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reported Jarw on micromal numbers in cxudates exceeding
Jfose 0f! the sausage surface by abour (wo factors of 10. The
Jowesl bacterial numbers for spoiled samples were observed 1n
sausdEe LOres. wiich agamn commesponded 1o results of the
ganiuiatve analysis. Shore chains of coccoid cells, typically
[euconosfoc, are visible n the core sample of Fig. 4a To
ravide @ basis for comparison, samples of freshiy manufac-
ared sausages were also prepared for SEM and examined for
|he presence of bactenal cells on surfuces and 1n cores, Results
caried (TOM very low pumbers to total ubsence, as 15 cvident
from Frg. 4b, where orly occasional cells are present on the
arfice and Jlong the cxposed core interface. No evidence of
colomzaiion of the substrate by the mucrobial cells was found
. these samples.
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The amt fauna was sampied 1n eight rehabilitated,
sand-runed areus and three coastal dune forest control
plots near Richards Bay, South Africa. Rehabilitation
was achieved by seeding with cover crops and mixed
tndivenous species; the sample plois represented rhe
Cover crop, grasslamd/scrub, thicker and Acacia karroo-
woodland stages of succession. A total of 76 ani species
was recorded, of which 29 were found exclusively in the
Jorest and 22 \n the rehabilitation, Ant species richness
increased over the first 2 years, declined thereafter and
Proceceded to increase further ajter 8 yeurs of rehabilita-
Hon Applicauon of correspondence analysis to the ant
Commumty daty indwated that the succession was
foliowing two trends, one represenied by the 2-3-year-
i ploty and the viher by the 8—13-year-old refiabiiita-
HON These trendy cotncuded with the massive increase in
the demviry of Phewlole megacephaly towards the [ifth
Year of rehabdiation and by iy subvequent decline In
fernn of ani species rchness und sumtharity, the 1S -yeur-
W rehahiluation had only parually atuined Juund
Wil revembled that of the dune jorest The pattern af
W return (v compared with resudis obtained elyewhere
Wt world and consdered ot relation o relubiditation
Prowedures dnd prevending climatic patterny

Richards Bay Minerals is cwrenily mining for heavy minerals
(ilmenue, ruule, zircon and momnazite) in the coastal dunes
north of Richards Bay. This operation, which is one of the
largest sand-mimng operations in the world, takes place in four
stages. Firstly, the vegetawen i front of the miming face and,
where applicable, the topsoll and humus layer are removed.
Scecondly. by means of a dredge, the rmunerals are separated
from the sand by means of a gravily separation process and are
then pumped to a stockpile adjacent to the plant. Thirdly, the
mine ulings are returned to the area immediately behind the
operauion, the dune contours are recreated and then, finally, the
mined dunes are rehabilitated according 1o the policies decided
upon by the Kwa Zulu government.’

The area which s currently being muned centres on latitude
28° 4(¥S and longiude 32° 14'E, The area 15 in Koppen's
hwand sublropical (also known as warm  emperate) (Cla)
chimatie sone, with a4 mean annoal ronfall of | 292 mm (data
from Cape St Lucia), of which 409 fails in winler and 60% in
surmimer The mean lemperature of the warmest month 15 over
22°C ! and the area expenences no arid period. Air photos of
(937 wdwcate that the area was highly degraded as a result of
grazing and shilung culuvavon) At that ume, 1 largely
compriscd o patchwork ol mature coastal dune forest and
anthropogeme secondary grassland, sceondary Acdcid karrao-
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woodlund and bare paiches. Examination of 1974 ar photos,
(ollowrng the resctilement elsewhere of the local inhabiants
which took place in the early 1950s. indicated that many of the
disturbed urcas had reverted to secondary dune forest or had
been reafforested with Casuaring equisitifoha, Eucaiypius spp.
or Pinus spp.’

