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The soil microarthropods were sampled in the
three major habitats of the Namib Desert, namely
the gravel plain, an ephemeral river and sand
dunes. In spite of severe climatic conditions and
low soil organic matter content, microarthropods
extracted through CCl, flotation were found to be
surprisingly diversified ‘and abundant. A total of 47
microarthropod species were collected, including
30 mite and one collembolan species. Actinedida
were the richest mite order sampled. Micro-
arthropod densities varied from zero under the
annual form of Stipagrostis ciliata to 687 individu-
als/dm? under Welwitschia and were poorly
correlated with soil properties measured. Contrary
to mites, collembolan density was affected by
artificial watering. Microarthropod and mite
richness was correlated with soil properties and
together cation K* and Na* concentrations ex-
plained 69% of the mite richness. Comparisons
made with the soil mesofauna from other deserts
(Chihuahuan, Mojave, Negev, southern Australia)
highlight the abundance and richness of the Namib
microarthropods.

Les microarthropodes du sol du désert du Namib:
une mosaique en patchwork — Les micro-
arthropodes du sol ont été étudiés dans les trois
principaux habitats du désert du Narnib, a savoir la
plaine a gravier, une +iviére intermittente et les

dunes de sable~£n dépit de conditions climatiques

séveres et de faibles teneurs en matiéres organiques
dusol, les microarthropodes récoltés par flottaison
au CCl, se sont révélés étonnamment diversifiés et
abondants. Au total, 47 especes de microarthro-
podesontété recoltees parmilesquelles 30 espéces
d’acariens et une seule de collemboles. Les
Actinedida sont les Acariens ‘les plus riches. La
densité des microarthropodes varie de zéro sous la
forme annuelle de Stipagrostis ciliata a 687
individus/dm? sous Welwitschia et semble peu
corrélée aux prepriétés du sol mesurées. Contraire-
ment aux acariens, la densité des collemboles est
affectée par un arrosage artificiel. La richesse
spécifique des microarthropodes et des acariens
estcorrélée avec les propriétés du sol et, ensemble,
les concentrations en cations K* et Na* exphquent

69% de la richesse des acariens. Les comparaisons
avec la mésofaune du sol d'autres déserts
(Chihuahua, Mojave, Negev, Australie méridionale)
mettent en évidence I'abondance et la richesse des
microarthropodes du Namib.

Keywords: mesofauna, Acari, Collembola, density,
distribution, bnod:ver5|ty, Namibia.
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The peculiarity of the interstitial
mesofaunalivingin fine sand was stressed
as early as 1977 by Coineau & Massoud.
Although the originality of this fauna in
the Namib Desert was again outlined by
Coineau & Seely (1983), itremains poorly
knownand most studies have beenlargely
of a taxonomic nature. New soil mites
were described from the Namib by Piffl
(1965), Fain et al. (1993), Judson (1994)
and André (1996). Lepismatidae were
studied by Watson (1987), Watson &Irish
(1988), Irish (1988, 1989, 1990), and Irish
& Mendes (1988) while Thibaud &
Massoud (1988) listed and described four
collembolan species.

Since Coineau & Seely’s (1983)
publication, the single study dealing with
the ecology of Namib soil micro-
arthropods was published by Marsh
(1987) who investigated the mesofauna
found in litter collected around
Welwitschia and in the soil beneath the
plants. She gave a first list of micro-
arthropods, especially mites, identified
to the family level and first estimates of
densities. Mite densities were found to
vary from 0.004 to 0.009 individuals/m?
between Welwitschia plants and from
0.2 to 15 individuals/m? below them.

