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Abstract. Analysis of eeological data of the arboricolous nephilid spider Clitaetra irenae Kuntner 2006, endemic to
Maputaland forests, South Africa, indicates the species’ dependence on this highly threatened habitat. We tested C. irenae
habitat dependence via GIS analysis by plotting the known distribution against southern African ecoregions. In the
southern part of its range, C. irenae inhabits almost exclusively one ecoregion, the Maputaland coastal plain forests; but
further north, in tropical southern Africa, it continues inland into Malawi’s woodlands. We test and refute the hypotheses
that C. irenae inhabits exclusively mature trees, trees of a particular species, trees with a smooth bark. tree habitats at
certain height above ground, and only closed canopy forest stands. The ecological niche of C. irenae is flexible as long as
suitable trees under at least partially closed canopy are available. We quantify the C. irenae ontogenetic web changes from
orb to ladder and the simultaneous hub displacement towards the top frame. Such web allometry allows the web to increase
vertically but not horizontally. which enables the spider to remain on the same tree throughout its development and thus
the ladder web architecture is an adaptation to an arboricolous life style. Adult hub displacement, common in spiders with
vertical webs, is explained by gravity. Clitaetra irenae web orientation on trees correlates with forest closure, and might
indicate the Maputaland forest quality. We argue for utilization of the ecology of arboricolous nephilid orb-weaving
spiders (Clitaetra and Herennia) in systematic conservation assessments in the Old World tropics.

Keywords: Behavioral ecology, evolution, conservation, Maputaland, South Afriea, Herennia

Opsomming. Analise van ekologiese data van die boombewonende nephilid spinnekop Clitaetra irenae Kuntner 2006,
endemies tot Maputaland woude in Suid-Afrika, dui die spesie se afhanklikheid van hierdie hoogs bedreigde habitat aan.
Ons het C. irenae habitat athanklikheid via GIS analiese getoets deur die bekende verspreiding teen die suider-Afrikaanse
ekologiese streke aan te teken. In die suidelike deel van die verspreiding kom C. irenae in slegs een ekostreek, die
Maputaland kusvlakte woude, voor, maar verder noord in die verspreiding kom dit verder in die binneland, in Malawiese
bosveld, voor. Ons toets en verwerp die hipotesisse dat C. irenae slegs volgroeide bome bewoon, bome van ‘n spesifiecke
spesie, bome met gladde bas, boomhabitatte op ‘n sekere hoogte van die grond af, en slegs toe kroonbedekking woude. Die
ekologiese nis van C. irenae is aanpasbaar solank daar geskikte bome onder ten minste gedeeltelike toe kroonbedekking
beskikbaar is. Ons kwantifiseer C. irenace ontogenetiese webveranderings van ‘n wawiel- na ‘n leerweb en die gelyktydige
verskuiwing van die kern na die bokant van die raam. Sulke web allometrie gee die spinnekop die vermoé om die web
vertikaal te vergroot sonder horisontale veranderings, wat die spinnekop in staat stel om op dieselfde boom te bly regdeur
sy ontwikkeling. Ons sien die leerweb dus as ‘n aanpassing tot boomlewende gewoontes. Volwasse kern verskuiwing,
algemeen in spinnekoppe met vertikale webbe, word deur gravitasie verduidelik. C. irenae se web oriéntasie op bome
korreleer met kroonbedekking, en kan ‘n aanduider wees van Maputaland woud kwaliteit. Ons stel voor dat nephilid
wawiel-web spinnekoppe (Clitaetra en Herennia) se ekologie gebruik word in sistematiese bewarings assesserings in die Ou
Wereld tropiese gebiede.

