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Dinebra retroflexa (Vahl) Panz.—A newly naturalized
Poaceae in Taiwan
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Abstract

Dinebra retroflexa (Vahl) Panz., belonging to the grass family, is native to the
tropics of the Old World, including the tropical dry open lands of Africa and Asia. This
small herb can be distinguished by its terminal 6-25 cm long inflorescence, two to four
racemes arranged spikelets on main axis, spikelets with joints that fall off easily, and
longer glumes than the flowers. In this paper, we report the naturalization of Dinebra
retroflexa in low-altitude farmland and road edges in northern and southern Taiwan, and
describe its morphological characteristics, color photo, and ecological characteristics.
FASEEE - ETEE - (L - AR 88

Key words: Dinebra retroflexa, naturalized, Poaceae, Taiwan
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% (Cynodonteae) (Soreng ef al.,
» FEOSMNEEEHIE (Sun
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2017)
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FEHEBEA 23 f# (Peterson et al.,
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Bot. 2: 20. 1791
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1. S (A) THELSGRAYESEER © (B) /NMERGHRYIREIRTCR » ATl (72 ) ME# i (4
)+ (C)/NEE > ATl (Z2) MIZE#mE (4) -
Fig. 1. Dinebra retroflexa (Vahl) Panz. from Taiwan. (A) Inflorescence; (B) Spikelets aggregated into

racemes; (C) Spikelets.
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(Nephrolepidaceae),
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ABSTRACT
This paper reports the fern Nephrolepis hirsutula (G.Forst.) C.Presl as a newly

recorded species in the flora of Taiwan. Its morphological characters, synonyms,

illustrations, voucher specimens, and a key to Nephrolepis in Taiwan are presented.
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Aspidium hirsutulum (G.Forst.) Sw.,
J. Bot. (Schrader) 1800(2): 32 (1801);
Lepidoneuron hirsutulum (G.Forst.)
Fée, Mém. Foug., 5. Gen. Filic.: 301
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Martius & auct. suc. (eds.), Fl. Bras. 1
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(G.Forst.) C.Presl, Reliq. Haenk. 1:
32 (1825); Polystichum hirsutulum
(G.Forst.) Bernh., J. Bot. (Schrader)

1801(1): 16 (1802)
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L FFRRER R (V. hirsutula): A, FRIEE B, R —[EPHRE © C, Hislm (AR
—[E) EESRZSE ; Huf st (L) SRAIRER R ) D, B (FE R Eg
EREE P R AR O (SELE T ) idEIREER ) B, BT RED (ARSI H
MR F EBEEPR CRR B EREGR ) ¢ G, SRR (W s s # A ) -

Figure 1. N. hirsutula: A, habit; B, lamina pinnate; C, adaxial surface (margin shallowly crenate,
distinctly auricled, surface densely fibrous scales with pale ferrugineous); D, abaxial surface
(sori submarginal, rachis and costae densely fibrous scales with pale ferrugineous); E, lower
pinnae (hardly or slightly auricled); F, basal pinnae (tapered into auriculated); G, stipes (densely
covered with linear or linear lanceolate scales).

13



3a fUT-BERE P AR (R HE4% TR
BB ARG LB Ol oo %5

BB N. x hipocrepicis (= N. cordifolia
x N. biserrata)

3b fUFEELBEGA AT
e i 5
BEEEE 7 N. x pseudobiserrata (= N.

brownii X N. biserrata)
PR E34em H L1
cm 5 B AR ED 4 % e B A

4a

4b PIF & 5~10 cm; E4Y 1~2 cm
FERAL T g T e > B ER
LB e (6)

Sa Pl FEEGIRZEHE - 282 E
EEH AR EEEAKIRE BN
cordifolia

5b PIH ELE HARZEHE > KRB =
SR A TR A BB EEKEREE
............ RHE B N. x copelandii (=
N. cordifolia x N. brownii)

6a FERBLI S @R (£ 1H) |
S R T 40 225 I B3R C A R
R PR e B e BT g R K
B 2R ZRRENIRERZ] (£ 1F

14

ZEIICHRR - AT ERER (BRR)

+

-

..................... %%% N.

