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Article

Effectiveness of the Canopy Closure Curve to Inform Management of
Two-Storied Stands

Satoshi Tatsuhara ', Keisuke Toyama 2 and Makoto Suzuki >3

ABSTRACT

In this study we examined the validity of the canopy closure curve as a reference in relation to light conditions
and demonstrated the applicability of the curve to different thinning types. An even-aged sugi (Cryptomeria japonica)
plantation of 91 years was thinned heavily and transformed to a two-storied stand by underplanting with sugi and
hinoki cypress (Chamaecyparis obtusa) seedlings. Three initial sample plots were selected in the stand before thin-
ning. After the conversion, five permanent sample plots were established and both overstory and understory trees were
measured up to the age of 118 and 28 years, respectively. The canopy closure curve was estimated from measurements
collected in the initial sample plots and crown density (i.e. the ratio of overstory productivity to the maximum stand
productivity) was calculated based on the canopy closure curve as a reference. To validate the curve, we derived three
time points from the measurements collected in the permanent sample plots: one when the trajectory of stem density
and stand volume of the overstory trees intersected the canopy closure curve, one when the relationships between the
volume of individual overstory trees and their growth changed, and one point when the growth of understory trees
dropped. The first of these time points coincided with the second and third time points. This means that dominant
overstory trees suppressed smaller overstory trees and overstory trees constrained the growth of understory trees be-
cause of light reduction when the canopy closed. The canopy closure curve was found to be a valid way to assess light
controlling the growth of understory trees. Furthermore, we generated virtual thinning data from the measurements
taken in the initial sample plots for different thinning types. We obtained the canopy closure curve for these. We plotted
the trajectory of stem density and stand volume in relation to the thinning as well as the canopy closure curve to dem-
onstrate the applicability of the canopy closure curve. The thinning simulation showed sufficient effect to demonstrate

that there was no need for additional accretion cutting.

Keywords: canopy closure curve, crown density, light conditions, thinning, two-storied stand

INTRODUCTION

In Japan, to deliver environmental benefits, there have
been attempts to transform conifer plantations to two-storied
stands by artificial or natural regeneration after heavy thinning
in 1980s. Recently, the transformation to mixed conifer-broad-
leaved stands has drawn a lot of attention. In Europe, interest in
continuous cover forestry (CCF) was revived in 1980s as a result
of environmental problems, and an emphasis is placed on the
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direct transformation of even-aged plantation forests to mixed
uneven-aged forests (Pommerening and Murphy, 2004). Ma-
son et al. (2022) undertook a questionnaire survey and found
that a lack of experience of undertaking such transformations is
one of the major obstacles that limit wider use of CCF. One of
the problems with a multi-storied forest management system is
that inappropriate management decreases light intensity, which
causes a decrease in the growth of understory trees and possible
mortality, leading to the destruction of stand structure (Oka,
1991). Control of light conditions is important to establish and
manage multi-storied plantation forests, and indicators of light
conditions have been used to predict the growth of understory
trees in two-storied stands.

Because light conditions vary inside a stand and light inten-
sity is difficult to measure for all individual trees using light sen-
sors or hemispherical photography (see Fujiyama et al., 2020),
stand characteristics have been used as indicators of light con-
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dition. To model the growth of understory trees, relative light
intensity is first estimated from a stand characteristic, then their
growth is predicted using this figure. Variables related to stem
volume, such as yield index and basal area, can be used as indi-
cators of relative light intensity to some extent, as can variables
related to crown structure (Fujimori, 1989). For example, Ando
(1983) and Kaminaka et al. (1983) used yield index to estimate
relative light intensity after thinning in sugi (Cryptomeria japon-
ica D.Don) and hinoki cypress (Chamaecyparis obtusa (Sieb.
et Zucc.) Endl.) plantations, whilst Kiyono (1990) used mean
land area per tree and mean crown length to estimate relative
light intensity in hinoki cypress plantations and to develop charts
for estimating relative light intensity. Yield index has also been
used by Ando and Takeuchi (1990) to predict the growth of two-
storied stands of sugi and hinoki cypress.

Instead of estimating light conditions directly, stand charac-
teristics can be used to derive an indicator, then the growth of
understory trees predicted using this. Yamamoto (1993, 1995)
used the relative spacing of overstory trees to predict the growth
of understory trees in two-storied stands containing a mixture of
Japanese larch (Larix kaempferi Carr.) and Sakhalin fir (4bies
sachalinensis (Fr. Schm.) Masters). Tatsuhara and Suzuki (1995)
determined 'stand productivity' from stem density and stand vol-
ume and incorporated 'crown density' (i.e. the ratio of overstory
productivity to the maximum stand productivity) as an indicator
of the shading of the understory by the overstory. They then used
the stand productivity to predict the growth of understory trees
in two-storied sugi stands.

The 'canopy closure curve' acts as a reference for the mea-
sured crown density. The curve theoretically represents the
stem density and stand volume when the canopy closes again
after thinning and can change depending upon stand condi-
tions just before and after thinning; it is drawn parallel to the
full density curve on a stand density control diagram (Tatsuhara,
1993; 2001). The stand density control diagram was developed,
assuming typical low thinning; the yield index in the diagram
was calculated using the full density curve as a reference. The
yield index is calculated simply from the stem density and stand
volume of a stand, although it is limited for use as an indicator
of'the light conditions experienced by understory trees because it
depends on individual species only and a typical thinning method
is assumed. Conversion thinning from an even-aged stand into a
two-storied stand is usually heavier than typical thinning and this
type of thinning may be different from low thinning.

In this paper, we examine the validity of the canopy clo-
sure curve as a reference in relation to light conditions and
demonstrate the applicability of the curve to different thinning
approaches. For these, we use long-term measurements from
a two-storied stand transformed from an even-aged sugi stand
by heavy thinning. To validate the curve, we derived three time
points: one when the trajectory of stem density and stand volume
of the overstory trees intersected the canopy closure curve, one
when the relationships between the volume of individual over-
story trees and their growth changed, and one when the growth
of understory trees dropped as a result of suppression by the
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overstory trees. We compare the first of these time points with
the second and third time points. To demonstrate the applicabil-
ity of the canopy closure curve, we generated virtual thinning
data, simulated different thinning types, and plotted the trajec-
tory of stem density and stand volume in relation to the thinning

as well as the canopy closure curve.

