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APPENDIX C: Other models for the relative abundances of the undetected species. 

In our estimation procedures, we adopt a nonparametric method for adjusting sample 
relative abundances for species detected in a sample (Eq. 4d of the main text). The adjustment 
method for detected species is valid for all species abundance distributions. For estimating the 
species relative abundances for undetected species, a functional form of parametric model is 
needed. In the main text, we assume a geometric series model based on an estimated number 

of undetected species 0̂f (see Eq. 5a of the main text). There are other models or distributions

that could be applied to the set of undetected species indexed by 1, 2, …, 0̂f .

The broken-stick model 

Under a broken-stick model with 0̂f species, Pielou (1975) and Baczkowski (2000)

showed that the i-th ordered species relative abundance of the set  (
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the form: 




 
















if

j
i

jff

K

fiif

K
p

0̂

0 0000
ˆ

1
ˆˆ

1
...

1

11
ˆ

,  i = 1, 2, …, 0̂f ,

where K is a normalized constant such that the sum of the relative abundances is equal to the 
coverage deficit estimator defĈ1 (Eq. 2c in the main text), i.e., 

def
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Because the expected relative abundances have an analytic form as indicated above, the RAD 
is fully determined by the number of undetected species. The model is thus not flexible.  

The Poisson log-normal model 

As indicated in Magurran (2004, p. 39), the continuous log-normal model should only be 
applied to continuous abundance data, such as biomass or cover measures, rather than to 
discrete data. For individual-based data, Bulmer (1974) presented a Poisson log-normal model. 
When Bulmer’s model is used to the set of undetected species, the species relative abundances 
are:  
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where M and V denote respectively the mean and variance of the log-normal distribution. 
Based on the Eqs. 6a and 6b in the main text, we have the following two equations for the 
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undetected species in terms of two parameters M and V: 
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Comparison of models using spider data 

 
For the spider data (with 26 detected species and an estimate of 18 undetected species) 

discussed in the main text, we compare in Fig. C1 the empirical RAD and three fitted RADs 
including the proposed RAD curve based on a geometric series model, the broken-stick model, 
and the Poisson log-normal model. These three models were only fitted to the undetected 
species; for the 26 detected species, Eq. 4d of the main text is used for adjusting the plug-in 
estimator for all three models. So there are no differences in the adjusted relative abundances 
for the 26 detected species, as shown in Table C1 where the estimated complete RAD under 
each of the three models are listed.  

 
For the proposed geometric series model, we also obtained the bootstrap s.e. based on 

5000 replications. See the main text for the description of the bootstrap method. From Fig. C1 
and Table C1, the Poisson log-normal and our proposed geometric series model yield almost 
identical RADs for this example. Here the parameters for the Poisson log-normal model are 

estimated to be M̂ = 6.089 and V̂ = 4.779 by the above system of nonlinear equations. (For 
some other data sets, solutions may not exist.) Except for a few species in the broken-stick 
model, the empirical RAD which ignores the set of the undetected species gives higher 
relative abundances than those in the other three models. The broken-stick model yields 
substantial low abundances for the tail of the fitted RAD.  
 

Our simulation studies have suggested that the iterative steps for the Poisson log-normal 
models in many cases failed to converge to proper solutions. This is the main drawback to fit 
a Poisson log-normal model. For the simple geometric series model we used, all the iterative 
steps converged quickly. As discussed in the main text, we use these models only for 
modeling the undetected tail distribution; unless the assemblage is poorly sampled, the 
relative abundances of those undetected species (i.e., in the “tail” of the estimated RAD) are 
typically very small. Thus, the choice of the model for estimating the relative abundances of 
undetected species is a minor issue in our approach. 
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Table C1. Comparison of the estimated species-rank abundances of the empirical RAD and 
the estimated RADs based on three models (geometric series, Poisson log-normal, and 
broken-stick) fitted to the set of undetected species for the spider data discussed in the main 
text. The estimated abundances for the detected species are in black print; the estimated 
abundances for the undetected species are in red print. The empirical RAD applies only to 26 
observed species whereas the other three models additionally consider 18 undetected species. 
The three models differ only in the estimated abundances for undetected species as the 
estimated abundances of the 26 detected species for all three models are based on the same 
adjusted formula (Eq. 4d of the main text). The bootstrap s.e. of the adjusted estimator for 
each detected species under the geometric series model is based on 5000 bootstrap 
replications.  
 

