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Abstract
Drains have been widely used to treat dry land salinity and removing excessive
water from wetland area. The main aim of this study is to evaluate the impact on
vegetation by deep and open drains. Aerial images of two different time interval
were evaluated by using dot grid overlaid method. Deep and open drain had
significantly changed the vegetation composition of study area. Proportional
coverage of bare ground had increased by 132.9%. Conversely, the proportional
coverage of lakes, shrubs and grassland had decreased by 26.1., 21.1 and 3.9%,
respectively. The impact was severe in the wetland landscape in comparison to the
pasture landscape.

Key words: Vegetation change, Deep drainage, Environmental impact, South
Australia

Introduction
Human settlement is one of the major
influencing factors that can significantly
change composition of landscape around the
world (Antrop, 2000; Giannecchini et al.,
2007). People have modified landscape by
fire, land clear and infrastructure
development according to their interest
(Alegre et al., 1986; Nellemann et al., 2003;
Stolle et al., 2003). New flora and fauna
have introduced into the environment,
which had negative impact on local flora
and fauna (Frost, 1998; Tait et al., 2005).
Australia is one of the continents where
environmental composition has strongly
manipulated by human settlement in a very
short period (Low and Heinen, 1993; Frost,
1998). As a result, various parts of Australia

are currently experiencing environmental
degradation. It is estimated that almost 90%
of Australian native flora has been lost and
there is little or no records of the Pre-
European environmental structure (Taffs,
2001).

Water Valley of Upper South East of
South Australia had potential agricultural
land. Deep and open drains were started to
construct by 1999 to remove excessive
water and reduce dry land salinity (Taffs,
2001; DWLBC, 2002) because they were
considered as ultimate solution of dry land
salinity and promoted  in past decade (Ali et
al., 2004). As a result, environmental
degradation of the area had been increased
as well as flora and fauna were decline
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dramatically. Reduction of water dependent
plants and animals was significant. Some
species of flora and fauna were brought to
the edge of extinction (Tesoriero, 1998).
Very few studies were conducted to outline
the impact of drainage in the area (Taffs,
2001). Those studies mainly focus on
agricultural development (Speight and
Nance, 1986) groundwater level (Armstrong
and Stadter, 1992), wetland resources
(Jensen, 1993), surface water flow (Clark
and Kotwicki, 1992). However, no studies
were conducted to outline the impact of
drainage on composition of vegetation in
landscape. The main aim of this study is to
identify the vegetation change in landscape
level due to deep open drain.

Materials and methods
Study area
The study area (water valley) is situated in
the 36°7'41″ south and 139°48'42″ east and
about to 250-300 km from Adelaide city
(Fig. 1). The study area used to be a historic
wetland with almost 40% wetland area.
Surface water used to flow from south to
north lagoon during the rainy season
(Tesoriero, 1998). Climate is dry summers
and wet winters. The rainfall varies
latitudinal with an average of 500 to 550
mm per year (Jensen, 1993). The vegetation
in the area varies from woodlands, open
scrub, open heath and herb lands. All of the
vegetation associations are found in other
areas of the South East. Eight different
types of vegetation association are found in
the study area (Stewart et al., 1998; Foulkes
and Heard, 2003). Trees are poorly
represented and only exist in small
populations.

Data collection

This study was conducted in July 2010 to
September 2010. Two aerial photographs of
different time interval (1999 and 2005) with
scaled 1:4000 were obtained from
Department of Environment and Heritage
(DEH), Adelaide. A common study area
was established in both aerial images. The
study area was divided in two categories
such as wetland (A) and pasture (B)
according to their structure. All together (n
= 1778) hectors, (n = 1190) hectors wetland
and (n = 588) hectors pasture area was
established for study purpose. The study
area was established alongside a deep and
open drain. Value of different land cover
variables such as drain, lake, road, bare
ground, wells, shrubs and grassland was
obtained by using dot grid overlay method
(Lillesand and Kiefer, 1999). The vegetation
structure of the study area before the drain
was calculated by using the aerial image of
1999 (Fig. 2). Similarly, aerial image of
year 2005 (Fig. 3) was used to calculate the
vegetation of the study area after drains
were built. All the data obtained from dot
grid overlaid method were stored in the
Microsoft excel and statistical analysis was
conducted by using chi-square test at
significant (α = 0.05).

Results
The study showed that, overall landscape (n
= 1778) hectors had changed significantly
due to deep and open drain. The
proportional coverage of bare ground
increased from 9.4 to 21.9% with change of
132.9%. Similarly, construction of road
increased and proportional coverage was
changed by 44.8%. Lakes were shrunk;
shrubs and grassland area were reduced
dramatically as result of deep and open
drain. The proportional coverage of lakes
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Figure 1. Map of the study area (Upper South East of South Australia).

Figure 2. Aerial image of 1999 obtained from DEH (1:4000).
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Figure 3. Aerial image of 2005 obtained from DEH (1:4000).

Table 1. Landscape change in overall study area (significant at α = 0.05 level).

Variables
1999 2005 Change

(%)Area cover
(ha)

Proportional
cover (%) Area cover (ha) Proportional

cover (%)
Lake/Pond 212 11.9 157 8.8 -26.1
Road 120 6.7 173 9.7 44.8
Shrubs 957 53.8 748 42.1 -21.1
Grassland 322 18.1 310 17.4 -3.9
Bare ground 167 9.4 390 21.9 132.9

Table 2. Landscape change in wetland and pasture area (significant at α = 0.05 level).

