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Botanizing the Laiwangi Wanggameti region reveals new
records from Sumba (Indonesia), an island with poorly
accessible, scattered, and outdated floristic information
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Key words Abstract The Lesser Sunda Islands comprise a unique phytogeographical province within the Malesian region.
The flora of Sumba, one of these islands, has been understudied and is therefore poorly known. To address this
shortcoming, a botanical excursion of the Indonesian Institute of Sciences (LIPI) was conducted in 2016 at Laiwangi
Wanggameti National Park in Sumba. This expedition collected data from two major types of vegetation, lowland
and submontane forests from 300—1225 m asl. This study documents 145 species in 49 families of vascular plants
accompanied by trait data such as tree height and diameter at breast height (dbh) across elevational gradients.
While the number of individual trees observed increased with elevation, the average tree diameter observed de-
creased. We compared our data from the Wanggameti area with data previously collected by Banilodu & Saka in
a descriptive vegetation study in the early 1990s. A reevaluation of that dataset of Banilodu & Saka enabled us to
correct a mischaracterization of the area as elfin forest, a classification perpetuated by a subsequent publication.
The floristic work based on our data and the previous study supports the characterization of the Wanggameti area
as submontane forest. In addition, we present new records for 25 spermatophytes trees and 20 bryophytes species
in Sumba. We highlight that bryophytes are underrepresented in botanical surveys.
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INTRODUCTION

The island of Sumba

Sumba belongs to the Lesser Sunda Islands (LSI), a distinct
biogeographic unit within the South Malesian phytogeographic
region, which also includes Java and Bali (Van Steenis 1950a).
This chain of islands stretches from 8°00' to 11°00'S, and from
115°00' to 132°00'E (Davis et al. 1995). Sumba (11 150 km?) is
larger than most islands in the LSI and only smaller than Timor
(> 27000 km?2), Sumbawa (15400 km?) and Flores (13540 km?)
(Van Steenis 1950a).
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Botanical expeditions and collection density in Lesser
Sunda Islands

Thirteen botanical expeditions in Sumba were recorded be-
tween 1873 and 1950 (Van Steenis 1950b). However, only
two of these expeditions resulted in publications, i.e., by Dam-
merman (1926) and Grevenstuk (1939). To date, there is no
annotated checklist of plant species for Sumba. By contrast,
checklists exist for Bali (Girmansyah et al. 2013) and Lombok
(Rustiami et al. 2020), both of which have been subjects to
more botanical expeditions than Sumba (Van Steenis 1950b).

Sumba has also a low collection density compared to nearby
islands. Before 1950, Sumba only had 14 collected specimens
per 100 km? slightly fewer than Sumbawa (18) and Flores (17)
(Van Steenis 1950b). During the same period, however, four
smaller islands within the LSI, Bali and Nusa Penida combined
(5770 km?2), Lombok (4 715 km?2), Wetar (3500 km?) and Sawu
(440 km?), had a substantially higher collection density per
100 km2: 58, 74, 23 and 28, respectively (Van Steenis 1950b).
Later, Van Steenis (1979) documented more collection efforts
and calculated the collection density of the LSI region as a whole
at 36 specimens per 100 km?2. Lastly, Kartawinata (2010) added
the collection number and not the collection density until 2008
across botanical regions of Malesia but only provided resolu-
tion to the region of the whole LSI, not the individual islands.

At this moment, it is not possible to accurately estimate the
collection density of Sumba due to a lack of data. Due in part
to historically low density of collections, the flora of these
islands, especially Sumba, is poorly understood and requires
further study.
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Literature on the vegetation of Sumba

Two early articles provided a brief overview of the vegetation
of Sumba, although only one of them (Grevenstuk 1939) was
considered a major inventory effort by Van Steenis (1979). Gre-
venstuk (1939) provide brief yet informative botanical findings
in the context of Sumba’s general vegetation. Kalkman (1955)
and Van Steenis (1979) wrote general summaries of plants in
the Lesser Sunda Islands and provided a basic summary of
the species encountered in Sumba. Mackinnon et al. (1982)
briefly described some areas of Sumba in a feasibility study for
potential reserves, providing few details on the vegetation and
asserting that the mountain vegetation was an impoverished
continuation of the hill forest. According to Davis et al. (1995),
Sumba is in the rain shadow of Australia and receives little rain;
it consequently has the most seasonal climate in Indonesia.

Banilodu & Saka (1993) conducted a study in different vegeta-
tion types over a broad range of elevations across Sumba’s
ecosystems. They inventoried evergreen monsoon vine forest in
Katarumuru, semi-deciduous monsoon forest in Manupeu, and
lowland and rain (elfin) forest at the Wanggameti summit. The
study sites ranged in elevation from 100 m asl (Luku Malolo) to
1225 m asl (Wanggameti). They found that the lowland forest
was dominated by Euphorbiaceae, Fabaceae, Meliaceae, and
Moraceae, with tree heights up to 30—40 m. Canopy stratifi-
cation was clear in climax communities and secondary forest
regrowth. Meanwhile, the mountain forest was characterised
by 20—25 m tall, stunted trees with a thick accumulation of lit-
ter and high humidity that favoured epiphytes, mostly mosses.
This was interpreted by them as an elfin forest, a conclusion
uncritically perpetuated by Sitompul et al. (2004).

With relatively limited botanical information about Sumba, our
understanding of its vegetation has not substantially increased
in recent decades. A recent botanical expedition that was
conducted by the Research Center for Biology, Indonesian In-
stitute of Sciences (LIPI; now dissolved and integrated into the
National Research and Innovation Agency, BRIN), provided
an opportunity to meaningfully contribute to knowledge of the
vegetation composition of this unique island.

MATERIALS AND METHODS

Laiwangi Wanggameti National Park, where the present study
took place, has all types of vegetation found in Sumba (Direk-
torat Jenderal Perlindungan Hutan dan Konservasi Alam 2007).
A 2018 report noted the presence of tropical (rain) forest,
monsoon forest, and savannah as well as the core zone of
lower montane tropical rainforest (750—1 000 m asl) (Direktorat
Jendral Konservasi Sumber Daya Alam dan Ekosistem 2018).
Montane tropical rain forest is typically found at 1000—-1250 m
asl.

Atotal of nine square plots, each of 30 x 30 min size (0.81 Ha),
were set up in the Laiwangi and Wanggameti areas at different
elevations (Fig. 1). Three plots at higher elevations in Wang-
gameti ranged from 1050—-1250 m asl (Table 1): at the entrance
of the main trail (10°04' 42.2"S, 120°15'20.7"E), the forest trail
halfway to the peak (10°05'49.8"S, 120°15'08.7"E) and on
the top of Mount Wanggameti at 1225 m asl (10°06'59.3"S,
120°14'10.0"E). We suspected that these sites were the
same sites as used by Banilodu & Saka (1993). Another six
plots (0.54 Ha) were established at lowland sites at Laiwangi:
three plots ranging from 305—-365 m asl as in Billa (9°58'51"S,
120°04'48"E), and three more at mid elevation in Praengkareha
ranging from 495—-585 m asl (10°02'04"S, 120°03'26"E). Each
individual plot was divided into 10 x 10 m subplots, making 27
subplots in total (Fig. 2).

