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• 
Desert animals are beHeved to have highly unpredictable that 
are maiiruy influenced by episodic espedaHy rafuer than by 
community processes. We tested this for darklliing beetles (Colieoptera: 
'fenebriomdae) iin the hyper-arid Central Namib. The sources of surface water iin this 
desert are advective fog along fue Adantic coast highly sporadic 

ra-= monsoons (mean=! L3mm per annum; 
winter ram fue A.dapti_§; Ocean (mean=4.0mm; and runoff m 
ephemeral rivers (mean=l8 days annuaHy; CV=l50%). We monitored tenebriomd 
populations by pit trapping iin five habitats continuously for 22 years 
beginning wifu a .heavy monsoon ram (> 1 OOmm) and continuing to fue next heayy 
monsoon that occ1UlJITed in 1997. There were gradual changes in spedes richness (22-
31 per habitat; CV=14-37%) and total abundance (72-5280 individuals per trap per 
annum; CV=34-108% increasing for several years and dediiniing thereafter. 
Different species had different abundance patterns m response to various water . 
somces. These responses are grouped into five long-Hved spedes 
responding roraduaHy to heavy monsoons and often using fog furnJ.qptive species 
linked to an seasonal SJQedes tied to winter species responding to 
general and fuose that depend on river floods. Om analyses confrurm the 
hypothesis that rain is fundamental to population processes for most tenebriomdl 
species in fuis desert. This srudly is contributing to om understanding of the 
ecological processes fuat may be affected by dimate resource avaHabiHty and 
desertification m soufuem Africa. 
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JLong-tenn patterns of population chamge provide msights into driving forces 

m ecology. This has served as the fundamental rationale of long-tenn ecological 
research (JL'IER)9 which has set the foHowmg objectives (Franklm et al., 1990; Risser9 

1995; Gosz9 1996): 1) to further the understamdmg oflong=tenn ecological 
phenomena; 2) to study the _role of episodic events that may be_ despite their 

, rarity; 3) to contribute to the scientific basis of ecosystem mamagement; 4J.) to provide 
data for predictive modelmg at large spatial amd temporal scales; 5) amd to identify 
amd understamd the ultimate environmental chamges resulting from humam activities. 

Population ecologists have paid much attention to temperate insects especiaRlly 
to understamd factors that regulate abundance patterns ramgmg from stable to cydical 
or fluctuating irregulady. Andrewartha & Birch (1954) suggested abiotic 
explamations as main causes of population dynamics9 but currendy9 density-dependamt 
factors9 especiaHy competition9 predation amd disease 3llt'e us1WltHy invoked (Myers9 

1988; §horrocks9 1993). Patterns and their undedymg factors maty9 however9 differ m 
the tropics9 where long=tenn records are scarce (Woldat9 

Comparable data from deserts 3llt'e even more rare9 where cliimatic-event 
explamations of population dynamics have been suggested (W oldat9 1978). Deserts are 
viewed as environments that 3llt'e not at biotic equiliibrium (Westoby et al. 9 1989) amd 
population dynamics may thus be unstable. A better understamdmg of population 
ecology m deserts maty9 however9 be crudal to faciHtate ilie sUJrVival of particulatJt' 
biotic communities m environments of increasing aridity (le Houerou9 1990) amd 
desertification (____). 

A seasonal level of resolution of patterns of population chamge provides 
information on the kinds of phenology undedymg population chamges. The degree to 
which animal populations are strongly pulsed9 seasonal or aseasonal (3llDliDlual) may 
reflect their degree of dependence on particular dimatic conditions that cam be 
expected during the course of a year. By contrast9 patterns of Rife history of 
arthropods usuaHy become app3llt'ent on am 3llDliDlual leveR of resolution. Year-to-year 
changes may indicate to which degree populations foHow equiliibrium patterns that 
change Httle or oruy gradually (possibly cycHcali) amd differ fundamentaHy from the 
long-tenn strategies of opportunistic spedes. Desert populations cam show both kinds 
of strategies (e.g. 9 JLouw & §eeliy9 1982; Poliis & Fadey9 PoHs9 1991). 

The hyperarid Namib Desert is ideal for stlmdymg desert populations. The 
Desert Ecological Research Unit at Gobabeb9 Namibia (DERU; part of the Desert 
Research Foundation ofNamibiat)9 has enabled ecologists to study mamy 
environmental p3llt'ameters over the past 3 5 years amd has ensured the institutional 
continuity necessary to study liong-tenn processes (§eely9 1990). This provides am 
invaluable opportunity for JL TER to integrate much of the knowledge derived from 
short=tenn studies into the understanding of long-tenn ecological processes. 

The present study concerns a long-tenn monitoring programme of darhlmg 
beedes (Coleoptera: 'fenebrionidae) m the Central Namib Desert. We focus on the 
hypothesis that water availiabiliity controls tenebrionid JeOpulations. Hydrology has 
previously been suggested to be fundamental for the population dynamics ofNamib 
biota (Holm9 1970; §eely9 19739 19g99 1991; §eely & JLouw9 Nd9 19g3; Yeaton9 

198g; Berry & §iegfried9 1991; Bratm9 1993; Gtinster9 1993; Kok & Nel9 1996; 
§outhgate et al.9 1996). JLong=tenn studies 3llt'e required to confi.nn this. 

The Central Namib has somces of fresh namely9 r?irufatH and 
ephemeral river floods, (]Lancaster et al. 9 1984; Jacobson et al. 9 1995). Annual river 



floods originate from rams m the distant highlands of the Namibian mterior. Regular 
fog comes. from moisruure over fue Benguela upweHmg system of the Adantic Ocean. 
Sporadic ram comes from fu.dian Ocean monsoons m summer and Adantic Rows m 
winter. m an area with a median annual ramfaH of 14 mm9 years with > 100 mm are 
extremely rare. Two rains ofthls magroultude did9 however9 faH only two years apart m 
the mid= 1970s9 providmg not only an ideal opportunity to examine the immediate 
effects of such episodic events (§eely & JLouw9 but also an opportunity to 
monitor the long=term effects (present study). The avaHabiHty of various water 
somces combine into a complex mosaic of pulse and reserve. This may provide 
msights into the question of what some of the expected ecological consequences of 
changing climate m southern Africa may be. Does W olda's ( prediction that 
desert organisms are more variable m abundance than temperate and tropical species 
apply to an desert spedes9 and9 if not9 what characters may exempt organisms from 
being ephemeral m an unpredictable dimate? we examined these questions m five 
different habitats over periods of 16= 23 years. We compared characteristics of the 
beede community with mddents of water availability (ram9 fog and river filooding) 
and their direct and secondary effects with respect to seasonal and annual timing. 

Tenebrionids are ideal model organisms for investigating population dynamics 
in the Namib Desert. Their great diversity and abundance make them a conspicuous 
feature of this desert (Koch9 1962a ). These beedes are relatively large:= apterous9 
readily captured in pitfaH traps and easy to identify. JFmthermore9 tenebrionids are 
good indicators of environmental conditions because their populations integrate 
several environmental factors9 namely9 food resources ( e.g.9 detritlUlS9 Reaves9 dung)9 
biophysical factors such as the availability of shelter (e.g.9 vegetation cover)9 soil 
conditions (e.g.9 hardlness9 moistme9 stability) and water availability. 

Om study can draw from a wealth ofbadkground knowledge. Taxonomic 
studies have devoted much attention to the Tenebrionidae ( e.g.9 Koch 1962a9 b; 
§chub:e9 1974; JP>enrith9 19779 1979; Endrody=Younga9 and it is the best-known 
_!llllajor insect group m the Namib. Many ecological studies have focused on Namib 
tenebrionid communities ( e.g.9 Holm & §cholz9 Wharton & §eely9 §eely9 

1991; Crawford & §eely9 while important physiological parameters have 
also enjoyed attention (e.g.9 §eely et al. 9 §eely9 m prep [larval paper]; Roberts9 
1991; Naidu9 1992)9 as have key elements of the reproductive biology ( e.g.9 de 
VHHers9 §eely9 Enders et a/. 9 Rossl9 m prep). §imilady9 studies 
elsewhere on tenebrionid amd carabiidbeedes provide us with a useful baseline for 
comparison (e.g.9 MitcheH9 1963; Greenslade9 1964; Riickard & Haverfield9 1965; 
Ericson9 1979; JFaragaHa & Adam9 Wise9 JFinaHy9 where om study 
fails to explain some portentous parameters of the population dynamics ofNamib 
tenebrionids9 we suggest further avenues of investigation that may have fruitful 
bearing on issues being examined in this ongoing study. 

t 

Date Convention 
Data years start in July and end in June so as to encompass the entire austral growth 
season. To avoid confusion9 data years are written m the form: "92/93'\ sometimes 
shortened to Vi92''9 for the year beginning m July 1992 and ending in June 1993. 
Written calender years start with "19''. 

Abbreviations 
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Srudy Sites: KR. = JKuisdo River 
· GJP> = Graveli JP>liains 

IV = futerdune VaHey 
D§ = Dune §lope 
§JF = §lipface 

A. Trappmg methods 
1. Locations and Habitats 

(figure DA1.1-2a-e: map & iHustrations ofhabitats) 

lP%ruiiim (CGIF) 
Location- Q1U!atrtz 2 km N ofGobabeb (23°32'§; l5°02'E). 
Habitat - (Wharton & Gendy ooduliatmg graveR mterspersed wifu . 
smaH roclky outcrops. The grasses Stipagrostis ciliata and S. subacaulis occm briefl.y 
after Httlie rainfaH and for several years after heavier ram. At oilier times fue groood is 
bare except for sparse perennial Sa/sola a woody dwarf shrub. The 
ground is relatively with a ca.15-cm fuick gravel-sand layer ovedymg a hard 
crust of gyps1lll.lrnl. Cracked rock surfaces and burrows provide shelter. 
JF ood - Detrirus trapped between stones. 

IIIIDltterr«llummte V rdllllltey (IIV) 
Location - 1-2 km §§E ofGobabeb (23°35'§; l5°02'E). 
Habitat - (Robmson & Near the edge of a gendy 2-km-wide 
vaHey between 1 00-m hlgh Rmear dunes. Scattered Sa/sola tuberculata occur on high 

but the rest of the area is devoid of Hvmg plants except for periods after 
when S. gonatostachys grows (§eely & The ground consists of frrm 

comse broad sheets of sandstone and very occasional roclky 
outcrops. Arthropods penetrate the smface by 1b1UliTowing or by entering crevices. 

IDU!liiDte §ll<IDfiDte (ID§) 
Location - Kahani 10 km §§W ofGoba1beb (23°39'§; l5°0l'E). 
Habitat - (Robmson & The dooe slope is divided mto three major 
the dooe the lower plimth and fue upper plimth. The two adjacent the 
mterdooe vaHey and the are here treated as they are distmct and 
were monitored separately. Grasses are more persistent on the dooe slope than m 
other habitats. Their cover generaHy decreases from fue bottom except for 
S. which increases 1990). JP>liants on the dune base of the srudy 
area are the perennial grass Cladoraphis spinosa ood fue leaf succulent Trianthema 

which dommated. Another typical featme of the dune the large 
Nara cucurbit Acanthosicyos was absent at the srudy site. After tubers 
Monsonia HHes Hexacyrtis dicldana and grass S. gonatostachys the 
Ratter bemg more persistent here than on the mterdune vaHey. The Rower plimth was 
typified by perennial S. sabulicola and T. hereroensis which both could form 
relatively large h1Ulmmocks. On the upper typicaHy only S. sabulicola 
remamed. Steepness of fue slope and its variabHicy mcreased from the dune base 
upwards to the upper whllie the frrmness of its pmeliy sandy substrat1Ulm 
decreased. Besides the green flush immediately after the big S. sabulicola and 
T. hereroensis seedlmgs that arose developed su1bstanHaHy for at least 6-11 years 
thereafter 1990). 

.-

.r. 
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JFood - Seeds ood filowers produced by resident ploots ood detrirus trapped by tlhem 
foms the lpasis of the dletritivorous food web. 

