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Summary
Black Wattle Acacia mearns)iis an invasive tree species in Southern Africgends to
grow rapidly forming dense forest stands, and tls¢eeds are generally associated with a
lower diversity of plant an animal species, comgdcenatural areas. However, the
relationship between reptilian species diversitg Brack Wattle stands has not been
guantified, and there are a number of reasonsdpest that the preferred habitat of some
reptile species includes Black Wattle stands. Surcimvestigation is warranted because
both government and private interest groups areimyde eradicate Black Wattle stands
from much of the South African countryside. | telster associations between Black
Wattle and reptilian species diversity on Wildcature Reserve, South Africa.
Between April 18 and May 14, 2008, | quantified reptilian diversity in 11 difent
areas of the reserve, and subsequently relateiespdiversity in these areas to 14
different measures of vegetation composition ugingcipal Components Analysis.
Twelve species of reptile were identified in myvays (5 snake species, 4 lizard species,
3 gecko species), and on a macro-scale, | fourajative relationship between areas
forested by Black Wattle and/or Pirféijussp.) and reptilian diversity. Further analysis
indicated that diversity was highest in non-fordsdeeas featuring a moderate amount of
low brush cover (i.e. small shrubs and bushes)witlostanding, 66% (2 of 3) of Gecko
species were found exclusively in forested aread this suggests the eradication of
Black Wattle could have detrimental effects on Gediversity, even though reptilian

diversity in general would likely not be adversaffected by wattle eradication.



Introduction

The reptile fauna in southern Africa is amongriiest diverse on earth. There are
currently 498 species described, and present oatdiscovery in some taxa are similar to
those in the early 19century (SARCA 2007). Of particular interest iattheptile fauna
in southern Africa has a high level of endemismaf ik, many of these species are found
nowhere else on earth. For example, of the 49&ithescreptile species, 391 are endemic
(78.5%) to southern Africa, while in birds and maatsn endemism is less than 25%. It
will be particularly important to describe the faist contributing to the observed levels of
reptilian diversity, as well as any threats thatent farming practices or invasive species
pose to reptilian habitat.

Wildcliff Nature Reserve (Western Cape, South édjiwas founded in 2007. It
was previously farmed, and it currently consist9®8H hectares of mountainous fynbos,
meadows and mixed Black Wattleégacia mearnsjiand Pine Rinug forests, which are
invasive tree species. In order to preserve artdreeghe natural fynbos ecosystems on
the reserve, an aggressive eradication programdsrway to remove the existing wattle
and pine stands. Indeed, Black Wattle has beemnitdedas “the number one threat to
biodiversity in the Cape Floral Kingdom” (de Bakl&803), and it is clear that Black
Wattle stands and pine stands are generally asedaiath a decrease animal diversity
(Breytenbach 1986; Samways and Moore 1991).

However, it is not clear how such stands impactigsediversity of reptiles. For
example, wattle stands may host a variety of migbdtiats which provide favourable
conditions for reptilian thermoregulation (e.g. Bilo-Demers and Weatherhead 2001).
Moreover, arthropod diversity, abundance, and ggegssemblages are affected by Black
Wattle (Breytenbach 1986; Samways et al. 1996)yattie stands might host preferred
prey items of some reptiles (e.g. Donnelly anddgiee 1985). This may lead to a greater
abundance of some reptile species, which may eveoueage an abundance of larger
reptilian or non-reptilian predators. Removal ofthéafrom an area may therefore have a
negative impact on reptilian diversity, and an stigation is warranted before large-
scale removal of wattle occurs. In this study, hpare species diversity of reptiles in
Black Wattle stands of varying density to diversityareas where Black Wattle is absent.

If Black Wattle encourages reptilian diversity, the@e would expect diversity to be



highest in Black Wattle stands, and lower in arghsre wattle is abserdditionally, |

assess the level of species endemism in foresttd@mforested areas.

