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Abstract
Among the advantages of the index of average taxonomic distinction is that of generating a statistical reference framework 
to contrast the values observed from simple lists of species. This property is important for environmental monitoring studies, 
since it does not require control sites or few disturbed sites to know the environmental quality of a locality, which implies a 
decrease in operating costs and time savings. However, little research has been done on the effect of changes in the length 
(number of species) of species lists on the result and interpretation of this index. In this study, the effect of different lengths 
of species lists on this index was analyzed. Three species lists of benthic bivalve mollusks from the Cuban marine shelf 
were compiled: two local and one national. Our results indicated that changes in the length of the species lists affected the 
results and the interpretation of the average taxonomic distinctness index. In this sense, for the use of a local or national 
species list it is important to specify the objective of the research to be carried out. We also found that the combined use of 
species lists of different lengths can indicate the degree of deterioration of the sites analyzed, which is of vital importance 
for environmental monitoring studies.
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Introduction

Changes and degradation in estuarine and coastal marine 
ecosystems is a widespread phenomenon worldwide as a 
result of human activities and climate change (Zhou et al. 
2012). Various approaches have been taken to assess 

environmental quality, ranging from measurements that use 
the richness and relative abundance of species (e.g. Shannon 
index) to a variety of ecological índices (e.g. BOPA, BITS, 
BENTIX) that are structured with species tolerant or sensi‑
tive to particular environmental perturbations (Mistri and 
Munari 2008; Birk et al. 2012). However, both approaches 
present limitations for environmental monitoring purposes.

Measures that use the richness and relative abundance 
of species are strongly affected by sample size, sampling 
effort and natural environmental variability and do not 
show a monotonic response to anthropogenic disturbances 
(Leonard et al. 2006). Furthermore, the values of these 
measures must be compared with reference conditions 
(control or undisturbed sites) to univocally identify the 
state of an ecosystem (Bevilacqua et al. 2011). In the case 
of ecological indices, their limitation lies in their sensi‑
tivity to natural variability, their restricted use to certain 
types of habitat and sources of disturbance, which prevents 
their application to a wider array of environmental condi‑
tions (Salas et al. 2006; Tataranni and Lardicci 2010). To 
make up for all these limitations new diversity indices 
based on the taxonomic relationships of species have been 
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created, within which average taxonomic distinctiveness 
may be a promising approach.

Clarke and Warwick (1998) created the average taxo‑
nomic distinctiveness index  (Delta+, ∆+), which incor‑
porates the identity of the species within a sample, cal‑
culating the average taxonomic distance at which two 
individuals are related to each other within a Linnean hier‑
archical classification taxonomic tree. This index requires 
a species list (or inventory of species) for its calculations, 
which makes it less dependent on the sampling effort 
(Clarke and Warwick 1999, 2001). In addition, it has low 
sensitivity to natural variability, which makes it easier to 
separate the effects caused by human activity. (Warwick 
and Clarke 1998; Leonard et al. 2006). The deviations 
from the observed values can be evaluated by comparing 
them with a range of expected values whose distribution 
is built with 95% confidence limits. This expected dis‑
tribution (also called statistical reference framework) is 
obtained through a random sampling without replacement, 
obtaining a set of subsamples of m species from the lists 
of reference species. This ∆+ property does not require 
obtaining data on the abundance of species in sites less 
disturbed to identify the state of an ecosystem, saving time 
and resources. These properties allowed the application of 
∆+ in studies assessing human and natural impacts on dif‑
ferent environments and organisms (e.g. Arvanitidis et al. 
2005; Ronowicz et al. 2018; Floerl et al. 2009; Capetillo‑
Piñar et al. 2016). To monitor the success of conservation 
and/or restoration measures (Reyes‑Bonilla and Alavarez‑
Filip 2008; Stobart et al. 2009; Espinosa 2018; Achitte‑
Schmutzler et al. 2022), and in the analysis of diversity 
patterns in species assemblages, to prioritize conservation 
areas from an integrative perspective (Esqueda‑González 
et al. 2014, Canales‑Gómez et al. 2021).