Within each plot, we measured the circumference and height of
the trees with a girth = 15 cm (diameter at breast height (dbh)
4.8 cm). The circumference at breast high was measured using
measuring tape and converted into dbh for the individual trees.
Tree height was initially estimated with the tangent method by
measuring the angle using a Suunto clinometer and calculated
based on the known distance from the observer to the target
tree. In parallel, this method was compared with the estima-
tion of tree height by comparing the known height of the field
assistant to the target tree and estimated the tree height. This
latter method was used after establishing its consistency with
the clinometer method, which was much more time consuming.
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Fig. 1 The island of Sumba and the distribution of plots (red cubes) across areas in and at the vicinity of Laiwangi Wanggameti National Park, which is now
merged with Manupeu Tanadaru under a single management scheme. Most of the plots were scattered distantly at the forested areas of Praengkareha and
Wanggameti and the remaining farmlands of Billa, which are closely aggregated to one another. Inset map of Indonesia (black white, middle bottom).
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Table 1 The range of physical environmental measurements, like elevation, soil pH, soil humidity, temperature, and humidity, of the study areas in Billa,

Praengkareha and Wanggameti.

Location Elevation (m asl) Soil pH Soil humidity (%) Temperature (°C) Humidity (%)
Billa 300-375 5.6-6.8 55-90 26.5-30.5 73-92.2
Praengkareha 480-600 6.6-7 40-80 25-30.5 77.7-93.9
Wanggameti 1020-1225 6.5-7 60-95 21-27.8 66.2—90

For each species, the average height and dbh were calculated
by adding all the individual measurements and divided by
the number of individuals. Comparison of species similarity
between altitude was conducted using the Sgrensen index
(Magurran 1988).

We also collected voucher specimens of the majority of trees in
the plots for identification to species or at least to genus level
by TM and SJ. In addition, bryophytes were recorded and col-
lected along the trail and around the plots during the survey.
Identification to species level was conducted using Gradstein
(2011) and Eddy (19884, b) as well as comparing our collections
to reference specimens at the Herbarium Bogoriense by DR
and FIW. Bryophyte collections were made from ground level
to around 2 m high, which was the limit of hand reach, from
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Fig.2 Species accumulation curves based on the species in 27 subplots of
Billa (bottom), Praengkareha (middle), and Wanggameti (top).

all available substrates such as rotten logs, trees, and rocks.
All plant collections were deposited in BO. The names of all
identified spermatophytes and pteridophytes in this study and
in Banilodu & Saka (1993) were updated as need to presently
accepted names based on Plants of the World Online (POWO
continuously updated). Correspondence was established with
Dr. Leonardus Banilodu, one of the authors of Banilodu &
Saka (1993), to achieve clarity and avoid misinterpretation of
their work.

RESULTS

Vegetation across elevational gradient

Plots studied from three areas, Billa (305—365 m asl), Praeng-
kareha (495—585 m asl) and Wanggameti (1050—-1225 m asl),
provided snapshots of two vegetation zones, lowland forest
and submontane forest, across elevational gradients. All ar-
eas had their temperature and humidity recorded as shown in
Table 1. The number and size of the plots were equal for the
three areas, thus justifying the comparison of species diversity
between them. The number of species found in the three study
areas reached a plateau as indicated in species accumulation
curves (Fig. 2). In total, there were 145 species of trees in 48
families including two species in two families of ferns (Table 2).
Praengkareha (average elevation 540 m asl) had the highest
number, 78 species in 32 families, with Meliaceae having the
most (seven) species. Wanggameti (average elevation of
1150 m asl) came second with 65 species in 37 families, with
Lauraceae having the most (six) species. Billa (an average
elevation of 335 m asl) had 62 species in 25 families, with
Moraceae having the most (eight) species as seen in Fig. 3
(right bars). Families with the most species did not necessarily
have the most individuals across elevations as demonstrated
in Fig. 3 (left bars). In Billa, Euphorbiaceae had the most indi-
viduals (27), whereas in Praengkareha, Sapindaceae had the
most (34). In Wanggameti were 75 individuals of Rutaceae, the
most of any family in any area.

Of the 48 families, nine contributed more than five species (num-
ber within parentheses): Rubiaceae (11), Moraceae (10), Eu-
phorbiaceae (9), Lauraceae (8), Meliaceae (8), Apocynaceae (7),
Phyllanthaceae (6), Anacardiaceae (6), and Sapindaceae (6)
as seen in Fig. 3. These represented only 18.75 % of the total
families recorded but made up around 42 % of the species
recorded across the plots. These families, therefore, comprise
the most substantial components of Sumba’s lowland and sub-
montane vegetation.

The study areas at low elevation (Billa and Praengkareha) shared
more similar species with each other than either did with the
area at higher elevation (Wanggameti). Billa and Praengkareha
shared more species (Sgrensen index = 0.51) than Wanggameti
with Billa (Sarensen index = 0.12) or Wanggameti with Praeng-
kareha (Sgrensen index = 0.19) as seen in Table 3.

In general, the number of individual trees across regions
showed a positive association (either linear or non-linear)
with increasing elevation (Fig. 4). Billa at the lowest eleva-
tion had 227 individuals, Praengkareha had 304 individuals,
and Wanggameti at the highest elevation had the most (553)



