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Abstract

In this study, we investigated the morphology and molecular phylogeny of four marine or brackish spirotrichean cili-
ates found in China, namely: Caryotricha sinica sp. nov., Prodiscocephalus orientalis sp. nov., P. cf. borrori, and Certesia
quadrinucleata. Caryotricha sinica is characterized by its small size, seven cirral rows extending posteriorly to about
65% of the cell length, and four transverse cirri. Prodiscocephalus orientalis differs from its congeners mainly by the
number of cirri in the “head” region and on the ventral side. The SSU rDNA sequence of P. cf. borrori differs from
that of other population of P. borrori by ca. 40bp. Consequently, the nominal species P. borrori is considered to be a
species-complex. New data are provided for Certesia quadrinucleata. The Chinese population of C. quadrinucleata, for
example, has fewer left marginal cirri than the other populations for which such data are available. Phylogenetic analy-
ses based on SSU rDNA sequence data show that the genus Caryotricha is monophyletic. All typical “discocephalids”
with a discoid “head” form a strongly supported clade that is sister to the unstable uronychiids+ pseudoamphisiellids
clade within the Euplotia. The genus Certesia forms a sister group to the Euplotes clade, also within the Euplotia assem-
blage.
© 2019 Elsevier GmbH. All rights reserved.

Keywords: Discocephalida; Euplotia; Hypotrichia; Phylogeny; Taxonomy

Introduction
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marine, freshwater, and terrestrial biotopes (e.g., Berger
2011; Dragesco and Dragesco-Kernéis 1986; Foissner 2016;
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Luetal. 2018; Luo et al. 2018; Lyu et al. 2018a,b; Song et al.
2009). Many nominal species are, however, poorly known
and their systematic positions remain uncertain due to the
lack of information concerning their infraciliature, morpho-
genesis, and gene sequences. Since the routine application
of silver staining and gene sequencing for documenting the
diversity of spirotricheans, this situation has greatly improved
(Abraham et al. 2019; Chen L et al. 2018; Chen X et al. 2018;
Huetal. 2019; Lyu et al. 2018c; Park et al. 2019; Santoferrara
et al. 2016; Shin and Kim 1995; Wang et al. 2019; Yan et al.
2018; Zhao et al. 2018). Recently, several new species of
spirotricheans have been established based on a combination
of morphological, morphogenetic, and molecular data (Shao
et al. 2018; Syberg-Olsen et al. 2016; Zhang et al. 2018).
To explore the species diversity of this group, we surveyed
Chinese coastal waters of the South China Sea and Yellow
Sea and isolated four species belonging to three genera, i.e.,
Caryotricha, Prodiscocephalus, and Certesia.

Kiitrichidae Nozawa, 1941 is a poorly known family of
the subclass Hypotrichia that is characterized by an ancestral
infraciliature pattern, i.e., ciliated dikinetids on the dorsal
side and uniform ventral cirri with no differentiation of
marginal cirral rows, and has been widely considered as
an early branching group within the hypotrichous ciliates
sensu lato (Borror 1972; Lynn 2008; Shi 1999; Song and
Wilbert 1997). According to Shi (1999), there are only three
genera in the family Kiitrichidae, i.e., Transitella Gellert,
1950, Kiitricha Nozawa, 1941, and Caryotricha Kahl, 1932.
Lynn (2008) also recognizes three genera of kiitrichids, i.e.,
Kiitricha, Caryotricha and Musajevella Alekperov, 1984,
Transitella being regarded as a possible junior synonym of
Balantidioides Penard in Kahl, 1930. Caryotricha is recog-
nized by the following combination of characters: (1) the
simple, ancestral pattern of the dorsal dikinetids (both basal
bodies of each dikinetid bearing one short cilium); (2) uni-
form distribution of ventral cirri; and (3) the presence of
a short, postoral row of cirri called the migratory cirral
row. To date, only three species of Caryotricha have been
reported: C. convexa Kahl, 1932 (type species), C. minuta
(Xu et al., 2008) Miao et al., 2009, and C. rariseta Jiang
etal.,2013. Here, we describe a new Caryotricha species that
is characterized by its distinctive cirral rows and transverse
cirri.

Discocephalids are rarely reported and their taxonomy
is poorly understood (Curds and Wu 1983; Ehrenberg
1831; Jankowski 1978; Jiang et al. 2013; Kahl 1932;
Lin et al. 2004; Song and Shao 2017; Wicklow 1982).
Prodiscocephalus Jankowski, 1979 is a genus of marine
Discocephalus-like ciliates. It can be distinguished from
other discocephalids by the presence of a right marginal
cirral row and sparsely distributed ventral cirri. There are
two known species: P. minimus (Dragesco, 1968) Jankowski,
1979 (type species) and P. borrori (Wicklow, 1982) Lin
et al.,, 2004 (type species of Psammocephalus Wicklow,
1982, which is now regarded as a junior synonym of Prodis-
cocephalus). Prodiscocephauls borrori was redescribed in

detail by Lin et al. (2004) and Shao et al. (2008). Here,
we provide morphological and molecular data for two
populations of Prodiscocephalus, one of which represents
a new species and the other belongs to the P. borrori-
complex.

Fabre-Domergue (1885) discovered a Euplotes-like cili-
ate with a left marginal row for which he created the genus
Certesia, with C. quadrinucleata the type species by mono-
typy. This species has been redescribed several times (Cui
et al. 2009; Kahl 1932; Lin and Song 2004; Sauerbrey 1928;
Wicklow 1983). Chen et al. (2010) provided details of its
morphogenesis. Here, we provide the results of an integrative
phylogenetic and systematic study based on a new population
of C. quadrinucleata.

The main aim of this study is to provide detailed informa-
tion on the taxonomy and molecular phylogeny of these four
spirotrichean ciliates isolated from Chinese coastal waters.

Material and methods

Sampling and morphological methods
(Fig. 1A-D)

Caryotricha sinica sp. n. was found on 11 April
2018 in a brackish water pond that formerly was con-
nected to the sea, near Kuipeng Road (22°35'15.76"N,
114°26'10.28"'E), Huizhou, Guangdong Province, China,
where the water temperature was 25.5 °C and the salinity
was 19%o. Prodiscocephalus orientalis sp. n. was isolated on
14 May 2018 from a reef off Xiao Lajia (22°36'48.84"N,
114°37'38.88"'E), Huizhou, Guangdong Province, China,
where the water temperature was 25.5°C and the salin-
ity was 33%o. Prodiscocephalus cf. borrori was isolated
from samples collected on 12 October 2018 from a reef
off Yinshatan (35°55'22.84''N, 120°12'17.44”E), Qingdao,
Shandong Province, China, where the water temperature
was 23°C and the salinity was 30%o. Certesia quadrin-
ucleata was collected on 16 October 2018 from sandy
littoral sediments near Wanggezhuang (36°1634.06"'N,
120°40'16.65"'E), Qingdao, Shandong Province, China,
where the water temperature was 22°C and the salin-
ity was 30%o (Fig. 1). Cells were maintained in habitat
water for further studies. Although clonal cultures were
not established, no similar morphotypes were present in
the protargol preparations, indicating that morphological
and molecular studies of each isolate dealt with a single
species.

Cells were observed in vivo using bright field and dif-
ferential interference contrast microscopy at 100-1000x
magnification. The infraciliature and nuclear apparatus were
revealed by protargol staining (Pan et al. 2014; Wilbert 1975).
Counts and measurements were performed at magnifications
of 1000 . Drawings of stained specimens were made with the
help of a drawing attachment and photomicrographs. Taxon-
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Fig. 1. A-D. Map of China showing the sampling locations and photographs showing the sampling sites. (A) A hole in the intertidal area at
Wanggezhuang, Qingdao, from which Certesia quadrinucleata was collected. (B) A reef area with temporary ponds in Yinshatan, Qingdao,
from which Prodiscocephalus cf. borrori was collected. (C) Type locality of Caryotricha sinica sp. n., brackish water pond near Huizhou.
(D) Type locality of Prodiscocephalus orientalis sp. n., a reef off Xiao Lajia, Huizhou.

omy and systematics are according to Wicklow (1982), Lynn
(2008), Gao et al. (2016), and Adl et al. (2019).

DNA extraction, PCR amplification, and
sequencing

Genomic DNA was extracted from cleaned cells using
the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Ger-
many) following the manufacturer’s instructions, modified
according to Sheng et al. (2018) and Huang et al. (2014).
The SSU rDNA sequences were amplified by PCR using
the forward primers 18SF (5°-AAC CTG GTT GAT CCT
GCC AGT-3’) or 82F (5’-GAA ACT GCG AAT GGC TC-
3’) and the reverse primer 18SR (5’-TGA TCC TTC TGC
AGG TTC ACC TAC-3’) (Jerome et al. 1996; Medlin et al.
1988). The PCR amplifications were performed using Q5%
Hot Start High-Fidelity 2x Master Mix DNA Polymerase
(NEB, Ipswich, MA) with the following protocol: one cycle
of initial denaturation at 98 °C for 30 s, followed by 18 cycles
of amplification (98 °C, 10s; 69-52°C touch down, 30s;
72 °C, 1 min) and another 18 cycles (98 °C, 10s; 51 °C, 30ss;
72°C, 1min), with a final extension of 72°C for 5 min.
The amplicons were detected using agarose gel and sent
for commercial sequencing (Tsingke Biological Technology
Company, Qingdao, China).

