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ABSTRACT

There have been challenges in groundwater prospecting especially in the Midlands Province of
Zimbabwe. Prospecting has not been accurate with frequent occurrences of dry holes for both
geophysical and traditional groundwater prospecting techniques. The study involved an
assessment of the suitability of using plant indicators for ground water prospecting in the
Midlands Province of Zimbabwe. To achieve this, indicator species were first identified and
their abundances and biometric characteristics were used to predict borehole yields and depths.
The study area is dominated by bush and tree savanna and hence it was necessary to establish
and eliminate baseline species from the study. After elimination of baseline species, five species
were identified as indicators. The relationships between indicator species’ biometric
characteristics / species abundances and borehole depths / yields were determined through
regression analysis. Identified species were Acacia burkei benth, Acacia negrecens,
Lonchocarpus capassa, Piliostigma thonningii and Sclerocarya birrea caffra. Acacia burkei
benth, Acacia negrecens and Lonchocarpus capassa were the most powerful indicators in that
order in terms of yield prediction respectively. Piliostigma thonningii and Sclerocarya birrea
caffra showed the ability to form combinations with both Acacia negrecens and Lonchocarpus
capassa but however they were not confined to any yield ranges. The biometric characteristics of
the indicator species had weak correlations with borehole depth and yields (0 < R < 0.38). The
study also showed that there exists a strong positive linear relationship between the abundance of
Acacia negrecens (R = 0.68) and the yield of boreholes. Finally, Sclerocarya birrea caffra was
discovered to also have a strong linear relationship (R = 0.78) with borehole depth. The
identified indicator species can be used for identification of ground water sites but it is not
possible to predict the yield and depth of boreholes using species’ biometric characteristics in the

study area.
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CHAPTER ONE: INTRODUCTION

1.1  Background

Groundwater is water present beneath the earth’s surface (USGS, 1995). Its distribution is almost
everywhere whether under mountains, beneath hills, in plains or in deserts. Groundwater is not
always easily accessible and can be difficult to locate at times; it may lie close to the surface like
in marshes or may be hundreds of metres below the surface like in deserts. Groundwater is stored

and moves slowly through permeable rock forming what are called aquifers (USGS, 1995).

In order to be able to abstract water from these aquifers, groundwater prospecting is necessary to
determine the best possible location and depth of the aquifers. (Carruthers et al., 1992). Various
techniques are currently used to prospect for groundwater, this include both traditional and
modern scientific methods (Barker et al., 1992). Traditional methods involve divining using
different types of apparatus which include forked sticks, wire, bottles etc. water diving is also

called dowsing, traditional methods might even go as far as involving spiritualism.

Zimbabwe generally has a limited amount of groundwater resources (ZINWA, 2015). The
Zimbabwe National Water Authority (ZINWA) recognizes this limitation and has even gone as
far as to highlighted ‘difficult groundwater finding areas’ in Zimbabwe, including in the
Midlands Province namely Tongogara Rural District Council (ZINWA, 2015). The difficulty of
finding water in some parts of the province necessitate the need to improve or enhance current
groundwater prospecting technics in order to increase the probability of finding water necessary
for abstraction purposes. Plant indicators in the groundwater regime can play an important role in
increasing the accuracy of water finds.

The use of plant indicators for groundwater prospecting in the Midlands Province has been more
of an oral subject with groundwater prospectors claiming to use them but no academic research
has been done to assess their suitability. However (Meinzer, 1927), did use plant indicators to
determine the presence of groundwater in North America and (Malyuga, 1964), pointed out how
Acacia grandulifer was used by the inhabitants of Central Africa to determine the occurrence of

fresh water springs.



1.2 Problem statement

Borehole siting has not been an exact method with occurrences of dry hole situations for both
dowsing and electrical resistivity methods. Both geophysical and traditional methods struggle in
mineral rich areas, thus pointers like specific vegetation species will greatly improve siting
accuracy and consistency, by providing a basis for sampling sights. Furthermore there are also
some minerals like mica that even experienced dowsers find problematic and which turn

electrical resistivity methods into a hopeless case thus vegetation indicators could be helpful.

