Mative 9.95 .64 66.33 4582

Baoihac Chrornplsens gdosate Compositas Shewls 148 (.50 .60 5.3% 2491
Fomses pesvupras Cotnyolvalacess Hebaceons MNative .15 .40 1.50 1573

Adurdmnia sudiffors Commelinaceas  Grass Mative 024 026 4,00 8.15
Lrchanwnms mufics Foavens (Grass Mative 5720 1.00 2zZaR 12R12

Blereis elfpdicn Legutmitioae Liana Matiye 1.15 1.00 480 3320

Pandan Asvostishnn surviss Preddacese Fesn, Matee 0.2 G4 200 12.84
Passdarus dsodorius Pandanaeese Herbaceous  Native 0.15 .40 1.50 1278

Seweonds fvvada Goodeniaceas  Shrub Natve 0.20 0.20 4,00 &.59

Ponceas (Grass IAS 31.40 Q.80 15700 7456

Foncens {Grags Matte 1B.65 1.00 T4.80 58,86

Fladakan Eimsilis sonchifsfia Compositae Sheub MNative 760 020 15200 1822
Pogslitors foctids Passifloracsas Linns 145 1.2 044 12.00 13,11

Latasa camem Verbenacess Shrubs 148 {360 040 600 1211

Selatan Paspalorm conjugatmn Poaceae Grass 145 9.95 O.60 66.33 52.65
Co i Compmelinacese  Grass Native 6,64 (.40 6600 3435

Aglas fwgis Bicliacsae 'Tree seadling  Mative 6.85 .80 475 15.34

Deypestes bagifbdin Puganjivacese  Troe seedling MNative 130 Q.60 7.33 13.23

Daredanus fectorius Fandangress Hebaceous  Native 0.60 0.60 4,06 11,01

Pelawangan  Indaressy sufiew Poacsas Gags MNative 24.40 1.00 S7.60 TS.87
Pusivnsr ap. Poaosae Grass Mative 12.25 0.80 61.25 46.87

Tpomoss pos-tapras Convolvulaceae  Sheub Native 1.85 .80 $.25 2351

& rosnsEaARS Copersosae Grass Mative 286 0.20 52.00 10.63

Eissilia sonebifoln Compostiae Shrob Nadve Q.65 0.40 §.50 1061

Moz LAS = Invasive Alien Species; I = Individual Dengry fndividual /ma®); F = Prequency; IVE = Imposeune Value Indew,
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'The forest floors of both Semut Path I and
Semut Path 1 had high lght intensity due to the
opening of the trelddng path, thus hetbaceous
plarw species of Gbbbae maranfing dominated the
area (Table 2, Fig. 2 H). The species favors open
and dry habitats and the bulbils can survive long
adverse conditons (Jansen o 20 1999 In
addition, some clusters of Adearia longiloba were
found particulatly in areas with reladvely more
open canopy covet, such as at the Korak Sempu
and Bululowaag 1 sites of Semut Path [ Hypoestes
gp. was the most dominant shrub at Semot Path
I (Table 2}, while at Semut Path II, shrub species
of the genus Dy were observed in moderate
IVI (3.18) at Joho Block and Bululawaog I
closer to the Segara Anakan Fagoon.

The understory plants around Segara Anakan
Lagoon ({coastal cliffs) was dominated by
Compositae, followed by Poacese and
Euphorbiaceae 1iree seedlings (Table 2.
Meanwhile, on the coastal sand plains, the
understory  plant communities were mostly
dominated by grass species from Poaceae famdly.
Furthermoore,  species  from  Compositue,
Euphorbiacese, Commelinacese, Rubiaceas and
Cyperacese were also found with high importams
values on some coastal sites (Table 2). Unlike
the understory vegetation of lowland forests, the

Figure 2 Bome undecstory rative species in Sermpu Tsland

vegetation glong the coastal sites also wvared
among sives. 'This was Heely due wo different sive
characteristics and their level of disturbance.

