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recofidesus t riasc hryewotnrai ct e-de ttouray sliocgdlei tly9t hwi tflm an ngO® an
known |l ocati on, and continuing decl i nki ciuns hnaith « ealbieaentpu a |
more widely recordejda,ndwiatnh E©OrO APOHhdfoa2 0 6, kennd conti nu
habitat, meeting the thresholds for Endangered. Species
jectioms 5( B2 B) SPBas applied to predict current and fut
with high accumad®dB5(AUGS= =0.19 DQ 52a3nwlo nitdreinbtuitfiioend) ,s |toepnep e r ¢
alitypyreanditation in the wettest, war mest, Famdisconidest
qguel® aoarrent suitabllld2hdbBboi ibdt fliaamheént28dB lkonwl and, and fc
projections -4 MBRBEBS5 f8B6P2050s and 2090s) foreca-st net
century 9llddisne sl aond& ,ntluatye persi stence in montane refugia
fragmentation under high emissions. These findings demo
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bl e framework for evaluaniitregd esxteicn cetsi oann dr iisdkeandta pftdieysa pr i
conservation planning on Java
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LATI FAH, D., YUSWANDI , A. Y. ,ergeé(éJrDaIST]RAgka(\uari.alQiOl:Qaﬁt.
mengancam jenis penting tumbuhan ara endemi k Jawa: mel e
tribusi jenis sebagaiRepienwapbdi#tiQa® 3Pemietlad i lmomnd eri v arseinge v
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1. dpn mengidentifikasi kEeni3iinpgam, | suédng 6Ekontar ichursih h
terbasah, terpanas, dan terdingin sebaghiicys edisd@dlri aurt a
i ni mencak u(pl 21,64 92 3dBa rkim Jawa) , terutama pada hutan dat ar é
Proyeksi CMI P6-4( Bl BCSBG,uNSIKR2 perteng-dahanmdapenkhiakambalkc
dengan pergeseran ke arah pegunungan: 9Kehdarainglawah abdg drs
keberlanjutan di refugia montana pada emTPTemuamodeniBt maaem
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jenis dengan data terbatas, serta mengidentifikasi area
Kata kukKemektivitas, MaxEnt , pemodel an kesesuaian habi:
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Table 1. Ock.urmiegacesl. ideantaa ¢ by nmo mhe Gl obal Bi odi ve
Facility (GBIF) database.