(§IF) 
Location - Kaham dune, 10 lkm §§W ofGobabeb (23°399§; l5°0rE). 
Habitat - (Ro1binson & §edy, 1982). Vegetationless, steep leeward slope of the dUlt1e, 
slloping doWIDl at rum oogle of ±33° from the crest to fue avalooche 1base. The sood is 
unconsolidated, enabling aJJnlimals to penetrate it by 
food - detrirus, comprising mainlly grass seeds ood stallks, accumullates 
on ood within the choogeable sllipface md represents a stored resomce for detritivores. 
n is in greatest quantities at the avallooche base (§eely & Louw, 1980). 

JRiiwterr 
Location - 1 km stretch along river, 0.5 km§ ofGo1babe1b (23°321§; 15°029E). 
Habitat - (Theron & voo Rooyen, 1980; §eely et al., 1980; Jacobson et al., 1995). 
The ea. wide riparioo habitat comprises a central filood channd bordered by a 
forest dominated from the centre outwMds by Faidherbia albida, Tamarix usneoides, 
Salvadora persica, Euclea pseudebenus ood A. erioloba trees. The understorey is 
sparse md consists mainly of tlhe perenrulal grass Cladoraphis spinosa, tlhe shnlb 
Pechuel-loeschea leubnitziae md aHen shnlbs, induding Datura innoxia, Nerium 
oleander md Nicotiana glauca. The substratum comprises mostly very fme mgular 
smd grains and sillt 
food - flowers md leaves of F. albida, A. erioloba, md C. spinosa fom tlhe staple 
for detritivorous beedes (Hamahm & §eelly, 1990). The river did not filood at 
Gobabeb between 1978 and1985. Ground water Revels dropped, Reading to 
stress md deatlh of F. albida trees (Ward & Breen, 1983). Besides loss of habitat, thls 
probably memt less food for some tene1brionidbeedes. Anotlher major factor that 
probably affected food availla1billity was domestic Hvestock (goats, donkeys md cattle) 
that regulady traversed much of the study area where tlhey consumed md trampled the 
indigenous undergrowth md seedpods md deposited dung as a potential food source. 

2. 'fraps 
Round tin ems (15.0 cm diameter, 25.0 cm deep), that were dug into the 

ground, sell'Ved as pitfaH traps at GP, ][V md KR. §man plastic buckets (14.5 cm 
diameter, 15.5 cm deep) were used at D§. At §f, modified conical steel lampshades 
sell'Ved as . traps. 

3. 'frapping protocol ('fablle ITA3) 

GP 
Period: 10 March 1976- 31 MMch 1998 continuous 
Placement: fifteen cm traps were placed in five groups of three. Groups were 

50-200 m apart md traps in groups were 0.4-6.75 m apart. 'fwo groups were next to 
llow rocky outcrops, two were on the open plain >20 m from any rocks md one was 
on a quartz hillllock . 

Procedme: 'fraps were initiaHy emptied thrice a week md later once a week. 
Animals were identified and released at the captme site. 

][V 

Period: 31 Jmuacy 1977 31 March 1998 continuous. 
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JP>hitcement: Twenty= five traps were distributed in two sets9 separated by 1 km 
north to squth. §et A9 located on relatively high ground9 contained.thlrteen traps9 

placed 20 m apart in a Hne n.mniing paraHel to a dune situated 250 m further east. §et 
B contained twelve traps placed20 m apart in a triangle in a Row part of the vaHey9 

50" 100 m from a dune to the east. 
JP>rocedme: Traps were iin]tiaHy processed thrice a week and later once a week. 

Some traps were sometimes fiHed with sand9 giving incomplete sets. A)R traps were 
dosed dmiing short9 irregular periods when it was not possible to process them. 

D§ 
JP>eriod: 240 days between 2 July = 31 March 
JP>lacement: f ourty traps were arranged into fom sets9 ten to each zone (upper 

plinth9 lower plinth9 dune lbase and interdooe plain)9 placed m two paraHel rows per 
zone. Within each zone9 traps were 10 m apart. 

JP>rocedme: Traps were deployed at about 17h00 and were cleared at the 
next morning and again at 17ht00 in ilie afternoon. Traps were monitored for at least 
iliree consecutive days9 but ilie aurmual trapping protocol was irregular. from 1993 
onwards trapping was conducted on a bi=monthly basis. 

§f 
JP>eriod: 135 days between 15 felbruacy 31 March 
JP>lacement: fifty traps were set out at the avalanche base of the §f at places 

where they were not fiHed too quickly with cascading sand. The length of the 
avalanche base being trapped at any one time was ± 1 OOm. m winter 9 when the 
sHpface was badly formed9 traps were set out on either the E= facing or W =facing 
slope9 or both. 

JP>rocedme: The traps were set out at 07ht00 before the diurnal beetles became 
active. The time of the last coHectiion was between mdl22ht009 depending on 
ilie decline of the numlbers of Lepidochora discoidalis and Onymacris laeviceps 9 that 
were more active dming wind (§eely9 A normal trap day was 14 homs. Traps 
were deared of captmed animals and sand at intervals of 1=2 homs. Captmed animals 
were taken to ilie nearby camp to be counted9 identified and sexed. The animals were 
kept in buckets until after the last coHectiion of the day9 when they were rerumed to 
the sHpface and released. Traps were monitored for 1 =4 consecutive days with m 
irregular annual trapping protocol untH 1993 when a bi=monthly protocol was 
adopted. 

KR 
JP>eriod: 4 August = 31 March continuous 
JP>lacement: Twenty traps were arranged in four sets that were 1 00=400 m apart. 

The five traps within each set were m apart (x=14.9±5.6). Each trap was near or 
under a tree. One set was under a hlgh canopy of Acacia albida trees along the river1s 
flood channel9 m area frequentedlby domestic goats. Another set was under a canopy 
of Acacia erioloba and Tamarix usneoides trees situated in a fenced area that 
excluded Hvestock on the upper river bank9 ea. 100 m from the channeL A third set 
was located along ilie border of ilie flood channel with traps in the open or sparsely 
shaded by smaH T. usneoides. The fourth set was under or adjacent to the low 
canopies of A. erioloba and T. usneoides trees on the upper river bmk9 50= 100 m from 
the channel. 
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Procedure: Trap contents were usuaHy processedtlhrice a week. Animals were 
taken to 1Cqe laboratory for identification and were usuaHy an released on the day of 
capture at a single situated approximately along fue sitUdy area. 

4. fieldwork Hmiitations 
JPitfaH traps are a convenient method of catchlng some types of epigaeic 

cursorial arthropods. The number of trappable amiimals acttuaHy capttured may depend 
on the population activity wall.k.iing and smaH=scale distribution 
(randomly dispersed or aggregated) of particular species 1963). On mnual 
time activity patterns make no difference and trapping can reHably 
reflect the population density of cmsorial arthropods that move independendy of each 
oilier (Jansen & 1979). · 

JPiitfaH traps have drawbacks. This indudes trap avoidance by 
some the abHity of others to and consumption of trapped amiimals by 
predators 1963; 1975). Male tenebrionids foHowing females (JPoHs et 

violate the assumption of independent movements. it is not 
possible to translate data into density (but see Gist & 1973). 
in fidd pitfaU traps have been considered reHablie within fuese Hmits for 
some Hke beedes 1963; Rickard & 
1965; 1975; 1979; 1979; JFaragaUa & 1985; 
1964 or unrdiablie for other Hke ants or wandering spiders 

1991 ). 
Our present use of pitfaU traps is consistent with previous use in studies of 

Namib tenebrionid ecology Holim & 1980; Wlbi.arton & 
Crawford & Namib tenebrioniids are easHy trapped unHke some 
carabids 197 cmnot escape from ilie large traps that we used. During 
laboratory beetles could not escape from open simHar 
to the ones used by us m ilie :field. Henschel & Seely (1Ull0lpubl) obtained 
good correlations of pitfaH capttures and direct censuses along transects at one site. 
We ilius condude that ilie greatest power of expression of the results we obtained 
from pitfaU traps in ilie present study Hes in the relative numbers of various 
tenebrionids we caught over space and time. The rdative numbers of taxa capttured 

depend on their duration of distance moved and home range. 
JPitfalltraps may not accurately reflect the rdative ab1Ull0ldance of different major 
e.g. when comparing different tribes of Tenebrionidae. even in this 
respect iliey may indicate changes wiiliin each group and enable quaHtative 
comparisons between groups. 

Another compHcation is iliat our data base differs for each habitat (Table 
llA3). The number of traps iliough nearly constant within a ranges from 
15 in GJP to 50 m §f. Traps were deployed in different configurations in each habitat 
(see above). Consistent monitoring of various habitats began m different years 
between 1976 and1982. monitoring was usuaHy continuous for N 
& KR.9 but irregular or bi=monthly for D§ & SF. These differences are due to the 
history of ilie development of thls differences in habitat configuratiion (i.e. 
umform on §f and increasingly more complex on N 9 GJP9 D§ and varying 
manpower avaHabiHty 9 and the dictates of circumstances prevaHing m various 
habitats. for example9 monitoring §f is highly labour=intensive9 requiring each pitfaU 
trap to be deared compared to daHy on and only every few days m other 
habitats. 



_, Nevertheiess5 each pitfaH trap represents a consistent sampling unit We 
compared pbundance among habitats by expressing data as capmres.trap -I .daf 1 (trap-
days )5 per 1000 trap-days. n not necessary to convert 
data on diversity or variability indices %D) derived from abundance. 

5. §pecimen preseirVation and identification 
A reference coHection was lkept to facHitate identification. Jinsects were 

pinned and other animals were preseirVed m 70% alcohoL Identity of voucher 
specimens was confrrmed by consulting cmators of entomology offue National 
Museum ofNami1bia. 

· Where tenebrionids were identified to species leveR (see Appendix 
A). Several congeneric tenebriomd species were sometimes confused 1by assistants m 
fue field and are thus anaiyzed referred to as Genus spp.. These were: 
Namibomodes N. serrimargo and N. zarcoi; Vernayella delabati5 

V. ephialtes and V. pauliani; Pachynotelus P. comma and P. machadoi; 
P. lineatus and P. albostriatus. By we lkept apart records for the two 
subspecies Onymacris rugatipennis rugatipennis and 0. r. as iliese non-
waxy and waxy forms were easHy although Hauffe (1989) and Hauffe & 
§edy (1995) consider theilr subspecific stams as indistinct 

field assistants may have experienced some uncertainties m identifying rare 
tene1briomds that they did not expect to find. We can obtain some indication of the 
degree of oocertamty by comparing ilie tene1briomds recorded by us wifu pu1bHshed 
Hsts (Appendix A). We did not record14 0 7%) of the 81 tenebrionid species found 
neair Go1babeb. nine are raire. fom offue five common species not reconlled 
by us are from the river bed. Within each we missed 6=25% of the total 
number of species recorded in that habitat 

Some differences may be due to om very RocaHzed records that did not 
encompass an landscape featmes of the Central Namib and om reHance on oruy one 
mefuod of captme. On the other hand5 om data set encompasses most of the cHmatic 
variabHity to be experienced m the vicinity ofGobabeb since research began there 3.5 
years ago. Om long= term traps should therefore have had the opportunity to captme 
most of the trappa1bie either as residents or tourists. We condude that 
although we may have missed or misidentified some of the species that do occm m 
the they are not expected to be abundant enough to have changed om data set 
substantiaHy. we have no reason to doubt that whatever deficiencies m 
om diversity data there might these were randomly distributed over the years of 
monitoring and do not affect our conclusions. 

Om records of taxa other than tenebriomds are less consistent at species 
compounded by the problem that some of fue fauna is liess wen described than fue 
tenebrionids. 

6. Number of individuals and species (l'able llA6) 
We captmed468350 individuals of242 species. l'enebrionids made up 92.3% 

of the but oruy 33.5% of the species. On the dune tenebriomds 
comprised only 63% offue due to fue many Thysmma and 
weevHs occurring fuere. Jin other the tenebriomd proportion was higher (82= 
99%). 

As tenebriomd imagoes are the best=lknown group of airthropods m fue Central 
Nami1b and comprised most of the we concentrate our analyses on this 
taxonomic group. 



7. Standlardblzation (Table llA3) 
with abundance took mto consideration that monthly records 

were of uneqool duration. Recorded month was based on the date that the traps were 
emptied. Duration of trapping months varied for GJP> KR and N from 15=40 for 
DS from 1 19 days and Sf 1 =9 days. A 40=day 'month' occurred when traps that were 
emptied at the beginning of a month included capmres from the last week of the 
previous month. 

