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Abstract10
11 The detailed analysis of Species Abundance Distributions (“S.A.D.s”) can shed light on12 how member-species mutually arrange themselves within communities, provided that13 the complete distribution of species abundances is made available first. Yet, the14 numerical extrapolation applied to incomplete “S.A.D.” can effectively compensate for15 incompleteness, when having to deal with substantially uncomplete samplings. Indeed,16 almost as much information as would be obtained from truly complete sampling and17 truly exhaustive “S.A.D.” can finally be released, although the taxonomic identities of18 unrecorded species remain ignored.19 To take full advantage of this new approach, a recently developed procedure allowing20 the least-biased numerical extrapolation of “S.A.D.s” has been applied to three partially21 sampled gastropods communities associated to coral-reef in Mannar Gulf (S-E India).22 The following main results were derived from the three numerically completed23 “S.A.D.s”: (i) once completed, all three numerically “S.A.D.s” fairly well comply with the24 log-normal model, suggesting that, in all three communities, the process of hierarchical25 structuration of species abundances likely involves the combined contributions of many26 independent factors; (ii) moreover, the same holds true for each of the two involved27 feeding guilds (primary and secondary consumers) considered separately; (iii) when28 compared to secondary consumers, the guild of primary consumers has a much lower29 species richness but, on the other hand, exhibits a more strongly structured distribution30 of species abundances, which materializes not only in term of the apparent unevenness31 of species abundances but also after having disentangled the genuine intensity of the32 underlying process driving the hierarchical structuration.33 All the preceding features are shared in common by the three communities studied, in34 line with the similarity of their environmental contexts. Only minor features can35 actually slightly distinguish between communities, reflecting the difference in distances36 between them.37
38
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1. Introduction41 Tropical marine ecosystems in shallow waters are of major concerns to ecologists and42 conservationists, as they are considered as one of the first ecosystem to suffer43 significantly from obvious impacts due to the on-going climate-warming [1,2].44 Moreover, these same ecosystems are of major interest, being considered as embodying45 remarkably high levels of diversity and biological complexity [1, 3 - 5].  However,46 precisely because of their usually high species richness, also including numerous rare47 species, the samplings of these communities often remain substantially incomplete [6].48 More generally, sampling incompleteness is doomed to become the unavoidable49 consequence of the generalization of “rapid assessments” and “quick surveys”, at least50 when having to deal with species-rich communities, as is usually the case with51 terrestrial or marine invertebrates faunas, especially under tropical climate. In turn,52 such partial inventories prevent a reliable appreciation of the key descriptive and53
functional aspects of the internal organization within species communities [7 – 9].54 Hence, the recently acknowledged necessity to implement relevant numerical55
extrapolations applied to both: (i) the as-recorded species accumulation process,56 beyond the already reached sampling-size and (ii) the as-recorded distribution of57 species abundances in the studied community.58 Indeed, the extrapolated numerical data, regarding all the species that had remained59 undetected after partial sampling, is absolutely necessary to gain access to the60 aforementioned descriptive and functional features of the internal organization within61 species communities.62 In particular, once properly numerically completed (and only when it is so: [6]), the63 distribution of species abundances can provide synthetic data, both qualitative and64 quantitative, about the underlying process that drives the hierarchical structuring of65 species abundances within community [10 – 14]. Although no deeper details may be66 extracted from this synthetic overview, it has, yet, the advantage of being67 straightforward. In particular, this synthetic approach does not involve the long and68 tedious analytical programs that would be otherwise required to go deeper in the69 details of the structuring processes. As such, this synthetic approach can serve, at least,70 as a convenient preliminary investigation.71 As complete – or numerically completed – abundance distributions are mandatory for72 this purpose, procedures for the numerical extrapolation of (i) the Species73 Accumulation Curve and (ii) the Species Abundance Distribution have recently been74 developed, aiming at providing reliable, least-biased inferences about (i) the number75 and (ii) the distribution of abundances of all those species that remained undetected76 after incomplete samplings.77

78 Hereafter, I report and discuss the results derived from the numerical extrapolations79 applied to the partial inventories of three marine Gastropod communities associated to80 tropical coral reefs surrounding three small islands within Mannar Gulf Biosphere81 Reserve (south-eastern coast of India). Partial samplings were carried out by Mohanraj82 and co-workers [15], while the estimates of the true (total) species richness of each of83 these three communities were already reported by [16].84
85

2. Materials and Methods86
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2.1 - field data87 The coral reefs surrounding the shores of three small islands, located in “Mannar Gulf88 Biosphere Reserve” (islands of ‘Hare’, ‘Vaan’ and ‘Koswari’) were sampled for their89 associated gastropods communities. The recorded data issued from these partial90 surveys (on which numerical extrapolations will be based) is reported in details in [15]91 and the reader is invited to browse this publication for the contextual information92 regarding the sites and the implemented sampling methods. The number N0 of collected93 individuals and the number R0 of recorded species are recalled here at Table 1, for each94 investigated site. At all three sites, the numbers f1 of singletons (species recorded only95 once) are closed to 20% of the total number R0 of recorded species, which denotes96 substantial incompleteness for each of the three samplings, a common situation in97 practice, as already underlined. As all the species lists reported by the authors include98 the respective abundances of the recorded species, the corresponding data was99 appropriate to implement the procedure of numerical extrapolation.100
101

2.2 - the numerical extrapolation procedure and its exploitation102 As mentioned above, the Species Abundance Distributions (“S.A.D.”) provides the basic103 data necessary (i) to describe the pattern of structuration of species within community104 and (ii) to qualify and quantify the underlying process that drives this structuration.105 Yet, to accurately exploit its full potential [17, 18], the “S.A.D.” requires:106 - first, to be corrected for bias resulting from drawing stochasticity liable to the finite107 size of samplings,108 - second, and still more importantly, to be completed by numerical extrapolation, to109 the extent that sampling is suspected to be incomplete, as revealed by the subsistence of110 singletons, as is the case here.111 The appropriate procedure of correction and, subsequently, of least-biased numerical112 extrapolation of the as-recorded “S.A.D.” is described in details in [18] and briefly113 summarized in Appendix 1. In addition, an example of implementation of the procedure114 is commented in details in [19].115 Classically, the “S.A.D.” is graphically presented according to the so-called “Ranked116 Abundance Distribution” (also known as “Whittaker plot"), according to which the (log-117 transformed) abundances ai are plotted against the rank i of species, the latter being118 ordered by decreasing values of abundance (with, thus, a1 and aSt respectively standing119 for the highest and the lowest abundances in a community of St species).120
2.2.1. – description of the pattern of species abundance structuration121 The “S.A.D.” (completed by extrapolation to include undetected species, if any) conveys122 all the relevant quantitative data relative to the internal structuration of species123 abundances within community. In particular, it is always advisable to use species-124 abundance plots to study evenness or unevenness [20]. For commodity, the “S.A.D.” may125 be synthetically reduced to its two major descriptors: the total species richness St and126 the degree of unevenness, U, of the abundance distribution. According to the127 aforementioned, classical mode of representation of “S.A.D.”, it goes natural to quantify128 the degree of abundance unevenness U as the average slope of the abundance decrease129 along the whole range of the abundance distribution, as already proposed [21], that is:130 U = [log(a1) – log (aSt)]/St = [log(a1/aSt)]/St (1)131
2.2.2. - qualification of the underlying structuring process: type and intensity132

