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Abstract 
In Korea, where the plain land is greatly deficient as a mountainous nation, most of riparian zones were transformed into 

agricultural fields and urban areas. Excessive use of the land, which is close to river, makes the rivers enduring severe pol-

lution stresses. Disappearance of riparian buffer, which plays a function of filter in the riverside, appears as a main factor 

aggravating water pollution of rivers. In this respect, it is imperative to restore the lost riparian vegetation. This study 

found out restoration models of riparian vegetation from the Bongseonsa stream, which has remnant riparian vegetation 

patches as a conservation reserve. Feasible reference information applicable for restoration of riparian vegetation was 

shown in the species level in the order of herb, shrub, and tree and sub-tree zones as far away from the waterway. Those 

information could contribute to restoring integrate and healthy rivers and streams beyond simple landscaping differently 

from the other restoration projects when they will be applied to the restoration project to be carried out in the future. In 

addition, the spatial range of river and stream, background that riparian zone disappeared in Korea, and application plan 

of the obtained reference information were discussed.
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INTRODUCTION

Riparian and floodplain restoration should be based 

upon a reference area found within close proximity and 

chosen after an initial riparian assessment of the project 

site. Reference sites should be as pristine as possible and 

share similar topographic and vegetative characteristics 

with the project site. Ideal areas should not have been 

disturbed recently and should be free of exotic vegeta-

tion. If the project site has no native riparian characteris-

tics, looking upstream or downstream can determine the 

stream’s riparian characteristics (Newton et al. 1998, SERI 

2004). 

In its simplest form, the reference is an actual site, 

its written description, or both. A reference ecosystem 

provides a clear depiction of the goals of the restoration 

project and a development state to evaluate against. 

Therefore, using a reference is a critical aspect of achiev-

ing restoration success (SERI 2004, Wortley et al. 2013). 

The problem with a simple reference is that it represents 

a single state or expression of ecosystem attributes. The 

selected reference site could fall within the many historic 

ranges of that ecosystem and reflect a particular combi-

nation of stochastic events that occurred during ecosys-

tem development. Thus, a composite description offers 

a more realistic basis from restoration planning (SERI 

2004).

In Korea, where the plain land is greatly deficient as a 
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river is little prepared. In this respect, it is very imperative 

to construct reference information in order to achieve the 

successful ecological restoration of river in Korea.

This study aims to construct a reference system of ri-

parian vegetation based on the ecological information 

obtained from a nature conservation reserve, the Gwang-

neung National Arboretum (GNA), which retain an inte-

grate riparian zone. 

MATERIALS AND METHODS

Study area

Two tributaries, which are originated from Moorim-

ri and Igok-ri, are combined and thereby form a main-

stream of the Bongseonsa stream and itself is combined 

into the Wangsook stream. Discharge and length of the 

stream are 22.56 km2 and 11.4 km, respectively. Dominant 

substrate of Bongseonsa stream was cobble or gravel and 

slope of riverbed was steep a little. Therefore, this river 

corresponds to small-gravel-mountainous river (abbrevi-

ated as SGM hereafter) based on river classification sys-

tem (Koo 2011).

Based on data for 85 years from Forest Practice Re-

search Center 3km far from Bongseonsa stream and Me-

teorological Stations in Seoul, annual rainfall was 1,358.5 

mm (Kim et al. 2010). As about 60% of the amount falls in 

rainy season from late June to August, this stream experi-

ences severe flooding every year. 

This stream is located within the Gwangneung national 

mountainous nation, most of riparian zones were trans-

formed into agricultural fields and urban area. Excessive 

use of the land, which is close to river, makes the rivers 

enduring severe pollution stress. Disappearance of ripar-

ian buffer, which plays a function of filter in the riverside, 

appears as a main factor aggravating water pollution of 

rivers. In this respect, it is imperative to restore the lost 

riparian vegetation (Lee et al. 2005, 2006a, 2006b, 2011b). 

Rivers in Korea flood every year during the monsoon 

season, which affects the arrangement of riparian veg-

etation. Plant species introduced for restoration include 

many plants that grow in a static aquatic system. In addi-

tion, restoration practices concentrate on the waterfront, 

rather than the floodplain or other riparian zones beyond, 

because of an absence of reference information (Lee et al. 

2011a, 2011b). 

