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ABSTRACT 
 

Not far from the exceptionally rich ‘Coral Triangle’ on the one hand but, on the other hand, exposed 
to strongly varying degree of anthropogenic environmental stresses, the reef-associated fish 
assemblages all along ‘Seribu Islands’ (off Jakarta Bay) are, thus, confronted to both positive and 
negative ecological influences. As such, these fish assemblages offer especially interesting 
opportunities to analyze these opposite ecological influences, at both the descriptive and the 
functional points of views. The least-biased numerical extrapolation of a series of recently reported – 
yet incomplete – samplings has allowed a sub-exhaustive account of both the estimated total 
species-richness and the completed distribution of species abundances – including the set of those 
rarer species which had remained unrecorded. Thanks to this numerically completed information, it 
became possible to tackle some important issues – which otherwise would have remained difficult to 
address properly. First, a remarkably good correlation was highlighted between the distance of fish 
assemblages to Jakarta Bay (distance considered as a reliable surrogate to the improvement of 
environmental conditions for fish assemblages) and a theoretically derived index characterizing the 
accommodation capacity of sites for fish assemblages. This good correlation suggests that this 
index offer a way to reliably accounts for the “environmental quality” of marine waters, as 
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appreciated by fish communities. In quite another respect, comparing primary and secondary-
feeding guilds, provides still further empirical support to a seemingly common trend according to 
which the guild of secondary-feeders features usually more species-rich, while exhibiting less 
interspecific competition intensity at niche overlaps, than does the primary-feeders guild. 
 

 
Keywords: Numerical extrapolation; sampling completeness; distribution evenness; feeding guild; 

anthropogenic environmental stresses. 
 

1. INTRODUCTION 
 
Tropical marine ecosystems in shallow waters 
are of major interest, being considered as 
embodying remarkably high levels of diversity 
and biological complexity [1-5]. Also, these 
ecosystems are of major concerns to ecologists 
and conservationists, as they are considered as 
one of the first kind of ecosystems to suffer 
significantly from anthropogenic environmental 
stresses, in particular increasing marine waters 
pollution issued from large and busy mega-cities.  
 
Reef-associated fish communities are, most 
often, important components of these tropical 
ecosystems. Accordingly, reef-associated fish 
communities are among the more significant 
biota to be considered, when addressing the 
fundamental question of how various 
environmental stresses, and especially water 
pollution, can more or less affect the level of 
species-richness and the intensity of 
interspecific-competition, as well as their 
combined outcomes in terms of the degree of 
unevenness of species-abundances and, more 
generally, in term of the hierarchic organization 
of species distribution within communities. 
 
Madduppa et al. [6] recently reported on a series 
of reef-fish communities, sampled all across the 
archipelago of “Seribu Islands”, encompassing 
as such a large range of various distances from 
Jakarta City, considered as a major source of 
marine water pollution. Hereafter, I expand the 
analysis from this reported data base, by 
considering in particular how (i) the density in 
individuals, (ii) the species-richness and (iii) the 
species-abundance unevenness respectively 
responds to gradually decreasing levels of 
pollution with increasing distances from Jakarta. 
Being emphasized – from a methodological point 
of view – that these three descriptive parameters 
are, at first, reliably extrapolated numerically in 
order to reduce, if not cancel, the bias due to 
unavoidable sampling incompleteness [7].  
 

Moreover, beyond these three descriptive 
parameters, I disentangle the fundamental 

structuring role and the significant contribution of 
a fourth – this time functional – parameter, 
namely the average intensity of interspecific-
competition within community. This factor, very 
hard to straightforwardly appreciate – and still 
more difficult to quantify directly – fortunately 
reveals being open to reliable indirect derivation, 
thanks to considering a specifically defined 
metric of abundance unevenness.  
 
As a whole, and beyond merely descriptive 
aspects, this refined approach allows for a 
deeper understanding of how fish communities 
can react, in terms of structural and functional 
responses, to increasing levels of water pollution. 
In line with this perspective, a high degree of 
positive correlation is highlighted between the 
distance to the pollution source and a newly 
designed index defined as proportional to both 
individuals’ density and true species richness 
and inversely proportional to competition 
intensity. Besides, and in quite another 
perspective, a seemingly general rule according 
to which “the species-richness is lower and the 
competitive-intensity is stronger” among primary 
feeders than among secondary feeders – proves 
remaining rather robust, independently of the 
severity of pollution stresses. 
 
Thus, hereafter, the following issues are 
successively addressed: 
 
- which are the quantitative responses of reef-fish 
communities to decreasing water pollution, in 
terms of (i) the overall density of individuals, (ii) 
the true species-richness (i.e.: duly extrapolated 
as far as necessary), (iii) the average intensity of 
interspecific-competition and (iv) an appropriate 
combination of these three parameters, intended 
to synthetically highlight the improved 
“accommodation-performance” of communities, 
as expected from decreasing level of water 
pollution; 
 
- how far the seemingly general rule evoked 
above – which opposes the species structuration 
of primary feeders to the species structuration of 
secondary feeders – actually proves remaining 
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robust regardless of the level of water pollution 
stresses. 
 

2. MATERIALS AND METHODS 
 

2.1 The Reported Field Data 
 
The present study is based on the survey, by 
Madduppa et al. [6], of a series of five reef-
associated fish communities located along the 
Seribu Islands archipelago, at progressively 
increasing distances from the highly polluted 
inshore water of Jakarta Bay, towards the 
progressively less polluted offshore waters of the 
outer islands of the Seribu archippelago. Thus 
acquired along a strong gradient of 
anthropogenic pressure – in particular water 
pollution – the field data reported in [6] thereby 
offer a good opportunity to test the influence of 
environmental quality on those (potentially) 
exceptionally rich fish communities, in a region 
very close to the “Coral Triangle” hotspot. All 
additional details regarding the precise location 
of the communities and the sampling procedure 
are provided in the open-access reference [6], so 
that these points are no longer reported here.  
 
Importantly, all five samplings remain more or 
less incomplete, as revealed by the subsistence 
of “singletons” (species recorded only once 
during sampling), so that implementing numerical 
extrapolations of the five samplings is required – 
and realized at first – in order to estimate, for 
each community, both the true (total) species-
richness and the completed distribution of 
species abundances, including those species 
remained unrecorded. 
 

