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SUMMARY 

One classic definition of ecology is that it is the science that studies the distribution and 

abundance of biotic components and their relationship with abiotic components. The use 

of statistical tools is very important for understanding ecology, especially the distribution 

and abundance of biotic components. The classic statistical viewpoint was that an 

ecological community (an interaction of different species in defined time and space) has 

a determined structure due to biotic and abiotic interactions. Nevertheless, this classic 

viewpoint has the risk of proneness to type I errors or “false positives”. In this situation, 

null models were proposed that have the premise that community ecology is random, 

meaning the absence of structure, and the null hypothesis for these models is the absence 

of regular structured patterns. The present study is a review of null models and their 

application to aquatic environments. These null models include three main models: for 

species co-occurrence, asserting that species associations are random; for size overlap, 

asserting that the size structure of species in the community is random, as a strategy for 

use of ecological niche; and for niche overlap, asserting that species in a community can 

share a defined ecological niche with consequent interspecific competition. 

Key words: null models, community ecology, error type I, null hypothesis, random. 

1. Introduction 

One of the main definitions of ecology is that it is the science that studies the 

distribution and abundance of species and their interaction with abiotic 

components as determined in time and space (Gotelli, 2008). The use of statistical 
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tools for understanding ecological processes and properties is very important 

(Gotelli, 2008; Gotelli & Ellison, 2012). 

There are three scales of organization in ecology: population, namely a group 

of individuals of the same species that interact in defined time and space; 

community, namely a group of populations that interact in determined time and 

space; and finally the ecosystem, a group of communities that interact with biotic 

components in determined time and space (Gotelli, 2008). In the study of 

community ecology, the classic viewpoint is that the structure of communities is 

regulated by determined biotic and/or abiotic parameters (Gotelli & Ellison, 

2012), and in consequence the null hypothesis for these studies is related to the 

presence of defined and restricted effects of biotic and/or abiotic parameters on 

community structures (Strong, 1980; Gotelli & Graves, 1996; Gotelli & Ellison, 

2012). 

In the last three decades a new viewpoint has been proposed in community 

statistical ecology, based on null models, with the main assumption as null 

hypothesis that “community structure has no regulator factors”, or that 

“community structure is random” (Gotelli & Graves, 1996; Gotelli, 2000, 2001). 

This proposed hypothesis is based on two viewpoints in the philosophy of 

science: the proposal of Popper (1968) about hypothesis contrasting, and the 

proposal of Kühn (1962) that described a paradigm which in this situation entails 

that interspecific competition is an important component of null models, because 

when a community structure is random there is no interspecific competition; also 

these models are applied only to field data observations and not to experimental 

data (Gotelli & Graves, 1996; Gotelli, 2000, 2001; Tondoh, 2006; Tiho & Johens, 

2007). Also, it is necessary to remark that null models are different from neutral 

models in term of semantics, because the proposal of neutral models in 

community ecology implies that birth, death and migration rates have similar 

probability (Gotelli & Rhode, 2002). 

The null models are based on Monte Carlo randomizations or combinations 

of species reported in a community with a minimum of 1000 combinations 

(Gotelli, 2000, 2001), based on species presence–absence matrices, size average 
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of each species in a community, or species abundances in a community (Gotelli 

& Graves, 1996; Gotelli & Entsminser, 2015; Gotelli et al., 2015). Such models 

are not prone to type I errors, meaning “false positives”, and are more robust than 

those based on a traditional statistical ecology viewpoint (Gotelli & Graves, 1996; 

Gotelli, 2000, 2001; Tondoh, 2006; Tiho & Johens, 2007). The first software used 

for null models was Ecosim, which was originally created as freely available, but 

in recent years has changed to private license (Gotelli & Entsminser, 2015); 

nevertheless, for R programming (R Development Core Team, 2023) the library 

EcosimR has been developed, which uses the R language for calculating null 

models (Gotelli et al., 2015). The aim of the present study is to review null models 

and their descriptions, based on aquatic community data and using the R package 

EcosimR (Gotelli et al., 2015). 