Some typical uoderstory plants of the
Indonesian tropical coastal forests were found in
the study area (Whitten of &l 1996; Monk of &
2000; Goltenboth o of 2006; Kartawinata 2013).
Some clusters of Pandonus tecforins (Fig. 2 L) and
Seavvole towads (Fig. 2 My were found as
understotes on the coastal cliff around Segara
Anakan Lagoon and on the coastal sandy plains
of Paandan Bay and Sentigen. Terminafia cattapa
seedlings (Fig. 2 O) were found on a wider area
throughout the coastal region. Ipomoss per-capme,
the main plant of the Peragine formation in
coastal forests, was domingnt at Barubaru and
Pelawangan (Fig, 2 [}, Secedlings of Bervingionds
dsiafies, the main plant of the Barrngonia
formation, were found at Karetan (Fig. 2 ), but
were not dominaot. Pucther, Inhasmnm mubicoms
was found in many patches at Segara Aaakan,
Tanjung, Barubara, Pandan, Gladakan and
Pelawangan (Fig. 2 ). This L wefiww was aso
found at other places on the Island, e, Waru-
warn and Telogo Dowo (Abywijaya & ol 2014).
This grass Is resistant to high salinity, wind and
high temperatures. In open areas it may grow to
a height of 0.4 m (Karawinata 2013).

Notes: A, Aplois lowit, B. Alatwler ocobbe, C. Dorringionia aviaea; . Cliistonibny oblongifoling, B, Cyperns elaius;
¥. Divghyros mearitime, . Drpetes longifelin, H. Givbba morenting, 1. amoea persaprus, §. Lishacmner mufiones;
K. Makotus ruffidulus; L. Pasdanss tectoning, NU Seasvoles tuceada; N Sweiloe woylanics; Q. Tornninalia catiape, and

P, Wallaionia biflra,
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Diversity Indices
Communities

of Undesstory Flant

The understory of the lowlund forests
adjacent to the Semut Path had higher species
richness, specles eveaness and Shannon
diversity than the coastal areas (Fig. 3). In
particular, diversity indices at Serout Path IT was
slightly higher than that at Semut Path 1. Both
sites had high species richness (7.46; 7.65), and
high evenness {(0.72; 0.82). Further, Shannon
diversity index was high at Seovor Parth I (3.02)
and moderate at Semwat Path I (2.78) (Fig. 5).
Although, specles diversity (Shannon) is a
complex measure of how many different types
of taxa are present in comrnunities, it takes into
account both the species rchness as well as
gpecies evenness of an  ecosystem. It s
considered as a tool t measure ecosystem
health, resilience and funcdon (Goswamd o &
2017y, ‘Thus, this study results indicated thar
Semur Path I cxpedenced higher disturbance
than Semut Path Il However, a complementary
study with more plot numbers and bigger area
coverage of Semut Path are required to enhance
this finding,

The coastal forest ecosystems have lower
diversity indices than the lowland forest
ecosystems a5 they have limited nutdent and
fresh water availability (Goltenboth e o 2006).
Their cosstal site characteristics and the level of
disturbance also affected thelr diversity indices.
Sentigen had the highest species richness 4.17)

followed by Setmnbut (3.18), Tanjung (2.96) and
Segars Analan (2.96). In addidon, understory
species evenness of all sampling sites in the
coastal areas varied from low, moderate to high
{(0.10 — 0.89). The Shannon diversity indices of
understory communities in coastal areas of
Setwmbut and Sentigen were moderate (2 < H
< 3y, while those of other sites in the coastal
areas were low (H < 2). These diversiiy indices,
indicated  that Setumbut and  Seadgen
experenced lower disturbance than the other
sites in the coastal areas. Nonetheless, Pandan
Bay had the lowest diversity index probably due
t its being highly dominated by the native grass
L ischasnonm rather than disturbance.