Formatted: Font: Bold

Formatted: Font: Bold



4

Beyond the mere description of the pattern of structuration, quantified by U, the133 complete “S.A.D.” can help addressing several important questions regarding the134
intensity and the type of the process driving the hierarchical structuration of135 abundances in the community (i.e. the differential allocations of relative abundances136 among member-species of the community).137 As regards the kind of structuring process involved, it is possible to distinguish between138 two major alternative hypotheses: schematically, the hierarchical structuration of139 abundances may results either (i) from the contribution of only one dominant factor or140 (ii) from the combined contributions of many independent factors acting together. This141 may be tested by checking the conformity of the corresponding “S.A.D.” to either the log-142
series model or the log-normal model respectively [10, 22 - 25].143 Now, as regards the intensity of the structuring process, it is first necessary to remind144 that the degree of unevenness U is inadequate in this respect, due to its additional145
mathematical dependence upon the species richness St [26, 27]; see also Appendix 3),146 which ultimately results in masking the genuine contribution of the structuring process147 itself [12, 13, 28]. To get rid of this spurious dependence, deprived from biological148 significance, it has been shown appropriate to cancel its influence by comparing the149 actual “S.A.D.” to the corresponding “broken-stick” distribution [29], computed for the150 same species richness St [19, 30, 31]. Accordingly, the genuine intensity, “Istr”, of the151 hierarchical structuring process is relevantly defined through standardizing the152 unevenness of the actual “S.A.D.” to the unevenness of the corresponding “broken-stick”153 distribution, computed for the same species richness St, that is:154 Istr =  U/U’  =  [log(a1/aSt)/St]/[log(a’1/a’St)/St] =  log(a1/aSt)/log(a’1/a’St)                (2)155 with the abundances being classically log-transformed and with a1 and aSt standing for156 the highest and the lowest abundances in the studied community and a’1 and a’St157 standing for the highest and the lowest abundances in the corresponding “broken-stick”158 distribution.159 Thus defined, freed from the purely mathematical influence of species richness, the160 index Istr accounts for those biological factors only that contribute to the hierarchical161 structuring of abundances within community.162 Note at last, that the methodologic approach above may be applied, as well, to any163 subsets of interest, for example to each of the feeding guilds that co-occur in the164 community.165

166
3. Results167

3.1 Estimated total species richness of each community168 The three communities have rather similar estimated total species richness: ‘Koswari’:169 53 species, ‘Vaan’: 51 species, ‘Hare’ 49 species (Table 1; [16]).170
171

Table 1 – The number of collected individuals N0, the number of recorded species R0, the type of172
nonparametric estimator (Jackknife) selected as being the least-biased, the estimated number Δ of173
unrecorded species, the resulting estimate of the “true” total species richness St (= Ro + Δ), the174
resulting estimated level of sampling completeness R0/St. Estimations are computed according to the175
least-biased procedure: selection key provided in Appendix 2.176

177
178
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?????
Communities

HARE VAAN KOSWARI
nb. collected individuals  N0 310 484 416

nb. recorded species  R0 35 40 38
least-biased estimator JK-5 JK-5 JK-4

nb. unrecorded species  Δ 14 11 15

total species richness   St 49 51 53
sample completeness  R0/St 71% 78% 72%

Nb=? No=?, Ro=? R0/St =? Δ =? St=? Footnotes should be placed below the table with179
superscript lowercase letters.180

181 In this respect, the spatial distance between communities does not seem to have any182 influence: the (slight) difference of species richness is the same between ‘Hare’ (49183 species) and ‘Vaan’ (51 species), separated by > 100 km than between ‘Koswari’ (53184 species) and ‘Vaan’ (51 species) although distant of 3 km only.185 A similar lack of singling out of ‘Hare’ community, as compared to ‘Koswari’  and ‘Vaan’186 communities is reported in an another study of reef-associated gastropod assemblages187 [32], with respect to the levels of (i) species diversity, (ii) species richness and (iii)188 evenness of species abundances.189
190

3.2 Species Abundance Distribution for each community, duly corrected and191
extrapolated192 Figures 1, 2, 3, provide the graphical representations of the Species Abundance193 Distribution (“S.A.D.”) for each of the three communities under study. These “S.A.D.s”194 have been (i) bias-corrected and then (ii) extrapolated according to equations (A1.1)195 and (A1.2) respectively: see Appendix 1.196 According to the usual convention of graphical representation for S.A.D.s,197 - along the abscissa, member-species are ranked by decreasing values of their198 respective abundances (relative abundance ‘ai’ for the species of rank ‘i');199 - along the ordinate, the relative abundances are plotted according to a logarithmic200 scale (log10) (although, for specific purpose, an ordinary untransformed scale may be201 adopted, as suggested in [29]).202 The abundances of the recorded species are plotted as grey circles, while the203
extrapolated part of the abundance distribution is plotted as a thick solid line.204

205
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206
207

Figure 1 – The bias-corrected and extrapolated species abundance distribution (“S.A.D.”) for the208
reef-associated gastropod community around ‘Koswari’ island: grey circles: recorded part of the209
“S.A.D.” after correction for bias; solid line: least-biased extrapolation of abundance distribution for210
the set of unrecorded species due to incomplete sampling (sampling completeness: 72%).211

212

213
214

Figure 2 – The bias-corrected and extrapolated species abundance distribution (“S.A.D.”) for the215
reef-associated gastropod community around ‘Vaan’ island: grey circles: recorded part of the S.A.D.216
after correction for bias; solid line: least-biased extrapolation for the set of unrecorded species due217
to incomplete sampling (sampling completeness: 78%).218
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220
221

Figure 3 – The bias-corrected and extrapolated species abundance distribution (“S.A.D.”) for the222
reef-associated gastropod community around ‘Hare’ island: grey circles: recorded part of the223
“S.A.D”. after correction for bias; solid line: least-biased extrapolation for the set of unrecorded224
species due to incomplete sampling (sampling completeness: 71%).225