1.3 Justification

After the land reform programme, Zimbabwe experienced an increase in the number of both
small scale and large scale farming units. By the end of 2004, they had been 130 438 new
households created under the Al scheme (small scale) and 12 556 new farms under the A2
scheme (large scale), (World Bank, 2005). The majority of these large and small scale units are
not near any perennial water sources. The creation of these new units necessitated the need for an
increase in groundwater abstraction to satisfy the needs of the new farmers hence the need to
drill more boreholes. Furthermore an increase in urban residential development due to the recent
increase in economic growth which occurred mainly between 2009 and 2012 with an average
GDP of 8.7% (Ross, 2015), coupled with the failure of most city councils to meet the rising
water demand also led to an increase in the demand for boreholes for the purpose of groundwater

abstraction as a water solution amongst many urban residents.

Also both town and rural councils have been facing water shortage problems, resulting in Gweru
City Council having 25 boreholes drilled and Tongogara Community Share Ownership Trust
acquiring a rotary-pneumatic drilling rig. There are challenges in groundwater prospecting in
some areas e.g. Tongogara district (ZINWA, 2015). Coupled together with the high cost of
drilling a borehole it has made it very important for the accuracy of siting boreholes to be
increased. ZINWA (2015) acknowledges that Zimbabwe has 2 distinct hydrological seasons,
(season dry and a dry season). There exists few water holding structures to retain run-off during
the wet season for use in the dry season. The need for boreholes to supplying water during the

time of shortage (dry season) is imperative.



1.4

141

Objectives

Main objective

The main objective of the study is to assess the suitability of using plant indicators in

groundwater prospecting in the Midlands Province of Zimbabwe.

1.4.2

1.
2.

Specific objectives

To identify and link tree species’ to groundwater availability.

To determine relationships between indicator species’ biometric parameters (girth and
crown radius) and the depth/yield of the boreholes.

To determine the relationship between borehole yield and abundance of indicator species’

around the boreholes.



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

The idea of applying vegetation parameters as indicators for groundwater is not a new idea.
Meinzer (1927) wrote about plant indicators as an application for determining the presence of
groundwater. Studies showed how deserts plants formed a definitive group that indicated the
presence of groundwater. Le Maitre (1999) pointed out how vegetation and groundwater

interacted sitting the influence of vegetation on recharge.

Lewis (2011) defines that eco-hydrological indicators are plant species whose occurrence or
morphology can provide information on the hydrogeological set up of an area in semi-arid or
arid regions. Roberts (1999) provides information on how eco-hydrological indicators can be
used as a basis for groundwater evaluation in arid and semi-arid climates. Lewis (2011) argues
that Eco-hydrological indicators can be used to provide information on the absolute depth of the

water table, patterns of groundwater fluctuations and mineralization of aquifers.

Plants that have roots that extend to the water table and depend on groundwater for all, most or
some of their water requirements are called phreatophytes (Meinzer, 1927). These types of plants
are able to act as indicator species because their morphology is affected to a larger extent by
fluctuations in the groundwater table. Lewis (2011) sites some species that are phreatophytic
together with their depth thresholds and common and maximum reported rooting depths (Table
2.1).

Phreatophytes are valuable freshwater indicators in arid regions. The people of Central Africa
have been using Acacia grandulifer to identify areas with freshwater springs (Malyuga, 1964).
Acacia mesquite and Acacia greggii were also used by settlers in the south western part of the
United States to find underground freshwater (Meinzer, 1927).