Standardized results Appendices C=G) are expressed as i.e. 
atnimals were not fractions. To avoid '9losing" species after data 
less than 1 were made equal to 1. Singletons remained!. To avoid introducing 
rounding errors through the summing of monthly dam to yeaurly raw data were 
summed! andl monthly and yeady sets were standmdlized separately. 
summed raw dlata for groups of total for Tenebriomdlae as a were 
standardized; standlatrdized dlata for each species were not summed. the figures 
given for "Tenebriomdlate" amd ''Totar' in Appendices C=G are not exacdy the satme as 
the sum of statndlmdizedl abundlatnce of an the subsets of each group. 

Duration of standard! periods ('fable llA3) was based on the normal trapping 
protocol at each site. Trapping effort varied! much forDS and Sf: to avoidl unrealistic 

short standard! periods were selected. During the 3 initial years in N only 
4 traps were usedl (normal=25) over 10 wheras in the subsequent 14 
25 traps were used continuously. Data for the fmrst three years were standlardizedl to 
the subsequent protocoL fu the dlune habitats (§f DS & when :S50% of the traps 
were fiHed with blown each trapping dlaty was standmdizedlbased on dlata 
for the open traps; data for <50% open traps were dliscardledl. 

B. Weather 
1. Recordling stations and instruments 

Rain andl fog were recorded at two autographlc weather stations sitootedl at 
Gobabeb Station andl along High km§ ofGobabeb 15°02'E). 
Continuous recordling began at Gobabeb m 1962 and at High Dune m Data 
from the Ratter station were usedl as a backup andl for spatial comparison of local 
events patchy rain showers). Quantity andl time of precipitation were recordledl 
graphkaHy on a recording dlrum. Data (±0. 1 mm of precipitation) were extracted! 
manuaHy from the plots andl summed! up per month andl year. 

JP>eriodls (days) when the river fllowedl have been recordledl manuaHy since 1962. 
The maximum height of flloods against a depth gauge m the river's central fllood 
channel was noted. River= flloodiing events were also monitored at a weir situated 
20 km downstreatm of Gobabeb; from these records we could deduce incidents of 
overlbank flooding. 

2. Significant events 
Besides monthly and annual totals of we took special note of heayier 

raiinfaH or effective that succeeded m stimulating grass growth. The 
amount required for thls may vary depending on the soil and plants involved. 
Jacobson (1993) and Gtinster (1993) noted that raiinfaH events of 10=12 mm sufficed 
for ephemeral grasses to sprout and complete their life cycles; Seely b) 
calculated a zero .. Jintercept of standing crop at 11 lDl1lltl]_ of ram. Based on we refer 
to > 10 mm rain faHiing durring one week in the growth season (September-April) as 
effective rain. Withln the range of low annual raiinfaH occurring m this part of the 



grass stamdmg crop mcreases steadily with rain quantity 1972; 
1993). , 

Jin 'wmter 10-20 mm of rain did not appear to dicit germination 
of ephemeral grasses amd whHe >20 mm did (Jpers.obs.). Water from 
winter rams did not appear to evaporate as quiddy as that from summer rains amd 
developed a moist subsurface layer of saoo.d that could last for a long time 1929; 
pers.obs.). This could benefit lbeede larvae diirecdy (Seely et al. 9 m prep.; in 

pers.obs. ). We examined whether > 10 mm of wmter rain were signiificamt 
events that may affect tenebrioniid populations. 

JF og is a relatively predicable water source on the annual time scale (fietruszka 
& 1925; Henscheli et 1998). An fog precipitation cam potentiany benefit 
Namib Desert organisms diirecdy (Sedy & 1976; §edy9 1979; §edy9 1983; 
§eely et al. 9 1983) amd we used an fog data to compHe monthly and annual totals. 

Among fue various effects of river floods9 events o(overbank floodmg may 
have the potential for greatest effects on riparian biota (Jacobson et al. 9 1995). During 
. overbank illlooding9 and nutrient=rich sHt is transported beyond the 
confmes of fue central flood channel and penetrates the illlamking forest9 where much 
·of it is deposited. Jacobson ('fJHDE§li§) determined the presence or absence of 
over bank illloodmg near Gobabeb from regressions of river height measured at a weir 
20 km from Gobabeb. We used his data to test for effects on beede populatiions. 

3. Characterization and Derivations 
Raiinfan in the Namiib is highly variable and characterized by short episodic 

pulses (fietruszka & §eely9 1985). These instantaneous events may9 however9 
desert biota for long periods thereafter (§eely9 1973; §eely & Louw9 1980; Wlhlarton & 
Seely9 1980; §eely 1990). An. index is required iliat reflects iliis influence. 
This can be achleved by fue cumulative percent deviation (C%D) ofraiinfalt which 

hlstorical effects of SlllllJPlus and deficit raiinfan. We calculated C%D for 
an rain9 effective ram9 wmter ram9 river flow days and overbank flooding. 

Another way of mcolrJPorating historic effects was to calculate the year= to= year 
change m total rainfaH: 

(quantity in year)/ (quantity in previous year) 
This is ilie same as fue gradient coefficient (Benedek 1970 in Wolda 1978). 

4. §easonaHty 
Based on previous observations of wind9 fog9 rain and temperature regime 

(Lancaster et al 1984 )9 we divided ilie year up into three seasons of four months each. 
At Gobabeb9 eady sll.llmmer (September= December) is a cool to warm period9 wiili a 
hlglhl incidence of fog; !ate summer (January-April) is relatively hot9 wiili less fog; 
winter (May-Augllllst) is characterized by a decrease m ground temperarure9 due to the 
sunvs lower angle of incidence9 and cool9 calm periods wiili occasional fog alternating 
with warm9 stormy periods of very dcy berg winds. These climatic factors can vary 
much wiiliiin seasons and between years9 but form a general pattern (Lancaster et a/. 9 

1984). 

5. Limitations of rainfall records 
Locations of rain gauges andpitfaH traps dlid not correspond. Our two rain 

gauges were positionedl8 km apart9 0.5=2 km from each trappmg site. The Gobabeb 
Station gauge recorded 0.2±1.7 mm more rain than ilie High Dune gauge9 an 
insignificant amount (Wilcoxon's signedl rank test: Z= l.29 JP=0.13). Jin the winters of 
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.J and 9 much more ram feU at one ilian at the oilier gauge; the differences 
vs }1.4 mm andll.4 vs 5.1 mm at Gobabeb Station and High Dune respectively) 

could conclusions on beetle responses. e thus consider boili values for each 
trappmg site. m an oilier cases9 heavy rain feU at both gauges and we use ilie amount 
recorded at Gobabeb Station. 

C. Analyses of diversity and population dynamics (fable ][ffi) 
1. Diversity and Community Components 

from our raw data of species abundances9 we determined tenebrionid species 
richness (S) with or without singletons for each habitat9 overaH and per year. We 
calculated ilie Shannon-Wiener index (H') and derived ilie index of evenness9 J' {also 
caHed equitabiHty; JPieRou9 1975). We describe results for J' in preference to H'9 as J' 
expresses oruy the relative distribution of abundance among species without the 
compHcating effect of S. S auntd J' were cakuRatedl for ilie grand total on annual data9 

as wen as for each year on monilily data. The Ratter were used to calculate ilie percent 
deviation from ilie mean (o/oD) amd the gradation coefficient_(R). 

We distinguished various components of the tenebriomd community9 namely9 

common residents9 common migrants9 rare residents9 and rare tourists. The Ratter 
were species that strayed from another habitat or region and did not form sdf-
sustainmg popuRations m the study area. Apart from drawmg on previous llrn.owRedge9 

we could recognize ilie different categories by comparing species between habitats. 
Common residents are m the core area of ilie species range; apart from bemg 
abundant9 at ieast in some years9 iliey can occur exdusiveRy in a specific habitat9 or 
are aboodant in one habitat and rare eRsewhere9 or are found commoruy in several 
habitats. By contrast9 common migrants are species iliat are .known to be much more 
abmdant dsewheire (> order of magnitude) and that venture into ilie studied habitat in 
especiaHy good years. When such migrants are rare9 iliey faH into the tourist 
category9 i.e. 9 it is assumed that an such individuals originated elsewhere. Rare 
residents are not known to be common at anoilier place or at anoilier time. 

On species-effort curves for each habitat9 we determined when species from 
various categories were captured for the first time. from the asymptotic species-effort 
curve9 we determined various parameters and the species found in each: the number of 
species recorded on ilie first day oftrapping9 the frrst monili9 haRfyear9 and year. We 
noted ilie period it took to record 50% of an species9 95% and 100% and wheilier or 
not ilie curve reached asymptote. from square-root-transformed dlata9 ilie slope of the 
main9 Rmear part of ilie curve9 from after the initial month of capture untH there was a 
marked departure from iliils iine was cakuliated. This middle part spanned 50-90% of 
the species-effort curve and was used to characterize ilie principal rate of capture 
within each habitat. 

2. Abundance 
Data were standardized (see section ITA6) to examine trends in abundance. 

Months were ilie smaHest units of time considered9 but most of the determinations 
were derived from annual abundance (see Appendices D-G). 

The ten most abundant tenebrionild species were selected to characterize the 
commmity in each habitat These were termed the focal species. Other taxa 
( CoReoptera famiHes9 insect and arachnid orders9 Hzard famiHes) were included in 
more general analiyses if2:_ 100 were captured. 

We characterized focal species by ilieir degree of variabHity in abmdance 
within each year. Based on our knowledge oft21xa and subjective examm_ation of 

) 



Jmonthly abundlamce curves? we dassified species as puRsed? if fuey were abund21nt in 
oruy some years depenpting on ilie timing of rams or floods? seasonal? if they were 
more abuhd21nt in a few months per yeM? if they were present an year 
long(see Louw & 1982; 1979). We quantified fuiis in tlburee ways. The 
first method was to calculate fue coefficient of variation of monthly abundmce for 
each year; consistent high CV values over several years were indicative of strong 
seasonaliiity. Otlh.er indices were based on the monthly totals over an years. Woida & 
Broadhead's seasonal presents fue percent abundmce found in 
the monfu of maximum but gives no indication of the spread of dam 
around this maximum. As an index of the spread of abund21nce over fue months of the 

we calculated amnwn1 J\ substituting 09 12 months 19 for''§". By visual 
we have found fuat appHed in fuis appears to provide a good 

reflection of degree of seasonaHty; J' neM 1.0 indicates a balanced spread of 
abundlance over an monfus whHe J' < 0.7 shows seasonaHty. The Ratter cM be 
sepMated from event-related pwses by examining CV for different years. J' provides 
a less erratic index for those species iliat Me abundant in only a few months each year 
thM does CV. 

To dhMacterize variability in abood21nce between we appHed the 
gradient coefficient? R? on abund21nce data trMsformed to log? wifu 0 chMged to 
fonowing Wolda Table Im). We appliiied this to an values (N§=O; i.e.? the 
smaner N of a pair couidbe omitting pairs for which neither exceeded 1. 
Woida's recommendation is too restrictive for our data because a 
major chMacteristic of mmy Namib tenebrionids is their propensity to irrupt md 
crash (§eely & pers.obs.). To make our data comparable with Wolda's 
Table 2 pp.l025-1031)? we did? apply for that pwrpose? but 
used N§=O to compare our species md habitats. we used every pair of 
years Year2:YeM1? 4:3 ... as Woida's (1978) use of only every second pair 
results is a reduction in sample size without actuaHy circumventing the problem of 
using interdependent data. from we derived the annual variation? AV? or vari21nce 
ofR (Wolda? md mem R for each focal species. These two pMameters were 
also determined for aH focal species within each year? as wen as for an yeMS md foca[ 
species in a habitat Another method of quMtifying aoouai changes was to calculate 
the percent deviation of aoouai abundance from the meM. The average absolute 
deviation chMacterized variability of species. 

We compMed tenebrionid species in terms of their abund21nce and variabiliiicy 
thereof md how fuiis compMes with some other characteristics of species: body 
mass vs. N; N vs. CV; N vs. J'; N vs. AV; N vs. mem R; CV vs. A V; body mass vs. 
CV; body mass vs. A V. 