13 1G)

i

brownii

6b FEMN AN TP B R P 21
fh R (% 1D) © BE R T s o (
SALtE ) dREIREE S © PR BT
et HEBEGE 2 EFEIREZ] -
RAEMT8E - HIBGH 226
(K IB IR 1C)eeeeeeee Fe R B B R

N. hirsutula

PRE Rl -

H Al BAIE =08 8 2 — (i
BE 49 200~300 5 - fir /278 2= H
R 755 £ 10~20m 2518 2 W 55 147 »
R A 5 2 B A BRI > B
ILRIREE Z etk - RACE R H M
— A OriE - M H AT A B R £
AT E R AL E R aG  BRFH
51 1835 H Z (DD: Data Deficient)
o (RBUHE REYLLLE A
2017) -

P53 Ar B R HE
Ehile e e N e
B (gt - FE - A ) - SRR B



BEEYZERIEIAIT TW J. of Biodivers.25(4):9-17, 2023

* 1. BB ER RN E R R R L -
Table 1. Comparison of morphological characteristics between N. hirsutula and N.
brownii.

BEEEZEZE N hirsutula EEB B N. brownii
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- 4 B

FHTHENANE (RABE) BERSE S -
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85 AABTFEEZRA  HBEB2RRZ - b ARBFREHZAR HBREERTRINENR
R% -

EREMBRRBE R RIS ERBRWREB S -
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A dataset of distribution of Geothelphusa (Decapoda:
Potamidae) with their environmental parameters and
stream indicators in eastern and southern Taiwan
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Abstract

This paper describes the dataset on the freshwater crab genus Geothelphusa
(Decapoda: Potamidae), their environmental parameters, and stream indicators in
eastern and southern Taiwan. This dataset is the result of 146 surveys (sampling events)
of freshwater crab species and stream environment from 2013 to 2015 at 42 sampling
sites throughout Taiwan, and a total of 12 species and 1,006 individuals of Geothelphusa
were recorded. The data include presence, carapace width, carapace length, wet weight,
and sex. The stream environmental data include water temperature, pH value, dissolved

oxygen, conductivity, and three indicators (River Pollution Index, RPI; Water Quality
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Index 7, WQI7; citizen Qualitative Habitat Evaluation Index, cQHEI).
Keywords: Sampling event, occurrence, freshwater crab, Geothelphusa, environmental

indicator

# &

ERHE R 2013 - 2015 fﬁﬁé%iﬁ%%ﬁ Grat 146 TR /KRB B Y)E
BRI P 4E  o HREEE 12 78 1,006 €84 - BT AIE B f SRR
& FHE - FHRE ORERMER  RRREAFEEEHEE/CR - pH E - AR
B AEEEE IR R CHJIDTAHES RPL - /KEHRE WQIT K E Mf#
HEFAE 5% cQHEL)

BRGEE] - BURR AT - SEIRACER - SRKEE - RAE - IRETEAT

Introduction and caves; many are semi-terrestrial.

For decades, there are several Almost all species require pristine water
indicators developed to evaluate the conditions to survive and are inferred
actual status and trends of freshwater, a to be excellent indicators of good water
vital resource for life on earth, including quality (Yeo et al. 2008, Cumberlidge
environmental indicators (Gupta and et al. 2009). In addition, Geothelphusa

Gupta 2021, Rankin 1989, Plafkin et species (Geothelphusa dehaant)
al. 1989, Uddin et al. 2021), biological is officially used as the biological
indicators (Hellawell 1986, Merritt et al. indicator of good water quality in Japan

2008), and aggregative indicators (Singh (Ministry of the Environment 1985,

and Saxena 2018). 1992, 2006, 2022). Nevertheless, only
Freshwater crabs live in rivers, a few studies focus on the relationships
streams, waterfalls, wetlands, karsts, between freshwater crabs and freshwater
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physicochemical parameters (Fadlaoui
et al. 2021), and there is no study that
has evaluated the relationships between
the freshwater crabs and the freshwater
quality.

In order to offer more data for
studying the relationships between the
freshwater crabs and their environments,
we collected data on the freshwater
crab genus Geothelphusa (Decapoda:
Potamidae) and their environmental
parameters in 42 sampling sites (Fig.
1) from June, 2013, to June, 2015, in
Taiwan. We conducted 146 sampling
events (Table 1) and recorded 12

Geothelphusa species and 1,006 crabs.