Coll ec . ,
No . nameségaes Locati onear sCoordinatBemar ks

Fi cus miCq e IBiea mga

1 Koordenrst63B*anyumas, Noendartad52 S 100 .12889 g0
Java
2 Koordems88®HNgebel , MaldG uéen-7. 6 3 S 1Wola kb 2s &Emp | e
East Java
3 Koordems88®FNgebel, Maldg uéen-7 . 6 3 S 1Helr. ba2r iEum s h
East Java
4 Koorderd883dMBgebel , Mald8&u6n-.7. 79 S 1Wada d 2s &Emp | e
East Java
5 Koordermd883dMRB ebel , Mald8 u6n-7 . 79 S 1Helr. Ba2r iEBum s h
East Java
6 KoordenrRr96SMBRsuki, Eals&8894&vad5 S 1HE&r.1BaBr iEum s
7 KoordemRd879M\Rebel , MalddQuOn-.7. 79 S 1Helr.Ba&r iEum s
East Java
8 Jacob, 4.18*™Mt. Raung,l®B7-s®8kii25 S 1Her.0a8Br iEum s h
East Java
9 Jacob, 4841 Mt . Raung,1®Be/ls8ki25 S 1Her.Wa8Br iEum s h
East Java
10 Jacob, 48.34 Mt . Raung,1®Be/ls8ki25 S 1Her.0Wa8Br iEum s h
East Java
11 Jacob, 4M.34 Mt . Raung,l1®Bels8ki25 S 1Her.0W&8r iEum s h
East Java
12 Jacob, 4M.34 Mt . Raung,l®Be/l8ki25 S 1HXt.r088 HEer bar
East Java sheets
Ficus trMiaoghycoma
1 Teysmann Bogor 1860 No data Collected frr
Hortus Botan
Bogoriense
2 Zol l i ngtbr6 Mt . Gede No datoadata Holotype at
tional Her ba
Neder |l and
cially pronounced for émdge mipatiaka mwdehl inmg r b w
ecol ogi cal ni ches, whi chorf ackedhei ght reedbiiecusax i
ri sks under combined prwsesrug eappfodhiamatealty | 66s 2
climate ch®wagaef{ TaRBdbdrsplrc-ies have assessment
ban, 2015) . Threatened Speci es, wi t h
Assessing the conser vatthiroenatetnaetdus( | JICNs pedi2ely .
essenti al for safeguar dd snge shssmedntv ee sii $tys &marmg uh
conservation pI’IOI’ItIeSQUEpla@Etﬁa:BJeIﬂ-_a | ¥ naiavil e o madl e
vention on Bi®&@l| d&diodall Bipwaresidtyyei r ecol ogi cal [
for Pl ant Consertv.adli 0 b8 cSthrarrerrmoccek recor ds
|l UCN Standards and Pet i tTioomsst r@mmmihteneec,on22@2 4 pt i
Extinction risk, gdianeéedfiisedi bhrioogh medalnldiamg (
criteria, has revealed tihaltl weaxrxplyi bt fiakight st
cies may be threatened popltemhdlilay daegeoshihfei s ur
tively |l imited ecol ogi ciasl Whileanorg widelp apulied ¢oxdagagichispee t o
ma n pr(eSisdéutw aad 2 2 ; Batc halxnn,e s, SDMs can al so prov:
2024)Additionally, endetmd cr gprdea,att d ast peprd ceise sgagndena
those known from few octcarrenegr ateoodsumarendenp
cally mor e threatened ttahlanprwidiespread ospeeneis!
(Jose,hi2goh2l51)gghti ng the wageooy aofd iamtte gri gta-t,eal f L
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2022; Rat hore & Shar ma, Thé @ridnhry analysis involved projecting

Therefore, t his study fiairenfigest tover ahd evatustiageits effecton e c on -
servatiof. smagae B.o&n0naacpegies habitat. First, we utilized the
comander the | UCN cat e gMOLUSCE (Modeng Eand Useand Sarface 2 )
mo d e | the current and fCoupledrEpvironmeht) plugin within QGI®toi | i ty
F. mi quetdémanal i mat e ¢ h amdpleforestc@ver ahanigeofer the Bears 2050
identify potenti al s hi fartd 2090za¢rads Javae The igoded was calibrdt- 4 ) pr o
vide ebasedce ecommenda ted ueimgdistoficalrlandtcdve data from MAP-
Javan endemic figs. BIOMAS Collection 4.0 (Mapbiomas, 2025)

and several predictor variables. These variables
MATERI ALS AND METHODS included human population density data on
WorldPop hub (WorldPop, 2025) and Euclide-

Study Site an distances to rivers, roads, and built-up areas,

This study covers Java Island, Indonesia, the latter of which were derived from Open-
which is located between 5°50’- 8°30’'S and IStrfietMap data (?SM’ Zozszﬁ The rlesu!tf}n(gi

o011 oy . . and cover projections were then reclassifie

105 15. - 114°30°E (Fig.1) ;Vlth a.total arca of into a binary schema of 'forest' and 'non-forest'
approx'lmately 132,523 km’". The island has an to delineate potential areas of forest loss.
a1t1tud1_na1 range frorn sea l_evel to 3,676 m Subsequently, to quantify the impact on F.
asl., with mountains stretching from west to miqueliana, we intersected the projected forest
east in the ceptral part of the island. Many of loss maps with the species' potential habitat
these mountains are Volcgnoes. Lowland areas map. This intersection identified specific areas
are primarily 51tuate§1 in the northern and of '"suitability contraction"—Ilocations where
southern parts of the island. The general lanfi suitable habitat is projected to be lost due to
use 1s cafcegonz_ed as fqrests, settlements, agri- deforestation. Finally, to evaluate the vulnera-
cul‘gure, 1ndustr1a1'and 1nfrastmctgre areas, but bility of these habitats within protected zones,
Setlawap & Ypshmo (2014) detallgd it into 25 the suitability contraction maps were clipped
classes including forest. The remaining terres- using the official conservation area boundary
trial forest2 area 1S estlmated to be' around map from the Sistem Informasi Geospasial Ke-
12,000 km" and mostly situated at high alti- menterian Lingkungan Hidup dan Kehutanan
t.ude. in 2005 (Prasetyp et al., 2009), but con- (SIGAP) (Kementerian Kehutanan RI, 2024).
tinuing to giechne during theilast two decades, This final step yielded a spatially explicit quan-
Z:{)e\;;glgl 1r§ (ga?’s)t J?Eg Egl?g;nﬁag%gﬂ)f; dF(c)’; tification of projected suitable habitat loss
from December 2023 to December 2024, :,valthln the designated conservation areas of Ja
Species Data Collectiong omplementarlt with Red Li:

