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What does measuring species diversity in estuarine seagrass systems 
actually assess? 
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A B S T R A C T   

Relationships between species diversity and other species-density and species-richness metrics were investigated 
in the seagrass macrobenthos of Knysna estuarine bay, South Africa. Although a wide range of species density 
occurred across sites, neither Hill-Shannon nor Hill-Simpson diversity showed any significant relationship with 
it, although they did with species richness. Instead species diversity was very closely related to relative evenness, 
and (negatively) to overall assemblage abundance. No significant relationship was found between species density 
and evenness. Whilst there was a clear and marked decrease in species density upstream along the main estuarine 
channel, only one of the species-diversity indices (the Hill-Shannon) showed a significant equivalent decrease. 
Relationships depended on how ‘species richness’ was assessed, and were very strongly influenced by the su-
perabundant local occurrence of a few individual faunal components (three gastropod and one tanaid species). 
Species-diversity analysis contributes nothing new in such estuarine seagrass meadows and seems best avoided.   

1. Introduction 

Assessing patterns of biodiversity using diversity indices remains 
commonplace in aquatic systems (e.g. most recently by Hou et al., 2020; 
Manosso et al., 2021; Hultgren et al., 2021; Han et al., 2021; etc.). Di-
versity, however, is not a simple or a straight-forward metric (Hurlbert, 
1971; Barrantes and Sandoval, 2009; Chiarucci et al., 2011), and the 
most widely used indices, such as the Shannon and the Simpson (see 
Jost, 2006; Roswell et al., 2021), are influenced by two separate phe-
nomena, the number of species in the sample (species richness) and the 
manner in which the individuals present are distributed between those 
species (evenness or equitability) (Rousseau et al., 1999; Ma, 2005). 
Neither do diversity indices have a probabilistic basis (Gotelli and 
Graves, 1996), and to be amenable to statistical comparison they need to 
be converted to their ‘effective number of species’ forms, i.e. the number 
of species that if equally abundant would yield the same value of a given 
diversity index (Hill, 1973; Jost, 2006), which, however, does not 
eliminate bias created by any differences in sample size (Soetaert and 
Heip, 1990). For these and other reasons, use of diversity indices to 
quantify variation in aquatic habitats has been criticised by many 
workers (e.g. Washington, 1984), although the practical need to deter-
mine quantitatively which areas are more biodiverse than others and the 
nature and magnitude of temporal change remains (Cox et al., 2017; 

Roswell et al., 2021), and indeed increases year on year as more and 
more habitats are lost. 

A further complication is that the relationship between the two 
separate components influencing diversity indices is poorly understood 
and controversial because of lack of consistent pattern (Soininen et al., 
2012). Species richness is universally regarded as being related to spe-
cies diversity (Tuomisto, 2010), and Ma (2005), amongst others, has 
considered it to be the more important of the two components. Indeed 
the majority of studies of biodiversity patterns have used species rich-
ness as a surrogate for biodiversity (Soininen et al., 2012), in benthic 
marine ecology by assessing the number of species in the total area 
sampled by series of cores or quadrats, i.e. as species density (Gotelli and 
Colwell, 2001). Stirling and Wilsey (2001), reviewing published data on 
species richness and evenness (amongst other metrics), concluded that 
‘mathematical relationships between species richness [and] evenness …, 
together with results of simulations, verbal models, and species abun-
dance distributions all suggest that [species richness and evenness] are 
positively and highly correlated’. Others have argued that richness and 
evenness should theoretically be independent or negatively correlated 
(Symonds and Johnson, 2008; Jost, 2010). 

