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rr~lI1cesc:a Little 

The African Bird Atlas P,.(~, ... M: et al. and the nn''''''' ........ Y.'AC Bird Atlas P,.(~, .. ,r>t. 

l'>"'l~"'l''''.''U data on l' .. T", .. 1:,.n rates for birds that takes into account the UA',aUlUU'U 

area. Our main "h.""">t",,,, in this thesis is to pVT,I .. ",p ... "'.'ULU"", and 
I>Ull ... JUGI"".,ll", >,,,,.,,,,, .. ,1-1.,,,. rate data. 

rate data are to bias due to differ,ent;ial salrnp'lUllg effort and observer errors. 

''''1'\,''''.,''' rc~gr'ession model I!Ull"a,IOle for binomial data to .... T'''''· .. rates with 

of detection. To base our on data from the sUl~rouwdUlIS; nell!:hblou,rh,i)ocl, 

we choose as ~XjpUI,l1t11.~UIy variables the north-south and west-east relative to the cell 

for which the made. 

We some variants of our !,>"'I'''''':'' "" .. v'v.,eUll,,,, "' .... n .. n'.,.h that relates to the prl~selnta.tlo'n of the smoothed 

distributions. The smoothed [)n)oa'DlInu~ are prl~lnted as mllltlcolouJred maps. 

We consider two alternative ways of 

while the other an .,. ........... ' ... " 

we introduce the 

rates and smoothed detection v .. ,"'"."' ..... ,,"" 

""",F."'."U average 
The 

W'"ii ... h·t" are based on the extent of coverage and the UnaelrI)'lLng 

The identification of ...... 1't ... "" of distributions for is an nnnn, .. umT, and 

a role in the IdEmt:Lticatl,on 
around ... 1 ..... t'.",/I.., ... ric.llnc~, centres for narrow endemism and zones of transition in 

We eXI)I01~e the a range of detection to the 

use of data to """,nT"", and rich in narrow-endemic "'i.>~""''''''''' We 

transform eXllstlns; measures for richness and "1.1'00.-1<"'" 

..,.,.,J ... 'OJ deciles that reflect the relative UA"""'VU'U of t1,.·t,,,,,,,bn 

"""0"''''''' have the core of their distributions 
and 1101Wn--Wf~11lIlt where detection p." .... " ........... ", may be too 
small to "",,~ .. ,, ... t., .. continued survival. 

Ll!I:Hli:l.UI,;W. model to smoothed distributions of detection enables us to 

pnJOil>UIlIUY surfaces for We can define the '"'v, ........ ,"'. of 

spc'!ClE~ gra.cllellts that reflect the relative of among detection the overall 

range of occurrence for the We cOlnb:me the for all in several different ways. 

for the sums of the gr~l.d.i,ent;s IIldi,cat;e areas of fluctuation in On 
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the values for the 

the gradients <111ectIOn18. These directional 

... , ...... ,""'" areas of We 

UUI ..... ,!i'. ... i ...... between areas 

sum 

the 

cbamg~:lS In 

transition zones, 

l1 .. t, ..... 1.1"n Dr()Oa.OllHV dlsitnbu1:iollS occur in isolated ollec'LIOn,S, 

ra.:Jl<1()m llU ••• U"' ... Vll, indicative of 

In thesis we do not 

abundamce COIIlpOIlent of 

Harrison 

of ",voun'c. 

V 1999. The Atlas of the 

We 

Dr()le($s. We show how the measures based on 

add substantial into of 

1997a. The Atlas 

Herremans The Atlas 

of do U.I.,j"a, .. U.Jly.UC. Avian UemCljI(rlitD11Y 

Town and JoJttarmesbulrg. 
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F. LITTLE 

The Atlas Birds ""GU",,",U et ale 

1 

contains accounts of 932 

rates in 4537 Qu,IU't,er-cjee:ree 

7701 

and presents 

cells. It has 

been hailed several ","Ut,llUll'" Van Jaarsveld et ale a new benchmark 
for the Tn!>, .......... , ... of ec()IOI~c.M The database undelclYllDg these distribution maps """,,,",-1,,,,,, 

111 ,,,,,,., ... "',"'.'" information rell;arejmp; in southern Africa. data collected for the atlas 

pr()Jec:t differ from most n"~'Vlll1'" Inil~ppm,; in that information on rates rather 

than indicators of presence or "'U<O<;U'_'" 

have been the basis for many papers on Dlo,,;ec)p;rapJnlCaI 

et at 2001 and in press; Bonn et al. 

almost all have converted the ...... ,.,..,.11'1-• ." .... 

information. Our main in this thesis is to 

_ ........ ti ....... rate data. These methods should be able to U1l'S,""'",I">". the additional blO'lIi:ec),;rapllncaI 

cOlltained in these rates as to data. 

of this thesis is that the COI1CelJt 

Bird Atlas is a valid one. Harrison & 
the and weaknesses of the COIICel)t 

African 

of 

.... , ..... u'"" there will not be rel='eal~eu here. Their 

the oJV,,,.,,,,,, 
a C01:IlD,reJlelllsi\re 

hn1WP"pl', IS verbatim: "There have been studies which have used ..... vwhn rates 

this atlas database and related them to m<lell.endellt l{u ... U .. ' ... 1 

there to be a consistent nn~it:iv .. Co.rrelal,IOll; 

mc:re~l8ulg r\,,, .. ,,,,,hr has been dernOllstlcatEld c'l)mnn.::an,gly 

... 0 ...... ·.......... et al. 

the rel<LtlollSlllP 

...... ~.,., .. ,,' \,ICW" 01"""', and found 

rates increase in a monotonic manner 

Bruderer & Brnderer 

'"" ......... nu.'" of _,"" .. tin!a 

perto'rnlLea a series of 

"there is indeed a 

into 

functional 

He demonstrated for 

1 
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The reJ)ortmp; rates are calculated from the number of checklists for a cell for which a ,'''''''''''0'' 

to bias due to differential salnplmg effort and observer 

a srnloothllnl!: process that will reTIIII.(~e the "'h.,"' ..... "',.. 
was observed as presen.t. 

errors. These data can be ""U.-'" ...... '''...,'IJ 
reT)OrtlD,p; rates with smoothed !.> ... 'UGUlli take into IC""no •• ux ..... j'Vll 

cells. In this we a method and validated for 

such smoothed pr()b~LbIJlltv distributions. We then the use of these smoothed 

of of distributions. We calculate measures of 

narrow endemism based on We determine a measure of the rate of ... u.: ..... ,'" among 

detection that leads to the ldtmtltic:atl.on of areas with a of 

As results. Instead we focus on 

so as 

cal.cullating rates of ""U'Ul!'io"" some 

,.rt:I'C2.~JIVll and use of these are left to the ecC)lOJtISts. 

and ........ , ..... , .......... ' ........ ' .... of Co-authors 

Chapt,ers 2 to 5 of this thesis are prl~llted InCler:lendellt papers with cross references to each other. Each 

ICU'~I.I.'C. thus has its own Sp40Cl1nc~Ltl()ll of "''''~lU'''''''' na't:n::.uICIC"'. illustrations and There is 

some 1I' ..... "·f:l'f:"om between the Ch~Lpt,ers. 

In 'JlU'QU'ID ..... 2 we discuss the "Tn",,,,,r .. in her M.Sc 

integra.te the information from the cells and thus ",,,,,,v,,,l,,, a more 

accurate reJJ'reslCnj~atllon of the true for bird SPE~les. She used the .... v'''' .. h" 

from the atlas south of 27°S evaluated the IUt:'.U\JUlS 

and rec:onlm,enCled one mel'no'u as the most prclmlsmg. We use this method to geIler,ate smoothed 

tions for all 932 in southern Africa. There is more discussion of the choice of method in 

6. Our area includes the south of the Kunene and Zambezi as well as UJl~ ......... u.1'> 

ceived from Professor Bruno Hn:ICle:rer. 

the mathematical model 
.,.",.,,,, .. ,,t.'·'" smoothed detec-

useful comments re­

The smoothed Y<J~'<J"".'vu 

--'--'--J distributions this SIIlloothlnfl GLl!5,vU .• UJ ... prl~el[lted In 

the rest of the thesis. For this reason, we Iml00Itallt to include it in the thesis in 

Vlla!.>"",. 3 looks at some extensions to the SIIlIOOthIUP; ""l!5,vu.u .... We examine ways of ... O'1'1',ulO 

the smoothed detection 

may be less aPlDlOpn;ate 

aclmclwledlze the ,"VAUAJ'VU 

cases for which the SIIlIOO1.nIUW; 

mC)drnClttl()nS to with these cases. We once 

Erni and comments from Professor Bruno HM1C1p,l"Pl" 

2 
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:h"'-nt",,,,,, 2 and 3 are mtrocluctOl'Y and ", .. "."11"11 .. the data on the rest of the thesis is 

Chaot;ers 4 and 5. This research was done Francesca Little based. new research is pr~~.nt€d 

ma.Km:ghim co-author 

on the We /1"",p.i(1,n 

and endemism based on reI)Ortm,il rate data. We use the smoothed detection vn}U(j~UIJl1~l't:t! 

the method discussed in """'''''1-''.'''' 2 as to these measures. other methods of sm:ootnJmz: 

data could have been rI"'Ji""orI and most of these would be 4 and 5. In '-1 .... "'1.1."'. 

,",D<>I.I"''''' has two thrusts. we 

gr~KWentSJ ~'''~''~'.' from the model that "" ... ·' .. r~u ..... 

Jl;r~l.dlient;s for sets of 

reEIl"flj!lenlt.s substantial COlrlC€!otUaJ progress, we 

methods to visualize the ~~''''''''UL'''' 

areas is a direction in which this research can be extended. In ....,.u.GI.l0'" 

Itl-SOElClE~S g.racllellts over 

to~~etlner these different 

to form an for the an:""" ..... and of "'U~'D~'''. 

cOlnoonlent of this research has been intensive. The ,",V"UUlll"'U databases from the .:>vlnu'o:a 

'" n·,,",,,1.n Bird Atlas ....... ,' ,,'.r-t. et al. and the Bird Atlas ...... ,', ... "'1: 

consisted of the binomial data from which the 

in 5057 

.n::j..t:i:I.:.t:\J. three times for different forms of the mathematical 

Ita.Uc()US.1,li illE!nf!l"aIGea the information on rates of cll''l.m~e 

S04ilC14E!S-I~OE~1I1C p.Ul,a."'Uli ... "" and rates of in a number of 

to gellerate 

selected 
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B. , L.G. 

1 Avian lH!mIJOf1I1V/lfJ 

South 

2 

The Atlas 

true iJ ..... , .... a. ...... 

tla.',U}J'l1J.I,l> error. 

2 

& B. 

contains accounts of 932 tlU'X1t~S 
rates in 4537 

COltTeiSDC>ndls to the ~~"~"..+;,,,~ 

on a 

7701 

I""':rn .. """' ... .,:1 three factors: relative "" .. "u. .. , ............ ", 

SD~'lCH~S clonlmi,cu()Usnei;!S is assumed to be uniform 
and error to be zero, In cells is a measure of relative 
abundance of the tlVt:\;lt::tI. since relative abundance one of the factors that influences l".,.r~n1't.n,., 

., ..... '''.1'1'''' an index which fluctuates with In For a discussion of 
" ... ~n"'" et al. and Griffioen 

... ".,,,,,,,,t...-1 or known in densities. The 
agree with the known habitat DrE~fel~enlces 

rates from the southern African atlas to In(lep,en~:1eIlt 

rates fluctuate in accordance 
CODlforms to the 

biomes also 

found a consistent correlation and many were able to 1ll1lStrat,e 
for Du Plessis Bruderer & Bruderer Allan 
Griffioen used data from the Australian Bird Count da.tabase to imres'tie:ate 
.... ,";n.'tn:Ig rate data and densities. He was able to show a 
..... ,,,,,.>t .. ,,,., rates and abundance for a. of As an even tlU'UlllI!.t::I 

rates than is almost linear. 

with a different 
1"",,)oy,til1'" rate statistic in a cell as 

an estimate of its "true" rate deOOlllds nrlIH""'''''' nmrni>4er of available for a 
cell. varied between zero and 2297 
of in the accuracy of the rates 
a telrctlll1'e, with areas of uniform different ..... "' .. 1'1:11'1 

in areas where the numbers of checklists are small. On the other 
can arise in areas 
of checklists in theiSe 
this variation 
information. In DrI.rhi',,,n 

collected and ImOl"l"'lVe:a 

numbers 
a observer. would reduce 

SIDIIlIE~CE~ll "'~'"\r,,.ti,.,,,. rates more consistent with the sUlrroundlILll: 
iJV',a..,,;u values for cells for which no checklists was 

cells for which few were available. Measurement errors due to 

5 
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observer effects would be reduced. Visual pelrceptl of the maps would be Impr~::lve:d 
e.g., the maps should enable blC)geog1rall,hers 

The Ull'J.<aV.U,llU.!". alS8umj:)tlO,n ~llJlOOLwnKisthe~UJJ..IJUUi of distributions in llCJ'lf,ll,UUUll11!". 

a statistical tool to prc)dl1Ce 
but avoid as far as V'-"' .. lU,.C blurTl1llg 

IUStment had to take into account the accuracy of the information in the sUlrroundilllg 
to those with numbers of The "llJ'UU'~llJllll':. 

area covered and number of 

THE ATLAS DATA 

cells. The 

The data in this paper come from two sources: the database of the African Bird Atlas 
upon which Harrison et al. the data for South 

""", •• "",""u and Bird Atlas 1-''''''''',-1: nrOV'lCIF!Ci 

in this ch2mtc~r 

For most of the area, data were collected for 

as ael1ne:d 
Tete Province of ,l..", .. a. .. 1L"'i'''''' 

is that used in Harrison et al. 

km x 25 km in the north and 27 km x 23 km the south of the area with "UL ..... """'''' 

The where nallt-clelZl'ee 
were collected. On each of these each "VI""'''''' was either recorded 

The observed response is the of total on which the was 
rate. Hamson &; Underhill further details of the 

pOllnte:d out that the variation in area of rate. 

To include the Botswana data in our "'''''''''',''''J,!,,, we subdivided each of the naJlI-Clellree 
cells and the rates to each of the four 

cells into four 
cells. This is 

sa.tlsf~LCt()ry 8.PI)ro;a.ch for with scale variation in this case, because Botswana is characterised 
l'pl,~t'"plv uniform environmental &; Underhill The total number of 

1!"f'11el'::ttf'!l1 in this way was 5057. Checklists were a.vailable for 4918 of them. 
with no checklists were left blank in 1. 

In this 'VLll"' .... ~. we shall use the notation: 

.. fii = the total number of ch€~k:lisl;s that have been collected for cell i 

= the number of checklists on which a was recorded 

.. r, = the .. P''''''+''11,O' n",-.n,\1'1:1lnn of checklists 

.. 1I"i = the vu,,,.Ji, ... .!' of the in I. 

GENERAL SMOOTHING ApPROACH 

We l'elllCl'eI'l8ic,n oonc::eil,ts. This aims to ~n,·...-Ij, ... t" the "",.,U'.H .... 
cell and a 

6 
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a smoothed "surface" of .. ",y,~",."",,,, rates to a local area around the cell. Environmental 

Fou .... ""''''.1' so that factors that influence the of a for many bird 
cells can be eXI>ec·tea Hence 

between 
cells was, in In 

southern Africa. 

m()<1Ellle:<1 if it is nc()rlJ,or''I.te<1 into the eXlplanatory variables of the reg;rel!lSlcon "'-I ..... "J .... 
J:tell',;rElSSl.on +~.h"",~,,,,,,,,, aim to model the response on a set of variables Xl, We assume 

rates follow the binomial and with error variances <1epelll<14ent 
v .... U<iu. ..... et al. For such data we can use the linear model for each 

which relates the transform of 1I'i nn,'arIIV 

I 
11'; 

n--= 
1 11'. 

+ + + ... + 

within the atlas area becomes the cell and we use the pn~<1llcte<1 .. ,>1"\ .... "1"1n 

In the case of southern this means that the 
rate for the 
needs to be 

""'1P" .. f:~>i1 the observed .. ",Y,~",,..n,n rates is to various 
we are reluctant to use this at any level than as a rl"",,..,.·inti"A 

tool that meets the need to take the number of checklists per 
way. We therefore do not use the inferential statistical that goes 
feel that the caveats rates do not warrant it. 

THE EXPLANATORY VARIABLES AND REGRESSION MODEL 

To base our pr4e<1lctlon on data from DUJauuU'I..lu..", eXlplanatory variables the north-
pr4eUlC.lonlS and 

which will have coordinates willl'p.nlresp.nt the north-south 
from north to south. The x-coordinate the west-east axis and increases from west to east. For a 
block of 25 and nine these coordinates are shown in Table 1. The of cells extends 
the range one cell and the block of 25 extends the range cells. an 
interaction xy, enables the model to fit a surface of to 
the data. For a based on nine we have chosen the 

In + + + 

The four relltrel!ISICm Vi:l.Ciiun'~Lt:iUS need to be estimated from nine observed rates and the 

The surface for the 

• It can increase towards the east if 

• It can increase towards the 

therefore be 

cells then has the 

and vice versa. 

and vice versa. IS POSItIve 

• It can increase from the north-west to the south-east if and 
nations of paralllleteI'S IJUl!I<UUJIO:: 

• In iSU •• UbIUU. has a non-zero curvature is to this 

are " ...... 't:.,VA other combi-

7 
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For 25-cell terms and can be to the 

In + + + + + 

In this case, six palranlleters are estimated from 25 observed .. "r,,, .. hn.t'I 

rates. 
the 

""'.,l11J ..... JIU~ the is described In view 
we needed 

.. "",,,,,,..,rI minimal user interaction. 
regreSisiOilS that had to be carried out 

a fast COinplllta.tlonaJ 
The sm,oot;hlllUl Im~emen~EnlnMlcNmott ""'"n''';u for programs that 
were an'!I.l'VSlS in one continuous process, from nine or 25 

values and on to the next 
the 

for details. This was done for two reasons. it eliminates the 
COlnpl11te termination criteria. the smoothed detection VA"'''''''"'''''' 
into a small for purposes, so do not need to be fCi:I.IlfCU''''\,t:U with accuracy. All 

cell of whether the were 

EXEMPLAR SPECIES 

!'Ia.I1l1iqllla Dove and Swift 
were distributed across southern Africa 

areas in the and their include areas for which the number of available 
checklists per cell was small. In the standard field and handbooks the 

distribution of the Dove is shown to cover southern Africa almost "'l1.,U""" 
from Botswana Maclean et al. 

purposes, we divide the range rates into five and use five different colours to reJ>reseIlt 
these All rates in the bottom sub-interval of the are less than are 
illustrated with a cross. 

Results 

The distribution map of the na,HU"'lUI"," Dove 
autocorrelation in the areas of intensive atlas 

the autocorrelation is for this 

most 
area of absence and the core of the u •• ,.u ....... 

the occurs at low ...... ',."·1:'n,a 
the Northern 

with many shows autocorrelation of ,..,.,,,Y"nna 

chessboard effect in the north and west the distribution of the 
rather than to of distribution. 

southern 
of south-western Namibia. Between this 

1 Further <0""""''',1:''''''' smoothed distributions may be found in '-''''<:Iol-'I,C£<' 3 and 5 this thesis 

8 
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for the nine cell model confirms and enhances the overall 
observed oaIL1.e.flll:l UO"".lU':;U above for the areas of intense fieldwork in south and east of the 
conveys a of southern Africa smoothed U""U'.uU~''''U 
map most of 
appear to C01[ltorm 'UUl~'\J'U In 

this is an area where there is no even from man-made sources, 

The core 
rates ex(~:1mg 

maps is DrEl8el[lt 
east-west across the central 

not 

The distribution map 
but ion lies in south and east of the 

and central lUl};t;(lUUJ1'L(uc, 

may 

follow the Central where most of ",!'.,,,,-, ... ~'u..,,, 

~~ILanululKthecrunpLex 

water is 

"'''''''''''''L''' further smoothes and "' .. ,"1-" ..... ;;0 

tOlllr-DaraIneter model !P<>ln."",+i 

the waterless Kalahari sea of southern 
and an area from the Etosha Pan westwards in northern 
both 4 and 5) is from that 

pa1tte.rmng revealed in the 
SUJI:mllY ap .. "t: ........ rv .... hTl,a rates 

... VJll"l-'l ..... V."" feature of 
stretches 

5 is 

core of its southern African distri-

9 
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The 25 cell model with six D8.1ranllet,ers 
-rcm~,.Ilelr" in texture tha.Jn that for the 

a of this map with the observed umlUuo..'u 

lI'-T."'r: ... m,f't/>r model is therefore not recommended. 