226
3.3 testing for the kind of process involved in the structuring of species abundances227 Figures 4-5, 8-9, 12-13 provide the comparison of the “S.A.D.” of each community to the228 corresponding “log-series” and “log-normal” models, computed for the same species229 richness respectively. As mentioned in Methods section, these comparisons thereby230 allow to infer which kind of process is more likely to be involved in the hierarchical231 structuration of species abundances: schematically, the “log-series” model suggests that232
only one (or very few) dominant factor is structuring the distribution of species233 abundances in the community while “log-normal” model suggests the intermingled234 contributions of numerous and independent factors, involved together in the235 structuration of the community.236 For all three communities, the species abundance distributions clearly fit best the “log-237 normal” model than the “log-series” model.238 Now, Figures 6-7, 10-11, 14-15 allow a closer examination of the fitting with the “log-239 normal” model and, in particular, highlight in all three cases a local departure from the240 otherwise fairly well fitted “log-normal” model. Specifically, the most abundant species241 (species of rank 1 and, to a much lesser extent, of rank 2) has an abundance level which242 is only about half the prediction of the “log-normal” model. In all three cases, the gap is243 statistically highly significant (statistical test based on the Bayesian inference of the244 probability distribution of values for the abundance a1 of the species of rank 1: p <245 0.001). The likely origin and ecological meaning of this gap is discussed later.246
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248
249

Figure 4 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at250
‘Koswari’ island (grey circles and solid line) and the corresponding “log-series” model (double line).251
Figure 5 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at252
‘Koswari’ island (grey circles and solid line) and the corresponding “log-normal” model (dotted line).253

254

255
256

Figures 6 & 7 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the257
community at ‘Koswari’ island (grey circles and solid line) and the corresponding “log-normal” model258
(dotted line). Note the arithmetical scale for abundances (instead of the traditional logarithmic259
scale), which offers a more direct visual appreciation of relative abundances, as suggested by [29].260
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262
263

Figure 8 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at264
‘Vaan’ island (grey circles and solid line) and the corresponding “log-series” model (double line).265
Figure 9 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at266
‘Vaan’ island (grey circles and solid line) and the corresponding “log-normal” model (dotted line).267

268

269
270

Figures 10 & 11 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the271
community at ‘Vaan’ island (grey circles and solid line) and the corresponding “log-normal” model272
(dotted line). Note the arithmetical scale for abundances (instead of the traditional logarithmic273
scale), which offers a more direct visual appreciation of relative abundances, as suggested by [29].274
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276

Figure 12 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at277
‘Hare’ island (grey circles and solid line) and the corresponding “log-series” model (double line).278
Figure 13 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at279
‘Hare’ island (grey circles and solid line) and the corresponding “log-normal” model (dotted line).280

281

282
283

Figures 14 & 15 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the284
community at ‘Hare’ island (grey circles and solid line) and the corresponding “log-normal” model285
(dotted line). Note the arithmetical scale for abundances (instead of the traditional logarithmic286
scale), which offers a more direct visual appreciation of relative abundances, as suggested by [29].287

288
3.4 the genuine intensity of the process of hierarchical structuration of abundances289 As emphasized in Methods section, the genuine intensity of the process driving the290 hierarchical structuration of abundances is relevantly appreciated by comparing the291 “S.A.D.” of the studied community to the corresponding “broken-stick” model computed292 for the same species richness. Figures 16 to 21 provide such comparisons of the “S.A.D.”293 of each community with the corresponding “broken-stick” model, computed for the294 same species richness.295
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297
298

Figure 16 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at299
‘Koswari’ island (grey circles and solid line) and the corresponding “broken-stick” model (dashed300
line) – ordinate with logarithmic scale.301
Figure 17 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at302
‘Koswari’ island (grey circles and solid line) and the corresponding “broken-stick” model (dashed303
line) – ordinate with arithmetic scale.304

305

306
307

Figure 18 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at308
‘Vaan’ island (grey circles and solid line) and the corresponding “broken-stick” model (dashed line) –309
ordinate with logarithmic scale.310
Figure 19 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at311
‘Vaan’ island (grey circles and solid line) and the corresponding “broken-stick” model (dashed line) –312
ordinate with arithmetic scale.313
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315
316
317

Figure 20 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at318
‘Hare’ island (grey circles and solid line) and the corresponding “broken-stick” model (dashed line) –319
ordinate with logarithmic scale.320
Figure 21 – Comparison between the bias-corrected and extrapolated “S.A.D.” for the community at321
‘Hare’ island (grey circles and solid line) and the corresponding “ideally even” model (dotted line)322
and “broken-stick” model (dashed line) – ordinate with arithmetic scale.323

324 In a more synthetic way, Table 3 will provide the evaluations of the genuine intensity,325 Istr, of the process driving the hierarchical structuration of species abundances, for each326 of the three communities.327
328

3.5 Species richness and the degree of hierarchical structuring of species329
abundances in each feeding guild considered separately330 Two feeding guilds coexist in the three studied communities: primary consumers331 (“herbivores”) and secondary consumers (“carnivores”). The numerical extrapolation332 procedure, applied above to each community as a whole, may be implemented as well to333 each of these two feeding guilds, separately.334 The respective contributions of each feeding guild – in terms of total species richness335 and cumulated number of individuals per guild – are derived accordingly (Table 2,336 Figures 22 and 23).  In all three communities, the guild of secondary consumers is far337 more species-rich (by twice to almost thrice) than is the guild of primary consumers.338 Regarding the cumulated number of individuals per guild, the trend is less marked339 because primary consumers are more numerous by species, on average, than are340
secondary consumers.341 The Species Abundance Distributions specific to each of the two feeding guilds co-342 occurring in the community at ‘Koswari’ (the richest one, taken as an example) are343 jointly provided in Figure 22.344

345
Table 2 – Respective contributions, per feeding guild (primary and secondary consumers), to:  (i) the346
recorded and the total species richness and (ii) the cumulated numbers of individuals.347 ??? COMMUNITIES
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primar secund primar secund primar secund

nb. recorded species  R0 6 29 7 33 6 32
nb. unrecorded species  Δ 2 12 1 10 4 11
total species richness St 8 41 8 43 11 42
contrib. to sp. richness % 16 % 84 % 16 % 84 % 21 % 79 %
contrib. to nb. individ.  % 28 % 72 % 32 % 68 % 31 % 69 %

Foonotes,348 The Species Abundance Distributions specific to each of the two feeding guilds co-349 occurring in the community at ‘Koswari’ (the richest one, taken as an example) are350 jointly provided in Figure 22.351

352
353

Figure 22 – The bias-corrected and extrapolated “S.A.D.” for the two feeding guilds in the marine354
gastropod community at ‘Koswari’ island. Grey figures: the primary consumers; black figures: the355
secondary consumers. The distribution of species abundances among primary consumers is strikingly356
more uneven (steeper slope of abundance decrease) than it is among secondary consumers.357

358 These abundance distributions are drastically different, with a strongly steeper slope of359 the “S.A.D.” for primary consumers than for secondary consumers. The distribution of360 species abundances among primary consumers appears thus far more uneven than it is361 among secondary consumers. This striking difference between the two feeding guilds362 still remains obvious when the slope of each species abundance distribution is363 compared to the slope of the corresponding “broken-stick” model (computed for the364 same species richness): Figure 23. This means that not only the apparent unevenness365 (as a descriptive parameter), but also the intensity Istr of the underlying process driving366 the hierarchical structuration of abundances (as a functional parameter) are stronger367 for primary consumers as compared to secondary consumers. U = 0.272 and Istr = 1.79368 for primary consumers against U = 0.068 and Istr = 1.27 only for secondary consumers.369
370
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371
372