2.2 The Numerical Extrapolation 
Procedure, as Required for 
Incomplete Samplings 

 
To avoid making biased inferences regarding the 
main structural descriptors of ecological 
communities (i.e.: total species richness and 
species-abundance unevenness), it is required to 
rely upon (sub-) exhaustive inventories [7-12]. 
Yet, as stated in reference [7]: "virtually always, 
species richness cannot be observed but needs 
to be estimated because some species may be 
present but remain undetected. This fact is 
commonly ignored in ecology and management, 
although it will bias estimates of species richness 
and related parameters…”. This is all the more 
important that rare species (beyond their own 
intrinsic interest) may disproportionately 

contribute to the functional structuring of 
communities, as has often been pointed out [13-
23]: “rare species are critical for bio-assessment” 
as quoted in [23]. 
 
Now, fortunately, when only incomplete 
samplings are available, some reliable 
procedures of numerical extrapolation can serve 
as an efficient surrogate [7]. Newly developed 
numerical extrapolation procedures [24-26] now 
allow to estimate not only the number of 
unrecorded species, but, still further, the 
respective abundances of each of these 
unrecorded species. And, once having been 
properly numerically completed (and only when it 
is so [10]), the distribution of species 
abundances can provide synthetic data, in both 
qualitative and quantitative terms, regarding the 
underlying process that drives the hierarchical 
structuring of species abundances within 
community [27-31].  
 

* Estimation of total species richness: the 
least-biased estimation of the number of still 
unrecorded species during partial sampling and 
the resulting estimation of the total species 
richness of the partially sampled community are 
computed according to the procedure defined in 
[24,25] and briefly summarized in Appendix 1, on 
the basis of the numbers fx of species observed 
x-times during partial sampling (x = 1 to 5). The 
same procedure allows to derive the least-biased 
extrapolation of the “Species Accumulation 
Curve”, which predicts the expected increase in 
the number of newly recorded species, R(N), as 
a function of the growing sampling size N (N: 
number of currently recorded individuals); see 
Appendix 1 for computation. In practice, this 
extrapolation allows to forecast the likely 
additional sampling efforts that would be required 
to obtain any desirable increment in sampling 
completeness. 
 

* Numerical extrapolation of the Species 
Abundance Distribution: as mentioned above, 
the Species Abundance Distribution (“S.A.D.”) is 
intended to provide the basic data necessary (i) 
to describe the pattern of structuration of species 
abundances within community and (ii) to qualify 
and quantify the underlying process that drives 
this structuration. Yet, to accurately exploit its full 
potential [26,32], the “S.A.D.” requires (i) to be 
corrected for the bias resulting from drawing 
stochasticity during sampling of finite size and, 
still more importantly, (ii) to be completed by 
numerical extrapolation, to the extent that 
sampling is suspected to be incomplete, as 
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revealed by the subsistence of singletons. The 
appropriate procedure of correction and least-
biased numerical extrapolation of the as-
recorded partial “S.A.D.” is described in details in 
reference [26], briefly summarized in Appendix 2 
and concretely exemplified in details in reference 
[33]. Classically, the “S.A.D.” is graphically 
presented with the (log-transformed) 
abundances, ai, plotted against the rank i of 
species, the latter being ordered by decreasing 
values of their abundances (with, thus, a1 and aSt 
respectively standing for the highest and the 
lowest abundances in a community of St 
species).   
 

2.3 Abundance Unevenness, Niches Display 
and Interspecific Competition  

 

Following [34,35], it is the degree of unevenness 
– rather than evenness itself – that should be 
preferred to address the hierarchical structuring 
of species abundances in communities. And, 
according to the usual mode of representation of 
“S.A.D.s”, it goes natural to quantify the degree 
of abundance unevenness U as the average 
slope of the log-transformed species-abundance 
decrease, as already proposed in [36]. That is: 
 

U = [log10 (a1) – log10 (aSt)]/(St – 1)   
U =  [log10 (a1/aSt)]/(St – 1)                        (1)                                 

 

with a1 and aSt standing for the highest and the 
lowest species-abundances in the studied 
community. Note that choosing this mode of 
definition of abundance unevenness preserves 
the symmetric account of abundant as well as 
minor species, that is, the equitable account of all 
co-occurring species, independently of their 
respective abundances – which may be 
admittedly considered as desirable: see, in 
particular, reference [37]. Thereby contrasting, in 
this respect, with many commonly used metrics 
of (un-)evenness which conventionally attribute 
different weight to co-occurring species, 
according to their commonness or rarity [37]. 
 

Now conventional (un-)evenness metrics – 
including the present expression U of 
abundance-unevenness – suffers from serious 
limitations regarding both their “descriptive” and 
their “interpretative” capacities. At the descriptive 
point of view, many authors [27,30,37-48] have 
already repeatedly emphasized the formal non-
independence of conventional (un-) evenness 
metrics upon species-richness. This leading, in 
particular, to unacceptable bias when comparing 
communities differing by their respective species-
richness, thus making these metrics unreliable 

descriptors in this respect [27,30,37-48]. Indeed, 
as duly required in reference [37] “to make 
sense, (un)evenness must be independent of 
species richness”.  
 

And, on the other hand, as regards now the 
capacity to provide relevant ecological 
interpretations, the weakness of conventional 
(un-)evenness metrics of species abundances is 
readily highlighted by the usual absence, in the 
literature, of any associated interpretation of this 
kind: the implementation of conventional (un-) 
evenness metrics being, usually, restricted to a 
purely descriptive purpose only. 
 

Accordingly, a newly designed abundance-
unevenness metric – the “standardized 
abundance-unevenness” index has been recently 
proposed [33,47,49-50], positively addressing 
both kinds of limitations evoked above. By 
standardizing a conventional measure of 
abundance-unevenness (such as the “crude” 
abundance-unevenness index U defined just 
above) to the corresponding measure, U’, of the 
abundance-unevenness in the well-known 
“broken-stick” model (taken as an appropriate 
referential standard), the resulting “standardized 
unevenness” index (Istr = U/U’) proves being able 
to overcome both the major limitations pointed 
out above [50]. Indeed, this new index, Istr, 
benefits by being both:  
 

(i) formally independent of species-richness, 
thereby allowing reliable, unbiased 
comparisons of abundance (un-)evenness 
between species-communities, whatever 
their difference in species-richness;  

 

(ii) able to relevantly quantify the mean 
intensity of interspecific-competition within 
community, in term of the explicit 
contributive outcome of competition 
intensity to the uneven distribution of 
species-abundances.  

 

This double success being the direct 
consequence of the properties of the “broken-
stick” distribution model, originally put-forth in a 
well-known, yet insufficiently thoroughly exploited 
paper by the regretted Robert MacArthur [51]. 
Further information upon both the argumentation 
and the practical implementation of this newly 
designed unevenness index are extensively 
detailed in reference [50]. 
 