The map based on observed 

of swallows which build 
.'iP.fll1lf'1!Atn~ South 

:str'lJ)E:d Swallow H. aOtlSSlinu;a 

a map 
As was the case with the 

7) shows that the additional 
the observed data. This 

7) is more consistent with 
of 10. Use of the 

absent from much of Lesotho but the 11'."'ll''' • .1 nellQlI70rK in mountainous where 
many be accessed with was low 
the nine cell model retains a.Jn area of absence in Lesotho 

The smoothed distribution based on 
but the distribution based on the 25 

cell model shows low Lesotho Without extensive it is 
rep,resentatl~:>ns of the is closest to the truth. 

plrl·..,."r·!c and the fact that 
from several 
be encountered almost 
distribution map. 

whose nests are 
rates that appear continuous with those in the nellgn,Dounng relil:lOllS 

Swifts were recorded 
t,pr .. n'''''· ... Swifts may 

to the observed 

We have pr~~lnte:d a statistical model for smoothed maps for the rates 
of bird in southern Africa. The model makes use of information in cells and thus 

autocorrelation inherent in the observed data from cells. It 
removes the variation in observed distributions due to error a.Jnd reduces the ra.Jndom check board 
appeara.Jnce ofthe distribution maps in Harrison et al. in areas where 
the average number of per cell was small. For we illustrated how it 
imnrC)VEd maps in areas with sparse data collection. The smooth maps are a.Jnd show trends 
a.Jnd characteristic features more The nine cell model is the best when local detail is 
while the 25 square model is when the broad brush "'''''Ie",'", 

The validation of the chosen model involves the of the binomial 
"'",,"U< •• U1l'. the choice of the size of the blocks of cells used for each local re~:reslSio'n 
number of to include in the models a.Jnd the of o .. "~~ ... "' ...... 

in the initial derivation of the model a.Jnd we summarize her 
conclusions. In for the binomial distribution to be observations should be with 
a consta.Jnt of success. For the atlas data the first is for a cell the 
observations from the different checkists and hence from different observers should be This 
would be true in the presence of informative communication between observers that would be 
more to have occurred for rare the of detection of a 
cell should have remained constant over the of data collection. Seasonal CD'ii.nll;es 
and differential observer skill effort have affected the pr<)O~LOIILlty 

As a result the a81>Ulnption of a consta.Jnt success v .. ,IJO,IJ" .... J' 
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effect on the models is that of ov~~rdisp,ers,JOn which inflates the variances of the palranlet1er estimates. 
Erni found that of the n .... ', .. rliQ.,.,..,...,inn estimates were less than two. We are not interested in 
the but in estimates of the of detection 
which are un;attElCtE!d 

cells on which to base the local on considerations 
aul~oc,orrelatIOJn, overdispeJ'Sio,n and what of 18 to blO.lO~lsts 

In a nine from the central cell for which the PrE:ill(:tlo,n 
made. Thus no extra autocorrelation function of distance has to be considered and the 

autocorrelation is the variables chosen. As we increase 
to 25 cells and this may no be the case. The extra 16 cells in the 25-cell blocks 

also add more variation to the estimates so that it may become necessary to include the extra <OA1J.a.j .. a..'V~J 

variables. these models lead to worse of detection. These two 
lJ.v' .. ,."'......, of autocorrelation becomes worse as the 
are cell model will base on a nellithbourtloe,d 

can 
variables in addition to the 

to base sm.oolttn:nlit .......... .,Iv 

The number of terms in the model is of less than the usual where the final model 
describes the between the response and the variables in addition to a 
prl~l,cted. response. In the case of we are not concerned with the model terms themselves but 

..... ,,,,h ... t,,,,N value for the central cell from a model that fits the data well. The number 

for each local rel!,r~lSio'n 
cells. For the 25 

the aDlount of data a maximum of nine or 25 data 
We can not add and terms to the based on nine 
mo,aelS, the addition of these terms a better fit to the observed data but 

of In fact we saw that these terms sometimes introduce 
rates The fit of the models to the observed data is 

smlOOtDlnl!; that one wishes to achieve and hence 
of IS de])enidelllt Il~agmenta.tlo'n in 
We address this issue in more detail in 'LJ"""'I)'bO:::1: 

The way in which we choose to map the observed and smoothed distributions of rates is an 
factor in that it a further of We discussed the different 

the models and Sn()Wf~ 
distribution of observed rates. This meant that the division of these distributions into five sul:rr,anlzes 

h.,j·.",,,..,n the and smoothed distributions and differed from model to model. In """"u.,'vu, 

a.w' ..... lua. Dove is a more the 
... o,., ...... ti,.,« rates. Hence the subdivision of the rate ranges of these two 
from one another. These differences in the scales between and within between 
models are in the of the different maps. As in Harrison et al. the colour shades 
thus show relative rather than absolute rates. We address this issue further in the next ""<.V.'''~ 

We defer to 'Vllla.IJ'."" 6 a discussion the choice of our method of Over alternative 
apl)roactLes. One of considerations was to find a method that could cope with the scale of the pre,bHlm. 

that of ",.",,, .. ,,,hna sm.oo1tbed. detection for 932 In cells. The " .... ,u" ... " .. ", 

11 
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It can maps with accurate information for 
cOlltillUity in their distributions. These maps are and can 

form the basis for methods for reserve selection that take into account the PC()Oilllouny 

in individual cells. The method can be to ,,'-'-,.'-"!~.'-.: .. 
birds. 
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The rCJZ::rcsslion an iterative process, called Reweilghlted Least 
For the 

in vector notation in the standard way, maximum likelihood 
the rCJZ::rcssiion parametelrB as : 

where 

• X is the matrix elements the in the case of the nine cell block 

1 -1 -1 0 
1 -1 0 0 
1 -1 1 -1 
1 0 -1 0 

X= 1 0 0 0 
1 0 1 0 
1 1 -1 -1 
1 1 0 0 
1 1 1 1 

• W is a ,.u~'5VUCU matrix of with 

Wii = 

• the z values are modified delJellldelllt ViCI.EHIUJlt::H. 

to form an iterative "., ... ,"""u. ... ,"" 
after each iteration the reJ!::resl8io,n C~Jer.nClent 

each iteration the 1!'i values are nnn,.'t..rl 

To start the iterative process, an initial set of ur",'"'lI'h't,,, and de1DelldEmt variables are needed. We could use 

and 

,..,.T", .. l:1na rates of "zero" and "one" would lead to zero cOlrresp()ll(iing .. " ....... ., 
depell1d~mt VCU10IJ"""" to be undefined because of either division zero or 

"Zero" or "one" .... y'''' .. T.nl'a etil)ecla..LllV observed in areas where few checklists have been '"'V',l""-,.""",. 

This is resolved 10l'!;tst1C transform & Snell as modified U"'IX'll,U"'JLLO 

variables for the first iteration. These are 

Zi. = in ---'-::::---::-:::-

with cOJ~retlDondinfl 
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In addition to ",...1""1.'" the nr()bl,em of the of "zero" and "one" "Py",,"'1:nl:O' 

Iteral;lOlll, this reduces the number of iterations until convergence. This is an ' ..... n"" .. t-", .. 

since the has to be run over all 5057 of southern Africa and this process has to be 
re1:.eal.eu for everyone of the 932 An artefact of the use of the Cox & Snell 
transformation is that the n,.."111, .... 1:" ..... ,.,>nr,,.t:,,na rates for the cells are We therefore 
chose to set all rates less than 0.005 to zero. This means that we assume a to be 
absent if the that the is to be recorded once in more than 
200 checklists. 
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TIII;lIe 1 _ The)(- and y- oo-ord,naies for block$ 01 9 lind 25 grid cells 
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V , (_2,0) (_I,Q) (1.0) (2,0) 

(-2,1) (-U) (I, I) (2, I) 

, (-2,2) (-1,2) (0.2) l]'2) 02) 
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• &-9 

• 10 - HI 

• 2(1- 22111 
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Figure 2: Map of southern Mica showing IlEltional booodaries, boundaries of South AfrIcan provinces 
and some frelJJentIy mentioned regions 
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Flgn 04: NIllTlac,:Ja Dove - SlTiootllOd liatribJion ~ model with fcIlI" par<1l,,,,IeI, tor rir- grid callIi 

-+-+-+-+-+-+-+-+-+-+---4~ r+-l-+-I .. 

.. 

... 

-17'''-1--1-1 ". 

"""".db! 
O!i- 2.00 

2.00-11.54 

11.54 - 3O.M 

• :!O.5/; - +4.49 

• +4.49- 81.37 

• 81.37 - 100 
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FIgln 8: ~ DoY8 - SI,iOOIhed dsIribuIion UIing model .. aix ....... o_ns fQ" 25 grid QIIIs 
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figure 9: Whiterumped SWift - Smoothed distribution usll'Q model with four parameter5 for 25 grid oolls 
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Figura 10: Whiterumped Sv.ift - SmOOChed distribution using model with six parameters for 25 grid cells 

". 

Pi5415xy.dbf 

0.5 - 2.00 

2.00-3.00 

3.00-7.56 

" 1.55-12.98 

• , 2.98 - 20.5 

• 20.5 - 99.26 

,.. ,.. 

25 



Univ
ers

ity
 of

  C
ap

e T
ow

n

l.jD.RD·ter 3 

F. , B. & B. HRIJDEIR.ER 

1 Avian 7701 

ml~~Il.oU for distribution maps detection 
in southern Africa. We showed how these smoothed distributions clearer 

Dal&telms for the than the maps based on rates. In this "U<LJ./""a: 

we variations the method to cope with 
.u ......... , .... characteristics of we focus attention on maps with uniform cut-

..... "".1" .• n,a rate colour that can be used for bird identification. 
we look at the of the sm,oot,hllllg 

SUjl~el~t a c.ornnl~orrlise between the observed .... nn .. t.na 

aPl)rOiilCh to small detection 

MSlDD:me: the SmlootbE!d lJ1utribuhoDS 

We confine our discussion here to maps cells. 

The distributions that are gellerated preseDlted as 
maps. For this purpose, the to be 

rn"v .. 'rt .. ..r1 to a set of colours based on intervals of rates. The choice of the number of colours 
to use, i.e., the number of intervals into which to the overall range, and the scale to use the 

", ... tV"'·.""""!'. effect. The maps of observed rates in The Atlas 
sm.oolthed maps III 2 

make use of a "relative in that it bases the choice of intervals on 
the range of rate values for each in Harrison et al. divide the 

into these groups in such a way that each colour a third of the 
Utl)Ol!lltS are chosen so that the number of cells in each colour is as close to 

All cells with a rate rate less than are shown with an x. In ~~MV~A 
use the relative ""'''''''''"!,; apPf()8.(:h but divide the range into five ,{UU"'""''''. 

lowest with a rate less than with an x. In our ,,..,'vv ..... , .... maps, we set to zero 

~~ ... u~ ... , .... detection pn/u"'u ...... ''''' 

the 
Weaver Ploceus Differences between the two maps are 

not due to difirerEmc'e8 between the observed rates and sm.oolthed protJlabllItles. but also due to different 
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ranges to define the colours. We note 
represEmts all than while darkest shade for the map 

of nN~M.M rates 1) lePl'e8elllts 

Once 
scales 

the observed and distributions for the Hl.~kbe.OId€~ 
the scales used to define the colour differ betwe!m 

even more from the scales used for Weaver. The tlUI.CKne,!L(l€!Q 
a sparser .... ...."uu.J ... u.v ... the thus occurs in " ... , ..... v. """""""''', even in the areas it 

to these maps rates above 

this is not ImmE~I'l\tel:y clear from the DUd.uW'", maps. 

thus 

for the two 

conlpll,cM,estheconlpan~m 

use a scale 
each cut-off value as ai = 

The values are 
,. .. ,.,,,,pf:1n,,,,. rates. 

maps 
<IU\,uu.v .. , we can now compare 

spc;~le8' .,.' .... UJ, ..... " ...... ''', we 
the subdivision of rates between 

ao = 2 

because the two maps use same scale to define the colour " ........... ,... 

The VLAI!>'''''''' IInpl~esf;1l0IlS 

occurs in smaller numbers 
geller,ate maps that can be used as a tool for the 

detection in a ge<l!itlapltuc.aJ area. For eX2LIIlI;>le, from 
Weaver in the Western for eX~LmlPle, the 

The Cloud Cisticola Cisticola textrix is a 81.1''''''''''' that occurs in small numbers in South 
south of 26°S 26°E and 25°E and 28°E south of with an even 

illustrated on the map that uses an absolute 
vua.u .... u""'" that fall 

in the second interval 

uc .. , .... ,."'" for the Cloud V""~J"'V"" 
7. The dark 

4u ... ~.,.'" and 
most 
on the map. For this the more accurate reflection of its detection 

the map based on the absolute scale 
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the Blue is a 
... a'YY'''l> scale l!'el,erat.~'l'I 

...... ,'....... variations among these 
the range hej'.Wf'f'!" 

uniform distribution of detection pr4) bllbilltl es. 
map of pr~::a()mlma,ntliy one colour 

The map based on the relative scale 
,",,,,,,,1:1:,, shaded in In 

"11. -----.-- intervals. It 
the Blue Waxbill. 

val~lal,lOIlS among the of the 

There are pros and cons to both methods for the rate range into sub-intervals for 
mam of an at... .... 11,1t. .. scale for the subdivision of range across all sp«~u~ is that 

the for all are the same, .......... Ull> 

..... r\" .. hntY rates not be colrnparE~ 

the reverse is true 
rates where the absolute scale will mask variations 

There may be instances LU""U5JU, ..... "'.,.hna rates are more or less constant across the 

case the ImpOl~ a false sense of the of The intervals 

ones. 
be very narrow. This is more 

choice of subdivision 

distribution maps . 

....... O:'Gu..u.l.l1K between Observed and ~Dl()()tbled Data 

We may not wish to ou'u\. ......... "' ... hn'tY rates in areas where 
to in areas data collection was sparse. 
for with 
limited to which forests occur, and 
habitat is n .. ~"",..,t Erni 
average between the nh<""'1"1I1M ..... ,,, .. hn,,'" rates and the "' .... vV' ... ,,"" 

+ (1-

where 

.. is the value to be m~~p):.oo. 

to be a for small areas 
on the intended use of the 1>1.1'''-1<:::> 

numbers of checklists and wish 
be deE~mE:d irlappro'pri;ate 

""'_'~'''''''' which are 
cells in which " ... , .• "".,,", 

U!<"YY""", a weighted 
from the reJ](1'et!lSiclD 

.. is the I>IUVV'Lll"U detection ODliD11llLY found the regresa,ion model 

.. is 

• with 

.. nj = the number of checklists for i, and 

• 0: is some value I!'rf,atj~r o which determines how at .......... ,,,,I " the number of checklists influence the 

For distributions with a be close to zero, more 

to the U1U'UCll""" re~:resl8ioln al!lnr'Oru:~h is less valid and 
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ji!;E!CJStIUIStIICS the u,,..,nc,,.,.,M has been ae1ielc)DE~ to autocorrelation 
the first value 

A value of 

DrE~llt and a value of 

""'bUll"'.""" the V8.l101l!:raJD for binomial data. She "u''''''''' ... " 
that 0 ael)eDla on this 

0= 0.05 could be used for distributions where slgmtilcaJlt 
between 0.1 and 0.5 if the estlmau:u Vl!l.M!::IIl1'am value is apP,rox::ima,tei:y 0.8. 

maps for the the maps 
the smoothed ael~ectlon p'rOlJ<l[)lllUel~, IElSp,ect:IVCl 

"Uj,VV ... U'u", .... ~~~.~ • .J occurs, is in the 

area 
could argue that these zero rates 

zero cells have due to smlOOtmng. 
based on a average between observed rates and sm.OOlmeQ 

2 these 

Weaver 

dltterlent values 
of o. These maps illustrate how the of the Uj"'HUJULllVJ1 de<:reaiSeS 

The map based on the model with 0 = 0.50 dlstnlmtlon maps based 

on the rates while 0 = 0.05 I!)""ll"""'.'''' a map not very from 
the map based on detection pr()ba.bI11tlElS We can see how the map 

the blank cells in the above mentioned area and how more of these cells based on 0 = 0.05 starts re-:insertin 

tum blank as 0 increases to the deletes 

~IIIOOltIuIDE mc:tn()(l8 that take into account the lnt'omo.atlon 

that the does not occur in this 
WeJIji!;htoo average between the smoothed detection pl()Oa~OIJIUl'es 

Another Dl()Dl1eIIl with this aPI)rOla.ch is for many of the cells with numbers these 
were contributed a observer. Not is there then a lack of lD(le):Iendellce between checklists 
that the effective number of checklists is smaller it appears to but also the nh< ..... ,,,.rI rate 

be biased an "observer Harrison & Underhill . Thus the process of 
weJlgntoo averages between smlOOtnl:Q ... "",£,..til"'" rates may not be a sensible to the 
Dl()Dl,em of closer to the "true" detection pr()baLblllltl'es in each cell. We therefore do not use this 

method in 4 and 5 of this thesis. 

The discussed in 2, has a distribution that covers areas 

of southern Africa. Its includes areas of both low of We focus 
on two areas of and low coverage to how the use of the average sUI~gesteQ 

de1P€[lds on the of checklists on which the rates are based. The area of 

coverage is the eastern of south of 
aelPlc:tS an area where the coverage was 
shows the distribution of £\N""" .. ,,,<><1 ...... ' ...... hn 

coverage in central M()zaml)lque, v.", .... ,u 

are rates are much 
We want a that will share out the 

nellghbounng areas that were not covered but that will leave 
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the rates in the mt,cnsely covered eastern 'H~'"'':u.L\J''' of Zimbabwe The distribution 
based on the smoothed detection 2) does eXi)an.a the central !Vll)llamL'lql.1t: 

of the it also increases the rates in the eastern lU!!!, .. l<:u.LLU; 

Zimbabwe , ..... tn .. ,,,... across the area. 12a and b show the distribution maps based on a we:IJl;IIteC1 
rates and smoothed detection when a = 0.5 and a = 

u«,~u ......... v· .. of observed 
'.",,,,,,rn m 

low coverage, where nli is 
rates even with a va.lue for a. 

to the modelled detection and results in a smoother distribution overall. 
the eastern of Zimbabwe are closer to the observed rates 7 of 2) than to 
the smoothed detection 8 of This illustrates how even a small a allows the 

of n. to to the observed rates in areas of coverage while at the same 
time the distributions in the areas. 

The use of a when the "I"""""'" 
distributions. We can very on areas based on the 
of the of the coverage in the areas. At the same time the choice of will on the 

tra.gmlen1~atllon of the distributions. Further research is to look at 

the estimated value of the the estimation of a. 

Zero Cut-ofF PO'1D1ts 

When the "UllUU'U1JlU", chose to set all smoothed detection pn)Oll.I.IUlLlt::t! 

than to zero. This IILnIlrO;::te:h to be if the smoothed is 

so small that the eXI)ec1teC1 to be recorded once in more than 200 checklists. It makes sense 

that .... r""·t.i ...... rates should not be COWlted as of the range of a 
for very spl'lJ'Seiy OlA~tnDUl;ea and IJUl"'"II.l'V 

small nwn~~rs, truncl~tl(J'n of reduction 

in the extent of the SJ)i:!CU~ range. 

we focus attention on the distribution of the Thrush Nl~~htmg.aie Ltlscinia a Palearctic 
of the cells with observed non zero 

and the meUlllW 

rate was 

smoothed distribution when we have chosen to illustrate all non zero detection IJ''', .... " ....... , ... '.", 

truncation of the very small values. The 
of these are of very small U"'o"". ;ho1osllng to truncate pr(,oa.Ol1n;H~ 

385 non-zero cells ( 
with no truncation 
SUIToumdmlZ blocks of nine 

of the South African 
the two observed non zero rates have been eXIPaIlaea to cover most or all of the 

cells. 

The aPJ)ro~ach to the smoothed distributions so far illustrates all detection pn)Oll.oun.UlII less 
than with an x, rather than a shaded cell. HnW' .. ',",,,,.. once this may not be 
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pr()ba.bLl1tU~ in excess of 
for the Thrush with an x An alternative l'lnnl'lll'lr 

absolute value of would be to illustrate the of the range of detection ", .. "h",h.l.t.""" 

with an x. 18 shows the difference when this is done for the 
taken of the very low associated with the darker shades for these sparse distribution 

maps. 

While we believe that the UUllf,lll.' .. alDProa<:n detection P£()Di:I,Dl1nU~ less than to zero and 
with an x! the above two variants of this aOI"lro::ICh 

Implemented for for which rates may be of interest. 

pr~lSelnted three variants to our for ""F." .. ,.f.H'" 
Oe1&ectlon prot)aDUn;les for The are aimed at 

maps 
SpE~J1lC issues related to the 

distributions. The absolute subdivision of the range of detection allows for 
for the identification I!'erlerl'l.ti(ln of maps that are easy to and that can be used in field 

of """'!'.ll'"CU average between observed .. "'I'''''"n .... O' rates and smoothed detection pnJDllIDIJIUl't:lS 

allows us different de«~r~!':8 of on both the of ua.!I',;mlell1,at.llon 
distribution and the ."to ... e"h, of the field work in different areas. 

de~wDlg with detection may be of use when it is to take into account even the 

occasional ""!<.lU"U!<.'" of very scarce "V"""""''''. 

three are very easy to may 
each be of value in the circumstances described the model as prElSelnted 
m 2 remains the ", .. ~.t", .... <Wi method for maps with accurate information for most 

refl:arc1mg their detection areas. 

1993 ..... t.!'Ilt."''I1r,1r.R for ""V''''~'''''' Data. & New York. 

Emi B 1998. of Distribution from the Bird Atlas Data. 
of Town. 

Tree Parker 
NOlrl-passemles. BirdLife South 

Harrison Herremans Tree 1997b. The Atlas 

of ""'" .... ''''. African Birds. Vol 2: Passerines. BirdLife 

Harrison LG 1997. Introduction and methods. In: Harrison Allan 

Herremans Tree Parker Atlas of ""''''''H'''''' African Birds. Vol 1: Non-

1" ... """' ..... ""'. xliii-ixiv. BirdLife 
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Figlnl 1: Cape Weaver - Dis1ribution of observed ratas using a relative scale for oolOtJr shadng 
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FIgISB 3: ~ Weawr - Smoothed clstributiOl1 using an absduIB scale fur cdour shading 
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Flgl.l'e 4: Blacktleaded Canary - DIstribution of observed repc:ring rates using a relative scale for coIa.u- shading 
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Figure 7: Cloud Clsllcola _ Smoothed distribution using a relative acaIe for colour shading 
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Flg\l'8\l: Blue WIIlIiiII. SmootIad <htributicn using a ~atlYe scale for cdou" lhacing 
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F..-11b: Cipe Weaver - Dist1ilWan baaed on " .~ .. _&g6~ m-v.ct ,........'" ra68& 
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FIg\ft 11c: Cape WfJIMJ(' ~tkI1 based Qr1 WIJigtIIed awrage betw991 1 obnrowIl'8I)OIting ralM 
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FY.n 12a: Whilerumpad S\Mft. DIstrtUion basadm' elglltUd ".Gaga bat •• otJaer..d r.porti:lg'" 

and 8I'I1IXItIed delBclion prtIbabiHtiee utling aIpha-o,50 
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Flgw-e 16: Thrush Nightingale· Smoothed distribution using 0.1 % as zero cuI-off 

, , , 

. , 

, 

'" ~,.. , , 
, 

')j ./ 
,.. 7' /' 

f\ I ~ V 
,/ ,. 

