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RESEARCH ARTICLE

Spatial patterns and associations of four species in an old-growth temperate forest

Yanyan Liua, Fengri Lib and Guangze Jinc*

aSchool of Forestry, Northeast Forestry University, Harbin 150040, China; bScience and Technology Institute, Northeast Forestry
University, Harbin 150040, China; cCenter for Ecological Research, Northeast Forestry University, Harbin 150040, China

(Received 24 January 2014; accepted 13 May 2014)

The spatial pattern of a tree species is an important characteristic of plant communities, providing critical information to
explain species coexistence. The spatial distribution and association of four different successional species were analyzed
among different life-history stages in an old-temperate forest. Significant aggregation patterns were found, and the
degree of aggregation decreased with the scales and life-history stages. Significant interspecific spatial associations were
detected. In comparing the relationships among the different life-history stages, positive associations were found at small
scales in all of the juvenile species pairs. In the adult stage, negative associations were detected in coniferous vs.
deciduous species pairs, while the deciduous species pairs, which have identical resource requirements, showed a
positive association in this study. The coniferous species pairs showed a positive association at small scales. We infer
that seed dispersal, competitive ability, or the requirement for specific topographic and light environments may
contribute to the coexistence of these species.
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Introduction

The analysis of the spatial patterns of tree species can
greatly facilitate the understanding of ecological pro-
cesses underlying the development of forest stands
(Condit et al. 2000; He & Duncan 2000; Druckenbrod
et al. 2005; Martínez et al. 2013; Li et al. 2014). The
distribution patterns of individual plants and their rela-
tionship during various developmental phases are a result
of long-term interaction between the plant community and
the environment, which also reflect the rationality of the
population and community structure (Nathan 2006).

Complex and stable forest communities are formed by
the replacement and development of different plant
communities. Different tree species alternations and
composition changes take place during the forest succes-
sional process. Pioneer trees may capture resources in
disturbance openings to a sufficient extent that they
prevent late-successional species from recruiting to the
canopy by lowering the growth rate or survivorship of
these species in the understory (He & Duncan 2000).
They may experience relatively intense interspecific
competition that limits their coexistence (Mooney et al.
2008). However, in both tropical plant communities with
diverse species and in temperate plant communities with
relatively few species, different successional species
coexist. It is therefore important to ask the following
questions: (1) How do these different successional species
coexist in the same communities? (2) Which stage
(saplings, juveniles, adult trees, and canopy trees) of the
pioneer species will be replaced by the late-successional
species? These questions have long fascinated ecologists
and evolutionary biologists.

Comparative studies of different successional species
could reveal the species distribution in terms of their
particular habitat requirements (Queenborough et al.
2007). However, most field studies have indeed failed
to consider different successional species in an old-
growth temperate forest. Recent studies on spatial
patterns have compared congeneric species. For
example, Toft and Fraizer (2003) present long-term
data (1985–2001) on two nearby populations of the
perennial shrub Chrysothamnus nauseosus ssp. consimi-
lis to study spatial dispersion and density dependence in
sand-dune ecosystems near Mono Lake, California.
Zhang et al. (2010) compared the population structure
and the spatial patterns of six co-occurring species of
Acer (maple) in a large-scale 25-ha plot of old-growth
temperate forest with the aim of gaining insight into their
coexistence. Queenborough et al. (2007) compared
16 species of Myristicaceae in a 50-ha permanent plot
of tropical rain forest in Amazonian Ecuador and found
no evidence that the partitioning of physical habitats
could explain the coexistence of all 16 closely related
species. Mooney et al. (2008) compared two Apbis
species in northeastern North America and found that
congeners of radically different competitive abilities can
coexist on a single resource and that ecological factors
other than resource partitioning play important roles in
promoting niche partitioning and biodiversity.

There is a potential problem in that the spatial patterns
of trees and their interactions can be confounded with or
masked by variation in other factors. Although pioneer
and non-pioneer tree species differ in distribution and
performance at various habitats (Clark et al. 1993), few
studies have considered the variation in the detailed
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spatial data of species distributions, and there is a lack of
understanding of how these patterns are generated and of
the diverse intra- and interspecies relationships among
different successional species. In this context, it is
interesting to assess whether the different resource
requirement can cause shifts in the composition and
spatial pattern of the different successional forest vegeta-
tion species, providing an important supplementary study
on population dynamics.

