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Recently, Mainali et al. (2022, termed MSSF henceforth) pro-
posed a new index of pair-wise species co-occurrence based on
the log odds ratio o of conditional occurrence probability. Under
the assumption that the total numbers of occurrences of both
species are fixed in a number of sites, they demonstrate that the
associated random distribution of paired occurrences follows a
non-central hypergeometric distribution, with a being the single
unknown parameter. MSSF call the maximum likelihood estimator
of a the ‘affinity’ of both species and suggest that it might serve
as an index of species co-occurrence. Note that in most of the bio-
diversity literature, a refers to local (within-site) species richness.
The affinity index o is centred around zero (random association),
with positive index values indicating increased numbers of joint
species occurrences. For pairs of sites that share species, it be-
haves similarly to Jaccard's index, with positive values indicating
a relatively large number of shared species (species aggregation)
and negative values indicating a relatively small number shared
species (species segregation). As recognized by MSSF, an analo-
gous probabilistic approach was proposed almost a decade ago
by Veech (2013). Recently and independently, the hypergeometric
distribution was introduced by Carmona and Partel (2020) to es-
timate dark diversity and by Zhou et al. (2022) in medical biblio-
metrics. Arita (2016) first noted that Veech's (2013) probabilistic
approach is identical to Fisher's exact test for a 2x2 matrix of
species co-occurrence incidences.

Importantly, the affinity index is defined only for individual pairs
of species or pairs of sites. But co-occurrence data are usually orga-
nized as a matrix, with the occurrence of multiple species (=rows)

recorded at multiple sites (=columns). For such matrices, indices of

species co-occurrences quantify the level of B-diversity (between-
site differences in species composition). It is unclear how the affinity
index would be used with such a matrix, which contains many pairs
of species and many pairs of sites. Taking average affinity scores
across all possible pairs of species or sites potentially obscures pat-
terns from multiple species (and site) interactions (Chao et al., 2008)
and loses information on the ordered loss of species among sites
(the degree of nestedness, Baselga, 2010). Like other pairwise indi-
ces (e.g. Jaccard, Sgrensen and Simpson), the affinity index may be
difficult to use or interpret within a biogeographic and ecological
context based on multiple sites.

MSSF argue that the known sensitivity of common indices of
pair-wise co-occurrence to the number of occurrences invalidates
the use of these traditional indices. They also make the bold claim
that ‘half a century of development in analyses of co-occurrence has
been marred by failures’ and that this new index will ‘resolve all the
aforementioned challenges’. However, these sweeping claims are
undermined by three problems:

1. To obtain their random expectation, MSSF assume that species
have fixed numbers of occurrences among a number of sites.
The odds ratio serves as a correction factor in the hypergeo-
metric distribution for the expected number of co-occurrences
and is calculated under the assumption that each species has
the same chance to occur in any of the sites. The null ex-
pectation of the hypergeometric distribution, and consequently,
the affinity index, is equivalent to a well-studied null model
algorithm: the fixed row—equiprobable column null model (FE)
of Gotelli (2000) and Wright et al. (1998). In this algorithm,
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row sums (incidences per species) are fixed at observed values
and column sums (=species richness per site) are allowed to
vary, but are assumed to be equiprobable. We note that the

same argument holds for Veech's approach (Arita, 2016).

MSSF do not discuss this equivalence and therefore overesti-
mate the novelty of their affinity index. In Figure 1a, we show that
affinity and Veech's (2013) probabilistic occurrence vyield very
similar results on a large set of empirical species pairs, suggesting
that affinity is less innovative than claimed by MSSF. However,
Veech's p and affinity become independent for higher values of
the latter. The red data points in Figure 1 mostly stem from fully
nested species pairs, where the occurrences of the less abundant
species are a proper subsample of those of the more abundant
species. In such situations, the value of affinity, but not of Veech's
p, is a positive logarithmic function of the total number of sites
(Figure 1a).

We further compared the performance of the affinity index with
the Jaccard index, using an artificial matrix containing species pairs
with differing degrees of species aggregation, and sites with mod-
est variation in the number of species (Figure 1b). The affinity index
proved to be equivalent to the standardized effect size of the tra-
ditional Jaccard metric used in combination with the FE null model
(Figure 1b). Therefore, nothing is gained by using the more compli-
cated calculations of the new affinity index. These results are also
consistent with the observation that co-occurrence metrics such as
the affinity index that are based on marginal occurrence totals are
highly intercorrelated (Keil, 2019).

2. The affinity index and the FE null model share the assumption

that all sites are equally suitable for species and that the number

of occupied sites per species is fixed. This assumption may be
appropriate for standardized samples based on equal sampling
effort, such as species counts in quadrats of fixed area (e.g.
Dornelas et al., 2019), but it is not valid when sites or samples
differ greatly in their carrying capacity, resources, or size.