\ ~ 
'" ./ 

/ V 
~. 

C \ 
1'( 

( ? / \ -\ / PI3609.dbf 
/. " .... 

,/ 
,/ • 0.1().o.17 

,.. - 0.17-0.3.2 

• 0.32- 0.65 

• O.oo·1A9 

• 1.49_50.0 

,.. 
~ ~ . .r t:- :--: :--: :'""""" ;--;::--;;:--; , , 

51 



Univ
ers

ity
 of

  C
ap

e T
ow

n

F\glre 17: T1Yu8h NigIUlgaIe • Smocthttd diatrlWlallkstradng all probabilities c 2% with 8"1 x 
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F. LITTLE AND L.G. UNDERHILL 

an 
"''''.,t''' ....... around the distribution of endemic 

,. ..... ni .. _ de1tlnllnJl: the to which a 18 \..VJ.tUIU::U 

certain area, as well as the boundaries of the area. To avoid these one can look at 
with narrow ranges, rather than that are restricted to a area It is often these 

that are most at risk of extinction and hence when areas for conservation one would 
to include many such also to as "narrow-endemics". Areas that 

many are known as for narrow endemism or "centres of . Patterns of 
nc:llnE!S8, without to the extent of the refer to areas many 

n ........ "t and measure both ~;"",p<,;." and 

nt"nni'" .. or centres of as described from so-called "areas of endemism" which are 
defined as areas that have ... ", ........ """t of restricted range '~'''~'V' 
Id~mtilfyijng and areas of endemism .....,.,,, .... ., decisions to the 
congruency, the delimitation of areas and the 

1.f""."""'11" have been based on 
and 

one can co:nt€~ml)late dlisc:ontinuiIu! 
the better data as well as the 

,""il'''''''-'''''''J """"u}" .... '6 effort or observer 
this range of detection in COlrDpmSOn 

to lUe'llU1Y areas rich in and rich in narrow-endemic "I.ft:..!",:;:;, 

one 
these data. 

reduces errors 
f'xl:)lnrl'lt.,nn of the 

prE~Ilce-,abisence data 

L'(I,RJ;f~rll'llIlI and Methods 

"''''~V.'V' we shall use the In 
sections. 

notation. The definitions and O;:AI.11~Ulil'Ul}ll" are in the .v •• v.v .. ,""" 

• rij = observed i in cell j 

• Pij = m cell j 

• 1rij = smloothE~ a"t:~t:C~IIUll prIDD<'l.Dlllt~ iin cell j 
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• "(lj = Qeltectlon p.rU[)i:U;mll,y decile for i cell j 

• 8j = cell j based on presen,ce-at>aen<:e data 

• ge.lllt::.r;,"!l~1t:U "'1-"_"""" richness for cell j based on detection Dr()b~tbillitv data 

• dt = range for SIJC::CIC':S i based on prcesencle-a,bs;en(::e data as measured 
which it occurs 

• 
• 

i based on detection 

cells 

VIJ'''IJ .... ~.1 data 

cells in 

• = richness in cell j with ranges restricted to k cells based on prE':Selilce,..al>Se:nce 
data 

• = number of cell j in the of their range 

• = number of cell j with ranges restricted to k 

• ej = measure of narrow endemism for cell j based on data 

• measure of narrow endemism for cell j based on detection ...... , .... " ....... , .. .1 

• = ratio of richness of 'restricted dlsltnbutlon SIl)eCles to 
presenlce-at>aenc:e data 

• of richness with .. _,t- .. , ... l-,,>rl "'-'ft_ro.· .. ranges to overall number 

• Wj = narrow eD<GellDll!lm to overall richness based on prE8Selilce,..al)sence data 

• overall ncJlness based on 

EXISTING MEASURES OF 0..:"''''' ...... ,''''' RICHNESS AND ENDEMISM BASED ON PRESENCE-ABSENCE DATA 

a measure .,v,:;o., .. "" richness has been a count of the number of PrE!Sellt in a 

for cell j, 

8j = 
i=l 

where , 18 prE!SeJlt In i is absent in cell j. 

Linder summarised measures for richness of raJ[lgE~r(:lStrlctea per area. He 
refers to three methods: 

1. Consider a to be "ra~n~:e>-r'est,rlc:te<l" if it occurs in k or fewer cells. Count the number of 

2. 

cells dt in which the "V''''''''''' occurs: 

Now let be 

the number of 
fewer 

each 
determine 

subset of 

in a 

m 

ds = Pij' 

j=1 

for which di ~ k. for j determine 

cell which are anll!:e>-res,tnctea in such a way that occur in k or 

the inverse of its U"'H'.UU~'U'll range and sum thE':Se inverses for each 
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and as for ...... '''.t:'nn 

3. mentioned that each of the above two methods can be corrected 
obtainiILj;( "the of the biota that is endemic to the area" . 

he meant that each of the above two measures can be as a n .. ,"\nl~ .. t,' 

richness in the cell 

Sj 

and Wj = . 
Sj 

These measures of SPI~U~ richness and endemism are 
to all cells for which are present, 

cell lies within the centre of their 
Vl>e'''''''1t ""!.1""-OI.=> far out of their usual ranges and 

of 

we presume 
of the total 

(5) 

If the area is eXl,enoe<l, 
a.re SLlIO)'-aJrea oepelnOlent 

"V"""'" that occur in the extension to the 
area, and the set of 

BIRD ATLAS DATA 

The Atlas Birds 

in two ways: 
we reduced ____ :<"' ___ '.,., bias in these rates 

smoot,nUII'!: model. 

We base our of distributions for bird in southern Africa on these smoothed 
detection Other to may also be dc-velopled. 
here could also be used with the observed Our 

central n .. '.1z," .. u, .... '1!U 

nr4::mc:med measures of "VI::\..":;O 

UJJ:'.U,UUb'U'll maps for all in southern Africa. is because 
it does not that the ranges of any farther north in Africa. The inclusion of 

M()Za,mlnque, Zambia and will alter the results obtained over the entire 
"'VC~(;ltZ that are endemic and to southern and 

We compare the results from our based on oel~ectlc'n prot)at'llIl;les 
presenlce-abslen<:e data. 

PC<}UII'UUUl!::8 cannot be \.,v ... v ... ..:;,,-, 

tection pr()ba~bilItu~ even at the core of their range. 
smaller than for the more COI1S}:IIClIOlllS 

have small de-
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lll~lD[)rODrlate to' devise richness 
take this intO' ac(:O'unt, we £,,~ ....... ,'" 

entire nO'n-zerO' range O'f detectiO'n pr()OOLDIIIlLI,eg 
bers O'f in each interval. The detectiO'n pr()b~LbiJlity 
in one O'fthese 10 intervals. We the 

delpelldlnR; O'n whether it lies within the 

sums O'f detectiO'n pr~Jm:tDlntiles. 
with their decile values. TO' achieve 

TO' 

10 intervals with num-
cell will then fall 

1-''''''''''''''''' numbers 1, 2, ... , 
we divide these 

10 to' cO'nvert them back to' the IJH)UiliUlI.lLY range between zerO' and O'ne. In additiO'n we 
value O'f zerO' to' cells in areas frO'm which the is absent. The individual detectiO'n pr()ba.b1l1tulS 
have thus been O'ne O'f 11 0, ... , 1.0 ae]peDlaulg 
the range. We refer to' these as the ..... ,,'.<N •• Vll prO't)atlllllty 
O'f 10 intervals fO'r this transfO'rmatiO'n is and either mere O'r fewer intervals eQuId be used. 
Extensive trials have demO'nstrated that nO' benefits are O'btained mere than 10 intervals 

The distributiO'n maps in Harrison et al. this VU.U"'VU:: 

numbers O'f cells were shaded as medium and dark to' middle 
third O'f the rates fO'r O'f the actual absolute values O'f the 

caveat to' the use O'f this This transfO'rmatiO'n can area 
en,)uli1~h to' include both the cere O'f the range O'f a and an area frO'm which it is so as 

cU][l!:Ulael:a.U'le variation in the abundance O'f the If the area is SO' small that a BPC~CH18 
is abundant across the entire area, the transfO'rmatiO'n will result in O'f 

detectiO'n FO'r if detection fO'r a cO'mmon in the 
area say, then it does nO't make sense to' rescale these ever a range that cO'vers the interval 0 to' 1. 

EXTENDING THE MEASURES FOR SPECIES RICHNESS BY INCORPORATING REpORTING RATE CONCEPTS 

We can the O'f presence with the detectiO'n deciles 
so that fer each cell j, we have the geller'i:&Ul~eu 

n 

(7) 
i:} 

This is nO't a prElSellt in a 

where BPC::t:IC18 presence has been we"","'"""-' .. u.)I<..IJ ....... u:: O'f the relative ~"'JUQ".1AJ"._y "'1"0""'''' detection 
in that celL values fer 
have detectiO'n pr()ba.b1l1tlE~S 
these are in the cere O'f their u.e'UJ.UU 

viewed as an indicatO'r O'f core COIIlCE~ntJratlO'n 
cO'mmO'n. It is to' realize that IS .... "I-"<:"" .... ,_£<" area 
to' , and therefO're to' the geI.ler,i:&lIl~eu 

We can 
presence O'r absence. 
data where a is is nO'n zerO', 

O'f the actual "'~'I'i>ll" the number O'f intervals 
until there is we can express this as 1 if 7rij > 0, where 7rij 

refers to' the I III cell j. Sumroolg these values fer each 
cell O'ver all will result in a cO'unt O'f the number O'f detected in each similar 
to' that referred to' in but based en smoothed detectiO'n rather than en O'bserved 

n 
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We can also vary the cut-off value that determines presence from "u"",,,,'t,.,,l' 

other decile values. For = 1 if "Iij ~ 

presence, in that it would all detection 
Inl~reasluK the cut-off value will result in ever stricter conditions 

on ",v"1ITI'nl", ,.....,"' .. ,'" that i should be in the of its range 
to be rell,ar(led j, in wich case we will use = 1 if "Iij ~ 0.5. We can then sum 
these for each 

n 

(9) 
i:::1 

where 
1 'f Q = 1 "Iij ~ 

=0 

for 0 < Q ~ 100. . 

The '~""WALL'" cell that have a detection 
of at least a relative m~LJl:DLlt1Jlde of SPI~lE~ 
distributions where these cores is not a an 

"",''''''''0'' omitted from the sum. Because it is based 
on the values of "Iij, it is t1 .. n"lnt1j~nT. if the area is modified. 

as the area where the rates or detection 
,.",y"'PY"",N rates obtained for the area. We ~'l'>U~<:'" 

-,,,''In-,-..... ,P'' of the range to consist of those 
of the rates. Thus the 

the the 

EXTENDED MEASURES OF SPECIES ENDEMISM BASED ON REpORTING RATE CONCEPTS 

II Dt:l.:lelS, where the 
cells in which a is prE~llt 
of the We can limit the 
a non zero detection 
limited chances of survival for the 

can be extended 
COJ~resP()n<1me: decile values. 

we will exclude SPC~U~ 
we can a cut-off value to define a viable that 

COlltume<l survival and limit the ralu.!;e-Sll~e for which a has this level of detection 
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the decile detection 
detection and the number of 

restrictions on both the relative pr()D~LDlJlltv 
reached this relative pr()b~LOlllltJi 

above defines the I1i'''9.n-t'',rwp of the range. We determine the 
,n,v'''-r,'' .... of its range as 

m 

of 
of 
of 

Then we determine for cell j, the number of 
ranges such that there are k cells for which a 
to 

,n,-,,,_"',,, .... of their ranges which have restricted 
this is 

teA(a)" 

where is the subset ::; k, the cut-o:fflimit. Pnttinaa to zero to 
the pre:8eIllce-abs:em:e a]pproac:h 
as the "rElStlric1;ed core-range 

thus We shall refer to this measure 

A "",,,, ... ,,,.,,, ... 0"""" measure of narrow en,tlelrDlIml needs to take into account the distribution range of a 
and needs to to with narrow distributions. We extend the measure of narrow 

In the zero-one values that 
absence or presence with one of the 11 detection we 

value for each the inverse of a measure of its distribution range. this measure 
is not a count of the number of is Instead we nse a summation 
of the detection decHes over all cells for 

m 

;=1 

will be if i occurs in a cells. It will be small if the occurs in 
cells and has a narrow range. In fZeI]f~r,al aplprO'XUnalGeJ}, be to half the total number 

cells for which a SPC:lCUlS bec:aWIe of the fact that the the non zero 
one of 10 values 0.1 and 1. On the average each non zero pn)DllLDlI:HY 

value is thus reJ)l~:oo 
total number of 

Su:mrnirlg all the 0.5 values for all the non zero cells will thus the 
is two. will be than this if the 

has detection prC)08.bllltlElS in the upper half of its range for a of the non zero cells 
will be small if i has a wide range reflected in the 

for with narrow ranges and 
vn'ua ....... n .. "" In a cell. The ratio is thus a measure of raJlgE~rE;stI'ict,ednel'lS 
also takes into account the relative of detection in a values of this 
ratio la~mtlIy cells where a restricted range occurs with a rpllllf,lvpllV detection pnJU<I,Ulllny 

Sp,ecIJes-ISPE~Cltic measures of the of "' ....... "' ... " .... SUlrDnlling thel'!e measures over all 
for each 

a measure which takes relative of detection into account. 
cell j is the common core of many restricted range "'IJ~""""'" and may be inteTI)l'e1r.erl 

hotSD,otlf' or "centres of endemism" . 
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in order to and we express the measures in eqlll.llltlOIIS 
n .. , ... n" .. ti,nn of the overall richness. For the restricted core-range 

richness will be , defined 
becomes 

For the measure of endemism based on detection pr()m~Dlm;.li , the apl)rOprlate 
to use as denominator will be defined in "'4, .... o'Vll (7), and hence the ratio which gelleran:zes Pll"",too;nn 

IS 

ILLUSTRATING THE MEASURES OF SPECIES RICHNESS AND NARROW ENDEMISM 

We both the measures of richness and of narrow endemism 
this purpose, we subdivide the ranges of these measures into sub-intervals so that we can use dltterlent 

..... " ...... ,,.,. The sub-division is made at the so that reflect of the 
IdentllIes the of the to the measure 

and green for the cells. For the maps ",h, .. unn<t 

en,c1elnlelm, we further subdivide the into 
cells with to the measure of narrow en<lenlllS1r.n 

To us to the sometimes subtle differences between distribution maps based on different 
of data and on different measures for richness and 
these differences To do we allocate a value to each 
thus on the range of values that it for measure Thus we let 

= 1 if cell j of map I is shaded green of the range, 

= 2 if cell j of map I is shaded for the second lowest of the range, 

= 3 if cell j of map I is shaded orange for of the range, 

= 4 if cell j map I is red the second of the range, 

= 5 if cell j of map I is shaded of the range. 

We then subtract these the relative of the two maps which we wish to compare, 
from each other for each cell. This will a new value each OJ = OJ will 

zero if cell j has the same shade in maps I and k. 9j will be less than zero if cell j has a 
darker shade in map k than in map I and OJ will be than zero if reverse holds. The maximum 
difference cell j will be -4 or on which map has the darker shade this cell. 
We allocate colour shades to illustrate these A value zero that no difference between 
the two maps is left The values that cells which map k has a darker shade 
than map I are in shades of blue that as the difference The values 
that cells for which map I has a darker shade than map k are coloured in shades of red that 
darker as the difference the darker shades of red and blue will thus cells 
for which the two u .... u.-'U •• Vll 
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Results 

0..1 .. ",.,...,.,,, RICHNESS FOR ALL TERRESTRIAL IN SOUTHERN AFRICA 

l!"elleran:lIeC1 SP~~lE~ richness for all terrestrial based on the sum 
of the decile detection """'''1''"" southern Africa as a discrete 

have detection in the deciles of 

1!~)ll!J'''''",.''''-', as well as an area in lU\)lI)i:I.UlIJlq 

and most of Namibia do not have many "~'''''1<''''' with 
cores of their ranges. 

It is to compare this map to a traditional richness map 

the Es(;arlpment 
delta in northern Botswana is 

the Northern 
in the 

data. Here the dark shades areas where a number of were r ..... nrrlPl1 

of the detection that occur at small detection pr()ba.bllltH~ 
UU',II.JLl" are thus also counted with the same as when are in the core of their 

ranges. Differences between the distributions in 1 and 2 are due to subtleties in the of 
detection These in 3 which compares the two maps 
We notice for of northern Namibia in 2 to 1. This 
'Tn'nl""", that many of the 

hence the do'wu-wlelgntlng aDlJM,em; 

darker red shades in area of Botswana has .".co. ••• ". 
in 1 many of these areas are as rich in or more 
many have their common core concentration. The reason is that the 
detection prIDDiiDl,U 

which do have non zero 
that indicate that for these areas tend to have detection V .... ..,B..,"! 

sp~~u~ are in the COre of their ranges. The same is true for 
the River 

In the differences between the two re):,rel!entai;iolll.8 are subtle. Two areas where Sp~~CH~ n,Chltle8S, 
based on detection lies below that based on stand out. 

interior is nv'>rcr .. ",?~Prl 

a distinct feature of the distributions of many SPI~U~ 
et al. The Transkei was COlnp,eUE~ 

environment to a different tInrle-SCBLle, esJ)eciallv 
in the Transkei and the so-called homelands of 

of the land surface." The so-called "Transkei 
the 

absence. In both cases, the results 
reduce detection for 

In many cells of the Western In COlIlHab. 

the ... ; ... ·"r'T>n!1 .. r11: 

richness map 2) does 
of alien trees which has 

a of 
gCCLSSliaIlU "1.1<:;""""". rather than a COlmJ:'lel;e 

Imp8l:t of these land use palGtelrn8 is to 

richness based on n .. lr. ..... n .... n p,rO[)a[lllllLY deciles 
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IS "' .... ,.~,~ .. than that on prElSelllCe-a[>SeltlCe data ,,,,ulI'a_f.,,, that the 
of that do occur in this are in the 
cores of their dui~tn,butlC.ns here. 

Core Distributions 

4 to 8 show the 
presence an In<:reia&lngly 

of their detection pr()b~LbIIIIty 
counts all 8~~lE18 
of their detection ranges, the 
their cells in these maps indicate that no enc)U2:h relative detection 

to be counted as for these cells. 

~iC"""GJ,l.JI compares counts of the number of 
...... ''''.U.LV'l. .... of that presence as measured the 2) with the 

number of In cell that narrow core of their detection pr()b~LOllllt}l 
ranges. As we increase the 

shaded in dark 

Natal. At the same 

the Western 

pr()b~LblILltv that the core, areas with many 
4 to 8. This that 

have low detection 
n .. ""a..u .. ,,'1'''''' and the east coast of KwaZulu­

shaded in 

More unshaded cells appear, 
pn}UllmlJllUetl .. " ...... " ... ..-1 to be counted 

as Botswana emerges more and more ".'V"',,,,'.:!' 
an area where occur but many of do occur do so with 

The same trend is observed for the Western This area to the 
cells in a curve 32°S and 

have non zero 2) but many of those in this area are in the core of their 
distributions for A further trend is the ... ,-."',: •• ' .... 5":1 

area north of 20° S and east of 26° E. This area has a 
in of their as we increase the level of a. 

richness distribution based on 
mBLgn:ltuLae of their detection for a 

S~~U18 to be in the core of their rl ... t .... lh"j·.n.' .. 

SPECIES ENDEMISM FOR ALL TERRESTRIAL SPECIES IN SOUTHERN AFRICA 

In our of endemism we first concentrate on the measure as in in which 
with narrower ranges are than with broad ranges. We determine the distri-
of this measure for all terrestrial area as an the fact that 
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many have distributions that continue north into Africa. Then we a subset of 
terrestrial known to be endemic or near-endemic to southern Africa. For this 
the distributions of the other measures of restricted range 
and these measures. 

9 shows the distribution of terrestrial with .. ""n .. ,"1: to the to which 
are "narrow endemics" , as defined shade indicates the cells in 

of the range for this measure. It is informative to compare this distribution with the 
richness distribution these maps appear there are ", .. n",rlc",,, 

differences. These are two distributions ( cells shaded 
richness exceeds the 

both characteristics within the same ~LL''''.''''', 
1 and 9 are in north-western an area with 

number with narrow distributions. This is also true for 
area in the centre 

with to overall richness '"v ... "'''''-''' .... SDI~H::!; with narrow 

We 
mt;p.Mlall~_ each of which ret:,reJ!lents range 

thus the of the area with to the measure in <:;U .... "' •• v .. that 
takes into account. Table 1 the five cells. We list these 
order of for the endemism measure. we list the 10 
contribute most towards each cell's We tabulate the contribution towards the total for 
these their range as measured the sum of the detection 

as well as in terms of the number of cells for which 
pe:rcentllLge of the total number of 

non zero 
cells in the 

SD4~U~S listed 
of 

cells in 11 fall 
in that contribute the most to these cells all have very 
restricted distributions in southern but much wider distributions farther north into Africa. 

