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Abstract

Wild pollen bees often play an important energy-promoting role in the food chain.
The pollination services they provide can help plant reproduction and crop production.
They are the keystone species that contribute to the integrity of the terrestrial ecosys-
tem and maintain the development of human society. Climate change is identified as
one of the reasons that threaten the reduction of pollen bee populations. In this study, an
ecological niche model was “assembled” for 10 common pollen bee species in Taiwan
based on species occurrence records. The results showed that our model has good per-
formance, and further estimated the spatiotemporal dynamics of suitable habitats under
the representative concentration pathway (RCP). The study found that the high carbon
emission situation scenario (RCP 8.5) may cause significant changes to suitable habi-
tats of pollen bees. Among them, six species showed a decrease in population and four
species had a trend of expansion. Species located at high latitudes and altitudes may
experience possible loss of suitable habitat, while heat-resistant species that prefer low
latitudes and altitude areas may increase in population. Therefore, we recommend to
consider these two different environments for zone planning in future conservation strat-

egies in response to climate change.

Key words: pollination, ecological niche modeling, suitable habitat, spatiotemporal dy-

namics, conservation
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H 19 Ao DUkt A IR
o B > ABUBERE AR
TR bR B3 AR RRER . - (i A ALhREER
ERBEERATHREXNERS - £
KAV PR 2 8 BUR R
%478 HF9Z% 89 (The Intergovernmen-
tal Panel on Climate Change; IPCC) TH
A > B2 1986~2005 FEAHEL - F] 21 4D
K (2081~2100 4F ) » = ERV-H 00 1
K& TS 0.3°C > FeEiirh e 4.8°C
(IPCC 2013) - BALFH A Z S
ERRERTE BN RBEEAEYZ 7
i A VIRHRE - R AR
A REE E L EL Y TE R 2% (Schloss et al.
2012, Randall and Woesik 2015) «

fE# (pollen bees) K| AT ¥HY 16
W RACE MR R > HEEEELE
FEREEMEYEE Y - R E AR
iR EEN Ry —  TEEY)H
HEEEEENRERE AT T
PELHRO IR - BHEBECTIEAEE
e S IR AE A (Potts et al. 2016, Pu-
fal et al. 2017) - FEAFHHL G S B
FACEES BT 2 EREY 1/3 BV

¥y TAE (Kremen et al. 2007, Klatt et al.
2014) » (EFORERAYRE EEhE e
(214 (honeybees) B B K (Garibaldi
et al. 2013) » (Rt » 4EFF HY)HE 2 5%
TEAE AT HERYIHALEE (Winfree ef al.
2018) > 7R E] R E H T HIEE UL A (Gi-
annini er al. 2017) » FHIHLEET - BPLRi4
T T R A R A S B MR B Y R
e R Y -

A A A BRI B E KR D
Rk DR B R B 40 G 0 M SR B B T
TESE 21 LAY R 2 — (Kerr et
al. 2015, Papanikolaou ef al. 2016, Agu-
irre-Gutiérrez et al. 2017) » [R B2 5% &
YIHERIE  a i A fC A S =
LAt 38 5 (1 £ 77 - Nemésio et al.
(2016) HEF5H - BRALEEESPEAPEE AR
MEVEE FORTE - LT HVE A AT
i (orchid bee) AJAE &AL [FI FH &S -
{E IRIFRARBRAR I B A BB i B e T
BrigRrRypR S [FEEREEY » Gianni-
ni et al. (2020) #3455 B RS 5
F 216 fETEE » FRAGIRALE D MiHT 5
W B 95% HYYIRE o
&R FERIaHE » Naeem et al.



(2019) ¥ 29 TEFFAHEEE (bumblebee)
HARRABEEBI T WHRH
B — P Y TE 2 P R4/ IR AR
Gonzalez et al. (2021) HIlF5H! > EHMELL
o8 9 e AR B Bh (R Yot By AR i
(stingless bee) H » & 7 T&# R Mz i H &
R M B 5 E R AR
TR o

4 BB L 2 5 (ecological niche
modeling, ENM) /2R 4% H &Y F 1
AYERIRGR I - TEOHIEE B ny s A [
HESYIE BT ENE 2B (R
R ) » &0 ERERUR HIEEHY 77
fi AT REME o BIP4MEF ENM FE F A R
fig 52 28 S W AR 7 2 B B 5T 0 B
S RS 2 IR P A D R
TEEE - A BT AR SR A 2= B RE &
Al EH A EFF S TREAIIIE (&
% 2019, Marchioro et al. 2020, Giannini
et al. 2020, Gonzalez et al. 2021) = /5
PETF ENM HYZEREME AT AT 5214 > SERK
o4 BB 5 (‘ensemble’ ecological
niche modeling, EENM) %% % & ;= £
FEF > HFI R E A E B AR 2
B SRS AR TGS R4S & Ry —