Figure 23 – Same as Figure 22, with the additional superimposition of the corresponding “broken373
stick” models (dashed lines) for primary consumers and for secondary consumers respectively. The374
average slope of the “S.A.D.” of secondary consumers is just slightly steeper than the corresponding375
“broken stick” model, while the average slope of the “S.A.D.” of primary consumers is strongly376
steeper than the corresponding “broken stick” model.377

378
3.6 Overview of the main quantitative features characterizing the three379
communities380 The (extrapolated) total species richness on the one hand; the pattern and the381 underlying process of hierarchical structuring of species abundances (exhaustively382 unveiled by numerical extrapolation) on the other hand, altogether convey much of the383 quantitative aspects that characterize the internal structuring of natural communities of384 species in their particular environment. The corresponding results for each of three385 communities are summarized in Table 3.386

387
Table 3 – A synthetic summary of the main quantitative features of the species abundances388
organization within community, as derived from each completed “S.A.D.” : (i) the total species389
richness St of the community ; (ii) the relative abundances a1 and aSt of the most and least abundant390
species (ranks 1 and St) ; (iii) the unevenness of abundances in the community: U = log(a1/aSt)/St and391
in the corresponding “broken-stick”: U’ = log(a’1/a’St)/St and (iv) the genuine intensity of the392
structuring process Istr = U/U'.393

???
???

St a1 aSt a1/aSt U U’ Istr

KOSWARI 53 0.1012 0.000102 992 0.0566 0.0449 1.26

VAAN 51 0,1070 0.000132 811 0.0571 0.0465 1.23

HARE 49 0,0875 0.000130 673 0.0578 0.0478 1.21
394
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In turn, the main trends are highlighted in Figure 24 in which both the abundance395 unevenness U and the intensity of the structuring process Istr are plotted together396 against the species richness St, for each three communities.397 The (positive) dependence of the intensity Istr of the structuring process upon species398 richness is likely functionally relevant, since Istr was precisely defined freed from any399 direct dependence on St a priori. Of course, three communities only do not suffice to400 draw any statistically sound conclusion and, even less, to propose any generalization,401 but the crude observation yet deserves being acknowledged.402 Now, somewhat paradoxically, the level of unevenness is, on the contrary, decreasing403 with St, which, yet, is nothing else than the consequence of the mathematical, negative404 influence of the species richness on the apparent level of unevenness U, as already405 argued above. Thus, no functional relevance should be attributed to this decrease of U406 with St.407 From a methodological point of view, this exemplifies the fact that sticking to the first408 appearance – that is, here, considering the level of unevenness as the likely faithful409 mirror of the strength of hierarchical ranking of species abundances – would lead to410 quite an erroneous appreciation. However, relying only on unevenness level still411 remains the usual practice…412
413

414
415

Figure 24 – The degree U of unevenness of species abundances (dashed line) and the intensity Istr of416
the underlying structuring process (solid line) plotted against the total species richness St, for the417
three studied marine Gastropod communities. The degree of abundance unevenness decreases with418
increasing species richness of communities.  Yet, the opposite holds true for the genuine intensity of419
the structuring process driving this uneven distribution of species abundances: Istr increases with420
increasing species richness of communities, due to the negative mathematical dependence of U421
upon St. Note that for commodity of graphical comparison between U and Istr, the degrees of422
unevenness are uniformly multiplied by a same factor 21.2.423

424
3.7 Three more specific comparisons425
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Until now, all comparisons above failed to singularize any of the three communities with426 respect to the others. However, the following, more specifically focused comparisons427 best succeed in this respect.428
429

3.7.1. the pattern of abundance distribution according to feeding guild430 The “S.A.D.” of each feeding guild (primary and secondary feeders) was surveyed as a431 whole at section 3.5.  Yet, further insight may be obtained by considering how each432 feeding guild is represented among the half most abundant species (i.e. species with433 ranks > St/2) and among the half less abundant species (i.e. species with ranks < St/2).434 As shown in Table 4, fairly equal distributions (all rather close to 50%) are recorded for435 both guilds in communities at ‘Vaan’ and at ‘Koswari’.  By contrast, at ‘Hare’, the primary436 consumer species are more than twice as frequent among the most abundant (rank <437 St/2) than among the least abundant (rank > St/2): 69% against 31%. The figure,438 however, still lacks statistical support, due to the small numbers of species involved.439
440

Table 4 – Numbers of species either (i) among the half more abundant, that is with rank < St/2 or441
(ii) the half less abundant, that is with rank < St/2.  According to primary consumers and secondary442
consumers).443

number of species
HARE VAAN KOSWARI

primar secund primar secund primar secund

half more abundant: rank <
St/2 5 19 4 21 5 21

half less abundant: rank > St/2 2.2 22.5 4 22 5.6 21.5
half more abundant: rank <
St/2 69 % 45 % 50 % 49 % 47 % 49 %

half less abundant: rank > St/2 31 % 55 % 50 % 51 % 53 % 51 %
444

3.7.2. the degree of hierarchical dominance of the three most abundant species445
446

447
Figure 25 – Bayesian inferences applied to the degree of hierarchical dominance of the three most448
abundant species (Σai for ranks i = 1 to 3) after standardization to the broken-stick model (Σa’i for449
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ranks i = 1 to 3). Thus defined, the degree of structuration is: Σ1to3 [ai] / Σ1to3 [a'i]. Labels H, V, K are for450
Hare, Vaan, Koswari.451

452 The degree of hierarchical structuring of species abundances at each location was453 addressed at sections 3.4 and 3.6.  Yet, further insight may be obtained by detailing the454 contribution to hierarchical dominance of the three most abundant species at each455 location (species of ranks 1, 2, 3). As already underlined, this contribution is best456 quantified after standardization to the corresponding “broken-stick” model.457 Accordingly, the ratio Σ1to3 [ai] / Σ1to3 [a'i] is considered for each of three communities,458 with ai standing for the actual “S.A.D.” and and a'i for the corresponding “broken-stick”459 distribution. Bayesian inference of the distribution of probabilities for the value of this460 ratio are provided at Figure 25 for each location. The community at ‘Hare’ singularizes461 as compared to the other two communities.462
463

3.7.3. the congruence of taxonomic identity within the set of most abundant species464
Beta-diversity, when comparing communities two by two, is a third, potentially465 distinctive criterion between communities at the three locations. To preserve466 significance, focus is placed on the set of the 16 most abundant species (Table 5).467

468
Table 5 – Relative abundances ai of the 16 most abundant species in each of three locations469
‘Koswari’ (K), ‘Vaan’ (V) and ‘Hare’ (H).470