Methods

Surveys

In late April, 2008, | identified 11 survey ardhat differed in vegetative
composition on Wildcliff Reserve (Table 1, Figute Between April 18 and May 14, |
surveyed these areas between the hours of 8:00d@h:@0pm; usually no more than 3
areas could be surveyed in a given day. Sites wsited between 3 and 8 times for an
absolute minimum of 20 minutes, but usually lasangund an hour. In all survey areas,
the primary survey method was flipping cover olgeptimarily rocks, though I also
inspected bushes and trees (albeit to a much legsant). When an animal was found it
was captured (if possible) and identified on siteubsequently identified from pictures
taken on site. A GPS position was recorded, alontig tlve time, date, and any notes
pertaining to the observation. Finally, at each kperformed four trials in which |
started at a random location and recorded the nuoflm®ver objects | flipped in 10
minutes (a total of 40 minutes per site). Thesa ddbwed me to estimate the total
number of rocks flipped at a site given my entirevey time. Surveys were discontinued
on May 14" because the possibility of a temporal sampling biize to lower reptilian
activity with the approaching winter.
Vegetation Sampling

In order to quantitatively assess reptilian diitgrs relation to habitat (at a
macro-scale), | quantified 14 specific habitat paeters within each study area (Table 2).
A 2m x 2m plot was created at five random locatiaithin each site; the random
locations were determined using a random numbegrgéor in Microsoft Excel, and
these values were converted to GPS point therepletithin each study area using
Google Earth. The vegetation measures (Table 2 thhen averaged across all five plots

for each of the 11 sites.



Table 1: A description of each of the 11 study sites. “Arebeach site was estimated in
Google Earth by dividing the search area into &esef right-angle triangles and/or
rectangles then using the equations L x W [rec&sjgind (L x W)/2 [triangles]. “Search
Time” reflects the amount of time spent on sited@ag for reptiles. “Number of species” is
the number of different reptile species found &hesite during my surveys. “Number of
rocks sampled” is the estimated number of rocksg@an my rock-flipping trials)
overturned at each site during the entire samgdergpd. “Per cent of rocks sampled” is the
estimated per cent of all rocks overturned in thi&e site during my surveys, whereby the
total number of rocks in at a given site was ediahdy multiplying the average number of
rocks per i (see Methods, Table 3) by the total surface af¢aeosite in M. “Number of
rocks sampled” was then divided by the latter vatuestimate “per cent or rocks sampled”
(note that “per cent of rocks sampled” should bhesgdered an educated guess at best, as
95% confidence intervals [not shown] on the nundfepcks sampled at a given site and on

the total number of rocks at a given site wereroéetremely large).

Site Description Dominant Plant Area Search Time # of Species # of rocks % of rocks
(m?) (mins) sampled sampled
HHM Moist meadow Grasses 94285 240 2 618 100%
THF Older wattle Black Wattle 170 0 438 100%
20844
MM Dry meadow Grasses, Shrubs 205 5 984 5.5%
51567
RW Thick, younger Black Wattle 4944 105 2 683 25.1%
wattle
P Power line Shrubs 3287 165 3 1592 60.6%
LW Sparse wattle Black Wattle 5659 120 2 1137 12.2%
uw Sparse wattle Black Wattle 2749 105 3 1273 30.0%
NM Shrub-dominated Shrubs, few grasses 175 2 1544 6.9%
meadow 25011
Pl Older pine Pine trees 105542 270 1 1465 2.5%
UF Meadow with Low brush, 58279 210 0 741 3.6%
dense underbrush Rhododendrum
some fynbos
LF Fynbos meadow Fynbos, Grasses, 81842 380 4 3439 3.6%

Rhododendrum




Figure 1: Approximate size and location of the 11 reptiljplng areas within Wildcliff
Nature Reserve. The reserve is outlined in whitdy(the lower half of the reserve is
shown); open sampling areas are in yellow, andstecesampling areas are in red. The

scale is approximately 2.5cm = 500m.



Table 2: At each of the 11 sites, five 2x2m plots were t@éaand the following
parameters were measured. Data Transformatior igyffe of transformation performed
on the data after it was collected (so that it dda¢ analyzed properly).

Vegetation Measure Description Data Transformation

Number of rocks Number of rocks > 40cm surface area None

The length, width, and/or diameter of the rock was
Mean size of rocks measured; surface area was approximated using the None
equations L x W [rectangular rocks]; (L x W)/2
[triangular rocks]; *(r) [circular rocks]

% vegetation cover The area greater than 2m from ground level that was
(high) obscured by vegetation was approximated Asin(square root)

% vegetation cover  The area less than 2m but higher than 0.75m from
(medium) ground level that was obscured by vegetation was  Asin(square root)
approximated

% vegetation cover The area less than 0.75m above ground level that wa
(low) obscured by vegetation (primarily small bushes and  Asin(square root)
shrubs, but see below) was approximated

% Low brush Per cent of substrate concealed exalysby low Asin(square root)
shrubs and brush

% Grasses The area occupied by grasses was apptesim Asin(square root)

