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Survey data of benthic diatom resources in a Cijiawan
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Abstract
Background

Cijiawan Creek in Shei-Pa National Park of central Taiwan nurtures a unique and im-
portant natural resource, the Formosan landlocked salmon (Oncorhynchus masou formo-
sanus). In order to conserve and restore the species population, many related researches
are already underway, including long-term ecological monitoring. Benthic diatoms are
the main basic producers of the food network of the stream ecosystem, and their species

composition will directly or indirectly impact the entire ecosystem. This paper includes
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a list of benthic diatoms and related information surveyed in a Cijiawan Creek drainage
basin in 2019.
New information

In the paper we provide a detailed dataset that contains 1,839 benthic diatom occur-
rences collected during a field campaign in 2019. A total of 55 diatom (Bacillariophyta)
taxa belonging to 9 orders, 17 families, and 27 genera were collected. The frequency
analysis indicated that Planothidium frequentissimum, Cocconeis placentula var. eug-
lypta, and Achnanthidium convergens were the most common diatom species at the sam-
pling stations. The second most common diatom species were Nitzschia amphibia and

Synedra ulna.
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Introduction

Cijiawan Creek is the main tributary
in the upper stretch of Dajia River in
Taiwan and is located in Wuling, Heping
District, Taichung City. This creek is un-
der the jurisdiction of Shei-Pa National
Park and is regarded as the only sur-
viving habitat of Oncorhynchus masou
formosanus. This type of salmon mainly
feeds on aquatic insects (Lin et al. 1988;
Wang 1994), and these insects feed on
epiphytic algae in streams, where dia-
toms have the highest species diversity
(Yu 2008). Both diatoms and aquatic in-
sects can be used as a biological indica-
tor of the stream environment (Chu et al.
2006). According to the Wuling Long-
Term Ecological Research and Modeling
research team, several biological groups
in the ecosystem food webs have been
observed (Lin et al. 2007), with epiphytic
algae at the upper stretch of Dajia River
identified as one of the primary produc-
ers. Generally, the biomass of epiphytic

algae may alter the energy flow of food

webs in river ecosystems (Kano et al.
2016). Epiphytes can also conserve and
store energy and materials, and provide
food and habitat to other aquatic organ-
isms, thereby affecting the composition
of such organisms (Lock et al. 1984).
In the streams of Wuling, epiphytes are
mostly diatoms (Yu et al. 2006). The
analysis of diatom communities and their
biodiversity is a useful tool to secure an
ecological and sustainable use of the wa-
ter resources and the correct elaboration
of guidelines for their preservation, in
particular, in specially protected natural
arcas (Falasco and Bona 2011; Falasco et
al. 2012; Neplyukhina et al. 2022 ). Rel-
evant investigations are mostly about the
relationship between algae and environ-
mental factors (Lin 2011; Su 2009; Wu
2010; Ye 2011) and there are few surveys
on the classification and identification of
diatoms. In the past, the identification of
diatoms was mainly based on optical mi-
croscopy. However, due to the limitation

of observation multiples, it is not easy to
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Fig 1. The sampling stations are shown in the Cijiawan Creek drainage basin. In Cijiawan Creek (from
upstream to downstream) and its tributaries, nine sampling stations were installed. Characteristics

of all the sampling stations are described in Table 1.