The “standardized abundance-unevenness” 
index “Istr” is defined as: 
 

Istr = U/U’ ,that is: 
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Istr = [log10 (a1/aSt)/(St -1)] / [log10 (a’1/a’St)/(St -1)] 
and thus: 

 
Istr = log10 (a1/aSt) / log10 (a’1/a’St)                      (2) 

 
with a1 and aSt standing for the highest and the 
lowest relative abundances in the studied 
community and a’1 and a’St standing for the 
highest and the lowest relative abundances in 
the corresponding “broken-stick” distribution, 
computed (according to [27,50,51]) for the same 
species richness St. The distribution of the 
relative abundances a’i for the broken-stick 
distribution as well as the corresponding 
abundance unevenness U’(St) are easily 
computed, for the same species richness St, 
according to references [27,50,51]. As already 
argued above, thus defined, the standardized 
abundance-unevenness index Istr not only 
complies with the formal independence upon 
species richness, as required for making reliable 
comparisons between communities whatever 
their difference in species richness. But, 
moreover, the standardized unevenness Istr also 
proves being especially relevant as an 
ecologically self-significant metric of species-
abundance unevenness [50], since it specifies by 
how much the species-abundance unevenness is 
multiplied, as the consequence of interspecific 
competition. Indeed, from equation (2),                        
it comes: 

   U = [U’(St)].[Istr ]                                             (3) 
 
This equation thus highlights the essentially 
“composite” nature of species-abundance 
unevenness – regrettably ignored in conventional 
metrics of (un-)evenness. A composite nature 
which thus couples multiplicatively:  
 

(i) a first contribution, equal to U’ (i.e. the 
broken-stick unevenness), uniquely related 
to the degree of niche-diversification 
(which is the reason why U’ is an univocal 
function U’(St) of species-richness St). With 
the degree of niche-diversification 
(mirrored by 1/U’) therefore accounting for 
the level of “species-packing” [52-55.] 
allowing, in turn, the accommodation of the 
number (St) of co-occurring species; 

 
(ii) a contribution Istr which quantifies the mean 

intensity of interspecific competition within 
community, expressed in the appropriate 
term of its proper contribution to the 
degree of species-abundance unevenness 
(with Istr involved as a multiplicative factor 
applying to what would be the abundance-
unevenness ( = U’) in the absence of 
competition). Further details are available 
in reference [50], see also Box 1 in 
Appendix 3  for a schematic outline. 

 

 
 

Image 1. A summarized guidance to the ecological interpretations attached to the 
“standardized abundance-unevenness index” Istr (after [50]) 

CONTRIBUTORS  to

ABUNDANCE    

UNEVENNESS

* uneven niche rewards

to their respectively 

associated species

* interspecific contest

for shared resource 

at niches overlaps

Istr <  1

only partial occupancy of available  niches  and 

preferentially those niches providing more similar 

rewards to their respectively associated species 

 hence, low levels of abundance  unevenness

and this all the more  than Istr is less than  1

no interspecific contest   

(no niche functional overlap,

since niches are separate)

Istr =  1

full occupancy of available niches  

(i.e. “contiguous” non-overlapping niches)

 hence, rewards of niches to their associated

species are more uneven than they were above, 

thus leading to more uneven distribution of 

species abundances than above :  Istr = 1

still no interspecific contest, 

since niches, being contiguous,

there are still no functional-

overlap between niches

Istr >  1

full occupancy of available niches

(now partially  intersecting)  

 hence, the same  contribution, as above, to

the uneven distribution of species abundances, 

but see now the new contrib. of intersp. contest

interspecific contests 

now adding  supplementary

abundance unevenness 

and all the more than  Istr > 1 

(answering the increase in

functional-overlaps)
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At last, in addition to the above three parameters 
St, U, Istr, a fourth useful descriptor of species 
structuration within community is the overall 
range, Ra, of species abundances which, in 
terms of conventionally log-transformed 
abundances, is defined as: 
 
Ra = [log10 (a1) – log10 (aSt)] = [log10 (a1 / aSt)]    (4) 
 
with a1 and aSt standing for the highest and the 
lowest abundances in the studied community. 
That is, from equations (1) & (2): 
 
Ra = (St – 1).U = (St – 1).U’. Istr                         (5) 
 
Importantly, the variations of the overall range of 
species abundances Ra are mainly driven by the 
variations of the level of abundance aSt of the 
rarest species, while, on the contrary, a1 varies 
comparatively very little: see both empirical 
evidence and theoretical support in [50]. Besides, 
it is the abundance aSt of the rarest species 
which is more decisive as regards the 
maintenance of species richness, since further 
decrease of the lowest abundance aSt likely 
increases the risk of dislodgement and 
subsequent local extinction of the rarest species. 
This makes two good reasons to devote 
particular attention, beyond Ra, to aSt. So that, in 
this respect, the lowest abundance aSt               
deserves being the third essential descriptor of 
natural species communities, after St and                   
Istr. 
 

Image 1 provides a synthetic guide for a relevant 
socio-ecological interpretation of the value taken 
by the standardized abundance-unevenness              
Istr. 

3. RESULTS 
 
3.1 Estimated Total Species Richness of 

Communities 
 
Five fish communities were considered along the 
Seribu Island archipelago, at progressively 
increasing distance from Jakarta center. These 
five communities are more precisely located at 
‘Pari’, ‘Tidung’, ‘Panggang’, ‘Kelapa’ and 
‘Harapan’ islands. 

 
As mentioned above, due to the subsistence of 
significant proportions of singletons (species 
recorded only once during sampling), the 
samplings of all five surveyed fish communities 
were considered incomplete and therefore 
submitted to ‘least-biased’ numerical 
extrapolations (previous examples of application 
of this procedure are provided in references 
[33,56-67]). Table 1 provides, for each five 
communities, the reported sampling data and the 
corresponding extrapolated numbers of species 
remained undetected, from which is immediately 
derived the estimated total species richness. 

