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ABSTRACT

Riparians are undergoing extensive reductions and changes in their natural com-
position into agricultural and urban area. The relationship between the vegetation
distribution pattern and the riparian topography factor has been assumed to typi-
cally represent a biome-specific or vegetation-specific constant. This study aim is
to analyze the vegetation distribution pattern with topography along Alista river
in Dau District, Malang. We surveyed 3 stations that represent a zone of edge
gradient between the river and the mainland: levee, mid-flood, and slough. We
used the wetland classification (Obligate - OBL; Facultative Wetland-FACW;
Facultative Upland (FACU); and Upland (UPL) for each species found from var-
ious sources. we observed that facultative upland plants have a broad dominance.
Mid-floodplain and slough dominated by typical upland species. Although Levee
widely consisted of by upland plants, this area has one distinctive obligate species:
Equisetum. The presence of OBL species in the levee and mid-floodplain indicate
the area is receiving more frequent floods than other areas.
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Introduction

Riparian areas provide many ecosystem ser-
vices, such as flood prevention, nutrient cycling,
carbon dioxide binding, sediment deposits, timber
production, recreation and wildlife habitats [1, 2].
These areas, however, are undergoing extensive
reductions and changes in their natural composi-
tion into agricultural and urban areas [3], defor-
estation [4], blockage of flow and industrial activ-
ities [1]. Riparian plant species are highly selec-
tive in their habitat selection, as they are sensitive
to changes in flood frequency and duration [5, 6,
7]. As floods have occurred, overbank deposition
causes microtopographic variations along the
floodplain, which in frequency will become exces-
sive or deficient, thus affecting the composition of
vegetation species [4, 5, 8, 9]. The relationship be-
tween the vegetation distribution pattern and the
riparian topography factor has been assumed to
typically represent a biome-specific or vegetation-
specific constant [10]. However, most of the re-
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cent studies largely aimed at understanding the
distributed environment variables and their asso-
ciation with various vegetations across specific
geographical ranges [11, 12, 13]. This study aim is
to analyze the vegetation distribution pattern with
topography along Alista river basin, district of
Dau, Malang, East Java.

Material and Methods
Study area

Alista River (7°56'21.34"S / 112°31'51.85" T)
is located in Dau District, Malang Regency, East
Java Province, Indonesia. Alista River is one of
the upstream river from the main river in East
Java, Brantas. Brantas River has approximately
320 km long and has an area of 11,800 km2 or %
of the province of East Java. The river flows from
its water springs in Batu towards Kediri in the
south and turns into Porong in the north, then emp-
ties into the Java Sea. Alista River itself as a river
upstream has a variety of reliefs. Located in tropi-
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cal rainforest climate zones, the average tempera-
ture fluctuation is about 15.6°C. The green area
covers about 60% of the area. The river is sur-
rounded by intercropping agricultural areas, open
farming, conifer forests, hardwood forests, bam-
boo and economic forests. The Alista River has 3
sub-basins: Gunung Butak gauge and sub-basin
(D, Alista Sub-basin (II), dan Brantas sub-basin
(110).

Data sampling

We surveyed 3 stations in this study to observe
Alista river vegetation. Each station represents a
zone of edge gradient between the river and the
mainland: levee, mid-flood, and slough. To ana-
lyze the vegetation, we used a quadrant method
that included 100 m? = 1 x1 for lower vegetation
or seedling, 5 x 5 for a sapling, and 15 x15 for tree
coverage.

Although the floodplain area is approximately
10 — 20 meters wide, depending on its location, we
found that this feature also belongs to the slough
and levee zones. Apparently, the vegetation com-
munity characters observed along the zones will
reflect the overall floodplain character.

All trees were measured on each plot. Trees
were classified as single perennial stems with a di-
ameter at breast height (DBH) greater than 20 cm
and are recorded by species. Poles were classified
as multi-trunked wooden perennial plants and also
all single-trunked perennial vegetation with DBH
less than 20 cm. The frequency and dominance of
the stake were surveyed using the method of an
intercept line along the diagonal line of the plot.
Percentage of coverage of each species was calcu-
lated by dividing the total linear distance of each
species (individual measurements are taken from
the nearest 0.5 cm) by the total linear distance
measured (14-meter diagonal line). Overlapping
canopies of different species were recorded based
on the distance of each species undergoing inter-
sect. The total canopy distance without stake was
also recorded. The composition of herbaceous
vegetation (seedling) was surveyed using line in-
tercept method. We marked each 1-meter using
wood stick until 14 meters. All herbaceous vege-
tation, vascular plants, hardwood tree seedlings
within the range of the stick were recorded and the
number of individuals per plot was measured. Any
unobserved herb species on the intersect line were
recorded on the datasheet. The presence of wet-

land classification groups between different topo-
graphic plots were analyzed using frequency and
dominance. Dominance was measured as a basal
area in m%ha for trees, while percentage of cover-
age for herbaceous species.

Key riparian vegetation indicators included
age class distribution (using diameter class distri-
bution as proxy age). We used the wetland classi-
fication (Obligate - OBL; Facultative Wetland-
FACW,; Facultative Upland (FACU); and Upland
(UPL) for each species found from various sources
[14, 15].

We determine which trees are regenerated
through an understanding of the demographic
shifts among the group of tree species with the age
class through diameter as representatives. The
facts that tree regeneration is evaluated based on
class-size distributions within the survey plot, as-
suming that the indicator group with smaller diam-
eter specimens may be reduced through the sur-
vival of seedling vegetation. If the presence of
wetland-dependent species was reduced, we esti-
mated more upland species in the younger age
class within the floodplain. The stake or seedling
found in the herbaceous survey was understood by
estimating the diameter of 1 cm and belonging to
the diameter of the class-size distribution. A note
where regeneration was commonly lowered in for-
ests with high canopy cover, but the assumption
by which FAC regeneration occurs and FACU rel-
ative to OBL and FACW may indicate that the for-
est is undergoing a transition.