An interesting but under researched aspect is the proce‑
dure to select the list of species that, after the randomization 
test, will serve as a reference to contrast with the observed 
values. Clarke and Warwick (1999) suggested that several 
lists of species could be used sensibly: local, global, geo‑
graphic provinces, biogeographic, or the combined list of 
species of all studies carried out in a locality. In this con‑
text, they suggest that the choice of the species list is of 
secondary importance because it is not incorporated in the 
calculation of the indices, it simply provides a context for 
comparison. However, the species list (inventory) of a local‑
ity is the result of the combination of natural and human 
factors occurring in time and space. In this sense, extirpa‑
tion and invasion of species by human disturbances, loss or 
deterioration of habitats, habitat types and extreme natural 
events (e.g. hurricanes), are known to affect the phyloge‑
netic (taxonomic) structure of species associations (Ives 
and Helmus 2010; Bevilacqua et al 2011; Capetillo‑Piñar 
et al. 2015, 2016; Morelli et al. 2016). Therefore, it is to be 

expected that such factors influence ∆+ values and conse‑
quently their interpretation.

After using lists of species with different lengths (local, 
regional and / or national), Bates et al. (2005) and Bevilacqua 
et al. (2012) show a certain effect of these in the results and 
interpretation of the average taxonomic distinctiveness, which 
refuted the suggestions of Clarke and Warwick (1999). These 
authors obtained different results that allowed them to cor‑
roborate the assumption that the average taxonomic distinc‑
tiveness is affected by natural variability and that it has little 
sensitivity to human impacts, regardless of the length of the 
lists of species used to calculate the reference condition. These 
results demonstrated the need to know the performance of ∆+ 
with respect to the statistical reference framework obtained 
from the list of species, given its importance in the signifi‑
cance of the values of this index in the context of environmen‑
tal impact assessment and its cost‑effectiveness and saving 
time in carrying out these studies that are so necessary for 
decision‑making by the authorities.

Bates et al. (2005) have raised questions as to whether and 
how much the selection of the lists of reference species with 
different lengths (number of species) can affect the results 
and interpretation of the average taxonomic distinctiveness. 
In this sense, to know whether a species list is representa‑
tive of a locality or biogeographic region is of great interest 
because of the implications on the results of environmental 
monitoring and coastal zone management.

Bevilacqua et al. (2021) recorded a higher percentage 
of studies on taxonomic distinctiveness indices (predomi‑
natly ∆+) in the marine environment, which focused their 
analyses primarily on benthic marine mollusks (gastropods 
and bivalves).assemblages. Mollusks are a focal group for 
biodiversity studies in the marine environment, as them can 
represent an approximation to the total biodiversity of mega‑
zoobenthic organisms in a locality (Alcolado and Espinosa 
1996). In addition, can be used to evaluate the status and 
management strategies in nature reserves and areas of con‑
servation interest, as them are indicators of species richness 
in tropical and subtropical ecosystems (Espinosa and Ortea 
2001). Bivalve mollusks are the second class with the high‑
est number of species in this phylum. Since these organisms 
are numerically dominant in various habitat types and have 
a relative connection to environmental factors (e.g., sedi‑
ment composition and particle size, water turbidity), can be 
used as bioindicators to characterize certain habitats and to 
assess and monitor the quality of the marine environment. 
(Espinosa 1992; Baqueiro‑Cárdenas et al. 2007).

In the present study, the incidence of species list length 
change on ∆+ was tested through the representativeness 
of benthic marine bivalve mollusk species lists from two 
localities of the Cuban marine shelf with certain heterogene‑
ity of soft‑bottom habitats. It was also determined whether 
the average taxonomic distinctiveness is robust to natural 
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variability, taking as a basis the different soft‑bottom habi‑
tats present in each locality.

Materials and Methods

Study Localities

Cárdenas Bay (CB)

Cárdenas Bay is located between 23° 01´N and 81°18´W and 
23°13´N and 80°42´W (Fig. 1). This bay is open and covers 
an area of 104  km2 with an average depth of 4 m (Álvarez 
and Quintana 1988). It has few freshwater tributaries, so 
coastal runoff is determined by the annual rainfall regime 
(Lluis‑Riera 1981). The southern coastline of the city of 
Cárdenas is affected by 19 pollutant sources, whose main 
source of contamination is the organic matter produced by 
industrial and domestic wastewater from this city (González 
1991). Its seabeds are muddy in its inner zone and sandier 

towards its outer zone, with the presence of the seagrass 
Thalassia testudinum (Banks and König 1805) (del Valle 
et al. 2008).

