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Abstract-The Restionaceae species of the fynbos biome is part of the Cape floral kingdom, one of only six floristic kingdoms in the
world. It is threatened by urbanization, agricultural expansion and groundwater extraction. Therefore, it is necessary to assess and
monitor the Restionaceae species. South Africa is a semi-arid environment and hydrological factors are the main variables in the
determination of species niches. This study investiagates the microclimate at Silvermine, and examines the contribution of
hydrological variables to plant species distribution, thus creating a hydrological niche. This study generates its own unique
microclimate hydrological datasets for modelling species niche. Additionally, this study assessed and modelled the effectiveness of the
use of hydrological variables to determine species hydrological niche, at a microclimate level in a semi-arid environment. It also
provided evidence regarding the importance of the study to conservation and future climate change impact analysis of plant species
and species richness.
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1. INTRODUCTION AND BACKGROUND

The Cape floral kingdom is one of only six floristic kingdoms in the world, and is the smallest and richest per unit of area.
Fynbos consists of natural shrubland vegetation and forms part of the Cape floral kingdom, which contains 80% of the Cape
Floristic Region’s species [1]. Fynbos is a key vegetation community, and is composed of the plant families Ericaceae,
Proteaceae and Restionaceae. The Restionaceae are a family of perennial evergreen wind-pollinated flowering plants, which
vary from 10 cm to 3 m in height which, based on evidence from fossil pollens, originated more than 65 million years ago [1].
In terms of conservation, the Restionaceae is threatened by urbanization, agricultural expansion and groundwater extraction.
Therefore, it is very important to discover the influence of hydrological variables on the Restionaceae at a local microclimate
level, particularly for conservation and climate change. Due to the semi-arid environment of South Africa, hydrological factors
are major environmental variables which contribute to the determination of species niche. A niche defines the way in which a
species fits into an ecological community or ecosystem, and is modelled by environmental variables [2]. In this study, we
examine the hydrological niche, which models the Restionaceae habitat through hydrological variables.
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Fig. 1 Silvermine study location in South Africa Fig. 2 Silvermine study area plot and sample locations

The study area, as shown in Fig. 1, is at Silvermine, within the Cape Floristic Region. Fig. 2 shows a plot of the 50m by
50m study area, with 200 sample locations, placed on a grid 3-5 m apart. It must be noted that the precise plot area size varies
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with the land topography of the study area. Samples measurements were taken for the following variables: elevation, water
table depth, soil drying threshold, waterlogging threshold, and for the presence or absence of Restionaceae species at each
sample point [3]. Previous studies of species niche have focused on macroclimate level and climate variables rather than local
microclimate level and hydrological variables. Primarily, previous studies of species niche and climate change have used
country-wide macroclimate datasets.

The soil water regime of hydrological variables used in the study is based on the hydrological models from previous
research [4]. The water-table depth was monitored by the use of tube wells, and supported by automatic logging pressure
transducers. The tube wells were read manually every two weeks, and subsample data was recorded every four hours for at
least twelve months. Using the hydrological data from the tube wells, the water-table depth for each sample location was
obtained [3, 5, 6]. The water-table depths were then used to calculate the sum exceedance values (SEVs) for aeration and water
stress [7].

The sum exceedance value (SEV) is a scale used to measure the exposure of plants to aeration or drought stress when the
water table falls below average (causing drought), or rises above averate (causing aeration stress) [8]. The SEVs are a
derivation of water table depth and the duration of flooding or drying. Poor soil corrosions are caused by water logging, and
drought stress is caused by soil dryness [9]. The soil drying threshold (SEVd) is calculated according to the water-table depth
which provides 50 cm (5 kPa) of tension at the soil surface, where the plants show the effects of water stress [10]. The SEVa
threshold is calculated as the water-table depth at which the densest rooting, located at a depth of 0-100 mm, becomes
waterlogged, or when the air-filled pore space is less than 10% of the total soil volume [11]. The SEV represents the degree to
which water-tables exceed the thresholds, and the extent of the exceedance is then cumulated to obtain the SEV. For soil, the
drying threshold is between 45-48 cm, and the aeration stress threshold is 15-20 cm [3, 5, 6].