9 and 11 demonstrate how and where with a distribution centered in more areas 
to the north of the area trickle into southern Africa 

These have treated the area as an island that assumes that COl[Il'j:llel,e 
for all ".." .......... ". The aim of these ..... ,~.,y- has been to define the method that willlaemlJ[Y 

SP4~U~ with narrow distributions. to validate our measure endemism bi()-geol~a.p.IJllcluly we 
on a subset of known to be endemic or near-endemic to southern Africa. 

DISTRIBUTIONS OF SOUTHERN AFRICAN ENDEMIC SPECIES 

identified 152 to be endemic or near-endemic to southern Africa 
our area cover their distributions. We an' .. Y ..... 

with to the measures 
for this subset and we 

richness 
endemism 

calcullatlng the ratios of these measures as 
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Southern Endemic iJ1Jl~CII~S 

12 illustrates the distribution southern African endemic DV"'''-'lIt:'D, 

based on the sum of the detection pnJOamll.n.y 
1, to southern African endemic 

12 is an <> .. .,.. ... ,]11'"",'" 
number of endemic ISDC::clt~S 

the Western northwards into the Northern and the Northwest 
the border of South Africa and Rnbil'lllrl'i.nl'i.~ 
the traditional Spc::cUlS richness distribution based on pr,esenCle-a.bs-enc~e 
cells thus reflect a count of the number of endemics with non zero detection pnJD1I.DlllLlles. 
terrestrial the .. n·'lll"lnl7 ........ , .... ,..", based on 
a.nd based on prEl8el[lCe~atJSelnce 
endemic occur in Botswana. 

areas of Botswana lie in the 

lie in Botswana. 
when we take the detection 

.... __ , _____ of the distribution richness 
Im'nol·I.IUU~P' of the Northern also increases when the data based on detection 1-11.\..' .... 0'''''' 

of ""'I.""""'. the Northwest and LunD-ODO .... ...n'l1n, ... _ and KwaZulu-Natal decrease in 
V..,"".."U ••• "'" are taken into """."v ..... cOlnparE:<i to when we count 

with non zero de1iectlo'n prO[)&I::IIlllLleti 

Centres Endemism 

15 shows the distribution for the subset of southern African endemic based on the measure 
welllZhlts the detection prClDaOUl 

r~I£~·mze.Thed~rerEmo~ 

are enormous. The areas in ....... , .. ..,"' ...... "'. 
9) now fall the lower ranges of the distribution of narrow for small isolated 
areas. As be the southern of the area oontain most of endemic 

It is also to look at the in the distribution maps as we move 
the number of endemic with non zero detection to 
the detection deciles to 
of 

the core distributions of all endemic 
in is the location of 
We discuss these for 

different of the area. Table 2 allll\lyses 
15. We the in the distribution 

N ami bia has ma.ny endemic in the central area north of 25°S but few the 
Once we take into account the detection deciles 

have the core of their ranges in this area. As we more 
we note that a few narrow endemics have their cores 

in Table 2 indicates that this area is the presence of the Dune 

The Northern has a as can be seen the of 
this area in occur in the core of their distributions and many of these have 
narrow distributions. This is evident in the relative of this area as we move from 
13 to 12 to 15. The narrow endemic with core distributions in this area include Sclater's 
Lark selateri and the Red Lark Cerlhilauda bunYJ 2, cells 3020BD and 
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the Western has a number of endemic "' ... ', ..... "'''', with many in the core of their 
ranges and with narrow distributions. Table 2 lists six for the cells of this area 

all of which are characteristic of the """nh,~ 

The Karoo is an area with 
many which have narrow 

many of which are in the core of their distributions and 
m'UIl::m,iI.l decline in the relative of this 

area as we move from a to core to core distributions of rWll!:t!'-n~tlnClLea Spt:ae5. 
The Eastern Province and KwaZulu-Natal do not have many endemic spE~Cles, 
area. The area's relative decreases further when we focus on core OII3,trlOutlons, m<llc;atlng 
the which do occur are not in the core of their UA< •• u.V .... V'UD. Hn1lllT""'"",,'" 

into this entire area becomes very and extends further north 
same is seen for the that takes range into account but is based on pr~esenc'e-a.osenc:e 
data and as such does not concentrate on core distributions It follows that this is an 
area where many endemic with narrow distributions occur and but are not ne~oossalmy 
in the core of their distributions. These the Thrush Zoothem om'ror,o. 

The Northwest and JUu.ulJ'VIJU Dro"m,ces but fewer of these 
are in the core and even fewer have restricted ranges 

Botswana has but many of the that do occur here have 
are in the core of their distributions. This is eBI>eclallY 

from 210 E to m06t of the 
area between 
When we take range size into ....,'~ .. ".ll. 
ms:pec~tl(m of the for some of this area (SD,eclflc.~UJ 
not shown in Table 2) shows that the with non zero detection pr<}Oil>OlJlnI4~ 

River Francolin Cisticola 
OSCOV1IlJ minutus and '-'''~'''~L 

than the range sizes for the SDC::CH~ 
YHJUV"J"" •• '= that fall into the decile of their 

pr()baLbllllt:y ranges in this area. in these areas do have 
narrow dlBltrl,bu.tIC.ns, their relative detection ..... ",..,"'.., ..... feature of their distribution in 
Botswana. 

that occur in Zimbabwe are not southern African endemics. This can be seen 
richness for all terrestrial 1) with the richness for the southern 

African endemic subset The endemic that do occur in do so with 
small with narrow distributions. Thus this is an area that reflects the 

SpC::CU~ with cores elsewhere in the 
Su!:ru:Il1c~mt number of narrow endemic 

Po<!mr.loc:lch.la ~',~II~"~ Olive Bush Shrike 
Anthus ilin,p.if),!'?ntns. 

cells 1932BB and 1932BA in Table 

exc:ell.tlcm is the Eastern 
in the core of their distributions: 

for """''''Ol''' where 
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had cells 
there are two isolated areas within M()Za,m[)lQllle 

The Shorttailed 
have the core of 

has the core of its very restricted 
distribution in some of the cells the Zambezi in Table 2). 

cOlnp:arUlOn of unt:J:~tclo is between the endemism UlI<SOUlm based on the range of 
data enc:lellBlSlm distribution 

lll!o!;lllJ')',ll~t:U in DrC~lnC€:-al>Se.nce data seem to aPt'Pl·,"t,p 

noltlcElable in Botswana. 18 illustrates that in Botswana the 
Drclbaltnlrtles based on the lll!O!'lllJl)',UL~ ,.,>m,,,na that 

pa.l~J;e:rns in 
i:IU'l1H,IOIl focuses on the core of 

COlrnJ)'OSlltl()n of some of the 
different measures and different 

versus 19 20 illustrate the 
on a range of ... ,,:;'."' ...... u' .. '"'.v.,"' ...... ' •• "''' 
these two maps. 
selected the cells to include in these tables 
these maps, as well as to include all biji:b-IBCO.riIlIP; ilCeQl!:ral0bjlcai 
to facilitate cornp<I.ClBOll. 

The differences between the measure of endemism based on detection Df(ma.Dllllt'li deciles and 
the measure of on data are 

(1) the numerator constant at 1 for those that contribute towards 
the sum, while when 
1.0. 

a range of detection pr()Da.olll'ty """",_Ht:'" the numerator varies 0.1 and 

the sum of the detection ~n:\.lU~.Ull'''_' 

the denominator because it rlnUTn1OlT""'iah,h 

IelLJ;Ures combined have the effect of .. ""OWN .. ,., ... 

SD~'lCU~ range shrinks 
small detection PCl)UH,uUIL!e:s. 

disltntlutions and cOllcelntr:atiJll! 
relative prIDDCLDlllltI<el3 within the range for that This effect is 

between the and of in Tables 2 and 3. 

The tOJ)I-SCIDrlIlf.( cell 2831DC. This cell is dominated 

These two 
cells 

the Green 
Barbet that has a non zero oe!;ec:J;lIJ1II ,""LU .. 'dUll' for two cells in the area. The detection 
prc)ba!blhtles for this ":;0':1.1..'-"'-' is 0.0484 and in cell 2831DD is 0.0067. We notice how the 
sum of the detection deciles has narrowed the effective range of this 
When the range of detection 19 and Table 2) the cell with IS 
ranked among the endemism based on prc~lncE:-al>Se,nce 
3) treats the two cells 

cell 3028BD is on detection but 
11th in Table 3 on prE~Ilce-aDl!lenc::e The main narrow endemic 

Rudd's Lark and the Yellowbreasted Rudd's and Botha's Larks account the endemic values 
of cells and "''', ..... ,'"''U These have different contributions to the endemism totals for 
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these cells for the based on the range the same constant contribution when 
data. This lack of discrimination between cells where 

IJ-HJU<lIUIJLlU't::B of detection account for the smoother \llc.u ...... u 

absence data. It also means that other cells in other areas with wtrer,ent narrow endemic are 
lower down the relative rank of with the result that may not fall within the 

of the When so-called endemic "h,,,t.,,,nnh." 

these cells may then be omitted. This is illustrated in 
around cells 3020AD and which form the centre of narrow distributions for Sclater's Lark 
and the Red based on data reflects the 
of these ranked in the third 
The same is true for nutu-scclrlI12 

Bush and Barratt's Warbler have the cores of their u:aGM.YCj,Y 

the west coast of .. ""' .. ,,.., .... , 
up the based on prE!llellce-atl8el[lce 

It is thus clear how lU(:orpolratlUg a range of derived from a continuous smooth scale of detection 
pr()ba.bllltH~ increases the of the measure of narrow endemism. This allows us to areas of 
narrow endemism based on the core ranges of with narrow distributions. 

Endemism the Restricted 

We return to the measures of endemism that restrict the distribution ranges of as 
lU and Recall that the data based on ...... ''' ... ·h.,,,'' 

I.1H'IJ~.IJIJll •. ' of detection and hence the so-called percentl!l.ge 
the level 

1 DUltlo,ns. We 
at different combinations of cut-off values that define the core of the distribution and limit the extent of 
the range. We look at in the and of their as well as the 
pl"~esencle-a,DS<eD(;e aoormLCh where any 
Our area covered 5057 cells. 
range less than 500 cells 
cells of the 
decrease the range cut-off 
core of these distributions. 

PC(}Ui:lIUlllny is considered as nl"f!Sellt 
We restrict our attention to those which have 

of the and ""' ... uu"' • .)' a core range less than 250 
pelrcent~L!il:e sp~~lllicaLtl(m to define the core and 

disltrilbut;lOIIS in the 

22 illustrates the overall unrestrilded distribution:s, as well as the resltncte:<l-lranI2e distributions. The 
trend as we move down the page concentrates more and more on the "core" and lU(:rel:LSlll!il:ly "'I!!o"'UI!!o"'~" 

cells where can be detected with The as we increase the P'~''V''''''''''I!!o<r 
core 18 .. ULm., ....... '~ .. ,' •• 

in most of South Africa and Gl1lUUllGdecrease as we increase the core sp~~ci:llic~Ltl(m 
area fades away and ~t. .... " ... ,,'" and ofthe Western are .... I! ..... ,I!!0 ... "u 

UiiIUIIJIUC2I of detection. When we restrict the 
the maps based on the pre:8ellCe-at>Sel[lCe ao[)rOl:t.Ch 

south and northwards 
as well as the Eastern ..... 1 ..... "'." .... of Zimbabwe. The maps based on the have 

spt'lCles, because some which have wider distributions when cmmt.lU2 
with non zero now have fewer than either 500 or 250 cells in which 
Hence areas that are left blank in the maps, for eX1uniple nnr.R1ITAllA. 

core maps. which occur in these areas have wide overall distributions 
occur with .... I"-tiv .. liv 

The choice of which combination of and 1ite-·relstr]lct]IOn to use on the "h,,,,,,-tnT<' 

of the It is to note that the maps based on the IV/n-.rn" .. distributions COITeI!po'na 
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to the distribution of endemism based on the continuous measure in (14) and illustrated in 
Inter):>relGatJIOn of that measure in that it seems to areas where 

occur with detection at least in the of their ranges and which have these cores 
restricted to between area. 

One could argue that a detection v ........... " ... .}' in the I"/I\-.... n'· .. range should be sufficient to ensure continued 
survival. & H"'rI,. ....... "'" of abundance" to be cells "with ? .. v,,.. .. hn,a 

rates .n" .... ',...," and raIU!e-reStrJ 
n .. , •• ,,'''~t: in less than 
ZIJ''Yo-,COlre was restricted to fewer than 500 area. This map 
is illustrated 23 scale. The areas shaded red and on this map have between 
4 and 20 with these cores restricted to fewer than 500 cells. 
These areas corres1)OIlI<1 rE~a&:maLbljJ 

continuous measure of endemism 
to the of the Sna>d.lIlg 
even one 

score for the endemism measure m~Lp):)e<1 
score In 15 for cell 2615AA 

which contributes 
accounts for of the total endemism score in 

Table 4 lists the COlrIljJ'OSlltlC)D of some of the 
and include all the .. ··m""'''' SIJOC.letl. 

mlLP):,e<1 in 

15 which is based on the more 
hnl:1n""'1 are due 

cell contains 

is due to the contribution of the Dune 
cell. the 

cell 1835DA in lU,",;t,WlU 

cells in 23. Most of these cells 
two of these cells in Table 4. These 
listed for these 

are the restricted range 8pC~lE~ 
cell towards the northern end of the 

"""a,u·hi,·r! and Barratt's Warbler among the restricted range The Northern 
"'l!'JI.U"&",'" the presence of the Lark and Sclater's Lark with their narrow distributions. Table 4 lists 

for the cell in the Eastern as were in Table 
cell in northern Botswana 

Wo,o<1:pec:ker (;a:mpethero bennetti with 

Roller Corocias Spt.UUlu"a, 

cell 
>IV, ... ", ..... Calamonastes .'In,·fi2fUl! 

Ratios 

Kestrel Falco dickinsoni and Bennett's 
cell 

Serinus mennelli and the ita.cklcettaJ..Led 
Table 4 confirms the presence of two restrl~ctea-ranli[e 
with a 4 cells and StierliinJl!:'s 

cells. The restricted range 
is the Dune Lark. 

we look at the ratios of endemism to as in 15 and 16. 
24 maps the distribution of the ratios for that have restricted distributions for their The 

cells shaded in will indicate areas where a in the of their 
distributions have these cores to fewer than 500 cells. The west coast of Namibia has the 
darkest This is an area where there were not that many of their ranges. 

23 shows that these areas also few with their restricted to fewer than 
500 cells. with ranges 
have restricted cores. Because this ratio may sometimes reflect one out of one or one out of two this 
map can be Other areas that differ in relative from those in 23 include the north-east 
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coast of of southern and central M()ZamIDlqlu and north-eastern Zimbabwe. All 
.... ,. ........ t, .. I:·,,,n of those which do occur few endemic but a 

nbutl'ons of fewer than 500 cells. 

25 expresses the two measures of endemism and richness based on the detection 
deciles as a converted to a we are 15 to 12. The measures 

the distributions in these counts and hence the is not a direct 
It rather expresses the 

of narrow endemism to the Some of the ..... ,"v ..... ,,""" 

areas for both the distributions are now shaded 
..... ' ... "0. ...... 5 that the number of narrow endemics in these areas are 

number of different and that many of the in these areas have wider 
Central and southern Botswana have a number of in the core of their 
in 12. fewer of these have restricted as indicated the 
15, This is confirmed in 25 where most of the Botswana fall in the bottom 
the shaded in green. We once observe that the west coast of Namibia and 

do not have many in the cores of ranges but that a SII<1:nlJtiC<LDt 
peJrcent<~,;e of those there have narrow distributions. 

measures derived from .. "'T ...... h .... rate in 
IdEmtlty areas rich and rich in narrow-endemic 
richness and endemism in two ways: 

in a 
deciles that reflect the relative likelihood of det,ectmg a 

.......... , .... 1<. the area of presence to the core of the range, where the core 
was also defined in terms of detection nrc,">!," deciles. In this way our measures more to the 
areas have relative detection the areas where the have the core 
of their distributions, At the same time the per'lpller,iIJ of the where detection 

may be too small to lTU;arll,nT.l~ 

INTERPRETATION OF DETECTION PROBABILITY DECILES 

The need for the transformation of the smoothed detection .., .... " .. , •• "'" to their decile values arose because 
between cannot be This is because are the smoothed version 

nn,,.,.,..,r"'" .. o,.. • ..,,.ti,... ... rates that are to characteristics such as differential COlllSJ)icl10llsness 
(Uarriso,n & For this reason we transform the detection pH'IJ~'lJl"Ul'= 

have a common the area should be 
o..;UJ'UI-"'''''''' distributions for the chosen It is essential that it includes considerable 

variation among the detection prIOO.:l.Olll 

If the area includes the C0I10pJete ,.h .. ·t""l"m the addition of neil,;b.bouring areas will not 
affect the range of detection IJ .... ","" ....... V~''''''".1 deciles will remain Ull'_l1 ...... ""CU. 

on the other the the detection 
IJHJ .... ~' .... ""H.Y deciles could area. condition is 
necessary to ensure the lD(lep,en,dellce of the results from the demarcation of the area, This is 
illustrated of the distribution maps for all terrestrial and for southern African 
endemic 9 shows the distribution of narrow endemism based on data 
for all terrestrial It includes the southern limits of the of cores 
farther north in the the area be extended to include more of 
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of detection within the current 
may fall in the lower deciles of the entire detection ",m".",u", of 9 

area 
these 

illustrate e:lflOlCtilvellv how SPIOlCH::5 as if had narrow ranges in the north southern Africa. 
and where the distributions of these extend into southern Africa. Hn,1lI1P'VP" to make results 
Inclep,en,:1ellt of the chosen area so that our measures focus on the real cores of the tlDCXH~ 

we chose a subset of endemic or neiiU-len<lermc spElCles. For this the extension of the 
the range U""L=~lUll prO[IaDUll,le8 and hence the detection deciles 

will remain constant. 

The second that refers to the variation in detection VHjlJ<l.IJUJL""" 

avoid the incorrect differential of "","'" .... ,."".J 
specIes be UllJ,lV1,UUJ ablmdant 

nnl(pnt.UU pr()DI1em may arise when a 
area. This may result in a number of the pr()ba~bllllt:y 

In such cases we may be diltel'entlatllllg too much between ...-r ... ""v ... 

pn)Oi:l~UUnlC::S and as a result we are for all the "'1-""""'" 

the southern African 
ru..a..,IVU In 

African subcontinent has a rl .. J· ...... "tv 

size. 
succulent Karoo 

deciles of U"".="Ull plfOIJ'aUIIIHIIa!. 

INTERPRETABILITY OF DETECTION PROBABILITY DECILES OVER TIME 

Nama 
tralrlsic)rrnlIng to 

The above centered the issue that rate deciles results that are in 
relation to the chosen area. The time axis the Bird Atlas 

be , it is conceivable that the core ranges, as defined us, may even ifthe \cVA .. V'''' 
constant. This is because the core range is defined relative to the range 

v1lI1hp"p within this overall range may the within the range of 
1n1:orlrna,tlo,n "''',..'''<lUJlUJO<. such shifts in the concentration of a is very valuable 

to and conservationists the fact that the relative core ranges are sensitive to such shifts 
is an added bonus. An of a that has the location of its core range is the Blue 
Crane adlltl<maLlly its core range was in the biome. due to 
various l""".V''', Ua.I"l~,n because of urbanisation and crop it has 
declined in numbers in the """""au.u biome and its range to the 
biome where it now has its core. While this may not be the biome for the Blue 
that farmlands alternative nal:Htl:Lt 
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EVALUATION OF NEW MEASURES OF SPECIES AND SPECIES ENDEMISM 

sUlatested new measures based on detection pr()Da~DIJllty deciles fall iuto two classes. The measures of 
narrow endemism in and has the 

cells which do not meet some 
i ...... nr.,ri:.ml"l' of 

counts and as 
"rilchIIElmI" or "richness" of with narrow 

measure "relative" richness and are thus indicators of areas where many ov<:, ... ":;,,. 

or many with narrow U ... UI .... U~.U .... , have their common core concentrations. 

The second aDloro,acltl.. the core ranges for 
SPE~ltied pelfcentllle, and then counts the number of 

as areas where the detection 
in these cores of their 

measures do counts of 0V<""''''''. also have 
""".'U"LO u"' ..... UJ'VU of the relative level of detection pr()D~mllm,y 

and an cut-off for rall1l:e~rE!Stliction 
cells that do not this second class of measures 

cal;eg'OrIiEls that define presence or ""-"""JJt"""", do so based on the range ofdeltectlon VJ,VIJ'CUlJlIl 

tlIIIIOU'~llJlnK model for the area. illustrate that the use of a range of 
is an extension of 

number of deciles to one all decile values 
When We reduce the 

backtoDre~~lc~a~eru:e 

data. 

endemism in ""{, .. a.."v •• " 

measures based on core ranges relates to the inclusion or exclusion 
cells as discussed. measures based on defined cor~ranges a 

in their narrow cores in a cell for that cell to be ranked towards the 
end of the range, the more continuous measures will have a value for a cell if one 
SPIOCH~ with a narrow range a for that cell. 

deciles are more sensitive to 
treat cells for which a 
"""",,,,,',,ue a more dHilCrimlnatmll; rlmlnntl 

to the measures of richness and endemism. 
distributions and thus avoid conservation efforts to areas 

VUI'a. ... UU may not be conservation. The to 
map the relative cor~ranges for of ",rI"i1t',nn 

P~~nCI~a,~en(;e data show us 
a appears with a relative of detection and where it finds its current more 

favourable habitat. This may not in fact be true for a but one where the 
have moved to as a result of transformed The movement of the Blue Crane from the 

"""' ....... 'u biome to the farmlands of the biome is one such For this these '''''U''ta..u,UD 

alternative habitat and conservation efforts directed at this new habitat will be worthwhile. 
eX~mIlple, for the Nene goose of conservation efforts directed 

less successful because the OI)UDl&1. 