Variables Area
1999 2005 Change

(%)Area cover
(ha)

Proportional
cover (%)

Area cover
(ha)

Proportional
cover (%)

Lake/Pond Wetland 192 16.1 143 12 -25.5
Pasture 20 3.4 14 2.4 -29.4

Road Wetland 20 1.7 84 7.1 317.6
Pasture 100 17 89 15.1 -11.2

Shrubs Wetland 697 58.6 577 48.5 -17.2
Pasture 260 44.2 171 29.1 -34.2

Grassland Wetland 190 16 132 11.1 -30.6
Pasture 132 22.5 178 30.3 34.7

Bare ground Wetland 91 7.6 254 21.3 180.3
Pasture 76 12.9 136 23.1 79.1
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observed negatively 26.1%. Similarly, the
proportional coverage of shrubs and
grassland had reduced by 21.7% and 3.9%,
respectively as a result of deep drains (Tab.
1). Overall change in landscape of the study
area was found to be statistically significant
(p<0.05).

The proportional cover of road and
bare ground increased from 1.7 to 7.1% and
7.6 to 21.3% in wetland area. But the
proportion coverage of grassland, shrub and
lake decreased from 16 to 11.1%, 58.6 to
48.5% and 16.1 to 12%, respectively. The
area coverage change in wetland area was
statistically significant (p<0.05) (Tab. 2).
The proportional coverage of bare ground
and grassland of pasture area increased from
12.9 to 23.1% and 22.5 to 30.3%.
Conversely, the proportional coverage of
shrub and lake and road decreased from
44.2 to 29.1%, 3.4 to 2.4% and 17 to 15.1%,
respectively. The area coverage change in
pasture area was statistically significant
(p<0.05) (Tab. 2).

Discussion
Deep and open drains were used to flush dry
land salinity (Ali et al., 2004) and remove
excessive water from the pasture land
(Armstrong and Stadter, 1992) across the
globe. This study showed that, deep and
open drains had played significant role on
increasing proportional coverage of bare
ground and road. On the other hand, deep
and open drains were also responsible for
reducing the proportional coverage of lake,
shrubs and grassland. This might be the case
of excavating drains and keeping
underground soil in both side of drain.
Heavy machinery and equipment could be
used to dig those big and deep drains. Road
networks were essential to transport to the

digging area. That may increased the
proportional coverage of road and bare
ground in the study area.

The Australian landscape is heavily
depends on climatic conditions (Hatton and
Nulsen, 1999). Past few years Australia had
worse drought. Average rain fall around the
country including the study area decreased
dramatically (Taffs, 2001). Deep and open
drain had significant role on removing
ground water quicker during dry season
(Armstrong and Stadter, 1992). According
to (Ali et al., 2004) drains deeper than 2 m
were capable to remove the surface water
from up to 300 m both side. The drains were
constructed close to lakes; this could have
significant role on removing water from
lakes. As a result lakes can be dried out and
transformed in to the bare ground and
decreasing proportional coverage of lakes.
This might be the significant cause of
reducing the proportional coverage of lakes
and increasing the proportional coverage of
bare ground.

This study showed that the
proportional coverage of bare ground
impacted higher (180.3%) in wetland area in
comparison to the (79.1%) in pasture area.
This also showed the deep and open drains
were responsible for removing water from
lakes and changing the structure of
landscape. Similarly, most of the drains
were constructed through wetland area
which has increased the soil dumping ration
on to the side of drains. This study also
showed that proportional coverage of road
was increased by (317.6%) in the wetland
area. However, the coverage was decreased
(11.2%) in pasture area. This could be the
result of constructing new temporary roads
on wetland area to transport digging
machinery. However, people had road
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network on the pasture area before
construction of deep open drains. Once road
were constructed through wetland area
community people started using those newly
constructed roads instead of roads on
pasture area. As a result grass could cover
the edges of those abundant roads (Barson
et al., 2000).

This study showed that the
proportional coverage of grassland had
increased by 34.7% in the pasture area
however decreased by 30.6% in the wetland
area. This might be the result of shifting
roads from pasture area to the wetland area
because grass could grow on the temporary
road in pasture area over the time. On the
other hand, Lack of water might resulted
higher proportion of water dependant grass
died off. According to the (Tesoriero, 1998;
Taffs, 2001) lack of water in a lake can
result the loss of aquatic and semi aquatic
grass.  That might be the cause of
decreasing proportional coverage of
grassland in the wetland area. Furthermore,
construction of the drains, road and dumped
soil at the bank of drains also reduce the
proportional coverage of grassland in
wetland area. Deep and open drains had
resulted 34.2% reduction of shrubs in
wetland area and 17.2% reduction in pasture
area. After construction of deep drain
people started developing big sheep and
cattle farm in the pasture area. Those
domestic animals might smothered shrubs
and create big open field with small grass.
Similarly, after removing water from lake
water dependant shrubs might dry out. In
addition to that wildlife can easily walk
around the lake and run over the shrubs.
That might cause the reduction of shrubs in
the both area.

Conclusion
Deep drains are responsible for degradation
of landscape in the upper south east of
South Australia. This study showed that the
environment health of the wetland area had
damaged almost irreversible by extinction
of some flora. Constructing dams in the
drains might help to regulate the water flow.
However, further studies require
understanding the underground hydrology
of the area.
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