Batabanó Gulf (BG)

The BG is a semi‑closed body of water located in the south‑
western region of Cuba between 21°25' and 22°41' N and 
80°52'and 84°00' W, (Fig. 1b). It has an approximate area of 
21,305 km2, with an average depth of 6 m (Cerdeira et al. 
2008). Most of the human settlements are confined on the 
North coast where pollutants from industrial, agricultural 
and domestic waste are produced and discharged into the 
interior of the gulf (Perigó et al. 2005). Its seabed is varied, 
with muddy and sandy bottoms without vegetation and/or 
a combination of these (sandy‑muddy and muddy‑sandy) 
with or without vegetation.In the seabed covered by vegeta‑
tion, the species that dominant is the marine phanerogam T. 
testudinum with different densities and coverage (Cerdeira 
et al. 2008).

Fig. 1  Habitats of the sampling sites distributed between: 1) Cárdenas Bay and 2) Batabanó Gulf. a: 1989 sites, b: 1981–1984 sites, c: 2004 
sites, d: 2007 sites
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Obtaining the Databases for Each Study Localities

The details for each locality (e.g., number of sites and sam‑
pling gear, replicas, year or sampling period, number of spe‑
cies, nature of the data and origin of the data) are shown in 
Table 1. For the location of the sites see Fig. 1.

The systematic list of bivalve species for 2004 and 2007 
was obtained through two research cruises. Several sampling 
sites from the years 2004 and 2007 were located in the same 
sites sampled in the period 1981–1985, while others were 
located in areas close to these in order to locate them in the 
same habitat to establish comparisons on a temporal scale.

The sampling of bivalves was carried out using epibenthic 
harrow and applied the methodology described by Alcolado 
(1990). The bivalves were identified to the species level, 
according to the criteria of Espinosa and Ortea (2001), 
Redfern (2013), Espinosa et al. (2005), and Mikkelsen and 
Bieler (2008). The systematic arrangement was based on 
Espinosa and Ortea (2012) and the WoRMS Editorial Board 
(2002).

Data Analysis

The Average Taxonomic Distinctness Index (Delta +, ∆ +) 
of the samples was estimated from the equation proposed by 
Clarke and Warwick (1998):

where: Wij is the taxonomic weight and is related to the 
taxonomic distance that exists through the Linnaean clas‑
sification tree of any pair of individuals, the first being for 
species and the second for species j and S the total number of 

Δ+ =

∑∑

i<jWijXiXj

S(S − 1)∕2

species in the sample. The taxonomic weight (Wij) increases 
as the taxonomic separation between the species is greater. 
In this work the values were given in such a way that there 
would be a constant increase from one level to another, as 
proposed by Clarke and Warwick (1999). The taxonomic 
categories used in this study were species, genus, family, 
order, subclass, and class.

Incidence of the Change in the Length of the Lists 
of Species on ∆+

The incidence of changes in the reference species lists on 
the average taxonomic distinctness was verified by esti‑
mating the index (∆ +) using three species lists: two lists 
formed from the species registered in each study location 
(local lists) and a list constructed with all the species of 
bivalves registered in other locations of the Cuban marine 
shelf (national list). This last list, which was obtained 
from Espinosa (2007), includes of all the bivalve species, 
described to date, that can be found on the Cuban conti‑
nental shelf. The species lists for each locality presented a 
total of 41 (Supplementary material 1) species for CB, 86 
for BG (Supplementary material 1) and 298 for the national 
list (Espinosa 2007).