 
The degree of completeness C% of samplings 
varies substantially, from 73% to 98% (Table 2) 
and it is interesting to address the causes of 
these variations. In this respect, it seems likely 
that sampling completeness should (i) increase 
with the ratio N0/St between the number of 
recorded individuals N0 and the total species-
richness St and (ii) decrease with increasing 
degree of unevenness U of species abundances 
(see Table 2), since the rarer is a species, the 
less likely it is expected to be encountered during 

 
Table 1. The number of collected individuals N0, the number of recorded species R0, the type of 

nonparametric estimator (Jackknife series) selected as being the least-biased one, the 
estimated number Δ of unrecorded species, the resulting estimate of the “true” total species 

richness St (= R0 + Δ), the resulting estimated level of sampling completeness R0/St, the 
(extrapolated) overall density D of individuals per m

3
 of sampled water and the distance from 

Jakarta center. Pari: PAR., Tidung: TID., Panggang: PAN., Kelapa: KEL., Harapan: HAR 
 

Reef-fish communities PAR. TID. PAN. KEL. HAR. 

nb. collected individuals  N0 794 5412 10814 20018 9235 

nb. recorded species  R0 = R(N0) 49 79 109 150 105 

selected least-biased estimator JK-4 JK-3 JK-2 JK-3 JK-2 

number unrecorded species  Δ 18 16 2 13 8 

total species richness St 67 95 111 163 113 

sample completeness  R0/St 73% 83% 98% 92% 93% 

overall density of individuals (/m
3
) D 0.161 0.723 0.541 0.616 0.924 

distance from Jakarta-center (km) 32 45 48 55 56 
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Fig. 1. The degree of sampling completeness C% plotted against the ratio N0/St between the 
number of recorded individuals N0 and the total species-richness St.  

Logarithmic regression, r = 0.92 
 

 
 
Fig. 2. The degree of sampling completeness C% plotted against the degree of unevenness of 

species abundances U = [log10 (a1/aSt)]/(St – 1). Linear regression, r = 0.95 
 
sampling. Figs. 1 and 2 clearly support these 
expectations, with high levels of correlation 
coefficients (r = 0.92 and 0.95, respectively) 
suggesting statistical significance for both     

causes (p < 0.05), in spite of the very low 
number (5) of considered samplings. Note                 
that similar involvement of these two causes in 
the regulation of sampling completeness                   
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has already been reported previously                       
[65]. 
 

3.2 Species Abundance Distributions 
Numerically Completed 

 

The bias-corrected and numerically extrapolated 
Species Abundance Distributions (S.A.D.s) are 
provided in Figs. 3 to 7.  The corresponding 
“broken-stick” distributions (i.e.: computed for the 
same species richness) are also plotted on the 
same Figures, for the purpose of direct 
comparisons to this referential standard. In each 
of all five communities, the crude species 

abundance unevenness U (i.e.: the average 
slope of the species-abundance distribution) is 
more or less stronger than is the crude 
unevenness U’(St) in the corresponding “broken-
stick” distribution (i.e.: Istr always > 1), thereby 
suggesting more or less intense interspecific 
competition at niches overlaps. The intensities of 
interspecific competition in the different fish 
communities are more precisely quantified in 
term of the standardized unevenness index Istr (= 
U/U’(St)), as shown in Table 2, which also 
provides complementary information relative to 
species abundances. 

 

 
 

Fig. 3. The corrected and numerically completed Species Abundance Distribution of the fish 
community at site “Pari” (grey discs: recorded species, double line: numerically extrapolated 

part of the S.A.D.). For comparison, the “broken-stick” (dashed line) 
 

 
 

Fig. 4. The corrected and numerically completed Species Abundance Distribution of the fish 
community at site “Tidung” (grey discs: recorded species, double line: numerically 
extrapolated part of the S.A.D.). For comparison, the “broken-stick” (dashed line) 
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Fig. 5. The corrected and numerically completed Species Abundance Distribution of the fish 
community at site “Panggang” (grey discs: recorded species, double line: numerically 

extrapolated part of the S.A.D.). For comparison, the “broken-stick” (dashed line) 
 

 
 

Fig. 6. The corrected and numerically completed Species Abundance Distribution of the fish 
community at site “Kelapa” (grey discs: recorded species, double line: numerically 
extrapolated part of the S.A.D.). For comparison, the “broken-stick” (dashed line) 
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Fig. 7. The corrected and numerically completed Species Abundance Distribution of the fish 
community at site “Harapan” (grey discs: recorded species, double line: numerically 

extrapolated part of the S.A.D.). For comparison, the “broken-stick” (dashed line) 
 
Table 2. A synthetic summary of the main quantitative features of the hierarchical organization 
of species abundances within community, as derived from numerically completed “S.A.D.s” : 
(i) the total species richness St of the community ; (ii) the relative abundances a1 and aSt of the 

most and least abundant species (species rank 1 and St) ; (iii) the mean relative variation of 
abundance, (iv) the average of the relative variation of abundance between two successive 

species along the S.A.D., Δai /ai  = (ai /ai+1) – 1, (v) the unevenness of abundances in the 
community: U = log(a1/aSt)/(St-1); (vi) the unevenness of abundances in the corresponding 

“broken-stick” distribution: U’ = log(a’1/a’St)/(St -1), (vii) the standardized unevenness index Istr 
= U/U’. Pari: PAR., Tidung: TID., Panggang: PAN., Kelapa: KEL., Harapan: HAR 

 

community St a1 aSt mean 
Δai /ai   

U U’ Istr 

PAR. 67 0.4680 0.000050 0.149 0.0602 0.0381 1.58 
TID. 95 0.2549 0.000009 0.115 0.0474 0.0286 1.66 
PAN. 111 0.2124 0.000105 0.072 0.0301 0.0253 1.19 
KEL. 163 0.2011 0.000006 0.066 0.0278 0.0183 1.52 
HAR. 113 0.1895 0.000013 0.089 0.0371 0.0249 1.49 

 

3.3 The Answers of Species-richness, 
Individuals’ Density and Interspecific 
Competition to Increasing Distance 
from Pollution Sources 

 

The localizations of the five surveyed fish-
communities range from 32 to 56 km from the 
main sources of marine water pollution, mainly 
concentrated in Jakarta Bay [6] (Table 1). A 
decreasing gradient of anthropogenic pressure – 
and especially of water pollution – is recognized 
with increasing distance from Jakarta [6].  This 

offers the opportunity to follow the answers of the 
three main quantitative descriptors of the 
surveyed fish communities to gradually improving 
water quality – namely, the overall density D of 
individuals, the total species-richness St and the 
standardized unevenness Istr, directly reflecting 
the intensity of interspecific competition. From 
data presented in Tables 1 and 2, a synthetic 
overview is provided in the diagram in Fig. 8. As 
could be expected, there is a trend for some 
improvement of both the species-richness St and 
the individuals’ density D with increasing 
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distances from the main source of deleterious 
anthropogenic influences (coefficient of 
determination r

2
 = 0.69 and 0.74 respectively). 

More precisely, the trend is, at first, shared by 
both species-richness and individuals’ density. 
Then individuals’ density tends to stabilize, while 
species-richness further keeps increasing. The 
variations of the intensity of interspecific 
competition, on the contrary, do not show any 
definite trend.  
 