Project details

Project title: Constructing
monitoring system for the freshwater
ecosystem—A study on indicator species
of Geothelphusa

Funding: Endemic Species Research
Institute, Council of Agriculture,

Executive Yuan, Taiwan.

20

Study area descriptions:

Twenty-two sites (52.4%) had
been monitored in southern Taiwan in
2011 (Huang and Chen 2014), and 20
more sites were located in eastern and
northeastern Taiwan.

Bounding Coordinates: South West
[21.959, 120.601], North East [24.751,
121.664]

Taxonomic coverage

General taxonomic coverage
description: All the crabs were identified
and recorded to species level, but a few
individuals labelled as "Geothelphusa"
were too small to identify the species.
Twelve species and 1,006 individuals of

Geothelphusa were recorded.

Taxonomic ranks
Species:
Geothelphusa albogilva &5 K55 |
Geothelphusa bicolor B0 5E |
Geothelphusa caesia B5 ) 258E |

Geothelphusa cinerea X F 8% |
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Geothelphusa ferruginea 50525 |
Geothelphusa ilan H 25
Geothelphusa lili ] 5 258E |
Geothelphusa olea =545 5%5% |
Geothelphusa pingtung 753525 |
Geothelphusa shernshan THLLIEEE |
Geothelphusa tawu K EE
Geothelphusa tsayae Z% X, 525E
Temporal coverage: June 14, 2013—

June 11, 2015

Methods
Method step description:

The water sampling and the seven
parameters required to calculate two
water quality indicators, River Pollution
Index and Water Quality Index, including
pH value, dissolved oxygen (DO),
biochemical oxygen demand (BODS),
ammonia nitrogen (NH3-N), suspended
solids (SS), fecal coliform (FC), and
total phosphorus (TP), were operated
following the protocols published by
Taiwan Environmental Protection

Administration in 2013.

21

Study extent description:

Freshwater crabs appear in almost
all clean freshwater bodies, from moist
lowland forests to rugged mountains
(Cumberlidge et al. 2009). There are 57
recognized Geothelphusa species, with
39 species in Taiwan (Shy et al. 2021).
Over 20 Taiwanese Geothelphusa species
live in stream ecosystems below 500
m above sea level (Shy and Lee 2009).
In this paper, the 42 sampling sites in
Taiwan (Fig. 1) were all natural habitats
of streams with an elevation distribution
of 2-998 m, and 33 sites (78.6%) were
below 500 m altitude. The data of the
22 monitoring sites were collected
quarterly from the summer of 2013 to the
summer of 2015, but some surveys were
abandoned due to a lack of water-related
data for the drought. The other 20 sites
were surveyed only once in the summer
and fall of 2014.

Sampling description:

Crab investigation

A complete search of 50 meters
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along the stream was conducted at each
site. Then, six traps baited with dry pet
food (Fig. 2) were set overnight (Chen
et al. 2003) to collect the Geothelphusa
crabs. After identifying species and
measuring the traits of carapace breadth,
carapace length, wet weight, and sex,
the captured crabs were released to their
native habitats except for those with
doubt in species identification needed for
confirmation in the laboratory.

Environmental parameters investi-
gation

The water temperature, pH value,
dissolved oxygen, and conductivity of
the sampling sites were measured by a
water quality meter (Horiba U-53) in
situ. The water samples used to measure
the values of BOD5, NH3-N, SS, FC,
and TP were preserved below 4 degrees
Celsius and analyzed in the laboratory
within seven days from collection. In
addition, the score table of cQHEI was
also recorded in situ.

The data of BOD5, NH3-N, SS,

22

FC, and TP were used to calculate two
water quality indicators: River Pollution
Index (Liou et al. 2004) and Water
Quality Index 7 (Wen 2006). The data
of the score table of cQHEI were used
to calculate the other environmental
indicator: the citizen Qualitative Habitat
Evaluation Index (Hoosier Riverwatch

2019).