Invasive Understory Plants as Disturbance
Endicators

Twelve nnderstory IAS were found in the
study area of Sempu [sland. Of the twelve, five
were shrubs, five were grasses, one was a4 tree
scedling and one Hana (Table 3, Pig. 4). Porest
integrity in the lowland forests of Sempu Island
was considered bigher than that in the coastal
areas. Most of the understory IAS were found
more abundantly in the coastal areas than in the
lowland forest. Hence, coastal areas in Sempu
Island esperienced mote disturbances than the
lowland forest. Mondtoting and management of
these understory  IAS  is  recommended,
pardcularly at the sampliog sites where they are
already present.

uDmg sH = F’

Diversity indices
o =2 N ®W B O O N ®

Semut Path |
Semut Bay
Tanjung
Sentigen

Semut Path |l
Segara Anakan

LOWLAND FOREST|COASTA
CLIFF

-

s 52| &]| 5 5] 3
E ] 3 a = = 2
= < = S k] ] @
] b = =] = “ S
w ] (U] =
o o

COASTAL SAND PLAIN

Sampling sites in Sempu Island

Figure 3 Diversity Indices of understory plant species in the lowland fotests adjacent to the treklkdng path to Segara
Anakan Lagoon and some coastal avess in Sempu Island, Hast Javs
Notes: Dimg = Margalef species sichaess indez; H' = Shaonon diversity index and B = species eveness index,
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The only IAS that occured in the lowland
forest adjscent to Semut Path was tree seedlings
of Spathoden campansigia (Table 3, Fig. 4 F). It
was particularly found at Semut Path 1. Thus,
Semnut Path I was considered more disturbed
than Sernut Path IL This species grew well at the
lowland forest of Semut Path and was not found
in any of the cosstal aress since it favors molst
habitats and grows best in sheltered tropical
areas (ISSG 2018), Furthermore, an 5
campansinia mother tree with a dismeter at breast
height of approximately 60 cm was recorded at
Watu Planciog site of Semut Path T (Hapsad #
al, 2016). This is alarming since there is oo past
historcal record of this species in Sempu Island.
This tree should be removed to stop further
seed dispersal, as the scedlings of 8. cmpansisiz
can establish rapidly and grow quickly, thereby
making it one of the first trees to colonize open
areas and wastelands (558G 2018).

With the exception of Semut Bay and Pandan
Bay, all the studied coastal areas were invaded by
understory LAS (Table 3). Gladakan coastl avea
had the greatest invasion of understory [AS with
4 species found, followed by Pelawangan

(3 species), Karetan (3 spedes), Tanjung
{3 species), Segara Anakan (3 species), Setumbut
{2 species), Barubare (1 species), Selamn
(1 species) and Sentgen {1 species). Although
Semut Bay acts as 3 docking entrance, it had
litle disturbance from TAS. The Pandan Bay
area was dominated by the native grasss
L muficsim, with high IVI and density of 96.87%,
and therefore, provided no space for invasion by
understozy TAS,

Several understory LAS had high IVI in some
sumpling sites {Table 2) and thus, need wrgent
remedial inwrvention, S, sedifors (75.43) and
C. odorata (3.43) had high IVI on the coastal chff
of Segara Anakan (Table 3) indicating that the
vegetation arcund the lagoon had expetrienced
high disturbance, cortresponding to the high
visitor activity in this area. Moreover, other IAS
with high IVI were (. odorwia at Barobaru,
L eylindrica, P. foctida and L. comara at Gladakan,
B omugatmre at Sclatan and O rofumdes at
Pelawangan (Table 3}, Based on LAS occurences,
the coastal areas ave considered highly disturbed
sites compared to the other sites.