&; BirdLife International 

The ratios of endemism to richness add a further dimension to the of distribu-
tion in that areas that have a number of narrow endemic 
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PREVIOUS RESEARCH 

for the 8~~:";lC"'. 

nC:llm')S8. The use of these ratios when the overall number of spe-
cell is we not wish to 

blClliteOlitlra]::I.Ilers with a 

seem to work well in 
with narrow distributions occur in the core of their ranges. It decreases the 

cells with small relative of it cells 

eXl;relneJly narrow ranges. 

looked at mea-

two studies and our own resealrc:ll 
ml,er-'SpecI1e8 apPlroa.c.ll, our is based on at of ... ..,,~u,uu 

ranges. 

BIOGEOGRAPHICAL PATTERNS 

our focus has been on the C1p.'nVAT.l0n ... c'.u, ...... '" to measure narrow endemism 
and not summarise the results from a bi()p;eogra]).Ili.cai 

HCltslD01Gs for endemism indicate areas where many raJillitE7-rE~trICteu 
tection i.e. where have their current common cores. 

we find the 
D!,tIIA;l!.I.;!l.IIJ, Bearded Vulture 

the :SP()ttE~ 

occur de-
seen how core ranges may 
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indicate true habitats for some for for the biome in the Western 
For others like the Blue the core ranges may towards CUl~rellt but not 
favourable habitats. On the other there may be some endemic "VI""'''''' in southern Africa for 
as for the Nene Goose of the current cores reflect their movement to habitats not 
suited for survival. the distribution of endemism may 
duse have created habitats for groups of endemic as in western Hnlt.Rw'anFl.. 

that cannot be further conservation In areas with low detection pr()Oa.OllUlC::5 
"I-'~"""'''', for the Kalahari biome in Namibia and may be better 

where efforts may result in increased detection pn/Lla.uun""" 

pers. The distribution maps of relative 5DC~U::5 
into of in the 

distributions based on These new maps should be intenll'eltP.d 

" ..... ""'n"t' ........ with other Dll'101~1(;;iIJ 

formation. 
to 

the benefits of preSCDtce-abi!len'ce data. 
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LIST OF 152 SPECIES ENDEMIC OR NEAR ENDEMIC TO SOUTHERN AFRICA 

Bearded Vultw-e 
Jackal Buzzard 

Black Harrier 
Falcon 

Redbilled Francolin 

Natal Francolin 
Blue Crane 

Blue Korhaan 
Redcrested Korhaan 

Doublebanded Sarldll:lrouse 
Bradfield's Swift 
Rackettailed Roller 

Green Barbet 
Crested Barbet 
Bennett's W()o~LpeclrA~ 

Melodious Lark 

\JUl'",,,,'''' Lark 
Rudd's Lark 
Shortclawed Lark 
Dune Lark 
Spill.eheeled Lark 
Botha's Lark 
Stark's Lark 
;1"t'''IIh.l!~kf!d Finchlark 

Pearlbreasted Swallow 
Tit 

nt:,lt:y<:u Bulbul 
SpOltted Thrush 
Sentinal Rock Thrush 
Mountain Chat 
Tractrac Chat 
Karoo Chat 
Chorister Robin 
Starred Robin 

Ka.Iahari Robin 
Titbabbler 
Barratt's Warbler 
Victorin's Warbler 

Crombec 
Burntnecked Eremomela 
Stil~rliIlg'S Barred Warbler 
Grassbird 

Btlteo ... "fnn",,,, 
Circus matlrus 

Polihierax selndon;'tlatw 

Francolintls ad,ul<E,,·sl!I.II 

Francolinw natalensis 

Pterocles namaqtla 

Pterocles bic'ncttls 

Comc'as sJ)alttllata 

:ryf}t("llj~ia woodward. 

ml:hYf}h,)ntUI vaillant;; 

valmpe'llem bennett .. 

eieronun;lfra rudd' 
Certhilatlda chtlana 

Certhilatlda en1thrOl:h'IJmys 

C'hersomanes alOola:sclata 

Eremalatlda stark; 

8f1emOVirenlZ vertical's 

Hirundo dimidiata 

Parw cinerascens 

Zoothem gtlttata 

Mont'cola eZl"OI"1ltl)r 

Oenanthe monticola 

Cenmomela tmetrac 

Cercomela sclll'ege'u 

;n.'Un,'", dichroa 

r~10rl:oclclil'a stellata 

Uh:ae,toJi's aumntitls 
I<;n'lthrn.,,,m"n paena 

Parisoma stlbcaeruletlm 
BnJdfJDtf!1"W OOn"lltti 

H ... ~d.",t,""',1JI victonni 

Eremomela tlsticollis 

Calamonastes "'tll~rlll'1nt 

Vultw-e 
Pale vnan~mg Goshawk 

Dickinson's Kestrel 
River Francolin 

Swainson Francolin 
.»ti,,,",,.',, Bustard 

Karoo Korhaan 
Black Korhaan 
Bw-chell San,dg:r()WIe 

Lomie 

Redfaced Mousebird 
Pied Barbet 
Redfronted Tinker Barbet 
Ground Wo.od]pec1rer 

Monotonous Lark 
Sabota Lark 
LoIlgbllled Lark 
Karoo Lark 
Red Lark 
Pinkbilled Lark 
Sclater's Lark 

Thickbilled Lark 
Blackeared Finchlark 
Southern Tit 
Southern Black tit 
Pied Babbler 

Bulbul 
Kurrichane Thrush 

Rock Thrush 
Shorttoed Rock Thrush 
BuHstreaked Chat 
Sjdidewingl~d Chat 
l-Ull.t:<\.,~ Chat 
Whitethroated Robin 

Karoo Robin 
Brown Robin 

Titbabbler 
Warbler 

Rudd's 
Kamo Eremomela 
Barred Warbler 
Cinnanlonbreasted Warbler 
Cloud Cisticola 

Melierax canortls 

Falco dickinsoni 

Fmncolinus levaillantoides 

hancolintls caJ>enslJs 

Francolintls swainsonlili 

Neetls itI(IWlJglI 

Pterocles btlrchell; 

0I'11JllalJ:.!;O'dClies con color 

Urocolitls indicus 

1Hcholaema letlcomelas 

Certhilatlda curvirostns 

Certhilatlda albescens 

Certhilauda btln"ll 

::ip.ZOCOlryS conlirostris 
:-im:zm:orlt18 selateri 

Galenda mlllanlJrostr's 

/"'n~m,Of)ltf!rIX australis 

Parus 

Parus niger 

Ttlrdolides blicolor 

Monticola rulJeSltns 

Mont'cola bn;VlJl!leS 

Oenanthe bdas(::al:a 

Cercomela sintlata 

Eremomela areaa',s 
Calamonastes 
E'IJ:nll~ti,fa stlbdnnamomea 

Cistlcola textri,; 
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(irevlbaJ:kf'rl Cisticola 

Bla.ckchested Prima 

Pririt Batie 

Yellowbreasted 
Southern Boubou 
Southern 
Olive Bush Shrike 

Greater Double-collared. Sunhird 
Sunbird 

Sociable Weaver 
Yellowtbroated 1:iD<l<lTOW 

Weaver 

Blue Waxbill 
Swee Waxbill 
Shafttailed '''I ......... .. 
Forest 

Cisticola sul;rtllficavlilla 
Pnnsa lIaU3(:arlIS 

ra~,m,aclla .!Iub.!ltnata 

Melaenornis J1IUIr3(IUe'rliSIS 

silens 

BaUs 

Stenostira scita 

Anthus crenatus 

tJe:J1II:mlllcrcmtIX chlons 
Lanianus ferrullinlf'us 

Philetairw socius 

Estnlda melanotis 
Vidua 

Serinus scotops 

Serinus 

Sennus 

Embenza 

Cisticola 
SnnU:prl Prima 

Rufouseared Warbler 
Chat l''lvl:atc:her 

Batie 
Woodward's Batis 

Shorttailed 

Crimsonbreasted Shrike 

Bokmakierie 
Whitecrowned Shrike 
Burchell's 

Sunhird 

Lesser Double-collared Sunbird 
Whitebellied Sunhird 

Pinktbroated 
Violeteared Waxbill 

Redheaded Finch 
Lemonbreasted 

Siskin 
Bla.ckheaded 
Whitethroated 

Bla.ckeared 
Larklike 

M elaenornis loi'uscaitfJ.'1 

Babs caJ:lerliSIS 

Batis ...... r ... ' ... 

Anthus lineiuentris 

Anthus brnIChuflI"fl.'1 

Laniarius atrococcinew 

N ectarinia violacea 

Nectarinia 

Nectannia talatala 

Passer melanunis 

Amadina 

Sennus 

totta 

Sennu.!l alano 

Serinus 

Sennus mennelli 

Embenza 
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I93SAB 3.913 

1835CC 3.7868 

1834AC 1.9522 

1932BB 1.9304 

2033AA 1.8893 

2 

3 

4 

5 

Wbi~A1etbe 

BIirred Cuckoo 

B~Apa1i3 

E.alItem~ 

Ounni.1!a's Robin 

YelIowIimd Hyliota 

J.)clllp8lllls Pipon 

AIIgoIa Pitta 

NyuaS~ 

r-Cuckoo 

Wbi~A1etbe 

B~Apalis 

BIirred Cuckoo 

Ounni.1!a's Robin 

Yellowbnlld Hyliota 

E.alItem~de 

J.)clllp8lllls Pipon 

Nyua~ 

r-Cuckoo 

AIIgola Pitta 

~Oriole 

SwyIIIIIlItoD'. Robin 

E.alItem~ 

Nyua~ 

Moustached Warbler 

~TcbapI 

BIcIdlnt Bush Shrike 

Vanp~ 

Chirinda Apalis 

J.)c11lp8lllla Pipon 

SW)'I.IIIertl.m's Robin 

Redflll*! CrirnJonwirlg 

BIcIdlnt Bum Shrike 

Chirinda Apalis 

Orqe 'I'b.tush 

Wbit«ailed ~ 
StripeI:tJ~ Bulbul 

Robert's Plinia 

YellOW!lll.'elked Bulbul 

East African Swee 

E.alItem ~de 

J.)c~1 Pipon 

r-Cuckoo 

BIcIdlnt Bush Shrike 

Vanp~ 

SI~BulbuI 

BIII'nld Cuckoo 

YellOW!lll.'elked Bulbul 

Wbitetailed ~ 
S' Hombi.II 

0.3226 

0.2114 

0.2114 

0.2128 

0.1961 

0.1961 

0.1881 

0.1661 

0.1639 

0.1538 

0.3226 

0.2114 

0.2114 

0.1961 

0.1961 

0.1915 

0.1881 

0.1639 

0.1538 

0.1500 

0.5556 

0.1186 

0.1271 

0.1148 

0.0882 

0.0851 

0.0150 

0.0120 

0.0548 

0.0371 

0.3511 

0.1538 

0.1250 

0.1233 

0.1149 

0.0943 

0.0935 

0.0860 

0.0645 

0.0641 

0.1915 

0.1132 

0.1071 

0.1000 

0.0800 

0.0125 

0.0652 

0.0645 

0.0566 

0.0496 

8.12 

5.41 

5.41 

5.36 

4.94 

4.94 

4.15 

4.20 

4.13 

3.81 

8.52 

5.14 

5.14 

5.18 

5.18 

5.06 

4.98 

4.33 

4.06 

3.96 

28.46 

9.15 

6.54 

5.88 

4.52 

4.39 

3.84 

3.69 

2.81 

1.93 

18.50 

1.91 

6.48 

6.39 

5.95 

4.89 

4.84 

4.56 

3.34 

3.32 

10.14 

5.99 

5.10 

5.29 

4.23 

3.84 

3.45 

3.41 

2.99 

2.63 

3.1 

4.6 

4.6 

4.1 

5.1 

5.1 

5.3 

6.0 

6.1 

6.5 

3.1 

4.6 

4.6 

5.1 

5.1 

4.1 

5.3 

6.1 

6.5 

6.0 

1.8 

2.8 

4.1 

6.1 

10.2 

3.5 

8.0 

12.5 

1.3 

5.3 

2.8 

6.5 

8.0 

1.3 

8.1 

10.6 

10.1 

9.3 

15.5 

15.6 

4.1 

5.3 

6.5 

8.0 

12.5 

6.9 

4.6 

15.5 

10.6 

14.1 

9 

13 

24 

23 

12 

16 

14 

19 

19 

23 

13 

13 

23 

24 

16 

14 

12 

19 

23 

13 

19 

4 

6 

12 

23 

31 

12 

30 

46 

21 

19 

6 

14 

30 

21 

48 

35 

34 

25 

15 

44 

12 

19 

13 

30 

46 

36 

24 

15 

35 

55 

0.26 

0.48 

0.46 

0.24 

0.32 

0.28 

0.38 

0.38 

0.46 

0.26 

0.26 

0.46 

0.48 

0.32 

0.28 

0.24 

0.38 

0.46 

0.26 

0.38 

0.08 

0.12 

0.24 

0.46 

0.61 

0.24 

0.59 

0.91 

0.54 

0.38 

0.12 

0.28 

0.59 

0.54 

0.95 

0.69 

0.61 

0.50 

1.49 

0.81 

0.24 

0.38 

0.46 

0.59 

0.91 

0.11 

0.48 

1.49 

0.69 

1.09 
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Table 2 : Endemism Grid Cells 
based on deciles as illustrated in 

~ ~ ~ 11.,01 .. _ IIIII'd .. CNiIIiIlo ..... 1m!! !'!!..If ~ 

** AII!ItlIIII lm!!.IIr II ~ I!!!!b:.Aml 
34188D 0.2961 7 Cape Ilool;j!.1mper 0.0667 22.52 15.0 55 

V>CIIJrin'. WodIIeor OJJ625 2UI 16.0 79 

~Stmllird 0.029IiI 10.05 33.6 149 
",*"c-.y 0.0275 9.211 IB.2 89 

Cape~ 0.0236 7.98 423 170 
CapeSiokin 0.0223 7.54 40U 155 

0.0906 11116 ~Stmllird 0.0179 19.11 33.6 149 

Cape~ 0.0118 13.05 42.3 170 

CapeSiokin 0.0112 12.32 44.8 155 
Cape I'ranooIln 0.001II6 9.46 105.0 213 
CopeBillbW 0.0069 1.67 129.5 289 
Onabird 0.0048 5.31 124.8 647 

0.2178 10 Cape Ilool;j!.1mper 0.0661 30.6093 15 55 
",*"c-.y 0.0215 12.6139 IB.2 89 

VIOtIloIirt, WodIIeor 0.0188 8.6088 16 79 

CapeSiokin 0.0179 8.1_ 448 155 
Clt'qebnld Stmllird 0.0089 4.0096 33.6 149 

0.2633 8 Spotted 'I1IruAh 0.1250 41.41 8.0 33 

Brown Robin 0.0379 14.39 26.4 121 

KnymaW~ 0.0373 14.18 24.1 123 

ChoriotIIr Robin 0.0158 5.99 50.1 256 
Rdfttd 'Ilnbrl s.beI 0.0090 3.42 111.1 2115 

3228BD 0.3113 6 Spotted 'I1IruAh 0.0750 24.09 8.0 33 

Knyma WodIIeor 0.0596 19.15 15.1 30 

KnymaW~ 0.0415 13.33 24.1 123 

Brown Robin 0.0341 10.95 26.4 121 

lloonII's WodIIeor 0.0216 6.95 37.0 170 

3121DC 0.144 53 Rudd'. ""* 0.0661 46.2965 3 7 

y~Pipit 0.02S3 1'.SII06 7.9 43 

IIuch BIlioIo>lop 0.0014 5.1632 26.9 84 

StmedRobin 0.001 4.8563 211.6 11116 

Root Pipit 0.0039 2.6917 71.3999 386 

3030BC 0.1549 43 ~Pipit 0.05 32.2789 2 1 

Brown Robin 0.0227 14.672 26.4 121 

Spotted 'I1IruAh 0.0125 8.0691 8 33 

IIomiI1's WodIIeor 0.0108 6.9193 37 170 

Ildfi1d 'Ilnbrl s.beI 0.0081 5.2298 Ill.! 2115 

0.5793 Rudd'. ""* 0.3333 51.54 3.0 7 
y~Pipit 0.1266 21.8.5 7.9 43 

ClmabnId Ilool;j!.1mper 0.0226 3.90 31.0 92 

~Chat o.om 2.95 585 272 

<lurMy'.~ 0.0147 2.54 27.2 123 

3020BD 0.0869 205 1!doIer'. ""* 0.0212 24.35 37.B 134 
Rod",,* 0.0165 19.02 24.2 80 

~Pinoblatk 0.0073 8.41 123.2 463 

'I'rlIoUaoo Chat 0.0033 3.84 209.5 173 

Ktroo Koxboon 0.0030 3.44 261.3 840 

0.0898 191 1!doIer'. ""* 0.0212 2357 37.8 134 
Rod",,* 0.0201 23.01 24.2 80 

~~ 0.0049 5.42 123.2 463 
'I'rlIoUaooChat 0.0038 4.25 209.5 173 

Ktroo Koxboon 0.0026 2.92 267.3 840 
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2831DC 

283IDD 

2129BB 

2629DD 

193mB 

1932BA 

II13IDA 

0.9157 

0.2087 

0.1432 

0.2573 

0.4291 

0.1914 

0.3861 

0.1996 

WoodwImI'. Bmbet 

SpoIled 'Ibmab 
CIicoiotJer RObin 

R.dhI 'I"iI!br Bmbet 

Brown RObin 

II WoodwImI'. Bmbet 

SpoIled 'I1m.1sh 
SIlIImd RObin 

R.dhI 'I"iI!br Bmbet 

Rndd'. Apollo 

56 (Jmney'a Suprbird 

Bush I!Iackaop 

Beorded VulImo 
CIicoiotJer RObin 

~~ 

9 

4 

5 

Rndd'. Lod: 
y~Pipit 

1I<!dIa'. Lod: 
Bush I!Iackaop 

~Chat 

Rndd'. Lod: 

1I<!dIa'. Lod: 
y~Pipit 

Bush I!Iackaop 

~Chat 

Rndd'. Lod: 
Botba'. Lod: 
y~Pipit 

Bush I!Iackaop 

BIoe K.othun 

12 1I<!dIa'. Lod: 
Rndd'. Lod: 
BIoe K.oII-. 