In comparison, North American_

Desert microarthropods are much better
known. From the 970 publications of the
Jornada bibliography issued from 1900
to 1995!, several of them are devoted to
the mesofauna. The species abundance

“distribution patterns of mites and
... collembolans were studied in relation with

soil decomposition as well as their
contribution to nutrient cycles and their
role in the foodweb (see reviews by
Whitford et al. [1983] and Whitford &
Parker [1989]). ;

! The list of publications is available at URL http:/
/jornada.nmsu.edu/JRNBIB.htm.
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This survey was conducted to get a
first overview of the soil microarthropods
by sampling special microhabitats
scattered in the three major habitats of
the Namib Desert, namely the gravel plain,
an ephemeral river and sand dunes. Spe-
cial attention was given to mites and
collembolans. Sampling was designed to
examine the relationships between soil
properties and the abundance patterns
and biodiversity of microarthropods.

MATERIAL AND METHODS
Study sites

The survey was conducted in the
surroundings of the Desert Research
Institute at Gobabeb (24°34’°S, 15°03’E).
The station is located adjacent to the
ephemeral Kuiseb River, which forms a
linear oasis of riparian vegetation, cutting
the desert in two, the dune sea to the
south and the gravel plain northward
(Fig. 1).

The three habitats, the river banks and
bed, the dunes and the gravel plain were
visited from 8 to 19 June 1993 and diffe-
rent microhabitats were sampled
(Table 3). Special attention was given to
microhabitats unique to Namib. In the
gravel plain, samples were taken under
the endemic plant, Welwitschia mirabilis
(Fig. 2), as well as among the annual and
perennial form of Stipagrostis ciliata.
Samples from S. ciliata were respectively
takenatplot#30and31(23°29’S15°17°E,
Fig. 3).In plot #30, rain fell three months
before sampling. but there had not been
any rainfall for at least the four previous
years. A rocky area close to the Mirabeb
Inselberg was also explored. In the sand
dunes, samplingwas made under the nara,
Acanthosicyos horridus, also endemic and
one of the Namib’s most characteristic
plant, or near the perennial dune grass,
Stipagrostis sabulicola (Fig. 4). Last, some
samples were also taken along the Kuiseb

Fig. 1. — The ephmeral Kuiseb River forms a linear oasis'of riparian vegetation, cutting the desert in ‘
twb {he dune sea to the south (right) and the gravel plain northward (left). |
b btk LA
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River, one of the 12 highly characteristic
ephemeral rivers which transect the
Namib Desert in Namibia (Jacobson et
al., 1995).

Sampling and sample extraction

In the sand, 55 cm® samples were ta-
ken with a glass cylinder at different
depths. Elsewhere, the soil was dug and
the core device of 35 mm diameter briefly
described by André et al. (1994) was
again used to yield 48 cm’® samples at
different depths. Mostly, paired samples
were taken, one for fauna extraction and
another for soil analyses.

In different places, a 1-m? sampling
parcel was isolated from adjacent area
with metallic plates driven in the soil
down to 20-30 cm. These plates were
intended to prevent movement of
organisms into the parcel from the
adjacent soil. Samples were taken within
the parcel before and 48 h after wetting
the soil (10 1 water/m?, i.e. the minimal
amount of rain required in the Namib
Desert for germination of plant seeds
[Jacobson, 1996a] and macrofungi
[Jacobson, 1996b]) (Table 3).

Samples were kept in sealed plastic
bags and processed within 48 h by the
carbon tetrachloride flotation method
(André & Noti, 1993). Individuals
collected from the tetrachloride were
transferred into alcohol for storage and
later identification. All mites and
collembolans were mounted for
identification. The material is deposited
in the Musée royal de 'Afrique centrale.

Soil analyses

Soil moisture content and pH were
measured directly after sampling at the
Gobabeb station..Soil moisture was
determined gravimetrically by drying a
pre-weighed soil sample in an oven at
70°C for a minimum of two days.

Other analyses (52 samples) were
carried out at the Laboratoire de pédologie
of the Université Catholique de Louvain at
Louvain-la-Neuve and included
granulometry by sedimentation method
as well as parameters listed in table 1.
Total nitrogen was extracted following
Kjedahl’s method while carbon extraction
was carried out using Walkey & Black’s
method (Duchaufour, 1965). Na*, K* and
Mg cation concentrations were extracted
using lactate acetate while CaCO, was
dosed following Marcour’s method.