255

New records from Laiwangi Wanggameti region

A. Sumadijaya et al.:

aAlleN equng 1 1 - - aeaoeiqioydng ‘ds snyjuejewo  €G
aAleN equing - 1 - - aeooe|qioydnsg uazjop ¢ Nliny ‘enais O3S (‘B |ININ) sisusbueuad esouer  gg
EINEN] equns 1 l - - aeaoeiqioydng awin|g wniqnJ Uuoipiydon LG
anleN equing L ! - - aesoelqioydny ‘Bay I ("axoy) snijojbuojqo snyjuesiely 0§
aAleN equing - - - l aeooe|qioydnsg awn|g wnojueref uoipia|) 6
aAlleN equing 1 - - - aeoaoeiqioydng ‘ds uojAxoe;n gy
- equing Jo 1IN0 - - L - aeaoeiqioydng J9ss3 (‘gxoy) ejeooeq ejeyeeg v
aAleN equing - - - 1 oe008/U0|BIST ‘ds ewsoAjo4 9y
EINEN] equns - l L - oeaoediesose|q ‘ds sndieoosejg  Gp
aAleN equng - 1 - - oeaoedieoose|g ‘llem (oer) snjejoned sndiesose|g iy
aAleN equing - - L - oeooediesose|g awn|g snpunquioyj sndieoose|g ¢
aAlEN equns - l L - oaeaoediesose|q awn|g snijojipsnbue sndieoose|g  zy
aAlleN equng - - L - aeaoe|Aydiuydeqg awn|g susosaonelb wnjfydiuydeq Ly
ETNEIN equing - - - 1 aeaoeiadfD ‘ds snuedfo oy
aAlleN equing - - L l oeaoraylefD uolJ] 'Y (swn|g) eonelb susjdosseyds g
aAlleN equng - - L - aeaoe/UoUNYD uoQq'q eauixelj ejifydoisld 8¢
aAleN equing 1 1 L - oeooeUIo) ‘quisolg (ysseH) wnijojipunjos wnibuey /€
aAlEN equns - - - l 28908UI0D swueH (o) esusuiyo wnibuely  9g
aAleN equing 1 1 - - 88008}8.IqUI0D ‘ds ejjeuiuisl  Gg
aAleN equing - - L - 28008}9.IqUI0D ‘gqxoy (‘upeen) eouljeq eleuiwisl g
aAlEN equns - l - - 2e908ISNID ‘ds euroien  gg
aAleN equing - - L - aeaoeIsn|y ziny| ("gqxoy) s1onp elupies  ge
aAleN equing - 1 L l LRI ) ‘ywung Lyenos wnjfydoed g
aAlEN equns - - L - EIEERIVINETET) ‘llBA X@ uAaH g snaipul snwiAuong Qg
- - - - - 1 aeaoeljojude) ‘ds eso01UOT 6T
aAleN equing 1 1 - - oeaoeIesINg ‘ds wnueue) gz
aAllEN equns - - - 1 aeaoeiesIing "|6u3 (‘weT) wnsosjo wnueue)  Jg
aAleN equing 1 - L - aeaoelesing ‘yuag wniedse wnueued 9z
- equing jo INQ - - - 1 oeaoRIBISY ‘dssueplg Gz
aAlEN equns - - - l aeaoejus|dsy 1 snpiu wnuadsy g
- equing Jo IN0 - - - 1 oeaoedaly '009g eloyisuap ebueuld €7
aAleN equing 1 - - - ELERI=REY ‘ds ejofiey gz
aAlEN equns 1 - - - aeaoroaly InoT spiw ejofied |z
ETNEIN] equing - - - 1 2890RIAIY by (Bwin|g) sejeeyooueisw snweed 0z
- eqwng Jo INQ - - - l LRI EY awn|g sisuanef snweed 6l
paonpouu| equns 1 - - - aeaoroalYy 1 nyosjeo edaly gl
- equing Jo 1IN0 - - L - aeaoelely ysseH (swn|g) wnpibu wningidejday /1
- equng jo INQ - - L - aeaoeljojinby awn|g esowAo x| 9l
aAlleN equing 1 l - - oeooeuAoody gy susosaqnd enybupy - Gl
- equing Jo 1IN0 1 - - - aeaoeufoody ajjoy (swn|g) epiooj ebuedseop )
aAleN equing 1 1 L - aeooeufoody awn|g edseoosoeyds euejuowoeuioqe] gl
aAlEN equns - l - - aeaoeufoody ‘ds euejuowoaeuioqe; g\
- equing Jo 1IN0 1 1 - 1 aeaoeufoody 3oer edieoosoew euejuowseUIdqe] 1l
aAleN equing - 1 - - aeooeufoody ug-d () suejoyos eluojsiy 0l
- equng jo InQ 1 l L - aeaoeufoody uoq o xa ‘||lep ejjfydosoew eluojsiy 6
- equing jo IN0 1 - - - aeaoe|pIeoRUY ] uiquow sejpuods g
aAleN equing 1 l L - oeaoEIpIRIBUY ‘INS sisuaye; snyy  J
- equng jo InQ 1 - - - aesoeIpIedBUY ‘})OOH IAsjjow uopedsejusd 9
paonpo.ju| equing 1 - - - aeaoe|pIeORUY " eolpul eigjibueyy G
- equing jo IN0 - - - l oeaoeIpIROBUY ‘biN eqopab essyibueyy
- equng jo QO - - - l aeaoeIpIedBUY 1seybusieiniy ¢
aAleN equing - 1 - - aeaoe|pIeoRUY ‘ds ejueueyong g
aAleN equing - l - - oeaoeIpIROBUY awn|g (awn|g) susosaloq.e ejueueyong |
paonpouju|/sAleN uonnquisip [eineN 1dIn 1dI7 eyssexbuse.d |dI7 newebbuep, (S 9 9) nowebbuep Ajiwey sopadg  'ON

‘(pe@onpouju| sA aAlleN) ulblo Jo snjels ay) pue (Bquing J0 INO SA BqWING) UoiNguUIsSIp [enjeu Jo snies ay} Aq pajuedwod
-oe s| sa10ads yoe3 ‘ijawebbuep) uo snooy yum (£661) BYES 8 Npojiueg jo }nsal ay} snid (1ewebbuepy pue ‘eyaleybuseld ‘e||ig) seale Apnis ssosoe saloads pue sajjiwey sajAydoplald pue seyfydojewsads jo sl 8yl g a|qel



Blumea — Volume 69 / 3, 2024

256

- equing jo InQ L 1 - - oe20RINSLAN ‘MNoH enjey eansLAW 101
aneN equns - - 1 - 8e80e0LAN awn|g eojuenel eoufyy 9oL
aAleN equng - - - L aeaoeIopN unoTJadse snjqasis G0l
aAleN equing L - - 1 EEERET awn|g ejebauiea snai4 01
aAlEN equing L - - - aeaoRION Z'dssnai4 €0l
aAleN equng 1 - - - seaoeIopN | "dssnai4 20l
aAleN equing L - - - aeaoRIoN ‘dssnai4 L0l
aAlEN equing L - - - oaeaoRION ‘qunyl ejenuis snaol4 Q0L
aAleN equng - 1 - - seaoeIop awn|g eljojnjoubew snol4 66
aAleN equing - - - 1 EEELET ‘quny_ esoednip snol{ 86
aAlEN equing L - - - aeaoRIoN awn|g essaidap snal{ /6
aAleN equng 1 - - - seaoeIopN ‘Pl BSOJ/ED SNdIH 96
aAleN equing L 1 - - aeaoRIoN ‘ywing sojodwe snal{ 6@
aAlleN equing - 1 - - oeaoRION ‘ds sndiesory  v6
anleN equng - - - L EEELETET ‘LB (swin|g) Jusins eU0Ol €6
aAleN equing - 1 - - EEERETE "qqelN (¥08qsQ) eojseled sueyoldy 26
aneN equns 1 1 - - EEELEET] ‘ds wnifxosAg 16
aAlleN equing - 1 - 1 EEEREET ‘wIBIsoy (308qsQ) wnomisesed wnifxosAg 06
aAleN equing L 1 - 1 EEERETE ‘ds uojayoosiyy 68

- equins jo InQ - L 1 - EEERETET "bIN Snojwessd uojeydosIyy 88
anleN equng - - - L EEELETET ‘ds ergiby /8
aAleN equing - 1 - - EEERETE awin|g ewysspeiopo eigiby 98
aneN equns - - 1 - EEELEET] ‘yuag ('ssnr'y) esproubeseyo eiglby  Gg
BAllEN equing 3 3 - - 9B80IIBN ‘llem (‘gxoy) sinpe ereiby  ¥8

- equing jo InQ - - - 1 2e90B)RWO}SEISN qxoy ajnpe uojfosweyy €8

- equng jo IO - - - 1 aeaoepjelep "WHOH ('1s104'D) ejodna susjdoibuy 8
aAleN equng 1 1 - 1 aeaoeAep ‘ds eynose)s 18

- equing jo InQ L 1 - - EEEAVEN] ‘wieysoy (1g-y) lpraysioy ejoblisyd 08
ETGEN] equing L L - - EEERIEVEN] awin|g wnyjojisionip wnuliedsoidld 6/
aAlEN equing - - - ! EEERENE Jdejs (‘nnoH) ejejlequin elyoojey 8/
aAleN equing L - - - EEEEAVEN] ] eydsoy einoyursly 1/
anneN equing - - ! - seooeljoubeyy ireg (1) esoppy eljoubeyy 9/
aAlleN equng - - 1 - EEEREINY ‘ds ejwaojsiobe] G/
aAlEN equing - - - 1 aeooeIUEbO] '18I04°9) 9 18104 Y [ 8/psadni BWOISOIUSD) ¥/

- equing jo InQ - 1 - - aeaoeine] ziny) (‘uuig 9 ‘wslial) ies) euafeq ¢4
aAleN equng - 1 1 - oeaoeIneT ‘uedg eueuown} easy]  Z.

