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Abstract

This paper describes the moniligastrid earthworm Drawida barwelli (Beddard, 1886) as a new
record from Taiwan. It is a small earthworm originated from Southeast Asia. It was collected from coastal
plains and hills below 1000 m in elevation in central, southern and Hualien and Taitung (including Lanyu)
counties in eastern Taiwan, and has never been found in northern Taiwan. Its occurrence in Taiwan
reported herein constitutes the island as the northern extremity of the distributional range of this peregrine
species.

Key words: Drawida barwelli, earthworm, Taiwan
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Introduction

Drawida barwelli was first described by
Beddard (1886) as Moniligaster barwelli based
on the examination of about 20 specimens
obtained by Mr. H. E. Barwell from the
neighborhood of Manila, Philippines. According
to the original description (Beddard 1886), Dr.
barwelli is a small earthworm not more than 1.5
inch (about 38 mm) in length. It has thin,
delicate and much coiled sperm ducts (vasa
deferentia). The so-called copulatory pouches in
the 8" segment in the original description were
later corrected by Beddard (1887) as
spermathecae. Therefore, the spermatheca of
Dr. barwelli is composed of a small, spherical
ampulla and a long, slender, coiled and
contorted spermathecal duct (Beddard 1886,
Plate Il, Fig. 5). Beddard (1886) also mentioned
that “The only apertures that | could detect upon
the surface of the body besides the mouth and
anus were two oval slit-like orifices with tumid
yellowish lips, which are the male generative
orifices”. However, Beddard (1888; 1891)
provided further descriptions together with
figures which differ from his original
description: the sperm duct is simple, short and
not twisted, and the spermathecal duct is simple
and quite straight. The presence of dorsal pores
was mentioned in Beddard (1891). Apparently,
‘Moniligaster barwelli’ described in Beddard
(1888; 1891) actually belongs to another
species. When the structures of the sperm duct
and spermathecal duct depicted in Beddard
(1888; 1891) are compared with those of

Earthworm D. barwelli in Taiwan

Drawida beddardii (Rosa, 1890) from Burma,
they are not distinguishable (see Beddard 1888,
Plate XII, Fig. 12 and Rosa 1890, Plate XII, Fig.
12). In addition, Dr. beddardii has dorsal pores
(Rosa 1890). Later, Beddard (1893) describes
Moniligaster bahamensis imported accidentally
with plants from the Bahamas to Kew Gardens
as a small and slender worm measuring about
25 mm in length. Beddard (1893) states that the
sperm ducts are remarkably long and much
convoluted in bahamensis but misstates that the
sperm ducts are very short in both barwelli and
beddardii.
spermatheca of bahamensis as shown in
Beddard (1893, Plate XLV, Fig. 2) is akin to that
of barwelli (Beddard 1886, Plate I, Fig. 5). It is
obvious that Beddard (1888; 1891) mistook Dr.
beddardii for Dr. barwelli, and then Beddard
(1893) erected a junior synonym, Dr.

Moreover, the structure of

bahamensis, of Dr. barwelli. Due to
misidentification by Beddard (1888; 1891;
1893; 1895), Dr. beddardii has long been
wrongly considered synonymous with Dr.
barwelli (see Shen et al. 2015).

(2010),
Kupriyanova (2010) and Blakemore et al.

Blakemore Blakemore and
(2014) synonymized Drawida glabella Chen,
1938 from Hainan Island with Dr. barwelli.
However, body size, structures of spermatheca
and male organs and presence or absence of
dorsal pores of both species are distinctively
different (Shen et al. 2018). Consequently, Dr.
glabella is not synonymous with Dr. barwelli

and should be recognized as a valid species.
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A checklist of moniligastrids with
Desmogaster sinensis Gates, 1930 and a total of
41 species and subspecies of Drawida from East
Asia including China, Japan, Korea and far
eastern Russia was provided by Blakemore et al.
(2014). To date, De. sinensis and six species of
Drawida were recorded from Taiwan and its
adjacent islands. Except for De. sinensis,
Drawida koreana Kobayashi, 1938, Drawida
beiganica Shen and Chang, 2015 and Drawida
dongyinica Shen and Chih, 2015 from Matsu,
only three species, namely Drawida japonica
(Michaelsen, 1892), Drawida alishanensis Shen
and Chang, 2018 and Drawida fengihuensis Shen
and Chih, 2018, were reported from the island of
Taiwan. Dr. japonica was first documented by
Kobayashi (1939; 1940ab) from Hsinchu,
northern Taiwan, and has never been found again
from Taiwan or other adjacent islands for nearly
80 years. As to Dr. alishanensis and Dr.
fengihuensis, the finding of the two endemic
earthworms at elevations of 1407-1661 m in the
Alishan area, Chiayi County is the first time that
new species of Drawida are discovered from the
island of Taiwan (Shen et al. 2018).

Drawida barwelli is a peregrine earthworm
and has been reported from the Philippines
(Beddard 1886; Gates 1965), Singapore (Shen
and Yeo 2005), Lombok, Indonesia (Michaelsen
1922), Pacific Islands (Michaelsen 1910a;
Kobayashi 1941; Gates 1969; Easton 1984),
Central America (Beddard 1893; Gates 1954;
1965; Easton 1984), and Australia (Blakemore
2010; Blakemore and Kupriyanova 2010). Its

distributional range has been confounded with

that of Dr. beddardii by Blakemore (2010),
Blakemore and Kupriyanova (2010) and
Blakemore et al. (2014) since the two species
were wrongly synonymized by these authors. In
Taiwan, Dr. barwelli was collected from coastal
plains and hills below 1000 m in elevation in
central, southern and Hualien and Taitung
(including Lanyu) counties in eastern Taiwan,
and has never been found in northern Taiwan
though other species of Drawida were obtained
(unpublished data). Furthermore, it is absent
from the earthworm fauna of Kinmen (Chang et
al. 2012), Matsu (Shen et al. 2015) and Japan
(Blakemore 2012; Blakemore et al. 2014).
Drawida cf.
(Blakemore et al. 2012; 2014) is a
misidentification of Drawida eda Blakemore,
2010 (see Shen et al. 2018). Although Beddard
(1893) received Dr. barwelli alive from Kew,

barwelli found in Korea

this species is only found in hot greenhouses in
Kew Gardens and has never been able to
colonize the soils outside of the artificial
environments in the UK (Sherlock 2012).
Accordingly, its occurrence in Taiwan reported
herein constitutes the island as the northernmost
range of this species.

The following description is based on 126
preserved specimens deposited at the Taiwan
Endemic Species Research Institute, Jiji,

Nantou, Taiwan.

Drawida barwelli (Beddard, 1886)

Moniligaster barwelli Beddard, 1886: 94; 1887:
678; 1895: 200 (part).
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Drawida barwelli — Michaelsen, 1900: 116
(part); 1910a: 51; 1922: 6; Gates, 1937:
306; 1965: 87; Kobayashi, 1941: 391;
Easton, 1984: 112 (part); Blakemore, 2010:
137 (part); Blakemore and Kupriyanova,
2010: 4 (part); Blakemore et al., 2014: 130
(part).

Moniligaster bahamensis Beddard, 1893: 690;
1895: 202.

Drawida bahamensis — Michaelsen, 1900: 118;
Gates, 1954: 241; 1965: 85; 1969: 4.

Drawida japonicus bahamensis — Michaelsen,
1910b: 50.

Drawida sp. 3 Shen and Yeo, 2005: 30.

