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Application of the random forest algorithm for predicting the persistence of
seed banks in the Horqin Sandy Land, China

Aplicacién del algoritmo del bosque al azar para predecir la persistencia de los bancos de semilla

en el drea arenosa de Horquin, China

Tang Y' & SS Jin?

Abstract. Persistent seed banks have been detected in the Horgin
Sandy Land, China using experimental methods. In this study, we
used seed traits (i.e. seed mass and seed shape) to predict the persis-
tence of seed banks using the random forest algorithm. The results
showed that the mean decrease in accuracy for seed mass and seed
shape was 18.26 and 9.90, respectively, suggesting that seed mass
was a better predictor than seed shape. With increasing seed mass,
the log of P (where P is the ratio of the number of votes selecting
existence of a persistent seed bank to the number of votes select-
ing absence of a persistent seed bank) gradually decreased. It also
changed from positive to negative when the seed mass reached 10
mg. This indicates that small-seeded species tend to have a persistent
seed bank, and larger-seeded species tend to germinate in the current
year. Furthermore, a seed mass of 10 mg was the dividing point for
predicting the persistence of seed banks in this region. The log of P
decreased as the seed shape decreased in the range from 0.07 to 0.17,
indicating that seed shape (0.07-0.17) is negatively related to the
existence of a persistent seed bank. It is suggested that the random
forest algorithm is a useful tool for predicting the persistence of seed

banks.

Keywords: Model; R software; Sandy lands; Seed mass; Seed
shape.

Resumen. Se han detectado bancos de semillas persistentes en el
drea arenosa de Horgin, China, usando métodos experimentales. En
este estudio, usamos caracteristicas de las semillas (por ¢j., peso y for-
ma de la semilla) para predecir la persistencia de los bancos de semilla
usando el algoritmo del bosque al azar. Los resultados mostraron que
la reduccién promedio en exactitud para el peso y la forma de la semi-
lla fueron 18,26 y 9,90, respectivamente, sugiriendo que el peso de la
semilla fue un mejor predictor que la forma de la semilla. Con incre-
mentos en el peso de la semilla, el logaritmo de P disminuy6 gradual-
mente (donde P es la relacién del nimero de votos que seleccionan por
la existencia de un banco de semillas persistente al nimero de votos
que seleccionan por la ausencia de un banco de semillas persistentes).
También cambié de positivo a negativo cuando el peso de la semilla
alcanz6 los 10 mg. Esto indica que las especies que producen semillas
pequenas tienden a tener un banco de semillas persistente, y que las
especies que producen semillas mds pesadas tienden a germinar en el
afio en que fueron producidas. Ademds, un peso de semillas de 10 mg
fue el punto de divisién para predecir la persistencia de bancos de se-
millas en la regién de estudio. El logaritmo de P disminuy6 cuando la
forma de la semilla disminuy6 en el rango desde 0,07 a 0,17, indicando
que la forma de la semilla (0,07-0,17) estd negativamente relacionada
a la existencia de un banco de semillas persistentes. Se sugiere que el
algoritmo del bosque al azar es una herramienta util para predecir la
persistencia de bancos de semillas.

Palabras clave: Modelo; Software R; Zonas con suelos arenosos;
Peso de la semilla; Forma de la semilla.
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INTRODUCTION

Seed banks in soils provide opportunities for plants to
escape from disadvantageous habitats, especially in arid and
semi-arid lands where plants are exposed to droughts and dis-
turbances, such as grazing (Ariki & Washitani, 2000; Yan, et
al. 2005; Saatkamp et al., 2009; Tang et al., 2014). Soil seed
banks play an important role in understanding the life history
of plant populations and exploring the relationship between
plants and environments (Ma & Liu, 2008; Borgy et al., 2015).
Persistent seed banks, defined as seeds that persist in the soil
for more than 1 year, are included in seed bank classification
systems (Thompson, 1993a; Yu et al., 2007). A persistent seed
bank is a reproductive strategy for special plant species, and is
helpful for ensuring the potential for plant population growth
in disadvantageous habitats and maintaining vegetation after
disturbances (Yan et al., 2005a; Liu et al., 2007).

