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1. Background.

Riparian (riverine) forests occur along permanent or periodic rivers and streams. Riparian forest is the zone
of forest on either side of the river that is influenced by the presence of the river in one way or another. We
interpret here riparian as an ecosystem along moving water (rivers, streams) while we use the term
swamps for ecosystems with stagnant water. This is the most common use of the terms. Rivers, in contrast
to pond areas, are characterised by unidirectional (horizontal) flow, fluctuating discharge (water level),
unstable channel and bed morphology and shearing action of flowing water (Priyardarshama et al.,
undated). The biological impact of water flow is turbulence that provides oxygen and thus assures aerobic
aquatic life and decomposition. Anaerobic conditions are rare in flowing water except in deep rivers with
very slow water movement; - these are transitions to ponds and swamps.

The largest river in Harapan is the Kapas River that flows from north to south. It is navigable by boat most
of the year; only during the latter part of the dry season in July-Sept is the water level too low. Meranti
River in the southwest is smaller and river transport is difficult from June to September. Kapas and Metanti
Rivers merge about 15 km south of the village Saku Suban in Sungai Hari, which is outside Harapan. The
river drains into the ocean east of Palembang. Water flow and length of dry periods vary from year to year.
Many other rivers and streams dry out completely, and some exists as more or less isolated ponds (alluvial
swamps) for large parts of the year.

Rehabilitation of river habitats is one of the major forest restoration efforts throughout the world. Rivers
are naturally in a dynamic equilibrium/stability with a large degree of self-restoring capacity. However, very
disturbed habitats are fragile and degradation may be self-perpetuating, e.g. if disturbance leads to
increase flooding which causes further destruction downstream. Riparian forests are the key element of
watershed management.

2. Geomorphological conditions of rivers

Rivers without vegetation exists only in high arctic conditions or very new landscapes (e.g. volcanic
deposits). The shape of such rivers is formed by interaction between water flow as the active part, and
sediment and topography as the passive part.

However, most rivers have a biological component. Especially there is an interaction with riverine flora.
Vegetation contributes to or modifies the physical conditions, and the physical conditions form the
environment in which vegetation establishes and grows.

Although vegetation free rivers are rare, there are rivers where vegetation, especially large trees, has been
heavily degraded, and these rivers are left increasingly exposed to the pure physical action of water-flow
processes compared to rivers with more intact vegetation. For example, erosion and deposits are part of
the normal river dynamics. However, without the protection and modification of river-bank vegetation, the
processes are likely to turn quite different in time and space.

River systems consist of main river and tributaries that drain into the main river. Water levels in the main
river influence the flow in tributaries. Where water level is high in the main river, there may be a spill over
into the tributaries just like the rivers overflowing flat terrain in its vicinity. As long as the water level is
higher in the main river than the tributaries, drainage from the latter is impeded. There can even be a back-
flow of water from the main river up the tributaries. This also sometimes happens in large river systems.

Some riparian forests form a transition to alluvial swamp forest. In riparian forests there is typically a
regular horizontal water flow while swamps typically have stagnant water, permanent waterlogged soil and
impeded drainage.

UNIVERSITY OF
COPENHAGEN




Local geology determines the shape of rivers. Meandering shape with its dualistic erosion and deposit
pattern is only possible in relatively soft material such as alluvial deposits. The depth of the active river
channel is also determined by its erodibility. Many places in Harapan the river bottom is solid bedrock
which, especially at the southern part consist of a mixture of coal and petrified wood bed.

3. A lengthwise characteristic of rivers

We can divide rivers length-wise, from start to
end in various sections. The sources of rivers
are founts or springs of water, originating
from a local topographical depression in the
landscape where ground water typically
assembles, flows through self-cut channels
that form streams. Smaller streams converge
into larger streams and form riverbeds, which
ultimately empty into the sea, usually via a
river delta. Usually stream channels are at the
surface, but water may at sections disappear
into subterranean caves or among large
boulders. Each limited geographical area Figure 1. Lengthwise illustration of a typical river system starting with
contains only a small section of the river. For numerous tributaries in a highland, convening into three main
example, the terminal delta area is a pure tributarigs that merge into a single river. The m.ain river forms a

L. meandering system in the lowland area before it even
coastal phenomenon; a large main river may
transect a landscape, where both spring and outlet are far away.

) Not all founts lead to the birth of a river. At an isolated topographical
depression, surrounded at all sides by hills and with no outlets, water
accumulates into a pond or a lake. However, such inland lakes tend to
_ have limited survival time since they will inevitably be filled up by

:, .I sediments and eventually spill over into a stream.