Moreover, as will be shown in Discussion 
section, a far stronger correlation with distance to 
pollution source is obtained by considering a – 
theoretically justified – compound-parameter, 
appropriately combining D, St and Istr. 
 

3.4 Comparing the Two Main Feeding 
Guilds as Regards their Species 
Richness and the Intensity of 
Interspecific Competition  

 

It has been shown previously, in a series of 
marine communities, that there is a consistent 
trend for the guild of secondary consumers to be 
significantly more species-rich while being less 
submitted to interspecific-competition than it is 
the case for the guild of primary consumers 
[33,56,57,61]. This point is once again tested 
here. The communities from ‘Pari’ and from 

‘Kelapa’ were selected for this study, as having 
respectively the lower and the higher level of 
species richness – this selection in order to 
control if species-richness might possibly 
influence the trend. 

 
The numerical extrapolation procedure applied 
above to the entire communities (section 3.2) can 
be implemented separately for each of the two 
following feeding guilds: the primary feeders 
(considered here sensu-lato, including both 
herbivores and planktivores as well) and the 
secondary feeders (i.e.: strictly-speaking 
carnivores, while the omnivores of ambiguous 
status were discarded). The main results are 
provided in Table 3 and Fig. 9. 

 
The guild of secondary consumers is two to three 
times more species-rich than is the guild of 
primary consumers, while the average 
competition intensity within guild – as reflected 
by the standardized unevenness Istr – is lower 
among secondary consumers than among 
primary consumers. Moreover, this trend remains  
the same for both communities at Pari and 
Kelapa – despite the large difference in species 
richness of these two communities. Thus, these 
results provide new empirical support to the trend 
already reported previously: Fig. 10.  

 

 
 

Fig. 8. The total species-richness St, the overall density D of individuals and the intensity of 
interspecific competition (mirrored by the standardized unevenness Istr) plotted against 

increasing distances from pollution sources (from Tables 1 & 2). Coefficient of determination 
r

2
 = 0.69, 0.74 and 0.07 for St, D and Istr respectively. D is multiplied by 100 and Istr by 50 to 

allow a common graphic representation 
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Table 3. Species-richness St and interspecific-competition intensity (as mirrored by the 
standardized unevenness Istr) compared between the guilds of primary and secondary feeders, 

in two fish communities located at Pari and Kelapa 
 

 PARI KELAPA 

  Primary Secondary Primary Secondary 

Species-richness St 10 32 32 73 
Standardized-unevenness Istr 2.21 1.43 1.69 1.38 

 

 
 

Fig. 9. The species-richness and the standardized abundance-unevenness Istr (that mirrors the 
intensity of interspecific competition) for each of the two main feeding guilds – primary 

feeders “prim” and secondary feeders “scnd”. Two fish communities are considered, located 
at Pari “P” and Kelapa “K”. The trend for the guild of primary consumers to have lower 

species richness while involving stronger competition intensity than the guild of secondary 
consumers is common to the two communities 

 

 
 

Fig. 10. The species-richness and the standardized abundance-unevenness Istr (that mirrors 
the intensity of interspecific competition) for each of the two main feeding guilds – primary 
feeders “prim” and secondary feeders “scnd”. Five previously reported case studies: three 

marine gastropod communities from coral-reefs at (i) Andaman Islands (India) [33], (ii) Mannar 
Gulf (India) [56], (iii) Fiji Islands [57] and two marine fish communities from Brazilian coral-
reefs [61]. The trend for primary consumers to have lower species richness while involving 

stronger competition intensity than secondary consumers is common to all five communities 
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4. DISCUSSION 
 
4.1 The Methodological and Ecological 

Issues Involved in the Study 
 
In prolongation of the inventory of five fish 
communities, carried out by Madduppa et al. [6] 
at Seribu Islands archipelago, the additional 
treatments of the rough field data presented 
above have allowed a more thorough 
understanding of the socio-ecological conditions 
characterizing these communities.  
 
Namely, the numerical extrapolation of 
incomplete samplings has permitted to cancel 
both the negative bias in the evaluation of 
species richness and the artificial truncation of 
the species abundance distribution towards rarer, 
undetected species. Then, following this 
improvement in the reliability and accuracy of 
input data, the refined analysis of the distribution 
of species-abundance, profiting by the newly 
designed “standardized” unevenness index Istr, 
has allowed to open an enlightening window 
upon the underlying socio-ecological processes 
involved in the hierarchic-like organization of 
species-abundances within the studied 
communities.  
 
More specifically, it had become possible to 
evaluate separately the respective contributions 
to the species-abundance unevenness of: 
 

(i) what is related to the diversification of 
niches – typically ruled, mathematically 
speaking, by the statistically-derived 
“broken-stick” model, as a univocal 
function of species-richness – and  

 
(ii) what is directly dependent upon the 

intensity of interspecific-competition (if any) 
at niche-overlaps, triggered by the density 
of individuals competing for shared 
resource at overlaps.  

 

More precisely: 
 

(i) the diversification of niches directly 
contributes to the number of species that 
can co-occur successfully within the 
community.  That is the number of species 
which have been able, at first, to reach the 
community-site, then, to cope successfully 
with local environmental conditions as a 
whole (abiotic factors) and, finally, to find, 
here, a particular niche allowing its own 
subsistence for each species respectively. 

And this, while having, in addition, to cope 
also with biotic interactions, that is, 
interspecific-competition at niche-overlaps 
(if any). Improved niche-diversification 
thereby allows the accommodation of 
greater species-richness, thanks to denser 
“species-packing”. 

 
(ii) in turn, the intensity of interspecific-

competition at niche-overlaps accounts for 
the difficulty to accommodate the level of 
species-richness thus achieved. The 
greater this difficulty, the more intense will 
be the interspecific-competition and, thus, 
its (multiplicative) contribution, Istr, to the 
degree of unevenness of species 
abundance distribution. So that, at a same 
level of species-richness, it is the 
standardized unevenness index Istr, as the 
direct outcome of interspecific-competition 
intensity, which relevantly distinguishes 
each community idiosyncratically. Hence 
contrasting it with any other communities 
sharing the same species-richness (i.e.: 
benefiting by an equivalent degree of 
niche-diversification).  

 
Thus, all species-communities are facing, more 
or less, the following “challenging balance” 
between: 
 

(i) accommodating higher species-richness, 
due to higher niche-diversification,  

 
(ii) increasing, yet, the risk of niche 

overcrowding. With, consequently, the 
resulting niche-overlaps triggering, in turn, 
an increasing level of interspecific-
competition, according to the density of 
individuals competing for shared resource 
at these niche-overlaps. Thus potentially 
exposing to ultimate dislodgment and local 
extinction the “less-competitive” species – 
and challenging, accordingly, the 
accommodation of species-richness 
offered by niche-diversification. 