In the artificial matrix used here (Figure 1b), the total number of
sites occupied by at least one species of a given pair varied between
27 and 49. Nevertheless, the affinity index was sensitive to even
this modest variation: as the number of occupied sites increased,
the average affinity index peaked at intermediate and tended to
become negative at higher site-occupancy, indicating species seg-
regation (Figure 1c). For this reason, the affinity index (and simu-
lations based on the FE algorithm) are probably inappropriate for
the analysis of island biogeography data, as in MSSF's re-analysis of
Chiarucci et al. (2017). In most island systems, species richness per
island and numbers of incidences per species are constrained by is-
land size, isolation, and habitat diversity. In these circumstances, a
simulation algorithm that preserves both row and column sums of
the original matrix is a better choice. This familiar fixed-fixed (FF)
null model (Gotelli, 2000) is often conservative (has increased type
Il error probabilities), but has consistently performed well in bench-
mark tests with matrices that have heterogeneous row and column
totals (Strona et al., 2018; Ulrich & Gotelli, 2007). Moreover, Ulrich
et al. (2018) showed that the FF null model is least affected by rich-

ness effects.

3. The implementation of the affinity index is not straightfor-
ward and might be vulnerable to numerical issues arising
from rounding errors and memory allocation. The R code

provided by MSSF returns critical error messages when used

(e)
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FIGURE 1 (a) Comparison of affinity and Veech probabilistic metric p,, using 47,399 pairwise species occurrence comparisons of study
sites from 131 biogeographic presence—absence matrices compiled by Atmar and Patterson (Wright et al., 1998). Marked in red are 21,791
pairs, where the occurrences in one site are nested within the second site. The inlet shows that for these nested pairs affinity becomes

a smooth logarithmic function of the number of study sites. (b) Comparison of affinity (blue) and the standardized effect size (SES) of the
Jaccard index (violet). p,. o denotes the proportion of comparisons with metric values >0 indicating pairwise positive associations. The inlet
shows the artificial 22 species x 50 sites presence—absence matrix used for the plots (b) and (c), where presences where placed in a way that
the matrix pattern of co-occurrence was significantly compartmented (SES[C-score] = -6.50, fixed row—equiprobable column constraint null
model). (c) Dependence of affinity on the total number of occupied sites. ***Significance of the quadratic regression: p<.001.
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with many permissible parameter combinations (source codes
to reproduce errors available at https://github.com/giovannist
rona/co_occurrence). Since we began our re-analysis in
February of 2022, the R package provided by MSSF (https://
github.com/kpmainali/CooccurrenceAffinity) has already been
updated twice. Notably, the three versions of the package
yield substantially different results for the same data, which
casts doubts on the reliability of the code and the suitability
of the underlying analytical approach. In contrast, the FE
algorithm is optimized and provided as a base function in
many programming languages (e.g. R and Fortran), and it
runs reliably on very large species xsite matrices. Before its
introduction into the literature, the performance of the af-
finity index should have been compared to established pro-
cedures and bench-marked against artificial matrices of very
different size and numbers of occurrences (Gotelli &
Ulrich, 2012); these quality control procedures would have
easily revealed the problems with this new index and its

redundancy with established procedures.

In summary, the new affinity index of MSSF does not repre-
sent an advance in the analysis of species co-occurrence. Possibly,
it might only work reliably on matrices of limited species richness,
it assumes sites are equiprobable with respect to occurrence
probability, and its results are equivalent to a simple randomiza-
tion test applied to the standard co-occurrence and B-diversity
metrics. We agree with MSSF that raw co-occurrence indices are
often correlated with species incidences and species richness per
site. However, the solution is not another new metric, but the use
of well-performing existing indices in combination with appropri-
ate statistical standards.

Finally, we take the opportunity to caution against an uncriti-
cal use of probabilistic distributions in ecology and biogeography,
as well as some randomization algorithms, to describe patterns and
support inference. Patterns of species occurrences are the product
of many interacting processes, both in space and time. These pro-
cesses constrain the theoretically possible range of occurrences,
consequently the patterns of co-occurrence and also the resampling
space of null models. Ignoring these constraints in statistical infer-
ence can generate both, Type | statistical errors (the Jack Horner
effect, Wilson, 1995) and Type |l statistical errors (the Narcissus ef-
fect, Colwell & Winkler, 1984; Ulrich et al., 2017). In particular, we
need to discern between constraints stemming from interactions of
the focal species and environmental constraints acting on these spe-
cies. This may require algorithms and constraints that are tailored
to the particular assemblage and set of sites. Over-reliance on an-
alytical solutions, like the hypergeometric distribution, and failure
to carefully consider their assumptions and to vet them with bench-

mark testing will not advance the field.
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