OccurrenceF.r emoqdaﬁlodn ec1e 1strbut1 delh approach
trachweobpmaobtained frorgValS ett Lis
versity Information F%O ralo%tatus elWhﬂ ? E)
(GBI F.org, 2022a) ?Iltl odel tchnl are “acc ble )
move duplicates d oc ggftstﬁ:eﬁl dtﬁ{s@ted
speci mens. Each curr K
ferenced using QGI S 3 fléatm thsé Zi rlcsllsct)l%i\bat %Pgb
Team, 2023) . Location glreao us -
ing Geonames (GeoNamesnO (IUCN dPe‘f’l 1%pt-
ed species names wer e J}n e(t)u d
Checklist of Vascul ar Eisxﬁté‘a e l&ge on
Plants of the World Onlf IE’ entlal ndh r
barium study was also 1nf 1RIe]ba§s
Bogori ense BO) , Nat i
tign Agency((BI)QIN) rhl%tso asﬁe&@slo‘fl 111t '?aﬁlé}

Projecting Deforestation and its Impact on
Habitat

To assess the potential impact of deforesta-
tion on the habitat of F. miqueliana, a species
assumed to be forest-dependent, we conducted
a spatial analysis of forest cover change. All
geoprocessing and spatial modeling were per-
formed using QGIS software v.3.38 (QGIS
Development Team, 2023).

than to replace the standard IUCN mapplng
and quantification protocols.

RESULTS

Conservation status assessment

Ficus miqueliana is known from historical
collections dating from 1896 (S. H. Koorders)
through 1957 (Banyumas, Central Java), with
no confirmed recent field reports. From the ini-


https://www.openstreetmap.org

2026 Rl SMA :CGlli.ntartieven range shifts threatemn3 keyst
Table 2. Summary of model evaluation under mul t |
Model s AUC TSS
Current 0.912 1.0
SSP2. 5 [{20e6Q) 0.929 1.0
SSPE. 5 {2060) 0.9214 1.0
SSP2. 5 {2D080Q) 0.935 1.0
SSPES. 5 {20@Q) 0.921 1.0

tial retrieval of 12 records from the GBIF data-
base (Table 1), subsequent filtering to remove
duplicates and specimens cultivated in botanic
gardens yielded three unique georeferenced
points. These three records represent distinct
threat-defined locations across East and Central
Java. Based on Criterion B of the ITUCN Red
List, the species meets the following quantita-
tive thresholds: the Area of Occupancy (AOO)
was calculated as 20 km? and the Extent of Oc-
currence (EOO) was estimated at 600 km®.
Thus, F. miqueliana qualifies for the Endan-
gered (EN) category under criteria B1 (EOO <
5,000 km?) and B2 (10 km? < AOO <500 km?),
and sub-criterion (a) (< 5 locations), and sub-
criteria (b)(iii) (continuing decline in habitat
quality).