 
In short, higher species-richness, on the one 
hand, and stronger interspecific-competition, on 
the other hand, can progressively come to a 
confronting balance, at least when the overall 
density of individuals exacerbates interspecific 
contests for shared resource (food, space, 
protective surrounding environment, etc…).  
 
It is important, however, to emphasize that this 
“challenging balance” should be considered more 
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readily effective only when all other things remain 
equal. Indeed, there is little doubt that 
significantly “more rewarding” sites, actually 
offering, for example, a larger diversity of feeding 
resource and/or protective shelters, will be able 
to host communities substantially richer in 
species without necessarily triggering a higher 
intensity of interspecific-competition. The 
“challenging balance” evoked above is, therefore, 
not intended to be of general validity. No general 
applicability is also supported empirically: see 
reference [50]. 
 

Anyway however, beyond the niche-
diversification (beneficial to species-richness), 
the intensity of interspecific-competition within 
community plays, as expected, a focal role in 
community ecology. 
 

Hence the importance to disentangle – and 
separately quantify – the respective contributions 
of (i) the species-richness and (ii) the 
interspecific-competition intensity, to their 
combined socio-ecological outcomes in terms of 
the hierarchic-like distribution of species-
abundances within community. And hence, 
therefore, the pivotal role played by the 
“standardized” abundance-unevenness index Istr 
as a relevant tool to disentangle, and reliably 
gauge, the respective contributions of species-
richness and interspecific-competition. 
 

The present work (as a series of preceding case 
studies [33,56-67]) once again exemplifies the 
benefits from implementing this refined 
methodological approach.  
 

4.2 Numerical Restitution of Total 
Species-richness and Abundance 
Distribution, Including Those Rarer 
Species that Escape Sampling 

 

As is practically unavoidable [7], the reported 
samplings of fish communities at Seribu Islands 
[6] reveal being more or less incomplete, with 
completeness ranging from 73% to 98%. And, as 
already emphasized in the introductive section, 
contrary to what is sometimes alleged, neglecting 
(the unrecorded) rare species may have, indeed, 
significant inconvenient. Neglecting the subset of 
rare species is not only a source of bias in the 
description of the true reality of the species 
community under study but, also, may potentially 
lead to more or less erroneous interpretations as 
regards the functional aspects of the internal 
organization of the community: “rare species are 
critical for bio-assessment” as quoted in [23].  

Both Table 1 and Figs. 3 to 7 allow to compare 
the differences – and the resulting bias – 
between the as recorded data and the 
appropriately numerically extrapolated 
description of the communities, in terms of their 
true level of species-richness as well as their 
completed distribution of species abundances. 
Incidentally, the opportunity was taken to confirm 
empirically the expected factors making a 
community of species more or less sensitive to 
sampling incompleteness: that is, not only the 
insufficiency of the ratio N0/St between the 
number of recorded individuals N0 and the total 
species-richness St (see Fig. 1), but also the 
level of species-abundance unevenness U (see 
Fig. 2). Thus, providing additional empirical 
support to previous investigation [65]. 
The estimative restitution of the quantitative 
descriptors for the five fish communities (i.e., as 
if the samplings had been performed 
exhaustively) are summarized in Table 2, which 
highlights in particular, the degree of 
standardized abundance unevenness, Istr, of 
each community, in a way that is truly 
independent of its total species-richness St. 
Thus, highlighting the possibility of reliably 
comparing, among different species 
communities, the average intensity of 
interspecific competition at niches overlaps – 
reliably mirrored by the value of Istr when in 
excess of unity. Thereby deciphering a major 
descriptive and functional factor governing the 
internal organization within species communities 
– which is, regrettably very generally overlooked, 
due to the huge practical difficulty to estimate 
otherwise the average degree of interspecific 
competition within each studied community. 
 

4.3 Species Richness and Interspecific 
Competition Intensity between the 
Primary and the Secondary Feeding 
Guilds 

 

Results reported in Fig. 9 show that the guild of 
secondary consumers is two to three times more 
species-rich than is the guild of primary 
consumers, while the average competition 
intensity within guild – as reflected by the 
standardized unevenness Istr – is clearly lower 
among secondary consumers than it is among 
primary consumers. This was assessed for the 
more species-rich (‘Kelapa’) as well as for the 
less species-rich (‘Pari’), among the five studied 
communities. Thereby demonstrating that the 
trend is robust despite substantial differences in 
community richness. Moreover, the same trend 
proves also being robust encompassing a large 
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diversity of taxonomic and geographic ranges of 
marine communities [33,56,57,61], as is 
summarized in Fig. 10. It should also be noted 
that this trend has been argued on both 
theoretical and empirical point of view in [68]. 
 

4.4 Answers of Species-richness, 
Individuals’ Density and Interspecific 
Competition to Increasing Distance 
from Pollution Sources 

 

As expected, the species-richness St and the 
overall individuals’ density D both increase with 
growing distances from Jakarta, i.e., with 
reduced anthropogenic environmental stresses, 
while the standardized abundance unevenness 
(accounting for the intensity of interspecific 
competition) does not show any definite trend 
(Fig. 8). Note that a similar pattern of answers to 
improved environmental conditions, with an 
increase of species-richness and a substantially 
invariant intensity of interspecific competition, 
was already highlighted for marine gastropods 
communities at Fiji Islands [57]. 
 

4.5 Improved Accommodation of Co-
occurring Species with Progressively 
Better Environmental Conditions: A 
Quantitative Assessment 

 

Increasing distance from Jakarta Bay is deemed 
to ensure better environmental conditions at the 
local scale, likely allowing, in turn, improved 
capacity of the site to accommodate more 
numerous co-occurring species. How to quantify 
this accommodation capacity? It is important to 
consider, first, those parameters of the species-
community which could give relevant evidence of 
the improvement of environmental conditions. 
Obviously, the overall density in individuals D (all 
co-occurring species taken together) and the 
total species-richness St (both quantified in Table 
1) – that is the “richness” of species community 
in quantitative (individuals’ density) as well as 
qualitative (species taxonomic diversity) terms. 
Yet, another, third parameter ought to be 
considered: with progressively increasing level of 
species-richness, some niche overcrowding, 
generating partial niche overlaps, becomes more 
likely to occur. With, accordingly, interspecific-
competition for shared resource likely to occur, 
all the more triggered by increasing density in 
individuals at niche overlaps. The intensity of 
interspecific-competition at niche overlaps, 
potentially favored by both species-richness St 
and individuals-density D [50,66], should thus be 
considered, in complement to parameters St and 