BEEYZERIEIAIE TW J. of Biodivers.25(2):1-16, 2023

Table 1. Characteristics of sampling stations

Sampling Sampling

. . Code Characteristics
station station name

no.
Taoshan Located below the Wuling Suspension Bridge and divided into three mesohabitat units:
Stl Tao .
West Stream riffles, run, and pools.
Located nearly 100 m downstream of the damaged second dam and divided into two
St2 Second dam Two . o
mesohabitat units: pools and runs.
i3 \lfvl;thc-hin K An open sampling station located nearly 1 km downstream of the fish-watching
g y platform and divided into three mesohabitat units: riffles, run, and pools.
platform
An open terrain located 100 m upstream of the first dam. The river channel is located on
St Upstream of the right bank, and the right-hand side is covered with little vegetation. Riffle and pool
the first dam ~*  mesohabitat units are clearly observable, and a run unit is located downstream of the
pool.
Downstream Located 100 m downstream of the first dam with steep rock walls on both sides.
Compared with the upstream of the first dam, this sampling station is more shaded.
StS5 of the first Down . . . > o
dam Riffle and pool mesohabitat units are clearly observable, with the run unit being less
marked.
Fish An open terrain where the riverway is widest among all sampling stations. Riffle and
St6 F run mesohabitat units are clearly observable, and the pool unit is less marked and
hatchery
covered by gravel.
Kaoshan A primary shaded sampling station where only a riffle unit is observable and the flow
St7 Kao L . .
Creek velocity is relatively high.
An area that is subjected to human-induced disturbances and agricultural activities and
S8 Yusheng Yu has a riffle unit with a relatively low flow velocity and relatively high nutrient
Creek concentration. The long-term monitoring results of the algal phase in this area
considerably differ from those obtained at other sampling stations.
. The terrain on both sides of the strait is narrow and steep, thereby preserving the
Luoyewel . . . f
St9 Stream Luo appearance of the primary forest and demonstrating high vegetation coverage on both

sides.




distinguish diatoms in classification. In
this investigation, electron microscope
was mainly used to record the collected
diatom morphology, so as to observe
the diatom morphology more clearly for
identification, and compile it into the da-
tabase for reference with the data of the

sampling station.

Project description
Title:

Survey data of benthic diatom re-
sources in a Cijiawan Creek drainage
basin in Wuling
Study area description:

A total of nine sampling stations
were installed in the Cijiawan Creek wa-

tershed, as shown in Figure 1.

Sampling methods
Sampling description:
Sampling stations in the Cijiawan
Creek watershed were divided into three
mesohabitat units for separate sample

collection: riffles, run, and pools. De-

Survey data of benthic diatom resources in a Cijiawan

pending on the size of the substrate in the
sampling area, stones representative of
the particle size of the sampling station
were randomly selected. At least three
stones of the same particle size were
collected from each habitat. Diatom sam-
ples (with an area of 16-25 cm®) were
scraped off the collected stones on the
river bank and placed into a sample col-
lection container along with stream water
from the site. The samples were then sent
to the laboratory for acid-wash treatment
for identification (Su 2009).

A total of five sampling events
were performed in January, April, July,
August, and October, 2019. For the fi-
nal two sampling events, samples were
collected after Typhoon Lekima to deter-
mine the effect of typhoons on epiphytes.
Quality control:

For diatom identification, a number
of manuals were used (Taylor et al. 2007,

Wu et al. 201). Valid diatom taxon
names were referenced according to Gui-

ry and Guiry (2022).
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Step description:

1.Collect samples from habitats.

2.The samples underwent acid-wash
treatment for identification.
3.Photograph the samples with an elec-
tron microscope.

4.Convert paper-based records from the
field and laboratory into an electronic
data format (Excel spreadsheets).
5.0rganize the datasets into a standard-
ized format.

6.Export data as a Darwin Core Archive.
7.Generate dataset-level metadata.
Statistical analysis:

R programming language (version
4.0.3; R Foundation for Statistical Com-
puting, Vienna, Austria) was used for
Bray—Curtis dissimilarity testing and
nonmetric multidimensional scaling
(NMDS) for understanding the differ-
ences in diatom communities among the
sampling sites. Because the Luoyewei
Stream sampling station (St9) was sam-
pled only once, it was excluded from the

analysis (see Figure 2). The results indi-

cated that the diatom species composi-
tion of the sampling stations of Cijiawan
Creek’s tributaries (i.e., Kaoshan Creek
[Kao], Yusheng Creek [Yu], and Taoshan
West Stream [Tao]) was considerably
different from that of other sampling sta-
tions in Cijiawan Creek. The results also
indicated large differences between the
aforementioned three sampling stations,
which agreed with previous long-term
monitoring results of algal species in this
area. This is because the habitat envi-
ronment and water quality of these three
sampling stations considerably differed
from those of Cijiawan Creek (Yu and
Lin 2009).

