PLATINUM The Journal of Threatened Taxa (JoTT) is dedicated to building evidence for conservation globally by publishing peer-reviewed articles online
OPEN ACCESS every month at a reasonably rapid rate at www.threatenedtaxa.org. All articles published in JoTT are registered under Creative Commons

@ @ Attribution 4.0 International License unless otherwise mentioned. JoTT allows allows unrestricted use, reproduction, and distribution of
articles in any medium by providing adequate credit to the author(s) and the source of publication.

Journal of Threatened Taxa

Building evidence for conservation globally

www.threatenedtaxa.org
ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)

COMMUNICATION

DIURNAL SERIANTHES NELSONII MERR. LEAFLET PARAHELIOTROPISM
REDUCES LEAFLET TEMPERATURE, RELIEVES PHOTOINHIBITION, AND
ALTERS NYCTINASTIC BEHAVIOR

Thomas Edward Marler

26 July 2019 | Vol. 11 | No. 9 | Pages: 14112-14118
DOI: 10.11609/jott.4958.11.9.14112-14118

For Focus, Scope, Aims, Policies, and Guidelines visit https://threatenedtaxa.org/index.php/JoTT/about/editorialPolicies#fcustom-0
For Article Submission Guidelines, visit https://threatenedtaxa.org/index.php/JoTT/about/submissions#onlineSubmissions

For Policies against Scientific Misconduct, visit https://threatenedtaxa.org/index.php/JoTT/about/editorialPoliciest#custom-2

For reprints, contact <ravi@threatenedtaxa.org>

The opinions expressed by the authors do not reflect the views of the Journal of Threatened Taxa, Wildlife Information Liaison
Development Society, Zoo Outreach Organization, or any of the partners. The journal, the publisher, the host, and the part- Publisher & Host
ners are not responsible for the accuracy of the political boundaries shown in the maps by the authors.

| B
Partner

S50 Member

The Mohamed bin Zayed /I JN

SPECIES CONSERVATION FUND

ZO0REACR

Threatened Taxa


https://www.threatenedtaxa.org/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://threatenedtaxa.org
https://threatenedtaxa.org/index.php/JoTT/about/submissions#onlineSubmissions
https://threatenedtaxa.org/index.php/JoTT/about/submissions#onlineSubmissions
https://threatenedtaxa.org/index.php/JoTT/about/submissions#onlineSubmissions
https://threatenedtaxa.org/index.php/JoTT/about
https://threatenedtaxa.org/index.php/JoTT/issue/view/264
https://www.speciesconservation.org  
https://freejournals.org
http://zooreach.org/?page_id=2
http://zooreach.org
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.11609/jott.4958.11.9.14112-14118

COMMUNICATION

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 July 2019 | 11(9): 14112-14118

DIURNAL SERIANTHES NELSONII MERR. LEAFLET PARAHELIOTROPISM
REDUCES LEAFLET TEMPERATURE, RELIEVES PHOTOINHIBITION, AND
ALTERS NYCTINASTIC BEHAVIOR

ISSN 0974-7907 (Online)
ISSN 0974-7893 (Print)

Thomas Edward Marler ®
PLATINUM

OPEN ACCESS Western Pacific Tropical Research Center, University of Guam, Mangilao, Guam 96923, USA.

thomas.marler@gmail.com
BY

Abstract: The diel cycle of Serianthes nelsonii leaflet movements was characterized under four levels of shade from full sun to 22% sunlight
transmission to determine the photoprotective components of diurnal leaflet movements and the relationship to patterns of nocturnal
leaflet movements. Treatments also included negating paraheliotropism by re-orienting plants every 15min throughout the photoperiod
such that the plants never experienced a predictable solar vector. The timing of leaflet closure to avoid high light, the shape of the diurnal
curve depicting leaflet angle, and the maximum extent of leaflet closure were influenced by the shade treatments. Protection of leaf
function by paraheliotropism was also influenced by shade treatment, with the full sun plants exhibiting the greatest level of protection.
Leaflet heat gain was reduced 50% by leaflet movement as determined by direct measurements of leaf-to-air temperature differences.
Midday quantum efficiency of photosystem Il was increased 120% by leaflet movement as determined by direct measurements of pulse
modulated chlorophyll fluorescence. The extent of nyctinastic leaflet closure was greatest in the high light plants that moved the most
midday and least in the shaded plants that moved the least midday, indicating the extent of diurnal paraheliotropism controlled the
amplitude of nocturnal leaflet movement. Serianthes nelsonii is highly skilled at using movement to reduce leaflet exposure to the solar
vector, providing instantaneous behavioral control over heat gain and photoinhibition. This case study of an endemic tree species in
Micronesia has added to the nascent field of conservation physiology, and indicated that heliotropism of S. nelsonii leaves may provide the
species with the ability to minimize high light damage during increased temperatures associated with climate change.
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Movement protects Serianthes nelsonii leaflets