K V H K V H
Trochus niloticus Linné 1767 0,101 0,092 0,065 Cypraea caurica (Linné 1758) 0,043 0,043 0,037
Trochus radiatus Gmelin 1791 0,095 0,107 0,082 Umbonium sp. 0,034 0,034 0,037
Murex trapa Roding 1798 0,095 0,090 0,088 Cypraea teres Gmelin 1791 0,032 0,026 0,048
Murex tribulus Linné 1758 0,071 0,071 0,082 Cyparea labrolineata Gaskoin 1849 0,030 0,030 0,031
Hemifusus pugilinus (Born1778) 0,052 0,051 0,059 Chicoreus ramosus (Linné 1758) 0,030 0,026 0,040
Cypraea moneta Linné 1758 0,052 0,049 0,037 Vasum ceramicum (Linné 1758) 0,006 0,008 0,045
Lambis lambis Linné 1758 0,047 0,054 0,037 Nerita polita Linné 1758 0,000 0,004 0,037
Monetaria annulus (Linné 1758) 0,045 0,045 0,040 Cypraea miliaris Gmelin 1791 0,026 0,026 0,028

471 The correlation between the relative abundances ai (ranks i = 1 to 16) are plotted in472 Figures 26 to 28 for ‘Koswari’-‘Vaan’, ‘Koswari’-‘Hare’ and ‘Vaan’-‘Hare’. While a very473 strong correlation is observed between communities at ‘Koswari’ and ‘Vaan’ (r2 =474 0.972), the correlations between the community at ‘Hare’ and communities at either475 ‘Koswari’ or ‘Vaan’ are clearly weaker (r2 = 0.626 and r2 = 0.632 respectively).476
477

478
479

Figures 26, 27, 28 – Correlations between the relatives abundances ai for Koswari’-‘Vaan’, for480
‘Koswari’-‘Hare’ and for ‘Vaan’-‘Hare’. The sixteen most abundant species are considered.481
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4. Discussion483 Coral reefs in shallow waters are among the most threatened ecosystems, as a484 consequence of anthropic activities, in particular the on-going climate change [1, 2].485 Assessing, at the local scale, the main quantitative descriptors of the animal486 communities associated to coral-reefs (in particular, the total species richness, the level487 of unevenness of species abundances and the intensity of the structuring process within488 communities) is thus a first urgency. Yet, urgency on the one hand and the completeness489 of assessments on the other hand are two contradictory requirements, difficult to490 conciliate in practice. Hence, the usual constraint of having to cope with substantially491 incomplete samplings and, accordingly, to apply least-biased numerical extrapolations492 to these partial samplings. This allows, in turn, to infer all necessary quantitative493 information relative to the set of unrecorded species: (i) estimating their number and (ii)494 inferring their abundance distribution. Thereby, total species richness and the full-range495 Species Abundance Distribution (“S.A.D.”), including the undetected species, may both496 be derived, thus providing essential information that, otherwise, would have remain out497 of reach. The procedures to carry out these extrapolations with minimum bias have been498 recently made available [18, 33, 34], so that now, nothing prevents from making the499 most of “rapid samplings” or “quick assessments”.500
501

4.1 Common features to all three gastropod communities502
503

4.1.1 Each community considered as a whole (independently of feeding guilds)504
4.1.1.1 Total species richness and abundance distribution505 The three studied gastropod communities, associated to coral reefs surrounding the506 small islands of ‘Koswari’, ‘Vaan’ and ‘Hare’ show similar total species richness (53, 51507 and 49 species respectively, Table 1) and also share rather similar “S.A.D.s” features508 (Figures 1, 2, 3). This, indeed, was expected from the similarity of environments509 between these three locations [15].510 Moreover, the expected additional sampling efforts that would be required to511 progressively unveil the taxonomical identities of the still unrecorded species are512 provided by the numerically extrapolated Species Accumulation Curves of each513 community, as already reported in [16].514 The average total species richness (≈ fifty) found for these local communities of marine515 shelled-Gastropods may be put in the regional context of the same fauna for Mannar516 Gulf considered as a whole. The figures for marine Gastropods in Mannar Gulf are517 comprised between 260 species [35] and 450 species [15]. That is, between 240 and518 410 shelled-species, after setting aside the non-shelled species (which are less than519 10%, according to [36]). Thus, the proportion of this regional richness actually present520 at the local scale of the studied coral reefs is likely comprised between  50/410 and521 50/240, i.e. between 12% and 21% of the regional stock. This is rather in line with the522 range of values reported in [37] for the ratios of species richness between the local and523 the corresponding regional scale, in tropical benthic ecosystems.524

4.1.1.2 Inferred origin of the hierarchical structuration of species abundances525 For all three communities, the abundance distributions (“S.A.D.s”) reveal clearly more526 consistent with the “log-normal” model than with the “log-series” model (Figures 4-5, 8-527 9, 12-13). This, in fact, seems to be a rather frequent trend, likely being common to most528
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wild communities of species approaching or having reached some kind of dynamic529 equilibrium [22, 24, 25]. Note that the affiliation to “log-normal” rather than to “log-530 series” models would have been less obvious if only non-extrapolated “S.A.D.s” were531 available (see Figures 4, 8, 12). This is in line with the opinion according to which532 incomplete distributions, lacking the set of rarest, unrecorded species may often lead –533 erroneously – to a better fitting to the “log-series” model [24]. Thus, relevantly534 addressing the kind of process driving the hierarchical structuration of species535 abundances in communities imperatively requires (here also and once again)536 considering the full range of “S.A.D.s” and, thus, implementing numerical extrapolation537 as far as necessary.538 This consistency of all three “S.A.D.s” with the “log-normal” model suggests a process of539 hierarchical structuration of species abundances likely involving the combined540
contributions of many independent factors, rather than the sole contribution only one (or541 very few) dominant factor [10, 22 – 25].542 Now, a more detailed examination (see Figures 6-7, 10-11, 14-15) shows, however, that543 in all three communities, the most abundant species (species of rank 1 and, to a much544 lesser extent, of rank 2) depart significantly from the “log-normal” model, with an545 abundance a1 of the most abundant species being only ≈ half the expected value546 according to the “log-normal” model for i = 1. This gap between observation and547 expectation – statistically highly significant (p < 0.001) – may result from a variety of548 possible causes [38, see also 22]:549 - from a “saturation” effect: although according to the “log-normal” model, the most550 abundant species is intended to profit by the freely cumulative contributions of all551 positively influencing factors, this cumulative process may, yet, tend to saturate by552 itself;553 - from the communities still not being sufficiently close to their potential dynamic554 equilibrium that would permit to the most competitive species to reach its asymptotic555 level of abundance [38];556 - from some positively density-dependent detrimental factor, becoming predominant557 when species relative abundance approaches 0.10; this detrimental factor may, in turn,558 result either:559 - from intra-specific competition for resource, [39] or560 - from inter-specific interactions such as predation (which, often, is positively561 dependent on prey density).562 Whatever may be the nature of the cause involved, the latter is likely being non-taxon563 specific since the identity of the most abundant species differs in each of the three564 studied community: Trochus niloticus at ‘Koswari’, Trochus radiatus at ‘Vaan’, Murex565
trapa at ‘Hare’.566 At last, it should be noted, by contrast, that such a (punctual) departure from the “log-567 normal” model is not reported for the intertidal gastropod fauna along rocky shore at568 Middle Andaman Island, which strictly follows the “log-normal” model [19].569