Table 2.1: Rooting depth characteristics of Common Woody Phreatophytes (Lewis, 2011)

Common Rooting Depth to Groundwater Maximum RI:[.H.I‘TI.I.'I:]I
Adult Phreatophyie Depth (m) Survival Threshold {m) Rooting Depth (m)
Salix spp. 251w 30
Willow 35
14409 32
6.7
Populus spp. 25w 3.0
Cononwood 35
26
15411 5.1
3.0
Tamarix spp. 14406 26,
Salicedar 3
[+
20
Prosopis spp. i4+17 B0
Mesquite 33
13.0
15
5
10
Acacta spp. bE
a5
30
b
<70

2.2 Phreatophytes

Phreatophytes are plants that can send their roots down to the capillary fringe just above the
water table or to the water table itself; this enables them to have a secure, perennial water source
(Meinzer, 1927). Phreatophytes can provide information on the geo-hydrological setup of an
area. There are two types of phreatophytes, obligate and facultative. Obligate phreatophytes need
to have continuous access to groundwater for their survival (Preobrazhenskaya, 1965).
Facultative phreatophytes preferentially require groundwater but not exclusively, they can still
survive on water form unsaturated soil when groundwater supplies are depleted. Consequently
obligate phreatophytes exhibit higher sensitivity to groundwater aquifer conditions and thus are

better vegetation indicators for groundwater characteristics (Lewis, 2011).

Differentiating between obligate or facultative phreatophytic species is difficult even for
botanists; the physiological difference between obligate and facultative phreatophytes is blurred

(Webb et al., 2006). The extraction of groundwater as a water source has been shown to be



inconsistent even for individual phreatophytic plants, thus hydrogeologists will usually have to
be content with just identifying a species as phreatophytic without being able to determine

whether they are obligate or facultative (Zencich et al., 2002).

Determination of whether species are phreatophytic is possible mainly for arid or semi-arid
regions. During dry months phreatophytic species will stay green and maintain physiological
activity while those that cannot obtain water from the water table will show obvious signs of
water stress such as wilting (Horton et al., 2001). Morphology, vegetation density and species
composition changes considerably within a short distance between plant communities that are
using an aquifer as a water source compared to those that are not, vegetation benefiting from
groundwater is more robust compared to any vegetation that might be near-by that is not.

However in humid climates these obvious visual signs are non-existent (Lewis, 2011).

2.3  Groundwater

When rain enters the earth’s surface some will flow as overland flow and some will flow just
below the surface as interflow, the rest percolates into the soil. A large percentage of rainwater is
transferred back into the atmosphere as vapour through transpiration and evapotranspiration.
Rainwater causes the water table to change drastically. 20mm of rainfall can change the water
table by 50cm (USGS, 1995). Groundwater moves slowly through aquifers where it is stored.
Aquifers exist in moderately permeable or highly permeable rocks. The term aquifer is derived
from the Latin words aqua and ferre, which mean water, and to carry or bear respectively. An
aquifer maybe made by one or more layers of gravel or sand, sandstone or even cavernous
limestone rock (Fetter, 2001). It can also exist at the base of old lava flows or in fractured granite
having sizeable openings. Existing between the ground surface and the aquifer is the unsaturated
zone (vadose zone); it usually contains some water in the pore spaces of soil and in small
openings in rocks. Large rock openings are usually filled with air not water. This zone is affected
greatly by precipitation patterns, being saturated after a significant rainfall event and drying out
after a long dry spell. Water is also held in this zone by molecular attraction to rock and soil

particles, this water cannot flow into a well (USGS, 1995).



Excess water infiltrates down to a level called the water table; below this level all openings and
pore spaces are saturated with water. The saturated zone constitutes aquifer water that moves to
springs or wells. Groundwater moves slowly through the vadose zone thus natural refilling of
aquifers is a slow process. Water also moves slowly through the aquifer its self-such that the rate

of recharge is an important consideration for purposes of abstraction. (Fetter, 2001)

Clay and solid granite may actually have a few hairline cracks which restrict water movement,
such that small quantities of water are transmitted, these are poor aquifers. On the other hand
fractured sandstones and limestone may have large interconnected openings that transmit a lot of
water and these are good aquifers (Todd et al., 2005). Aquifers have a varying degree of
thickness, from less than 1 m to a few metres or can be tens of metres thick. Aquifers also vary in
their depth ranging from a few metres to hundreds of metres. Furthermore some aquifer carry
water for long distances such as sandstone aquifers while other are only local such as sand and
gravel deposit aquifers (USGS, 1995).