D: indeed, the accommodation capacity of the 
site will feature all the best that not only St and D 
can reach larger values, but also that these 
improvement of St and D will not trigger stronger 
interspecific competition. This is all the more 
relevant that the stronger the average level of 
interspecific competition, the greater the risk of 
local disappearance of the less favored species 
and, consequently, the fragility of the level of 
species-richness that has been reached. Thus, 
considering also the standardized abundance 
unevenness Istr, which relevantly mirrors the 
average intensity of interspecific competition 
within community, looks obvious. So that, finally, 
from a theoretical basis, a relevant metric “rAP” 
of the “realized Accommodation Performance” of 
a site can be appropriately defined as an 
increasing function of St and D and a decreasing 
function of Istr: 
 

rAP = f (St, D, Istr)                                        (6) 
 

with ∂f/∂St > 0, ∂f/∂D > 0 and ∂f/∂Istr < 0   
 

One among simpler forms complying with the 
general relation above can be written as: 
 

rAP = D.(St)
a
/(Istr)

b
                                       (7) 

 

with ‘a’ and ‘b’ as adjustable, positive exponents. 
 

Examining the possibility to reach a high level of 
correlation between this expression (7) of the 
accommodation capacity and the distance to 
Jakarta Bay (taken as a surrogate measure of 
environmental quality according to [6]), it turns 
out that an excellent correlation is obtained with 
the adjustable parameters ‘a’ and ‘b’ being both 
chosen equal to 1, thus inviting to adopt, here, 
for evaluating the accommodation capacity of 
sites, the very simple formulation: 
 

rAP = D . St / Istr                                           (8) 
 

Fig. 11 shows the remarkably tight correlation 
that is obtained with rAP = D.St/Istr. This excellent 
adequation thus provides additional empirical 
support to the soundness of the theoretical 
derivation of the accommodation capacity 
proposed above, at least in its more general and 
comprehensive expression, given by equation 
(6). So that, a metric of the accommodation 
capacity – provided it is defined in compliance 
with the general formulation of “realized 
Accommodation Performance” given by the 
comprehensive equation (6) – could serve as a 
convenient, practical way to derive a relevant 
appreciation of the global “ecological quality” of a 
site. 
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Fig. 11. Same as Fig. 8 with, in addition, the realized Accommodation Capacity rAP (here 
defined as = D . St / Istr) plotted against the distance from Jakarta-center, taken as a surrogate of 
the degree of improvement of environmental conditions. Note that the correlation of rAP (= D . 
St / Istr) with increasing distance from Jakarta is excellent and, by far, stronger (r

2
 = 0.998) than 

are the correlations obtained for each of its three components, considered separately:  
D (r

2
 = 0.74), St (r

2
 = 0.69) and Istr (r

2
 = 0.07) 

 

 
 

Plate 1. Thalassoma lunare (Linnaeus, 1758)    © Leonard Low 
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Plate 2. Chaetodon octofasciatus Bloch, 1787   © Bernard E. Picton 
 

 
 

Plate 3. Amblyglyphidodon curacao (Bloch, 1787)    © Dr. Dwayne Meadows 
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Plate 4. Chlorurus sordidus (Forsskål, 1775)    © Tim Sheerman.Chase 
 

 
 

Plate 5. Scarus niger Forsskål, 1775    © Fernando Herranz Martin 
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5. CONCLUSION 
 

Several important points – descriptive as well as 
functional – have been addressed, that complete 
the original report by Maddupa et al. [6] on fish 
assemblages along the Indonesian Seribu 
Islands Archipelago, off Jakarta. All these 
achievements required at first – and were only 
allowed by – the previous implementation of 
least-biased numerical extrapolations of the 
incomplete samplings reported in [6].   
 
At first, the estimated total species-richness and 
the completed distribution of species 
abundances – including the set of those rarer 
species remained unrecorded – are provided, 
thereby improving the descriptive knowledge 
about these rich and interesting reef-associated 
fish assemblages, in the vicinity of Jakarta. 
 
Then, focusing separately and comparatively 
upon the primary and the secondary feeding 
guilds, new empirical support is provided to what 
seems a rather frequent, if not general trend 
according to which the secondary-feeders guild 
reveals more species-rich, while exhibiting less 
interspecific competition intensity at niche 
overlaps, than does the primary-feeders guild. 
 
At last, a remarkably good correlation is 
highlighted between the distance of fish 
assemblages from Jakarta Bay (distance 
considered as a reliable surrogate to the 
improvement of environmental conditions for fish 
assemblages) and a theoretically derived index 
‘rAP’ (“realized Accommodation Performance”) 
characterizing the accommodation capacity of 
sites for fish assemblages. Thus, arguably 
conferring to this index some reliable value to 
assess the “environmental quality” of marine 
waters, with respect to global fish exigences. 
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Appendix 1 
 

Bias-reduced extrapolation of the Species Accumulation Curve and the associated estimation 
of the number of missing species, based on the recorded numbers of species occurring 1 to 5 
times 
 
Consider the survey of an assemblage of species of size N0 (with sampling effort N0 typically identified 
either to the number of recorded individuals or to the number of sampled sites, according to the 
inventory being in terms of either species abundances or species incidences), including R(N0) species 
among which f1, f2, f3, f4, f5, of them are recorded 1, 2, 3, 4, 5 times respectively. The following 
procedure, designed to select the less-biased solution, results from a general mathematical 
relationship that constrains the theoretical expression of any theoretical Species Accumulation Curves 
R(N)(see [24,25,69-72]):   
 

∂
x
R(N)/∂N

x
   =   (-1)

(x-1)
 fx(N) /CN, x    ≈   (– 1)

(x-1) 
(x!/N

x
) fx(N)     ( ≈ as N >> x)                                (A1.1) 

 
Compliance with the mathematical constraint (equation (A.1)) warrants reduced-bias expression for 
the extrapolation of the Species Accumulation Curves R(N) (i.e. for N > N0).  Below are provided, 
accordingly, the polynomial solutions Rx (N) that respectively satisfy the mathematical constraint 
(A1.1), considering increasing orders x of derivation ∂

x
R(N)/∂N

x
. Each solution Rx (N) is appropriate for 

a given range of values of f1 compared to the other numbers fx, according to [24]: 
 

* for f1 up to f2  R1 (N) = (R(N0) + f1) – f1.N0/N  
 

* for larger f1 up to 2f2 – f3  R2 (N) = (R(N0) + 2f1 – f2) – (3f1 – 2f2).N0/N –  
(f2 – f1).N0