% Exposed earth ~ The area comprising exposed ssibpproximated Asin(square root)

Soil moisture A subjective scale of 1 — 4 was created, where 1 represents
very dry earth and 4 represents very moist earth None

The number of stems from small bushes or brusméste
Number of stems  counted at the soil — air interface). In cases wlstem Logio
from small bushes density exceeded 100, this value was approximated f
several rough counts

All trees (diameter 3cm at 1-2cm above the soil — air
Median surface area interface) were measured, and the median surfaee ar None
of tree stems occupied by each of the individual stems was catedl. The
median was used because it is less sensitive teregtvalues
than the mean

Basal area of trees The sum of all tree surfacasarea plot None

Number of saplings Wattle or Pine where circumfeeswas 2.9cm None

Number of trees Wattle or Pine where circumferemas 3cm None




Analysis

Principal Components Analysis was used to rededandancy in the vegetation
measures, and the extracted components were therssed against species diversity
using a linear regression. Although this methodvedl me to examine how species
diversity varies by habitat type, inferential sdtitis (i.e.P values) were not used because
| did not control for spatial autocorrelation iregpes diversity among sites (in other
words, by virtue of the fact that the animals maymamong sites that are in close
proximity, a high species diversity in a given sight result in a high species diversity

in an adjacent site, even if the animals’ prefetralditat is not found in the adjacent site).

Results

Species identified

Twelve species of reptile were identified in myvays (5 snake species, 4 lizard
species, 3 gecko species). These records can bé &uhe end of Chapter 2.
Sampling bias

Species diversity was not related to total timensgearching at a given site
(y = 0.00340x + 1.52, df = 9* = 0.03,P > 0.05), or to sampling time per unit area (i.e.,
sampling time/area of site; y = 18.6x + 1.85 0.04,P > 0.05), though weak positive
trends were apparent in both cases. Species diveras not related to site area (y =
0.000x + 2.24r? < 0.01,P > 0.05), to the estimated per cent of rocks flipprean area (y
=-1.12x + 2.54r? = 0.077P > 0.05), to the average time of day a given sis w
sampled (y = 0.0230x + 2.36,< 0.01,P > 0.05), or to the number of visits to a given
site (y = 0.0538x + 4.25% < 0.01,P > 0.05). Hence, in no case did among-site sampling
bias account for a significant amount of variatiospecies diversity.
PCA analysis

PCA is often used to reduce the complexity oféaggtasets. The analysis
operates by identifying a series of linear relatlups among the variables within the data
set, and extracting these relationships as “compusiheEach extracted component
therefore represents a particular phenomenon wiki@rdata set, and each component is
uncorrelated with, and independent of, other egcomponents. From the 14

measures of vegetation, | extracted 2 principalpaments comprising 66.4% of the



variation in the original vegetation data (whichans that a 33% loss of information in
the vegetation data occurred). A third componehiciwvcomprised an additional 10.2%,
was ignored. Presently, species diversity is notgoeonsidered, and these components
only describe relationships among measures of a&gat

The first component (Table 3) appears to reprebentdegree to which an area is
forested. To illustrate, this component has higsitpe loadings on “per cent high
cover”, “per cent exposed earth”, “number of treesid “stand basal area”, and negative
loadings on “rock size”, “per cent of low coverpé€r cent of grass”, “per cent of low
brush”, and “low brush stem density”. Hence, tlisponent is discriminating among
forested and non-forested areas. The second compigreanbiguous, but it may be
related to the complexity of the vegetation in egaalmportantly, this component
showed high positive loadings for measures relateshrub density and low cover, and
strong negative loadings for “per cent grass” asull“moisture”. The component scores
for both components (which, in this case, are qtaivie measures of how each one of
my 11 sample areas are described by the componrerg)saved and subsequently
regressed against species diversity to determaesxttent to which species diversity is
related to vegetation patterns on a macro-scale.
Species Diversity and Habitat

Species diversity was regressed against compagergs of Components 1 and 2
(or equivalently, Factors 1 and 2). Species ditaeid not correlate with Component 2
(y = 0.180x + 2.18,%r= 0.014), but it was inversely related to Comparerindicating
that reptilian diversity declined as the habitar@asingly resembled a forest (Figure 2,
solid regression line, y = -0.665x + 2.18=r0.187). However, this relationship was
weak, primarily because the area UF (a shrub-depee area on towards the north end
of the reserve; Table 1, Figure 1) had a very kigiponent score (i.e., it did not
resemble a forest in any respect), but it did rost lany species of reptile. When this data
point is omitted from the regression, the R-Squmaoee than doubles, and much clearer
relationship between species diversity and Compohénobserved (Figure 2, dashed
regression line, y = -0.924x + 2.477r0.431). Hence, species diversity is clearly

positively associated with non-forested areassbuie feature particular to the UF site (a