: The sources of a stream are usually a combination of groundwater
=l (founts, spring or water or wells) and surface flow. Surface flow is usually

fluctuating according to
Figure 2. Section of an active riverbed showing

) - ! frequency of rainfall, while
several merging and splitting streams during a low
water-level season. Some sections may ground water flow tends to be

permanently be cut off as the river changes more constant. Hence, the

— directions and erodes into the riverbed more water that originates
from ground water, the more

stable is the water flow. If the water load is high and topography allows the water to escape, a stream is
formed that will drain the accumulated water from the spring. Since the water has an eroding effect, the
stream will cut its way down, eroding and moving away any obstacles and making a permanent stream-bed.
If the drainage flow is blocked, inland ponds or lakes can be formed on the way downriver. When water
accumulates in such ponds they may eventually spill over and the water pressure from them cut through
barriers and re-create the rivers behind. Since land is, by nature, higher altitude than the sea, most rivers
will ultimately end as river deltas. Tributaries or smaller rivers join the main river, or sometimes equal size
rivers merge downstream increasing the total water load. Tributaries have overall the same conditions as
along the main river. Only that the effect of currents, inundation and water availability is lower.

A L
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Exceptions are when water temporarily accumulates in lakes or behind dams with very high surface
evaporation. More recently, use of river water for irrigation or other purposes may occasionally exceed the
flow and hence reduce the downwards river flow significantly.

At steep topography, rivers may cut deep gorges through the landscape and
water flows fast. At flat terrain water flows slower and typically develops
into meandering rivers. Meandering rivers tend to increase their bends,
cutting of sections into so-called ox-bow lakes. Rivers may also occasionally
change their flow direction as they cut their way through alternative ways.
Occasionally rivers may split into several minor rivers with dry land in
between. That often happens during the low river flow season where only

part of the active river basin has water. Figure 3. Cross section of a riverbed
showing active stream channel,
Two things happen during the spilling of fresh water into the sea: riverbanks and flood plain.

1. The first is that the water-speed reduces because of the pressure from the seawater into the river-
mouth. Because of the water speed reduces, sediments tend to be deposited, which further
increases the problems of water-flow.

2. The second is that salt water inevitably, and especially in tidal areas, forces its way into the river-
mouth where the water becomes brackish water.

4. Transverse sections of rivers

Wetlands

Lipper Flood Limit

T T

Stream Channel

Figure 4. Cross section of a riverbed showing active stream channel, riverbanks and flood plain.

The size of area on either side of a stream or riverbed (the riparian zone), that is influenced by the river
depends on topography, river-flow and drainage pattern. As these factors vary through the length of the
river, so does the riparian zone. For example, where a river occurs in a narrow gorge with steep rocky sides,
the riparian zone is virtually absent. Flat areas bordering large waterways increase the chance of flooding
during high water-levels and impedes drainage during low water levels. Some riparian areas form
continuous transitions to permanent aquatic areas such as lakes and ponds. Regular annual flooding occurs
along many large rivers and gives rise to special flooded forests.

Drainage or watershed area is the area contributing water to a certain river system. This is typically much
larger than what we consider the riparian area. The riparian zone is conventionally divided into 1) the active
river-bed, 2) river banks, 3) plateau-zone. While the active riverbed is more or less permanently - at least
annually - exposed to water movement, the upper plateau-zones may only be exposed to occasional
flooding.
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5. River dynamics, seasonal fluctuations

Water levels of rivers typically fluctuate seasonally with dry and rainy season. Fluctuation may account to
several meters in larger rivers. Most fluctuations are gradual but sudden floods do occur for example in
mountainous areas where heavy rainstorms in mountains can cause water level in rivers to raise over a very
short time. Such ‘violent’ floods create a strong current that can have a large mechanical impact. Regular
seasonal fluctuations are linked to rainy seasons with a certain delay, and since long rivers may pass
through areas with different rainfall patterns, their water-load may not always coincide with local rainfall
patterns. In a seasonal climate the water falling during the first rain showers will be absorbed by vegetation
and soil. Only after the soil has become water-saturated excess water will flow as surface flow that
accumulates in rivers. Drainage has a certain delay, and as the rain quantity and frequency wears off
towards the end of the rainy season, this may not be immediately reflected in water flow. Rivers thus

exhibits a certain buffer effect that works through the total
watershed or drainage area.