RESULTS
Soil analyses

As expected, there is a clear-cut
difference between granulometry of the
gravel plain soil and that of sand dune
(Fig. 5A). In the former, ultrafine sand
particles (50-100 um) are a major com-
ponent (14 to 30 %) together with 100-
200 pm particles (27-42 %) while in the
latter, 100-200 pm particles largely
dominate (75 to 79 %). The Kuiseb River
soil presents various profiles (Fig. 5B),
reflecting the variable soil horizons laid
down by seasonal floods (Abrams et al,.
1997; Jacobson et al., 1995). In the river
bed, the profile varies with depth and silt
(55%) and clay.(24 %) dominate at the
soil surface. In contrast at -30 cm, the
profile is that of dune sand. On the north
bank under the Ficus, however, the pro-
file correspond to that of the gravel plain
soil.

Mean values of measured soil para-
meters are listed in table 1. All untreated
samples contained less than 1% water
except those from the Kuiseb River
(Fig. 6). Due to watering treatment, the
soil moisture rose as high as 3% depen-
ding on the substrate and depth (Fig. 6).
Under Welwitschia - however, watering
had little effect (mean moisture before
watering: 0.70 % *+ 0.18 vs.0.84 %+ 0.23
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Fig. 6. — Soil moisture and C/N ratio distribution v'a\mt;h‘g;the micrdﬁabiié}§ ‘Isa:mpiled.

We found no significant differences in
cation concentrations between the three
zones, except for Mg* which is less
abundant in the sand dunes than in the
Kuiseb area.

List of species

A total of 391 microarthropods were
collected, including 183 mites and 171
collembolans, and 47 microarthropod
species were recognized (Table 2);

including-30 mites and one Collembola

-.species. Mites comprised 4 gamasid spe-

cies, 2 Acaridida, 7 Oribatida, and 17
Actinedida (Endeostigmata and
Tarsonemida included).

Oribatida comprised many primitive
genera. Most of them were collected from
the. Welwitschia - litter. However, the
euoribatid nymphs were found under the
nara in the sand dunes and an’adult
Oribatulidae, unfortunately lost during
the sample processing, was noticed in a
sample from the Ficus' litter near the
Kuiseb River. = =~ T

family, the Tydeidae. This family was
represented by six species consisting of at
least a new genus and two new species.

The most abundant mites were
Dolychocybidae found in the litter under
Welwitschia with a density of about 270
to400individual/dm? The most frequent
was the endeostigmatid Speleorchestes
collected from the Euphorbia litter on
rocks, in the gravel between and under
Stipagrostis ciliata (perennial form) and
under Welwitschia, and also in the sand
under a Stipagrostis species in the Kuiseb
River floodplain (Nara trail).

All four gamasid species were found
in three samples taken in the Kuiseb River
floodplain. Remarkably, these samples,
not artificially wetted, were among the
moistest (moisture content: 2.34 *
0.41%). : :

Only one collembolan species,
Folsomides cf angularis was found. The
true identity of this species, already cited
from the Namib Desert by Thibaud &
Massoud (1988), remains enigmatic as it
is highly variable. Either the species is
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Araneae

Gamasida

Acaridida

Oribatida

Endeostigmata

Other
Actinedida

Protura
Thysanura
Collembola
Dyctioptera
Psocoptera

Thysanoptera
Homoptera

Heteroptera
Coleoptera

Diptera

Digamasasellidae Dendro
Rhodacaridae Ne
Ascidae

Acaridae
Suidasiidae
Aphelacaridae
Brachychthoniidae B

Oribatulidae
Euoribatida
Nanorchestidae
Terpnacaridae
Bdellidae
Tydeidae

Caeculidae
Stigmaeidae
Barbutiidae
Cheyletidae
Linotetranidae
Tenuipalpidae
Tarsonemidae
Dolichocybidae