When muning commenced, the area compnsed 60% Euca-
{yptus plantations, 20% grassland and 20% coastal dune forest,
The current pohicy 1s to rehablitate two thurds of the mined
area to Casuarina plantanions and one thrd 1o indigenous
vegetanion.! The latter 15 achieved by returung topsoil to the
area and seeding a cover crop of the exoucs. Penmiseiwm
Slaucum and Crotalania juncea. as weil as the indigenous grass
Eragrosns curvala. A mix of seeds of mostly indigenous grass,
herb, shrub and tree species is also applied and nursery-reared
nanive trees dnd shrubs are planted at a later date. The resulting
succession mimucs that following the abandonment of farmed
dreas by rapidly proceeding through cover crop. grassland/
scrub, thickel to A. karroo-woodland stages within an 8-year
period.! Rehablitation at Richards Bay is currently the subject
of investigations on plant and mammal succession, bird usage
and general insect occurrence. !

The consideration of animals in land reclamation pro-
grammes is extremely important for a number of reasons. Soii
fertility and structure may be impeded 1f appropnate soil
animals are not present, while the nature of plant succession i1s
moulded by the acuvites of herbivores, pollinators and seed
dispersal agents. Inveriehrate arumals provide food resources
for insectivorous vertebrates, and certain invertebrate taxa may
act as useful indicarors of the degree of success of the rehabili-
ranon programme.*

One example where ammals have been used as bio-
indicators of rehabilitation success or land disturbance is that
of ants in Australia’® The vanous studies reported here
suggest that anl communily parareters provide 2 reflection of
the nature of the plant comummity, of the physical environment
and possibly even of the variety of other invertebrates present
in the area. Further work on rehabilitated mine sites throughout
Australia suggesis that the speed of ant succession tends o be
greater in areas of higher, or more favourable, ranfall distribu-
non” This in um suggests that the resilience of other compo-
nents of the ecosystem may be greater in such areas; a phen-
cmenon which has practical implications for the way in which
rehabilitation 15 planned and assessed. Although faunal siudies
in reclaimed areas are relatively numerous in Europe, North
Amenca and Australia, little work has been camied out in
Alrica. A world survey of faunal studies m reclaimed areas
revealed 993 references, of which only three pertained to
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This paper reports a siudy of ant reclomzay
rehabilitated sand mines near Richards Bay. The ams of |,
work were threelold: {1} to documen: the ant Specieg %
recolonize areas 1n this region; (2) o assess the exten; o
coloruzation of dune forest ants in areas rehabilitated g Indj
enous vegetaton: and (3) 1o make compansons wih o ol
from similar studies m Australia and Braztl in order to
whether rates were similar 1 areas of maiched Climagy
conchtions. [n addition, it is hoped that this article 1
stimulate further studies on the use of inveriebrates, such ‘ﬂ
ants. sprders, beetles, flies or springuails, as incicalgry dﬁ
ecosystem disiurbance or recovery 1n South Africa.

on

Methods
Selection and description of study sites k

Three control and eight rehabilitated plots were Surveyed '
All three control plots (F1, F2 and F3) were situated diug !
forest which consisted of a wee layer with canopy heigly *
varying between 12 and 15 m and a canopy cover of approx;.!
malely 65-90%. Important tree species included Ceirs afri.?
cana, which dominated in all three plots, Mimusops caffra,’
Allophylus natalensis, Teclea natalensis, Ochng natalita, Dein.
botiia oblongyolia and Maytenus undata. A subcanopy layer:
consisting of understorey trees and shrubs was also present,
which ncluded QO navalita. Clausena anisata, Diospyrog
natalensis, Tricalynia sonderana and Carissa bispinosa, The .
herb/shrub layer at all three sites was relatively dense and ta]] !
(1.5-2 m), and was dominated by fsoglossa woodil and
Dracaena hookeriana.

The rehabilitated plots, which had all received the same
treatment, had been respectively revegetated 0.3, 0.4, 2, 4, 5, §,
11 and 13 years previously. They are hereafter referred 1o by
the notation R0.3, RO.4, R2, etc.

A 100-m ant-sampling transect (AST) was marked out in 2
representalive area of each plot in such a way as 1o mimmize
edge effects. Markers were placed at 10-m intervals in order to
facilitate ant sampling and also 1o serve as sites for character-
izing the environment. Soii penetrability, percentage litter
cover, luter depth and litter mdex {percentage cover X depth),
percentage grass cover, perceniage herb and shrub cover and
also percentage tree cover were then assessed 1n metre-squarse
quadrats at each marker. Mean tree height was recorded in
each plot and the number of plant species in a 400-m? quadrat
adjoining the AST were also recorded.