Materials examined. —One specimen collected
on the 13 March 2000 along Road 20 (elevation
430 m), Jiasian, Kaohsiung County by C. F.
Tsai, S. C. Tsai, H. S. Fang, S. T. Chang, T. J.
Lin, H. P. Yang and H. P. Shen (coll. no.
2000-8); three specimens collected on the 16
April 2000 around the lighthouse (elevation 200
m), northwestern Lanyu, Taitung County by C.
F. Tsai, S. C. Tsai, H. S. Fang, H. P. Yang and H.
P. Shen (coll. no. 2000-36); one specimen
collected on the 16 April 2000 from the
neighborhood area of the Green Grassland
(elevation 42 m), southern Lanyu, Taitung
County by C. F. Tsai, S. C. Tsai, H. S. Fang, H.
P. Yang and H. P. Shen (coll. no. 2000-38); one
specimen collected on the 17 April 2000 around
the weather station (elevation 324 m), central
Lanyu, Taitung County by C. F. Tsai, S. C. Tsai,
H. S. Fang, S. T. Chang, H. P. Yang, Y. C. Chiu,
S. L. Hsu, and H. P. Shen (coll. no. 2000-40);

Earthworm D. barwelli in Taiwan

one specimen (amputated) collected on the 17
April 2000 from the valley around the
Lung-men  Bridge (elevation 18 m),
southeastern Lanyu, Taitung County by C. F.
Tsai, S. C. Tsai, H. S. Fang, S. T. Chang, H. P.
Yang, Y. C. Chiu, S. L. Hsu, and H. P. Shen
(coll. no. 2000-42); three specimens collected
on the 17 April 2000 from Yung-hsing Farm
(elevation 13 m), southeastern Lanyu, Taitung
County by C. F. Tsai, S. C. Tsai, H. S. Fang, S.
T. Chang, H. P. Yang, Y. C. Chiu, S. L. Hsu, and
H. P. Shen (coll. no. 2000-43); one specimen
collected on the 17 April 2000 from the
neighborhood near the mouth of the Langtao
Creek (elevation 8 m), northern Lanyu, Taitung
County by C. F. Tsai, S. C. Tsai, H. S. Fang, S.
T. Chang, H. P. Yang, Y. C. Chiu, S. L. Hsu, and
H. P. Shen (coll. no. 2000-45); one specimen
collected on the 12 September 2005 along Road
20 near Baiyun Temple (elevation 600 m),
Jiasian, Kaohsiung County by H. P. Chen and
H. S. Fang (coll. no. 2005-17); five specimens
collected on the 15 September 2005 beside
Danan Creek (elevation 170 m), Beinan,
Taitung County by H. P. Chen, I. M. Hsiao and
S. T. Chang (coll. no. 2005-37); one specimen
collected on the 12 June 2007 from roadside
ditches along Tienshen Temple toward Douliou
(elevation 200 m), Huben Village, Linnei,
Yunlin County by M. H. Chen (coll. no.
2007-23); one specimen collected on the 27
June 2007 from Sweet Gum trail (elevation 135
m) near Waihu Creek, Douliou, Yunlin County
by S. T. Chang and Y. P. Li (coll. no. 2007-26);

one specimen collected on the 27 June 2007
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from the neighborhood of Hueichun Temple
(elevation 140 m), Douliou, Yunlin County by
S. T. Chang and Y. P. Li (coll. no. 2007-28); one
specimen collected on the 29 June 2007 around
Tienshen Temple (elevation 194 m), Huben
Village, Linnei, Yunlin County by T. J. Lin and
Y. P. Li (coll. no. 2007-34); two specimens
collected on the 18 July 2007 from roadside
slope along Fongshuhu South Creek (elevation
150-210 m) near the borders of Douliou and
Linnei, Yunlin County by C. H. Chang, Y. H.
Lin and T. J. Lin (coll. no. 2007-45); one
specimen collected on the 18 July 2007 from
Budhi Shrine of White Horse Mountain
(elevation 130-144 m), Huben Village, Linnei,
Yunlin County by C. H. Chang, Y. H. Linand T.
J. Lin (coll. no. 2007-47); five specimens
collected on the 14 August 2007 around
Tienshen Temple (elevation 194 m), Huben
Village, Linnei, Yunlin County by C. H. Chang,
Y. H. Lin and Y. P. Li (coll. no. 2007-52); one
specimen collected on the 16 August 2007 from
Budhi Shrine of White Horse Mountain
(elevation 130-144 m), Huben Village, Linnei,
Yunlin County by C. H. Chang, Y. H. Linand Y.
P. Li (coll. no. 2007-66); one specimen
collected on the 11 September 2007 from
Yuchin Valley (elevation 178-230 m) near the
borders of Douliou, Yunlin County and Jhushan,
Nantou County by T. J. Lin, Y. P. Li and H. I.
Tsai (coll. no. 2007-72); one specimen collected
on the 11 September 2007 beside Beishihkeng
Creek (elevation 185-204 m), Douliou, Yunlin
County by T. J. Lin, Y. P. Li and H. I. Tsai (coll.

no. 2007-73); seven specimens collected on the

13 September 2007 from roadside ditches along
Tienshen Temple toward Douliou (elevation 200
m), Huben Village, Linnei, Yunlin County by T.
J. Lin, Y. P. Liand H. I. Tsai (coll. no. 2007-83);
two specimens collected on the 13 September
2007 from roadside slope along Fongshuhu
South Creek (elevation 150-210 m) near the
borders of Douliou and Linnei, Yunlin County
by T. J. Lin, Y. P. Li and H. I. Tsai (coll. no.
2007-85); three specimens collected on the 24
October 2007 around Tienshen Temple
(elevation 194 m), Huben Village, Linnei,
Yunlin County by T. J. Lin, Y. P. Li and C. H.
Chang (coll. no. 2007-96); one specimen
collected on the 30 October 2007 from Budhi
Shrine of White Horse Mountain (elevation
130-144 m), Huben Village, Linnei, Yunlin
County by T. J. Lin, Y. P. Li and C. H. Chang
(coll. no. 2007-103); one specimen collected on
the 11 December 2007 from Dakeng (elevation
214-290 m), Huben Village, Linnei, Yunlin
County by T. J. Lin, Y. P. Li and C. H. Chang
(coll. no. 2007-120); one specimen collected on
the 4 March 2008 from Yuchin Valley (elevation
228 m) near the borders of Douliou, Yunlin
County and Jhushan, Nantou County by T. J.
Lin and Y. P. Li (coll. no. 2008-4); one
specimen collected on the 12 July 2010 near
Gaotai (elevation 245 m), Chenggung, Taitung
County by H. P. Chen and C. I. Chang (coll. no.
2010-33); 13 specimens collected on the 13 July
2010 from Chihkoshan (elevation 249 m), Yuli,
Hualien County by H. P. Chen and C. I. Chang
(coll. no. 2010-35); one specimen collected on
the 13 July 2010 near Coastal Mountains Cycas
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taitungensis Nature Reserve (elevation 490 m),
Taitung County by H. P. Chen and C. I. Chang
(coll. no. 2010-40); seven specimens collected
on the 14 July 2010 along Shantsungliao Road
(elevation 373 m), Chihshang, Taitung County
by H. P. Chen and C. I. Chang (coll. no.
2010-42); two specimens collected on the 18
October 2010 near Coastal Mountains Cycas
taitungensis Nature Reserve (elevation 490 m),
Taitung County by R. C. Jang, M. H. Chen and
L. H. Chen (coll. no. 2010-59); three specimens
collected on the 26 May 2011 along Walami
trail (elevation 750-840 m), Jhuohsi, Hualien
County by S. T. Chang, M. H. Chen and C. I.
Chang (coll. no. 2011-12); two specimens
collected on the 26 October 2011 along Ningpu
Road (elevation 181 m), Ningpu Village,
Changbin, Taitung County by H. P. Chen and C.
I. Chang (coll. no. 2011-93); two specimens
collected on the 26 October 2011 at Tzuchiang
Bridge (elevation 133 m), Baliwan Village,
Fongbin, Hualien County by H. P. Chen and C.
I. Chang (coll. no. 2011-96); five specimens
collected on the 27 October 2011 along Road
38-1 (elevation 238 m), Shoufeng, Hualien
County by H. P. Chen and C. I. Chang (coll. no.
2011-100); one specimen collected on the 25
May 2016 near the epicenter of the 921
earthquake (elevation 786 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin
(coll. no. 2016-17); two specimens collected on
the 21 June 2016 around the memorial near the
quake lake (elevation 602 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin

(coll. no. 2016-23); five specimens collected on

Earthworm D. barwelli in Taiwan

the 22 June 2016 around the giant stone
observatory (elevation 730-740 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin
(coll. no. 2016-28); ten specimens collected on
the 22 June 2016 near the epicenter of the 921
earthquake (elevation 786 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin
(coll. no. 2016-29); one specimen collected on
the 20 July 2016 around the giant stone
observatory (elevation 730-740 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin
(coll. no. 2016-38); one specimen collected on
the 16 August 2016 near the quake lake
(elevation 585-602 m), Guohsing, Nantou
County by C. S. Huang and P. H. Lin (coll. no.
2016-42); two specimens collected on the 16
August 2016 around Shimen observatory
(elevation 535 m), Guohsing, Nantou County by
C. S. Huang and P. H. Lin (coll. no. 2016-43);
one specimen collected on the 17 August 2016
around the giant stone observatory (elevation
730-740 m), Guohsing, Nantou County by C. S.
Huang and P. H. Lin (coll. no. 2016-47); one
specimen collected on the 18 October 2016 near
Jiutsaihu Bridge (elevation 647 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin
(coll. no. 2016-51); one specimen collected on
the 19 October 2016 around the giant stone
observatory (elevation 730-740 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin
(coll. no. 2016-57); 18 specimens collected on
the 19 October 2016 near the epicenter of the
921 earthquake (elevation 786 m), Guohsing,
Nantou County by C. S. Huang and P. H. Lin
(coll. no. 2016-58).
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Description. — Length (clitellates) 25-44
mm, weight 0.02-0.07 g, diameter 1.35-2.23
mm. Segment number 89-119. Prostomium
prolobous. Dorsal pores absent. Setae
lumbricine (eight setae per segment), minute,
closely paired. Clitellum X-XIII, indistinct,
whiter than rest of the body, yellowish egg sacs
visible through epidermis in the clitellar region.
Spermathecal pores one pair in 7/8, in line with
seta ¢, concealed in the intersegmental furrow,
occasionally with a small papilla about 0.15 mm
in diameter anterior to each pore. Male pores
one pair on small, eversible penes across 10/11
(Fig. 1AB). Penes usually wholly concealed in
retracted condition with anterior and posterior
whitened pads around the secondary male
apertures (Fig. 1C). Female pores minute,
hardly visible, one pair on anterior margin of
XIl, each pore lateral to seta b (Fig. 1A).
Preserved specimens unpigmented or with
translucent pale skin.

Septa 5/6-8/9 thickened, 9/10 to posterior
end thin. Gizzards large, three in XIV-XVI,
white, shining. Hearts paired in VI-IX.
Nephridia holoic. Testis sacs one pair,
pear-shaped, each suspended on septum 9/10,
about 0.52 mm in length and 0.42 mm in width.
Sperm duct long, compact, heavily coiled into a
tight ball of loops, with a short, slender, straight

distal end connecting to male atrium on the
penial chamber (Fig. 1D). Male atrium small,
follicular, cotton-like, about 0.25 mm in length,
attached to penial chamber. Penial chamber
small, spherical, about 0.28 mm in diameter.
One pair of follicular, yellowish ovisacs
dorso-lateral on both sides of the digestive tract,
occupying three to eight segments in XI-XVIII.
Spermathecae one pair, both ampulla and
spermathecal atrium posterior to septum 7/8.
Ampulla small, spherical, about 0.2 mm in
diameter, its duct long, slender, with three or
four coils to join the spermathecal atrium (Fig.
1E). Spermathecal atrium small, spherical,
about 0.15 mm in diameter. Accessory glands
absent.

Remarks. — The characters of the specimen
from Caroline Islands examined by Kobayashi
(1941) agree mostly with the typical morphology
of Dr. barwelli except the elongated-oval
ampulla, absence of spermathecal atrium and
placement of most of the sperm duct in segment
IX rather than in X. Additionally, the two
specimens from Fiji with much larger body size
(length 66 mm, diameter 3-4 mm, 137-163
segments) and short spermathecal ducts and
without spermathecal atrium documented by
Easton (1984) should belong to some other

species, or maybe a new species.
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sd

ma

pc

D_0.5mm

Fig. 1. Drawida barwelli (Beddard): A, ventral view of clitellar region (p, penis; fp, female pore); B,
right-lateral view of clitellar region; C, ventral view of clitellar region; D, dorsal view of left testis sac
(ts), sperm duct (sd), male atrium (ma) and penial chamber (pc); E, dorsal view of left spermatheca (amp,
ampulla; sa, spermathecal atrium).
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Abstract

We used infrared camera traps to monitor predators of nest boxes from May to August in 2016 and
April to June in 2017 in Aowanda National Forest Recreation Area and checked the breeding stage of
each nest box once a week. We recorded the following species of nest predators: Formosan macaque
(Macaca cyclopis), Taiwan blue magpie (Urocissa caerulea), Red-bellied squirrel (Callosciurus
erythraeus thaiwanensis), Formosan striped squirrel (Tamiops maritimus formosanus) and rodents
(Muridae). Among the recording images, the occurrence index of Formosan macaque was the highest,
and there were 4 records of Formosan macaques which invaded and damaged the nest boxes; the second
most frequent species was the red-bellied squirrel, and there were 2 records of red-bellied squirrel which
invaded and damaged the nest boxes, and there was one record of the Taiwan blue magpie invaded a nest
box. We monitored 144 nests, of which 34 nests were identified as breeding success and 110 as failure
during the two breeding seasons. The factors which caused breeding failure included (1) eggs/chicks
disappeared or died for no obvious reasons (40%, n = 44), (2) predation by macaques (23.6%, n = 26), (3)
predation by snakes (22.7%, n = 25), (4) nest abandonment (12.7%, n = 14) and (5) predation by
red-bellied squirrels (0.9%, n = 1). Therefore, Formosan macagues were the main predator to the birds
monitored in our study. In order to prevent Formosan macaque from damaging the nest box, it is
necessary to strengthen the structure of the nest boxes. We will continue to use infrared camera traps and
frequent nest boxes checks to monitor the breeding success of these birds which use nest boxes, and will
set cameras to time-lapse photography mode to increase the detection rate of poikilothermal predators and
confirm the actual predator species of nest boxes.

Keywords: Infrared camera traps, nest boxes, predators.
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Fig. 1. The sites of infrared camera traps for our nest box surveys in 2016 and 2017.
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Table 1. Number of nests, total observation days and rate of breeding success of each bird species using

nest boxes in 2016 and 2017.

2016 2017
Species Nest Total_ Breedlng success Nest Total_ Breed mg success
observation (S.E., n=number observation (S.E., n=number
number number
days of nests) days of nests)
. 0.271 0.445
Green-backed Tit 38 836 (0.007, n=38) 17 426.5 (0.007, n=17)
) 0.215 0.545
Yellow Tit 5 116.5 (0.017, n=5) 4 160 (0.009, n=4)
Rufous-faced 0.366 0.306
Warbler 39 8985 0006 n=39) B 1012 (0.001, n=35)
. 0.580 .
Eurasian Nuthatch 6 113 (0.012, n=6) -- - -

* ZRNEMES 2017 4F MERTHAC Bk -

* There was no breeding records for Eurasian Nuthatch in 2017.
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Table 2. Information of infrared camera traps used in 2016 and 2017.

Year 2016 2017
Number of nestboxes used in breeding season 87 56
Number of cameras 12 19
Working hours of all cameras 12,315 13,448
Camera set up at building nest stage 8 14
Camera set up at laying/incubation stage 2 2
Camera set up at nestling stage 2 3

2% 3~ 2016 B 2017 4 2 H BANRE 2 SR SRS < T B o

Table 3. The monitor hours of infrared camera traps of each bird species using nest boxes in 2016 and 2017.