As shown in Figure 3, the frequency
analysis indicated that Planothidium fre-
quentissimum, Cocconeis placentula var.
euglypta, and Achnanthidium convergens
were the most common diatom species at
the sampling stations. The second most
common diatom species were Nitzschia

amphibia and Synedra ulna.
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Fig. 2. The result of the diatom species composition of the sampling stations of the Cijiawan Creek
drainage basin. Number 1 stands for riffle; number 4 stands for run; number 7 stands for pool.
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Whole Year
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Fig. 3. The frequency of occurrence of diatom species in the Cijiawan Creek sampling stations in the
whole year.

(Pla_fre= Planothidium frequentissimum ; Coc_plae= Cocconeis placentula var. euglypta » Achm_con=
Achnanthidium convergens; Syn_uln= Synedra ulna ; Nit_amp= Nitzschia amphibian ; Enc_ven=
Encyonema ventricosum ; Dia_mes= Diatoma mesodon ; Nit_fru= Nitzschia frustulum; Nav_sup=
Navicula suprinii 5 Gom_min= Gomphonema minutum > Cym_spl= Cymbella sp.1)



Geographic coverage

Survey data of benthic diatom resources in a Cijiawan

Shei-Pa National Park, Heping District,

Description: Taichung City, Taiwan.
Cijiawan Creek drainage basin, Coordinates:

Sampling station no. [Sampling station name N E
Stl Taoshan West Stream 24.39802 121.3075
St2 Second dam 24.382139 121.310111
St3 Fish-watching platform 24.37083 121.31055
St4 Upstream of the first dam 24.36355 121.31163
St5 Downstream of the first dam [24.36383 121.31163
St6 Fish hatchery 24.35447 121.31383
St7 Kaoshan Creek 24.3587 121.3075
St8 Yusheng Creek 24.347773 121.310494
St9 Luoyewei Stream 24.39455 121.35119

Taxonomic coverage

Description:
All diatoms were identified to the
genus or species level. In total, 55 spe-

cies taxa were identified belonging to

two classes, nine orders, 17 families, and
27 genera. The taxonomic coverage of
the diatoms found in studied material is

given in Table 2.

Table 2. Taxonomic coverage of diatoms from studied samples.

Orders Families Genera Species
Achnanthales 2 5 12
Bacillariales 1 2 7
Cymbellales 3 7 15
Fragilariales 1 2 2
Melosirales 1 1 1
Naviculales 5 6 13
Licmophorales 1 1 1
Rhabdonematales 2 2 3
Thalassiophysales 1 1 1

10
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Table 3. List of diatom species found in sample stations. (*presence)

St2

St3

St4

St5

St6

St7

St8

St9

Riffle

Pool

Riffle

Run

Pool

Run

Riffle

Run | Riffle

Run

Riffle

Run

Riffle

Run | Riffle

Run

Riffle

Run | Riffle

Achnanthes brevipes Agardh

Achnanthes exigua Grunow in Cleve & Grunow

Achnanthes rupestoides Hohn

Ach g oo,

(Grunow) Round & Bukhtiyarova

Achnanthidium convergens (Kobayasi) Kobayasi

Achnanthidium minutissimum (Kiitzing) Czarnecki

Amphora pediculus (Kiitzing) Grunow

Amphora sp.1

Caloneis bacillum (Grunow) Cleve

Cocconeis pediculus Ehrenberg

Cocconeis placentula Ehrenberg

Cocconeis placentula var. euglypta ( Ehrenberg) Grunow

Cocconeis placentula var. lineata ( Ehrenberg) Van Heurck

Cymbella affinis Kiitzing

Cymbella turgidula Grunow in A.W.F.Schmidt

Cymbella sp.1

Diatoma mesodon (Ehrenberg) Grunow

Diatoma vulgaris Bory

Diploneis elliptica (Kiitzing) Cleve

11
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Table 3. Cont.