Phylogenetic analyses

The SSU rDNA sequences of the four species were
aligned with those of 50 other ciliates obtained from the
GenBank database (see Fig. 6 for accession numbers). All
sequences were aligned and edited using the GUIDANCE2
server (http://guidance.tau.ac.il/ver2/). The litostomateans
Loxophyllum utriculariae (1L.26448), Spathidium stammeri
(KY922825), and Amylovorax dehorityi (AF298817) were
chosen as outgroup taxa. There were 1948 positions in the
final alignment. Maximum likelihood (ML) analysis based on
the above-mentioned alignment with 1,000 bootstrap repli-
cates was performed using RAXML-HPC2 on XSEDE 8.2.10
(Stamatakis 2014) on the CIPRES Science Gateway with the
GTRGAMMA model (Milleretal. 2010). Bayesian inference
(BI) was applied to the same alignments using MrBayes 3.2.6
on XSEDE (Ronquist et al. 2012) under the best-fit model
GTR +1+ G selected by Akaike Information Criterion (AIC)
in MrModeltest 2.2 (Nylander 2004). Markov chain Monte
Carlo (MCMC) simulations were run for 1,000,000 gener-
ations with sampling every 100 generations and a burn-in
of 1000 trees. The remaining trees were used to calculate a
majority rule consensus tree and the posterior probabilities
(PP). Tree topologies were displayed with MEGA X (Kumar
et al. 2018).
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The statistical reliability of alternative phylogenetic
hypotheses was evaluated using the approximately unbiased
(AU) test (Shimodaira 2002). The constrained ML tree was
generated by limiting the monophyly of the target group with
unspecified internal relationships. The site-wise log likeli-
hood values for all ML topologies were calculated using
PAUP 4.0 (Swofford 2002). The P values were calculated
with CONSEL (Shimodaira and Hasegawa 2001).

ZooBank registration

The ZooBank registration number of the present work
is: urn:lsid:zoobank.org:pub:707B3C1E-F470-4329-BBF6-
6BBDS557F5A1D.

Results

Kiitrichidae Nozawa, 1941

Caryotricha Kahl, 1932

Caryotricha sinica sp. n. (Fig. 2A-C, E, I-K, Table 1)

Diagnosis: Body in vivo 40-50 pm x 25-40 pwm, oval in
outline; cortical granules densely arranged, rod-shaped; ado-
ral zone occupies about 65% of body length, with about 17
membranelles; invariably seven cirral rows on ventral and
dorsal sides, middle row with about 13 cirri; four slightly
enlarged transverse cirri located to right of posterior end of
buccal cavity; one migratory cirral row with about five cirri
located behind cytostome; five dorsal kineties; one globular
macronucleus.

Type locality: Brackish water pond near Kuipeng Road
(23°35'15.76"'N, 114°26'10.28"E), Huizhou, Guangdong
Province, China.

Type specimens: The protargol slide with the holotype
specimen (Fig. 2B, C, I, J) circled in ink is deposited
in the Laboratory of Protozoology, Ocean University of
China (OUC), Qingdao, China, with registration number
LCY2018041109-1. A protargol slide with paratype speci-
mens is deposited in the Natural History Museum, London,
UK, with registration number NHMUK 2019.12.16.1.

Etymology: The species-group name sinica refers to the
country (China) from which the species was first isolated.

Zoobank registration of Caryotricha sinica sp. n.:
urn:lsid:zoobank.org:act:8762E16C-055E-44A5-ASE2-
11D6E10D1F84.

Morphological description (Fig. 2A-C, E, I-K, Table 1)

Body 40-50 pm x 25-40 pm in vivo, inflexible, generally
oval in outline, dorsoventrally flattened, left and right margins
convex, anterior end slightly pointed, posterior end widely
rounded (Fig. 2A, K). Oral apparatus conspicuous, approxi-
mately 65% of body length (Fig. 2A, B, I). Cytoplasm usually
with numerous densely packed dark-grey to black inclusions
(1-3 pm across) that render cell nearly opaque except central
part, i.e., location of macronucleus (Fig. 2A, K). Contractile
vacuole not observed, probably absent.

Pellicle rigid, with rod-shaped cortical granules, ellip-
soidal in lateral view, about 1 wm long, circular when viewed
from apical aspect, about 0.2 wm in diameter, located beneath
the pellicle, oriented orthogonal to cell membrane, densely
distributed between cirral rows and in other glabrous areas of
cell (Fig. 2E). Macronucleus globular, about 17 pwm across.
Micronucleus not detected (Fig. 2C, I, J).

Locomotion by slowly crawling on substrate interspersed
with long periods of inactivity; when disturbed, cells swim
fast in a straight line while rotating about main body axis.

Adoral zone slightly curved, occupies about 65% of body
length, consists of 14-21 membranelles with cilia up to
10 wm long in vivo; each membranelle composed of four
basal body rows, first one very short, other three of almost
equal length (Fig. 2A, B, I). Paroral and endoral of equal
length, extending along right side of buccal cavity; paroral
multiple-rowed, endoral single-rowed, both slightly curved,
optically intersect anteriorly (Fig. 2B, I).

Cirri arranged in seven longitudinal cirral rows (CR),
usually with five rows on ventral side and two rows on dor-
solateral side, extending up to 65% of cell length, with cilia
ca. 10 pm long in vivo (Fig. 2A-C, I, J). Number of cirri
in each row progressively increases from CR1 to CR7. CR1
located right of undulating membranes, composed of three to
five cirri (buccal cirri?). Cirri generally undifferentiated, with
exception of those in CR6 and CR7: the last two or three cirri
in CRO6 slightly smaller than others, cirri in CR7 distinctly
smaller and more narrowly spaced than others (Fig. 2B, C,
I, J). Three or four transverse cirri arranged in a pseudo-row,
located to right of posterior end of buccal cavity, with cilia
about 20 wmin length; bases of transverse cirri conspicuously
longer than those of other cirri, thus clearly recognizable
(Fig. 2A, B, I). Short migratory cirral row composed of three
to eight close-set cirri, positioned posterior to oral apparatus,
widely separated from other cirri (Fig. 2A, B, I, Table 1).

Five dorsal kineties, rightmost one slightly shortened ante-
riorly. Both basal bodies of each dorsal dikinetid bear a short
cilium, 3 wm in length (Fig. 2C, J).

Euplotia Jankowski, 1979

Discocephalida Wicklow, 1982

Discocephalidae Jankowski, 1979

Prodiscocephalus Jankowski, 1979

Prodiscocephalus orientalis sp. n. (Fig. 3A-I, Table 2)

Diagnosis: Body in vivo 85-140pm x 25-35 pm,
elongate-elliptical in shape with conspicuous discoid “head”
region; adoral zone bipartite, distal part with about six
membranelles, proximal part with about 17 membranelles;
usually seven cirri in “head” region; six to nine ventral
cirri; 10-19 cirri in right marginal row; left marginal row
divided into anterior and posterolateral parts with 15-21
and 5-13 cirri, respectively, last one or two posterolateral
marginal cirri conspicuously smaller than others; six to
eight very large transverse cirri; six to eight caudal cirri
arranged in two dorsolateral rows; seven dorsal kineties;
21-37 macronuclear nodules.
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Fig. 2. A-N. Caryotricha sinica sp. n. (A-C, E, I-K), C. convexa (L, from Borror 1972), C. minuta (F-H, from Miao et al. 2009) and C.
rariseta (D, M, N, from Jiang et al. 2013). (A, D-F, K, in vivo; B, C, G-J, L-N, after protargol staining; I, J are false-colored). (A, D, F) Ventral
views of representative specimens. (B, C, G-J, L-N) Ventral (B, G, I, L, M) and dorsal (C, H, J, N) views of the holotype specimens, showing
infraciliature and nuclear apparatus, arrowheads mark migratory cirral row, arrows indicate transverse cirri, double-arrowhead indicates
smaller cirri in CR7. (E) Top and lateral views of rod-shaped cortical granules. (K) Ventral view in vivo. AZM, adoral zone of membranelles;
CR 1-7, cirral row 1-7; DK, dorsal kineties; E, endoral; Ma, macronucleus; P, paroral; TC, transverse cirri. Scale bars: 20 wm.

Type locality: Reef off Xiao Lajia (22°36'48.84'N,
114°37'38.88"'E), Huizhou, Guangdong Province, China.

Type specimens: The protargol slide (No.
LCY2018051401-1) with the holotype specimen (Fig. 3D,
E, F, G) circled in ink, and four paratype slides (No.
LCY2018051401-2; LCY2018051401-3; LCY2018051401-
4; LCY2018051401-5) with protargol-stained specimens,
are deposited in the Laboratory of Protozoology, Ocean
University of China (OUC). One paratype slide with
protargol-stained specimens is deposited in the Natural
History Museum, London, UK, with registration number
NHMUK 2019.12.16.2

Etymology: The species-group name orientalis recalls the
fact that this species was first described from oriental (Chi-
nese) coastal waters.