To test fue hypothesis that Namiib tenebrionids are dependmt on episodic rains 
or floods to increase their productivity? we compared abundmce with rainfan Md 
river flood patterns. We be gm our assessment wifu a visual comparison of abmd21nce 
histograms on tables md graphs depicting tenebrionid abundance (monthly or annual) 
versus water events: total mnual rain md effective rain and winter rain 
and river flood events JFig.TIJLA1.2). 

We regarded a "response19 as an increase in the monthly captures of 
tenebrionids foHowing a 09stimuius" (water event) if these increases foHowed a 
recognizable pattern. §ince our study did not cover the years before the > 100 mm 

we took a general dedine of a species during the fonowing years without such 
rains as indicative that a response to those big rains had occurred. Otther responses 
were judged on a case-by-case basis for each rain event fu fue case of a summer and 



wmter ram foHowmg each other m successive seasons (this occurred thrice), 
respolnlses iliat foHowedl such parrs were dassedl according to fuerr coli1lsisteli1lcy wiili 
previous JmgRe evelnlts (e.g., wmter for species that had previously respolnldledto 
isolated wmter rams). "Response Hme" was the period (moli1l1l:hs) it took for a respolnlse 
to begm. A strolnlg drop m abmdmce marked the end of a respolnlse, givmg "respolnlse 
duratii.olnl" (years). The proportion of total abmdmce colnltamed wiiliffi each respolnlse 
period mdii.cated its relative importaJnlce. l'o evaluate the strelnlgilis of these apparelnlt 
assodatii.olnls, we correlated each of the water evelnlts wiili the year-to-year mcreases m 
abmdmce (R>O), aJnld Ragged by 1 year. 

fmaHy, we compared the outcome of ilie above maRyses betweelnl the five 
habii.tats (GJP, IV, D§, IV & KR), betweelnl furee differelnlt lkffids ofphelnloRogy (puRsed, 
seasolnlaR, aseasonaR balmced) and Hfe hlstory patterns ( opport1Ulli1lii.stiic, equiHbrium, 
mtermediate ), between differelnlt teJnlebrioruid tribes and body size classes. These 
comparisons are based Olnl mdii.ces that summarize the various parameters of 
abmdmce. 

li. 
ll. 
ill. Results 

A. JPlrecii.pitatii.olnl and river flow 
(l'abRe llJIAl; figs llJIAL1 & llJIAL2) 
1.Ram 

Over the 23-year study period, aJI1l aoouaR meaJnl raii.nfan of23J}±33.1 mm (2.0-
115.1 mm; medim 11.6 mm) was recorded at Gobabeb. The aoouaR raii.nfan was very 
variable md fonowed no discernable pattern over years. Most (73%) ofilie ram feU 
m Rate summer (Jmuary-AprH)2 md very HttRe (5%) m early summer (September-
December)? whlRe 22% ofilie ram fen m 
<t'.. l'wo wet years occurred whelnl > 1 00 mm fen m fue Rate sl1llilllliDtiers of 197 6 md 
1973. These are ilie onlly raii.nfaUs ofthls matgli1litude to have faHelnl m the western 
celnltral Namii.b smce 1934 (Waher, 1936). We recorded effective summer rams twice 
more m md !_22_0 amdheavy wmter rams four tiimes m 1979? 19329 1937 md 
1939. -- The pattern ofC%D of ram was rdatii.vdy simple. Towards the begioomg of 
the study? there was a strolnlg mcrease m C%D, foHowed by a steady declme betweelnl 
73/79 md 92/93 (fig. ][][JIA 1 .2). 

2.fog 
The broad trelnld of fog precipitation WaL§ very differelnlt to that of ram, at§ it 

decreased betweelnl 75'fl6-73/79 and mcreased betweelnl 35/36-92/93 (fig. JDIJIAl .2). 
Annual precii.pitatiolnl offogwas 40.6± 17.6 JPDliD. (14= 77), md followed a cyclical 
pattern of9 years (l'abRe IllA1; aufucorrelatii.olnl wiili lag=9: 0.161 ±§.E. 0.296). After 
m iilltiaR mcrease m fog from 75/76 to 30/31, it decreased agam mtH 35/36. 
Maximum recorded fog precipitatiolnl occurred m the years The seasolnlatll 
pattern was quite consistent, with 49% of fog occurring m early summer (September= 
December), 21% m late summer9 .md.JO% m wmter. On monthly md aoouall time 
scales, fog is the most predictablle water source available to Namib biota (JPlietruszlka 
& §e©lly, 1935; Table llJIA1). 

3. River flow 

!({ 
) 



.. The river usuaHy f1lowed aurumuaHy for days to months m response to ratinfatH on the 
Khomashochllmd but there was at_proRonged period without river 
f1low fr(Q)m fr(Q)m gs;g6 mnuatR f1l(Q)ods with overbamk 

occ1lllli'Irllng in six ofthe subsequent eight years (TatbRe mAl), ..,..._ -
B, Summruy Dam Presentation (Appendix C=G) 
Stmdardized atbundmce pertinent detaHs atb(Q)ut the tenebri(Q)rud species 

catptmed md summmies of dlerivati(Q)ns md indices for each hatbimt are Hsted fu · 
Appendices C=G, DetaHs are oudined beRow, 

C, Dhrersity md Evenness 
l, Species Representatti(Q)n 

Jin each we captmedl m(Q)st of the species JreC(Q)Jrded in pJreVi(Q)us studies 
(Appendix A; see section J[][A5), §pedes richness reconied by us did n(Q)t diffeJr much 
from that expected from the Hterat1tme (Tat1bRe except in whe1re we found 
32% moll"© species thm JrecoJrded p1reviousRy, This disc1repamcy may be due to diffe1rent 
study catp1tme procedmes md time periods, We concRude that om records are 
representative of the fauna found in each habitat 

2, Species=effort (TatbRe JD[IC l) 
***The rate (Q)f atppearmce of new species in (Q)Uif records differs matrlkedRy 

between habitats, §pedes were recorded fat§t©§t in §JF md DS md sRowest in GP md 
KR, This is pr(Q)batbly not mereRy m artefact of the much Rower effort in D§ and §JF at§ 
is evidenced by the rapid attainment of asymptote of the §pedes-effort curve in those 
two habitat§ md the simHatrity (Q)f our species richness vaRues to previous records, 
[DO JP> Am. WJ[§E COMJP> ARJISON: §AMIJE TRAP DAYS _j 

The o1rder (Q)f atppemmce of species was inverseRy Jrdattedlto the Jrdattive 
abundmce (KendaRrs Tau: ramk maRysis_), The ten most atbundmt species were an 
repre§ented within the fiJrst few effort=dlatys in §JF md md within 3 month§ in 
but toolk oveJr at year to atppem in IV md (Q)VeJr three years in GP, The§© diffeJrence§ 
may be due to different events in time that pRayed §igitllifi.cmt r(Q)Res in variou§ hatbitatt§ 
(see secti(Q)n IDC6 bdow), 

About once per ratJre specie§ (ie, <1 0 indlividlwRs totali) appeatJredl for the 
frr§t time in IV md KR, Effort was too Row to maRyze rarity in §JF mdl D§, 

3, Species ovedatp between habitats (TatbRe IDC3) 
Mo§t specie§ (59%) were not unique t(Q) one habitat Ofthe 56tenebri(Q)nid 

specie§ Jrecordledl by 9% were in atH five habitat§ (these were Onymacris 
0. Zophosis Z. hereroensis3 md Namibomodes 
16% were in fom 21% in three mdll% in two (Appendix H), [§TAT§_] 

Onlly in GP were more thm one=thlrd (42%) of the tenebrionids unique to that 
habitat; atH except one of the other species m GP were atRso found m IV (the exception 
was Stips dohrni that occurred in Appendix H), The least ovedatp Wat§ of GP 
with D§ md §JF, Mmy species were recorded in an habitats of the nameRy 
§JF D§ md explaining the Row degree of uniqueness in terms of species present in 
these regions, IV atRso had mmy species in common with the adjacent KR, 

4, Diversity (TatbRe IDC4; fig,IDC4) 
TotaR species richness oftenebrionids was highest in Gf md KR md Rowe§t in 

D§ and §JF, On m atnnwR KR had more species thm the oilier which 
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were sfurnilar to each other. §f amd KR had fewer singRetons tlb.m other habitats. 
Maximum filliDual.R § was 1SillrnilM among but the rmge was narrower in IV md 
especially KR. 

D§ md GP had the highest evenness more species were numerically 
co-dominmt thm in other habitats. Thls effect was less obvious on m atnnuaJ.l tfurne 
scale. IV had the lowest evenness on both accounts. Monthly species richness md 
evenness were least vma1ble (coefficient of vmation) in KR md most variable in IV. 

5. Diversity trends over time (fig.illCS.l-4) 
§pedes richness fluctual.ted a lot over the years at all sites' except KR; tfurning 

md magnitude of fluctuations often differed between habitats (fig.lliC5.1; Table 
llliC4). §increased in the four open habitats until 78/79 md then converged in Bli/82. 
After trends diverged: D§ md §f decreased in 83/84 md 88/89 while GP 
increased. fu § decreased towards the end of the study except in 
where it remained relatively constant This overall decrease in§ from 79/80 to 92/93 
is even cleMer for mem monthly§ (fig.illC5.2). 

The number of singletons (species of which onRy one individuaJ.R was recorded 
in a habitat per yeM) may reflect trends for rMe species: they may be Rast 
mdividuaJ.ls of declmmg popuRations or rare resident. We found that the occurrence of 
singRetons in various habitats WaS with highest frequencies recorded m 

and 88/89-90/91 (fig.illC5.3). 
Trends in atnnuaJ.R differed between habitats (fig.illC5.4). fu 

J' increased much from 7 5/7 6-79/80 md then remained high throughout. Thls 
indicates that only few species dominated abundmce in the early md that 
abundmce was more evenRy spread among the dedmmg number of species m later 
years. f luctuaJ.ting J' in other habitats is more difficult to mte1rpret. Only m §f did J' 
exceed 0.6 m the early mdicative of several eo-dominants. IV experienced a 
sharp decrease m J' durmg the Rate 70s md agam dlurmg the Rate '80s. fu J' 
was low m indicative of dominmce by one or two species. The strongest trend for 
D§ was a drop in J' towards the coind.dmg with a drop in §. m J' decreased 
until 86/87 after which it increased; fewer species dominated stronger 
numerically between 84/85-88/89 thm during other years. 

6. Diversity in relation to rain md drought 
a. Statistics: Cm extreme deviations from mem or decreasing 

diversity/time of drought be recognized statistically? 
--> autocorrelation statistics? 

lb. Statistics to test month-to-month or yeM=to-year differences 
in§ or J': ANOVA ofmem monthly or yearly §/Ji (12 
months x nwnber of yeMs) 

D. Abundmce (Appendices C-G) 
1. Capture Rate (Table lliD 1) 

The mem monthly abundance of tenebrionids different significantly between 
all habitats besides IV and D§ (t-test; P<0.05). m GP there was once a period of 6 
months (2730 trap units) in which no beedes were captured. Thls was also the habitat 
with the lowest overall abundance. Mean monthly abundance was much higher in §f 
than in other habitats. 

The average size of beetles was larger in KR and D§ than in other habitats. 
This explains why the total mass of tenebrionids captured each month in §f was 



§imHaur to tlhlat m KR? despite the differences m abundance [paired t=test_j. 
Conversely? fue totali mpnthly mass ofbeedes m D§ was muclbl more fuan m IV? 
despite tlbl!; siimiiliar numbers of beetles caprured. 

V ariabiliiicy of monthly abundance? as indicated by CV? was highest m IV. 
Tlbliis coulid be due to seasonal flucruaHons m numbers or periodic pulises. CV was 
liowest in KR. The high mean CV of species was not matched by a reliaHvdy high CV 
of an tenebrionids; fuis woulid indicate that? although some species flucruated m 
different seasons? totali numbers of tenebrionids did not. On an annuali basis? 
tenebrioniid abundance deviated most from fue mean m GP andlieast m KR; iindividuali 
species did? however? aliso deviate much m IV and D§. 

The mean gradation coefficients? R? were <0? reflecting lionger periods of 
populiation decliiine fuan increase. The grand means of annuali variabHicy A V? 
were moderateliy lbligh (0.3=0.9; Wolida? Mean AV was highest m §JF and IV? 
intermediate m GP and D§? and liowest m KR. 