St2

St3

St4

St5

St6

St7

St8

St9

Riffle

Pool

Riffle

Run

Pool

Run

Riffle

Run

Riffle

Run

Riffle

Run

Riffle

Riffle

Run

Riffle

Run

Riffle

Encyonema ventricosum (Agardh) Grunow

Eolimna minima (Grunow) Lange-Bertalot & W.Schiller

Epithemia cistula (Ehrenberg) Ralfs

Fragilaria capucina var. vaucheriae (Kiitzing) Lange-Bertalot

Frustulia vulgaris (Thwaites) De Toni

Geissleria decussis (Qstrup) Lange-Bertalot & Metzeltin

Gomphoneis sp.1

Gomphoneis sp.2

Gomphonema clevei (Fricke) Gil

Gomphonema lagenula Kiitzing

Gomphonema lateripunctatum Reichardt & Lange-Bertalot

Gomphonema minutum (C.Agardh) C.Agardh

Gomphonema sp.1

Grunowia tabellaria (Grunow) Rabenhorst

Melosira varians Agardh

Navicula cryptocephala Kiitzing

Navicula cryptotenella Lange-Bertalot. Dataset

Navicula cryptotenelloides Lange-Bertalot

Navicula germainii J.H. Wallace

Navicula pseudobryophila Hustedt

Navicula radiosa Kiitzing

12
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Table 3. Cont.

Stl St2 St3 St4 St5 St6 St7 St8 St9
Riffle Ru | Poo | Riffl | Ru | Poo | Ru | Riffl | Ru | Riffl | Ru | Riffl | Ru | Riffl | Ru | Riffl | Ru | Riffl | Ru | Riffl

n 1 e n 1 n e n e n e n [ n e n e n e
Navicula suprinii Gerd Moser, Lange-Bertalot and Metzeltin * * * * * * * * * * * * * * *
Navicula tripunctat (O.F.Miiller) Bory de Saint-Vincent * * * * * * * * *
Nitzschia alpine Hustedt * * * % * * Py ¥
Nitzschia amphibia Grunow * * * * * * * * * * * * * * * * * * *
Nitzschia frustulum (Kiitzing) Grunow * * * * * * * * * * * * * * *
Nitzschia inconspicua Grunow * * * * ¥ Py
Nitzschia linearis (Agardh) W. Smith * * * * * * * * * *
Nitzschia palea (Kiitzing) W. Smith * * * * * * * * * * * *
Pinnularia molaris var. asiatica Skvortzow * *
Placoneis gastrum (Ehrenberg) Mereschkowsky * * * * * * *
Pl hidium freq um (Lange-Bertalot) Lange-Bertalot * * * * * * * * * * * * * * * * * * * *
Reimeria sinuata (W.Gregory) Kociolek & Stoermer * * * * * * * * * * * * * *
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot * * * * * * * *
Synedra ulna (Nitzsch) Ehrenberg * * * * * * * * * * * * * * * * ¥ *
Ulnaria acus (Kiitzing) M.Aboal * * *

13



Temporal coverage
Notes:

Sample in January, April, July, Au-
gust, and October, 2019.

Usage license

Usage license:
Creative Commons Attribution Non

Commercial (CC-BY-NC) 4.0 License.

Data resources
Data package title:

Darwin Core Archive Survey Data
of Diatoms in Cijiawan Creek
Resource link:
https://www.gbif.org/dataset/9e6b-
f53¢c-8dba-470a-9142-3607dfe21c41
Alternative identifiers:
https://doi.org/10.15468/rwjwkj
https://ipt.taibif.tw/resource?r=-
survey data of diatoms in Cijiawan
creek
Data set name:
Survey Data of Diatoms in Cijiawan

Creek

14
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Data format:

Darwin Core Archive

Data format version:

1.6 published on September 30,

2022
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# &

RAESE Y S LHZ B EY Y E R B E a0 I B R4 (Lonicera
kawakamii) By EEEE S 1 (JEH 3,000-3,900 m) HIFFATEMEY) - FRIEEHTY
EBEREYAL L EASE - By 5 S Y - AT TR Y/
FRBIEEROA » T R AALAYBIE M DBUNEREEHFIZEEE 6 K
s TPy S OB IRTE (shared socio-economic pathway, SSP) i/ RACR
B IEE (2085 4R » TEUHIZBE B i 2 BREZZBhRE - IRSRAE RN  RIERTE
NI ERBAS N E AT - I BB E R EEO AR - HEZE AR
HIE /K& - MRIZESE (SSP126) BLEE [ (SSPS585) BEALIFHE /Y TEMI4S SREE R -
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FAERAE R g o AMHTT R SA B 8 8 AR 2K B A EEAS 6 B (R T S fi 2
BORE 7§ -
Abstract