Datasets

Dataset description

Object name: Darwin Core Archive A
dataset of distribution of Geothelphusa
(Decapoda: Potamidae) with their
environmental parameters and stream
indicators in Taiwan

Character encoding: UTF-8

Format name: Darwin Core Archive
format

Format version: 1.5

Distribution:
https://ipt.taibif.tw/archive.do?r=crab-
indicator

https://www.gbif.org/dataset/0528b82f-
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bebb-49b0-ad2e-5082ae002823
Publication date of data: 2023-02-06
Language: English

Licenses of use: Creative Commons
Attribution (CC-BY) 4.0 License
Metadata language: English

Date of metadata creation: 2022-12-29

Hierarchy level: Dataset
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Fig. 1. The distribution of sampling sites. Data on the Geothelphusa species and their
habitats were collected from 42 sampling sites in eastern and southern Taiwan.
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Fig. 2. The baited shrimp traps of size 30 cm (length) x 10 cm (diameter).
2. FRE > WEE 0 RSP BE 30m ~ B 10m - AEEERIEE -

Table 1. The time and frequencies of sampling events at the 42 sampling sites.

R 1. 42 pEBEREH RS L -

Survey Time S ling Sites
Year Season 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
2
2013 3
4
1
2
3
4
1

5 5 6 4 7 7 4

Sampling Events 527 6 6 6 6 7 7 7 Py r ot
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Abstract
The nesting and breeding behavior of the Taiwan Partridge (Arborophila

crudigularis), an endemic species in Taiwan, is rarely reported. However, in 2001, 2005,
and 2006, three nests were discovered in Huben Village, Yunlin County. These nests
were found at the base of trees or bamboo in the dry creek valley, and were constructed
using fallen leaves and fine twigs. The clutch size of the Taiwan Partridge was three
to four eggs. In 2006, the nesting behavior of this species was observed and recorded
by video. The incubation period was 24-26 days, and the average time that the parent
spent sitting on the nest was 20.8 hrs, with a range of 18.4 to 24.8 hrs. The nesting adult
usually left the nest only once in the early morning, during which time it picked up dead

leaves and twigs in front of the nest with its bill and threw them back over the nest. The
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newly hatched chicks (Day 0-1) left the nest with their parental bird, and did not return

after Day 1 or Day 2.

&

EENAESHEE NS (Arbofphila crudigularis) S8 K EFATT R/
A Fofi e HABREIETT R &N > AR AL 2001 ~ 2005 K2 2006 FEHYZEMRIRE
AT EEIRAY 3 BT - SR EE UGS T HYRIAREES » DU B
RERE - FEERy 3-4 FE - 2006 F3IRAVE > Llgksr iz(acek - s HIRE
H Ry 24-26 K > S P9 HIFERE 20.8 /N (18.4-24.8 /NEF) -~ LGB
FERFEHASE 1 X WAARRATSKERFECEERESR - 2R
&% 08¢ 1 HilR RIS SEERIEE) > 1 802 HEREFA F[EH -

Key words: Altricial bird, breeding behavior, clutch size, incubation period

R - FES ~ BIHIT R~ EONE -~ BRED

The Taiwan Partridge (Arborophila and 2021 (Fan et al. 2022). Therefore,

crudigularis) 1s an endemic bird species its conservation status is currently
widespread in the mountainous regions cataloged as the Least Concern by the
of Taiwan at elevations below 2,300m Taiwan government and I[UCN (BirdLife

(Severinghaus et al. 2012; Luo 2000). Its International 2016; Lin et al. 2016).

population trend was considered to be Despite the wide distribution of
declining due to deforestation and land the Taiwan Partridge across Taiwan
use conversion two decades ago (Fan Island, there is a lack of up-to-date
2005). However, recent monitoring data documentation of its life history and
show its population stable between 2011 nesting behavior in field and captivity

30
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settings (Cheng et al. 1978; Sun 2001;
Madge et al. 2002). In 2001, 2005, and
2006, we had the opportunity to observe
three nests in Huben Village, located in
central Taiwan. In particular, we recorded
the nesting behavior of the parent bird
in detail using videography for the last
nest. In this paper, we aim to compile
and present the gathered information
to further our understanding of the life
history characteristics of the Taiwan
Partridge.