Species 2016 2017
Nest number monitored Working hours Nest number monitored Working hours
Green-backed Tit 6 6,750 8 6,449
Yellow Tit 1 919 2 667
Rufous-faced Warbler 5 4,646 9 7,977

HIA% B B A SR B % - 7%
Pz Ol fill B ARAM) 5 BETaRT L s AE Al
T > ELUE DI A B - 2016 - 2 Ki)
> DIEER < Ol i 5 (1.62) » SEHR.Z
(1.42) » HEBRIER B BURRURE .2 Ol fiE[H]

£ 0.07 ° 2017 - [AlkR LAZE i < Ol fE iR =
(7.06) » FRIBIAR R (1.44) » FHE K2
BE 1R (1.01) ~ FL 2 (0.29) B A5 A0 AA BRL(0.14) (3%
4) o HEIFHBATECERZ B8 KU IR A LUK
EIRFE U 2% 1E 3 ElE 10 -

2 4~ 2016 Bl 2017 - H By FHBRAC SR SEAE RHLLARIL -

Table 4. The nest boxes predators records by infrared camera traps in 2016 and 2017.

Year 2016 2017
Image ID of nestbox  Image
Species d g Ol ID of nest box recorded
number recorded number
Formosan macaque 20 162 A23,A25,A36, o5 206 A25,A36,B40,C08,C09,C10,
C19,C38 C12,D06,D24, E03,E06,E12
Red-bellied squirrel 1 0.07 A36 20 1.44 C10,C12,D24
Rodents 21 1.42 A23 4 0.29 EO3
Taiwan blue magpie 0 0 - 14 1.01 A02,D20
Formosa.n striped 1 0.07 C19 2 0.14 EO3
squirrel

Ol: occurrence index.
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L @hcameraName 269610t BOF C 06-13-2016 10:23:58

[3. 2016/06/ 13 HEEENEIHLAE » B2 TH222 BIRY) CAETHS © B6 - HARNAHETILAEEH) -
Fig. 3. 13/06/2016 A Formosan macaque overturned this nest box and then dug out the entire contents from the
inside. (ID number of nest box: B6, which contained nest material of the Green-backed Tit).

4. 2016/06/21 = ARG ~ £ 5 BRI S HLIE 240 35 1 GLARSRNS © C19 - HNAIREE
BERS) o 06/22 AR 3 BB TILT - HEMBERIL IR v REAK B Sk < T EL -

Fig. 4. 21/06/2016 A Formosan macaque dug into the entrance of this nest box after flipping and shaking
the nest box (ID number of nest box: C19) which contained chicks of the Rufous-faced Warbler. The three
chicks were found dead in 22/06/2016, and their death was probably caused by the interference of the
Formosan Macaque.



162 FIIFIRLS MR H B AHBEEE 1 715 G 2 R

[ 5. 2017/04/055% 58 i e 232 SR A T 25 26 1 (BLARSIRNIS - E12> N SR E 1 LB 8 » e A B 2R 1)
Fig. 5. 05/04/2017 A Formosan Macaque damaged the cover of this nest box (ID number of nest box:
E12) which contained 5 eggs of the Green-backed Tit, and the nest failed afterwards.

-
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268 - 1 6/29 R DhEEE) -

Fig. 6. 05/06/2017 A Formosan Macaque tried to break into this nest box but did not succeed. (ID number
of nest box: E06) which contained chicks of the Green-backed Tit which fledged successfully in
29/06/2017).
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7. FRAGRASANE B AR L » AR BRR (G h B B r RE RS 2R eI Bl CGRAESIENS © C12 » ALIAES

FREE ) -
Fig. 7. A red-bellied squirrel gnawed at the entrance of this nest box, and the Rufous-faced Warbler (in the
red circle) tried to drive it away from the nest box (ID number of nest box: C12).

KeepGuard @ 17-06-2017 09:12:53

8.2017/06/17 FRIEFAFABSE B R » M EIFA I R AR CGRARIE © C12) -
Fig. 8. 17/06/2017 a red-bellied squirrel damaged the cover of this nest box, then broke into the nest box

from the top and consumed the chicks (ID number of nest box: C12).
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Fig. 9. During 06/05/2017~14/05/2017, the red-bellied squirrel tried to open the cover of this nest box
several times. The Green-backed Tit (in the red circle) intimidated and attacked the squirrel directly in
order to drive it away from the nest box. The posture of intimidation was lowering its body, opening its
wings swinging from right and left with constant flapping (number of nest box: D24).
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T LA RIAEE T - A LRI MBI SR 2 IRET - BES TR 05/09 R IhAfEHL) -

Fig. 10. During 12/04-01/05/2017 and 06/05-07/05/2017, the Taiwan blue magpie tried to search the
inside of this nest box (ID number of nest box: A02) which was used by the Green-backed Tit; however
the nest did not have any damage outside, so the chicks fledged successfully in 09/05/2017.
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Fig. 11. The researcher used cotton rope to fix the nest box to prevent damage by predators.
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Abstract

Variola albimarginata Baissac, 1953, is identified as a newly recorded grouper from the Dongsha
Atoll based on four specimens collected by lure fishing. In this study, morphology of V. albimarginata is
examined and the description based on the Dongsha specimens is reported. The new record of
white-edged lyretail in the Dongsha Atoll fills the species’ distribution gap between southemn Taiwan and
the Spratly Islands.

Keywords: Variola albimarginata, new record, grouper, Taiwan
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Introduction

The family Serranidae, commonly known as
groupers or white-edged lyretail, are a member
of the most diversified order Perciformes with
538 species from 75 genera of three subfamilies
broadly distributed in tropical and temperate seas
(Nelson 2006). The Epinephelinae are one of the
subfamilies of the Serranidae, a group of fishes
with high values in commercial and sport
fisheries. This subfamily is composed of 15
genera, including two important aquaculture
genera, Cephalopholis and Epinephelus (Rhodes
and Tupper 2007).

The epinepheline genus Variola comprises
only two species, V. albimarginata Baissac, 1953
and V. louti (Forsskél, 1775), inhabiting coral
reefs at depths of 4 to 200 m (Lieske and Myers
1994). According to Heemstra and Randall
(1993), stomach contents of V. albimarginata
show this species feeds primarily on fish.
Though V. albimarginata and V. louti are highly
similar, these two species can be distinguished by
the color pattern of their caudal fin.

Variola  albimarginata is  widely
distributed in the tropical Indo-Pacific region,
from east coast of Africa and eastward to the
Samoa, and the islands in the central Pacific
(Randall 2005). Variola albimarginata has also
been recorded in southern Taiwan, including
Kaohsiung and Pingtung and even in the

Spratly Islands, but it has never been recorded
in the Dongsha Atoll (Shao et al. 2008). This
study is the first report of V. albimarginata in
the Dongsha Atoll and includes an examination
of its morphology

Material and Methods

Four specimens with standard lengths
between 173-196 mm were caught by lure
fishing in the Dongsha Atoll on 11 August 2016.
The specimens were brought back to the
laboratory, and a fin clip of each specimen was
preserved in 95% alcohol. The remaining
specimens were fixed with 10% formalin, then
transferred into 70% ethanol solution for
preservation. The morphometric measurements
followed Smith (1971), and the measurements
were implemented using digital caliper, with
precision to 0.1 mm, and tape measure, and
expressed as proportion in total length (TL) or
head length (HL) in Table 1. The specimens were
deposited in the Department of Oceanography,
National Sun Yat-Sen University, Kaohsiung
(catalog number: DOS 02991).

Material Examined
DOS 02991, four specimens, 236-268 mm

TL, caught by lure fishing in the Dongsha Atoll
by Hsiang-Chun Sun,11 August 2016 (Fig. 1).