RIFBBHZRTCEZ DMEE

DA 72 1] 45 35 7Y 20 5% (Aratjo and New
2007) - RAVEEAL AR A
(generalized additive model, GAM) £i1%%
S8 5 M EEET (multivariate adaptive re-
gression splines, MARS) &3 E&7 4 20
ZHET AL S 58 AR FR ASf (boosted re-
gression tree, BRT) ~ [Ei#%&HK (random
forest, RF) ~ fz AJ# (maximum entropy,
MaxEnt) 17 1% o] & % (support vector
machine, SVM) @325 HEL
B TR FE Y EENM > 505
AL Y i H Y T H (Naimi and
Aratjo 2016, Hao et al. 2019) » 5 #;
JTE F 7S 1 S5 Y B 95 (Elias er al. 2017,
Giannini et al. 2020, Lu et al. 2021) °

RISV AENERR S S bapiet=3-7
BHybtTenE OB AT E R A
VA &R EENM Rt - 55 10
HE AL EEE D s
AT R R R BB IR R - TN 22
ARG > ST RCRIHEE A BhHEh £V %
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Fig. 1. (a) Geographical location of the study area; (b) Species occurrence records (green circle) and
digital elevation model, where darker colors indicate higher elevations.
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T BEEEIRANE E 0 BV - BB (Y RE » H P iNaturalist 8535 % (#
By O SO S EEN R - FAtHFEELR o FrA BRI AR R IR
3/ NELA | - ST Y ZE [ AT 3%
JE Ky 1x1 km > MEHFERYGIS A EEECEE
(—) V&R BEAL - AT/ D ZE 6] B AH BE St EE AR
FLHE T A (Amegilla) ~BEYE (Apis) ~  (WAEMISEE > BEIIEETA 1465 EER

|l

SR E Wb

E1% (Bombus) B1 K 1% (Xylocopa) % 4 (E1)-
B 3t 10 Tl FLAY TG 3% Y 3R B A (R
1b) » AR AR A4 S A ol
5 8 (ecollect.forest.gov.tw) > 3 it 35 SHEFBRI A R R > 7 World-
FHEG BB 20 FNEBAEYHE  Clim EREIRET 19 @49 AR
PRSI BEARESBRATE SR T8 (Hijmans ef al. 2005) ; HuJK 7 -
AR BEATRIRACS, ¢ RO AN 4 p I B4 M AR ALY (digiital

i

(=) BBt

Global Biodiversity Information Facility elevation model) > #E—F| F ArcGIS

1 VRS HRER > T 11 km HYZEREIET ]
Table 1. Occurrence records of the study species and were georeferenced to the
spatial resolution of the 1x1 km.

Species Chinese name Record

Amegilla calceifera R DT A R 27
Amegilla urens FE b 22
Apis mellifera Pa T 976
Bombus bicoloratus L2 AL 73
Bombus flavescens = AR 63
Bombus formosellus {EFAER 33
Bombus trifasciatus e X AE B 45
Xylocopa collaris H Ay R 4R no e 84
Xylocopa rufipes 4T g A 42
Xylocopa tranquebarorum P R1I% 100
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10.6 #AG BL/EHZ & BLHZ () 5 55 So-
cioeconomic Data and Applications Cen-
ter J&EF A2 EHE L (human influence
index) » FfTA [ Y 2= [E1 AT ) EE EUR:
Ry 11 km - JEETA 23 (& FH 5 E (0
IR o ST IR B IRE ST RV
EAERVEME - IR (3.6.3 A ) HY
usdm #{EL (Naimi ef al. 2014) 5 Ei5%
B RER T (variance inflation factor,
VIF) » {£{REH VIF<S B9 FE NS IE
FEAET - BREEH 8 (ESBTE AR (R
2) -

R ARARAIIERS > AIHAZE R R
fig Rl v~ i 8 2 SR e 3 A G i g AR B
b HeraySEAIRFHAE - NIt

BT 3 MEMRPEUE SR 0 Bl Intergov-

% 2. BT TR 2

ernmental Panel on Climate Change %5
5 REFAL R AT 8 A0 2 AURIBE IR
& (representative concentration path-
way, RCP) » RCP 2.6 ~ 4.5 fl 8.5 %
TR HR ST BRE) /) (radiative forcing) 72
1750~2100 FE[EIBE AT 2.6 ~ 4.5 2 8.5
» VSO Y TH B 8 AL [ %
By 0.3~1.7°C ~ 1.1~2.6 °C Bl 2.6~4.8
°C » oy BIAREEE ~ RIS SRR
{B15#% (IPCC 2013) - A {¢ WorldClim
% BIJELS 2070 4 (2061~2080 4F 11 -
HE) 3EBHE T - FERSEERE
FEA 1x1 km fERT JTH AR 808
BRI A A T &8 R 2 R R
5 (global climate model, GCM) » £
f& CESM1-CAMS ~ CSIRO-Mk3-6-0

Table 2. Predictor variable to model the distribution of pollen bees.