The mean plot values of physical and biological measure-
ments are shown in Table 1. Soil penetrability exhibued no
consislent trend with age of rehabilitation although, because of
recent carthmoving activities, sl was generally more penetra-

Afnicalt ble 1n the rehabilitaton than :n the forest. The lLitter layer built
Table | Mean values for physical and biclogical variabies recorded along 100-m ant sampling transects in
the eight rehabilitated and three control plots.

Rehabibitation age (years) Controls
Yarnable 63 u4 2 4 5 3 Il 13 F1 E2 I3
Sorl penctrabibity (cm) 128 101 95 125 105 121 122 132 98 112 S0
%a liter cover k| 3 62 L. 75 100 a1 95 87 T4 90
Laiter depth {cm) 0.3 01 16 Q9 .8 1) 0.9 2.1 8 1.4 23
Latter index 1 0 123 83 140 145 85 200 359 (RIS 213
B grass cover 2 22 62 4 12 6y 53 i} 0 2 b}
% herh/shrub cover ] 1 11 14 12 ! 18 33 40 63 40
Fotree cuver 1] 0 ¥ 27 26 34 41 42 76 67 72
Tree heght (m) 0 0 09 17 27 T 9% {00 1S 118 L1.6
M of plant spectes 12 21 I8 13 23 22 30 36 52 49 45

i $(N) m?
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Table 2 Species of anis sampled by standardized techniques in the eight
rehabilitated und three Lontrol plots. Species indicated by (Q) are adeitional
collecuans vblained by baiung or liter extraction 1 plots R1J and F3.

Rehabilitation age (years} Controls

Anl species 03042 4 5 8 HWIAFIFRFA

Pomnermae
Anochetus natalensis Amold
Anochetus fultgirosus Amotd
Hyponera sp. 37
Hyponera sp 34
Leptogenys maxiliosa
(F. Smuth)
Lepiogenys attenuata (F. Smuth) e
Leptogenys miida (F, Smith) “« -
Leptogenys casianae (Mayr)
Odonrtomachus assiniensis
Emery
Pachycondyla caffrara .
(F Smuth)
Platythyrea cooperi Amold
Plectroctena comjugata
Santschi
Prionopeita aethuopica Arnold o
Proceranum arnoldi Forel *

Cerapachyinae
Simopone grandis Santsch
Dorylinae
Dorylus hefvolus (L.) L
Aenictinae
Aemictus rotundatus Mayr - *
Pseudomyrmecinae
Tetraponera sp. | ok
Tetraponera sp. 56 .o
Myrmmictnae
Calyptomyrmex pirpiis *
Santschi
Cardigcondyla shuckardi Forel * = = .
Cardiocondyla new sp. 1] .
Cardiocondyla emery: Forel oo *
Cataulacus wissmann: Forel * R L
Cremaicgaster sp. 3 -
Crematogaster sp. 21 .-
Crematogaster sp 1] . *
Crematogaster sp. 47
Crematogaster sp. 59
Microdaceton exornatum Q
Sanuscht
Monomortum sp, ar symmotu
Bolton
Manomaorium sp. nr cryprobium o
(Santschi)
Monomoriim sp. 82 -t
Myraucara sp 12 .
Myrmucarwa sp. 78 .
Oligamyrmex sp 38/T1 =0 0
Qligomyrex sp. 72 - o o -
Pheidole megacephala A
(Fabncius)
Phewdole sp. 25 e
Phewdale liengme: Forel. “
Pristomyrmex cribraries Amold -
Rhopiromyrmex opacus Emery *
Serrastruma tudovics {Forel) '
Setthestruma mandibulars "
{Szabo)
Strurmigenys irroraig Sanachi o
Strunmigenys faurei Arnold . o
Tetramorium grassu Emery .o

—_—
Table 2. Conumnued,

Rchabilitation age (ycars) Controyg

—_

Ant species 0304 2 4 5 8 11 13 F BRR

Teiramortum *constanciae - .,

Amold

Tetramarium phasws Forel . -
Teiramortum sp. 13 .