- equing jo InQ - 1 1 - seooeINET awin|g eondijje easy7 L/

- equins jo InQ L L - - seaoeIneT soaN (oer) ejessesoul eiseeysg 0/

- equing jo InQ - 1 1 - oeaoeine] 19y simeulduy efieooydfiny 69
aAleN equing - - 1 - seooeINET awin|g ea.ugj eAiesojdfiy g9

- equins jo InQ - - - L seaoeIneT |Saud’[ WnieA wnwoweuur) /9
aAleN equng - 1 1 - seaoeIneT awn|g (SeaN’L '@ Se8N) /uuew.INg wnwoweuury 99

- equns jo In0 - - 1 - aeaoeine] saoN (awn|g) ejfydosoew suydepoundy  G9
aAlEN equing L L - - seaoele] dsxaiA  $9
anleN equng - - 1 L seaoepuelbnr awn|g ejeoids eipseyiebuy €9

- equing jo InQ - 1 - - seaoepuelbnr awin|g ejeuss eipieyebug 29
aAlEN equing - L - - aeo0BI1IN0JE|H IZJUON %3 "||OZ WweynJ elunodel{ 19

- equing jo IN0 - - - 1 oeooebe snwe 'y (swn|g) snyepunjos sndiedoyy] 09

paonpouu| equing - - - 1 aeaoeqe aukaH "y xa Jaxoeg ('0q) wndieoossjd wnioydojjoad  6S
aAlEN equing - - - L seaoeqe ‘ds ejjereue)d  gg
aAlleN equing 3 3 - - seaoeqe ‘b ejpuswoy Biziqly LG
anieN equng l - L - sesoelqioydng ‘Bay N (‘wen) sisuaddiyd snjojiepy 9
aneN equns 1 - - - asesoeiqioydny ‘Bay’|INN (4818199 snyeyjad snjojlepy GS

- equing jo IN0 - - - 1 aeaoelqioydng \lleg ejesonjonus ebuesedeyy 45

paonposu|/aAleN uonnquisip [einjeN IdI7 elng IdI7 eyauexbuseld IdI7 newebBbuepy (S g 9) nowebbuep Ajwey sapads  ON

(‘u00) z ejqeL



257

New records from Laiwangi Wanggameti region

A. Sumadijaya et al.:

anleN equng - - - 1 aseaoeejueS gy snijoypel sodiesoxy 19|
anjeN equing - - 1 - aeaoeiny BN Winijojiiero winjAxoyjuez Q9L
- equing jo IN0 - 1 L - oeaoeIny ‘uIy 8 WBIA (11s104°9) wnnuiw wnjawodiy 651
anleN equing - 1 - - aeaoeiny ‘ds adooyjopy  8S1L
SAleN equing 3 - l - oesoeIqny "0a (ewin|g) eiojyisuap elpuejpuspy LS
aAlleN equing - 3 - - oseaoelqny uemoQ /ljjiing eipuepuspy - 951
aAleN equing - - 1 - aeaoeIqny awin|g esojuawiies elLjoyofsd  GS|
aneN equng - 1 - - aeooeIqny awin|g Xa'MuIoy euBjuUOW BjjoARd  $GL
aAleN equng - - - 1 oeaoeIqny 9|\ (awn|g) esjeoxe egoneuosN Gl
anleN equing L - - - aeaoeIqny 1 () siejusLio egponeN  gslL
- equing jo IN0 - 1 - - aeooeIqny awn|g snjebineel snyjueise] |Gl
aAleN equng L L - - oeaoeIqny ziny| (awn|g) esopnjed eiox; 0S|
- equing jo N0 - 1 - - aeaoeIqny '0q (swn|g) eoiuesef eiox| 6yl
- equnsg jo InQ L - - - oaeaoe|qny ‘qgelN (‘qxoy) esuaxLIo uoAjipousw Ay 8yl
aAlleN equing - - 1 - oeaoeIqny ‘wiyezey g Jojkel ‘D ‘oqelseg (‘bi) esiAyjoydsy eiyoewing 1y
paonpouu| equing L - - - aeaoeIqny 12UYa014'y Xd aliald ejoydaued eayo) 9yl
aneN equng - 1 1 - 2200BS0Y uewsjjey (awn|g) eajoqie snunid Gyl
aAleN equng - - 1 1 aeaoenlluesnnd ‘WYHOHM B Xed (UOIB|BA %@ "PJOOY X8 ‘WS [[) SijeAo sajadlig vl
aAleN equing - - 1 - aeaoenlfluesnd ‘WYPOH M B Xed (‘piooy) ejogibau sejpdflig  €pL
aneN equng - - - 1 2290£0]0.d ‘ds eleH gyl
aAleN equng - - 1 - 289980]0.d awn|g (Ug-y) ejesss eioH Lyl
anleN equng - - 1 - aeaoenwWlid ‘JOYOS X8 awn|g myjessey auisiAy - oyl
aneN equng - - 1 - oea0BINWIIH ‘ds esee)y  BEL
aAleN equng - - 1 - oeaoBINWII ‘0Qy eoluenef eisiply g€l
anleN equing - - - 1 aeaoelpodAjod ‘wsr (") efoyossnb eueufug €L
aAleN equing - - 1 - 2e00ed/1EI0POH awn|g /ydwni sndiesopod  9€|
- equing jo InQ - - 1 - 2e998d/2O0POH uoQq-Q snyjojiuau sndieoopod  Gel
anleN equing - - 1 - 2e90ed12I0POH ‘qneT ap (awn|g) snjeouqui sndieofioeq gL
aAlleN equing - 1 - - oe20RI0dSO)Id ds wniodsopld €€l
aAlleN equing 1 1 1 - oeooeI0dsoId ‘biIN (‘weT) wnuesonjow wniodsopld  ZEL
aAleN equing - - - 1 aeaoeiadid ‘dssadld  LEL
SAlEeN equing 3 - - - aeaoeyjuelAyd ‘ds uoipiyoo/9 o€l
aAleN equing - - L - sevoeyjuelfyd "qoy"g 0 ("AeQ) wnarddipyd uolpiyoon 621
SAleN equing - 3 - - eeaoeyjuelhyd ‘dsejepug 8zl
anleN equng - 1 - - aeooeyuelfyd ‘auda( ejeno elepug /2L
aAlleN equing - - 1 1 oeaoeyjuelifyd ‘Bay INN (1od) enwieo eiufaig  9z1
- equing 4o IO - - L - oeaoeyjuelfyd “BayINN winijojuAd ewsapyuy Gzl
anleN equing L 1 - - aeaoeyuelifyd awin|g wnuejuow ewsspiuy gl
- equing jo IN0 - - 1 - oeaoelod ‘JYooH eueAejew einajdouobLy  €z1
- equinsg jo In0 - - 1 - aeaoeoe|Aydejuad ‘plooy] ("ypoyy) ejebuoje elwsosuIal  Zzl
aAleN equng - - - 1 aeaoeuEpUEH 104 N X8 Uosulyied SnLojos) snuepued Lzl
EWIEN] equng - - - 1 oeaoeUBpPUEH ‘ds snuepued 0zl
SAleN equing - - - 3 oe982EPIY2I0 sawy (Jows|lI\) ejeoljd) syjueied 6Ll
aneN equng L 1 - - aeaoelIdO BN (swn|g) euejuew eresodweyd gLl
paonpouu| equng - - 1 - ELELI=ET o) SMaJpuy ('} uung) wnioypinw wnuiuser /L1
anleN equing L 1 1 - 2e80e9J0 ‘gqx0y SsnJoyjwel snyjueuolyy 9Ll
aneN equng L 1 - - aeaoeuIbejoN '1S104'D) B “ISI04 Y[ BIBJ|OqUIN SBP0dD G|
aneN equing - - 1 - aeaoeuApy ds wnibAzAs  y11
aAleN equing - - 1 - ELEERS] Aad’ I 8 BN (Bwin|g) suuojiselao wnibAzAS  ¢LL
anjeN equing - - 1 - aeaoeuAp Auad’IN1 8 "MeN (Bwnig) wnadaspyue wnibAzAS  zLL
aneN equing - - 1 - CEERE] '0a (swin|g) wnuwysspeuiwnoe wnibAzAs |11
aAleN equing - 1 - 1 aeaoeuAp ds wnuuadsesag QL1
- equng jo IO - - - 1 aeaoealISLAN ‘bIN nuuewsAsy eosuAyy 601
aAlleN equing - - - 3 oeo0RINSIAN "0Q'V eljojienent eonstAn - 8oL
paonposu|/aAleN uonnquisip |einjeN Idin elg IdI7 eyauexbuseld IdI7 howebBuepy (S '3 g) newebbuep Awey sapads  "ON
('u00) z 9jqeL



258

Blumea — Volume 69 / 3, 2024

Table 2 (cont.)

