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Abstract

The genus Callicarpa L. is one of the most diverse vascular plants in the family of Lamiaceae. However,
its biodiversity has greatly changed due to various ecological and anthropogenic disturbances, while
knowledge of its overall distribution and conservation is becoming more inadequate. Herein, a global
checklist of Callicarpa species is presented by integrating the past with the most recent collections through
online databases. This checklist contains 148 species, 98 (66.0%) of which are endemic, mostly from Cuba,
Indonesia, the Philippines, China, Vietnam, and Malaysia. C. americana is the most abundant species
(36.8%), while 138 species represent the scarcest taxa (<2%) from all species sampled. The most species-
rich country is China (44 spp.), while the Indo-Malayan region is the most species-rich biogeographic
region (101 spp.) Moreover, 64 species (43%) were assessed in the 2022 IUCN Red List of Threatened
Species which includes 33 species (23%) Least Concern (LC), 9 species (6%) Vulnerable (VU), 12 species
(8%) Endangered (EN), 6 species (4%) Critically Endangered (CR), 1 species (<1%) Near Threatened
and 3 species (2%) Data Deficient. This paper represents a step toward Callicarpa species conservation,
especially of highly threatened species to address species conservation in a global context.
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INTRODUCTION

Callicarpa L. is among the largest genus of the family Lamiaceae, with approximately
170 species worldwide [1, 2, 3, 4]. The genus is derived from the Greek callos, meaning
beauty, and carpos, meaning fruit, which is typically in brightly colored exocarp making
it notably called a “beauty berry” [5]. Species of Callicarpa are shrubs and small trees
that occur in temperate and tropical regions of the Mediterranean and Southwestern and
Central Asia, Sub-Saharan Africa, Madagascar, China, Australia, South America, North
America, including Mexico, and Indomalaysia [2]. According to Moldenke [6], there are
two key centers of Callicarpa, which include the Philippines and Cuba representing the
Old and the New World, respectively, noted for their diversity and endemicity.

Species of Callicarpa are common in many secondary forests, especially in parts of the
Malesian region, wherein 51 species of Callicarpa were distributed across the region [7].
On the other hand, Callicarpa in North America, Central America, and South America
which are known to be part of the New World was composed of 33 recognized species,
mostly originating from Cuba [8]. Munir [9] Chen et al. [10], Leeratiwong et al. [11],
and Bramley [3, 7, 12] have provided an inventory of Callicarpa species with taxonomic
descriptions in Australia, Taiwan, Thailand, Borneo, Philippines, and the species
distribution in the Malesian region, respectively. Most of the specimens used in these
studies were collected in the early 20th century and updates in the recent collections of
the 21st century were not included in the list.

Recent studies on morphology, palynology, phytochemistry, and molecular phylogeny
have caused large-scale modifications in species classification, resulting in outdated data
of the Callicarpa species [3, 13, 14, 15, 16, 17, 18]. Likewise, newly discovered species
have greatly increased their diversity worldwide. Among these includes C. argentii
Bramley, C. coriacea Bramley, C. subequalis Bramley and C. teneriflora Bramley from
Borneo [3], C. anosodonta Bramley, C. mendumiae Bramley, and C. pseudoverticillata
Bramley from Sulawesi [19], and C. bachmaensis Soejima and Tagane from Central
Vietnam [20], while replacement names continued to modify Callicarpa nomenclature,
e.g., C. peichieniana W.Y. Chun & S. L. Chen ex W. Z. Fang [21] from China. Moreover,
increasing rate of introduced species in the new environment, e.g., the existence of C.
dichotoma (Lour.) K.Koch and C. japonica Thunb, a native of China, Vietnam, Korea,
and Japan [1] but occupied distant places like New York and New Jersey, USA have
caused a huge adjustment in the species distribution [22].