This study generated its own unique microclimate hydrological datasets for modelling species niche. It focuses on the
microclimate level, and examines the influence of hydrological variables on plant species distribution, creating a hydrological
niche. This primary objective of this study is to assess and model the effectiveness of using hydrological variables to determine
species hydrological niche at a microclimate level in a semi-arid environment, and to provide evidence of the importance of the
study to conservation and future climate change impact analysis.

II. RESTIONACEAE AND HYDROLOGICAL VARIABLES

To explore the hydrological niche of plant species, the hydrological variables to be evaluated are the water table depth, soil
drying threshold, waterlogging threshold, and the relative elevation. This study generated its own microclimate hydrological
datasets for modelling species niche, based on the aforementioned variables. Samples were taken at each sample point to
determine the presence or absence of Restionaceae species [3]. The five Restionaceae plant species (Fig. 3) found at the
Silvermine study area are: Elegia filacea, Hypodiscus aristatus, Restio capensis, Restio cincinnatus, and staberoha cernua.

Elegia filacea Hypodiscus aristatus Restio capensis Restio cincinnatus Staberoha cernua

Fig. 3 Five Restionaceae plant species found at Silvermine [12]

Ordinary kriging was conducted on the hydrological data in order to provide the microclimate environmental layers used to
calculate the hydrological niche of the species. Kriging is an interpolation procedure which uses collected observations and a
semivariogram to determine the values of non-sampled locations; the procedures involved in kriging incorporate measures of
error and uncertainty when determining estimations. Ordinary kriging is a type of kriging that uses a location-dependent
weighted average of the observed values colleted from the given locations, where the weights depend upon the spatial
correlation structure of the data [13, 14, 15].

Ordinary kriging is a linear predictor [13, 14, 15]:
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N
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Where s; is a location with observation Z(s;), and coefficient A satisfies the ordinary kriging linear equation system:
N
ZAjy(g(si)—g(sj))—w = —y(g(si)—g(so)), i=12,-,N
Jj=1
S =1 @)
=i
The ordinary kriging system is generated under the assumption of an additive spatial model:
Z(S)=,u(s)+£(s) 3)

Where z(s) is the basic (expected) spatial trend and &(s) is an error term

E[e(s)]zO,V[e(s)}=0'2 (s) “)

Accordingly, the variogram 2y of the random error function ¢ is defined as follows:
27 (W) =E[ ((s+h)=5(h))' | )

Where 7 is the separate vector between two spatial points s+4 and s [13, 14, 15]. The semi-vario gram model used in this

study is as follows:
0= [nY*
}/(h,@)—@s l—exp(—_’)[?r (6)

for all h, where 6, >0 and 0< @, <2 [16]. Thus, the microclimate variables are generated.

[ silvermine study area [ silvermine study area
elevation according to reference point Silvermine WTD
I -1.999613 - -1.369400 I 0653932 - 0.700671
I -2.536699 - -1.999614 I 0.700672 - 0.737443
I -3.384500 - -2,536700 [ 0.737444 - 0.766373
I -4.379305 - -3.384501 0766374 - 0.789133
[0 -5.009520 - -4.379306 0.789134 - 0.821128
-5.749011 - -5.009521 0.821129 - 0846300
-6.616726 - -5.749012 [ 0.846301 - 0.864206
-7.634900 - -6.616727 B 0.864207 - 0.B86967

Fig. 4 Relative elevation according to reference point, longitude 18.44835, Fig. 5 Water table depth (WTD) at Silvermine
latitude -34.10925 at 378 meters

Fig. 4 shows the relative elevation. These values were recorded in relation to a reference point near the plot: longitude
18.44835, latitude -34.10925 at 378 meters. The reference point at the Silvermine location was at a higher elevation than the
plot, so all points on the plot appeared negative; he darker colours indicate higher relative elevations. In Fig. 5, the water table
depth (WTD), sometimes referred to as depth to water (DTW), is shown. Higher WTD values signify deep or lower water
tables, which are related to drier conditions.
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[ Silvermine study area [ silvermine study area
Silvermine SEVd Silvermine SEVa
Il 15.154165 - 16.462044 I 0.000000 - 0.004263
Bl 16.462045 - 17.554506 B 0.004264 - 0.023482
B 17.554507 - 18.467274 0.023483 - 0.043747
18467275 - 19.229689 0.043748 - 0.077823
19.229690 - 19.866583 0.077824 - 0,135121
19.866584 - 20.843065 0.135122 - 0.393473
I 20.843066 - 21.375103 O e I 0.393474 - 0.665884
M 21.375104 - 22.011997 = g I 0665885 - 1.123941