Native/Introduced

Billa LIPI Natural distribution

Wanggameti LIPI Praengkareha LIPI

Wanggameti (B & S)

Family

Species

No.

Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native
Native

Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba
Sumba

daceae
indaceae
indaceae
indaceae
indaceae
aceae
aceae
aceae
aceae
aceae

n
Stemonuraceae
Symplocaceae

Sap
Sap
Sap
Sap
Sap
Sapo
Sapo
Sapo
Sapo

Planchonella obovata (R.Br.) Pierre

Harpullia arborea (Blanco) Radlk.
Mischocarpus sundaicus Blume
Pometia pinnata J.R.Forst. & G.Forst.
Sapindaceae

Schleichera oleosa (Lour.) Oken
Palaquium amboinense Burck
Palaquium obovatum (Griff.) Engl.
Palaquium obtusifolium Burck
Palaquium sp.

Gomphandra sp.

Symplocos sp.

Allophylus cobbe (L.) Forsyth f.

162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184

—

Tetramelaceae

Tetrameles nudiflora R.Br.

Wikstroemia sp.

Native
Native
Native
Native

Thymelaeaceae
Urticaceae
Urticaceae
Urticaceae
Urticaceae
Urticaceae
Urticaceae
Viburnaceae
Vitaceae

Viburnum sambucinum Reinw. ex Blume

Debregeasia longifolia (Burm.f.) Wedd.
Leea rubra Blume

Dendrocnide peltata (Blume) Miq.

Dendrocnide sp.
Oreocnide rubescens (Blume) Miq.

Dendrocnide stimulans (L.f.) Chew
Pilea sp.

64 78 62

52

Total species

individual trees. Dbh followed the opposite pattern, with the
largest average (20.48 cm) at the lowest elevation, Billa,
gradually decreasing as elevation increased, with an average
dbh at Praengkareha and Wanggameti of 14.96 cmand 12.67
cm, respectively.

Each elevation had its own most frequently recorded trees, such
as 16 individuals of unidentified species of Caryota (Arecaceae)in
Billa, 18 individuals of Cleistanthus oblongifolius (Roxb.) Mull.Arg.
(Phyllanthaceae) in Praengkareha, and 53 individuals of Micro-
melum minutum (G.Forst.) Wight & Arn. (Rutaceae) in Wangga-
meti. There were nine species in eight families that occurred
across the whole gradient, Alangium rotundifolium (Hassk.)
Bloemb. (Cornaceae), Alstonia macrophylla Wall. ex G.Don and
Tabernaemontana sphaerocarpa Blume (Apocynaceae), Chio-
nanthus ramiflorus Roxb. (Oleaceae), Oreocnide rubescens
(Blume) Miq. (Urticaceae), Pittosporum moluccanum (Lam.)
Miq. (Pittosporaceae), Planchonella obovata (R.Br.) Pierre
(Sapotaceae), Rhus taitensis Guill. (Anacardiaceae), and Te-
trameles nudiflora R.Br. (Tetramelaceae). These species could
be studied to investigate morphological changes within species
along an elevational gradient.

New distribution ranges, unrevised families, and unidenti-
fied taxa

We found 25 species across the families of spermatophytes
listed in Table 2 that were previously not recorded in Sumba
according to the Flora Malesiana Series |. These new records
indicate wider distributions than those previously known (Soe-
padmo 1972, Hou 1978, Adema et al. 1994, De Wilde 2000,
Middleton 2007, Van Welzen continuously updated) for the
following species: Anacardiaceae (Pentaspadon motleyi
Hook.f., Spondias mombin L.), Apocynaceae (Alstonia macro-
phylla Wall. ex G.Don, Tabernaemontana macrocarpa Jack,
Voacanga foetida (Blume) Rolfe), Aquifoliaceae (llex cymosa
Blume), Araliaceae (Heptapleurum rigidum (Blume) Hassk.),
Euphorbiaceae (Balakata baccata (Roxb.) Esser, Hancea
penangensis (Miill.Arg.) S.E.C.Sierra, Kulju & Welzen), Juglan-
daceae (Engelhardia serrata Blume), Lauraceae (Actinodaphne
macrophylla (Blume) Nees, Cryptocarya triplinervis R.Br., De-
haasia incrassata (Jack) Nees, Litsea elliptica Blume, Payena
leerii (Teijsm. & Binn.) Kurz), Malvaceae (Pterygota horsfieldii
(R.Br.) Kosterm.), Meliaceae (Chisocheton ceramicus Miq.),
Myristicaceae (Myristica fatua Houtt.), Pentaphyllaceae (Tern-
stroemia elongata (Korth.) Koord.), Peraceae (Trigonopleura
malayana Hook.f.), Phyllanthaceae (Antidesma pyrifolium Muill.
Arg.), Podocarpaceae (Podocarpus neriifolius D.Don), and
Rubiaceae (Hymenodictyon orixense (Roxb.) Mabb., Ixora
javanica (Blume) DC., Lasianthus laevigatus Blume). These
novel and extended distribution ranges likely represent the
previous absence of available specimens from Sumba. This
highlights the need for more collecting on under-studied islands.

In addition, there are species of Apocynaceae, Araliaceae, Aqui-
foliaceae, Arecaceae, Lauraceae, Malvaceae, Marratiaceae,
Rubiaceae, and Rutaceae (Table 2) that are lacking taxonomic
information, because their taxo A nested-intensity design for
surveying plant diversity. Aspen Bibliography Paper 225 nomic
revisions for the Flora Malesiana have not yet been completed.
Thus, we cannot confidently determine the native or introduced
status of these species in Sumba.

There are 30 unidentified species in 22 families that are identi-
fied only to generic level and in one case to family (Sapin-
daceae) because they were sterile during collection. The family
with the most unidentified (4) species is Moraceae, and three
of these belong to the genus Ficus. Most of these unidentified
species were found in Praengkareha (21) followed by Billa (16)
and Wanggameti (4).
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Fig. 3 Left: Ten families with the most individual trees in Billa (top), Praengkareha (middle) and Wanggameti (bottom). Right: ten families with the most spe-

cies in Billa (top), Praengkareha (middle) and Wanggameti (bottom).

Bryophytes

Our excursion recorded 25 families of bryophytes containing
49 genera and 68 species (Table 3). The highest number of
bryophyte species (53) was recorded at the highest elevation
(Wanggameti, > 1000 m asl), whereas the lower elevation sites
(Billa and Praengkareha, < 1000 m asl) combined had only 20
species. The number of moss familes, genera, and species
were twice as high as those of liverworts. Mosses consisted
of 47 species in 33 genera in 17 families, and the liverworts
consisted of 21 species in 16 genera in 8 families.