~LongcIaw 

l'inl:!liIledLod: 

0.06S9 392 Do:moI Lod: 

~ FincllladI: 
SouIbom 0rey'I1t 

SlmImd Rod: 'I1m.1sh 
"I'mo1mc Chat 

0.0825 234 SIlIImd RObin 

OliveBushSllril:o 
BmatI'IWIIrilIor 

(Jmney'l Suprbird 

cape BatiI 

0.0821 231 SIlIImd Robin 

Olive Bush SIIriI:o 
Striped Pipit 

Bemlt'oWIIrilIor 

capeBatil 

0.5014 3 

0.11333 

0.0500 

0.0059 

0.0054 

0.0038 

0.1667 

0.025 

0.003.5 

0.0021 

0.0024 

0.01114 

0.0149 

0.OU6 

0.0099 

0.0097 

0.1000 

0.0506 

0.0311 

0.0186 

0.0103 

0.2000 

0.1270 

0.0380 

0.0149 

0.008S 

0.0952 

0.0661 

0.005 

0.0034 

0.0022 

0.1667 

0.1387 

0.02S3 

0.0074 

0.0036 

o.JlII 

0.0667 

0.0036 

0.0022 

0.0021 

0.0602 

0.0007 

0.0006 

0.0006 

O.OOOS 

0.0350 

0.0129 

0.0108 

0.0074 

0.0054 

0.0350 

0.0129 

0.0087 

0.0081 

0.0054 

o.sooo 
0.0011 

0.0003 

91.01 1.2 

5.46 8.0 

0.65 50.7 

0.59 111.1 

0.41 26.4 

79.8596 

11.9789 

1.2 

8 

1.6756 211.6 

1.2937 111.1 

l.!38 42.1 

12.11366 

10.3841 

8.0964 

0.81169 

6.7577 

38.87 

19.68 

12.34 

7.22 

3.99 

46.61 

29.59 

8.85 

3.47 

1.99 

49.7586 

27.2 

26.9 

34..5 

50.7 

31 

3.0 

1.9 

6.3 

26.9 

38.5 

3.0 

6.3 

1.9 

26.9 

38.5 

6.3 

34.11312 3 

2.6123 140.0001 

1.7863 385 

1.1374 413.502 

43.17 

41.11 

3.0 

6.3 

6.56 7.9 

1.93 26.9 

0.92 140.0 

55.6668 6.3 

33.4003 3 

1.7891 140.0001 

1.0907 413.502 

1.001 95.8998 

91.41 16.6 

1.09 538.0 

0.95 159.2 

0.83 177.8 

0.72 209.5 

42.38 211.6 

15.38 77.8 

13.10 31.0 

8.91 21.2 

654 148.3 

42.211 211.6 

15.54 77.8 

10.55 68.8 

9.80 31.0 

6.52 148.3 

99.72 2.0 

0.23 177.1 

0.06 663.6 

2 

33 

186 

173 

123 
233 

103 

256 

92 

7 

43 

17 

94 

272 

7 

17 

43 

94 

272 

11 

1 

412 

m 
1145 

7 

17 

43 

94 

412 

17 

7 

412 

1145 

52 

64 

2505 

626 

m 
m 

186 

419 

170 

123 
610 

186 

419 

463 

170 

610 

7 

92lI 

1877 

0.04 

0.65 

5.06 

5.64 

2.39 

o. 
0.6.5 

3.68 

0.04 

3.42 

2.43 

4.61 

2.04 

S.06 

1.82 

0.14 

0.83 

0.34 

1.86 

S..38 

0.14 

0.34 

0.83 

1.86 

5..38 

0.34 

0.14 

8.15 

5.38 

22.64 

0.14 

0.34 

0.83 

1.86 

8.1S 

0.34 

0.14 

8.IS 

22.64 

1.03 

1.27 

49.54 

12.38 

15.36 

IS.29 

3.68 

8.29 

3.36 

2.43 

12.06 

3.68 

8.29 

9.16 

3.36 

12.06 

0.14 

18.3.5 

31.12 
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Table 3 : for Selected Endemism Gird Cells 
data lIS illustrated in 16aod20 

~ - ...... v.g. l'!!..IIf J!miIW!I' 
~ ~ 

341IBD 0.0935 147 c.~ 0.0182 19.45 55 1.09 
V>01mill~ W...,. 0.0121 IB4 79 1.56 

-c-y 0.0112 12.02 119 1.76 

~s.IlircI 0.0067 7.18 149 2.95 

c.!Ii!tio 0.0065 6.90 US 3.07 

c.~ 0.0059 6.29 170 3.36 

34111AB 0.0539 '" ~s.IlircI 0.0061 12.45 149 2.95 

c.!Ii!tio 0.0065 11.97 1S5 3.07 

c.~ 0.0059 10.91 170 3.36 

c.~ 0.0037 6.80 m 5.40 

c.BuIImI 0.0035 6.42 21!9 5.71 

SoIlIiDoI Rook Tbmoh 0.0034 6.40 290 5.73 

33228D 0.12113 39 c.~ 0.0182 14.171S 55 1.09 

V""""",,ow...,. 0.0121 9.8659 79 1.56 

-c-y 0.0112 8.7576 119 1.76 

~s.IlircI 0.0067 5.2307 149 2.95 

c.!Ii!tio 0.0065 5.02811 1S5 3.07 

0.0719 275 SpoIllod. Tbmoh 0.0303 42.146 33 0.65 

_Rollin 0.0083 11.4937 121 2.39 

x:..:v-w ....... 0.0081 11.3074 123 2.43 

CIicorioIlor Rollin 0.0039 5.43lS 2S6 5.06 

Rd1Iid TinlI:or BmoI 0.0035 4.8804 28S 5.64 

IUl20 56 x:..:v-w...,. 0.0333 21.32 30 (l.59 

SpltIIocITbmoh 0.0303 24.14 33 O.OS 
_Rollin 0.0083 6.77 121 2.39 

~w ....... 0.0081 6.66 123 2.43 

1!amIU'. W...,. 0.0059 4.82 110 3.36 

317IDC 02351 6 RlIdcr. LaaIr; 0.1429 60.76 1 0.14 

y~1'ipit 0.0233 9.119 43 O.IIS 

Buob-..op 0.0106 4.52 94 1.116 

SIIImo4 Robia 0.0054 2.29 186 3.68 

CIicorioIlor Rollin 0.0039 1.66 2S6 5.06 

3030BC 0.2333 8 ~I'ipit 0.1429 61.23 7 0.14 

SpltIIocITbmoh 0.0303 12.99 33 0.65 

_Rollin 0.0083 3.54 121 2.39 

1!amIU'. W...,. 0.0059 2.52 170 3.36 

SIIImo4 Rollin 0.0054 2.30 186 3.68 

30lIBD 0.2282 11 RlIdcro LaaIr; 0.1429 62.60 0.14 

y~1'ipit 0.0233 10.19 43 O.IIS 

~~ 0.0109 4.16 92 U2 
BoomIod VuI1>Iro 0.0097 4.lS 103 2.04 

a.m..yo~ 0.0081 3.56 123 2.43 

302080 0.0511 636 RedLaalr; O.OllS 24.46 110 l.58 

Sdoioo'o LaaIr; 0.0015 14.60 134 US 
~ l'iDoblod< 0.002l 4.23 463 9.16 

Slad'. LaaIr; 0.002 3.98 492 9.73 

S<luIIIoom Onoy tit 0.0016 3.13 626 12.38 

0.0613 402 RedLaalr; 0.0125 20.39 110 1.58 

Sdoioo'. LaaIr; 0.0015 12.17 134 2.65 

c.~ 0.0037 5.98 273 5.40 

Iii:.oroo~ 0.0028 4.62 353 6.98 

~ l'iDoblod< 0.0022 3.52 463 9.16 
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~ ~ IIiIIII -- _c. __ 
I!!luI' lm!!!l.!!r 

MtlrJm J!!I'.s!!! ~ ~ 
WIDO 0.5611 2 W"""-"'. I!ozbtI O.S 89.11 2 0.04 

SpoIIIOd'l'llnloh 0.0303 5.40 JJ 0.6S 

RDdd'. Apo!io 0.00S8 1.03 173 3.42 
S1>I!md Robin 0.0034 0.96 186 3.68 

~Robin 0.0039 0.10 256 5.06 

0.1164 6!iI ~lIiotin 0.0119 U.3411 56 1.11 

ClnIIFntd~ 0.0109 9.3311S 92 1.112 
Bath BlaoIoooop 0.0106 9.1392 94 1.86 
s-IodV\lbro 0.0091 8.3411 103 2.04 
0mD0y'. SopriIird 0.0081 6.9845 ID 2.43 

WiDe 0.S15O W"""-"'. I!ozbtI 0.5 86.96 2 0.04 

SpoIIIOd'lllraolh 0.0303 5.21 33 0.65 
_Robin O.OOSS 1.« 121 2.39 

RuMoApo!io 0.00S8 1.01 113 3.42 

SImtod R.obi!I 0.0054 0.94 186 3.68 

213OA.C O.WI RuM. Ltd< 0.1429 50.46 1 0.14 

&4IIa'.Ltd< 0.0588 20.111 11 0.34 
y~Pipit 0.0233 8.21 43 O.IIS 

Bath BlaoIoooop O.OU)6 3.76 94 1.86 

~R.obi!I 0.0039 1.38 256 5.06 

2130AA o.ml RuM. Ltd< 0.1429 49.76 0.14 

BoIIto'. Ltd< 0.0388 20.49 11 0.34 
y~Pipit 0.0233 8.10 43 O.IIS 

Bath BlaoIoooop 0.0106 3.71 94 1.86 

BomatI'IW .... 0.0059 2.05 170 3.36 

212985 0.2341 RuM. Ltd< 0.1429 61.02 0.14 

BoIIln Ltd< 0.0588 25.13 11 0.34 

~a..t 0.0037 1.S7 212 5.38 

SoII!imIlRoolt 'l'IInIoh 0.0034 1.41 290 5.13 

BIDo lC<IdoIom 0.0024 1.04 412 8.U 

0.2135 RuM. Ltd< 0.1429 S2.D 1 0.14 

BoIIto'o Ltd< 0.0588 21.51 17 0.34 
y .............. Pipit 0.0233 8.50 43 O.IIS 

Bath BlaoIoooop 0.0106 3.89 94 1.86 

~a..t 0.0037 1.34 212 S.38 

262900 0.2302 9 RuM. Ltd< 0.1429 62.06 0.14 

BoIIto'. Lcit 0.0588 2S.SS 17 0.34 

~a..t 0.0037 1.60 212 S.38 

BIDo lC<IdoIom 0.0024 1.03 412 8. IS 

I'iIllI:hilW Lcit 0.0019 0.83 S22 10.32 

2615AA 0.030S 1708 DIllIe Ltd< 0.0156 51.D 64 1.27 

ScIIIIl-. <my Tit 0.0016 S.24 626 12.38 

~a..t 0.0013 4.24 m 15.29 

SIirIIloe<IRooIt'lllraolh 0.0013 4.22 m 15.36 

IC.oroo lC<IdoIom 0.0012 3.90 840 16.61 

1932BB 0.0346 1408 0mD0y'. SopriIird 0.0081 D.SO ID 2.43 
_.W .... 0.0039 11.00 170 3.36 

SImtod Robin 0.0034 15.34 186 3.68 
~c-y 0.0024 6.91 418 8.27 

Olive Bath SIniIr.t 0.0024 6.90 419 8.29 

1932M 0.0368 288 0mD0y'0 SopriIird 0.0081 22.09 ID 2.43 
_.W .... 0.0059 IS.911 170 3.36 

SImtod Robin 0.0034 14.61 186 3.68 
~c-y 0.0024 6.50 418 8.27 

Olive Bath SIniIr.t 0.0024 6,49 419 8.29 

1835DA 0.1«5 22 ~Pipit 0.1429 911.86 0.14 

SIIID; BomI W .... 0.0011 O.1S 928 I8.3S 

~'llIraoIh O.OOOS 0.37 1871 37.12 
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3020CB 8 RedLm: 5S 
Sclata:'s Lm: 70 

StailCsLm: 191 

Kmoo E.remomela 222 

BIacbamd FinchImt 246 

Southm Grey Tit 380 

Siclclewi:ng Chat 453 

T~Chat 492 

1932BB 8 StamJd Robin 60 

Gumey'l Suprbird 69 

Bllmllt's Warbler 87 

Striped Pipit 137 

Olive Bush Shrike 186 

GriwIbi.rd 299 

CIIJlC Balis 363 

Sttlns Bam.! Warbler 401 

1922AA 8 Dickinson's Kestrel 217 

Be:!mdts Woodpe>c:br 231 

CIIJlC PmduIine Tit 319 

P~S-now 342 

BumI.nckd~ 365 

BI!md Warbler 455 

Doublbnd~ 466 

Longtailed Slarlins 499 

1728BB 8 Blacbind c-y 86 

~Roller 153 

Didcinson's ~ 217 

Bennillt's Woodpe>c:br 231 

Amot'sChat 231 

Sttlng Bam.! Warbler 401 

DoublbndS~ 466 

Longtailed StlII'ling 499 

1835DA 2 Shcrttsild Pipit 4 

SttIng Bam.! Warbler 401 

ISM I J:lII.lneLm: 37 

II 
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S..., !JI <*:II .. 

-."" 
.. 0.5 - 13.8 

13. .. · 22 

o 22-:10.8 

• 30.8-<43.7 

• 43.1- 113.9 

". •• •• ... 

.. 
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F\gu1I2: ~ lid ..... lor alltiif .. ~iB1 Sj.Y'dee ~ po B ..... r ..... data (tqUalon 1) 

,. . 
... 

""'" .dbf 
• 1 -58 

M·O> 

• 82-113 

• ,,3-114 

, 114 -:51' 

.. 
85 
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Figlnl3; CU, ..... ing spedot IIdvIeu uUig d IIc110n probability dadlBII and using ~1IIII1Ce d!ltII 

(AQI""'m 7 YIn" eqU!llion 1) 

,""-+-+-1-+-+-1-+-+-1--1--'''<1 .-1------4-4-1,. 

+-"+-+-+,1 .. 

". 
-7'+-H .. 

FU.I-~ 

F1g21.cb' 

• • 
• • 
• • ., 

• , 
• , 
• , 
• • 

•• 
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FIgure 4: Species r1chnees fot all telT'll8tl1al speci8l'! in Itla 20% core 01 their dlstt\bJ1Ions 

d8rIved from det8c:tkJn probabUIty dedles (1KIuatia19) 

"""-"" 
.. 1·21 

v-w 

• 44 · 112 

• 152·94 

• 114·~ 

" 
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Figure 5: Specl_ ric:hness for al tarret.-!aI spedes in the 4O'Ko 0CJI1I d their clstribu\lonl!l 

dertved from dotectia1 probability dedIos (equation 9) 

No.oIIpElCIM 

• 1 • 11 

11 .2Q 

• ~ .~ 

• OO·G 

• G·"' 

... •• • • 

.. 
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Figln 6 : Spede8 rkM Sf tor aI tlIfTa8R11 "" .... jet In 1hi16O"lIo core d tlllirdiUbJlon!I 

d«tYa:I from detection probebDIty decil811 (equaticr19) 

•• 

"""'.dbf 
., 1 ·8 

B ·1~ 

• 1~·21 

• 21·30 

• 30·133 

89 
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~ 7: Spedee ridw • b aI •• 68b1al speriM In !he 60% omtallhairlisiriruu. 

~ fn:wn 4 1 ." pi' ... .a:y declh, (~ 9) 

• 1 ." 
S'10 

.. 10 IS 

• '11 · 22 

• 22 · la 

". ... •• 

90 
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FIgure 8: Spacles rictIn .. for aft ttwrestrial spedee ., Ih8 80% core Qf their cbtributlons 

der1Y«1 from deloetIool prdlabliity decllee (1IqUaI1on 9) 

.. Ir---+-+--j--jf--!--+-+---+-+--j-, ?r--+-f---+-I .. 

". 

--• 1 - 2 

H 

• ,(·1 

• 1·11 

• 11·15 

.. 
9\ 
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FIgura 9: Distributloo or apparent narrow endemi8fTI fa" terrastrial species 

using detection probabilitydeciles (EKPItion 14) 

". 

... 

EncIenism ......... 

Piault.dbf 

.. 0-0.022 

0.D22 - 0.043 

ill 0.043 _ 0.078 

• 0.078-0.133 

• 0.133-3.973 
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F\glnI10; Ca, ...... ilig 0YWaII specIee rIc/wIEII to apparent narrowEillOOl,1ism Jc:r II1II1 1 iIfII specllM 

using de1ectIcn probabIty cIociIes (eQIJ8tIon 1-4 -sus aquatiDn 7) 
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Agln 11: Top 20% ddlRitiuloflof app;lI'OOI r ... ,uw _.,1I5m for .,Mia! apedel 

U8Ing detacIIon Ilflbablity dedIos (equation 14) 

- ~-+-I--I-.J-.j-+--I •. 

... •• ... • • 
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FIgi.n 12: Spedee ~ tor.cuhm Mican .mule ~ usn; d ' ::ton Plobttbiity '. ·r 

(equation 7) 

Rid!e.dbI' 

• 0.2 - fI.r! 

15.:1- M 

• 1.8-11.1 

• 11.1-16 

• 16-36..6 

.' 
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F9n 13: SpedeII ricme&s for 80lIfMm AI'rk:a1 enc\IIrrk ~ using •• _~ •••••• , ••• , .~ ..... 

(8qUIIIion 1) 

.--I--+---l-+-l--I--+---l-+-J-.-., ?t---I--+--I--I,. 

--
.. 1-32 

~-~ 

• "2-51 

• 51-80 

• 80-83 
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Figtn 14: Comparing apec:ies richness for southam African endefric species 

using detactim ~bility deciles and using pr9S9I1ce-absence data (equation 7 versus equation 1) 
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Fig1213.dbf 
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f/gllo 15: CenlnIB 01 aldol,." far.oohmAfrican •• ,K ........ joe 

IJIIing del clio" probability dec·lfIII (OQIeIion 14) 

". 

£Idiot _ 

• 0-0.013 

0.013 - 0.0111 

• 0.019 - 0.0211 

• 0.G26 _ 0.0t2 

• O.0c2-OJIM 
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F1gW'e 16: Compamg species richness to OBntres fA eI'lIIefnsm for southern African endemic spacieH 

using detection probability deciles (8CJ,Jation 14 VIlniUS 8CJ,Jation 7) 

F1g.15-F1g.12 

Fig1512 
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~ 17: GenIre8 d am, ism for 8ClJ1lGm AfI"ican tWIdemc ~ 
UIlIng pre8l!l1'E:8 ~sence data (~tatlon 4) 

- 0 -Q.015 

Q.015-o.02 
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• 0.027 - 0.043 
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Rgun 18; eo.'\lOI~19 ..... or endelrism fQr ~ AIi1can .. idai,Wcspooies 

UlJingduletUon p' •• IiiIy'''' 115 and using pI!i I)QC I e ICIBdKIa (equabt 14 -.s eqolilfim 4} 
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Flgtn 19: Top 20% d ... ,~es d enderriam for aoulan Nric8n ... ,ic aparMw 

UliIl9 11'1 ct.",,, plobablily de4", (AIp""kin I.) 
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Figtn 20: Top 2O'J. c1 ... ,~" c1 ... ida, ia" let soutan AIrIcm .... ,Iie "' - .... 

using ~ dellii (1IqUaIIon 4) 
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Figure 21: Comparing top 20% ~ centres ~ endemism for 9aJlh8lT1 AfrIcan endr;wric 5peciB9 

using detection probability daciles and using presenoo-abeenca data (equaticrl14 VIlnIUS equation 4) 
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Prosml in <250 cek 

5O'lIo rom < .500 eels -~<",) ... " 
-----1 
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Figure 23: Spec:iee rIctv,ess for soUhem AfrIcan endarric.pecIos in \he 20% ccn dtheir IistributIons 
with a restricted cSstribution offewerth8n 500 grid cells (equ!rtion 12) 
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Figlre 24: Ratio d apooIee wiIh RII6trIcUId IlslributionB d rew.1han 500 gill 08IIII to OWlI'aIl specieI rktln_ 
for SOU\Mm African encklrJic tpedeI; in 1he 20% COAl of Ihelr distributions (equation 15) 

""""" ... 
.. OJX!3-G.osr 

0.017 - 0,111 

.. 0.111 -0,1$1 

• 0.1~ - cue1 

• 0.2111 _ 1 
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HgI.n 25: Ratio d l1IM1OWer4ImiIm b spooiS11k:me6e for eoUham African elldemic species 

uWlg deItK:tioi, plOb.lillt)' ded' .. (~Rion 111) 

-
"". 

• OJ)ll-O.l~ 

o.,~-o". 

• O.,.-o,Z311 

• 0.2311 - o,:Ja 

• 0.3211 _ :l5.11'~ 
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F. LITTLE AND L.G. UNDERHILL 

Avian 

South 

We have COJ[lCEmtral,ea on the ...... ~,.u ........ 

occurrence in southern Mrica. 

vJJ'CLI)'."a: 4 at UU,'U" .. ,UJ,,U!'> 

S~~ElS I'1IcJl:Oe.!!18 or 

lJb.aD'ter 5 

p;e()p;rapltl.1cia.l areas, it may be of interest to look at the rate of 

and for groups of Areas where such rates of 

will define and 
biotic nr()VrnCElS 

zonal Such areas or bOI~aeJrs may contain information 1''''o' .... ''li11' ... 

the effect of human on the overall distributions of ",y",,,, • .,D. 

from a conservation 

7701 

turnover and .... uc ... """', 

effectivene.!!18 of conservation 

areas, that these areas be ""V.UUJI."'U" remain "pl",t.1Vpl constant and are 

f(,o(lng:ues et al. 
that looks for the minimum area to the maximum number of at least 

Hn,rl1"1 ..... ""'" et al. there is concern that this tends to select areas "in the 

because these transition zones appear to be 

Harrison & 

the rate of SPI~ElS 

derived three to measure overall 

among These measures are all 

within blocks of nine cells. 

rich as a result of 

richne.!!18 

cells. 

as the sum of squares of deviations from the mean richne.!!18 within a nellJ:(t:'OUirh'~1. 
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et al. 

pal~te:rns are based on prE!Sellce-at)8eI[lCe 

measure that looks at T'Il'I.1r.T.Plm different 
these 

it is to the of a gr~ldllent 
",tt.>M'.lIV",llv zero for both the area of presence and the area of ""...,.,""Lt'J" 

g:nldl,ent for a SP~XI~18 is 
have VP1"UPTlt rl~t)()rtl:nll rates. Our use of a mathematical model to 

for creates the ",nnnlnnn to calculate rates of among these 
SPIXUltl ...... v" ••..• from the model. In this <.O .. e,v.,ta this further. We first introduce 

the 
Then we 

of derivatives and gr~ldlent;s on which our is based. 
to our "UJI'-1U.U'IUO< models. it first to then combine 

GUJI"''''''.''' for groups of SPElCles. 

We test our method on a subset of 12 bird that were all demonstrated to have an at 

u.".u."'" et al. The in the distributions of many southern African at 
26°S is due to the fact that the biome and the biome abut this line of latitude 

Allan et al. Allan et al. "'Numerous of both biomes have rernaI'kalbly 
linear boundaries at this latitude." We use the results for one of these to the effect of 
different models on the and to validate the calculations. We then illustrate 

C1eltectlon p'ro[)alJml1;les and the associated distributions to show how 

distributions. We devise a method for CUlnullatllng 

the gradIents for these 12 and we map gr~l.C1l,ent "summaries" . we extend the 

to all terrestrial in southern Mrica to ,t1",·nh1i.., small and In 

cOlnp'OSI:tIcm within the area. 

THEORY OF DIRECTIONAL DERIVATIVES AND (jR.ADmr~TS 

To measure the in distributions within each square, we make use of the mathematical 
models used to determine the pr~~lctea response rates and their directional derivatives and The 
<>UJIVU' ..... , .... lC, models base the on data from cells the cell for which the 

predict,lOn 18 V"""""",,, 2, where full details are 
a prElGl(;J;IO,n based on nine 

In 
1T; 

where 1T; = the prC~IICLt:U prUlJ<U'1.I11.Y 

co-·ol'liiDiatC18 relative to the 
we had the choice of 

1 
1T; 

n--= 
1 - 1T; 

:::: y) = + + + 

cell i and the z and y 

which has z = O,y = O. 

