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a  b  s  t  r  a  c  t

The  “pollination  syndrome”  hypothesis  predicts  a direct  relationship  between  a set  of  floral  characters
and  the principal  pollinating  agent.  The  presence  of flowers  with  poricidal  anthers,  heterostemony  and
pollen  as  the  only  reward  are  common  traits  in  Melastomataceae  species  and  are  associated  with  buzz
pollination  by  bees.  Trembleya  laniflora  Cong.  (Melastomataceae:  Microlicieae)  is an  endemic  species
from  campo  rupestre  tropical  grassland,  with  large  and  white  “pollen  flowers”  differing  from  the  common
purple-colored  flowers  of the  Tribe.  We  examine  the  relationship  between  the  distinct  floral  charac-
teristics  of  T. laniflora  and  its pollination  syndrome  and  reproduction  ecology.  We  observed  different
individuals  of T.  laniflora  randomly  sampled  in Serra do  Cipó,  Espinhaç o Range,  Minas  Gerais,  southeast-
ern  Brazil.  We  carried  out observations  on  their  reproductive  phenology  (31  individuals),  flower  biology
(3),  pollination  (23),  and  tested  the  reproductive  system  (29).  Trembleya  laniflora  presented  a  seasonal
flowering  pattern  in  the  dry  and  post-dry  seasons  (May–October)  and  set fruits  during  the  dry,  post-dry
and  rainy  seasons  (June–December).  Floral  aperture  occurred  mainly  during  the  night  and  the  first  hours
of the  morning,  the  period  with  the  greatest  availability  of  fresh  flowers  and  with  the  highest  visitation
by  Xylocopa  bimaculata.  Tests  identified  the  species  as  non-apomictic,  self-incompatible  and  dependent
on  large  bees  such  as Xylocopa,  Bombus,  Centris  and  Ptiloglossa  for pollination.  Trembleya  laniflora  showed
a  specialized  pollination  system  mediated  by a restricted  group  of  bees  that  perform  crepuscular  buzz

pollination.  Floral  characteristics  and  reproductive  biology  of T.  laniflora  are  likely  adaptive  responses
to  pollination  by  large  bees  foraging  during  the  crepuscular  hours.  Our  results  support  the  “pollination
syndrome”  hypothesis,  demonstrating  a direct relationship  between  a set of  floral  characters  and  the
principal  pollinators  of  the  species.  Dependence  on  interbreeding  may  promote  outcrossing  within  and

latio
among  the  endemic  popu

. Introduction

The evolutionary relationship between pollinators and the floral
raits of plant species is a topic historically described and dis-
ussed within plant biology (Darwin, 1862; Faegri and Van Der Pijl,
979; Fenster et al., 2004; Ollerton et al., 2009; Rosas-Guerrero
t al., 2014; Queiroz et al., 2015). The occurrence of the so-called

pollination syndromes” has been tested, and the idea of a direct
elationship between a set of floral characters (e.g. coloration, form,
ize, timing of anthesis and type of resource offered) and the prin-

� This article is part of a special issue entitled Plant life in campo rupestre: new
essons from an ancient biodiversity hotspot published at the journal FLORA 238C.
∗ Corresponding author.

E-mail addresses: naturalcsoares@gmail.com, naturalcsoares@yahoo.com.br
N.C. Soares).

ttps://doi.org/10.1016/j.flora.2016.12.005
367-2530/© 2016 Elsevier GmbH. All rights reserved.
ns,  naturally  isolated  on  rocky  outcrops.
© 2016  Elsevier  GmbH.  All  rights  reserved.

cipal pollinating agent generally persists (Faegri and Van Der Pijl,
1979; Rosas-Guerrero et al., 2014; but see Ollerton et al., 2009).
This finding suggests that plants are adapted to a specific func-
tional group of pollinators that exert selective pressure on floral
traits (Fenster et al., 2004; Rosas-Guerrero et al., 2014). However, in
cases where a species presents floral characteristics matching more
than one syndrome or has a wide diversity of pollinators (general-
ist species), the plant-pollinator interaction may  not be so obvious
(Herrera, 1987; Herrera, 2005; Ollerton et al., 2009; Queiroz et al.,
2015).

Within this evolutionary context, plant species that have pollen
as a primary resource to reward pollinators present floral traits
often related to the protection of pollen, the selection of pollinating

agents, and the precise deposition of pollen on the body of the pol-
linator (Buchmann, 1983; Pinheiro et al., 2014). In these so-called
“pollen flowers” (Vogel, 1978), the presence of poricidal anther
dehiscence (tubular anthers with apical pores) is common and is

https://doi.org/10.1016/j.flora.2016.12.005
http://www.sciencedirect.com/science/journal/03672530
http://www.elsevier.com/locate/flora
http://crossmark.crossref.org/dialog/?doi=10.1016/j.flora.2016.12.005&domain=pdf
mailto:naturalcsoares@gmail.com
mailto:naturalcsoares@yahoo.com.br
https://doi.org/10.1016/j.flora.2016.12.005
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ssociated with heterostemony (the occurrence of different types
f stamens in the same flower) (Vogel, 1978; Buchmann, 1983;
inheiro et al., 2014). These characteristics are generally inter-
reted as strategies for solving the “pollen dilemma”, in which the
ollen grain fulfills a dual function: transporting the male gamete
nd being the resource supply for the flower visitors (Westerkamp,
996; Lunau et al., 2011, 2015). The pollination of these pollen
owers through buzz pollination is performed exclusively by bees
ith the capability to vibrate their abdomen and extract the pollen

rom the anthers, which generally present poricidal dehiscence
Buchmann, 1983; Pinheiro et al., 2014).