Variable Source
Temperature seasonality

Maximum temperature of the warmest month

Annual precipitation WorldClim dataset

Precipitation seasonality (coefficient of variation)

Precipitation of warmest quarter
Slope
Aspect

Human influence index

Ministry of the Interior

SDAC

SDAC=Socioeconomic Data and Applications Center



GISS-E2-R #1 MIROCS5 (Lin and Tung
2017) > {5 FH #2 4 {E GCM 4 & 1Y &
RAEVIRE: - &R Ry EY s
Al B S B JE A5 R b 0 1 > T oW
GCM fH] #Y A 7 %E 14 (Araujo and New
2007) °

(=) A RERE s

FiFH R SEERY sdm #1(FE (Naimi
and Araujo 2016) ¥h {7 EENM » T8 M
S TEC IR B B (F A E R
£ ¥ 7 GAM ~ MARS - BRT * RF ~
MaxEnt 81 SVM % 6 f - HAFr A &
RUEMTR R S (TR )
Rt - B—YIREE T A A i
42 10000 {[EBEAL  fF 217 e Y ER Y
fir B IEE L 70% HUR 3SR E L5 -
B 30% i Ry el Bk - B E R
7 F bootstrap FHEEESEHALIE AL M4
RE - HETT 10 REVEEEE > 10 FEIE
i <6 FSE B A <10 REW > At
% 600 fEFHAAY -

A8 Tl 185 VA 1R 19 52 B R AR R 1L
(receiver operating characteristic) F7 &
4 2 il 4% T & (area under the curve,
AUC) » DL K E & £ 68 48 51 8 (true

RIFBBHRCEZ DMEE

skill statistics, TSS) LAY HIMERE

Horp AUC {H 87T 52 0.5~1 » & {5 7
e AR U AR By S e M A

TSS AIFE Y +1 2 -1 0 #8311 KRR
B4 V58 % » KL Z IR 44 (Allouche et
al. 2006) » ‘& AUC Ei TSS 43 7l = 7
0.8 5 0.6 LB Ry B AFAVIEAE (Swets
1988, Ben Rais Lasram et al. 2010)  f&
IR EE R 77572 B TSS>0.6 Z 52 »

FRECTA TSS oty » EASYfE
AR R - R A AE - AT
REE HE E AV - B RN

E;

HE

SYIENE M E - 258
B (sensitivity) A1H7 F1%E (specificity)
M E R RAE - BEZE H EATRER
i Ry REME - M FE R S — LT (binary)
e (1) FMIFEEE (0) fithE - B
12070 (0 3 FERMEEEBIE T - 10
TEIEAE X B m A 4 FEH A
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A. mellifera 75 RF 824N » LY
IS HEEE TR SERERIER
4+ X DL RF By RB R (E - HNEHE
fCEEE A AL FIMERE B AVARAE
Py fE1s S BRI TGS - IR E IR
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TTEERCGER

{5 F EENM 5 5 2 fC R H 78 U
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B A. mellifera 91 » 2% & AT IR
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ZIRALHYE ST - EENRR A A
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RCP 8.5 {555 5 2216 7 8228 km® » &3
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7% 3. E =AY (generalized additive model, GAM) ~ %% %% & 7% [ 1 §F (multivariate adaptive
regression splines, MARS) ~ 1 58 31 i 15 (boosted regression tree, BRT) ~ [ f#% £ #& (random
forest, RF) » £ AJ# (maximum entropy, MaxEnt) B3 #% =] 2% (support vector machine, SVM)
PRSPt B PR i 4R R R B R geatE

Table 3. Scores collected from the area under the receiver operating characteristic Curve (AUC) and

true skill statistic (TSS) to boosted regression tree (BRT), generalized additive model (GAM),
multivariate adaptive regression splines (MARS), maximum entropy (MaxEnt), random forest
(RF), and support vector machine (SVM).

Species BRT GAM MARS MaxEnt RF SVM
A. calceifera AUC 090 086 0.89 0.87 0.90 0.86
TSS  0.71 0.71 0.72 0.68 0.75 0.70
A. urens AUC 090 090 0.85 0.87 0.90 0.86
TSS  0.74 0.73 0.68 0.72 0.74 0.66
A. mellifera AUC 078 0.79 0.79 0.79 091 0.78
TSS 041 043 0.43 0.44 0.68 0.44
B. bicoloratus AUC 0.76 0.77 0.78 0.85 0.85 0.83
TSS 049 046 0.60 0.62 0.64 0.62
B. flavescens AUC 0.89 0.86 0.88 0.87 090 0.88
TSS  0.67 0.63 0.66 0.68 0.70 0.66
B. formosellus AUC 092 0.93 0.91 0.93 095 0.94
TSS 0.78 0.80 0.76 0.78 0.84 0.83
B. trifasciatus AUC 091 091 0.89 0.89 0.92 0.90
TSS 0.72 0.75 0.72 0.72 0.73 0.69
X. collaris AUC 0.87 0.85 0.86 0.86 0.92 0.86
TSS  0.67 0.64 0.67 0.64 0.73 0.68
X rufipes AUC 092 091 0.90 091 0.95 0.92

TSS 0.77 0.77  0.76 0.75 0.82 0.76
X tranquebarorum  AUC 0.89 0.78 0.86 0.88 0.87 0.84
TSS 0.67 047 0.62 0.64 0.67 0.65
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Fig. 2. Predicted current distribution of pollen bee species.
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Fig. 3. Shifts in suitable habitat areas of 10 bee species in a RCP 2.6, RCP 4.5, and RCP 8.5 scenario of

future climate change for the 2070s, respectively.
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B BRI BRI U A
V)38 VE 1Y B FE A B (Dew et al. 2016,
Shell and Rehan 2016) » ZSH5E A
TR By S Tt USRS R 20 B (3%
2) » PRIE » YHOHIEH 2R A 6 8 2 A
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Fig. 4. Spatiotemporal dynamics of suitable habitat for the common pollen bee in different climate change
scenarios from present to 2070s.