Climate change leads to significant impacts on threatened plant species in moun-
tainous regions. Lonicera kawakamii (L. kawakamii) is an endemic plant distributed
across middle- to high-altitudes (3,000-3,900 m) in the mountainous Taiwan. This spe-
cies has been currently listed as vulnerable in “The Red List of Vascular Plants of Tai-
wan.” In this study, a recently-developed ensemble of small models was used to predict
the potential distribution of L. kawakamii. In order to project the spatiotemporal dynam-
ics of suitable habitats, the shared socio-economic pathways (SSPs) from the Sixth As-
sessment Report of the Intergovernmental Panel on Climate Change was considered as
various future climate change scenarios (in 2085). The results show that the geographic
distribution of L. kawakamii was mainly affected by climatic factors, including low tem-
perature, large diurnal range, and moderate precipitation. According to our predictions
under mild (SSP126) and severe (SSP585) warming scenarios, the range of suitable hab-
itat of L. kawakamii shrank significantly due to climate warming in the alpine regions
of Taiwan. Therefore, the species may be at risk of extinction. These outcomes help to
identify future shifts of suitable habitats and could provide reference for conservation

strategies in response to climate change.

B R~ S NMEBEERL - EEGLOFRIRKE - R R

1§y

Keywords: endemic species, vulnerable, ensembles of small model, shared socio-eco-

nomic pathway, extinction risk
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Fig. 1. (a) Geographical location of the study area; (b) Species occurrence records (black circle; n=36)

and digital elevation model.
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il

. FERLEAE4E (artificial neural networks, ANN) ~ 4 58 0l 5f (boosted regression tree, BRT) ~ 73

$H 51 47 M7 (classification tree analysis, CTA) ~ 58 M4 ¥ 51 43 M (flexible discriminant analysis)
B FAENIETY (generalized additive model, GAM) ~ [ 5 43 M 151 7Y (generalized linear model ,
GLM) ~ % %% & % [ iF (multivariate adaptive regression splines, MARS) ~ 5z A0 (maximum
entropy, MaxEnt) EAFEFRMR (random forest, RF) FT¥ES > 27 E R ER B4R THfE (receiver
operating characteristic, AUC) ~ ELEF;HE4LET1E (true skill statistic, TSS) 2 Boyce f5#{ (Boyce
index, BI)

Table 1. The area under the curve for the receiver operating characteristic (AUC), true skill statistic (TSS),

and Boyce index (BI) generated by the artificial neural networks (ANN), boosted regression tree
(BRT), classification tree analysis (CTA), flexible discriminant analysis (FDA), generalized additive
model (GAM), generalized linear model (GLM), multivariate adaptive regression splines (MARS),
maximum entropy (MaxEnt), and random forest (RF).

Algorithm AUC TSS BI

ANN 093 0.76 0.95
BRT 096 0.85 0.98
CTA 093 0.78 0.93
FDA 0.87 0.66 0.92
GAM 095 0.82 0.96
GLM 0.89 0.67 0.94
MARS 0.89 0.65 0.93
MaxEnt 0.90 0.70 0.97
RF 0.98 0.94 0.81

R 2. SJTHHMEIEE YRR HR

Table 2. Contribution of each predictive variable to the ensemble model.

Variable Contribution
Min temperature of coldest month 709
(BIO6) '
Mean diurnal range (BIO2) 1.45
Precipitation of coldest quarter 111
(BIO19) '
Precipitation of wettest quarter 0.89
(BIO16) '
Urban 0.85
Water 0.80
Grass 0.69
Barren 0.60
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Fig. 2. Response curves of the primary contribution variables according to the ensemble prediction (a,
b, and c represent the min temperature of coldest month, mean diurnal range, and precipitation of
coldest quarter, respectively.
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Fig. 3. Prediction of the current suitable habitat for Lonicera kawakamii. The upper right panel shows the
current distribution, and the bottom-left and bottom-right panels stand for SSP126 and SSPP585
emission scenarios, respectively, in 2085.
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Abstract