In general, bee pollination (melittophily) occurs during the day,
n plants that present flowers with a diurnal aperture (Faegri and
an Der Pijl, 1979; Ollerton et al., 2009; Rosas-Guerrero et al.,
014). However, some species of Apidae, Andrenidae, Halictidae
nd Colletidae forage for floral resources (primarily pollen) in
im-light environments: at dawn, dusk and occasionally at night
Janzen, 1968; Wolda and Roubik, 1986; Wcislo et al., 2004). The
nowledge of the biology of these “crepuscular bees”, their eco-
ogical interactions and role as pollinators are limited, probably
ecause their dim-light foraging habits are often restricted to cre-
uscular periods and eventual nocturnal flights in the presence
f moonlight (Burgett and Sukumalanand, 2000; Hopkins et al.,
000; Somanathan and Borges, 2001; Wcislo et al., 2004; Franco
nd Gimenes, 2011).

In Melastomataceae, one of the most dominant and diverse fam-
lies in the tropics (Clausing and Renner, 2001; Goldenberg et al.,
012), poricidal anther dehiscence and heterostemony are frequent
raits; indeed, poricidal anthers are a diagnostic characteristic of
he family and associated with buzz pollination (Buchmann, 1983;
enner, 1989). In Brazil, this family figures among the most species-
ich in the Atlantic forest, cerrado and campo rupestre (Giulietti
t al., 1987; Mendonç a et al., 2008). Neotropical bee species with
ibratory capacity in Brazil belong to the families Apidae (e.g. Cen-
ridini, Bombini, Xylocopini, Meliponini), Halictidae (Augochlorini),
olletidae (e.g. Colletinae) and Andrenidae (Oxaeini) (Nunes-Silva
t al., 2010).

Species of Trembleya (Melastomataceae), endemic to Brazil,
resent pollen flowers with poricidal anthers and heterostemony.
he diplostemonous androecium is composed of distinct stamens
rranged in two circles (antesepalous and antepetalous) (Martins,
997). Ninety percent of the species of this genus are distributed

n the campo rupestre of Minas Gerais (Martins, 1997) and are
ell represented in this heterogeneous vegetation dominating the

spinhaç o Range above 900 m altitude (Conceiç ão and Pirani, 2005,
007; Rapini et al., 2008; Silveira et al., 2016). Trembleya laniflora
ong. (Melastomataceae: Microlicieae) is a species endemic to the
ampo rupestre in the south of the Espinhaç o range and presents flo-
al characteristics that are rare in the family (Renner, 1989): large
owers of white coloration, which differs from the vibrant, often
urple color pattern found in the Tribe. Purple-magenta flowers are
ommon in species of Trembleya,  while entirely white petals are
escribed only for T. laniflora, T. debilis and T. hirsutissima (Martins,
997).

The study of plant reproductive biology, when associated with
henology (Ollerton and Lack, 1992; Ollerton and Dafni, 2005), the
eproductive system (Zapata and Arroyo, 1978; Santos et al., 2012),
ollination ecology (Brito and Sazima, 2012), and seed dispersal
Levin et al., 2003) and germination (Rodrigues and Silveira, 2013),
ontributes to a better understanding of the ecology and evolu-
ion of natural populations (Pombal and Morellato, 2000; Silveira
t al., 2015). Therefore, by integrating the above information, we

imed to understand the ecological and evolutionary importance of
he distinct floral characters of Trembleya laniflora for its successful
eproduction on the rocky outcrops of campo rupestre. More specif-
cally, we sought to answer the following questions: i) Do the floral
ora 238 (2018) 138–147 139

characteristics (size, color, and timing of aperture) of T. laniflora
indicate a differential foraging behavior of its predicted pollinators
(pollen flowers with diurnal buzz pollination by bees)? ii) Are the
flower traits consistent with the “pollination syndrome” hypothe-
sis of melittophily (senso Faegri and Van Der Pijl, 1979)? iii) Does T.
laniflora depend on pollinators for reproduction and fruit set? We
expect that the presence of large, white flowers of T. laniflora is an
adaptive response to pollination by large crepuscular bees. We  also
expect that T. laniflora dependence on interbreeding contributes
to increase outcrossing and maintain the diversity of this species,
given its distribution restricted to campo rupestre rocky outcrops.
We discuss the “pollination syndrome” hypothesis and the eco-
logical and evolutionary importance of pollination by crepuscular
bees.

2. Material and methods

2.1. Study area

The study was  conducted from January 2014 to December 2015
in an area of campo rupestre, locally referred to as Quadrante 16
(Q16), situated at 1303 m altitude (19◦17′42.0′′S; 43◦35′31.2′′W)
and within the environmental protection area of Morro da Pedreira
(APA Morro da Pedreira) at Serra do Cipó (SC), south of the
Espinhaç o Range, Minas Gerais, southeastern Brazil (Rocha et al.,
2016). The climate at the SC region is classified as Cwp type
(Köppen, 1931)—mesothermal, with well-defined dry and wet sea-
sons organized in four distinguishable periods: dry season (May to
September); post-dry season (October); rainy season (November
to January); and post-rainy season (February to April) (Madeira
and Fernandes, 1999; Silveira et al., 2016). The average annual
mean temperature and total precipitation are 21.2 ◦C and 1622 mm,
respectively (Madeira and Fernandes, 1999). The vegetation of the
study area is classified as campo rupestre sensu stricto (Silveira
et al., 2016), growing on quartzitic and sandy soils, and is com-
posed of a vegetation mosaic dominated by meadows (sandy, stone
and wet  grasslands dominated by Poaceae) and rocky outcrops
associated with herbs, sub-shrubby and shrubby species mostly
from the families Melastomataceae, Velloziaceae, Malpighiaceae
and Euphorbiaceae (Giulietti et al., 1987; Silveira et al., 2016).