MATERIALS AND METHODS

Study Site

The study was conducted in Subcompartment C5, Com-
partment 2 of The University of Tokyo Chiba Forest (hereafter
called Chiba Forest), located in the southern part of Boso Pen-
insula, in Chiba Prefecture, Japan (35°10°N; 140°6'E). Almost
the entire subcompartment was planted with sugi in 1902. A
0.073-ha permanent experimental plot named Anno No.2 was
established within the even-aged sugi stand in May, 1916 and
has been measured every five years (Takeuchi and Hasegawa,
1975). The even-aged sugi stand was thinned at 91 years of age
during the period January to March, 1992. Part of the stand was
thinned heavily at that time to transform to a two-storied stand.
The thinning ratios of the overstory trees in terms of the number
of trees and volume were 50% and 30%, respectively. The rela-
tive light intensity just after thinning was 28.2%. The stand was
underplanted with sugi and hinoki cypress seedlings in October,
1992. The seedlings were planted in lines, parallel to the direc-
tion of the slope and two consecutive lines of sugi seedlings and
one line of hinoki cypress seedlings were alternated with lower
planting stem density than in an even-aged stand. The stand is
situated at an elevation of 190217 m above sea level on an east-
facing slope. Anno No.2 was outside the two-storied stand and
have been kept an even-aged stand. Measurements taken in Anno
No.2 were also used to compare the growth of underplanted trees
on a two-storied stand with that of unshaded trees on an even-
aged stand because it has the same site quality as the study site.

Field Investigation

In December, 1991, prior to the thinning operation, three
plots were sampled on lower, intermediate, and upper parts of
the slope in the stand to be transformed into a two-storied stand
to calculate thinning intensity. The three initial sample plots are
referred to as Plots 1, 2, and 3, respectively, in this paper. We
measured diameter at breast height (DBH) and height of both
trees to be retained and to be thinned. These data were used to
obtain a parameter for the canopy closure curve, which requires
information on stand structure just before and after thinning in
the case of the actual thinning and simulated thinnings.

In December, 1996, after conversion into a two-storied stand,
five permanent sample plots were established parallel to the di-
rection of the slope in the stand; these are referred to as Plots A
to E (Fig. 1). The DBH and height of all the overstory trees were
measured five times: at 95, 98, 102 (the age was regarded as 102
years because the plots were measured at 103 years before the
growth period), 111, and 118 years of age. The volume of the
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Fig. 1. The layout of the permanent sample plots at the study site.
Note: The lowermost part of Plot D was excluded be-
cause it contained some different overstory species, in-
cluding hardwoods.

overstory trees, including trees before the thinning, was calcu-
lated using cubic curves to account for stem taper and with pa-
rameters calculated from the data obtained by Tange et al. (1987)
for Chiba Forest. For all understory trees, DBH and height were
measured nine times: at 5, 7, 8, 10, 12, 14, 16, 21, and 28 years
of age. These data were used for main analyses of the growth of

overstory and understory trees in the two-storied stands.

Validating the Canopy Closure Curve
Obtaining a parameter for the canopy closure curve

The stem density and stand volume of each of Plots 1-3 were
calculated from the measurements. The stem density and stand
volume of Plots A to E were calculated from the measurements
and then the total stem density and stand volume for all the plots
combined were obtained. Because the five permanent sample
plots were established in 1996, the stem density and stand vol-
ume in 1991 were unknown. Thus, the stem density in 1991 was
assumed to be the same as that in 1996. The stand volume was
assumed to have increased by 10 m> ha™! year™ for the five years

J. For. Plann. 29: 1-9 (2023)

immediately after thinning in 1991 because the periodic annu-
al increments (PAIs) of stand volume just after thinning were
around 10 m? ha™! year"' in Anno No.2. To create a virtual stand
with the same stem density and stand volume as the study site in
1991, the area ratio to mix was calculated, using Plots 1-3. The
area ratio between the three initial plots was set at 1 for Plot 2
and at x and y for Plots 1 and 3, respectively, and simultaneous
equations relating to the stem density and stand volume were
solved to obtain the values of x and y.

Tatsuhara (1993) suggested that the following equation link-
ing stand volume ¥ (m? ha™') and number of trees N (trees ha™)
is true when the canopy closes.

-5
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It is referred to as the 'canopy closure curve'. Parameter  is a
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constant that is dependent on species. Parameter o is a constant
that is dependent on species before the first canopy closure, and
depends on thinnings thereafter; it is obtained from the stand

structures before and after thinning by Eq. (2):

VmaxO.lS ZVSASS
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where 7} is the stand volume (m® ha™") before thinning, v,,,, is
the volume (m?) of the largest tree in a stand, and ¥, N,;, and v,
are the stand volume (m® ha™"), stem density (trees ha™'), and the
volume (m?) of each tree after thinning, respectively. We calcu-
late parameter a with Eq. (2) from the virtual stand created from
the three initial sample plots. We determined the canopy closure
curve expressed by Eq. (1), setting parameter 3 at 0.521, which
was obtained for sugi by Tatsuhara (1993). We calculated the
stem density and stand volume for overstory trees every time
they were measured and plotted them on a log-log scale with the
canopy closure curve. 'Crown density' C is expressed as the ratio
of overstory productivity P, (m® ha! year") to the maximum
stand productivity 4 (m® ha' year!) (Tatsuhara and Suzuki,
1995) as follows:

C=P /A=aVPN'P, 3)
The equation above is transformed as follows:

logC —loga
B

The curves with C of 0.9, 0.8, 0.7, 0.6, 0.5, and 0.4 were also
drawn on the graph. They are 'equivalent crown density curves',

logV + 1_ﬂﬂ logN = €]

and are plotted parallel to the canopy closure curve on a log-log
scale.

Obtaining a growth model parameter for overstory trees
Tatsuhara (1992a) derived the following volume growth

equation:

avidt = kv — bv*3, 3)



where k is a variable which is constant for trees in the same
stand at the same time and b is a constant that varies accord-
ing to species and region. Parameter n is around 1 for closed
stands and varies between 0.7 and 1 for open stands (Tatsuhara,
1992b; 1993). This means that the relationships between the vol-
ume of individual trees and their growth change when the cano-
py closes and that the value of parameter # indicates whether the
canopy is open or closed. The first term on the right-hand side
of Eq. (5) is referred to as 'productivity' (Tatsuhara, 1992b). We
calculated the productivity p (m?® year™!) from two consecutive
measurements of each of the overstory trees in the permanent
sample plots, setting parameter b at 0.0305, which was obtained
for sugi by Tatsuhara (1992), as follows:

2/3 2/3
p=n2lyph TH 6)
At 2

where At is the interval (year) between two consecutive measure-
ment, v; and v, are volumes (m?) of each overstory tree at the be-
ginning and at the end of the measurement period, respectively.
Then we obtained parameter » for each pair of consecutive mea-
surements. The measurements in December, 1996 were excluded
from this analysis because tree numbers were not the same as in

the next investigation.

Growth of understory trees

We counted the number of understory trees in the permanent
sample plots and calculated their mean DBH and height and their
PAIs. A lot of understory trees were damaged by snow and deer
browsing during the experiment. The trees fatally damaged by
stem breakage, uprooting, or deer browsing were excluded from
this analysis. That is, these trees were not counted as live trees,
even though they were still alive during part of the investigation.
Trees whose tops had been damaged but continued to grow were
included in this analysis. That is, these trees were counted as live
trees, and their DBHs and heights were included in the average
calculation once they exceeded the size before the damage.