2
/N

2
  

 
* for larger f1 up to  3f2 – 3f3 + f4     R3 (N) = (R(N0) + 3f1 – 3f2 + f3) – (6f1 – 8f2 + 3f3).N0/N –  
(– 4f1 + 7f2 – 3f3).N0

2
/N

2 
– (f1 – 2f2 + f3).N0

3
/N

3  
 

 
* for larger f1 up to  4f2 – 6f3 + 4f4 – f5       R4 (N) = (R(N0) + 4f1 – 6f2 + 4f3 – f4) –  
(10f1 – 20f2 + 15f3 – 4f4).N0/N – (– 10f1 + 25f2 – 21f3 + 6f4).N0

2
/N

2 
–  

(5f1 – 14f2 + 13f3 – 4f4).N0
3
/N

3 
– (– f1 + 3f2 – 3f3 + f4).N0

4
/N

4 
  

 
* for f1 larger than  4f2 – 6f3 + 4f4 – f5    R5 (N) = (R(N0) + 5f1 – 10f2 + 10f3 – 5f4 + f5) 
– (15f1 – 40f2 + 45f3 – 24f4 + 5f5).N0/N – (– 20f1 + 65f2 – 81f3 + 46f4 – 10f5).N0

2
/N

2 
–  

(15f1 – 54f2 + 73f3 – 44f4 + 10f5).N0
3
/N

3
 – (– 6f1 + 23f2 – 33f3 + 21f4 – 5f5).N0

4
/N

4 
–  

(f1 – 4f2 + 6f3 – 4f4 + f5).N0
5
/N

5 
  

 
The associated non-parametric estimators of the number ΔJ of missing species in the sample [with  ΔJ 
= R(N=∞) – R(N0) ] are derived immediately:  
 

* f1 <  f2  ΔJ1 = f1  ; R1 (N)           
 
* f2 < f1 <  2f2 – f3  ΔJ2 = 2f1 – f2  ; R2 (N)   
 
* 2f2 – f3 < f1 <  3f2 – 3f3 + f4  ΔJ3 = 3f1 – 3f2 + f3  ; R3 (N)         
 
* 3f2 – 3f3 + f4 < f1 <  4f2 – 6f3 + 4f4 – f5     ΔJ4 = 4f1 – 6f2 + 4f3 – f4  ; R4 (N)     
 
* f1 > 4f2 – 6f3 + 4f4 – f5  ΔJ5 = 5f1 – 10f2 + 10f3 – 5f4 + f5  ; R5 (N)   

 
N.B. 1: As indicated above (and demonstrated in details in [24]), this series of inequalities define the 
ranges that are best appropriate, respectively, to the use of each of the five estimators, JK-1 to JK-5. 
That is the respective ranges within which each estimator will benefit of minimal bias for the predicted 
number of missing species.  
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Besides, it is easy to verify that another consequence of these preferred ranges is that the                   
selected estimator will always provide the highest estimate, as compared to the other estimators. 
Interestingly, this mathematical consequence, of general relevance, is in line with the already        
admitted opinion that all non-parametric estimators provide more or less pronounced under-estimates 
of the true number of missing species [10,12,73-77]. Also, this shows that the approach initially 
proposed in [78] – which has regrettably suffered from its somewhat difficult implementation in 
practice – might be advantageously reconsidered, now, in light of the very simple selection key above, 
of far much easier practical use. Namely: the best estimate of the number of species remaining 
unrecorded after incomplete sampling is provided by the non-parametric estimator providing the 
highest value, among the Chao and the series of Jackknife estimators. And this is not only a                  
likely admissible point of view, as suggested in [10,12,73-77], but, now, a rationally established 
affirmation. 

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

 
N.B. 3: For f1 falling beneath 0.6 x f2 (that is when sampling completeness closely approaches 
exhaustivity), then Chao estimator may alternatively be selected: see reference [25]. 

 
Appendix 2  
 

Correction and extrapolation (when required) of the as-recorded S.A.D. 

 
N.B.: details regarding the derivation of the following expressions are provided in [26]. 

 
1) Correction for bias of the recorded part of the S.A.D. 

 
The bias-corrected expression of the true abundance, ãi, of species of rank ‘i' in the S.A.D. is given 
by:   

 
ãi = pi.(1+1/ni)/(1+R0/N0).(1–f1/N0)                                                                                             (A2.1) 

 
where N0 is the actually achieved sample size, R0 (=R(N0)) the number of recorded species, among 
which a number f1 are singletons (species recorded only once), ni is the number of recorded 
individuals of species ‘i’, so that pi = ni/N0 is the recorded frequency of occurrence of species ‘i', in the 
sample. The crude recorded part of the “S.A.D.” – expressed in terms of the series of as-recorded 
frequencies pi = ni/N0 – should then be replaced by the corresponding series of expected true 
abundances, ãi, according to equation (A2.1). 

 
2) Extrapolation of the recorded part of the S.A.D. accounting for the complementary abundance 
distribution of the set of unrecorded species 

 
The following expression stands for the estimated abundance, ai, of the unrecorded species of rank i 
(thus for i > R0): 

 
ai =  (2/Ni)/(1+ R(Ni)/Ni).(1– [∂R(N)/∂N]Ni)                                                                                 (A2.2) 

 
which, in practice, comes down to:  ai ≈ (2/Ni)/(1+ R(Ni)/Ni), as f1(N) already becomes  quite negligible 
as compared to N for the extrapolated part. 

 
This equation provides the extrapolated distribution of the species abundances a i (for i > R(N0)) as a 
function of the least-biased expression for the extrapolation of the species accumulation curve R(N) 
(for N > N0), ‘i' being equal to R(Ni). The key to select the least-biased expression of R(N) is provided 
at Appendix 1. 
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Appendix 3 
 

 
 

BOX 1. Schematic representation of how the accommodations of both species-richness and 
species abundance unevenness are partially (i) inter-dependent and (ii)dependent on (ii.a) the 
environmental parameters and (ii.b) the composition of the regional pool of species. Species 

richness ‘St’ and the standardized unevenness ‘Istr’ are the two main (and mutually 
independent) descriptive and functional factors which, by themselves alone, suffice to 

characterize important quantitative aspects ruling the internal organization of species within 
communities. Two additional, subordinate factors, the crude abundance unevenness U and the 
overall rage of species abundances Ra are, for their own, entirely dependent upon the formers, 
St and Istr. The broken-stick abundance unevenness U’(St) – due to its meaningful linkage with 
the “non-overlapping niches display” as proposed by MacArthur [51] – thereby plays the role 

of a sort of “compass” supporting relevant functional interpretation of the “hierarchical” 
organization among co-occurring species within community 
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