Table 3: Rotated component matrix (Varimax rotation withidéa Normalization).
Component 1 appears to differentiate between fedesthd non-forested areas; bolded
loadings represent vegetation measures that aveiats] with this component, with high
positive loadings associated with forested araas high negative loadings associated
with open areas. Component 2 may be representendegree of vegetative complexity

in a given area,; italicized loadings represent tatge measures that are associated with
this component. High negative loadings may be aastatwith low diversity/complexity
of vegetation, and high positive loadings assodiatgh high diversity/complexity of

vegetation.

Component
Vegetation Measure 1 2

Mean Rock Size  -0.696 0.168
Number of Rocks  -0.144 0.696
% High Cover 0.952 -0.012
% Medium Cover -0.120 0.687
% Low Cover -0.686 0.671
% Grasses -0.573 -0.692

% Exposed Earth  0.691 0.293
Soil Moisture -0.247 -0.795
Number of Saplings 0.388 -0.152
Number of Tress  0.897 -0.112
% Low Brush -0.718 0.597
Number of Brush Stem -0.652 0.700
Median Tree Area  0.419 0.219

Basal Area of Trees 0.946 -0.098




Figure 2. Species diversity and a function of Factor (Congad) 1. Each point identifies
one of my 11 sites, and the species diversityattdite (y axis) in relation to Factor 1 (x
axis). Proceeding along the x axis from left tdtigve to +ve), the sites increasingly
resemble a forest habitat. Species diversity cateslnegatively with Factor 1, so species
diversity decreases as sites increasingly resefotdsts. The solid line reflects this
relationship when considering all 11 sites; thehéadine considers this relationship

while omitting site UF (see text).



non-forested area) is not conducive to reptiliaredsity. This feature may be stem
density and the density of low shrubs. When stensithe (Figure 3A) or per cent low
cover (Figure 3B) is regressed against speciessiiyea quadratic relationship is
observed. Thus, an optimum stem density or brushraexists in a given habitat, and
deviations from the optimum result in a decreasemilian diversity. Importantly, site
UF featured extensive low brush cover and a veagit brush stem density, and this
phenomenon may explain why the site UF scored kiglly on component 1, but did not
host reptiles. From Figure 3B, the optimum per ¢eosh low cover appears to be
around 50%, whereas per cent brush cover at sitgligiitly exceed 80%.
Species endemism

Of the 12 species identified in my surveys, 6 wertad exclusively in open
areas, 4 were found exclusively in forested araag,2 species were found both in open
and forested areas (Figure 4). However, two ofdle species endemic to forested areas
have been incidentally observed in other habitaténg non-survey hours. So the actual
number of species restricted to forested areagasthe Ocellated Thick Toed Gecko
(one observation), and an unknown species of gébkee observations).

Discussion

Reptilian diversity in general on Wildcliff NatuRReserve appeared to be most
strongly associated with open areas, and in pdaticapen areas with a moderate density
of low shrubs and/or a moderate brush stem de(thige two vegetation measures are
obviously correlated). Conversely, diversity wagatesely associated with forested
areas. The patterns observed in the present stadikealy attributable to the favourable
thermal environments found in open areas, couplddawlensity of shrubs that does not
hinder locomotion, but that nonetheless providéicsent refuge from potential
predators. Similarly, a ‘preference’ for areas vatmoderate shrub density may
concurrently be related to the thermal requiremehtsptiles, whereby a very low or
high shrub density may be associated with very wamthvery cool environments,
respectively, that fall outside a preferred rangEmperatures.

Importantly, 66% (2 of 3) gecko species identifen the reserve were found
exclusively in forested areas. So although foreateds generally host a lower species

diversity than do open areas, there is still allewel of endemism in these wattle forests.



Figure 3: Relationship between reptilian specieemdity and (A) the number of brush
stems per 4Mm(y = -0.0004% + 0.061x + 1.69;? = 0.442) and (B) the per cent low brush
(transformed by dividing per cent cover by 100ntperforming an asin[square root] on
this value) cover per 4nfy = -11.4% + 10.8x + 0.484;* = 0.295). The site UF is
highlighted in red because it had the highest stensity and per cent low brush cover of
any site, and in both cases, this site appears thilting the observed quadratic

relationships.



