ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201711.00087

Overview of Point Pattern Research in Ecology
and Its Applications in China (Postprint)

Authors: Ma Zhibo, Xiao Wenfa, Huang Qinglin, Zhuang Chongyang
Date: 2017-10-30T00:00:00+00:00

Abstract

Point pattern analysis is a tool for studying ecological patterns, and its appli-
cation in ecology has been increasing in recent years. To gain a deeper under-
standing of the research and application status of point pattern analysis meth-
ods in China, this study analyzes and reviews Chinese core journal literature on
the theme of point patterns from 1996 to 2015, based on summarized research
progress, general procedures, and fundamental points. The results indicate that
in domestic ecological pattern research, applied research dominates, with ex-
tensive research subjects including plants of different life forms such as trees,
shrubs, and grasses (primarily trees), and even landscapes; basic research, in-
cluding summary statistics, null models and point process models, as well as the
development of specialized software toolkits, remains weak. There are certain
problems in applications, mainly manifested as: the use of summary statistics is
monotonous, primarily relying on Ripley’s K-function and its variants; null mod-
els (or point process models) are the statistical expression of scientific questions,
yet more than half of the studies do not explicitly specify the null model. It is
recommended that future applied research should emphasize the combined use
of multiple statistics and the establishment of null hypotheses, consider different
generations of the objects and different vertical layers of the system when ex-
ploring diversity patterns in complex spatial structure systems such as tropical
and subtropical forests, and strengthen work on the development of multivari-
ate or three-dimensional summary statistics, as well as research combining point
pattern analysis methods with dynamic process models.
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Abstract

Point pattern analysis, also known as spatial point pattern analysis (SPPA), is a
tool used in ecological pattern research that has become increasingly popular in
ecology in recent years. To better understand SPPA research and its application
in China, this review examined articles regarding SPPA published from 1996
to 2015 in Chinese core journals. Based on a summary of research progress,
implementation steps, and key points of SPPA, we analyzed and evaluated the
domestic research and application status.

The findings reveal that applied research dominates domestic ecological pat-
tern studies, with extensive study objects including forests, shrubs, grasslands,
and landscapes, though trees in forest communities remain the primary focus.
Fundamental research remains underdeveloped, including studies on summary
statistics, null models, point process models, and the development of specialized
software packages for SPPA. Two critical problems were identified in SPPA ap-
plications: First, despite many available alternatives, researchers prefer single
summary statistics, predominantly selecting the K-function or its transforma-
tions. Second, although selecting null models as null hypotheses is a key step
in SPPA, more than half of the examined studies did not explicitly specify null
models.

Therefore, we recommend that future application studies should: (1) employ
combinations of different summary statistics to capture detailed spatial pattern
structures, (2) clearly state ecological questions or hypotheses and correctly
translate them into statistical language (i.e., null models and tests), and (3)
consider vertical layers and different generations when studying systems with
complex spatial structures such as tropical and subtropical forests. Additionally,
strengthening basic SPPA applications through enhanced methodology develop-
ment, multi-variable or three-dimensional summary statistics, and integration
with dynamic process models should be prioritized.

Keywords: point pattern; ecology; summary statistics; null model; community
biodiversity pattern
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1. Literature Search Methods

We retrieved 203 Chinese journal articles published between 1996 and 2015 us-
ing “point pattern” or “spatial point pattern” as search themes in the China
National Knowledge Infrastructure (CNKI) database, limited to core journals
indexed in CSCD or EI. The search was supplemented based on English litera-
ture review results. After narrowing the scope to ecology, 176 Chinese journal
articles remained for analysis of point pattern analysis methods and applications
(Fig. 1A). While this search strategy cannot include all research outcomes, it
ensures representativeness of the retrieved sample. Prior to analyzing domestic
literature, we reviewed English-language journal articles and reference books
[17-20] to summarize key points and research progress.

2. Definition of Point Processes and Point Patterns

A point process in d-dimensional real number space R™d is a random variable N
taking values in a measurable space, where each bounded subset of R™d contains
a finite number of points, satisfying the condition of local finiteness [38]. A
point pattern is one realization of a point process, which can be understood as
a set of points sampled from a region, while the point process represents the
underlying stochastic mechanism [17-18]. In ecology, point pattern data consist
of ecological objects abstracted as points with coordinates, confined within an
observation window (typically square, rectangular, or circular) [19-20]. The
window size depends on the scientific question—for instance, sufficiently large
windows are needed to capture typical environmental variation when examining
large-scale environmental effects on species distribution. Point pattern data
may also include attributes of ecological objects, known as marks (e.g., tree size,
survival status), which can be quantitative or qualitative.

3. Main Steps and Key Points

Ecological point pattern analysis involves four main steps: (1) data collection
and classification, (2) selection of summary statistics and calculation from ob-
served data, (3) selection of null models and simulation, and (4) comparison be-
tween observed and simulated results to infer ecological processes across scales
and establish process-pattern linkages. Data classification and null model selec-
tion are particularly important yet frequently overlooked. The former is closely
related to the research question and choice of analytical methods, while the
latter serves as the bridge for testing ecological hypotheses.