The submontane forest of Wanggameti harboured 36 species
of mosses, whereas the lowland forests of Billa and Praeng-
kareha had 16 species. Four species occurred in both lowland

and submontane forest. Liverworts exhibited the same pattern,
with only five species in the lowland forest and 17 species in
the submontane forest; two species occurred across the entire
elevational range.

DISCUSSION

Patterns and reassessment of the lowland and submontane
vegetation

The total number of tree species found in Billa, Praengkareha,
and Wanggameti (145 species within 1.35 Ha) was much higher
than in other studies such as in Central Java (81 species in
more than 20 Ha) (Marliana & Rihe 2014). However, itis much
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Table 3 The list of Bryophytes — with the absence of hornworts — found in the botanical excursion arranged based on groups, family, and species. The spe-
cies of mosses outnumbers the liverworts. Majority of species are found at the higher altitude alone (Wanggameti) than two areas of the lowland (Bllla and
Praengkareha) combined. Some of the mosses and liverworts species have broad altitudinal range.

No. Group Family Species Submontane Lowland Note
forest forest

1  Musci Bartramiaceae Philonotis bartramioides (Griff.) Griff & Buck. - 1 Windadri & Rosalina 2020

2 Musci Brachytheciceae Rhynchostegium celebicum (Sande Lac.) A.Jaeger - 1 Windadri & Rosalina 2020

3 Musci Calymperaceae Calymperes afzelii Sw. - 1 Windadri & Rosalina 2020

4 Musci Calymperaceae Leucophanes massartii Ren & Card 1 - Species confirmed in this study

5 Musci Calymperaceae Mitthyridium flavum (Mall.Hal.) H.Rob. 1 - Windadri & Rosalina 2020

6  Musci Calymperaceae Syrrhopodon aristifolius Mitt. 1 - Windadri & Rosalina 2020

7 Musci Dicranaceae Leucoloma mittenii M.Fleisch. 1 - Windadri & Rosalina 2020

8 Musci Dicranaceae Leucobryum candidum (P.Beauv.) Wils. 1 - Windadri & Rosalina 2020

9 Musci Dicranaceae Leucobryum juniperoideum (Brid.) Mull.Hal. 1 - Windadri & Rosalina 2020
10  Musci Dicranaceae Leucolloma molle (C.Mull.) Mitt. 1 - Species confirmed in this study
11 Musci Fissidentaceae Fissidens perpusillus Wils. ex Mitt. 1 - Species confirmed in this study
12 Musci Fissidentaceae Fissidens robinsonii Broth. 1 1 Species confirmed in this study
13 Musci Hypnaceae Isopterygium bancanum (Sande Lac.) A.Jaeger - 1 Species confirmed in this study
14  Musci Hypnaceae Ectropothecium monumentorum (Duby) A.Jaeger 1 - Windadri & Rosalina 2020
15  Musci Hypnaceae Ectropothecium buitenzorgii (Bel.) A.Jaeger. 1 Species confirmed in this study
16 Musci Hypnaceae Ectropothecium dealbatum (Reinw. & Hornsch.) A.Jaeger 1 - Windadri & Rosalina 2020
17 Musci Hypnaceae Ectropothecium falciforme (Dozy & Molk.) A.Jaeger - 1 Windadri & Rosalina 2020
18 Musci Hypnaceae Ectropothecium ichnotocladum (Mill.Hal.) A.Jaeger - 1 Windadri & Rosalina 2020
19  Musci Hypnaceae Isopterygium minutirameum (C.Mull.) A.Jaeger 1 - Species confirmed in this study
20 Musci Hypnaceae Isopterygium textori (Lac.) Mitt. 1 - Species confirmed in this study
21 Musci Hypnaceae Taxiphyllum taxirameum Mitt. 1 - Species confirmed in this study
22 Musci Meteoriaceae Aerobryopsis wallichii (Brid.) M.Fleisch. 1 - Windadri & Rosalina 2020
23  Musci Meteoriaceae Barbella enervis (Mitt.) Fleisch. 1 - Species confirmed in this study
24 Musci Meteoriaceae Barbella pendula (Sull.) Fleisch. 1 - Species confirmed in this study
25 Musci Meteoriaceae Floribundaria floribunda (Doz. & Molk.) Fleisch. 1 - Species confirmed in this study
26  Musci Meteoriaceae Floribundaria pseudofloribunda Fleisch. 1 - Species confirmed in this study
27  Musci Meteoriaceae Meteorium helmintocladum (C.Mull.) Fleisch. 1 - Species confirmed in this study
28 Musci Meteoriaceae Meteorium polytrichum Dozy & Molk. 1 Windadri & Rosalina 2020
29 Musci Neckeraceae Himantocladium loriforme (Bosch & Sande Lac.) M.Fleisch 1 - Windadri & Rosalina 2020
30 Musci Neckeraceae Himantocladium plumula (Nees) M.Fleisch. 1 1 Windadri & Rosalina 2020
31 Musci Neckeraceae Homaliodendron flabellatum (Smith.) Fleisch. 1 - Species confirmed in this study
32 Musci Neckeraceae Neckeropsis gracilenta (Sande Lac.) M.Fleisch. 1 - Windadri & Rosalina 2020
33  Musci Neckeraceae Neckeropsis lepineana (Nees.) M.Fleisch. 1 - Windadri & Rosalina 2020
34  Musci Octoblepharaceae  Octoblepharum albidum Hedw. 1 - Windadri & Rosalina 2020
35 Musci Octoblepharaceae  Octoblepharum albidum Hedw. - 1 Windadri & Rosalina 2020
36 Musci Phyllogoniaceae Orthorrhynchium phyllogonioides (Sull.) E.G.Britt. 1 Species confirmed in this study
37 Musci Polytrichaceae Pogonatum neesii (Mill.Hal.) Dozy 1 - Windadri & Rosalina 2020
38 Musci Pottiaceae Barbula consanguinea (Thw. & Mitt.) A.Jaeger - 1 Species confirmed in this study
39 Musci Pottiaceae Barbula convoluta Hedw. - 1 Species confirmed in this study
40 Musci Pterobryaceae Calyptothecium crispulum (Sande Lac.) Broth. 1 - Windadri & Rosalina 2020
41 Musci Pterobryaceae Endotrichella elegans (Dozy & Molk.) M.Fleisch. 1 - Windadri & Rosalina 2020
42 Musci Pterobryaceae Pterobryopsis crassicaulis (Mull.Hal.) M.Fleisch. 1 - Windadri & Rosalina 2020
43  Musci Rhizogoniaceae Pyrrhobryum spiniforme Hedw. 1 1 Windadri & Rosalina 2020
44 Musci Sematophyllaceae  Taxithelium kerianum (Broth.) M.Fleisch. 1 Windadri & Rosalina 2020
45  Musci Sematophyllaceae  Taxithelium vernieri (Duby) Besch. - 1 Windadri & Rosalina 2020
46  Musci Sematophyllaceae  Trichosteleum elegantissimum M.Fleisch. 1 - Species confirmed in this study
47  Musci Splachnaceae Tayloria borneensis Dix. - 1 Species confirmed in this study
48  Musci Thuidiaceae Thuidium plumulosum (Dozy & Molk.) Dozy & Molk. - Windadri & Rosalina 2020
49 Liverwort  Aneuraceae Riccardia crenulata Shiffner - Haerida et al. 2020
50 Liverwort  Frullaniaceae Frullania apiculata (Reinw., Blume & Nees) Dumort. 1 - Haerida et al. 2020
51 Liverwort  Frullaniaceae Frullania nodulosa (Reinw., Nees & Blume) Nees 1 First Liverworts collection in Sumba
52 Liverwort  Frullaniaceae Frullania moniliata (Reinw., Blume & Nees) Mont. 1 - Haerida et al. 2020
53 Liverwort  Geocalycaceae Heteroscyphus coalitus (Hook.) Schiffn. 1 1 Haerida et al. 2020
54 Liverwort Lejeuneaceae Ceratolejeunea cf. papuliflora Steph. 1 - Haerida et al. 2020
55 Liverwort Lejeuneaceae Cheilolejeunea ceylanica (Gottsche) R.M.Schust. & Kachroo 1 - Haerida et al. 2020
56 Liverwort Lejeuneaceae Cheilolejeunea trapezia (Nees) Mizut 1 Haerida et al. 2020
57 Liverwort  Lejeuneaceae Drepanolejeunea levicornua Steph. - Haerida et al. 2020
58 Liverwort Lejeuneaceae Drepanolejeunea vesiculosa (Mitt.) Steph. 1 - Haerida et al. 2020
59 Liverwort Lejeuneaceae Lejeunea alata Gottsche 1 - Haerida et al. 2020
60 Liverwort Lejeuneaceae Leptolejeunea elliptica (Lehm. & Lindenb.) Schiffn. - 1 Haerida et al. 2020
61 Liverwort Lejeuneaceae Lopholejeunea nigricans (Lindenb.) Steph. 1 - Haerida et al. 2020
62 Liverwort Lejeuneaceae Mastigolejeunea humilis (Gottsche) Schiffn. 1 - Haerida et al. 2020
63 Liverwort Lejeuneaceae Mastigolejeunea ligulata (Lehm. & Lindenb.) Schiffn. 1 - Haerida et al. 2020
64 Liverwort Lejeuneaceae Ptychanthus striatus (Lehm. & Lindenb.) Nees 1 - Haerida et al. 2020
65 Liverwort Lejeuneaceae Spruceanthus polymorphus (Sande Lac.) Verd. 1 - Haerida et al. 2020
66 Liverwort Lepidoziaceae Bazzania longicaulis (Sande Lac.) Schiffn. 1 Haerida et al. 2020
67 Liverwort  Metzgeriaceae Metzgeria consanguinea Schiffn. 1 - Haerida et al. 2020
68 Liverwort  Plagiochilaceae Plagiochila teysmannii Sande Lac 1 1 Haerida et al. 2020
69 Liverwort Radulaceae Radula javanica Gottsche 1 - Haerida et al. 2020