Porosity determines the quantity of water any given rock type will hold, porosity is a ratio
measuring spaces or cracks within the rock that can hold water. A well-sorted media with same
size grains will store and transmitted more water than a media with poorly-sorted different sized
grains, the smaller grains will fill the pore spaces in place of water (Todd et al., 2005). Sand and
gravel aquifers store and transmitted a lot of water because of their well sorted grains. Inter-
connectivity of pore spaces increases the area in which water can move thus increasing the
permeability of the rock. Rocks that yield large volumes of water for well purposes have many
interconnected pores. Compact consolidated rocks such as granite can also be water bearing if
they have interconnected cracks or fractures. Gradual processes of weathering continue to open

these cracks increasing their water bearing potential (USGS, 1995).

2.4  Technics of groundwater prospecting

Most technics for groundwater prospecting are dependent on geology (Beeson, 1988). A technic
might be very successful in one area but be useless in the next. In places where groundwater is
easily found hydrogeology is of little consideration, in areas were groundwater is not so obvious

standard techniques for groundwater survey can be employed. In order to have an accurate



assessment of groundwater potential it’s important to rely on more than one approach.
Integration of various techniques is necessary for an accurate assessment (Telford et al., 1990).
Geological triangulation is necessary, this involves looking at maps, taking observations and then
applying geophysical techniques. It is important to accurately and correctly locate areas were
surveying is to take place on topographic and geological maps. These provide initial information
on the basic geology of an area. The co-ordinates for any given area can be determined using

GPS, for purposes of location on a map (Carruthers et al., 1992).

Observation of the local geology must be done with care and discussions carried out with the
locals. Exploiting local knowledge and experience is important for realizing the geology of an
area. Locals know the environment of the area and usually any water development that might
have already occurred (MacDonald et al., 2001). Rock types should be observed and noted. An
evaluation of local perennial and seasonal water sources should be carried out. Sources of
groundwater should be noted and collection rock of samples from exposures and shallow well for
further analysis can also be done. This information gives an indication of the probability of
finding groundwater in the area. If existing wells and boreholes have water throughout the year

then the probability of finding wet holes is also high (MacDonald et al., 2001).

If maps and observations fail to provide satisfactory answers to aid in the siting of a successful
borehole then geophysical techniques have to be employed. Geophysical techniques are not fail
safe as they do not directly detect the presence of water however they measure physical rock
properties and help to increase the probability of finding groundwater (Reynolds, 1997). They
aid in the interpretation of rocks present in an area and help determine where specific rock
formations maybe more fractured. They are a great number of geophysical techniques and
numerous pieces of equipment. Many due to the sophisticated equipment and complex analysis
are not suitable for rural water development programs. The two most commonly used
geophysical techniques in sub-Saharan Africa are ground conductivity and electrical resistivity.
Magnetic techniques can also be applied at times (Barker et al., 1992). Table 2.2 summarises

some geophysical techniques employed in groundwater surveys;



Table 2.2: Summary of common geophysical techniques used in groundwater prospecting

(MacDonald et al, 2001)

Geophysical What it measures Output Approximate Comments

technique maximum
depth of
penetration

Frequency Apparent terrain Single traverse lines 50 m Quick and easy method for determining

domain EM electrical conductivity  or 2D contoured changes in thickness of weathered zones or

(FEM) {calculated from the surfaces of bulk alluvium. Interpretation is non-unique and
ratio of secondary to ground conductivity requires careful geclogical controd. Can also
primary EM fields) be used in basemant rocks 1o help identify

fracture zones.