The mixed broad-leaved Korean pine (Pinus kor-
aiensis) forest is the dominant vegetation type in
northeastern China. It is well known for high species
richness and particular species composition in temperate
forests (Xu et al. 2001; Hao et al. 2007; Zhang et al.
2007; Piao et al. 2013). Spatial pattern analyses of these
trees have been performed in the temperate zone (Guo
et al. 1998; Xu et al. 2001; Zhang et al. 2007). Xu et al.
(2001) examined the natural regeneration pattern of
P. koraiensis and its relation with the forest composition
and structure. Guo et al. (1998) studied the formation,
distribution patterns, and regeneration of a Korean pine
mixed forest. Lee et al. (2012) reported the spatial
pattern and association of tree species in a mixed Abies
holophylla broad-leaved deciduous forest in Odaesan
National Park in Korea. Zhang et al. (2007) found that
clustered spatial distributions were often typical in
naturally regenerated stands, while random distributions
were typical in large diameter at breast height (DBH)
classes. Hao et al. (2007) reported that it is essential to
analyze the stand structure and spatial associations
among tree height classes in temperate forests. These
studies drew different conclusions because they were
performed in different study areas under various local
climatic conditions, at different scales, and using differ-
ent analyses. There are few studies linking the spatial
patterns with processes in these forests, especially of the
spatial patterns and spatial associations among different
successional species. In this study, we compared the
distribution, spatial patterns, and interactions of four
different successional species (dominant species [P.
koraiensis], dominant companion species [Abies nephro-
lepis and Tilia amurensis], and pioneer species [Betula
costata]) in a 9-ha mixed broad-leaved Korean pine
forest with the aim of gaining insight into their coexist-
ence and development trends. The following questions
were addressed: (1) Are there significant differences in
the population structure and spatial patterns among the
four major species in the forest? (2) How do the spatial
patterns and associations change with the scale and size
class? (3) Does strong competition exist for resources
and space among these species?

Methods

Study site

The study site is located in the Liangshui National
Reserve (47°10′50″N, 128°53′20″E), Heilongjiang Prov-
ince, northeastern China. The reserve has been spared
from logging and other major human disturbances since

1952, was established in 1980, and joined China’s Man
and the Biosphere Reserve Network in September 1997.
It was promoted to a national nature reserve with the
approval of the Chinese State Council in December 1997
to protect the old-growth mixed broad-leaved Korean
pine (P. koraiensis) forest ecosystem. The reserve is
approximately 12,133 ha and is characterized by a
rolling mountainous terrain with elevations ranging
from 280 m to 707 m. The soil is classified as dark-
brown forest soil. The mean annual precipitation is 676
mm with 78% relative humidity and an annual evapora-
tion of 805 mm. The mean annual temperature is −0.3°C,
with a lowest mean of −6.6°C and a highest mean of
7.5°C. The average age of the overstory trees is
approximately 200 years. The main canopy species
include P. koraiensis, T. amurensis, T. mandshurica,
B. costata, A. nephrolepis, Fraxinus mandshurica, and
Acer mono.

Data collection and analysis

A 9-ha (300 m × 300 m) tree stem-mapped plot was
established in a mature mixed broad-leaved Korean pine
forest, which is the dominant vegetation type in the
region in terms of species composition and stand
structure (Piao et al. 2013). The mean age of the
overstory trees is approximately 300 years. A plot in
the core zone of the reserve was selected to avoid the
influence of human activities. Following the field
protocol of the Center for Tropical Forest Science of
the Smithsonian Institution, all of the woody stems that
were ≥2 cm DBH in the plot were mapped, measured,
identified by species, and tagged in 2005. In 2010, we
re-censused the plot and additionally included woody
stems 1–2 cm that were DBH. In the 2010 census, we
documented 21,775 free-standing live individuals that
were ≥1 cm DBH belonging to18 families, 32 genera,
and 46 species. In this paper, we used data on live trees
that were ≥1 cm DBH from the 2010 census.