So what in practice does the assessment of species diversity so often 
undertaken actually measure and what does its measurement contribute 
to understanding of community patterns? Clearly, if number of species is 
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effectively constant across a given system, diversity measures variation 
in evenness, and as evenness tends to 1 so does diversity converge to 
species richness, but few organismal assemblages conform to one or 
other of these extremes. The answer may well be different for each 
habitat type but one habitat that potentially at least makes it possible to 
address such questions is the dwarf-eelgrass that carpets the shores of 
many temperate to subtropical estuaries. The large, permanently-open, 
warm-temperate Kynsna estuarine bay in the Garden Route National 
Park, South Africa, for example, supports meadows of the Cape dwarf- 
eelgrass Zostera (Zosterella) capensis virtually from its mouth to its 
head and from just below HWN well into the subtidal zone (Maree, 
2000; Claassens et al., 2020) [Z. (Zosterella) = Nanozostera in the revi-
sion of the Zosteraceae by Coyer et al., 2013]. Estuaries are transitional 
waters (see McLusky and Elliott, 2007) dominated by gradients — of 
salinity, of shelter, of sediment type, etc. — which may act together or 
which may result in confounding patterns including in patches (Morais 
et al., 2016), and the biodiversity of many estuarine faunal and floral 
elements including the benthic macrofauna reacts to such habitat vari-
ation (Attrill, 2002; Giminez et al., 2005; Conde et al., 2013; Josefson, 
2016). Macrofaunal species present in the Knysna seagrass and their 
relative abundance therefore vary regionally (Barnes and Claassens, 
2020; Barnes, 2021), as faunal elements do in other seagrassed estuarine 
systems (Yamada et al., 2007; Alsaffar et al., 2020). Nevertheless, the 
basic nature of the Knysna seagrass fauna remains the same throughout 
the estuarine bay (Barnes, 2021), possibly because the presence of a 
covering of seagrass may have a further dampening effect on the already 
reduced environmental variation at or below the sediment surface 
compared to that in the overlying water (see, e.g., Misturini and Colling 
2021) and this may permit increased penetration of the estuary by a 
range of more stenotopic, essentially salt-water species (Barnes and 
Ellwood, 2012). In South Africa, as elsewhere (Barnes, 1989), estuarine 

faunas are basically marine in nature; a subset of coastal species char-
acterising sheltered areas rather than specifically regions of low salinity 
(Day, 1959). Knysna seagrass supports a macrobenthic fauna of >150 
species, of which some 20 occur in overall densities >50 m− 2 and occur 
throughout all the faunistically distinct spatial regions (Barnes, 2021). 
Although particularly biodiverse, and ranked as containing the highest 
biodiversity of all South Africa’s 290+ estuaries (de Villiers et al., 1999; 
Turpie et al., 2002), its fauna is that generally typical of 
permanently-open South African estuaries (Day, 1981; Henninger and 
Froneman, 2011). The Knysna seagrass system therefore supplies four 
important features that together create ideal conditions for the analysis 
of what patterns in species diversity might actually mean: (i) it spans a 
wide range of characteristic estuarine and sheltered-coastal gradients 
and environmental patch types known to create local variation in faunal 
assemblages; (ii) it nevertheless comprises a basically uniform habitat 
type and macrobenthic assemblage with but a single ecosystem engineer 
structuring it; (iii) it supports a large pool of species; and (iv) its fauna is 
representative of its geographical region. 

Historical macrobenthic abundance data from a series of 17 localities 
scattered across the Knysna system (Fig. 1) are available to represent this 
regional series of variations on a common theme, and these were 
investigated to provide data on the abundance and biodiversity of the 
seagrass macrobenthos in terms of a series of metrics relevant to di-
versity indices, including the indices themselves. Investigation of the 
relationships between those metrics that are widely assessed in estuarine 
studies may thus not only identify which assemblage variables species 
diversity indices most reflect in practice, but also cast further light on 
the relative importance of the two components influencing such indices, 
species richness and evenness, and of how they relate to each other. 

Fig. 1. Sketch map of the Knysna estuarine bay, South Africa, showing the placement of the 17 localities, at four of which both intertidal and subtidal sites were 
sampled. Five of the localities were positioned in the eastern, salt-marsh enclosed, backwater creeks, away from the main axial estuarine channel. 
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2. Materials and methods 

The study was approved by South African National Parks (SAN-
Parks), and was conducted in accordance with their scientific research 
regulations and requirements. Faunal composition at the 17 localities 
shown in Fig. 1 was largely extracted from the same databases used 
earlier in connection with interspecific relationships between macro-
faunal patchiness and other assemblage metrics (Barnes, 2019, 2020, 
and see Supplementary Data). Material from a total of 35 sites from these 
localities was used, all represented by a standard total sample size, 
either (in 2011 and 2012) 50 individual core samples each of 0.0027 m2 

area, or (in 2013–2020) 25 samples each of 0.0054 m2. Intertidal cores 
were collected just before tidal ebb from the areas of shore concerned 
whilst they were still covered by > 15 cm of water, and subtidal ones via 
snorkelling. All were gently sieved on site through 710 μm mesh. 
Retained material from each core: (i) was placed in a large polythene 
bag of local estuary water within which all seagrass was shaken vigor-
ously to dislodge all but sessile animals and then discarded; (ii) was then 
re-sieved and transported immediately to a local laboratory, and (iii) 
was there placed in a 30 × 25 cm dish on A4 LED pad in which the living 
fauna was located by visual inspection using a pair of 3.5× magnifying 
spectacles. 

