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Editorial

7KH -RXUQDO RI WKH 1DPLELD 6FLHQWL¢(F 6RFLHW\ |
MRXUQDO SXEOLVKLQJ UHVHDUFK UHVXOWY LQ DOO
it is the longest-standing academic journal in Namibia and is distributed to libraries in
YDULRXV FRXQWULHYV H J *HUPDQ\ 6RXWK $IULFD
,Q FXUUHQWO\ YROXPHY PRUH WKDQ DUWLFOHYV
OLNH $UFKLWHFWXUH &OLPDWH :HDWKHU &RQVHUYL
+HULWDJH ODQDJHPHQW +LVWRU\ FRORQLDO WLPHYV
DQG 9HIJHWDWLRQ PRVWO\ LQ (QJOLVK DQG *HUPDQ

All submitted articles must be based on original research and are subject to peer review
IHYHUWKHOHVY DV LQGLFDWHG E\ WKH VORJDQ RI W
6RFLHW\" WKH VWUHQJWK RI WKH -RXUQDO DOVR OLH
$0zD\V WU\LQJ WR VWULNH D EDODQFH EHWZHHQ VFL
on the other, the Journal is aimed at our members as well as interested readers worldwid
,Q DGGLWLRQ WR WKH SULQWHG HGLWLRQ WKH -RXUC
undergoing digitization and will soon appear as an Open-Access eJournal.

7KLV WK YROXPH RI WKH -RXUQDO LV D YHU\ WSHFL
YHUVDU\ RI WKH *REDEHE 1DPLE 5HVHDUFK ,QVWLW X\
station. The guest editor of this special issue is Scott Turner.

7KH PDLQ REMHFWLYH RI UHVHDUFK DW *REDEHE LV
WHPV DQG HVSHFLDOO\ WKHLU DPD]JLQJ GLYHUVLW\ D
decision-makers around the world. Research on the organisms of the Namib, as well as
UHVHDUFK RQ WKH HFRORJ\ RI GHVHUWY LQ 6RXWKHU
7KH VWDWLRQ LV YLVLWHG E\ PRUH WKDQ VFLHQWL
UHVXOW PDQ\ SXEOLFDWLRQVY KDYH EHHQ SURGXFHG
at Gobabeb, the world's knowledge about desert animals and plants and their adaptation t
HIWUHPH FRQGLWLRQV KDV EHHQ YDVWO\ H[SDQGHG
we can contribute to spreading this knowledge as well.

7KH 1DPLELD 6FLHQWL¢{F 6RFLHW\ DFFRPSDQLHG WHK
ing fruitful partnership between the two institutions will continue in the future.

,Q WKH QDPH RI WKH 1DPLELD 6FLHQWL¢(F 6RFLHW\
*REDEHE 1DPLE 5HVHDUFK ,QVWLWXWH HVSHFLDOO\ *

, KRSH \RX ZLOO HQMR\ WKLY VSHFLDO LVVXH RI WK

Michael Backes
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I1DPLELD 6FLHQV
6RFLHW\ DQG *RE
Science In Transition

Joh R.Henschel DQG *LOOLDQ 6DJJV .|OOLQJ

*REDEHE+1DPLE 5HVHDUFK ,QVWLWXWH 3 2 %R]
6RXWK $IULFDQ (QYLURQPHQWDO 2EVHUYDWLRQ 1
&HQWUH IRU (QYLURQPHQWDO ODQDJHPHQW

the Free State, Bloemfontein, South Africa

.H\ZRUGV 1DPLE 'HVHUW LQVWLWXWLRQDC
organisations, research developments.

Abstract

7KH" DQQLYHUVDU\ RI WKH *REDEHE+1DPLE 5HVHDUF
look back on Gobabeb’s institutional development and accomplishments and to look for-
ZDUG WR IXWXUH GLUHFWLRQVY +HUH ZH SUHVHQW |
Gobabeb; the building of its research and training platforms; the reframing and trans-
formation of the institution following Namibian independence, establishing the diverse
funding to secure its future as a thriving research institution; and the development of rel-
HYDQW OLQNDJHV DQG VFLHQFH QHWZRUNV LQFOXGI
6RFLHW\

Introduction

“:KHQ WKH VWDWLRQ LV EXLOW LW ZLOO EH WKH ¢
FRQFHUQ LWVHOI VROHO\ ZLWK WKH VWXG\ RI GHV
H[SHFWHG WKDW VFLHQWLVWY RI PDQ\ GLVFLSOL(
FRPH IURP RWKHU SDUWV 'Rl WKH ZRUOG WR ZRUN
IDZUHQFH

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLHW\ 9ROXPH
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$Q DXGDFLRXV DVSLUDWLRQ EXW VL[ GHFDGHV DIWHL
1DPLE 5HVHDUFK ,QVWLWXWH D PRGHVW (¢HOG VWDWL
track in the middle of the Namib Desert, is thriving. Its extensive network of students,
scientists, professional societies, collaborating institutions, decision-makers, and public
VIPSDWKLVHUV LV SURPLQHQW LQ 1DPLELD ZLWK PDQ\
JOREDOO\ 7KH 1DPLELD 6FLHQWL¢{(F 6RFLHW\ 166 KDV
ZRUN LQYROYHG LQ ¢QGLQJ DQG IRXQGLQJ YR E®HEHHEOL
opment ever since.

LWK WKLY DUWLFOH LQWURGXFLQJ D FROaHEWLRQ |
VDU\ ZH SURYLGH D VI\QRSVLV RI WKLV LQVWALWXWDRRKQ
outlook on its future. Our overview draws on a wealth of publications, several previous
RYHUYLHZV /DZUHQFH JLW]JVLPRQV /IDZUHQFH
6HHO\ 6HHO\ 6JXD]]LQ 6HHO\ HW DO +H(
other narratives.

(DUO\ VFLHQWL¢(F HQGHDYRXU LQ WKH 1DP

6LQFH "WKHHQW XU\ DFFRXQWYV RI H{TSORUDWLRQ DORQJ V
Africa have described a unique environment that has intrigued naturalists and collectors.
(DUO\ VFLHQWL¢(F GLVFRYHULHY FORVHO\ IROORZ WKH
other intrepid explorers of the unknown, who often collected curiosities and commented
RQ WKHP LQ MRXUQDOV ERWK SHUVRQDO DQG VFLHQV
WKH HDUO\ FRORQLDO HUD

, Q WKH 6RXWK :HVW $IULFDQ 6FLHQWL¢{¢F 6RFLHW
HQWL¢(F HQTXLUN\ DQG HYLGHQFH LQ 1DPLELD ODQ\ RIV
'"HVHUW ZRUNHG LQ FROODERUDWLRQ ZLWK PHPEHUV R
HGJH RI WKH FRXQWU\ VSHFL¢{¢F ORFDWLRQV RI LQWH
Namib, all crucial elements for successful research.

Finding Gobabeb: 1948-1961

7KH DIWHUPDWK RI :RUOG :DU ,, PDUNHG D WXUQLQJ SF
'"HVHUW 7HDPV RI VFLHQWLVWY IURP VHYHUDO FRXQW!
rations that crisscrossed the arid west of southern Africa, in South Africa, Namibia, and

$QJROD ODUJHO\ IXQGHG E\ SULYDWH GRQIHWMR Q¥ WK
1DPLE '"HVHUW PDGH LW LPSHUDWLYH WKDW D SHUPDQ
HVWDEOLVKHG 7KH 7UDQVYDDO OXVHXP ZRXOG SOD\ L
WKH QHZ VWDWLRQfV IRFXV EHLQJ V\VWHPDWLF ELROR
LGHDO ORFDWLRQ IRU VXFK D GHVHUW UHVHDUFK IDFL

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF



I1DPLELD 6FLHQWL¢{F 6RFLHW\ DQG *REDE

,Q WKHVH H[SORUHUV B3IRXQG"™ *REDEHE LQ WKt
ZKLFK WKH\ VHW RXW WR LQYHVWLJDWH ZLWK HQWKX
WL¢F SRWHQWLDO RI WKH VLWH ZDV LPPHGLDWHO\ UF

7KH PDQDJHPHQW RI WKH LQFLSLHQW UHVHDUFK V
Museum, S.W.A. Administration’s Agriculture and Nature Conservation Department, the
7UDQVYDDO OXVHXP DQG WKH 6 : $ 6FLHQWL¢F 6RFLH
that the station and its facilities would be availed to all other accredited institutions or
LQGLYLGXDOV ZLVKLQJ WR FRQGXFW GHVHUW UHVHDL

Founding Gobabeb: 1962-1969

7KH 1DPLE 'HVHUW 5HVHDUFK $VVRFLDWLRQ ZDV IR
SDQ\ WR VHFXUH ({QDQFLDO FRPPLWPHQWYV IRU LQIU
$GPLQLVWUDWLRQ WKH 6RXWK $IULFDQ &RXQFLO IRU
and the South African Museums Association. Dr Eberhard von Koenen, a long-term asso
FLDWH RI WKH 166 ZDV DSSRLQWHG *REDEHEYfYV UHV
GHVFULEHG LQ KLV DXWR E L RHig askKihcludéd@uttiRgaQueather
VWDWLRQ LQWR RSHUDWLRQ HVWDEOLVKLQJ D VHFXU
WKH EXLOGLQJ RI D ODERUDWRU\ RVFHV DQG XWRPW.LR
ZDV D FKDOOHQJH )LW]6LPRQV ZKLFK ZDV ¢QDC
.RHQHQYY SDWURQ (ULFK /*EEHUW $W WKH RVFLDO K
WKH 3UHVLGHQW + & 1|FNOHU VSRNH RQ EHKBBOG RI
WKH GRQDWLRQ RI D PHFKDQLFDO DQHPRPHWHU ZLW|
I1DPLELD 7KLV ODLG WKH IRXQGDWLRQ RI *REDEHETYV
the following six decades.

,Q WKH 1DPLE '"HVHUW 5HVHDUFK $VVRFLDWLRQ
Research Unit (DERU). The DERU managed the research programme under the aegis
of the Transvaal Museum, with secure funding through the CSIR. Research at Gobabet
EHIJDQ WR ARXULVK ZLWK HQWRPRORJLVW &KDUOHYV
WLRQ WR WD[RQRPLF ELRJHRJUDSKLF ARULVWLF DQ
JHRSK\WLFDO VWXGLHYVY WKH (¢UVW HFRSK\WLRORJLFD
1DPLE '"HVHUW RUJDQLVPV FRSHG ZLWK ZDWHU VFDUF
HFRORJ\ WR WDNH Ru DV *REDEHEfVY FODLP WR LQWI
UHYLHZHG SDSHUV ZHUH SURGXFHG GXULQJ WKHVH H
annum).

$ YLGHR LQWHUYLHZ ZLWK 'U YRQ .RHQHQ ZLWK XSGDWHG *
WKH OLQN KWWSV YLPHR FRP 7KH LQWHUYLHZ ZDV FRQ
5RHGHUQ ZKR NLQGO\JDYH SHUPLVVLRQ WR UHOHDVH WKH LQW

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLHW\ 9ROXPH
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%XLOGLQJ D UHVHDUFK SODWIRUP +
8SRQ .RFKTV GHDWK LQ ODU\ 6HHO\ ZDV DSSRLQWF
RFK{V RYHUYLHZ RI GXQH OLIH .RFK DO *REDEIHE

FDPH WR EH UHJDUGHG DV D ZLQGRZ LQWR WKH IDVFL
WR *REDEHE ZDV UHVWULFWHG WR VWDu VFLHQWLVWYV
P\ WVWHU\ 8SRQ SXEOLF GHPDQG VWURQJO\ H[SUHVVHC
'D\V ZHUH DUUDQJHG WR VKRZFDVH WKH UHVHDUFK WI
*REDEHE 3XEOLF VHPLQDUV ZHUH KRVWHG LQ :LQGKRI
6ZDNRSPXQG 6FLHQWL¢{F 6RFLHW\ WR SURYLGH RSSRI
VFLHQWLVWY WR VKDUH WKHLU NQRZOHGJH 7KH\ DOVF
QHZVOHWWHUV *REDEHEfY EURDGHQLQJ YLVLELOLW\
dering worldwide interest in the Namib Desert that continues to the present.

SBURJUDPPDWLF DQG ¢QDQFLDO FRPPLWPHQW E\ 6RX
the Foundation of Research Development (FRD) served as a springboard for attracting
numerous international scientists, postdocs, postgraduate students and interns, building
WKH YLUWXDO 3FULWLFDO PDVV™ IRU VFLHQFH DW *RED
QRZ ZDV WKH FRQVWDQW VWUHDP RI VWXGHQWYV DQG
*REDEHE IRU VHYHUDO PRQWKY WR \HDUV ,GWRWVMGO¥W
DQG FRQGXFW RZQ VWXGLHV IRU SRVWJUDGXDWH TXDC
spread the word of Gobabeb as a research destination.

8QGHU 0DU\ 6HHO\fV GLUHFWRUVKLS WKH V DQG
JROGHQ DJH’ DV *REDEHE VWDu DQG DVVRFLDWHG VF
LQJ SXEOLFDWLRQV DYHUDJLQJ FD SHU DQQXP

JHRORJ\ FRQVHUYDWLRQ ELRGLYHUVLW\ HFROQWROHF
RJ\ 5BHPDUNDEOH GLVFRYHULHY ZHUH PDGH H[HPSOL,
atmospheric water through fog-basking and constructing fog catchment sand trenches, and
exploiting surface heat through thermal ‘dancing’ of lizards and spiders using heat to Kill
SUH\

$W WKH HQG RI WKLY SKDVH RI *REDEHEfV KLVWRU\
VWRFN RI LWV DFKLHYHPHQWY 6HHO\ 6JXD]ILQ

Reframing: 1991-1997

8SRQ 1DPLELDYV LQGHSHQGHQFH LQ SUHYLRXV DJI
DJHPHQW DQG IXQGLQJ E\ 6RXWK $IULFDQ DJHQRLHV Z
ment was sought for research at Gobabeb to continue. A trust fund was established, man-
DJHG E\ D QHZ 1*2 WKH '"HVHUW 5HVHDUFK )RXQGDWLR
OXVHXP GRQDWHG LWV OLEUDU\ DQG UHVHDUFK HTXLS
DQG FRQVHUYDWLRQ SURJUDPPHV FRQWLQXHG WR EH

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF



I1DPLELD 6FLHQWL¢{F 6RFLHW\ DQG *REDE

WKURXJK WKH OLQLVWU\ RI (QYLURQPHQW D QA& VRXN
DJUHHPHQW *REDEHE FRQWLQXHG WR RSHUDWH XQG
':LGHVSUHDG SXEOLF DSSUHFLDWLRQ RI LWV VLJQL¢F
the motivation to continue Gobabeb’s research mission. The station’s long-term projects
FRQWLQXHG XQDEDWHG DQG YLVLWLQJ VFLHQWLVW\
RQHV UHVXOWLQJ LQ SXEOLFDWLRQV SHU \HDU
new opportunities for collaboration. International funding enabled Gobabeb to expand its
cHOG WUDLQLQJ SURJUDPPHYVY (QYLURQPHQWDO HGXF
SULRULW\

Transforming: 1998-2001

7KH *REDEHE 7UXVW ZDV HVWDEOLVKHG LQ ZKH
Joint Venture Agreement (JVA) concerning the operation of the Gobabeb Training and
5HVHDUFK &HQWUH 7KH 166 SDUWLFLSDWHG LQ WKH
JVA introduced a new era, uniting the management of all facilities, programmes and rela-
tionships under one umbrella and allocating a discrete area within the Namib-Naukluft
IDWLRQ@DO 3DUN 1113 IRU QRQ LQYDVLYH UHVHDUF
DSSRLQWHG DV ([HFXWLYH 'LUHFWRU LQ WKH ¢UVW |
*HUPDQ GRQRU IXQGV 7KH 6RXWKHUQ $IULFDQ-'"HYH
QDWHG *REDEHE DV LWV &HQWUH RI ([FHOOHQFH IRU
SUHYLRXVO\ PDQDJHG WKH ODVKDUH $JULFXOWXUDO
duced new agricultural directions to Gobabeb’s portfolio in addition to its existing desert
HFRORJ\ SURJUDPPHYV

*REDEHE PDLQWDLQHG LWV VWDWXYV DV D SURGXFW
UHVHDUFKHUYVY JHQHUDWLQJ SXEOLFDWLRQW BHE VS
UHVHDUFK DFKLHYHPHQWY ZHUH VKRZFDVHG LQ"WKH
DOQQLYHUVDU\ +HQVFKHO HW DO 6HHO\ HW DO

'"HYHORSLQJ D VHOI VXVWDLQLQJ SODWIRL

'KHQ 0ZHQ\D UHWLUHG LQ GXH WR LOO KHDOWK -
*REDEHE ZLWK D PDQGDWH WR GHYHORS LWV ¢QBDQFL!
SOHWLQJ LPSURYHPHQWY WR WKH LQIUDVWUXFWXUH
VRODU GLHVHO HQHUJ\ VXSSO\ DQG JURXQG FRROLQ.
UDWLRQ RI WKH QHZ *REDEHE RQ 0D\ 7 KIHQ L @ OV ¥.
1DKDV $QJXOD ZKLFK DOVR FHOHEUDWHG 0DU\ 6HHO\
GRQRU JUDQW LQ DQG WKH DZDUG RIUWM®RXREDE |
HURUWY WR EHFRPH ¢QDQFLDOO\ VHFXUH ZLWKRXW G

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLHW\ 9ROXPH
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7TKH ¢QDQFLDO PRGHO HQYLVDJHG VXSSRUW IRU *RE!
HUDWHG E\ UHQWLQJ RXW WKH $PDELOLVY OHFWXUH KD
clients. This allowed Gobabeb to organise and host international conferences, as well as
YDULRXV IXQGUDLVLQJ HYHQWY ZHOO VXSSRUWHG E\
WLSOLHG ZLWK ¢HOG FRXUVHVY DQG H[SHULHQWLDO WL
DQQOXDOO\ $SSOLHG UHVHDUFK LQLWLDWHG GXULQJ O
SXEOLFDWLRQV EHWZHHQ DQG SHU \HDU  HJ[\

, Q *REDEHE ZDV FRPPLVVLRQHG WR SUHSDUH D
6DQG 6HD DV :RUOG +HULWDJH 6LWH 7KH 1DPLE 6DQG ¢
DV RQH RI RQO\ SURSHUWLHYV ZRUOG ZLGH X@Q ®HU D
*REDEHEPWQQLYHUVDU\ D VSRXFUWQDO. RV $H LIRAvAMINM-UR Q P
SLOHG +HQVFKHO IDQFDVWHU

KHQ D QHZ XUDQLXP UXVK FRPPHQFHG LQ WKH 1DPLI
a Namib Ecological Restoration and Monitoring Unit (NERMU) was initiated and became

HVWDEOLVKHG DW *REDEHE LQ LQ SDUWQHUVKLS Z
+HQVFKHO UHWLUHG DV 'LUHFWRU LQ DQG LV QRZ !
associates.

Back to its roots: 2012-2022

The last decade of operations at Gobabeb can best be described as a consolidation of the
HURUWY RI SUHYLRXV \HDUV ZLWK D UHYLYDO DQG HJ.
'LWK WKH DSSRLQWPHQW RI *LOOLDQ 0DJJV .|OOLQJ D
:DVVHQDDU DV 5HVHDUFK &RRUGLQDWRU DQG (
VLQFH D VWUDWHJILF GHFLVLRQ zZDV PDGH WR UH
tions. Its research function was re-elevated to prominence, but without losing sight of the
YDOXH RI HGXFDWLRQ DQG RXWUHDFK ZKLFK UHPDLQ
DWLRQV 7KH WUDLQLQJ IRFXV VKLIWHG WR WHUWLDU
HILVWV WR SROLVK SURPLVLQJ \RXQJ VFLHQFH WDOH
MSc and three PhD student associate$o will, upon completion of their tenure, join
WKH 1DPLELDQ ZRUNIRUFH DV \RXQJ VFLHQFH SURIHVV
SHHU UHYLHZHG SDSHUV SXEOLVKHG GXULQJ WKH SDV'
JROORZLQJ D UHYLHZ LQ WKH RSHUDWLQJ IUDPI
D UHVHDUFK FROODERUDWLRQ DJUHHPHQW EHWZHHQ
(QYLURQPHQW )RUHVWU\ DQG 7RXULVP 0()7 7KLV DU
WR WKH IDFLOLWLHYV LQ WKH 1113 IRU WKH RSHUDWLR
the foreseeable future.

KWwSV JREDEHE RUJ UHVHDUFK VWXGHQW UHVHDUFK SUR¢{OHYV
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'HVSLWH D ORQJ DQG PXWXDOO\ VXSSRUWLYH SDUW
WKH 166 RQO\ VLIQHG D IRUPDO OR8 RQ '"HFHPEHU
DJUHHPHQW ZDV WR IRUPDOLVH WKH VKDULQJ RI VF
WLF HQJDIJHPHQW ZLWK WKH JHQHUDO SXEOLF 6XFF
PHPEHUY ZHUH RUJDQLVHG LQ DQG , Q WK
of Prof. Eric Holm on the biannual excursion, who shared reminiscences from his tenure
DV WKH ¢UVW IXO0 WLPH WHFKQLFDO VFLHQWL¢{F DV
DFWLYLWLHY UHDvVvUP WKH SRWHQWLDO EHQH¢{W-IRU
LQJ VFLHQWL¢{F LQIRUPDWLRQ DQG WKH QXUWXULQJ
public.

2QZDUG DQG XSZDUG LQWR WKH IXWXUH

$IWHU ZHDWKHULQJ WZR \HDUV RI WIRR @XY, R SHBEDQGEH
JDOLW\ DQG AH[LELOLW\ DJDLQ HPSKDVLVHG WKDW W
and interdependent factors:
JLOQDQFLQJ DQG VXVWDLQDELOLW\
Maintaining science outputs that are relevant and address a range of stakeholde
needs

3. Strengthening and expanding Gobabeb’s science network.

6XVWDLQDELOLW\ UHPDLQV D SHUHQQLDO FKDOOHC
hinge on a reliable funding stream. The challenge to secure core funding, as well as divel
VL6HG LQFRPH LV LQWHJUDO WR WKH JRYHUQDQFH V
DGGUHVVHG FROOHFWLYHO\ DV D SULPDU\ JRDO LQ \
PHQW RI WKH OR8 ZLWK 166 MRLQW IXQG UDLVLQJ DF\
WKURXJK 166 PHPEHUVKLS PD\ EH RQH DYHQXH WRZD

Funds sourced through competitive grants will continue to drive research operations.
*REDEHEfYVY VFLHQWL¢{F KRUL]JRQV KDYH H[SDQGHG E\
WHFKQLTXHY DQG WHFKQRORJLHY 7KH DSSOLFDWLR(
DQDO\VLY ZLOO DOORZ IRU D GHHSHU DQDO\VLV RI HY
drones and acoustic monitoring allow for rapid, non-destructive data gathering, opening up
new opportunities in ecological assessments. Coupled with consideration of evolving user
needs, the continued relevance of Gobabeb’s research activities will be ensured. Planne
infrastructure expansion will allow for a larger postgraduate intake on-site, enabling a
UDQJH RI ORQJHU WHUP UHVHDUFK VWXGLHV DQG FR
science talent for the future. The NSS partnership will persist as a prominent conduit for
the sharing of research information to the general public.

)DVWHU DFFHVV WR RQOLQH UHVRXUFHY DQG UHOL
with colleagues worldwide will overcome some of the challenges of operating in a remote
location. With an expansion of information-sharing, ongoing development of Gobabeb’s
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web and social media preseficend the NSS connection and promotion of citizen sci-
HQFH *REDEHEfVY QHWZRUN LV DQWLFLSDWHG WR GLY}
OHWKRGV IRU VFKRODUO\ FRPPXQLFDWLRQ DQG OHDUQ
RSPHQWY LQ ,QIRUPDWLRQ 7THFKQRORJ\ D Q GURIS/SHFDUM K
PXVW EH H[SORUHG LQ RUGHU IRU *REDEHE WR UHPDI
VRFLDOO\ QHWZRUNHG JOREDO FXOWXUH

Conclusion

JURP D YLVLRQDU\ LGHD DQG WKH JULW WR PDNH LW
responsiveness to change that has underpinned the continuation of Namib Desert science
over six decades, Gobabeb has a proven track-record and global recognition as one of the
ZRUOGYVY ROGHVW DULG ODQGY ¢HOG UHVHDUFK-VWDW
RXU DQG LV SRLVHG WR FRQWLQXH WKLY OHJDF\ LQWR

‘7TKRVH RI XV ZKR UHPDLQ WR ZDWFK WKH OLJKW ZK
1DPLE ZLOO GR VR ZLWK IHHOLQJV RI GHHS V\PSDV
LQ DQ XQFHUWDLQ DQG FKDQJLQJ ZRUOG LW ZLOO
its founders
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A Decade of Microbiome
Research in the Namib Desert

'RQ $ &RDPD@G -HDQ %DSWLVWH 5DPRQG
1&HQWUH IRU OLFURELDO (FRORJ\ DQG *HQRPLFYV
*HQHWLFV DQG OLFURELRORJ\ 8QLYHUVLW\ RI

'"HSDUWDPHQWR *HQpWLFD OROHFXODU \ OLFUF
8QLYHUVLGDG &DWYyOLFD GH &KLOH 6DQW

&RUUHVSRQGLQJ DXWKRU 'RQ &RZDQ GRQ FF
.H\ ZRUGV 1DPLE '"HVHUW 6RLO OLFURELRPLFV

Introduction

7KH 1DPLE '"HVHUW RQH RI WKH ROGHVW GU\ODQGV R(
\HDUV OLHVY DORQJ WKH HQWLUH FRDVW RI 1DPLELD
GHU LQ WKH QRUWK 6 f WR WKH 2UDQULI SVLKH VD
6 f 7KLY FRDVWDO GHVHUW LV D ODQG RITWRR K
WKH .XLVHE 5LYHU 6 f WR WKH $QJRODQ ERWGHU
HW DO 7KH VRXWKHUQ VHFWRU I[IURP WHKHHU. XLLW |
ODUJHO\ VDQG GXQHV WKH 1DPLE un6bQG 6HDY D 81(¢
The climate of the Namib Desert, in terms of water relations, is distinctive (Eckardt
HW DO 7KH $SWODQWLF FRDVWDO UHJLRQV ZKLI
upwelling of the cold southern Atlantic Benguela current, receive minimal rainfall, but
DUH UHJXODUO\ LOQXQGDWHG ZLWK IRJ ZKLFK UROOV
LQODQG IRU XS WR NP ODQ\ RI WKH FRDVWDO VSHF
DGDSWHG WR FDSWXUH IRJ ZDWHU 7KH LQWHULRU K\
no fog and little rain, while the eastern zone receives ‘regular’ seasonal rainfall. Although
D VWURQJ GULYHU RI SODQW DQG LQVHFW VSHFLHV C
WKH PLFURELRORJ\ RI WKH GHVHUW VRLOV UHPBLQH
HUV OHG E\ 3URI 'RQ &RZDQ LQLWLDOO\ IURP WKH 8
DQG VXEVHTXHQWO\ IURP WKH 8QLYHWLNUWRRN IQ
research expeditions to the Gobabeb Research Station (now, Gobabeb-Namib Researc
,QVWLWXWH KWWSYV JREDEHE RUJ WR XQUDYHO WK
'"HVSLWH WKH 1DPLE '"HVHUW KDYLQJ EHHQ DQ LQWH
6HHO\ 3DOOHWW +HQVFKHO /DQFDVWHU S
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3O0DWH

30DWH 'XQHV RI WKH 1DPLE 6DQG 6HDK H KM W H UHGWOIQMH &L
FOXPSV RI \(Stipagrostis) @nicola).
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DQ\ DVSHFW Rl WKH UHJLRQYV PLFURELRORJ\ 7KH 1DF
DWWHQWLRQ :HVVHOV 9DQ 9XXUHQ ‘HVVHOV
HW DO +LQFKFOLuUH HW DO 7KHUH KDHWIVE WH
DQG SK\WVLRORJ\ -DFREVRQ HW DO -DFRE&WRW]
HW DO 7KHVH DQG D VLQJOH VWXG\ RIUHRSLUH V H(
WKH WRWDOLW\ Rl uPLFURELDO NQRZOHGJHY RI WKH |
Q ZH LQLWLDWHG DQ LQWHQVLYH DQG H[WHC
NQRZOHGJH :H EHJDQ XVLQJ PRGHUQ PROHFXODU S
RQ 6 U51% JHQH SURNDU\RWH GLYHUVLW\ DQG ,76
ODU ¢QJHUSULQWLQJ DQG DPSOLFRQ VHTXHQFL®H R.
GHHS VKRWJXQ PHWDJHQRPH VHTXHQFH DQDO\VLV \L
GLYHUVLW\ GDWD WRWDO '1$ PHWDYLURPH VHTXHQ
VHTXHQFLQJ RI F'1$ OLEUDULHV IURP H{WUDFWHG DQ
XPHV Rl GDWD RQ JHQH H[SUHVVLRQ 2QH RI WKHKPDQ
SURJUDP ZDV WKH NQRZOHGJH WKDW LQ GHVHUW HFFR
GLVWULEXWHG DQG RU YHU\ WUDQVLWRU\ WKH VRLC
LPSRUWDQW LQ VXSSRUWLQJ HVVHQWLDO HFRV\VWHP

o g gt . N
30DWH 7KH PXOWL QDWLRQDRHUBXWERBEK \HDBF;, DWW R
'$& KLGGHQ LQ WKH PLGGOH PLGGOH URZ - %5
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OLFURELRORJ\ RI *UDYHO 6RLOV DQG 6DQG
'LYHUVLW\

2YHU WKH SDVW \HDUV ZH KDYH SHUIRUPHG D ODUJ}
DW FODULI\LQJ WKH PLFURELDO GLYHUVLW\ RI 1DPLE "t
VFDOHV JHRORJ\ DQG JHRPRUSKRORJ\ VRLO FKHPLVW
ZRUN LV GHWDLOHG LQ UHFHQW UHYLHZYV DQG FKDSWE

/IHEUH HW DO 5DPRQG HW DO /[HEUH HW D

The dominant bacterial taxa of the Namib are those found in soils around the world:
$FWLQRP\FHWRWD SVHXGRPRQDGRWD %DFWHURLGRYV
OHPEHUV RI WKH SK\OD &KORURAH[RWD '"HLQRFRFFRW|
QL,;FDQW FRQWULEXWRUV WR WKH WRWDO EDFWHULD

YDQ GHU :DOW HW DO *XQQLJOH HW [EQLQR O
HW DO 7KH SUHVHQFH RI FRVPRSROLWDQ SK\OD
KLIJKHU WD[RQRPLF UHVROXWLRQ IDPLO\ JHQX®R ZKL
W\SHV VRPH RI ZKLFK FDQQRW EH DVVLIQHG SK\ORJH(

(GDSKLF IXQJDO FRPPXQLWLHVY LQ WKH 1DPLE GH
$VFRP\FRWD 7KH FODVV 'RWKLGHRP\FHWHYVY ZDV VLJ
SODLQ VRLOV WKDQ LQ GXQH VRLOV ZKLOH $JDUL
6RUGDULRP\FHWHY FODVVHYV VKRZHG WKH RSSRVLWH
al., manuscript submitted).

2 WKH DUFKDHD PHPEHUV RI (XU\DUFKDHRWD 7KH
SK\OD FRPSRVHG D ODUJH PDMRULW\ RI DOO DUFKDHD

RI WKH WRWDO SURNDU\RWLF FRPPXQLWLHY 7KLV F
PRVW DUFKDHD ULFK RI DOO GHVHUW VRLOV ZRUOGZLC
GRPLQDQW DUFKDHDO WD[RQ 1LWURVRVSKDHUROWD Dl
ammonia oxidation.