Spatial pattern analysis

We used Ripley’s K function and the pair-correlation
function (Ripley 1977; Diggle 2003) to examine the tree
spatial arrangements. Because these methods consider
the distances between all of the pairs of points (trees),
more detailed analyses of the interactions among trees,
both within a class of points as well as between separate
point populations, are commonly applied to detect the
spatial arrangement of individuals within communities
and to generate hypotheses regarding the underlying
processes that control the observed patterns. In this
study, we used the pair-correlation function g(r) to
determine whether the distribution of the four populations
was random, aggregated, or regular; the spatial scales at
which these patterns occurred; and the spatial asso-
ciations among these patterns. The pair-correlation func-
tion, which is the derivative of Ripley’s popular
K function, replaces the circles in Ripley’s K function
with rings and uses the mean number of neighbors in a
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ring of radius r and the ring width around an individual,
thus isolating specific distance classes (Wiegand &
Moloney 2004). With an increasing radius, analyses using
Ripley’s K function, which includes all of the information
in the circle, fail to distinguish between the effects at large
scales and those at small scales, as this approach is a
cumulative measure, with each progressively larger scale
including the information from all of the smaller scales
(Condit et al. 2000; Wiegand & Moloney 2004).

In contrast, the pair-correlation function, which char-
acterizes patterns based on the frequency of points co-
occurring at a given distance, can be used to easily and
intuitively analyze the spatial patterns that were derived
from ecological processes (Wiegand & Moloney 2004).
Similar to Ripley’s K function, the pair-correlation func-
tion g(r) includes both univariate and bivariate statistics.
The univariate statistics are used to analyze the spatial
pattern of a single object, while the bivariate statistics are
used to analyze the spatial association of two objects. For
a univariate point pattern, g(r) > 1 indicates that the points
are aggregated at a given distance r, while g(r)
< 1 indicates that they are regularly dispersed. For a
bivariate point pattern, g(r) > 1 indicates a positive
interaction between the two patterns at a given distance
r, while g(r) < 1 indicates a spatial segregation or
repulsion between them at distance r.

In our study, univariate statistics were used to
analyze the spatial patterns of the four species, and
bivariate statistics were used to analyze the interspecies
spatial associations among different species. The spatial
patterns and association of trees at different growth
stages from juveniles to adults were evaluated by
dividing individuals of a species according to diameter
(DBH) size based on the assumption that younger trees
have smaller diameters than those of adult trees. Three
size classes were established: DBH-class I (juveniles,
1 cm ≤ DBH < 7.5 cm), DBH-class II (adult trees,
7.5 cm ≤ DBH < 22.5 cm), and DBH-class III (canopy
trees, DBH ≥ 22.5 cm). The complete spatial random-
ness (CSR) null model was used to reveal significant
uni- and bivariate second-order interactions. For the uni-
and bivariate statistics, we constructed the intensity
function based on the distribution of the four species
and a spatial resolution of 1 m.

A significant departure from the null hypothesis of the
CSR process was evaluated using the fifth lowest and
the fifth highest value of 99 Monte Carlo simulations of
the null model to generate approximately 99% simulation
envelopes. We used a grid size of 4 m2 to analyze the plant
interactions at spatial scales from 0 m to 30 m. This is a
fine resolution compared to the 300 m × 300 m size of the
study plot and is sufficient to capture detailed variation in
the pair-correlation function over the range of scales
where we expect significant effects up to 30 m. We used a
goodness-of-fit (GoF) test to assess significant departures
from the null model. The p value of the observed pattern is
calculated as follows:

p̂ ¼ 1� rank u0½ � � 1

s
ð1Þ

where u0 is a summary statistic that measures the
discrepancy between the empirical and the expected
pair-correlation function over a distance interval of
interest. The function rank [u0] returns the rank of u0
within the values of the corresponding summary statistics
ui (i = 1, … s) for each of the s simulations of the null
model. We selected distance intervals of 0–30 m to assess
departures from the null model for the application of the
GoF test. We further analyzed only those data-sets with an
observed p value <0.05 and a rank >95 (Loosmore & Ford
2006). All of the analyses of the distribution pattern and
interactions between species were conducted using the
software Programita (Wiegand & Moloney 2004).

Results

Population structure

The stand was an old-growth forest with a reversed
J-shaped distribution of tree diameters when pooled for
all species, and 88.41% of the individuals were at the
DBH class of 1–20 cm (Figure 1a). The abundances of
the four species ranged from 667 individuals of B.
costata to 1223 individuals of P. koraiensis (Table 1).
The basal area of P. koraiensis was significantly larger
than those of the other three species.