Ficus trachycoma is known from a single
herbarium record collected in 1864 from Cibo-
das, Mount Gede, West Java. When restricted
to a single historical collection, assigning a da-
ta-adequate extinction risk category is chal-
lenging. However, close scrutiny of the speci-
men label limits the collection locality to an
area within +/- 275 m elevation of the Cibodas
Botanic Garden. Taking a precautionary ap-
proach, as recommended by ITUCN standards
(IUCN Standards and Petitions Committee,
2022), the species is assumed to be severely
restricted and may not occur naturally at less-
disturbed, higher elevations on Mt. Gede vol-
cano. Based on this extreme limitation and
plausible threat, the species is proposed as Cri-
tically Endangered (CR) under criteria Blab
(ii1)+2ab(iii). This assessment was supported
by estimates for EOO and AOO of 4 km?
which meet thresholds for CR under criterion
Bl (EOO < 100 km?), and B2 (AOO < 10
km?), respectively, and sub-criteria a (one loca-
tion) and b(iii) (continuing decline in habitat).
Habi

t at suitabil

ity
Model evalwuation and
Species distribution models (SDMs), particu-
larly those using presence-only algorithms such
as MaxEnt, require a minimum number of oc-

mo d

currence records to produce statistically robust
and ecologically meaningful predictions. In
the case of F. trachycoma, which has only one
known occurrence point, modelling its poten-
tial distribution is not feasible due to insuffi-
cient environmental representation. A single
occurrence point cannot capture the environ-
mental breadth or niche of the species, leading
to unreliable or biased predictions. According
to van Proosdij et al. (2016) SDMs should not
be attempted for species with fewer than three
records, especially for narrowly-distributed
species, and even greater numbers of records
are required for such species in certain biomes
(Sampaio & Cavalcante, 2023). Therefore, F.
trachycoma was excluded from modelling to
maintain methodological integrity and avoid
unsupported spatial extrapolation; only F. mi-
queliana can be modeled for current and fu-
ture distribution.

MaxEnt evaluation models (Table 2) exhi-
bited excellent discriminatory performance
across climate scenarios, with AUC values
ranging from 0.912 (current) to 0.935 (SSP2-
4.5 2081-2100) and consistent TSS=1.0. Alt-
hough these results indicate perfect threshold-
independent discrimination, careful interpreta-
tion is required. Slope was identified as the
dominant predictor contributing the distribu-
tion of F. miqueliana’s distribution across cli-
mate scenarios (Table 3). Slope consistently
contributed to each scenario (25.8-72.8%),
with permutation importance reinforcing its
role (up to 52.4%). Temperature seasonality
(BIO4) and precipitation variables in wettest,
warmest, and coldest quarters (BIO16, BIO18,
BIO19, respectively) emerged as secondary
drivers, peaking at 30% contribution in SSP2-
4.5 in 2041-2060 and notable permutation va-
lues, while isothermality (BIO03) and topo-
graphic aspect showed scenario-specific influ-
entelup to 88.5%. Model performance under-
scored these variables' independent explanato-
B gpower}f with sil faceors f(BDy @GDN SOE)
exhibiting negligible effects throughout. Pre-
cipitation in driest quarter (BIO17) consistent-
ly contribute negligibly.
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Environment al var Pabtest contri BPetrimurn ati on
7 wn w
O N (SN2 — — N o
c o® '\’§ o® v 2 '\’E '\’§ o oo
- NR 97 mME w8 - T 97 w¥ P
= an CD% N pO mcl\n) C”c_l\n) BN gpO
@ SU" 2o SU" SU" o So So SU" SU"
BI 003 (isother@al@ty)> €. 1C €& 0> 0+ @ C
— P ~
BI 004 (temperat Qr &29Dead.od 819i.t8.)5 0 37.16.94. 3.9
BI O16 (Precipit@tiladdn 800 W@&ttedst O 26.29. 9 28.
Quarter)
BI 017 (Precipit@ti®n o0 Di esl 0 0 0 0 0
Quarter)
Bl 018 (Precipit®ti®n o WZ2rdmedt 0 0 0 43. 0
Quarter)
Bl 019 (Precipitd@Bi.@n of. £@! dexsd. 94 9 .01 9. 30 2 8.
Quarter)
Aspect 15.2.914.9.612. 28.3529.80 13.
Sl ope 71.85,82.85.82. %2.32.84.12 22.
BD (Bulk density) 0 0 0 0 0 0 0 0 0
OCD (Organic CaObom® Dehsi Dy) O 0 0 0 0 0
SOC (Soil OrganiDc @Qarbon) 0 0 0 0 0 0 0

Current and future habitat suitability projec-
tion

The MaxEnt model for current bioclimatic
condition predicts a highly fragmented distri-
bution of suitable habitat for F. miqueliana
across Java (Fig. 1). Across the island, suitable
habitat is concentrated in the following eco-
logical zones: humid lowland forests of West
Java, foothill zones of Central Java, and south-
ern montane slope of East Java. These areas
are characterized by a stable temperature re-
gime and low temperature seasonality, align-
ing with the species' known ecological prefer-
ences.