Physical impact of water flow

Flowing water exhibits a physical tearing impact on the
interface of water and the encountered structure. Hard
structures such as stones and wood may remain rather
resistant. However, the gradual tearing of even such hard
material is evident as smooth, rounded surfaces that have been
exposed for long periods of time. Tearing is a result of both the
water itself and the suspended material.

Material in which individual particles have limited adherence
may be physically disintegrated by and suspended in water
currents. The physical impact increases proportionally with
water speed and quantity of water. Furthermore mechanical
impacts changes in accordance with volume and speed
changes in time and space. Material is abraded and suspended
where water speed is high, transported and deposited where
water speed is lower. Erosion is thus a seasonal phenomenon
of the rainy season. The speed of water may be reduced by
various obstacles or barriers. Deposit sites thus occur typically

1 2 3
ox-bow lake

Fiver arodes

= Rivor deposits

Figure 5. Development of a meandering system and
formation of an ‘ox-box lake’.
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Figure 6.Cross section of stream showing erosion of
outer bank and deposits on the inner bank

at one side of a meandering river, erosion at the other. Since erosion and deposits essentially cut out a
water channel at one side and blocks at the other side, river-beds can change cf. abovementioned river

islands and ox-bow lakes.

6. Vegetation impact on river flow
Vegetation modifies watershed in following ways:

1. Inception and evapotranspiration
Surface evaporation

Infiltration

Change of water holding capacity
Physical barrier

vk wnN

Re.1l. Water intercepted by plants and re-evaporating from them never reaches the ground. This can be a
significant part of the total rainfall if vegetation is large and voluminous (large trees with dense foliage),
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and if rain falls in light showers. Of the water that falls through, reaches the ground and is infiltrated into
the soil, a large quantity is absorbed by vegetation and is lost to drainage by evapotranspiration and
accumulation in vegetation cells, - the latter is comparatively small. Again, the larger the and the faster
growing vegetation, the greater the consumption of water. There are also some species differences: some
species tend to be more water efficient than other.

Re.2. The more exposed water is to direct irradiation, the higher the evaporation. Open exposed soil in the
tropics can get extremely hot, and the hotter the water the higher the evaporation. Shading temperature
under a canopy is significantly lower than direct sunshine. In addition, the as the air humidity under the
canopy is higher than outside and there is no wind, the evaporation from soil is quite low.

Re. 3. Infiltration of water into the soil depends on the soil structure including the space between individual
soil particles and root channels. Infiltration may vary significantly within short distances. Vegetation
modifies infiltration by forming root channels through which water can flow more freely. During
decomposition of roots, these channels are left open for infiltration. In addition, vegetation promotes
presence of soil micro and macro-fauna, from bacteria through earth worms to burrowing rodents.
Sometimes associated with live roots and sometimes independently, the fungal hyphae of saprophytes also
serve as channels of water infiltration.

Re.4. Vegetation adds organic matter to the soil and organic matter increases water holding capacity. If the
soil can hold more water less will be drained off.

Re.5. Vegetation may act as a physical barrier to water flow. The bigger the structure, the larger is the
physical barrier. Surface roots and debris may reduce surface flow in riverine dry-land. Logs, fallen trees or
part thereof in rivers and streams reduce the water-speed. Sometimes water accumulates behind these
barriers until it finds its way above or around them. In essence such physical barriers act as to increase the
friction. In addition to slowing down the water speed, a physical barrier creates turbulence and thus
modifies the physical action of water such as erosion and deposits.

7. Growth conditions and stress factors in riparian forests

Plants growing in the riparian zones are exposed to the range of hydrological and mechanical water impacts
mentioned above. The degree varies from one site to another in accordance with the before mentioned
differences along the transverse and longitudinal gradient of the river.

Vicinity to rivers and streams exposes
vegetation to a special hydrological
environment. Water replaces air in the soil
and permanent inundated soil has very
little oxygen content. Since all roots need
oxygen for respiration, water-logged
conditions is a stress factor for all plants
growing at those sites. Stagnant water as e g
found in swamps add another stress factor | i o Ta

[ i e e oy L o & A s
since it tends to accumulate organic Figure 7. Adaptation to growth under waterlogged sytems. Left lenticels in
matters which through decomposition Barringtonia. Right aerial roots in Pandanus sp.

turns water oxygen-poor and acid. Where there is horizontal air-movement soils tend to be less oxygen
deficient and less acid. Water movement typically changes through the seasons: areas close to ponds and
springs may be relatively stagnant during the dry season, while there can be significant water flow during
heavy rains. Riparian ponds like ox-bow lakes may be isolated for a large part of the year and only overflow
during heavy rain. Ponds at higher elevation and farther distance from the active riverbed may only be
flooded every other year. Waterlogged conditions are typically a function of relative elevation and distance
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to the river. Swamps close to and regularly influenced by horizontal water-movements including
sedimentation are collectively called alluvial swamps. Species growing under waterlogged conditions have
adapted structures that permit transport of air through living tissue. Examples are aerial roots, knee roots,
lenticels, phneumatophores.