(GDSKLF PHWDYLURPHY ZHUH VWURQJO\ GRPLQDWHC
common soil dsDNA phage order, the Caudovirales, and representing the families
6LSKRYLULGLRNAB\RGRYLGOEHOHWHQVVHQY HW DO =D

6FROD HW DO 7KLV GLVWULEXWLRQ LV W\SLF

'ULYHUV RI GLYHUVLW\ DQG FRPPXQLW\ DVVHPEO\

7KH GHWHUPLQLVWLF GULYHUV RI HGDSKLF FRPPXQLW)
KLVWRU\ L H JUDYHO SODLQ YV ULYHUEHGHRIDD RHWI I

1DLGRR HW DO WKH SUHVHQFH DQG WKH LQA
RU VRLO RULJLQ L H GXQH YV JUDYHO SONRQOf'\8 KAVY
FR FKHPLVWULHV HJ -RKQVRQ HW DO aPRQBE HW

DUFKDHDO EDFWHULDO DQG IXQJDO FRPPXQLWLHYV ZHI
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YDULDEOHV -RKQVRQ HW DO ,Q WKH IRUWREH/ R
KDG D VLIQL:FDQW LQAXHQFH RQ HGDSKLF FRPPXQLW
6WRFKDZWYFRO®MR LGHQWL¢HG DV DQ LPSRUWDQW G

HW DO &R RFFXUUHQFH QHWZRUN DQDO\VHVY RI \
JHVW WKDW ELRWLF LQWHUDFWLRQY L H EHWZHHQ (
UROH *XQQLJOH HW DO ODUDVFR HW DO

)XQFWLRQDOLW\

:KLOH SK\ORJHQHWLF PDUNHU VXUYH\V SURYLGH FRI
GLYHUVLW\ RI PLFURRUJDQLVPV WKH\ \LHOG QR LOQI
WLRQDO FDSDFLW\ RI WKH FRPPXQhs HQUP® JB VR/IDRPRWH
UHVSLURPHWU\ PHWDWUDQVFULSWRPLFV IRU IXQFW
WKH IXQFWLRQDO SRWHQWLDO RI D FRPPXQLW\ -DUH
tional potential.

Our studies of Namib gravel plain soils challenge the paradigm that desert soil microbial
FRPPXQLWLHY DUH FRPSOHWHO\ GRUPDQW GXULQJ O
Uu51%$ JHQH F'1$ PHWDEDUFRGLQJ GHPRQVWUDWH-G WK
PXQLWLHYV YDU\ WKURXJKRXW WKH GD\ 7KH $VFRP\FR
WLFXODUO\ GXULQJ WKH FRROHU QLJKW KRXUW RKXIQ I
VWXG\ DOVR VKRZHG DFWLYH QXWULHQW F\FOLQJ &
6REULQR HW DO 8QGHU GU\ FRQGLWLEQV YFKR\
OLPLWHG ZKLOH FKHPRKHWHURWURSKLF FDUERQ DF
IRU NH\ GLQLWURJHIf@ ¢4BWHRIHWMHFMMG LQ YHU\ ORZ
IRU QLWUDWH DQG QL Waddndhid WUHHGHK\F WILHRVQSHOW P UN O\ |
HI[SUHVVHG VXJJHVWLQJ WKDW QLWUDWH ZDV WKH S
FDWHG JUDYHO SODLQ VRLOV /HRQ 6REULQR HW DO

$ QHZ SDUDGLJP IRU GHVHUW VRLO PLFURELDO HQF
JROORZLQJ WKH GLVFRYHU\ WKDW FDUERQ DQG HQHU
E\ 7TUDFH *DV &KHPRWURSK\ L H DVVLPLODMALGDQ DQ
GULYLQJ KLJK DMIMWRQ@2-L HW DO ZH GHPRQVW
VRLOV DOVR KDYH WKLV FDSDELOLW\ DV GR RWKHU |
DO *LYHQ WKBWGEDHUIRREQ R W K\GUR JHQLF ZDWHL
PD\ SURYLGH D KLWKHUWR XQVXVSHFWHG VRXUFH RI |
%RVFK HW DO

6WRFKDVWLFLW\ UDQGRPQHVV QRW DuHFWHG E\ PHDVXUDEOH |
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&U\SWLF OLFURELDO &RPPXQLW\ 1LFKHYV

ORVW PLFURELDO OLIH LV PLFURVFRSLF DQG LQYLVLEC
niches, however, microbial consortia can form visible macroscopic structures. In the
moister areas of the Namib, for example, biological soil crusts (BSCs) form on the soll
VXUIDFH %6&V DUH FRPSOH[ DVVHPEODJHV RI OLFKHQ
SKRWRV\QWKHWLF ;ODPHQWRXVY EDFWHULD ,Q WKH P
too extreme for BSCs to survive. Life moves to the under-surfaces of quartz rocks and peb-
bles, forming microbial communities known &\SROLWKKE8R¥uXQGHUY OLW
7TKHVH PLFURELDO FRPPXQLWLHY DUH DEXQGDQW DFUR
EXW DUH JHQHUDOO\ LQYLVLEOH IURP WKH VXUIDFH +
DGKHULQJ WR WKH XQGHU VXUIDFHV RI URFNV DQG DW
QLWLHYVY DUH GRPLQDWHG E\ SKRWRV\QWKHWLF EDFWH
other species of bacteria, fungi, viruses and phage, and even invertebrate ‘grazers’ such as
springtails.
7KH K\SROLWKYV DUH WKH pWURSLFDO UDLQ IRUHVWYV
LV D OHVV HIWUHPH HQYLURQPHQW WKDQ WKH H{SRVH
OXFHQW DOORZLQJ OLJKW WR SHQHWUDWH DQG VXS
WXUQ VXSSRUWY DOO WKH RWKHU VSHFLHYVY LQ WKH I
WKH K\SROLWKRQ FRPPXQLW\ IURP WKH H[WUHPH PLGC
1DPLE FDQ UHDFK RYHU fé& DQG IURP WKH GHVLFFI
LW\ DWPRVSKHUH %RVFK HW DO 7KH TXDUW] URHF
VKRUW ZDYHOHQJWK VRODU UDGLDWLRQ *ZLG]DOD HW
+\SROLWKLF FRPPXQLWLHYVY DUH FRPSOH[ VWUXFWXU
HQFHG E\ ORFDO DULGLW\ 6WRPHR HW DO DQG E\
IURP WKH HGDSKLF FRPPXQLW\ ODNKDODQ\DQH-HW D¢
PDWHO\ DVVRFLDWHG ZLWK WKH VXUIDFHV RI WKH TXDI
HQGROLWK\ DUH HPEHGGHG LQ PDWULFHV RI (36 ([V
DQG DUH RIWHQ OLFKHQLVHG IRUPLQJ VWUXFWXUHG L
EDFWHULD RU JUHHQ DOJDH GH ORV 5LRV HW DO
+\SROLWKRQV DUH WKRXJKW WR UHSUHVHQW ERWK
GHVHUW SDYHPHQWY 9LNUDP HW DO /H HW DO
DQDO\WHV 5DPRQG HW DO VKRZ WKDW K\SROLWK!
([DWLRQ LQ 1DPLE '"HVHUW VRLOV DQG WKDW K\SROLV
IRRG ZHEV 9DOYHUGH HW DO JXUWKHUPRUH K\SF
PXWXDOLVWLF SURSHUWLHYVY ZLWK WD[D EHORQJLQJ W
KDYH EHHQ LGHQWL¢{¢HG DV NH\VWRQH VSHFLHV 9DQ *F
‘H KDYH VRXJKW WR DQVZHU WZR VLPSOH TXHVWLRQ"
KRZ IDVW GR K\SROLWKLF FRPPXQLWLHY JURZ DOQG KR
‘H XVHG DUWL{FLDO K\SROLWKRQ DUUD\V FRQVLVWLQJ
$UUD\V VLWHG LQ WKH HDVWHUQ UDLQIDOO ]JRQH VKRZ
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30DWH 8SWXUQHG TXDUW] URFNREKRQALQUI M R JWHKH X Q°d
VRLO EHORZ WKH URFN

DIWHU MXVW WZR \HDUV XQGHU WKH WUDQVOXFH®QW
DIWHU WKUHH \HDUV &RQYHUVHO\ D K\SROLWRERGEDU
VKRZHG QR YLVXDO HYLGHQFH RI K\SROLWKRQ YURZ\
ORJHQHWLF GDWD VXJJHVWHG VRPH HQULFKPHQW R |
FRQFOXGH WKDW PDQ\ GHFDGHYVY DUH UHTXLUHG 4RU C
QLWLHV SDUWLFXODUO\ LQ WKH PRUH DULG UHJLRQV
VLIQL,FDQW UROH

2QH RI WKH PDQ\ LQWULJXLQJ TXHVWLRQV DERXW
(OWHULQJ RI OLIJIKW E\ WKH RYHUO\LQJ WUDQVOXFHQ
LFDO DGDSWDWLRQV LQ WKH F\DQREDFWHULDO SKRW
WRWURSKY KDYH SKRWRV\QWKHWLF SLIJIPHQWYV ZKLFK
385 VSHFWUXP RU GR WKH\ KDYH SKRWRV\VWHPYV DGCLC
OHYHOV" $ UHFHQW VWXG\ XVLQJ D UDQJH RI AXRULP
WKDW FKORURSK\OO FRQWHQWYVY ZHUH QRW OLJKW DC
as the presence of helical carotenoid proteins, were characteristic of these communities
*2LG]DOD HW DO

2WKHU FU\SWLF QLFKHV FRORQLVHG E\ GHVHUW Pl
FU\SWRHQGROLWKLF RU WKH FUDFNV ¢(VVXUHV FKD
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3O0DWH $Q DUWLFLDO K\SROLWKRQ DUUD\

sandstone, granite and limestone). Endolith communities in central Namib Desert sand-
VWRQHY ZHUH GRPLQDWHG E%YKMKRRFRFGEZRR RPN DOQL

composition varied along an east-west precipitation gradient and was dependent upon
VXEVWUDWH 4X HW DO

'HVHUW 30DQW DVVRFLDWHG OLFURELRORJ

$00 SODQWYVY KDYH DVVRFLDWHG PLFURELRPHVY RQ OH
VXHV HQGRSK\WHV DQG DVVRFLDWHG ZLWK URRW V\
PLFURELRPH LV WKRXJKW WR SOD\ NH\ UROHV LQ VXS
RPH EHQH/;WV QXWULWLRQDOO\ IURP SODQW URRW HJ.
PXWXDOLVWLF DVVRFLDWLRQ 'HVHUW DGDSWHG SODQ
ZKLFK PD\ FRQWULEXWH WR WKH KRVW SODQWTfV UHVL'
We have investigated the microbiomes of one of the Namib’s iconic inhabitants, the
welwitschia (HOZLWVFKLD WKHDREQOLVYSHFLHYV ZLWKLQ WKH
These slow-growing plants are endemic to the Namib Desert, and are ancient relatives of
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WKH SLOQH WUHH 7KH\ DUH GRWWHG DFURVY EDUUHQ
heat and desiccation with apparent ease.

‘H IRXQG WKDW YHU\ IHZ PLFURELD O: HOZ[IDNMEi#EE-HDV K
SKHUH DQG WKH VXUURXQGLQJ EXON VRLO 9DWOWNHRG
WKHUHIRUH SRVVHVVHYV LWV RZQ XQLTXH PLFURELDO
utes to the survival of this unique plant. In contrast, foliar fungal distributions were cos-
PRSROLWDQ ZLWK OLWWOH HYLGHQFH RI DGDSWDWLI

0ODQ\ GHVHUW SODQWY KDYH XQXVXDO PRGL¢{FDWLF
drical sheaths of mineral sand particles around the major roots (termed rhizosheaths). The
UKL]RVKHDWK LV KHOG LQ SODFH E\ URRW KDLUV DQ
HMJOXHY VHFUHWGVEL § D FEleResiida dvass of the gravel plains) rhizos-
KHDWK PLFURELRPHYVY ZHUH DERXW IROG HQULFKH
DQG ZHUH PRUH RUJDQL]JHG VDQG PLFURELDO FRPPX
VDQG SURSHUWLHY DQG OHVV E\ WKH SODQW VSHFLHE

3ODWH WWewigchidiODQWY PDOH IURQW DQG IHPDOH EHKL
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PIate:Stipagrostis VSHDUUDVV UKL]RVKHDWKYV
OLFURELRORJ\ RI )DLU\ &LUFOHYV

For centuries, the enigmatitD L U\ Fadf the Ql&mib Desert have been the cause of
ZRQGHU DQG DUJXPHQW 7KH LQGLJHQRXV SHRSOHV R
work of dragons. In more recent times, theories of their origins have included the actions
of UFOs, dancing fairies, radioactive hot-spots, natural gas seepages, poisonous residues
of dead( X S K R pldhts[ahe presence of colonies of sand termites or pathogenic fungi, or
WKH UHVXOW RI QDWXUDO SODQW VHOI RUJDQL]DWLRC
GLVFRYHUHG WKH WUXH RULJLQV RI IDLU\ FLUFOMVY DS
WLRQ RI WKHLU RULJLQV 7KH\ UHPDLQ D WDQWDOL]JLQ
‘H KDYH SXUVXHG WKH K\SRWKHVLV WKDW IDLU\ FLUF
ogenic processes. It has long been known that the abundance of culturable microorgan-
LVPV GLUHUV ZLWKLQ DQG DW WKH HGJHV RI IDLM\ FLU
IRFXVVHG RQ WKH PLFURELRORJ\ RI WKH IDLUVFQUHBOH"
WKH *REDEHE 1DPLE 5HVHDUFK ,QVWLWXWH :H GHPRQ
WKDW VRLOV IURP WKH FHQWUHY DQG PDUJLQV RI WKH
FRPPXQLWLHV FRPSDUHG WR WKH 3 YHIJHWDWHG ™ VXUUFE
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3ODWH )bLU\ &LUFOHY VFDWWHUHOG DLFEURMM WWH VDQGYV |

)DLU\ FLUFOHY DUH IRXQG LQ ERWK WKH JUDYHO S
IDLU\ FLUFOHYVY DUH IRUPHG E\ PLFURRUJDQLVPV WKD
these microorganisms should be found in both habitats, irrespective of the geographical
GLVWDQFH EHWZHHQ WKHP a NP LQ WKLV VWXG\
IURP IDLU\ FLUFOHYV LQ VDQG GXQHV GLUHUHG VLJQL¢
ZH LGHQWL{HG RQH DUFKDHDO QLQH EDFWHULDO DAC
GHWHFWHG LQ DOO IDLU\ FLUFOH VRLOV WKURXJKRX
putative candidates as the causative agents behind these enigmatic landscape features. \
QRWH WKDW VRPH RI WKH LGHQWL{HG WD[D DUH FORYV
PLFURRUJDQLVPV WKDW DUH KDUPIXO WR SODQVWRY +F
IDLU\ FLUFOHV VWLOO UHTXLUHV WRHEHHIX®D NORHEG .E
ZHQHHG WR LVRODWH WKH WDUJHW PLFURRUJDQLVPYV
toxic to plant growth.

L 7KH PLFURRUJDQLVP PXVW EH IRXQG LQ DEXQGDQFH LQ DOO
QRW EH IRXQG LQ KHDOWK\ RUJDQLVPYV

(ii) The microorganism must be isolated from a diseased organism and grown in pure culture.

LLL 7KH FXOWXUHG PLFURRUJDQLVP VKRXOG FDXVH GLVHDVH Z
LY 7KH PLFURRUJDQLVP PXVW EH UH LVRODWHG IURP WKH LQR
DV EHLQJ LGHQWLFDO WR WKH RULJLQDO VSHFL¢(F FDXVDWLYH C
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OLFURELRORJ\ DQG 9LURORJ\ RI 6DOLQH 6S

The Namib Desert has numerous saline springs and salt pans with halite evaporates (often
termedSOD\DORFDWHG PRVWO\ QHDU WKH FRDVW (FNDUG
E\ JURXQGZDWHU ARZLQJ ZHVWZDUGYV WHQV RU KXQG!
HQFRXQWHULQJ D JHRORJLFDO VLOO RU G\NH (FNDUC
emerge at the surface. Gradual mineral solubilisation and evaporative processes in the
groundwater stream increase the salt concentrations, and the waters emerge as saline
springs.

7KH HPHUJHQW VSULQJ ZDWHUV W\SLFDOO\ ARZ D IF
sinking back into the sands. Before disappearing, and as the water evaporates, these saline
VWUHDPVY VXSSRUW H[WHQVLYH VDOW FU\VWDOOLVDWL
7KH UHVXOW LV D ZLGH UDQJH RI GLUHUHQW VDOLQH Zz
GLYHUVLW\ RI vVDOW DGDSWHG PLFURRUJDQLVPV -RKC
also serve as essential water sources for local wildlife.

We have investigated several aspects of the microbiomics of saline spring eco-
V\VWHPYV DW +RVDEHV QHDU WKH *REDEHE 1DPLE 5H)\
6ZDNRSPXQG ZLWK D SDUWLFXODU IRFXV RQ WKH YLI
VV'1$ YLUXVHV $GULDHQVVHQV HW DO GHPRQVWL

3O0DWH +RVDEHV VDOLQH VSULQJDD@E YW HMDBRULWHKW[WF
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VHTXHQFHV LGHQWL¢{¢HG ZHUH FRPSOHWHO\ QRYHO L
VHTXHQFH GDWDEDVHYV ORUH UHFHQWO\ VKRWJXQ

WD[D ODUWLQH] $OYDUH] HW DO DQG FKDUDFW
RUJDQLVPV +DOLWH VDPSOHV ZHUH GRPLQDWHG E\

Bacteriodota$alinibacter VSHFLHY ZLWK KLJKO\ QRYHO OLQHD/
‘H DOVR LGHQWL{HG D SRWHQWLDOO\ QRYHO FODGH F
these saline spring communities are involved in intense host-virus competition.

OLFURELDO &RPPXQLW\ 5HVSRQVHV WR :DV

:DWHU RU UDWKHU WKH ODFN RI LW LV ZKDW PDNHYV
E\ WKH UDWLR RI SUHFLSLWDWLRQ WR SRWHQWLDO F
WLRQ DQ DYHUDJH RI D IHZ PP RI UDLQ SHUTWDWL ;0HQ
the central Namib aK\SHU DBUYE

Most microorganisms, when desiccated, transition into a dormant state, where residual
metabolism (termed Q K\ G U Ri& lefri¢ted to minimal (basal) metabolic processes
QHFHVVDU\ IRU WKH SURGXFWLRQ RI PDLQWHQDIQFH
GRUPDQF\ LQ GHVHUW VRLO PLFURELRPHY KDV QHYHLU
PHWKRGYVY ZH ZHUH DEOH WR DVVHVV PLFURELRPH GR
PDMRU FODGHYV RI EDFWHULD VKRZ OLWWOH RU QR Jt
FRPSOHWH GRUPDQF\ D VPDOO IUDFWLRQ RI WKH PL
PHWDEROLF DFWLYLW\ *XQQLJOH HW DO /HRQ 6R
ZHUH SDUW RI WKH UDUH EDFWHULDO FRPPXQLW\ ZKlL
nant taxa. We also showed that the magnitude of the microbiome response to precipitatior
GHSHQGHG RQ WKH ZDWHU UHJLPH KLVWRU\ RUBDYHHQ |
SODLQ VRLOV )URVVDUG HW DO

&RPPXQLW\ JHQH WUDQVFULSWLRQ SUR¢{¢OHV /HRQ |
PHWDEROLF SURFHVVHY LQ PLFURELRPHYV RI GHVLFFD
FDUERQ DFTXLVLWLRQ PHWDEROL]LQJ ¢([HG FDUERQ
VLWLRQ E\ QLWUDWH UHGXFWLRQ QLWUDWH LV RIWH(
GHVHUW VRLOV 7KHUH ZDV OLWWOH HYLGHQFH IRU
pheric CQ DVVLPLODWLRQ FDWDO\VHG E) 28PWE&RAD RAWUDY
nitrogenase).

,Q D GHVHUW ZDWHU FKDQJHV HYHU\WKLQJ +HDY\
massive plant germination across the Namib, and for a while the depauperate deser
EHFDPH D SUDLULH 7KLV GUDPDWLF FKDQJH LQ-WKH
lated us to ask questions of how the addition of water (and the carbon rich plant biomass]
PLIJKW LQAXHQFH WKH VRLO PLFURELRPHV $ \HDU O
\LHOGHG VRPH VDOXWDU\ OHVVRQV LQ H[SHULPHQWL

WULJJHUHG D PDVVLYH VKLIW LQ VRLO PLFURELDO
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GUDPDWLF LQFUHDVH LQ VRLO UHVSLUDWLRQ DV QHZC
SUHYLRXVO\ GU\ DQG LQDFFHVVLEOH RUJDQLF VXEVWU
7KLV VWXG\ GLG QRW WHOO XV KRZ TXLFNO\ D GU\
LESXWY ‘H SUHSDUHG VHYHUDO KXQGUHG OLWUHYV RI
WKLV Wdrealbf desert soil, taking soils samples prior to the addition and at increas-
LQJ LOQWHUYDOV DIWHU WKH DUWL¢(FLDO pUDLQ HYHQW
PHWKRGY 7KH UHVXOWY ZHUH GUDPDWLF -XVW PLQ?>
WKH PHWDWUDQVFULSWRPH FKDQJHG GUDPDWLFDOO\
JHQHYVY LQFOXGHG WKRVH IRU FHOOXODU PRWLOLW\ V]
DOO FKDQJHV ZKLFK PLJKW EH H[SHFWHG IRU D PLFUR
OLTXLG FRQWLQXXP DQG D QHZO\ DYDLODEOH VXSSO\ F
SURPLQHQWO\ GRZQ UHJXODWHG JHQHV ZHUH WKRVH F
WUDQVLWLRQHG IURP D KLJK VWUHVY GHVLFFDWLRQ \

environment to a more favourable habitat.

'HVHUW | QVHFWY DQG OLFUR DUWKURSRGYV

7KH 1DPLE '"HVHUW KDV SURYLGHG PDQ\ IDPRXV H[DPSC
LRORJ\ RI LWV LQVHFWY 6HHO\ 3DOOHWW +HQVF
LFRQLF IRJ KDUYHVWLQJ EHHWOHY +DPLOWRQ DQG 6l
WKH SULPDU\ IRFXV RI RXU GHVHUW HFRORJ\ VWXGLHYV
core components of the Namib’s structured desert communities. At the urging of our New
=HDODQG FROOHDJXH 3URIHVVRU ,DQ +RJJ ZH XXG&HU'
Namib Desert's Collembola (Springtails).

7KH 1DPLE '"HVHUW &ROOHPEROD KDG EHHQ ORQJ WK
FROOHFWHG RYHU VSULQJWDLO VSHFLPHQV IURP
JHQRPLF '1$ DQG DQDO\VHG WKH &2 JHQH ORFXV 7Kl

| e g : - he
h.‘z- e Slaty, b LI A
SR B E S e e P i e TR

3O0DWH 7KH FHQWUDO 1DPLE '"HVHWW IOW OLUDEKYE EHIRUFE
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*HQHUDOL]HG OL[HG <XOH &RDOHVFHQW DQDO\VHV |
FLHV RI ZKLFK ZHUH IRXQG RQO\ DW D VLQJOH VL
UDLVHG PDQ\ PRUH TXHVWLRQV WKDQ LW KDV JH@WHZH
ARZ GLVWULEXWLRQ GLVSHUVDO DQG PRUH DOO UH

Conclusions

If there is a single lesson we can draw from a decade of microbiomics research in the
Namib Desert, it is that, despite our extensive and intensive studies using state-of-the-ar
sequencing and bioinformatics technologies, our ignorance remains much greater than ou
NQRZOHGJH :H KDYH SDUWLDOO\ DQVZHUHG VRPH RI
UHODWLQJ WR PLFURELDO FRPPXQLW\ FRPSRVLWLRQ
UHVXOWY DUH FRQWUDGLFWRU\ DQG VRPH PDMRU WI
DQG WKH PLFURDUWKURSRGY UHPDLQ JURVVO\ XQGt
complex interactions within communities although we have exposed tantalizing hints sug-
JHVWLQJ WKDW WKHVH LQWHUDFWLRQV DUH FULWLFD!
VFUDWFKHG WKH VXUIDFH RI WHPSRUDO HuUHFWYV RQ F
YHU\ OLWWOH NLQHWLF GDWD RI DQ\ VRUW IURP WKF
LOWHIJUDWHG UDWHYV RI NH\ HFRV\VWHP VHUYLFHV I
'"HVHUW HGDSKLF PLFURELDO FRPPXQLWLHYVY PD\ UHVS
DQ\ WLPHVFDOH

2XU VWXGLHY KDYH DOVR EHHQ VSDWLDOO\ UHVWUL
RI OHVV WKDQ VT NP DQG PRVWO\ DW ORY.LWIDYV
VSDFLQJ *LYHQ WKDW WKH HQWLUH 1DPLE '"HVBQW F
PLFURELDO HFRORJ\ VWXGLHV RI VRPH PDMRU UHJLRC
DQG WKH 1DPLE 6DQG 6HD DUH DOPRVW FRPSOHWHO\
FRPSUHKHQVLYHO\ VXUYH\HG WKH PLFURELDO FRPPX(

7KLV VXPPDU\ RI RXU NQRZOHGJH GH¢{FLWV LV QRW
to highlight the potential for research over the next decade(s). The rapid development of
VRSKLVWLFDWHG PROHFXODU DQG DQDO\WWLFDO WRRC
UHVHDUFK DQG WKH RXWFRPHV RI VXFK HuRUWY DUH
WKH SDVW GHFDGH DQG SUREDEO\ PXFK PRUH VR
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GROOTFONTEIN
MUSEUM

Building of Fort by Schutztruppe as a Military Station
1905-1908
Magistrates O ces
1908
Renovated under supervision of Government Master builder Redecker
1920
School and hostel. More renovations and alterations
1960
A hostel until 1967, decays therea er
04.08.1972
Local chemist Young starts the initiative “Save the Fort”
November 1972
Idea of establishing a Museum
21.03.1975
Building resorts under jurisdiction of the Monuments Council
1975-1976
+ 2000 Portuguese refugees from Angola are housed in the Fort
18.02.1977
Tower roof replaced with concrete free of charge by company MLS

July 1977
Quote for renovation — R 16,481.00 received. Bulk paid by
Monuments Council, balance settled by donations

23.01.1978
Monuments Council takes over the renovated building

26.07.1978
Namibia Scienti ¢ Society o cially accepts Umbrella Organisation

August 1978
Founding of Museums Committee, collection of display items

23.10.1983
O cial opening of Museum

Kindly book at least 24 hours ahead of your visit:
Tel 067-242 456 or Antje cell 081 477 1096
ZZ2Z DOWHIRUWPXVHXP GH ¥ JURRWIRQWHL



Validation of Satellite-
Retrieved Land Surface
HPSHUDWXUH /67
DW *REDEHE 1DF

JUDQN 0 *IWWDVF K Bug@nbiMarais DQG *LOOLDQ 0DJJV .|
1L DUOVUXKH ,QVWLWXWH RI 7THFKQRORJ\ .,7 +HU
(JJHQVWHLQ /HRSROGVKDIHQ *HUPDC
“IUDQN JRHWWVFKH#NLW HGX 7HO
*REDEHE 1DPLE 5HVHDUFK ,QVWLWXWH 3 2
‘DOYLV %D\ 1IDPLELD 7HO

.H\ZRUGYV ODQG V X UihBifa khedgutdPremd,) datllikeU H
retrievals, long-term validation, spatial representativeness.

Abstract

Global land surface temperature (LST) data derived from satellite-based infrared radiance
PHDVXUHPHQWY DUH KLJKO\ YDOXDEOH IRU YDULRXYV
fundamental state variable for land surface processes and has long been available fror
VDWHOOLWH REVHUYDWLRQV LQ WKH WKHUPDO LQIUI
for studies assessing land surface conditions, e.g., studies of urban climate, evapotransy
UDWLRQ DQG YHIJHWDWLRQ VWUHVYV /67 LV XVXDOO\
surements in the infrared (IR) or microwave (MW) range and it is well suited to provide
global coverage. Due to the spatial scale mismatch between ground and satellite-base
PHDVXUHPHQWY DQG WKH KHWHURJHQHLW\ RI QDWXL
LST data sets is a challenging task. Howeivesijtu validation is essential for obtaining

TXDQWLWDWLYH LQIRUPDWLRQ RQ WKH DFFXUDF\ RI /¢
insitu PHDVXUHPHQWY RI XS DQG GRZQZHOOLQJ 7,5 UI
WLPHVHULHY RI VDWHOOLWH /67 REVHUYDWLRQV ZKI
GHYLDWLRQV WKHVH FDQ RULJLQDWH IURP VXUIDFH
FRYHU RU VSDWLDO YDULDWLRQVY LQ VRLO PRLVWXUI
WKH 1DPLE JUDYHO SODLQVY GHPRQVWUDWH WKH PDW
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WKH SDVW \HDUV 7KH\ DOVR KLJKOLJKW WKH QHHG
VSDWLDO SURSHUWLHY ZKHQ XVLQJ WKHP lIiiRdduMHALHQW |
obtained from the TIR radiance measurements at the Gobabeb wind tower is estimated as
“ f& ZKLFK LV KLJKO\ DFFXUDWH IRU D EDUH VRL
XS WR f& $QDO\WHV RI VSDWLDO UHSUHVHQWDWLYH
VFDOH QHDU *REDEHE 1DPLE 5HVHDUFK ,QVWLWXWH \L
toinsitu /67 D YDOXH PDLQO\ DFKLHYHG WKDQNV WR WKF
DQG WKH VSDWLDO KRPRJHQHLW\ DQG WHPSRUDO VWD
SODLQV ZHUH IRXQG WR EH VXLWDEOH IRU YD@hdcGDW L
WKH FRQWLQXH G ibsitinhe@sDrErhedts Thoin Bobsb&bHis of high importance
IRU DFFXUDWHO\ YDOLGDWLQJ DQG PRQLWRULQJ FXUU

1 Introduction

Land surface temperature (LST), also called skin temperature, is the temperature of the
(DUWKYV VXUIDFH 'DVK HW DO +XOOH\ HW IDWLHV
JRYHUQLQJ WKH HQHUJ\ H[FKDQJH EHWZHHQ VXUIDFH I
TXDQWLW)\ IRU DSSOLFDWLRQV ZLWKLQ FOLPDWH UHVF
LQJ RI WKH FOLPDWLF HuHFWV RI ODQG XVH DQXGKOMD QG
PROQLWRULQJ 5KHH HW DO GHWHFWLRQ RI FKDQ
OLOGUH[OHU HW DO PRQLWRULQJ RI KHDWZDYH'
HYDSRWUDQVSLUDWLRQ /L HW DO RU LQYHVWLJ
%YHFKWHO HW DO JXUWKHUPRUH LW LV XVHG DV L
DQG QXPHULFDO ZHDWKHU SUHGLFWLRQ 'DVK HW I

6\VWHP *&26 VSHFL¢HV /67 DV DQ HVVHQWLDO FOLPD\
DEOHV WR XQGHUVWDQGLQJ DQG SUHGLFWLRQ RI (DUW

/167 LV XVXDOO\ UHWULHYHG IURP UHPRWH VHQVWLQJ G
ZDYH O0: UDQJH DQG JOREDO FRYHUDJH FDQ EH DFKLH
PHQWY )RU D PHDQLQJIXO VFLHQWL¢F XVH RI VDWHOOI
GDWD VHWV KDV WR EH DYDLODEOH 7KHUHIRUH WKH D
REVHUYDWLRQV RI (&9V LV YHU\ LPSRUWDQW 6XFK LQII
PRVW FRPPRQO\ |IURP ix &itodat@, bedidnBechabed Dalidation satellite-sat-
HOOLWH LOQOWHUFRPSDULVRQV DQG WLPH VHULHYV DQDC

2SHUDWLRQDO /67 SURGXFWY DUH FXUUHQWO\ UHWU
sensors, e.g., the Spinning Enhanced Visible and Infrared Imager (SEVIRI) onboard
WKH OHWHRVDW 6HFRQG *HQHUDWLRQ 06* VDWHOOLYV
5DGLRPHWHU $9+55 RQERDUG WKH OHW2S VDWHOOLYV
Resolution Imaging Spectroradiometer (MODIS) onboard EOS-Terra and EOS-Aqua, the
6HD DQG /DQG 6XUIDFH 7THPSHUDWXUH 5DGLRPHWHU 6/
various versions of the Thematic Mapper (TM) onboard the Landsat series.