Fig. 6 Soil drying threshold (SEVd) at Silvermine Fig. 7 Soil aeration stress or waterlogging threshold (SEVa) at Silvermine

The soil drying threshold (SEVd) is displayed in Fig. 6. A sum exceedence value for soil drying is cumulated during
periods in which the moisture tension of the surface soil exceeds 5 kPa, which could potentially induce stomatal closure in
plants [9]; high SEVd indicates dry soil conditions. The soil aeration stress or waterlogging threshold (SEVa) is shown in Fig.
7. A sum exceedance value for aeration is calculated from the cumulative periods in which the air-filled porosity of the soil
falls below 10% by volume, which is assumed to preclude the free diffusion of oxygen in the topsoil [9]; high SEVa indicates
wet conditions in the soil.

III. HYDROLOGICAL NICHE MODELLING

Restionaceae occupy a wide range of environmental conditions, and inhabit both moist and dry environmental conditions
[3]. Therefore, the five species used in the study have different hydrological preferences; some are distributed in wetter
environment and some are distributed in drier environment. In order to examine the distribution and the relationship between
the species and hydrological variables, species distributions have been modelled to show the hydrological niches of the five
studied species. Species distribution models are used to estimate the relationship between Restionaceae species records at
sample sites, as well as the environmental and spatial characteristics of the sites [17]. The species distribution model used in
this study is achieved by MaxEnt [18].

MaxEnt applies Bayesian methods to estimate the potential geographic distribution of species by finding the probability
distribution of maximum entropys; it is an effective method for modelling species distributions from presence-only data (Elith
et al. 2011). The conventional Bayesian risk analysis is based on the quadratic loss function and the use of a conjugate family.
Maximum entropy modelling is an important Bayesian inference, which is established by different risk criteria. MaxEnt is a
Bayesian approach by which the species probability distribution is statistically estimated by searching the family of probability
distributions under the maximum entropy criteria subject to environmental constraints.

The Gibbs family {g,(x), AIL} is expressed as follows:

1 2 @)
q,(x)=——F—exp| > 4 [, xj
= Zel $A00
Where 4; = (4;, 45 ,..., 4,) is the weight vector, A; represents the weight parameter, L is the m-dimensional space, f; (x)

represents the probability distribution of species i, and Z,(x) is the normalized constant. Note that each element x is a pixel in
the investigated area. The probabilities f; (x) represent the relative suitability of the environmental conditions in each pixel [18,
19, 20].

Fig. 8 depicts the hydrological niche of the Elegia filacea species, modelled using hydrological variables. The percentage
contribution of each variable to Elegia filacea species distribution is as follows: elevation (19.5%), WTD (50.5%), SEVd
(23.1%), SEVa (6.8%). The preferred relative elevation is between -5 and -4, water table depth is 0.62 to 0.72, and soil drying
threshold is 14 to 18. Fig. 9 shows the hydrological niche of the Hypodiscus aristatus species, modelled using hydrological
variables. The percentage contribution of each variable to the Hypodiscus aristatus species distribution is as follows: elevation
(47.2%), WTD (28.6%), SEVd (9.3%), SEVa (14.8%). The preferred relative elevation is between -5 and -3, and water table
depth is 0.86 to 0.9.

- 289 -
DOI: 10.5963/JTWRHE0403011



Journal of Water Resource and Hydraulic Engineering Jul. 2015, Vol. 4 Iss. 3, PP. 286-292

@ Elegia filacea sites @ Hypodiscus aristatus sites
[ Silvermine study area [ Silvermine study area
[ hydrological niche of Elegia filacea | hydrological niche of Hypodiscus aristatus

Fig. 8 Elegia filacea species hydrological niche Fig. 9 Hypodiscus aristatus species hydrological niche

Fig. 10 shows the hydrological niche of the Restio capensis species, modelled according to hydrological variables. The
percentage contribution of each variable to Restio capensis species distribution is as follows: elevation (36.5%), WTD (36.9%),
SEVd (1.6%), SEVa (24.9%). The preferred relative elevation is between -6 and -1, water table depth is 0.86 to 0.9, and
waterlogging threshold -0.1 to 0.5. As shown in Fig. 11, the hydrological niche of the Restio cincinnatus species is modelled
using hydrological variables. The percentage contribution of each variable to Restio cincinnatus species distribution is as
follows: elevation (4.3%), WTD (62.1%), SEVd (10.1%), SEVa (23.4%). The preference for water table depth is 0.6 to 0.7 and
0.8 to 0.9, and the waterloging threshold is -0.1 to 0.65. As seen from the niche map above, this species adapts itself to a wide
variety of environmental and hydrological conditions.