ZooBank registration of Prodiscocephalus orientalis
sp. n.: urn:lsid:zoobank.org:act: AD9505FA-DBC9-4950-
A899-0222B6BSFES1.

Morphological description (Fig. 3A-1, Table 2)

Body 85-140 pm x 25-35 um in vivo, usually elongate-
elliptical in outline, anterior portion constricted forming a
small, discoid “head” region, posterior end broadly rounded,

right margin straight, left margin more or less convex
(Fig. 3A, H, I). Dorsal side slightly convex, ventral side flat
with two grooves along marginal cirral rows and a cavity
that extends ahead of transverse cirral row. Body rigid and
non-contractile (Fig. 3B). Pellicle fragile. Neither cortical
granules nor contractile vacuole were observed.

Cytoplasm colourless in “head” region and light grey in
main body which is packed with droplets, food vacuoles, and
ingested diatom frustules and sand grains (1-2 wm across)
(Fig. 3A, H, I). Twenty-one to 37 globular macronuclear nod-
ules, about 3—5 pm across in vivo, scattered throughout body
apart from “head” region (Fig. 3E-G). Locomotion generally
by crawling slowly on substrate, with quick backward jumps
when changing direction or when being disturbed; sometimes
swimming while rotating about main body axis.

Distal part of adoral zone of membranelles located on dor-
solateral side of anterior body margin and comprises about
six widely spaced membranelles; proximal part located on
ventral side and comprises ca. 17 membranelles, each with
four basal body rows, first row very short, second row slightly
shorter than posterior two; cilia of membranelles up to 10 pum
long in vivo. Paroral about 15 pm long, endoral about 7 pm
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Table 1. Morphometric data for Caryotricha sinica sp. n.*

Character Min Max Mean M SD CvV n

Body length (um) 26 45 34.6 34 49 14.2 25
Body width (um) 20 33 254 25 3.7 14.4 25
Length of adoral zone (um) 18 30 24.4 24 32 13.2 25
Adoral membranelles, number 14 21 16.5 16 1.6 9.6 25
Cirral rows, number 7 7 7.0 7 0.0 0.0 25
Cirri in CR1, number 3 5 3.5 3 0.6 17.3 21
Cirri in CR2, number 3 5 4.3 4 0.7 17.2 25
Cirri in CR3, number 8 11 9.0 9 0.9 10.1 25
Cirri in CR4, number 10 18 13.3 13 1.9 14.5 25
Cirri in CRS, number 13 20 16.0 16 1.8 11.2 25
Cirri in CR6, number 14 23 18.0 18 2.2 12.3 25
Cirri in CR7, number 17 30 234 23 3.1 13.1 25
CR1 length (pum) 12 18 13.9 13.5 2.0 14.2 10
CR2 length (pum) 11 18 154 16.0 2.2 14.1 10
CR3 length (p.m) 12 20 15.5 15.0 2.5 15.9 10
CR4 length (pum) 13 21 16.5 16.5 2.3 14.1 10
CRS5 length (pum) 15 23 19.2 20.0 2.5 12.9 10
CR6 length (pm) 17 26 21.0 21.0 2.7 12.9 10
CR7 length (pum) 14 26 20.5 19.5 3.5 17.1 10
Transverse cirri, number 3 4 4.0 4 0.2 53 23
Migratory cirri, number 3 8 4.8 4.5 1.2 24.1 24
Dorsal kineties, number 5 5 5.0 5.0 0.0 0.0 10
Dikinetids in DK1, number 9 12 10.3 10.0 1.2 11.3 10
Dikinetids in DK2, number 6 9 7.5 7.5 0.8 11.3 10
Dikinetids in DK3, number 7 9 7.6 7.0 0.7 9.6 9

Dikinetids in DK4, number 6 8 6.7 6.5 0.8 12.3 10
Dikinetids in DK5, number 3 7 5.0 4.5 1.4 28.3 10
Macronuclei, number 1 2 1.0 1 0.2 19.2 25

Abbreviations: CR1-7 = cirral row 1-7, CV = coefficient of variation in %, DK1-5 = dorsal kinety 1-5, Max = maximum, Mean = arithmetic mean, M = median,

Min = minimum, n =number of cells measured, SD = standard deviation.
2All data are based on protargol-stained specimens.

long in vivo (length of cilia not measured); endoral slightly
curved; paroral and endoral optically intersect at their anterior
end (Fig. 3A, C, D, F).

Seven cirri in “head” region with cilia about 10 pm long
in vivo; four arranged along right margin of buccal cavity
of which anterior two (probably buccal cirri) are smaller
(posterior one conspicuously so) and lie adjacent to paro-
ral; posterior two of normal size and lie adjacent to endoral;
two located in anterior portion of “head” region, slightly
enlarged; one located near right margin above junction of
“head” and main body (Fig. 3A, C, D, F). Usually eight ven-
tral cirri, with cilia about 8 wm long in vivo, distributed in
two groups: anterior six slightly enlarged, arranged almost
in a line; posterior two (very likely pretransverse ventral
cirri) located near transverse cirri. Six to eight conspicuously
enlarged transverse cirri arranged along a curved pseudo-
row, located subcaudally, with cilia about 35 pm long in vivo
and conspicuous anchoring fibres. Right marginal row com-
posed of 10-19 cirri, commencing about 20% down length of
cell. Left marginal row divided into two parts: anterior part
with 15-21 widely spaced cirri; posterolateral part with 5—-13
closely spaced cirri, located near posterior left dorsal mar-

gin, last one or two cirri of left marginal row conspicuously
smaller than others (Fig. 3A, D-G, Table 2).

Seven dorsal kineties; dorsal cilia bristle-like, about 10 wm
long in vivo. Six to eight conspicuous caudal cirri with cilia
10 wm long in vivo, arranged in two rows, located dorsolat-
erally near right-posterior cell margin (Fig. 3E, G).

Prodiscocephalus cf. borrori (Fig. 4A-K, Table 2)

Description of Qingdao population

Body in vivo 70-85 pm x 20-25 pm, elongate, ratio of
length to width about 4:1, dorsoventrally flatted ca. 2:1
(Fig. 4A, D, E, G, H). Anterior portion constricted forming
a small, conspicuous, discoid “head” region; posterior end
broadly rounded; right margin straight, left margin slightly
convex (Fig. 4A, D, E, G, H). Dorsal side more or less con-
vex, ventral side flat with distinct groove along two marginal
cirral rows and a cavity that extends from level of cytostome
to transverse cirri (Fig. 4A, E). Body slightly flexible but
non-contractile (Fig. 4E). Oral apparatus about 25% of body
length. Pellicle fragile, cortical granules (about 0.5 wm in
diameter) densely arranged in rows (Fig. 4F). Cytoplasm
colourless or greyish, endoplasmic granules about 1-4 pm in
size, moderately densely distributed within cytoplasm ren-
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Fig. 3. A-I. Morphology and infraciliature of Prodiscocephalus orientalis sp. n. in vivo (A, B, H, I) and after protargol staining (C-G:
note that C is false-colored). (A) Ventral view of a representative individual. (B) Pattern of locomotion when disturbed, arrow marks the
direction of motion. (C) Ventral view of anterior portion. (D-G) Ventral (D, F) and dorsal (E, G) views of the holotype specimen showing the
infraciliature and nuclear apparatus, arrowhead and double-arrowhead show two cirri in “head” region located near the paroral, “*” indicate
the cirri in “head” region. (H, I) Ventral views, to show different body shapes in vivo. ALMC, anterior left marginal cirri; AZM, adoral zone
of membranelles; CC, caudal cirri; DK, dorsal kineties; Ma, macronuclear nodule; PLMC, posterolateral marginal cirri; RMC, right marginal

cirri row; TC, transverse cirri; VC, ventral cirri. Scale bars: 50 pm.

dering main body opaque (Fig. 4A, D, E, G, H). Contractile
vacuole not observed. 20-35 ovoidal macronuclear nod-
ules, ca. 5 wm in diameter after protargol staining, scattered
throughout cytoplasm, difficult to observe in vivo (Fig. 4C,
J, K). Micronuclei not recognizable.

Locomotion usually by moderately rapid crawling on sub-
strate with quick backward jumps when changing direction
or on being disturbed, or swimming rapidly while turning
about main body axis and then suddenly settling.

Adoral zone of membranelles divided in two parts: distal
part on dorsolateral side of anterior body margin, comprises
about five widely spaced membranelles with cilia ca. 12 pm
long; proximal part comprises about 16 membranelles, each
with four basal body rows, first row very short, second row
slightly shorter than third and fourth rows (Fig. 4A, B, I, J).
Paroral long, single-rowed, commences near posterior end
of adoral zone; endoral single-rowed and anteriorly located,
very short, about one third of paroral in length; paroral and
endoral do not optically intersect (Fig. 4B, I, J).