The economic importance of Callicarpa includes food from C. pentandra Roxb., C.
pedunculata R.Br., C. bicolor Juss. and C. erioclona Schauer [12, 23], medicine [13,
24] and construct [25] which are derived from the twigs, roots, fruits, and leaves of
Callicarpa. Likewise, due to their ornamental properties, several taxa were cultivated for
horticulture. Numerous species were cultivated and well-known in gardens, including the
well-known C. japonica, C. americana L., C. dichotoma, and C. bodinieri var. giraldii
(Hesse ex Rehder) Rehder [12, 26] which became widespread in many countries. Human
pressure on plant resources like in Callicarpa species has led to the depletion of these
resources while increasing potentials of invasive species have become uncontrollable.
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For the first time, an overview of the current list of all known Callicarpa species by
scientific name, country, and biogeographic distribution collected based on an online
database is hereby presented. This study aims to present an updated floristic inventory
of Callicarpa species and describe its distribution patterns based on the past to the most
recent collections. This study will serve as a representation for regional and international
investigations of Callicarpa species to answer questions concerning the distribution in its
ecological and geographical context. Additionally, this study aims to collect significant
and knowledge-based information required for action towards better conservation and
sustainable management of Callicarpa species in a larger context.

MATERIALS AND METHODS

This work provides a global preliminary species list (Table 1) of the genus Callicarpa
by scientific name and country-level distribution, including biogeographic areas (Figure
1), in which all information was obtained through recognized online herbaria and open-
access databases to biodiversity data (Table 2). Data on available and accepted Callicarpa
species were checked and collected from several international online plant databases
(Table 2). Samples were based primarily on the preserved specimen through herbarium
collections contributed by numerous botanists who have focused their floristic studies on
Callicarpa species. To make the data from the digital database more comparable, only
taxonomically accepted names were included, while taxa with synonymous and doubtful
taxonomic status and undefined places of collection were omitted. Online species
descriptions were downloaded in the Global Biodiversity Information Facility (GBIF)
using the ‘Darwin Core Archive’ format, which contains the URLs of the information
while collections from online databases of recognized herbaria were consulted for the
final compilation of samples. Moreover, the resulting species list was then compared to
the international standard taxonomic checklist prioritizing those species that are listed in
Plants of the World Online [27] and Catalogue of Life [28] to verify species distribution
and classifications.
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Figure 1. The biogeographic realms of the world [29] used in the study of Callicarpa species
(Map: www. scribblemaps.com)
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Table 1. Checklist of Callicarpa species worldwide based on the available digital herbarium and databases.