Commonly, persistent seed banks are detected using exper-
imental methods. Saatkamp et al. (2009) listed seven methods
to study the persistence of seeds in the soil seed bank, in-
cluding seed burial experiments. However, these experimen-
tal methods require considerable time and labor. Recently, a
number of studies have focused on exploring the relationship
between the persistence of seeds and seeds traits (Thompson
et al., 1993b; Zhao et al., 2011; Schutte et al., 2014), seeking
that the persistence of seeds can be predicted through these
seeds traits. For example, seed size and seed shape have been
found to be correlated with the persistence of seeds in sandy
lands (Chao et al., 2011). The persistence of seeds could be
explained by seed size and seed coat thickness (Schutte et al.,
2014). However, how to use seed traits to predict seed persis-
tence in soils is not clearly known.

'The existence and absence of a persistent seed bank can be
described by a binary variable (0/1), a type of categorical vari-
able. Therefore, prediction of the existence of persistent seed
banks is a classification issue, which could be solved using the
random forest algorithm. The random forest algorithm, devel-
oped in 2001, consists of decision trees, each of which gives
a classification. The forest chooses the classification with the
most votes (Breiman, 2001). Recently, the random forest algo-
rithm has been widely used by ecologists and botanists to pre-
dict species distributions, to improve the accuracy of spatial
interpolation of environmental variables, and to explore the
relationship between environmental variables and family ages
of special communities (Li et al., 2011; Liu et al., 2013; Crego
et al., 2014). Overall, the random forest algorithm has proved
to be one of the most accurate learning algorithms dealing
with classification issues (Li & Wang, 2013).

In the Horqin Sandy Land, China, where sand burial and
wind erosion are unfavorable for the recruitment and surviv-
al of plant species, a persistent seed bank is helpful for the
survival of plant species in this unstable habitat (Ma & Liu,
2008). For instance, a persistent seed bank is critical for Agrio-

phyllum squarrosum, a pioneer annual plant species, to adapt to
sand mobility (Liu et al., 2006). Thus, persistent seed banks of
plant species in the Horqgin Sandy Land have received much
attention. We hope to predict the existence of persistent seed
banks using seeds traits. Moreover, we want to determine the
relative importance of seed traits when predicting the exis-
tence of persistent seed banks.

The aims of this study were to: (1) test whether the random
forest algorithm method is suitable for predicting the exis-
tence of persistent soil seed banks; (2) explore the relation-
ship between seeds traits and the persistence of seed banks for
plant species in the Horqin Sandy Land; and (3) determine
the relative importance of seed traits. This study provides a
tool for studying the persistence of soil seed banks and could
be useful in the restoration of vegetation and conservation of

plant diversity in the Horqin Sandy Land.

MATERIALS AND METHODS

'The study area was the Wulanaodu region located in the
southeast of the Horgin Sandy Land, northeastern China
(119° 39’ - 120° 02' E; 42° 29’ - 43° 06’ N; 480 m a.s.L.).
In the region, the mean daily temperature is -14.0 °C in the
coldest month (January) and 23.0 °C in the warmest month
(July). The mean annual precipitation is 350 mm and 70% of
precipitation falls in June, July and August. The annual mean
wind velocity is 4.4 m/s and the number of gale days (>16
m/s) is 21-80 (Zhang et al., 2016).

The seeds of plant species were collected in the Wu-
lanaodu region and measured in the laboratory. Seed in-
formation was recorded, including name of species, family,
ecological types, life forms, appendages, diaspore types, and
seed mass and shape. Seed traits have been reported in a
series of studies (Liu et al., 2003; Liu et al., 2004; Yan et al.,
2004). Seed shape was measured by the variance in three
dimensions: length, width and height. The seed shape val-
ues range from O to 1. A larger seed shape value indicates
that the seed shape is closer to circular. The persistence of
seed banks of these species has been recorded in a previ-
ous study (Zhao et al., 2011). The seed mass, seed shape
and persistence of seed banks of 91 species constituted the
dataset in this study and were used in the application of the
random forest algorithm.

'The seed mass and seed shape were input variables and the
persistence of seed banks was the supervised variable. In the
random forest algorithm, two-thirds of the data were selected
as the bootstrap sample of a certain tree to classify the object.
'The remaining one-third of the data worked as test sets; thus,
a cross-validation was not needed. Each tree gives a classifica-
tion and the forest chooses the classification given by the most
trees (Breiman, 2001).