Identifying areas of high conservation value (systematic
conservation assessment sensu Knight et al. 2006) is one of the
main priorities of modern ecology and conservation biology.
Traditionally, conservation assessments have been largely
based on vertebrate biodiversity data, while data on more
diverse groups such as arthropods remain poorly utilized. This
is particularly true for species-rich tropical faunas, where the
natural history and ecology of most arthropod species
continue to be unstudied. Among spiders, a clade with nearly
40,000 described species (Platnick 2007) and many more
projected (Coddington & Levi 1991; Coddington 2005),
potential indicator species are rarely identified. Most recent
studies have investigated the impacts of pollution, disturbance,
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and habitat classification on spiders at the community level,
while species-level studies have focused on effeets on predation
ecology and heavy metal assimilation (Marc et al. 1999).
However, these studies primarily dealt with the European and
American faunas, while examples from the Afrotropical region
are unknown. Here, we investigate the ecology of the recently
described Clitaetra irenae Kuntner 2006, an arboricolous
nephilid spider endemic to southern African forests, and use
the newly acquired behavioral and ecological data to test its
dependence on a highly threatened habitat — the Maputaland
coastal plain forests.

Maputaland is an ecological-geographical entity comprising
the coastal plain of north-eastern parts of KwaZulu-Natal
(South Africa) from Richards Bay (28°48’S, 32°05’E) in the
south to Xai-Xai in southern Mozambique (25°02'S, 34°25'E)
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in the north, and extending inland along the Lebombo
Mountain range into eastern Swaziland (Olson et al. 2001;
Van Wyk & Smith 2001). Due to the high levels of plant and
vertebrate endemism (Van Wyk 1994, 1996; Van Wyk & Smith
2001) and the patchy distribution of unique habitats such as
sand forest, Maputaland is of prime conservation importance.
Furthermore, the composition of certain faunal and floral
assemblages of different sand forest paiches are significantly
different (e.g., Kirkwood & Midgley 1999, Matthews et al.
1999. 2001; Van Rensburg et al. 1999, 2000), which supports
the conservation of this particular habitat and its accompa-
nying biological diversity throughout the region. Maputaland
appears among six out of nine global biodiversity conservation
priority areas (Brooks et al. 2006), being recovered within the
crisis ecoregions, the biodiversity hot spots, the endemic bird
areas, the centers of plant diversity, and the global 200
ecoregions, as well as within a megadiverse country, South
Africa (for details see Brooks et al. 2006, and references
therein).

The Old World tropical nephilid spider genus Clitaetra
Simon 1889 is important in araneoid systematics because of its
phylogenetic position as the sister taxon to all other nephilids
(Kuntner 2005, 2006); these, in turn, appear to be the basal
araneoid lineage (Kuntner et al. 2008). While the large-bodied
nephilids (Nephila, Nephilengys) are well studied (Kuntner
2007) and recognized as ecologicaily important in most
(sub)tropical ecosystems, Clitaetra ecology has largely been
unknown (but, see Kuntner 2006). Of the six known Clitaetra
species only C. irenae (Fig. 1) biology has been studied in
some detail—Kuntner (2006) focused on its web-building
behavior and general natural history. Clitaetra irenae was
found in South Africa’s subtropical coastal dune and sand
forests of northern KwaZulu-Natal, with an outlying museum
record from Malawi (Kuntner 2006: fig. 26). As in the
Australasian nephilid spider genus Herennia Thorell 1877 (see
Kuntner 2005), Clitaetra species are obligate iree dwellers
building orb-webs against tree bark (Figs. 1. 2), with a few
centimeters clearance between the planar web and the
substrate. As in Herennia (Kuntner 2005), Nephilengys Koch
1872 (Japyassu & Ades 1998; Kuntner 2007), and Nephila
Leach 1815 (Bleher 2000), juvenile Clitaetra webs resemble
standard araneoid orb-webs (Figs. 2D, E). However, the webs
of adult female C. irenae are highly modified ladder webs
(Figs. 2A, C), defined as two dimensional orb-webs with
parallel side frames and zig-zag sticky lines substituted for
spirals (Kuntner et al. 2008:fig. 23). The species’ apparent
dependence on a particular habitat (Maputaland forests) and
microhabitat (mature trees), as indicated by historical
distribution records and the distribution of these particular
forests, prompted our detailed investigation into its behavioral
ecology emphasizing its ontogenetic web architecture shifts.