Two analyses were performed to determine the effect of 
changes in the length of the reference species lists on ∆+. 
The first consisted in testing the null hypothesis that the 
bivalve associations present in each locality are taxonomi‑
cally structured as if they were a random selection of the 
bivalve associations present in the national species list. In 
this case, both lists of species served as a reference to con‑
trast the values of ∆+ observed in each locality. For this 
analysis, histograms (frequency of ∆+ values) obtained from 
1000 random selections of m samples from the local and 

Table 1  Regions, year (period), sites and sampling gear, nature of the data, origin of the data and number of bivalve species from the ecological 
surveys carried out in the Batabanó Gulf (BG) and Cárdenas Bay (CB)

For the location of the sites see Fig. 1
ED Epibenthic Dredge, EfED Effective ED attack area, DA Dredge Area, P/A Presence/Absence, No./Ind. Number of Individuals, Hb Humid 
biomass, g grams, m meters

Localities Period Sites
(number of replicas)

Number of 
species

Gear/sampling area
(EfED, DA)

Type of data Origin of the data

BG 1981–1985 20
(unknown)

68 ED
(EfED: 1 m)

P/A Martínez‑Estalella and Alcolado (1990)

2004 13
(3)

30 ED
(EfED: 0,70 m)

No./ Ind Database Institute of Oceanology, Cuba

2007 8
(3)

37 ED
(EfED: 0,70 m)

No./ Ind Fisheries Research Center database, Cuba

CB 1989 24
(5)

41 ED
(EfED: 0,70 m)
Dredge Smith‑McIn‑

tyre (AR: 0,1  m2)

P/A
Hb. (g)

Espinosa (1992)

TOTAL 64 108 ‑ ‑
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national species lists were constructed. These histograms 
reflected an expected distribution of ∆+ values, which was 
used to establish the contrasts with the observed values of 
this index in both locations.

The second analysis consisted of testing the null hypoth‑
esis that the bivalve species present in each habitat have a 
taxonomic structure representative of any of the samples 
obtained at random from the lists reference species of each 
locality and of the national. Ten types of soft‑bottom habi‑
tats were identified between the two locations, which were 
characterized in three groups, according to Alcolado (1990) 
and Cerdeira et al. (2008). These were: a) Sandy habitat 
(S); b) muddy bottoms, with four types: 1‑ Muddy habitat 
(M), 2‑ Muddy habitat with organic contamination (MoM), 
3‑ Disturbed muddy habitat by different anthropic activities 
(DM) and 4‑ Clay mudd habitat (CM) and c) bottoms cov‑
ered with vegetation (Seagrass), with five types: 1‑ Sandy 
seagrass habitat (SS), 2‑ Muddy seagrass habitat (SM), 3‑ 
Muddy sand seagrass habitat (SSM), 4‑ Sandy muddy sea‑
grass habitat (SMS) and 5—Seagrass in sediment deposited 
on rocky habitat (SR).

To determine the existence of significant differences in 
∆+, the bivalve samples were grouped according to the type 
of habitat present in the sampling sites of each locality. The 
∆+ values were calculated considering the species found in 
each habitat, contrasting with the expected values derived 
from the reference local and national lists of species.

To test the deviations of the ∆+ values observed in the 
different habitats of each locality, a probability funnel was 
built with 95% confidence contours (Clarke and Warwick 
1998), from the reference lists local and the national species 

list. This probability funnel indicated the expected variance 
of the ∆+ values. If the observed values of ∆+ for each habi‑
tat are within the probability funnel, then the null hypoth‑
esis is accepted. The ∆+ values were calculated using the 
DIVERSE routine of the PRIMER v7 and PERMANOVA 
add on program (Clarke and Gorley 2015).

A permutational multivariate analysis of variance (PER‑
MANOVA) (Anderson et al. 2008) was carried out on the 
Bray Curtis similarity matrix with the ∆+ values of the 
bivalve associations registered in the two locations sepa‑
rately. This was done in order to know the effects caused by 
habitat and period factors on ∆+. For CB, the habitat was 
used as a factor, which was divided into three groups: sandy 
habitat (one level), muddy habitat (three levels) and seagrass 
habitat (two levels). The probabilities (p) associated with 
the Pseudo‑F value were obtained with 999 Monte Carlo 
permutations, under a model of unrestricted permutations. 
For BG, the factors periods and habitats were analyzed. The 
period factor (temporal) was fixed and with two levels, since 
the samples were taken in two different periods (decade of 
the 80' and 00'). The habitats factor (eight levels and nested 
in period) was considered as random and was used to know 
the incidence of spatial heterogeneity of each locality. The 
probabilities (p) associated with the Pseudo‑F value were 
obtained under a reduced null model with 999 permutations 
(Anderson et al. 2008). All these analyzes were carried out 
using the PERMANOVA routine of the PRIMER v7 and 
PERMANOVA add on program (Clarke and Gorley 2015).