2.2. Study species

Trembleya laniflora Cong. (Melastomataceae) is a shrubby
species endemic to the campo rupestre of Minas Gerais, with an
occurrence restricted to rocky outcrops (Martins, 1997). Flowers of
the species are pentamerous (frequently, individuals present some
tetramerous and/or hexamerous flowers), large (≥ 4.5 cm), showy
and white-colored, with some individuals presenting small pink
spots on the petals (Fig. 1) (Martins, 1997). The diplostemonous
androecium presents heterostemony, with 10 glabrous stamens
that are distributed in antepetalous and antesepalous circles and
are distinguished by the size and coloration of the thecae (Martins,
1997). The fruits are dry, capsular and dehiscent, with numerous
(from 400 to 850 seeds per fruit; personal observation), diminute
(up to 0.57 mm)  self-dispersed seeds (Martins, 1997).

We separated the two  circular groups of stamens in the androe-
cium according to their putative functions (Renner, 1989; Martins,
1997; Ollerton and Dafni, 2005): the stamens in the antepetalous
circle (short, with yellow-colored thecae) are those responsible for

the production of food pollen (hereafter feeding anthers); and the
stamens in the antesepalous circle (long, with purple-colored the-
cae and presence of the connective) are those responsible for the
production of pollen for pollination (hereafter pollination anthers)
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ig. 1. General aspects of Trembleya laniflora (Melastomataceae). Individuals of T. la
etail of the inflorescence (B); and a single flower with some pink spots (C).

Fig. 1). Thus, we defined the occurrence of two types of pollen: one
rom the feeding anthers and the other from pollination anthers.

.3. Flower biology

To study the floral biology (timing of opening and floral
ongevity), we tagged 40 pre-anthesis floral buds from three Trem-
leya laniflora individuals randomly chosen from throughout the
rea (Q16). The timing of flower opening and closing, as well as
oral longevity, were determined by monitoring the tagged floral
uds from the beginning of anthesis until the wilting and closing
f the flowers. We  observed the floral bud and flower develop-
ent stages during four consecutive days, from dawn until dusk

05:30–18:30 h), performing hourly surveys, except during the
awn (05:30–06:30 h), when the surveys occurred every 30 min.
n the fourth day of observation, we made only four surveys

hroughout the day (06:00 h; 07:00 h; 12:00 h and 18:20 h), since
ost flowers were already senescent. The stigmatic receptivity was

ested immediately after flower opening, using hydrogen peroxide
20% H2O2) on 22 fresh flowers randomly collected from individuals
andomly chosen inside the study area (Dafni et al., 2005).

.3.1. Pollen viability
To confirm the existence of two pollen types, we tested the

iability of the pollen from the feeding and pollination anthers. Pre-
nthesis floral buds from seven T. laniflora individuals were first
solated in organza mesh; after anthesis, 35 flowers were collected
nd fixed in a formaldehyde solution (FAA 80%). From each flower,
e extracted and separately macerated six anthers (three feeding

nd three pollination anthers). The obtained samples were diluted
n ethyl alcohol (80%), stained with acetic carmine (2%) and ana-
yzed in an electronic light microscope (40X objective) (Radford
t al., 1974). We  counted 214 pollen grains derived from feed-

ng anthers and 231 from pollination anthers, and we  quantified
he number of viable (colored grains) and non-viable (not colored)
ollen grains in each sample. To compare the viability of the pollen
rains, we performed a two-sample proportion test.
a in the rocky outcrop of campo rupestre at Serra do Cipó (Minas Gerais, Brazil) (A);

2.4. Phenology

For the phenological monitoring, we randomly sampled
and tagged 31 reproductive T. laniflora individuals from a
100 m × 100 m (1 ha) plot inside the study area (Q16). Phenological
observations were conducted monthly from January to December
2014; we counted the number of reproductive structures (floral
buds, flowers, immature fruits and mature fruits) on five tagged
branches of each individual (Ollerton and Dafni, 2005; Athayde and
Morellato, 2014). During the flowering peak (July–August) of 2014,
phenological observations were conducted every 15 days. Previous
phenological observations carried out in 2012 and 2013 confirmed
the annual flowering pattern of T. laniflora. However, due to fires in
September 2014, we lost 15 out of 31 sampled individuals; there-
fore, the phenological observations from September to December
2014 refer to only 16 individuals.

2.5. Reproductive systems

To examine the reproductive system of T. laniflora and test the
importance of the pollinators and both pollen types for reproduc-
tion, we  performed controlled field tests of pollination on 29 T.
laniflora individuals randomly selected inside the study area (Q16)
(Zapata and Arroyo, 1978; Dafni et al., 2005), as well as controlled
lab tests of germination and presence/viability of embryos (Zapata
and Arroyo, 1978). The controlled pollination tests checked for the
occurrence of 1) cross-pollination (CP) — after anthesis of previously
isolated buds on 20 T. laniflora individuals, 146 flowers were emas-
culated and pollinated manually with pollen collected from nearby
individuals. We  pollinated 74 flowers with pollen from the pollina-
tion anthers (CP poll) and 72 flowers with pollen from the feeding
anthers (CP feed); 2) self-pollination (SP) — after the anthesis of the
bagged buds, 150 flowers of 12 individuals were emasculated and