Under current conditions, the suitable habi-
tat of F. miqueliana comprised approximately
16,233 km? (12.4% of the total 131,302 km? of
Java Island), predominantly absent from
115,069 km? (Table 4; Fig. 2). The suitable
habitat was concentrated in lowland and foot-
hill forests. This baseline supports the charac-
terization of F. miqueliana as a low- to mid-
elevation endemic fig. The modelling results
indicated that the species is sensitive to future
climate trajectories, with marked differences
between moderate (SSP2-4.5) and high-

emission (SSP5-8.5) scenarios across Java
(Table 4; Fig. 3).

Future projections indicated net contractions.
By mid-century (2041-2060 or 2050s), both
scenarios project substantial reductions in suit-
able habitat. Under SSP2-4.5, the suitability
habitat was reduced to 11,974 km? (9.0% of the
total Java Island), with the range contracted to
4,439 km? and only 6,747 km? of expansion.
This indicates a net decline and moderate con-
traction, with habitat shifting upslope. A simi-
lar contraction occurs under SSP5-8.5, where
the suitable area decreases to 13,820 km?
(10.5%), coupled with 4,104 km? expansion
and minimal contraction among scenarios
(2,413 km?).

By the late century (2081-2100 or 2090s),
trajectories diverge sharply. Under SSP2-4.5,
F. miqueliana’s suitable habitat covered on-
ly 9,058 km? (6.9%), with severe but relatively
balanced between contraction and expansion
(7,175 and 7,612 km? respectively). In con-
trast, SSP5-8.5 projected minimum expansion
(2,915 km?), maintained 12,764 km? (9.7%)
remaining suitable. The model predicts persis-
tence only in isolated montane patches, severe-

25
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Table 4. Size of predicfHhed habitat transition s
ScenarilBrese@ontraExpansidmnsent Spatial trend

Current cl6i, @at3e - . 115, 0elgoWland and foot
SSM2 5 psl ope shift t
(20240160)11’7944’439 6, 747 108,32&J sones
Continued upslo
(SZSO';inSO)g,oss 7,175 7,612 107,457 with increase
fragmentati on
SSP3& 5 ni ti al upsl ope
(20240160)4’439 2,413 4’104110’96é fragmentation
SSP8. 5 Severe contract
(2028]100)12’7643’469 2’915112’154}30Iated mont an
ly reducing connectivity and elevating extinc- DI SCUSSI ON

tion risk.

Figure 4 visualizes the spatial overlap be-
tween forest loss-driven habitat contraction for
Ficus miqueliana and designated conservation
areas across Java under different climate sce-
narios. The maps delineate areas of habitat
contraction due to forest loss (brown), persis-
tent suitable and unsuitable habitat (green),
with conservation area boundaries (e.g. nation-
al parks) clearly demarcated. The visualization
demonstrates that habitat contraction occurs
within designated protected zones, indicating
that forest loss compounds climate-induced
habitat reduction. The spatial extent of con-
traction varies across scenarios, with notable
fragmentation visible in both SSP2-4.5 and
SSP5-8.5 projections, particularly in lowland
and foothill regions.