Huben Village is located in Linnei
Township in the northeastern region
of Yunlin County in west-central
Taiwan (120°37.1’E, 23°44.5’N).
The hills around the village, as well
as the neighboring hills inside Linnei
Township and adjacent Douliu City,
have been designated as an Important
Bird Area (IBA: TW-017), particularly
for the Fairy Pitta (Pitta nympha), by
the Chinese Wild Bird Federation in
partnership with BirdLife International

(Taiwan Wild Bird Federation 2001).
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The area is approximately 2,200 ha,
between 50m and 500m in elevation,
and covered with Taiwanese Giant
Bamboo (Dentrocalamus latiflorus)
stands mixed with natural broad-leaved
trees and sparsely distributed orchards
and betel nut plantations. The climate
is hot and wet from April to October,
with a total precipitation of 2,000mm.
In contrast, the climate is cool and dry
from December to February, with a
precipitation of less than 500mm (Taiwan
Wild Bird Federation 2001). The Taiwan
Partridge is a shy and elusive bird and
can be challenging to observe. However,
its call can often be heard in hilly areas
that are well-forested with broad-leafed
trees (Luo 2000; Sun 2001).

A local bird guide named Mr. Jing-
Kai Chang discovered a Taiwan Partridge
nest on the morning of 6 May 2006. At
the time of discovery, there was no adult
bird present, but an unmarked white
egg was visible. Three days later, on 9

May at 15:00, we rechecked the nest and



found an adult Taiwan Partridge inside.
The basal platform nest was constructed
of dead leaves and twigs, resembling a
pile of twigs and leaves. It was a flattish
dome with a small, nearly round-shaped
opening with an inner diameter of about
7cm (Figure 1).

The nest was located against a root
growing out from the base of a broad-
leaf tree (Ficus fistulosa) near the ridge
of a hill in a narrow valley at an elevation
of approximately 190m. The nest was
on the foot of a gentle slope beside a
dried ditch with a steep bank 0.9m high
and 1.8m wide (Figure 2). There was a
walking track 25m below the nest. The
valley was mostly covered by broad-
leafed trees, while a Taiwanese Giant
Bamboo plantation covered the lower
sides of the track and the slope below.

To record the nesting behavior of
the Taiwan Partridge, we monitored the
nest (Martin et al. 1997) and utilized a
digital video camera system to monitor

the nest for seven days and 20.5 hrs,
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starting from 15:02 on 28 May 2006
to 11:29 on 5 June 2006. The system
consisted of a 12mm camera set in a
56x56x76mm waterproof box on a tripod
positioned 1.5m from the nest. Equipped
with 24 infrared emitting diodes (950
nm), recording resolution 720x484,
and a digital recorder (EDSR400H,
EverFocus Electronics Corporation, Hsi-
Chih, Taipei, Taiwan), the camera was
connected to the recorder which was
located 20m away using a 50m cable.
We recorded video images five times
per second, and a 250-GB hard disk
was sufficient to store the recordings for
24hrs a day for 14 days. The equipment
was powered by three rechargeable, 12-
volt, deep-cycle batteries, and a hand-
held color monitor allowed us to check
the status of the nest without disturbing
it. We checked and replaced the
recorder’s batteries every other day.

We inspected the nest on the
morning of 1 June 2006 when the

parent bird had left. We discovered four



BIEEYSHEMATE TW J. of Biodivers.25(4):29-39, 2023

unmarked white eggs in the nest (Figure
3). Three chicks hatched in the presence
of the adult at 08:26 on the morning of 4
June. We presumed the female completed
laying her clutch on the morning of 9
May 2006. The incubation period lasted
at least 24 days up to 1 June 2006 and
no more than 26 full days to the morning
of 4 June 2006. During the period from
28 May until hatching, the parent bird
left the nest eight times. This happened
almost once a day during the morning
between 06:57 and 09:24, with the
exception of June 1 when the parent
left twice, once at 09:24 in the morning
and again at 12:55 in the afternoon. The
mean duration of the parent bird sitting
on the nest was 20.8 hrs with a range of
18.4 to 24.8 hrs, with the exception of
the two instances on 1 June when the
parent left the nest for only 1.3 hrs (Table
1).

Before leaving the nest, the parent
bird heaved it a few times and then

pushed itself out of the top opening in
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just a few seconds. It immediately used
its bill to pick up dead leaves and twigs
in front of the nest, throwing them back
over the nest. It took the parent 4.5 £+ 3.2
min (mean +standard variation, n = 8)
with a range between 0.27 min and 9.77
min to complete the above-mentioned
task. Afterward, the parent left the nest in
the same direction every day. Reentry to
the nest was much quicker than leaving,
taking less than a half minute. The parent
left a small and poorly defined opening
when reentering the nest.