We compared the DBH and height mean values and PAIs of
sugi in the experimental plots to those in Anno No. 2 to compare
the growth of the understory trees to that of trees grown with-
out shading. The measurements in Anno No. 2 before the age
of 40 years, that is, 14, 19, 23, 28, 33, and 39 years were used.
Anno No. 2 was thinned at the age of 19 years (Takeuchi and
Hasegawa, 1975).

Applying the Canopy Closure Curve to Different Thinning Types
We simulated different thinning types and derived the cano-
py closure curves for them. At the study site, low thinning was
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implemented to transform an even-aged stand to a two-storied
stand. Thus, different thinning types, that is, mechanical thinning
and crown thinning were simulated in the virtual stand. In the
simulation of the mechanical thinning, random numbers were
generated for each tree between 0 and 1 with MS Excel and the
half of the trees with the lowest allocated numbers were selected
for thinning. In the simulation of the crown thinning, trees that
were actually thinned were retained and the remaining trees were
thinned. After the selection of trees to be thinned, the values of
parameter o from Eq. (2) were calculated and the canopy closure
curves were obtained using Eq. (1). The crown densities were
calculated from stem density and stand volume after thinning
using Eq. (3). We compared the canopy closure curve and the
crown density after thinning for low thinning, mechanical thin-

ning, and crown thinning.

RESULTS

Validating the Canopy Closure Curve
Overstory trees

The stem density and stand volume of the three initial sample
plots and the overstory trees in the five permanent sample plots
are shown in Tables 1 and 2. Simultaneous equations relating to

the stem density and stand volume were as follows:

(238x+392+634y) / (x+1+y) = 376, )

(755x+565+488y) / (x+1+y) = 594. ®)

Solving Egs. (7) and (8), the values of the two variables ob-
tained were x=0.219 and y=0.055. The stem density and stand
volume of the study site just before thinning were estimated us-
ing an area ratio between the three initial plots of 0.219:1:0.055.
The parameter a was 0.001745. Eq. (1) was expressed as fol-
lows:

logV +0.9191ogN = 5.311. )

Thus the trajectory of stem density and stand volume was
drawn continuously from the virtual stand to the total value for
the five permanent sample plots (Fig. 2). The stand transitioned
from low stem density/stand volume with a crown density of 0.82
immediately after thinning, increasing until values approached
the canopy closure curve. The crown density at 106 years, when
the understory trees were 16 years old, was estimated to be 0.95
from the values at 102 years and 111 years. The value for crown
density became 1.0 at 111 years when the understory trees were
21 years old, meaning that the trajectory of stem density and
stand volume reached the curve at 111 years and crossed over

Table 1. Condition of the three initial sample plots before and after thinning

Site location on

Stem density (trees ha™')

Stand volume (m> ha™!)

Plot Area (ha) . . . L.
the slope Before thinning  After thinning Before thinning  After thinning
1 0.122 Low 508 238 1,041 755
0.120 Intermediate 742 392 832 565
3 0.101 Upper 1,307 634 723 488
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Table 2. Initial condition of the five experimental plots

Overstory trees at establishment of the plots

Understory trees at planting

Plot Area (ha) Stem density Stand volume Stem density Species composition (%)
(trees ha™) (m® ha™') (trees ha™) Sugi Hinoki cypress
A 0.1379 486 589 2,212 68 32
B 0.1398 365 650 2,082 71 29
C 0.1020 343 656 2,255 65 35
D* 0.0803 324 708 2,017 62 38
E 0.1044 316 645 2,146 65 35
Total 0.5644 376 644 2,147 67 33

* The lowermost part of Plot D was excluded because it contained some different overstory species, including hardwoods.

Stand volume
(m?*hal)
1200

Canopy closure curve

1000

800

600

400

200 400 600 800 1000
Stem denisty (trees ha)

Fig. 2. The actual trajectory of stem density and stand volume
with respect to the overstory trees.
The trajectory between thinnings was estimated from the
measurements collected in the three initial plots and the
trajectory after thinning was determined using measure-
ments from all the permanent sample plots. The numbers

besides the dots indicate the stand ages.

the curve at 118 years.

Parameter n in Eq. (5) for the overstory trees was around
0.85 for the first two measurement periods, 98—102 years and
102—111 years, and increased to over 0.9 in the last measurement
period, 111-118 years (Table 3). The time when the overstory
trees intersected the canopy closure curve coincided with the
time when parameter n approached 1.

Understory trees

The stem density of the understory trees had reached about
two-thirds of their planting stem density at 28 years (Fig. 3). Hi-
noki cypress always exhibited larger mean values than sugi both
for DBH and for height, and hinoki cypress had larger PAI than
sugi in many cases both for DBH and for height (Fig. 4). PAI

J. For. Plann. 29: 1-9 (2023)

peaked at an age younger than 10 years both for DBH and height
for both sugi and hinoki cypress and after that it tended to de-
crease (Fig. 4). PAI of DBH dropped sharply in the penultimate
measurement period, 16-21 years, and continued to decrease in
the last measurement period, 21-28 years (Fig. 4a). For height,
PAI dropped in the last measurement period, 21-28 years, after
leveling off in the two to three previous measurement periods
(Fig. 4b).

Comparing the increments of sugi to those of the same spe-
cies in Anno No.2, the stem density of the latter was high and
was estimated to be about 4,000 trees ha! (Fig. 5). At 14 years,
when Anno No.2 was established, the mean DBH of the sugi
understory trees at the study site was 39% of that in Anno No.2.
Thereafter, the PAI of DBH in Anno No.2 was around 0.2 cm and
that of the sugi understory trees at the study site during the last
two measurement periods dropped to 0.15 cm and 0.08 cm (Fig.
6a). At 14 years, the mean height of the sugi understory trees at
the study site was 52% of those in Anno No.2. Thereafter, the
PAI of height in Anno No.2 was around 0.2 m and that of the sugi
understory trees at the study site during the last measurement
period dropped to 0.13 m (Fig. 6b).

Applying the Canopy Closure Curve to Different Thinning Types

In the thinning simulation, the crown densities immediately
after mechanical thinning and crown thinning were 0.63 and
0.42, respectively. The crown density after mechanical thinning
was lower than that in the actual thinning, as was the value for
crown thinning in relation to mechanical thinning (Fig. 7). The
parameter o obtained was 0.001545 for mechanical thinning and
0.001481 for crown thinning. The canopy closure curve after
mechanical thinning was in the upper right on the graph of stem
density and stand volume compared to that for the actual thin-
ning, and the canopy closure curve after crown thinning was in
the upper right on the graph of stem density and stand volume
compared to that for the mechanical thinning (Fig. 7).