BB AL BEIERRFE(TW J. of Biodivers.) 20(3): 169-174, 2018 171

Fig. 1: Variola albimarginata from the Dongsha Atoll. DOS 02991(3), 190 mm SL. Photo by Wen-Chien

Huang.

Ji]— : PREE E RVDIRE 2 IR G - FA5E DOS 02991(3) » ARYERG R 190 mm o B SCHE ©

Description of DOS 02991

Refer to Table 1 for morphometric
measurements and Fig. 1 for general appearance.
Body elongated and fusiform with depth
32.1-35.8% SL. Head relatively large; head
length slightly longer than body depth. Eye
diameter 14.4-16.8% HL, interorbital slightly
convex. Mouth opening large, extending to
vertical of posterior orbit with lower jaw slightly
longer than upper jaw; upper jaw with a pair of
large canine teeth on the front, teeth on both
sides villiform with few conical teeth scattered
outside; 2 large canine teeth on anterior lower
jaw, 1-2 pairs canine teeth on sides of lower jaw
with several Vvilliform teeth. Preoperculum
margin smooth, 3 flat spines on posterior of
operculum. Dorsal fin base long, origin at

approximately 1/3 of TL from snout, outline
D.1X.14(2)-15(2).
Pectoral fin rounded, slightly ahead to dorsal-fin
origin. P.16(3)-17(1). Pelvic fin abdominal and
opposite to dorsal-fin origin, longest ray

straight ~ without  notch.

prolonged. V.1.5. Fourth and fifth anal soft rays
prolonged reaching caudal fin base. A.IIL.8.
Caudal fin lunate. Body covered by small ctenoid
scales, lateral line scale 119-123; 16-20 scales
between lateral line to dorsal fin origin, 51-62
scales between lateral line to anal fin origin,
predorsal scales 38-45. Circumpeduncular scales
22-26, 9-11+0.5 above lateral line and 9-11+0.5
below lateral line (both not including lateral line
row).

Body dark red with yellowish marbled
pigmentation, dorsum darker, ventral gradually
lighter, scattered by spots bluish dorsally and
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gradually turning light purple ventrally. Chin posterior margins of dorsal and anal fins whitish;
yellowish. Pelvic and pectoral fins yellowish; posterior of caudal fin with a definite and thin
dorsal, anal and caudal fins red with dots; white margin.

Table 1. Morphometric measurements of Variola albimarginata (DOS 02991). Meas stands for
measurements; pct for percentage; SD for standard deviation. Percentages are in standard length (SL) or
head length (HL).
Fe— ~ HI%EB(DOS 02991) 2 TEREHI R (E o Meas ZRHI T {H 5 pct X E47LL 5 SD RIEFHERE - H 7y
PRI A A ERS R B IE R 2 ELAY) -

DOS02991(1-4) DOS02991(1) DOS02991(2) DOS02991(3) DOS02991(4)

Characteristic

meas. pct. =~ SD meas. pct. meas. pct. meas. pct. meas. pct.
Total length (mm) 236-268 268 267 253 236
InSL
Standard length (mm) 173-196 196 187 190 173
Body depth 62-66 32.1-358 1.65 63 321 66 353 66 347 62 358
Body width 27.4-34.7 14.7-17.7 143 347 177 274 147 304 16 304 176

Caudal peduncle length 23-30 133-155102 30 1563 29 1565 27 142 23 133
Caudal peduncle depth 26-28 13.9-15.0 0.47 28 143 26 139 27 142 26 15
Snout to first dorsal fin 62-68 33.2-358 1.3 65 332 67 358 68 358 62 358

Pectoral fin length 43-46  22.6-24.9 1.06 46 235 46 246 43 226 43 249
Pelvic fin length 35-38  17.9-20.8 1.27 35 179 38 203 37 195 36 208
dorsal fin base 90-103 49.0-54.2 236 96 49 98 524 103 542 93 538
Anal fin base 31-39 158209 233 31 158 39 209 39 205 32 185
In HL

Head length (mm) 67-76.6 736 76.6 75.1 67

Head width 34.4-411 458547 411 345 469 351 458 411 547 344 513
Snout length 16.7-21.9 23.9-29.2 245 179 243 183 239 219 292 167 24.9
Interorbital width 12.0-14.1 16.9-19.2 0.96 141 192 135 176 127 169 12 179

Eye diameter 10.6-12.6 14.4-16.8 1.13 106 144 126 164 126 168 112 16.7
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Distribution

The species is known from the Indo-Pacific
region, from east coast of Africa and eastward to
the Samoa, north to the Ryukyu Islands, south to
Queensland and Mozambique (Randall 2005). It
is also found in East Andaman Sea (Allen et al.
2005). In Taiwan, this species is reported in
southern Taiwan, including Kaohsiung, Pingtung,
the Spratly Islands, and now in the Dongsha
Atoll.

Remark

Although V. albimarginata was described in
1953, it was frequently overlooked and had been
misidentified as V. louti in previous studies
(Postel et al. 1963; Morgans1982; Randall and
Ben-Tuvia 1983; Heemstra and Randall1984).
Nevertheless, it can be distinguished from V.
louti by a narrower white posterior margin on the
caudal fin (Myers 1999). Our morphometric
measurements and meristic counts of specimens
match the results of Heemstra and Randall
(1993), except for more soft rays of anal fins
(9-12 vs. 8) and less soft rays of pectoral fins
(16-17 vs. 17-19). The differences might be
attributed to individual variations.

The geographical distributions of V.
albimarginata and V. louti approximately
overlap, and the latter seems to be a much more
common species (Randall 2005; Heemstra and
Randall 1993). In the South China Sea, both
species have been recorded in Taiwan, Hong
Kong, Malaysia and the Philippines (Mohsin and

Ambak 1996; Lou and Li 2000; Broad 2003),
and V. louti has been recorded from Dongsha.
Variola albimarginata is known from southern
Taiwan and the Taiping Island, but has never
been reported in the Dongsha Atoll. The new
record in the Dongsha Atoll fills the distribution
gap. Because the specimens were caught by lure
fishing using mimicking bait on the water
surface to attract predatory fish, the habitat uses
of both V. albimarginata and V. louti in Dongsha
remain uncertain and may need further studies.
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Abstract

Net photosynthetic rate (P,)) of Miscanthus leaves, with different chlorophyll content (Chl), was measured
at high (natural habitat-grown M. transmorrisonensis and M. sinensis var. formosanus at 3,000 and 2,100 m
a.s.l., respectively) and low (pot-grown M. floridulus at 70 m a.s.l.) elevations through different seasons. In the
winter, even the leaf temperature (T) drops to 6 °C, the P, of M. transmorrisonensis leaves (Chl ranged
0.17-0.46 g m™) that were measured under the photosynthetic photon flux density (PPFD) of 1,200 umol m™
s (denoted as Py,0) could retain 0.4-3.2 pmol CO, m™ s, While in the summer, the Py,o measured at 19°C
could raise to 3.9-19.9 umol CO, m™? s™. At low elevation, M. floridulus could raise its Py, and Payoto the
values about 30 and 40 pmol CO, m™ s, respectively, at both 25 and 30°C. At the same T and PPFD, leaves
with higher Chl always had higher P, and stomatal conductance (gs). Yet, the determination coefficient of P,—gs
relationship always higher than that of P,—Chl, and the slopes of P,—g; relation were closely related to T. Thus,
a significant positive linear regression (P, = 1.147 + 4.222+g.sT) could be fitted by combining the data
measured at different elevation, season and PPFD. The P, estimated from this equation was closely related to
the measured P, (regression line approximate to 1:1 line, r’=0.937, P<0.001). For verifying this equation
furthermore, the g data of the pot-grown M. floridulus at 250 m a.s.l. (from Wong et al., 2014) were conducted
to compute the estimated P,, and the results still showed that the estimated value could still correlate to the
measured strongly (r?=0.856, P<0.001). Due to g, and T could be determined rapidly and easily by small
portable instruments in the field, we concluded this empirical regression model could simulate both the
seasonal and diumnal variations of P, for Miscanthus leaves at different elevations.