2. Species co-occurrence null models 

2.1. Theoretical basis 

This kind of null model is based on a species presence–absence matrix, with sites 

in columns and species in rows; when a species is present the corresponding field 

is filled with one, and when the species is absent it is filled with zero (Gotelli, 

2000, 2001). The bases of these models are the proposals of checkerboard, 

checkerboard C-score, variance ratio, and species combination number (Gotelli, 

2000). The literature on null models reveals that checkerboard C-score is the main 

algorithm for species co-occurrence null models (Gotelli, 2000; Tondoh, 2006; 

Tiho & Johens, 2007). The C-score has this equation (Gotelli, 2000): 

𝐶𝑈 = (𝑅𝑖 − 𝑆)(𝑅𝑗 − 𝑆) 

where 𝑅𝑖 and 𝑅𝑗 are the row totals for species 𝑖 and 𝑗, and 𝑆 is the number of sites 

for both species (Gotelli, 2000; Tiho & Johens, 2007). 

In accordance with Gotelli (2000) it is possible to construct nine algorithm 

models based on Monte Carlo randomization, the possibilities being that rows 

(species) and/or columns (sites) can be fixed, meaning that data are preserved, or 
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that rows and/or columns can be equiprobable, so that all data are suitable, or else 

that the data are proportional to the sum for each row or column. Given these 

options, the most robust results are provided by the following combinations 

(Gotelli, 2000; Tiho & Johens, 2007): 

Fixed-fixed: this null model implies that the row and the column sums of the 

original matrix are preserved, meaning that each random community contains the 

same number of species as the original community (fixed column), and each 

species occurs with the same frequency as in the original community (fixed row). 

According to Gotelli (2000) this model is not prone to type I errors (false rejection 

of the null hypothesis) and it also has good power for detecting non-randomness. 

Fixed-equiprobable: this algorithm means that only the row sums are fixed, 

whereas the columns are treated as equiprobable. This null model treats all the 

samples (columns) as equally suitable for all species. 

Fixed-proportional: this algorithm means that the species occurrence totals 

are preserved as in the original community, and the probability that a species 

occurs in a sample (= column) is proportional to the column total for that sample. 

An example of the application of null models to real data (cf. De los Ríos-

Escalante et al., 2023a) concerns the El Lenguado beach site (23°46'09.5''S, 

70°28'22.2''W) visited on December 28, 2019. Random quadrants (10 × 10 cm) 

were established in the studied sites (N = 90 for each site) during low tide. Five 

species were reported: Allopetrolisthes punctatus (3.82 ± 3.67), Petrolisthes 

granulosus (0.61 ± 1.22 ind), P. tuberculosus (0.28 ± 0.64 ind), Betaeus truncatus 

(0.07 ± 0.31 ind) and Homolaspis plana (0.03 ± 0.18); the original data are given 

in supplementary material S1 and the codes in supplementary material S2. Results 

are presented in Table 1 and Fig. 1. 

2.2. Hypothesis proposal 

Null hypothesis: the decapod species associations are not structured (or are 

random). 

Alternate hypothesis: the decapod species associations are structured (or are 

not random). 
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Table 1: Results of null model analysis of species co-occurrence for decapods 

collected at the studied site (P-values lower than 0.05 denote structured patterns 

in species associations) 

Model Observed 

index 

Mean index Standard effect 

size 

Variance P 

Fixed-fixed 263.5 234.95 6.338 20.287 0.001 

Fixed-

proportional 

263.5 143.23 4.962 587.610 0.001 

Fixed-

equiprobable 

263.5 125.83 8.410 268.020 0.001 

Note: the observed index is the result of all simulations according to the model; the 

standard effect size is the correction of calculations based on sample size. 

 

 

Figure 1: Graphs of species co-occurrence null models (fixed-fixed: left; fixed-

proportional: center; fixed-equiprobable: right), for decapod data (cf. De los 

Ríos-Escalante et al., 2023); red line corresponds to observed mean 

 

The results presented show that species associations are structured (or not 

random) for all models; then the null hypothesis is accepted. 

3. Niche overlap null models 

3.1. Theoretical basis 

For niche overlap analysis, an individual matrix is built in which rows and 

columns represent species and sites, respectively, and this is used to test whether 

the niche overlap significantly differs from the corresponding value under the null 

hypothesis (random assemblage). These analyses were applied to data from the 
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second field collection, and were based on the Pianka and Czekanowski indices. 