Teiramorium muscorum Armoid - e,

Tetramorium furtiva (Amold) . .

Terramorium werizecker: Emery b e e .,
* - = F 4 .

Tetramorium delagoense Forel
Tetramoriurn frenchi Forel
Tetramorwuum sericeiventre
Emery
Dolichederinae
Tapinoma sp. 52

Technomyrmex albipes A
(F. Smth)
Technomyrmerz sp. 51 . oo
Formicinae
Acantholepts sp 9 WL
Campeonoius sp. * e
(maculatus-group a)
Camponotus sp. . .
{maculatus-group b)
Camponoius posteculatus Forel . A R B
Campenoius arminuus Forel LI
Camponotus brooker Forel * *
Camponotus braunsi Mayr AL
Camponoius sp. L R .
(rufoglaucus-group)
Camponotus robecchii Emery .
Qecophyila longinoda -
(Latrielle)
Paratrechina sp. 54 .o .
- - - L - L]

Piagiolepws sp. 20
Plagealeps sp. 83
Polyrhachis schiueter: Forel * hd

Polyrhachis revodi Emery -
Polyrhachis gamu Santschi . *
Polyrhachis spinicola Forel .
Polyrhachis schistacea -
{Gerstaecker) )
Tolal species 1 4 2015 152223 19 35 33 31

Total species (including - — - - & - - 2144 -
batting and liter samples)

d) occurring in older stage rehabilitauon — Tetraponera sp.
56 and Monomorium nr symmotu,

€) occurring in older stage rehabilitation and also in forest
- Dorylus helvolus, Plectrotrena conjugaia, Catautacus wiss:
manni, Crematogaster sp. 21, Crematogaster sp. 31, Phewdole
megacephala, Tetramonium delagoense, Tetramorium phasias.
Tetramorium weuzeckeri, Technomyrmex aibipes, Plagiolepis
sp. 20 and Polyrhachis schlusteri.

£} occurring only in the forest — Anochetus natalensis.
Odoniomachus assiniensis, Pheidole sp. 25, Tetramorium '
consianciae, Tetramorium muscorum, Acantholepis sp. 9.
Camponows arminius and Camponotus brauns:.

Also of mterest 1s the fact that the nature of the succession
appears to tollow two directions, one illusirated by 0.3 through
to S-year-old rehabilitauon, and the other from the 8th year
through tw 13-year-old rehabilitavon (Fig. 2). This~s alse
manifested in the plot groupings obtained on the plot dendru-
gram denved from the correspondence analysis (Fig. 2, insel).
AL the chi-square = 40 tevel there are four groupings: the luss
than |-year-old rehabilitated plots; the 2-3-year-old plots; the
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o value wiltun the forest range by the second year of
gpiltation: However, unhke in the forest. hitter in
abihlﬁled weas consisted largely of dead grass and A
00 leaflets. Although almost absent in the forest. grass
jty was mgh wn the rehabilitaton. Cover peaked n Lhe
year uf rehabihtabion. dropped n year 4 duc o
.on [rom the dense A. karroo layer, and then climbed

¢ more 1S these trees self-thimned and forest grasses
vaded The berb and shrub layer exhibned a simular pattern,
excepl Dt & jtial peak was reached in year 4. Cover values

the rchabilitation never reached the levels found m the
foresl- Tree cover and height increased progressively as the
rehabulitanion matured, and consisted aimost enurely of A.
parroo foliage. While tree height in the rehabilitation had
apPTOaChe’d forest values by year 13, percentage wee cover had
ot yet done sO. Plant species richness increased mitially,

ped n years 2 and 4, and then rose to levels which were
considerably lower than 1n the forest. We beleve that the
frough T piant species nchness during the early stages of
rehabilanion was associated with the dense cover of A. karroe
and alsu the death of the original cover crop species.