Cheiridiidae

Lepismatidae
Isotomidae
Blattaria

Cicadellidae

Tenebrionidae
Scarabeoidea
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Eupho;bia

Stipagrostis (dry)

Gamasida

Acaridida
Oribatida
Endeostigmata
Tarsonemida
Other Actinedida
Collembola
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O
Ed Scaraboidea (larvae)
EJ Others

Stipagrostis (wet)
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"% Table 4. — Total and partial R? of linear multiple regression analysis of animal density and
listed in table 1. > R ier

richness on soil properties

density 0.38

'fAf;h;opod
Ciia ; richness 0.676 (K*~ CIN) : 0.640 (K*~ C/N ~ Na) :0.655

0.617 (K*~ Na*) : 0.545 (K*~ Na* ~ O/N) 0.587

(K*~ Na*) : 0.691

sent under the Ficus along the Kuiseb

remarkably adaptable since it has been
together with gamasid and acarid mites.

recorded from Belgium, France, Morocco,
Kenya, and Namibia, or it constitutes a

complex of cryptic species.

Effect of watering

It is difficult to assess the effect of -

all species were not necessarily soil-  ateringonmitesasno spectacular chan-

dwellers. This is the case of the Chaeri- ges in density appeared after wetting the
diidae, a false scorpion family known to  5oil (Table 3). In contrast, watering did

be corticolous, and the cicadellid genus,  seem to affect collembolan densities.

Among the other microarthropods,

150

taken at the same depth.

Densities of microarthropods
G Py e microhabitats were soils
of Stipagrostis ciliata to 687 individuals/ (‘:Ao,vf rg;i ;IN 1t}(11 éxttgr, eﬁ)ﬁaallyd that of
dm? under Welwitschia after watering elwitschia (19 microartarops oL

X : all samples combined, among which 15
(Table 3). Mite density reachedupto651 | iieq) and Ficus (10 nticroa rthropod
individuals/dm?in the same microhabitat s 8 mit " aentoble 3L trast
while collembolans were the . most SpEEIES, S T0E s, SEE 10T J- . contIash
abundant in the Euph;eria litter (347 the thin litter of Euphorbia on rocks was
individuals/dm?) (Table 3). Densities are geaﬂ.y m‘(’i“gsl’gc;ﬁc e e ffa““"‘ l‘”"‘.s
particularly low in the sand dunes unless (;)ér:)zxztfea rth};o (;il(gm es ct. anguaarss
some detritus or a thin layer of litter are PO

present.

o

o~ »

=) Neolimnus, a COmmOn grass feeder. Exceptatthe Euphorbia sites, these insects

o . . were only observed on the gravel plain

T Mlcrparthropod density and after wetting the soil (Table 3). g Bt
& distribution g
o Microarthropod diversity

0,510
0,5,10
0,5,5,5,10, 10
5,15, 25
0,5,10

0,10, 25
0,5,10
15,15, 25

W 10,5,10

W
W
W
W

{
{
{

annual
form)

) between St. ciliata (annual f.)
under St. ciliata (perennial f.)

Another microhabitat of interest is
Mite and collembolan abundance provided by the gravel colonized by the
varied greatly depending on the micro- ZperennlalformofStlpagr ostisciliata which
-~ -habitat. Collembola represented 98% of sheltered, all §amples co,m})med, 12
microarthropods in the Euphorbia litter ar'fhropoq species among which were 8 - i
and were also dominant under the  mitespecies. AL
perennialformofSﬁpangSﬁs ciliata after _ : S okl
wetting (Fig. 7). Mites, especially Endeo- Stepwise multiple regressions Were
stigmata, were dominant in the same applied to the arj(hrop(:)d rlchgess!vand‘r
habitat without water e entiand  density to test which soil parameters ats
under Welwitschia ‘wheremany Oribatida - fect them (Table 4). The soil properties
were collected. Oribatida were also pre- explained less than 40% of the variations