manually pollinated with their own  pollen. We  treated 77 flowers
with pollen from pollination anthers (SP poll) and 73 with pollen
from the feeding anthers (SP feed); 3) autonomous self-pollination
(AS) — on 10 individuals, we  isolated 86 floral buds in small organza
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ags and monitored their phenology until the principal fruiting
eriod; 4) apomixis (AP) — we emasculated 79 pre-anthesis floral
uds from thirteen different individuals, isolated the emasculated
uds with organza bags and monitored them until the fruiting
eriod; 5) control (CN) — we monitored the reproductive phenology
f 245 previously tagged floral buds on nine treated individuals. The
ruits resulting from the various tests were collected, and the seeds
rom the 20 fruits in each treatment were counted and weighed on

 precision balance (Model AR2140, e = 1 mg,  d = 0.1 mg). To test for
ifference among the treatments, we quantified i) the number of
ruits formed; ii) the number of seeds formed per fruit (N = 20 fruits
er treatment); and iii) the seed weight (total weight/number of
eeds; N = 20 fruits per treatment).

The reproductive system was assessed based on the conversion
ates (flower/fruit), the reproductive efficacy (RE), the self-
ncompatibility index (ISI) and the autonomous self-pollination
ndex (IAS) (Zapata and Arroyo, 1978), and the presence and viabil-
ty of the embryo after the germination experiments (Brasil, 2009).
E of each treatment was calculated by dividing the conversion rate
flower/fruit) of the treatment by the conversion rate of the control
SP/CN and CP/CN). RE values close to 0 indicate low reproductive
fficacy, while values close or equal to 1 indicate high reproduc-
ive efficacy. ISI was calculated by dividing the conversion rates for
he self-pollination treatments by those for the cross-pollination
reatments (SP/CP). Self-compatibility is indicated by ISI = 1, incom-
lete self-compatibility by 0 < ISI < 1, and self-incompatibility by

SI = 0. IAS was obtained through dividing the conversion rate of
he autonomous self-pollination treatment by that of the control
AS/CN); an IAS value = 1 indicates the occurrence of autonomous
elf-pollination, and IAS = 0 indicates the absence of autonomous
elf-pollination (Zapata and Arroyo, 1978).

.5.1. Seed germination test
All seeds produced by fruits following the cross-pollination,

elf-pollination and control tests were placed for germination in
etri dishes covered by filter paper moistened with distilled water,
xposed to temperatures of 20–30 ◦C and a 24-h photoperiod
Rodrigues and Silveira, 2013). For each treatment (CP poll, CP feed,
P poll, SP feed, and control), we used six samples of 25 seeds,
otal 150 seeds per treatment. Autonomous self-pollination and
pomixis treatments did not set fruit or viable seed (see Results).

We inspected the seeds every 48 h, using radicle emergence (vis-
ble to the naked eye) as the criterion of germination (Labouriau,
983). After a minimum of 30 days following initiation of the ger-
ination experiments, all non-germinated seeds were submitted

o the tetrazolium test and examined for the presence and viabil-
ty (coloration) of the embryo. We  placed the seeds in a tetrazolium
olution (1%), conditioned to a temperature of 30 ◦C, for a minimum
f 24 h (minimum time for coloration of tetrazolium solution); we
hen cut the seeds and observed them in a 4.5× magnifying glass
oupe (Brasil, 2009).

.6. Pollination ecology

The flower visitors and their foraging behavior (resource sought
nd time of visit) were observed in July and August 2014 (80 h of
bservation) and in July 2015 (43 h of observation). In 2014, we
bserved visitations to 23 T. laniflora individuals that had been sam-
led for phenological observations and had blossomed during the
owering peak of the species (July and August). We randomly per-

ormed 10-min surveys in each individual between 05.30 h and

8.30 h (dawn to dusk) each day (Herrera, 1995). In 2015, over
our consecutive days, between 05.30 h and 18.30 h, we made focal
bservations of four T. laniflora individuals chosen from the sample
rea (Q16) (Dafni et al., 2005). The dawn and dusk periods were
ora 238 (2018) 138–147 141

defined taken into consideration of the short days during the dry
season and sunrise after 06.00 h.

In 2014, we aimed to assess the diversity of flower visitors and
pollinators, mainly by observing the behavior of insects on the flow-
ers (Herrera, 1995; Dafni et al., 2005). In 2015, however, we focused
on identifying the flower visitors and the effective pollinators of
T. laniflora, classifying the latter as principal or secondary accord-
ing to their collection and foraging behavior, as well as assessing
the frequency of visitation (Inouye et al., 1994; Rosas-Guerrero
et al., 2014; Dafni et al., 2005). Among the effective pollinators,
we considered as main pollinators the large bee species (≥2.5 cm)
that were capable of vibrating both types of anthers concurrently
and contacted the reproductive flower parts 10 times or more
(N ≥ 10 visits); we considered as secondary pollinators the large
bees (≥2.5 cm)  that possessed vibration capability and contacted
the reproductive parts less than 10 times (N ≤ 10 visits). Small bees
(≤1.5 cm)  that were not capable of vibrating both types of anthers
concurrently, pollen robbers and other insects that visited the flow-
ers but did not contact the stigma were considered flower visitors.

Specimens not identified in the field were collected and/or
filmed with a SONY HDR-SR11 video camera and then deposited
in the Entomological Collection of the Department of Zoology, IB,
UNESP, campus of Rio Claro, SP. The data collected in 2014 (the year
with the most hours of observation) were used to analyze visita-
tion over time. The 2015 data from the focal observations were used
only to compose a list of the T. laniflora flower visitors and effec-
tive pollinators (main and secondary), enabling the detection of less
frequent and/or rare species (Dafni, 1992). Due to the morpholog-
ical similarity of Eulaema nigrita and Bombus pauloensis (large bees
considered here as effective pollinators) and the difficulty of distin-
guishing them in the field, we combined their data for the visitation
analysis.