DISCUSSION

We analyzed the measurements of overstory and understory
trees in a two-storied stand. We found that the time point dur-
ing the period 111-118 years of age at which the trajectory of
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Table 3. Stand conditions and the values of parameters for the overstory trees

Age (year) 98 102 111 118
Stem density (trees ha!) 370 369 363 363
Stand volume (m® ha') 702 755 885 1,013
Mean volume (m?® tree’!) 1.90 2.05 2.44 2.79
Crown density 0.88 0.92 0.99 1.00
Parameter k& 0.0456 0.0472 0.0449
Parameter n 0.8442 0.8372 0.9174
Stem density (a)
(tree ha'l) 2
2,500 DBH (cm) PAl (cm yr?)
10 1.0
2,000 g | 1 os
1,500 6 1 06
1,000 4 1 04
2 1 0.2
500
0 : : 0.0
0 L 1 0 10 20 30
0 10 20 30 Age (yr)
Age (yr)
—— Sugi mean DBH —a— Hinoki mean DBH
-=¢--Sugi sl IOk ——Total --e- Sugi PAI - » = Hinoki PAI
Fig. 3. The change in the stem density of understory trees in all (b)
the permanent sample plots over time.
Height (m) PAI (m yr?)
10 1.0
stem density and stand volume of the overstory trees intersected
the canopy closure curve (Fig. 2) coincided with the time when 8 r 1 08
parameter n for the overstory trees approached 1 (Table 3) and
the time when the PAI of the mean height of understory trees 6 I 1 06
dropped sharply, when they were aged 21-28 years (Fig. 4). It
follows from this that the relevant point on the canopy closure ar 194
curve corresponded to the time when the canopy had just closed " -~
and constrained the growth of understory trees. Thus, the canopy '
closure curve can be used as a reference in relation to light con- 0 ) ) 0.0
trol of underplanted trees. It can also be used as a criterion to 0 10 20 30

judge when to undertake thinning. When the trajectory of the
stem density and stand volume crosses through the curve, the
stand should soon be thinned. However, this point would be too
late for thinning if there are understory trees, and thinning should
be implemented before the curve is intersected.

Kawahara (1983) suggested that sugi is more sensitive to
shading than hinoki cypress and DBH is more responsive to this
than height. In addition, the light compensation point of photo-
synthesis for hinoki cypress is about half that for sugi, and hinoki
cypress proved to be more tolerant of shading than sugi (Osono
et al., 2021). At our study site, hinoki cypress understory trees
have grown more than sugi understory trees (Fig. 4). Note that
sugi understory trees were not suppressed by hinoki cypress un-
derstory trees in the study site. Comparisons of DBH and height

—e— Sugi mean height —=a— Hinoki mean height

--+-- Sugi PAI - @& - Hinoki PAI

Fig. 4. Means and PAIs of (a) DBH and (b) height of understory

trees in all the permanent sample plots.

of sugi understory trees at 14 years of age at the study site against
unshaded trees in Anno No.2 revealed that the relative value of
DBH of understory trees compared to unshaded trees was small-
er than that of height (Fig. 6). PAls of DBH dropped sharply

in the penultimate measurement period, 16-21 years, although
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Fig. 5. Comparison between the stem density in all the perma-

nent sample plots and that in Anno No.2.

PAIs of height clearly reduced in the last measurement period,
21-28 years (Fig. 6). These results correspond to those reported
by Kawahara (1983). It is difficult to compare the understory
trees at the study site with Anno No.2 because in Anno No.2, the
first canopy closure occurred earlier and DBH growth was lower
as a result of the high planting stem density (Fig. 5). We com-
pared the measurements of the two stands at 14 years of age be-
cause of the limited effect of stem density on the measurements
in the earlier growth stage. Relative values of DBH and height
were 39% and 52%, respectively, and these correspond to the
relative light intensities of 17% and 16%, respectively accord-
ing to Kawahara's (1983) equations describing relative values of
diameter at the ground and height and relative light intensities.
This result would be reasonable if we consider the relative light
intensity of 28.2% just after thinning.

Twenty years after thinning, the stand volume of overstory
trees recovered to the value just prior to thinning, and the canopy
of the overstory trees was considered to have closed at that time
(Fig. 2). PAIs of DBH for the understory trees, especially of sugi,
approached zero in the last measurement period, 21-28 years,
after having dropped sharply in the penultimate measurement
period, 16-21 years (Fig. 4a). PAls of height also dropped in
the last measurement period, 21-28 years (Fig. 4b). Thus future
DBH growth of understory trees will be very restricted and the
future height growth is expected to be small. Therefore, the over-
story trees should have been thinned around 106 years (16 years
for understory trees), or 111 years (21 years for understory trees)
at the latest, to allow the understory trees to grow. It suggests that
a crown density of 0.95 can be used to indicate the time when
accretion cutting operation should be undertaken.

To avoid the need for additional thinning, more intensive
thinning should have been implemented to the overstory trees
before conversion into a two-storied stand. Thinning more trees

J. For. Plann. 29: 1-9 (2023)
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Fig. 6. Comparison of means and PAI of (a) DBH and (b)
height between understory sugi trees in all the perma-

nent sample plots and the unshaded trees in Anno No.2.

has been employed to increase canopy openness in experiments
to develop two-storied stands by Suzuki et al. (1996). However,
even with the same thinning ratio in terms of the number of trees,
mechanical thinning and crown thinning led to greater canopy
openness, and the stem density and stand volume attained lower
values early on than the values recorded for the actual thinning
(Fig. 7). Moreover, the value of parameter o decreased and the
value of the right side of Eq. (1) increased, moving closer to the
canopy closure curve later on, with higher values of stem density
and stand volume on the log-log scale. Furthermore, the produc-
tivity of residual trees decreased, resulting in slow increases in
stand density. More time is needed before the next canopy clo-
sure.

The same effect can be achieved by raising the thinning ratio
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Fig. 7. The simulated trajectory of stem density and stand vol-
ume with respect to the overstory trees in the case of (a)

mechanical thinning and (b) crown thinning.

in terms of the number of trees managed by low thinning. How-
ever, the thinning simulation showed sufficient effect to prevent
the need for additional accretion cutting. The method is appli-
cable to different thinning types other than low thinning.

CONCLUSIONS

In this paper we have shown that the canopy closure curve
of overstory trees is relevant to light control of the growth of un-

derstory trees according to the relationships between the growth

Tatsuhara et al.

of overstory trees and the change in growth of understory trees.
The canopy closure curve is a useful reference for light control
because it can be derived easily from the thinning condition of
the stand upon which it depends. Crown density based on the
canopy closure curve as a reference can also be a useful indica-
tor of light condition. The results reveal the need for additional
thinning at the study sites, and suggest that a crown density of
0.95 indicates the need for an accretion cutting to keep the PAI
of DBH. Because limited thinning was implemented at the study
site, mechanical thinning and crown thinning were simulated as
the conversion thinning. This showed the possibility of avoid-
ing the need for a second thinning. The canopy closure curve
could also act as a reference in relation to stand density control,
although further investigations are necessary to determine the
specific value indicating the need for thinning.
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Movements of Semi-captive Elephants during Skidding Season in Myanmar

Sie Thu Minn 12, Tetsuji Ota >~ and Nobuya Mizoue >

ABSTRACT

Semi-captive Asian elephants (Elephas maximus) engaged in forestry activities in Myanmar account for 20% of

all captive and semi-captive Asian elephants in the world, and are important for both forestry and the conservation of

Asian elephant populations. Understanding moving behavior of the semi-captive elephants is required to sustain them.