Total species 53 20
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Fig. 4 The number of individuals, average tree height, and average dbh of trees in Billa (yellow), Praengkareha (blue), and Wanggameti (green).

lower than in Kalimantan (205 tree species within 1 Ha) (Sheil
et al. 2010), in Jambi (Sumatra) 724 tree species within 8 Ha
(Rembold et al. 2017), and in Sulawesi (c. 150 species in 1 Ha)
(Kessler et al. 2005). The total number of tree species in our
study area can be considered a good estimation because the
species accumulation curves (Fig. 2) reached a plateau. Hence,
additional plots will likely detect few new species (Barnett &
Stohlgren 2003). Our study area comprises lowland and high-
land forest areas, similar to the study in Sulawesi, while other
studies, those in Java and Lombok, were conducted in highland
areas only, and those in Sumatra and Kalimantan were done
in lowland areas only. Elevation affects the number of species
found, determined mostly by increasing diurnal temperature
variability and rainfall seasonality and a decreasing minimum
temperature (Ashton 2017).

Within our study area, we also observed another pattern in the
number of species. Billa had a lower species number when com-
pared to Wanggameti. This phenomenon occurs likely because
of the impact of human activities. Several domesticated species
were recorded at Billa such as Areca catechu L., Mangifera
indica L., and Coffea canephora Pierre ex A.Froehner. These
economic species evidently were introduced to this island
(POWO continuously updated) and cultivated in farmland as
seen in Fig. 1. We also noted the presence of foraging cattle
around the plot locations in Billa.

All study areas have a similar species compositions to some
degree. Apart from nine common species, listed above, there
were many species present in two out of three areas. Billa
and Praengkareha, both in the lowlands, shared more than
30 species in common. The high species similarity (Sgrensen
index = 0.51) observed in these two areas was likely due to the
low elevational gap, around 100 m, between these locations,
reflecting similar vegetation zones. In contrast, Praengkareha
and Wanggameti have a larger average elevational gap (500 m)
and shared only 19 species. Moreover, Billa and Wanggameti,
with an even larger elevational gap (700 m), shared a lower
number of species (12). Lower similarity in species composition
(Serensen index = 0.27 and 0.19, respectively) indicates differ-
ent vegetation zones, reflecting a decrease in environmental
similarity due to topography or climate (Nekola & White 1999).
Furthermore, along elevational gradients in the tropics the
environmental conditions that shape the ecosystems are also
varied, such as humidity and rainfall increases from lowland
rainforests to cloud forests and elfin forests, but in contrast a
decrease in nutrient availability (Givnish 1999).

The effect of elevation on average tree height, average dbh and
the number of individuals of nine species occurring across all ar-
eas were compared to one another as seen in the Appendix. The
elevational patterns in these three different parameters were
not consistent between species, e.g., as elevation increased,
two species, Chionanthus ramiflorus and Tabernaemontana

sphaerocarpa exhibited an increase in average tree height,
while Tetrameles nudiflora, Pittosporum moluccanum and Al-
stonia macrophylla demonstrated the opposite effect. Dbh also
showed opposing patterns for some species. Tabernaemontana
macrocarpa and Chionanthus ramiflorus exhibited a larger dbh
with increasing elevation, in contrast to Alstonia macrophylia.
Broader field surveys with more species covered can poten-
tially expose more patterns and deliver a more comprehensive
botanical picture of this island.

The observable patterns across elevational gradients are
summarized as follows. Praengkareha at the middle elevation
had the tallest tree average record (11.60 m), followed by Billa
(10.76 m) and Wanggameti (10.39 m). To some degree, this
is in line with Lieberman et al. (1996), who found that average
canopy height, as well as the species diversity, reached their
maxima at intermediate elevation. They stated that lower di-
versity at higher elevation was presumably the result of difficult
environmental conditions, which constrained the species pool,
something we unfortunately cannot test with our data, which
showed lower species richness at lower altitude due to the
impact of human interferences (see above).

Dbh had the highest average at Billa, the lowest elevation,
with 20.48 cm, followed by Praengkareha (14.96 cm) and
Wanggameti (12.67 cm). A similar situation was reported by
Aiba & Kitayama (1999) on Mount Kinabalu, Borneo, where
the dbh was slightly higher at lower altitudes (up to 700 m asl),
reaching 120 cm, whereas at higher altitudes (above 1700
m asl) the maximum dbh was 80 cm for both ultramafic and
non-ultramafic substrates. One possible explanation might be
nutrient deficiency and water availability in higher elevations
(Aiba & Kitayama 1999). On Mount Kinabalu, in-situ nitrogen
availability was found to decrease with altitude (Kitayama et al.
1998). Similarly, the hydraulic conductance of stems is limited
(Cavelier 1996), and occasional droughts (Kitayama 1996) are
also known to occur at high altitudes (Aiba & Kitayama 1999).
Our result, however, contrasts with Lieberman et al. (1996)
who found dbh to be relatively constant both at low altitude
(100 m asl) and higher altitude (up to 1500 m asl). The results
of Lieberman et al. (1996) were attributed to past catastrophic
disturbances such as volcanic eruptions in their study area.