The four species showed great variability in abund-
ance at various DBH classes (Figure 1b). P. koraiensis
was present in all of the DBH strata and showed a
J-shaped distribution of diameters with more individuals
in larger DBH classes (≥60 cm). A. nephrolepis,
T. amurensis, and B. costata had similar, distinct
L-shaped distributions with a high concentration of
smaller, younger trees, indicating abundant regeneration
and an adequate number of seedlings and saplings under
the forest canopy.

Spatial patterns

The four species showed significant aggregation (Figures 2
and 3). The GoF test also revealed a significant departure
from the CSR null model. The four species showed
strong aggregation and a decreasing degree of
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Figure 1. Diameter distribution for all live trees of each major
species and for all species combined (inset).
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aggregation with scaling up (Figure 3) corresponding
to the spatial distribution of these species in the plot
(Figure 2). P. koraiensis, A. nephrolepis, and T. amurensis
were distributed widely over nearly the entire plot,
whereas few individuals of B. costata were found in
the east corner of the plot. The aggregation intensity of
the four species decreased with the DBH class.

The four species are shown in Figure 3 had different
spatial patterns. The three DBH classes of P. koraiensis
showed significant aggregation at scales of 0–30 m. For
juveniles and adult trees, A. nephrolepis, T. amurensis,
and B. costata showed different degrees of aggregation
at scales of 0–30 m. For canopy trees, A. nephrolepis

showed random distribution at scales of 12–17 m and
aggregation at other scales, T. amurensis showed random
distribution at scales of 0–30 m, and B. costata showed
aggregation at scales of 0–7 m and random distribution
at scales of >7 m.

Spatial associations

Using bivariate statistics, we performed a total of six
bivariate point pattern analyses for all species pairs of
the four species (Figure 4). The GoF test revealed
positive associations (attraction) for two of six pairs at
different scales. B. costata showed a significant positive

Table 1. Population structure of four species in a 9-ha old-growth temperate forest.

Species Abundance Basal area (m2/ha) Mean DBH ± SD (cm) Mean height ± SD (m) Max height (m)

P. koraiensis 1223 24.53 42.71 ± 21.78 22.54 ± 8.04 44.90
A. nephrolepis 901 3.03 16.26 ± 11.03 14.17 ± 7.20 37.60
T. amurensis 1047 3.02 11.16 ± 14.37 10.31 ± 8.41 35.30
B. costata 667 2.07 12.27 ± 14.30 12.00 ± 6.20 33.90

Abies nephrolepisPinus koraiensis

0

50

100

150

200

250

300

Tilia amurensis
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Figure 2. Spatial distribution of four species of the study plot.
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association with T. amurensis at scales of 0–30 m, while
T. amurensis showed a significant positive association
with P. koraiensis at scales of 0–13 m. Negative
associations (repulsion) were found for two of six pairs
at different scales. B. costata and P. koraiensis, and
B. costata and A. nephrolepis were associated negatively
at scales of 0–30 m. A. nephrolepis and P. koraiensis,
and T. amurensis and A. nephrolepis pairs showed no
associations at scales of 0–30 m.

We also analyzed the spatial associations among the
individuals of each species in three size classes (Figure 4).
When comparing the spatial associations among juve-
niles of different species, the GoF test detected signific-
ant positive associations for all six species pairs at
different scales. A. nephrolepis and T. amurensis, and B.
costata and T. amurensis showed a significant positive
association at all scales, while A. nephrolepis showed a
significant positive association with P. koraiensis at
scales of 0–10 m, and T. amurensis showed a significant
positive association with P. koraiensis at scales of 0–2
m. B. costata and A. nephrolepis showed a significant
positive association at scales of 0–8 m, while B. costata
showed a significant positive association with P. kor-
aiensis at scales of <6 m and >27 m. When comparing
the spatial associations among adult trees of different
species, the GoF test detected significant positive
associations for two of six species pairs at different

scales. B. costata and T. amurensis showed a significant
positive association at all scales, while A. nephrolepis
showed a significant positive association with P. kor-
aiensis at scales of 0–13 m. Negative associations were
found for four of six pairs. B. costata and P. koraiensis,
B. costata and A. nephrolepis, and A. nephrolepis and
T. amurensis were negatively associated at scales of 0–
30 m, while T. amurensis showed a significant negative
association with P. koraiensis at scales of 15–19 m.
When comparing the spatial associations among the
canopy trees of different species, negative associations
were found for two of six pairs. A. nephrolepis and
P. koraiensis were negatively associated at scales of
8–10 m, while B. costata and P. koraiensis were
associated negatively at scales of 12–15 m. There was
no significant relationship between the other four species
pairs. The spatial associations weakened with increases
in the DBH class.