570
4.1.1.3 The intensity of the hierarchical structuration of species abundances571 The hierarchical structuration of species abundances – in short, graphically, the slope of572 the “S.A.D.” – may be considered two ways: (i) either purely descriptively as a pattern or573 (ii) more deeply analyzed, by considering the underlying process driving the differential574
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allocations of abundances among co-occurring species. Figures 1 to 3 and Figures 16 to575 21 respectively address these two focus. As regards the pattern, the average steepness576 of the “S.A.D.” slope (directly readable in Figures 1 to 3 and quantified by unevenness577 level U (= log(a1/aSt)/St) in Table 3) is relatively similar in all three communities.578 Accordingly, the degree of unevenness of species abundances is not distinctive among579 the three communities.580 Yet, as argued in Methods section, the degree of unevenness of species abundances in a581 community does not reliably reflect the intensity of the hierarchical structuring of582 species abundances, because unevenness is also mathematically sensitive to the total583 species richness of the community.584 However, a relevant appreciation of the intensity of the hierarchical structuring process,585 freed from the (spurious) influence of species richness, was obtained:586 - graphically, by plotting simultaneously the Species Abundance Distribution under587 study and the corresponding “broken-stick” model, computed for the same level of588 species richness (Figures 16 to 21),589 - quantitatively, by standardizing the average slope of the Species Abundance590 Distribution under study to the average slope of the corresponding “broken-stick”591 model, leading to the definition (equation (1)) of the genuine intensity Istr of the process592 driving the hierarchical structuring of species abundances (Table 3). Thus leaving aside593 the purely mathematical influence of species richness on unevenness, the index Istr594 thereby reflects the specifically biological contribution made to the apparent level of595 unevenness.596 Moreover, this mathematical independence between Istr and species richness would597 accordingly confer a true biological significance to any empirical correlation that would598 happen to be observed between Istr and species richness. Hence, the interest of plotting599 Istr against St, as proposed in Figure 24. In addition, this representation has the600 advantage of providing a synthetic overview of the main results derived from this new601 kind of methodological approach.602 The intensity Istr of the structuring process slightly differs according to communities,603 ranging from 1.21 to 1.26, (Table 3). Interestingly, here, Istr increases with the total604 species richness St of communities. And this empirically assessed dependence between605 Istr and St should be considered as biologically relevant (as just mentioned). This,606 indeed, is an original and important finding, contrasting with preceding results obtained607 for a series of tropical frog communities in N-W Ghats, where, on the contrary, Istr608 consistently remains independent from St [30].609
610

4.1.2 Feeding guilds considered separately within each community611 Feeding guilds constitute major functional sub-units within species communities. As612 such, they deserve separate consideration, as regards both their own species richness613 and their own distribution of species abundances. In the studied gastropod614 communities, two feeding guilds are co-occurring: primary consumers (“herbivores”)615 and secondary consumers (“carnivores”). The “S.A.D.s” specific to each feeding guild616 were therefore assessed separately and the corresponding numerical extrapolation617 were implemented for each specific “S.A.D.” as well: Figure 22.618
4.1.2.1 Contrasted contributions of primary and secondary consumers to species619

richness and to the numbers of individuals620
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The respective contributions of primary and secondary consumers regarding the621 number of species and the number of individuals are given in Table 2. Relatively similar622 figures were obtained for the three studied communities, with a markedly reduced623 contribution of primary consumers (“herbivores”) as compared to secondary consumers624 (“carnivores”), for both the species richness and the cumulated numbers of individuals.625
Primary consumers contribute to an overall 15% - 20% of species richness and 28% -626 32% of the cumulated number of individuals for each three communities. Accordingly,627 in these communities associated to coral reefs, secondary consumers make the bulk of628 the gastropod fauna in terms of both species richness and number of individuals.629 Interestingly, this is in fair contrast with the corresponding figures obtained with the630 intertidal gastropod fauna sampled along rocky shore at Middle Andaman Island [19]631 where primary consumers, contribute for no less than 39% of total species richness,632 thus approaching the contribution of secondary consumers. The contrast is still633 stronger, regarding the cumulated number of individuals among primary consumers,634 which reaches 60% at Andaman rocky shore and, thus, exceeds the figure for secondary635 consumers. This should arguably be related to the difference in algal cover between636 coral reefs and rocky shores. As a rule, algal cover is significantly lower on healthy coral637 reefs [40 – 43] than on degraded reefs [1] or rocky shores [44]. Thus, healthy coral reefs638 – such as those studied here – are expected to be less appealing to primary consumers639 than are the degraded coral reefs or the rocky shores, all of them supporting higher640 algal covers. A similar conclusion was drawn from the observation of healthy coral reefs641 along Kenyan coast, where most reef-associated Gastropods turn out to be secondary642 consumers: the proportion of predatory gastropods is comprised between 70% and643 99% (average 86%), depending on reefs types and location [45].644

645
4.1.2.2 Contrasted degree of hierarchical structuration of species abundances646

between primary and secondary consumers647 Both the unevenness of species abundances (the average slopes of “S.A.D.s” at Figure 22)648 and the intensity of the underlying structuring process (the slopes of “S.A.D.s” compared649 with those of the “broken-stick” distribution at Figure 23) are markedly stronger for650
primary consumers than for secondary consumers: U = 0.300 and Istr = 1.92 for primary651 consumers, against U = 0.068 and Istr = 1.27 only for secondary consumers. The still652 more striking gap regarding unevenness (a 4.4 times higher unevenness for primary653 consumers) results, as expected, from the additional influence on unevenness of the654 smaller species richness of primary consumers.655 Interestingly, the same tendency is highlighted for the intertidal gastropod fauna of656 rocky shore in Andaman Islands [19] and for the gastropod fauna associated to coral-657 reefs in Fiji Islands [31]. In fact, the trend for higher unevenness in the guild of primary658 consumers might well be general for most marine and terrestrial ecosystems, as argued659 on both theoretical and empirical basis in [46].660 Moreover, the much stronger value of the intensity Istr of the structuring process for661
primary consumers suggests that the trend for higher unevenness of abundances among662
primary consumers does not result only from the influence of their reduced species663 richness. In fact, there is also a significant contribution of some purely biological664
cause(s) to the much stronger unevenness of species abundances within the guild of665
primary consumers. Indeed, this was a question which was still remaining unanswered666
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after the publication of reference [46], as the author does not consider the intensity of667 the structuring process, nor even the apparent evenness pattern, but the “Hill number”,668 which, in fact, combines apparent evenness and species richness and thus quantifies669 diversity rather than evenness itself. The present results thus shed new light on this670 issue.671
672