Comparative assessment of Wanggameti peak between
this study and Banilodu & Saka (1993)

Our dataset for Wanggameti, 64 species in 37 plant families of
spermatophytes and pteridophytes, allows comparison with the
data of Banilodu & Saka (1993), who recorded 52 tree species
and 37 ferns species. The principal difference between the two
studies is that Banilodu & Saka (1993) had a 2.5 times larger
total plot area than we did, 2400 m? vs 900 m2. However,
species accumulation in plots between the two studies only
showed five families and seven species in common, which is
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lower than expected, raising concerns regarding the utility of
this comparative assessment and warranting a careful exami-
nation of their dataset.

Our assessment of both datasets did not support the presence
of elfin forest sensu Schimper (1903): a miniature evergreen
forest with a homogeneous canopy and without emergent trees.
It is populated by dwarf crooked trees with bent branches, short,
gnarled, often horizontal stems. This reflects an architecture
adapted to withstand strong wind (Schimper 1903, Van Steenis
etal. 1972, Whitmore 1990). Our findings (previous section and
Table 2) support the presence of submontane forest based on
the species encountered and tree height. A critical examination
of the Banilodu & Saka (1993) dataset also suggests the occur-
rence of submontane forest at Wanggameti summit. The elfin
forest habit was absent at the Wanggameti summit according
to their dataset.

In addition, Ericaceae, a typical dominant family in elfin vegeta-
tion in Malesia that is mentioned in Schimper (1903) and Van
Steenis et al. (1972), was found near the summit in our study.
Vaccinium varingiifolium (Blume) Miq. did not show domination,
which is in contrast with Grevenstuk (1939), who reported the
common presence of Vaccinium at the highest points in Sumba.
If his observation was true, then the peak had experienced a
significant vegetation change. We also found species unique
to high altitude that characterise submontane vegetation ac-
cording to Van Steenis et al. (1972): Ardisia javanica A.DC.,
Dacrycarpus imbricatus (Blume) de Laub., Daphniphyllum
glaucescens Blume, Engelhardia serrata Blume, Helicia serrata
(R.Br.) Blume, Myrica javanica Blume, Oreocnide rubescens
(Blume) Miq., Podocarpus neriifolius D.Don, and Wendlandia
densiflora (Blume) DC.

The characterization of elfin forest by Banilodu & Saka (1993)
is apparently the result of a translation error. The report on the
vegetation of Sumba (Banilodu & Saka 1993) was written in
two languages, Bahasa (Indonesian) and English. In Bahasa,
the native language of the authors, the report mentions the
presence of lumut (moss) and awan (cloud) forest and never
mentions elfin forest. In the English version, however, the moss
forest was translated into elfin forest multiple times by the
translators. Multiple names such as cloud forest, moss forest
and elfin forest are often applied to Tropical Cloud Montane
Forest (Hamilton et al. 1995). Different assigned names reflect
different yet often overlapping physical situations like frequent
mossy and cloudy situations at higher elevation, which likely
caused the above confusion as different terms were considered
sSynonymous.

It is unfortunate that the term elfin forest for the Wanggameti
top circulated in other literature, likely copied from Banilodu &
Saka, but dedicated to non-botanical research, e.g., Sitompul et
al. (2004). Furthermore, we treated eleven species recorded in
Banilodu & Saka (1993) (Fig. 2), that were previously unknown
for Sumba, with the status ‘Out of Sumba’, because we cannot
check the accuracy of the identifications owing to the absence
of specimens in their study.

Bryophytes at Wanggameti

The presence of mosses and liverworts, but no record of horn-
worts, characterizes the diversity of the bryoflora of Sumba at
the moment. Both mosses and liverworts were found growing
on stems, trunks, soil, decaying wood, roots of trees, and rocks
according to Windadri & Rosalina (2020), published three dec-
ades after a comprehensive account of LSI mosses by Touw
(1992). Species richness was more pronounced (53 species)
at higher elevation (Wanggameti) than at lower elevation (Billa
and Praengkareha) with 20 species similar to those mentioned
in Richards (1984, 1988), Frahm & Gradstein (1991) and Bruun

et al. (2006). However, our result contrasts with that of Acebey
et al. (2003), which found a higher bryoflora diversity at lower
elevations due to increased habitat complexity, while Iskandar
et al. (2020) found that the middle elevation had the highest
richness.

The number of species of liverworts was lower in lowland than
submontane forest. This is in contrast to a study in Rio de Ja-
neiro by Santos (2011) who found a higher species richness of
liverworts at lower elevations and a higher species richness of
mosses at higher elevations. Two families of mosses, Hypna-
ceae and Meteoriaceae, had more species than the rest of the
listed families. Hypnaceae had the highest number of (nine)
species, agreeing with the result of Gradstein & Pocs (1989).
This family had six species exclusively found in submontane
forest and the remaining three are in the lowland areas. Me-
teoriaceae had a high number (seven) of species, which is
congruent with results of Acebey et al. (2003). This family was
exclusively found in submontane forest, and most of the species
found (six) were new records. Other exclusively submontane
families recorded were Dicranaceae, Pterobryaceae, and
Thuidiaceae. In the lowland forest there were several families
exclusively observed there, such as Bartramiaceae, Pottiaceae,
and Splachnaceae. After species identification by DR and FIW,
twenty new species records were added when compared to the
previous list of Windadri & Rosalina (2020), resulting in a total
of 48 moss species in Sumba.

Twenty species of liverworts were newly recorded for Sumba
by Haerida et al. (2020) after only a single species collected
by Teijsmann in 1926. Lejeunaceae accounts for more than
half of the total species count and is found both in lowland and
submontane forests. This family had the highest number of (12)
species, similar to the finding by Dos Santos et al. (2017) at
Parana, Brazil. The remaining documented families each only
had a single or three species in Sumba (Table 4). Frullaniaceae,
Lepidoziaceae, Metzgeriaceae, and Radulaceae were exclu-
sively found in the submontane forest. However, new sampling
might reveal more species, perhaps even at lower altitudes.

There were several bryophytes specimens identified only at the
generic level (not shown here), indicating that species richness
may be even higher. The absence of national and regional
checklists, floras, and digital online databases for Indonesia
was mentioned by Geffert et al. (2013). This means that sub-
stantial information on the diversity of Indonesian bryoflora is
lacking, despite the potentially high number of species present.
Arecent study covering the whole LS| by Nadhifah et al. (2021)
concluded that Sumba is only second to Bali within the LSI in
species richness of liverworts and hornworts (the group that
we did not encounter during our excursion). The accumulation
of new records in this study indicates that the number of liver-
worts species reported for Sumba is likely an underestimation,
as the survey in 2016 only covered a minor portion of Sumba’s
vegetation. Further study on bryophytes from different areas in
this island will be essential to provide a more comprehensive
picture of the bryoflora in Sumba.

CONCLUSIONS

This investigation provides updated records for two types of
vegetation at different elevations in Sumba, lowland and sub-
montane forest. The number of individual trees showed a posi-
tive association with increasing elevation across regions. Aver-
age tree height, however, was not associated with increased
elevation.

In addition, this study also identified a mischaracterization of a

vegetation type in the past. Future studies are advised to use
correct and clearly defined terminology in order to provide an
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accurate floristic picture of Sumba as well as other areas. This
study also added new records for 25 species of Spermatophytes
that previously were not known to Sumba.

Last but not least, the Wanggameti area, with its high humidity,
stable and relatively low temperature, is inhabited by a rich
bryoflora. Low or no variability in environmental factors in the
submontane forest may allow for more bryophyte species to
thrive there than in the lowland areas. The current list comprises
20 new records of bryophytes for Sumba. This, however, does
not reflect the total species level diversity, as it covers only a
portion of vegetation in Sumba, and some specimens still await
identification to the species level.
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Pittosporum moluccanum (Lam.) Mig.
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