between St. ciliata (perennial f.)
ter under the Ficus

litter under a W. mirabilis &

L2
SR
s
c G
S
3 g
E=Y
-

®
0 .Q
*&
O
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=T =
w >

| between Weltwischia mirabilis & {
/| close to the root of a W. miirabilis @

| bank soil
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able 3. — List micrahabita rw f ollembolans the g
ts sa
T of I a mpled togethe ith the richness (S) and denSIty (d) o mleOafthropods mites and Il bol Yy
" C shelter. :




long periods after flooding and the high ~ predatory niches restraining Gaiasiua
soil moisture content of the Kuiseb River = to moistest microhabitats. Oribatida
sites reflects the flooding regime in 1993  comprise many primitive genera
(Jacobson, 1996b). J recognized for their ability to colonize
/ dryhabitatsand the same or closely related

The soil organic matter content  genera have been identified in North
(Table 1) is also especially low, much - American Deserts, in the Negev and in
lower than that observed in the Negevby  semi-arid eastern Australia (Wallwork,
Steinberger (1984) under perennial  1972; Wallwork et al., 1985; Steinberger
shrubs (= 5%) and lower or comparable & Whitford, 1984, 1985; Cepeda-Pizarro
to those recorded in North American & Whitford, 1989; Steinberger &
deserts by Crawford (1988) (from 0.69to ~ Wallwork, 1985; Steinberger, 1990; Noble

2.61% depending on the vegetation). etal., 1996).

The Namib fauna sampled is however
original and many species are probably
This study provides a first survey of  new. Two actinedid mites, a Linotetrani-
the microarthropod fauna in the three  dae, a rare family also recorded from
major habitats of the Namib Desert. Its ~ North American Deserts and from the
compositionissimilar to thatobservedin ~ Negev, and a Barbutiidae, another rare
North American Deserts or in the Negev.  family, have been described from the
Clearly, the nanorchestid Speleorchestes  material collected (André, 1996). Among
and a tarsonemid species are major  tydeid mites, one genus and two other
components as in the northern species are undescribed and the
Chichuahuan desert while Tydeidae and ~ Cosmoglyphus hypopods also represent
Bdellidae are also important taxa  an new species.
(Steinberger & Whitford, 1984, 1985;
Cepeda-Pizarro & Whitford, 1989; Arthropod species may be specific to
Steinberger, 1990). The genus Spel- one ofthe three major habitats, sand dune,
eorchestes wasthe only one collectedatall ~ river bank and gravel plain as reviewed by
stations in a study carried out at White  Seely & Griffin (1986). Among the soil
Sands National Monument (Santos &  fauna, Caeculidae are usually restricted
Whitford, 1983), it was recovered-in - to rocky habitats and are to be found in
appreciable numbers in nearly all sta-  the gravel plain. In contrast, Nemata-
tions visited by Wallwork et al. (1985)in  lycidae are adapted to living in dune sand
the Chihuahuan Desert and occurred in ~ (Coineau et al., 1978). Surprisingly, we
the southern and northern part of the  havenotcollected any nematalycid speci-
Mojave (Wallwork, 1972; Franco et al., ~ mens and this raises the question of their
1979), in the Negev (Steinberger, 1990)  density or their specificity to a peculiar
and in semi-arid eastern Australia(Noble  microhabitat?. According to Coineau &
etal., 1996). As in North American Des-  Seely (1983), these mites are abundant
erts and in semi-arid eastern Australia,  under different plants such as Stipagrostis
several tydeid species seem to coexist  sabulicola, Trianthema hereroensis .or .
(Cepeda-Pizarro & Whitford, 1989;Noble  Astenatherum. Unfortunately, the collec-
et al., 1996) and Actinedida appear to  ting method they used does not allow the
have 'established themselves in the  estimation of density. Lastly, other spe-.
vretipboen il 4 / cies such as the: endeostigmg_tid >
*  This might be related to our difficulties in Speleorchestes orthecollembolanli‘ols’qmi,-‘ 3 -

samplingatspecific depths dueto the sand fluidity, ik g
sampling with Gut’s (1987) auger might offer an des  cf. angularis . seem to be present
alternative. jriisi s sie fules s b 4