2. Tomli tenebriorulds: abundance trends wifu time (lFig.lliD2) 
Totali numbers oftenebriomds decliiined from tlhle beginning of the smdy to ilie 

end m an habitats (lFig.lliD2. l ). Abundance dropped permanently to beliow tlble mean 
for tlhlat habiiltat m m GP? in §JF? m IV? in §JF and m KR 
(JFigJUD2.2). Superimposed on thls generali trend? aboodance fluctwted a Httlie? with 
increases evident forD§ in §JF in for §JF? D§ and IV m and GP m 
76/77? and These patterns were in most cases mirrored m biomass. 
Notabliy? fue increases m abundance did not slblow up in biomass at GP? except for the 
initiali irruption. This is because the beedes iliat increased m aboodance at GP after 
77 were reliativeliy smalil The reliaHve positions of tlble biomass cmves from 
various habitats differed from those of mboodance? probably due to differences m 
beetle size mnudedl to above. 

Trends differed among habitats for the degree of monili=to=monili flucruaHons 
m aboodance? as represented by annuali CV (lFig.DID2.4). fu GP? it decreased from 
hlgh in 75/76= to liow over an years untH after which usuany <1 
tenebrionid was captured per montlbl. fu IV? ilie CV fluctuated at m hlgh lievd? except 
during CV started liow m D§? but was high between fu §JF? 
CV was lbligh except during and 92/93. 

The gradation coefficient? R? indicated m which years fuere was an increase or 
m decrease m annuali abundance over tlble previous year (lFig.JIDD2.5). R was stmblie 
and dose to 0 m KR. §ubstanHmli increases (R>0. 1) occurred m various other habitats 
during eight years (76/77? and 91/92). ][n an 
other year? strong decreases were evident in one or tlhle oilier habitat. Detailis of 
increase or decrease events differed among habits (see below). 

3. Tenebrionidl species: mboodance trends wiili time (lFig.DID3) 
Temporali patterns of mean mboodance=trend indices (CV and R) for focmli 

species were somewhat different from iliose seen for totmli tenebrionids. Mean CV 
valiues were high (lFig.DID3. 1 ). CV remained faidy steady m KR m an years and m 
GP from 75/76 to after which tlbley increased. fu IV9 the genermli trend of 
grmduali increase was interrupted by drops m and D§ 
showed m year=to=yemr flucruation (this may not be m remli pattem9 but could be an 
artefact of ilie ad=hoc smmpliiing protocoli). In §JF 9 mean CV first increased? then 
grmduany decreased towards ilie end9 indicating either that semsonmli influences on 
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abtJ.mdMce decHmedover ilie years or iliat species that respondledl to seasonal factors 
were liess importoot in later years. 

in year=to=yeatlt' changes of annual a1l:nmdMce differed between spedes9 

making the pattern ofilie meoo gradation coefficient (Fig.lliD3.2) difficult to 
interpret. Thls notion is supportedlby the hlgh annual variabHicy of liog R9 A V 9 seen in 
one or ilie other habitat dluring most years (Fig.lliD3.3). Our hlgh values of AV could 
be partly due to our acceptMce of a liow N§ Mdreliativeliy sman number of focal 
species per annum per habitat Appendix C=G; see Wolidlat9 They do9 

however9 reflect that different species varied dlifferendy in abundooce over the years 
( e.g.9 some increasedl9 wlhHe others dlecreasedl) mdl that ilie yeatlt'=to=year chmges in the 
abundmce of various species were sometimes strong (see below). The highest values 
of A V for each habitat (except KR.9 where monitoring started oruy Rate) were attained 
prior to · 

4. Gradation coefficient (fig.lliD4 9 Table lliD4) 
frequency of liog R values for focal species of each habitat fonowed a normal 

distribution (Fig.lliD4.1 [test for normaHty]). The taHs of the distribution at either 
end beyond R> 1 ood R <= 1 reflect year= to= year chooges in the abundMce of focal 
species of over oo order of magnitude. lin §f 9 as mmy as 31% of the values were in 
iliese taHs9 wiili ilie proportion decreasing in DS9 N md GP 9 to a minimum of 5% in 
KR. (Table lliD4). 

We calculated annual variabiHcy9 AV9 in two ways: annual AV9 for each year 
over aU focal species oodl9 species A V 9 for each species over an years. Most species 
AV (56%) were 2:0.5 (Woldlat9 considers m AV of0.5 to be hlgh)9 whHe 32% 
exceededl1. Annuali AV wats9 however9 usuany <0.5 (60%) oodlrelatiively seldom > 1 
(11 %). From this we infer thatt9 although the abundlmce ofmMy species was hlghly 
Vatriiablie9 the strongest fluctuatiions took pliatce in oruy few yeatlt'S. > 

Maximum log R for a species correlated signiificoody wiili miiniimum log R 
(r-=0.43; P<O.Ol; Fig.lliD4.3; leaving out atn extreme oudier for Psammogaster 
mal ani iin KR. whose numbers increased9 but did not decrease). Thls relationship 
indicates that populiations of iliose species that have ilie capacity to furrupt quickly 
(hlgh positive liog R)9 cm also crash quichly (Row negative liog R). The furthest 
outHers ofthls relatiionshlp atlt'e for four species on the lieft bottom offigure lliD4.3. 
These species came from N md §f 9 where monitoring be gm wiili hlgh numbers of 
each of iliese species esmbHshedl ( dletaHs given in next section). Our records may thus 
have missed possible iirlrnptions by these species9 whlch would have placed these 
outHers closer to the general curve. lin generatl9 ilie relationship mdiicatedl iliat the 
maximum rate of population increase for a species was about l. 7 times hlgher thm the 
maximum rate ofyear=to=year dedine [test for significmt difference from parity: 
how? one of them is not a measure; e.g. count species above or below the 1 :=lliine 
md run chl=square??]. n ilius appears that factors contronmg tenebrionid populiations 
have a stronger influence on population increases thm they have on their decreases. 

Some populiatiions were increasing during an years of OUJr srudy9 although their 
frequency varied much (Fig.lliD4.4). Mooy species increased in several non=river 
habitats between md with maximum numbers of increasing 
populations occumng in GP m in N during 9 D§ m md SF in 
77 IT&. m KR.9 the number of growing populations increased between mdl 
again in 9 V92. 

E. Population trendls of species 



. log N of 10 focal species per Appendix H) 
of species varied differently. The thirteen most species 

in an habitats decHned from peak eady in om study period (ea. 7 6/77 
77 rate of dedine of these species varied from gradual (milrulmum to 
very rapid 3. l ; over a fold dedine from one year to the next). Other 
species increased or made their frrst appearance only m later notably m 
or and m or 

We compared annual with a number of other characteristics of each 
species (Table JDIJIE l ). [need to do stats__j 

[classify species into qwmrtHes by relative abundance: see Appendix H] 
(25% of an species with > mean N) 

mteJrmediate 7 5%) 
rare (25% with <mean N) 

2. Population changes within years: seasonal or annual 
[how many and what kind of species faH into various categories] 

quartHe dlefllltliltions: see raJ.mlks m Appendix H 
pulsed (25% of an species with >CV & MJ') 

annual (25% wiili <CV & MJ') 
concurrendy inspect monthly data to assign phenology categories: 

among upper 7 5% of look for increases 
for seasonal category: how strongly associated maximum month & %N 

(see W olda & 

3. Population changes between years: equiHbrium or 
inteJrmediate 
quartile defmiltions for A V & see Appendix and assign 

from data 

4. Are there characteristics that such dasses share? 
are consistently different dynamics a function of: 
a. do rare & species fluctuate more 

yeady dasses: rare vs 
b. Phenology: dasses: present aH year 
c. Life history: equHibrium 
d. Body size: classes: sman species 
e. Location: classes: dune 

sHpface 

JF. Population trends versus water regime 

o Data: monthly lag response to certain rams (Appendix H) 
from this we cm deteJrmme: length of larval Hfe 

o Data: proportion of population that cm be explained by ram events 



{Notes: The big table Appendix H (parts ofwhlch could be incorrporated into figures 
md of results), cpntains a lot of information that aHows us to home in dose to 
what eadl! species is up to .md go to town with plenty of cross-comparisons. To 
summarise some of the pertinent points of the Appendix H table: 
o §pedes are nmlkedby their average abundmce over an habitats; that is why it is total 

N/5000 traps, the sum of the foHowing five habitat columns; so, for instmce3 

although L.discoidalis was only ever found in 3 habitats3 the total represents 
an average over an habitats (zero for the remaining other 2 habitats). With this 
we have a baRmced overview of overaH abundance 

o Besides abundance (N/1 OOOtraps ), data are shown for the main habitat ocly3 Le. 3 the 
habitat in which species were most abundant 

o Beetle sizes were obtained from direct measurements 
o is a morrphoRogy index of unknown usefulness: it is the ratio of actual 

mean mass of that species vs. its calculated mass from the Namib teneb 
Rengili-vs-mass curve (Henschd & §eeRy3 in prep); perhaps more compact 
beedes (heavier than expected) have different toRerooce of drought periods -= 
thls we cm test with other data on the table (simHar for oilier size parameters) 

o to explain some of the other indices [we should think how best to make thls Road 
palatable] 
o CV =m em coefficient of variation for that species from CV s calculated for 

each year 
o %D is the annual mean absolute percent deviation of abundance from the 

mean 
o maxR is the maximum gradation coefficient for that spedes: what is its 

capadty to irrupt? (positive R) 
o minR: tendency to crash? (negative R) 
o %A is the percent of total abundance (including non=tenebriomds) that the 

given species represents in its main habitats ( e.g. 3 L.discoidalis were 
65.5% of aU captures on the sHpface) 

o AR is the abundmce rank of the species m its main habitat 
o §R =seasonal representation (W oRdla & Broadlhead3 number of months 

of n year that a species was present; for US3 thls is not much use, 
as it is usuaHy 12 or dose to it 

o §M=seasonaR maximum: percent of abundance in maximum month in '1totaR '' 
year (one way of indicating seasonaHty; strong if §M>> 1 0%) 

o MJ' is the index of evenness or evenness appHed to months3 as explained in 
methods: ifMJ1 is Rower than 0.7, species is puRsed 

o EL W = 123; season of maximum abundance in year; 
E=1=early summer; L=2=Rate summer; W=3=winter 

o JEHP= 123; within= year abundmce distribution (from MJ') 
o more indices could be summarized in a similar fashion as EL W and BliP to 

aHow us to run ANOV A1s 
o the columns 1Lmder nResponding to" indicate the rainfaH/flood events for 

whlch li have recorded responses 
o 1 OOL=> 1 OOmm rain in Rate summer (2 events) 
o 1 OL=> H)mm in Rate summer (1 event) 
o 1 OW=> 1 Omm in winter ( 4 events) 
o HYDRO should actuaHy be '1negative hydrology" as it is indicated by 

the steady decrease in numbers the longer the river does not 
flow 
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o FLOOD mdudes 
o pliease ltllote that the Hnkage of abtmdance with ram events is 

subjective and based on fue liogic expliamed towards the end of 
'
1meiliods '' 

o at fue time of plioughiing through this part9 K was no lionger ab lie to 
ponder at ease on how to support these assessments with 
statistics (not for want of searchmg iin Ht and trying out ad 
nauseam; Gaty9 your suggested index of percent 

for ram and abundance gives very funny monkey=taiili 
patterns on plots fuat make Httlie sense to me9 with data straight 
or Ragged) 

o '
1beg (mont and (yrs t indicate the begiinnmg of a response and its 

duration iin monilis and years respectively; iin some cases9 both of these 
are approximatiions9 e.g.9 for some species that are aliready present 
when a stimulius arriives9 the begiinnmg is when monililiy abundance 
mcreases wen beyond the nonnali monthliy fl-uctuation; duration of 
responses to 1 OOL m study areas fuat were opened onliy wen beyond 
was taken as ''as from 21 Jan 197699 (the first big ram) if the species 
was most abundant at the beginning of the study 

o Ranking shows fue relative rank of various indices and factors9 such as 
abundance (N: sorted by that)9 etc.; this may be usefuli iin visuali 
mtell.']pretations of the tablie9 for desigmlatiing quartiilies and for conducting 
rank correlations; some ranks are from biggest to smaHest ( e.g. 9 

abundance9 size)9 whiilie others are from smanest to biggest (e.g.9 CV9 
R) depending on circumstance 

c Order iin Habitat indicates the abundance rank that the species had iin each 
habitat; note fuat Z.moralesi was No.l iin 2 habitats. 