,gcund

Ant sampling and data analyses

A number of complementary sampling methods were used (o
survey the ant fauna. Ten pufall taps, consisting of 25-mm
inernal diameter lest tubes containing an ethanol/glycerol mux,
were placed along each transect and left open for 7 days from
96 January — 2 February 1991. Between these dates, the soil/
Jiver ants, shrub-associated ants and tree-associated ants were
each sampled for 2 h per piot during mid-morming or mid-
aficrmoon. General night-time ant collections were also made
along each transect for 1.5 man-hours. Finally, the ant fauna of
the oldest rehabilitated plot (R13) and one control plot (Fi)
was further sampled by means of 10 fish/honey baits set along
lhe AST's for 2 h durmg the morning and 2iso by exiraction of
ants from 6-litre samples of litier using Berlese funnels.

Ants were sorted to species level and either named to
species or assigned species code numbers within each genus. A
[ull collecnon of voucher specimens is deposited in the
Entonology Collection of the South African Museum, Cape
Town.

A checklist of anis for each AST was obtaned by combining
the collection data from all sampling technigues. The total
number of species obiained for each transect is referred to as
ant species richness. The quanntative data from the pitfall raps
were then used 1o determine which species were most abundant
on the ground. Notes taken whilst hand-collecting were also
used io determine which species were most abundant on the
vegetation. Comrespondence :malysu;s""0 was used [0 compare
the piots in terms of the ant species which were present. This
techmque simultaneousty displays the piot and species data
along axes of a multdimensional space. Ttus enables the user
0 elucidate the affimity between plots in terms of their species
composition, and also provides a graphical means of elucida-
ung which species are contributing 1o the separalion of plots. [t
also provides hierarchucal cluster analysis dendrograms of both
plot and species groupings.

Results

A rotal of 72 species was recorded from the plows (Table 2),
while an additional four species were sampled by the baiing
and lmer samphing i plots R13 and Fi. Unless otherwise
menuoned, the amts from the bait and luter sampling are
excliuded [rom the following analyses. Twenly-nine and 22 of
the species, respectively, were recorded only i the forest and
rehatlitated plots. This may o part rellect the rarty of, and
hence Wifficulty n collecung, some species. However, some of
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Fig. 1. Relanonshup berween {z) the total number of ant
species wath rehabilitation age and also (b} the number of ant
species sampled from the ground (e}, the shrubs (+) and the
trees (0). The mean of all three forest values is shown mn (b).

these species would be ones which could not tolerale distur-
bance or, in the rehabilitation, pioneer species which benefit in
some way from the rehabilitation process.

Trends in species richness per plot indicate an increase up (o
2 years, a trough between 2 and 8 years and then a further
increase (Fig. la). Values in the oldest two rehabilitated plots
had not reached those in the forest plots. The wends in number
of ground-, shrub- and wee-associated ant species with ime
indicate an immediate colonization by ground -asseciated
species such as Cardiocondyla shuckarai, followed by subse-
quent increases in shrub- and tree-associated species by 2 and
5 years, respectively (Fig. 15). Both ground- and shrub-
assoctated ants exhibited troughs in species richness, between
4 and 11 years and 2 and 8 years, respectively.

The correspondence analysis was performed with species
presence/absence data for the 52 ant species which occurred in
two or more plots, and repeated with the 34 species which
occurred in three or more plots. Figure 2 shows the positions
of the plows on the [first wo axes of the correspondence
analysis diagram, denved using the 52 ant spectes X 11 plot
mairix. The analysis using 34 species produced similar results.
Il indicates a progressive change in ant communily composi-
ton from lhe very youngest lo the oldest rehabilitated plots
and, on axes 1, 2 and 3 {the last not shown here), that the
composition of the fauna in the rehabilitated plots had not yel
totally converged. in terms of species composition, with 1hat
which characterized the forest controls.

The ant species which have comributed to the patterns of
separation of plots on the correspondence diagram have, for
reasons of clarily. not been plotted. However, inspection of the
specics dendrogram revealed six groupings of species which
produced lhe observed separation of plots. The species which
occurred in these groups and n three or more plots were:

4) OCCUITING 1N very YOung rehabilitation — Cardiocondyla
shuckardi.

b) occurring n very yOung (o mid-stage rehabilitation —
Curdtocondyla emeryi.