No. of

IUCN Biogeographic

Species occurrences Country status Region Endemic
C. aculeolata Schauer 17 DO, M, CU NE NT DO
C. acuminata Kunth 2293 BO, BR, ]?\/%(,CIEI)LCPI},%%: \G/E’ HN, IN, LC NT, IM -
C. acutidens Schauer 7 VN NE M VN
C. acutifolia C.H.Chang 9 CN, PH NE PA, IM
C. albidotomentella Merr. 3 PH EN M PH
C. alongensis Dop 1 VN NE M VN
C. americana L. 21771 BE, Blvél?;vi%)i%l{?%{isl}g& GB, LC NE, NT, PA -
C. ampla Schauer 52 PR, US, V CR NE,NT PR
C. angusta Schauer 40 PH, TH, VN NT M -
C. angustifolia King & Gamble 87 ID, KH, MY, TH, VN LC ™M -
C. anomala (Ridl.) B.L.Burtt 6 ID, MY EN M ID
C. apoensis Elmer 18 ID, PH CR ™M PH
C. arborea Roxb. 526 BD, I;};;,CI)NG” %’ng??ﬁ}éé%’ MY, LC AS,IM, NE, PA -
C. areolata Urb. 13 Cu NE NT CU
C. argentii Bramley 9 ID, MY EN ™M ID
C. bachmaensis Soejima & Tagane 1 VN EN ™M VN
C. badipilosa S.Atkins 2 BN LC M BN
C. barbata Ridl. 22 ID, MY LC ™M D
C. basilanensis Merr. 19 PH A% IM PH
C. basitruncata Merr. ex Moldenke 5 CN NE PA CN
C. baviensis Moldenke 1 VN NE ™M VN
C. bodinieri H.Lév. 1022 AU, BE, C’_\IFHD_IE_“];:SUS%EL RU, SE, NE AS, IM, NE, PA -
C. borneensis Moldenke 1 ID LC ™M ID
C. bracteata Dop 4 VN NE ™M VN
C. brevipes (Benth.) Hance 173 CN, HK, IN, TH, VN LC IM, PA -
C. brevipetiolata Merr. 15 D NE ™M D
C. brevistyla Munir 65 AU NE AS AU
C. bucheri Moldenke 7 CU NE NT CU
AU, BR, CN, FM, GU, ID, IN, KH, AS. OC. AT.
C. candicans (Burm.f.) Hochr. 1205 LA, MP, MU, MY, PG, PH, PW, TH, LC NE, I,\IT, Ii\/l, I;A -
TL, US, VN
C. cathayana C.H.Chang 628 BE, CA, CN, DE, KR, VN NE IM, PA ---
C. caudata Maxim. 207 AU, ID, PG, PH, SB, US LC AS, IM, NE -
C. cinnamomea (Hallier f.) Govaerts 19 ID EN M ID
C. collina Diels 13 CN NE PA CN
C. coriacea Bramley 3 MY DD ™M MY
C. crassinervis Urb. 28 CU NE NT CU
C. cubensis Urb. 89 CU, MX NE NT CU
C. cuneifolia Britton & P.Wilson 12 CU NE NT CU
C. denticulata Merr. 3 PH CR M PH
C. dentosa (H.T.Chang) W.Z.Fang 10 CN NE PA CN
C. dichotoma (Lour.) K.Koch 2,106 BE]IEI:,AJ’P,CII;II;,?(EIQ,DRK[)’,]i‘E\;\/fELS,I!SI,:S/’I\IGB’ NE IM, NE, PA -
C. dolichophylla Merr. 237 PH LC ™M PH
C. endertii (Moldenke) Bramley 7 D CR ™M D
C. erioclona Schauer 183 CN, FM, ID, MP, MY, PG, PH, PW, LC AS,IM, OC, PA -
PW, VN
C. erythrosticta Merr. & Chun 14 CN NE PA CN
C. fasciculiflora Merr. 4 PH DD ™M PH
C. ferruginea Sw. 73 CU, M NE NT EA
C. flavida Elmer 38 PH VU ™M PH
C. floccosa Urb. 5 CU NE ™M CU
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Table 1. Checklist of Callicarpa species worldwide based on the available digital herbarium and databases. (cont’d)