Water-logging is a phenomenon referring to the root zone. Plants growing close to large rivers thus
experience periods of partial or total inundation and other periods of more or less dry conditions. Especially
young plants may be exposed to long periods of total submersion. If inundation tends to be during defined
periods of time and with little horizontal variation, e.g. flat flood plains and where the duration of flooding
thus varies little, riparian forests may form fairly homogenous stands, typically with few adapted species.
Where duration of flooding varies, e.g. where there is a slightly steeper topographical gradient and
drainage is slower, the exposure to flooding may vary significantly from areas close to the active riverbed
and areas at a longer distance. The resulting vegetation typically shows more zonal structure; dominating
species and relative frequency changes according to length of water-logging or inundation. Homogenous
flooded forests often dominate on river planes close to rivers while zonation is a phenomenon typical for
the back-land and in swamps for examples around springs and ponds.

During season of water-logging,
water may impose respiration
stress. However, since riparian
soils are saturated with water
during a prolonged season, plants
rarely experience shortage of
water even during dry periods.

. ; / : _

Plants may have developed . £ e : e Lo \ .
. . Igure o. aptations to growth on un-sta e, Traglle ground. LeTt: uttresses. Right:

growth habits different from stﬁt roots P J sleg g

inland dry areas: a dormant
period, sometimes with deciduousness, is during the flooded period, while the active growth season is
during the dry season.

Soil saturated with water and rich in silt and organic material are mechanically unstable. In addition, roots
don’t grow deep so they don’t have a firm grip in the soil. Trees growing on fragile soil usually don’t grow
large. Most trees have developed mechanical support structures such as stilt roots or buttresses. Above
mentioned aerial roots have a double function of respiration and physical support.

During rainy seasons the mechanical effect of strong currents imposes stress to plants, both directly by
water currents and indirectly by the water-borne material ranging from tree trunks to suspended silt. Plants
growing close to active riverbeds and thus frequently exposed to mechanical impact thus typically have
very strong and extended root nets and resistance to mechanical abrasion.

Moving water carries sediments which are deposited when the speed of the current decreases, typically
when the water flow decreases towards the end of the rainy season. Exposed sand and other sediments
form important germination and regeneration sites for pioneer riparian species. In addition, deposited
material or sediments provide a valuable contribution of nutrients to the riparian plants; however, it can
also occasionally physically bury young plants.
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Along larger rivers light conditions change from river-banks towards inland.
Since the active riverbed is usually devoid of large trees, riverbeds may form
‘light-channels’ benefitting riverbank vegetation with more light than is
available in the forest. The same can be observed around ponds, swamps
and other treeless areas. For example, disturbed areas along rivers often
have a strong regeneration of rattan palms (Calamus, Daemonorups and
others).

Soils typically vary along rivers from spring to delta and according to the
fluvial pattern. Soils around springs are often rich in mineral deposits
because there is nutrient transport from surrounding hills. Riparian soil is
often types of fluvial soil i.e. often a product of water action. Annual flooded | &e& L
land typically have soil enriched by fluvial deposits and there is little leaching Figure 9. Light demanding rattan
of nutrients. Coarse-grained (sandy) soil occurs along most large rivers. As species grow prolifically along
the rivers have changed direction, fluvial deposits can be found far away degraded rivers

from active rivers. Fluvial soils often have deposits of organic material, often unevenly mixed as buried tree
trunks, branches, leaves etc. Cut-off sections of rivers where ponds are formed often have stagnant water
and may develop peat (histosols).

Many riparian plants use water dispersal as part of their seed dispersal strategy and mechanisms. Seeds of
Lithocarpus spp., Calophyllum spp. and Eusideroxylon swageri float in water. As water-dispersal is
essentially only downstream, water dispersal is obviously only part of the whole seed dispersal strategy.

8. Riparian forest types:

Different types of forests occur in different sections of the riparian forest, from upstream and downstream,
and from the riverbanks inland. Some of the typical forest types are listed below:

Spring-water swamp forest. Forests benefit from high nutrients and have often higher plant diversity than
other swamp forest and flooded forest. Otherwise they share many of the same features: Roots are usually
superficial with stilt roots, aerial roots and pneumatophores. Alluvial swamps often occur as extensions of
riverine forests for example in local depressions of the landscape upstream of the tributaries. Characteristic
species for the springs and small tributaries are Pandanus palms.