¢) occumng in mid-stage rehabilitation — Tupinoma sp. 52,
Fechnomyrmex sp. 51, and Paratreching sp. 34.

/
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between the rates ol ant returm without the confounding
influence of differences moant species nchness within native
vegetation.

Ant spectes richness chmbs rapidly at all three sites dunng
the first 2-3 years of rehabihitation, OF particular interest 1s that
at both Richards Bay and North Stradbroke [sland the ant fauna
exhibis a4 decline in species richness which 1s concurrent with
an nerease in the abundance of P megacephala, a cosmopol-
wan ane species of Aflncan ongin.”? The only difference is that
this happened after 6 years in Australia compared with 2 years
at Richards Bay. Majer'? considered that the lower ant species
richness in the older rehabiliiatien at the Australian site was
partly caused by the low plant species nchness in the older
rehabilitation, since 1t was commonly found that drumal species
nichness tracks that of the piants m rehabilitated areas.’
However, compeuton by P megacephala, which thnves in the
older rehabilitauon was considered to have an even greater
impact on the coionizing ant fauna.’ The current findings show
a sumiar phenomenon, albeit with the decline n ant species
richness occurring at an earlier stage. Once again, one or both
factors could be responsible for the trend in ant species nch-
ness. Mid-stage rehabilitation exhibuts a slight decline in plant
species richniess {Table 1), and our personal observalions indi-
cate that the 2-8-year-old rehabilitation exhibis remarkably
low structural diversity. This could reduce the oppormunities for
a wide range of ant species. However, since the overall decline
and subsequent increase in ant species nchness {Fig. la) 1s
inversely related 10 the upsurge of P megacephala (Fig. 3),
competinon by this generalist ant is likely to be of greatest
importance. Nest openings of P megacephala were apparent
on almost every square metre of soil in R5 and workers were
foraging on almost every A. karroo plant, suggesung that this
species was monopoelizing a wide range of resources within the
rehabilitation.

How similar is the ant fauna of the rehabililated area to that
of the coastal dune forest? In other words, how successful has
rehabilitation been 1 providing opportunities for the original
forest fauna? The forest ant fauna was characterized by a range
of abundant Crematogaster spp. and also T allupes on the
trees, an abundance of T. ? constanciae and Pheidoie sp. 25 on
the pround. and a wide variety of cryplic ground- and vegela-
lion-nesting ants. Most of the rehabilitation was quite different
in that P. megacephala replaced Crematogaster spp. and T.
albipes on rees, cryplc species were less commonly encoun-
tered and, as mentioned, the actual species present in the
rehabilitation tended to be different from those in the forest. [t
was not until year 13 that trees dominated by Crematogaster
spp. or T athipes were commonly encountered and the area
ceased o be domunated by P megacephala. Al this siage, the
ant fauna of the area had started to resemble that of the coastal
dune forest, although the similarity index for plots R13 versus
F1 indicated that recovery of the ant community {rom distur-
bance was by no means complete. [nspecuon of the raw data
and also the correspondence analysis diagram (Fig. 2) suggesis
that the fauna had only started to develop towards that of the
origina] forest in the Lhree oldest areas of rehabilitation which
were stuched. Unfortunately, the 13-year-old arca 15 the oldest
example of rehabililabon. A resurvey of these older areas in
about 1) years’ ume would provide important information on
how aitainable the coastal dune forest option of rehabthiatuon
really is.

In order 1o provide 4 comparable figure by which the raw of
ang succession may be compared belween siues, Majer ™" fitted
Wnes o the ant species richness versus rehabiditation tge dula
and read olf the number of species which would be expecied w
oceur i d-year-old rehabilwation [U s not possible Lo fit such a
lme 1o the Richards Bay data because of the dechne moant
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species richness in the presence of P megucephala. [nspegy
of the graph of overall am spectes richness (Fig. la “Uggeny
that the value would he somewhere between 18 (iF the g,
15 accounted for) and 22 (if the initial part of the cyrve s
extrapolated upwards). Thus compares  with 18 und 145
species, respectively, at the climatically matched AUstralipy
and Brazilian sues, suggestng thal ant recolonizalion rateg ane
relatuvely surular at humid subwopical sites within al] three
continerus. [t may well be that other climatic zones wyy;
South Alrca exhibit ant recoloruzation rates which differ frop,
the Richards Bay arca, und which resemble those in other arey
of Australia which possess sumilar climalic pauems. Althong)y
these observauons on colomzation rate are for ants, there is
evidence that plants and other inveriebrates may respond o
climate in a similar Way.j If this rend 1s confirmed, it may pe
possible to divide countnes into zones, with each zone hav'mg
a particular rehabilitation rate, or resilience. These zones way|y
then provide valuable information on which 0 base guideliney
and umescales for evaluating rehabilitation performance stand.
ards through ume.