The mesofauna

Fig, 8.+ Variation of the microa
‘cor‘yce{ztratnon (meg/100 g soil).

indensity. Three factors were most critical
for explaining arthropod richness, the C/
N ratio and K* and Na* concentrations
Together they accounted for two thirds of
the variance in richness (R*=0.655, n =
52, p <.0.001), the first two accounting
22;6;54% ifig. 8). The coefficients of nnu

mipation estimated for ea i ib is consi
considered singly are given irih"IY:lgﬁbil‘}e. o
Soxpe of them, Co,, CaCO, and the soil
moisture, are not correlated at all with
species richness.

v

M}te density and richness were most
effectively explained by soil properties
(Ta!)le 4). Together, K* and Na* concen-
trations, explain 69% of the mite richness,

!




' Table 5. — Comparison of microarthropod densities (nu

deserts or sandy habitats.

mbe

under Stipagrostis ciliata
(perennial grass)

no vegetation

(perennial shrub)

litter beneath
| Juniperus bush

‘Chihyahtan| under mesquite plants,

8 700F  0.15+0.07

175000F 3.78+0.42 760

| under Hommada scoparia 200 - 4008
26 5008

16308

i : <10 000° “1- & it

Desert Prosopis glandula 40-90 0008 1 - ; 211 2.8-7.4 (5
Cﬁihuahuan under a tabosa

i i grass 12608 - g
Desert swale Hilaria mutica 48 400° =5 ~1§ Bt ra i

i

=0.1-02 =

@

perscl pt after densiti esi tes the e [¢ O C( otation method, B : Berlese-
e supe esd Igna Xtractio »

g e d,F:
U”g en funnel. Bold ijgures refe to values observed after rainfalls |

from Jacobson et al. (1995).

References : (1) This study; '
' y; (2) André et al. (1994); (3) Stei
(5) Steinberger & Whitford (1984); (6) Steinberger £)§< \(N:)it;glrrc]ib(ﬁrgg;) e 7

Many species are tiny and six of them
lessthan 200 umlong, belongto the micro:
fauna. Thessize of animalsis ofimportance
in the debate on biodiversity and we refer

thereadertoapreviousdiscussi e
o i ussion (André

Microarthropod densi
distribution P ns1t¥ gnd

Microarthropoed densities seem to at-
test the high efficiency of the sampling
proce@tlre, especiallyiftheyare compared
to estimates already published. The
microarthropod densities at Welwitschia
Wash varied, according to Marsh (1987)
from 0.0009 individuals/m? between the
Welwitschia to 15 individuals/m?beneath
theplants. For the same site, our estimates
are, fespectively 700 and 35000 individu-
zl.ls/mf;;:i.e. ‘densities several thousand

timeshigher. Suchadifferenceis probably

..of Crawford

explained by the CCl, ﬂiota';‘i).o‘n method
much more efficient than the Berlese-
Tullgren funnel extraction used by Marsh
(1987). The loweffici f

submitted grass
in the Nami
extraction
microarthr

between 6 and 14% (Steinberger, 1990).
Over the dry season, the population
densities declined markedly to arange of
200to 400 individuals/m’ These densities
are 22 to 75 times lower than those
recorded for instance under the perennial
form of Stipagrostis ciliata, where the soil
moisture content was only 0.15 0.07%
(n=7) and the litter negligible. Similar
comparisons may be made with North
American Deserts (Table 5). In spite of
the low soil moisture combined to itslow
organic matter content, the microarthro-
pod density of the Namib Desert is far
from being negligible and sustains the
comparison with other less severe des-
erts. Again, this mightbe explained by the
efficiency of the flotation method. For
comparison, table 5 mentions also the
density observedona seashoreinsouthern
France where thesame extractionmethod
was used. This comparison suggests the
importance of soil moisture as a limiting
factor.