INTRODUCTION

Serianthes nelsonii is a legume tree endemic to
the two southernmost islands of the Mariana Island
archipelago. Many legume species are equipped with
pulvini at the base of leaflets or leaves which enable
rapid leaf movements. General observations of this
plant reveal the leaves exhibit this characteristic
legume leaf response of diurnal and nocturnal leaflet
movements, indicating the location of a pulvinus at each
petiolule. The tree is known locally as ‘Hayun Lagu’
in the United States Territory of Guam and ‘Tronkon
Guafi’ in the United States Commonwealth of the
Northern Mariana Islands (USFWS 1987). The species
is listed as Critically Endangered by the International
Union for Conservation of Nature (Wiles & Williams
2017) and listed as Endangered under the United States
Endangered Species Act (USFWS 1987). The need for
more research to understand the biology of the species
was a prominent component of the 25-year-old species
recovery plan (USFWS 1994).

Plant movements can be classified into tropic
movements which are controlled by a stimulus vector,
and nastic movements which are independent of a
directional stimulus (van Zanten et al. 2010). The diurnal
movement of S. nelsonii leaflets is a tropic behavior,
where the movements are employed to adjust to the
sun vector throughout the day. The movements that
reduce the angle of incidence of the solar beam are
referred to as paraheliotropic movements (Ehleringer
& Forseth 1980). In contrast, the nocturnal movements
of S. nelsonii leaflets are nastic movements, as there is
no directional stimulus that mediates the movements.
These nocturnal leaflet movements are referred to as
nyctinastic movements.

Conservation physiology has been described as a
sub-discipline of conservation science (Wikelski & Cooke
2006). The benefits of adding conservation physiology
to the palette of conservation science agendas is that
physiology relies on cause-and-effect mechanisms that
are illuminated through empirical approaches (Cooke et
al. 2013). The ability to move leaves in response to the
solar beam may benefit photosynthesis and carbon gain
(Mooney & Ehleringer 1978; Forseth & Ehleringer 1983;
Nilsen & Forseth 2018). Therefore, the observations that
S. neslonii plants are able to move leaflets enabled the
potential to add this case study to the paraheliotropism
literature within the conservation physiology discipline.

My objective was to determine the diurnal
benefits that S. nelsonii leaves receive by exploiting
paraheliotropic movements of leaflets. This was
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accomplished with remote measurements of leaf
temperature and chlorophyll fluorescence. The quantum
efficiency of Photosystem Il (pPSIIR) is useful for
understanding the relative amount of absorbed light that
is actually used in Photosystem Il photochemistry (Genty
etal.1992; Murchie & Lawson 2013). This photosynthesis
trait was employed to determine the level of protection
against photoinhibition provided by S. nelsonii leaflet
movement. | also measured nyctinastic movements
to more fully understand how incident light during
the day influenced these nocturnal leaflet behaviors.

MATERIALS AND METHODS

Nursery operations

Guam-sourced S. nelsonii plants were grown in a
container nursery under four levels of incident light to
provide 100%, 73%, 38%, or 22% of sunlight. Leaves
were allowed to emerge and mature on the plants under
each of the incident light levels. The plants were 60—80
cm in height when the leaflet behaviors were monitored
in January and February 2015. Guam’s weather during
these months of the dry season is fairly homogeneous,
with a high of 30°C, a low of 22°C, and a mean of 26°C
for the duration of the study. A mean of 6.4h of clear
sunshine occurred per day, and total photoperiod was
11.3h. The plants were well-watered to avoid drought
stress.

Stochastic cloud passage was common for most days
of measurement. These clouds reduced incident lightina
heterogeneous manner and the duration of each cloud’s
blockage of the solar beam was also heterogeneous. The
results for each of these days were not repeatable due
to the heterogeneity of abrupt changes in light due to
stochastic cumulus cloud cover. Therefore, | continued
to collect data until a clear day and subsequent night
occurred on 10-11 Feb 2015.

The movement of the mature leaflets was quantified
directly with a protractor approximately every 2h. The
angle between a horizontal plane and each leaflet
was measured, such that an angle of 90° represented
a vertical leaflet and an angle of 0° represented a
horizontal leaflet. There were eight plants per shade
level, and the leaflet angle measurements were made on
three leaflets per plant, for a total of 24 measurements
per shade level.