'The accuracy of the model was calculated using the OOB

(out-of-bag data) error estimate. The relative importance of
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the input variables, i.e. seed mass and seed shape, was ana-
lyzed using the mean decrease in accuracy and mean de-
crease Gini. The mean decrease in accuracy is equal to the
increase in MSE (mean-squared error) and the mean de-
crease Gini measures the impurity of nodes in decision trees
(Wu et al., 2008). To assess the partial (marginal) effects of
seed mass and seed shape on the persistence of seed banks,
a partial dependence plot was used. A partial dependence
plot provides a graphical depiction of the marginal effect of
a variable on the classification probability (Friedman, 2001).
In the partial regression plot, the x-axis represents the in-
dependent variable (X)) and the y-axis represents half of the
logits for the # class (%2 = 1, 2 in this study). The random for-
est algorithm and other calculations were conducted using
the “randomForest” packages in R software (version 3.2.4, R
Development Core Team, 2009).

RESULTS

The seed mass of species ranged from 0.05 to 130.8 mg,
and the 25 percentile, median and 75 percentile values were
0.41, 0.99 and 3.21 mg, respectively. For the seed mass data,
the number of points whose value was larger than the up-
per whisker values was 14 (Fig. 1). The seed shape of species
ranged from 0.007 to 0.207, and the 25" percentile, median
and 75" percentile values were 0.05, 0.088 and 1.333, respec-
tively. The number of species with and without persistent seed
banks was 52 and 39, respectively.

For the species with a persistent seed bank, 39 were clas-
sified correctly and 13 were classified falsely, indicating that
the class error rate of the existence of persistent seed banks
was 25%. Meanwhile, for the species without persistent seed
banks, 22 were classified correctly and 17 were classified false-
ly, indicating that the class error rate of the absence of persis-
tent seed banks was 43.6% (Table 1). The OOB estimate of
error rate was 32.97%.

The mean decrease in accuracy and mean decrease Gini
of seed mass were 18.26 and 22.48, respectively. The mean
decrease accuracy and mean decrease Gini of seed shape were
9.90 and 21.21, respectively (Fig. 2).

With increasing seed mass, the log of P (where P is the
ratio of the number of votes selecting existence of a persis-
tent seed bank to the number of votes selecting absence of
a persistent seed bank) gradually decreased (Fig. 3). The log
of P was above 0 when the seed mass was less than 10 mg,
and was below 0 when the seed mass was more than 10 mg
(Fig. 3).

The log of P decreased as the seed shape decreased in the
range 0.07 to 0.17. When the seed shape was less than 0.07
and more than 0.17, the log of P increased. The log of P was
equal to 0 or greater than zero when the seed shape was in the
range 0.02 to 0.15 (Fig. 4).
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Table 1. The confusion matrix in the persistence of seed banks.
The rows indicate real classification; the columns indicate pre-
dicted classification. The existence of a persistent seed bank is
represented by “1"; the absence of a persistent seed bank is rep-
resented by “0”.

Tabla 1. Matriz de confusion en la persistencia de bancos de semilla.
Las filas indican la clasificacion real: las columnas indican la clasifi-
cacion predictiva. La existencia de un banco de semillas persistente
es representado por “1”; la ausencia de un banco de semillas persis-
tente es representado por “0”.
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Fig. 1. Boxplots of seed mass and seed shape.
Fig. 1. Diagrama de cajas para la masa y la forma de las semillas.
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Fig. 2. Relative importance of variables with the random forest al-
gorithm.

Fig. 2. Importancia relativa de las variables con el algoritmo del
bosque al azar.
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Fig. 3. Partial dependence plot of seed mass. P indicates the ratio
of the number of votes selecting existence of a persistent seed
pank to the number of votes selecting absence of a persistent
seed bank.

Fig. 3. Figura de dependencia parcial de la masa de semillas.
P indica la relacion del nimero de votos gue seleccionan por la
existencia de un banco de semillas persistentes con respecto al
numero de votos que seleccionan por la ausencia de un banco
de semillas persistentes.
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Fig. 4. Partial dependence plot of seed shape. P indicates the ratio
of the number of votes selecting existence of a persistent seed
bank to the number of votes selecting absence of a persistent
seed bank.

Fig. 4. Figura de la dependencia parcial de la forma de la semilla.
P indica la relacion del nimero de votos que selecciona por la
existencia de un banco de semillas persistentes con respecto al
numero de votos que selecciona por la ausencia de un banco de
semillas persistentes.