All collected fauna was identified to the lowest level possible using a 
×25 binocular microscope, was counted, and was then returned to its 
habitat. It should be noted that the specific identity of several of the 
species is questionable because of lack of recent investigation; those of 
polyclad, oligochaete and nemertine taxa are virtually unknown. Such 
animals were treated as morphospecies, an operationally appropriate 
procedure to detect spatial patterns of numbers of species and their 
differential abundance (Dethier and Schoch, 2006; Gerwing et al., 
2020). Sessile and mobile species can differentially influence spatial 
patterns of biodiversity (Davidson et al., 2004), and this study excluded 
any sessile or semi-sessile animals that had become detached from the 
seagrass leaves during sampling. 

Metrics calculated from each site were overall macrofaunal abun-
dance, species density and species richness (sensu Rosenzweig, 1995; 
Gotelli and Colwell, 2001, 2011), i.e. both (i) number of species per unit 
area (= species density) and (ii) number of species per unit number of 
individuals (= species richness). Numbers of species are presented as 
Hill’s N0 (Hill, 1973) often also denoted by S. From these, values of 
equitabity and α diversity were calculated separately from both the N0 
density and N0 richness values. Equitability was assesssed as Pielou’s 
relative evenness index J, i.e. H/Hmax where H is the Shannon entropy 
index, -Σ pi ln pi (see Jost, 2010); and α diversity both as Hill’s N1 [the 
Hill-Shannon index in the terminology of Roswell et al., 2021, in which 
N1 = exp(H)] and as N2 [the Hill-Simpson index in which N2 = 1/D 
where D is the Simpson concentration index, Σ pi

2]. The term ‘species 
richness’ is polysemic, being widely applied both to the number of 
species in a given region in general (i.e. sensu lato, as used here in the 
Introduction) and to the number as calculated per unit number of in-
dividuals or biomass (i.e. sensu stricto). Since no separate replacement 
terms are available, to avoid potential confusion below, these two 
different usages are distinguished by the parenthetical suffixes s.l. and s. 
s. Species richnesses (s.s.) were assessed per 200 individuals (effectively 
the lowest number observed per site) as established by individual 
rarefaction. The historical datasets available were originally collected in 
a different context and were not standarised to unit coverage (sensu 
Chao and Jost, 2012). However, analysis of the one large dataset of 
seagrass macrofaunal abundance available for a single site at Knysna, 
that of Barnes (2014) which is close to average for the various metrics 
assesssed here, suggests that the sample size of 25 cores adopted would 
yield a mean coverage of 97.7%, whereas one twice as large would yield 
98.6% and four times as large would yield 99.6%. These high levels 
reflect the general balance between common and rare species in the 
Knysna seagrass, and suggest that failure to standardise to unit coverage 
would not have affected conclusions. Correlations were assessed by 

Pearson’s product moment; metrics were derived using PAST 4.0.4 
(Hammer et al., 2019); curves were fitted using Kaleidagraph 5.0B4; and 
number of individuals in different system compartments were compared 
by ANOVA. 

3. Results 

3.1. Species density 

Together, values of all the macrobenthic assemblage metrics at 
Knysna spanned a very wide range (Table 1 and Supplementary Data) 
indicating the considerable diversity of seagrass faunal assemblage va-
rieties present. Variation in N0 species density per site was 12–70, yet 
there was no significant relationship between it and either N1 or N2 
species diversity (Table 2; Fig. 2C). In terms of the two factors under-
lying the diversity indices, it was only the equitability of abundance of 
the various species that correlated with diversity index value, J ac-
counting for 75–84% of the variation (Fig. 2A). Values of J were 
themselves very highly negatively correlated with total macrofaunal 
abundance per unit area (Fig. 2B). High total abundance sites occurred 
in the eastern backwater creeks and channels (see Fig. 1) and at or below 
LWS at sites in the relatively marine zone nearest to the mouth, and in 
both cases this status was almost entirely due to locally superabundant 
microgastropods. In the backwaters, the (currently genus-less) trunca-
telloids ‘Hydrobia’ knysnaensis and ‘Assiminea’ capensis, or at one site the 
tanaid Halmyrapseudes cooperi, comprised up to 85% of individuals, and 
the cerithioid Alaba pinnae likewise accounted for up to 87% of subtidal 
animals near the mouth. More generally Alaba pinnae occurs at a density 
530 times that of the average for the >100 species also present in low 
and subtidal areas of the marine basin (Barnes and Claassens, 2020), and 
‘Assiminea’ capensis occurs in the backwater creeks at a density 110 times 
that of the average of the 45 other species there (Barnes and Barnes, 
2014). Re-analysis of the original data for the areas of superabundance 
of these species, however, presents no evidence for any reduction in 
numbers of syntopic species with density of the overwhelming dominant 
(all R between species density and microgastropod or tanaid abundance 
<0.25; all P > 0.05). Excluding these few high-abundance species, there 
was no difference between macrobenthic abundance at the various 
Knysna sites (one-way ANOVA F2,32 0.14; P > 0.8). 