2.7. Data analyses

The reproductive phenology pattern of the species was tested
through circular statistics (Morellato et al., 2000), using the data
(dates of flowering and fruiting) obtained between January and
December 2014. The Rayleigh (z) test which measures the signif-
icance of the average angle (Zar, 1996) was applied to detect the
occurrence of a significant seasonal pattern in the phenophases
(Morellato et al., 2000).

We  applied a two-sample proportion test to compare the con-
version rates (flower/fruit) between the controlled pollination
experiments and each treatment as well as between the treatments.
Differences between each treatment in the number of seeds pro-
duced per fruit were tested through the Kruskal-Wallis test, while
differences in the weights of the seeds from fruits formed in the
various treatments were tested through the ANOVA and a poste-
rior Tukey test (Zar, 1996). We  performed the circular analyses in
Oriana 4 and the other analyses in the software R version 3.1.3 (R
Development Core Team, 2011).

3. Results

3.1. Flower biology

Trembleya laniflora presented a mainly nocturnal and/or crepus-
cular floral opening. Of the 40 tagged buds, 18 (45%) opened during
the night (between 18.30 h and 05.30 h), and 13 (32.5%) opened dur-
ing sunrise (from 05.30 h to 06.30 h). The majority of flowers (90%)

were available to pollinators in the first hours of the morning, and
we did not observe floral opening during the afternoon (Fig. 2).

The flowers remained open for a minimum of two days. Of the
38 tagged flowers, 23 (60.5%) remained open for three days, 10
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Fig. 2. Timing of floral opening of Trembleya laniflora (Melastomataceae) at Serra do Cipó (Minas Gerais, Brazil). Percentage (bars) and respective numbers of flowers that
opened  at the different observation hours (N = 40 buds). Night represents the interval from 18:30 to 5:30 h between the present and previous days’ observations.

Fig. 3. Reproductive phenology of Trembleya laniflora (Melastomataceae), in campo rupestre at Serra do Cipó (Minas Gerais, Brazil) during 2014, per number of reproductive
structures (lines) and percent of individuals (bars). Monthly total production of (A) floral buds (orange line), flowers (red line), (B) immature fruits (green line) and mature
fruits  (brown line). Percentage of individuals with floral buds and immature fruits (grey bars in A and B, respectively) and the percentage of individuals with flowers and
mature  fruits (black bars in A and B, respectively), by month of phenological observation. The shaded area represents the rainy season. (For interpretation of the references
to  colour in this figure legend, the reader is referred to the web version of this article.)
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Table  1
Results of reproductive system experiments Fruit set, Index of self-incompatibility
(ISI), Index of autonomous self-incompatibility (IAS) and Reproductive efficacy (RE)
of  Trembleya laniflora (Melastomataceae), Serra do Cipó, Minas Gerais, Brazil. Paren-
theses indicate the number of treated buds; Fruit set = conversion rate flower/fruit;
(Fruit/Flower) = number of production fruits/number of flowers treated. Different
letters indicate significant differences after two-sample tests (p < 0.05). ISI, IAS and
RE range from 0 to 1.

Treatment Fruit set ISI IAS ER

Control (245) 0.71 (173/245) a

Cross pollination pollination pollen (74) 0.73 (54/74) a 1.00
Cross pollination feed pollen (72) 0.68 (49/72) a 0.96
Self  pollination pollination pollen (77) 0.76 (59/77) a 1.00 1.00
Self  pollination feed pollen (73) 0.74 (54/73) a 1.00 1.00
Autonomous self-pollination (86) 0.00 (0/86) b 0.0
Apomixis (79) 0.03 (2/79) b 0.04
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resulted from cross-pollination treatments with pollen from the
feeding anthers (Fig. 4). T. laniflora seeds presented embryos only

F
C

owers (26.5%) for two  days, and five flowers (13.2%) for up to four
ays. The stigma was receptive from the beginning of the anthesis
19 receptive/22 tested). Pollen from both of the anthers presented
igh viability, with a proportion equal to 96% for the two  types of
ollen.

.2. Phenology

Trembleya laniflora flowered during the dry and post-dry sea-
ons (May–October) and fruited throughout the dry and post-dry
easons and the beginning of the rainy season (June–December)
Fig. 3). Flowering peaked during the dry season, in June (floral bud)
nd July (anthesis), while fruiting peaked at the end of the dry sea-
on (August; immature fruit) and post-dry season (October; mature
ruit) (Fig. 3 and Table 1, supplementary material). Reproduc-
ion presented a significant and highly seasonal pattern (r ≥ 0.96;
able 1, supplementary material). We  observed the following max-
mum monthly productions (production peaks): 43,047 floral buds;

8,619 flowers; 73,888 immature fruits; and 10,000 mature fruits
Fig. 3).

ig. 4. Germination test of Trembleya laniflora Cong. (Melastomataceae) from seeds of
P  poll = cross-pollination with pollination pollen; SP feed = Self-pollination with feed po
ora 238 (2018) 138–147 143