No. of IUCN Biogeographic

Species occurrences Country status Region Endemic
C. fulva A Rich. 62 CU, M NE IM,NT CU
C. fulvohirsuta Merr. 21 MY, ID LC M -
C. furfuracea Ridl. 29 ID, MY, TH LC ™M CU
C. giraldii Hesse ex Rehder 523 CN, DE, EE NE PA -
C. glabra Koidz. 78 JP, MP NE AS, PA JP
C. glabrifolia S.Atkins 28 BN, ID, MY LC ™M -
C. gracilipes Rehder 10 CN NE PA CN
C. grandiflora (Hallier f.) Govaerts 3 ID NE IM ID
C. grisebachii Urb. 28 CU NE NT CU
C. havilandii (King & Gamble) H.J.Lam 109 BN, ID, MY, PG LC AS, IM -
C. heterotricha Merr. 1 VN NE M VN
C. hispida (Moldenke) Bramley 23 MY LC ™M MY
C. hitchcockii Millsp. 31 BS, CU NE NT WI
C. homoeophylla (Hallier f.) Govaerts 3 D NE M D
C. hypoleucophylla T.P.Lin & J.L.Wang 92 CN, TW NE M, PA -
C. inaequalis Teijsm. & Binn. ex Bakh. 17 ID NE M 1D
C. integerrima Champ. ex Benth. 83 CN, HK, TW NE M, PA -
C. involucrata Merr. 78 BN, ID, MY LC M -
BE, CA, CN, DE, DK, ES, FR, GB, ID,
C. japonica Thunb. 11694 JP, KP, KR, LA, MY, LA, NZ,PH,PK, NE AS, IM, NE, PA -
PT, PW, RU, SE, TH, US
C. kerrii Leerat. & A.J.Paton 1 TH LC M TH
C. kinabaluensis Bakh. & Heine 13 ID, MY LC M MY
C. kochiana Makino 668 CN, HK, JP, TW NE M, PA --
C. kwangtungensis Chun 191 CN, KR, TW, US NE IM, NE, PA —
C. laciniata H.J.Lam 1 D NE M D
C. lamii Hosok. 17 GU, JP, MP NE AS, OC, PA -
C. lancifolia Millsp. 39 BS, CU, PH NE IM, NT CU
C. leonis Moldenke 5 (@8] NE ™M CU
C. lingii Merr. 13 CN NE PA CU
C. loboapiculata Metcalf 14 CN, HK, VN NE IM, PA -
C. longibracteata C.H.Chang 1 CN NE PA CN
AU, BD, BN, BT, CA, CN, CX, HK,
C. longifolia Lam. 1482 ID, IN, KH, LA, MM, MY, NL, PG, PH, LC AS,IM, NE, PA -
RU, SG, TH, TW, US, VN
C. longipes Dunn 93 CN, TW, VN NE M, PA -
C. longipetiolata Merr. 25 PH EN ™M PH
C. luteopunctata C.H.Chang 44 CN, VN NE M, PA -
EP— o AUEDERELONESDINLA o ASALDL
C. madagascariensis Moldenke 10 MG NE AT MG
C. magnifolia Merr. 2 PH EN M PH
C. maingayi King & Gamble 58 MY, SG, TH LC ™M -
C. membranacea C.H.Chang 225 CN NE PA CN
C. mendumiae Bramley 1 D LC M D
C. micrantha S.Vidal 132 PH NE ™M -
C. mollis Siebold & Zucc. 2965 BE, CN, DK, JP, KP, KR, PH, RU NE IM, PA
C. nipensis Britton & P.Wilson 3 CU NE NT CU
C. nudiflora Hook. & Arn. 250 BR, CN, HK, IN, JP, LK, SG, VN LC IM, NT, PA —
C. oblanceolata Urb. 88 CU NE NT CU
C. oligantha Merr. 2 CN NE PA CN
C. oshimensis Hayata 165 ID, JP, TW NE IM, PA -
C. pachyclada Quisumb. & Merr. 6 PH EN M PH
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Table 1. Checklist of Callicarpa species worldwide based on the available digital herbarium and databases. (cont’d)