Table 3 Understory invasive alien species (IAS) found st the sampling plots in Sempu Tsland

Species name Local axne Hamily Habitme  Owigin Site found Kev invasivensss characteristics
Axcongpus Ruomgput padiza Poacese Grase  Tropizal  Karetan Wide cuvironmestsl tolemace
comprasuss 3 {Indom), Caxpet Asneden spreads by 4 PO
prose (Hop) and seeds; persistent geass, can
withstand tmmplu@
Chramolamma Kirnypah Compositee  Shrob  Centenl & Segurs Fast growing; forms dense bushes;
odoralt 25457 (Indon), Siarn Souath Aoakan, hue allelopathie effects; small sonds
weed (Bag) Amerire  Tanjung, atid long distance dispersed by wind;
Sentgen, long term sced vishility
Pelawungun,
Barobars
Cyperss Rt teld Cyperacess Grass  Iadia, Pelowangan  Rapld growth, propagated by tubers
Fodmmduy Lh 3 E {Iadon), Nut Adiika and rhizomes which moy susvive at
sedge (Hap) adverse concditons, high
wepersinees and  solsr  radiaden;
heebicide mwletane
Elosesine Ruevput belulang  Posceae Grane India Segars Fastymowing grass, tolerant to heavy
sheficah 58 {{adon}, Goose Anskan husnan distneharoe; extensive
grass (Eing.) thizome systern, has  alleloparhic
effect; small seed mass, long term
seed vighility
Alsng-alang Posceae Grass  Bavpemn  Gladalon Very plagtie habirar, adapred vo poos
cyindrioah s {Indon}, Cogon Adfiica, goils, droughe and fire; has exvensive
prass (Eag) Tropical thizome systeny; wlersnr in high Hphe
Asin, intensity, temperatures and Bmiged
Angtralis modsture
& the
Pacitic
Pontara Tenbelckan Verbenaceas  Sheob Tropieal  Kareten, Wide acsironmental snlemnce; forms
camard- 234568 (Tadon), Wild Ametics  Gladalan denge Hekets, has alielopathic effects;
sage (Rog) seeds widely dispersed by  birds;

zeeds need bigh lght condidons o
peuminate
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Table 3 (Continued)

Pagpalee: Rowaput paiten Posaceae {Irass Tropical  Selatan Wide environmeowl —oleratios;
eonfsgadnn {Indon, Americs tolerates shade but can also persist in
Sousgrass Fog full sue; spreads by extensive above-
groand runoers and sesds
Pauiffora Hatnbuse Pessifforsceae  Lizsia Tropical  Gledalran Wide environrmentsl toleganiee; fortog
Joutidels 53,8 {Irdon.), Ameriea dense ground cover which prevents
Stinking passion the oither species establishment; long
fower {Fagrb teem geed vishility, dispersed by
bieds
Spasbasdes Keorutan Bignonisceaz  Tres Tropical  Sesnur Best prown io rich soil but tolerage
campanskaiat 57 {Indon), peedling  Afden Pah[ Yo fevdlity; fast growing and show
Afdcan wlip wee juvenile pedod; seed pod contuins
(Eog many of tssue papery, widely
dispersad by winds
Stachytorpbets Perat kada Verbenacese  Shrub Tropical  Tenjung Tolerate sessons] drought end soil
Joomaicensish % 4 {Indor), Ametics compacting, Inng term seed wability
Jomoaica vervain and pnbarmed through herbivores’s
{Hng) digestive and dey sofl
Symodrollu Juostany kuda Compositae Sheub Tropieal  Segars Verg  plastic  habitat;  zepid
sodiford 48 {Indon, Armericn Angkar, estublishonent; forms dense stands;
L Modeweed Senamubut senall seed musss dispewsed in eodl,
(Bng) water and plant debyis, clothing, and
wind
Chpomibd s Buyung (Indon), Compositae  Shrob  Adides Tanjung, Prefers suony or slightly shaded
cineresinsh 5 69 Ironweed (Hog} Sebumbur, habirats; small seed mass and spreads
Karetan, by wind, seeds secondadly dloperned
Chadabeass, 88 & contaminent in crop seeds,
Pelawangan  pasture  seeds,  and  sgriendtord
machinery