Our specific goals are 1) to determine the moving range during free time, and 2) to determine the hourly moving dis-

tance during skidding and when off duty. Three elephants were fitted with handheld global navigation satellite systems

with the signals of global positioning system to collect data on their movements. The elephants were generally located

between 0.534 and 0.875 km from the camp with temporary housing of the elephant handler when not skidding (i.e.,

free time) and between 1.365 and 1.372 km when skidding (i.e., work time). The hourly moving distance during free
time (0.622—-0.655 km) and work time (1.522 and 1.629 km) did not differ greatly from the hourly moving distance of
wild Asian elephants (0.010-1.500 km). The elephants remained within 0.875 km of the camp of the elephant handler,

and some variation in movements among individuals was observed during free time. Thus, the conservation of forest

in areas near the camp is important for the well-being of these elephants.

keywords: Elephas maximus, moving distance, moving range, Myanmar Selection System, semi-captive elephant

INTRODUCTION

Selective logging is a common logging practice, especially
in tropical natural forests (Bicknell et al., 2014). Well-planned
and carefully controlled selective logging has a small negative
impact on biodiversity (Gibson et al., 2011; Burivalova et al.,
2015), while selective logging without careful planning can
result in forest degradation or intensive ground disturbance
(Pereira et al., 2002). Myanmar Selection System (MSS) is the
system of selective logging conducted in Myanmar. Selective
logging under the MSS results in considerably lower ground
disturbance compared with selective logging in other countries
(Khai et al., 2020), because MSS use Asian elephants (Elephas
maximus) instead of machines for skidding (Khai et al., 2020).

The elephants used for skidding for the MSS are semi-cap-
tive, which means that they are partially free-ranging when off
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duty. Because the semi-captive elephants for MSS rest and get
forage by themselves in forests when off duty, conservation of
forest areas where the semi-captive Asian elephants spend their
time is critically important for the MSS. In order to determine
the forests that should be conserved for the semi-captive ele-
phants for MSS, it is first necessary to understand the moving
range of the elephants when off duty.

Recently, an increasing number of studies have focused on
the semi-captive elephants. However, the behavior of elephants
when off duty has not yet been examined. Most studies of semi-
captive elephants have focused on topics related to elephant
populations, such as mortality rate (Mar et al., 2012), reproduc-
tion (Robinson et al., 2012), and population dynamics (Jackson
et al., 2019). Other studies have focused on the personality of
elephants (Seltmann et al., 2018, 2019) and their diet (Campos-
Arceiz et al., 2008). Crawley et al. (2019) investigated the atti-
tude and experience of elephant handlers and their relationships
to recent political and economic changes in Myanmar. No stud-
ies to date have investigated the behavior of the semi-captive
elephants used in the MSS.

An understanding of the behavior of semi-captive elephants
used in the MSS is also important for the conservation of Asian
elephants. The Asian elephant is listed as an endangered species
in the International Union for Conservation of Nature (IUCN)
Red List (Choudhury et al., 2008). The estimated total popula-
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tion of the Asian elephant is approximately 63,000-67,000 in the
world (Menon and Tiwari, 2019) and captive and semi-captive
Asian elephants account for approximately 15,000 (23%) of the
total estimated population of Asian elephants. While captive el-
ephants in zoos around the world only number approximately
1,000 and rarely breed (Sukumar, 2006), the number of semi-
captive elephants used in the MSS is nearly 3,000 (Ministry
of Natural Resources and Environmental Conservation, 2018).
The value is equivalent to 20% of the captive and semi-captive
Asian elephants in the world, despite the ban on routine captur-
ing elephants used in the MSS over 25 years ago (Mar et al.,
2012). Therefore, appropriate management of semi-captive el-
ephants used in the MSS is important for the conservation of
Asian elephants. Moving distance per unit of time is one of the
criteria used in describing animal behavior patterns (e.g. Mills
et al., 2018; Crawley et al., 2019). By showing the moving dis-
tance per unit of time when semi-captive elephants used in the
MSS are used for skidding and when off-duty, information can
be provided about the workload that the semi-captive elephants
are exposed to.

Here, we studied the behavior of semi-captive elephants used
in the MSS when they were being used for skidding and when
off-duty. Our specific goals are 1) to determine the moving range
during free time, and 2) to determine the hourly moving distance
during skidding and when off duty. We tracked the movements of
three semi-captive elephants using a handleld global navigation
satellite system (GNSS) with the signals of global positioning
system and determined the moving speed and moving distance
of the elephants. We expect that this quantitative information on
their movements will facilitate the management and conserva-
tion of semi-captive elephants.

CONTEXT: Ordinary daily schedule of semi-captive elephants
in the skidding season

During the skidding season, which is generally between June
and February, elephant handlers stay at a camp with temporary
housing near the skidding site and a stream. The camp and the
area surrounding the camp are also where the semi-captive el-
ephants spend much of their time when off duty.

Before skidding, the elephant handler locates the semi-cap-
tive elephants that were released the previous night and escorts
them to the camp. The elephants are then washed in a stream
and fed a light meal, which composed of 0.16 kg of tamarind
and 0.08 kg of salt. This helps the elephants' health as an ap-
petizer and as a digestive catalyst. The health status of the el-
ephants is also examined by the handler when they are being
washed. The leader of the camp also checks the health status
of elephants. Health conditions are checked from a variety of
perspectives, including injury and degree of tiredness. After that,
semi-captive elephants and the handlers leave the camp for skid-
ding. After skidding, the semi-captive elephants and handlers
return to the camp, the health status of the elephants is assessed,
and elephants are fed a light meal. Semi-captive elephants are
generally released to forests to rest and forage. Sometimes, the
elephants are not free to roam but instead tied to a place where
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food is ample near the camp depending on their health. This is a
procedure that is occasionally employed when necessary. When
elephants are at the camp, they are provided with food, bathed,

and subjected to health assessments.

STUDY AREA

The study site was located in compartment 18 of Pyinde
Reserved Forest in Katha and Kawlin, Myanmar (23°57'-58'N,
95°55'-57'E). The site is mountainous with an altitudinal range
from 196 to 350 m above sea level. The forests are dominated
by hardwood species such as teak (7Tectona grandis), tauk-kyant
(Terminalia tomentosa), and bamboo (Thyrsostachys oliveri).
Monthly average temperature is ranging from 21°C to 31°C and
monthly average rainfall is ranging from 4.8mm to 489.8mm.
The camp is situated near a stream where the shade, water food
is ample.