13



20000

15000

10000

Area (km?)

5000 -

Expansion

Contraction

RIFBBHZRTCEZ DMEE

No occupancy  No change

ORCP26 mRCP45 mRCP85

5. BiF 2 2070 SRR RIS EAFIREEES 2 mEE (Lt E -

Fig. 5. Histogram of area changes of common pollen bees in different climate scenarios from the present
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Abstract

Eucheuma perplexum Doty is the main ingredient of a Taiwanese local dish “Liang
Ban Wu Gong Cai” (cold centipede dish), and is loved by the locals for its chewy tex-
ture. In this research, the generation of E. perplexum is determined by using Nuclear
Magnetic Resonance (NMR) spectroscopy. Two resource protection experiments were
conducted in Shen-Ao Bay, Rui-Fang District, New Taipei City. The results from sex
determination showed that both generations contain the same carrageenan, which is the
iota type. It is necessary to use other methods to determine the sex of immature E. per-
plexum. The results of two protection experiments showed that although the removal of
competing species around the communities of E. perplexum does not increase the pop-
ulation of E. perplexum, protecting them, e.g., in a cage during the high growth or high

feeding pressure period can positively maintain their daily growth rate. The purpose of
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this research is to accumulate the biological information of E. perplexum and to find new

strategies in resource conservation. It is recommended in the future to invest in explor-

ing the establishment of a cultivation system for high-economic algae such as E. per-

plexum, and to develop methods to avoid herbivories, laying the foundation of the future

seaweed cultivation technology.

Key words: Eucheuma perplexum, carrageenan, herbivory, resource protection
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Fig. 1. Eucheuma perplexum in Shen-Ao Bay: E. perplexum inhabiting at a depth of 4 m in Shen-Ao Bay.
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N

Mew Taipei City

[l 2 AbFeaR RS | AT AL R AL T AR -

Fig. 2. Study site of this research: During our research, study site was located in Shen-Ao Bay, Rui-Fang
District, New Taipei City.

[l 3 SRR BEATERRE, | A RIEAVITHEREKZE 4 m B2 EF AR -

Fig. 3. Communities of Gelifium elegans in study site: The communities of G. elegans inhabiting at a
depth of 4 m in Shen-Ao Bay.
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Fig. 4. The cage with cremona ropes was deployed on the sea bottom at a depth of 4 m: In our research,

we used a stainless cubic mesh cage to protect the thalli of E. perplexum which were inserted into

cremona ropes.
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Fig. 5. Control section of community expansion experiments: Control section in this research, we used

PVC pipes to assist in identifying the sections range.
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Fig.6. The comparison of 1 type carrageenan sample (purple), x type carrageenan sample (green),

FSBEEA B

Eucheuma perplexum gametophyte (red), and tetrasporophyte (blue): we used NMR to analyze
the type of carrageenan of 2 generations of E. preplexum, the results showed that both of the two

generations are 1 type.
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Fig. 7 The results of wet weight and surviving number of Eucheuma perplexum inside (A) and outside (B) the
cage: the surviving number inside the cage was higher than outside, and wet weight also showed positive
growth rates before the typhoon season in September.
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Fig. 8. Bite marks on thallus: bite marks are visible on the thalli outside the cage.
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Fig. 9. Secondary attachment disc of Eucheuma perplexum: Thalli reattached on the cremona rope via

secondary attachment disc (SAD) within the cage
10. PR IR B B 2 SR RS AR b e 4 B R R B E R 0
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Fig. 10. The coverage of Eucheuma perplexum in competing species removal experiments: including the

control section, the communities of E. perplexum in all section were eaten by herbivores and as a

Coverage O E. perplexum (%)

result, the whole communities disappeared.
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Fig. 11. The school of juvenile Siganus spinus swimming around the study site during experiments period:
a school of juvenile S. spinus was found in the study site and was seen grazing on the surface of

rocks.
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Abstract

The occurrence of Mosla cavalerirei H. Lév., previously recorded in southern Chi-
na and northern Vietnam, is confirmed in Taiwan. This species could be distinguished
from other congeneric species by having obvious pilose stems and leaves, leaf margin
finely serrate with 614 pairs of teeth, shallowly toothed upper calyx, relatively small
(2.5-3.5 mm long) corollas, and loosely netted nutlets.

Key words: Mosla cavalerirei, Lamiaceae, Taiwan, taxonomy.
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Introduction

Mosla is a genus of Lamiaceae
comprised of about 22 species distrib-
uted in East Asia, the Himalayas, and
Southeastern Asia (Li and Hedge 1994;
Huang et al. 1998). When revising Mosla
specimens stored in TAIF, we noticed
that several collections from various lo-
cations of Taiwan do not agree well with
the three currently known taxa (Hsieh
and Huang 1999). After a careful study
of literature, fresh materials, and herbaria
specimens, we are convinced that an ad-
ditional native species, M. cavaleriei H.
Lév., occurs in Taiwan. Background data
of its morphology, distribution, ecology,
and conservation status are provided.