Physiology measurements

The influence of leaflet movement on leaf physiology
was studied by re-orienting half of the plants in each
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shade treatment every 15min throughout a diurnal
period to reverse the benefits of leaflet movement.
The plants were placed on their sides on the nursery
benches, then returned to a vertical position in an
alternating pattern. This approach did not allow the
leaflet movement on the treated plant leaves to avoid
the natural incidence of the solar beam. The surfaces of
the containers were shaded from direct sunlight when
the plants were placed sideways during re-orientation to
ensure the roots did not experience high temperatures.

The leaflet temperature was measured throughout
diurnal periods with an infrared temperature gun
(Milwaukee Model 2267-20, Milwaukee Tool, Brookfield,
WI, U.S.A.). Accuracy of the infrared thermometer was
initially checked by comparing to direct measurements
of leaflet temperatures with a thermistor (PP Systems,
Amesbury, MA, U.S.A.). The infrared approach was
highly accurate for leaflets in all shade levels. There
were four plants per treatment within each shade level,
and leaflet temperature was recorded for three leaflets
per plant for a total of 12 measurements per treatment
within each shade level.

Chlorophyll fluorescence was measured with a FMS2
pulse modulated fluorometer (Hansatech, Norfolk,
United Kingdom). The ¢PSIIR (Genty et al. 1989;
Murchie & Lawson 2013) was quantified without dark-
acclimation and during full exposure of the test leaflets
to the incident light. The number of measurements was
as described for leaflet temperature.

All data were plotted separately for the diurnal and
nocturnal period. The influence of shade treatments on
diel leaflet behaviors was discussed.

RESULTS

The earliest morning leaflet movement and the
most severe leaflet angles occurred on sunny days.
Plants exposed to full sun conditions were highly
skilled at maintaining a very narrow angle between the
leaflet surface and the solar vector (Fig. 1). As the sun
increased in height from the east each morning, the
leaflets closed to track the angle of the sun. At noon,
these leaflets were oriented very close to vertical. As
the sun set towards west each afternoon, the leaflets re-
opened to track the angle of the sun. Plants in shaded
growing conditions also moved in response to incident
light, but the amplitude of leaflet movement was muted
in comparison to leaves on full sun plants. Plants under
73% light transmission stopped the vertical movements
at about 60° above the horizontal before re-opening in
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the early afternoon. Plants under 38% light transmission
were even less in need of protecting themselves with
paraheliotropism, so they stopped the movement at
about 40° above the horizontal before re-opening in the
afternoon. Plants in deepest shade moved their leaflets
very little throughout the photoperiod, with a maximum
of about 23° leaflet displacement during midday. The
leaflet angle diverged among the shade treatments
before 09.00h, and remained divergent until 18.00h.

Plants in all four shade treatments exhibited leaflet
movements during the nocturnal period (Fig. 2). The
leaflets began to close shortly after sunset, reached a
maximum from 02.00-04.00 h, then began to re-open
several hours prior to sunrise such that they were almost
fully open before 08.00h. The nocturnal pattern and
maximum nocturnal leaflet angle differed among the
shade treatments, with the full sun and 73% sunlight
transmission plants beginning leaflet closure earlier
in the night and reaching a maximum angle of 85° In
contrast, the plants receiving the deepest shade level
began leaflet closure later in the night and reached a
maximum of only 50° before beginning to re-open the
leaflets. Synchronized patterns of leaflet movement for
all four shade treatments are depicted in the video file
(Video 1).

Moving the orientation of plants throughout
the photoperiod to negate the benefits of leaflet
paraheliotropism exerted a strong influence on leaflet
temperature. When plants were allowed to use
leaflet paraheliotropism to avoid high light, the leaflet
temperatures of full sun plants were maintained to
within 4.5°C above ambient (Fig. 3, left). Interestingly,
the paraheliotropism was more effective in reducing
leaflet heat gain during midday than in early morning
and late afternoon hours. In contrast, the treated full
sun plants for which paraheliotropism was negated
exhibited a leaf-to-air temperature difference of 8°C
(Fig. 3, right). Moreover, the shape of the diurnal curve
was approximately bell-shaped for the treated full sun
plants, rather than exhibiting a midday dip as for the
control plants. The influence of shade treatments on
the shape of the diurnal curve was similar among the
three shade levels, but the influence on diurnal leaf-
to-air temperature maxima diverged for the shade
treatments. Leaves of the plants receiving 73% or 38%
sunlight transmission exhibited a maximum leaf-to-
air temperature difference of about 4°C for plants that
were allowed natural leaflet paraheliotropic movements
(Fig. 3, left). In contrast, the treated plants exhibited
maximum leaf-to-air temperature differences of 8°C for
73% light transmission and 6°C for 38% light transmission
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Figure 1. The diurnal cycle of Serianthes nelsonii leaflet movement
on 10 February 2015 as influenced by percent sunlight transmission
through shade treatments. N = 8.
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Figure 2. The nocturnal cycle of Serianthes nelsonii leaflet movement
during the night following a clear day (10-11 February 2015)
as influenced by percent sunlight transmission through shade
treatments. N = 8.
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Figure 3. The diurnal cycle of Serianthes nelsonii leaf-to-air temperature difference as influenced by percent sunlight transmission through
shade treatments on 10 February 2015. Leaflets were allowed to move to naturally avoid the solar beam (Left) Leaflets were not allowed to

move to naturally avoid the solar beam (right). N = 4.