As might be expected, values of N1 and N2 species diversity were 
highly correlated (Figs. 2D and 3), although the two differed as to the 
significance of changes in value with distance away from the mouth on 
progression upstream along the main estuarine channel. Also as might 
be expected (Josefson and Hansen, 2004; Barnes, 2021), there was a 
clear and marked decrease upstream in N0 species density (R − 0.87; P 
≪0.00001) (Fig. 4). Nevertheless, the corresponding decrease in N2 
diversity was not significant (R − 0.26; P > 0.2) whilst that in N1 di-
versity was significant although the correlation was weak sensu Moore 
et al. (2018) (R − 0.43; P < 0.03) (Fig. 4). The highest N0 species density 
sites in the estuary (with a mean of 60 species per site), those in subtidal 
regions at the marine end of the gradient, displayed the lowest species 
diversity (mean N2 1.4) by virtue of their extremely low values of J 
(mean 0.2), whilst sites in the most upstream, brackish regions also 
displayed very low species diversity (mean N2 4.6) but here by virtue of 

Table 1 
Ranges in macrobenthic-assemblage metrics across 35 seagrass sites in the 
Knysna estuarine bay.  

Metric species density range species richness range  

(per 0.135 m2) (per 200 individuals) 

number of animals m− 2 1608–47,676  
N0 number of species 12–70 11–42 
N1 species diversity 1.82–24.39 1.48–23.10 
N2 species diversity 1.21–18.52 1.15–17.86 
J evenness 0.15–0.87 0.16–0.88  
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having the lowest N0 levels (mean 17); i.e. the sites with the greatest 
nunber of species displayed the lowest species diversity. 

If the high-density, microgastropod-dominated, backwater and sub-
tidal sites at Knysna supporting assemblage densities of >3500 per site 
(= >26,000 m− 2) [c.f. all other densities <2000 per site = <15,000 

m− 2] and values of J < 0.35 [all other Js averaging 0.67] are both 
removed from the dataset for species density, the results displayed in 
Table 2 change in respect of the correlations (a) between N1 and N2 with 
N0, which then become significantly positive (R > 0.5; P < 0.003), with 
N0 accounting for some 37% of the variation in species diversity, and (b) 
between overall abundance per site and N0, N1 and N2, which all become 
no longer significant (P > 0.1). 

3.2. Species richness (s.s.) 

N0 species density and N0 species richness (s.s.) were weakly but 
nevertheless significantly correlated (R 0.42; P < 0.02). However, these 
two measures of species richness (s.l.) showed markedly contrasting 
results with respect both to species diversity and to evenness (Table 2). 
Whereas on the basis of species density there was no relationship be-
tween N0 and neither N1, N2 or J, on the basis of species richness (s.s.) N0 
was highly significantly correlated with all three. As with respect to 
species density, changes upstream in value of N0, calculated on the basis 
of species richness (s.s.) were highly significant (R − 0.64; P < 0.0003), 
and those of N1 diversity were weakly so (R − 0.44; P < 0.02), but (as 
seen in respect of species density) the two species diversity indices 
showed different responses, in that changes upstream of N2 diversity 

Table 2 
Magnitude and significance of correlations between macrobenthic-assemblage 
metrics across 35 seagrass sites in the Knysna estuarine bay (metrics as per 
Table 1).  