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF
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For current TIR sensors, e.g. SEVIRI, MODIS and SLSTR, LST is most often esti-
mated through the application of a Generalized Split-Window (GSW) formulation and
VLPLODU 7KH XQFHUWDLQW\ RI /67 UHWULHYDOV GHS
VXUIDFH W\SH UHODWHG WR HPLVVLYLW\ XQFHUWDLC
YLHZLQJ JHRPHWU\ J)UHLWDV HW DO (UPUGDI UH W F
HQVXUH WKDW /67 UHWULHYDOV DUH VWDEOH L® WLI
UDF\ RSHUDWLRQDOO\ GHULYHG /67 KDYH WR EH FRQ'
DFFXUDF\ FDQ EH DVVHVVHG E\ FURVY YDOLGDWLRQ
IHUHQW UHWULHYDO DOJRULWKPY DQG RU IRU G4LuHU
FLVHVY DOORZ DQDO\VHV RI WKH FRQVLVWHQF\ EHWZ
LQIRUPDWLRQ RQ WKHLU DriFsiWuxXmHD ¥ K EXWPBIRAW ¥K H UHR K |
XOWLPDWHO\ QHHGHG IRU YDOLGDWLQJ VDWHOOLWH
*XLOOHYLF HW DO *IWWVFKH HW DO EHQr¥BOL
GDWHG ZLWK JURXQG WUXWK UDGLRPHWULF PHD-VXUH
DWXUH EDVHG YDOLGDWLRQ LV FRQVLGHUDEO\ FRPS(
VDWHOOLWH DQG JURXQG EDVHG VHQVRUV *XLQAHYL
PHWHUV XV XDOO\ ,mRerddad)sdieHite M&dsurements in the thermal infrared
WASLFDOO\ FRYHUW @ 8W ZHReEPEIore Ndin situLST to be representative
IRU WKH DUHD REVHUYHG E\ WKH VDWHOOLWH WKH\
FLHQWO\ KRPRJHQR X Vin BiWy méaklirememd 43 ivelRds BhKhe satellite
SL[HO VFDOH 7KH VL]H RI WKH DUHD WKDW QHHGV WR
JURXQG GHSHQGY RQ ZLWKLQ SL[HO YDULDELOLW\ DC
situ measurements. Therefore, for temperature-based validation, the accurate characteriz
WLRQ RI /67 VSDWLDO YDULDELOLW\ LV FULWLFDO

7KH *REDEHE /67 YDOLGDWLRQ VWDWLRQ RXWf6NP
QRUWKHDVW RI *REDEHE 1DPLE 5HVHDUFK ,QVWLWXMW
WKH K\SHU bULG GHVHUW FOLPDWH WKH VLWH LV WH
YDOLGDWLRQ VWXGLHV *WWVFKH HW DO *IWWV F
theinsitu PHDVXUHPHQWY DUH SULPDULO\ SHUIRUPHG WR
/IDQG 6XUIDFH $QDO\WVLY 6DWHOOLWH $SSOLFDWLRQ )L
DUH HTXDOO\ VXLWHG WR YDOLGDWH /67 IURP RWKHU
+XOOH\ HW DO ,Q WKH IROORZLQJ VHFWLRQV W
ULWKPV DUH E U indiluL 3TQaidatRiGOsmcEp® are explained and results for
*REDEHE DUH VXPPDUL]JHG )LQDOO\ D WDEOH ZLWK W
in this article is provided.

2 Satellite LST Retrieval

LST from a satellite is estimated from top-of-atmosphere (TOA) radiance measurements,
HJ LQ 06* 6(9,5,1V VSOLW ZLQGRZ FKDQQHOV DQG
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retrieval methods are based on measurements in two pseudo-contiguous TIR channels,
ie, VSOLW ZLQGRZ DOJRULWKPV DQG H[SORLW WKH GLI
DWPRVSKHULF FRUUHFWLRQ 'DVK HW DO + X O OH\
ZLWK VDWHOOLWH /67 UHWULHYDOV OLHV W\SLFDOO\ E

*HQHUDOL]HG 6SOLW :LQGRZ *6: $0OJRULWKP

For current TIR sensors, e.g. SEVIRI, MODIS and SLSTR, LST is most often estimated
WKURXJK WKH DSSOLFDWLRQ RI D *HQHUDOL]JHG 6SOL\
RU VLPLODU <DQJ HW DO /6% 6$) DGDSWH® KMKH *
6(9,5, FKDQQHOV )UHLWDV HW DO

0 or T

LST (A A — A =) 0 o T
0

B B— B—)

C LST ()

ZKHUH 0 LV WKH DYHUDJH RI WKH WZR FKDQQHO HuH|
H Q F H £ @); channel radiances are expressed as brightness temperatueesl T ;
A,B M DQG & DUH WKH *B63TSIDW BVRKHHWXHQURH WDVQEEL Q W
UHWULHYDO 7KH *6: SDUDPHWHUYV ZHUH FDOLEUDWHG
and total column water vapor. In operational LST retrievals with such algorithms, total
FROXPQ ZDWHU YDSRU LV JHQHUDOO\ REWDLQHG IURP
DUH WKH WKUHH KRXUO\ IRUHFDVWYV RI WKH (XURSHDQ
(&0:) 6LQFH *6: DOJRULWKPY DUH RQO\ DSSOLFDEOF
pixels have to be removed through multispectral thresholding tests performed for the
available sensor channels in the visible, near-infrared, and thermal atmospheric window
%X0JLQ HW DO 5HFHQWO\ D YDULHW\ RI VLPLOD
$ % 6/675 ZDV FRPSDUHG E\ <DQJ HW DO WKH |
results over land were obtained for Gobabeb.

7THPSHUDWXUH2(PLVVLYLW\ 6HSDUDWLRQ 7(6 $

(PLVVLYLW\ O LV D XQLWOHVY PHDVXUH 07 - LQGI
DWHV LQ FRPSDULVRQ WR DQ LGHDOL]J]HG PEODFN ERG
Therefore, for LST retrieval from space-based and ground-based radiance measurements,
DFFXUDWH ODQG VXUIDFH HPLVVLYLW\ /6( HVWLPDWI
2YHU VHPL DULG UHJLRQV ZKHUH EDUH VRLOV GRPLQ
/67 HUURU LV PDLQO\ FRQWUROOHG E\ XQFHUWDLQW\
tions of bare ground are prone to be misrepresented in satellite-retrieved LSEs based on
ODQG FRYHU FODVVL,FDWLRQ DQG UmMHdtRWéab@amertsQ V H G
UHYHDOHG WKDW /6( HVWLPDWLRQV RYHU DULG UHJLR
/167 XQFHUWDLQWLHYV RI XS WR f& 6FKIGOLFK HW DO
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ZLWK DOJRULWKPLF LPSURYHPHQWY HJ 7HPSHUDWX
HW DO +XOOH\ +RRN /67 DQG /6( FDQ EH UHYV
GDWD ZLWK DQ DFFXUDF\ RI

3 Determination ofin situ LST

Continuousn situ REVHUYDWLRQV IURP *REDEHE DUH DYDLO
7KH PDLQ LQVWUXPHQW IRU GHWHUPLQLQJ /673L\8 WK F
GXFHG E\ +HLWURQLFV *PE+ :LHVEDGHQ *WWRDQD GZ1KI
EHWZHHQ WKH ZBPHDH&E-IPNKWOY D WHPSHUDWXUH UHVF
DQ DFFXUDF\ RI * f& RYHU WKH UHOHYD@QW WHRE&HUBW\
RI WKH .7 ,,3 LV OHVV WKDQ SHU PRQWK WKLV
PHDVXUHPHQWY YLD EHDP FKRSSLQJ D GLUHUHQWLDO
measurements. The ground-observing radiometer at the Gobabeb wind tower is mounte«
DWP KHLIJKW ZKLFK UHVXOWYV LQ ¢HOGYLRAWHHZ : KL
atmospheric attenuation between the surface and the radiometer is negligible, the mea
XUHPHQWYV FRQWDLQ VXUIDFH HPLWWHG UDGLDQFH

GRZQZHOOLQJ pVN\ UDGLDQFHYTY 'HSHQGLQDQRIQD (BKHD Q
D FROG FOUMDBDUWNA KXPLG DWPRVSKHUH WKH UHAHFW
HQFHVY RI VHYHUDO GHJUHHY &HOVLXV 6FKIGOLFK HW
w3 PHDVXUHYV GRZQZHOOLQJ ORQJZDYH UDGLDQFH DW
RI GRZQZHOOLQJ KHPLVSKHULFDO VN\ UDGLDQFH *|W
JRU DUHDVYW PDV IRXQG WKDW WKH JUDYHO SOOLQY¥H-L
HQG PHPEHUY FRQVLVWLQJ RI D KRPRIJHQHRXV PL[WXUFE
JUuDVV

3.1 LST Derivation from in Situ Measurements

30DQFNYY ODZ UHODWHY WKH UDGLDQFH HPLWWHG E
DWXUH 'DVK HW DO +XOOH\ HW DO +RZHYI
VHQVLQJ DSSOLFDWLRQV DUH QRQ EODFN ERGLHV 68
between the spectral radiancge R PLWWHG E\ VXUIDFH FRPSRQHQW
WKH VSHFWUDO UDGLDQFH HPLWWHG E\ D EODFN ERC(
6SHFWUDO UDGLDQFH HPLWWHG E\ D QRQ EODFN ERG
function B(T, ZLWK O

Ri(Ti, 9= B Q-B(T;, Q ()

WhereF\;isinW-m" -sr‘,Tk LV WKH PHDVXUHG FRPSRQHQW WHF
is the wavelength in meters. For a sensor located near the surface and measuring within a
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@) b)
J)LIXUH /IDQG 6XUIDFH THPSHUDWQUR E D6eH B WDY IXQ IQGDWR R
ODWLRQ Rl GLUHUHQW UDGLRPHWG& YW GX WIQQHW KRR P S D(BI$V)B

DWPRVSKHULF 7,5 ZLQGRZ WKH LQAXHQFH RI WKH DWF
HPLVVLYLW\ WKH VLPSOL{(HG UDGLDWLYH WUDQVIHU H
FDQ EH XVHG WR DFFRXQW IRU UHAHFWHG GRZQZHOOL
IRU WKH QRQ EODFN ERG\ EHKDYLRU RI WKH VHUHBFH
tive values, a single surface component and dropping the variable dependencies, emitted
EODFNERG\ HT XL 18Ea® be@Xressedzas D Q F H

5 - Re F(lEF E-Ry @)
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where R is the upwelling land surface radiance and W KH GRZQZHOOLQJ V
LQ SUDFWLFH WKH ODWWHU LV PHDVXUHG E\ D GHGL
JHQLWK D QJO HBmRIknowyn, iBv@rrd Planck’s law gives the surface tempera-
WXUH 7KH VSHFWUDO UHVSRQVH IXQFWLRQV RI WKH
VI\PPHWULF DQG WKH 3ODQFN IXQFWLRQ DVOZWXWI CORF
YDULHVY VORZO\ RYHU WKH UDGLRPHWHUTV VS HRVHWHORW
/67 LV UHWULHYHG E\ HYDOXDWLQJ 3ODQFNTfV IXQFWL

—P *WWVFKH HW DO

3.21In situ LSE Determination

'XULQJ '"HFHPEHU PHDVXUHPHQWY ZLWK WKH 3RQH
ZHUH SHUIRUPHG DW *REDEHE WR GHWHUPLQH FKDQC
., 3 UDGLRPHWHU RYHU UHOHYDQW VXUIDFH W\SHV &R
WKH HPLVVLYLW\ IRU WKH .7 ,» 3 RAHGL RY HHW ML FDI
“ :LWK D GU\ JUDVV IUDFWLRQ RODLQW6 LR HNVW V
“ IRU 6(9,5, FKDQQHO 7KLV YDIOXK UWMWQ NRR
IRU $67(5 DQG 02',6 *|WWVFKH +XOOH\ ,Q -XQH
/IDERUDWRU\ 21 (5 % StidnebRuemen® with a Fourier Transform IR (FTIR)
VSHFWURPHWHU )LIJXUH E DQG FRQ¢{¢UPHG WKHVH YD
VLYLW\ VSHFWUD REWDLQHG E\ 21(5%$ FKDQQHO VSHFI
FDQ EH GHWHUPLQHG %DVHG RQ WHKHKiINHST & Gdbgbély W
ZLQG WRZHU KDV EHHQ HVWLPDWHG DV “ f& *|W

@ (b)
JLIXUH /DQG 6XUIDFH (PLVVLYLW\EHE ®HWHQ®QH DONCGRB!
DQG E %20(0 05 6& )7,5 VSHFG URWHIW HR B Q\

LPHQW
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6SDWLDO +RPRJHQHLW\ RI /67

JRU UHOLDEOH /67 YDOLGDWLRQ WKH HuHFW RI WKH VF
URFN RXWFURSV DQG WRSRJUDSK\ QHHGV WR EH IXOO
V\VWHP YDULRXV ¢HOG H[SHULPHQWY ZHUH SHUIRUPH
DORQJ WUDFNV RI XS WR NP OHQIJWK )LIXKRPRJIJHAKH
QHLW\ DQG D VWDEOH UHODWLRQVKLS EHWZHHQ VWD)
JLIXUH ZLWK DQ DEVROXWH ELDV RI DERXW f& *|)\

F

JLIXUH &KDUDFWHUL]LQJ /67 KRPREHQYHEHWQ RIRWIXEHHEUD Y 8
7KH ¢YH 7,5 UDGLRPHWHUV SDUWLFIG DY WML LFRPSKDH TR Q5
*ITWWVFKH HW DO SUR WIsi&HG 7V 0 R/Q D @/E&\H UGV IRYOHY(H @&/ U D |

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF



amibia

=z
MdH®H A MI XA S 393 H SMNHHN XM I ZAMH M EAEMDAM HIM 13 AHAOHNHNTOD 29/ ddMMY%
7 AR OEWE OO0 DA MIAD@AA N HKBSIAME M 1T NHZAIM 901Z IHIAT Y« ddNIT 29/ nusHNXCT(

al

CHHWEW A M N H A TDHVETD B MWOMEZSHH VA HWIHd 8 19dN HXM ddnl OHOTAMI Y AL9/SESUl HNXCT(
0E:60 160 00:60 St:80 US_uvmr_"Monumn_ S1:80 00:80 SEiL0 0E: L0

Validation of Satellite-Retrieved Land Surface Temperature (LST) Products at Go

LT0Z-90-¥2 L10Z-90-¥2 L10Z-90-+Z
i L

LT0Z-90-+2
L

LTOZ-90-+Z
i

LT0Z-90-+Z
L

LTI0Z-90-+Z
i

LT0Z-90-¥2
i

LT0Z-90-+2

0'é=

o

L o'T—

- 50—

- 00

[2.] 2uai3p 157

- 50

0T

ST

oz

[u/uy] paads

01

&l

*sans
*roz

PUIM B8O --—

- GE

9ROXPH

-RXUQDO 1DPLELD 6FLHQWL¢F 6RFLHW\



Frank-M. Géttsche, Jan Cermak, Eugene Marais and Gillian Maggs-Koélling

4 Results

While thein situ validation of satellite LST data sets is a challenging task, it is needed to
REWDLQ TXDQWLWDWLYH LQIRUPDWLRQ RQ WKHLU DFF.
insitu /67 IURP *REDEHE VWDUWYV LQ DQG KDV VLQFH \
of LST products from numerous satellite sensbrsitu LSE at Gobabeb was obtained
ZLWK WKH pHPLVVLYLW\ ER[ PHWKRGY DV ZHOO DV )7,5
used this knowledge to validate six LSE products retrieved from MODIS, ASTER, and
SEVIRI over the gravel plains and sand dunes near Gobabeb. LSE estimated with algo-
ULWKPV EDVHG RQ ODQG FRYHU FODVVL¢{FDWLRQ DQC
GHSHQG RQ FRUUHFW FODVVL¢{FDWLRQV DQG DVVLJQH
SK\VLFV EDVHG $67(5 7(6 DQG 02'7(6 DOJRULWKPV ZHU
/6( RQ WKH JUDYHO SODLQV DQG VDQG GXQHV FRQVH
EHQH,W VLIQLFDQWO\ IURP XVLQJ 02'7(6 /6(

+XOOH\ HW DO LOOXVWUDWH WHPSHUDWXUH ED'
)50 676 /67 )LHOG ,QWHU FRPSDULVRQ ([SHULPHQW ),&(
SODLQV QHDU *REDEHE *WWVFKH HWn BtOLST obtained UL Q J
IURP PHDVXUHPHQWYV ZLWK ¢(YH GLUHUHQW 7,5 WDGLRF
situ LSE were obtained with a Fourier Transform spectrometer and an ‘emissiometer’,
which uses oscillating TIR radiance and digital signal processing to determine LSE. For a
IRXU GD\ UDGLRPHWHU LQWHU FRPSDULVRQ DWZHREDEH
that LQ VIBWXDQ EH UHWULHYHG ZLWK 506(V RI DERXW
DOLIJQHG KDYH QDUURZ VSHFWUDO EDQGV DQ&adYLHZ
DFFXUDWH HPLVVLYLWLHY DUH DYDLODEOH )XUWKHUP
/67 YDULDELOLW\ QHDU *REDEHE E\ GULYLQJ WKH UDGL
WKH 1DPLE JUDYHO SODLQV )LJXUH WKH ¢YH LQ VL
RYHU P DQG \LHOGHG 506(V RI DERXW . FRPSDUHC

JUHLWDV HW DO TXDQWL¢{¢HG WKH XQFHUWDLQW\
E\ /6% 6%) WR UHWULHYH /67 IURP 06* 6(9,5, 7KH\ TXDC
/67 HVWLPDWLRQV E\ DFFRXQWLQJ IRU WKH DOJRULWK
WLYH DWPRVSKHULF SUR¢{OHYV DQG E\ FDUHIXOO\ FKDU
SDUWLFXODUO\ VXUIDFH HPLVVLYLW\ DQG WRWDO ZDW
DOVR FRPSDUHG ZLWK D in Xi Gbs¥rihboviki@m GolabEels) shoRr-

LQJ JRRG DJUHHPHQW ZLWK URRW PHDQ VTXDUH GLuUH
HW DO XVHG LQ VLWX /67 IURP *REDEHE ZLQG WH
/167 SURGXFW RSHUDWLRQDOO\ GHULYHG E\ /6% 6%) ZK
WKDQ . JRU WZR \HDUV RI 6%) /167 WKH PDJQLWXGH R
OHVV WKDQ . DQG 506( EHOIRgtu /67 BEW/BIZQHEBGIRU W
at another location on the gravel plains were also in good agreement with each other
ELDV . WKH FRUUHVSRQGLQJ ELDVY EHWZHHQ WKH
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IRU WKLV SHULRG ZDV HYHQ VPDOOHU . 7TKH ELL
D NP WUDFN DQG DW *REDEHE ZLQG WRZHU ZDV
showing that the Gobabeb wind tower measurements are representative for large parts c
WKH JUDYHO SODLQV 7KDQNV WR 6(9,5,1V KLIKIWHP:
FDOO\ WKRXVDQGYV RI PRQWKO\ PDWFK XSV ZLWK LQ
IRU + VKRZHG WKDW /6% 6%$) /67 FRQVLVWHQWO\
HW DO 7ULJR HW DO YDOLGDWHG /657 ADHWV L
ellites and Metop polar orbiters. The in-situ validations performed for the two LST prod-
ucts included measurements from Gobabeb wind tower and revealed overall accuracies c

f& IRU 6(9,5, /67 DQG f& IRU $9+55 EDVHG /67 %]
IRXQG DW QLJKW WLPH KLJKOLJKWLQJ WKH LQAXHQF
ZHOO DV YLHZLQJ JHRPHWU\ RQ VDWHOOLWH GD\WLPH
EH FRQVLVWHQW DQG WR PHHW KLJK DFFXUDF\ VWDQ
WKURXJKRXW WKH VHQVRUVY OLIHF\FOHY PDNHV WKH
term applications and studies.

-LPHQH] OXQR] HW DO DQDO\|HG WKH IHDVLELOI
06* 6(9,5, GDWD DQG LWV SRWHQWLDO IRU LPSURYLC
and semiarid areas. The so-called SEVTES algorithm was validatednvgitu meas-
XUHPHQWY IURP ¢YH VWDWLRQV LQ $IULFD GXH WR \
SODLQYVY WKH GDWD IURP *REDEHE ZHUH FUXFLDO IRU
FRQVLVWHQW ZLWK 02',6 7(6 DQG $67(5 7(6 UHWULHYD
measurements.

ODUWLQV HW DO GHYHORSHG WKH ¢¢UVW DOO Z
LQIUDUHG REVHUYDWLRQV E\ FRPELQLQJ FOHDU VN\ |
IURP 06* 6(9,5, ZLWK /67 HVWLPDWHG ZLWK D ODQG VX
00 JDSV FDXVHG E\ FORXGV 7KH @ HitzdoBdgrRaBods-fymzZ D V
three dedicated LST validation stations, including Gobabeb wind tower, and indicated an
DFFXUDF\ EHWZHHQ . DQG . DQG D SUHFLVLRQ E

ODVLHOOR HW DO GHYHORSHG D .DOPDQ ¢(OW
retrieval of LST and LSE from SEVIRI data and validated it witkitu LST from Evora
DQG *REDEHE VWDWLRQV RSHUDWHG E\ ., 7 )RU ERW|
PHDQ VTXDUH DFFXUDF\ RI f& DQG RYHU WKH JUD
UHWULHYHG LQ 6(9,5, FKDQQHO P ;mBiMobg@nidtjdhsl O O +
JXUWKHUPRUH LQ RUGHU WR VSHHG XS HPLVVLYHL®W\ U
KDV EHHQ GHYHORSHG ODVLHOOR HW DO

8VLQJ VLQJOH FKDQQHO /67 UHWULHYDO DOJRULWKP
VDWHOOLWH VHULHYV 'XIJXD\ 7THW]ODu HW DO JHCQC
DQG YDOLGDWHG LW RYHU YDULRXY VLWHVYV LQFOXG]
JOH FKDQQHO DQG *6: UHWULHYDOV DUH ZLWKLQ +
ODUWLQ HW DO V\VWHPDWLFDOO\ YDOLGDWHG V
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$$765 *2(6 02',6 DQG 6(9,5, DJDL QN ®XOMLGRDDH \HL
DOO\ GLVWULEXWHG VWDWLRQV )RU WKH ODUJH GDWEL
WKH (XURSHDQ 6SDFH $JHQF\JV (6$ *ORE7HPSHUDWX!
JHQHUDOO\ ZLWKLQ * . GXULQJ QLJKW D QG ZHWHKILQ |
DQDO\WHV RYHU LQGLYLGXDO VWDWLRQV DOVR UHYHD

'XDQ HW DO YDOLGDWHG WKH & 02',6 /167 SURGXF
DV WKH ODUJHVW XQFHUWDLQW\ LQ WKH 02',6 *6: DOJ
PHOWYV RI WKH *6: DOJRULWKP HJ LQFRUSRUDWLQJ
algorithm, can reduce LST errors over bare soil surfaces.

LWKLQ (63%3TV *ORE7THPSHUDWXUH SURMHFW *KHQW
$ORQJ 7TUDFN 6FDQQLQJ 5DGLRPHWHUV $765 7TKH UHYV
WZR FKDQQHO VSOLW ZLQGRZ DOJRULWKP EDVHG RQ
DQG DFURVVY WUDFN ZDWHU YDSRU GHSHQGHQFHV 2Q
validated againsh situ /67 IURP 3JROG VWDQGDUG UHIHUHQFH" V
DQG VKRZHG DYHUDJH DEVROXWH ELDVHV RI . DW G

/ILX HW DO XVHG LQ VLWX REVHUYDWLRQV IURI
TXDOLW\ RI WKH 6 133 9,,56 /67 (QYLURQPHQWDO-'DWD
YDWLRQV IURP PRUH YHIHWDWHG DUHDV LQGLFDWHG
UHVXOWY RYHU DULG UHJLRQV LQ $IULFD VXJIJHVWHG \
ZDV FRQFOXGHG WKDW WKH 9,,56 UHWULHYDO DOJRUL
FODVVL,{FDWLRQV DQG PRUH JHQHUDOO\ WKDW-VXUII
WLHYV ZLWK ODUJH HPLVVLYLW\ YDULDWLRQV ZLWKLQ D

6REULQR HW DO PDGH V\QHUJLVWLF XVH Rl 0(5,6
LQJ /67 IURP (6%TV 6HQWLQHO 6 VDWHOOLWHQJKH
LST from S3 instruments is based on the SW technique with an explicit dependence on
VXUIDFH HPLVVLYLW\ /67 UHWULHYDOV ZLWKnGituuHUHC(
GDWD PHDVXUHG DORQJ RQH \HDU DW ¢YH WHVW \
UHVXOWYV VKRZ WKDW /67 LV UHWULHYHG ZLWK WKH SL
EHORZ .

7KH RvVFLDO 6/675 /67 SURGXFW LV D VSOLW ZLQGRZ
LPSOLFLW XVH RI /6( WKLV PRWLYDWHG <DQJ HW DO
ZLWK DQ H[SOLFLW XVH RI /6( <DQJ HW DO VWXGL
/67 ITURP 6HQWLQHO 6/675 GDWD QLQH RI WKHVH H[KI
in LSE and column water vapor content and were validated against in-situ LST from six
VLWHY $PRQJ WKH ODQG VLWHV WKH ORZHVW 506( RI

ODVLHOOR HW DO GHYHORSHG D IXO0\ SK\VLFDO
can be applied to high spectral resolution infrared observations from satellite sensors like
,$6, ,QIUDUHG $WPRVSKHULF 6RXQGHU ,QWHUIHBWYRPHW
VSHFWUXP /67 DQG DWPRVSKHULF SDUDPHWHUYV VLPXC
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WKH JHQHUDO IUDPHZRUN RI 2SWLPDO (VWLPDWLRQ
shown the retrieved LSE spectra are independent of background information and in good
agreement witin situ REVHUYDWLRQV IURP *REDEHE *|WWVFKFE
GHYHORSHG DQ DUWL¢(FLDO QHXUDO QHWZRWGN DS

validated their results against Gobabel) WV.&W X

(UPLGD HW DO UHDOL]J]HG WKDW WKH /DQGVDW
SURYLGH /67 HVWLPDWHY DW D KLJK VSDWLDO UHVR(
ORFDO RU VPDOO VFDOH VWXGLHY +RZHYHU WKH DYL
WKH XVHUV WR KDQGOH ODUJH GDWD YROXPHV WKLV
*RRJOH (DUWK (QJLQH *(( ZKLFK DOORZV XVHUV WR
QHHG IRU ODUJH ORFDO FRPSXWLQJ UHVRXUFWNVW R(W\F
IRU FRPSXWLQJ /67V IURP /IDQGVDW ZHQGE YDRHGU
ZLWK LQ VLWX PHDVXUHPHQWY IURP WZHOYH JOREDC
wind tower as a desert site.

+XOOH\ HW DO XVHG *REDEHE LQ VLWX /67 WF
SURGXFWV REWDLQHG IURP WKH (&2V\VWHP 6SDFHER!
6SDFH 6 WDWLRQ (&2675(66 ZKLFK FXUUHQWO\ SURYI
GDWD P 1 P DYDLODEOH IURP VSDFH (&2675(66 /6
JURXQG EDVHG PHDVXUHPHQWY IRXUWHHQ VLWHV ZL
DEVROXWH HUURU 0$( RI . 7TKH PXOWLVSHFWUDO
WLFV RI (&2675(66 VHUYH DV D SDWK¢{QGHU WR 13631V
mission.

*IWWVFKH 20HVHQ (WWHG D PRGHO RI Wsithh GLX
LST from Gobabeb wind tower to obtain parameters that summarize the surface’s thermal
G\QDPLFVY ORGHOOLQJ '7& LV DOVR XVHIXO IRU WHPS
LQJ =KRX HW DnGituLST frofV/&bBabeb to test and validate a method for
correcting the thermal sampling depth (TSD) of passive microwave (PMW) observations
over barren land. This is required since over arid regions MW radiation penetrates deepe
LOQWR WKH JURXQG WKDQ 7,5 UDGLDWLRQ ZKLFK UHV.
of the TSD correction (TSDC) method is a new formulation of the passive MW radiation
EDODQFH HTXDWLRQ ZKLFK OLQNV 0: HuUHFWLYH SK\V
DW D VSHFL{F GHSWK 7KH YDOLGDWIETS frenh Gélkablebr 6 ' &
DQG \LHOGHG DQ 506( RI DERXW + . DQG D VOLJKW V
DV PDQ\ 7,5 /67 SURGXFWYV

5 Discussion
In situvalidation of satellite LST remains a challenging task and requires continuous, high

TXDOLW\ UDGLRPHWULF PHDVXUHPHQWYV IURP VLWHYV
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stable land cover. It is essential thatitheitu PHDVXUHPHQWYV ZKLFK DUH X
RYHU DUHDV DHQDMGZHHBUHPDOVR UHSUHVHQWDWLYH RQ V
N Pof the satellite LST to be validated. Therefore, the vast and homogeneous gravel
SODLQY QHDU WKH *REDEHE 1DPLE 5HVHDUFK ,QVWLW
VDWHOOLWH /67 SURGXFWV XS, Wit & thets@mé&/tinjeHcgveRimgD E R |
D ODUJH GLXUQDO WHPSHUDWXUH UDQJH DQG YWY LG
WLRQ GHVLJQ LQ SDUWLFXODU LQVWUXPHQWDWLRQ D
/167 VDWHOOLWH SURGXFWYVY GHULYHG IRU SL[HO VFDOF}
XVHG KDYH SDUWLFXODUO\ VPDOO GULIW DQG WKH O
RXV DW WKH VFDOH RI VHYHUDO VDWHOOLWH SL[HOV
*REDEHE VWDWLR @ BD MWD XIGHFHWIND DQW\ R “ f&
GRPLQDWHG E\ XQFHUWDLQW\ LQ ODQG VXUIDFH HPLV)\

IRU *REDEHE LV HVWLPDWHG DV *“

Continuoudn situ measurements of up- and downwelling TIR radiance are performed
DW WKH *REDEHE ZLQG WRZHU VLQFH 7KLY DOORZV
/167 WR EH SHUIRUPHG DQG FDQ UHYHDO SRWH@QWLDO
situ /67 IURP *REDEHE KDYH EHHQ XVHG WR YDOLGDWH D
helped researchers to develop and evaluate new LST and LSE retrieval algorithms. The
UHVXOWY REWDLQHG DW *REDEHE KLJKOLJKW WKH QHFE
WLDO SURSHUWLHY RI /67 DQG /6( ZKHQ XVLQJ WKHP IF

&XUUHQWO\ VHYHUDO QHZ 7,5 VDWHOOLWH PLVVLRQ
French-Indian TRISHNA mission (Thermal infraRed Imaging Satellite for High-resolution
Natural resource Assessment), or close to becoming operational, e.g. EUMETSAT’s
OHWHRVDW 7KLUG *HQHUDWLRQ 07* ZLWK LWV PDLQ S
(FCI). LST products from these missions are of particular interest for African countries
andthansitu HPLVVLYLW\ VSHFWUD FROOHFWHG RQ WKH 1DI
WKHLU UHWULHYHG FKDQQHO HUHFWLYH HPLVVLnYLWLH
situLST at Gobabeb wind tower will ensure that current and new LST products, with their
unprecedented temporal and spatial resolutions, can be monitored and achieve their target
accuracies over a large temperature range.