As well as providing information on progress wih the
Richards Bay rehabilitanon programme, this study has
indicated one applicauon of the ant bio-indicalor approach to
envirommental appraisal. It is hoped that readers will see other
applicauons for this concept in South Africa and, by adapling it
to the land-use involved or to the taxonomic group being used,
commence using this valuable tool for assessing the quality
and nature of the environment.
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Correspondence analysis axis 1

Fig 2 Posiion of rehabilitated and control plots on the first and second axes of the cormspondence analysis diagram and also the
groupings of plots obtamned by the dendrogram denved dunng the same analysis (inset).

8-13-vear-old plots; and the forest controls. Inspection of the
quanutauve pitfall wap data reveals one notable trend which
concurs with this dichotomy in the plots — the propoertion of
Pheidole megacephala in the catch (Fig. 3). The proportion of
this species mncreased steadily from the second year of
rehabilitation up until year 5. when it compnised 97% of the
catch. From lhen onwards the abundance of this species
dropped to very low levels which, by year 13, were more
characteristic of the forest. There was a tendency for ant
species richness o decrease with increasing numbers of P
megacephaia in the plots, although this relaucnship was not
staustically significant.

Inclusion of the bait and litter sampie data from plots RI3
and F1 increased the species count from 19 — 21 in the former
and 35 = 44 in the latter plot. This suggests that, although
sampiing by the other methods had been reasonably efficient in
the rehabilitanon, 1t had missed a range of cryplic or rare
species in the structurally complex forest. Application of a
similanity index {Similarity = 2a/(b + ¢). where 2 is the num-
ber of species common to both sutes and & and ¢ are the
number of species in each of the 1wo sies being compared]| to
the complete checklist of ants from these two plots produced a
value of 0.48, indicaumng that the ant faunas of the oldest arca
of rehabilitation and plot F3 were sull relatively dissimlar.

Discussion

The results of this survey indicate o reasonably ugh species
fichness of ants 1in the coastal dune forest and also the capacity
of wven (he carly stages of rehabilitation to support & variety of
L species. Application ol the addinonal bailing and livter
sanpling wechniques indicated that plots were undersampled,
Drobably on account of the difficulty mn loculing rare species
nd 4iso the general himiwnons of the other sampling tech-

niques. This would be more of a problem in the structurally
complex dune forest where the additional sampling indicated
an 81% sampling efficiency (total species caught by pufall plus
hand collecting divided by this total plus species obtained by
baiting and from litter) compared with 90% efficiency in the
older but structurally sunple rehabilitation.

Since idenucal pitfatl trapping plus hand-collecung methods
have been employed for ants in mines within Australia’ and
Brazil''! it 1s possible o compare recolonization pattems
across the three continents. The most closely matched sites
which have been studied are sandmines on North Stradbroke
Island, Queensland, Australia (27° 20'S) 2 and bauxite mines
at Pogos de Caldas, Brazil (21° 51'S),'' both of which
experience hurmud subtropical climates {Cf). In both of these
cases. ant species richness 1n control sites fell within the range
found at Richards Bay (26-30 species in Queensiand, 29-31
species in Brazil), so it 1s possible to make comparisons

100

Proporton of P. megacephaid

o2 4 g a4 1o 2 14 F
Age ol ranapilitation (yr)
Fig. 1 Percentage contnbution of Phetdole megacephala 10
the ants caught hy pifall wapping i the rehabiliiated and
control plats.