Key to the Mosla species in Taiwan

1. All bracts leaf-like, ovate to circu-
lar-obovate, surpassing calyx; nutlets
pitted....ccoovieiieiieeiene, M. chinensis

- At least upper bracts ovate-lanceolate
to needle-like, not surpassing calyx
(lower bracts occasionally leaf-like

and surpassing calyx); nutlets net-

2. Upper lip of calyx deeply toothed,
teeth narrowly triangular; nutlets
densely netted...................... M. scabra

- Upper lip of calyx shallowly toothed,

teeth broadly triangular; nutlets loose-

3. Stems sparsely villous; leaves sparsely
pilose, finely serrate with 614 pairs
of teeth; corolla 2.5-3.5 mm long.......

...................................... M. cavaleriei
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Fig. 1. Morphology of Mosla cavaleriei in Taiwan, from Hsu 11021 (A-G), Hsu 11078
(H-K) and Hsu 4702 (L). A. Habit. B-C. Leaves; B, adaxial view; C, abaxial
view. D. Stem. E-F. Inflorescence and flowers. G. Corollas, top view (left) and
side view (right). H-K. Fruiting calyx; H, front view; I, top view; J, side view; K,
bottom view. L. Nutlet. Scale bars: A=5 cm; B-C =1 cm; D-F =5 mm; G-K =
2 mm; L=0.5 mm.
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- Stems glabrescent to sparsely pubes-
cent; leaves glabrous or subglabrous,
coarsely serrate with four to seven
pairs of teeth; corolla 4-6 mm long.....

....................................... M. dianthera

Taxonomic Treatment

Mosla cavaleriei H. Lév., Repert. Spec.
Nov. Regni Veg. 9(211-213): 247-248.
1911.

=Orthodon cavaleriei (H. Lév.) Kudo,
Mem. Fac. Sci. Taithoku Imp. Univ. 2:
81.1929.

Type: CHINA. Guizhou (Kouy-Tch-
eou): Pin-fa, 24 Sep 1902, P. J. Cavalerie
530 (holotype: E-00417165 image!). /)\
TEFRE Fig. 1.

Morphology: Herbs annual,
15-60(-100) cm tall. Stems branched,
quadrangular, puberulent, and sparsely
villous. Leaves opposite; petioles 1-2 cm
long; leaf blades ovate, rhombic-ovate or
ovate-lanceolate, (1.5-)2—4(-5) x 1-2.5
cm, papery, base rounded to broadly cu-

neate, margin finely serrate with six to
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14 pairs of teeth, apex acute, adaxially
sparsely pilose, abaxially pilose on veins,
impressed glandular. Racemes 2.5-4.5
cm in flower, to 8 cm in fruit, finely pi-
lose; bracts minute, ovate-lanceolate,
slightly shorter to slightly longer than
pedicels, sparsely pubescent and glandu-
lar. Pedicel ca. 1 mm. Calyx ca. 1.2 x 1.2
mm, dilated to 4-5 X ca. 3 mm in fruit,
pilose outside; upper teeth minute, broad-
ly triangular; lower teeth slightly longer,
narrowly triangular. Corolla purplish or
whitish, 2.5-3.5 mm long, pubescent
outside, lower lip longer than upper lip.
Nutlets gray-brown, subglobose, 1-1.5
mm in diam., loosely netted.

Distribution: Southern China, north-
ern Vietnam, and Taiwan.

Ecology: Growing on humid, semi-
open roadsides, forest margin and forest
gaps at the elevations of 200—-1900 m.
Flowering and fruiting recorded from
July to November.

Voucher specimens in Taiwan:

New Taipei: Pinglin, 200-500 m, 8 Oct



1997, Ho 647 (TAIF); Shihpai, 500 m,
24 Nov 2018, Hsu 11078 (TAIF); Ssutu,
540 m, 24 Oct 2018, Hsu 11021 (TAIF).
Taoyuan: Lalashan Nature Preserve,
1550-1700 m, 25 Sep 1991, Peng 14655
(HAST; TAIF). Hsinchu: Yuanyanhu,
1800—-1900 m, 17 Sep 2000, Chen et
al. 3492 (TAIF). Yunlin: Shihbi, 21
Sep 2012, Tsai et al. TSY478 (TAIF).
Pingtung: Chinshuiying Anciant Trail,
1400-1500 m, 18 Sep 2011, Hsu 4702
(TAIF). Ilan: Mt. Taiping, 23 Jul 1970,
Kao 7654 (PH, image; TAI); 100 Lindaw,
1320 m, 17 Sep 1996, Wang & Lin 2202
(TAIF); Kulu Forest Trail, ca. 400 m, 7
Nov 2010, Chen 1632 (TAIF); Songlohu,
1230 m, 20 July 2000, Chen 7475 (TAIF);
Sunglohu, 1300 m, 20 July 2000, Chung
2715 (TAIF); Chung 2716 (TAIF).
Additional specimens examined:
CHINA. Sichuan: Chenzhao 9769
(TAIF). VIETNAM. Ninh Binh: Cuong
et al. NMC 1222 (P, image).
Conservation status: Our herbaria