Transient EM  Apparent electrical Quitput generally 100 m Better at locating targets through conductive

(TEM) resistance of ground interpreled to give 10 overburden than FEM, also better depth of
{calculated from the resistivity profile penetration. Expensive and difficult to
transient decay of operale.
induced secondary
EM fields)

Ground Reflections from 2D section showing 10m Accurate method for determining thickness of

penelraling boundaries batween tirme for EM waves 1o sand and gravel. The technique will not

radar (GPR) bodies of different reach reflectors penetrate clay, however, and has a depth of
dislectric constant penetration of about 10 m in saturated sand or

gravel.

Resistivity Apparent electrical 1-D vertical S0m Can locate changes in the weathered zone
resistivity of ground geocelectnic section; and differences in geology. Also useful for

mone complex identifying thickness of sand or gravel within
equipment gives 2-D superficial deposits. Often used to calibrale
or even 3-D EM surveys. Slow survey method and
gecelectnic sections requires careful interpretation.

Seismic Powave velocity 2.0 vertical sectionof 100 m Can locate fracture zones in basement rock

refraction through the ground P-wave velocity and also thickness of drift deposits. Mot

particularly suited to0 measuring variations in
composition of drift. Fairly slow and difficult 1o
interpret.

Magnetic Intensity (and Variations in the 30m Can locate magnetic bodies such as dykes or
sometimes direction)  earth’s magnetic fiekd sills. Susceptible to noise from any metallic
of earth’s magneatic either along a objects or power cables,
foeld traverse or on a

contoured grid

VLF Secondary magnetic  Single traverse lines, 40m Can locate vertical fracture zones and dykes
fields induced in the or 2D contoured within basement rocks of major aquifers

(very low ground by military surfaces.

frequency) communications
transmitters

2.4 Indicator species

Indicator species are determined by analyzing the frequency at which the species is occurring in
specific sites, the sites are classified into groups each group having a specific desirable
characteristic required for observation. The classification of site groups may be derived from



similarities in environmental conditions across sites (e.g. types of habitat i.e.
disturbed/undisturbed), or in composition of species’ (e.g. community types or vegetation). Site
groups may also be derived from the study design (e.g. comparison across geographic regions
or repeated surveys) or obtained using various criteria, like land use classes. A site group might
fail to have an indicator species even if its community composition is clearly different from other
types of sites, such that indicators can become a specific combination of species’ rather than one

species (DeCa’ceres et al., 2012).

Background information about a specific region or area is very important when interpreting what
species indicators are telling us about an aquifer. Understanding both the seasonal and
meteorological cycles of an area are important in understanding if the range of an indicator
species is limited by water table absolute depth or by fluctuations in groundwater levels (Wierda
et al.,1997). Where mature woody indicator species are present in the absence of immature ones,
it’s a direct sign that the water table is probably deeper or that there are large fluctuations in
groundwater levels in comparison to areas that have both immature and mature indicators. The
mixture of different species types maybe an indication of different subsurface conditions.
Information important to a hydrogeologist is usually acquired from observing patterns of
behaviour through a range of various indicator species. Assessment of patterns usually requires
good judgment rather than measurement. There is subjectivity in the interpretation of species
indicators which may be uncomfortable to practitioners who require accurate depth readings for
groundwater surveys (Lewis, 2011).

Identifying the frequency of occurrence and relative abundance of a particular species indicator
eliminates the need to sample an entire community or area; this is useful in management of
ecological systems and in the long term bio-monitoring of the environment for purposes of
conservation. Species qualify as indicators if they reflect the abiotic or biotic conditions of an
area or environment and if they reflect changes in the environment. Analyzing the frequency of
occurrence of an indicator species to specific site groups characterizes the species preferred
habitat niche and can allow for the ecological specialization to be assessed (DeCa’ceres et al.,
2011).

10



For site groups the frequency of occurrence of a particular species or a combination of species
allows for the classification of a newly surveyed site or area exhibiting the same species
characteristics to be classified in the same site group. Due to their predictive value, indicator
species have a strong appeal to land managers and conservationists for assessment of ecosystem
change as they are cost-effective and time-efficient (McGeoch, 1998). There are several methods
to statistically determine an indicator species. Among them, the most commonly used method
includes the assessment on the association between species and site groups by way of correlation

or indicator value indices (Dufre” ne et al., 1997).