References: 1) 185G 2018 2} ISC 2018; 3 BICTROP 2018; 4) Tiiwososdidjo 2005 5) Sackeran & Suzesh 2013
&) Abywijaya o of. 2014; 7) Mandsl & Joshi 2014; &) Rai & Siogh 2015; 9) Nwaogaranya & Mbackwe 2015,

Among the understory IAS recorded in
Sempu Island, three are Included in the list of
the world’s 10 difficult to control noxious weeds
(USDA 2012), namely O mtundus, E. indies and
I wyéndrica. Another, four ot of 15 understory
IAS are included in the Hst of the world’s 100
worst invaders (Lowe & al 2000), namely C
odovata, L evBindrica, L. camara and 8. campanniala
whereln two patticular IAS, O odorate and L
camars, require special atventon. These two
gpecies have successfully invaded many natural
protecied areas and have caused sipnificant
ecosystemt changes, such as in the Westemn
Himalayan forest of India (Mandal & Joshi
2014), urban forests of Indo-Burma (Bai &
Singh 2015}, Alas Parwo National Park (Hakim
et ol 2005), Yen Crater Natwre Toudsm Park
(Hapsazi of o 2014}, and the montane forests of
Bawean [sland (Trimanto & Hapsad 2016).
These IAS may change the structure and species
composition of ecosystems by repressing or
excluding native species, either directly by out-
competing them for resources and/or indicectly
by changing the way nutrients are cycled
through the system (McNeely e ol 2001).

The environmental impact of an IAS as it
becotmes invasive at its destinadon depends on
its biological characteristics, the ecological role it
may play, and other factors, such as its tolerance
to environments in the new range (Richardson
& Rejmanek 2001; McNeely & o« 2001).
Biological charactenistics refer to the traits or
gualities based on characteristics of individual
orgamistns  inclading  cellular  orgunizadon,
reproduction, metabolistr, homeostasis,
heredity, response to stmul, growth and
development, and adaptation through evolution
{Rejmanek 2001). Some IAS such as O edorala,
L. camara, I cylfipdrica and S, campansinia are
considered  fast growing plants with short
juvenile periods, and therefore, they can rapidly
invade new areass. C. odorats, L. camara, and E.
fnedica also have dlledopathic effects that prevent
the establishment of other plant species, and
therefore, become agpressive competitors of
native species. In disturbed netive forests, these
species may become the dominant understories,
disrupting  succession  and  decreasing
biodiversity (ISSG 2018; ISC 2018). Non-native
species and potental invasive species are highly
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competitive with other spedes by having high
growth rates, high photosyathetic atdbutes, and
expansive leaf areas (Grotkopp & Rejmanek
2007; Rindyasmut & Sancaysaingsih 2018}

Grass TAS such aw § olisdrics, E. indica, A
compressus, €. soiundus, and P oonfspatum have
extensive rhizome systems, and some even have
tubers, They are highly adapted to poor soils,
pollution, drought, and possess genetic plasticity
and fite tolerance (Table 3} They colonize and
grow in bate lands, distutbed habitats and fre-
stricken sites; provided that moisture is available
(ISSG 2018; ISC 2018). In addidon, most of the
observed IAS produce small seeds, which are
dispersed toward long distances by wind, birds,
and humans, Some, such as 5. jewadenes, P
Joctida, €. cimereuns, and E. indica, bave seeds with
long tern wiability, ther can suzvive passage
through an herbivores’s digestive tract or dey
soll (Table 3). These species most commonly
germinate where the soil has been disturbed and
is moist and wanm (IS5 2018; ISC 2018).