Due to the fact that biomass information was available 
for CB, a comparison analysis of biomass and abundance 
curves (ABC) proposed by Warwick (1986) in the habitat 

Fig. 2  Histograms of the simulated ∆+ values (999 simulations) cal‑
culated from the list of reference species (a) local and (b) national. 
The length of the local species lists (n = 41) and the national 
(n = 298), correspond to the number of species observed in Cárdenas 

Bay and on the marine shelf respectively. The observed values of ∆+ 
for the entire Cárdenas Bay bivalve association are presented in the 
figures. The dashed line indicates where the observed value of ∆+ 
was located
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of Mud contaminated with organic matter (MoM) was car‑
ried out, to determine the level of impact (or stress) that the 
contamination had on the bivalve associations that inhabited 
it. This analysis was performed using the DOMINANCE 
Plot routine of the PRIMER v7 and PERMANOVA add on 
program (Clarke and Gorley 2015).

Results

Cárdenas Bay

The observed values of ∆+ of CB bivalve association when 
compared with the national species list fell outside their 

respective expected distribution (Fig. 2b). This was not the 
case for the local list (Fig. 2a). The result shows that the null 
hypothesis was rejected.

The analysis with the list of reference species of this 
locality resulted that all the ∆+ values that characterized 
the habitats fell within the probabilistic limits at 95% of their 
respective tunnel (Fig. 3a). For the national list, habitat SS 
was the only one that fell outside and below the probability 
limit lower than 95% (Fig. 3b).

The ∆+ values of the mud habitat with organic matter 
(MoM), were located within the expected limits of distribu‑
tion for the two lists of reference species used in the analy‑
sis (Figs. 3a, b). This result was unexpected because these 
indices are supposed to be sensitive in detecting negative 
impacts on the environment.

Fig. 3  Probabilistic funnels of 95% of ∆+ from the list of reference 
species: local (a) and national (b) and the calculated values of the 
associations of bivalve mollusks recorded in the soft bottom habitats 

of Cárdenas Bay. S sandy habitat, M muddy habitat, CM clay muddy 
habitat, MoM  muddy habitat with organic contamination, SS sandy 
seagrass habitat SM muddy seagrass habitat

Fig. 4  Biomass abundance 
curves of the muddy habitat 
contaminated with organic 
matter (MoM) of Cárdenas Bay. 
(W = ‑0.043)
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To analyze the effect of organic pollution that this habi‑
tat presented, biomass abundance curves were constructed 
(Fig. 4). The result showed that the abundance curve did 
not remain above the biomass curve, and there was an inter‑
change of both curves in a certain range of species, showing 
a moderate level of impact on the bivalve associations in 
this habitat.

The PERMANOVA test did not detect significant dif‑
ferences in the ∆+ values of the different habitats of this 
locality for any of the two lists of species used as a refer‑
ence frame (Table 2), which shows that the habitats did not 
constitute a source of variation for the ∆+ of this locality.

Batabanó Gulf

The observed values of ∆+ of the BG bivalve association 
when compared with the local species list fell outside their 
respective expected distributions (Fig. 5a). This was not 
the case for the national list, whose value fell within their 
expected distributions (Fig. 5b). This result indicated that 
the null hypothesis that ∆+ of BG is equal to any of the 

samples (species associations) drawn at random from the 
local species list was rejected, except in comparisons to 
the national list.

The ∆+ values of the habitats present in BG, except for 
muddy sand seagrass (SSM) from the period 1981–1985, 
disturbed mud (DM) studied in 2004 and the sandy sea‑
grass (SS) analyzed in 2007, fell within the probabilistic 
contour at 95% of their corresponding probabilistic fun‑
nels regardless of the reference species list (Fig. 6).