MATERIALS AND METHODS

GNSS Tracking and Time Records

Three semi-captive elephants were fitted with handheld
GNSSs (GPSmap 62SJ, Garmin Ltd., Schaffhausen, Switzer-
land) by hitching a collar around their necks and were tracked
from 11:15 a.m. on December 23th to 4:30 p.m. on December
27th in 2019 (Fig. 1). The three elephants were 19-35 years old
(Table 1). Two elephants were male, and the other was female.

Because our study focused on the behavior of semi-captive
elephants during their free time and work time, we defined both
free time and work time at first. Work time was defined as the
period between the time when the elephants left the camp for
skidding and the time when the elephants returned to the camp.
Free time was defined as the period between the time when the
elephants were released from the camp and the time when the el-
ephants returned to the camp. The elephants were equipped with
the handheld GNSS just before their work time and free time,
and it was removed when they returned to the camp. The start

Fig. 1. An example of semi-captive elephants with a GNSS.
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Table 1 Summary of the features of elephants fitted with

GNSSs
Elephant  Sex Age MTE (Myanmar.Timt.)er
(years) Enterprise) classification
1 Male 19 Full growth
2 Male 29 Full growth
3 Female 35 Full growth

and end time of the work time and free time for each elephant
was also recorded. The GNSS data were acquired approximately
every 30 s during the tracking period.

The GNSS fell off an elephant during free time one time. We
found this GNSS in the field and could estimate the time when
the GNSS fell off the elephant because the GNSS tracking data
showed the time when the GNSS arrived at the point where it fell
off. We thus removed data acquired after the GNSS fell off the
elephant in our analysis.

Data Analysis

Before analyzing the data, we categorized the GNSS data
into two classes: free time and work time. We then removed
outlier points based on the moving speed and turning angle fol-
lowing previous studies of animal movement using GNSS data
(Bjerneraas et al., 2010). Points exceeding the pre-defined mov-
ing speed were defined as outliers. Points were also classified as
outliers when the turning angle was smaller than the pre-defined
threshold. Because the appropriate thresholds for the semi-cap-
tive Asian elephant was not determined, we used a data-driven
threshold (Gupte et al., 2022). We assumed that outliers corre-
sponded to the 1 percentile of all data points and defined the pre-
defined moving speed threshold and the turning angle threshold
as 5.18 km/hour and 1.72 degrees, respectively. If a given point
(outlier) was removed, the moving speed and turning angle were
updated using the new data set without the outlier. Because the
updated moving speed and turning angle may still exceed the
pre-defined threshold, we recursively removed the outliers until
the updated moving speed and turning angle satisfied the criteria.

After filtering the GNSS data, we calculated the distance
from the camp and the moving distance. The distance from the
camp was defined as the horizontal distance between the cen-
ter of the camp and each GNSS data point. The center location
of the camp was recorded using a handheld GNSS (GPS map
62SJ). The distances were summarized for every elephant by dis-
criminating free time and work time (i.e., the time for skidding).

The moving distance was also calculated horizontally. Based
on the GNSS data classified into work time and free time, we
calculated the total moving distance and hourly moving distance
of each elephant by dividing the total moving distance by the
free time and work time.

The analysis was conducted in R ver. 4.0.3 (R Core Team,
2021).

J. For. Plann. 29: 11-15 (2023)

RESULTS AND DISCUSSION

All three elephants spent approximately the same amount of
time for skidding (13% of the study period) regardless of both
their age and sex. However, the amount of free time varied (rang-
ing from 63% to 80%) (Fig. 2). The free times of each elephant
were between 3739 and 4925 minutes. The reason for the varia-
tion in the amount of free time is that elephant handlers judged
two elephants, one male and one female, were tired. The two
elephants were tied down for long periods as described in con-
text section.

Figure 3 showed movement trajectories of elephants. The
trajectories varied among elephants during free time but were
concentrated around the camp (Fig. 3). The mean distances from
the camp for each elephant were between 0.172 and 0.364 km for
free time (Fig. 4) and significantly varied among elephants (P <
0.05, Games-Howell test). The maximum distance that elephants
moved from the camp was 0.875 km. The results suggested that
the elephants were located near the camp where elephant han-
dlers could find them.

The trajectories of the three elephants during work time were
similar (Fig. 3). The mean distances from the camp for each were
between 1.365 and 1.396 km (Fig. 4) and did not significantly
differ among elephants (P > 0.05, Games-Howell test). This is
because all three elephants went to the same logging sites and
worked as a group during the study period.

The total moving distances of elephants during free time
were more than twice as long as the total moving distances dur-
ing work time (Fig. 5). This was because free time was much
longer than work time (Fig. 2). The hourly moving distance was
between 0.622 and 0.655 km and between 1.522 and 1.629 km
for free time and work time, respectively (Fig. 5). The hourly
distance traveled by wild Asian elephants ranged from 0.010
to 1.500 km (Leighty et al., 2009). Thus, the hourly distance of
semi-captive Asian elephants in both free time and work time
was similar to that of wild Asian elephants, but the time in work

100% =
75% =
g . Work time
< 500
o S0%-= Free time
g
= Other
25% =
0% - - - -
1 1 1
1 2 3
Elephant

Fig. 2. Free and work time ratio of each elephant.
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time was close to the upper limit of wild Asian elephants.

Semi-captive elephants spent their free time within 0.875 km
of the camp. Because the semi-captive elephants forage (espe-
cially bamboo) and rest during free time, sufficient supplies of
food near the camp are needed. Therefore, the conservation of
forest in areas used for camp is important for the MSS as well as
the conservation of Asian elephants.
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Fig. 5. Total moving distance and hourly moving distance of el-

ephant.



Movements of Semi-captive Elephants during Skidding Season in Myanmar 15

CONCLUSION

The semi-captive elephants mainly spent their time within
0.875 km of the camp of the elephant handler, but there was
some variation among individuals when semi-captive elephants
were off duty. During work time, the elephants needed to go
more than 1 km away from the camp. No significant differences
in the movements between elephants were observed during work
time because the elephants worked as a group. The hourly mov-
ing distance of the semi-captive elephants during free time and
work time in this study was similar to that of wild elephants. Ad-
ditional studies are needed to explore the movement behavior of
semi-captive elephants under other seasonal schedules, in resting
camps, in tourism camps, and in other skidding sites.
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Please refer to the following guidelines when submitting a new manuscript to the Journal of Forest Planning
(hereafter “the Journal”), of the Japan Society of Forest Planning (hereafter “the Society”), so that your manu-

script can be handled expeditiously.

Types of Papers: Papers are to be classified as either an article,
a review, or a short communication. All papers must represent
original research and must not have been submitted or published
elsewhere (other than as an abstract). Articles are theoretical or
empirical reports on original research. Reviews systematically
survey the literature in a particular research field, address re-
search questions related to the field, and provide insight into fu-
ture developments in the field. Short communications are brief
reports of significant findings (for example, proposing a new
methodology, confirming existing knowledge, or significantly
adding to existing knowledge) intended for rapid publication.