Invariably six cirri in “head” region with cilia about 8 um
long in vivo: two adjacent to posterior portion of adoral zone;
three arranged along distal part of adoral zone; one (proba-
bly buccal cirrus) located near endoral (Fig. 4A, B, I, J).
Invariably six ventral cirri with cilia about 8 wm long in
vivo, divided into two groups: anterior four slightly enlarged,
arranged almost in a line; posterior two smaller, located near
transverse cirri. Seven large transverse cirri located subcau-
dally, with cilia about 25 pm long in vivo and conspicuous
anchoring fibres (Fig. 4A, B, J), posteriormost cirrus located

about 15 wm from posterior end of cell. Right marginal row
with 6-8 cirri. Left marginal row bipartite: anterior part
with 812 loosely arranged cirri; posterior part with 5-7
densely arranged cirri located dorsolaterally (Fig. 4A-C, J,
K, Table 2).

Six dorsal kineties with bristle-like cilia about 10 uwm
in length some of which extend beyond cell margin when
observed in vivo. Invariably seven caudal cirri distributed
in two rows, located dorsolaterally near right cell margin
(Fig. 4A, C, K).

Euplotia Jankowski, 1979

Euplotida Small and Lynn, 1985

Certesiidae Borror and Hill, 1995

Certesia Fabre-Domergue, 1885

Certesia  quadrinucleata  Fabre-Domergue, 1885
(Fig. 5A-L, Table 3)

Description of Qingdao population

Body in vivo 55-65 pm x 30-35 wm, oval in outline,
dorsoventrally flatted, ratio of length to width about 2:1; ante-
rior end blunt with a conspicuous projection on right side,
posterior end rounded; dorsal side convex, ventral side flat;
lateral margins straight (Fig. 5A, G-I, L). Body inflexible and
non-contractile. Pellicle rigid, without granules. Cytoplasm
colourless, usually with numerous crystals and food vacuoles
rendering cell somewhat opaque in vivo (Fig. 5A, G-I, L).
Contractile vacuole not observed. Four macronuclear nod-
ules, two to the right and two to the left of cell mid-line, each
pair connected by a funiculus, each nodule with numerous
nucleoli (Fig. 5C, J, K). Micronucleus not observed.
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Table 2. Morphometric characterization of Prodiscocephalus orientalis sp. n. (upper row) and P. cf. borrori (lower row)."

Character Min Max Mean M SD CvV n
Body length (m) 75 153 115.8 115 15.8 13.6 25
48 80 62.8 63 10.2 16.2 15
Body width (pum) 22 46 34.4 34 5.4 15.6 25
16 37 25.5 24 5.7 22.4 15
Length of adoral zone (p.m) 24 34 29.7 30 2.6 8.8 25
15 23 19.1 20 2.2 11.5 15
Adoral membranelles, number 21 26 233 23 1.4 59 25
19 24 21.1 21 1.2 5.9 15
DE-value 0.4 0.5 0.5 0.5 0.0 7.0 10
0.4 0.7 0.5 0.6 0.1 18.4 10
Cirri in “head” region, number 6 7 7.0 7 0.2 2.9 25
6 6 6.0 6.0 0.0 0.0 14
Ventral cirri, number 6 9 8.0 8 0.5 6.8 25
6 6 6.0 6 0.0 0.0 11
Transverse cirri, number 6 8 7.0 7 0.4 5.8 25
7 8 7.1 7.0 0.3 3.8 14
TC and rear end of cell, distance 11 21 14.8 14.0 34 22.9 10
7 13 10.1 10.0 1.5 15.1 10
Right ventral cirri, number 10 19 14.8 15 1.7 11.5 25
6 8 7.2 7 0.9 12.0 15
Anterior LMC, number 15 21 18.4 19 1.7 9.2 25
8 12 10.4 10 1.2 11.9 15
Posterolateral LMC, number 5 13 11.0 11 1.6 149 25
5 7 6.3 6.0 0.8 12.1 12
Caudal cirri, number 6 8 7.1 7 0.4 5.7 25
7 7 7.0 7.0 0.0 0.0 12
Dorsal kineties, number 7 7 7.0 7 0.0 0.0 25
6 6 6.0 6.0 0.0 0.0 12
Macronuclei, number 21 37 27.8 28 3.5 12.7 25
20 35 28.9 28.0 4.3 14.9 12

Abbreviations: CV = coefficient of variation in %, DE-value = distance from anterior body end to distal end of adoral zone of membranelles divided by length of
adoral zone of membranelles (for details, see Berger 2008), LMC = left marginal cirri, Max = maximum, Mean = arithmetic mean, M = median, Min = minimum,
n=number of individuals examined, SD = standard deviation, TC = transverse cirri.

2All data are based on protargol-stained specimens (note that Posterolateral LMC of P. cf. borrori is mixture combination of caudal cirri and post-lateral
right marginal cirri).

Table 3. Morphometric data of Certesia quadrinucleata Fabre-Domergue, 1885."

Character Min Max Mean M SD CV n

Body length (um) 36 50 43.5 44 4.4 10.1 15
Body width (pum) 22 32 28.1 29 3.0 10.7 15
Length of adoral zone (pm) 15 25 19.7 19 2.7 13.6 15
Adoral membranelles, number 17 21 18.9 19 1.4 7.5 15
Frontoventral cirri, number 11 11 11.0 11.0 0.0 0.0 14
Transverse cirri, number 5 5 5.0 5.0 0.0 0.0 14
TC and rear end of cell, distance (p.m) 7 16 12.6 13.0 2.8 22.5 10
Left marginal cirri, number 4 5 4.2 4 0.4 9.9 15
Macronuclei, number 4 4 4.0 4.0 0.0 0.0 8

Dorsal kineties, number 5 5 5.0 5 0.0 0.0 15
Dikinetids in DK 1, number 11 20 16.5 18 2.5 15.1 15
Dikinetids in DK2, number 6 10 7.6 8 1.3 17.1 15
Dikinetids in DK3, number 6 9 7.1 7.0 1.0 14.1 14
Dikinetids in DK4, number 5 7 6.2 7 0.9 14.9 13
Dikinetids in DK5, number 6 8 6.9 7.0 0.9 12.6 14

2All data are based on protargol-stained specimens. CV =coefficient of variation in %, DK1-5=dorsal kinety 1-5, Max = maximum, Mean = arithmetic
mean, M = median, Min = minimum, n = number of individuals examined, SD = standard deviation, TC = transverse cirri.
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Fig. 4. A-Q. Prodiscocephalus ct. borrori (A-K) and P. borrori (L-Q, from Lin et al. 2004) (note that posterior part of LMC is a combination
of caudal cirri and post-lateral right marginal cirri). A, D-H, L, O-Q, in vivo; B, C, I-K, M, N after protargol staining. (A, L) Ventral views of
representative individuals. (B, C, I-K, M, N) Ventral (B, I, J, M) and dorsal (C, K, N) views showing the infraciliature and nuclear apparatus,
arrow marks the posterolateral marginal cirri, “*” indicate the cirri in “head” region. (D, E, G, H, O-Q) Ventral views (D, E, H) and lateral view
(G, O—-Q) of cells in vivo, arrows in D, E show anterior parts of adoral zone, arrows in P indicate the constricted discoid “head”. (F) Showing
the cortical granules. AZM, adoral zone of membranelles; CC, caudal cirri; DK, dorsal kineties; Ma, macronucleus; LMC, left marginal cirri;
RMC, right marginal cirri; TC, transverse cirri; VC, ventral cirri. Scale bars: 50 wm in D-P, 30 um in A-C.

Locomotion typically by crawling on substrate, pausing
frequently and then changing direction.

Adoral zone approximately 30—40% of cell length, com-
posed of 17-21 membranelles, bases up to 20 wm long
(Fig. 5A, B, J). Paroral broad and long, extending almost
whole length of oral field, composed of many short rows of
kineties (Fig. 5A, B, J).

Invariably 11 frontoventral cirri, about 15 wm in length,
arranged mainly in two pseudo-rows along right-anterior
margin of cell; five very strong transverse cirri with cilia
about 35 wm long, rearmost one located about 13 pm from
posterior end of cell, rightmost two with strong anchoring
fibres that extend to anterior of cell, other three with rela-

tively fine fibres; left marginal row composed of four or five
cirri with cilia about 15 pm long in vivo (Fig. 5A, B, J).

Invariably five dorsal kineties that extend almost entire
length of body. Leftmost kinety (DK1) curved left along pos-
terior cell margin, composed of about 17 dikinetids; DK2-5
each composed of 5-10 dikinetids (Fig. 5C, K).

Phylogenetic analyses (Fig. 6)

All new SSU rDNA sequences have been deposited in
GenBank with accession numbers, length and GC con-
tents as follows: Caryotricha sinica sp. n. (MN543654,
1668 bp, 43.23%), Prodiscocephalus orientalis sp. n.
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Fig. 5. A-L. Morphology and infraciliature of Certesia quadrinucleata from life (A, D, G-I, L) and after protargol staining (B, C, E, F, J,
K). (A, D) Ventral views of typical individuals (D, from Lin and Song 2004). (B, C, E, F, J, K) Ventral (B, E, J) and dorsal (C, F, K) views
showing the infraciliature and nuclear apparatus, arrow in E denotes two well-developed connecting fibers of the transverse cirri (E, F, from
Lin and Song 2004). (G-I, L) Ventral (G, I, L) and lateral (H) views of cells in vivo. AZM, adoral zone of membranelles; CV, contractile
vacuole; DK 1-5, dorsal kinety 1-5; FVC, frontoventral cirri; Ma, macronuclear nodules; LMC, left marginal cirri; P, paroral; TC, transverse

cirri. Scale bars: 20 pwm in D, 30 wm in A-C, G-L.