Acknowledgements
We thank the European Organisation for the Exploitation of Meteorological Satellites

(80(76%$7 IRU LWV FRQWLQXHG VXSSRUW RI WKH 6DW
/IDQG 6XUIDFH $QDO\VLV /6%

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF



Validation of Satellite-Retrieved Land Surface Temperature (LST) Products at Gobabeb, Namibia

Abbreviations

$67(5 $GYDQFHG 6SDFHERUQH 7KHUPDO (PLVVLRC
AATSR Advanced Along-Track Scanning Radiometer

$9+55 $GYDQFHG 9HU\ +LJK 5HVROXWLRQ 5DGLRPH
ECMWF European Center for Medium-range Weather Forecasts

ECOSTRESS (&2V\VWHP 6SDFHERUQH 7KHUPDO 5DGLRPHW
(6% (XURSHDQ 6SDFH $JHQF\

EUMETSAT European Organisation for the Exploitation of Meteorological Satellites
FVC Fraction of Vegetation Cover

GSWwW Generalized split-window

IASI Infrared Atmospheric Sounding Interferometer

/6% 69) /IDQG 6XUIDFH $QDO\WVLVY 6DWHOOLWH $SSOL
/6 ( /IDQG 6XUIDFH (PLVVLYLW\

LST Land Surface Temperature

Metop Meteorological Operational satellite

MODIS Moderate Resolution Imaging Spectroradiometer

MSG Meteosat Second Generation

MTG Meteosat Third Generation

NASA National Aeronautics and Space Administration

6 % * 6 XUIDFH %LRORJ\ DQG *HRORJ\

SEVIRI Spinning Enhanced Visible and Infrared Imager

SLSTR Sea and Land Surface Temperature Radiometer

S-NPP Suomi National Polar-orbiting Partnership

7(6 THPSHUDWXUH (PLVVLYLW\ 6HSDUDWLRQ

TIR Thermal Infra-Red

TOA Top of Atmosphere

VIIRS Visible Infrared Imaging Radiometer Suite
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/HQHEULRQLG %HH
L QFUHDVHV ZLWK
Across the Namib Desert

Joh R. Henschel 7TKHR ' :DVWHQDDU

1*REDEHE 1DPLE 5HVHDUFK ,QVWLWXWH 3 2 %R]
6RXWK $IULFDQ (QYLURQPHQWDO 2EVHUYDWLRQ 1HYV
.LPEHUOH\ 6RXWK $IULFD 2UFLG ,'
&HQWUH IRU (QYLURQPHQWDO ODQDJHPHQW 80Q
Bloemfontein, South Africa.
“1DPLELD 8QLYHUVLW\ RI 6FLHQFH DQG 7THFKQRO
&RUUHVSRQGHQFH MRK KHQVFKHO#JPDL

.H\ZRUGV ELRGLYHUVLW\ DEXQGDQFH GHW
YDULDELOLW\ GDUNOLQJ EHHWOHYV WLF

Abstract

'DUNOLQJ EHHWOHY 7THQHEULRQLGDH &ROHRSWHUD
worldwide. In southern Africa, the number of species is reported to increase along the
HDVW WR ZHVW JUDGLHQW LQ DULGLW\ 7KH KLJKHVW
RFFXSLHV D NP E\ NP K\SHUDULG VWULSUDPRQ
WR WKH VRXWK LOQWR VRXWKHUQ $QJROD :H VREUKW
FROOHFWLQJ WHQHEULRQLGY ZLWK SLWIDOO WUDSV |
VWUHWFKLQJ IURP WKH K\SHUDULG GHVHUW LQWHULF
WLRQV NP LQODQG 0%$3 PP &9 ‘H FRQGOHFW|
PRQWK ORQJ WUDSSLQJ VHVVLRQV DQG LGHQWL¢HG
VXEWULEHY ZKLFK ZHUH SUHYLRXVO\ UHFRUGHG LQ K
half of the southern Africa region. Even though there was a six-fold decrease in tenebri-
ROQLG DEXQGDQFH DOO GLYHUVLW\ LQGLFHV LQFUHD
LQODQG GHVHUW LQWHULRU &RPPXQLMRUW W
highland plateau compared to the desé#t (G L Y H U V L Wwhile adjacent sites in the
GHVHUW GLUHUHG OHVV % GLYHUVLW\ + HG PR WWK
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Joh R. Henschel and Theo D. Wassenaar

IUHTXHQWO\ DW VKHOWHUHG VLWHY ZKHUH ZLQGEORZ
PRUH ZHUH UHFRUGHG DZD\ IURP VKHOWHUHG ORFDWI
wait predators. Geomorphological processes and heterogeneous moisture conditions over
VSDFH DQG WLPH FRXOG H[SODLQ KRZ VR PDQ\ 1DPLE
and coexist.

Introduction

'DUNOLQJ EHHWOHY &ROHRSWHUD 7HQHEULRQLGDH S
OLVKLQJ D ¢HOG VWDWLRQ DW *REDEHE LQ YW ZDV
WKH 1DPLE EHWZHHQ + LQ SXUVXLW RI WKHVH E
*REDEHE .RFK 7KHLU LPSRUWDQFH IRU UHVHDUF#
that tenebrionids have been the subject of one in eight publications of the Gobabeb Namib
5HVHDUFK ,QVWLWXWH VLQFH LWV LQFHSWLRQ +HQVF

5HVHDUFK RQ 1DPLE WHQHEULRQLGY KDV VLQFH H[S
UDSK\ DQG GLYHUVLW\ VWXGLHY WR LQFOXGH DQGH K|
HFRSK\WWLRORJ\ LQ SXUVXLW RI DQVZHUV WR TXHVWLF

WKULYH LQ K\SHUDULG FRQGLWLRQV +ROP 6HHO\
+DPLOWRQ :KDUWRQ 6HHO\ OF&ODLQ HW DO
1LFROVRQ 5DVPXVVHQ HW DO SREHUWYV 1L
5|VVO &ORXGVOH\ 7TKRPSVRQ 3DUHQ]HH 0

+HQVFKHO
1DPLE WHQHEULRQLGY DUH FRQVSLFXRXV ODWYJH TLC
YRUHV2ZWKDW LQWHJUDWH IDFWRUV VXFK DV WKH DYDL
LVWLFV VXFK DV PRLVWXUH KDUGQHVV DQG JUDLQ VI
BUHQGLQL 7TKH\ KDYH XQXVXDO FDSDELOLWEHV WHF
QRW FRQYHQWLRQDOO\ DFFHVVLEOH WR PDQ\ RWKHU
ORQJ SHULRGV ZLWKRXW WKHVH UHVRXUFHV HYHQ D
VHDUFK IRU VFDUFH UHVRXUFHYV 7KH\ DUH JHQHUDOO\
PDLQO\ DV DGXOWV WKDW FDQ UHSHDWHGO\ UHSURG X
permit.
7KHUH DUH RYHU WHQHEULRQLG VSHFLHV LQ WK
6FKXO]H SHQULWK (QGU|G\ <RXQJD
WDQFH RI WKH *REDEHE 1DPLE 5HVHDUFK ,QVWLWXWH
buLG sbuw RI WKH GHVHUW WKHUH DUH DW OHDVW
DQG DW RQH VLWH RQ WKH JUDYHO SODLQV +HQV
UHPDUNDEOH EHFDXVH RI WKH 1DPLEfVY H[WUHPHO\ C
PRUH VR FRQVLGHULQJ KRZ GLUHUHQW LW LV IR RW
JUDGLHQW )RU H[DPSOH WKH KLJKHVW OHYHOV RI
OH\ SODQWYVY <HDWRQ -eUJHQV HW DO

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF
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ZLWK WKH *UHDW (VFDUSPHQW EH\RQG WKH HDVWH

$ IUHTXHQWO\ SRVHG TXHVWLRQ FRQFHUQV ZK\ WKH
DULGLW\ DFURVV VRXWKHUQ $IULFD .RFK +ROP €
7KLV TXHVWLRQ KDV \HW WR EH DQVZHUHG VDWLVIDF
Rl WKH 1DPLE WHQHEULRQLG FRPPXQLW\ ZLWK DULG
WHQHEULRQLG GLYHUVLW\ DFURVV WKH DULG ZHVWHL
7DEOH ‘H DOVR HIDPLQHG WHQHEULRQLG GLYHUVL\
'"HVHUW &1' %DVHG RQ WKH SXOVH UHVHUYH G\QDPL
ZH SUHGLFWHG WKDW WHQHEULRQLG GLYHUVL)\
FRUUHODWHY ZLWK DULGLW\ DQG WHQHEULRQLG D
LQJ SURGXFWLYLW\

Methods
*HQHUDO GLYHUVLW\ SDWWHUQ

7KH GLVWULEXWLRQ RI WHQHEULRQLG VSHFLHV DFUR\

ORQJLWXGH + f(ZDV FRPSLOHG IURP OLWHUDW X!
ZHUH UHDGLO\ DFFHVVLEOH IURP PXVHXP UHFRUGV

D E F D E F D E F 3HQU
(QGU|G\ <RXQJD (QGU|G\ <RXQMHV VXEWULEKW MU

ZDV SRVVLEOH UHIHUUHG WR DV IRFDO WD[D ZHUH
6HSLGLLQL OROXULQD LQ SDUW 6HSLGLLQL 7UDFK\
Zophosini. The number of focal species recorded in each half-degree latitude and longi
tude square (HDS) was correlated with the mean annual precipitation (MAP) obtained
IURP :RUOG&OLP IRU HDFK +'6 )LFN +LMPDQV

To compensate for the uneven sampling of tenebrionids, the distribution of each focal
VSHFLHVY DFURVYV +'6 FHOOV ZDV LQWHUSRODWHG E\

7TDEOH /ILVW RI DFURQ\PV

$FURQ\P | Meaning

AWSAR arid western half of the southern African region

CND central Namib Desert

Ccv FRHVFLHQW RI YDULDWLRQ

HDS half degree square of latitude and longitude

MAP mean annual precipitation

SASSCAL Southern African Science Service Centre for Climate Change and Adaptive Land
Management
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Joh R. Henschel and Theo D. Wassenaar

EULGJLQJ VPDOO ORFDOLW\ JDSV ZLWKLQ WKH $:6%$5 E
FHVV XVHG D UXOH EDVHG FHOOXODU DXWRPDWRQ LQ
HIWHQGHG RFFXSDQF\ WR EODQN +'6 FHOOV DGMDFHQ'
RXWFRPH RI WKH ¢UVW VWHS WR WHVW ZKHWKHU D EC
FHOOV ,I VR WKH LQWHUYHQLQJ EODQN FHOO zZDV OL’
WLYH GLVWULEXWLRQ PDS IRU HDFK VSHFLHV 2YHUOL
IRFDO VSHFLHY SURYLGHG D PDS RI SRWHQWLDO GLYH

'"HWDLOHG GLYHUVLW\ SDWWHUQ FRPSDUHG WR HF

‘H H[DPLQHG WKH GLYHUVLW\ WUHQGYV DQG FRPPXQLW
DFURVV D NP ORQJ FOLPDWLF JUDGLHQW IURP QHDL
the Great Escarpment to the highland plateau, Khomashochland, in Namibia. We focused
RQ WKH GLUHUHQFHY LQ K\GURORJLFDO UHJLPHV LQ
PRLVWXUH DQG SULPDU\ SURGXFWLYLW\ DFURVYVY WKLYV
EHHWOH SRSXODWLRQV DW ¢(¢YH VWXG\ VLWHV REVHU
half a degree longitude apart along a west to east transect. The transect represents a strong
SUHFLSLWDWLRQ JUDGLHQW ZLWK H[WUHPH DULGLW\
SHUHG E\ IUHTXHQW IRJV IRU XS WR a NP LYDODRUA HLY
and a semiarid climate at the eastern end. At each site, we compared records from traps
SODFHG LQ WKH RSHQ YHUVXV LQ WKH SUR[LPLW\ RI V
DW HDFK VLWH -«UJHQV HW DO

7KH GLYHUVLW\ SDWWHUQ DQG XQGHUO\LQJ HFRORJ
E\ LOYHVWLIJDWLQJ WHQHEULRQLG FRPPXQLWLHYV DOR
ZDV FRQGXFWHG EHWZHHQ + DW ¢YH 6%$66&$%$/ REV
*DQDE 5RRLVDQG &ODUDWDO -eUJHQV HW DODUW G
DW DERXW f6 ODWLWXGH DORQJ D FOLPDWLF JUDGL|
DOWLWXGH P DVO WR WKH ZHVW DFURVV WKH &
WKH . KRPDVKRFKODQG RI WKH 1DPLELDQ +LJKODQG 30
JLIXUH 7TDEOH

7TKHVH ¢YH VLWHV VWUDGGOH GLUHUHQW FOLPDWLEF
IURP D PLQLPXP RI \HDUV RI GDWD PD[LPXP \HD U\
OHWHRURORJLFDO 6HUYLFHVY *REDEHE 1DPLE 5HVHDU
6$66&%/ ZHDWKHUQHW KWW S Z22Z VDVVFDOZHDWKHL
7KH SUHFLSLWDWLRQ JUDGLHQW DFURVV WKH VWXG\ L
WKH FRDVW OHDQ $QQ@XDO 3UHFLSLWDWLRQ 0$3 P
KLIJIKODQGYV NP LQODQG PP

$W HDFK REVHUYDWRU\ ZH SODFHG WKUHH URRI FR
JULG KHFWDUHY FKRVHQ DV IRFDO VWXG\ VLWHYV 7DE!
adjacent to shelter on the south side of shrubs or rocks or a south-facing slope (hereafter
UHIHUUHG WR DV 3VKHOWHUHG WUDSV™ )LJXUHQG $ VH
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YLIXUH 7KH FHQWUDO 1DPLE SDUWKRI G\RKEHD WIWRK@GY B U KK |
REVHUYDWRULHV ZKHUH ZH FROOHFW HEE BDW ¥ REFIURVE/  YWIKQ
WKH EDVH Rl WKH HVFDUSPHQW S5RRWWDRG & CDUDWQ OVKH |

with north-facing slope. A third trap was placed in the open with south-facing slope, a
VKRUW GLVWDQFH IURP VKHOWHU 7KH SLWIDOO WUD :¢
PROQR HWK\OHQH JO\FRO DV D SUHVHUYDWLYH +HQVF
ZHUH DERXW D PRQWK ORQJ DQG ZHUH RSHUDWH-G DW
FDOO\ SRVVLEOH )LJXUH 60 'KHQ QRW FROOHFWLQ
WKH JURXQG &ROOHFWHG VSHFLPHQV ZHUH VRUWHG
LQ DOFRKRO 7HQHEULRQLG EHHWOHY ZHUH ODWHU V|
LGHDOO\ E\ FRPSDULQJ WKHP WR H[SHUW YHUL{HG Y
where available.

A list of focal species expected to occur at the observatories was compiled from the
PXVHXP GDWDVHW PHQWLRQHG DERYH 6LQFH SUHYLR
current locations, the potential occurrence of a focal taxon in the adjacent half-degree lati
WXGH DQG ORQJLWXGH DQG VPDOO ORFDOLW\ JDSV EI
XOWUD SVDPPRSKLORXYVY VSHFLHVY NQRZQ WR EH FRQ¢ !
For this reason, distribution data for Gobabeb were from the half-degree square north
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7TDEOH &KDUDFWHULVDWLRQ EFDWKRQ/ W)OA\QVD WE VOI$SG WHHDII
IDOO &9 IRJ QLJKWYV SHU DQQXFV DQ GVKHBLW D RF BIODUDLFGN |
Rl WKH JURXQG VXEVWUDWH *UDYHRAQHRFNYH¥D @® G GKLIXEI
Dense)

Characteristic Kleinberg  Gobabeb Ganab Rooisand Claratal
latitude

longitude

distance from coast (km)
altitude (masl)
DULGLW\ LQGH]

MAP (mm)

&9 RI 0%3

Q IRU 0$3 \

fog nights 37 3
plant richness 33

lichen richness
Lepidoptera richness

JULG KHFWDUH G-N-D R-N-D G-N-D R-N-D G-N-D

JULG KHFWDUH G-N-D R-N-D G-N-D R-N-D S-L-D

grid hectare 3 G-N-B G-N-B G-N-D S-L-D G-N-D

JULG KHFWDUH G-L-D G-N-B S-L-F G-N-D R-N-D

JULG KHFWDUH G-L-D R-N-F S-L-F R-N-D S-L-D

JULG KHFWDUH G-N-B R-N-F G-N-D G-N-D G-N-D

ground cover OLFKHQ JubVvVv JubDVvVVv JubDVV J
7TUDEXFFR =RPHU

6FKPLHGHO HW DO 6WURKEDFK DQG /I XWKHU ORVHEDFK LQ
5 :LUWK HW DO =HGGD DQG 5DPEROG LQ - UJHQV HW DO

OH\

JUDYHO SODLQV QRW VRXWK GXQHV RI WKIS LR HEHDED
traps to record tenebrionids, we did not expect to collect all species that occur at a site as
PDQ\ PRUH VSHFLHY DUH W\ASLFDOO\ UHFRUGHG ZKHUH
ZKHQ WKHVH LQFOXGH YLVXDO VHDUFKLQJ +HQVFKHO

‘H DQDO\WHG RQO\ WUDSSHG WHQHEULRQLGV OLVWH
7TDEOH 60 ,Q RWKHU ZRUGYV ZKHQ UHFNUUHQWWRN WG
WKLY VKRXOG EH XQGHUVWRRG DV D VXHEWRW RV SRIFFL. @ V
SRWHQWLDOO\ RFFXUUHG WKHUH EDVHG R GHWHILIRXL
&DHQRFU\SWLFLQL &U\SWRFKLOLQL 6HSLGLLQLLQROXL
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YLIXUH 3LWIDOO WUDSV ZHUH SODW G L WK X B\VQ RAK HE
XQVKHOWHUHG LQ WKH RSHQ UUW\ELYZWIK MH WKR P G/ K\HIDV
VKRZQ DUH IURP WKH *REDEHE 2EVHUYDWRU\

SDUW 3HGLQLQL 3ODW\QRWLQD DQG =R SKRXOG QRVE
UHOLDEO\ LGHQWL¢{HG WR VSHFLHY OHYHO ZHUH WWDR XS

2EVHUYDWRULHYVY ZHUH FRPSDUHG LQ WHUPV RI YDU]I
D VSHFLHY REVHUYHG LQ WKH FXUUHQW VWXG\- E
cies with potential occurrence, as explained above. Abundance data, standardised relativ
WR HuRUW ZHUH WUDFNHG LQ WHUPV RI VHDVRQ HD
HDUO\ ZLQWHU $SU -XQ ODWH ZLQWHU -XO 6HS VKH
and microhabitat conditions such as substrate characteristics, topographical features o
ZDWHU UXQRu GUDLQDJH OLQHV DQG WKH UHGDWL
mulation curves were used to indicate how the number of recorded species related to the
WUDSSLQJ HuRUW 7KRPSVRQ HW DO VR FRKCHNVHX W
RI WKH UHJLRQDO GLYHUVLW\ 7KH DV\PSWRWH RI WK
VLWH ZDV FDOFXODWHG XVLQJ WKH ¢UVW RUGHU MD|
SRQWLXV 7TDEOH
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7TDEOH 'LYHUVLW\ LQGLFHY DV DSSOLHG LQ WKLV VWXG\
BURSHUW\ $EEUHYLDWLRQ (TXDWLRQ 'H¢QLWLRQ
Speciesrichness 6 QXPEHU RI VSHFLHV DW D GH¢QHG ORFDWLRQ

S oeumented 6SHFLHV SUHYLRXVO\ UHFRUGHG LQ WKH KDOI GHJUH#
Sere v o Species recorded in adjacent HDS or small gaps between records (excluding

ultra-psammophilous speciés)
 beerved 7THQHEULRQLGV RI IRFDO WD[D LGHQWL¢{HG DW REVHU"

S S v TShenes Q &), where n=number of samples,¥ SHFLHV XQLTXH WF
one sample

6LPSVRQ GLY:HS(Upw{]LWKL 1 p@lﬁln@ince of species i, N = total abundance
Shannon evenness - +9 OQ 6 ZKHUIifoﬂH’l), and/l?(:lbrcﬁaortion of species i
JLVKHUfVY . D1 [ [ ZKHUH [ YDULHV ZLWK 6 1

% GLYHUVLW J + O + D ZKHUH J + VSHFLHV JDLQHG O + VSHEF
% GLYHUVLW\ LV DQ LQGH[ RI FKDQJH LQ VSHFLHV FR

.RFK 3HQULWK D E F E F D E
(QGU|G\ <RXQJD (QGU|G\ <RXQJD
#*# 6PLWK SRQWLXV

0DJXUUDQ +D\HN % X]DV
Results

*HQHUDO 'LYHUVLW\ 3DWWHUQ

7TKHUH ZHUH IRFDO VSHFLHVY RI WHQHEULRQLG-V DFU
VLW UHFRUGV )LJXUH D UHAHFWYV VDPSOLQJ ELDV W
EH UHGXFHG E\ LQWHUSRODWLRQ )LJXUH E +'6 FHOO
not sampled. The collective distribution of tenebrionids in HDS cells across the AWSAR

ZDV QHJDWLYHO\ FRUUHODWHG U S ZRIW K 0O¢
FHOOV ZLWK WKH KLIJIKHVW TXDUWLOH RI GLYHUMLW)\ Z!

S +DOI RI WKH WRS SHUFHQWLORNMVWHGE CQKHHL
0$3 ZzDV PP

'LYHUVLW\ ZDV VLJQL¢FDQWO\ KLJKHU LQ WKH 1DPL
$:635 WKDQ LQ WKH UHPDLQLQJ S Rl WKHKBUBPLE FRQ
RI WKH IRFDO VSHFLHV DW OHDVW RI ZK

$EXQGDQFH DQG 'LYHUVLW\ DFURVV WKH &HQWUD(
%HHWOH DEXQGDQFH ZDV ORZHVW DW *REDEHE LQFUF

SHFRUGV RI PXVHXP FROOHFWLRQV 7DEOH 60 EQGLF
RXVO\ UHFRUGHG LQ WKH YLFLQLW\ RI REVHUYDWRULH
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Tenebrionid beetle diversity increases with aridity across the Namib Desert

YLIXUH 0DS RI KDOI GHJUHH ODWIKW X% BH$6 RGKIRILQGH F H
GLYHUVLW\ RI WHQHEULRQLGY ERWKGVSPWIEQ\WL P E DAL DL
tation (MAP)

JLIXUH 1XPEHU RI IRFDO VSHFLHV UMRRUWGHIS YV 0$3 LQ +
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7DEOH $EXQGDQFH VSHFLHV ULFKQEHMWW®MHEY GRIY HRIADLGV V
UHQWO\ REVHUYHG RU FROOHFWHG DWGW & H. @ YW K\HWYXLGA\L Q1L W/ #
H[SODLQHG LQ 7DEOH

Measure Total Kleinberg Gobabeb Ganab Rooisand Claratal

Distance from coast (km)

Trapping Sessions (Samples)
Total Abundance

Other beetles

Tenebrionids

OHDQ“6( SHU VHVVLRQ
Species Richness

potential
documented
observed

Jackknife

'LYHUVLW\
Simpson
evenness J’
JLVKHUTV .
% GLYHUVLW\
Kleinberg
Gobabeb
Ganab -
Rooisand -
Claratal -

ZDV KLJKHU + WKDQ IXUWKHU LQODWRXJIJKO\ | RAKAH
mirror image of the trend in abundance, with the highest species richness (observed and
MDFNNQLIHG LQ WKH WZR PLGGOH VLWHY DQG D GHFO
However, at Kleinberg, near the coast, the species accumulation curve did not level out
JLIXUH 7KLY VLWH PD\ WKXV KDYH PRUH UDUH VSH
UHFRUGV RI WKH IRFDO WD[RQRPLF JURXSV 7DEOH 60
VSHFLHVY ULFKQHVYV LQGLFDWHG WKDW ZLWK WKH FXU
EHHQ UHFRUGHG DW HDFK VLWH 7DEOH

$00 GLYHUVLW\ LQGLFHYVY ZHUH KLJKHVW DW *REDEH

LQJ VWHSZLVH HDVWZDUGY 7DEOH $W .OHLQEHUJ
=RSKRVLV anddaica@aleburnea ERWK GLYHUVLW\ DQG HYHQC
ORZ GHVSLWH WKH KLJK ULFKQHVYV 7DEOH %\ FRQ
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Tenebrionid beetle diversity increases with aridity across the Namib Desert

JLIXUH 6SHFLHVY DFFXPXODWLRQ FXDL®MY ORUDW KW KPYLH
H[FHSW IRU .OHLQEHUJ ZKHUH WKHDWJNQBBLWH XPRXPXQB
EHIJLQQLQJ WR VKRZ VDWXUDWLRQ RYHU WUDSSLQJ VHVY\

UHDFKHG ZLWK VSHFLHY DW *REDEHE DQG *DQDE

7TDEOH
KLOH DEXQGDQFH ZDV SRVLWLYHOYr6RYHKUHOIDWIHR @

QHJDWLYHO\ ZLWK 0$3 U DQG SRVLWLYHON ZLWK
7KH SUHYLRXVO\ UHFRUGHG OXREHNERH VS HRIUHM D W
VWURQJO\ ZLWK 0$3 &9 U DQG ZDV DOVR QHJDWL

7UDSSLQJ /RFDWLRQ 6KHOWHU DQG 6HDVRQ

7KH wubDSSLQJ UHFRUGY ZHUH XQHYHQO\ VSUHDG DF
degree of shelter§ o Gl S and seasong o Gl S
(Figure 7). Of the three traps in each grid, the highest capture rates were in the shelteret
traps at all sites except Claratal, where most captures were in unsheltered traps out in th
open without a roof (Figure 7). At Kleinberg, the highest capture rates were in grids devoid
of perennial vegetation or drainage lines, i.e. open gravel plains where the lichen cover
ZDV KLIJKHVW 7DEOH JLIXUH ,Q FRQWUDVW DW
the open plains without shrubs or rocks, intermediate on granite rocks where there were
shrubs and highest on a quartz hill, where shelter and potential food in terms of accumu
ODWHG GHWULWXY DQG K\SROLWKLF FU\SWRSK\WHYV Z
was highest in a grid with a shrub-lined wash. At Rooisand, the highest captures were in a
gridwitha & RPPLSKRUD JODQGXORVD $\GKHOREO RE XK XJIBLWL\H|
tle slope with calcrete stones. At Claratal, a high abundance of tenebrionids was associate
with $FDFLD NDUURR * &JERGBEQNBB.FWI\ORQ
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7TDEOH IXPEHU RI LQGLYLGXDOV BHBRUBHI&QMVWNWHKHH EY HRWC

8:HVW (DVW:
Species Total Kleinberg Gobabeb Ganab Rooisand Claratal
Widespread 3K\VRVWHUQD FULEULSHV
Zophosis kochi
(SLSK\VD DUHQLFROD
Zophosis infanda -
Gonopus tibialis
Widespreadin =RSKRVLV GDPDULQD -
Namib Desert, petriopus depressus -
not on plateau -
Stenocara gracilipes 7 -
2Q\PDFULV UXJDWLSHQQLV -
Zophosis amabilis - -
3K\ WVDGHVPLD BORERVD - -
Zophosis moralesi 3 - -
Fog zone Cauricara eburnea - - -

Zophosis dorsata - - - -
Gonopus puncticollis - - - -
Brinckia debilis - - -

Namib =RSKRVLV PQLV]HFKL -
interior and ' gystolopus octoseriatus - 73 -
escarpment

Zophosis devexa - -
Cauricara velox - -

Zophosis lamentabilis - 3 -
Eastern &U\SWRFKLOH FRQVLWD - -
Namib and  z4phosis orbicularis 7 - 7 - -
escarpment .

Zophosis cerea - - -
Eastern =RSKRVLV WHVWXGLQDULD -
Namib and ; P

Renatiella fettingi - -
oo} . g ]

Somaticus aeneus - -

OHWULRSXV KRuPDQQVHJJL -

Stenocara aenescens - - -
Plateau Somaticus bisbicostatus - - - -

Total

NQRZQ WR RFFXU DW WKH VLWH EXW QRW UHFRUGHG LQ WKH FXL
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YLIXUH 7HQHEULRQLG DEXQGDQFH FRRYFLHQW GRU YYHRUV/LLIW
0$3 SORWWHG DIJDLQVW 0$3 PP DWGWXKHUMMRERHUNMDWWU
DEXQGDQFH U DQG 0$3 U DRGOSRVLWLYHO\ ZLWHK

YLIXUH B3URSRUWLRQ RI WHQH E U LGRHB.GR EHG W Q HOWL FHRDHOQM
HDFK 2EVHUYDWRU\ 7DEOH VKHOMWHUISEVHE G Q& DUKWKRISE

GLUHUHQW VHDVRQV HDUO\ VXPPHU (6 O2A1ZL @/DAMH V:XBRH
ODWH ZLQWHU /: -$6

7KH VHDVRQDO FDSWXUH UDWH GLUHUHG EHWZHHQ
LQJ RYHU KDOI RI DOO DEXQGDQFH LQ HDUO\ VXPPHLU
highest occurrences of fog. At Ganab and Rooisand, in contrast, abundance was highe:
GXULQJ HDUO\ DQG ODWH ZLQWHU $W &ODUDWDO DE
HDUO\ ZLQWHU ZLWK RI WKH FDSWXUHV UHFRUGHC
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$OWKRXJIK D IHZ ZLGHVSUHDG VSHFLHV RFFXUUHG DF
FRPSRVLWLRQ GLUHUHG FRQVLGHUDBQY HYHWAMH QDRBEV
EHWZHHQ *REDEHE DQG *DQDE DQG EHWZHHQ
While = RSKRVLV ZPVEW®B®&HVPRVW DEXQGDQW VSHFLHV UH
.OHLQEHUJ DQG *REDEHE R Q OQlaunckrel ebRdedirafdo-dondiV R F L L
nantwith=RSK®PW.VOHLQEHUJ $W *REDEHE PDQ\ RWKHU V¢
GLYHUVLW\ ZDV KLJK DOWKRXJK DEXQGDQFH ZD# RQO
GLUHUHQW VHW RI ODUJH ERGLHG VSHFLHV GRPLQDWH
VHW RI VSHFLHV ZDV UHODWLYHO\ VPDOO ERGLLHGUD QW
ZDV KLJK EHWZHHQ &ODUDWDO DQG DOO RWKHU VLWH)\
FRPPXQLW\ RQ WKH KLJKODQG SODWHDX WKDQ LQ WK
7TDEOH .OHLQEHUJ ZDV WKH QH BN YGH-WWLM\FW/R YWH. W H'
IRJ ]JRQH 7DEOH
7KH I XOO FRPSOHPHQW RI VSHFLHVY FDQ EH VRUWHG
IRU WKH IRJ ]RQH WKH 1DPLE LQWHULRU WKH HVFDU.
species occurred across the whole transect (with some gaps in the record), while a further
VHYHQ DSSHDUHG WR EH OLPLWHG WR EHORZ WKH SOD
VSHFLHY RFFXUUHG PRVWO\ LQ WKH IRJ JRQH ZKLFK |
one C.eburnea ZDV WUXO\ DEXQGDQW 7DEOH (LIKW VSHI
LQWHULRU DQG HVFDUSPHQW HVVHQWLDOO\ DYRLGLQ.
¢YH RFFXUUHG IURP WKH 1DPLE LQWHULRU XS WARKWKH
SODWHDX DW &ODUDWDO 7DEOH 7KH PDMRULW\ R
1DPLE DQG DGMDFHQW HVFDUSPHQW 7DEOH

Discussion

2XU GDWDVHWY DW WZR GLUHUHQW VFDOHV VKRZHG W
HDVW WR ZHVW JUDGLHQW RI LQFUHDVLQJ DULGLW\ DF
WUHQG ZDV HVSHFLDOO\ SURQRXQFHG DFURVYVY WKH 1C
diverse but less abundant within the desert than in the adjacent hinterland. Our estimate of
HQGHPLVP IRU WKH 1DPLE '"HVHUW PDWFKHYV D SUHYLR?>
HQGHPLF VSHFLHVY ZKR KDG DOVR LQFOXGHG VHYHUD
WLRQ RI VSHFLHY LQGLFDWHY WKDW WKH 1DPLE 'HVHU
2YHU WKH SDVW HLJKW GHFDGHV WKH DUHD EHWZHI
WKH FRXQWU\TY PDLQ KDUERXU DW :DOYLV %D\ KDV EH
has provided valuable datasets for exploring the factors that might underlie the beetle
ELRGLYHUVLW\ SDWWHUQVY DFURVY WKH 1DPLE LQ WKL
RYHU IROG IURP .OHLQEHUJ QHDU WKH FRDVW WR &C
variation in MAP goes in the opposite direction. Across this area, the number of tene-
EULRQLG VSHFLHY DQG DOO GLYHUVLW\ LQGLFHV LQF
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interior (Gobabeb and Ganab) and decreased from there across the Great Escarpment
WKH . KRPDVKRFKODQG 7DEOH $EXQGDQFH KDG W|
western Namib to the middle zone (Gobabeb) and increasing over sixfold from there to
the easternmost site (Claratal).