When the three newly hatched
chicks left the nest on the morning of
4 June 2006 (Day 0-1), the parental
behavior remained consistent with
previous days. The parents spent 2.5
minutes tending to the nest before
leading the chicks out and returned to the
nest at 16:51 later that day. However, on
the following morning of 5 June 2006
(Day 1-2), they left the nest at 06:00 and
did not return.

We also recorded the clutch sizes



and habitats of two other Taiwan
Partridge nests in Huben Village before
2006. In the first nest, we observed three
eggs on 15 April 2001, and three chicks
hatched on 27 April 2001. The second
nest had four eggs and was discovered
in June 2005, but a parent was found
dead near the opening of the nest. Both
nests were located in habitats that were
fairly similar to that described in 2006,
but with certain disparities. They were
found in a small valley covered by a
canopy dominated by broad-leafed trees.
The nest found in 2001 was located on
a small platform along a steep slope
about 1.5m above the base of the valley,
while the nest found in 2005 was at the
base of a Thorny Bamboo (Bambusa
stenostachya) clump.

In this study, we measured the
sizes of four eggs from the two nests
observed in 2001 and 2006 (Table 2).
We found that the size and weight of the
eggs were similar to those reported in

captive records (length: 38.78mm, width:
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29.67mm, weight: 18.08g) (Huang et al.
2001). However, because eggs lost mass
during incubation and were not weighed
at the beginning of incubation, their
weights are likely to be underestimated
(Westerskov 1950, Drent 1973).

Cheng et al. (1978) state that the
breeding season of the Taiwan Partridge
is from late-February to August, nesting
near the base of a tree or in crevices
among boulders, with a clutch size of six
to eight eggs and an incubation period
of 24 days. However, we were unable
to verify the source of their data. In
captivity, the clutch size is two to three
eggs and the incubation period is about
23 days (Huang et al. 2001). However,
another captive record indicated a clutch
size of four to six eggs and an incubation
period of 20 to 21 days (Madge et al.
2002). Our field observations showed
that the Taiwan Partridge laid three
to four eggs per clutch and had an
incubation period of 24-26 days,

somewhat different from previous
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descriptions. Our current understanding
of the nesting behavior and life history
traits of the Taiwan Partridge are limited
to anecdotal accounts. We hope that
the results of our study will serve as a
starting point for future investigations
into the nesting behavior of the Taiwan

Partridge.
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Table 1. Nest exiting and entering times (hour:min:sec) of the adult Taiwan Partridge from 29 May to 5

June 2006
Entering Exiting Duration Leaving Time

29 May, 13:57:40 30 May, 08:48:40 18:51:00 3:23:53
30 May, 12:12:33 31 May, 06:56:53 18:44:20 1:38:44
31 May, 08:35:37 1 June, 09:23:56 24:48:19 2:14:55
1 June,11:38:51 1 June, 12:55:10 01:16:19 0:05:06
1 June, 13:00:16 2 June, 07:21:32 18:21:16 3:34:41
2 June, 10:56:13 3 June, 09:00:30 22:04:17 1:49:47
3 June, 10:50:17 4 June, 08:26:39 21:36:22 8:22:47
4 June, 16:49:26 5 June, 06:00:19 13:10:53 -

Table2. Egg measurements (mean and ranges in parentheses) of the Taiwan Partridge

N Length (mm) Width (mm) Weight (g)
2001 3 40.9(39.5-41.8) 29.5(28.8-30) 19.2(18-20)
2006 1 40.4 31.1 18.8

37
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Fig. 1. Nest of Taiwan Partridge nest in its early hatching period found in Huben Village,
Taiwan, 9 May 2006.

Fig. 3. Four unmark white eggs in the Taiwan Partridge nest taken on 1 June 2006, in Huben,

Taiwan.

38



BEEMZEREIATE TW J. of Biodivers.25(4):29-39, 2023

Fig.2. Nesting environment of the Taiwan Partridge found in Huben, Taiwan, 2006. The red

circle indicates the exact nest location.
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