3.3. Reproductive system

3.3.1. Controlled pollination test
Trembleya laniflora produced fruits and seeds in the cross-

pollination and self-pollination tests, independent of the pollen
type (treatment), and showed high values of fruit set (≥0.68) in
both tests (Table 1). ISI values were equal to 1 in both of the
induced self-pollination treatments, indicating compatibility inde-
pendent of the pollen origin. The formation of fruits by apomixis
was not significant (Fruit set AP = 0.03), and we  found no evidence
of autonomous self-pollination (IAS = 0). The production of fruits
by cross-pollination and by induced self-pollination was effective
(RE > 0.9). Rates of flower/fruit conversion (fruit set) obtained for
cross-pollination treatments did not differ from the rates for the
self-pollination treatments (CP Poll x SP Poll, �2 = 0.1,p = 0.74 and
CP Feed x SP Feed �2 = 0.3, p = 0.54). We  did not observe signifi-
cant differences between the conversion rates for the treatments of
each test (Table 1). We found significant differences when compar-
ing the conversion rate between the control and the autonomous
self-pollination and apomixis. Differences were also significant
between CP and SP treatments with AS (Table 1).

Regarding seed production, we found significant differences
between the number of seeds produced per fruit (K = 10.42, p = 0.03;
Fig. 1, supplementary material) in the experiments (CP x SP).
Fruits resulting from the cross-pollination treatments (CP Poll and
CP Feed) produced more seeds than those obtained from the self-
pollination treatments (SP Poll and SP Feed) and from the control
(CN) (see median values, Fig. 1, supplementary material). We
found no significant differences in seed weight among treatments
(F = 1.34, p = 0.26 ANOVA) (Fig. 2, supplementary material).

3.3.2. Seed germination
We observed germination in only nine seeds, all of which
in the interbreeding experiments (CP Feed and CP Poll). However,
we did not find viable stained embryos (colored) after immersion of

 different treatments (CN = Control; CP feed = cross-pollination with feed pollen;
llen; SP poll = Self-pollination with pollination pollen).
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he seeds in the tetrazolium solution. For all treatments, we found
 high proportion (69–99%) of embryoless seeds (Fig. 4).

.4. Pollination ecology

We  observed 29 insect species visiting the T. laniflora flow-
rs (Table 2, supplementary material), and bees were the most
ommon flower visitors (Fig. 5; Table 2, supplementary mate-
ial). Among the species found, 13 were considered as pollinators
three main and 10 secondary); the others included four flower
isitors and 12 pollen robbers (Table 2, supplementary material).
e  counted 254 visits to the T. laniflora flowers: 117 (46%) by
ollinators and the remaining 137 (54%) by flower visitors. The
ollination events occurred mainly during the short crepuscular
eriods (42%) at dawn (from 06:00 h to 07:00 h) and dusk (from
7:30 h to 18:00 h) and during the morning period (from 08:00 h

ig. 5. Frequency of visits by (A) pollinators (principal and secondary) and (B) non-pollina
Melastomataceae) at Serra do Cipó (Minas Gerais, Brazil).
ora 238 (2018) 138–147

to 11:00 h) (40%), with peak pollination (N = 24) occurring in the
morning twilight between 06:00 h and 06:30 h (Fig. 5A). Flower vis-
itor frequency was highest from 09:00 h to 14:30 h (N = 101), with
peak activity from 10:30 h to 11:00 h (N = 20). T. laniflora generally
presented a low frequency of flower visitors during the day (<10%;
Fig. 5B).

Among the main pollinators, Xylocopa (Dasyxylocopa)  bimac-
ulata was the most effective, contributing 34% (N = 40) of all
pollination events, followed by Xylocopa sp1, with 38 visits to the
flowers (32%) and Xylocopa sp4 with 12 visits (10%). The other 14%
of the visits were shared among Eulaema nigrita/Bombus pauloensis
(N = 15), Centris sp1 (N = 5) and Oxaea sp (N = 4), all secondary pol-

linators (Fig. 5A). Visits by X. bimaculata and Xylocopa sp4 were
mostly or exclusively crepuscular, while Xylocopa sp1, Eulaema
nigrita/Bombus pauloensis and Centris sp1 visits were primarily in
the morning (08:00 h–11:30 h) (Fig. 5A). Oxaea sp was the only

ting visitors (flower visitor and pollen theft) to flowers of Trembleya laniflora Cong.
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pecies of pollinator active in the afternoon (Fig. 5A). Among
he species classified only as flower visitors, Melipona trinofaciata
as the most frequent, with 78% of the visits (107), followed by
ugochloropsis sp4 (7) and Augochloropsis sp5 (5) (Fig. 5B). Due to
heir small body size (≤1.5 cm)  and behavior on the flowers, these
hree species were considered as pollen robbers or cheaters, not
ontributing to the reproduction of T. laniflora.

. Discussion

The large, white flowers of T. laniflora did not conform to the
xpected characteristics of classic melittophily syndrome (flowers
f often vibrant color and diurnal floral aperture; Faegri and Van
er Pijl, 1979; Ollerton et al., 2009; Rosas-Guerrero et al., 2014).

nstead, the T. laniflora flowers were open during the dawn and dusk
ours and were mainly pollinated by bees with crepuscular forag-

ng behavior. In Melastomataceae, white, cream or discrete flowers
re generally small and typically associated with apomictic species
hat do not depend on pollination services to set fruits (Goldenberg
nd Sherpherd, 1998, Brito et al., unpublished data). Apomixis is a
ommon feature in the family, occurring in up to 88% of the species
n the tribe Miconieae (Renner, 1989; Goldenberg and Sherpherd,
998; Santos et al., 2012). However, we did not consider T. laniflora
s apomictic, since no fruits were formed after emasculation. The
resence of large, white flowers was associated with anthesis at
awn and dusk and the pollination by crepuscular bees.