(Fig. 3, right). The plants receiving 22% light transmission
exhibited the least differences between the treated and
control plants, with a leaf-to-air temperature difference
of about 3.4°C for the control plants (Fig. 3, left) and
about 4°C for the treated plants (Fig. 3, right).

The direct temperature data provided a means
of estimating the level of protection against high
temperature stress afforded by S. nelsonii leaflet
movement. Negating the benefits of leaflet movement
generated leaf temperatures that were 8°C above
ambient for the plants receiving the least protection
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by shade (Fig. 3, right). But allowing the natural
paraheliotropic movements to avoid incident light
provided 44-50 % improvement of leaf temperature for
the full sun and 73% sunlight transmission treatments
(Fig. 3, left). The leaf temperature improvement
generated by leaflet movement of the plants receiving
22% sunlight transmission was much less, approximating
15% improvement of leaf temperature provided by
leaflet movements.

Moving the orientation of plants throughout the
photoperiod exerted a strong influence on ¢PSIIR.
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Figure 4. The diurnal cycle of quantum efficiency of Photosystem Il for Serianthes nelsonii leaflets (¢pPSIIR) as influenced by percent sunlight
transmission through shade treatments on 10 February 2015. Leaflets were allowed to move to naturally avoid the solar beam (left). Leaflets
were not allowed to move to naturally avoid the solar beam (right). N = 4.

All four light treatments began the photoperiod with
$PSIIR of 0.78 to 0.8. When plants were allowed to use
leaflet paraheliotropism to avoid high light, the ¢pPSIIR of
leaflets of full sun plants declined to about 0.54 during
midday (Fig. 4, left). In contrast, the full sun plants for
which paraheliotropism was negated exhibited midday
®PSIIR of about 0.24 (Fig. 4, right). The shape of the
diurnal curves of $PSIIR were similar for all of the shade
treatments. Midday ¢PSIIR for 73% light transmission
plants was about 0.57 for control plants and 0.35 for
treated plants. Midday ¢PSIIR for 38% light transmission
plants was about 0.65 for control plants and 0.55 for
treated plants. Middy ¢PSIIR for 22% light transmission
plants was about 0.68 for control plants and 0.65 for
treated plants. The ¢PSIIR of shaded plants that were
allowed to exhibit paraheliotropism returned to the 0.78
or above by the end of the photoperiod (Fig. 4, left). In
contrast, the ¢PSIIR of full sun plants recovered to 0.75
by the end of the photoperiod. For the treated plants
which were denied the benefits of paraheliotropism,
only the 22% light transmission plants were able to return
$PSIIR to 0.78 or above by the end of the photoperiod
(Fig. 4, right). This late afternoon recovery of $PSIIR was
only 0.6 for the treated full sun plants.

DISCUSSION

My results indicated S. nelsonii plants are highly
proficient at use of extreme control over leaflet
movements as a strategy to regulate incident light load
and protect the leaflets from high light damage when
needed. The leaflet paraheliotropism enabled by pulvini
afforded benefits for minimizing leaf-to-air temperature
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differences and improving quantum efficiency of
Photosystem Il. The daily ambient light load defined
the extent of paraheliotropic movement of S. nelsonii
leaflets and the level of protection that was provided by
movement. Plants receiving high light load moved their
leaflets early in the morning and reached leaflet angles
near vertical for much of the photoperiod. In contrast,
plants in deepest shade moved their leaflets very little
throughout the photoperiod because they were not
experiencing conditions in which they needed to avoid
high light stress.

The ¢PSIIR data (Fig. 4) provided ameans of estimating
the level of protection against photoinhibition afforded
by S. nelsonii leaflet movement. This fluorescence
metric is useful for understanding the relative amount
of absorbed light that is actually used in Photosystem |l
photochemistry (Genty et al. 1992; Murchie & Lawson
2013). The minimum @¢PSIIR for the full sun plants
that were allowed paraheliotropic leaflet movements
was 120% greater than the minimum ¢PSIIR for plants
that were disallowed the protection of paraheliotropic
movements. The level of protection afforded by
paraheliotropism was moderated by the provision of
shade. This was borne out by delaying the initial diurnal
declines of dPSIIR in the morning and moderating the
midday minimum of ¢PSIIR that was reached. For
example, the level of midday protection for the plants
receiving 22% sunlight transmission and allowed leaflet
movement was only 8% greater than that of the plants
that were disallowed the benefits of paraheliotropism.
These benefits of leaflet movement were expected,
as Photosystem Il is particularly sensitive to thermal
damage (Berry & Bjorkman 1980).