Discussion

The distribution and spatial pattern of trees in a stand
have important implications for how species interact
with each other and their environments (Condit et al.
2000; Harms et al. 2001). Aggregated spatial distribu-
tions are commonly observed in naturally regenerated
forests (Condit et al. 2000). Rather than being randomly
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or uniformly distributed, the distributions of most
species are aggregated in one or more spatial distribu-
tions, and the distribution of a species may be aggre-
gated in places where the resources and environmental
conditions are most beneficial for growth and reproduc-
tion. This study provides further evidence of clumping
for four successional species in a 9-ha plot old-growth
temperate forest, with the degree of aggregation decreas-
ing with scales and the DBH class. This result is in
accordance with the findings of many other studies
(Harms et al. 2001; Zhang et al. 2010; Liu & Jin 2012).

The spatial pattern distribution of tree species in
different developmental stages is due to the self-thinning
process (Piao et al. 2013; Cheng et al. 2014) and
environmental change in the forest community (Harms
et al. 2001). Growth and development at different stages
are controlled by one or more ecological factors that
cause different aggregation distributions. With the
increasing age of trees, the intra- and interspecific
competition increases, causing in the distribution pattern.
In the period of tree growth, plenty of juveniles died, a
small number of juveniles grew to adult trees that were
balance during canopy tree stages, and the distribution of
canopy trees was mainly subjected to the death of
individuals (Clark et al. 1993; Lucci & Mazzafera
2009). The change in the assemblage intensity is a
survival strategy or adaptation mechanism of populations
(Condit et al. 2000).

Aggregated distribution patterns appeared due to
characteristics of some species and may therefore limit
the negative effects of a competitively superior species
on inferior species, allowing the inferior species to
survive and persist in the community (Piao et al. 2013).
In this study, limited seed dispersal is also considered the
most likely explanation. In plants, as in other sessile
organisms, dispersal is mostly passive: seeds or other
diaspores (dispersal units) are transported away from the
parent plant by vectors such as animals, wind, and water
(Damgaard et al. 2005; Nathan 2006; Myster 2013). The
coniferous species P. koraiensis disperses its seeds via
animals (e.g. squirrels and nutcrackers). Lu et al. (2001)
analyzed the foraging and dispersal of Korean pine seed
by animals in a broad-leaved Korean pine forest in China
and found that nutcrackers can carry seeds as far as
4 km, with a cache size of 2.7 cm, and a cache depth of
2.2 cm; caches occur in several habitats, and re-foraging
behavior can be easily found during winter and early
spring. Squirrels generally carry seeds no farther than
500 m, with a cache size of 2.9 cm and a cache depth of
2.1 cm, and caches mostly occur in mixed forests. The
re-foraging of seeds is not common, indicating the
limited seed dispersal for P. koraiensis. For the conifer-
ous species A. nephrolepis and deciduous species
T. amurensis, seed dispersal occurs via by gravity;
many mature seeds fall around their mother trees, with
50% being immature and empty falling seeds (Liu & Jin
2008; Lee et al. 2012). The seeds of the deciduous
B. costata are small with a high fruiting rate, are only
slightly affected by gravity, disperse far from their
mother trees, and can grow collectively in a well-lit