In the case of SSM habitat (from the period 1981–1985), 
∆+ had higher values than expected according to the local 
list (Fig. 6a). The values of ∆+ in the DM habitat (studied 
in 2004) were lower than those expected in the two lists of 
reference species (Fig. 6a, b), while for the SS habitat (ana‑
lyzed in 2007), ∆+ had a lower than expected value in the 
local reference list (Fig. 6a).

The PERMANOVA test indicated that the period had a 
significant influence on the variations of ∆+ of the bivalve 
associations recorded in the habitats of the BG, for the two 
lists of reference species (Table 3). In this case, the habitats 
had no effect on the variations of ∆+.

Table 2  PERMANOVA results 
for the ∆+ values of the bivalve 
associations recorded in the 
habitats of Cárdenas Bay, using 
the lists of reference species: 
local (CB) and national

List of reference 
species 

Sources of variation Degree of 
freedom

Pseudo‑F P
(MC)

Components 
of variation

CB Habitat 2 3.09 0.206 0.98
Residual 3 0.92

National Habitat 2 1.49 0.34 2.17
Residual 3 4.18

Fig. 5  Histograms of the simulated values of ∆+ (999 simulations) 
calculated from the local (a) and national (b) reference species 
list. The length of the local species lists (n = 86) and the national 
(n = 298), correspond to the number of species observed in the Bata‑

banó Gulf locality and on the marine shelf respectively. The observed 
values of ∆+ for the entire Batabanó Gulf bivalve association are pre‑
sented in the figures. The dashed line indicates the place where the 
observed value of ∆+ was located
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Discussion

The length of the species list depends on the size of the 
study region, so it is to be expected that the greater the 
spatial extent, the greater the length of the list. Further‑
more, the composition of the species list is related to the 
environmental (or temporal) conditions. In this context, the 
differences observed in the contrasting ∆+ values of the 
bivalve associations located in the BG and CB with the two 
species lists due to the spatial extension and the ecological 
characteristics of each locality, which were reflected in the 
length and composition of their respective species lists.

The ∆+ values of each locality were expected to be 
representative of their local species list, a result that did 
not entirely coincide. This suggests that the ecological 
conditions (type and quantity of habitats and their intrin‑
sic characteristics such as their extension, environmental 
conditions and level of anthropic impact) of each locality 
may have conditioned the responses of ∆+. In addition, 

there are underlying temporal effects (BG was sampled in 
two different decades (years 80' and 00') which may had 
influenced the length and specific composition of the spe‑
cies lists. Therefore, the compilation of a species list used 
as a reference condition to contrast the observed values 
of ∆+, implies the environmental conditions (natural and 
anthropic) of a locality, which shows the crucial importance 
that it has for the evaluation of impacted areas (Bevilacqua 
et al. 2012).

Aggregating sites with different numbers (composition) 
of species to obtain a more complete reference list may affect 
the significance of ∆+ in two directions. If the species added 
to the list are identified in the taxonomic tree, the mean val‑
ues of ∆+ will not be affected (Ceshia et al. 2007). Conse‑
quently, taxonomic structures will co‑exist and be identi‑
fied with this list of references. However, if the opposite is 
true, slight increases in the variance of the mean ∆+ values 
will be observed, changing the width of the confines of the 
probabilistic tunnel and consequently the interpretation of 

Fig. 6  Probabilistic funnels of 95% of ∆+ from the lists of reference 
species local and national and the calculated values of the associa‑
tions of bivalve mollusks recorded in the soft bottom habitats of the 
Batabanó Gulf. S: sandy habitat, M: muddy habitat, DM: disturbed 
muddy habitat, SR: seagrass in sediment deposited on rocky habitat, 

SMS: sandy muddy seagrass habitat, SM: muddy seagrass habitat, 
SS: sandy seagrass habitat, SSM: muddy sand seagrass habitat. The 
numbers that appear above the habitat symbols refer to the period / 
year in which they were sampled. 1: 1981–1985 period, 2: 2004 year, 
3: 2007 year