Key words: chlorophyll content, C, plants, Miscanthus, photosynthesis, stomatal conductance.
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Introduction

Miscanthus is a genus of rhizomatous,
perennial C,4 grass, which could be interbred with
sugarcane to obtain new sugarcane cultivars
(Chen et al. 1993). It recently has been used as a
new energy or fiber crop in Europe and
investigated for its biomass potential (Dohleman
and Long 2009; Zub and Brancourt-Hulmel
2010) with the uniquely cold-tolerant ability
(Beale et al. 1996; Naidu et al. 2003; Naidu and
Long 2004; Wang et al. 2008) , and displays
quite a good combination of radiation-, water-
and nitrogen (N)-use efficiencies for biomass
production (Dohleman and Long 2009; Zub and
Brancourt-Hulmel  2010). Yet, the genus
Miscanthus could achieve dry matter yield in
excess of other C, crops in temperate climates
(Beale et al. 1996; Dohleman and Long 2009).

Photosynthesis, one of the major
determinants to biomass production and
terrestrial carbon budgets, is influenced by many
environmental and physiological factors (e.g.
Berry and Downton 1982). C, plants are usually
more sensitive to the low temperature than Cs;
plants (Berry and Downton 1982; Sage and
Kubien 2007), so there are few C, plants or
non-existent in cooler climates (Berry and
Downton 1982). However, Miscanthus is
distributed from the tropical Pacific islands to
northeastern Siberia, 50° N in the temperate zone
(Clifton-Brown et al. 2008). In Taiwan (21°55
N-25°18" N) it grows from the coastline up to
3,200 m above sea level (a.s.l.), and forming a
pure stand or the dominate species in early

succession stage vegetation. According to the
climate data of the Central Weather Bureau of
Taiwan (1971-2000), mean temperatures of the
warmest and coldest months of Alishan (23° 31'
N, 120° 48' E, 2413 m a.s.l.) were 14.2 and 5.7
°C, respectively; while those of Taichung (24° 09'
N, 120° 41'E, 84 m a.s.l.) were 28.5 and 16.2 °C,
respectively. The atmospheric temperature
decreases about 0.5 °C with the increases in
elevation about 100 m (Weng et al. 2005).
Miscanthus could maintain green leaves during
the cold season from the low land to the
sub-alpine zone in Taiwan. Their photosynthesis
would face various temperature conditions at
different elevations and in different seasons.

In the researches of Miscanthus x
giganteus, it displayed a notable ability to
maintain  high photosynthetic rate at low
temperatures of 14 °C or 10 °C (Beale et al.
1996; Naidu et al. 2003; Naidu and Long 2004;
Farage et al. 2006; Wang et al. 2008; Dohleman
et al. 2009), and remained ca. 1/5 of maximum
photosynthetic rate (P) even at 5 °C (Naidu et al.
2003). We (Weng and Ueng 1997) and Kao et al.
(1998) also found that, in Taiwan, Miscanthus
showed the cold-tolerant abilities too; and the
clones collected from high altitude showed better
low-temperature adaptation in photosynthesis
than those collected from low altitude. However,
these studies were investigated in the laboratory
at low elevation, and could not reflect the
seasonal variation of photosynthesis at different
elevation habitats.

For understanding the biomass production
of vegetation grown at different habitats and
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conditions, it is necessary to monitor the spatial
and temporal variations of photosynthetic
capacity. However, the measurement of
photosynthetic capacities in the field using
traditional manners, such as gas analysis, is not
an easy task due to the requirements of highly
expensive equipment and intensive labor. In
many species including C; plants and
Miscanthus, the leaf chlorophyll content (Chl)
and net photosynthetic rate (P,) always closely
related (Verhoeven et al. 1997; Weng and Hsu
2001; Zhao et al. 2005). Stomatal conductance
(gs) is another important limiting factor for
photosynthesis. Not only water or moisture
deficits, low-temperature and N-deficient stresses
as well as low light intensity may also to enhance
the closure of stomata (Beale et al. 1996;
Dohleman et al. 2009; Wong, et al. 2014).
Because Chl and stomatal conductance could be
determined rapidly and easily by small portable
instruments. Thus, the aim of the present study

Photosynthetic capacity of Miscanthus species

was to understand the photosynthetic capacity of
Miscanthus leaves, with different Chl at high and
low elevations of sub-tropical Taiwan through
different seasons; and to elucidate the
relationships of P, to Chland gs.

Materials and methods

The top 2 fully expanded leaves of 3
Miscanthus species, with different Chl, were
measured at 3 elevation sites in central Taiwan
(Table 1). Among them, natural habitat-grown M.
transmorrisonensis (natural distribution from
2,200 m to 3,100 m a.s.l.) and M. sinensis var.
formosanus (1,000-2,400 m as.l) were
measured at 3,000 m a.s.l. (24° 11° N) site and at
2,100 m as.l. site (24° 02’ N), respectively.
While pot-grown M. floridulus (0-1,200 m a.s.l.)
was measured on the campus of National
Chung-Hsing University (24° 09’ N, 70 m a.s.l.)
(Table 1).
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Table 1. Determination coefficient of regressions between net photosynthetic rate (P,) and leaf chlorophyll
content (Chl), and between P, and stomatal conductance (gs) of Miscanthus species at high and low elevations
under different seasonal temperature and 1,200 pmol m™ s™ photosynthetic photon flux density (PPFD).

F 1 AERPE BRI 2 BB IR » [ RRIZRETZERE L 1,200 pmol m™ 5™ Z LA 1EH
D B L (PPFD)HIE At {Hdt & 1 FTE R (Py) 1 25k SR IR L (ChI) b 158 FLIE L (g,) Z (R iR
T RESREY -

Temperature  Determination coefficient (r?) Tested Tested .
. Tested species

(°C) P,-Chl Po-0s elevation (m)  month
6 (6.0)# 0.498** 0.003™ 3,000 Dec.
10 (8.9) 0.362* 0.019™ 3,000 Mar.
13(10.7)  0.628" 0.627 3,000 Apr.  Miscanthus transmorrisonensis
16 (11.8) 0.152"™ 0.730*** 3,000 Nov.
19 (15.8) 0.368* 0.829*** 3,000 Jul.
23 (19.8) 0.571** 0.892*** 2,100 Jul. M. sinensis var. ~ formosanus
30 (28.7) 0.461* 0.888*** 70 Jul. .

M. floridulus

37 (28.6) 0.411* 0.985*** 70 Aug.

#The numeral inside and outside the parentheses is ambient temperature at 1000 h and leaf temperature
throughout measurement, respectively. *** ** * and ns: P <0.001, 0.01, 0.05 and > 0.05, respectively.
#ESRN 2 B2 E H H 10 15 00 73 Z 5t > FE5RIE 2 B SRR B T E I 2 BE R TR -
ks xk xfons SRl R EER AT P AEASESE 0.001 ~ 0.01 ~ 0.05 KK 0.05

Sampling and measurements at 3,000 m and
2,100 m a.s.l. site
Due to Chl of natural habitat-grown

concentration of chlorophyll were determined by a
spectrophotometer (U-2000, Hitachi, Japan) using
the absorbance at 440.5, 645 and 663 nm by the

Miscanthus may vary with soil properties, the top
2 fully expanded leaves with different Chl were
select as materials. Leaves were sampled from a
southeast-facing open stand. Chl was determined
by SPAD 502 chlorophyll meter (Minolta, Japan),
and 12-16 leaves with different leaf color (Chl
ranged about 0.1-0.5 g m™) were select for the
measurements in each measuring period (Fig. 1).
To calibrate the relationship between Chl and
SPAD value, 3 fresh leaf disks (0.84 cm?) from
each leaf were extracted with 80% acetone and

equations of Arnon (1949).