3.1 Data Collection and Classification

Point pattern data can be categorized based on the number of data types, pres-
ence and type of marks, and whether marks are quantitative or qualitative [20].
Univariate patterns typically focus on pattern type and scale analysis, while bi-
variate patterns examine associations between objects. Multivariate forms can
be conveniently extended from univariate forms [19]. Clarifying data type is
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essential as it directly relates to the research question and specific analytical
methods.

3.2 Selection of Summary Statistics

Based on literature and monographs [17-20, 24, 27, 39, 41-43], we summarized
common summary statistics in Table 1 . The most widely known is Ripley’ s
K-function [24], which gives the expected number of points within distance r of
an arbitrary point. Its definition as a cumulative function means effects at small
scales propagate to larger scales [27, 42]. The g-function (pair correlation func-
tion), based on points within ring-shaped areas, avoids this cumulative effect
and is considered superior by spatial statisticians [18, 27, 42, 44-45]. Nearest-
neighbor statistics provide cumulative distribution functions of distances to near-
est neighbors, offering information beyond simple mean distances [19-20]. For
marked patterns, mark connection functions (for qualitative marks) and mark
correlation functions (for quantitative marks) are available [18, 20].

3.3 Selection of Null Models and Point Process Models

Ecologists test hypotheses through null models and point process models. Based
on comprehensive understanding of observed pattern characteristics, researchers
establish null and alternative hypotheses to: (i) validate existing ecological
theories, (ii) identify pattern causes (underlying processes), and (iii) conduct
multi-model inference [20]. This multi-angle approach reduces biological and
statistical constraints when linking processes to patterns [23].

For univariate patterns, the homogeneous Poisson process (CSR) is fundamen-
tal for testing complete spatial randomness [18, 26]. When patterns are driven
by abiotic factors, heterogeneous Poisson processes (HPP) with variable density
functions are appropriate [19, 27, 66]. Clustering phenomena are tested using
cluster processes, most commonly Thomas cluster processes, which can describe
small patches within large patches [67]. For bivariate patterns, common null
models include antecedent condition (AC) and toroidal shift (TS), with homo-
geneous and heterogeneous Poisson processes [20]. For marked patterns, random
labeling (RL) is commonly used, where marks are shuffled while point locations
remain fixed [27, 68].

4. Domestic Research Overview

Among 176 ecological point pattern studies, 88% focused on plants, with trees
dominating (71% of ecological studies), followed by herbs (9%), and studies ex-
amining multiple life forms (7%) comparable to forest landscape studies (Fig.
1B, 1C). Research increased substantially after 2006 (Fig. 1A). Regarding sum-
mary statistics, 70% of studies used only one statistic, predominantly K-function
and its transformations (L-function, g-function) (Fig. 1D). Among studies us-
ing two statistics, the most common combination was K-function with nearest-
neighbor distance methods (NN) (15% of total). In null model selection for
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univariate analysis, over half of studies did not explicitly specify null models;
among those that did, CSR and HPP were most common. For bivariate analy-
sis, more than half also lacked explicit null models, with AC and RL being the
primary choices when specified (Fig. 1E, 1F). Ouly 3 studies addressed method-
ological issues such as edge correction for L-functions [35-36], effects of quadrat
number and shape [37], and application of random block methods [38].

5. Evaluation of Domestic Research Status

Domestic ecological point pattern research is dominated by applied studies, with
fundamental research on summary statistics, null models, and point process
models remaining largely absent. Two major issues persist: (1) Despite recom-
mendations to use multiple statistics [18, 70], most domestic studies rely on a
single statistic, primarily K-function variants, limiting comprehensive pattern
characterization. (2) Null models, essential for translating scientific questions
into statistical hypotheses, are frequently omitted—over half of studies fail to
explicitly declare them, mirroring international trends [29].

6. Recommendations and Prospects
6.1 Methodological Development

Statistical foundations and software development for point pattern analysis have
advanced rapidly, offering researchers numerous summary statistics and null
models. Future studies should employ statistical combinations to comprehen-
sively describe observed patterns and explicitly state and test null models or
point process models. Multi-model inference should be used to identify the
most data-supported hypotheses.

6.2 Integration of Space and Time

All ecological processes have temporal dimensions. Combining spatial and tem-
poral analyses better reflects reality and should be prioritized in both basic and
applied research. Dynamic spatio-temporal point process models [54, 60] can
help explore questions related to pattern dynamics.

6.3 Vertical Structure Consideration

Vertical structure is an integral component of spatial structure. In complex
communities like tropical rainforests, different heights exhibit distinct environ-
mental factors (light, humidity) and biodiversity patterns. Three-dimensional
point pattern analysis is theoretically feasible but requires development of 3D
summary statistics [19] and practical solutions for precise three-dimensional co-
ordinate measurement.
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6.4 Scale Dependency

Observed patterns typically result from multiple processes whose relative im-
portance cannot be disentangled without considering spatial scale [73]. Studies
in subtropical [74] and tropical [75] forests demonstrate that environmental de-
terminism and stochastic processes vary in importance across scales. Future
point pattern applications, particularly in ecological mechanism research, must
emphasize scale effects.
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