Table 3  PERMANOVA 
results for the ∆+ values of the 
bivalve associations recorded 
in the habitats of the Batabanó 
Gulf using the local (BG) and 
national reference lists

List /reference 
species

Sources of variation Degree of 
freedom

Pseudo‑F P Components 
of variation

BG Period (Pe) 1 3.92 0.044 1.97
(Habitats (Pe)) 9 2.80 0.420 2
Residual 2 1.68

Nacional Period (Pe) 1 8.09 0.004 4.36
(Habitats (Pe)) 9 1.74 0.55 2.40
Residual 2 3.00
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the index (Bates et al. 2005). Both directions were observed 
in this study, which supports the criteria issued by these 
authors. For example, for the BG, the presence of a taxo‑
nomic structure that does not belong to its local list suggests 
the existence of other taxonomic structures (substructures) 
independent of this locality. The opposite was true for CB, 
where the taxonomic structure of bivalves was representative 
of their local list.

The taxonomic substructures in the BG could have origi‑
nated from several causes such as: loss of quality and/or 
areas of benthic habitats (Cerdeira et al. 2008), increased 
salinity and organic pollution in areas close to its north‑
ern coast (Piñeiro 2006; Perigó et al. 2005) and the effects 
caused by hurricanes on its physical (e.g., increased water 
turbidity) and biological (e.g., decreased taxonomic diversity 
in benthic mollusks associations) environment (Capetillo‑
Piñar et al. 2016; Betanzos‑Vega et al. 2019). In addition, 
several authors (Arias‑Schreiber et al. 2008; Lopeztegui 
and Capetillo 2008; Capetillo‑Piñar et al. 2015; Lopeztegui 
and Martínez 2020) have demonstrated the effects on ben‑
thic marine biota induced by the causes described above. 
In contrast to BG, in CB, low intensity affectations were 
detected on its southern coast, where a muddy bottom devoid 
of vegetation (seagrasses) was observed, due to the discharge 
of wastewater (Herrera and Espinosa 1988). Also, having 
a smaller spatial extent and habitat heterogeneity than the 
BG provides some confidence that the observed taxonomic 
structure is part of the reference list for this locality. This 
result was similar to that obtained by Ceshia et al. (2007), 
when assessing the biodiversity of the macroalgal flora in in 
the Gulf of Trieste (Northern Adriatic Sea).

By analyzing that for CB, at the local level, no significant 
(low or higth) ∆+ values were detected in the habitats stud‑
ied; the robustness of ∆+ with respect to this type of natural 
variability is evident. The observed changes were due to 
length variation in the reference species lists and not to the 
effect of habitats. This result is consistent with the idea of 
Clarke and Warwick (1999) that some hábitats (naturally) 
may have low ∆+ values, but these are usually within the 
95% confidence limits of the simulated distribution, contrary 
to what happens when are affected by human activities.

An unexpected result was the representativeness of ∆+ 
of the muddy habitat with organic contamination (MoM) in 
the two lists of reference species. For this habitat, a signifi‑
cant reduction in the value of ∆+ was expected, since it has 
been suggested that pollution significantly reduces its values 
(Clarke and Warwick 2001; Moulliot et al. 2005; Tan et al. 
2010; Xu et al. 2011; Warwick and Clarke 1998; Warwick 
and Light 2002). However, although there is organic con‑
tamination, the ABC curves do not corroborate a relevant 
negative impact on the bivalve community.

The MoM habitat was located at a distance of 1 km from 
the coast, where it seems that organic contamination was 

more attenuated, since a survey carried out in an area closer 
to the coast, resulted in a virtual absence of macrobenthic 
life and the presence of thanatocenosis (Espinosa 1992). In 
this context, the ∆+ response demonstrated the existence of a 
low environmental impact, which induced sublethal changes 
in the taxonomic structure of the association of bivalves set‑
tled in the MoM habitat. This result supports the criteria of 
Bevilacqua et al. (2012) that low levels of environmental 
impact can generate changes in the taxonomic structure of 
the associations of species located in disturbed sites and 
these changes are not detected by ∆+.