Flooded / inundated forest. Flooded forests usually occur on un-
stable ground. Although the nutrient level is high, trees on flooded or
inundated forests are rarely large. Buttresses are accordingly less
common for these trees than for trees on more stable ground.
Instead superficial roots and stilt roots are common. Inundated
forests are usually quite homogeneous with few dominating species.
Extensive inundated forests occur along many of the larger rivers of
the world.

Swamp forest, ponds and ox-bow lakes. These are all alluvial swamps.
Ox-bow lakes are cut-off sections of meandering rivers. They are
often quite deep because they have been part of the main river flow.
Smaller ponds turning swamps are found at any sections along the
main river. Ponds and ox-bow lakes ar.e often flc?oded (.juring the high species is usually left because the sawn
water seasons, where they are often filled up with sediments, both timber causes strong allergic reaction in the
inorganic and organic. During the events of over-flooding, the water  form of skin rashes

is also aerated. Otherwise the water is stagnant and organic matters

i

Figure 10 Gluta renghas at Kapas River. The
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accumulate on the bottom. Tannin and other organic matters often turn the water brownish (in the
Amazon they are part of what is called Igapo, black water flooded forest). There are often no woody species
growing in the permanently waterlogged ponds and ox-bow lakes. However, woody vegetation with
Barringtonia spp.and Pternandra spp. may spread from the shore a few meters into the ponds.
Barringtonia spp. breathe via lenticels (figure 7).

River bank forest / ‘gallery forest’: The term ‘gallery forest’ usually refers to narrow strips of trees occurring
along rivers or wadis’ in dry bushland or savannahs, where they are the only trees with significant bole
formation. In the humid climate and rainforest, river bank forest may form some sort of a ‘gallery’ as rivers
are often lined with tall trees, presumably because they take advantage of continuously accessible water,
rich fluvial soil and more light than in the forest behind. Because they occur where the ground is relatively
stable mineral soil (not mud-planes) they grow bigger than trees on the unstable fluvial planes.

In Harapan this vegetation type occurs along the edges of rivers and is often different both in structure
(taller) and in species composition when compared to the surrounding vegetation. The following major
trees are often found along streams: Shorea macroptera, Intsia palembanica and Eusideroxylon zwageri.
However, nowadays the most dominant large species along rivers are Gluta rhengas and Ficus spp. The
dominance of those species is recent since most valuable timber species have been cut along rivers that
provide easy access. Ficus spp. are rarely cut because the wood quality is usually poor; Gluta renghas is not
used because of its itchy resin. Improved light conditions following opening of riverine areas seems
particularly to benefit secondary riparian vegetation, which consist mainly of various rattan, Glochidion and
Semecarpus species.

Illegal logging is still ongoing along rivers. Removal of large trees may contribute to destabilizing river
banks.

River delta forests. The forests are mentioned here for completion of the theory of riparian forest. The river
delta of Kapas River is located 60 km downstream from Harapan. Delta forests_are in several ways similar to
the flooded forests, except that flooding in the tidal zone is a daily event at high tides. In addition, river-
delta areas have to cope with salt problems, so the species of salt and brackish water mangroves are
different from the fresh water forest. The outer delta often contains mangroves dominated by the typical
mangrove plants of Rhizophoraceae in the genera Rhizophora, Bruguiera, Carallia, Ceriops and Kandelia;
The Avicenniaceae (Verbenaceae) genus Avecennia and the Lythraceae genus Sonneratia, and the
Combretaceae genera Conocarpus, Laguncularia and Lumitzera. The palm species Nypa often occur in the
transition brackish water zones, where species such as Melaleuca and Barringtonia also thrives.

9. Botanical surveys of riparian forests

The principles of botanical surveys are explained in separate fact sheets. Here we will only explain how the
nature of riparian forest influence the use of transects.

River transects

In wetland we would expect vegetation to change (cline /
zonation) according to distance to a water body. In
theory, from a regular straight stream we would make
transects perpendicular from the stream bank. From a
pond, transects would ideally be the perpendicular to the

tangent. However’ in practlce there are usua”y two Figure 11. Meandering river. Zonation or cline along the
. river is only perpendicular to the river for short distances
problems: T o
because the vegetation in influenced by the proximity of
next meander
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1. Riparian forests are usually intersected by numerous small streams and ponds that may change
over short distance. A possible gradient is therefore usually quite irregular

2. Since streams are usually not straight but meandering, perpendicular transects at least at one side
of the river is usually influenced by the presence of the next meander. That doesn’t restrain us
from making the random transects along the rivers. Only that some transect become very short it
they should avoid interference with the next following meander.