We investigate C. irenae web allometry by quantifying the
developmental modification of the orb web into a ladder, pose
a behavioral explanation for such an allometric shift, and
deduce its ecological implications. Through explicit hypothe-
ses (below) we examined whether or not the web modification
in C. irenae correlates with a particular habitat type, with
climatic conditions and/or altitude, and whether the species
depends on mature Maputaland forests for sustainable
populations. A species that is a narrow endemic of southern
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Africa and a narrow habitat specialist {(an obligate tree
dweller) in a threatened coastal plain habitat is potentially at
risk of habitat loss, and could be added to the list of species

. used as indicators of habitat quality.

Specifically, we tested the following hypotheses:

(1)  Endemism: Kuntner (2006) suggested that C. irenae
was endemic to northern KwaZulu-Natal. However,
such an hypothesis was defined geographically, not
ecologically, and failed to explain the single outlying
record from Malawi (Kuntner 2006). We tested
whether C. irenae is endemic to the wider Maputa-
land (including Mozambique and Swaziland) by
using precisely defined ecoregions (Olson et al. 2001).

(2) Habitat preference: Most material examined by
Kuntner (2006) was collected in sand forests along
the Maputaland coastal plain. We investigated
Kuntner’s (2006) expectation that C. jrenae is
confined to mature sand forests. During our survey
we noted the habitat type and canopy closure.

(3} Tree preference. To test the spiders’ dependence on a
particular tree species we atiempted to identify all
trees where spiders were found. We predicted the
spiders would prefer a particular tree species as
vaguely suggested by Kuntner (2006).

(4) Tree size: If the species was confined to mature
forests, we predicted that larger spiders would prefer
larger trees, and that web size would correlate with
spider size.

(5) Substrate (bark) structure: To test if the spiders
utilize certain types of substrate, we classified bark
into three categories (smooth, medium, or rough).
We expected that trees with smooth bark would be
more likely to host these spiders as the uneven surface
of rough bark may hinder two-dimensional web
construction.

(6) Website orientation: The spider’s website orientation
on a tree might differ between closed canopy forests
and partially open canopy tree stands (woodland/
thicket) due to sunlight penetration. Assuming that
the species is indeed native to closed canopy forests
and that inhabiting other types of tree stands is an
artifact of habitat fragmentation, we expected that we
would find no web orientation preference in closed
canopy stands, where continuous direct sunlight is an
exception. In contrast, in more open tree stands
where webs could potentially be exposed to direct
sunlight, web orientation should be away from the
sun (to the south).

(7)  Distance from ground: Finally, we tested for differ-
ences in web height above ground among the
spider instars (size classes). We predicted that spiders
would preferentially occupy lower positions on a tree
as they age because larger tree trunk circumference
closer to the ground would be more suitable for larger
webs.
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2006) at the hub of her web; B. Female feeding at the hub of her web; note the egg-cases above the hub camouflaged with prey remains; a male
was present in her web (not shown); C. Paratype male (see Kuntner 2006) at the hub of his orb web, feeding on dipteran prey; D. Subadult female

at web hub, feeding on cricket. Scale bars = 1.0 mm.

(8) Web allometry: Clitaetra irenae web architecture
shifts during spider ontogeny from orb to ladder
web. Thus, we predicted that the ladder index and the
hub displacement index (both defined below) would
increase with spider size.

METHODS

Field study.—We visited six reserves (Fig. 3) in KwaZulu-
Natal (South Africa) between 9-30 April 2006, the period
when adult Clitaetra irenae are known to occur (Kuntner
2006). These reserves (Ndumo Game Reserve, Tembe Ele-



586

THE JOURNAL OF ARACHNOLOGY

) A’@%%"i‘;-

i Dﬁ i

e

4
&

2
ng.