The result obtained in the disturbed muddy habitat (DM) 
of the BG studied in 2004 was due to it being in an area 
affected by organic ammonia pollution (Montalvo et al. 
2000; Perigó et al. 2000 2005) and by changes in sediment 
composition due to the decrease in terrigenous input (Guerra 
et al. 2005). The combination of these factors, magnified 
over time, could lead to this habitat being particularly pre‑
sent in BG, a fact that has been corroborated in this work. In 
this habitat, the species Chione cancellata (Linnaeus 1767) 
and Eurytellina nitens (Adams 1845) showed the highest 
abundances and distribution. These species can tolerate high 
salinities (e.g., C. cancellata) and high values of organic 
matter (e.g., E. nitens), according to Espinosa (1992). Other 
studies have reported similar results in this area (Capetillo‑
Piñar et al. 2015), as well as in this habitat type, which is 
found on the north coast of BG (Lopeztegui and Capetillo 
2008; Lopeztegui and Martínez 2020).

Warwick and Clarke (1995, 1998) stated that ∆+ is not 
only affected by environmental pollution or other anthropo‑
genic impacts, but also by the environmental characteristics 
of a given location or habitat. In this context, high and sig‑
nificant values of ∆+ were found in areas less influenced 
by anthropic effects, for example some seagrasses, which 
may be related to their intrinsic characteristics and not to 
human disturbances. This result supports the criterion of the 
sensitivity of ∆+ to natural variability, which would limit its 
potential to evaluate environmental quality (Bevilacqua et al. 
2011, 2012). However, the fact that this same habitat, when 
analyzed in 2004 and 2007, fell within the confidence limits 
of the national list of reference species, casts doubt on the 
sensitivity of ∆+ to natural environmental variability. In this 
sense, it is necessary to consider the effect of variation in ∆+ 
values associated with natural and anthropogenic factors (or 
combination of these) over time, because of their implica‑
tions for environmental monitoring studies and subsequent 
management measures in a locality.

The BG has been affected by the impact of hurricanes, 
which have increased in intensity and frequency in this local‑
ity from the 1980s to the 2000s (Puga et al. 2013). In this 
context, the low and significant values of ∆+ in the sand‑
muddy seagrass habitat of the year 2007 (high cyclonic 
activity) with respect to the period 1981‑ 1985 (low cyclonic 
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activity), may be due to the effects of hurricanes and not 
to the characteristics of this habitat. Capetillo‑Piñar et al. 
(2016) recorded a similar result. The above supports the cri‑
terion that ∆+ has low sensitivity to natural environmental 
variability (Hong et al. 2010; Leonard et al. 2006; Munari 
et al. 2009; Zhou et al. 2012).

The reference list may not adequately represent the taxo‑
nomic structure of the community of interest if it is too 
small (Bates et al. 2005). In this regard, it is suggested to 
use (broader) regional species lists that incorporate more 
species irrespectively of habitat preferences or to restrict 
reference lists to species inhabiting specific habitats so that 
deviations from ∆+ values correspond to human distur‑
bances (Bevilacqua et al. 2021). However, in the present 
study it was shown that using local and regional species 
lists, ∆+ was able to discriminate anthropogenic effects. For 
example, the low and significant ∆+ values of the DM habi‑
tat studied in the period 2000 in the BG, obtained from its 
local (small) and national (larger) list, were due to human 
disturbance. In addition, the fact that this habitat type had 
the lowest values than expected in the national reference list 
confirmed that its level of disturbance was the most severe 
between the two locations studied. This demonstrated that 
the use of several species lists with different lengths can be 
used to determine the degree of severity of effects caused 
by human activities in a locality, which is of interest in 
environmental impact and monitoring studies.

Therefore, it is recommended to use the species list of a 
locality to know the environmental quality of a particular 
area, and even more so if species lists from several epochs 
are used. The results of this study provided evidence that 
each locality is a unique environmental unit, with its own 
natural and anthropogenic characteristics. These properties 
may or may not be present at a larger spatial scale, thus 
decreasing or increasing the discriminatory potential of ∆+. 
However, the use of a local reference species list and a larger 
spatial extent would help to determine the degree of sever‑
ity of disturbed sites, giving a practical utility for decision 
making, corrective or mitigation measures for the protection 
or conservation of an area.
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