A large ecological niche breadth is believed to
contribute to its Invasiveness success (Valladares
ef @l 2016}, Due to these invasive characteristics
(Table 3}, the LIAS observed in this study area are
serious threats, with thelr propagules dispersed
further by birds and wind as natural dispersal
agenes {Richardson & Rejmanek 2011). Trekldog
paths or corridors may facilitate the movement
of IAS between conmected pawches of habitat
(Tewksbury ¢ «f 2002; Robiansyah & Purnomo
2013; Mukarromah 2015 Pumomo & ol 2013)
thus, the opening of new trelcking paths need to
be mirdemized,

Figure 4 Bome understory TAS in Sernpu Teland

Meanwhile, visitors may also become vectors
ot catrlers of IAS. They carey IAS both in and
out to new places that could threaten native
ecosystems and primaty industies. Vegetative or
reproductive materials of [AS may be carred
unintentionally by visitors via footwear or
clothing, or even intentionally, as ornamenta!
plants. To mitigate these hazards, biosecusity
awareness among visitors theough educatdon is
seen as a cost effective metic to change visitors
behaviour and reduce risk (McNelll er 2L 2008).

PCA Biplot Pattern between the Abundance
of Understory [AS and Eovironmental
Factors

The type of ecosystem and  the
environmental conditons of individual sites
affect the invasion of understory TAS (McNeely
& o 2001). PCA biplot analysis in this study
produced four clusters, confieming the
disturbance level of study sites based on the
ceomrence and shbundance of understory 1AS
and its association with eavitonmental vardables.
The first three principsal component of the PCA
have eigenvalues of 374, 260 and 2.18,
rescpectively, and contdbuted to comuladve
53.13% of the total variance. The highly invaded
sibes at coastal areas Le., Segara Anaban,
Gladakan, Barubare, Karetun, Pelawangan, and
Selatan were clustered in Group I Flg. 5, red
circle), strongly sssociated to light intensity and
ait tempersture. While, RH, soil pH and
elevadon were related to  understory IAS
abundance at less disturbed sites (Fig. 5; Group

I, 111, IV).

Notes: A, Chrowolpsn odorsts, B, Stechyiopbels fowaivenris; C. Lowiona cawors; 1. Swedrdls sediffors, E.

Chyantbiibum dnerenm; P, Spathuda compansiais,
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Figure 5 PCA hiplot association pattern between the shundence of wnderstory IAS and environmental vadables in

Sempu Tdand

PCA result showed that the environmental
variables, Hght intensity and air temperature
were most highly associated with the abundance
of understory TAS among the study sites iIn
Sempu Island, It was sapported by its positive
correlation values to the prncdpal components
ie., 0.89 and 0.82, respectively, The patches of
empty space and greater lght availability enable
the establishment of fast growing IAS. The
cortidors will then facilitate their dispersal
between connected patches of |habitat
{Tewksbury # af 2002; Roblansyah & Purmomo
2013; Mukarromah 2015). Soil pH and RH were
in  positive corelation to  the principal
components but in lower values le, 0.26 and
0.19, rospectively. However, clevation has
negative correlation values of -0.59 to 0.13 o
the principal componeats. The study sites
elevation on Sempu Island ooly ranges from 3 m
asl to 69 m ash thus, It possibly will not
significantly  affect the understory IAS
population abundance, Other vartables or global
change devers which affect the expansion and
abundance of IAS in the undesstory include
elevated atmospheric CO; concentration, altered
precipitation, and iocreased soil oputrdent
availability (Valladares o af 2016).

This current study demonstrates that some
understory IAS on Sempu Island are growing in
onty Lmited areas, while others are growing
more widely (Table 3, Fig. 5). 5. campansiale was
found preferentally growing at sites with high

elevadon and high humidity, ke at Semut
Path L A comprossus, S. wodifforn, 1. comars,
C.  camerenms, 8. jawmairensis  were found
preferentially at sites with neutral soil pH,
though they have wide environmental tolerance.
Meanwhile, €. odorwta and O, cmerensm, in
partcular, were widely distdbuted IAS on
Seonpu Island. Species with limited distdbutions
ate recommended for physical or chemieal
elimination or eradication with short (fess than 5
years) to mid-term (5 - 10 years) priority (Byu of
gl 2017}, Wheress, widely distributed species
need more than 10 years for eradication.