Fig. 7 and estimates of R diversity
suggest a high degree of spatial hetero-
geneity of the soil fauna. For comparison,
soil mite &’ values estimated from Stanton
(1979) were much lower and varied bet-
ween 0.13 and 0.49, Costa Rican litter
samples being more heterogeneous than
their North American equivalents. The

desert appears to be a mosaic of micro-

habitats more or less favorable and-

regulating the distribution of micro-
coenoses. ’

While the densities of table 3 may
seem high, there are a number of reasons
why they may be underestimated. Firstly,
soil microarthropods exhibit diel
periodicity that allow them to avoid
extremes in temperature or desiccation,
with the highest populations occurring
near the. surface in the early morning
(Whitford et al. 1981). Whitford et al.
(1981) attributed these fluctuations to
vertical migrations. MacKay etal. (1987)
confirmed previous observatil s but

suggested that these fluctuations might
also be explained by the capacity of
microarthropods to enter anhydrobiosis.
As we sampled at different times of the

~ day but never in the early morning, it is

likely that microarthropod densities are
still underestimated. Secondly, for
practical reasons, sampling was limited
to the upper layers of the soil and further
sampling should be made deeper in the
soil. Indeed below about 30 cm, tempe-
rature and humidity in the sand are
relatively constant at values agreeable™to
life (Seely, 1983). Thirdly, comparative
study of samples revealed the high
heterogeneity of the soil fauna and its
aggregative distribution. Thisagain makes
it difficult to get a precise estimation of
densities. Finally, the survey was under-
taken in areas deprived of water for several
years and we have no estimates of the
densities reached after a rainfall.

Vertical migrations and
anhydrobiosis

We found only one collembolan spe-
cies, Folsomides cf. angularis, and onlyin
the gravel plain. The species was already
cited from the Namib by Thibaud &
Massoud (1988) and was collected from
fine sand by Y. Coineau as well as three
other species. The highest density of F. cf.
angularis (347 individuals/dm?) was
observed in the litter of an Euphorbia
gathered in a rocky area of Mirabeb. It
must be emphasized that this area had
not been watered and the soil moisture
content was rather low (0.45%). Else-
where in the gravel plain, collembolans
were less abundant and collected only
after watering. The immediate numerical

response to artificial rainfall by the.

collembolans was already -observed by
Steinberger et al. (1984) in North
American deserts. Folsomides angularis is
known to enter anhydrobiosis (Poinsot-
Balaguer &Barra, 1982). Anhydrobiontic
collembolans are thus presentin dry soils
and anhydrobiosis is quickly reversed




-~ anhydrobiontic individuals ,werev never
sampled during our study and lateral

immigration was prevented in the wetted

arleas,vcollembolans robably mi
from the lower layerf of theysoillirr?::
3nl}ydr9biosis is reversed. Both the
migration” and “cryptobiosis” hypothe-
.ses advanced and discussed by MacKay
f)t() Lll:ns.( 1984) seem to apply to collem-
In contrast, watering did not have an
effect on mite populations as already
observed by Steinbergeretal. (1984), none
of the mite species collected has been
proved to be anhydrobiontic and no
anhydrobiontic specimen was collected
during this study even though the flotation
me:thod allows pupating or freshly dead
animals to be collected (André & Noti
1993). This observation would bein favo;
of th'e diurnal migration of mites
especially actinedid mites, an hypothesis’
also supported by Steinberger & Wallwork
(1985) from their data from the Negev.
Howeve_r, Whitford (1989) offered indi-.
rect .ev1dence that some species of
funglPhagous mites would remain
inactive in dry soils in a state of
cryptobiosis”.