10. Riparian forest restoration strategies

The overall objective of environmental restoration is to “reestablish a self-sustaining habitat that in time
can come to closely resemble a natural condition in terms of structure and function.” (Turner and Streever
2002).

Restoration of riparian forests has a dual purpose viz. restoring the biological environment as well as
restoring the physical environment. The latter refers to re-establishing the power of natural river dynamics,
sometimes called watershed management. This includes firstly to stabilise drainage and water-flow in
rivers, and secondly to minimise erosion and water pollution. Protecting and restoring rivers and watershed
are usually high priority areas for environmental protection because rivers affect downstream areas.

Trees are the structural components that can be used as a tool for physical restoration. The challenge is to
find the right species for the right environment, then to implement the appropriate plant establishment
methods, - by direct sowing, by planting or by vegetative propagules.

Riparian restoration includes following main activity areas:
1. Identification of ‘critical areas’
2. Species selection
3. Establishment and maintenance methods
4

Protection

1. Identification of ‘critical areas’

Critical areas are areas where the natural dynamics have been critically disturbed, and the degradation
considered beyond self-recovery. Some types of frequently encountered riparian disturbances are:

a) Denuded riverbanks. Cutting of trees and
bushes directly on riverbanks increase the
direct water contact and increases erosion.
Erosion sometimes under-cuts high
riverbanks and root systems of larger trees.

b) Collapse of riverbanks. This is often caused
by cutting of large trees on or behind
riverbanks.

c) Sites with reduced tree cover have lower
water interception have increased surface
flow and soil interception making soils
more prone to collapse.

Figure 13. Damaged riverbank at Kapas. As the vegetation is
destroyed the banks are prone to physical impact by the water.
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The occurrence of ‘Critical areas’ is spot-wise and depends on local degradation activities coupled with
hydrological and geomorphological conditions. A high-risk area is for example a high riverbank at the distal
side of a meander, made up of erodible material where vegetation has recently been removed. If the flow
of water has for some reason increased and water carries a load of debris, the erosion risk increases.
Critical areas may be self-perpetuating: Once vegetation has fallen the soil is left open to even higher rates
of erosion. Since erosion is a product of water-impact, the more water the higher the erosion; hence,
downstream areas of large rivers have potentially much higher erodibility than upstream areas with much
lower water impact.

Deforested areas are likely to cause increased runoff because water is not absorbed by the vegetation. This
may not be easily visible on sites, but the effects can still be serious. This type of critical site may be in any
area of the watershed area, from hill forests to riparian forests.

Flooded forest that has lost a major portion of its tree cover will have reduced buffering effects on lands
behind and downstream. Removal of trees in flooded forests causes the water speed to increase. Flooding
and drainage occurs at a higher rate and increase fluctuations downstream.

All major rivers and streams in Harapan have been disturbed, and disturbance due to e.g. illegal logging and
transport on rivers still continue. Large stretches are in a relatively safe ‘self-recovery stage’ where new
regeneration is already re-establishing the riverbank vegetation. However, restoration intervention is
necessary in some instances, e.g.

a) Where removal of large riverbank timber trees have a negative impact on the regeneration because
the sudden change of light conditions and nutrient release have relatively benefitted shrubs, wines
and climbers that suppress regeneration of larger tree species.

b) Where specific species important for the forest system is lacking, e.g. wildlife species.
c) Where vegetation is severely degraded to a point where natural regeneration and dispersal will be

insufficient for natural recovery within a reasonable time frame.

2. Species selection

For restoration of degraded riparian forest sites, key species are sought from similar sites with less
advanced degradation. Unfortunately some vegetation types hardly exist anymore because of severe
encroachment and illegal logging. Large trees except the before-mentioned Gluta renghas and Ficus spp.
are rare along rivers. There are several other tree species that can grow tall e.g. some Lithocarpus and
Calophyllum and species of the family Dipterocarpaceae. However, we do not have good models for species
composition of riparian river-bank forest.

Small patches of flooded forest exist; species here seems much the same as swamp forests, which
frequently occur along small streams and in ox-bow lakes.