In addiion to physical or chemica
elimination, monitoring and spread prevention
programs should be carded out in the aress
whete [AS are widely distdbuted. Due to time
limitations and costly eradication, it is necessary
to focus on forest ecosystem integrity. At Jejn
Island, for example, the native species were
planted to re-establish the habitat Rye o &l
2017y Since Sempu Island is decreed as 2
nature reserve, the recommendations preferably,
should be of preventions rather than
interventions. Recommendations based on the
present study are directed at strengthening forest
inteprity by preveating further spread of the
existing LAS, preventing the introduction of new
IAS on Sempu Ishnd, and promoting the re-
establishment of native species. However, where
prevention is not sufficient for some certain
locatons with sedous problems, intervention is
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dso required. For lostance, the 3. cmpansiate
mother plant at Wam Pluncing of Sermut Path I
should be temoved, and eradication of L
yfudrica 3t Gladaken and € sdorags at Separa
Anskan and Barubaro are necessary for further
IAS management.

Native plant species with high conservation
values, that are protected and important are
recommended to be te-established ar Sempu
Island. Pour are recommended TUCN red-listed
tree species Le., Myrislen tepsemannii (endangered),
Sindora javanica (wolnerable), Cassaria flavovirens

Guloerable) and  Cemgps  decawdra  (pear
threatened).  Foaveenric  agellocba 18 slso
recommmended  since it is protected by

Indonesian Law (SK Mentan No.54/Kpts/Um/
2/1972). Moreover, some impottant native
species that need re-establishment incude
Astocarpus elasticns, Plerospermum spp., Disospyres
spps., Garinie chbics, etc (Rindyastud #f &/ 2018).
The re-cstablishment of native species
populstions would eventually reduce the
gbundance of IAS. It will restore the plant
community and re-conditions the ecosystem
habirats that have been invaded, theeehy
strengthening the forest Integrlty and  the
associated habitat atiributes from [AS invasions
(Lemke ef af 2012; Ryu ez 2017).

CONCLUSION

A high species diversity of understory plants
was observed at Sempu Island, speaficaly, on
the lowland forests adjacent to the trekking path
to Segara Anskan Lagoon and some coastal
areas along the western part of the Island.
Amoungst the diverse natlve understory species,
12 undersvory lnvasive alien species (IAS) were
present, indicating an ccosystem disturbance
especially at the coastal areas. Four of these TAS
are classified as the word’s worst invaders and
three gre noxious weeds. The TAS $potbodes
campaniiote was first recorded st Sempu Island
and the present mother plant should be
removed. PCA hiplot analyses demonstrated a
positive association between abundance of IAS
and the opening of forest cover caused by
visitor's activitdes.

Based on the current findings, some
mansgement Inferventons are recomended
regarding the abundance of understory IAS at
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Sempu Island Nawre Reserve: (1) in conwolling
and limidng the spread of understory IAS,
minimize or prohibit the opening of forest and
vegetation for new treklking paths or cortddors
on Sempu Island; (Z) in misiog awareness about
the threats of IAS and thelr impact on
ecosystems, educate the local guides and recruit
them as consetvation partners, and provide the
visitors with education campaipgn materials such
as banners and Information boards; (3} monitor
intensively and perodically the IAS status on
trelddng paths and sites thar are oftentmes
visited by visitors, including Semut Path, Segara
Anakan, and the west coast areas; and (4
strengthen the forest ecosystems integrity by
promoting the re-establishment of the protected
and important native plant species with high
conservaton walues, in Sempu I[sland thereby

restoring the  plant  commupity  and
reconditioning the habitat.
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