Correlation investigates the relative negative or positive preference of a species for a particular
site group, compared with any other remaining groups. However, indicator values are not
negative and investigate the extent to which sites of the target site group match the
sites to which particular species are found (Chytry” et al., 2002).

Usually, the results of an analysis for indicator values for any site group contains a list of species
that are significantly observed in it, outputted in decreasing order of the indicator values. When
an already observed indicator species or a combination of species is discovered in a newly
surveyed site, the site can be assigned to the site group. The more indicator species are found in

the newly surveyed site, the higher the confidence on the assignment (Lewis, 2011)

2.4.1 Indicator value analysis for single species

It is important to determine the specificity or positive predictive value of a species as an indicator
for a particular site group (DeCa’ceres et al., 2012). The positive predictive value is the
conditional probability(A), that a particular surveyed target area or site belongs to a site
group(G) given that it contains indicator species (S) derived from a given site group (Equation
2.1).

(2.1)

Useful indicator species give both a high positive predictive value and are easy to identify. If the

probability of identifying a species in a given site group is high, then the probability of finding

11



the same species in a newly surveyed site of the same area is higher. This is the sensitivity or
fidelity of the indicator species for determining a target site group (DeCa’ceres et al., 2012).
Sensitivity is the conditional probability (B), that a species (S) will be found in a given site group
(G) (Equation 2.1);

(2.2)

In order to determine the indicator value two elements are necessary; (i) division of sites into
non- overlapping classes and, (ii) site versus species data table showing frequency and
abundance of species for the sites. A good indicator species is one restricted ecologically to its
specific site group and also occurs frequently within its site group. The indicator value index is

given by the product of specificity and sensitivity i.e.

Indicator value index (IndVal) = Conditional probability (A) x Conditional probability (B),
(Dufre” ne et al., 1997).

The species sensitivity also called its fidelity (B) can be simply estimated from the relative
frequency of occurrence exhibited by the species in the sites belonging to the target site group.
The positive predictive value also called its specificity (A) of a species can be determined from
either its presence or absence or from the species abundance in a target site group. Assuming
there is a sample representative of all the sites, an estimator of (A) can be calculated from
number of occurrence of the species in the target site group, divided by occurrence of the species
across all sites. As an alternative (A) can be calculated from the addition of abundances with the
sites of the target site group divided by the total abundance values from all sites (Dufre” ne et al.,
1997). These first two methods assume that the target site group was properly sampled, no under
sampling or over sampling occurred. However if sampling is improper and if over presentation
of site groups occurred then we can divide the relative frequency of the species across a target
site group by the sum of the relative frequencies across all groups to calculate (A). This gives
equal weight to all site groups for presence or absence data in the calculation. For abundance
data when over presentation of samples occurs we can divide the average abundance of species

in a target site group by the average abundance values across all sites (DeCa’ceres et al., 2012).
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2.4.2 Indicator value analysis for species combinations

Species indicators can be determined by combining absence or presence data of different
species’ provided they have joint occurrence. However most sites usually have single species
acting as indicators when compared to species combinations, this results’ in the positive
predictive value and the sensitivity of species combinations being estimated from a smaller
sample resulting in a less precise estimation of indicator value. (DeCa’ceres et al., 2012)
However the underlying principles for calculation of positive predictive value and sensitivity are

still the same. The positive predictive value is given by Equation 2.3;

(2.3)

While the sensitivity is given by Equation 2.4;

(2.4)

(DeCa’ceres et al., 2012).

Due to the lack of correlation of information from the two independent species under
consideration, joint IndVal of the two species may have a higher value than that of a single
species’. The number of species that can be used jointly as a combination is not infinite due to

lowered (B) values and decreasing precision of (A) estimates (Pignatti, 1980).