3. Establishment and maintenance methods

Enrichment planting and Assisted Natural Regeneration (ANR) are good methods for lightly degraded
vegetation. Felling of riverine forests tends to favour light loving herbal and woody pioneers e.g. bushes,
wines and rattans, which may temporarily suppress regeneration of long-living woody species. Three main
strategies should be employed:
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a) Active planting may be considered in very degraded areas, where only shrubby vegetation or grass
exist, or where erosion and river bank degradation are prevalent. Where enrichment planting is
practiced, relatively large seedlings may be used to overcome competition from shrubs and wines.

b) Where climax forest species are present but suppressed, selective removal of pioneers for the
benefit of long lived tree species (e.g. Koompassia) should be undertaken.

Cross section
et bo neale

Figure 14. Physical and biological restoration of eroded and collapsed riverbeds. Eroded sites are stabilised with stones or compacted
material and plants are established by rooting of large cuttings (stake propagation). Plant roots will bind the soil and improve the
physical resistance to erosion

Where physical degradation is advanced e.g. riverbank erosion and collapse, re-establishment of vegetation
is difficult because continuous water erosion implies high risk that new plants will be destroyed.
Restoration of collapsed riverbanks thus starts ‘from behind’. Unstable sites must be fixed to avoid them
making an impact on even more instable and more exposed sites next to rivers.

Plants can be raised and established as seedling plants or vegetative propagules. The advantage is that a
root net is already established by the time of planting. It requires, however, a nursery period, which implies
a certain cost.

Alternatively, several riparian species can be propagated by stake cuttings. This has the advantage - except
from saving nursery cost - that the stakes have themselves a certain mechanical resistance, which is
improved as the stakes root and grow. Following riparian species can be propagated by rooting of stakes
on-site:

Barringtonia spp.

Ficus spp.

Peronema canescens

Neonauclea / Nauclea / Anthocephalus / Neolamarckia

4. Protection

According to Indonesian legislation, riverine zones of 50 meters on either side of the river should be
protected i.e. no trees cut. As argued above, the vulnerability of the riparian zone varies from site to site, so
the recommended distance may vary from site to site. As all riparian systems are quite fragile and difficult
to restore if collapsed, a broad protection zone is recommended. However, since all lands are subject to
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heavy pressure of use some key precautions may act as a guide in areas where human activities are

unavoidable:
1. Avoid any activity that disturb the soil i.e. digging or removing tree roots.
2. Avoid cutting large trees since roots that inevitably decompose will leave the site more erodible.
3. Avoid disturbing the stream bank itself since erosion may undercut the bank above.
4. Use the riparian boundary zones solely as growth sites for permanent crops that need no replanting

11. Activity plan for riparian forest restoration, Harapan

Mapping and calculating the total length and area of riverine forest in Harapan
Assess the conditions for riparian forest throughout Harapan - via ground truthing/field verification.

Classify and map various types of riparian forests based on physical and ecological criteria.

Make restoration strategies for various types of degraded riparian forests with particular focus on
physical environment (erosion/river bank protection and regulation of water flow). Strategies and
models include e.g. ANR and enrichment planting.

Indicate on maps and calculate areas of riparian forests that need specific restoration/rehabilitation
effort.

Make species list for restoration activities, classifying species into riverine planting zones e.g. river
bank vegetation, behind river bank vegetation and transition zones to dry forest.
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Figure 15. Map of Harapan showing the two river systems, Kapas and Meranti Rivers. The total length of the rivers and
tributaries is about 750 kilometres

OQutput

1. Estimate riparian area in Harapan. The length of Kapas River from north to south straight line in

Harapan is approximately 50 km, accounting for meandering probably at least 250 km. Meranti River in
the southwest stretches across 20 km. The total length of rivers and tributaries in Harapan as calculated
on Rapid Eye images is about 750 km. Using an estimate of 25 meters on either side of all measured
rivers gives an area of 750,000 x 50 meters = 37,500,000 m?, or 3,750 hectares. At some sites the area is
significantly wider, in other narrower. Estimates of areas may be improved by ground trothing.

2. Estimate need for riparian restoration on river Kapas. Conditions of riverine forest cannot be identified

on satellite maps. Classification of conditions on river Kapas could be made by sailing from north to
south and describing conditions at intervals of 500 meters. Short tributaries may be inspected on foot
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during the trip. This could take about 1-2 weeks. The trip should be done during the beginnings of the
rainy season or the dry season (March-April) where the river is navigable without too much water and
field work is feasible.

3. Mapping riparian vegetation types. A rough river map of Kapas, Meranti and main tributaries including
topography and vegetation type, key species etc. supplemented by ground photos.

4. Plan for restoration, monitoring and evaluation. Restoration plan based on present condition and

assessment of possible self-restoration ability. Some key restoration models will be developed ,
including options for monitoring and evaluation.