Metrics species density species richness (s.s.)  

correlation P correlation P 

N1: N2 0.95 ≪0.00001 0.95 ≪0.00001 
N1: N0 0.30 n.s. 0.91 ≪0.00001 
N2: N0 0.15 n.s. 0.77 ≪0.00001 
N1: J 0.79 ≪0.00001 0.81 ≪0.00001 
N2: J 0.81 ≪0.00001 0.80 ≪0.00001 
N1: nos − 0.50 <0.003 − 0.49 0.003 
N2: nos − 0.51 <0.002 − 0.47 0.004 
J: nos − 0.85 ≪0.00001 − 0.79 ≪0.00001 
N0: nos 0.56 <0.0005 − 0.38 0.03 
J: N0 − 0.28 n.s. 0.65 <0.00003  

Fig. 2. Relationships between various macrobenthic assemblage metrics at the 35 sampling sites in the Knysna estuarine bay: N0 species density, N1 and N2 species 
diversity, J evenness, and overall abundance (i.e. total number of individuals) per site. 
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were not significant (R − 0.28; P > 0.1). Neither was upstream change in 
values of J significant (R 0.04; P > 0.8). Values per site of N1, N2 and J 
calculated on the bases of species density and of species richness (s.s.) 
were highly correlated (R > 0.9; P ≪0.00001). 

4. Discussion 

Across a range of taxa and species richness (s.l.), Stirling and Wilsey 
(2001) found the null model of a positive relationship and high corre-
lation between species richness (s.l.) and evenness was true for species 
richnesses of between 10 and 100, and for a wide range of invertebrates. 
At Knysna, however, although species densities fell within the range 
10–100 and the study organisms were all invertebrate, the present re-
sults from the Zostera capensis macrofauna across the estuarine bay as a 
whole strongly emphasise that there (a) species density and species di-
versity were unrelated; (b) evenness was by far the most important 
component of species diversity, notwithstanding a large range in values 
of species density; and (c) species density and evenness showed no sig-
nificant relationship. The lack of a significant relationship between N0 
species density and J evenness is noteworthy in its own right as this is a 
controversial and unresolved issue in ecological theory with knock-on 
consequences for the value of diversity indices (MacDonald et al., 
2017; Su, 2018). 

The literature generally treats species density and species richness (s. 
s.) as if they are equivalent alternative bases on which to calculate 
standardised local numbers of species (species richness s.l.), and in 
essence that it does not matter which basis is selected. It is clear from the 
present results, that this will be the case only under certain conditions, 
and that how species richness (s.l.) is assessed can be critical to the 

Fig. 3. Distribution through the Knysna estuarine bay of the quartiles (Q1 - Q4) of average values per locality of macrobenthic N0 species density and three metrics 
derived from the species density data, J evenness and N1 and N2 species diversity. 

Fig. 4. Change in macrobenthic N0 species density along the main axial 
channel of the Knysna estuarine bay, and in three metrics derived from the 
species density data, J evenness and N1 and N2 species diversity. The very low 
values of all three derived metrics in some sites in localities 2–4 are those from 
subtidal samples in the marine bay. nb Sites not along the main longitudinal 
channel are not included. 
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nature of the results and conclusions, especially where and when 
evenness is an important contributing factor to levels of species di-
versity. If the magnitude of N1 and N2 species diversity is mainly 
dependent on levels of evenness, as in the present cases, then species 
diversity will necessarily be related to species richness (s.s.): the greater 
the evenness, the larger will be the number of taxa per unit number of 
individuals in the sample, and the greater the dependent value of species 
diversity. 

Are these generalities likely to be the case in other estuarine and 
seagrass systems? It could be argued that to some extent the situation at 
Knysna should be regarded as a special case, one revolving around the 
occurrence in limited areas of large numbers of just a few components of 
the fauna. Where these occur in such high abundance they dramatically 
skew values of evenness, and consequently species diversity, to very low 
levels. Indeed, the effect of Alaba numbers was to render the sites with 
by far the largest number of species also those with the lowest species 
diversity. There was no evidence within the sites concerned, however, 
that numbers of the overwhelming dominant negatively impacted on 
species density [consonant with notions that overall numbers of the 
macrobenthic seagrass fauna are maintained well below carrying ca-
pacity (Barnes, 2021)], although they would clearly impact on species 
richness (s.s.). But when sites most dominated by these microgastropods 
were discounted, species density and species diversity became positively 
related, although evenness still accounted for the majority of variation 
in species diversity, whilst species density and evenness still remained 
without significant correlation. The microgastropod-dominated areas at 
Knysna although localised do not just form an interesting but small and 
unimportant section of the estuarine bay, however; they reflect the 
low-tidal/subtidal and backwater zones of the entire marine embayment 
section, and these are large and important components of the whole. 