The coastal location (Kleinberg) fell out of the general longitudinal pattern. The regular
RFFXUUHQFH RI IRJ DW WKLY REVHUYDWRU\ VX DRUGW
foliose lichens covering about half of the ground surface (Zedda and Rambold in Jirgens
HW DO ZKLFK LQFUHDVHG WKH DYDLODELOLW\ |
HW DO 7KH ORZ HYHQHVYV RI GLYHUVLW\ DW .OH
abundances of two species,R SKRV LV dnddairicada aburneapoth known to
IHHG RQ OLFKHQ :HVVHOV HW DO ZLWK WKHLU S
HW DO +HQVFKHO $W .OHLQEHUJ WKH QXPH
VLGHUDEO\ PRUH WUDSSLQJ HuRUW WKDQ WRNWHUDSBUQ
sessions to record the true species complement.

&RLQFLGHQW ZLWK WKH SDWWHUQV LQ FRPPXQLW\ "
position over the transect, with highGLYHUVLW\ LQGLFHYV HReWwhasd HQ I
PDUNHG GLUHUHQFH EHWZHHQ DGMDFHQW FRPPXQLW
located in the Thornbush Savanna, Rooisand at the foot of the escarpment, and Clarate
DERYH WKH HVFDUSPHQW 7KH FKDQJH LQ DOWLWXGH
composition than the biome transition between Ganab and Rooisand (3 = )RU
PDQ\ RUJDQLVPYVY WKH PRXQWDLQRXV WHUUDLQ RI WK
explaining abrupt changes in species composition seen along the escarpment (Barnard ¢
DO 6LPPRQV HW DO OHQGHOVRKQ HW HFXK
DQLVP EHKLQG WKH PDUNHG ¢OWHULQJ HuHFW WKDYV
XQGHUVWRRG IRU PRVW LQYHUWHEUDWH WD[D EH\RQ
SKHQRORJLFDO DQG SKHQRW\SLF FKDUDFWHULVWLFV
$QGUHZDUWKD %LUFK &KHOL HW DO /IRSH]
ZLWK D UDQJH RI PLFUR DQG PHVR FOLPDWLF YDULDLI
WR XQGHUVWDQG DV WKH IRUWXQHV RI PDQ\ VSHFLF
KRZ DVSHFWV VXFK DV WHPSHUDWXUH DQG PRLVWXU|
0ODQJHO JLJIXHURD HW DO 7TRFFR HW DO

7KH WUHQG LQ WHQHEULRQLG GLYHUVLW\ IURP ZHV
D SKHQRPHQRQ WKDW .RFK KDG DOUHDG\ QRWHWY G X
WKH DULG ZHVW RI VRXWKHUQ $IULFD .RFK KL
GHFUHDVHV ZLWK GHFUHDVLQJ 0%$3 IURP HDVW WR ZI
EULRQLG ULFKQHVYVY LQFUHDVHV 7KH WD[RQRPLF JUR
GDWD UHSUHVHQW RQO\ SDUW RI WKH WHQHEULRQLC
UHFRUGHG FORVH WR WKH FXUUHQW REVHUYDWRULH
FRQWLQXRXVY RYHU GHFDGHV H J +HQVFKHO HW DO
ZHVW WR HDVW WUHQG DFURVY WKH WUDQVHFW LV VI
7TDEOH 60 W LV FRQVLVWHQW ZLWK WKH RYHU®OO
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UHFRUGY ZHUH PDSSHG DFURVV WKH $:6$5 )LJXUH 6 (
WHQHEULRQLG VSHFLHV LQ WKH UHJLRQ $ORQH LQ 1DI
RU WD[RQRPLF HQWLWLHYVY DUH UHFRUGHG IURP WKLYV
VWXGLHY DUH LGHQWLI\LQJ PRUH WHQHEULRQLG WDI[D
OLWWOH VWXGLHG JURXSV HJ 7HQW\ULLQL 6FKDZzZD
DQG WD[RQRPLF UHYLVLRQV H J 30DW\QRWIDQD

.DPL VNL HW DO

,Q VSDUVHO\ YHIJHWDWHG DUHDYVY VKHOWHU DSSHDU\
KLJKHU DW VKHOWHUY VXFK DV VKUXEV RU URBN\G 7K't
DUH SODFHVY ZKHUH ORFDOO\ JHQHUDWHG RU ZLQGEOR
VSDFHVY DW &ODUDWDO FRXOG SHUKDSV EH GXH WR U
where sit-and-wait predators lurk.

7KH VHDVRQDO SDWWHUQV Rl WHQHEULRQLG DEXQG]
est occurrence of moisture. At Kleinberg and Gobabeb, this would be when fog is most
frequent, i.e., at the end of winter and the beginning of summer (September to December,
IDQFDVWHU HW DO 7KH RFFXUUHQFH RI UELQV L
7TURSLFDO 7THPSHUDWH 7URXJKVY (FNDUGW HW DO
DQG OLQJHULQJ VRLO PRLVWXUH FRQGLWLRQV GXULQ.
UHODWLYHO\ KLJK DFWLYLW\ RI WHQHEULRQLGV GXULC
WKH WHQHEULRQLG DFWLYLW\ ZDV KLIJKHVW GXULQJ W
UDLQYVY IHOO DQG SODQW SURGXFWLYLW\ ZDV KLYKHVW
HW DO

2XU ¢QGLQJ WKDW GLYHUVLW\ FRUUHODWHYV ZLWK
H[SODLQHG E\ WKH LQWHUYDOV EHWZHHQ UDLQIDOO H
7KLY DOORZV IRU GLYLGLQJ DFWLYLW\ WLPHVY PRUH ¢ Q
VLYH WLPH QLFKHVY XVHG E\ SRSXODWLRQV RI GLUHUHC(
RI JURZWK DQG GHFOLQH VHULDOO\ FKDQJHV FRPPXQL
LVWHQFH RI PDQ\ VSHFLHY UHVXOWLQJ LQ WKH KLJKH

7KH HIWUDRUGLQDULO\ KLJK OHYHO RI HQGHPLVP L
JUHDW DJH RI WKH 1DPLE :DUG &RUEHWW $V VX
isolated populations of tenebrionids are subject to geomorphological processes such as
GXQH ¢HOG G\QDPLFV .RFK (QGU|G\ <RXAMXIEVWUDWR
FRQ¢JXUDWLRQ 3HQULWK D '"LYHUJHQFMWIRH LV
speciation of endemics at local levels.

$W D ODQGVFDSH OHYHO WKH VFDOH RI WHQ WR WH
WLDO UDLQIDOO YDULDELOLW\ PD\ FRPH LQWR SOD\ |(
WLPH 7DEOH DQG DFURVYVY VSDFH +HQVFKHO HW DO
'"HVHUW LV KHWHURJHQHRXYVY LUUHVSHFWLYH RI JHRSI
Rl WHQHEULRQLGY LQ DGMDFHQW ODQGVFDSHV IFRXOG
RQH DUHD ZKLOH FUDVKLQJ RU LQ D ERWWOHQHFN FR
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FRQVWUDLQ JHQH ARZ DFURVV WKH DUHD DQG SURPI
JHRJUDSKLFDOO\ VLPLODU LQWHUFRQQHFWHG DUHDV

7KH LQFUHDVH RI WHQHEULRQLG GLYHUVLW\ ZLWK 1
UHPDLQV D IUXLWIXO WRSLF IRU IXUWKHU UHVHDUFK
VLQFH .RFK ¢UVW QRWHG LW \HDUV DJR

6XSSOHPHQWDU\ ODWHULDO

This can be downloaded at:
KWWS GDWD VDVVFDO RUJ PHWDGDWD YLHZ SKS"YLHZ

Contents:

T Figure SM1: Number of tenebrionid species of focal taxa recorded in half-degree
squares of latitude and longitude (HDS) across the western half of southern Africa
EHWZHHQ ODWLWRGHORQJLWKGH

f Table SM1: 7THQHEULRQLGYV UHFRUGHG DW (YH 63%$66&:
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Anibtanab: An Earlier and
Middle Stone Age Site In
the Namib Sand Sea

George M. Leader , 7THG 0D UDD UL Q D, EugedelMarais

17KH &ROOHJH RI 1HZ -HUVH\ (ZLQJ 1HZ -t
8QLYHUVLW\ RI 3BHQQV\OYDQLD 3KLODG'
8QLYHUVLW\ RI WKH :LWZDWHUVUDQG -RKDQC
41HZ 2UOHDQV &HQWHU IRU &UHDWLYH $UWYV
IDWLRQDO OXVHXP RI 1DPLELD :LQGKRHN
Gobabeb Namib Research Institute, Namibia

.H\ZRUGV (DUOLHU 6WRQH $JH OLGGOH 6WRQ
DUFKDHRORJ\ 6DQG 6HD $QLEWDQDE DULG OD¢

Abstract

The archaeological site of Anibtanab is an interdunal pan locale on the northern margin of

WKH 1DPLE 6DQG 6HD VLWXDWHG URXJKO\ NANFRXW
HDVW RI *REDEHE 7KH VLWH ZDV ¢¢UVW LQYHVWLJDWI
DQG PLGGOH VWRQH DJH WRROV VFDWWHUHG DFURYV
6KDFNOH\YY EULHI PHQWLRQ SURYLGHYV W\SRORDICHV |
GHVFULSWLRQV RI WKH WHFKQRORJ\ ,Q WKH VLW
ZDV DQDO\]HG 7KLV SDSHU SUHVHQWYVY WKH SUHOLPLC
a more detailed understanding of the Anibtanab site to inform future studies of the numer-
ous archaeological pan sites in the Namib Sand Sea.

Introduction

7KH 1DPLE 6DQG 6HD KROGV D SRWHQWLDO ZHDOWK R
QLQJ WR EH XQGHUVWRRG 'R]JHQV RI VXUIDFH DUWLI
IHZ KDYH EHHQ V\VWHPDWLFDOO\ VWXGLHG 2QH VXF
6DQG 6HD LV $QLEWDQDE /RFDWHG DERXW N RXAR XV
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NP WR WKH HDVW RI *REDEHE $QLEWDQDE IPVED ODL
PLQ VLIH )LIXUHV DQG 7KH VLWH LV ORFDWHG

raw materials for stone tools in the form of large quartzite cobbles, and vegetation, veld
IRRGY DQG ORQJHU ODVWLQJ SRROV DORQJ WKH .KXL\

7KH ¢UVW DUFKDHRORJLFDO UHSRUW IURP WKH VLWE
XQGHU WKH VLWH QDPH =HEUDYOHL 6KH LQGLFDWHG
researchers from Gobabeb working in the area. We prefer to retain the historical local
QDPH 3$QLEWDQDE’ IRU WKH DUHD $QRQ 6WDSu
WRULFDO RU FRQWH[WXDO UHOHYDQFH 6KDFNOH\ UHS
WKH KLJKHVW GHQVLW\ RI DUWLIDFWYV LQ WKH BH@WUD
ZKLOH ZDONLQJ ¢ YH VRXWKZHVW WR QRUWKHDVW WUL
GUHG DQG WZHQW\ VHYHQ DUWLIDFWYVY ZHUH UHFRUGH (
WA\SHV 1R PDWHULDOV GLDJQRVWLF RI WKH (DUOLHU 6
UHFRUGHG 7RWDO QXPEHUV DQG UDZ PDWHULDO W\SH
EXW WKH VDPSOH ZDV FRUH W\SHV ADNH W\SHV

7KH UHPDLQLQJ SRUWLRQ zZzDV IUDJPHQWHG RU GH

, Q 7THG ODUNV DFFRPSDQLHG E\ WKH IRUPHY LG/L U
LWHG $QLEWDQDE ZKLOH XQGHUWDNLQJ DQ DUFKDHRO!
6HD ODUNV WRRN ; UD\ AXRUHVFHQFH ;5) PHDVXUHP
FROQOFHQWUDWLRQV LQ D VDPSOH RI TXDUW]JLW-H DUW
SDUHG ZLWK D OLEUDU\ RI ;5) PHDVXUHPHQWY RQ XQP
WKURXJKRXW WKH FHQWUDO 1DPLE 8VLQJ FDQRQLFDC
WKH VDPSOHG TXDUW]JLWH DUWLIDFWYV DW $QLEWDQDE
GHULYHG IURP WKH .DUSIHQNOLU FRQJORPHUDWH DOR
OH\ ODUNV HW DO

JLIXUH 7KH VLWH RI $QLEWDQDE N WRKHVKRRIMWK K Q. % D\DHGE
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JLIXUH $QLWDQDE LQWHUGXQDO SDQ

7KH OLPLWHG GDWD IURP SUHYLRXV VWXGLHV -RuHL
SDWLRQV RI WKH 1DPLE 6DQG 6HD +RZHYHU QXPHUR
IDFH DUFKDHRORJLFDO VLWHY PDQ\ RI ZKLFK LQYRO)
PXOWLSOH RFFXSDWLRQ LVVXHV )DQQLQJ HW DO
LPSURYLQJ VXUIDFH PDWHULDO GDWLQJ WHFKQRORJ\
LQ VXUIDFH PDWHULDOV )DQQLQJ HW DO ODUNYV

,Q UHFHQW GHFDGHV SDVW AXYLDO HSLVRGHV LQ W
UHYLHZV LQ 6WRQH HW DO 6WRQH 7KRPDWFRQ
GLWLRQV OHDGLQJ WR VXEVWDQWLDO UXQRuUu DQG RES
Information from archaeological and geomorphological studies can supplement one
DORWKHU ZKHUH DUWLIDFWY PD\ SURYLGH EURDG F
HOV FREEOHV SHEEOHV RU VHGLPHQWY ORGHUQ G
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GH{;QH OLNHO\ ZHW SHULRGY FRQGXFLYH WR KRPLQLQ
EHWZHHQ FOLPDWLF HYHQWY DQG SDWWHUQV RI KRPL
goal for studies in the Namib Sand Sea.

$QLEWDQDE LV WKH ¢UVW RI PDQ\ RI WKHVH LQWHU
goal of gaining a better understanding of the movements of hominins in this challenging
GXQH ODQGVFDSH 7KLV SDSHU SURYLGHYVY SUHOLPLQD
ZKLFK KDV QHYHU EHHQ IXOO\ GHVFULEHG LQ SUHYLRX
D QORUWKHDVWHUQ ORFDOLW\ IURP ZKLFK D QHZ SURMI
Desert Surface) will continue mapping sites towards the southwest and along the ancient
7VRQGDE 5LYHU ADWYV

Methods

7KH VLWH ZDV UHYLVLWHG LQ -XO\ $ SUHOLPLQDU
ZDV ¢UVW FRQGXFWHG IRU D JHQHUDO RYHUYLHZ RI V
assess the exposed geological deposits. The southern portion of the pan appears to have
WKH KLIJKHVW GHQVLW\ RI DUWLIDFWYVY W ZDV GHWHUF
be assessed within that portion of the pan.

$ PDUHD zZzDV PHDVXUHG Ru DW D UDQGRPO\ JHQHUL
RI WKH SDQ QHDU ZKHUH WKH JUDYHO SODLQ PHHWYV !
within the sample grid and data were collected (Figure 3). Standard measurements were
WDNHQ RQ HDFK DUWLIDFW LQFOXGLQJ PD[LPXP OHQJ\
platform to the distal termination), maximum width (perpendicular to the maximum length
at the midpoint of the length), and maximum thickness (at the midpoint of the maximum
OHQJWK 2Q ADNHV WKH QXPEHU RI IDFHV RQGWKH V'
vbO VFDUV ZHUH UHFRUGHG (DFK DUWLIDFW ZDV DV\

ODUNV HW DO $00 ADNLQJ GHEULV ZDV FODYV

WHU OHDVXUHPHQWY ZHUH QRW WDNHQ RQ IUDJPHQW
LQFOXGH WKH EORE RI SHUFXVVLRQ RU LQFRPSOHWH

$00 DUWLIDFWY ZHUH UHWXUQHG WR WKHLU RULJLQI
of fossilized faunal remains was scattered throughout the sample area. The fossils were
KLIJKO\ IUDJPHQWHG DQG ZHUH ZHDWKHUHG WR Db ZKL\
VLOV ZHUH REVHUYHG )RVVLO UHPDLQV ZHUH ADJJHG
collected or assessed.

The Assemblage
7KH VDPSOH DVVHPEODJH FRQWDLQHG WRWDO DUW

GXFHG IURP TXDUW] Q ZKLOH RQO\ GXKIHGN H

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF
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YLIXUH YODJJLQJ DUWLIDFWV HDWRKE® WRISV RI WKBRDIN
dots to enhance them.

IURP TXDUW]JLWH 7KH PDMRULW\ RI WKH FR O GHFRNZIHRI)
E\ YDULRXV ADNH W\SHV Q &RUHV D @& WRU I
ZLWK HDFK FDWHJRU\ UHSUHVHQWLQJ RI WKH WR\
VHQWHG LQ WKH H[SHFWHG VL]H GLVWULEXWLRQ )LJ>
SUHVHQW ZKLFK ZDV OLNHO\ GXH WR ZLQG HURVLRQ
rial, making it almost impossible to distinguish from natural lithic debris.

Flakes

JODNHVY ZHUH SURGXFHG RQ TXDUW] DQG TXDUW]JLWH Z
7KH PRVW IUHTXHQW SODWIRUP W\SHV RQ DOXMUW
IRUPV Q $ IXOO\ FRUWLFDO GRUVDO VXUIDFH ZD)\
4XDUW] ADNHV UHSUHVHQWHG WKH ODUJHVW UDZ F
ZLGWK FP WKLFNQHVYV FP 7TKH PRVW VLJIQL¢F
TXDUW]LWH ADNHV ZDV WKH ZLGWK JLIXUH 4 XDUW
Q DQG ZHUH RQ DYHUDJH PXFK ZLGHU WKD @ \OHR QJ
VXEWOH GLUHUHQFHYV ZHUH PRUH OLNHO\ WR UHAHFW
YV TXDUW]JLWH SHEEOHV UDWKHU WKDQ DQ\ UHDO GL
with the two raw materials. This is, however, a question for future examination.

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLHW\ 9ROXPH



George M. Leader, Ted Marks, Kaarina Efraim and Eugene Marais

7TDEOH

4XDUW] Q

6DPSOH DVVHPEODJH W\SRORJ\ WRWDOV

4XDUWGaIWH Q

Formal Tools
Handaxe
Denticulate
Scraper
Total

&RUH 7\SHV

Casual Core 7
Centripetal Core

Irregular Core

Total

Flakes

Cortical Platform

Single face Platform

7ZR )DFHV 30ODWIRUP
Indeterminate

Total

'"HEULV ,QFRPSOHWH
Core Fragment

Flake Fragment

Incomplete Flake

Shatter

Split Cobble 3
Split Pebble 3
Total

Total
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J)LIXUH $VVHPEODJH VL]H GLVWHLEXWLRQ ZLWK DYHUDJH

Formal Tools

7KH RQO\ ELIDFH WKDW zZDV ZLWKLQ WKH VDPSOH DU
XULQJ [ [ FP )LJXUH HLIKWWZHOYH UMPRIY
YLVLEOH RQ ERWK IDFHV 7KLV LV WKH RQO\ GLDJQR\
cannot be determined.

7KH RQO\ RWKHU WRRO W\SHV SUHVHQW ZHUM\WHOQ\
DUH SURGXFHG RQO\ RQ TXDUW] 'HQWLFXODWHV DU
VFUDSHUYV E\ D ZLGHU DQG GHHSHU 2QRWFK OLNH" UH|I
IRUPDO WRROV DUH PRUH OLNHO\ WR UHSUHVHQW DQ

Discussion

7KH QRUWKHUQ UHJLRQ RI WKH 1DPLE 6DQG 6HD RYSHF
WKH IRUPHU 7VRQGDE FRXUVH LV FKDUDFWHUL]JHG E\
DHROLDQ GXQHV 6RPH RI WKHVH SDQV OLNH $QLEWI
FHUWDLQO\ GLG VR LQ WKH GLVWDQW SDVW WKRRXJK
VXFK VHDVRQDO SRQGLQJ DUH XQNQRZQ 7KH SDQV DI
surface scatters of artifacts from the ESA and MSA periods, indicating an ancient homi-
nin association with more extreme parts of the Namib Desert. AlImost no archaeological
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7TDEOH JODNH W\SHV

3ODWIRUP 7\SH Quartz Quartzite
Cortical Platform

Single face Platform

7ZR )DFHV 30ODWIRUP

Indeterminable

Dorsal Ridges Quartz Quartzite

Cortical

One single ridge

Two ridges

7TKUHH ULGJHV

Indeterminable

Quartz Flakes Average Sizes

Max. (cm) Avg. (cm)
Length
Width
Thickness 3.7

-RXUQDO

Total n
Total n
7
Min. (cm) S.D.
JLIXUH JODNHVY PDGH RQ T

PLQRU HGJH GDPDJH LV SUHV
GXH WR ERWK QDWXUDO ZHDW
WUDPSOLQJ 6FDOH LQ FP
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J)LIXUH )ODNH VL]H SUR,

J)LIXUH +DQGDI[H
GXFHG RQ TXDUW]L
in cm)
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UHVHDUFK KDV EHHQ FRQGXFWHG RQ WKHVH SDQ VLW
QRWLRQ WKDW RQO\ OLPLWHG GDWD FDQ EH H[WUDFW
challenges of accessing sites in a remote and demanding desert environment. However,
interest in such sites is increasing as better methods and dating techniques continue to
HYROYH .QLJKW DQG 6WUDWIRUG 7KH DUFKDHRO
PD\ WKXV FRQWLQXH WR \LHOG LPSRUWDQW FOXHV LQ\
ment, as well as to broader questions of human evolution in Southern Africa.

(OVHZKHUH RQ WKH HGJH RI WKH 1DPLE 6DQG 6HD
JRU H[DPSOH +DUGDNHU FRQGXFWHG H[WHQVLYH VXU)
DORQJ WKH 6DQG 6HDYVY HDVWHUQ PDUJLQ +DUGDNHU
UHFRUGHG (6$ DORQJ WKH FRDVWDO UHJLR VL WKRFYVE
WHUV ZHUH LGHQWL¢{HG GHWDLOHG FROOHFWLRQ GH)\
LQJ PHWKRGY WKDW ZHUH XVHG DUH SUREOHPDWLF .C

One of the long-term goals of our current archaeological project is to understand homi-
QLQ RFFXSDWLRQ ZLWKLQ WKH 1DPLE 6DQG 6HD SDUW|
importance that careful mapping of all the lithic scatters is conducted, whether multiple
WHFKQRORJLHY DUH SUHVHQW RQ D VLQJOH VXUIDFH
from various sites provides a starting point to build such a database.

7KH OLGGOH 6WRQH $JH WHFKQRORJ\ Rl $QLEWDQDE
FDO DVVHPEODJH IURP WKH 1DUD 9DOOH\ VLWH - f 6
IDFH VLWH ORFDWHG RQ WKH .KXLVHE NP GRZQVWU|

/LNH $QLEWDQDE LW LV VLWXDWHG MXVW VRXWK

7KH 1DUD 9DOOH\ DVVHPE O Dshhhpld grid Xelevted & ahlhfe® oD
WKH SDQ LGHQWL¢{¢HG DV KDYLQJ D GHQVH DUWLIDFW F
VWRQH DUWLIDFWYV LQFOXGLQJ ADNHV FRUHV DQG WF
RQO\ VOLJKWO\ ODUJHU WKDQ WKH $QLEWDQDE ADNHV
LQFRUSRUDWHG DOO WKH UDZ PDWHULDO W\SHV LQWR
VLWH LV GRPLQDWHG E\ TXDUW] 6KDFNOH\ DUJXHG WK
ZLWK D 30RVVHO %D\ ,QGXVWU\" 6KDFNOH\ WKRX
DV WR ZKDW FKDUDFWHUL]JHV WKLV LQGXVWU\ D®&RPS
XQGDWHG VXUIDFH DVVHPEODJH DQG OLNHO\ YLVLWHC
SDULVRQ RI WKH DVVHPEODJH WR WKH 20RVVHO %D\ ,Q
DVVHPEODJH URXJKO\ LQ WKH /DWH OLGGOH 30HLVWRI
the age of the Anibtanab MSA component.

6LPLODULWLHY LQ WKH HFRORJLFDO VHWWLQJ H[LVW
LV VLWXDWHG DORQJ D WKURXJK URXWH EHWZHHQ GX!
.KXLVHE 5LYHU 6KDFNOH\ 7KH VLWH DOVR DOORZZ
DQG RWKHU UHVRXUFHV IURP WKH .KXLVHE 7KH VDPEL
ORFDWHG EHWZHHQ WKH GXQHV DQG WKH SODQW DQG
DUHD HIWHQVLYHO\ XWLOLVHG E\ JDPH 6KDFNOH\
PDO WRRO W\SHVY DW 1DUD 9DOOH\ WR EH LQGLFDWLYF

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF
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IRU KXQWLQJ JDPH PRYLQJ WR DQG IURP WKH ULYHU
patterns of MSA land use practices, where hominins positioned themselves at the bounc
DULHV EHWZHHQ WKH FRPSDUDWLYHO\ OXVK ULSDUL
HQYLURQPHQWYV IDUWKHU D¢HOG WR DFFHVV UHVRXL
of intensive use of ecotones has been noted at other MSA sites in the wider Central Namit
UHJLRQ ODUNYV ODUNYV
$QRWKHU PXFK VPDOOHU VXUIDFH VFDWWHU RI FRP
f ( ZKLFK OLHYV NP QRUWKZHVW RI $QLEWDRQDE I
VRXWK RI WKH .KXLVHE $ ORQJ OLQHDU GXQH VHSDU
DVVHPEODJH FRQVLVWY RI RQO\ DUWLIDFWYV DRRS/W (
FKRSSHU FRUHV Q GRPLQDWH WKH FRUH W\SHV V
7KH WHFKQRORJ\ LV DWWULEXWHG WR WKH 06$%
DEUDVLRQ UROOLQJ SRVVLEO\ LQGLFDWLQJ WKHLU
PD\ SODFH WKHP FORVHU WR WKH 3OHLVWRFHQH +RC
%XEXVHY GHPRQVWUDWHY DQRWKHU 06% ORFDOLW\ L
DQ DVVHPEODJH RI DUWLIDFWY ODUJHO\ SURGXFHG R
further comparison to Anibtanab.

Conclusion

$QLEWDQDE LV RQH RI PDQ\ KXQGUHGVY SRWHQWLDOO
LQ WKH LQWHUGXQH SDQV RI WKH 1DPLE 6DQG 6HD 3
LGHQWL{;HG D IHZ RI WKH VLWHYVY EXW IXUWKHU ZRUN
lack full technological discussions, which complicates cross site comparisons based on
those data.

7KH VDPSOH VWXGLHG IURP $QLEWDQDE LV GRPLQD
DVVRFLDWHG ZLWK D OLGGOH 6WRQH $JH FKURQROR.
Stone Age found within the sample is a handaxe produced on quartzite. A lone handaxe i
QRW FRPSDUDEOH WR RWKHU (6$ VLWHYVY +RZHYHU Wi
GLUHUHQW VL]H SUR¢{OH WKDQ WKH TXDUW] ADNHV E
FDWH WKDW WKH\ DUH DVVRFLDWHG ZLWK D GLUHUHQ
EHLQJ PRUH IUHTXHQWO\ XVHG GXULQJ WKHN({6I$ DODW RE
6DQG 6HD VLWHYVY WKH\ PD\ EH RI (6% RULJLQ

,W WKHUHIRUH FDQ EH FRQFOXGHG WKDW $QLEWDQ
VLWXDWHG FORVH WR WKH PRGHUQ .KXLVHE 5LYHU
ZDWHU $ VPDOOHU DQG (DUOLHU 6WRQH $JH FRPSRQl

There are still a great number of unresolved questions at Anibtanab and similar sites in
WKH 1DPLE 6DQG 6HD 7KH SULPDU\ XQNQRZQV FRIQWF
PHOQOWDO FRQGLWLRQV :H VWLOO KDYH RQO\ D SUHOLF
KRPLQLQ SUHVHQFH DW VLWHV LQ WKH 1DPLE 6DQG 6F
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RI KXPDQ RFFXSDWLRQ ZHUH KLJKO\ VHQVLWLYH WR AX
%URDGHU HQYLURQPHQWDO DQG GHPRJUDSKLF AXFWX
KDYH LQAXHQFHG GLUHUHQFHVY RYHU WLPH LQ WKH VS|
LQ WKH UHJLRQ ,W ZRXOG JR D ORQJ ZD\ WKRHZDNLERW K H
WKH DGDSWDWLRQV RI HDUO\ KXPDQV LQ WKLV SDUW R
RI VLWH XVH WHFKQRORJLFDO SUDFWLFHY DQG ¢(¢QH V
DUH LGHQWL¢{¢HG DQG VWXGLHG WKH GDWD IURP WKH
point for future comparative studies of Namib Sand Sea surface collections, as well as of
VWUDWL¢{¢HG DVVHPEODJHYV
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New Research at
Mirabib Rockshelter

7TKHRGRUH 3 ODUNV 3K
'HSDUWPHQW RI QWHJUDWHG 6FLHQFH
7KH 1HZ 2UOHDQV &HQWHU IRU &UHDWLY
&KDUWUHV 6W 1HZ 2UOHDQV /% 86
( PDLO WPDUNV#QRFFD FRP

.H\ZRUGYVY $UFKDHRORJ\ 1DPLE 'HVHUW /DWH 6W

Abstract

Mirabib Rockshelter, located near the Kuiseb River in the Namib-Naukluft National Park,

is one of the best known archaeological sites in the Namib Desert. Previous excavations
LQ WKH V UHYHDOHG D FRPSOH[ KLVWRU\ RI RFFXS
XQWLO WKH SURWR KLVWRULFDO SHULRG 1HZ UHVHD
WR FD + ND %3 DQG UHYHDOHG QHZ LQVLJKWYV LQW
WKH VLWH KDV \LHOGHG H[FHSWLRQDOO\ ZHOO SUHV
Pleistocene, there is still a great deal of untapped potential for learning more about humar
life in the Namib in the distant past.

Introduction

Mirabib Rockshelter is a large archaeological site located in the gravel plains of the cen-
wuDO 1DPLE 'HVHUW LQ ZHVWHUQ 1DPLELD ([FDYDW
have revealed extensive and well-preserved Late Stone Age deposits as well as tentativ
Middle Stone Age artifacts from the lowermost levels. The site’s unique environmental
VHWWLQJ GLYHUVH KLVWRU\ RI RFFXSDWLRQ LQWDF
PDNHV LW HDVLO\ RQH RI WKH PRVW LPSRUWDQW DUF
part of Namibia.

Mirabib sits within an expansive granite and schiselbergFRPSOH[ DSSURJL
WKLUW\ PLOHY HDVW RI WKH *REDEHE 1DPLE 5HVHDUF
.XLVHE 5LYHU Y DOt \the)pedspettive of hunter-gatherers, the Mirabib
LQVHOEHUJY DUH D YHU\ DGYDQWDJHRXV SRLQW RQ
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good views of animal movements over a
broad expanse of the Central Namib. The
rock outcrops themselves are dotted with
VPDOO KROORZV DQG RYHUK!
protection from sun and strong winds.
7TKRXJK WKH FOLPDWH WRGD\
DULG UHJLRQV LQ S$IULFD ZL\
RI SUHFLSLWDWLRQ SHU \HD!
rainstorms in the summer can bring cen-
timeters of precipitation in a short period
RI WLPH 7KHVH HYHQWYV FDC(
hollows in the Mirabib inselberg, provid-
LQJ D UHODWLYHO\ UHOLDEOF
FDQ SHUVLVW WKURXJK WKH
UHVXOW HQGHPLF DQLPDOV
the area. The combination of water, shel-
WHU DQG QHDUE\ IRRG UHVF
PDNHV LW DQ H[FHSWLRQDOO
the Central Namib for hunter-gatherers, and
OLNHO\ KDV EHHQ VR IRU WH!