+ + 

.v .... v ...... "" model for 

are and east-west 
", .. ,";"~h,,..... on 

two further terms to the 

+ 
Both eQllatlolllS can be ... v, .... ,'"1'> a surface in (1T, z, space. In 2 we fitted 

and to estimate the reJ)ortm.'; rate at the cell of a block of nine or 25 cells. Each 

1 
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cell would have had a dltter.ent nellgnOQUrIlO()Q of nine or 25 cells and thus each estimated 
,.. .. ",n" ... '''' rate would have been model. Each these models a fitted 

the blocks of nine or 25 we consider the of the surface at the 
cell. 

We review the mathematical 

We can fix 
aPI)rOl!I.Cn can be 
as the distance l::.l = 

aDl)ro;a.cIl it 

directional derivatives as described in Thomas & 
and a bivariate 

from 11"0 at 

SPElCltlc smooth curve in the For "'"v" ............ I ... 

(J with the x-axis. We can measure the 
aplprc~acliles zero, as 

the 
in 11" 

where l::.x = Xl - Xo = Yl - Yo. This measures the instantaneous rate of in 11" at in the 
and is called the directional derivative of 11" = y) at in the direction of 

We can fix y = Y1 = Yo and let 
t1 .. ,',v •• t:nr", sim(:~lifiles to the 

p"",.a.J..'". to the in which case the .... u"''''''VJ''''''' 
derivative of 11" = to x at 

This will measure the rate at in the we can fix x = Xo and 
let lie on this line so that l::.x = 0 and the directional derivative _ ............ __ ._ to the derivative of 

11" = y) with to y at 

= 

the rate in the direction of the The directional derivative of 11" at in the more 

1'>'::"''''''11. direction that does not restrict 
the derivatives of 

where (J is the between the line 

to lie on lines " ... ",.." ... , to either the x or y axes, can be calculated 
the rell!l.tl()DsltllP 

cos(J + sin (J, 

and the x-axis. 

If i is a unit vector from 0) to 0) and i is a unit vector from 0) to then the line from to 
can be defined in terms of these unit vectors as 

=il::.x+ 

The of this line is l::.l= The direction is 

u= = +i = icosa + j cosf:J 

111 
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and the x-axis and f3 is the between the 
y) and are continuous functions of x 

y in some neilghbourlloc,d we find that the directional derivative of 11" ::::: y) at 

in the direction of u = i cos a + j 

d1l" 
cos a + cos 

This can be eXlpressed as the dot VLV'UU'_" of the vector u in CUL."'.,'Vll and the vector 

v= + (ll) 

That is 
d1l" 

=u·v. 

I!IeIJaI"1I.1ot:t> the directional derivative into two a u which del)ellds upon the direction 
<1elpel1<1S upon the function the surface at the The vector v is called 

the an:I/U,p-nc 

We the Io<',,"U"::J". by 

11" = '\711" = + 

and express the directional derivative in terms of the as 

= ·u 
Po 

=1 IlulcosO 

=1 I cosO 

where 0 is the between the vector and the unit vector u. From """",.t',,,,n we see that 

when cos 0 = 1, that is when u and '\711" have the same direction. Thus we can say 

that the y) cnallges in the direction the vector 11". the 
to the of the gralAlHmt. Thus to find the maximal 

rate of m at a we need to calculate the "mut"",,,, of the gr~IAl14~nt of the 

function used for prEl<11(:t1IIg the smoothed detection at that 

DERIVATION OF THE GRADIENT FOR THE LOOIT MODELS USED TO CALCULATE THE SMOOTHED 

DETECTION PROBABILITIES 

From the IV!!!,.".I'" r4~ln',ession model we obtain the eXIJre!lSicm for the smoothed detection 

where the estimation of the coefficients is described in 'VIU''''',",'.';;;< 2. We wish to determine the 

at a defined as 

P 

1 
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We are Sp~ec1jnCc"lY interested in the mclf!;lllittlde of the 

that lDC.IUQ,es and 
The estimates of 

r-parame,ter model 
the same at the 
those obtained for the 

THE DIRECTION OF THE GRADIENT 

of the JZ:r~wllent 11"\11'"",,1_ a measure of the 

The direction of the vector us an lD<llc;atlon 

of the ",u'''P,,,,,'OO to 
dltter,ent from 

of ~~.~ ... ~ of l'prln .. t.1n,a area. 

the maximal relative to the relative to the west-east rl"' ..... t."n 

The direction of 
can be obtained from the 

derivatives as 

if> = arccos 

Since the arccos function the same value for the two halves of the 3600 Ub'~."JU. we have to use the 

< 0 then if> = 3600 
-

These mathematics ""<::l~<a,'n<:: 00 in an ~_'V~L'_' direction and rotates anti-clockwise so that 
is west and 2700 is south. 

IS 

COMBINING THE GRADIENTS FOR MORE THAN ONE SPECIES 

Where the llllWlenlts for are we the effective of the distributions for 
the Of more interest is the identification of areas where many are at the effective of 
their ranges. To determine such areas, we need to combine the gr~wllent information for a number of 0..,""":;0. 

We form two different summations of the individual we sum the mllg[lltl1dc~ 
the while any ,-l, ....... t." ... 

.. 
= 

.==1 

1 
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i in cell j. The gr~l.Qllent sum will be if cell j 

we view the as vectors thus we wish to take into COlls1~:1el'atllon their associated 

directions in the summation. We cannot use vector summation because we do not wish 
directions to cancel each other. We overcome this the 
gr~l.(bent;s in each of 16 directions for each cell. We determine these 16 Ul~LOCt:"'" 
the rotation 22.5° to the set of 

E 

We 1"pr.ll'If~p each D'1"~1l111!>nt dIrectIon smaller than its actual 

*22.5. 

Thus directional gr~1.<11Ient;s from to 22.5° to 0° , from 22.5° to 45°, to 45°, and so on. We 
then sum the in each of the 16 directions for each 

Vi 

where Si = 1 if Si = 0 hp1"WIRP.. for k = 1 to 16. Thus each cell will have 16 
F,HlIIu."".n totals corres1poIlldiIIg to the 16 rur~~l~Ons, 22.5° 

above summations of gr~1.<11,en1~s 

",",,",..,,"" and on the number of 
gr~l.Qllent sums than 

1-'''''''''''''''.1' Clont'Oundimg effect of 
of the individual 

measure of the overall of individual 

MAPPING THE GRADIENTS 

on the u>co!'!.u" ...... ", of the 
cell. 

for each 
.. ,'-''-£A" .... value. It thus 

pr()b~LblJlIt)l !'!.UlIU.l''''U.''' in a area. 

will 

a 

For 
Africa. 

we can calculate a rate and direction of maximal for each cell in southern 
we wish to illustrate both the of 

" .. ~ .... ,."". We use shaded arrows for purposes. We 
and use four different shades to illustra.te these 

skewed with to the henoe the has a wide range ,",v ....... ',,,,, 

three We rotate the arrow head to in the direction of maximal where the dU'ect,lOIIS 
have been to one of the 16 each 22.5° above. 

of the directionallU~l.Qllent sums can pOltellltla.lly have a "star" with "'''''''.''''' •• 3 ~''' ...... ,,~ 

in 16 directions for each scale maps for a clear pr4:lSent''II.tl,on. 
n1".-.nIPITI of we choose to that fall in the 

The areas contain these cb;'II.llI~es will be the areas where the turnover 

..... "".,.v.~" in which these cn;'II.llI~es occur will in into 
in ....... I'f., .. ..,t: sums that are of the 

the total range of these sums into five '-{UJI ... J""'" and use shaded dots to illustrate the 

1 
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GRADIENT DISTRIBUTION FOR THE BLUE WAXBILL GENERATED BY THE THREE DIFFERENT MODELS 

1 to 3 show the sm.oolt.lled distributions of detection p"J .... " ..... lJIU.'''''' for the Blue Waxbill 
an;"Q';~ns's based on nine cells and based on 25 cells slX-p~uame'ter models. 
The Blue occurs in northern northern Rnt.,"'''.l1'''' 

central MC)ZaJ!llOlq In South Africa the distribution follows a horseshoe the north-eastern 
border. 
with 

Detection ...... , .............. decrease to zero of 26°S between 28°E and 31oE. Areas 
pc\}U~LUIJl1Ll't:l:I ", ... l1ul .. northern Zimbabwe and central southern M()Zam[llqlle 

and the border between Botswana and the Province of South Africa. Isolated areas with small 
detection pnmaDlU are scattered in central NaJmibia and southern Botswana. 

all three versions of the smoothed maps 
I) and the map based on blocks of 25 

within the overall range of the 
... 0."' ..... " .... the isolated areas of low ae1~ectlon pro[)a.oun,le8 

Botswana. 

The <tr.lfI"~n1: di!ltrllbulaOJlS g,pn~'raltPrl 

butions of detection v .. " ... " ..... Jlj'n.'''''" 

4) appears too sensitive to small .... 1l''''' .. 1~''''' 

tant areas of substantial l;lli:IWl!iCll>. 

model on blocks of 25 

..,....,."' ... ~ in their are COI18}:'IClIOllIS 

The above distributional 
the map based on 

!llx·-n;tramp,tp.J' model 

of the distri­
cell model 

detection 
with 
detection 

This is clear for in northern l"'~.UUIJl<'4, 

UGlJlll'"'''' in northern Botswana and in the area with detection vu." ......... '''''' in southern 
that extends southwards in a. narrow band east of Great t<;""·"'.r1"oYn,pnt 

Because of the way that the maps of smoothed detection 
of the cutpol:nts forlrnillg 

numbers 
For 

the orange 
the red shade Most of the area 
will have detection of the range for this shade. This that 

.,....."" .. '." are to be found in areas with green, red or shades. The 5) 
1U~I.dJ.,ent;s in Zimbabwe fall in the second of the I'oU ....... ~ll. 

small dltterem:e j;.Ic\}U~LUlllIUt:l:l for the areas shaded in 
of the range, in the cells centred on 

detection for these cells 
PC"UH,UlllLU::U for this area are shaded 

and orange. This illustrates that the gra.dle,nts measure the ........ "..~,'" in detection j;.ICI,;'U1I.U1l1 

the of the individual pre)01l.0Hllues. 

The directions in which the increases in the rates estimated the detection prCloaOUllUel:l) 

occur are the directions in which the arrows 5. Areas are marked 

1 
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du'ec1tlOltl, for the northwards increase in detection 
COlnp,arl.801!l, the directions of the smaller appear to be more 

random. 

6 illustrates the distribution "''''''''''l'",t.'',-I the SIX-p~LraJmeter model based on blocks of 25 
cells. It illustrates the same it seems to 

uu.e;l.J'U,)' ..., .. ~ ... ",.,,,> in areas in which the occurs at scattered 
cu.,,,,,,, ... slllrrou:ndiimt a few cells in central Namibia and southern Botswana. This col~re!~pcmdls to the 

ma.gnllfici'ttic)D of the detection for thetre cells 3) when the model. We 
therefore have retrervations about the usefulness of this and do not consider it further. 

VALIDATING THE GRADIENT CALCULATIONS 

To validate the calculations and to further eXaJmine the differences between the three we 
choose four cells at which we look in detail at estimated surfaces and the of the IUcWl'ent;s 

in relation to the of thetre surfaces. The 
chosen are 1531AC in central MClzaJmbiqule, 

"''''<JO'''J.IJ that has a one of the isolated cells in central NaJmibia 

area with low detection prC)l)abUlltles. 
will validate versus smalllU~w14mt,s. 
cornp:tIJ'llron of the two models for the blocks of 25 
will the of the lUadlents 
for the sUlrotmdine: nel,ght,ourhood. 

The atlas coverage ... "' .. ,,, ... ·t.cvi for the """I"ouuvuu.v ... ,u ",u.'VUj' ..... ' .. e; 

cu.", ... ", and 2726CB in an 
cells 1531AC and 2230CD 

facilitate a 
cell 1531AC 

7 shows that there 
were no checklists for this cell or for some of its cells and very low coverage for all 

but two of the other cells in the blocks of nine or 25 cells. This sparse coverage "'P.T1P1"Rt.~..-I 

zero observed in the south-eastern comer of the nine cell 
the rates in the north-west were than 0.89. When the 
to 25 we add some observed rates in the south. The surfaces the three models 
are of the surface based on the model for the block of 

and increases towards the north-west. This of 1.292 
In a direction. The model based on 25 squares a much flatter 
surface because it takes into account the rates to the north and south of the row of 
zero rates that were a result of poor coverage. This model is more successful in = •• u."'o.u"'" 1"PTlO1"hn,." rates for 
the cells based on the information in the The flatter surface COI:Te!~pcmdls 

1I!I·~l.Qllt:ln of 0.1316. The adds too much curvature to the model because 

of the extra cells at the extremes of the the terms and in 
the model. As a result the for this surface is at 0.2802. 

UHIStJrat'es much flatter surfaces sUlrrounldlIltll cell "''''UV'JAJ COInp.are'G to the results for cell 

shows that 
or 25 

7. The COI:Te!~pcmdIIn~~ly ""'''''U'''' <i'1p"",,I .... .t values for all three models illustrate how the relative 
reflect the differential of the rate surfaces. 9 

cell 2319DA is one of two cells with non zero observed rates in its of nine 

cells. Since both thetre non zero rates fall within the nine cell the surface I"o""''''''''.'''U 

1 
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as fiat as the surface for the 25 cell block the tOUll'-l:lal'~l.Inl~tel' 

Once .. i"·_nJ:u·""rn~>b>, model adds a lot of curvature to the surface in its "'~',ot;liU.>l 

the two non zero rates at its centre and the zero rates it. Hence the relatlVel,V 
graAllel[lt of 0.1331 for this model to the of 0.0457 and 0.0019 for the surfaces ",,,,,. ... ,. •• t:...-1 

the blocks nine and 25 We feel that the four-
palranletcer model is more successful in "ll~U:Hl!l!O out the non zero observed rates aIIlong the cells in the 

10 illustrates the surfaces around cell When we compare the surface l/,;elleraJ;e:o 
r-paraill1E'~ter model the block of 25 cOl'resDoIlduu! surface for cell I53IAC 

we notice how these surfaces similar lie at different levels with res,~[;J; 
prc.balblbtv axis. This to the s:ra..:lIents cell and 0.1174 for 

2726CB that are not too different in ...... ",.fn11ITl1(1 .. 

and the overall level of the range of the detection 
indie~md.en(:e between 

cells in the llot;ll!l!OIlUUIIU.I.IIOUU. 

indicate the directions in directions for the of all the surfaces illustrated in 
which the of these surfaces increase most 

the model based on nine cells is too sensitive to small chllinli!;ces in detection 
to isolated rates. Our chosen model for 

and areas of is thus the 
not consider the other two models further in our :.n:«,v'"",,, 

INDIVIDUAL SPECIES GRADIENTS 

at the 26°S line to show how gr21.01,ent,s 

distributions and to evaluate our of .... v" .. IU ..... ' .... 15 

These 12 are listed in Table 1. We have a.lJ:It!ooIY 

the smoothed pro,balt>ihltv 2) and the correslDonldiIll1i!: m:adl,ent 

Blue Waxbill 
progne. It has a core of 
26°S and which decrease more 
the distribution ..... ,I1"'Y"n'..., 

This map illustrates the <IU'I.U.,'Vll, it in relative UU2f!jJj'UlIUit: 

of detection DrC)OCLDllln;I'es south of latitude 28° the northern border of Lesotho. 

13 and 14 show the smoothed distribution of detection pl'4JOCmlllltl<el! and the distribution of gllll.OlE'~nts 
""""H!.llljor, Cisticola Cisticola The overall distribution of the Cisticola 

is similar to that of the Blue Waxbill but the Cisticola has a more tra.grrlented 
distribution which has a of detection rather than 

"core" area. The increase in detection north of is also more than is the case 
for the Blue Waxbill. The distribution illustrates the in detection l'HJU<'U"U~'''''' 
within the overall range. The to the north of is and it indicates 
the more in rates for this than for the Blue Waxbill. 

15 illustrates the "UJ.VU~UO:::U distribution of the Cloud Cisticola Cisticola textrix. For this de-
tection pr()ba.blJltues are small ,",V';;L"""". as is illustrated the shorter range iu the the darkest shade 

1 
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commences at a detection of A on the distribution map for 
the Cloud reflects variations in detection between and of 

while the two for the Blue Waxbill covered a range of detection between 
and All of the bottom and most of the second for 

the 
the range of the into 
areas of in detection pn;IDamu 

we use a different scale to subdivide the 1U<ldllent 

range for all 12 selected .",,,"",,'" 
for the V"'i~'VV'''' are 

apl>ro;ach 26°S from 

va",ul')':;;:> among the detection 
cOlnpariEd to the cnilldlg~e8 for the other I:Spt:.;!", ... 

IIlr~ldllent distribution maps for the other 

1U<I.CUI~nt maps a~,a";"'"b individual borders and areas of 
maps. of 

at 26°S. The dJ.Sltribu1~101IlS of several of these "'OJ'''v'''''' 

in a narrow the east coast of Africa: 
Blackheaded 

; .... r ... '~". Swallow Hirundo aO~ISSllna(~a 

Swallow Hirundo spaloc:Jem 

Lark bicolor 

In addition to the 12 discussed we at the distribution for the Bateleur 
Cn:lII;nt>Vfl!.1B ecaudatuB. This is known to occur in some of conservation but has 

dlSlappe'!I.I'ed from areas outside these 33a and b confirm this of distribution 
the many of the game 

SUMMING THE GRADIENTS FOR A SUBSET OF 12 SPECIES 

The distributions of individual SP~:lCU~ glradients 
u'e,u»,e;,uv cnalJlgle8 in detection pr()OllmUlUlle8 
information can be obtained 

cOfllbmllllg the lUadielnt 

lI:le~m;l1:y the of the distributions and 
the overall distribution ranges. To a extent this 

of the detection distribution maps. Of more 
to detect areas that mark the 

COIDPosltlon. To this end we sum for 
34 shows the results of this summation. The range of 

area north and 
south of sums. The 12 selected 
had an their distributions at the 26°S. In addition many had a border inland from the east coast of 
South Africa and others had a west-north-east curved at the of 
26°S. These areas are thus \"v','",,",~'.1 
In "' ...... h., .... ~ sums around 

detection 
and southern Mc,zaJmbiq 

1 
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We also sum the grlwl,ent;s for each cell into consideration 
Each cell can thus potellltl~Lll) have a sum in each of the sixteen du~ecltlOlns. L",",unlUjI; 

Grid cells that boundaries will have 

will be a two ODIDOIIllte 
each now has to accommodate up to 16 arrows, the scale the maps becomes a pr()Dliem 

Because we are interested in the direction of the in areas of 
in areas with sums, we can reduce the scale and nnn"t~v" 
directional maps the sums that fall in the upper 

35 illustrates the distribution of the sums for our 12 selected "'V'~""~ 

of 
in the direction of these maximal ch,ml'!;es. 

latitude and the westward turnover of 
shows the north-south turnover 

away from the east coast. 