5. Establish demonstration/research areas using different techniques.
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Annex |. Species selection:

Since riverine species are frequently exposed to periodic inundation and strong currents, which imply the
risk of being physically washed away, species must be able to withstand the stress of periodic inundation
and quickly develop an anchoring root net. From the list of tree species from Harapan following have been
reported as riverine species in the literature.

Storey:

Species

Fount /
Source/ Well
/ Spring

River bank,
periodically
inundated

Swamp /
stagnant
water

Inland
riparian

Low-storey (U)
Middle (M)

Establishment,
Seedling (S)/Stake
cutting (C)

Upper (V)

Actinodaphne glomerata X X M

Alstonia pneumatophora X X (x) U

&
<

Anthocephalus cadamba, X X

Aporosa lucida X

—
x

=
x

Aporosa nitidia

Archidendron jiringa

Artocarpus anisophyllus (x?)

Artocarpus elasticus

(x)

Baccaurea bracteata X

Baccaurea deflexa X

Baccaurea macrocarpa X

SIZISIZIZIZIZIR |-

Barringtonia lanceolata

X X [X | X |X [X |X |X [X
x

Barringtonia macrosthacya

Barringtonia spicata ¢

x [x [x |- |x
c
|
<

Barringtonia racemosa X

Beilschmiedia kunstleri

Bhesa paniculata

Z|c|Z|c

Blumeodendron tokbrai (x)

x
<
c

Buchanania arborescens X

X X [X | X | X [X

Calophyllum inophyllum

<L

Calophyllum macrocarpum

Carallia bractiata X

,\
=
X
x
—
}
<

Caryote mitis X

Cratoxylum arborescens X

Cratoxylum cochinchinensis

Cratoxylum formosum (x)

Dacryodes rostrata

Dacryodes rugosa

Dehaasia caesia

Dialium indum

Dialium platysepalum

X | X [X | X [X |X

Diospyros macrophylla X

X | X [X|X [X |X [X |X [X |X

Diospyros malabdrica X

Dipterocarpus hasseltii

x

Dipterocarpus palembanicus X

Dryobalanops oblongifolia (x)

Durio griffithii X

Dyera costulata

Eleiodoxa conferta X

Endospernum diadenum X

nNniununinuvuninlnuuninunnlnlnulununinunninjlnluninlunuunninflnjuuninlnluninfununninlnuiOo | v inv

SirirlclclclclcZ2IR|Ic|lc|Z(<Z

Eusederoxylon zwageri X X
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Species

Fount /
Source/ Well
/ Spring

River bank,
periodically
inundated

Swamp /
stagnant
water

Inland
riparian

Storey:
Low-storey (U)
Middle (M)
Upper (U)

Establishment,
Seedling (S)/Stake
cutting (C)

Fagraea fragrans

(x)

M

Flacourtia rukam

Ganua motleyana

Garcinia parvifolia

Geunsia pentandra

Gironniera nervosa

(x)

Glochidium borneense

Gluta renghas

Gonystylus bancatus

Gynotroches axillaris

X?

Homalium sp

Hopea mengerawan

Horsfieldia irya

X [X | X | X

(x)

Intsia palembanica

Knema conferta

x

(x)

Koompassia excelsa

Koompassia malaccensis

x

Licuala spinosa

Lithocarpus elegans

clrjc|lc|LZ|c|c|c

Lithocarpus lucidus

<
c

Livistona spp

Mallotus paniculatus

Mangifera griffithii

Meliosma sumatrana

Myristica elliptica

Myristica maxima

ciZlc|ILZ|—|C

Neonauclea enderti ?

X X [X | X |X [X |X |X [X

Oncosperma tigallarium

<

Ormosia sumatrana

<

Palaquium gutta

<

Peronema canescens

<
c

Podocarpus neriifolius

(x)

Polyalthia cauliflora

x

Pometia pinnata

Porterandia anisophylla

Pternandra coerulescens

Pternandra cordata

Scapium macropodum

Scorodocarpus borneensis

Sindora leiocarpa

(x)

X [X | X [X [X |X

Stemonorups secundifolius

Syzygium laxiflorum

Terminalia subspathulata

Tetramerista glabra

X | X [xX |X

Xerospermum noronhianum

X [X | X |X

2 cIIZ |c|lc|lc||r|r|Cc|—|C

nin uninunninuuninlnuininOolunuinfnooluinlnlnunnufuuninlnnlnflnlununlnlnlnunluninlunininlunlunl unlunv
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