and field surveys revealed that Mosla
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cavaleriei scattered among low- and
mid-altitudinal mountainous regions
throughout the main island of Taiwan,
with several subpopulations located
within protected areas, and no immediate
or potential threats could be detected.
Considering the fact that M. cavaleriei
is naturally distributed in adjacent areas
and has never been reported as a natural-
ized species, we consider it as a native
species in Taiwan and evaluate it as Least
Concern (LC) based on IUCN Red List
Categories and Criteria (IUCN Standards
and Petitions Committee 2019).
Taxonomic remarks: Morphologi-
cally, Mosla cavaleriei could be confused
with M. dianthera as they share very
similar calyx and nutlet morphology (Fig.
1H-L; also see Zhou et al. 1997; Hsich
and Huang 1999). However, as men-
tioned in the key, the former is readily
distinguishable in having obvious pilose
stems and leaves (Fig. 1A-D), fine ser-
rate leaf margins (Fig. 1A—C), and much

smaller corollas (Fig. 1E-G). Recent
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molecular data (Li et al. 2017) showed
that these two species are genetically not
closely allied.

Two taxa described from Japan,
namely Mosla hirta (Hara) Hara [=Or-
thodon hirtus Hara] and M. dianthera
(Buch.-Ham. ex Roxb.) Maxim. var.
nana (Hara) Ohwi [=O. grosseserratum
var. nanum Hara], are closely related to
M. cavaleriei. Based on morphological
descriptions (Hara 1936; 1938; 1955;
Murata and Yamazaki 1993), we specu-
late that these two names are possibly lat-
er synonyms M. cavaleriei, and the treat-
ment of Ying (2019) who synonymized
them under M. dianthera is impractical.
However, for now we hesitate to propose
any formal taxonomic treatment as we
have no access to their type materials.
A critical review of Japanese materials
might be necessary to eventually clarify
their identities. Nevertheless, the plants
once recognized as M. hirta or M. dian-
thera var. nana from Taiwan (Hara 1955;

Huang and Cheng 1978) should be corre-
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sponded to M. cavaleriei.
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Abstract

We report the first record of Euonymus centidens H. Lév. of the sect. Melanocarya
(Celastraceae) in Taiwan. Three populations were found in mountainous areas at 500—
600 m altitude in northern Taiwan, which thus represent the easternmost distribution of E.
centidens in the world. The morphology of E. centidens is similar to that of a different
species within the same genus, E. tashiroi Maxim. The most distinguishable character-
istic between them is that the leaf margin is serrulate in E. centidens and is only slightly
and obtusely serrate in E. tashiroi. A taxonomic description, color photographs, and line
drawings of E. centidens are provided here to facilitate identification. It is needed to
reveal further insights regarding the distribution and history of this Taiwan new record

species.

Key words: Celastraceae, Euonymus centidens, newly recorded species, sect. Melano-
carya, Taiwan
&

RS S R P LA SUR T 41 (sect. Melanocarya) B 4C 8% — H e 1
(Euonymus centidens H. Lév.) o FEHT4Cs-AE = (EZERE AR Y & IEE0EI 300 - 600
m I > R AT R oA i R 5T - B RRR B R [E 8 2 22 EE 7 (B
tashiroi Maxim.) » fix K Z 72 58 Ry ATEHEG HAlfkes - nTEH B B2 ARy 2 Bt d
Rl - ASHR B Ea o HURFEOR AL ~ iR MR E DR E 25 - RARKA
DNEEPRES LR AT SR AEAY S AT MR S -

iR - PR HER  BrecEE ~ RErE - 28
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Introduction
The genus Euonymus L. (Celas-

traceae) comprises approximately 130
species, of which about 115 species are
distributed in Asia. This genus also oc-
curs in Europe and North America, and
ten species were reported in Taiwan (Lu
and Yang 1993; Ma and Funston 2008).
The Celastraceae can be divided into six
sections, i.e., sect. Echinococcus, sect.
Euonymus, sect. Glyptopetalum, sect.
llicifolia, sect. Kalonymus, and sect.
Melanocarya (Liu et al. 2021). Mostly
native to East Asia, the eleven species of
sect. Melanocarya are shrubs or small
trees, which are mostly deciduous, and a
few are evergreen. Leaves are opposite,
flowers are 4-merous, petals are light
yellow-green, capsules are 4-lobed, and
seeds are covered by arils over half of
the surface (Ma 2001; Liu et al. 2021).
However, Zhang et al. (2012) suggested
that the fleshy part of the Celastraceae
seeds does not originate from the funicu-

lus or the hilum, but from the exostomat-
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ic micropyle, thus the fleshy structure
should not be referred to as “aril” but as
“caruncula”. Therefore, we use the term
caruncula to refer to the fleshy structure
covering the Celastraceae seeds reported

here.