The equation for the Pianka index is 

𝑂𝑘𝑙 =  
∑ 𝑝𝑖𝑙𝑝𝑖𝑘

𝑛
𝑖

√∑ 𝑝𝑖𝑙
2 ∑ 𝑝𝑖𝑗

2𝑛
𝑖

𝑛
𝑖

 

where 𝑝𝑖𝑙 and 𝑝𝑖𝑗 are the sites occupied by species 𝑙 and 𝑗. 

The Czekanowski index has the following equation: 

𝑂𝑖𝑙 =  𝑂𝑖𝑗 = 1.0 − 0.5 ∑|𝑝𝑖𝑙 − 𝑝𝑖𝑗|

𝑛

1=1

 

where 𝑝𝑖𝑙 and 𝑝𝑖𝑗 are the sites occupied by species 𝑙 and 𝑗. 

Both equations are used for the estimation of niche sharing based on specific 

algorithms, and both models reveal the probability of niche overlap compared 

with the niche overlap of the theoretically simulated community (Gotelli et al., 

2015). The niche amplitude can be retained or reshuffled. The specialization of 

each species is preserved when the niche amplitude is retained. By contrast, the 

niche amplitude algorithm uses a wide utilization gradient of specialization when 

it is reshuffled. Furthermore, zero participation in the observed matrix can be 

maintained or omitted. We used the RA3 algorithm, which retains the amplitude 

and reshuffles the zero conditions (Gotelli et al., 2015; Carvajal-Quintero et al., 

2015). 

An example is presented using the same data as the previous example (the 

intertidal decapod community at a rocky shore in the south of Antofagasta, Chile; 

cf. De los Ríos-Escalante et al., 2023a). The R code is provided in supplementary 

material S2. Results are presented in Table 2 and Fig. 2. 

3.2. Hypothesis proposal 

Null hypothesis: the decapod species overlap in ecological niche (or it is random). 

Alternate hypothesis: the decapod species do not overlap in ecological niche 

(or it is not random). 
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Table 2: Results of null model analysis of species niche overlap for decapods 

collected at the studied site (P-values lower than 0.05 denote niche overlap) 

Model Observed 

index 

Mean index Standard effect 

size 

Variance P 

Pianka index 0.009 0.194 -3.795 0.002 0.995 

Czekanowski 

index 

0.130 0.142 -0.434 0.001 0.656 

 

 

Figure 2: Results of Pianka (left) and Czekanowski index (right) for decapod 

data (cf. De los Ríos-Escalante et al., 2023); red line corresponds to observed 

mean 

 

The results reveal that the species do not overlap in ecological niche, and in 

consequence there is no interspecific competition, and the community is not 

random. Thus there is a structured pattern, because the analyzed species have 

specific ecological niches. 

4. Size ratio null model 

4.1. Theoretical basis 

The null model analysis was applied to investigate “size structure” for the total 

of specimens collected. The specific aim was to determine any non-random 

patterns in the size overlap of the various species, and the analysis is based on the 
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assumption that species with similar sizes do not coexist because they share many 

resources (Gotelli & Entsminger, 2015). The data for such an analysis consist of 

a matrix in which each species is a row, and each site is a column (Gotelli & 

Graves, 1996; Gotelli & Entsminger, 2015). Entries in the matrix represent the 

mean size, i.e. the mean length, of each species. The original matrix is then 

reshuffled to produce random patterns that would be expected in the absence of 

competitive interactions. The following algorithms were used for that purpose: 

size uniform, size uniform user, and size uniform pool, combined with metrics of 

minimum difference and variance ratio (Gotelli & Entsminger, 2015; Gotelli et 

al., 2015), thus giving a total of six different simulations. 

The site was El Quisco beach, 32°24’00’’ S 71°42’00’’ W (cf. Andrade et al., 

2023) at low tide. Five species were reported: Homolaspis plana (24.0 ± 5.3 mm), 

Cyclograpsus cinereus (8.8 ± 1.8 mm), Gaudichaudia gaudichaudi (13.6 ± 5.4 

mm), Petrolisthes granulosus (10.2 ± 2.0 mm) and Betaeus truncatus (29.9 ± 4.6 

mm). The original data are given in supplementary material S2, and the codes in 

supplementary material S3. The results are presented in Table 3 and Fig. 3. 