All the leaf samples were collected before
sunrise at 0530-0600 h and immediately recut
under water, then the detached leaves were
exposed to 600 pmol m™ s photosynthetic
photon flux density (PPFD) by a halogen lamp,
and maintained moist by spraying water until
photosynthesis measurements were taken. Net
photosynthetic rate (P,) and stomatal conductance
(gs) were measured with a portable, open-flow gas
exchange system (LI-6400, LI-COR Inc, USA),
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connected to a leaf chamber (6400-02B, LI-COR
Inc, USA) and LED light source (6400-02,
LI-COR Inc, USA). Measurements were made
during 1000-1500 h under 1,200 pmol m™ s
PPFD, and the leaf temperature (T) was

Photosynthetic capacity of Miscanthus species

maintained constant, ca. 2 °C higher than ambient
temperature at 1000 h which was 6 °C (Dec.), 10
°C (Mar.), 13 °C (Apr.), 16 °C (Nov.) and 19 °C
(Jul.) at 3,000 m as.l. site, and 23 °C (Jul.) at
2,100 m a.s.l. site.(Fig. 1).

0.0 01
Chlorophyll (g m™)

02 03 04 05000 005 010 0.15 0.20
Stomatal conductance (mol m?s™)

Fig. 1. The relationships of net photosynthetic rate to chlorophyll content and to stomatal conductance of
Miscanthus leaves measured under 1,200 pmol m= s photosynthetic photon flux density (PPFD) and
different leaf temperature. m: 6 °C, @: 10 °C, 4: 13 °C, A: 16 °C and V¥: 19 °C at 3,000 m site; &: 23
°C at 2,100 m site; and o: 30 °C and o: 37 °C at 70 m site.

1. P2 EHBEER A ARIZER A T LL 1,200 umol m™ s Z AR e Tl 2% 4 (PPFD)HI
TE TG E 1R R AR (Py) ¥ SERK R IR L (ChI) B SR LS (g6) 2 B - I BBk 3,000 AR
m:6°C~e:10°C~ 9:13°C~ A:16°C K V:19°C ; ¥ 2,000 A RJE » ©:23°C s iEH 70 AR

Ji& » 0:30 °C J¢o:37°C o

Cultivation and measurements at 70 m a.s.l. site
M. floridulus collected from lowlands in
central Taiwan was potted (38 cm-diameter) in a
: sand = 1:1:1, and
placed outdoors to receive regular water and full

mix of soil : vermiculite
sunlight on the campus of National Chung-Hsing
University (24° 10° N, 70 m as.l.), Taichung,
Taiwan. In order to obtain leaf samples with
different Chl, 0, 1 and 2 g N fertilizer per pot
were applied at 4 and 2 weeks before

measurement, respectively. The P, and gs were
measured by two methods. The first method was
similar to measured at high elevation sites, i.e. P,
and g; of 12 attached leaves were measured
under 1,200 umol m™ s™ PPFD, and maintained
T at 30°C (Jul.) and 37 °C (Aug.). The second
method was P, of 3-5 attached leaves with
different Chl was measured under 4-5 levels of
PPFD, and maintained T at 20 °C (Jan.), 25 °C
(Mar.) and 30 °C (Jul,), respectively (Fig. 2).
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Initially, the leaves were exposed to 800 or 1,200
umol m~ s PPFD, then PPFD was raised to
2,000 mol m™ s, and stepwise from high to low
levels of PPFD, i.e., 800, 400 and 200 umol m™
st. Under each level of PPFD, P, and g, were
taken every 5 min until it reaches to steady. The
same equipment as measured at high elevation

sites was used in both methods.

Results

to Piygo and P,—Chl and Piy0—gs Were increased
with the increase of T (Figs. 1 and 3), and the
latter correlation always showed higher
determination coefficient (r?) than the former,
especially at high T (Table 1). Even at 6°C, M.
transmorrisonensis leaves (Chl ranged 0.17-0.46
g m™) could retain 0.4-3.2 pmol CO, m? s™ of
Pi2g0. While in the summer, Piyo could raise to
3.9-19.9 pmol CO, m™ s, when measured at 19
°C. At low elevation, M. floridulus could raise its

P1200 and Pageo (P, measured under 2,000 pmol
m~ s PPFD) to about 30 and 40 umol CO, m™
s, at both 25 and 30 °C, respectively (Figs. 1
and 2). For the measurements under 1,200 umol and 3).

At the same T and PPFD, the leaves with
higher Chl always had higher P, and g, (Figs. 1

-2 S—l

m PPFD, the slopes of the regression lines

o 35 8
© 30 S
g:._\ o5 0.46 c:){;
2. 20 Sq
€E 5 0.39 8 E
23 0.30 =0
S g€ 10 0.29 = E
o = IS
c <= 5 5
o | | ‘ | 0.09 2
0 n
0 20 40 60 80 O
Time (min)

Fig. 2. The variation of net photosynthetic rate and stomatal conductance of 5 Miscanthus floridulus
leaves with different chlorophyll content, under 20 °C and variant photosynthetic photon flux density
(PPFD) (m: 200, A: 400 °C, @: 800, /\: 1,200 and o: 2,000 umol m™ s™). Each line represents the
results of a leaf, numeral before each line is the chlorophyll content (g m™) of a tested leaf.

2. PAIFERRIRRE 2 FUEfT (Miscanthus floridulus)3EF 5 FHAEIE#E K 20 & » REPEGTER
R (PPFD)(m: 200, A: 400, €:800, A: 1,200 and o: 2,000 pmol m= s7Y) F i A 1EH#HZR
(Po) B SRALEE (go) 2B © (BT 2 IR IO 1R BEaREE v B > Fradedhss < B oz e fr
ZERFRIRE (G m?) ©
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Fig. 3. Relationship between net photosynthetic rate and stomatal conductance of Miscanthus floridulus
leaves with different chlorophyll content, measured under variant photosynthetic photon flux density
(PPFD) and different leaf temperature. The same symbol in each panel represents the same leaf measured
under different photosynthetic photon flux density. ***: P<0.001. n=3-5

3. TLAfitE (Miscanthus floridulus) N [RI3EAK R IR 2 B2 > IAANRIRE S L 738 & % & (PPFD)
KA E AR RLEAR (Py) K SR ALE L (99) Z BRIR o 2/ INE AHTRI O 557 2R [R] — 3 v A AN ]
PPFD T HriHIf3 2 &} o *** : P<0.001 ° n=3-5 °
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For the variation of P, and gs under varied
PPFD, measured at 20 °C was selected as
example shows in Fig. 2. Both P, and g varied
closely with the variation of PPFD, and the
leaves with higher Chl always showed higher P,
and g, under a the same level of PPFD. Even data
obtained from leaves with different Chl and at
different PPFD were pooled together for
analysis, P, was closely related to g.. Yet, the
slope of the regression equation to P,—gs was
increasing with T increased (Fig. 3). Fig. 4 also
shows that, when merging data measured at
different elevation and season, the slopes of the
regression equations to P—g; still showed very
high positive linear correlation with T.

Due to P,—gs relationship always showed
higher r?than P,—Chl relationship (Table 1), and
the slopes of P—gs relationships closely related
to T (Fig. 4). For obtaining the "best-fit"
combination of P, with gs and T, we combined
these two relationships to analysis. In other
words, the resulting regression equation to P,
and g; could be fitted as equation (1) (Figs. 1b, 3
and Table 1), and the regression equation to slope
(b) and T could be fitted as equation (2) (Fig. 4).
Subsequently, equation (3) was obtained by

combining equations (1) to (2).