o So1rne of the that emerge: 
o Fog does not appear to contribute to population growth9 alifuough it may he lip 

to decrease rate of population dediine for some species 
o Rare9 big summer rams explain ilie patterns of total abundance and of the 

most abundant species iin each habitat 
o Big summer rains may be cruciali for some species: how do they bridge the 

liong gaps between? some enter egg= or liarvali dormancy (adults 
disappear)9 whilie other dediining aduh populiations continue egg 
production e.g.9 P.globosa, O.rugatipennis, O.plana; note that the Ratter 
species were not affected much by smaHer rains 

o Winter rains appear to be important for many other species (some of which 
don't respond to summer rain == see Appendix H); one can count on 
winter rains roughly every 4=5 years9 making this more rdiablie than 
any effective summer rams (Rook at 30=year record) 

· o River floods9 especiaHy overbank floods appears to be important for a few 
species; where iliis was not ilie case (m the immediate sense )9 
iintell.']pretation becomes ''fuzey''; the river is quite compliex and was 
moniitoired for relatively short periods onliy (11 yrs out of 
study); fuus9 any statements concerning causes are liess certain; a big 
question mark hangs over P.globosa9 as its abundance patterns did not 
tie up with river flow patterns iin an obvious way9 although we know 
fuat it feeds so much on river flowers (HMrahan et a/. 9 1990; 
Crawford9 et a/. 9 1990) [my bet is that big rains are ulitiimateliy ._,···: 
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involivedl, but we liatclk concrete evidence for fuis]; simuHatr for 0. 
rugatipennis? atlilchough there we dlo lknow from the mlcerdlooe tchatlc big 
rains are involivedl 

o [in atn asidle: om dlatlcat on Appendix D & E indicate that O.r.albotessellata is 
present after big rains onliy for at short time, atndl then ''evaporates'', 
probably into fue O.r.r.; K am indinedl to combine thls waxy 
phase witch O.r.rugatipennis Hatuffe 19g9, Hatuffe & §eeliy, 1995] 

o A Rot of valiwblie detaH on individluali species emerges from these patterns; 
we catn relate some of iliem Ieo species accooolcs from previous srudlies 

o Kt is difficult to perform correlations with om atboodatnce dlata against rainfaH 
in the normal fatshlon, as the time scaRes ( dlmation) differ so much 
ie., population increases or decreases catn occur over several years in 
response Ieo several days of ram; ilie scales also differ: ilius the plot of 
cumulative percent deviation of rain, floods and fog (fig.mA 1.2) does 
not resemble simHatr plots for aboodance (but it could for transformed 
data), although the general response pattern does support the notion of 

populations 

DK§CU§§!ON 

Tooics 
o avatHatbHity pattern: compare to oilier descriptions ood effects in deserts atnd 

relialce to previous Natmib Hterarure (e.g. §eeliy & §rum, 1976; 
& Morton, 1990); also oudine Central Natmib ratinfatH in relation to main 

zone in south and main zone north 
o hlstorical patterns: how often can big rains be expected? According to §eeliy 

(19g9), no big rains have occurred m the Namib since the big rain of 
33/34 reported by Waher (1936) 

o seasonal climate (general pattern: compatre eady summer, late summer ood winter) 
o phenology ofNatmib lcenebrionidls atnd the ways in whlch it could affect populatlcion 

dynamics 
o reproductive biology of females (see de ViHiers, 19g4 atnd oiliers) 
o patterns of including (frurst discussed for 

Natmib tenebs by §eeliy, 19g3): consequences capacity to increase is 
ready when condilcions get favourable & schedules of fecoodlity atnd 
juvenile mortality needl not be coupled 

o 

o ecophysiology of larvate 
o longevity of larvae [pers.comm. info: Mary?] 
o longevity of atdlulilcs [JPietruszlka pers.comm., matrlked beedes appearing in om 

own sets: such info was not recorded in the normal data boolks] 
o silce fildeHcy, home range andl dispersion of adults (Roer, 19g5; Hamilton & 

§eely, 1976; Crawford et al., 1990; JPielcruszlka pers.comm.) 
o pertinent info on foraging behaviom and dliet: what, how andl when N amib beede 

adults andllatrvate eat amdl dlrinlk 
o consequences of water avaHabiiHty pattern for N amib biotat [see notes] 
o phenology and Hfe hlstory patterns that can be deduced from current srudy 

o seasonaHcy (CV & ]1
) 

o adult population response time of growili after could reflect 
longevity of larvae 



0 dorrmaumcy m non=aduh stages (inferences) 
o if aduhs are year= round aumd aliways present; R does not get very 

hlgh 
o possibliy none or if seasonali aduhs appear every year; R does 

not get very high 
o Hkeliy if populiaHon has capacity to boom sudderuy (i.e. not buHd=up 

via mcreasmg reproductive output of but abrupt 
appearaumce of maumy adulits from none or very few before); R 
hlgh m some years 

o diversity patterns aumd chaumge of tenebrionid populiaHon composition m r©liation to 
episodic raffi/flood events 

o expliam our patterns 
o liocali diversity over time: why so hlgh (82 tenebriomd species near 

Gobabeb ): time= niches? 
o population dymtamics of mdividual species aumd overalili: kmds of patterns seen on 

annual aumd seasonal scales: summarize results 
o seasonaHty: pertment info on that season (note: season of appearaumce of 

adulits may not be due to optimal conditions for them but could be 
due to optimal conditions for eggs or larvae previously; survival of 
critical stage) 

o community composition over time: different phenologies aumd Hfe=hlstory 
pattens Read to community chaumges over time: discuss separately for 
most abundaumt common and rare 

o annuali variabiHty: how do desert population dynamics compare with msects 
in other regions (W W olda & 1985) 

o comparison with beedes ©lisewhere: especiaHy tenebriomds & carabids (e.g. 
1963; Rickard & 1965; Wise? 1981? 1982; 

Jrarrmen.ter & MacMahon? 1984; Jrarrmenter et al.? 1989; faragelilia & 
Adam? 1985; [we have lots more: I have not yet rooted deeply] 

o discuss other factors that may r©liate to dynamics of individuali species in Namib 
o Sll.Ze 

o habitat occurrence 
o phenology & Hfe=history pattern: longevity & egg=production patterns: when? 

how maumy & hatching protocol: eggs used as "storage" or constaumdy 
put in as "bet=hedging11 material 

o geographical dlistribution (&origin?): is centre of distribution here or north 
(summer ram) oir south (winter rain)? 

o other importaumt factors that could influence current habitats but were not exammed 
m detaH (this could also be mentioned under 99fultme studies qv part 
0 east wmd 

o variation m avaHabHity of aliliochthonous detritus 
o possibly only signifi.caumt on sHpface 

o Hvestock 
o conswnes food that caum no longer become detritus (e.g.? C. spinosa 

has nearly disappeared near Gobabeb) 
o disturbs the soH? chaumgmg it for larvae 
o denudes the removmg beede sheliter 
o provides dung as food 
o goat numbers aumd their effects on the habitat have increased m recent 

years 
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o [ rulillllWl censuses by veterinanry services] 
o what are owr most p11.U::ding patterns? Which of owr explanations are stiH very 

and need substantiation? AJ.e any of these importmt9 e.g. 
P. globosa? What to do about these iin futwre (see Appendix _j? 

o condusions of present study 

Water A vaHabHitty 

1. Possible kinds of effects of water avaHabHity or drought on beetles [ coulid make a 
tab lie to sum up these factors; differentiate between eggs/liarvae and aduhs] 
a. Primary 

i. free water 
(1) Rain: rarely available and penetrates quidd.y; umeHa1b1e 

source in desert; it may be difficulit for animals to driinlk 
water once it has penetrated the sand ( a1bsolr]ption is 
possible9 see below) 

(2) fog: frequently avaHabe; many species have behavioural 
strategies to gain fog water at the surface; [note: only 
dehydrated beetles fog=bask9 §eely et al. 9 1983]; fog 
water typiicaHy does not penetrate far into the ground 
and disappears rapidly when the surface heats up in the 
sun; water of this kind has been shown to increase egg 
production (e.g. 0. unguicularis9 de ViHiers9 1984) 

(3) River: rareliy avaHablie and uswHy onlly in a narrow 1belit; 
risk of dlJrowning when trying to dlrink 

ii. Moistwre 
(1) Rain: penetrates into substratum9 providing a humid 

environment for chthonic animals; this coulidlbe 
partiiculiady important for eggs and liarvae9 and woulid 
providle an amenable haven for aduhs; it has been 
shown that some animals (e.g. 9 Thysanwra9 Edlney9 

1971) cm absorb moistwre from moist sand9 thus 
gaining free water. §imHary9 sand moistwre appears to 
benefit beetle larvae directly (Coutchie & Crowe9 19799 

§edy et al. 9 in prep.; see aliso Coutchie & Machin9 19849 

Machln & O'DonneH9 1991; [ aliso osmoregulation 
papers by Naidu and others). 
o Water from summer rain may not be avaHablie for a 

liorng time9 as it disappears from top 15 cm of 
sand within 1 month (Yeaton9 1988; see aliso 
Gut9 1988). 

o Moistwre rnear surface of sand may liast longer in 
winter (Gut9 1988; pers.obs.) because of reduced 
evaporation in 1 ooc cooler ground (Lancaster et 
al. 9 1984)9 a resulit of the sun's Rower anglie of 
incidence. 

(2) fog: increases humidity at the swrface9 enabling larvae to be 
active in this otherwise hostHe region; swrface activity 
may be necessary to gain access to food (e.g. 9 easier to 
coHect at swrface) 
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bo§econdary 

(3) River: overbaumlk floodmg may penetrate Ulill.der shady 
moisten sand and provide nutrients for an 

extended period (months?) 
( 4) Drought: desiccation: abiHty to osmoreguliate (see N 

1992); some beedes such as 0. rugatipennis and 
S. gracilipes have good abiHty to 
sustammg water liosses of over 70%; P. globosa 
regulates H20 poody; 0. unguicularis and S. stali are 
mtermediate with reguliat:ion breaillcing down at§ 

dydrat:ion progresses; poor osmoregulation may explam 
disappearance of some species of some tenebr:ionid 
species durmg drought 

i Primary product:ion & detritus generat:ion 
( 1) Ram: when enough ram faHs m a short period of time 

(> 1 Omm m a weelk thls cm stimulate germmation 
(winter ram may not be as effective) or greenmg and 
growth of perennial plimts; thls produces food for 
herbivores liater the seeds and pliant remains are 
avaHablie for consumption by detritivores 
( aHochthonous effects may aliso arise when detritus is 
wmd=bliown from rdativeliy ratm=rich areas mto the 
desert; such detritus accumulates part:iculady on 
sHpfaces; m that case liocal rams are no guide to food 
avaHa1bHty) 

(2) fog: desert perennial plimts obtam water from the fog 
1936; §edy et 1977; JLouw & 1980; 

1981; 1985); thls cm provide green food 
for herbivores and aliso results m the production of seeds 
and flowers that feed detritivores 

(3) River: river part:iculiady overbaumlk stimulate 
germmation of grass and herb mcliudmg 
alii ens; may cause flowering of smaUer plants 
(subsurface flow may mfluence tree flowering 
but that is not clear) 

( 4) Drought: liaclk of green reduction m quantity detritus 
after prolonged possible reduction m qwHty of 
detritus [my data on qumtity/qwHty with time?] 

ii JPlaliatabHity 
o some particularly may only become paliatablie 

to some beedes when soalked with water; fog woulid 
have this effect more frequently on the surface 
whllie ramwater may penetrate the groUlill.d and soalk 
detritus reserves there 

Hi fUlill.gus & Bacteria 
0 §ome arthropods may feed on fungi and bacteria (eo 

Watson et 1990) [NJB: thls coulidbe a 
major food source and may expliam effect of wmter 
ram?] 
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o Microbial activity m neatr-sutfatce wmd=blown smd is very 
low (lie Roux? 1970)? but relatively hlgh m mterdooe m d 
detritus patches on dooe slope; the latter were 
comparable to desert soHs elsewhere; the potential for 
microbial productivity to mcrteat§© with ram does thus 
exist [note that le Roux foundl very few fungi m 1968? m 
dry smd dlmmg a dlry period; negated by recent 
evidlence? see below] 

o Farticulady ram? but also fog md river flow stimulates grrowth 
offungi md mycorrhlzate m dooes (Jacobson? 1992; 
pter§.COmm. ). 

o fungi could fadHtate access by consumers to tough fi.ber or 
§teedpods by weakenmg/softenmg such structulre§? 

o [Rook for more examples? e.g.? my evidence that my 
Coleoptera larvae mywhere Hve on micro= fungi or 
bactria?] 

o [what happened to Crawford & studlent mvestigation on 
Namib tenebs?] 

o [my evidence for plains?] 