Only one species of sect. Melano-
carya was previously reported to oc-
cur in Taiwan, i.e., Euonymus tashiroi
Maxim. However, recently, a different
species of sect. Melanocarya was found
in a low-altitude mountainous area in
northern Taiwan. This species was thor-
oughly examined, and a literature search
was conducted, after which we were able
to confirm that this species was Euony-
mus centidens H. Lév. (Ma and Funston
2008), which was previously considered
endemic to China. Thus, we here present
the first record of this species in Taiwan,
which therefore represents the eastern-
most distribution area of E. centidens in
the world. A taxonomic description, col-
or photographs, and line drawings of this

species are provided here to facilitate



identification.

Taxonomic treatment

Euonymus centidens H. Lév. Repert.

Spec. Nov. Regni Veg. 13: 262. 1914.
HeafEy (Fig. 1, 2)

Type: CHINA. Yunnan, Long-Ky, E. E.

Maire s.n. (isotype E, photograph seen,

Fig. 3).

Synonyms (Ma 2001):

E. euscaphioides F.H. Chen & M.C.
Wang, Acta Phytotax. Sin. 3(2): 235, f.
2: 1-2. 1954. TYPE: CHINA. Jiangsi:
Lushan, Wurushi, June 6, 1951, M.C.
Wang 710 (LBG, PE).

E. euscaphioides F.H. Chen & M.C.
Wang var. serrulata F.H. Chen & M.C.
Wang, Acta Phytotax. Sin. 3(2): 236.
1954. TYPE: CHINA. Jiangsi: Yifeng,
Huanggangshan, Oct. 15, 1947, Y.K. Hsi-
ung 6397 (A, LBQG).

E. streptoptera Merr., Sunyatsenia 1:
198. 1938. TYPE: CHINA. Kwangtung:
Lokchong, May 14 and 17, 1929, C.L.
T50 20487 (MO).

Morphological description: Evergreen
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shrub or small tree, branchlets and twigs
4-winged at the juvenile stage, con-
verting to 4-angled at the woody stage.
Leaves opposite, obovate to elliptic, 4.3—
9.8 cm long, 3—4 cm wide, thick-papery
to thin-leathery, base cuneate, margins
serrulate, each side with approximately
30-50 teeth, apex acute to acuminate,
both surfaces glabrous, lateral veins in
4-5 pairs, the apex of lateral veins curv-
ing inward and forming loops; petiole
2-3 mm or sessile; stipule triangular, ca.
1 mm long, persistent. Flowers axillary,
solitary, 2-clustered, or in cymes, pedun-
cle 1.7-2.4 cm long; calyx 4-lobed, each
lobe 1.5 x 1 mm; petals 4, light-green to
yellowish, suborbicular, 2-2.5 x 2.1-2.5
mm; disc ca. 1.5 mm in diameter; pedicel
3—5 mm long. Capsules ca. 1.5 cm in di-
ameter, green at maturity, dehiscent into
4 lobes, sometimes only 2—3 lobes devel-
oped, each lobe ovoid, sepals persistent;
seeds red, with orange caruncula.

Specimens examined: TAIWAN. New

Taipei City: Pingxi District, Niaozui-



Fig. 1. Euonymus centidens H. Lév. A, habit; B, trunk; C, branchlet and twig 4-angled at the juvenile

stages; D, leaves, adaxial (left) and abaxial (right) surface; E, cymes; F, flowers, adaxial (upper)
and abaxial (lower) view; G, capsules dehiscent into 4 lobes at maturity; H, seeds red with orange-
red caruncula. Photographed by Po-Hao Chen (A—F) and Juinn-Yih Huang (G—H).
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Fig. 2. Line drawings of Fuonymus centidens H. Lév. A, flowering branch; B, leaf, adaxial view; C, leaf,
abaxial view; D, inflorescence; E, flower, adaxial view F, flower, abaxial view; G, fruit. Drawing
courtesy of Yu-Qi Wang.
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Table 1. Characteristics of Euonymus centidens growing in China, E. tashiroi, and E.

centidens growing in northern Taiwan

E. centidens E. tashiroi E. centidens
(Ma and Funston 2008) (Lu and Yang 1993)  (this report)
Leaf length
6-11 x2.5-4.5 5-10 x 2-4.5 4.3-9.8 x 34
xwidth (cm)
serrate or nearly en-
crenulate, serrulate to tirely above the mid-
Leaf margin serrulate
serrate, or even ciliate dle, and entire beneath
the middle
Pairs of lateral
5-7 ca. 5 4-5
veins
flowers solitary, 2-clus-
cymes single or clustered, flowers solitary or few
Inflorescence tered, or in cymes, axil-

axillary or terminal

Peduncle (cm) 2-3
Flower size in

7-8
diameter (mm)
Petals shape ovate
Caruncula color bright red

clustered

lary
1-5 1.72.4
ca. 10 5.5-6.5
ovate suborbicular
bright red orange-red

jianshan, May 7, 2021, P.-H. Chen &
A.-C. Chung 3253-3255 (TAIE); June
13, 2021, P-H. Chen & A.-C. Chung
3232-3234 (TAIE). Xiaozishan, Au-
gust 2, 2021, P-H. Chen & A.-C. Chung
3296-3298 (TAIE).