Soil ptoperties, densi :
biodiversity mergand

Contrary to our results, a correlation
between soil moisture and microarthro-
pod. density was found by Steinberger &
Whltfg@ (1984, 1985). However, their
conclusions are not directly applicable to
our survey. Indeed, Steinberger &
Whitford’s conclusions are based on a
studY conducted over severalmonthsand
take into account the impact of rainfalls
In this study, the fauna was observed ir;
the gb's§nce of anyrainfall and in extreme
co.ndmons of drought. Apparently
: m_1cr9:§rthropods are adapted to sud;
FOP(%I?QHS ar‘xd §oil moisture is no longer

estim
available to the" -Vani
1970, 1971) demonstrated that
of water availability or?&?;? ir
Collembola was found at pE 4.
;(;rr;orlbatldmlte51twa foundatarou

An adequate ehergy}an
supply in the form of plant litter is more
important than water as a factor affectin.
numerical responses. of soil fau%
na (Steinberger et al., 1984). Tydeid
nanorchestid, stigmaeid and tarsonemid
population densities are significantl
correlated with the amount of organiz
matter in the Chihuahuan Desert
(S.telnberger & Whitford, 1984). In semi-
arid Eastern Australia, mite density is
correlated with organic carbon (Noble et
al., 1996). In this study, mite population
der}31t1es are significantly correlated with
cations K* and Na* as well as with the C/
N ratio. The biological meaning of the
cor.relatlon between mite density and
cations K*and Na* remains unclear even
inthelightof previous experimental works
(Anderspn et al. 1985) and field
observations (Usher, 1976; Booth &
Usher, }984) dealing with these cations

Accordingto Usher (1976), the po'tassiuﬁi
content might be a reflexion of the.active
roots or mycorrhiza in the soil and
interpreted inrelation to the rhizosphere
In 'thls context, Blackith’s (19745
conjecture that, in nutrient ﬁo'oi;' envi-
ronments, there will be a close
correspondence between planfs and
arthropods cannot be rejected as
previously suggested by Booth & Usher
(1984) after studying the soil fauna of a
cold desert (Antarctica). . ..

Better than de e
density, t
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properties. Both arthropod and mite
richnessarehighly correlated with cations

’ This accords with Santos & Whitford’s
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+and Na* as well as with the C/N ratio.

(1983) finding that the greatest micro-
arthropod diversity was under shrubs at
the base of dunes and the lowest in

" unvegetated areas in the center of dunes.

CONCLUSIONS

In spite of severe climatic condition
and low soil organic matter content, the
Namib Desert soil microarthropods were
found to be surprisingly diversified and
abundant. So far,. previous works
considered, they comprise 4 gamasid spe-
cies, 7 Oribatida, 2 Acaridida, 28
Actinedida and 4 Collembola. These
figures are already higher than the 18
miteand 3 collembolan species recognized
by Wallwork (1972) after a study which

extended over a period of 9 monthsinthe
Mojave Desert. They are also higher than
figures published by Steinberger (1990)
with 21 mite species from the Negev and
by Wood (1971) who distinguished 23
mite and 6 collembolans species from
desert soils in southern Australia but
definitely lower than those recorded in
 theChihuahuan Desertwithalargevariety
of litter types. No doubt, many more
species are still awaiting to be discovered

through future investigations.

Nevertheless, this survey offers only a
limited view of the Namib Desert faunaas
it results from a 2-week sampling
campaign followinga long dry period. In
particular, the question of faunal activity
after rainfall has not been examined and
warrants attention given the importance

of rain-induced decomposition in the
Namib Desert (Jacobson & Jacobson, in
press). From this perspective, the desert
soil microarthropod community,
composed essentially of opportunistic
species, might best be viewed asa patchy
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