\HDUV
JLIXUH OLUDELE 5RFNVKHOIW Hdl amund Khe Miiadiy inBalberg
Namib Desert group, more than a dozen small rockshel-

ters bearing evidence of Late Stone Age
KXPDQ DFWLYLW\ O\LQJ RQ WKH VXUIDFH FDQ EH IRXQ
DUWLFOH IDFHV VRXWKHDVW RQ WKH HGJH RI WKH OD
7KH URFNVKHOWHU LWVHOI FRQVLVWYV RI D EURDIKGHIDO
JUDQLWH FUHDWLQJ DQ RYHUKDQJ DSSUR[LPDWHO\ ¢
EDFN ZDOO DQG DERXW WZHQW\ (¢ YH PHWHUV ZLGH 7K
DV PXFK DV PHWHUYVY ORQJHU WKDQ LW EWVMVWR BD\
WKH H[FDYDWHG DUHD FROODSVHG DW DQ XQNQRZQ WI
WKH SUHVHQW UHODWLYHO\ VPDOO VKHOWHU DUHD RS
ical deposits could be well preserved beneath the enormous blocks of roof fall. Though it
ZRXOG EH DQ H{IWUHPHO\ ODUJH XQGHUWDNLQJ H[FDY
LV D WDQWDOLJLQJ SRVVLELOLW\ IRU IXWXUH UHVHDUTF
,Q WKH DUHD RI WKH URFNVKHOWHU RSHQ FXUUHQWC
WKH HDUO\ V OHG E\'U %YHDWULFH 6DQGHORZVN\ RI
QRZ WKH 1DWLRQDO 0OXVHXP RI 1DPLELD 6DQGHORZVN)
HIFDYDWHG D PHWHUO WUHQFK GRZQ WR EHGURFN
PDWHO\ WKH IURQW RI WKH RYHUKDQJLQJ URFN +HU |
VWUDWD GDWLQJ EHWZHHQ ND DQG ND %3RJQ
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JLIXUH OLUDELE 5SREFNVKHOWHU LODWKR QIR WKBNQ 1DPLE

,RZD 7XODQH 8QLYHUVLW\ DQG WKH 8QLYHUVLW\ RI .
OF&DOO RSHQHG D QHZ E\ PHWHU WHVW SLW VOLJK!
ODUNYV 7KH PRUH UHFHQW H[FDYDWLRQV FRWQ¢{UP
excavations, obtained new dates and artifact samples, and demonstrated that the deposi
DW OLUDELE DUH VLIJQL{FDQWO\ GHHSHU LQ FHUWDL
RULJLQDOO\ SURSRVHG 2XU WHDP HPSOR\HG 2SWLFLC
LQJ D WHFKQLTXH WKDW ZDV QRW DYDLODEOH ZKHQ ¢
WR WKH VHGLPHQWYV IURP WKH ORZHU OD\HUV $V D
HIWHQGHG DV IDU EDFN DV WR ND %3 ZLWNKDBEBDMR
ND %3 + ND DQG + ND %3 )LIJXUH

The Late Pleistocene

The lowermost stratum (designated as stratum G) at Mirabib is now dated to about
. ND %3 GXULQJ WKH ODWH 30HLVWRFHQH 7KH
URXJKO\ + ND %3 LQ WKLV SDUW RI WKH 1D PLKHWH
ZHUH OLNHO\ UDSLG WUDQVLWLRQV EHWZHHQ KXPLG |
PRUSKRORJLFDO HYLGHQFH IURP WKH QHDUE\ .XLVHE
WHULQWXLWLYHO\ D PRUH DWWUDFWLYH KDELWDW I}
DJJUDGDWLRQ RI WKH +RPHE VLOW GHSRVLWYVY LQ WK&t
1DPLELD VXSSRUWHG YHJHWDWLRQ DQG IDXQD MWQ D
JLOOHG LQ ZLWK VLOW WR D KLJKHU HOHYDWLRQ WK
PRUH SURGXFWLYH KDELWDW WKDQ WKH YDOOH\ LV W
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Theodore P. Marks

JLIXUH 3UR¢{OH RI 6DQGHORZVN\TV H[NKRZWQRQ WH 2QF R Q
RFDUERQ DJHV RI WKH YDULRXV OD\HUV DW WKH VLWH

B3ROOHQ IURP K\UD[ PLGGHQV LQ WKH VDPH UHJLRQ DV
SHULRG RI WKH ODWH 30HLVWRFHQH ZDV FRQVLGHUDE
ZRRGODQG SROOHQ FRPSDUHG WR WKH JUDVV WKDW K|
SUHVHQW 7KHUH LV DOVR SDO\QRORJLFDO H YHBEHMFH
LQGLFDWH SHULRGV RI UHODWLYHO\ FRRO DQG KXPLG
PDWUL[ RI VWUDWXP * DW OLUDELE LV PDGH XS PRVWO
WH[WXUH DQG FRORU IURP DOO RWKHU OD\HUV 7KH RU
OD\HU DUH XQFOHDU 2QH SRVVLELOLW\ LV WKDW WKH
WDWLRQ RQ WKH ODQGVFDSH LPPHGLDWHO\ VXUURXQG
E\ ZLQG $OWHUQDWLYHO\ FKDQJHV LQ ZLQG UHJLPH\
GXQH ¢HOGV RI WKH 1DPLE 6DQG 6HD NP WR WKH VR
further investigation: a combination of two or more processes is also possible.

7KH DUWLIDFWV IURP OD\HU * IURP FD + ND %3 FF
FUXGH 3PDFUROLWKLF” ADNHV DQG GHELWDJH B5HWRX
DVVHPEODJH ZLWK FRUHV PDNLQJ XS OHVV WKDQ
7TDEOH $W WKLY WLPH SHULRG DURXQG RI WKH D
JODVVOLNH DQG YHU\ KLJK TXDOLW\ FU\WVWDO TXDUW]
XS DERXW RI WKH VDPSOH %RWK RI WKHVH URB PDW

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF
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Mirabib in the form of small
pebbles and larger chunks
DQG H[SRVXUHV RI |
PDO TXDUW] YHLQV
WKH SURSRUWLRQ R
quartz in the lithic assem-
EODJH LV VXEVWDOQ\
LQ WKH ODWH 30HL"
WKDQ LQ DQ\ RWKHI
stratum. Knapping tech-
QLTXHVY ZHUH VXSt
UDWKHU FUXGH ZL
tematic multidirectional
striking patterns used in
JLIXUH 7\SLFDO OLWKLFV IURP WK OG WU WRHEVWWR RBHHH
DW OLUDELE /HIW VFUDSHU &HQWHU BPIJAKWN MKFUIDUSFHR W &
IUDZLQ\]V DGDSWHG DIWHU 6DQGHORédAfé§\ That said, under Vir-
WXDOO\ DQ\ NQDSSL
WKH SURSRUWLRQ RI XQV\VWHPDWLF PXOWLGLUHFWL
WKH UDZ PDWHULDO LV XVHG WR H[KDXVWLRQ 7KLV F
RI LQGLYLGXDO SLHFHV RI UDZ PDWHULDO EHIRUH W
WRUV UHODWHG WR VWRQH UDZ PDWHULDO HFRQRPLEF
$QGUHIVNY $QGUHIVN\
In comparison to other sites in the region like Erb Tanks Rockshelter (Mccall et al.
ODUNYV RU $SROOR "HQGW W BR1J B O WIHQ3I OHF

7TDEOH &RXQWYV RI OLWKLF DUWWHWW UWRPWNVKIHUDELH 5H
LQFOXGH FRPSOHWH DQG IUDJPHQWD@D SL IPXDW LECR WHHF W Q
WDO ELSRODU DQG PLFUREODXGHKWGSBY G 7TRER XWLQEODGSE HLI

Stratum Flakes Cores Tools Grand Total
B

C 3

D

E

F 73

G

Grand Total 8292 283 228 8803
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DVVHPEODJHYVY UHFRYHUHG IURP WKH VWUDWL{;HG GHS
LOQWHUSUHW 1R DUWLIDFWY LQGLFDWLYH RI VSHFL¢F
the Howieson’s Poort, Robberg, or Oakhurst industries have been recovered so far from
the site. Nevertheless, what has been found indicates at least a limited human occupation
RI WKH UHJLRQ DQG XVH RI WKH URFNVKHOXWBU KE\\SBW K
HVLIHG EDVHG RQ DQ H[WHQVLYH UDZ PDWHULDO VRX
WLRQV PD\ KDYH PRUH KHDYLO\ IRFXVHG WKHLU IRUD.
YDOOH\V WKHPVHOYHY DV ZHOO DV LQ WKH XSODQG U
DERYH WKLV ZRXOG EH WKH UHVXOW RI WKH LPSURYHE
WKH ULYHU YDOOH\V DURXQG WKH WLPH RI WKHKHHIJUD
VSDUVH DQG ORZ GHQVLW\ ODWH 30HLVWRFHQH UHFR
E\ UHODWLYHO\ EULHI DQG LQIUHTXHQW XVHW & | W\KKH
UHJLRQ OLUDELE DW WKLV WLPH PD\ KDYH EHHQ ORFL
that tended to be more centered on the riparian corridors and upland regions.

-XVW RXWVLGH WKH URFNVKHOWHU P WR WKH VR
ODWLRQ RI GLDJQRVWLFDOO\ OLGGOH 6WRQH $JH WRR
GHVLIQDWHG :+ $v D VXUIDFH VLWH WKH DJH RI :+
ZKHWKHU WKHVH DUWLIDFWY UHSUHVHQW D ODJ GHSF
IURP D VWUDWL¢{HG VXEVXUIDFH GHSRVLW 1HYHUWKHC
6WRQH $JH KXPDQ SUHVHQFH LQ WKH DUHD DURXQG OL!
LV VXJIJHVWHG E\ ZKDW KDV EHHQ IRXQG LQ WKH VYWRFN
TXHVWLRQ LV QHFHVVDU\

7KH (DUO\ WR OLGGOH +RORFHQH

,Q FRQWUDVW WR WKH ODWH 30O0HLVWRFHQH OD\HUV W
VwuUuDWD ) ( DQG ' DW OLUDELE GDWHG DWEe GLYMDY
DVVHPEODJH RI DUWLIDFWY WKDW SUREDEO\ VLJQDOV
WLDO XVH RI WKH URFNVKHOWHU 7KH WRWDO PDVV R
OD\HUV 7DEOH FRPSDUHG WR ERWK WKH XQ®HUO\L
excavations conducted at the site, well-preserved organic artifacts and debris were recov-
HUHG DORQJ ZLWK WKRXVDQGV RI OLWKLF ADNHW FR
DORQH PRUH WKDQ OLWKLF DUWLIDFWYV DERXW Wk
DQG PRUH WKDQ WKUHH KXQGUHG JUDPV RI WLQ\ ERC
PDPPDOV DQG ELUGY ZHUH IRXQG LQ WKH HDUO\ WR P
QDUD PHFORWKRVLF\RNVUKIRRRIRBXY LQ DOO OD\HUV DIW
LVRODWHG H[DPSOHV IURP DV IDU EDFN DV + ND %3
E\ WKLY HDUO\ WLPH SHULRG 7RGD\ QDUD SODQWYV Dl
as a staple food and source of oil for the Topnaar communities living in the region cur-

UHQWO\ 7KH SUHVHQFH RI QDUD DW VXFK DQ HDUO\ G
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7TDEOH 7TRWDO PDVV RI PDMRU D URHWMHFRMWIHNSWM \S LWR B WV B
$00 PDVVHV DUH JLYHQ LQ JUDPV

Ostrich Fire Cracked Bone
Stratum Lithics  Eggshell 1DUD 6 HHRogk Fragments  Ochre | Total Mass
B 123.6
C 215.1
D 8045.4
E 625.0
F 386.7
G 131.3
Grand Total 5805 3112.8 4.4 208.6 356.3 A( 9527.1

FOLPDWLF AXFWXDWLRQV LQ WKH +RORFHQH VXJJHVW
RI WKLV SODQW ZKLFK UHPDLQV SRRUO\ XQGHUVWRRC(

7KH OLWKLF DVVHPEODJHYVY LQ WKH HDUO\ WR PLGG
W\SLFDO :LOWRQ W\SH VHHQ DFURVY 6RXWKHUQ $IULF

PDNH XS RQO\ DERXW RI WKH WRWDO QXPEFEHYWIRC
EDFNHG FUHVFHQWLF PLFUROLWKY PLFUREODGHV W
J)LIXUH &RUHYV ZHUH VWUXFN PXOWLGLUHFWLRQD(

FDUHIXOO\ SUHSDUHG SODWIRUPY DQG ULGJHV VHW
YHU\ WLQ\ UDQJLQJ RQO\ DERXW WR FP LQLGVDFAMNIK
KHDY\ FRDWLQJY RI UHG DQG \HOORZ RFKUH %HWZHH
WKH HDUO\ WR PLGG
OD\HUV DUH PDGH R(
DQG KRPRJHQRXV 3
guartz. Pebbles of this mate-
rial are found in abundance
LQ WKH LPPHGLDWI
RI OLUDELE DQG LW
WKDW WKLYV KLJK T>
was an attractive resource
H[SORLWHG E\- KXC
erers in the area. The pres-
ence of small amounts of
RWKHU KLJK TXDOLYV
YLIXUH 7\SLFDO OLWKLF DUW L RoFRH/Q®D WRHPUW R @ W DQULON HvV R
OD\HUV DW OLUDELE 7RS URZ FUBVFKMWW PLOGROHWKD J
PLFUREODGH FRUHV 'UDZLQJV DGDSWHE| DAMIKUWR &0 B
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LQGLFDWH PRYHPHQW DQG RU WUDGH ZLWK PRUH GLVYV
WKH QRUWK VHH ODUNYV

7TRIHWKHU ZLWK WKH RWKHU QRQ OLWKLF PDWHULD
these data suggest that the people who inhabited the area around Mirabib at this time
ZHUH WDNLQJ DGYDQWDJH RI D ZLGH UDQJH RI SODQ
XVLQJ WKH URFNVKHOWHU DV D SULPDU\ UHVLGHQWLD
ZHUH DQ RYHUDOO GU\LQJ WUHQG WKURXJK WKH +RO
WLRQV VLPLODU WR WRGD\ EXW SXQFWXDWHG ZLWK P
KXPLGLW\ &KDVH HW DO J)ODVK ARRGYV GXULQJ «
VLOW GHSRVLWY LQ WKH .XLVHE ULYHU 6ULYDV-WDYD
ridor of the Kuiseb a less attractive and more discontinuous habitat for human groups.
$W WKLV WLPH DFURVY 6RXWKHUQ $IULFD LW LV WKI
PDLQWDLQLQJ PRUH ORQJ WHUP UHVLGHQWLDO EDVH
ZKHUH DFFHVV WR ZDWHU DQG VKHOWHU ZDV PRUH UH
mobile pattern of the later Pleistocene wherein people made smaller camps and made
IUHTXHQW PRYHV EXW PRVWO\ RQO\ ZLWKLQ UHODWL)
D 3K\SHU UHVLGHQWLDO" ODQG DQG VLWH XVH SDWWH
LH WUDQVSRUWLQJ IRRG DQG UHVRXUFHV EDFN WR
HDUO\ +RORFHQH VLWHYV DFURVYV 6RXWKHUQ $IULFD
GRHY DSSHDU WR EH WKH FRQWH[W IURP ZKLFK WKH
HYHQWXDOO\ DURVH

The Middle to Later Holocene

7KH XSSHUPRVW PLG WR ODWH +RORFHQH VWUDWD OD!
W R ND %3 7KHUH LV D GLVWLQFW VWUDWLJUDSKIL
LQJ VKDUSO\ IURP ¢QH DVK\ JUD\ VHGLPHQWYV LQ OD\H
RI DW OHDVW JUDVV DQG SODQW PDWHULDO PL[HG
% DW RU QHDU WKH PRGHUQ VXUIDFH QHDUO\ WRdAH HQ
D VPRRWK KDUG SDYHPHQW RI GXQJ ZLWK LQWHUYHQI
7KHUH DUH DW OHDVW WZR GLVWLQFW SDYHPHQWYV OD
OD\HUV RI GU\ JUDVV ,Q WKH SDYHPHQWY 6DQGHORZ)\
KDLU VXJIJHVWLQJ WKDW SDVWRUDO FRPPXQLWLHYV D¢
SUHVHQW LQ WKLV SDUW RI WKH 1DPLE E\ DW OHDVW
RI WKH LGHQWL¢(FDWLRQ RI WKH VKHHS KDLU UHTXLUL
ZRXOG SODFH OLUDELE DPRQJ RWKHU ZHOO NQRZQ VLW
and pastoralism in the wider Namib region, including Leopard Cave, Big Elephant Shelter,
DQG *HGXOG 5RFNVKHOWHU 30OHXUGHDX HW DO
%\ WKLV WLPH WKH FOLPDWH KDG VWDUWHG WR VWH
have impacted the shift in humans’ adaptations toward the pastoral economies that have
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GRPLQDWHG WKH UHJLRQ HYHU VLQFH WKRXJK WKH
QXPEHU RI HFRORJLFDO DQG VRFLDO IDFWRUYV OLNHO

W LV VWLOO XQNQRZQ ZKHWKHU WKH GXQJ SDYHPFE
SHRSOH DV D ¢UP DQG LPSHUPHDEOH OLYLQJ VXUIDFH
IURP DQLPDOV WKDW ZHUH EHLQJ FRUUDOOHG LQ WKF
the pavements suggests the former interpretation. In either case, the impermeable pav
PHQW KDV VHUYHG DV DQ HIFHOOHQW VHDO RQ WKH X
roots, and fossorial animals from disturbing the archaeological deposits below. In addition
WR LWV SUHVHUYDWLYH IXQFWLRQ WKH GXQJ DQG J
XQLTXH DVVHPEODJH RI ODWH +RORFHQH DUWLIDFWYV
RWKHUV D YDULHW\ RI OHDWKHU SLHFHV JUDVV FR
beads, stone pendants, and gourd rattles. Bone artifacts include points, beads, and arro
OLONVKDIWY PDQ\ RI WKHP FRDWHG LQ UHG DQG \H!
including parts of hoofs and horns from medium and large ungulates were recovered as ir
WKH XQGHUO\LQJ OD\HUV :RUNHG ZRRGHQ DUWLIDFW'
EHDGY DQG ZHDSRQ KDIWV ZLWK WKHLU RULJLQDO FR
PHORQ DUH DJDLQ DOVR YHU\ FRPPRQ FRQWLQXLQUJ \
HQGHPLF SODQW IRU IRRG 3RWWHU\ LV SUHVH®W LQ
VPDOO IUDJPHQWYV RI ORZ ¢UHG DQG FRDUVH VDQG \
VRXUFHG IURP WKH .XLVHE 5LYHU 6WRQH DUWLIDFW
FKDUDFWHULVWLF RI WKH :LOWRQ PLFUROLWKLF LQG
OD\HUV 7KLV LQFOXGHY ODUJH QXPEHUV RI EDFNHG
bipolar microcores, and thumbnail scrapers dominating the tool assemblage. There are
OLNHZLVH ODUJH TXDQWLWLHV RI ADNLQJ GHEULV D
OD\HUV $V LQ WKH HDUO\ WR PLGGOH +RORFHQH ¢Qt
PDMRULW\ RI WKH UDZ PDWHULDO ZLWK YHU\ VPDOO
6WURQJ VLPLODULWLHY DFURVY YDULRXV DVSHFWYV |
LWV SHUVLVWHQFH WKURXJK WKRXVDQGV RI \HDUV
towards pastoral economies in the region.

Conclusions

,Q VXPPDU\ OLUDELE UHSUHVHQWYV RQH RI WKH-PRV\
HQWO\ NQRZQ IURP WKH &HQWUDO 1DPLE JUDYHO SO
for human adaptations shifting between strategies focused on hunting and gathering ir
rich riparian corridors, to more dispersed and intensive occupation of the open gravel
SODLQV DQG ¢(¢QDOO\ WRZDUGV SDVWRUDOLVP 1HYH
EHHQ VSDUVHO\ UHVHDUFKHG RYHU WKH UHFHQW GH
be done. This includes further excavation of the large unexplored area of the site and
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high resolution dating to better link occupational events and regional climate conditions.

7KH XQLTXH HQYLURQPHQWDO FRQGLWLRQV SUHVHQW
UHJLRQ RYHU WKH SDVW \HDUV EXW WHKHR Q XUFHHRH
DW OLUDELE RuHUV DUFKDHRORJLVWY DQ H[FHOOHQW
KXPDQ DGDSWLYH AH[LELOLW\ LQ WKH ODWH 30HLVWR
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Northern Namib: a Cultural
+LVWRU\ WKURXJ
SKRWRJUDSKHG (Q

6LDQ 6 XDQIGYIHDKHPLQD 6XUR *DQXVHV
1%DWK 6SD 8QLYHUVLW\ 1HZWRQ 6W /RH 1HZWR
DQG *REDEHE 1DPLE 5HVHDUFK ,QVWLWXWH 32
&RUUHVSRQGLQJ DXWKRU 6LDQ 6XOO0OL)Y
6DYH WKH 5KLQR 7UXVW 32 %R] 6ZDNRS
1DPL 'DPDQ 7UDGLWLRQDO $XWKRULW\ 32 %R

.H\ ZRUGYVY QRUWKHUQ 1DPLE RQ VLWH RUDO K
Indigenous histories, Khoekhoegowétgra ($FDQWKRVLF\RV
horridus), Skeleton Coast National Park, Namibia.

Abstracts
English

We report on Indigenous cultural heritage and histories associated with the northern Namib

GHVHUW GHVLJQDWHG VLQFH DV WKH 6NHOHWRQ
GRFXPHQWY DQG RUDO KLVWRULHV IURP HOGHUO\ St
accessing and living in the northern Namib show how places and resources were usec
KHUH E\ . KRHNKRHJRZDE VSHDNLQJ SHRSOHV LQ-WKH
DELOLW\ RI YDOXHG IRRGYV In&ta/($H B IQDNOKR VR H DRRuGE RRJI U
photographed encounters provide focus for a narrative connecting memories about the
QRUWKHUQ 1DPLE WKDW VWUHWFK EDFN WR WKH UV
area of north-west Namibia. In ‘repeopling’ the northern Namib, we aim to also ‘rehuman-
LVHY GRFXPHQWHG FRORQLDO HQFRXQWHUYVY WKDW RE
accessed and dwelled in this now protected area.
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Khoekhoegowab

1+ED WD JH CKiIAv NKRHQ GL CKDRCQDEH AQDHG&WWXDW V'
JH Av JXULE CQk CELKHVD CNKDLE DVH MEDQKKEH®
KvQD ADRNKRHVL CIJDHADUHGH 1DPLE CQk JH @ JIHQUKXK
AJDX .KRHNKRHJRZDED UD CKRD NKRHQ JH ADZDX 1DPL
CNKDLVD 1+ VVWHQ XV JH OR iMDUWHED CWER B R EFHEEQ KR U
KkV WVv KRKHV DL JH CJDRCJDRVD L C1RQD ICKRAQDK |
AQk AKLKRGL WDPDV JDUD LR PEQDQDLGL ADZDV 1DP
(XURSDSD [X KkQ JHUH Q¢ NDLVH D CQIl ADZDV BXQURE Al
6LGD GL GLWVkV NKRHQD ADZDV 1DPLE GLV ANKD CJDH
D [RDVD AXADUXV CXULNKRHQ[DV KvQD AQ—ED/VJWHIQk X
NKRHQD [RDADXADX WVv ANKDULGCJ{DVD GL XQXVD

This article is dedicated to the late Michael |[Amigu Ganaseb, who shared his
PHPRULHV RI WKH QRUWKHUQ 1DPLE ZLWK XV _$PI

Portrait of
Michael |[Amigu Ganaseb,
E\ 20LYHU +DOVH\
Sesfontein/!INani|aus,
0D\

37KH 1DUHQLQ SHRSOH DUH WKH SHRSOH RI 6DUX\
butthe ASEXQ SHRSOH DUH WKH SHRSOH ZKR DUH FRP
along the ocean there are the huts of ’IBEXQ SHRSOH WKH\ EXLOW
RI WKH ZKDOH 6R WKH PRurbstided Qrhie B BEW KL WYX HG H 2
PRYH IURP WKH 8QLDE WR WKH +RDQLE DQG WKH
6DUXVDY >QRUWK Rl WKH +RDUXVLE@ ZKHUH WKH\
&KULVWRSKLQH 'DXP€ 7DXURV DQG OLFKDHO _$P
$SULO
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Introduction

7KH TXRWH DERYH LV IURP D UHFRUGHG FRQY HWED WL
speaking peoples now concentrated in the Sesfontein area of north-west Namibia, whc
were once associated with the northern Namib, and méia melons from the near-en-
demic cucurbit$ FD Q W KR V L F \\Reliv. ©RHbOKLf GTKeW histories have tended to
be overlooked in the better known links betwéggta DQG WKH SHRSOHV RI
IXUWKHU VRXWK %XGDFN +HQVFKHO HW DODV
DQ XQLQKDELWHG DQG GHVRODWH SODFH FRQVROLG
its protected status as the Skeleton Coast National Park (SCNP), also works against awar
QHVV RI LWV XVH DQG KDELWDWLRQ XS WR WKH UHFH
the SCNP, however, reveal that the northern Namib desert was important to people in the
SDVW - .LQDKDQ DQG - + $ ethiQDKDQRJIJHOWIDQ P HD@®M G (
5DWKHU WKDQ EHLQJ KLVWRULFDOO\ XQSRSXODW
of human presence through historical processes and events.

7KH SDSHU GUDZVY RQ RUDO KLVWRU\ KHULWDJHWKIHS S
meanings of our opening quote, which speaks of diverse groupings of Khoekhoegowab
speaking peoples moving through and utilising areas of north-west Namibia now uninhab-
LWHG E\ ORFDO SHRSOH 6XFK SHRSOHV KDYH RIWHQ

PVWUDQGORSHUVY VHHQ HPHUJLQJ WKURXJK WK@J1DP
Namibia’s Atlantic Coast. For example:

S>V@KLSVY WUDYHOOLQJ WR ,QGLD LQ WKH-VL[WHH
IXO RI WKH FRDVWOLQH WKDW WKH\ WUDYHOOHG
rocks and treacherous currents. The Dutch, the master navigators of their age,
GDUHG WR FRPH FORVHU DV WKH\ KHDGHG WR WK
VDLORUVY UHSRUWHG WKDW ZKHQ SHHULQJ WKUR]
VSRW EODFN ¢(JXUHV RQ WKH VKRUHY VWDULQJ EC
these unknown peopl WUD Q G ERIPFHUYVXQQHUV )JURP WKH
WKH HQG RI WKH HLIJKWHHQWK FHQWXU\ WKLV zZDV
WKH SHRSOHV RI VRXWK ZHVWHUQ $IULFD DQG (XL
20XVRJID DQG (ULFKVHQ

7R GLVWLO D PXFK ODUJHU VWRU\ VHH 6XOOLY-DQ
WHUV2IURP WKH ODWHFHQWXWKW®D ®EGNKH SUHVHQW2W
WXUDO KLVWRULHYVY WKDW pUHSHRSOHY WKH QRUWKHL
accounts of their presence.

JROORZLQJ WKH VL[ WHHQWK FHQWXU\ WKHUH ZDV LQ IDFW UDW
Namibia and explorers and traders from afar than indicated in this quote.

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLHW\ 9ROXPH
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Methods and Sources

The material shared below comes from three main threads of research:

Iterative review of historical literatures and archive sources regaholémg harvest-

ing and harvesting peoples connected with Namibian coastal areas, collated in the

following timelines:

T Archaeological and historical records that mention Q Dus® in Namibia,
OLQNHG DW KWWSYV ZZZ IXWXUHSDVWV QHW QD
map of references tolnara XVH RQOLQH DW KWWSV Z:.
archaeological-historical-nara-refs;

f +LVWRULFDO UHIHUHQFHV WR KDEL QNG FDQV R4 VWWKS
IXWXUHSDVWYV QHW NKXLVHE KLVWRULFDO KDELWD

2UDO KLVWRULHYV DQG LQWHUYLHZV ZLWK SULPDUL

QRZ OLYLQJ LQ WKH 6HVIRQWHLQ DUHD FDUULHG RX

XQGHUWDNHQ LQ RQ SODQW XVH LQ .RZDUHE VHW

3. 2Q VLWH RUDO KLVWRULHY DQG KHULWDJH PDSSLQ.
remember living in, moving through, and harvesting from a wide area of north-
west Namibia connecting the Palmwag Concession, Sesfontein, Anabeb and Purros
&RQVHUYDQFLHY DQG DGMDFHQW DUHDV RI WKH QR
-RXUQH\V ZLWKLQ WKH 6&13 ZHUH XQGHUWDNHQ DV
Maggs-Kadlling, Gobabeb Namib Research Institute/ddH VLIJQL¢ FDQFH RI1 V
Desert endemic Q RE¥MD QW KRV LF\RD/WVKR WWHAGWRQH VSHFLHV
QRORJ\ FXOWXUH DQG KRUWLFXOWXUDO SRWHQWLD

$00 LQWHUYLHZYV IURP ¢HOG UHVHDUFK ZHUH FBUULH
WLRQV LQ .KRHNKRHJRZDE DQG WUDQVODWLRQV IURP
*DQXVHVY ‘H ZRUNHG RQ LQWHUSUHWDWLRQV RI WKLV F
our local research collaborators. Sullivan carried out the literature review and drafting of

WKLY DUWLFOH ZLWK *DQXVHV FKHFNLQJ WKH ZRUN {
Mr Filemon |Nuab, a ‘Rhino Ranger’ based in Sesfontein whose knowledge of the north-

ZHVW 1DPLELDQ ODQGVFDSH LV UHQRZQHG )LHOG UH
1DPL 'DPDQ 7UDGLWLRQDO $XWKRULW\ DQG WKH 6HVIR

JLOGLQJV $ +Navave&RMH RQ WKH 1RUWKHUQ 1L
7KUHH 3KRWRJUDSKHG (QFRXQWHUV

$V PHQWLRQHG DERYH DQdta LWRERW. Q HVIKWIHFWHG WR
ZKHUH LWV XVH DQG FXOWXUDO VLJQL,FDQFH DUH ZH
LFDQW2HYHQ VWDSOH2IRRG VRXUFH LQ D FKDOOHQJLQ

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF
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that archaeological and historical literatures report the ussacd in the Namib desert
VRXWK DQG QRUWK RI WKH .KXLVHE 5LYHU DV VKRZC
$ PDS SXEOLVKHG LQ RI WKH FDUWRJUDSKLF ZI
JUDQFLVY *DOWRQ GXULQJ KLV WUDYHOV LQ OH F(
denoted as ‘Nareneen’ to the west of ‘Kaoko’ mountains west of Outjo and Etosha (Galton
2VHH )LIXUH 7KLY HWKQR®&®aKDUYYWXNIWHQW LY HDR F
/A 11N K &Hrn@ntioned in the quote that opens in this paper:

S >SW@KH 1DUHQLQ SHRSOH DUH WKH SHRSOH RI 6D
Also,

SSW@KH 1DUHQLQ ZHUH VWD\LQJ WR WKH QRUWK F
ZHUH VWD\LQJ LQ 8QLDE LQ WKH VRIXavdsget$ QG WKF
ULSH WKHQ ZH FRPH WRJHWKHU2 1DUHQLQ DQG A8
YUDQ] _+DHQ A+RsSE A¢V QHDU 6HVIRQWHLQ R

This presence dhara harvesters in the northern Namib is elaborated further through
WKUHH SKRWRJUDSKHG KLVWRULFDO DQG FRQWHPSRI

MEHHEXVFKPIQQHUY +RDQLE DQG +RDUXVLE 5LY

,Q WKH PLGVW RI EURDGHU FRORQLDO FDUYLQOHKS |
resources, a large area of the north-west, including the northern Namib, was claimed for
WKH .DRNR /DQG DQG OLQLQJ &RPSDQ\ .DRNR /DQG X
7KH ./0* zDV UHSUHVHQWHG LQ 'HXWVFK 6«GZHVWDIU
YH\RU *HRUJ inBttatdgr Bliaze with the German colonial governor Leutwein
5L]]R W zZzDV LQ VHUYLFH WR WKH ./0* WKDW
QRUWKHUQ 1DPLEZ?2LQ DQG + 2ZHUH (QDQFHG D¢
7KH VHFRQG RI WKHVH VXUYH\V LQFOXGHV D VWDUW
DV RI D p*URXS RI VHD EXVKPHQ >36HHE X\NGhAHaPmhenhQ HU ~
@ DW +RDQLE PRXWK FDSWDLQ ZLWK D ZRI
7KLY LPDJH FRQYH\V D JURXS RI SHRSOH ZKR

W LV WKLV +DUWPDQQ WKDW ERWK WKH p+DUWPDQQTV 9DOOH\
((TXXV JHEUD K é&f dorhPiz Rantbia and south-west Angola are named after.