Distribution: Euonymus centidens was
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previously recorded in China only, at
altitude of approximately 250—1,400 m
where it grows in woodlands and forests,
and it is very common (Ma 2001). The
populations in northern Taiwan grew
next to forest hiking trails in a mountain-

ous area at an altitude of approximately
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300-600 m, thus representing the east-
ernmost distribution of E. centidens in
the world.

Habitat and ecology: mainly found in
damp and shaded forest habitats, es-
pecially near rivers, mature Euonymus
centidens individuals grow 2-3.5 m tall
and show a stem diameter of up to 2 cm.
Accompanying plants include Ardisia
sieboldii Miq., Arenga tremula (Blanco)
Becc., Blastus cochinchinensis Lour.,
Elatostema lineolatum Forst. var. majus
Thwait., Eurya chinensis R. Br., Ficus
fistulosa Reinw. & Blume, Heptapleurum
heptaphyllum (L.) Y. F. Deng, Lasianthus
fordii Hance, Lasianthus wallichii (Wight
& Arn.) Wight, Oreocnide pedunculata
(Shirai) Masam., Saurauia tristyla DC.,
Tetrastigma hemsleyanum Diels & Gilg,
Wendlandia formosana Cowan, and Zan-
thoxylum scandens Blume. The flowering
period is from May to June and fruiting

occurs from June to November.

Discussion
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According to the characteristics (Ta-
ble 1) of Euonymus tashiroi and E. cen-
tidens (Table 1; Lu and Yang 1993; Ma
and Funston 2008), and the E. centidens
population found in northern Taiwan, the
most distinguishing characteristic be-
tween E. centidens and E. tashiroi is the
leaf margin, which is serrulate in E. cen-
tidens and serrate or nearly entire above
the middle in E. tashiroi. However, E.
centidens in China is deciduous, whereas
the population in Taiwan is evergreen.
This may be due to climatic differences
such as the northeast monsoon in win-
ter, which ameliorates the dry season
and facilitates the evergreen habit of E.
centidens in Taiwan. Further research
it is needed to potentially reveal further
insights regarding the distribution and
history of this species in Taiwan.

TUCN Red list category: Nationally En-
dangered [D]

Euonymus centidens is currently

known to occur in three locations in

northern Taiwan, i.e., Xizhi District,



Pingxi District, and Pinglin District. The
respective estimated population sizes
range from 30 to 50 individuals, with a
national total of < 250 individuals. We
thus categorized E. centidens as national-
ly endangered in Taiwan [D], according
to the IUCN Red List Categories and
Criteria (IUCN 2012; Editorial Com-
mittee of the Red List of Taiwan Plants

2017).
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Mark page numbers on the bottom.
Manuscript should be typed in a uniform character size. There is no need to differentiate paragraph,
title, subtitle or contents by using large or small characters.
Measurements should use International System of Units (kg, mg, km, m, cm.... etc.). All numerals or
quantities should be expressed in Arabic numbers. Years in the text should use A.D. universally.
Figures and tables in the text should be sequenced by Arabic numbers (e.g. Fig.1 and Table 1). Both
graphs and photos use same “Fig.” designation.
Common name of an animal or plant that appears in title and first appears in abstract and text should be
accompanied with scientific name. All scientific names in manuscript should be in italics.
When citing a reference in text, use surname and year, e.g. (Clough 1998) for single author; use “and”
to link authors, e.g. (Pimm and Gittleman 1992) for double authors; and use “et al.” e.g. (Baker et al.
1996) for multiple authors. When citing multiple references, separate them with semi-colons in
chronological order.
Use the following system for arranging references in literature cited.
For journals:
Clough, B. 1998. Mangrove forest productivity and biomass accumulation in Hinchinbrook Channel,
Australia. Mangroves and Salt Marshes 2: 191-198.
Pimm, S. L. and J. L. Gittleman. 1992. Biodiversity: Where is it? Science 255: 910-940.
Baker, C. S., F. Cipriano and S. R. Palumbi. 1996. Molecular genetic identification of whale and
dolphin products from commercial markets in Korea and Japan. Molecular Ecology 5: 671-685.
For books and symposiums:
Soule, M. E. and B. A. Wilco. 1980. Conservation biology: An evolutionary-ecological approach.
Sinauer Associates, Sunderand, Massachusetts.
Jinchu, H. and W. Fuwen. 1990. Development and progress of breeding and rearing giant pandas in
captivity within China. pp. 322-325. In: H. Jinchu (ed). Research and progress in biology of the

giant panda. Sichuan Publishing House of Science and Technology, Sichuan, China.
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10.

Table should be typed on a separate sheet and be headed by a title of dual languages (Chinese and
English). It consists of only horizontal lines and typed with English terms (if possible) and Arabic
numerals. If foot notes are required, mark with superscripts 1, 2, *, #, etc.

Figure should be drawn with black ink on a separate white tracing paper with a figure legend of the
dual languages below. Computer graph made from laser printer is acceptable.

Photograph should be a glossy black and white shot with sufficient resolution to be clearly legible after
reduction. When multiple photos are employed, the author should arrange them in plates. Micrographs
should include bars indicating scales of magnification. Photos should be pasted on white A4 paper

loosely with the figure legend below.
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