(MN543657, 1664 bp, 44.59%), Prodiscocephalus cf. bor-
rori (MN543656, 1649 bp, 44.09%), Certesia quadrinucleata
(MN543655, 1671 bp, 46.08%). The pairwise genetic dis-
tances among these new sequences and related species (such
as members of Discocephalida and Kiitrichidae) are sum-
marized in Table S1 and show that each group differs
significantly from others. The phylogenetic relationships of
each of these four species were determined by Bayesian infer-
ence (BI) and Maximum-Likelihood (ML) analyses of SSU
rDNA sequences. The topologies of the BI and ML trees
were almost identical, thus only the ML tree is presented
here (Fig. 6).

Caryotricha sinica sp. n. was sister to the clade comprising
Caryotricha rariseta (FJ876978) and C. minuta (EU275202).
Prodiscocephalus orientalis sp. n. clustered with Paradis-
cocephalus elongatus (EU684746), forming a clade that
was sister to the clade comprising Prodiscocephalus cf.
borrori and P. borrori (DQ646880). Prodiscocephalus and
Paradiscocephalus species clustered with Discocephalus
pararotatorius and D. ehrenbergi within the Discocephalida
assemblage (Fig. 6).

The fully statistically supported Certesia quadrinucleata
clade, comprising our isolate and two other popula-
tions, was sister-group to representative species of the
genus Euplotes (FJ998024, MF928801, MH795290). The
Euplotes-Certesia group clustered tightly with two Aspidisca
species (JX025168, MF928799).

Discussion
Caryotricha sinica sp. n

Comparison with congeners (Fig. 2D, F-H, L-N,
Table 4)

Only three species of Caryotricha were previously recog-
nized: C. convexa Kahl, 1932, C. minuta (Xu et al., 2008)
Miao et al., 2009 and C. rariseta Jiang et al., 2013 (Fig. 2D,
F-H, L-N; Table 4). Caryotricha minuta was first reported
under the name Kiitricha minuta (Xu et al., 2008). It was
transferred to Caryotricha by Miao et al. (2009) based on the
presence of the migratory cirral row and the differentiated
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Fig. 6. The Maximum likelihood (ML) tree inferred from 18S rRNA gene sequences, showing the position of the Caryotricha sinica sp.
n., Prodiscocephalus orientalis sp. n., Prodiscocephalus cf. borrori, and Certesia quadrinucleata. Numbers at nodes represent the bootstrap
values of maximum likelihood analysis and the posterior probability of Bayesian inference analysis. Fully supported (1.00/100) branches are

marked with solid circles.
bar corresponds to 5 substitutions per 100 nucleotide positions.

Table 4. Comparison of Caryotricha sinica sp. n. with congeners."

“*” indicates the disagreement between BI tree and the reference ML tree. All branches are drawn to scale. Scale

Character C. minuta C. minuta C. rariseta C. sinica

Body size in vivo 40-80 x 30-60 pm 60-75 x 50-60 pm 35 x 20 pm 40-50 x 25-40 pm
No. of AM 22-27 22-25 13-15 14-21

No. of cirral row 9-12 11 7 7

No. of TC 6-7 2-3 in left row, 2-5 in right row 3 34

No. of MigC 6-9 6-8 3-5 3-8

No. of DK 7-9 7-8 4-6 5

No. of Ma 1 1 1-2

Locality Inchon Harbour, Korea Qingdao, China Qingdao, China Huizhou, China
Reference Xu et al. (2008) Miao et al. (2009) Jiang et al. (2013) Present study

4 Abbreviations: AM =

adoral membranelles, DK = dorsal kineties, Ma = macronuclei, MigC = migratory cirri, TC =transverse cirri.

transverse and dorsal ciliature. Caryotricha minuta differs
from C. sinica sp. n. in having more adoral membranelles
(22-27 vs. 14-21), cirral rows (9-12 vs. 7), cirri in cirral
rows 1 and 2 (7, 11 according to the drawing vs. 3-5) and
dorsal kineties (7-9 vs. 5), and in the number and arrange-
ment of transverse cirri (6 or 7 arranged in two longitudinal
rows vs. 3 or 4 in a single row) (Fig. 2F-H) (Miao et al.
2009; Xu et al. 2008). In addition, the molecular data clearly
indicate that these two taxa are not conspecific (Fig. 6).

Jiang et al. (2013) isolated C. rariseta from coastal sea-
water off Qingdao, China. Caryotricha rariseta can be
distinguished from C. sinica sp. n. by its smaller body size
(3040 pm x 15-25 pm vs. 40-50 pwm x 25-40 pm in vivo),
having fewer cirri in cirral rows 3—7 (mean 6, 8, 11, 12, 11 vs.
9, 13, 16, 18, 23, respectively), fewer transverse cirri (3 vs.
usually 4) and fewer adoral membranelles (13—15 vs. 14-21)
(Jiang et al. 2013).

No morphometric data are available for C. convexa. How-
ever, according to the descriptions by Kahl (1932) and Borror
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(1972), the cirral rows of C. convexa extend to the poste-
rior body end (vs. to about 2/3 down length of body in C.
sinica), and therefore can be clearly distinguished from the
new species (Fig. 2L).

Prodiscocephalus orientalis sp. n

Comparison with congeners (Table 5)

According to the generic revisions by Wicklow (1982) and
Lin et al. (2004), only two species of Prodiscocephalus are
recognised: P. borrori and P. minimus (Table 5).

Wicklow (1982) described P. borrori from sand at Foss
Beach, USA. Compared to P. borrori, P. orientalis sp. n. can
be distinguished by having more cirri in the “head” region
(usually 7 vs. 6) and more dorsal kineties (7 vs. 6) (Lin et al.
2004; Wicklow 1982). The SSU rDNA sequence data also
support the separation of these two species (Fig. 6) (Shao
et al. 2008).

Prodiscocephalus minimus, the type species of the genus,
was discovered by Dragesco (1968) from sand at Arcachon,
France. It differs from P. orientalis sp. n. in having fewer
ventral cirri (2 vs. 6-9), right marginal cirri (4-6 vs. 10-19)
and anterior left marginal cirri (7-8 vs. 15-21) as well as
in having no (vs. two) ventral cirri near the transverse cirri
(Dragesco 1968).

Li et al. (2008) reported a novel discocephalid ciliate for
which they established a new genus, i.e., Paradiscocephalus
elongatus. Considering its similarity with Prodiscocephalus
orientalis sp. n. when observed in vivo, the close proximity
of their type localities and their relatedness in phyloge-
netic analyses, these two species should be compared.
Paradiscocephalus elongatus can be distinguished from
Prodicocephalus orientalis sp. n. by the number and arrange-
ment of ventral cirri (11-16, in a zig-zag pattern, dispersed
vs. 6-9 arranged in two groups) and the number of transverse
cirri (9-11 vs. 6-8) (Li et al. 2008).

Prodiscocephalus cf. borrori

Comparison with congeners (Fig. 4L.-Q)
Prodiscocephalus borrori was originally discovered in the
USA and described as the type species of the genus Psam-
mocephalus (Wicklow 1982). It was transferred to the genus
Prodiscocephalus by Lin et al. (2004). Based on two Chinese
populations, Lin et al. (2004) and Shao et al. (2008) provided
redescriptions, details of its morphogenesis and analyses of
its SSU rDNA-based molecular phylogeny (Fig. 4L—-Q).
The present population of P. borrori closely matches
previously described populations in terms of its general mor-
phology and infraciliature. The only significant differences
among them are the number of macronuclear nodules, i.e., up
to 120 (Wicklow 1982), 23-34 (Lin et al. 2004) and 20-35
(present study), and the length of the bristles in dorsal kinety
3,1.e., 2 wm in the population described by Wicklow (1982);

6-8 wm in the population described by Lin et al. (2004);
10 pm in the present population.

Shao et al. (2008) reported a Qingdao population under
the name P. borrori. They noted that: “The population studied
here corresponds very closely with the population reported by
Linetal. (2004), hence a detailed description is unnecessary”.
In terms of its morphology, the population described by Shao
et al. (2008) also corresponds closely with the present popu-
lation. However, its SSU rDNA gene sequence (DQ646880)
has a dissimilarity of 2.5% (40 bp) compared with the present
population, so we doubt that the two are conspecific. These
findings suggest that P. borrori might represent a species com-
plex, although further studies are needed in order to verify
this. Shao et al. (2008) proposed that, in their study of mor-
phogenesis, Lin et al. (2004) confused the post-lateral right
marginal cirri with caudal cirri and thus erroneously counted
the caudal cirri. Because the two types of cirri can be rec-
ognized clearly during morphogenesis, but are impossible to
distinguish in non-dividing cells, we tentatively regard both
as caudal cirri in the present population.