Figure 4: The number of unique reptile speciesdémic’ species) found in each type of
habitat. “Open Areas” are areas that scored a ivegadlue in the PCA, “Forests” are
areas that scored positive values in the PCA. “Bagfers to the number of species that

were found both in forested and open areas.



In a similar vein, several studies (primarily fomgson arthropods) have reported a lower
species diversity in exotic vegetation stands hawe noted concurrently that community
assemblages differ among habitat types (DonneliiyGiiomee 1985; Breytenbach

1986; Samways et al. 199ndeed, data from a recently disturbed habitat

(the Power Line, where Black Wattle was cleared than 5 years ago, and the current
vegetative community consists primarily of low gbgsyshow that these 2 Gecko species
may not persist in open areas. That is, 1 of thpe®ies identified on the Power Line, the
Cape Skink Trachylepis capensisvas associated exclusively with open areas, whée
remaining 2 species, the Cape Girdled Liz&drflylus cordylusand the Spotted
Skaapstekerfsammophylax rhombea)usad been previously found both in forested and
open areas. This indicates that reptiles will imteecolonize an area within 5 years of
disturbance. But despite the fact that the Powee i directly adjacent to forest sites
where the 2 Gecko species were found, no Geckos feand on the Power Line. The
Ocellated Gecko is thought to require moist condgi(Branch 1998), and hence,
perhaps it prefers lower temperatures; this mawlneit was found exclusively in
forested areas. Hence, the eradication of Blacklé&/an Wildcliff Reserve is unlikely to
have a substantial negative impact on speciessiiyen general, but it may result in the
loss of gecko diversity.

There is, however, a major source of error in daisign that warrants careful
consideration: my primary sampling method invol¥igaping cover objects (primarily
rocks), so my design assumes that all specieslhadimals in all habitats use cover
objects similarly. This may not be the case. Faneple, in shrub-dominated meadows,
animals may opt to conceal themselves or forageinvidtense shrubbery, and if this is the
case, they would have been less likely to be oleskirvmy study. Second, with regard to
the site UF which hosted no reptile species, thelosion that this phenomenon is due to
shrub stem density must be considered tentativis.i3lbecause site UF was the only site
with no species that also had a high shrub stemsityeso this observation has to be
independently replicated at other sites before avesafely associate a lack of reptilian
diversity with high stem density.

In conclusion, the removal of Black Wattle on Wiff Reserve will likely not

have detrimental effects on reptilian diversitygeneral, as diversity appears to correlate



positively with open areas. However, the removaBlaick Wattle may eradicate two

gecko species that were found exclusively in fe@sireas.

References

Breytenbach, G.J., 1986. Impacts of alien organismterrestrial communities with
emphasis on communities of the south-western AapeA.W. MacDonald, F.J.
Kruger and A.A. Ferrarr (Editors), The Ecology aidnagement of Biological
Invasions in Southern Africa. Oxford University BseCape Town, pp. 229-238.

Blouin-Demers, G. and Weatherhead, P.J. 2001. Tdlexoology of Black Rat Snakes
(Elaphe obsoletgin a thermally challenging environment. Ecolody 8025-
3043.

Cowling, R.M., MacDonalds, I.A.W., and Simmons, MIR96. The Cape Peninsula,
South Africa: physiographical, biological and brstal background to an
extraordinary hot-spot of biodiversity. Biodivaysand Conservation 5: 527-550

de Bakker. 2003. Cited from “Africa Environment @ak (AEO-2): Challenges for

Realizing Development Opportunities (Ch. 10)”. Ashle at.
http://www.unep.org/dewa/Africa/publications/AEO-2/content/175.htm

Donnelly, D. and Giliomee, J.H., 1985. Communitysture of epigaeic ants in a pine
plantation and in newly burnt fynbos. Journalle Entomology Society of
South Africa 48: 259-265.

Samways, M.J. and Moore, S.D. 1991. Influence otiexconifer patches on grasshopper
(Orthoptera) assemblages in a grassland matrixextraational resort, Natal,
South Africa. Biological Conservation 57: 117-157.

Samwayd.J., Caldwell, P.M. and Osborn R. 1996. Groundhlivinvertebrate
assemblages in native, planted and invasive vegetiat South Africa .
Agriculture, Ecosystems and Environment 59: 19-32.

SARCA, 2007. Herpetology in Southern Africa

Available athttp://www.saherps.net/