Notes on Namib Literatme 
o Watson (1990): Namib dooe Thysmma eat fungi 
o Watson (1989): Namib dune detritus is dense around plmth veg? spaJ.Jrse on open 

§lope md scattered on sHpface: no signifi.cmt difference m moistuJre among 
dlooe levels. 

o Edney (1971): Nami1b Thysmma absorb moistme from arr md smd. 
o Yeaton (1 988): shows graph that iHustrates that ram moistuJre disappears from near= 

sutface dune sood layer (upper 15 cm) within a month (result of April ram on 
f M East dune); frequency of ramfaH mcreases growth ofNamib dune · 
perennials 

o Jinfluence of fog on primruy productivity: dune perennial plants absorb fog water: 
§eely? de V os & Louw (1977); Louw & §eeliy (1980); §eely (1981); Nott 
(1 985) 

o Jacob§on (1992)? pers.comm.: fog moistuJre enhooces fungal grrowth near smface; 
moistme deeper in smdl after rain stimulates fungal blooming [we couldl 
connect thls to winter rain effect? but this has not been testedl] 

o Crawford? Hamahoo & §eely (1990): P.globosa diet is 50=96% flowers of 
A.erioloba ood A.albida; litter quaHty didl not affect distribution of P.g.; food 
selection dlepends on items encountered by beetles? not density of items in 
fi.eldl; population may respondl to flower avaHabiHty above a certam mfunimum 
tmesholdl, otheJrWise dleclme [NB: U§© this 31§ argument m dlescribmg pop 
pattern]; themal environment m shady trees may be importmt for gut 
§ymbionts; mdlividual beede coo show farrly hlgh degree of site fideHty? but 
shlft mtemittendy 

o Crawford (1988): tene1brionidl gut symbionts needl to avoid themal stress oodl requrre 
optimal temperatuJres [however? optimal themal considerations may not be 
importmt on annual scale for om srudly]; state ... both affects m d 
reflects habitat selection? which is of pMamount importooce 1\:o habitat use ood, 
ultimately, to fitness" p119 



Generan Notes 
o ramfaH wlttb biota 

o RUE= Ram Use Efficiency factor (Le Houerou3 1984): ratio ofailllillluan 
primary production (kg DM/hau'year) and ramfaH (mm/year); RUE 
tends to decrease when aridity mcreases3 but is varia1blie3 dependmg on 
physican parameters; RUE can be index of ecosystem productivity; 
average RUE=4.03 i.e. 4kg production of dry matter per hau'year per 
mm of rain (Re Houerou et al. 3 1988) 
see: ne Houerou3 H.N. 1984. Ram use efficiency: a unifying conept in 
arid=liand ecology. Journal of Arid Environments 7: 213=247. 

o JI»RVR =Production to Rain variabiHty Ratio (Le Houerou et al. 3 1988): ratio 
of CV mmluatli production and CV mmluali ram; average Jf»RVR=1.53 

production varies 1.5 times more than ramfaH 
see: Le Houerou3 H.N.3 Bmgham3 R.L. & §kerbek3 W.3 1988. 
Relationship between the variabiHty of primary production and the 
varia1biHty of ailllillluall precipitation in wodd arid llands. Journal of Arid 
Environments. 15 3 1=18. 
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Tatblie JIIA3: Trmpping protocol 
I 

Datm GP IV D§ §F KR 
§tmrt 10Matr3 76 31Jm3 77 2Jur7g 15Feb3 78 4Aug 982 
Months 208 198 175 180 131 
Opermtionmli months 206 lg7 50 57 129 
Yeffilt's (Jul=Jun) 18 17 15 16 11 
No. Trmps 15 * 25 * 40 *50 20 
Arrmgement trimdls 2liines 8lines 1 Hne 4 groups 
Opermtionml hrs.dl-1 24 24 24 ±14 24 
Trmp hrs.dl-1 360 600 960 ±637 4go 
Opermtionml dmys 6150 5131 175 112 3711 
Trmp dlmys 92250 1236g9 6691 5264 74212 
§tdl. trmp month ( dl) 30 30 1.5 0.5 30 
§td. trmp yemr (d) 365 365 lg 6 365 

. 

* sometimes fewer trmps were deployed or some were fiHedl with smd 

41 
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Table HA6: Abundance and number of species of animals captured in pit traps in 
,, differeqt habitats [shoplid we present data in% of vertical total? we could combine 
taxa or out habitats] 

TAXA GP IV D§ §f KR TOTAL 
A {b) Ull!ID 

Tenebrionidae . 16345 75517 6402 61878 200457 360599 
Other Colieoptera 75 104 150 230 1164 1724 
f ormicidae 757 2000 538 195 124 3614 
Isoptera 38 282 34 0 7 361 
Orthoptera 17 59 74 6 42 198 
Thysanura 42 1855 758 3130 23 5808 
Other Insects 0 26 17 6 180 229 
§olipugida 706 5336 252 151 8 6448 
Araneae 195 154 41 53 171 614 
Scorpionida 147 75 3 0 10 235 
ReptHes 254 362 130 522 15 1283 
Total 18576 85732 8399 661 72 201931 380843 
Captures. tra_Q 1 .day-1 02 0.7 1.3 12.6 2.7 1.2 

Tenebrionidlae * 31 29 23 22 31 61 
Other Colieoptera 7 12 20 18 28 44 
Formiddlae 6 3 5 1 7 11 
Isoptera 1 2 2 0 2 2 
Orthoptera 4 4 4 1 2 6 
Thysanura 1 1 7 4 1 9 
Other Insects 0 2 6 0 8 10 
§olipugida 12 7 5 3 3 20 
Armneme 15 5 22 6 23 48 
Scorpionida 2 3 2 0 4 g 
ReptHim 16 8 8 3 7 23 
Totmli 95 76 104 58 116 242 

++ crmwling invertebrates and reptHes recorded in ilie vicinity of the study area are 
Hstedl iln Appendices A & B 

* species groups of tenebrionids were counted ms one 



.,'fable JIIB: Glossary of properties amd calculations applied in thl.s study. §tamdarized 
data were where indicated wiili * 

• 
Property Defmition Current Application 
§ample size n 
Me am x±y: Meam ± 1 stamdard deviation 
significance P<O. 0 5 where not stated otherwise 
Abundamce N 

Ni = quantity in year i 
Ni,m = monthly quantity in year i 
l:N = gramd total 
N = gramd meam 

Gradation Coeff. log Ri = log(Ni) -log(Ni-I) abundamce . 
exclude pairs 0-1 & 1-1 

make N=Yz . ··-Ri = (MMi) I (MMi-t) rainfall '•...:. 

Ri = Si I §i-t species richness 
Ri = H'i I H'i-I diversity 

Annual Variamce Wolda'sAV as for R 
A V = variamce of R 

Coeff. Variation cvi = §Di,m X 100 I (mean Ni,m) monthlyN 
where §D = standard deviation rainfall 

Seasonal §M = % abundance in maximum 
Maximum month or season 
Percent Deviation from grand mean 

%Di = (Ni - N) X 100 I (N) abundance 
likewise for § & H' diversity 

Cumulative %D C%Di = %Di + %Dt...i N 
where %D1...i = %D1 + %D2 + .... + 
%Di 

§pecies richness § = number of species tenebrionids 
§_1 = § - singletons 

Singleton Ni = 1 .species-1 .yea{1 .site-1 tenebrionids 
Diversity variability of taxa tenebrionids 

Shannon-Wiener index 
H' = sum(Pk x log1 oPk) x ( -1) 
where Pk = proportion of species k 

Evenness abundance distribution 
J' = H' I log(§) tenebrionids 
J' = mH I log(l2) mH' seasonaHty 
where mH' = Hv on totals for monilis 

Species-effort cumulative number of species tenebrionids 
recorded-

·· l.·· 



_, 'falbRe ][][][A 1: AnnwR quantity of ram amd fog precipitation amd dmation of river flow 
reconlloo at Gobabelb between 1962-19929 wiili am mdiication ofheavy ramfaH events 
(> 10 m summer (s) and wmter (w) atnd OVerbaurJlk floods (f) m ilie river. 

YeM I Ram fog fRood Be2iin Dates of effective ram 
(mm) (mm) days) 

62/63 15.8 w - 68 
63/64 24.0 
64/65 25.6 s - 26 
65/66 16.8 w - 18 
66/67 26.6 § 3Ll 22 
67/68 53 37.9 11 
68/69 30.3 s 28.6 18 
69/70 3.5 - 1 
70/71 20.5 § 26.8 34 
71172 24.7 35.9 43 
72/73 7.9 36.3 15 f 
73/74 23.3 18.6 102 f 
74/75 7.0 11.1 10 f 
75/76 115.1 § 26.1 61 GP 21-25JM9 31Mar-1Apr76 
76/77 14.3 14.0 8 IV 
77/78 108.6 § 27.0 7 f §f 7-9feb9 28-31Mar9 28Apr78 
78/79 31.2 w 18.8 8 D§ 1-4Jun79 
79/80 5.5 41.7 0 
80/81 11.8 48.0 0 
81/82 6.3 42.4 0 
82/83 19.0 w 353 0 KR 1-2JuR82 
83/84 4.5 38.8 0 
84/85 7.0 22.7 0 
85/86 2.0 19.6 14 f 
86/87 12.9 § 47.4 7 f 5-6Apr87 
87/88 23.8 w 47.3 17 19JuR87 
88/89 16.3 w 41.7 8 f 7May89 
89/90 11.5 § 77.0 17 f 11feb90 
90/91 10.9 63.5 4 f 
91192 9.2 52.9 3 
92/93 4.5 67.5 18 f 
93/94 21.4 § 27.5 6 f 12-13Dec9 93 
94/95 15.4 74.2 17 
95/96 18.6 53.7 3 
96/97 70.0 §W 46.6 33 f 16Jam979 24May97 
97/98 3 --
]§=yir 
Mean 22.0 38.7 18 
§D 25.6 17.1 22 

11.1 0 Mill 2.0 
Max 115.1 77.0 102 

116 44 126 

Me am I 24.5 42.4 10 



. 

·"SD 31.6 14 
Mill 2.0 I 14.0 0 

' Max 115.1 77.0 61 
CVmo 240 83 248 
Cvvr 129 42 134 

Wrnnter Ram: 4.3±9.1 mm; CV=21 1.8%9 mtervals: 5.7yrs 
Summer Ram: 11.3±28.3 mm; CV=250.1 % 9 mtervals: 4.0yrs 

;.· 

.. 