Results and Discussion

In general, we observed that facultative upland
plants have a broad dominance over the limits of
seedling vegetation (Figure 1). However, the dom-
inance of the species that we found has decreased
further in the next higher vegetation levels. Up-
land trees dominated the watershed region. Upland
tree species which have extensive canopy cover-
age caused other types of vegetation could not
grow properly. We have no found a typical wet-
land tree existed in the three observed watershed
types as well as sampling classification unless up-
land vegetation.

Type of typical wetland plants that we found
was in the seedling classification. However, its
dominance was very small compared to upland
facultative plants and even the true upland. Some
of them were indicated to be the kind of product-
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Figure 1. The dominance in five wetland indicator classification : UPL (Upland), OBL (Obligate), FACW
(Facultative Wetland), FACU (Facultative Upland), FAC (Facultative) among all sites grouped by
topographic zone : slough (grey), mid-floodplain (white), and Levee (black).

O Observed
Linear
“Fit line for Total

R Sq Quadratic =0.191

25.00
o]
20.007
(o]

o 15.0071
@»
()
c
=
fE]
nd

10.007

o]
(o)
5.00 (o] o] o
o © o /
o] (o]
O 0000
0.00 T T T
860 870 880 890

Relative elevation (meter)

Figure 2. The relationship between tree species richness and relative elevation of plots in all sites

ion crops developed by humans as the opening of
the watershed area as agricultural land.

Slough into wet plains that actually have many
types of upland plants. This uniqueness seems to
be cultivated intentionally by farmers. Production
plants such as chili (Capsicum annum) were
planted very tightly by blocking the edges of the
fields and raising farmland. The slough area is a
true wetland representation. It may be very risky if
this area be converted into production land.

Mid-floodplain also experienced a lot of typi-
cal upland planting. Production trees such as Pinus
merkusii are also widely present on this plain. Cul-
tivation of hardwood crops or production in the
wetland region is very detrimental in ecological
and economic sides. The opening of production
land will remove the original wetland flora that
can be bioremediatory and become the living place
of many fauna [16]. Shade production trees will
block precious rays for the life of wetland plants,
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reduce natural water oxidation, and reduce the di-
versity of valuable insect species. On the other
hand, high levels of water actually reduced the
production of pine resin and caused various dis-
eases, such as rotting at the root and death [17].

Although Levee widely consisted of by upland
plants, this area has one distinctive type of wet-
land: Equisetum. Some water shelves that are
spared from the current are able to accommodate
the necessities of life for Equisetum. The top of the
cliff is dry and to avoid the flood. Several types of
hardwood trees: mahogany and wild crop classifi-
cation seedlings can live.

The largest density range is in the range 870-
880 masl (Figure 6). In general, we observed a
shift in the composition of plant species as the ob-
served floodplain height was observed. In fact, up-
land species is more common than wetland in ri-
parian parts of the Alista River. The shifting of ri-
parian functions resulted in minimal vegetation
observed in this study (Table 1), as well as loss of
typical wetland crops.

Like the other area in Batu, Alista River un-
dergoes a fundamental change in some hydrologi-
cal structure and its governance due to agriculture
and other activities [18]. Serious impacts are faced
by abiotic environments, such as flooding, land-
slides of river cliffs, severe erosion, and rapidly
changing soil fertility. The use of river water for
consumption is also threatened by the reduction of
phytoremediation process against surfactant and
heavy metal pollutants by typical wetland plants
[19, 20].

Research conducted by Garssen et al. (2017)
found some species composition that could change
the time and intensity of floods [21]. Some of
these include hardwood forests that greatly affect
many physical factors, such as the timing and in-
tensity of floods, the availability of light, temper-
ature, humidity, and impact on the sustainability
of an intact forest and upstream river [21]. Facts
about flood tolerance were obtained by conducting
an in-depth study of how tree species, shrubs, and
herbs are distributed among three topographic
zones: Sloughs, mid-floodplains, and levees. We
found that floodplain vegetation is sensitive to ex-
treme elevation changes, which will directly affect
flood characteristics.

We found OBL species in the levee and mid-
floodplain zones, which indicate the area is receiv-
ing more frequent floods than other areas. Floods

cause stress that cannot be tolerated by typical up-
land plants. However, the frequency of soil due to
human disturbance may favor non-wetland species
and result in very high competition, especially for
light needs [22, 23]. The facts we found showed
that the narrow distance at the height of edge zone
observed between the sloughs and the mid-flood-
plain, 75 — 184 cm, varied at several sites. This
suggests that frequent flood frequencies will re-
place FAC and FACU species, with OBL growing
better when flooding [24]. Flood stress also results
in reduced plant diversity. The lack of plant diver-
sity in the levee zone has been documented by
other studies, as few tree species can be adapted to
areas with more frequency inundation and soil an-
oxia [7, 25].

Future research should focus more on map-
ping the inundation and vegetation response to
flow. Inundation mapping, as indicated by Benke
[26], will reveal areas that are flooded on certain
parts of the river, which will be directly related to
the height difference and riparian vegetation com-
position. Vegetation response to the flow will pre-
dict the changes in environmental conditions.

Conclusion

Agriculture has affected most types of riparian
plants. Upland vegetation dominates on all topog-
raphy. Slaves that are quite safe from floods are
planted by perennials plants: chili. Levee has
planted upland plants, but still characterizes the
wetland area with the emergence of obligate
plants. Mid-floodplain is the most flood-prone
area, which is characterized by the survival of a
small number of obligate.
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