Species occ]::;eo:ces Country ::‘;ﬁi: BiogRe:ggi:::lphic Endemic
C. paloensis Elmer 17 PH VU M PH
C. parvifolia Hook. & Arn. 18 Jp NE PA JP
C. pedunculata R.Br. 3510 AU, CIS\IéH]{i’II?LH_IZ\I;‘/ﬁ’JI;GV;H’ RE, LC  AS,AT, IM, PA -
C. peichieniana HMa & W.B.Yu 65 CN NE PA CN
C. pentandra Roxb. 996 BN, ID, MY, PG, PH, SB, SG, TH LC AS, IM --
C. petelotii Dop 9 VN NE ™M VN
C. pilosissima Maxim. 307 CN, TW NE M, PA -
C. platyphylla Merr. 8 PH vu ™M PH
C. plumosa Quisumb. & Merr. 7 PH DD IM PH
C. prolifera C.Y.Wu 3 CN NE PA CN
C. pseudorubella C.H.Chang 1 CN NE PA CN
C. pseudoverticillata Bramley 3 ID EN IM ID
C. psilocalyx C.B.Clarke 4 IN VU M IN
C. ramiflora Merr. 10 PH A'%48) ™M PH
C. randaiensis Hayata 403 CN, TW NE IM, PA -
C. remotiflora T.P.Lin & J.L.Wang 86 CN, TW NE M, PA --
C. remotiserrulata Hayata 292 CN, JP, TW NE IM, PA -
C. resinosa C.Wright & Moldenke 17 Ccu NE NT CuU
C. reticulata Sw. 6 ™M NE NT M
C. revoluta Moldenke 4 CU NE NT CU
C. ridleyi S.Moore 2 D NE ™M 1D
C. roigii Britton 22 CU, M, US NE NE, NT CU
C. rubella LindI. 1299 A‘iﬁT&g’“‘T’g"?L‘?T’\'Q’JS’T'V’\gM* LC AS.IMNEPA -
C. rudis S.Moore 8 D NE ™M 1D
C. saccata Steenis 25 ID, MY LC M MY
C. salicifolia C.Pei & W.Z.Fang 9 CN NE PA CN
C. scandens (Moldenke) Govaerts 21 BN, ID, MY vu ™M -
C. selleana Urb. & Ekman 6 HT CR NT HT
C. sessilifolia Wall., 1829 1 BD NE ™M BD
C. shaferi Britton & P.Wilson 12 CU, M NE NT CU
C. shikokiana Makino 112 JP, KR, US NE NE, PA -
C. shirasawana Makino 151 CA, JP, KR, RU, US NE PA -
C. simondii Dop 1 VN NE ™M VN
C. siongsaiensis Metcalf 2 CN NE PA CN
C. sordida Urb. 16 DO, M NE NT DO
C. stapfii Moldenke 34 1D, MY LC ™M MY
C. subaequalis Bramley 5 1D, MY CR M 1D
C. subalbida Elmer 17 PH EN ™M PH
C. subintegra Merr. 16 PH EN IM PH
C. subpubescens Hook. & Arn. 264 JP, US LC NE, PA -
C. superposita Merr. 11 1D, MY A'%48) ™M --
C. surigaensis Merr. 7 PH EN IM PH
C. teneriflora Bramley 15 ID, MY vu M D
C. thozetii Munir 14 AU NE AS AU
C. tikusikensis Masam. 92 CN, TW NE IM, PA -
C. tingwuensis C.H.Chang 4 CN NE PA CN
C. tomentosa (L.) L. 233 IN, LK LC M —
C. tosaensis Makino 4 JP, US NE NE, PA —-—
C. vansteenisii Moldenke 1 D NE ™M 1D
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Table 1. Checklist of Callicarpa species worldwide based on the available digital herbarium and databases. (cont’d)

No. of IUCN Biogeographic

Species occurrences Country status Region Endemic
C. vestita Wall. ex C.B.Clarke 8 BT, IN, NP, US NE IM, NE

C. woodii Merr. 2 MY LC ™M MY
C. wrightii Britton & P.Wilson 4 CU NE NT CU

Note: IUCN Red List 2022 Version 2022-2. (Abbreviations: LC: Least Concern; VU: Vulnerable; EN: Endangered; CR: Critically Endangered;
NT: Near Threatened; DD: Data Deficient). Occurrences and endemicity by country, following the ISO 3166 country names standard (Alpha-2
code); (---) not endemic to any country; Biogeographic regions (Abbreviations: OC: Oceania; NE: Nearctic; NT: Neotropical; AT: Afrotropical;
AN: Antarctic; PA: Palearctic; AS: Australasia; IM: Indo-Malay [29].

Information gathered based on country-level distribution was recorded following the
ISO 3166 country names standard. The country distributions were also matched to
eight biogeographic regions: Oceania, Neotropical, Nearctic, Afrotropical, Antarctic,
Palearctic, Australasia, and Indo-Malay, following Olson et al. [29] (Figure 1). Data
acquired from the digital database were compiled to detail the quantitative information,
biogeographic diversity, and conservation status of each species.