 

Table 3: Results of null model analysis of size overlap for decapods collected at 

the studied site (P-values greater than 0.05 denote size overlap) 

Algorithm Metric Mean 

index 

Observed 

index 

Variance Standard 

effect size 

P 

Size uniform Min. difference 1.264 1.400 1.055 0.131 0.380 

Size uniform user Min. difference 1.063 1.400 0.737 0.391 0.300 

Size source pool Min. difference 1.677 1.400 1.852 -0.203 0.480 

Size uniform Variance ratio 0.193 0.072 0.036 -0.636 0.755 

Size uniform user Variance ratio 0.093 0.072 0.043 0.015 0.389 

Size source pool Variance ratio 0.152 0.072 0.046 -0.371 0.510 

 

4.2. Hypothesis proposal 

Null hypothesis: the decapod species have similar size ratio (or it is random). 

Alternate hypothesis: the decapod species do not have similar size ratio (or it 

is not random). 
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The results revealed the absence of size overlap; thus the null hypothesis is 

rejected, and the size ratio of species is not random. 

 

 

Figure 3: Graphs of results of size overlap null model analysis for decapods 

collected at the studied site 
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5. Discussion 

Prior work has revealed that null models may be applicable to any kind of aquatic 

environment, such as inland water communities in southern Chilean rivers in 

rainy forests (Solís-Lufí et al., 2022; Figueroa & De los Ríos-Escalante, 2023) or 

semi-arid rivers in Algeria (Gharbi et al., 2023). The results for intertidal 

invertebrates in the north of Chile are different in the case of species co-

occurrence, because this is random due to the presence of many repeated species 

in many sites, whereas in the case of niche overlap similar results are obtained 

(De los Ríos-Escalante et al., 2023b), although if we consider only decapods 

based on observations for the north of Chile, the species associations are random, 

and there is no overlap of ecological niche, then there is random absence (De los 

Ríos-Escalante et al., 2023a). Similar results for size ratio were obtained for 

decapods along the intertidal coast in the north of Chile (De los Ríos-Escalante 

et al., 2020). Nevertheless, the available literature on null models in Chilean 

inland waters reveals that species associations are random, and niche overlap is 

variable: it can be present or absent (De los Ríos-Escalante et al., 2020; Figueroa 

& De los Ríos-Escalante, 2023), probably because the species diversity in 

Chilean inland waters is low and there is much repetition between sites in 

comparison to marine environments. For Algerian rivers, similar results were 

reported concerning random presence in the case of species co-occurrence and 

absence of ecological niche overlap, with consequent absence of interspecific 

competition and random presence (Gharbi et al., 2024). 

Null models only provide results as to whether the studied data are random 

or structured, without more specification of potential causes if there is structured 

presence (Gotelli & Graves, 1996; Gotelli, 2000, 2001; Gotelli et al., 2015; 

Vaughan et al., 2017; Kohli et al., 2018; Supriya et al., 2020; Semler et al., 2022); 

this can be a disadvantage if the potential causes of the results of null models can 

be explained in more detail (Blanchet et al., 2020). In spite of the disadvantages 

described by Blanchet et al. (2020), concerning the fact that null models do not 

consider the effects of abiotic factors on species regulation, the recent literature 

on null models confirms that these models are not prone to type I errors, meaning 
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that null models are more robust (Vaughan et al., 2017; Barger 2023). On this 

basis, it is suggested that if null models are used, it will be necessary to manage 

specifically biotic and abiotic ecological parameters for the studied sites if the 

results of null models imply random presence, and to complement them with 

exploratory multivariate data analysis that can provide a potential explanation of 

random presence according to the null model, or explain the causes of random 

absence in a zooplankton community such as was reported for lakes with different 

trophic status and water quality (De los Ríos-Escalante et al., 2020). Also, the 

results of null models can be influenced by sample size, in term of the species 

reported that can be associated with a surface sample or a number of samples 

(Wang et al., 2020); in this context, it would probably be necessary to apply null 

models with different sizes of ecological samples at the spatial scale to determine 

the accuracy of the models.  

In conclusion, the present study suggests that null models are robust as a tool 

for the statistical study of community ecology, due to the fact that they are not 

prone to type I errors (false rejection of the null hypothesis), but in situations 

when null models reveal random presence due to a low number of species and 

many repeated species, for example, it is suggested to complement them with 

exploratory multivariate statistical analysis. 
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