Recent trends of river restoration in the developed 

countries are focused on extension of spatial range for 

restoration toward the integrate natural river (Hesselink 

2006, Lee et al. 2011a). Moreover, frequency and inten-

sity of extreme weather events increased due to climate 

change require urgently such a river restoration (Easter-

ling et al. 2000, Seavy et al. 2009, Lee et al. 2011a, 2011b). 

But most of riparian zone disappeared or transformed 

greatly due to excessive land use, usually as rice paddy 

and urbanize area in the past and in the recent years, re-

spectively. Consequently river width was straitened great-

ly. Moreover, if any, study or survey on them has little been 

carried out because they were omitted in the national in-

ventory contents for the natural environment. Therefore, 

reference information to realize the true restoration of 
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Fig. 1. A map showing the study area. 
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type, and the results were subjected to DCA for ordination 

(Hill 1979).

Reference information of vegetation was prepared by 

selecting plant communities and dominant species estab-

lished naturally from vegetation data collected through 

field survey. Reference information was constructed for 

three riparian zones of herb, shrub, and tree and sub-tree 

by reflecting the frequency of flooding disturbance, which 

determines the spatial distribution of vegetation.

RESULTS

Actual vegetation map

Actual vegetation map of the Bongseonsa stream is 

composed of 19 vegetation types; Phragmites japonica 

community, Pterocarya stenoptera−Phragmites japonica 

community, Phragmites japonica−Phalaris arundinacea 

community, Persicaria thunbergii−Phalaris arundina-

cea community, Artemisia princeps var. orientalis−Erig-

eron annuus community, Salix gracilistyla community, 

Phalaris arundinacea community, Stellaria aquatica−
Persicaria nodosa community, Acer tataricum commu-

nity, Salix spp.−Populus tomentiglandulosa community, 

Agropyron tsukushiense var. transiens community, Persi-

caria nodosa community, Ulmus parvifolia community, 

Salix spp.−Pterocarya stenoptera community, Salix glan-

dulosa community, Alopecurus aequalis community, Al-

nus japonica community, mixed forest, plantation, and 

three landscape elements; water channel, bare ground 

and agricultural land (Fig. 2 and Table 1). Mixed forest oc-

cupied the largest area (46.17%) and Phragmites japonica 

community (12.10%) and Pterocarya stenoptera – Phrag-

mites japonica community (10.95%) were followed (Table 

1). Mixed forest was composed of Prunus padus for. pa-

dus, Quercus aliena, F. rhynchophylla, Q. serrata, C. laxi-

flora, Juglans mandshurica, Acer triflorum and A. ginnala. 

Plantation was composed of Pinus koraiensis, Abies holo-

phylla, Populus tomentiglandulosa, Prunus serrulata var. 

spontanea, R. pseudoacacia, and Larix kaempferi, which 

are introduced artificially and intermingled in it. The oth-

er vegetation types occupied very small area below 1.0%. 

Among communities dominated by herbaceous plants, 

Persicaria nodosa, S. aquatica and A. aequalis community 

are usually distributed on the margin of sand bar formed 

in mid- and downstream and Phalaris arundinacea tend-

ed to distribute streamside together with Phragmites ja-

ponica.

arboretum (abbreviated in GNA hereafter) and thereby 

maintains relatively integrate feature (Fig. 1). Forest sur-

rounding GNA had been annexed to a royal tomb, called 

in Gwangneung, in which the 7th king of Joseon Dynasty, 

“Sejo” had been buried about 600 years ago. The forest 

designated as a royal court forest had been preserved 

thoroughly for about 500 years until 1913 when Japanese 

conquerors transformed a part of it to the experimental 

forest. The experimental forest system is still continued to 

date. Even though a part of the forest was transformed so, 

the rest part including riparian zone have been conserved 

well even since then. Therefore, nowadays the forest is 

recognized as the representative old growth forest of the 

central Korea (Lim et al. 2003, Cho et al. 2007).

Methods

Vegetation survey to prepare the reference informa-

tion to restore the degraded river was carried out on the 

reach that structure and spatial distribution of vegetation 

are conserved relatively well. Vegetation survey was car-

ried out based on vegetation map, vegetation stratifica-

tion, and species composition. Vegetation map was con-

structed by analyzing satellite images and aerial photos 

followed by field checks. Landscape attributes were over-

lapped onto topographical maps at 1:5,000 scales. Patch-

es smaller than 1 mm on the map were excluded from this 

study due to uncertainty of their sizes and shapes (Kuchler 

and Zonneveld 1988). Mapping and landscape ecological 

analyses were carried out with ArcView GIS (ESRI 2008). 