4.2 Minor features singling out the community at ‘Hare’ as compared to ‘Koswari’673
and ‘Vaan’674 Until now, the three gastropods communities were hardly found differing from each675 other, which is not surprising, considering their very similar environmental conditions.676 Yet, addressing a series of more subtle factors allows to slightly singularize the677 community at ‘Hare’ from the other two communities, at ‘Koswari’ and ‘Vaan’.678
First, as shown in Table 4, the species belonging to the guild of primary consumers679 appear fairly equally distributed all along the range of abundances, as regards the680 communities at ‘Vaan’ and ‘Koswari’. By contrast, at ‘Hare’, the primary consumer681 species are more than twice more frequent in the upper half than in the lower half of the682 range of species abundances.683
Second, as shown in Figure 25, the degree of hierarchical dominance of the three most684 abundant species differs according to sites; with a slightly, but yet significantly, lower685 dominance value at ‘Hare’ as compared to both ‘Vaan’ and ‘Koswari’.686
Third, as shown in Figures 26 to 28, there is a trend for higher congruence in the687 relative abundances, considered species by species, when comparing ‘Vaan’ and688 ‘Koswari’ than when comparing ‘Hare’ to either ‘Vaan’ or ‘Koswari’.689 Thus, for each of the three criteria above, it is always the community at ‘Hare’ which690 singularizes from the other two communities, located at ‘Vaan’ and ‘Koswari’. This is691 suggestive, as ‘Vaan’ and ‘Koswari’ are only a few kilometers apart while ‘Hare’ is692 distant from about 150 kilometers from the other two localities. The results above thus693 anecdotally highlight the (limited) extent to which distance may contribute to slightly694 affect the features of communities which, on the other hand, are placed in likely very695 similar environments and profit by the same regional stock of species. A point, however696 discussed in more details by [47].697 Besides, it is worth noting that Mohanraj and co-workers [15], although relying only on698 the partial samplings of the gastropod assemblages of each three islands, had already699 concluded also for a slightly greater taxonomical proximity between the assemblages of700 “Vaan” and “Koswari”, as compared to “Hare”. A pattern that they had already701 hypothesized as the consequence of the closer spatial proximity of “Vaan” and702 “Koswari”, as compared to “Hare”.703

704
4.3 Final consideration regarding the methodological approach to the internal705
organization within species communities706 For a local assemblage of species to be relevantly regarded – and fruitfully understood –707 as a community of species, it is necessary to go beyond the purely descriptive pattern of708 community organization, trying to address the meaningful underlying process driving709 this organization [38]. In other words, it is necessary to go beyond the empirical level of710
unevenness (as the apparent pattern of community organization), aiming at711 characterizing the genuine intensity of the underlying structuring process driving the712
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differential allocation of relative abundances among co-occurring species. This713 distinction between the immediately apparent pattern and the underlying process714 makes, here, specific sense and, even, has essential implications, because it happens that715 – for fundamental reason – the pattern of the as-observed unevenness cannot faithfully716 mirror the intensity of the structuring process itself. This is because the level of717 unevenness is also influenced, purely mathematically [26, 27], by the species richness of718 the community. An important point indeed, already argued previously [12, 13, 26, 27,719 28] but, yet, still remaining too frequently ignored in common practice. This systematic720 – and biologically irrelevant – influence, should thus be set aside if the true biological721 meaning of species abundance unevenness is to be relevantly understood.722 The (“biologically spurious”) mathematical influence of species richness on abundance723 unevenness may be evidenced quantitatively by considering how unevenness would724 vary with species richness while the nature of the structuring process is constrained to725 remain unchanged. The “broken-stick” distribution [29] provides such an opportunity,726 as it involves an unchanged process of random allocation of relative abundances among727 species, whatever species richness can be. So that, the “broken-stick” distribution is728 uniquely dependent upon (and solely parametrized by) the species richness only [10].729 The “broken-stick” distribution may thus serve as a relevant “null model” against which730 to compare empirical Species Abundance Distributions.731 This has been fully taken into account, here, as a major methodological improvement732 aiming at a better understanding of the drivers of the internal structuring within species733 communities.734
735

5. Conclusions736 Considering in details the data implicitly conveyed by Species Abundance Distributions737 can provide an astonishing diversity of information, having both theoretical and738 practical interest. Yet, taking such full advantage from the treatment of Species739 Abundance Distributions requires dealing with the exhaustive range of the distributions740 of abundances, which in practice is rarely possible especially when having to cope with741 species-rich communities, as are, for example, most invertebrate assemblages. Hence742 the necessity of implementing a reliable procedure of numerical extrapolation to extend743 the still incomplete Species Abundance Distributions [48], as was proceeded here.744 This is all the more important that rare species, that often escape recording in practice,745 may yet disproportionately contribute to the functional structure of communities in the746 wild [49]. Accordingly, numerical extrapolation is therefore the only way to account for747
their existence and role. Moreover – as frustrating as it may seem – the lack of taxonomic748 identification of these rare species, remained undetected but highlighted by numerical749 extrapolation, has more limited consequences that could have been thought at first.750 Indeed, the specific taxonomic identification turns out to be of less importance, as soon751 as one is aware of the generally great variability of taxonomic compositions that can752 equally well answer a same type of functionality [50].753

754 In addition to the information specific to the studied Gastropod communities associated755 to coral-reefs in Mannar Gulf, some new results, of more general interest, were756 highlighted, in particular regarding the two co-occurring feeding guilds.757
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Thus, as compared to secondary consumers (“carnivores”), the guild of primary758 consumers (“herbivores”) is clearly distinguished by a comparatively lower species759 richness and a strongly higher degree of abundance unevenness (as already emphasized760 recently [46]. But, moreover, the intensity of the process of hierarchical structuring of761 species abundance itself was also demonstrated as being markedly stronger within the762 guild of primary consumers. To my knowledge, this last point is reported here for the763 first time.764 Given the growing threat posed by global warming to the integrity of coral reefs [1, 2,765 51], it features essential to multiply detailed and exhaustive inventories – such as those766 conducted here with the support of numerical extrapolation – in order to accumulate767 sufficient contemporary data to serve as reference for subsequent monitoring of the768 future evolution of coral reefs ecosystems.769
770
771

Appendix 1772
Correction and extrapolation (when required) of the as-recorded S.A.D.773 N.B.: details regarding the derivation of the following expressions are provided in [18].774
1) Correction for bias of the recorded part of the S.A.D.775 The bias-corrected expression of the true abundance, ãi, of species of rank ‘i' in the776 S.A.D. is given by:777 ãi =  pi.(1+1/ni)/(1+R0/N0).(1–f1/N0)           (A1.1)778 where N0 is the actually achieved sample size, R0 (=R(N0)) the number of recorded779 species, among which a number f1 are singletons (species recorded only once), ni is the780 number of recorded individuals of species ‘i’, so that pi = ni/N0 is the recorded frequency781 of occurrence of species ‘i', in the sample. The crude recorded part of the “S.A.D.” –782 expressed in terms of the series of as-recorded frequencies pi = ni/N0 – should then be783 replaced by the corresponding series of expected true abundances, ãi, according to784 equation (A1.1).785
2) Extrapolation of the recorded part of the S.A.D. accounting for the complementary786
abundance distribution of the set of unrecorded species787 The following expression stands for the estimated abundance, ai, of the unrecorded788 species of rank i (thus for i > R0):789 ai =  (2/Ni)/(1+ R(Ni)/Ni).(1– [∂R(N)/∂N]Ni) (A1.2)790 which, in practice, comes down to:  ai ≈  (2/Ni)/(1+ R(Ni)/Ni), as f1(N) already becomes791 quite negligible as compared to N for the extrapolated part.792 This equation provides the extrapolated distribution of the species abundances ai (for i793 > R(N0)) as a function of the least-biased expression for the extrapolation of the species794 accumulation curve R(N) (for N > N0), ‘i' being equal to R(Ni). The key to select the least-795 biased expression of R(N) is provided at Appendix 2.796