Diurnal control over leaflet angle also improves
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Video 1. Animation of diel cycle of Serienthes nelsonii leaflet
movements as influenced by four shade levels.

total canopy radiation interception and radiation-use
efficiency on a daily basis because the leaflet angles
of exterior leaves provide instantaneous control over
sunlight penetration into the interior leaves of the
canopy. Therefore, the use of tight instantaneous control
over heliotropism confers a working photoprotective
strategy and improves a tree’s capacity to cope with
daily environment variations. On cloudy days the outer
leaflets may employ a diaheliotropic behavior whereby
the lamina may be maintained perpendicular to the solar
vector (Ehleringer & Forseth 1980). On those cloudy days
the maximum use of the limited light by peripheral leaves
may reduce photosynthesis of leaflets located inside the
canopy by the process of mutual shading. On sunny days
the outer leaflets may avoid the solar vector for most of
the day by use of paraheliotropism, thereby increasing
photosynthesis of leaflets located inside the canopy by
allowing more sunlight to penetrate. The continuum
between diaheliotropism and paraheliotropism has
been reported for other species with pulvini-mediated
leaf movements (Forseth 1990). This level of control over
angle of the photosynthetic surface has been shown
to profoundly benefit photosynthesis, carbon gain,
and seed yield (Mooney & Ehleringer 1978; Forseth &
Ehleringer 1983; dos Santos et el. 2006; Nilsen & Forseth
2018).

The reasons that leaflets of some species close
at night are not fully understood, and the triggers
that mediate nocturnal leaflet closure are not fully
known. This nocturnal leaf movement is among the
plant behaviors that follow circadian rhythms (Ueda &
Nakamura 2007), and these circadian behaviors that
can be anticipated by plants are advantageous to plant
fitness (Dodd et al. 2005). Serianthes nelsonii plants in
all four light treatments began to close after sunset, a
process called nyctinasty. The ultimate magnitude of
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closure during the night was defined by the amplitude
of closure that plants in each incident light treatment
exhibited during the daytime. For example, leaflets of
plants in the 22% sunlight transmission treatment never
fully closed during the photoperiod because the shaded
conditions mitigated high light stress and the need for
protection from photoinhibition by leaflet movement
was not severe. These same shaded plants exhibited an
inability to fully close their leaflets at night and reached
a maximum of only 50° above the horizontal. In contrast,
the plants that received the high light treatments during
the photoperiod exhibited an ability to fully close their
leaflets at night, reaching a maximum of almost vertical.
This nocturnal behavior may be under the control of
learned behavior (Eisenstein et al. 2001), where the
amplitude of tropic diurnal leaflet movement s perceived
as a habitual behavior that controls the amplitude of
nastic nocturnal leaflet movement. Mimosa pudica
leaves have demonstrated similar learned behaviors
of leaflet folding skills in response to doses of physical
stimuli (Gagliano et al. 2014).

The timing of nocturnal leaflet closure and re-
opening was generally synchronized among leaves of
all four shade treatments even though the amplitude of
closure was dissimilar. The re-opening of leaflets near
the end of the nocturnal cycle began about 04.00h for all
four treatments. By the time of sunrise, the leaflets were
essentially fully open. The trigger for that synchronized
S. nelsonii leaflet re-opening that begins several hours
before sunrise is not known. Suggestions for what
controls the timing of nocturnal leaflet movements
include a circadian clock (Gorton & Satter 1983) or
the lunisolar gravitational force (Barlow 2015). More
research is needed to develop a greater understanding
of the controlling mechanisms of the nyctinastic S.
nelsonii leaf behaviors.

Conservation practitioners and planners need hard
evidence to guide decisions. The recently described sub-
discipline of conservation physiology (Wikelski & Cooke
2006) adds to the biodiversity conservation agenda by
employingempiricalapproachestodetermine cause-and-
effect relationships of organisms and their environment
(Cooke et al. 2013). For example, the detrimental effects
of climate change on biodiversity conservation may
be more fully understood by employing conservation
physiology approaches (van Kleunen 2014). Ambient air
temperature is highly influential in how legume leaflet
movements benefit leaf function in high light conditions
(Fu & Ehleringer 1989; Kao & Forseth 1992). My results
indicate that threatened species such as S. nelsonii that
are equipped with the ability to rapidly adjust the angle
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of the photosynthetic organ to the solar vector may be
better able to adjust to warmer global temperatures in
the future, as they may be able to maintain the leaf-
to-air temperature differences to a minimum while
responding to increased ambient temperatures.