The absence of apomixis may  be associated with the endemism
nd restricted occurrence of T. laniflora on rocky outcrops of campo
upestre in Minas Gerais (Martins, 1997; Santos et al., 2012). The
elationship between the reproductive system of Melastomat-
ceae and the geographic distribution of the species is a topic
lready described in the literature (Goldenberg and Sherpherd,
998; Andrade et al., 2007; Santos et al., 2012). In general, apomictic
pecies present a wider geographic distribution than those depen-
ent on sexual reproduction, and the latter are frequently endemic
r have restricted distribution (Goldenberg and Sherpherd, 1998;
antos et al., 2012). The high pollen viability, independent of the
ype of anther (feeding or pollination), observed in T. laniflora is also
vidence of the species’ investment in interbreeding (Goldenberg
nd Sherpherd, 1998; Santos, 2008).

The absence of germination and of viable embryos in the seeds
rom self-pollination experiments indicate that T. laniflora is self-
ncompatible and dependent on cross-pollination, even though the
SI values (equal to 1) have suggested self-compatibility, and the
ower/fruit conversion rates of SP and CP treatments did not dif-

er. The lack of fruit set or seeds by autonomous self-pollination
einforces the classification of T. laniflora as self-incompatible
nd dependent on interbreeding mediated by bees. The porici-
al anthers and the dependence on vibration to release pollen
revent the occurrence of autogamy (self-pollination by pollen
rom the same flower) and favour the predominance of allogamy
interbreeding) in T. laniflora. The absence of autonomous self-
ollination is a common characteristic of Melastomataceae, and

t has been associated with the position of the anthers in rela-
ion to the stigma during anthesis (anthers stay coiled beneath the
tigma from bud stage until flower opening) and with the necessity
f vibration (buzz pollination) to remove pollen from the anthers
Renner, 1989; Goldenberg and Sherpherd, 1998). The dependence
n pollinator-mediated interbreeding may  promote genetic vari-
bility within the populations of endemic T. laniflora that occur
aturally isolated on rocky outcrops, a topic to be explored in future

esearch.

Trembleya laniflora was pollinated exclusively by large bees in
he genera Xylocopa, Bombus, Eulaena and Centris, all capable of
ibrating both circles of the poricidal anthers. Pollination occurred
ora 238 (2018) 138–147 145

mainly during the highest availability of fresh, recently opened
flowers in the crepuscular hours of the day. The crepuscular bees
Xylocopa (Dasyxylocopa) bimaculata and Xylocopa sp4 contributed
to 44% (N = 52) of all observed pollination events, mostly during
short periods of dim sunlight. Therefore, large bees with vibratory
behavior and crepuscular foraging activity are the most effective
pollinators of T. laniflora. The timing of floral opening and polli-
nation were associated with the foraging behavior of those bees
during the crepuscular hours of reduced light, an activity pattern
known for some species of the families Apidae and Collectidae,
especially from the genera Xylocopa, Centris and Ptiloglossa (Janzen,
1968; Wolda and Roubik, 1986).

Pollination by vibration (buzz pollination) is common in Melas-
tomataceae (Renner, 1989; Harter et al., 2002; Brito and Sazima,
2012), and the evolutionary history of the family is associated
with the vibratory behavior of bees (Vogel, 1978; Buchmann, 1983;
Renner, 1989). Visits in periods of low light, during the minutes
that precede the dawn, are reported for the species in the fam-
ily (Frankie, 1976; Renner, 1989); nevertheless, the pollinators and
their behavior are poorly described. With respect to the biology of
bees with crepuscular foraging activity on flowers, knowledge is
still scarce (Hopkins et al., 2000; Wcislo et al., 2004), and we are
just starting to discover the importance of crepuscular vibratory
bees for pollination.

The observed flowering and fruiting patterns have also been
considered as adaptations of the species to effective pollination and
to seed dispersal (Salazar et al., 2011; Silveira et al., 2012, Brito et al.
unpublished data). Trembleya laniflora presents a large production
of flowers and demonstrated highly seasonal flowering during the
dry season and seed dispersal at the beginning of the rainy season.
Flowering during the dry season is associated with the presence
of pollinators and the highest rate of pollination by bees (Janzen,
1968). Reproduction during the dry season is described for sub-
shrubby species of the family Melastomataceae of the sandy- and
stony-soil meadows of Serra do Cipó (Le Stradic, 2012). The fruiting
period corroborated previous descriptions of the species as pre-
senting capsular, dehiscent fruits that open for the autochorous
dispersal of seeds at the beginning of the rainy season (Silveira et al.,
2012; Rodrigues and Silveira, 2013). In this period, the temperature
and light conditions are the most adequate for seed germination
and seedling development (Madeira and Fernandes, 1999; Silveira
et al., 2012, Rodrigues and Silveira, 2013).

The high production of flowers, coupled with the differing quan-
tities of immature and mature fruits produced, high percentages
of embryoless seeds, and low germinability may be related to the
frequent occurrence of abortions in Melastamataceae (Simão et al.,
2007; Rodrigues and Silveira, 2013; Dayrell et al., 2016). Embryoless
and non-viable seeds are a phylogenetically determined charac-
teristic, frequent in Melastomataceae species of campo rupestre
(Dayrell et al., 2016). Both characters are common in T. laniflora
(Rodrigues and Silveira, 2013), and the occurrence of abortions
in the family is related to occasional self-pollination events and
malformation of the seeds, an outcome of nutritional deficiencies
during development (Renner, 1989; Simão et al., 2007; Brito and
Sazima, 2012; Rodrigues and Silveira, 2013). The campo rupestre
presents highly P-deficient soils (Oliveira et al., 2015); therefore,
the occurrence of embryoless and non-viable seeds in T. laniflora
may  also be associated with a P-limitation and consequent low
investment in sexual reproduction and seed dispersal (Hopper,
2009; Fujita et al., 2014).