Certesia quadrinucleata Fabre-Domergue, 1885

Comparison with congeners (Fig. SD-F)

Certesia quadrinucleata has been isolated in several coun-
tries including China (Chen et al. 2010; Cui et al. 2009; Lin
and Song 2004), France (Fabre-Domergue 1885), Germany
(Kahl 1932; Sauerbrey 1928), and the USA (Wicklow 1983).
Our population resembles previous populations except for
the number of left marginal cirri, i.e., four or five in our pop-
ulation vs. five to seven in other Chinese populations (Chen
et al. 2010; Lin and Song 2004), ca. seven in the USA popu-
lation (Wicklow 1983) and 6-11 in populations from France
and Germany (Fabre-Domergue 1885; Kahl 1932). In terms
of other key characteristics, e.g., body size and shape, ciliary
pattern and biotope, our population corresponds well with
known populations of C. quadrinucleata (Fig. SD-F).

Vacelet (1960) established the species Certesia ovata
mainly on the basis of the arrangement, appearance and func-
tion of the transverse cirri, i.e., five transverse cirri divided
into two groups, three on the right that are straight and active,
and two on the left that are slightly curved and inactive. Lin
and Song (2004) believed this to be insufficient to estab-
lish a new species and considered C. ovata to be a synonym
of C. quadrinucleata. However, C. ovata has 13 frontoven-
tral cirri (vs. 11 or 12 in C. quadrinucleata), making their
conspecificity less convincing. More detailed investigations
are therefore needed in order to determine the validity of C.
ovata. In the meantime, we consider C. ovata to be a separate
species.

SSU rDNA sequences and phylogenetic analyses

In the classification of Lynn (2008), the Kkiitrichids
are assigned as a family (Kiitrichidae) within the order
Kiitrichida Nozawa, 1941 of the class Spirotrichea. Subse-
quent studies based on morphological, morphogenetic and
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Table 5. Comparison of Prodiscocephalus orientalis sp. n. with similar species.”

Character P. borrori P. borrori

P. minimus

Paradiscocephalus elongatus P. orientalis

Body size in vivo 100 x 35 pum

40-110 x 10-40 um  50-60 x 20-25" um  110-180 x 35-65 wm

85-140 x 25-35 pm

No. of AM 20-24 17-27 22-28 21-26

No. of FC ca. 6 6 7 6 6-7

No. of VC ca. 6 6 2 11-16 6-9

No. of TC 5-9 7 7 9-11 6-8

No. of RMC 11-13 7-10 4-6 14-24 10-19

No. of ALMC 8-24 9-14 7-8 16-29 15-21

No. of PLMC 8-13 6-8 9-15 5-13

No. of CC 8 4-7 5-8 6-8

No. of DK 6 6 6-7 7

No. of Ma up to 120 23-34 3-15 30-65 21-37
Locality New Hampshire, USA Qingdao, China Arcachon, France Qingdao, China Huizhou, China
Reference Wicklow (1982) Lin et al. (2004) Dragesco (1968) Li et al. (2008) Present study

2 Abbreviations: ALMC = anterior left marginal cirri, AM=adoral membranelles, CC=caudal cirri, DK =dorsal kineties, FC=cirri on head field,
Ma = macronuclei, No. = number, PLMC = posterolateral left marginal cirri, RMC =right marginal cirri, TC = transverse cirri, VC = ventral cirri.

bwidth estimated from illustration.

phylogenetic analyses support this hypothesis (Jiang et al.
2013; Li et al. 2009; Miao et al. 2009). In our study, both
genetic distance and phylogenetic analyses show that the
genera Caryotricha and Kiitrichia are clearly distinguishable
from each other, forming two sister kiitrichid groups, which
is consistent with Lynn’s (2008) classification.

The molecular phylogeny of three discocephalid genera,
namely Discocephalus, Prodiscocephalus, and Paradisco-
cephalus, has been the subject of several recent studies (Jiang
et al. 2013; Li et al. 2008; Miao et al. 2011). Nevertheless,
their evolutionary relationships remain unresolved due to the
scarcity of genetic markers, and the gross undersampling
of the group. Our phylogenetic analyses revealed the non-
monophyly of the genus Prodiscocephalus with P. orientalis
sp. n. included, although its monophyly was not rejected by
the AU test (p=0.083). Thus, the veracity of the molecular
systematics of Prodiscocephalus and related genera might
be increased by sequencing more gene markers and/or more
taxa.

The unstable phylogeny of the pseudoamphisiellids and
discocephalines is also reported by Miao et al. (2011). Even
though the reliability of their cluster was refused by ML and
NI trees, the families Pseudoamphisiellidae and Discocephal-
idae grouped within the order Discocephalida in the BI tree.
This assignment was accepted by Gao et al. (2016). However,
in the SSU rDNA gene trees here and in Jiang et al. (2013),
the close relationship between Discocephalidae and Pseu-
doamphisiellidae is not supported. Therefore, we conclude
that more data are needed in order to resolve the phylogeny
of these lineages.

There has been controversy about the systematic posi-
tion of the genus Certesia since its first description (Borror
and Hill 1995; Corliss 1979; Curds and Wu 1983; Fabre-
Domergue 1885; Kahl 1932; Lin and Song 2004; Lynn 2008).
Following a morphological redescription and analysis of its
molecular phylogeny, it has been suggested that Certesia

should be placed in the Aspidisca—Euplotes assemblage as
the sister-group of Euplotes (Li and Song 2006; Lin and Song
2004). Our findings support this hypothesis.

Author contributions

Chunyu Lian: Resources, Investigation, Writing (original
draft). Xiaotian Luo: Funding acquisition, Writing (review &
editing). Alan Warren: Writing (review & editing). Yan Zhao:
Writing (review & editing). Jiamei Jiang: Project administra-
tion, Funding acquisition, Writing (review & editing).

Acknowledgments

This work was supported by the Natural Science Foun-
dation of China (project numbers: 31772477) and China
Postdoctoral Science Foundation Grant (No. BX20180348,
2018M642955). We thank Professor Weibo Song, Ocean
University of China for helping to improve the manuscript.

Appendix A. Supplementary data

Supplementary material related to this article can be
found, in the online version, at doi:https://doi.org/10.
1016/j.ejop.2019.125663.

References

Abraham, J.S., Sripoorna, S., Dagar, J., Jangra, S., Kumar, A.,
Yadav, K., Singh, S., Goyal, A., Maurya, S., Gambhir, G., Toteja,
R., Gupta, R., Singh, D.K., El-Serehy, H.A., Al-Misned, F.A.,
Al-Farraj, S.A., Al-Rasheid, K.A., Maodaa, S.A., Makhija, S.,
2019. Soil ciliates of the Indian Delhi Region: their community


https://doi.org/10.1016/j.ejop.2019.125663
https://doi.org/10.1016/j.ejop.2019.125663
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005

14 C. Lian, X. Luo, A. Warren et al. / European Journal of Protistology 72 (2020) 125663

characteristics with emphasis on their ecological implications as
sensitive bio-indicators for soil quality. Saudi J. Biol. Sci. 26,
1305-1313.

Adl, S.M., Bass, D., Lane, C.E., Lukes, J., Schoch, C.L., Smirnov,
A., Agatha, S., Berney, C., Brown, M.W., Burki, F., Cdrdenas,
P., Cepitka, L., Chistyakova, L., del Campo, J., Dunthorn, M.,
Edvardsen, B., Eglit, Y., Guillou, L., Hampl, V., Heiss, A.A.,
Hoppenrath, M., James, T.Y., Karnkowska, A., Karpov, S., Kim,
E., Kolisko, M., Kudryavtsev, A., Lahr, D.J.G., Lara, E., Gall,
L.L., Lynn, D.H., Mann, D.G., Massana, R., Mitchell, E.A.D.,
Morrow, C., Park, J.S., Pawlowski, J.W., Powell, M.J., Richter,
D.J., Rueckert, S., Shadwick, L., Shimano, S., Spiegel, EW.,
Torruella, G., Youssef, N., Zlatogursky, V., Zhang, Q., 2019.
Revisions to the classification, nomenclature, and diversity of
eukaryotes. J. Eukaryot. Microbiol. 66, 4-119.

Berger, H., 2008. Monograph of the Amphisiellidae and Trache-
lostylidae (Ciliophora, Hypotrichida). Monogr. Biol. 88, 1-737.

Berger, H., 2011. Monograph of the Gonostomatidae and kahlielli-
dae (Ciliophora, Hypotricha). Monogr. Biol. 90, 1-741.

Borror, A.C., 1972. Revision of the order Hypotrichida (Ciliophora,
Protozoa). J. Protozool. 19, 1-23.

Borror, A.C., Hill, B.F.,, 1995. The order Euplotida (Ciliophora):
taxonomy, with division of Euplotes into several genera. J.
Eukaryot. Microbiol. 42, 457-466.

Chen, L., Wu, W., El-Serehy, H.A., Hu, X., Clamp, J.C., 2018. Mor-
phology, morphogenesis, and phylogeny of an Anteholosticha
intermedia (Ciliophora, Urostylida) population from the United
States. Eur. J. Protistol. 65, 1-15.