PR
R
AR
&\

AR
N
v

Figure 2.—Clitaetra irenae web architecture: A-C. Adult female webs; A. Frontal view. note ladder shape of web with parallel side frames (F),
“sticky spiral” (SS) not spiralling, with silk enforced hub (H) displaced towards top frame; B. same web, lateral view; C. Female (arrow) in web,
with first instar offspring in upper web; above hub is empty egg sac. D. Juvenile web (second instar); note typical orb-web architecture with bent
side frames (F), round sticky spiral (SS), and upper radii as long as lower ones. E. Another second instar web, with parameters measured (a =

web width, b = web height, ¢ = top frame to hub). Photographs by M. Kuntner taken in Ndumo Game Reserve, Scuth Africa, 2006; web
measurements (cm) in A, B:a=8 b =29 ¢=105D:a=5b=11,¢c=5.5.

phant Park, Kosi Bay Nature Reserve, Sodwana Bay National

a Fig. 1C; for identification details see Kuntner 2006) at various
Park, Hluhluwe-Imfolozi National Park, and the Greater St.

Lucia Wetlands Park) slightly surpass the previously known
C. irenae geographic range, except for the Malawi datum
(Kuntner 2006), and therefore test the species’ geographical
limits in Maputaland. Within the reserves we searched for the
casily recognizable species (females, see Fig. 1A; males, see

focalities, focusing on all available habitat types.

Where more than a single C. irenae spider was found, we
measured the following ecological and behavioral parameters
on all webs: date of collection; locality; site; habitat; latitude
and longitude: host tree species (if known); tree bark structure
categorized as smooth (as exemplified by Celtis africana),
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Figure 3.—Clitaetra irenae, currently known distribution plotted against southern African ecoregions. The outlying 1958 Malawi record (see
Kuntner 2006) falls into “Zambezian and Mopane woodlands,” which stretches south adjacent to “Maputaland coastal forest,” the species’
prime ecoregion. The 1991-2001 data are from Kuntner (2006), new field records (2006) are from this study.

medium (as m Balanites maughanii), or rough (as in Acacia
nigrescens); tree trunk circumference at the level of spider web
hubs; canopy coverage categorized as closed, partially open.
or open; stage or instar number; web width (Fig. 2E), web
height (Fig. 2E), distance from web hub to top frame
(Figs. 2D, E) and web hub height above ground; website
orientation (8 directions: N, NE, E, SE, etc.), and possible
further comments.

The first six (autecological) parameters document locality,
habitat, and test hypothesis 2 (habitat preference). The next
four parameters, i.e., host tree species, bark structure, trunk
circumference and canopy coverage, are microhabitat data
and test hypotheses 2-5. Spiders were assigned to seven
categorical size classes (stages) corresponding to ontogenetic
instar numbers (size correlates with age and instar number).
Instar numbers were estimated from relative spider size, falling
into fairly discrete size classes, assuming seven post-egg sac
instars during female ontogeny: adult females were scored as
7, newly hatched animals 1, and others fell in between up to 6

{penultimate). Instars 27 build their own webs, but first instar
spiderlings remain in the mother’s web (Fig. 2C). No
developmental study has been done on Clitaetra. The
assumption of seven instars in C. irenae ontogeny follows
from data on other nephilids; e.g., the giant females Nephila
pilipes (Fabricius 1793) go through about 10 juvenile instars
while the small males go through about 4, the number of molts
depending on the season and food availability (Higgins 2002).
Three web parameters, namely web width, web height, and
distance from hub to top frame, quantified developmental
shifts in webs (see below). The last two parameters, distance
from hub to ground and website orientation, indicate
microhabitat preference and test hypotheses 6 and 7.

In order to increase visual contrast, webs were dusted with
cornstarch for measurement and photography. All measure-
ments were taken with a tape measure and are reported in
centimeters, unless noted otherwise. Web orientation was
taken with a compass. Web architecture abbreviations are: H
= hub (Figs. 2A, B, D, E); F = frame (Figs. 2A, D); RA =
