":_"!':. 
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'fable ID Cl: r.ate§ oftenebrionid§ m variou§ habitat§. "Rate" ii.§ the 
§!ope of the middle o( the curve of §q[Uatre=root tran§formed day§ ver§U§ §]pede§ 
number• 

Parameter 
S=Hteramre 
§=current 
'f otal effort day§ 
Day§ for 100% of §]pecie§ 
Day§ for 95% of §]pede§ 
Day§ for 50% of§pecie§ 
Day§ for 10 mo§t abundant 
N: rare (<10) 
futervali§: rare 
Rate (§!ope) 

GP 
32 
31 

6319 
5081 
2653 

458 
1161 

11 
462±673 

0.67 

][V 

18 
29 

5136 
4143 
1791 

163 
377 

14 
296±627 

0.91 

D§ 
28 
23 

176 
147 
HH 

6 
8 
9 

16±17 
3.77 

§f 
19 
22 

112 
40 
31 

2 
2 
8 

5±7 
7.67 

KR 
33 
31 

3981 
3912 
3209 
223 

84 
11 

356±407 
0.65 
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,, 'fable illC3: Number of tenebriomdl species fuat were unique to onliy one habitat or 
to severali habitats [show mirror=image dlata? thls way it is easy to get an info 

for habitat m one gliance aliong either row or but each item m centrali tab lie is 
dlupliicatedl; an ahemative is to give percent m the mirror but that may be 
confusing] 

Habitat GP rv D§ SF KR 'fotali 
GP = 17 9 7 15 
rv 17 = 20 15 20 
D§ 9 20 = 17 13 
SF 7 15 17 = 11 
KR 15 20 13 11 = 

Umque 13 0 0 1 9 23 
§ 31 29 23 22 31 56 

·' 

... . , 
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Table HlliC4: Diversity mdices oftenebrionidls m various habitats 
l • 

Parameter GP IV D§ §f KR 
totali 31 29 23 22 31 
mean annual 14 12 12 13 17 
mean monthly 6 4 6 8 11 

§9 annual range 6-21 9-20 5-18 5-19 15=19 
§9 monthly range 1-11 2-6 3-12 5-11 9-12 

total 4 4 4 3 2 
smgletons9 annual 3 3 3 1 2 
1'9 total 0.52 0.28 0.50 . 0.32 0.33 
J' 9 mean annual 0.68 0.31 0.47 0.47 0.40 
mean annual CV of§ 35 37 32 26 14 
mean annual CV of J' 46 72 51 33 17 

. 

--·- \ c ) ---



Ta1Me lliD l : §tmdatrdizedt abundlamce mass (mg) mdl derived indices of 
tenebriofiids trapped in various habitats. Month=30 days; CV=coefficient of variation 
of monililly N per atnnum; %D=percent deviation from mem rumuali N; R =gradation 
coefficient of rumuali N; AV=rumUatli variation ofR; totali=N of aH tenebrionids before 
performing calculation; .species-1=meam index for an focal species 

Variable GP N D§ SF KR 
Mem±§D N.month- .trap- 6±18 21±41 25±29 
Minimum N.month-1.trap-1 0.0 0.1 0.7 3.0 11.2 
Maximum N.month-1.trap-1 176 366 152 224 
Mass mg.month-1.trap-1 384 781 4355 20655 17643 
Mean mass mg.indlividlwrtr1 69 63 143 69 217 

total 73 76 34 
mem.species-1 190 209 147 138 118 
total 107 96 59 99 
meoo.species-1 117 132 109 85 93 

total =0. 100 =0.109 =0.145 =0.237 =0.054 
mem.species-1 =0.030 =0.065 -0.182 -0.162 =0.020 

total 0.032 0.063 0.277 0.004 
mem.species-1 0.519 0.654 0.912 0.311 

nmonfus 206 187 50 57 
n yeatrs 17 10 9 11 

. 
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Tablie lliD4: Proportion of values ofliog R for each species m each habitat each year 
that were. '1=-1 or > 1 indicating increases or decreases of above an order of magnirude 

% < -1 
% > 1 
n ofliog R 

GP 
5.6 
93 
216 

][V 

10.5 
9.9 
162 

D§ 
16.7 
11.1 
72 

§f 
20.5 
11.0 
73 

KR 
1.4 
3.4 
146 
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Table IJDIE 1 : Correlation of abundance wiith oilier characteristics of tenebriomdls [ dlata 
m Appendix H; SpeamdanYank correlation or KendaH's T; chii=sqwre for #habitats (1= 
5) that species occurred iin] 

Mass 
CV 
%D 
mean RogR 
AV 
miiniimum R 
maximumR 

Number of habitats 

[ 

Chii=sguaure 
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Table ITJDf_: Number of species foll." which >5% of abtumdance appeall."ed to be 
associated twith their responses to various water events m each habitat (see Fig._) 

Water JEvent GJF ][V D§ §JF KR 
Big rain(> l OO mm) 18 13 9 15 4 
§ ummell." effective rain 4 4 1 4 3 
Wintell." ll."am 13 7 7 6 4 
Rivell." flowing = = = = 9 
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APJPENDJIX A: TENEJBRJ[ONIDS RECOJRDED Il\f THE VICOOTY OJF OOBA.BEB 

• Sowrces ( capitali=atbUJIJldant'common; liowercase=present/rare) 
Cc = cwrrent 
Hh = Hollm & Schohz (1980) 
Rr = Robinson & Seeliy (1980) 
Ww = Wharton & Seeliy (1982) 
JP = frinslioo (1990) 
© = fenrith 1979) 

§pedes I GJP IV DS SF KR 
(14/14) 

Cauricara eburnea (Pascoe) Cwe 
Epiphysa arenicola JP>enrith Cw c Cpw 
Epiphysa jlavicollis (Fabricius) c 
Eustolopus octoseriatus Gebien ce CRHe rHe er c 
Metriopus depressus (Haag) ewe ce c c 
Onymacris laeviceps Gebien Ch CRHe CRH 
Onymacris plana (Peringuey) c Crh CRHe CRH c 
Onymacris rugatipennis (Haag) c er CRHew eH CpW 
Onymacris unguicularis (Haag) eh cRHe CRH 
Physosterna cribripes (Haag) cw c c c 
Physadesmia globosa (Haag) cW c he CpW 
Stenocara gracilipes §olier ce ce CpW 
Stenocara (Cauricara) phalangium (Gebien) ce CRHe CRH c c 
Stenocara (Cauricara) velox (Peringuey) Cwe c p 

(5/6) 
Caenocrypticus peezi Koch cpw 
Caenocrypticus phaleroides Koch h H 
Vernayella delabati Koch rH CRh 
Vernayella ephialtes Koch rh CRh 
Vernayella pauliani Koch eH CH 
Vernayella noctivaga Koch c CRh CRh c 

'JI'JHIJINII (2/2) 
Calognathus chevrolati Gebien 

I 
c c c c 

Vansonium bushmanicum Koch Cw c 
<Cffi ( 3 I 5) 
Pachynotelus albonotatus Haag c c c 
Pachynotelus comma Gebien eR eR 
Pachynotelus machadoi Koch eH · eH h 
Pachynotelus albostriatus Haag p 
Pachynotelus lineatus Haag Cpw 
JD) ( 112) 
Diestecopus histrio Koch 
Nicandra cw 
1EJ1DII'TI'ffi.ACGIINII (111) 
Himatismus sp. I. cw 

(8/8) 
Eurychora sp.l cw 
Eurychora sp.2 cw c 
Geophanus sp. . . cW 

41 • Lepidochora discoidalis (Gebien) c cRH CRH 
Lepidochora kahani Koch cRh CRH 
Lepidochora porti Koch c CRH crh 
Stips dohrni (Haag) Cw c 
Stips stali (Haag) c eh CwRH CpW j·,; 

OOJEIL.ANIIOOIINII (0/1) ,. 

Cheirodes sp. w w 
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-·JW([})]L1U1RUINJI (3/8) 
N amibomodes muculicollis, Koch c c c c c 
Namibomo'des serrimargo (Gebien) eh cRH eH 
Namibomodes zarcoi Koch w cpw 
Phanerotomea sp. c 
Psammodes sp. w 
Synhimba melancholicum Koch w 
Synhimba sp. w 
Trachynotidus cf. rufozonatus w 
([}) JlD A 'JI'IRU[NJI ( 5/9) 
Clitobius sp. w 
Ennychiatus fitzsimmonsi Koch c 
Gonocephalum sp. Cw 
Leubbertia plana Koch pw 
Neocaedius sp. w 
Parastizopus armaticeps (Peringuey) cw c c 
Planostibes dentipes Koch cpw 
Psammogaster mal ani Koch eh cwRh Crh cpw 
§tizopina w 
JlDJLA 1I'YN ([})1fliNJI ( 1/1) 
Gonopus tibialis Fabricius I cw c c cw 
§CAl1J1ruiNTI (2/2) 
Carchares macer Pascoe c Cwh c 
Herpiscrius sp. cw 
1I'IEN1f)Y]RUI]INJI ( 6/8) 
Archinamibia peezi Koch rh 
Asphaltesthes impressipennis Fainnaire c cW 
Cyphostethe sp. c 
Derosphaerius humilis Peringuey h w 
Rhammatodes aequalipennis Peringuey cW cp 
Rhammatodes longicornis Haag cW pw 
Rhammatodes subcostatus Koch Cpw 
Rhammatodes tagenesthoides Koch Cw 
fZ([})JlDIHI([})§JINTI (14/14) 
Zophosis (Calosis) amabilis Deyrolle cw 
Zophosis (Dactylocalcar) caecus Gebien Rhe er he c 
Zophosis (Occidentophosis) cerea Penrith ewe 
Zophosis (Occidentophosis) damarina Per. Ce 
Zophosis (Gyrosis) devexa Peringuey ewe cp 
Zophosis dorsata Peringuey Ce w 
Zophosis (Cardiosis) fairmairei Peringuey c CRhe CJRH c 
Zophosis (Protodactylus) giessi Koch e cpw 
Zophosis (Cardiosis) hamiltonuli Koch c CRH eh 
Zophosis (Cerosis) hereroensis Gebien c CH CHe CHe c 
Zophosis (Carpiella) latisterna Koch ewe · C 

Zophosis mniszechi Deyrolle ce w 
Zophosis (Gyrosis) moralesi (Koch) ewe CwRH CrH Crh c 
Zo hosis G rosis orbicularis De olle c eR cwrhe h cw 
ALL SPECIE§ 41 35 36 27 51 
CURRENT STUDY 34 33 27 25 41 

* §everaJ1 sped.es of Vernayella? Namibomodes and Pachynotelus were not 
41 • distinguished within the genera. * mdlicates the species name usedl m the 

current studly? based on ilie identity of voucher specimens 
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-·AJt»Jt»ENDJIX B: GROUND-ACTJIVE ARTHROPOD§ (OTHER THAN 
TJENEBJIUONIDS) AND.RJEJt»T][LE§ RECORDED m TJHDE VICOOTY OJF • GOBABEB [OMillT] 

AJt»Jt»ENDJIX C-G: ANNUAL ABUNDANCE OJF TJENEBJIUONID §Jt»ECJDE§ m 
EACH HABITAT 

AJt»Jt»ENDJIX H: SUMMARY DATA JFOR TJENEBJIUONID§ 
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,, APPENDIX K: PO§§ffiJLE A VENUE§ FOR REJLA TED FURTiffiR §TUDJDE§ 
(mentiidlr\ also briefly m discussion) 

0 improvements m current momtormg: what critical mfo would strengilien our 
conclusions for future analyses (try to make them least labour=mtensive) 
0 loop=holes m current protocol that cm be changed 
o regular momtoring of dune slope and sHpface: ±2 days a month all=year 
0 on=site ram guages 
0 momtor detritus? e.g. 

o mass of detritus that accumulates m pitfall traps; put small buckets 
mto cm traps and throw contents 1l:hrough sieve once a month 

0 m river? distmguish between flowers and rest? and between fresh amid 
old flowers 

o momtor on=site primacy productivity when thls occurs; quantification should 
be very simple and consistent between observers: 
o ephemeral grasses: distance (by position of dosest root bases) md 

size (number of staillks/seed=heads? maximum height) of 5 grass 
clumps dosest to a fixed pomt near each trap 

o how to characterize perennials? if at all? e.g. 
0 distance from trap of closest mdividual 
o size of live proportion 
o seed=heads or flower=heads (total or sample) 

0 consequences of various kffids of ram (big? effective summer & wet wmter) m terms 
of sand moisture pattern? fungal growili: momtor depth distribution of water 
with time (Gut 19gg? Yeaton19gg? Jacobson1992) 

0 tree flowering patterns m river: what determmes iliem 
o overbank floodmg m river: what direct benefits to beetles (carry out specific 

experiments when this occurs) 
0 detritus dymlamics: change over time m quantity? quality and distribution (how 

important is allochilionous origm: East Wmd material?) 
o consumption of fungus by tenebrionids: is it important? 
o larval biology: key examples from each of the population dymlamic patterns: what are 

ilie important factors fuat cm benefit survival of many and cause population 
growili: iliese could be food? sand moisture (note: our srudy did not fmd much 
evidence 1tha11: fog is involved m population groWith == it may merely slow down 
1the decrease) 