Species

rank 

Empirical 

RAD 

Geometric 

series model (s.e.) 

Poisson 

log-normal

Broken-stick 

model 

1 0.2738 0.2735 (0.0349) 0.2735 0.2735 

2 0.1310 0.1282 (0.261) 0.1282 0.1282 

3 0.1012 0.0973 (0.0228) 0.0973 0.0973 

4 0.0893 0.0849 (0.0213) 0.0849 0.0849 

5 0.0893 0.0849 (0.0215) 0.0849 0.0849 

6 0.0536 0.0482 (0.0162) 0.0482 0.0482 

7 0.0476 0.0422 (0.0151) 0.0422 0.0422 

8 0.0357 0.0306 (0.0130) 0.0306 0.0306 

9 0.0357 0.0306 (0.0128) 0.0306 0.0306 

10 0.0238 0.0194 (0.0100) 0.0194 0.0194 

11 0.0119 0.0091 (0.0060) 0.0091 0.0138 

12 0.0119 0.0091 (0.0060) 0.0091 0.0099 

13 0.0119 0.0091 (0.0061) 0.0091 0.0091 

14 0.0119 0.0091 (0.0060) 0.0091 0.0091 

15 0.0060 0.0044  (*) 0.0044 0.0091 

16 0.0060 0.0044 (0.0039) 0.0044 0.0091 

17 0.0060 0.0044 (0.0039) 0.0044 0.0079 

18 0.0060 0.0044 (0.0039) 0.0044 0.0066 

19 0.0060 0.0044 (0.0038) 0.0044 0.0056 

20 0.0060 0.0044 (0.0039) 0.0044 0.0048 

21 0.0060 0.0044 (0.0039) 0.0044 0.0044 

22 0.0060 0.0044 (0.0039) 0.0044 0.0044 

23 0.0060 0.0044 (0.0039) 0.0044 0.0044 

24 0.0060 0.0044 (0.0037) 0.0044 0.0044 

25 0.0060 0.0044 (0.0039) 0.0044 0.0044 

26 0.0060 0.0044 (0.0038) 0.0044 0.0044 
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27 0.0044 (0.0039) 0.0044 0.0044 

28 0.0044 0.0044 0.0044 

29 0.0043 0.0044 0.0044 

30 0.0042 0.0043 0.0044 

31 0.0042 0.0043 0.0044 

32 0.0041 0.0042 0.0044 

33 0.0041 0.0042 0.0041 

34 0.0040 0.0041 0.0036 

35 0.0040 0.0040 0.0031 

36 0.0039 0.0040 0.0026 

37 0.0039 0.0039 0.0022 

38 0.0038 0.0038 0.0019 

39 0.0038 0.0038 0.0015 

40 0.0037 0.0037 0.0012 

41 0.0037 0.0036 0.0010 

42 0.0036 0.0036 0.0007 

43 0.0036 0.0035 0.0005 

44 0.0035 0.0031 0.0002 

*An undetected species, so its bootstrap s.e. is not obtainable; 

see the subsection Sampling variances of our estimators of the 

main text for explanation. 

 
 

LITERATURE CITED 
 

Baczkowski, A. J. 2000. The broken-stick model for species abundances: an initial 

investigation. http://www1.maths.leeds.ac.uk/~sta6ajb/drep0010.pdf. (Accessed on 

October 16, 2014).  
Bulmer, M. G. 1974. On fitting the Poisson lognormal distribution to species-abundance data. 

Biometrics 30:101-110. 
Magurran, A. E. 2004. Measuring biological diversity. Blackwell, Oxford, UK. 

Pielou, E. C. 1975. Ecological diversity. Wiley, New York, USA. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