An additional hypothesis for the high investment in the for-
mation of fruits with non-viable seeds would be the occurrence

of inbreeding in the populations (Holmes et al., 2008; Dayrell
et al., 2016). The dependence on interbreeding mediated by pollen
vectors, coupled with seed dispersal over short distances by auto-
chorous dispersal (Van Der Pijl, 1982) and the endemism of the
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pecies to rocky outcrops that are generally spatially isolated, may
ead to endogamy. Thus, we suggest that the low production of
iable embryos and the occurrence of frequent abortions are also
onsequences of a possible kinship mating between individuals
nd low genetic variability of the populations (Dubash and Fenster,
000; Oostermeijer et al., 2003; Holmes et al., 2008).

Here, we demonstrated that T. laniflora presents a specialized
uzz pollination system mediated by large crepuscular bees. We
onfirmed that the distinct floral characters (large, white-colored
ollen flowers) and reproductive biology (nocturnal anthesis, self-

ncompatibility, large production of flowers) of T. laniflora are
oupled with pollination by crepuscular bees. Therefore, although
hey differ from the classic pattern expected of melittophily species
f Melastomataceae, the morphological characters (size and col-
ration) and flower biology (timing of anthesis) of T. laniflora are
elated to the behavior of its most effective pollinators. They are
lso consistent with the general “pollination syndromes” hypoth-
sis of a direct relationship between a set of floral characters and
he principal pollinating agent of the species (Faegri and Van der
ijl, 1979; Ollerton et al., 2009; Rosas-Guerrero et al., 2014).

The self-incompatibility of T. laniflora was confirmed only after
he seed germination tests, and it is considered as a mechanism to
void inbreeding and favour the occurrence of interbreeding in nat-
rally isolated populations. The combined observations of flower
iology, phenology, reproductive system, germination and polli-
ation revealed the reproductive biology of this endemic species.
imilar integrative studies of reproductive biology will improve
ur understanding of the ecology and evolution of native species
nd the dynamics of their populations. Such studies are especially
elevant when considering endemic species that grow isolated in
tressful environments such as the campo rupestre (Silveira et al.,
015).
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D.W., Conceiç ão, A.A., Cornelissen, T.G., Echternacht, L., Fernandes, G.W.,
Garcia, Q.S., Guerra, T.J., Jacobi, C.M., Lemos-Filho, J.P., Le Stradic, S., Morellato,
L.P.C., Neves, F.S., Oliveira, R.S., Schaefer, C.E., Viana, P.L., Lambers, H., 2016.
Ecology and evolution of plant diversity in the endangered campo rupestre: a
neglected conservation priority. Plant Soil 403, 129–152.

Simão, E., Nakamura, A.T., Takaki, M.,  2007. Época de colheita e capacidade
germinativa de sementes de Tibouchina mutabilis (Vell.) Cogn.
(Melastomataceae). Biota Neotropica 7, 67–73.

Somanathan, H., Borges, R., 2001. Nocturnal pollination by the carpenter bee
Xylocopa tenuisca (Apidae) and the effect of floral display on fruit set of
Heterophragma quadriloculare (Bignoniaceae) in India. Biotropica 33, 78–89.

Van Der Pijl, L. Principles of dispersal in higher plants, 1982, New York.
Vogel, S., 1978. Evolutionary shifts from reward to deception in pollen flowers. In:

Richards, A.J. (Ed.), The Pollination of Flowers by Insects. Academic Press,
London.

Wcislo, W.,  Arneson, L., Roesch, K., Gonzalez, V., Smith, A., Fernández, H., 2004. The
evolution of nocturnal behavior in sweat bees, Megalopta genalis and M.
ecuadoria (Hymenoptera: halictidae): an escape from competitors and
enemies? Biol. J. Linn. Soc. 83, 377–387.

Westerkamp, C., 1996. Pollen in bee-flower relations: some considerations on
melittophily. Bot. Acta 109, 325–332.
deciduous tropical forest in Venezuela. Biotropica 10, 221–230.
Zar, H.J., 1996. Biostatistical Analysis. Prentice-Hall, New Jersey.

http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0150
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0155
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0160
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0165
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0170
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0175
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0180
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0185
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0190
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0195
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0200
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0205
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0210
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0215
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0220
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0225
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0230
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0235
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0240
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0245
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0250
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0255
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0260
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0265
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0270
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0275
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0280
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0285
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0290
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0295
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0300
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0305
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0310
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0315
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0320
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0325
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0335
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0340
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0345
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0350
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0355
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0360
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0360
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0360
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0360
http://refhub.elsevier.com/S0367-2530(16)30198-0/sbref0360

	Crepuscular pollination and reproductive ecology of Trembleya laniflora (Melastomataceae), an endemic species in mountain ...
	1 Introduction
	2 Material and methods
	2.1 Study area
	2.2 Study species
	2.3 Flower biology
	2.3.1 Pollen viability

	2.4 Phenology
	2.5 Reproductive systems
	2.5.1 Seed germination test

	2.6 Pollination ecology
	2.7 Data analyses

	3 Results
	3.1 Flower biology
	3.2 Phenology
	3.3 Reproductive system
	3.3.1 Controlled pollination test
	3.3.2 Seed germination

	3.4 Pollination ecology

	4 Discussion
	Acknowledgements
	Appendix B Supplementary data
	References
	References