ResuLTts AND Discussion

A total of 59,074 recorded occurrences of Callicarpa species representing the botanical
exploration of several botanists in different parts of the world from data matrices of
recognized herbaria. These collections represent 148 species of Callicarpa, showing
the highest recorded occurrences of C. americana (36.8%), C. japonica (19.8%), C.
pedunculata (5.9%), C. mollis Siebold & Zucc (5.0%), C. acuminata Kunth (3.9%), C.
dichotoma (3.6%), C. longifolia Lam. (2.5%), C. rubella Lindl. (2.5%), C. candicans
(Burm.f.) Hochr. (2.0%) and C. bodinieri (2%) (Figure 2A). Almost all these taxa are
globally abundant and likely to have wide distribution ranges, except C. mollis where
most of its collections were restricted to the limits of South Korea and Central and
Southern Japan (Table 1).

C. americana is the most abundant species which comprised 36.8% out of all occurrences
of Callicarpa species collected, while 138 Callicarpa species represent the scarcest
taxa of less than 2% of the total collection (Figure 2A). C. japonica is the most widely
distributed species, found in 24 countries of Australasia, Indomalayan, Nearctic, and
Palacarctic region. However, C. candicans (Burm.f.) Hochr. was regarded as the most
widely distributed species based on biogeographic region, as species occurred in seven
biogeographic regions (Table 1). This result suggests that these species may have better
dispersal capabilities and/or less habitat specificity across the region.

The most species-rich country showing the highest number of scientifically accepted
species of Callicarpa is China (44 spp.), with C. kochiana Makino and C. giraldii as
the most abundant collected species. Other species-rich countries include Indonesia
(41 spp.), Philippines (30 spp.), Malaysia (27 spp.), Vietnam (24 spp.), Cuba (21 spp.),
United States of America (18 spp.) and Taiwan (16 spp.). Furthermore, Bray-Curtis
distance-based analysis showed 11% similarity in terms of species occurrence in all
biogeographic regions (Figure 3). Between Palaearctic and Indomalayan regions and the
Nearctic and Australasian regions are shown to be similar in terms of species composition
with values of 37% and 49%, respectively. While the Afrotropical and Oceanic region
shows a similarity index of 28%.
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Table 2. Global databases used for compiling the checklist of Callicarpa species.

Database Source

Co's Digital Flora of the Philippines http://www.philippineplants.org

Catalogue of Life http://www.catalogueoflife.org/annual-checklist/2021
Global Biodiversity Information Facility (GBIF) http://www.gbif.org.occurrence

International Plant Names Index (IPNI) http://www.ipni.org

Kew World Checklist of Selected Plant Families (WCSP)  http://wcsp.science.kew.org/home.do

Plant of the World Online (POWO) http://plantsoftheworldonline.org

Tropicos http://www.tropicos.org/Home.aspx

On the other hand, the Neotropical region is the most unique in terms of species
composition wherein 19 species (83%) are endemic, mostly from Cuba, Puerto Rico,
Greater Antilles, West Indies, Jamaica, Haiti, and Dominican Republic.

The country with the highest level of endemic species of Callicarpa is Cuba (19 spp.),
followed by Indonesia (18 spp.), the Philippines (17 spp.), China (14 spp.), Vietnam (8
spp.), and Malaysia (6 spp.). Other countries including Australia, Dominican Republic,
and Japan have two endemics each while Bangladesh, Greater Antilles, Haiti, India,
Jamaica, Madagascar, Puerto Rico, Thailand, and West Indies are represented by one
endemic species of Callicarpa each (Figure 2B).