In 2050s, low emission SSP2-4.5 (Fig. 4A)
model shows habitat contraction due to forest
loss is most severe in western and central Java
conservation area. In contrast, SSP5-8.5 with
high emission (Fig. 4B) shows more fragment-
ed loss with smaller, scattered patches of con-
traction in the same regions, suggesting re-
duced pressure on protected habitats under ex-
treme warming climate. By the 2090s, SSP2-
4.5 indicates worse habitat contraction across
central and eastern Java protected arecas (Fig.
4C), while the high emission SSP5-8.5 (Fig.
4D) shows more moderate habitat contraction.
In this period, habitat suitability contraction
outside PA boundaries was also extensive that
need strong conservation measures against de-
forestation. These findings imply that current
protected areas (PA) are insufficient and re-
quire a dual, scenario-specific strategy. Under
SSP2-4.5 pathway, the extensive and contigu-
ous habitat suitability loss within PAs signals
an immediate need for enhanced in-situ protec-
tion.

Conservation Status of Javan Endemic Figs

The proposed conservation statuses of F.
miqueliana (Endangered) and F. trachycoma
(Critically Endangered) highlight the high de-
grees of extinction risk faced by Javan ende-
mic figs. Ficus miqueliana is threatened by
ongoing habitat loss and the future impacts of
climate change. The status of F. trachycoma is
more challenging to ascertain on account of
record scarcity, however, several lines of evi-
dence may be used to infer habitat loss and a
highly restricted distribution. The threat of
agricultural and settlement expansion in the
immediate vicinity of the Cibodas Botanic
Garden is taken as evidence for its restriction
to a single threatened location. Additionally,
given the proximity of the type collection to a
major botanic garden, the prolonged absence
of collections over the intervening 150+ years
suggests that this plant is likely very rare, if
indeed it is still present in the vicinity of the
type locality. Therefore, these conditions war-
rant immediate field verification to identify
any remaining populations and to implement
precautionary protection measures to prevent
the potential loss of this species before it can
be better understood and conserved.

The assessment of these two species under-
scores critical conservation concerns for Java's
endemic flora. The diagnosis of restricted dis-
tribution, few known locations, and ongoing
habitat degradation suggests a pervasive pat-
tern of population decline, consistent with
documented trends for other range-restricted
tropical trees (Tejedor-Garavito et al., 2015,
Bachman et al.,, 2024). As keystone species,
the potential extinction of these figs could se-
verely disrupt ecological networks, particular-
ly fig-frugivore interactions that are vital for
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sustaining forest regeneration (Marjakangas et
al., 2020). Therefore, the assessed status for
both species warrants formal inclusion in na-
tional threatened species lists and demands the
immediate implementation of precautionary
protection measures.

Environmental Drivers

The dominance of slope as the primary pre-
dictor (52—73% contribution) in MaxEnt mo-
dels aligns with its role in modulating micro-
climatic stability, soil drainage, and erosion
resistance, thereby shaping habitat suitability
for forest species across current and future
SSP scenarios. Slope influences microclimatic
conditions critical to plant growth by affecting
sunlight exposure, water retention, and soil
stability, in which topographic gradients ex-
plained substantial distributional variance in
heterogeneous landscapes (Liao et al., 2025).

overarching influence of seasonal climate dy-
namics on species distribution in the region.
Temperature seasonality captures thermal vari-
ability constraining phenological cycles. At the
same time, precipitation of the wettest, warm-
est, and coldest quarters defines hydrological
niches, with permutation importance highlight-
ing their scenario-specific gains in predictive
power (Li et al., 2024). The inclusion of all un-
correlated variables, despite negligible contri-
butions from soil factors (BD, OCD, SOC),
follows established MaxEnt protocols to cap-
ture comprehensive ecological niches, mitigate
overfitting risks from post-hoc exclusion, and
enable robust validation of independent predic-
tor effects, as premature filtering may omit
subtle interactions or future scenario relevance.

Future Range Shifts and Vulnerability Un-
der Climate Change

Our findings, which identify temperature sea- Ficus mqufedtivarnea sui t abl e
sonality (bio4) and precipitation metrics of the clibhe#Ms3%cross SSP scenari os
warmest and coldest quarter (biol8, biol9) as current baselinesclidmawviea b
important drivers, are consistent with Prasetyo mi smat ches amplifying contr
et al. (2022). They also found these same vari- sion This result &6 sslcoopnesi s
ables to be among the most important predic- and temperature seasonal it
tors for teak growth on Java, underscoring the war mi ng tr ajpde Gt sr isetse.e pRIP 2 o
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