forest gap or forest edge, which can promote aggrega-
tion. Habitat variables such as topography also make a
limited contribution to the aggregate distribution of the
four species. Recent evidence suggests that diverse site
conditions contribute to the maintenance of species
richness (Clark et al. 1993; Harms et al. 2001; Yasuhiro
et al. 2004). Topography is a heterogeneous factor that
could affect the structure and dynamics of communica-
tion. In the present case, topography was certainly the
main factor affecting the distribution of the four tree
species. Liu and Jin (2012) studied the spatial distribu-
tion of major species in a 9-ha mixed broad-leaved
Korean pine forest and found that the densities of
P. koraiensis and T. amurensis increased with an
increasing topographic position. P. koraiensis is an
evergreen needle species with shallow roots that lives
or on the hillside or ridge with moist but well-drained
soil. T. amurensis is a shade-tolerant plant with deep
roots and is usually found growing in valleys. B. costata
is usually found growing on slopes and is seldom found
in valleys. The increased water potential of the slopes
may impose an ecological filter that prevents A. nephro-
lepis from growing on the slopes; therefore, A. nephro-
lepis is usually found growing in valleys due to greater
water availability. Species distributions have been asso-
ciated with variations in the ground water regime and
light conditions based on inferences from the topo-
graphy, different groups of topographic positions, the
aspect, and the slope degree, reflecting multidimensional
environmental factors (Harms et al. 2001). Higher live
stand densities on ridges and sites with higher slope
degree possibly originate from a combination of deep
soils and reduced canopy disturbance. Future studies on
the comprehensive action of topography factors, such as
the comprehensive action of light, temperature, and soil-
moisture, will sufficiently and fully explain the differ-
ences in the plant distribution. Interspecific competition
should be much stronger among species (Kostrzewa
1991; Zhang et al. 2010; Cao et al. 2013). In this study,
we found clear evidence for interspecific competition
among the four species. In comparing the relationships
among the different size classes, the GoF test detected
significant associations. For the total species, the GoF
test revealed a significant negative association for two of
six pairs, indicating strong resource competition. Among
the four species pairs with negative associations, there
were two pairs that showed an association among
P. koraiensis and another species. P. koraiensis (intoler-
ant species) is the dominant species in broad-leaved
Korean pine forests, and is fond of shade during the
juveniles stage (Xu et al. 2001). The growth speed of
P. koraiensis is slow during the preadult period but fast
during the adult period. The deciduous species B. costata
is fond of light and shade during the juvenile stage. The
above characteristics may cause the strong associations
of P. koraiensis and B. costata. A. nephrolepis is most
likely a shade-tolerant species, although the relationship
between A. nephrolepis and the other three species
among different size classes reflects a different favorite
habitat. The spatial associations of P. koraiensis and
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T. amurensis were positive at scales of <13 m. This
result was different from the study of Zhang et al.
(2007), they found a repulsion between the second
growth of P. koraiensis and T. amurensis. This difference
was relevant to the local climatic condition. Eco-envir-
onmental changes such as the light conditions of forest
canopy form heterogeneity under a closed canopy,
thereby affecting the forest structure, population distri-
bution pattern, and regeneration dynamics of the unders-
tory saplings (Whitmore 1989; Clark et al. 1993;
Manoylov 2009). There are many gaps distributed
throughout our plot that provide light for the light-
demanding deciduous species (Hytteborn & Verwijst
2014). Runkle (1985) suggested that gap size is a factor
in gap colonization: small gaps favor shade-tolerant
species, while large gaps favor shade-intolerant species.
The two deciduous species T. amurensis and B. costata,
which have identical resource requirements, showed a
positive association that was strong at all scales. Con-
sistent with the gap distribution in our plot, the gaps that
were <300 m2 represented 90% and 61% of the total gap
number and gap area, respectively (Liu & Jin 2012).

The degree of association deceased with the scales.
This pattern was not observed between the two conifer-
ous species because these species do not respond
differently to gap and shade sites. The spatial associa-
tions were related to the development stages (Condit
et al. 2000). The spatial association weakened with the
DBH class, causing the self-thinning process of intras-
pecific species during the adult period, and creating
favorable conditions for the invasion and settlement of
other species, contributing to species coexistence in
broad-leaved Korean pine forests.

In this study, the abundance of the four species
varied from 667 to 1223 individuals in the study plot.
Based on a comparison of the population structure,
spatial patterns, and spatial associations, we infer
differences among these species in terms of seed
dispersal ability, competitive ability, and the require-
ments for topography and light environments. In sum-
mary, our comparative analysis of four species at the
forest scale revealed both similarities and differences in
the population structure and spatial patterns. Although
the influences of the canopy gap dynamics, topography
and life strategy approach on the distribution of these
species have been clarified, there is no evidence that
these factors can explain the coexistence of all of these
species. Explaining the coexistence of these species
remains a longstanding challenge. The reasons for this
coexistence will become clearer with further study of the
relationships between species and other ecological
factors (e.g. temperature, moisture and soil conditions,
and disturbance history).
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