Chen, X., Li, L., Yi, Z., Li, J., 2010. Morphogenesis and helix E10-1
secondary structures of the marine ciliate Certesia quadrinucle-
ata (Ciliophora, euplotida). Acta Hydrobiol. Sin. 34, 1136-1141
(in Chinese with English summary).

Chen, X., Wang, Y.R., Sheng, Y., Warren, A., Gao, S., 2018. GPSit:
an automated method for evolutionary analysis of nonculturable
ciliated microeukaryotes. Mol. Ecol. Res. 18, 700-713.

Corliss, J.O., 1979. The Ciliated Protozoa: Characterization, Clas-
sification and Guide to the Literature, 2nd ed., pp. 455, Oxford,
New York, Toronto, Sydney, Paris, Frankfurt.

Cui, F,, Liu, W., Lin, X., Li,J., Gong, J., 2009. Morphological studies
on seven hypotrichous ciliates (Ciliophora, Protozoa) from the
Daya Bay, south China. Acta Zootaxon. Sin. 34, 335-339 (in
Chinese with English abstract).

Curds, C.R., Wu, .LC.H., 1983. A review of the Euplotidae
(Hypotrichida, Ciliophora). Bull. Br. Mus. Nat. Hist. (Zool.) 44,
191-247.

Dragesco, J., 1968. Metopus jankowskii n. sp., Sonderia sinuate
Kahl. Et Discocephalus minimus n. sp., ciliés nouveaux ou mal
connus. Annls. Fac. Sci. féd. Cameroun 1, 77-88.

Dragesco, J., Dragesco-Kernéis, A., 1986. Cilies libres de I’ Afrique
intertropicale. Introduction a la connaissance et a I’etude des
cilies. Faune Trop. 26, 1-559.

Ehrenberg, C.G., 1831. Uber die Entwickelung und Lebensdauer der
Infusionsthiere; nebst ferneren Beitrigen zu einer Vergleichung
ihrer organischen Systeme. Zweiter Beitrag. Abh. Akad. Wiss.
Berlin 154 pp.

Fabre-Domergue, P.L., 1885. Note sur les infusoires ciliés de la baie
de Concarneau. J. Anat. Phys. 21, 554-568.

Foissner, W., 2016. Terrestrial and semiterrestrial ciliates (Protozoa,
Ciliophora) from Venezuela and Galdpagos. Denisia 35, 1-912.

Gao, F., Warren, A., Zhang, Q., Gong, J., Miao, M., Sun, P., Xu, D.,
Huang, J., Yi, Z., Song, W.B., 2016. The all-data-based evolu-

tionary hypothesis of ciliated protists with a revised classification
of the phylum Ciliophora (Eukaryota, Alveolata). Sci. Rep. 6,
24874.

Hu, X., Lin, X., Song, W.B. (eds), 2019. Ciliate Atlas: Species Found
in the South China Sea, 1st edn. Springer Press, Dordrecht.

Huang, J.A., Chen, Z., Song, W.B., Berger, H., 2014. Three-
gene based phylogeny of the Urostyloidea (Protista, Ciliophora,
hypotricha), with notes on classification of some core taxa. Mol.
Phylogenet. Evol. 70, 337-347.

Jankowski, A.W., 1978. Revision of a system of class Polyhy-
menophora (Spirotricha). Tezisy Dokl. Zool. Inst. Akad. Nauk
SSSR, 3940 (in Russian; translation of author, title, and source
after Lynn 2008).

Jerome, C.A., Lynn, D.H., Simon, E.M., 1996. Description
of Tetrahymena empidokyrea n. sp., a new species in the
Tetrahymena pyriformis sibling species complex (Ciliophora,
oligohymenophorea), and an assessment of its phylogenetic posi-
tion using small-subunit rRNA sequences. Can. J. Zool. 74,
1898-1906.

Jiang, J., Xing, Y., Miao, M., Shao, C., Warren, A., Song, W.B.,
2013. Two new marine ciliates, Caryotricha rariseta n. sp. and
Discocephalus pararotatorius n. sp. (Ciliophora, spirotrichea),
with phylogenetic analyses inferred from the small subunit rRNA
gene sequences. J. Eukaryot. Microbiol. 60, 388-398.

Kahl, A., 1932. Urtiere oder Protozoa I: Wimpertiere oder Ciliata
(Infusoria) 3. Spirotricha. Tierwelt Dtl. 25, 399-650.

Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura, K., 2018. Mega
X: molecular evolutionary genetics analysis across computing
platforms. Mol. Biol. Evol. 35, 1547-1549.

Li, L.F, Song, W.B., 2006. Phylogenetic position of the marine
ciliate, Certesia quadrinucleata (Ciliophora; Hypotrichia;
Hypotrichida) inferred from the complete small subunit ribo-
somal RNA gene sequence. Eur. J. Protistol. 42, 55-61.

Li, L.F., Shao, C., Song, W.B., Lynn, D.H., Chen, Z., Shin, M.K.,
2009. Does Kiitricha (Protista, Ciliophora, Spirotrichea) belong
to Euplotida or represent a primordial spirotrichous taxon? With
suggestion to establish a new subclass Protohypotrichia. Int. J.
Syst. Evol. Microbiol. 59, 439-446.

Li, L.Q., Song, W.B., Al-Rasied, K.A.S., Warren, A., Roberts, D.,
Gong, J., Zhang, Q., Wang, Y., Hu, X., 2008. Two discocephalid
ciliates, Paradiscocephalus elongatus nov. gen., nov. spec. and
Discocephalus ehrenbergi Dragesco, 1960, from the Yellow Sea,
China (Ciliophora, Hypotrichida, discocephalidae). Acta Proto-
zool. 47, 353-362.

Lin, X., Song, W.B., 2004. Redescription of the marine ciliate,
Certesia quadrinucleata (Protozoa: ciliophora) from Qingdao,
China. J. Mar. Biol. Assoc. U.K. 84, 55-61.

Lin, X., Song, W.B., Warren, A., 2004. Redescription of the
rare marine ciliate, Prodiscocephalus borrori (Wicklow, 1982)
from shrimp-culturing waters near Qingdao, China, with redef-
initions of the genera Discocephalus, Prodiscocephalus and
Marginotricha (Ciliophora, Hypotrichida, Discocephalidae).
Eur. J. Protistol. 40, 137-146.

Lu, X., Huang, J.A., Shao, C., Berger, H., 2018. Morphology, cell-
division, and phylogeny of Schmidingerothrix elongata spec.
nov. (Ciliophora, Hypotricha), and brief guide to hypotrichs with
Gonostomum-like oral apparatus. Eur. J. Protistol. 62, 24-42.

Luo, X., Yan, Y., Shao, C., Al-Farraj, S.A., Bourland, W.A., Song,
W.B., 2018. Morphological, ontogenetic and molecular data sup-
port strongylidiids as being closely related to Dorsomarginalia


http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0005
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0010
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0015
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0020
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0025
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0030
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0035
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0040
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0045
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0050
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0055
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0060
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0065
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0070
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0080
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0085
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0090
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0100
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0105
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0110
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0115
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0120
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0125
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0130
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0135
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0140
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0145
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0150
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0155
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160

C. Lian, X. Luo, A. Warren et al. / European Journal of Protistology 72 (2020) 125663 15

(Protozoa, Ciliophora) and reactivation of the family Strongy-
lidiidae Fauré-Fremiet, 1961. Zool. J. Linn. Soc. 184, 237-254.

Lynn, D.H., 2008. The Ciliated Protozoa: Characterization, Clas-
sification and Guide to the Literature, 3rd edn. Springer Press,
Dordrecht.

Lyu, Z., Li, J., Qi, S., Yu, Y., Shao, C., 2018a. Morphology and
morphogenesis of a new soil urostylid ciliate, Australothrix xian-
iensis nov. spec. (Ciliophora, Hypotrichia). Eur. J. Protistol. 64,
72-81.

Lyu, Z., Li, J., Zhu, E., Shao, C., 2018b. Morphology and morpho-
genesis of a new soil urostylid ciliate, with the establishment of
anew genus Caudiurostyla gen. nov. (Ciliophora, Hypotrichia).
Eur. J. Protistol. 66, 166—176.

Lyu, Z., Wang, J., Huang, J.A., Warren, A., Shao, C.,
2018c. Multigene-based phylogeny of Urostylida (Ciliophora,
Hypotrichia), with establishment of a novel family. Zool. Scr.
47, 243-254.

Medlin, L., Elwood, H.J., Stickel, S., Sogin, M.L., 1988. The
characterization of enzymatically amplified eukaryotic 16S-like
rRNA-coding regions. Gene 71, 491-499.

Miao, M., Shao, C., Jiang, J., Li, L., Stoeck, T., Song, W.B., 2009.
Caryotricha minuta (Xu et al., 2008) nov. comb., a unique marine
ciliate (Protista, Ciliophora, Spirotrichea), with phylogenetic
analysis of the ambiguous genus Caryotricha inferred from the
small-subunit rRNA gene sequence. Int. J. Syst. Evol. Microbiol.
59, 430-438.