@ Restio capensis sites @ Restio cincinnata sites
[ Silvermine study area [ silvermine study area
| hydrological niche of Restio capensis |1 hydrological niche of Restio cincinnata

Fig. 10 Restio capensis species hydrological niche Fig. 11 Restio cincinnatus species hydrological niche

As shown in Fig. 12, the hydrological niche of the Staberoha cernua species is modelled using hydrological variables. The
percentage contribution of variables to staberoha cernua species distribution is as follows: elevation (19.9%), WTD (73.1%),
SEVd (0%), SEVa (7%). The preferred relative elevation is between -6 and -1, and water table depth is 0.62 to 0.75.
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@ Staberoha cemua sites [ silvermine study area
[ Silvermine study area Species richness
| hydrological niche of staberoha cernua - High: 5

Low:0

Fig. 12 Staberoha cernua species hydrological niche Fig. 13 Species richness map of Silvermine study area

As shown in Fig. 8-12, some Restionaceae species prefer wetter conditions and some prefer drier conidtions, while Restio
cincinnatus prefers a wide range of hydrological conditions. Each individual species has its own hydrological niche with their
own niche requirements, but they also coexist with other species within the same ecological niche, and thus compete for the
same hydrological resources.

TABLE 1 PERCENTAGE CONTRIBUTION OF THE ENVIRONMENTAL VARIABLES TO SPECIES DISTRIBUTIONS

Species Elevation WTD SEVd SEVa
Elegia filacea 19.5 50.5 23.1 6.8
Hypodiscus aristatus 47.2 28.6 9.3 14.8
Restio capensis 36.5 36.9 1.6 249
Restio cincinnatus 4.3 62.1 10.1 234
Staberoha cernua 19.9 73.1 0 7

Table 1 identifies the important contributions that each hydrological variable makes to each of the five species. The water
table depth is identified as the main variable of influence, and is important to all five species. The soil dryness threshold and
waterloging threshold are both correlative and dependent on the water table depth. This indicates that should there be any
climate change which results in changes of water table depth it would impact the species niches and might cause changes in
species distribution.

Fig. 13 depicts the species richness of the Restionaceae species. The map shows that high species richness is correlated to
low water table depth, a low soil drying threshold, and a high waterloging threshold. This indicates that the species richness
index is higher in regions with wetter soil conditions. These study results suggest a direct impact on the conservation of species
richness. Should there be any climate change (for example, less rainfall) resulting in a higher water table depth, it could result
in a reduction of species richness, as some species might not survive with the changed conditions. Accounting for South
Africa’s semi-arid environment, urbanization, groundwater extraction and the creation of more bore holes will ultimately cause
a change in hydrology and therefore impact the Restionaceae species niche [21, 22].

IV.CONCLUSIONS

In this study, we employed microclimate modelling techniques to generate hydrological layers, in order to explore the
hydrological niche of the Restionaceae species. In the Silvermine study area, the water table depth was identified as the main
contributing variable, and important to all five studied species. Relative elevation, waterloging threshold, and soil dryness
threshold all contribute differently to the five species: Elegia filacea, Hypodiscus aristatus, Restio capensis, Restio cincinnatus,
and staberoha cernua. This indicates the different hydrological requirements of each individual species, all of which yet coexist
and share the same hydrological niche area in Silvermine.

The study assessed and modelled the effectiveness of using hydrological variables to determine hydrological niches, at a
microclimate level in a semi-arid environment. The study has also provided evidence of the importance of studied variables to
conservation and future climate change impact analysis, because any changes in the hydrological variables will cause changes
in the hydrological niche and a subsequent change in the species richness index. The results of this study are invaluable to the
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assessment and monitoring of plant species due to hydrological changes.
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