Pn = @ + beg 1)
b =c + deT 2
P, =a + cegs + degseT (3)

P, =1.147 + 4222+ geT (4)

Based on multiple regression analysis, the
regression coefficient of equation (3) could be
further fitted (2=1.919, c=-35.592 and d=5.474).
It showed high determination coefficient
(r’=0.950, P<0.001), with partial correlation
coefficients of gs and gsT to P, were —0.308
(20%) and 1.255 (80%), respectively. Due to ¢
showed negative value and low partial
correlation coefficients to P, (20%), thus, we
used P, = a + degsT to fit the relationship
between P, and g, at varied level of T and
PPFD. Obtained result [equation (4)] indicated
that P, showed a very high positive linear
correlation with geT (r?=0.937, P<0.001, Fig. 5).
Fig. 6 shows that P, estimated from equation (4)
was closely related to measured P, (regression
line approximate to 1:1 line, r>=0.937, P<0.001).
This relationship existed when data were
obtained by using leaves with yellow-green to
dark-green colors of 3 Miscanthus species grown
at high and low elevations, and measured at
1,200 or 200-2,000 pumol m s PPFD through
different season.
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200

°=0.915%** o

O | | |
0 10 20 30 40
Temperature (°C)

Fig. 4. The relationship of the slope of the regression between net photosynthetic rate and leaf stomatal
conductance (P,-g, slope) to leaf temperature of Miscanthus leaves.

e, @ and o: Measured under 1,200 pmol m™ s™ photosynthetic photon flux density (PPFD) at 3,000 ,
2,100 and 70 m a.s.l. site, respectively (data from Fig. 1b). /\: Measured under variant PPFD at 70 m
a.s.l. site (data from Fig. 3). ***: P<0.001

4. BEACRIER 23O SRR R FLUE A B RHSER TR TS Py g RIEREIIE R TR 2
8L o o~ @ o FFHRIKFE 7 BRI 3,000 ~ 2,100 Kz 70 22 R Z i » [ XA TER D EEE
J& (PPFD) 1,200 umol m~ s & Ml 2 2 B (E BRI HIE 1) © A : R 70 AR Z % » R[FE
1 PPFD fe& 4 T M5 Z g (BRI R [ 3) o *** @ P<0.001 °
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Fig. 5. Relationship between net photosynthesis rate (P,) and the product of leaf stomatal conductance
and leaf temperature (gsT). ®, @ and o: Measured under 1,200umol m™ s™ photosynthetic photon flux
density (PPFD) at 3,000, 2,100 and 70 m a.s.l. site, respectively (data from Fig. 1b). /A : Measured under
varietal PPFD and temperature at 70 m a.s.l. site (data from Fig. 3). ***: P<0.001.
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Fig. 6. Relationship between the measured and estimated net photosynthetic rate (P,), from the equation
of P, =1.147+4.222+ gT. g and T: Stomatal conductance and leaf temperature, respectively. o, & and

-2 S—l

o: Measured under 1,200umol m photosynthetic photon flux density at 3,000 , 2,100 and 70 m a.s.l.

site, respectively (data from Fig. 1b). A: Measured under 20-30 °C leaf temperature and 800-2,000
umol m= s photosynthetic photon flux density at 70 m a.s.l. site (data from Fig. 3). ***: P<0.001.
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Discussion

Unlike the lowlands at high latitudes,
tropical alpine shows lower seasonal variation of
temperature (Smith and Young, 1987). As a result
that the summer is cooler and the winter is
warmer than in lowlands of temperate region. At
3,000 m as.l. site, the monthly mean air
temperature of the coldest month (Jan.) is ca. 2
°C, thus, leaves of Miscanthus often subject to
freezing  temperature.  Nevertheless, M.
transmorrisonensis could maintain a lot of
activity green leaves through winter at here
(Table 1 and Fig. 1), indicating that M.
transmorrisonensis is uniquely cold-tolerant
among C, plants.

Pigments in leaves are integrally related to
photosynthesis, and can be non-destructively
estimated through optical methods. Among them,
chlorophyll was considered as a short-term
indicator for photosynthetic capacity (Zhao et al.,
2005). The results of the present study showed
that the leaves with higher Chl always had higher
P., when compared at the same T and PPFD
(Figs 1 and 2). These results were consistent with
the previous papers (Weng and Hsu, 2001; Zhao
et al., 2005; Wong et al., 2014). However, as the
presents in Table 1, r? of Py0—-Chl regressions
always lower than those of the P05
regressions. This result might be due to Chl fail
to detect dynamic variations of P, like those
occurring during the day or under certain stress
conditions (Nichol et al., 2000; Evain et al.,
2004).

Previously, we compared the photosynthetic
capacity of 17 Miscanthus clones at 3 levels of N
application. Results indicated that the saturated
P, was closely related to leaf conductance, even
data from all tested clones and N levels were
merged to analysis (Weng and Hsu, 2001).
Moreover, decreased leaf P, due to N deficiency
was mainly associated with lower g, rather than
carboxylation capacity of leaf chemistry (Zhao et
al., 2005). The physiological role of stomata is to
prevent water loss and to facilitate CO, diffusion
to mesophyll cells. To optimize the water use
efficiency, guard cells could monitor the plant
water status and the CO, demand from the
mesophyll. Reports have been point out that
guard cells respond to the intercellular CO,
concentration, which is determined by
atmospheric CO, and by the mesophyll
assimilation rate (Vavasseur and Raghavendra,
2005), allowing a tight coupling between g, and
P in many conditions, included changing light
intensity (D’ambrosio et al., 2003; Huxman and
Monson, 2003), temperature (Pittermann and
Sage, 2000, 2001), leaf N status (Weng and Hsu,
2001; Mohotti and Lawlor, 2002) as well as
changing conditions due to the diurnal (Hirasawa
and Hsiao, 1999; Mohotti and Lawlor, 2002,
Cuevas et al., 2006; Ding et al., 2006; Leakey et
al., 2006), seasonal (Hirasawa and Hsiao, 1999;
Leakey et al., 2006) and genotypical (Ding et al.,
2006; Dohleman et al., 2009; Dohleman and
Long, 2009) variations.

In the present study, we found that the slope
of P,—gs regression was increasing with T
increased (Figs. 1b and 3). What is the reason for
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this phenomenon? Reports have pointed out that
both gs and P always decreased with decreasing
temperature. In many C, plants, the decreasing
amplitude of P following the temperature
decrease was higher than that of gs (Pittermann
and Sage, 2000, 2001; Kubien et al., 2003;
Koscielniak and Biesaga-Koscielniak, 2006). As
a result, the sensitivity of P, to variation in gs
generally decreases at colder temperatures, and
this was due to the biochemical controls over P,
at low temperature was less sensitive to changes
in intercellular CO, concentration. Thus,
temperature change may disproportionately alter
gs relative to P,, and stomatal limitations to C,
photosynthesis are generally smaller at low
temperature (Sage and Kubien, 2007). This
reason may lead to the decline of slope for P—g,
regression line (Figs. 1b, 3 and 4).

We combined the P,—g; relationships under
different T, and found that P, showed a
significant positive regression with gseT. Based
on the close correlation (regression line
approximate to 1:1 line, r?=0.937, P<0.001)
between the P, estimated from the single
regression equation (4) and the P, measured in
field, when data obtained from different
illumination and seasonal temperature conditions
were pooled together for statistical analysis (Fig.
6). Moreover, we used another published data
(Wong et al., 2014), with a broad range of P,
caused by different light, humidity, seasonal
temperature, phenological stage and N
fertilization, to estimated P, from equation (4).
The results showed that the estimated P, still
correlated linearly with the measured P,

Photosynthetic capacity of Miscanthus species

(r?=0.856, P<0.001, Figure omitted). We, thus,
concluded this empirical regression model could
simulate both the seasonal and diurnal variations
of P, for Miscanthus leaves grown at high and
low elevations with different Chl. Because g and
T could be determined rapidly and easily by
small portable instruments in the field, this
empirical regression model might be of benefit in
eco-physiological research and monitoring.
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