Contributors: The first author or the corresponding author of
any paper should be a member of the Society unless he/she has
been invited to contribute by the editor-in-chief of the Journal.
The authors can apply for Society membership on submission.

Review Process: The Journal conducts a single-blind review
process. Each manuscript is first handled by one of the editors,
at which time it is evaluated for Journal suitability. Manuscripts
considered to be suitable are then peer-reviewed by at least two
anonymous expert referees selected by the editor.

Decision for Publication: The editorial board makes the final
decision to accept, reject, or suggest revision to manuscripts
based on its contribution in terms of original data and ideas as
indicatedby the results of reviews conducted by the referees.

Manuscript: Manuscripts should be written in English and fol-
low the guidelines provided in “Manuscript Preparation” below.
Either American or British usage/spelling is acceptable, but not
a mixture of these.

English: All authors whose first language is not English should
ask a native speaker to refine the written English of their manu-
scripts prior to submission.

Final Manuscript and Authors’ Proof Correction: When the
manuscript is accepted, the authors will be asked to send the
final manuscript in editable electronic formats. The required for-
mats will be indicated in the manuscript preparation. A Portable
Document Format (PDF) file of the proof will be sent to the cor-

responding author by email only once for proofreading.

Expense on Publication: No charges will be levied for papers
published in the Journal. A free electronic reprint will be sent
to the author in PDF. However, authors who need color page/

special printing will be required to pay the actual expenses in-
volved. Reprints can also be ordered in blocks of 50 copies at
the actual expenses involved. All prices are subject to change.

Submission and Inquiry: Authors will be required to send their
manuscript and a submission form in electronic format to the
editor-in-chief by email. The editor-in-chief’s email address can
be found on the inside cover of the Journal. Submission inqui-

ries may also be sent to the editor-in-chief by email.

Copyright: The Society reserves all rights to the papers pub-
lished by the Journal. Written permission by the editor-in-chief
is required for the reproduction or republication of Journal-pub-

lished manuscripts, either in whole or in part.

Rights of Authors: The authors retain the following rights:

(1) Authors are allowed to reproduce their own Journal-pub-
lished papers, either in whole or in part, in their own literary
works providing they acknowledge the Journal as its source.

(2) Authors are allowed to provide a PDF file of their paper to
the public at repositories of their affiliations and financial
contributors after it has been provided to the public via J-
STAGE on the condition that they display a link to the pa-
per’s abstract on the J-STAGE website.

(3) Authors are allowed to electronically copy and distribute a
PDF file of their paper on the condition that they purchase
reprints of their paper, or the PDF file of their paper at the
same price as the reprints of their paper. In this case, authors
are allowed to post the PDF file on their personal website
after providing it to the public via J-STAGE and should dis-
play a link to the paper’s abstract on the J-STAGE website.

MANUSCRIPTS PREPARATION

Style: All manuscripts should be arranged as follows: (1) title
page, (2) abstract and keywords, (3) main text, (4) literature
cited, (5) tables, (6) figures, and (7) messages to editors.

Typing: Manuscripts should be typewritten, double-spaced, on
A4-size pages with margins of 3 cm on the top, bottom, and both
sides. Line and page numbers should be included. The desired
locations of tables and figures should be indicated in red font
characters in the right margins.

Text Style: Characters to be printed in italic or bold font should
be entered using the features of the word processing software.
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Title Page: The first page of each manuscript should contain the
following items: (1) the type of paper, (2) the title of the pa-
per, (3) the authors’ full names and affiliations along with their
addresses, and (4) the corresponding author’s name and e-mail
address.

The author affiliations to be listed are the affiliations where
the actual research was conducted. If any of the authors have
changed affiliation since completing the research, the present af-
filiation can also be indicated.

Abstract and Keywords: An abstract is required for all paper
types, and should be no more than 300 words long. Between
three and five keywords, listed alphabetically and separated by
commas, should be provided.

Mathematical Equations: If there is more than one equation in
the text, the equations should be numbered with Arabic numerals
according to their sequence on the right-hand side ((1), (2), etc.).
Short expressions not cited by any number may be included in
the text. Variables should be presented in italics, although up-
right-style Greek alphabet letters may be used.

Funding: All sources of funding should be listed in this section,
following the contributors’ requirements.

Acknowledgements: Contributors who do not meet the crite-
ria for authorship should be listed in the “Acknowledgements”
section at the end of the main text before the “literature cited”
section.

Conlflicts of interest: If authors have any potential conflicts of
interest in relation to their manuscript, they must describe them
in this section.

Literature Cited: In-text literature citations should show the
surname (family name) of the author and the year of publication.
In parenthetical citations after the statement concerned, the sur-
name of the author and the year of publication are to be separated
by a comma. Multiple citations in the same parentheses are to
be placed in chronological order and separated by semicolons.
If there are more than two authors, citations should quote the
surname of the first author and the words “et al.” The names
of all authors should be included in the list of literature cited.
More than one reference from the same author(s) in the same
year should be identified by Roman alphabet letters placed after
the year.

The “literature cited” section at the end of the paper should list

the cited literature alphabetically by the surname of the first au-

thor, and then chronologically for each author. Use the following

examples for the style of the “literature cited” section:

a. For periodicals: Shirasawa, H. and Hasegawa, H. (2014) A
comparative study of heuristic algorithms for the multiple
target access problem. J. For. Res. 19: 437-449

b. For books: Davis, L.S., Johnson, K.N., Bettinger, P.S. and
Howard, T.E. (2001) Forest management: To sustain eco-
logical, economic, and social values. 4th ed. McGraw-Hill,
New York, 804 pp

c. For chapters in edited books and papers in proceedings: Gad-
ow, K.V. (2005) Science-based forest design and analysis.
In: Naito K. (ed) The role of forests for coming generations.
Japan Society of Forest Planning Press, Utsunomiya: 1-19

d. For theses and dissertations: Tiryana, T. (2010) Quantitative
models for supporting multipurpose management planning
of teak plantations in Java, Indonesia. PhD thesis, The Uni-
versity of Tokyo, Tokyo, 100 pp

e. For Internet resources: McGaughey, R.J. (1999) Visualization
system. USDA Forest Service, Pacific Northwest Research
Station. http://faculty.washington.edu/mcgoy/svs.html (ac-
cessed 14 April 2013)

If the literature has no English title, the authors should translate

the non-English title into English. The translated title should be

placed in square brackets, and the original language should be

placed in parentheses after the pagination. The romanized title of

the original language may be placed before the translation, as in:

f. Tanaka, K. (1996) Shinrin keikakugaku nyumon [An introduc-
tion to forest planning]. Japan Society of Forest Planning
Press, Fuchu, Tokyo,192 pp (in Japanese)

Tables: Tables should be numbered with Arabic numerals ac-
cording to their sequence in the text (Table 1, Table 2, etc.). Each
table should be prepared on a separate page and be accompanied
by a brief and self-explanatory title. Any explanations for the
tables should be given as a footnote at the bottom of the table.
Do not use vertical lines to separate columns.