36 illustrates the of the median the 12 selected "1.'<"-""'''' 

the to the north or south of The common of many of the "'V'-"""'" 
north of Lesotho and south of Swaziland is illustrated. of the 12 

with distributions to the north of northern 
northern Zimbabwe and the nnJ·T.n.~Pn 

the east coasts of and 
The JJU ... lU ..... ·0;;:1 

coDapared with surrolllDding 

areas rise to the median in this area. All of these areas with 
are visible in the distribution of the sum of the but are not as 

most of the 12 median also cOI~re!lPo'nd 
of dll'ec1tlOlllal JUII.(Uent sums 

SUMMING THE GRADIENTS FOR ALL TERRESTRIAL SPECIES 

37 shows the distribution of the sums for all terrestrial The range has been 
auilDtiles for purposes. The areas of maximal in southern Africa include the 

the east coast of South the the LII1tlP()PO t"r()VlIlce. eastern 
M()za.Jmb'lqllle and the southern border of the delta in northern Botswana. 

north of latitude 
in green and to a lesser extent the areas, in 

rep' resent the areas where the sums are very small. These areas cover the Kalahari and of 

.. " ..... ,'''' .. '''. the Northern and the Karoo, this distribution is confounded 
in that the of the sums of 

..... ".,..,"'" but also on the number of 
compare the "'v';""," richness distribution for all terrestrial 
of the sum of the deciles 
lJI"I"~u11lpnt. sums. This is true for northern Hnb."",. .... ,. 

of South southwards 
southern Botswana is ch<LI'~:telt'lS€d 

have detection YHn.l"".IL1LUL'''''' 1, 'V .. , ....... "". 

illustrated in Vll,a.Y~"'l 4 that shows a count of the number of s~~UlS present 

1 
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cells in this area had between 1 and 82 with non zero detection pr<)b~Lbillities with between 

174 and 291 cell in the areas. The ~'U.'''J''.'~~ of the sum of the gral(l1e:nts 
J[_l1ot:Jl1~" towards the areas with 

south-western Mnlf.A1ilIirl'll.nl'll.. grlllGl,em; sums are not as as in the areas 

gl<lAluent sums. Each 
...... :L"'A.;;;U~ directions. If the directional sums for a 

Jl<WLlot:JJ'b". If the directional sums in the individual 

jJu"ot:U'.'<Ll":I have 16 arrows 

in two UI.IIVV<.lb<J directioDls, 
directions can be indicators of 
in areas with many 8~:cn:l:!. 

directional sums in .-li""l1',,,,i,,,:,,, 

fia.gmlen1tatllon or can be the result of many small j!;rcl.Cil,en1;s 

"_<1,,.,.,,,·n transition of the pr~~dclmllnantly west-east transi­
tion between forested 

to south-western Rnt,""'l'lI.n,l'lI. 

coast of northern 
delta. Areas where many 

south-east. 

easterlly direction across 
and the Eastern of ...... , ...... " ..... 
interior and 

random fluctuations include 

tend to be in areas which have 

of La.,,,u,,,u 

iblltU)D8 to the sum. To reduce the 
"aVp.I'R,lle" gradlelnt U:;",<lUU''''''''' of the of 

detection pn:,uaUHjl~le8. 
OPi>OSC~ to the sum of the gradIe'nts 

the 

esl>eClally In 

median river that form the northern borders 
M()z~mb:lql.lle and extend southwards to the Zambezi areas 

grlWl,ent;s "'.LV ... '''' ...... .1 reflect in detection and rural areas. 
'U"!~:a.u,...,. between Zimbabwe and it 

is narrower in to 37. The Ill'aments 

indicates that many do have 
areas. The border between the Kalahari basin and the gr~lSSlan(1s 

This 
.. ·."n'.,"~ Biome in the Western IS 

be1twElen 22°E and 24°E illustrate the transition 

In and Nama-Karoo and between the Nama Karoo and 

The most dominant and .. l1' ........ ·""v .... of 39 h01I17P."P.l', the DU""-'HJ'I'> of the Kalahari 
in central and south-western Botswana. This is an arid area with few median 

QU'''''UI"'' """1M'''''T",,,,f1 to the 
the central and ''''', ... "".-" .n.Q~<lW.a.u 

LW:LU~;""" in detection Dr<)ba.bIlltH~ 
fral!;mlenj~atilon is the diHerelnt 
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conservation areas in this to where over 
Alan et al. This is also an area that was very 

rule out the .. '""""' .. "uv~ 
distributions here. The data in Botswana were COJleclteG 

is based on blocks of 25 OUlll.rU~l' As a may 
have been cells not included in the coverage. Further 

"U'.''''"·~''''F. data for Botswana. on a 
..... ,'''' .. '"'' observed in south-western Botswana are not due to a m~Lth,em.atlCa.J 

IS the scope of the nr~'AP11t. 

of median directional The median are the values 
grl~lem;s in each of the sixteen directions fall. As such a snmmary measure 

of grl~lem;s in each direction. We the of these summary values. Once 
most of the grll.dlen1~s are in central and south-western the other 

areas of transition ... lS .... ~ •• ~'Ou 38 are also shown. the 

distribution of median 
gradients confirms that the 

grll.dl,enl;S for Botswana. The median 

Discussion 

In this rn~'nH>" we looked at measures for the rate of 

this we have focussed 

We have and a measure for the ...... ,tlIoll~~"'''' 

in detection dis-

we derived a method for 
when 

grlll.dlen1~s for 

that derives from the model used for of detection 
V ,"""",",'-LL V"",,,. This is a further and motivation for our choice of method. The lO'l:u:tienl;s 

are determined from the surfaces fitted for cells. These surfaces are fitted for the 
UUJUUJIUF. nellp;hDoUrJlO()G of nine or 25 cells. These surfaces thus tend to have more curvature than 

the eventual smoothed SUlrIBlCes of the smoothed For this reason we found it 
blocks of 25 cells for the from the 
7 to 10 ...... rnnrl'" a assessment of the models. 

We have illustrated how these p;rll.dl,em;s measure and reflect the of 

and how the of these thus ... !5, .... ~ .. '.'" 

The 
Gec::re,a,se more lies well inside effective 

limits of the Several of the for which we 

have illustrated the smlUULm::u I-IJ'UU'''',",J'U 

ities within their ranges. These 11U ............... ,.. paHerlJlS of abundance" , rather than a 
core that declines towards the !)ol11n4::taI'les The of the parame-

ters that CllIWl<!;e across the "1" .. "" .... ,, .. gra.cllelrIts uD<ler!!taIIGnlg of 
what Int,erv1entlons, 
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I!:r~l.(jllt';nT, InIOnnatlOn for many SP~~Cles. 

sums areas with a 
This can be either due to or due to the presence 

richness and focus on areas 
pr()ba,bUltH~ may occur of the number of Directional 

between areas of transition due to 
rep'la.<:enle1Jlt or random :fluctuations. at the median and the directional O'1'<"1.,,,nt, 

.,"~'r.L'"r.. enables us to ascribe the random :fluctuations to either areas with sparse 

"'ll,"''''''' t1uc1~ua.tlcms among many in areas rich in There is no 
mathematical "" ... ,eu"' .... ,"'" either the sum or the median of the detection are 

to the sum or median of ~'-" .. u ..... "" .. ~ gnla14ents. 34 to 37 illustrate that these tools work well 
for a group of since known areas of traJl8],tloln eXI:mlple between the Kalahari and the 

... 1:' .... ,5 .......... in all these distribution maps. and the Cunene River 

... <~""AJ'4U'.U" of the individual ........ "'ll.'", the gr<~llent sums and median are measures of the 
of the transition zones The "breadth" is illustrated 

the consistent directional !U'cIa14ents. 

1-' .... """".'" delm.a;rc<~tl<)n of biotic 

and continuous between different avian biomes. 
transitional borders where these are known to exist. For """Tn'nl .. 

the for the Bateleur and very shows the 

within its distribution range. 

with on abundance 

the data to achieve this are not available. 

rates and densities have a linear" relatlon:Slllp 

to result in a lack of interest in ever de1~el1m.llllllllg 

So we offer the gradIents of detection This re]:)re!.ents 
up to now, to nrCIVldle 

distribution maps, where the within 
defined of the range. 
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Ta.ble 1. The subset of twelve 

Common Name 

Blue 

Black Tit 

Blackheaded 

Lesser :.;tr'lDE~ 

Bokmakierie 

with an to 

:';Clentmc Name 

Cisticola chiniana 

vUlncaw textrix 
Turdoides 1t1rnUltpu 

Parus 

0" "un." larvatus 
Hirtmdo .'U'lIUltlPfYI 

bicolor 
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-_ .<It ,., 
• ~ll. 1 

13.1-45.1 

II ~5.7-M.a 

• 6li.Ul.3 

• 1I1 .:H OO 

'25 



Univ
ers

ity
 of

  C
ap

e T
ow

n

F\gln 2: Blue Wublll · &rootled ~jon based on fW"-pIII8i,i8Iti, model for bIockI rl25 grid eels 

-
Pi58«2."" ... 
'" Z~.S4 

....... n 

• 3II.33-CI2.B2 

• 82.fS2.14.76 

• 74.1&-1OO 

126 
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'" '" .' 

Pi5844.dbl' , .. 
" 2·1.Q:i! 

1.02-36.81 

• :l1li.81-112.'" 

• e:z. 14-7Il.0l 

• 78.05-100 

.' 
117 
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'F1gUIlI4 : Blue Waxb~1 - Gradillrll distribution based on 4-pat1llTl8ter mexlel for blocks of nina grid eels 

""'-
Gradlanldbf 

0- 0.021 

0.027 - 0.1)96 

0.096-0.196 

0.196 - 2.271 

128 
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FIQUrEI 5: Blue WaxbIIl· Gracfientdislribution based on four-perarneler model fa" bIcx:k$ of 25 grid cells 

G ..... 

Gradienl.<bf 

0-O.ltl3 

0.013 -O.~I 

0.051 - O. lOll 

0.106-1.737 

l~" 36" 

129 
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F1gUl"86: Blue Waxblll· Gradient lis!rlbution based on six-paranala" model for blocks of 25 grid cells 

I 

"""""'" 
G_db! 

0-0.02 

0.02-0.D57 

0.057 - 0.125 

0.125-3.607 

130 
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Figure 7 Comparing Three Models for Bille Waxbill 
Grid Cell 15J1AC 
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Figll(e 8 Comparing Three Models (Of Blue Waxbill 
Grid Cell 2230CD 
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Figure 9 Comparing Three MoOOls for Blue WaxbiH 
GridCe"2319DA 
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Figure 10 : Comparing Three Models for Blue Waxbi i 
Grid Cej12726CB 
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F\gI.n 11: LongtaIIed Widow - 5n'IocKhed distribution based on W op!!, .. , i8Ier model for bloats 01 215 grid cells 
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Figure 12: l.c:Ir'tgtahd Widow · Gradient distribution based on four-paramaor model b I*JcQ d 25 grid cells 
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Figure 16: Cloud Cisticola - Gradiant distribution basad on four-pa,a"aler modal for blocks 0125 grid cells 
using species-specific colour coding 
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Fjgln 18: Amlwmar1ted Babblar. Smoothad dlalr1but1on ball8d on fcu"..param8Ier model fa' blocIc& r:A 25 grid celli 
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Figurv19: Amlwrnarked BabUer- GndenI dstr1bution basad on four-pa.,,,,ts,-rnodel for blocks 1:125 grid cells 
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Fign 20: SoutIwm Black TIl - Smoothlld dillll1bution ~ an ftIur-poramEJter m:xIei fa" blocks of 25 grid cells 
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FIgISe 21: SaJlhllllTl Black TIt - Gradient dlstr1bulion basad on fou"-paramatsr modal fer blocks of 25 grid cells 
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Fl9ure 23: Blackheaded Oriole - Gradient dlsllibution based on four-paraneter ITIOCW foc blocks of 25 grid cells 
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Flgln 28: SpbheeIed lark . So.1CIiAf1tld Iistibution based on bF ...... ar. e'er model for tJIod(s d 25 grid cells 
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FIgtn 3t: Pied 5taI1ing -Q ..... 11 cIsII'IUiM besed on bs ..... i BIB modet fer I*X*s 0# 25g1d oeIs 
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Figure 32: BokJI'aderie· Smoothed dislritMJijon based on four1l8l'1ilmeter model tor bIocb ci 25 grid c:eIIt 
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Figura 33: BoKmakle.t. - Gralfant ckb1b1.Jlon based a1 trur-piII,a,1tItei Il'lCXkII tor blocks of25 grid cell. 
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FIgure 33e: s.taIeur - Smoothed 0Istr1butI0n based on four..peramoter model for bIoc:b ~ 25 grid cells 
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Figure 33b : Bateleur- Gradient dlstt1bution based on four-parameter model for blocks of 25 g~d 08115 
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Figln 34: Distrilxitlon d sum of gradients for 12 selectOO species (Table 1) 
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Rgure 35: Distribution of top 10% of directional gradient sums for 12 selected species {Table 1) 
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flgtre 38: DistibJiDn ofnwllan goa.Iouls fa'" 12 881 tee! 'IM' . (Table 1) 
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FIgtn 31: DiAbIIon d sumd"' ....... fer alleI'/'IIIriIIIlJPM' 
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Figura 38: Disbibutiorl of top 10% r:J diraclional grident sums for an iel1llSbial species 
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FI{IU!"8 40: Distribution ~top 10% r.J median directional gradients for alllem!slrial species 
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FIgura 41: Distribution oHop 10% cI median directional gradients for all terrestrial species in Botswana 
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F. LITTLE 

Avian 
South 

Data HierlU'cbv 

The lmlpetlls 
Africa. 
form of prE~llce·atlSelnce 

6 

Statistical 

detection in a area. 

7701 

in southern 
=\}lV,!l.lL;~l J "1""-"""'" has been in the 

and the 

cOI'respollds to the of checklists on which the SPi~t::s 
data contain errors as discussed in 2. 
2) we these observed rates with smoothed a more accurate 
reflection of the of a ill a area. These smoothed detection 
form the basis of the distribution maps in this thesis. 

When we wish to combine information for several we need to take into account the differential 
abundance of these have and others have small ,."r,nl'T.lnrr 

This artefact needs to be eliminated. To this end we '''~''''''AO the actual detection unj,wt.,ul 

decile values as described in 4. These detection 
SP~~H~I>D€:Cltic ranges of detection pr(:)D~LDlInl(:::S into 10 intervals with 
interval. The actual are then one of the 10 mt<egelrs 

10 to transform them back to the prCJD<!.DIUl;) range. A value of zero will indicate 
detection deciles reflect the relative of deltectmg 
a way that the cores the distribution of each 

the 
core areas with the 

The aD1)ro:~n is not valid if the 
tnl'ou:~()ut the area. 

The range of 11 detection 
zero values We are then """" .... ,, ...... .1 

the non zero range to one. This is 
detection us the means 

can be converted to a 
........ , ....... " ... '" the number 

at pr<JDa,DllUU::S in excess a 

.... r' ...... t:'nfY rates. 
.~~.",,, • .J unif"" ... ", .... nr ... hn'" rates 

outcome 
intervals into which to 

In the use of 
,",Vlut"lU,<OJt1lll') all non zero 

cut-off value. 

Our choice of 
the scale of the 

lUC:LU'J ...... and summary measures delpeIlded on the characteristics of the data and 
We motivate the choice of and out their aavwnll'l/;eB. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

THE CHOICE OF SMOOTHING MODEL 

number of checklists for each 
su,&ests that our data follow a binomial distribution with error on the true 

of detection and on the SIZeS. The binomial nature of the data was the 
motivation for a linear model with a link function to smoothed detection 

As discussed in 2, not all the of the binomial distribution were valid 
the of non-constant variance lead to but did not affect 

vva...."" ... "", of detection. We were not interested in the statistical but in the 
• ..,1<..., ...... model as a tool for smoothed surfaces. 

Several other "'nln,...,.'''·I' .. ·., 

can be found in Cressie 
n .... ,n .... ,,"" aplorclacltles to smlootlllnll: 
the 

of these 
evaluated 

data as motivation for de'lIel,oPllnll!: 
"' .... v" ...... ,.. methods include the collection of 

the data as a stochastic process with a covariance matrix 
au.!!>",,!!,> methods assume constant sizes. McNeill tried 

... ,.'lnn",. t~ec.lllm(IUE!S to deal with binomial data with va'I"VlnO' l:iiil.UpJ[C 

over the entire 
that this apJ)rolacb 18 ma,pplropna1te because it leads to ov~~rsln()otJllmK 
saInplle SIZes. 

Modem ... ", .... "" .. of ....~.~.LU""".' data on natural resource inventories ............... remote 
The consist of the 

dil!:ltllre<i to 
a finite set of colours on a lattice to form a two-dimensional array. statistical methods 
are used to restore these data back to continuous of the distribution of natural 
resources. It is difficult to see how this of collection can be feasible so small in size as 
most of the birds. the methods used for for binomial 

data. 

Our choice of method takes account of the 
assum.p'tlon. We model the 

""""..,J'''' SIZes binomial 
m(:lm:lmlll!: the directional coordinates in the 

.. G.O ... !:" .... I!'> error and n .. /~" ......... 

in more accurate and clearer rel)resellta,ticlns 
a reasonable 

MJlu81tm,ent to our for 
a wellgillted. average between observed and modelled rates based 

extent of the Our model is to allows 
n,.I",'''''''''' of smoothed detection 1:''''..,0 • .., .... ''''' 

The aim of this thesis was not to rI"""I"n 
a method Ut;'V<:l • .IlJ";U 

graL<:mmt:s. The measures 
"""""1I'tina rates or to smoothed rates lleJleratE!<i 

implemented and extended 
detection pr()baLblllitiles 

endemism the calculation 
SPleclE~ endemism could be to the observed 

sm,ootnIlIllI',; method. The on 
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the other derives from our choice of !'Irnnnlr.n model and n .. "V"r1_ further motivation for 
this aD[>lml.Ch. 

SUMMARY MEASURES FOR SPECIES RICHNESS AND SPECIES ENDEMISM 

To Inc:or[)orate the smoothed IJU"UGUUl ",1:" ... 1:1",.,.., into measures of richness and en,Qelnllsm 
transformed them into the detection VHJUi:l~Ul1l1L'y decHes as described above. These detection 
deciles then U:;I-"""""",-, ...... ~.'nl< ... .Y indicate presence or 
absence. The measures of endemism are thus extensions of the 
measures based on data. measures contain additional information 
on the distributions and are based on the areas of occupancy of rather 
than their range of occurrence Jaarsveld et al. The of the measures based on detection 

is that focus on the core and the 1J""L1IJ .... "' • 

.... I: .. I .• " .. lv small detection are of abundance 
gu:lI.la.nt~le future survival of the This does assume that the 

cOInDl:ete distributions and a. of In l'er)ol'tm 

richness means that not can 
pr€:sel1t In a area, but 

"1-"""""" detection in a area. We can 
nhiPr·t.iv,plv Ge:tlnea core-ranges for and areas where a " .. " ... ., .. "c .... 

number of occur in the core of their distributions. The differences between the measures of endemism 
based on detection and the measures of based on data a.re 

for pr~:lSenCl~-a.l>S4~n(:e data the numerator constant at 1 for those that contribute towards 
a range of detection 1".,,' .... "" ....... "'''''_H''''', the numerator varies between 0.1 and 

the sum of the detection deciles to measure the extent of the SD4~l(~ range shrinks 
the denominator because it the cells with small These two 
features combined have the effect of the cells 
with relative within the range for that "V'''',,,,,, 
The detection thus enable us to the of narrow endemism in areas where 

with resticted distributions have the maximum chance of continued survival. The summations based 
on differential relative detection 
to endemism and as such 

U""' ...... Jl~1<'" lead to a more sensitive ."".u"'Ul!'! of different areas with respe<:t 
may have been missed the uniform pr~~I[lce;-al)8e.nce 

The measures of richness and narrow endemism are summations based on relative 
of detection. We map the distributions of these summations and observe the distributional 

Our methods contain of We do not use any of the mul-
tivariate dUtstE:rilllg .~;"uU'''I 

avifaunas. These te<:nnlqlles ", ... ,."r:", 

distinct groups, the number of 

into groups that will distinct and nOJlIlclgenolllS 
.. .,...."" .... Sllb]ect,lve decisions the number of 
in each group and the in a group 

Klerk 

MEASURING GRADIENTS OF SPECIES DISTRIBUTIONS 

to estimate smooltnea IJJ'uuoa. .... J ... enabled us to use 
to calculate surf ares for In 
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it OD.enE~ 

among detection Pr(JD<lIUlJllU.tllij 

........ :J.ll',"'''' among detection pr<ma.OllIHE;!8 
we can determine the direction in ~""~I""" occur. 

a that was undefined 
reflect the relative of 

of the 8DC~U;!8 distlributl.ons 

grame:nts for all in several dltterlent ways. values for the overall sums of the 
l'!:rcl.dl.ent;s ... '-',-.-,'''' areas where there are ........ "' .... ,,"'''' in the area of occupancy for many These 
areas will reflect both richness grcWI.em;s In 
areas of fluctuation in 
sums indicate areas of relative "'.~'UAJlA.J' "'-"' ..... ,,;u,."' .. hpj',"" .... n areas where the 

detection pr()O(liOlIUY 
t .. ",n""hn,n zones, and areas The distribution 
of median removes the 
focuses on areas where grl:ldlenl~s are 
detection and not abundance Jl(I'cl.dl.ent;s were not available. 

m:CLtbem,atlcal rel,~bC>WiIbJ.l)8 exist between .. t"",~t.1r,n prot)atlililty gra.c:lIelnts and 0 ... ' .... ''''''''.1 .... ''' 

etlI)eCiLaulY not between the accumulation of these gnl.dl·ent;s 
Dr(J.balt>Ilrtv gJradlen1LS and the COIlrlbllneQ 

abundance distributions. 

The sums thus enable us to measure the ··"~, .. "'nl ... 1".I"" 

of zones of turnover for individual and groups 
eXlpre:ssE!d their reservations about lines geIler,ated 

a process tha.t is in actual fact much more I< •• 'UUl .... L 

nellghbourJlOC)d turnover indices to measure the SUenjil;tn 

the distributions of the 
revealed 

reI>ortm:1Il rate data allowed us to overcome many of the l"-'"ellIOIOi Sh~)lt,coInnlgs 

These included the with data the impa<~t 
tllllgIlllellta.tlcm and the lack of information on the variations in 
a for data which "''''.'''''''~,~''' 

model assumes a reasonable 
use of sul)]ectI1fe klDOlvlec:l9,;e 

contmlllty in the um1erJYlDlg distribution but makes no 
Hence it does not suffer from the poteIltll!l.1 

of geller,,,,,e disltributional information for 
then used in atg;Ol1ltn:ms .,U.,V" ..... , .. '; model decreases the de-

account 

The increased seDISltlVV methods based on .... Tln .. tll1, ... into the pal&{;eJrns of 
distribution of conservationists to make more informed declSlOIIS 
reJ!:ar~:iinlli!: the pl3ICelnelLlt of conservation areas and the factors that the chances of 
"U~'.OI11~'U"'; future survival. 

Ccmt;riltmtio,n to Science 

In this thesis we have not so derived new statistical '.n ... ,.-."", 

with the and im.nr4)VE:d data on bird distributions ';""""''''.''''"' 
of ....... < ... " .. l's''''' was to cope with the scale of the Drc)blE~m. 
method that could Kellt:r'iIo~t: ",u"vv."",u detection pro'OaIJUll&le8 number of bird in more than 
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5000 cells. We derived summary measures of richness and endemism that are 
easy to and easy to mtpl'T'l'Pt but that also contain more accurate and sensitive accounts of these 

We defined and individual from the mathematical models 
that I!'O"""""LQU<J 

information on overall UUlO"'!I<.'OO 

~""'.IllU."l U'''''' of AV.,ot"",.". ll<elghDow~h 

summations of these 
distributions without 

ptl"l'nI:!'PT1IPlt:V and neJlltn.DourtlO<I(1 ~~grleg~Ltlcln .t~UjlU"lUo:2li 

We have shown how 
and how these 

in southern Africa -
prE~el[lCe:-at)Selnce data. Our research 

confirms that the results of an are based. We have 
pr()Vl<lOO the as requesited that will enable to 

, ............. ,"v.,'rl data in their efforts to address the hln.rl"'''''l''Cllhr 

has been to show how these open up all manner of onnOlrT.u 

"abundance" of the bird atlas data better. 
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