Miao, M., Shao, C., Chen, X.M., Song, W.B., 201 1. Evolution of dis-
cocephalid ciliates: molecular, morphological and ontogenetic
data support a sister group of discocephalids and pseudoam-
phisiellids (Protozoa, Ciliophora) with establishment of a new
suborder Pseudoamphisiellina subord. n. Sci. China Life Sci. 7,
634-641.

Miller, M.A., Pfeiffer, W., Schwartz, T., 2010. Creating the CIPRES
science gateway for inference of large phylogenetic trees. In: Pro-
ceedings of the Gateway Computing Environments Workshop
(GCE): 1-8, Piscataway, N.J., New Orleans, Louisiana.

Nylander, J.A., 2004. MrModeltest Version 2. Program Distributed
by the Author, Evolutionary Biology Centre. Uppsala University
Press, Uppsala.

Pan, X., Bourland, W.A., Song, W.B., 2014. Protargol synthesis: an
in-house protocol. J. Eukaryot. Microbiol. 60, 609-614.

Park, M.H., Jung, J.H., Jo, E., Park, K.M., Baek, Y.S., Kim, S.J.,
Min, G.S., 2019. Utility of mitochondrial CO1 sequences for
species discrimination of Spirotrichea ciliates (Protozoa, Cil-
iophora). Mitochondrial DNA A. DNA Mapp. Seq. Anal. 30,
148-155.

Ronquist, F., Teslenko, M., Van Der Mark, P., Ayres, D.L., Darling,
A., Hohna, S., Larget, B., Liu, L., Suchard, M.A., Huelsenbeck,
J.P,, 2012. MrBayes 3.2: efficient Bayesian phylogenetic infer-
ence and model choice across a large model space. Syst. Biol.
61, 539-542.

Santoferrara, L.F., Bachy, C., Alder, V.A., Gong, J., Kim, Y.O.,
Sacca, A., da Silva Neto, 1.D., Struder-Kypke, M.C., Warren,
A., Xu, D., Yi, Z., Agatha, S., 2016. Updating biodiversity
studies in loricate protists: the case of the tintinnids (Alve-
olata, Ciliophora, Spirotrichea). J. Eukaryot. Microbiol. 63,
651-656.

Sauerbrey, E., 1928. Beobachtungen iiber einige neue oder wenig
bekannte marine Ciliaten. Arch. Protistenk. 62, 355-407.

Shao, C., Song, W.B., Li, L., Warren, A., Al-Rasheid, K.A.S.,
Al-Quraishy, S.A., Al-Farraj, S.A., Lin, X., 2008. Sys-

tematic position of Discocephalus-like ciliates (Ciliophora:
Spirotrichea) inferred from SSU rRNA gene and ontogenetic
information. Int. J. Syst. Evol. Microbiol. 58, 2962-2972.

Shao, C., Hu, C., Fan, Y., Warren, A., Lin, X., 2018. Morphology,
morphogenesis and molecular phylogeny of a freshwater cili-
ate, Monomicrocaryon euglenivorum euglenivorum (Ciliophora,
Oxytrichidae). Eur. J. Protistol. 68, 25-36.

Sheng, Y., He, M., Zhao, F., Shao, C., Miao, M., 2018. Phylogenetic
relationship analyses of complicated class Spirotrichea based on
transcriptomes from three diverse microbial eukaryotes: Urolep-
topsis citrina, Euplotes vannus and Protocruzia tuzeti. Mol.
Phylogenet. Evol. 129, 338-345.

Shi, X., 1999. Systematic revision of the order Hypotrichida. I. Pro-
tohypotrichina and Stichotrichina (Ciliophora). Acta zootaxon.
Sin. 24, 241-264.

Shimodaira, H., 2002. An approximately unbiased test of phyloge-
netic tree selection. Syst. Biol. 51, 492-508.

Shimodaira, H., Hasegawa, M., 2001. CONSEL: for assessing the
confidence of phylogenetic tree selection. Bioinformatics 17,
1246-1247.

Shin, M., Kim, W., 1995. Hypotrichs (Ciliophora, Hypotrichida)
from Ullung Island. Korean J. Syst. Zool. 38, 1-166.

Song, W.B., Wilbert, N., 1997. Morphological studies on some free-
living ciliates (Ciliophora: heterotrichida, Hypotrichida) from
marine biotopes in Qingdao, China, with descriptions of three
new species: Holosticha warreni nov. spec., Tachysoma ovata
nov. spec. And T. Dragescoi nov. spec. Eur. J. Protistol. 33,
48-62.

Song, W.B., Warren, A., Hu, X., 2009. Free-Living Ciliates in the
Bohai and Yellow Seas, China. Science Press, Beijing.

Song, W.B., Shao, C., 2017. Ontogenetic Patterns of Hypotrich
Ciliates. Science Press (in Chinese), Beijing.

Stamatakis, A., 2014. RAxML version 8: a tool for phylogenetic
analysis and post-analysis of large phylogenies. Bioinformatics
30, 1312-1313.

Swofford, D.L., Sunderland, MA 2002. PAUP*: Phylogenetic Anal-
ysis Using Parsimony (* and Other Methods).

Syberg-Olsen, M.J., Irwin, N.A., Vannini, C., Erra, F., Di Giuseppe,
G., Boscaro, V., Keeling, P.J., 2016. Biogeography and character
evolution of the ciliate genus Euplotes (Spirotrichea, Euplo-
tia), with description of Euplotes curdsi sp. nov. PLoS One 11,
e0165442.

Vacelet, E., 1960. Note preliminaire sur la faune infusorienne des
‘Sables a Amphioxus’ de la Baie de Marseille. Recl. Trav. Stn
mar. Endoume 20, 53-57.

Wang, Y.R., Wang, C., Jiang, Y., Katz, L.A., Gao, F., Yan, Y., 2019.
Further analyses of variation of ribosome DNA copy number and
polymorphism in ciliates provide insights relevant to studies of
both molecular ecology and phylogeny. Sci. China Life Sci. 62,
203-214.

Wicklow, B.J., 1982. The Discocephalina (n. subord.): ultrastruc-
ture, morphogenesis and evolutionary implications of a group of
endemic marine interstitial hypotrichs (Ciliophora, Protozoa).
Protistologica 18, 299-330.

Wicklow, B.J., 1983. Ultrastructure and cortical morphogenesis
in the euplotine hypotrich Certesia quadrinucleata Fabre-
Domergue, 1885 (Ciliophora, Protozoa). J. Protozool. 30,
256-266.

Wilbert, N., 1975. Eine verbesserte Technik der Protargolimpréig-
nation fiir Ciliaten. Mikrokosmos 64, 171-179.


http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0160
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0165
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0170
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0175
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0180
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0185
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0190
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0195
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0200
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0205
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0210
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0215
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0220
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0225
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0230
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0235
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0240
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0245
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0250
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0255
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0260
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0265
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0270
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0275
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0280
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0285
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0290
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0295
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0300
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0305
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0310
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0315
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0320

16 C. Lian, X. Luo, A. Warren et al. / European Journal of Protistology 72 (2020) 125663

Xu, K., Lei, Y., Choi, J.K., 2008. Kiitricha minuta n. sp., a peculiar of a new brackish water subspecies, Neourostylopsis flava
hypotrichous ciliate (Ciliophora, Spirotrichea) from the Yellow paraflava nov. subsp. (Ciliophora, Hypotrichia, Urostylidae),
Sea. J. Eukaryot. Microbiol. 55, 201-206. with redefinition of the genus Neourostylopsis. Eur. J. Protistol.

Yan, Y., Fan, Y., Luo, X., El-Serehy, H.A., Bourland, W.A., Chen, 66, 48-62.

X.R.,2018. New contribution to the species-rich genus Euplotes: Zhao, Y., Yi, Z., Warren, A., Song, W.B., 2018. Species delimitation

morphology, ontogeny and systematic position of two species for the molecular taxonomy and ecology of a widely distributed

(Ciliophora; Euplotia). Eur. J. Protistol. 64, 20-39. microbial eukaryotes genus Euplotes (Alveolata, Ciliophora).
Zhang, T.Y., Qi, H., Zhang, T.T., Sheng, Y., Warren, A., Shao, C., Proc. R. Soc. B 285, 20172159.

2018. Morphology, morphogenesis and molecular phylogeny


http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0325
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0330
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0335
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340
http://refhub.elsevier.com/S0932-4739(19)30100-2/sbref0340

	Morphology and phylogeny of four marine or brackish water spirotrich ciliates (Protozoa, Ciliophora) from China, with desc...
	Introduction
	Material and methods
	Sampling and morphological methods (Fig. 1AD)
	DNA extraction, PCR amplification, and sequencing
	Phylogenetic analyses
	ZooBank registration

	Results
	Phylogenetic analyses (Fig. 6)

	Discussion
	Caryotricha sinica sp. n
	Comparison with congeners (Fig. 2D, FH, LN, Table 4)

	Prodiscocephalus orientalis sp. n
	Comparison with congeners (Table 5)

	Prodiscocephalus cf. borrori
	Comparison with congeners (Fig. 4LQ)

	Certesia quadrinucleata Fabre-Domergue, 1885
	Comparison with congeners (Fig. 5DF)


	Author contributions
	Acknowledgments
	Appendix A Supplementary data
	References