Countries were also classified according to biogeographic regions, with Indo-Malay
regions having the highest number of accepted Callicarpa species (101 spp.), followed
by the Nearctic region (26 spp.), Neotropical and Australasia (10 spp. each), Palacarctic
(7 spp.), Afrotropical (4 spp.) and Oceania (2 spp.). However, no Callicarpa species
were occurring in the Antarctic region (Figure 5).

In addition, 64 species (43%) were assessed in the 2022 International Union for
Conservation of Nature’s Red List of Threatened Species [30], while 84 species (57%)
were not assessed (Figure 4). The conservation status of the defined Callicarpa species
includes 33 species (23%) Least Concern (LC), 9 species (6%) Vulnerable (VU), 12
species (8%) Endangered (EN), 6 species (4%) Critically Endangered (CR), 1 species
(<1%) Near Threatened and 3 species (2%) Data Deficient.

Cuba

Others (13 countries)
16

Malaysia
6%
Vietnam
o% Indonesia
19%

Philippines

C. bodinieri
C. candicans 2%
2%

€. rubella
C. longifolia
2%

€. dichotoma
4%

C. acuminata
4%

C. moliis
5%

C. pedunculata
6%

A (B)

Figure 2. (A) Percentage number of occurrences (species abundance) per Callicarpa species. (B) The proportion of endemic
Callicarpa species by country.
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Figure 3. Bray-Curtis distanced-based species similarity analysis of Callicarpa species across different biogeographical regions
based on species occurrence. (Note: Antarctica is excluded in the analysis).

The occurrences of Callicarpa species have quadrupled that of the collections in the past
centuries. Almost 30% of the recognized Callicarpa species were originated in China
(Figure 2A). However, 77% of its collections are not evaluated under the [UCN Red List
of Threatened Species. It also shows that the two most dominant Callicarpa species, C.
americana, and C. japonica constitute 56.6% of the global collection.

Moreover, most of the samples used in this study were documented to occur in a
disturbed habitat which may indicate the importance of a disturbance in the existence
and diversity of species [31]. According to Mott [32], species show a higher rate of
adaptability to environmental conditions including anthropogenic disturbance, then
these species may display a higher chance of survival. In this study, C. bodinieri and C.
candicans were recorded to thrive in a wide range of biogeographical settings, thus more
chance of species survival (Table 1). Likewise, the dominance of C. americana and C.
Jjaponica compared to low-dense C. shikokiana Makino and C. shirasawana Makino
could also signal higher rates of survival because they can outcompete other species.
On the other hand, species showing higher restriction to habitat like in the case of C.
ampla Schauer were found originally in the Virgin Islands and Puerto Rico but currently
became restricted only in the Palo Colorado forest region of the Luquillo Mountains [30]
may experience a higher risk of extinction.

Indeed, the high rate of species richness and endemism in the Indo-Malayan Realm is
owing to its highly variable and diverse tropical forests (Figure 5). However, various
studies [12, 33, 34, 35] stated that most countries have been gradually losing the natural
habitat of many plants causing biodiversity loss. In the Philippines, tropical forests
originally covered almost 93% of its total land area, but according to figures published by
Revilla [36], the remaining tropical forest decreased to 22% due to human disturbances.
In the previous study conducted by Bramley [12] of Callicarpa species in the Philippines,
27 species were recognized while 16 are endemic but most recent collections from
the year 2000 up to the present showed that current collections of Callicarpa species
in the Philippines decreased by 50% [37] GBIF Occurrence Download https://doi.
org/10.15468/d1.8c9mdp).
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Aside from the Philippines, several countries in the Indo-Malayan region including
Malaysia, Indonesia, and Taiwan were also at a grave threat of forest loss due to
climate change, unsustainable logging, land conversion, and forest fires, e.g., major
fires in Sumatra and Kalimantan in Indonesia, Brazil, and Australia, which serves as
important repositories of Callicarpa species, destroyed large forest areas affecting
species diversity [34, 39]. Furthermore, according to the report given by Millennium
Ecosystem Assessment [34], more than half of the 14 biomes have experienced a 20-
50% increase in human-related pressures during the past 50 years. Also, Temperate
and Mediterranean forests and temperate grasslands were affected by land conversion,
being highest in tropical forests. Based on the reports of The Catalogue of Seed Plants
of the West Indies [8], Cuba has 22 Callicarpa species (19 endemics), however, current
statistics collected in the online database show that Cuba had decreased their collection
to an alarming rate of 85% [38] GBIF Occurrence Download https://doi.org/10.15468/
dl.d598ja). Currently, only three species, C. cuneifolia Britton & P. Wilson, C. fulva A.
Rich, and C. americana have been collected from the year 2000 up to the present with
one occurrence per species [40, 41]. Indeed, the low species rate is a result of human
and other environmental disturbances. Two endemic Callicarpa species, C. apoensis
Elmer, and C. ampla are considered critically threatened as it is restricted to Mt. Apo,
Philippines, and Puerto Rico, respectively, and both are currently facing a high risk of
extinction due to the continued forest and habitat degradation (Table 1) [12, 41].