In summary, the Recovery Plan for Serianthes nelsonii
(USFWS 1994) stated the need to conduct more research
is a critical component of recovering this important tree
species. Toward that end, | have shown that the tight
control of diurnal leaflet movements enabled by pulvini
at the base of S. nelsonii leaflets provided benefits by
reducing heat gain due to maintenance of a beneficial
angle in relation to the solar vector. The reduction
in high light stress also reduced photoinhibition as
characterized by an increase in the quantum efficiency
of Photosystem Il for plants that were allowed to
exhibit para-heliotropic leaflet movements. Finally, the
nocturnal nastic leaflet movements were correlated
with the diurnal light exposure and corresponding
paraheliotropic movements, with plants exhibiting the
greatest extent of diurnal movements also exhibiting the
greatest extent of nocturnal movements.

REFERENCES

Barlow, P.W. (2015). Leaf movements and their relationship with the
lunisolar gravitational force. Annals of Botany 116: 149-187.

Berry, J., & O. Bjorkman (1980). Photosynthetic response and
adaptation to temperature in higher plants. Annual Review of Plant
Physiology 31: 491-543.

Cooke, S.J., L. Sack, C.E. Franklin, A.P. Farrell, J. Beardall, M. Wikelski
& S.L. Chown (2013). What is conservation physiology? Perspectives
on an increasingly integrated and essential science. Conservation
Physiology 1(1): 1-23. https://doi.org/10.1093/conphys/cot001

Dodd, A.N., N. Salathia, A. Hall, E. Kevei, R. Toth, F. Nagy, J.M. Hibberd,
A.J. Millar & A.A. Webb (2005). Plant circadian clocks increase
photosynthesis, growth, survival, and competitive advantage.
Science 309: 630-633.

dos Santos, A., L. Rosa, L. Franke & C. Nabinger (2006). Heliotropism
and water availability effects on flowering dynamics and seed
production in Macroptilium lathyroides. Revista Brasileira de
Sementes 28: 45-52.

Ehleringer, J. & I. Forseth (1980). Solar tracking by plants. Science 210:
1094-1098.

Eisenstein, E.M., D. Eisenstein, & J.C. Smith (2001). The evolutionary
significance of habituation and sensitization across phylogeny:
a behavioral homeostasis model. Integrative Physiological &
Behavioral Science 36: 251-265.

14118

Marler

Forseth, I.N. (1990). Function of leaf movements. pp. 238-261. In:
Satter, R.L., H.L. Gorton & T.C. Vogelmann (eds.). The Pulvinus: Motor
Organ for Leaf Movement. American Society of Plant Physiology.
Rockville, MD, U.S.A, 264pp.

Forseth, I.N. & J.R. Ehleringer (1983). Ecophysiology of two solar
tracking desert winter annuals. Ill. Gas exchange responses to light,
CO, and VPD in relation to long-term drought. Oecologia 57: 344—
351.

Fu, Q.A. & J.R. Ehleringer (1989). Heliotropic leaf movements in
common beans controlled by air temperature. Plant Physiology 91:
1162-1167.

Gagliano, M., M. Renton, M. Depczynski, & S. Mancuso (2014).
Experience teaches plants to learn faster and forget slower in
environments where it matters. Oecologia 175: 63-72.

Genty, B., J.M. Briantais, & N.R. Baker (1989). The relationship
between the quantum yield of photosynthetic electron-transport
and quenching of chlorophyll fluorescence. Biochimica et Biophysica
Acta 990: 87-92.

Genty, B., Y. Goulas, B. Dimon, G. Peltier, J.M. Briantais, & I. Moya
(1992). Modulation of efficiency of primary conversion in leaves,
mechanisms involved at PS2, pp. 603-610. In: Murata, N. (ed.).
Research in photosynthesis, Vol. IV: Proceedings of IXth International
Congress on Photosynthesis. Nagoya, Japan, 793pp.

Gorton, H.L. & R.L. Satter (1983). Circadian rhythmicity in leaf pulvini.
BioScience 33: 451-457.

Kao, W.-Y. & I.N. Forseth (1992). Responses of gas exchange and
phototropic leaf orientation in soybean to soil water availability, leaf
water potential, air temperature, and photosynthetic photon flux.
Environmental Experimental Botany 32: 153-161.

Mooney, H.A. & J.R. Ehleringer (1978). The carbon gain benefits of
solar tracking in a desert annual. Plant Cell Environ. 1: 307-311.

Murchie, E.H. & T. Lawson (2013). Chlorophyll fluorescence analysis:
a guide to good practice and understanding some new applications.
Journal of Experimental Botany 64: 3983—-3998.