8 7KLV WHUP LV WRGD\ FRQVLGHUHG GHURJDWRU\ (OSKLFN [Y
ZKHQ TXRWLQJ GLUHFWO\ IURP KLVWRULFDO WH[WV LQ ZKLFK W
IRU . KRHNKRHJRZDE VSHDNLQJ SHRSOHV XVXDOO\ SDVWRUDOLYV
included in thistextRQ@Z@KHQ TXRWLQJ GLUHFWO\ IURP KLVWRULFDO PDWt
focus the past presence of Khoekhoegowab-speaking peoples who are often marginalised in work concerr
ing north-west Namibia.
$00 *HUPDQ WR (QJOLVK WUDQVODWLRQV E\ 6XO0OLYDQ ZLWK WHK
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Figure 1: Distribution of $SFD QW KRV L F\ RN OKR UHJ L-GRR/NY DIU®W R X WK ZHV W
$IULFD 6RXUFH &UHDWHG E\ 6\OYLDLFPRPGSNRH) RH WHKH Y&KX
&OLPDWH &KDQJH DQG $GDSWLYH /DQGZZZQDIWHPHIOWR 6% 6 6R
GDWD SURYLGHG E\ 'U *LOOLDQ GHIUFLMOIOR@J DQG XVHG ZL

+DUWPDQQYY SKRWRJUDSKHU DSSHDUV SURXG DODME GH
ORRN OLNH VSULQJERN DQG VHDO VNLQV DV ZHOIO DV L
European design. Knives used perhaps for scoopintpatd PHORQ AHVK DPRQJ
things, are worn around their necks. Hartmann’s text speaks of this group of photographed
SHRSOH DV D uGHFLPDWHG WULEHY GHVFULEHG LQ UD
DSSDUHQWO\ EDVWDUGL]HG +RWWHQWRW RU FURVVEU
OLYLQJ uDW WKH PRXWKV RI WKH _8QL DE UL@HOKHBAEL
in the dunes theE 1 Du®as@ IUXLW LV WR EH IRXQGIfiasdadhiVPDQ
LPDJH )LJXUH MEHHEXVFKPIQQHUY KXWV DVVXPHG V
MSLHWJUDVIRQWHLQY FORVH WR WKH PRXWK RI WKH +R

%ROOLJ DQG +HLQHPDQQ %ROOLJ UHSURGXFH DQ LPDJ
IURQW RI WKH SKRWRJUDSK EXW RPLW DGGLWLRQDO TXDOLI\LQJ
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YLIXUH $UFKDHRORJLFDO DQ®G MY WRULFIDPD UNFRIWRP RIF
RI WKH .KXLVHE DUH BHFKRPLE 5L¥HU 6 +DVA R DWRKLQ;
.QREHO LQ 'DUW BHVIRQWHLQ GX 3HOQWALQJIH
8QLDE PRXWK 9RQ (VWRUU LQ -DFRBEVRIQDE 8 ULR MLV
V +D\WKRUQWKZDLWH QDIMWD P PGPRIHOV . L
OXUUD\] QHDU P$EDELVY RQ H&KXQWRS 5$OHHDOGHUY 7VR(
YRO SS  # BRVVXVYOHL Q 1D'RLEEGDDQD &ROOHF\BI
*RUUDVLV %DVLQ FD %3 - .LQDKDQ DQG&QJWDH 3HTQOHKD
ORUUHOO > @ 6NRUSLRQ"&®mEH- .LODKDQ DQG
.LQDKDQ 5RVK 3LQDU VKHOWHY %3 B6LHYHUV

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLHW\ 9ROXPH
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YLIXUH '"HWDLO IURP )UDQFLV *®DIOQ R QNQ G D S GR1J §IHH. ¥ D6 FEX
SRVLWLRQLQJ HIDUHQHHQY ZHVW RWRQ@RNRY PRROQWRL GRS 6l

to wonder if perhaps the inhabitants of these shelters had absented themselves so as to
avoid Hartmann’s expedition.

Several additional observations from this period report people using, moving
WKURXJK DQG LQKDELWLQJ WKH QRUWKHUQ 1DWILRQ$V
6FKXW]JWUXSSH RvVFHU /XGZLJ YRQ (VWRUu REVHUYHG
8QLDE 5LYHU PRXWKY DQG RQ UHWXUQ D PR®WR ODYV
ZKR KDG MXVW DUULYHG IURP WKH +RDQLE 5WXHUFIRN/
SDUWY ZLWK RQH pQDUUD NQLIHY UHSRUWHGO\ juPDG
-DFREVRQ DQG 1ROL DQG UHIHUHQFHW VeKIBUWH L
tion to seek northern deposits of guano, George Elers built a road north of the Koigab and
Huab rivers to enable travel northwards towards Sesfontein, doing this with ‘a large num-
ber of Berg-Damaras who live in thsif@ 9HOGVY ZKR VKRZHG KLP ZKH
IRXQG (OHUVT UHSRUW TXRWHG LQ -RERENR® B G
D *HUPDQ PLOLWDU\ SRVW ZLWK D EULFN IRUW XQGHU \
informed that travel further north is ill-advised because of drought. Nonetheless, and with
ORFDO JXLGHV KH SURFHHGHG ZHVWZDUGY GRZQ WK}t
and the Hoarusib, ‘some Berg-Damaras and Bushman who live close to the sea’ who were

-RXUQDO 1DPLELD 6FLHQWL¢(F 6RFLF
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YLIXUH H*URXS Rl VHD EXVKPHQ DWK +R IXQRIPED ® ROQN W K ADIS
6RXUFH +DUWPDQQ RXW RI FRS\ULJKW

YLIXUH H5LHWJUDVIRQWHLQ FOREH RQRWKKHQRRRINWKK VR.IG W
SURWHFWHG IURP WKH VRXWKZHVWHEXQ\GKPPRQGE R Q ME K>
'U +DUWPDQQ ZLWK KRUVHVYT 6RXWRAEH RS U WK Q R
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SFRQVWDQWO\ ZDONLQJ XS DQG GRZQ WKH FRDVW
ashore\RX ZLOO (QG WKHLU .UDDOV DOO WKH ZD\ WR
south to the Hoanib

(OHUVY UHSRUW TXRWHG LQ -DFREVRQ DQG 1RC

, Q JHRORJLVW . XQW] VLPLODUO\ PHHWYV p%HUJGDP
IURP WKH 8QLDE PRXWK ZKHUH SUHViaRDEO\ WKH\ KD(

7KH QRUWKHUQ 1DPLE HI[SORUHG E\ WKHVH FRORQLD
ZDV FOHDUO\ LOKDELWHG DQG XWLOLVHG E\ .KRHNKRH
EHWZHHQ WKH GLUHUHQW ZHVWZDUG ARZLQJ HSKHPHU
the resources of both the coast and areas inland.

HEWUDQGORSHUVY B6HVIRQWHLQ

&ERQWLQXLW\ ZLWK +DUWPDQQTV LPDJHV LV LQGLFDWI
WLPH ZKHQ 1DPLELD DV pu6RXWK :HVW $I1ULPprHvindeV DGF
Rl 6RXWK $IULFD %HUQKDUG &DUS D EXVLQHVVPDQ Z|
HISHGLWLRQ WR .DRNRYHOG ODFGRQDOG DQG +DOO
South West Africa of encountering ‘foragers’ at the Hoanib River mouth, comprising:

8 EXVKPHQ EXVKZRPHQ 'DPDV DQG 'DPD ZRP
Sandloopersgic"@ DV WKH\ OLYHG LQ WKH VDQG DQG DO\
EHDFKHY RI WKH FRDVW ZKHUH WKH\ DWH GHDG ¢\
RI JUDVV YHOGNRY DQG DQ\WKLQJ WKH\ FRXOG FD
SURSHU KXWV DQG KDG D YHU\ SULPLWLYH OLIH"
TXRWHG LQ %ROOLJ

A government ethnologist for the former Dept. of Bantu Administration based in Pretoria

VWDWHY LQ WKH HDUO\ V WKDW p>W@KLV JURXS R
XEXQ f2L H pABEXQT2DQG WKDW uWKH LQIRUPDQW VD
FDOOHG NXLVHE ZKLFK LV VRXWK RI :DOYLV %D\ QHDU
DQG KLV QHSKHZ _1DQLPDE PMERUQ ZKHUH WKH B8QLDE
ZDON IURP 6HVIRQWHLQY 9DQ :DUPHOR > @NKH $\
8JDE 5LYHU LQ WKH HDUO\ V. WKH $QJOLFDQ 5HFWHR
observed ‘Berg Dama’ living there with some goats and working at the mine, who ‘use the

QbUDY ZKHUH WKH\ FDQ ¢QG LWY +D\WKRUQWKZDLWH

1$1 % .UDXVH DQG .XQW] .XQW] UHSRUW WR ./0*
" 5BHIHUHQFLQJ 1%$1 6:$$ .DRNRYHOG $
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,Q 0D\ D OU /RXLV .QREHO IURP 3UHWR WRIHP DL@RP WWAKKH
Game Warden of South West Africa’—photographed a group of people in Sesfontein later

GHVFULEHG E\ DUFKDHRORJLVW 5D\PRQG 'DUW LQ D
text as:

SD VPDOO JURXS RI FRDVWDO %XVK +RWWHQWRW |
DQ DQFLHQW GRGGHULQJ IHPDOH VDLG WR EH Wk
the Topnaar Hottentot elders, their overlords, to be the last remnants of what
ZDV RQFH D ODUJH ERG\ RI 6WUDQGORSHUV W Z
WR DOORZ WKHVH 6WUDQGORSHU UHWDLQHUV WR
thenarra fruit was ripe. ... On the coast this Strandloper group still subsists
for several months on these fruit and the sea food found along the coast ...,
HVSHFLDOO\ RQ WKH URFNV DERXW WKH PRXWK F
+RDUXVLE 7KLV JURXS KRZHYHU ZHUH QRW EHL

WR JR WR WKH FRDVW IRU WKH SDVW WKUHH RU I}
'‘DUW

.QREHOfV SKRWRJUDSKV )LJXUH IRUP WK IF KEIVWIGY
DFFRXQW RI WKLV HQFRXQWHU 6FKRHPDQ DGGLWLRQ

SDFFRUGLQJ WR WKHVH 6WUDQGORSHUVY RZQ VW
from a Name gic] Hottentot tribe, somewhere near the Brandberg ... in the
Kaokoveld, but their predecessors had lived along the Skeleton Coast and up

WRZDUGYV 5RFN\ 3RLQW IRU KXQGUHGV RI \HDUV”
'‘DUW

The three ‘Strandloper’ men photographed in Sesfontein stand before a circular hut made
of ‘pieces of wood, branches and palm fronds’ and are described as

SFODG LQ IURQW DQG EDFN DSURQV RI EXFN VNLQ
HDU ULQJV DQG LQ RQH FDVH D QHFNOHW RI WKH
%XVK SHRSOHV >SHUKDSV Rl RVWULFK HJJ VKHOO

WLHG DERXW WKHLU DQNOHY ZLWK OHDWKHU WKR
'DUW

'DUWYV SDSHU SURFHHGV ZLWK D YHU\ REMHFWLI\LQ.
the photographed men.

,Q 0D\ DQG DJDLQ LQ ODUFK WKHVH LPDJHV
resident Franz |HaeA + R bdnca. DW $XVHV LQ WKH ORZHU +RD
as dnara harvester of the northern Namib. Franz recognised one of the men photographed
here as called |Gabenaeb, known to be an enthusiastic darjgarsgiraise songs. In
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YLIXUH / W7KUHH 6WUDQGORSHIUYJRIQ6 HVRRQMRILW KHL § U\
ZRRG EDUN SDOP IURQGV DQG JUBWQWREH BV \MHKBIWHDG IR W K UX
RQH RQ WKH ULJKW VLGH RI WKH SYHUY MRR W B HF @/EKIWH \KLOGYH.
6RXUFH 'DUW RXW RI FRS\ULJKW

JLIXUH WKLY PDQ LV VHDWHG RQ WKH ULJKW DQG D
the left. His full name is Werner |Gabenadbt R sufid he is an uncle of Franz: Franz’s
father David |GerdA+RsE LV WKH EURWKHU RI _*DEHQDHE?2LQGL
in Figure 7.

:KDW LV HIWUDRUGLQDU\ LV WKDW _*DEHQDHE SLFW
UHFRJQLVHG LQ ¢HOG UHVHDUFK VRPH \HDUV ODWH!
DV DQ HOGHUO\ PDQ SOD\LQ@RPX OIVWEBRWL FDRZ IHRQIHY 9
FRPPRQO\ SOD\HG RIWHQ VLPSO\ IRU pVHOI GHOHFWI
LH IRUSOHDVXUH GHOLJKW DPXVHPHQW DQG PHGL!
E\ HWKQRPXVLFRORJLVWYV (PPDQXHOOH 20LYLHU DQC
GHSRVLWHG LQ WKH %YULWLVK /JLEUDU\ 6RXQG $UFKLY]I
1DPLELD DUFKLYH RI UHVHDUFK UHFRUGLQJVY KWWS
ZH PDQDJHG WR UHWXUQ WKH IXO0O VHW RI 6HVIRQWH
_*DEHQDHE SIRPDQKMWMRKGHVIRQWHLQ IRU VDIH NHHSLQ
7TUDGLWLRQDO $XWKRULW\ 7KH LPDJH LQ )LJXUH LV

V DV DQ XQQDPHG pVvVWRPD GERESH VIR GWBLQQLQ ,
DFFRPSDQ\LQJ WKH 20LYLHU 0DQYV UHFRUGLQJV IURP
SOD\V VRQJV ZKRVH QDPHV DUH VXJJHVWLYH RI KLV S
DORQH"Y p7KH FDPS KDV PRYHGY M+RPHVLFNY p:KR Z
‘Springbok’, ‘I was left alone in the bushat TBRdOPLY p:H ZLOO PHHW-GXUL
son’, ‘Waterhole’, ...

'KHQ SXUVXLQJ WKLV FRQYHUVDWLRQ ZLWK )UDQ] L
WKHVH PHQ FDPH WR OLJKW 7KH LPDJHV DUH QRW LQ
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YLIXUH 5SHFRQVWUXFWHG JHQHDORJ\ RG WMAHRPIERQ HR3J B &F
ZLWK HVSHFLDOO\ )UDQ] _+DHQ &+R SEQ @ KZ VWHR/U IGAHDON PIDQA

LQ 'DUWTV SDSHU 7KH PDQ VWDQGLQJ WRH¥FIDK OHC
like |Gabenaeb—as someone who loved to dance |gais praise songs: but he is not ph
WRJUDSKHG LQ WKH LPDJH RQ WKH ULJKW 1DEXQDI
ZLWK 1DPLPDE +XLVHE ;DP NKDRE +€QLE DQG $X LC
EURWKHU RI £*VHE ZKR ZH ZLOO PHHW DJDLQ EHORZ
elderrasGD NDW. LV WHPSWLQJ WR VSHFXODWH WKDW p_1D
PDQ UHIHUUHG WR E\ 9DQ :DUPHOR DERYH DV u_1DQLF
WKH VHD DERXW VHYHQ GD\V ZDON IURP 6HVIRQWHLC
W VHHPV FOHDU WKDW LQ WKH V LW ZDV QRW XC
nected with the nodal settlement of Sesfontein to move between the coast and inland, ir
part so as to harvebtara in the lower reaches of several rivers traversing the Northern
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JLIXUH "HUQHU _*DEHQDHR P&+ RikKESesGnteinS PhotoY Emmanuelle
20LYLHU QR GLIJLWLVHG E\LEHD@WALXE O MMIR@ RO UFEXV I
6 *DQXVHV DQG 6 6XOOLYDQ ODRQ 8VHG ZLWK SHUPLVV

1DPLE WKH .KXPLE +RDUXVLE +RDQLE 8QLDE DQG 8
QRUWK VRXWK GLVWDQFH RI PRUH WKDQ NPV 1RQH
D UHSRUW FRPPLVVLRQHG E\ WKH :LOGOLIH 6RFLHW\ |
ERXQGDULHV RI *DPH 5HVHUYH QR DQG (WRVKD *DPt
ZDV DEOH WR VSHDN RI phUHFHQWO\ HIWLQFW 6W
7LQOH\ + GHVFULEHV WKH SUHYLRXV GLVWULI
FRQWLQXRXVY DV WKH\ ZHUH JRYHUQHG E\ WKH RIFFXU!
VHDVRQDO ULYHUV FURVVLQJ WKH 1DPLE '"HVHUWY DO
ULYHUVY WUDYHUVLQJ WKH GHVHUWY ZULWLQJ YWHKDW W
ROG LQGLYLGXDOV OLYLQJ LQ 6HVIRQWHLQY +HWRYHU
the establishment of mining concessions for diamond and semi-precious stones through
WKH QRUWKHUQ 1DPLE IURP WKH V RQZDUGV DW ¢
%D\ 7THUUDFH %D\ DQG 7TRVFDQLQL ODQV¢{HOG ,Q
DUHD UHVWULFWHG IRU PLQLQJ SHRSOHV XVLQJ FRDV
WKH\ FRXOG QR ORQJHU DFFHVV WKHVH DUHDY DQG PX
IRUPDO VHWWOHPHQW DUHD RI 6HVIRQWHLQ 7KHVH Fl
which Sesfontein resident Hildegaart |[Nuas tells of how Nama headmen from Sesfontein
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FDPH WR WKRVH OLYLQJ LQ WKH +RDQLE ZHVW RIl 6HV
\RX KDYH WR PRYH WR 6HVIRQWHLQ VR WKDW WKB8AQR
YLGHR RQOLQH DW KWWSV YLPHR FRP +LOGFH
the late Manasse |Nuab, continued to go to the Hénaitas DW WKH WLPH RI WK
WKH\ EHFDPH Ubh®#3aH FENH® JEQBN WR 6HVIRQWHLQ VHH
VRPH RI WKRVH UHPRYHG IURP WKH QRUWKHUQ MPLE
IRU WKH PLQHV LQFOXGLQJ )UDQ] A+RsE PHQWLRQHG
Iterative clearances of people and livestock from landscapes west and also south o
6HVIRQWHLQ DFWHG WR IDFLOLWDWH VKLIWV LQ WKHFE
WKH *HUPDQ FRORQLDO UHJLPH IURP WKLV *DPH
east with ‘Kaokoveld’ in the north-west—an area incorporating the northern Namib from
WKH +RDUXVLE WR WKH . XQHQH ULYHUV )LJXUH 2F
ZKDW LV FDOOHG puJDPHY zDV UHVWULFWHG ORFDOO\
IURP WKH RXWVLGH :LWK 2UGLQDQFH R *DPHJUDC
5HVHUYH QR WRRN SODFH ,W QRZ LQFOXGHG WKH |
5LYHU ZHVWZDUGV WR WKH FRDVW DQG QRUWK RI WK
7KH SURWHFWHG DUHD WKHUHE\ LOFRUSRUDWHG WKH
rivers, with the area around Etosha Pan in the east proclaimed as ‘Etosha GaméHeark’

JLIXUH 6FUHHQVKRW IRU VKRUW ¢ ORDNJ KMV F U REQ-fMID& B U
WKH GXQH ¢HOGV RI WKH +RDQLE VHH KWWSV YLPHR FRP

7KH VRXWKHUQ ERXQGDU\ RI *DPH 5HVHUYH QR ZDV VKLIWHG LC
EHWZHHQ WKH .RLJDE DQG 8QLDE 5LYHUV
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YLIXUH %RXQGDULHV LQ VK RYHQY M KQHR H[VE K QFK RV KD E
DQ DUHD RI H1DWLYH XVHYT DURXQB VEM W R QIVHED WK UK\ FIKQ
WR WKH IRUPHU 3ROLFH =RQH ERXQGBOXPGGLYOM QI WRE B
DQG OLYHVWRFN IHQFHV 6RXUFH OLHVFKHRP OLHVFKERO RXQU
ZLWK SHUPLVVLRQ

M.DRNRYHOG 1DWLYH 5HVHUYHY LQ WKH QRUWK ZHVW L
WKH pn.DRNRODQG +RPHODQGY ZzDV HVWDEOLVKHG DIW
stretching to the coast were removed from the new boundaries of ‘Etosha National Park’,
HVWDEOLVKHG DV D SURWHFWHG DUHD ZLWK VRPH DGI
Game Park’.
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Enacted in connection with the recommendations of the Odendaal Commission

2GHQGDDO 5HSRUW WKHVH ERXQGDU\ FKDQJHV
KDYH pVDFUL¢FHGY WKH SURWHFWHG DUHD RI *DPH 51
.DRNRODQG DQG 'DPDUDODQGY 'H OD %DW HY

KDG RQO\ EHHQ LQFRUSRUDWHG DV SDUW RISDRSR5H
als were made at this time to further remove people from areas of north-west Namibia
LQ ZKLFK WKH\ KDG ORQJ KLVWRULHYVY 7LQOHWKHU pW
Nama people at Sesfontein and Warmquella, the extinct Strandlopers, and the Heiqurr
3% XVKPHQ {1 DV ubOO RI WKH +RWWHQWRW RU 1DPD V\
LQJ WKDW p>R@QH KRPHODQG VKRXOG VXVFH GDN\R MKW
LQJ WKDW p>W@KH 1DPD SHRSOH DW 6HVIRQWHLQ DQ
WKH VDPH KRPHODQG DUHD DV WKH JUDQVIRQWHLQ St
WKH SUHVHQFH RI 'DPDUD A1INKRHQ GHVSLWH WKH
of Khoekhoegowab-speaking peoples of the Sesfontein Native Reserve and surrounding
area in these decades

7KHVH ERXQGDU\ FKDQJHVY DQG UHRUJDQLVDWLRQV
WKH ZD\ IRU SURFODPDWLRQ RI ZKDW ZDV DOUHDG\ D
IDWLRQDO 3DUN ZDV HVWDEOLVKHG HQFRPSDVVLQJ \
to the Kunene rivers, from which people were banned from entering without a permit.

5SH ORFDWLQJ £A£*VHEYV JUDYH LQ WKH 6NHOHWR

$V QRWHG DERYH )UDQ] _+DHQ A+RsSsE ZKR LGHQWL,
ebratedgais GDQFHU $OIUHG _1DEXQDE VWDQGLQJ WR WI
PRVWO\ VWD\LQJ ZLWK VHYHUDO PHQ G NE&Ras th&irRP L
HOGHU ,Q WKH TXRWH WKDW RSHQV WKLV SDSHU .K|
as those who built huts with ribs of the whale. Whalebone huts and shell middens have
been well documented for a settlement located south of the Ugab River mouth, made from
the ribs and mandibles of the Southern Right Whaldalaena australjswith ceramics
IURP WKLV VLWH GDWHG EHWZHHQ %3 DQG %3 -
- .LQDKDQ :KDOH ERQH PDWHULDO LV DOV
FLUFOHV QRUWK RI WKH OXQXWXP LQ WKH QRUWK#HUQ
W LV SRVVLEOH WKDW QRUWKHUQ 1DPLE VHWWOF&
KDYH ORRNHG VRPHWKLQJ OLNH DQ LPDJH OLQNHG ZL
+ HISHGLWLRQ QRUWK RI WKH 2UDQJH 5LYHN +BBP
$ PDS IURP WKLY MRXUQH\ LQFOXGHV D VNHWFK RI D
YLOODJH FRQVWUXFWHG RI ZKDOH ERQHVY RQ WKH FR

JLIXUH ,Q WKH LPDJH WKH KXWV DUH SODXSIGQYH
6HH SRSXODWLRQ ¢JXUHV LQ 9DQ :DUPHOR > @ 81 6SF
DQG 1DWLRQDO 30DQQLQJ &RPPLVVLRQ DOVR VXPP
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JLIXUH '"HWDLO RI p6WUDQG %RIVAIMDRDRV $ Y2OOD@IH FURR U ¥
6:39 DSSDUHQWO\ FUHDWHG DV D FRPIRYVEPI/WLRIQPDHIRW LS Dt
GLWLRQV LQFOXGLQJ WKDW OHG ESDOIQGIEN ¥REBYIHORU &L
$GDSWHG IURP ORVVRS RSS S

LYV DFFRPSDQLHG E\ VHYHUDO GRJV D EHDFKHG ZKDOH
DQG D KXPDQ ¢JXUH LQ WKH FHQWUH LV FDUU\LQJ RQ
used for storing potable water.

& 8 E d®@Khoekhoegowab-speakers sometimes referred to as ‘Nama’ and at other
WLPHY DV p%XVKPHQY OLYLQJ RQ WKH RFHDQ VLGH R
HGO\ IRU JHQAHKBD\WRLRYWLNHO\ WR EH DPRQJVW WKRYV
with the term ‘Strandloper’ in historical texts. Their presence in the northern Namib is
LQVFULEHG RXWQFKHU .R @&QnLvihich hevrare/Hubun’ appears
DFURVYVY WKH YLFLQLW\ RI WKH +RDUXVLE DQG +RDQLE
A 8 E Xid@yed betweetnara ¢ HOGV LQ WKH 8QLDE DQG +RDQLE UL
+€EQNDE VSULQJV QRZ LQ WKH 3DOKHD JDDRH/RU Y WD &R B
in the lower Hoarusib where there is a spring, W VHHPV SRVVLEOH WKDW F
DUH FRQQHFWHG ZLWK D p7RSQDDU JURXSY FDuG®HKI _1
A*DVRDE OLYHG LQ WKH .KXLVHEY FRPLQJ LQWR FRQ
DQG 0X ALQ ZKLFK FRQWLQXHG pEHW AEH H eidiém®iBfV RD E
.KD[DE RI WKH 0X ALQY 9LJQH DOVRRRKDQOHPDGGHG

JUDQ] _+DHQ A+RsE .DL DV 1RYHPEHU

'RFXPHQWHG WKURXJK MRXUQH\V ZLWK )UDQ] A+RsE DQG 1RDJ *I
_+DHQ A+RsE + 0D\

Hildegaart |Gugowa [NuafQp HDQXVHYV _1XDV 6HVIRQWHLQ $SULO

9LJQH GUDZV RQ DQ DUFKLYHG ODWH V VWDWHPHQW E\ 331
Frederick Khaxab, to an agent of German colonial settler Adolf Luderitz.
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7KH _1DPL[DQ UHSRUWHGO\ ZLWKGUHZ pWR WKH VHD
FRPSDQLRQV WUDYHOOHG VHFUHWO\ WR 5RRLEBIQW >
SHRSOH OHIW WKHUHY EHLQJ pVXUSULVHG DW D 0X /
DWWDFNHG IURP WKH GXQHYVY UDWKHU WKDQ DSSURDF
DQG KLV FRPSDQLRQVY 9LJQH 7KH pXORBHD &KL
i+LHEVOMRQH HPSKDVLVY DGGHG

*LYHQ NQRZQ QDPLQJ SUDFWLFHV LQ ZKLFK VRQV R
WKHLU IDWKHUV WKH SRVVLELOLW\ HILVWV WKDW p&lt
grand-fatheri* VHEHPHPEHUHG E\ WKH HOGHUO\ ASEXaPDQ
¢HOGV QHDU $XVHV 8LAJDPV LQ WKH ORZHU +RDQLE
6HVIRQWHLQ 1DQL_DXV VHH UHFRQVWUXFWHG JHQH

,Q 0D\ JUDQ] OHG XV WR WKLV JUDYH RISRQLWBUI
ULYHU ORFDWHG H[DFWO\ DV PHQWLRQHG LQ SULRU 1
IDWLRQDO 3DUN RQ WKH VRXWK VLGH RI WKH 8QLDE
A*VHEV JUDYH LV QH[W WR WKH IRUPHU GZHdarih. QJ V
+HUH £A£*VHE DQG RWKHUV ¢UVW HQFRXQWHUHG *HUPD
WR )UDQ] DV EHLQJ WKH ¢UVW RFFDVLRQ ZKHQ WKHVH
IRRG LQ WLQV 7KLV HQFRXQWHU ZDV SHWKPISY WLIRH |
above, which found ‘deserted, circular reed huts at the Uniab River mouth’ and on return
D PRQWK ODWHU HQFRXQWHUYVY KHUH pD EDQG RI 3

YLIXUH )UDQ] _+DHQ é+RsE VWD@E VDIWK BUK H \JHD YKIDR L @ &
HGO\ DERXW WKLV JUDYH LQ SUH YRRV ULHRMQWWY VEBRW WNK HJ
GHVHUW DUH FOHDUO\ YLVLEOH D URY®@G& WRK HV KUHD SBIDG? K FR G
ZKHUH 68EXQ OLYHG LQ WKH SDVWWKM BQRKM RJIRWKKHL FBmL
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+RDQLE 5LYHU 7KH\ ZHUH OLYLQJ Ru QDUUD IRWIWKH

When we located this grave spoken of in previous interviews, there were imprints of
IRRWVWHSY DOO DURXQG LW ZKLFK ZH ODWHU OHDUQ
SHRSOH DFURVV WKH SDUN KHOG LQ $sSULO YW ZR
OLYLQJ LQ WKH 6HVIRQWHLQ DUHD WRGD\ IRU WIXQV JU
and animal disturbance into the future.

Concluding Remarks

For the duration of written accounts about the northern Namib, overlapping into the pasts
recorded in archaeological research, diverse Khoekhoegowab-speaking peoples accessed
XVHG DQG LQKDELWHG WKH QRUWKHUQ 1DPLE 7KH KL
XVKHUHG LQ E\ (XURSHDQ FRORQLDO YHQWXURBFBBEWH
tions of the landscapes of the northern Namib that restricted and contained prior mobilities,
whilst creating new regimes of access, governance and use. We have attempted to bring
LQWR IRFXV zZzD\V WKDW WKH QRUWKHUQ 1DPLE ZDV RQ
,QGLJHQRXV 1DPLELDQV GUDZLQJ RQ WKHLU RZQ DFFR
UHVRXUFHYVY ZHUH LPSRUWDQW WR WKHP ,Q MX[WDSRYV
LQJ DQG RIWHQ GHURJDWRU\ QDUUDWLYHV RD ® @FRQ
WKH JXOl EHWZHHQ ERWK VHWY RI DFFRXQWYV VHHPV
the information bequeathed in the historical texts might have been had the peoples of the
northern Namib been met and engaged with as complex persons with names, histories and
DJHQF\ :KDW ULFK VWRULHV WKH\ PLIJIKW KDYH VKDUH:(
ZDV LPSRUWDQW WR WKHP DQG KRZ WKH\ PDQDJHG WHE

,OWHUVHFWLQJ DUFKDHRORJ\ UHVHDUFK DQG KLVWE
RUDO KLVWRU\ DQG HWKQRJUDSKLF YRLFH V GHPRQVW
UHIUDFWRU\ RI WASRORJLHV RI SHRSOHV NH\ UHVRXL
LQ DUFKDHRORJ\ KLVWRULFDO DQG HWKQRJUDSKLF D
DVVLVW ZLWK UHFRYHULQJ FRPSOH[LW\ LQ 1DPLELDQ S
on environmental and cultural concerns into the future.
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.H\ZRUGV 6RODU UDGLDWLRQ QHW UDGLDW
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Abstract

The Gobabeb Baseline Surface Radiation Network (BSRN) location was established a
GHFDGH DJR DV SDUW RI D JOREDO QHWZRUN WR SUR
YDWLRQV RI UDGLDWLRQ AX[HV XQGHU WKH DXVSLFH
The Gobabeb BSRN measures the incoming and outgoing shortwave and longwave rad
ation at two locations in the Central Namib Desert. With a suite of instruments, radiative
AX[HV Rl VKRUWZDYH GR Z2idetsBarvddiatiom L R&QLuXVH UL
ation OIF), longwave downward radiation’ {* ), shortwave upward radiatior6(; 8)

and longwave upward radiation:@ DUH UHFRUGHG DW PLQ EQWH
HybQw PHWHRURORJLFDO YDULDEOHY GLUHFWO\ DW
guent calibration of instruments against World Radiometric standards, the measurements
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of DIR, 6:" and/:' DUH GXSOLFDWHG WR UHSOLFDWH UDGLD
UHGXQGDQW GDWDVHWY 7KH WZR GDWDVHWY DUH FR
TXHVWLRQDEOH GDWD EHIRUH EHLQJ GHSRVLWHG LQ
%651 GDWDVHW LV RI YHU\ KLJK TXDOLW\ ZLWK OHVV
tion. The upward radiation dataset has more missing data due to its becoming operational
DW D ODWHU GDWH $V H[SHFWHG FOLPDWLF YDULDE
AX[HV DW *REDEHE 'XH WR LWV ORFDWLRQ LQ D K\SH
WKURXJKRXW WKH \HDU 5HAHFWHG UDGLDWLRQ IURP
PHU PD\ KRZHYHU UHVXOW LQ YHU\ KLJK GRZQzZDUG
GXH WR RQVKRUH DGYHFWLRQ RI VWUDWXYV FORXG EL
IURP $XJXVW WR )HEUXDU\ LV GLVWLQFWO\ YLVLEOH
AX[HV RI WKH GLUHUHQW HOHPHQWY SURYLGHYV PRUH
LQFLGHQFH RI IRJ DV ZHOO DV VHDVRQDO FKD®JHV L
WUDWH KRZ KLJK TXDOLW\ %651 GDWD DUH XVHG JORE
DVVHVVPHQWY DQG HYDOXDWLQJ GLUHUHQFHYV EHWZH
performance.