DISCUSSION

In this study, the OOB estimate of error rate was 32.97%,
indicating that the predictive accuracy of the random forest
algorithm in predicting the persistence of seed banks was
67.03%. Seed shape and seed mass, and other traits not men-
tioned in this study, were used to predict the persistence of
seed banks. In fact, seed persistence is not just determined by
seed size and seed mass. Other factors, such as germination
requirements, dormancy and resistance to pathogens, could
also contribute to seed persistence in soils (Thompson et al.,
1993b). Thus, using more seed traits as input variables might
increase the predictive accuracy of the random forest algo-
rithm.

'The random forest algorithm has several advantages. For
instance, it is not sensitive to multicollinearity, can deal with
thousands of input variables and does not need to select vari-
ables, and is robust with unbalanced data (Li & Wang, 2013).
‘These advantages mean that it could be widely used to predict
the persistence of seed banks in varied environments and di-
verse communities.

'The mean decrease in accuracy for seed mass and seed shape
were 18.26 and 9.90, respectively, suggesting that seed mass
is relatively more important for predicting the persistence of
seed banks. This result is consistent with a previous study, in
which it was claimed that seed mass is a better predictor than
seed shape when predicting the persistence of seed banks in
soil (Zhao et al., 2011). Compared with seed shape, seed mass
is closely related to seed dormancy and variations in reproduc-
tive success, which could lower mortality risk and promote
species coexistence (Rees, 1993; Pake & Venable, 1996). Fur-
thermore, seed mass is vital for resistance to the disadvanta-
geous habitats created by sand-blown activities in the Horgin
Sandy Land (Yan et al., 2005a; Tang & Liu, 2012).

With increasing seed mass, the log of P changed from
positive to negative, indicating that small-seeded species tend
to have a persistent seed bank and larger-seeded species tend
to germinate in the current year. This result is consistent with
previous studies conducted in Argentina (Funes et al., 1999)
and China (Zhao et al., 2011). Furthermore, when the seed
mass was about 10 mg, the log of P was 0, suggesting that the
probability of the existence of a persistent seed bank was equal
to the probability of the absence of a persistent seed bank. A
seed mass of 10 mg might be the dividing point for predicting
the persistence of seed banks for flora in the Horqin Sandy
Land.

'The log of P decreased as the seed shape decreased in the
range 0.07 to 0.17, suggesting that the seed shape (0.07-
0.17) is negatively related to the existence of a persistent
seed bank. Furthermore, the log of P increased when the
seed shape was less than 0.07 and more than 0.17, indicat-
ing that seed shape <0.07 and seed shape >0.17 are positively

related to the existence of persistent seed banks. This result
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is slightly different from a previous study conducted in this
region. In the previous study, Pearson correlation was used to
explore the relationship between seed shape and the persis-
tence of seed banks. Pearson correlation is useful for testing
linear relationships and is usually poor for exploring non-
linear relationships. Thus, in the case where a threshold is
found, the random forest algorithm is better than the Pear-
son correlation.

The effect of seed shape on the existence of persistent
seed banks is relatively complex in the Horgin Sandy Land,
where the position of the seed bank could be relatively eas-
ily changed by sand-blown activities. For instance, compared
with elongated or flattened seeds, round ones could be more
easily moved on the ground, which might mean that the dis-
tribution of elongated or flattened seeds is deeper than round
seeds (Tang & Liu, 2012). Seeds in different positions on the
sand dunes might differ in germination rate. Thus, species
with different shaped seeds might differ in their strategies for
maintaining a persistent seed bank. This study showed that
the log of P was 0 when the seed shape was between 0.02 and
0.15. 'This indicates that the probability of the existence of
persistent seed banks is equal to the probability of the absence
of persistent seed banks when the seed shape is between 0.02
and 0.15. This result suggests that the role of seed shape in
the persistence of seed banks is more complex than previously
thought. The effect of seed shape might be related to specific
physical-ecological processes, such as sand burial and wind
erosion in sandy lands (Yan et al., 2005b).

In conclusion, a persistent seed bank is helpful for plant
species adapting to specific habitats in the Horqin Sandy
Land. To predict the persistence of seed banks, the random
forest algorithm is a useful tool. Furthermore, seed mass is
a better predictor than seed shape. This result confirms that
small-seeded species tend to have a persistent seed bank. The
role of seed shape in the persistence of seed banks is more
complex than originally thought and needs to be further ex-
plored. This study expands the application of the random for-
est algorithm and might promote studies on persistent seed

banks, especially in sandy lands.
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