Nilsen, E.T. & | N. Forseth (2018). The role of leaf movements for
optimizing photosynthesis in relation to environmental variation.
pp.401-423. In: Adams Ill, W. & Terashima, I. (eds.). The Leaf: A
Platform for Performing Photosynthesis. Advances in Photosynthesis
and Respiration, Vol. 44. Springer, Cham, 575pp.

Ueda, M. & Y. Nakamura (2007). Chemical basis of plant leaf
movement. Plant & Cell Physiology 48: 900-907.

USFWS (1987). Endangered and threatened wildlife and plants;
determination of endangered status for Serianthes nelsonii Merr.
(Hayun Lagu or Tronkon Guafi). United States Fish and Wildlife
Service Federal Register 52(32): 4907-4910. (Including correction of
tabular error: Federal Register 52(42): 6651.)

USFWS (1994). Recovery plan for Serianthes nelsonii. United States
Fish and Wildlife Service, Portland, Oregon.

Van Kleunen, M. (2014). Conservation physiology of plants.
Conservation Physiology 2: https://doi.org/10.1093/conphys/cou007

van Zanten, M., T.L. Pons, J.A.M. Janssen, L.A.C.J. Voesenek & A.J.M.
Peeters (2010). On the relevance and control of leaf angle. Critical
Reviews Plant Science 29: 300-316.

Wikelski, M. & S.J. Cooke (2006). Conservation physiology. Trends in
Ecology and Evolution 21: 38—-46.

Wiles, G. & E. Williams (2017). Serianthes nelsonii. The IUCN Red List
of Threatened Species: e T30437A98715973. Accessed 5 May 2019.
https://doi.org/10.2305/IUCN.UK.2017-3.RLTS.T30437A98715973.

en W@

REACH

Threatened Taxa

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 July 2019 | 11(9): 14112-14118


https://doi.org/10.1093/conphys/cot001
https://doi.org/10.1093/conphys/cou007
https://doi.org/10.2305/IUCN.UK.2017-3.RLTS.T30437A98715973.en




PLATINUM
OPEN ACCESS

www.threatenedtaxa.org

Article

Species richness and abundance of monogonont rotifers in relation to
environmental factors in the UNESCO Sakaerat Biosphere Reserve, Thailand
— Nattaporn Plangklang, Chaichat Boonyanusith & Sujeephon Athibai,

Pp. 14087-14100

Communications

Distribution and habitats of Paphiopedilum Pfitzer (Orchidaceae) known to
occur in Bhutan

— Dhan Bahadur Gurung, Nima Gyeltshen, Kezang Tobgay, Stig Dalstréom,
Jangchu Wangdi, Bhakta Bahadur Ghalley, Lekey Chaida, Phuntsho, Ngawang
Gyeltshen, Kelzang Dawa, Tandin Wangchuk, Rebecca Pradhan, Thomas Hoijer &
Choki Gyeltshen, Pp. 14101-14111

Diurnal Serianthes nelsonii Merr. leaflet paraheliotropism reduces leaflet
temperature, relieves photoinhibition, and alters nyctinastic behavior
— Thomas Edward Marler, Pp. 14112-14118

Pollination ecology of Brownlowia tersa (Malvaceae), a Near Threatened
non-viviparous true mangrove shrub
— Aluri Jacob Solomon Raju, Pp. 14119-14127

A note on the taxonomy and natural history of the Summer Clicker

Lahugada dohertyi (Distant, 1891) (Insecta: Hemiptera: Cicadidae) along with
its distribution in northern West Bengal, India

— Vivek Sarkar, Pp. 14128-14136

Observations on nesting activity, life cycle, and brood ball morphometry of
the Bordered Dung Beetle Oniticellus cinctus (Fabricius, 1775) (Coleoptera:
Scarabaeidae) under laboratory conditions

— Amar Paul Singh, Kritish De, Shagun Mahajan, Ritwik Mondal &

Virendra Prasad Uniyal, Pp. 14137-14143

Spiders of Odisha: a preliminary checklist
— Sudhir Ranjan Choudhury, Manju Siliwal & Sanjay Keshari Das, Pp. 14144—
14157

Status of water birds in Haripura-Baur Reservoir, western Terai-Arc landscape,
Uttarakhand, India

— Tanveer Ahmed, Harendra Singh Bargali, Deepa Bisht, Gajendra Singh Mehra &
Afifullah Khan, Pp. 14158-14165

Bird diversity in the coastal talukas of Sindhudurg District, Maharashtra, India
— Golusu Babu Rao, Santhanakrishnan Babu, Goldin Quadros &
Vijaykumar Anoop, Pp. 14166-14186