1 Introduction

7KH VXQ LV SUDFWLFDOO\ WKH RQO\ VRXUFH RI HQHU.
OLIH RQ (DUWK 7KH HQHUJ\ FRPHV DV VRODU UDWGLDW
DQG UHGLVWULEXWHG E\ WKH URWDWLQJ SODQHW GU
WLRQ RI WKH DWPRVSKHUH UHVXOWLQJ LQ ZHDWKHU D
DEVRUEHG E\ WKH SODQHW DSSUR[LPDWHO\ WZR WKL

DO ZKHUH QHW UDGLDWLRQ LV D FUXFLDO FRPSR
RQ RFHDQ DQG ODQG VXUIDFHV +HUH VPDOO FKDQJ!
FKDQJH LQ FOLPDWH %651 'KLOH WKH VRODU LQ¢

ZLWK VXVFLHQW DFFXUDF\ NQRZOHGJH DERXW WKH LU
LWV VSDWLDO GLVWULEXWLRQ2KRUL]JRQWDOO\ DQG YF
present climate. As existing radiometric networks were not accurate enough for climate
UHVHDUFK D QHZ %DVHOLQH 6XUIDFH 5DGLDWLRQ 1HW
\HDUV DJR E\ WKH :RUOG &OLPDWH 5HVHDUFK 3URJUDP
UHVROYH WKLY WRS ERWWRP GLVFUHSDQF\

7KH %651 VWRRG RXW IURP H[LVWLQJ PHDVXUHPHQW
mitment for the long-term operation of the stations under the guidance of radiation experts;
PHDVXUHPHQWY RI EDVLF UDGLDWLRQ FRPSRQHQWYV LQ
of the radiation instruments to the World Radiometric Reference, which is maintained at
WKH :RUOG 5DGLDWLRQ &HQWHU LQ 'DYRV 6ZLW]JHUOD!
RU '"ULHPHO HW DO $SDUW IURP PRQLWRUAINHW K
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radiative componentsvith the best methods available, BSRN also provides data for veri-
(FDWLRQ RI VDWHOOLWH EDVHG HVWLPDWHY RI WKH

$OWKRXJIJK QRZDGD\V VRODU UHVRXUFH DVVHVVYPHQ
ded solar radiation products, ground-based measurements from the BSRN continue to bt
essential and serve as benchmarks and anchor points.

(VWHUKX\]H QLFHO\ VXPPDUL]JHV KRZ WKH %651
WKH VvV WLV LOWHUHVWLQJ WR QRWH WKDW DV HI
WLDO FDQGLGDWH FRXQWU\ WR UHSUHVHQW VRXWKH L
*%651 DW WKDW WLPH WKDW LQWHQGHG WR UHDFK J«

In the global distribution of BSRN stations, ocean areas and the southern hemisphere
ZHUH DQG VWLOO DUH XQGHUUHSUHVHQWHG )LJXUH
LQ LW ZDV WKH RQO\ VWDWLRQ LQ $IULFD VRKWK
ments, it has now the longest continuous record for that area (the South African station in
'H $DU UHVWDUWHG LQ $QRWKHU VSHFLDO IHDW.
WKH (TXDWRU DSDUW IURP VWDWLRQV LQ WKH $QWD
XSZDUG UDGLDWLRQ AX[HV ZKLFK DOORZV WKH HVWL

DQG WKH HYDOXDWLRQ RI JURXQG VXUIDFH UHAHI
GDWD ZHUH XVHG 7XRPLUDQWD HW DO

JLIXUH 2YHUYLHZ PDS RI %651 VWDWWLIRWVR G@KH) DBERE HD

,Q WKH FRQWH[W RI PHWHRURORJ\ VKRUWZDYH DQG ORQJZDYH
UDGLDWLRQ DV WKHUH LV RQO\ D VPDOO RYHUODS § DURXQG
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Direct surface observations provide an important input for estimating the global annual
PHDQ HQHUJ\ EDODQFH IRU ZKLFK WKH ODWHVW HVWL
LQ HQHUJ\ EXGJHWYV IRU WRS RI WKH DWPRVSKHWHD O 2

:LOG HW Dhédming solarcorresponds to a quarter of total solar irradiance
(also referred to as solar constant), which reaches on average the Earth’s orbit at TOA and
is distributed over the spherical surfaéd AHF W HERQRODYWYV RI VRODU UDC
EDFN WR VSDFH IURP WKH DWPRVSKHUH PDLQO\ IURP
EHLQJ HQHUJHWL F Ehér@al dutgangsthe @niwadaem@dibn of the Earth.
8SZDUG DQG GRZQZDUG AX[HV IRU HDFK OHYHOHVXP >
7KH VOLJKW LPEDODQFHY DW 72% DC
GHWDLO LQ :LOG HW DO DQG DUH QRW UHOHYDQV
7KH %651 PHDVXUHPHQWY DUH WKHUHIRUH LPSRUWD
(DUWKSYV VXUIDFH ,Q DGGLWLRQ WR WKH FRPSHRQHQW
WKH GLUHFW VRODU UDGLDWLRQ SOXV WKH GLUXVH VF
relevant input for evaluating radiative transfer models.

The BSRN measurements at Gobabeb are presented in the following sections, together

ZLWK VHOHFWHG LQLWLDO UHVXOWY IURP WKH ¢UVW G

YLIXUH 6FKHPDWLF RI JOREDO DQQWMBOEPNBG RQHIIX UBD/O
HW DO $00 HQHUID AXJHQ@HW LQRGLFDWH AX[HV PHDVXU
DEEUHYLDWLRQV VHH 7DEOH DQG WH[W
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'"HVFULSWLRQ
2.1 The Gobabeb BSRN station

7KH VWDWLRQ LV D MRLQW HuRUW RI WKH *REDEHE
L, QVWLWXWH RI THFKQRORJ\ ., 7 DQG WKH 8QLYHUVLW
station manager.

Gobabeb meets the minimum requirements for BSRN stations with basic measure-
PHQWY RI WKH GRZQzZDUG UDGLDWLRQ AX[HV '"ULHPH
AX[HV DUH PHDVXUHG P QRUWK HDVW RI WKHZARNEK E
WKH WUDFNHU EDVH DW P KHLIJKW DEROYM OURXB®RGH
the operation of the station comes from Gobabeb. Since the environment close to Gobabe!
LV QRW UHSUHVHQWDWLYH IRU D ODUJHU DUHD WKH
KRPRIJHQHRXVY DUHD RQ WKH JUDYHO SODD@VD VLW |
30DLQYVY VWDWLRQ ZKHUH WKH GRZQZDUG RULHQWHG I

5DGLDWLRQ AX[ PHDVXUHPHQW

Shortwave downward radiatioB : ' is also called global radiation and represents the
incoming solar radiation incident on a horizontal surfage. is the sum of direct and
GLuXVH VRODU UDGLDWLRQ DQG LV PHDVXUHG ZLWK D
radiation from the hemisphere that it is pointing to.

Direct solar radiatioDIR is the radiation on a surface orthogonal to the sun’s beam,
therefore also called direct normal incidence, and the portion incident on a horizontal sur-
faceDIR, contributes to6:'.DIR LV PHDVXUHG ZLWK D S\UKHOLRP
PHQW SRLQWHG E\ D VXQ WUDFNHU WRZDUGYV WRH VX
the disk of the sun is measured.

'LuXVH UDGLDWE pRt@f6:' ZKLFK FRPHV IURP WKH UDG!|
WKH DWPRVSKHUH $ EDOO SRVLWLRQHG E\ D VXOKWU
VXQ )LIJXUH D VKDGRZV WRIRff@mWwas@iRPIHWHU WR EOR

/:' is the thermal emission of the atmosphere incident on a horizontal surface and is
PHDVXUHG ZLWK D S\UJHRPHWHU DQ LQVWUXPHQW VH
RI D ORQJZDYH ¢OWHU 7KH ORQJZDYH FRPSRQHQW R
EDOOV SRVLWLRQHG E\ WKH frd thdathtbsphérér SRadi@wWhy alde R (
SUHYHQWY VRODU OHDNDJH WKURXJK WKH ¢(¢OWHU DQ

7TKH XSZDUG AX[HV W K D6WS8 D WH HP IBINAXWFEMGH ® LBHD UW R
and /: 8 , the thermal emission of the surfacg@: 8 and /: 8 are measured using an
XSVLGH GRZQ PRXQWHG S\UDQRPHWHU DQG S\UJHRPH

With these measurements of radiation components the net shortwave, net long
wave and net radiation are calculated s 6:'-6:8, /: /:" -1:8, and
Q 6:'-6:8/:" -/:8.
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JLIXUH *UH\ EDFNJURXQG 9LHZ WHRNWK MW Ko $\6KLHV G/RANLZRHD B
VXUHPHQWY D 7UDFNHU SRVLWLRQ®RZWEZIRO®\W KR IO LVRPRI \§ H

DQG RQH S\UDQRPHWHU Z LW KROGL 6 0 RWZR V8 RU @R RMHKW |
RURORJLFDO LQVWUXPHQWYV RQH S\WUBHQRIIDWRE HW HLQ B Q
VHQVRUV F &HLORPHWHU G 'DDW DHD KBXIHNVAGULRIQAXD B FSIR\

D A\ FDVWLQJ D VKDGRZ IRU TXGBSRWQNLRQFRQ VDDERRMH K I
QRPHWHU L *REDEHE ZDWHU WRZHW NE&RPRHWKHWR MRIWK GLKIEK \GH

7KH GRZQZDUG XSZDUG AX[HV DUH VDPSOHG DW V
ORUH LQIRUPDWLRQ RQ WKH PHDVXUHG TXDQWLWLHV I
Figure 3 presents views of the setup and instrumentation.

4XDOLW\ FRQWURO DQG GDWD PDQDJHPHQW

JRU ORJLVWLF UHDVRQV IUHTXHQW FDOLEUDWLRQV D'
RXW 7KHUHIRUH WR KDYH D TXDIIR, W:\' &iRQ W tddagird2 H D V X
PHOQWY DUH GXSOLFDWHG E\ LQVWUXPHQWY RI WKH VD
QRW SURYLGH LQIRUPDWLRQ RQ WKH DFFXUDF\ RI WKH
ORQJ WHUP VWDELOLW\ DQG KHOSY WR LGHQWLI\ LQFR
LOOXVWUDWHY WK ialued bdtinddh@e kindin Ruhd the redundant measure-
PHQWYV IRU WZR VHWYV RI LQVWUXPHQWY 7K6t'GhdiHUHQ
/' QRW VKRZQ 7KH GLUHUHQFHYV ZHUH ZLWKLQ@ WKH
IDFWXUHU ZKLFK LV RI GDLO\ WRWDOV
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7DEOH 2YHUYLHZ RQ LQVWUXPHQ WS B MWUWSKH Y\R EUDIEGHLED W 6 !
DQG WKH FRUUHVSRQGLQJ PHDVXUK&WDXPEBBDWHW\BSHEEUDIYH
=RQHQ 5HGXQGDQW LQVWUXPHQWE§:ZHUH H[® & DIRNGP EQ U-
(DR /RZHU SDUW DGGLWLRQDO PHWHRURORJLFDO PHDVXU

$EEUHYLDWLRQ 9DULDEOH UDGLDWLRQ , QV DA X&sEl QW 7\SH
6:' shortwave downward 3\UDQRPHWHU &BSRN

6:' redundant 3\UDQRPHWHU &03

6:' shortwave upward 3\UDQRPHWHU SEBRN

/! longwave downward 6KDGHG S\UJHRPHWHU BSR&I* 5 7

/" redundant 6KDGHG S\UJHRPHWHU &*5 7

/! longwave upward 3\UJHRPHWHU &BSRN

DIF VKRUWZDYH GLUXK®WGHG S\UDQRPHWHU BSR® 03 7

DIR  direct solar B3\UKHOLRPHWHU BSRR 7

DIR  redundant S\UKHOLRPHWHU &+3 7

7 LQVWUXPHQWYV PRXQWHG RQ VXQ WUDFNHU 62/<6 .LSS DQG =R
'DWD ORJJHU GRZQZDUG AX[HV &5 &DPSEHOO 6FL XSZDUG A>
Variable ,QVWUXPHQW 7\SH

Air temperature Aspirated Thermocouple. Campbell Sci.

$LU WHPSHUDWXUH UHODWLYH KXPLGLW\ +03 $& 9DL

Weather Transmitter: Air temperature, relative
KXPLGLW\ ZLQG VSHHG ZLQG:GLUHPRPWLWRMOMDLU SUHVVXUH

precipitation

Leaf wetness sensor ORGHO &DPSEHOO 6FL

UV-B global radiation UV-S-B-T radiometer, Kipp and Zonen

UV-A global radiation UV-S-A-T radiometer, Kipp and Zonen
SKRWRV\QWKHWLF DFWLYH UDGLDWLRQ /, 5 TXDQW
Cloud base, aerosol backscatter &HLORPHWHU &6 &DPSEHOO 6FL

7KH LQVWUXPHQWY RQ WKH URFN DUH PDLQWDLQHG
FKHFNLQJ L WKH VRLOLQJ FRQGLWLRQV RI WKH-GRP|I
ments, iii) the orientation of the tracker, and iv) the functioning of the ventilations. The
VWDWXV LV SURWRFROOHG DQG FOHDQLQJ DQG IUHOF
UHJXODU PDLQWHQDQFH LV FUXFLDO WR HQVXUH D FI
WKH PDLQWHQDQFH RI WKH XSZDUG AX[HV FDQQRW Et

Data from the Plains statior6(: 8, /: 8 ) are transmitted via a radio link and the ones
IURP WKH URFN YLD WKH *REDEHE L)L WR D ODSWRS
VWDWLVWLFVY DUH VWRUHG )J)URP WKHUH WKH GDWD L
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YLIXUH 'LiHUHQFHV LQ GLUHFW QRUPD® XWHPLHGVDW HY H W
BSRN instrumePIR ZKLFK RSHUDWHG FRQWLQXR XDIR) (reduquim, - X Q H
ROG IURP -XQH WR 2FWREHWHGXGGDIQW IQHZ IURP 1RY
O0DUFK PLQ DYHUDJHV FODWWWZRGWRHGLDQ: PVROLG G
DUHDV FRQWDLQ D Q B indicaR$ tieelrégrebhioQfEdtbl

WUDQVIHUUHG WR D 0\64/ GDWDEDVH IRU IXUWKHU DQ
LV FDUULHG RXW EHIRUH VXEPLWWLQJ WKH GDWD WR
basis. Visual inspection means that diurnal courses of all radiation components are plotted
WRIJHWKHU ZLWK WKH GLUHUHQFHY UHODWLYH WR WKH
XQGLVWXUEHG GLUHUHQFHY VKRZ D UHJXODU SDWWHL
GHYLDWLRQV VXFK DV WKRVH FDXVHG E\ FOHDQLQJ RI
LQJ PDLQWHQDQFH 7KHVH HUURQHRXV YDOXHV DUH A
2WKHU FDXVHV RI HUURUY DUH LQVHFWY ELUGYV VLWW
¢OWHUYV IURP IRJ GHSRVLWLRQ IUHTXHQW WBDMUDR D O (
wind that prevents the tracker from maintaining its exact positioning. The redundant mea-
VXUHPHQWY DUH QRW UHSRUWHG WR WKH %651 GDWDE
LV LQFOXGHG LQ WKH PRQWKO\ GDWD ¢(OHV )LQDOO\
ZLWK WKH VR FDOOHG %651 7TRROER[ 'ULHPHO HW DO
RQ WKH VWDWLRQ WR DUFKLYH ¢OHVY DQG SHUIRUPV TX

/IHVV WKDQ RI GDWD DUH PLVVLQJ IRU WKH GR:
WKH XSZHOOLQJ DUH ODUJHU GXH WR WKH ODWHWM VWD
%651 GbwWD DUH IUHHO\ DYDLODEOH IURP EVUQ DZL GH

YRJJ\ FOLPDWH

7KH *REDEHE %651 VLWH LV ORFDWHG LQ WKH K\SHUD
RI &DSULFRUQ NP IURP WKH FRDVW DQG QH[W WR W
between the Namib Sand Sea to the south and the Namib Gravel Plains to the north. The
1DPLE LV D FRDVWDO GHVHUW ZLWK FOLPDWH LQAXH
%WHQJXHOD &XUUHQW DFFRXQWLQJ IRU LWV GLVWLQF
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7TDEOH 2YHUYLHZ RQ WKH IUHTXHQFDWD JIJ®SYLOQY WKH *RY
GD\V 7KH PHDVXUHPHQWYV RI WKH XSZDUG AX[HV VWDUWH

PLVVLQJ LQ P | PL@OK ! K PD[ JDS GD\V
6:"
/" 33.7
DIR
DIF
6:8 /:8

SDUWV RI WKH VRXWKHUQ $WODQWLF 2FHDQ D TXDVL
WKH FRDVWDO DUHDV 7KH VWUDWXYV GHFN LV UHJXO
depending on its cloud base height and thickness, occurs as fog where it intercepts the te
rain ascending towards the Great Escarpment in the east. The seasonal changes in strat
KHLJKW FUHDWH D ZHVW HDVW JUDGLHQW LQ WKH IUF
WKDW PHDQV PLQLPXP YDOXHV IURP $SULO WR -XO\ D
JHEUXDU\ 7KH IRJ VWUDWXV HYHQWYVY DW *REDEHE W\
LQ WKH PRUQLQJ KRXUV DURXQG WKUHH KRXMQYVEF IKNWHH
6SLULJ HW DO 9RJW HW DO
The general climate is well described due to the long-term observations at the Gobabel
1DPLE 5HVHDUFK ,QVWLWXWH /DQFDVWHU HW DO
'XULQJ WKH GHFDGH RI %9651 PHDVXUHPHQWY WKF
SHULRG WR FDQ EH FRPSDUHG WR WHKRGH QQR/K
HW DO W LV LOQWHUHVWLQJ WR QRWH WKDW VX
ODWHU DV WKH PD[LPXP QRZ RFFXUV LQ $SULO LQVW
EHIRUH D VKDUS GHFUHDVH WR -XQH 7KH PLQLPXP P
VWD\V WKH VDPH 7DEOH

7TDEOH OHDQ PRQWKO\ DLU WHPSHUDWWHKHVY% &L VWDWLR
DQG IRU WR IRU *RE QFDHE \WHERWG DA WR /D //6

Jan Feb Mar Apr 0D\ Jun Jul Aug Sep Oct Nov Dec

BSRN
LLS
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3 Results and Discussion

31DPLELD LV D FRXQWU\ RI VXQVKLQH" VWDWH OHQGHO
7KH GHFDGH RI JOREDO UDGLDWLRQ PHDVXUHPHQWYV
JLIXUH LW LV REYLRXV KRZ UHJXODU DQG IUHKEKHQW
PRUH ITUHTXHQW GHYLDWLRQV IURP FOHDU VN\ GD\V L
stratus events, which dissolve in the morning hours, are noticeable when comparing the
WZR KRXUV DIWHU VXQULVH ZLWK WKRVH EHIRUH VXQV
IR VWUDWXV ZLWK D PLQLPXP IURP $SULO WR -XO\ L
LQ *REDEHE )LJXUH

3HDN YDOXHV RI JOREDO UDGLDWLRQ GXULQmak.OHDU

P /DUJHU PLQ DYHUDJHV FDQ RFFXU GXULQJ G

ZKHQ IRUZDUG UHAHFWLRQ IURP WKH FORXG ZDQOV H(
ODUO\ RFFXUULQJ YDOXHVWERWWH ZHUH REVHUYHG HJF

WLPHV WKH 72%$ HIfWUD W HU U H YwiththeDaBsolitd shaknvmD U R X
YDOXH RI . P

*REDEHEYYV JHRJUDSKLFDO ORFDWLRQ LQ WKH FHOH
IRU WKH UDGLDWLRQ FRPSRQHQWY $V DQ H[DPSOH F
QR[HV LOOXVWUDWH WKH LQWUD DQQXDO YDULDWLRQ
'"HFHPEHU DUH H[SHFWHG EXW WKH LQAXHQFH RI DW
VRQDOLW\ 3DUWLFXODUO\ GLUHFW UDGLDWLRQ LV VW
of DIR FDQ EH DUR XQdwer at thePsummer solstice than at equinoxes. Net
radiation, which summarizes incoming and outgoing shortwave and longwave radiation

JLIXUH 6KRUWZDYH GRZQZDUG RI(@GREWERE BIW M/&X HR Qo 6 SP1L
'LXUQDO FRXUVHV SORWWHG LQ FRGRW H R\GH RWY R IDVY X\Q ULUHH
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)J)LIXUH ([DPSOH FOHDU VN\ GD\V DRBRRX QRL ¥ RMOMNXKIHAH R | DO
FRPSRQHQWYV RI UDGLDWLRQ DW WKH *REDEHE %651 VWDW|

AX[HV UHPDLQV PRGHUDWH HVSHFLDOO\ LQ VXPPHU I
WKH VWURQJ VRODU LQSXW SHDN YDOXHV UDQYH RQ

. P. The causes for this are the high albedo and the strong loss in longwave radiation
due to the high surface temperatures combined with clear skies above.

An overview on all radiation components derived from the BSRN measurements at
*REDEHE LV LOOXVWUDWHG DV PRQWKO\ DYHUDJHV
UHJXODU DQQXDO FRXUVHYV H[FHSW WKH MDJJHG FRX
PRQWK WR PRQWK &ORXGLQHVY DQG DWPRVIHRULF
EXW WKH LQFUHDVH LQ GLUXVH UDGLDWDIR@rPRPSHQ
YDOXHYV 7KH PRQWKO\ DYHUDJHV RI QHW ORQJZDYH U
Rl DURXQG ZLWKRXW DQ\ SURQRXQFHG VHDVRQDOLYV
DYHUDJH DQQXDO FRXUVH UHYHDOV WKH KLaKHheW OF
ORZHVW ORVV LQ -DOKIDWY¥DQ ER H[SODLQHG E\ WKH U
RI IR DQG ORZ FORXGYV LQ 1RYHPEHU ZKHQ VXUIDFFE
LQ -DQXDU\ WKH KLIJKHVW IUHTXHQF\ RI VWUDWXYV DQ
ORVV 9RJW HW DO 7TKHUH DSSHDUWY WKIEHHK-OF ZWH
VSRQGV WR VOLJKW LQFUHDVHV LQ WK H BXAWas&HE J U |
HISODQDWLRQ FRXOG EH D UHGXFWLRQ LQ WKH VSDU\
DFWXDOO\ GLVDSSHDUHG GXULQJ WKH ODVW WKUHH
and surface temperature. However, further investigation is needed to ascertain that thert
DUH QR LQVWUXPHQW UHODWHG HUURUV DQG E\ LQFO
Rl VXUIDFH UHAHFWDQFH IURP 6HQWLQHO

7KH IRJ FOLPDWRORJ\ L H WKH UHJXODU RFFXUUH(¢
feature of the Central Namib and can be tracked throughout the Gobabeb BSRN data. The
SUHVHQFH RI IRJ VWUDWXV WASLFDOO\ UHVXOWYV LQ |
7KH GLXUQDO DQG VHDVRQDROQRWKHQWH ®QQ )LIXUH
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JLIXUH ORQWKO\ DYHUDJHV RI1 DOH® WRWPHER OHND WK R 1%6 b G
*REDEHE IURP -XQH WR 0D\

YLIXUH D PRQWKO\ DYHUDJH GLXUQRDG BREUDWVYRQ ©RNDV:
%651 VWDWLRQ LQ *REDEHE EDVIGWR®WKH BHDQRBG - XYQPWH D
DLU WHPSHUDWXUH DQG ZDWHU YDSRU SUHVVXUH
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stratus, the average diurnal coursed of are similar to those of air temperature, with
D PLQLPXP DURXQG VXQULVH DQG D PD[LPXP GXULQJ
GHFUHDVLQJ DJDLQ WRZDUGYV WKH PLQLPXP 7KH FRX
DUH JRRG H[DPSOHV IRU WKDW VLPLODULW\ 7KH QRF
WUDQVLWLRQ -XO\ DQG $XIJXVW PRQWKV LV UHGXFHG
of /:* DIWHU WKH DIWHUQRRQ PD[LPXP FHDV/HVt@XULQ
increases until a sharp dropin® PDUNV ZKHQ WKH IRJ VWUDWXV G|
in March is highest, although:* during the second half of the night is much lower than
GXULQJ )HEUXDU\ 7KLV LQGLFDWHY WKDW WKH DGYFH
then. The diurnal course df' GXULQJ OD\ LV URXJKO\ LQ WKH PHC
WHPSHUDWXUH LV LQ WKH WRS WKUHH 7KLV LV OLNH
pressure, which contributesto' GXULQJ FOHDU VN\ FRQGLWLRQV
$V JOREDO LQWHUHVW LQFUHDVHG LQ JUHDWHU X\
%651 GDWD KDYH SURYHG WR EH YDOXDEOH WR VROD
radiation is essential to evaluate the potential of particular sites for generating renewable
HQHUJ\ ZKHWKHU E\ XVLQJ SKRWRYROWDLFV FBQFH(
$FFXUDWH PHDVXUHPHQWY SURYLGH WKH EBVH I
DOO\ FRYHU DW OHDVW \HDUV RU PRUH WR FDSWXL
EDVHG RQ VDWHOOLWH REVHUYDWLRQV FRPELQHG ZL
UDGLDWLRQ GDWD DW KLJK VSDWLDO DQG WHPSRUDC
XUHPHQWY GDWD SURYLGH FUXFLDO LQSXW WR YDOL
illustrate such application, the Gobabeb BSRN data are compaéed tandDIR values
HIWUDFWHG IURP WKH 39*, 6 GDWDEDVH 39*,6
,Q WKDW FRPSDULVRQ )LJXUH WKH RY&:UDQOMOYBUY
JRRG ZLWK D PHDVXUHG FRSOHURG WR:WKPH 39*,6 YDO
JBIR WKH GHYLDWLRQ LV ODUJHU ZLWK D PHDV:
FRPSDUHG WR WKH 39*,6 YDOXH RAKH DEVWROGXWeH' GLUH
show no correlation with the magnitude 6f' )LJXUH D EXW WKHUH LY\
HQFH RQ WLPH RI WKH \HDU )LJXUH E ZLWK D PLQLF
$XIXVW 6HSWH P EBMRJincteRsesiwithl the magnitude @R (becomes more
negative) and it shows a similar seasonal course to thét 6fbut with a larger ampli-
tude. This variation IR LV OLNHO\ OLQNHG WR WKH VHDVRQDOC

6DOPRQ HW DO RYHU VRXWKHUQ $IULFD XWLGK
LQ PRGHOV 'L 1DSROL HW DO 7KH DHURMR®W RR
ELRPDVV EXUQLQJ )RUPHQWL HW DO DQG UHOD\

LQ )LJXUH E DUH DOO IURP $XJXVWDH3WWHBBRW L F X
KLJK GXH WR KLJK DWPRVSKHULF WXUELGLW\
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YLIXUH $EVROXWH D DQG UHODWLYH E,6G IDIQHG HPGIFHAX LE
PRQWKO\ DYHUD BH Van#sB 1 0 HOW XUHG YDOXHV DUH VXEWUDF\
KRUL]JRQWDO LEUD®IQBNLRQHFW 1RUPDIR ,DHDIE LORZIQROR D G H «
39%,6 IRU FRRUGLQDWHV RI *REDEHE

6XPPDU\ DQG &RQFOXVLRQV

The Baseline Surface Radiation Network (BSRN) is the largest research-grade solar radi-
DWLRQ PRQLWRULQJ QHWZRUN ZRUOG ZLGH DQG KDV E
%651 ORFDWLRQ KDV EHHQ RSHUDWLRQDO VLQFH
PHDVXUH GRZQZDUG DQG XSZDUG UDGLDWLRAQ AX[HV U
8QLYHUVLW\ RI %DVHO *REDEHE 1DPLE 5HVHDUFK ,Q
THFKQRORJ\ 7KH *REDEHE %651 LV HIFHSWLRQDO DV L
dataset in sub-Saharan Africa south of the Equator. Excluding Antarctica, it is also one of
RQO\ WZR 6RXWKHUQ +HPLVSKHUH ORFDWLRQV WR SUR
data. Although logistical issues do not allow the recommended frequent calibration of
LOQVWUXPHQWY GDWD FROOHFWLRQ DQG YHUL¢FDWLRC
RI PHDVXUHPHQWY WR GHWHFW DQG H[FOXGH XQUHOLL
access to BSRN data at bsrn.awi.de.

7KH *REDEHE %651 GDWD LV RI HIFHSWLRQDO TXDOL)\
PHQWYV RI UDGLDWLRQ UHYHDO WKH HUHFWYV RI WKH Ql
FLDWHG VWUDWXV FORXGV DV ZHOO DV VHDVRQDO AX
from the interior of southern Africa over the ocean. Stratus clouds advected inland intersect
WKH ULVLQJ WRSRJUDSK\ UHVXOWLQJ LQ 2RUFBEXULKREW
WKH %651 UDGLDWLRQ PHDVXUHPHQWY G6HDVRQDO DQ
GHWHFWLEOH LQ WKH %651 GDWD 6LPLODUO\ DQDO\V
VHDVRQDO HuHFWV RI KLJK DOWLWXGH DHURVROV RQ
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on the radiation data at Gobabeb BSRN during August and September. The BSRN date
QRW RQO\ KHOSV LQ WKH XQGHUVWDQGLQJ BD\W\DK
DOVR YDOXDEOH IRU VRODU UHVRXUFH DVVHVVPHQW
HFRQRPLF IHDVLELOLW\ RI VRODU HQHUJ\ LQYHVWPHQC

%H\RQG LWV JOREDO SXUSRVH WKH *REDEHE %651
ELOLW\ DQG SURFHVVHV LQ 1DPLELDYVY FOLPDWH DV
SURGXFWLRQ )JUHTXHQW DQG FRQWLQXHG XVH RI *R
international value. In Namibia, however, this resource is still not being used as it might,
HYHQ D GHFDGH ODWHU :H FDQ RQO\ KRSH WKDW DI\
bring greater local interest and involvement in a rich and outstanding resource.
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