A set of species indicators may be of greater use compared to a single species when the target
site group is widespread geographically resulting in low individual sensitivity as each indicator
might end up occurring in only a small part of the broad geographical range. Thus one indicator
can be used in one part of the geographical range while another indicator is used in another part
of the geographical range for the same target site group. The important quantity of pooling the
species indicators such that they complement each other to give a pooled coverage can give us a
percentage of the sites within the target site group where at least one of the indicators is

occurring (DeCa’ceres et al., 2012).
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2.4.3 Selecting candidate species

Selecting candidate species reduces the number of species to be explored during analysis.
Species that have a low frequency of occurrence at the target site groups can be discarded.
Additional characteristics such as rooting depth can also be used to discard candidate species
(McGeoch 1998).

2.4.4 Setting a maximum number to the species forming a combination

Reducing the number of species indicators is necessary since combinations with a large number
of species are not usually used as indicators; it also reduces computational requirements
(DeCa’ceres et al., 2012).

2.4.5 Selecting valid indicators

Both confidence interval calculation and hypothesis testing can be done for permutation of
species combinations for indicator purposes. However hypothesis testing as a strategy for
determining the best indicators can be problematic as a large number of species can occur within
a specific target site group especially if site groups are defined using species composition data.

The best method is to determine those species restricted to target sites (DeCa ceres et al., 2009).

It is recommended to set a threshold which sets the lowest allowable positive predictive value
(At). This minimum threshold is a subtraction of the maximum allowable false positive a user
will accept for future potential target sites. For example if At = 0.6, then all valid indicators will
indicate a false positive in the target site group 40% of the time. A species or species
combination is then considered a valid indicator if its lower bound of the 95% confidence
interval is equal or higher than the lowest allowable positive predictive value (At). A minimum
value for sensitivity can also be set so as to discard those indicators that might be powerful but

occurring at too low a frequency (DeCa’ceres et al., 2012).

2.5  Use of indicator species biometric characteristics in groundwater prospecting
2.5.1 Rooting depth
It is important to understand both the maximal and typical rooting depth of phreatophytic

species. Rooting depths enable hydrogeologists to estimate the depth to which roots have to grow
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in order for plant species to benefit from groundwater. However rooting depth is only a guideline
to help determine water table depth due to the fact that they are affected by other factors such as
shallow bedrock or the bulk density of soil (Canadell et al., 1996).

Phreatophytic plants experiencing water stress have been determined to have relatively deeper
root systems (Schenk et al., 2002). Plants that are experiencing water stress usually send their
roots deeper and can reach their threshold theoretical maximum rooting depth (Shafroth et al.,
2000). Phreatophytes exhibiting signs of water stress show that the depth of the water table is
close to the threshold depth of their rooting system. Signs of water stress can also show
fluctuations in recent groundwater levels. Thriving phreatophytes on the other hand show
accessible groundwater levels within easy access of their rooting system (DeCa’ceres et al.,
2012).

Many savannah tree species are deep rooted with leguminous species such as Prosopis and
Acacia being able to reach depths of up between 3 to 20 m or even up to more than 53 m. (Stone
et al., 1991). Many shrub species can penetrate up to 10 m, while eucalyptus can reach up to 60
m (Dodd et al., 1984). View (Table 2.1).

2.5.2 Girth, crown width and height

When plants are exposed to groundwater their productivity goes up, they are able to produce
more in terms of biomass i.e. to increase in size and numbers. Studies were conducted in
Australia linking leaf area index to the availability of groundwater. The study went on further to
show how trees grew bigger in areas were groundwater was available (National Centre for
Groundwater Research and Training, 2014). Meinzer (1927) mentioned how plants growing
where there is groundwater had a higher growth than plants that were not. Peggy et al. (1982)
carried out a study to investigate the effects of an altered hydrologic regime on tree growth. The
study showed that trees in uplands which retained less water had less growth than those in
downlands which retained more water. Braun et al. (2004) conducted a study to investigate on
the effects of water level variations on tree growth. The studied used the biometric characteristics

tre