Greater One-horned Rhinoceros Rhinoceros unicornis (Mammalia:
Perissodactyla: Rhinocerotidae) population census in the Rajiv Gandhi Orang
National Park, Assam, India

— Deba Kumar Dutta & Parikshit Kakati, Pp. 14187-14193

Crowding, group size and population structure of the Blackbuck

Antilope cervicapra (Linnaeus, 1758) (Mammalia: Cetartiodactyla: Bovidae)
in the semi-arid habitat of Haryana, India

— Deepak Rai & Jyoti, Pp. 14194-14203

Partner

SGO

The Mohamed bin Zayed
SPECIES CONSERVATION FUND

Member

‘F/N

The Journal of Threatened Taxa (JoTT) is dedicated to building evidence for conservation globally by
publishing peer-reviewed articles online every month at a reasonably rapid rate at www.threatenedtaxa.org.
All articles published in JOTT are registered under Creative Commons Attribution 4.0 International License
unless otherwise mentioned. JoTT allows allows unrestricted use, reproduction, and distribution of articles
in any medium by providing adequate credit to the author(s) and the source of publication.

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)
July 2019 | Vol. 11 | No. 9 | Pages: 14087-14246

Date of Publication: 26 July 2019 (Online & Print)
DOI: 10.11609/jott.2019.11.9.14087-14246

Short Communications

An updated checklist of Indian western Himalayan gymnosperms and
lectotypification of three names
— Jibankumar Singh Khuraijam & Jaideep Mazumdar, Pp. 14204-14211

New record of Blue Perch Badis badis (Anabantiformes: Badidae) from
Godavari River basin of Telangana State, India
— Kante Krishna Prasad & Chelmala Srinivasulu, Pp. 14212-14215

First record of the Small Bamboo Bat Tylonycteris fulvida (Peters, 1872)
(Mammalia: Chiroptera: Vespertilionidae) from Nepal

— Basant Sharma, Anoj Subedi, Bandana Subedi, Shristee Panthee &
Pushpa Raj Acharya, Pp. 14216-14219

Is canine distemper virus (CDV) a lurking threat to large carnivores? A case
study from Ranthambhore landscape in Rajasthan, India

— Nadisha Sidhu, Jimmy Borah, Sunny Shah, Nidhi Rajput & Kajal Kumar Jadav,
Pp. 14220-14223

Notes

Extended distribution of the vulnerable Cooper’s Stone Flower
Corallodiscus cooperi (Gesneriaceae) in India

— Vikas Kumar, Samiran Panday, Sudhansu Sekhar Dash, Bipin Kumar Sinha &
Paramijit Singh, Pp. 14224-14227

Extended distribution record of two bellflower species of Codonopsis
(Campanulaceae) from the Indian state of Arunachal Pradesh

— Khilendra Singh Kanwal, Umeshkumar Lalchand Tiwari, Lod Yama &
Mahendra Singh Lodhi, Pp. 14228-14231

First record of the Blue-and-white Flycatcher Cyanoptila cyanomelana
(Temminck, 1829) (Aves: Passeriformes: Muscicapidae) from Bhutan

— Kado Rinchen, Kinley Kinley, Chhimi Dorji & Dorji Wangmo, Pp. 14232—
14234

Butterflies collected using malaise traps as useful bycatches for ecology and
conservation

— Augusto Henrique Batista Rosa, Lucas Neves Perillo, Frederico Siqueira
Neves, Danilo Bandini Ribeiro & André Victor Lucci Freitas, Pp. 14235-14237

Notes on the hairstreak butterflies Euaspa Moore, 1884 (Lepidoptera:
Lycaenidae) with new distribution records to the Indian eastern Himalaya
— Gaurab Nandi Das, Subrata Gayen, Motoki Saito & Kailash Chandra,

Pp. 14238-14241

First report of the Australian gall midge Actilasioptera tumidifolium
Gagné, 1999 (Diptera: Cecidomyiidae) from Andaman Islands, India

— Duraikannu Vasanthakumar & Radheshyam Murlidhar Sharma, Pp. 14242—
14243

New record of Blanford’s Fox Vulpes cana (Mammalia: Carnivora: Canidae) in
central Oman: a connection between the northern and southern populations
— Taimur Alsaid, Abdulrahman Aluwaisi, Sultan Albalushi, Zahran
Alabdulsalam, Said Alharsusi & Steven Ross, Pp. 14244-14246

Publisher & Host

VZO0REACH

Threatened Taxa



https://www.threatenedtaxa.org
https://www.threatenedtaxa.org/
http://creativecommons.org/licenses/by/4.0/
https://www.speciesconservation.org  
https://freejournals.org
http://zooreach.org/?page_id=2
http://zooreach.org
http://creativecommons.org/licenses/by/4.0/

	Blank Page