Ormocarpum cochinchinense (Lour.) Merr. (Fabaceae: Papilionoideae) has been
categorized as a vulnerable species in Taiwan, as its distribution is restricted in Heping
Island, Green Island (Lyudao), and Lanyu. To establish a management unit for species
conservation, the nuclear internal transcribed spacer, as well as the chloroplast ps-
bA-trnH and trnL-trnF regions were applied to assess the genetic structure and the level
of population differentiation of O. cochinchinense. Low genetic diversity was detected
in all three populations in Taiwan, suggesting that genetic drift has reduced their genetic
variations. No differentiation among populations may be attributable to a high level of
gene flow via ocean currents. The loss of genetic diversity may be also related to their
small population size and self-fertilization. Three populations of O. cochinchinense
should be integrated as one management unit. The population of Lanyu should be pro-
tected in priority. Seeds and seedlings should be collected for ex sifu conservation, and

those cultivated individuals could be used as native landscape plants.
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T L AN GE BB R R B M -
Table 1. List of sampling locations, nucleotide diversities, and haplotype diversities of the n*DNA, trnH-
psbA, and trnL-trnF regions sequences of Ormocarpum cochinchinense in Taiwan.

sample
species location  code longitude latitude size nrDNA trnH-psbA trnL-trnF
nucleotide haplotype nucleotide haplotype nucleotide haplotype
diversity  diversity diversity diversity diversity diversity
O. cochinchinense 28 0 0 0 0 0.00015 0.148
FIEE  HP 121.769  25.157 6 0 0 0 0 0 0
RS LD 121472 22.656 10 0 0 0 0 0 0
TEETIEL LY 121.550 22.044 12 0 0 0 0 0.00031 0.303

% 2. LA traL-ornF fSFUEBLATRER 7 (EFE8 - HP: FIPS © LD * &k © LY © i -
Table 2. Pairwise FST between pairs of populations from t7nL-trnF for Ormocarpum cochinchinense. HP:
Heping Island; LD: Lyudao; LY: Lanyu.

HP LD LY
HP -
LD 0 -
LY 0.09 0.09 -
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LR A, A5 B, {66 ; C, & ; D, fli 7~ ; E, F, iU TR S 2 168 (EEPIR : C =1 cm,
D=1mm; E, F=10 pm) °

Fig. 1. Ormocarpum cochinchinense (Lour.) Merr. A, habit; B, branch with flower; C, fruits; D, seeds; E, F,
SEM photographs of pollen (scale bar: C=1cm, D=1 mm; E, F = 10 pm).
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Fig. 2. The sampling locations of Ormocarpum cochinchinense in Taiwan.
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O. pubescens AF189045

O. bernierianum AF189035

O. kirkii AF068150

O. schliebenii AF189047
O. flavum AF189041
0. cochinchinense
O. orientale AF068159
0. megalophyilum AF068154
O. klainei AF189044

0. somalense AF189048

O. coeruleum AF189037

100 0. rectangulare AF189046

0.y AF189051

100 O. trachyearpun AF189049
E—
L O keniense AF068155

O. muricatum AF068156

O. verrucosum AF189050

O. drakei AF189038

“— O. senmoides AF068153

0.01

3. LA Maximum Likelihood 77 = EE 2 2 /E ML B TE YR AEHIRE > 735785 bootstrap {H (>70) -
E321% 1 By NCBI BRI EELRE -

Fig. 3. The maximum likelihood tree of ntDNA of Ormocarpum. Numbers at nodes indicate bootstrap
value (>70).
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LY09
LY03
LYl
LYol
LDO7
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LYO07
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4‘ LY04
LY06
LD02
LDO07
LDI10
LDO01
LDO05
LYO08
LYO05
LY12
HPO4
HPO2
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HPO1
LD09
HPO03
HPO05

0.002 Dalbergia oliveri MN823694

4. Pl Maximum Likelihood 77 =X B8 7 7 /B PR BB V#1161 B > LA Dalbergia oliveri By9NEE -
HP: fIFEE, 5 LD &kK5 5 LY ¢ Rl -

Fig. 4. The maximum likelihood tree of trnL-trnF of Ormocarpum. HP: Heping Island; LD: Lyudao; LY:
Lanyu.
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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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