Figures: Figures should be numbered with Arabic numerals ac-
cording to their sequence in the text (Fig. 1, Fig. 2, etc.). Each
figure should be prepared on a separate page. Figure captions
should appear on a separate page. Figures should be of publi-
cation quality. Color figures can be included but will incur an
additional printing charge. Figures for color printing should be
marked with the note “COLOR” in the margin of the page on
which the figure appears.

Supplemental material: Supplemental material can be a da-
taset, video, sound file or anything which supports a submitted
manuscript. Supplementary files should be submitted with the
manuscript on submission. The size of each file should be no
larger than 50 M bites. They are provided to the public via J-
STAGE.

Submission Form: The submission form should be filled out
and attached to the manuscript on submission. The form can be
found on the last page of the Journal. Non-member authors can
apply for Society membership when submitting their paper by
completing and enclosing the application form found on the in-

side of the back cover of the Journal.



Electronic Submission: Authors are required to submit their
manuscript in PDF by email. If it is difficult to save the manu-
script in PDF, MS Word files are also accepted. Authors are en-
couraged to save their tables and figures in PDF form, and then
combine them with the manuscript file. This means that just one
PDF file should be sent to the editor-in-chief.
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After acceptance, the authors will be asked to submit the final

manuscript in the following formats:

1) Title page, abstract and keywords, main text, literature cited,
and figure captions: an MS Word (doc or docx) file;

2) Tables: an editable file in MS Word (doc or docx) or MS Excel
(xIs of xIsx);

3) Figures: High-quality image files (TIFF, JPEG, or PNG), an
MS PowerPoint (ppt or pptx) file, or a PDF file.

4) Supplemental material: Please contact Editorial Office for de-
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Guidelines on Publication Ethics

These guidelines are based primarily on the Guidelines on Good Publication Practice (COPE, 1999), the Code of
Conduct and Best Practice Guidelines for Journal Editors (COPE, 2011), the Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMIE, 2017), and the International

Standards for Authors (Wager and Kleinert, 2011).

DUTIES OF EDITORS

Publication decision: The editors’ decisions to accept or reject a
manuscript for publication should be based on the manuscript’s
importance, originality, and clarity, as well as the study’s validity

and its relevance to the scope of the Journal.

Confidentiality: Editors should treat all submitted manuscripts
as confidential. Editors should not share information about
manuscripts, including whether they have been received and/or
are under review, their content and status in the review process,
criticism by reviewers, and their ultimate fate, to anyone other
than the authors and reviewers. Editors should also make it clear
that reviewers will be expected to keep manuscripts, associated
material, and the information they contain strictly confidential.

Conflict of interest: Editors who make final decisions about
manuscripts should recuse themselves from editorial decisions if
they have conflicts of interest or relationships that pose potential
conflicts related to manuscripts under consideration. If an editor
submits a manuscript to the Journal, another editor will handle
the peer-review process of the manuscript independently of the

authoring editor.

Corrections: When a published paper is subsequently found to
contain flaws or errors, editors should accept responsibility for
correcting the record prominently and promptly. In this case, edi-
tors should consider retracting a paper, issuing an erratum, or is-
suing an expression of concern in line with COPE’s Retraction
Guidelines.

DUTIES OF REVIEWERS

Contribution to editorial decisions: Reviewers are experts
chosen by editors to provide written opinions. Peer review helps
editors decide which manuscripts are suitable for the Journal. It
also helps authors improve their study.

Promptness: Reviewers are expected to respond promptly to
requests to review and to submit reviews within the time agreed.

Reporting standards: Reviewers should provide unbiased and
justifiable reports. Reviewers’ comments should be constructive,

honest, and polite.

Confidentiality: Reviewers should keep manuscripts and the

information they contain strictly confidential. Reviewers should
not publicly discuss the authors’ work and should not appropriate
the authors’ ideas before the manuscript is published. Review-
ers should not retain the manuscript for their personal use and
should destroy the copies of any manuscripts they have been pro-
vided after submitting their reviews. Reviewers should not use
knowledge of the work they are reviewing before its publication

to further their own interests.

Conflict of interest: Reviewers should disclose to the editors
any conflicts of interest that could bias their opinions of the man-
uscript, and should recuse themselves from reviewing specific

manuscripts if the potential for bias exists.

Ethical issues: If reviewers suspect the authors’ misconduct,
they should notify the editor in confidence.

DUTIES OF AUTHORS

Reporting standards: Authors should report their methods and
findings accurately. Authors should provide sufficient detail to
permit other researchers to repeat the work. Authors should pres-
ent their results honestly and without fabrication, falsification, or
inappropriate data manipulation.

Data access and retention: Authors may be asked to disclose
the research data for the review process. Authors should main-
tain the primary data and analytic procedures underpinning the
published results for at least 10 years after publication.

Authorship of the paper: The award of authorship should bal-
ance intellectual contributions to the conception, design, analy-
sis, and writing of the study against the collection of data and
other routine work. If there is no task that can reasonably be
attributed to a particular individual, then that individual should

not be credited with authorship.

Authorship should be based on the following criteria:
(1) Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data used
for the work; (2) Drafting the work or revising it critically for
important intellectual content; (3) Final approval of the version
to be published; (4) Agreement to be accountable for all aspects
of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated
and resolved.



Contributors who meet fewer than all four of the above criteria for
authorship should not be listed as authors, but they should be ac-
knowledged. Those whose contributions do not justify authorship
may be acknowledged individually or together as a group under a
single heading, and their contributions should be specified.

Conflict of interest: Authors should disclose to editors relevant
financial and non-financial interests and relationships that might
be considered likely to affect the interpretation of their findings.
All sources of research funding, including direct and indirect fi-
nancial support, the supply of equipment or materials, and other
support should be disclosed as well.

Originality and plagiarism: Authors should adhere to publi-
cation requirements that submitted work be original. Authors
should represent the work of others accurately in citations and
quotations. Relevant previous work and publications, both by
other researchers and the authors’ own, should be properly ac-
knowledged and referenced. Data, text, figures, or ideas origi-
nated by other researchers should be properly acknowledged and

should not be presented as if they were the authors’ own.

Redundant publication: Authors should not submit the same
manuscript, in the same or different languages, simultaneously to
more than one journal. Previous publication of an abstract in the
proceedings of meetings does not preclude subsequent submis-

sion for publication.

Adherence to peer review: Authors should respond to review-
ers’ comments in a professional and timely manner. Authors
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should inform the editor if they withdraw their work from re-
view, or choose not to respond to reviewer comments after re-

ceiving a conditional acceptance.

Corrections: Authors should alert the editor promptly if they
discover an error in any submitted, accepted, or published work.
Authors should cooperate with the editors in issuing corrections

or retractions when required.
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