Threatened species, generally was used to refer to the three categories (vulnerable,
endangered, and critically endangered species) [31] of the Callicarpa species’ current
conservation status. Based on this study, the Indo-Malayan region was relatively
highest in the number of threatened species, 25 (93%) out of 27 threatened Callicarpa
species worldwide, where nine VU, 12 EN, and four CR (Figure 3). As the frequency of
species extinction increases, the distribution of species is becoming more homogenous,
thus, resulting in a lack of biodiversity [42, 43]. When species decline especially in
endemic species resulting from anthropogenic disturbance, they are replaced by a
smaller number of expanding species that can grow and thrive in the human-altered
environment and later develop species homogeneity [44].

Figure 4. Conservation status of Callicarpa species based on the International Union of Conservation of Nature [30].
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Figure 5. The number of Callicarpa species per biogeographic region. (Abbreviations: AT: Afrotropical; AS: Australasia; PA: Palacarctic;
OC: Oceanic; NE: Nearctic; NT: Neotropical; IM: Indo-Malay).

These species tend to reproduce and exceed population size, while native and endemic
species’ strong potential to become extinct is becoming high [45]. Introduced species
attempt to increase biodiversity in some areas where diversity is low, e.g., Callicarpa
species show new records of introduced species in the Palaearctic region, including C.
dichotoma and C. japonica in Belgium, C. bodinieri in Taiwan, and C. shikokiana in the
USA. This study shows that Belgium and the US have no endemics of Callicarpa while
Taiwan has four, which is fewer than other Indo-Malayan countries. These species were
most likely introduced as ornamental plants; however, these species have been reported
to spread invasively [22] as shrubs of these Callicarpa species also reseed largely due to
animal dispersion.

CONCLUSION

The result of the preliminary checklist of the Callicarpa species in a global context
uncovers the current status of the species of Callicarpa. Current collections of Callicarpa
revealed that the genus is losing its biodiversity due to human and environmental
disturbances. The two key centers of Callicarpa, Philippines, and Cuba, have shown a
50% and 85% decrease in their specimen collection, respectively, while other species-
rich countries were experiencing the same problem in biodiversity. To summarize, the
collection of Callicarpa species revealed that China (30%) is the most specious country,
the Indo-Malayan region (68%) is the most specious biogeographic region, Cuba (19%)
is the most numbered endemics country, C. japonica is the most widespread species, C.
americana (36.8%) is the most abundant species while 18% of the Callicarpa species
are threatened. This paper represents a step toward Callicarpa species conservation,
especially of highly threatened species, and it stimulates further studies to address
species conservation in a global context. However, data availability is considered an
important factor in developing an extensive species checklist. In this case, there will still
inevitably be poorer data collection for some localities and data may not be sufficient for
establishing a final assessment. This suggests that further research is needed to bridge
the gap in the investigation of the distribution and conservation of species especially of
elusive taxa of Callicarpa.
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