797
Appendix 2798

Bias-reduced extrapolation of the Species Accumulation Curve and associated799
bias-reduced estimation of the number of missing species, based on the recorded800
numbers of species occurring 1 to 5 times801 Consider the survey of an assemblage of species of size N0 (with sampling effort802 N0 typically identified either to the number of recorded individuals or to the number of803
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sampled sites, according to the inventory being in terms of either species abundances or804 species incidences), including R(N0) species among which f1, f2, f3, f4, f5, of them are805 recorded 1, 2, 3, 4, 5 times respectively. The following procedure, designed to select the806 less-biased solution, results from a general mathematical relationship that constrains807 the theoretical expression of any theoretical Species Accumulation Curves R(N) [33, 52,808 53]:809
810 ∂xR(N)/∂Nx =   (-1)(x-1) fx(N) /CN, x ≈ (– 1)(x-1) (x!/Nx) fx(N) ( ≈ as N >> x)     (A2.1)811
812 Compliance with the mathematical constraint (equation (A.1)) warrants reduced-bias813 expression for the extrapolation of the Species Accumulation Curves R(N) (i.e. for N >814 N0).  Below are provided, accordingly, the polynomial solutions Rx (N) that respectively815 satisfy the mathematical constraint (A2.1), considering increasing orders x of derivation816 ∂xR(N)/∂Nx.   Each solution Rx (N) is appropriate for a given range of values of f1817 compared to the other numbers fx [33]:818
819820 * for f1 up to f2  R1 (N) = (R(N0) + f1) – f1.N0/N821
822 * for larger f1 up to 2f2 – f3  R2 (N) = (R(N0) + 2f1 – f2) – (3f1 – 2f2).N0/N –823 (f2 – f1).N02/N2824
825 * for larger f1 up to 3f2 – 3f3 + f4  R3 (N) = (R(N0) + 3f1 – 3f2 + f3) – (6f1 – 8f2 +826 3f3).N0/N –827 (– 4f1 + 7f2 – 3f3).N02/N2 – (f1 – 2f2 + f3).N03/N3828
829 * for larger f1 up to 4f2 – 6f3 + 4f4 – f5  R4 (N) = (R(N0) + 4f1 – 6f2 + 4f3 – f4) –830 (10f1 – 20f2 + 15f3 – 4f4).N0/N – (– 10f1 + 25f2 – 21f3 + 6f4).N02/N2 –831 (5f1 – 14f2 + 13f3 – 4f4).N03/N3 – (– f1 + 3f2 – 3f3 + f4).N04/N4832
833 * for f1 larger than 4f2 – 6f3 + 4f4 – f5  R5 (N) = (R(N0) + 5f1 – 10f2 + 10f3 – 5f4 + f5)834 – (15f1 – 40f2 + 45f3 – 24f4 + 5f5).N0/N – (– 20f1 + 65f2 – 81f3 + 46f4 – 10f5).N02/N2 –835 (15f1 – 54f2 + 73f3 – 44f4 + 10f5).N03/N3 – (– 6f1 + 23f2 – 33f3 + 21f4 – 5f5).N04/N4 –836 (f1 – 4f2 + 6f3 – 4f4 + f5).N05/N5837
838 The associated non-parametric estimators of the number ΔJ of missing species in the839 sample [with  ΔJ = R(N=∞) – R(N0) ] are derived immediately:840
841
842 * f1 < f2  ΔJ1 = f1 ;    R1 (N)843
844 *  f2 < f1 < 2f2 – f3  ΔJ2 = 2f1 – f2 ;    R2 (N)845
846 *  2f2 – f3 < f1 < 3f2 – 3f3 + f4  ΔJ3 = 3f1 – 3f2 + f3 ;     R3 (N)847
848 *  3f2 – 3f3 + f4 < f1 < 4f2 – 6f3 + 4f4 – f5  ΔJ4 = 4f1 – 6f2 + 4f3 – f4 ;     R4 (N)849
850 * f1 >  4f2 – 6f3 + 4f4 – f5  ΔJ5 = 5f1 – 10f2 + 10f3 – 5f4 + f5 ;     R5 (N)851
852

N.B. 1: As indicated above (and demonstrated in details in [33], this series of853 inequalities define the ranges that are best appropriate, respectively, to the use of each854



26

of the five estimators, JK-1 to JK-5. That is the respective ranges within which each855 estimator will benefit of minimal bias for the predicted number of missing species.856 Besides, it is easy to verify that another consequence of these preferred ranges is that857 the selected estimator will always provide the highest estimate, as compared to the858 other estimators. Interestingly, this mathematical consequence, of general relevance, is859 in line with the already admitted opinion that all non-parametric estimators provide860
under-estimates of the true number of missing species [8, 9, 54 – 56]. Also, this shows861 that the approach initially proposed in [57] – which has regrettably suffered from its862 somewhat difficult implementation in practice – might be advantageously reconsidered,863 now, in light of the very simple selection key above, of far much easier practical use.864

865
N.B. 2: In order to reduce the influence of drawing stochasticity on the values of the fx,866 the as-recorded distribution of the fx should preferably be smoothened: this may be867 obtained either by rarefaction processing or by regression of the as-recorded868 distribution of the fx versus x.869

870
N.B. 3: For f1 falling beneath 0.6 x f2 (that is when sampling completeness closely871 approaches exhaustivity), then Chao estimator may alternatively be selected: see872 reference [33].873

874
Appendix 3875

The trivial (“mechanistic”) contribution of the level of species richness to the degree876
of structuring of species abundances877 All things equal otherwise, the larger the species richness, the weaker is the slope of the878 Species Abundance Distribution.879 This can be easily exemplified and quantified, on a theoretical basis, by considering a880 theoretically constant structuring process - such as the random distribution of the881 relative abundances that characterises the “broken-stick” distribution model. By882 applying this model successively to a series of communities with increasing species883 richness, a steadily decrease of the slope of abundance distributions is highlighted:884 Figure A3885

886
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887
Figure A3 – The “broken-stick” distribution model applied to species communities with increasing888
species richness St = 10, 20, 30, 60. Although the theoretical structuring process involved in the889
“broken-stick” model remains unchanged (random apportionment of relative abundances among890
member species), the slope of the species abundance distribution strongly depends upon (and891
monotonously decreases with) the level of species richness St.892
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