Estuarine and equivalent sheltered coastal conditions are generally 
characterised by a relatively limited number of species of which a few 
may display great relative and absolute abundance (Sanders, 1968; 
Josefson and Hansen, 2004). The values for J evenness for the 
muddy-sand flat and Zostera noltei macrofauna studied by Barnes 
(2014), for example, were 0.27 and 0.14 respectively (Barnes, unpubl.). 
Great spatial variability in local abundance of a few components of the 
fauna has also been demonstrated at some other seagrass localities 
within enclosed estuarine bays, such as for the potamidid gastropod 
Velacumantus and ocypodoid crab Mictyris in the Zostera muelleri capri-
corni beds of Moreton Bay (Barnes and Hamylton, 2015; Barnes, 2017), 
leading to local domination of the macrobenthic assemblages in some 
areas but not in others. Likewise, in Arcachon Bay, Atlantic France, 
although some Zostera noltei beds had four co-dominants together 
comprising <70% of individuals, in others the microgastropod Peringia 
comprised some 59% of total macrofaunal individuals (but <1% at yet 
others) or the annelid Tubificoides accounted for >80% (c.f. <5% in 
some other beds); associated total abundance in the bay’s seagrass 
varied by a factor of six (Castel et al., 1989; Blanchet et al., 2004). 
Densities of the dominant cerithiid gastropod Bittium reticulatum in 
Z. noltei beds in the Venice Lagoon, Italy, may vary from 323 to 2380 
m− 2 (Sfriso et al., 2001). Thus circumstances at Knysna may not be some 
rare aberration, although in marked contrast considerable constancy in 
levels of macrobenthic species density and N2 diversity have been 
demonstrated across a series of diverse intertidal Zostera marina 
meadows along some 400 km of the Breton coastline, albeit that mean 
abundance did vary by a factor of nearly eight (Boyé et al., 2017). The 
mean data for these Breton meadows presented in their Table 1, how-
ever, suggest that macrofaunal abundance and species diversity were 
inversely correlated (R − 0.8; P < 0.02) whilst there was no significant 
relationship between species density and either species diversity or 
assemblage abundance (P > 0.1). 

The patterns of differential relative importance and abundance of a 
few species across the estuarine bay may (or indeed may not) render 
Knysna a special case, although the lack of effect of superabundance of 
dominants on species density is likely to be restricted to situations where 

there is no competition for resources, for example in areas of top-down 
control of mesograzers (Heck and Valentine, 2007; Moksnes et al., 2008; 
Lewis and Anderson, 2012). The microgastropod-dominated areas at 
Knysna are not in isolated spatial compartments: the expanses of Zostera 
capensis there all interconnect to form a single sheet of seagrass across 
which dispersal is possible, even for species developing directly. So in 
practice it is clearly unrealistic either not to include certain component 
areas of a given habitat or to exclude certain species from analyses in 
order to make the whole dataset amenable to biodiversity analysis via 
species diversity. As far as Knysna is concerned, the answer to the 
question posed in the title of this paper is that species diversity is there 
an estimator of equitability and not much else. The Knysna seagrass 
macrofauna also emphasises that to be effective in assessing spatial or 
temporal changes, species diversity measures may therefore only be 
applicable within groups of very similarly structured assemblages. 
Brackish-water species have previously been considered to be poor 
subjects for assessment of biodiversity by diversity indices because of 
their general tolerance of environmental fluctuation (Elliott and Quin-
tino, 2007; Reizopoulou et al., 2013). Leaving aside all arguments to the 
effect that species diversity is a non-concept and a chimera of two un-
related metrics (Hurlbert, 1971; Chiarucci et al., 2011), the present re-
sults also indicate that species-diversity analysis seems best avoided in 
respect of estuarine seagrass meadows since it does not convey 
easily-interpretable information, and may indeed mislead. 

Of course assessment of species richness (s.l.) from empirical samples 
is not without its own pitfalls either (Gotelli and Colwell, 2011; Hill-
ebrand et al., 2017; Daly et al., 2018; Roswell et al., 2021), including 
when modified to include or to standardise for the likely numbers of 
unobserved species (Gwinn et al., 2015; Roswell et al., 2021). 
Species-density assessment is dependent on size of area sampled in a 
non-linear fashion (Gotelli and Colwell, 2011). Nevertheless, species 
density is the simplest measure of species richness (s.l.) to conduct, and 
it remains in wide use, including in the formulation of most Remane 
diagrams of estuarine biodiversity patterns (Whitfield et al., 2012). This 
study suggests that, notwithstanding the associated methodological 
problems, for many purposes in productive but relatively species-poor 
habitats such as estuaries it would appear to convey more and better 
information on the spatial distribution of what is usually meant by the 
term ‘biodiversity’ than species diversity indices. 
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