Vegetation stratification was prepared by carefully de-

picting micro-topography and major plant species in a 

belt transect installed in 10 m widths across the stream 

including stream and riparian ecosystems.
Occurrence and dominance of all plant species on 

study area were recorded in field plots by applying phy-

tosociological procedure (Braun-Blanquet 1964, Mueller-

Dombois and Ellenberg 1974).  Plot sizes were 1 m × 1 m 

in the riparian plains dominated by herbaceous vegeta-

tion and immediately adjacent to stream channels, 5 m 

× 5 m in the shrub lands, and 10 m × 10 m in the forests 

distant from stream channels.   Nomenclature followed 

Lee (1985) and Korean Plant Names Index (KPNI) (Korea 

National Arboretum 2013). Dominance was estimated 

with an ordinal class scale (from 1 for <1% to 5 for >75%) 

of Braun-Blanquet (1964). 

Differences of species compositions among vegetation 

types were analyzed with Detrended Correspondence 

Analysis (DCA) (Hill 1979). For the matrix of dominance 

values, we calculated the relative area of each vegetation 
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Fig. 2. Major vegetation types and land uses in the riparian zone of the Bongseonsa stream.

Table 1. A configuration of landscape elements established in the Bonseonsa stream

Landscape element Area (ha) (%)

Mixed forest 7.433 46.17 

Phragmites japonica community 1.948 12.10 

Pterocarya stenoptera-P. japonica community 1.763 10.95 

Plantation 0.494 3.07 

Phragmites japonica-Phalaris arundinacea community 0.160 1.00 

Persicaria thunbergii-Phalaris arundinacea community 0.144 0.89 

Artemisia princeps var. orientalis-Erigeron annuus community 0.139 0.86 

Salix gracilistyla community 0.119 0.74 

Phalaris arundinacea community 0.077 0.48 

Stellaria aquatica-Persicaria nodosa community 0.026 0.16 

Acer tataricum community 0.012 0.08 

Salix spp.-Populus tomentiglandulosa community 0.011 0.07 

Agropyron tsukushiense var. transiens community 0.011 0.07 

Persicaria nodosa community 0.010 0.06 

Ulmus parvifolia community 0.010 0.06 

Salix spp.-Pterocarya stenoptera community 0.010 0.06 

Salix glandulosa community 0.009 0.06 

Alopecurus aequalis community 0.008 0.05 

Alnus japonica community 0.002 0.01 

Agricultural field 0.468 2.91 

Waterway 3.162 19.64 

Bare ground 0.084 0.52 

Total 16.100         100 
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Stand sequence

As a result of ordination on riparian vegetation, eigen-

values of Axes I and II were shown in 0.890 and 0.693, 

respectively (Fig. 3). Plant communities were placed in 

the order of Phragmites japonica community, Rumex 

crispus – Stellaria alsine var. undulata community, Ptero-

carya stenoptera – A. princeps var. orientalis - Equisetum 

arvense community, Pterocarya stenoptera community, 

Phragmites communis community, S. koreensis – C. gla-

brescens community, Prunus padus for. padus – C. gla-

brescens community and mixed forest from the left to the 

right on the Axis I. Arrangement of plant communities 

on the Axis I reflected moisture gradient. Axis II tended 

to divide woody and herbaceous plant communities by 

the upper and the lower parts, respectively. Based on this 

result, Axis II seems to reflect disturbance regime due to 

riverine micro-topography. 

Vegetation profile

Dominant vegetation types tended to distribute in the 

order of herb-, shrub-, and tree-dominated vegetation 

as far away from the waterway in the vegetation profile 

diagrams (Fig. 4). Meadow, shrubland, and woodland 

Fig. 3. Result of the DCA ordination for vegetation data of study plots in 
riparian zone of the Bongseonsa stream. Axes I and II accounted for 31.4% 
and 18.0% of variation in species composition, respectively, such that the 
first two DCA axes account for a cumulative 49.4% of the variation.

Fig. 4. Stand profiles of vegetation established cross the Bongseonsa 
stream. Ah, Abies holophylla; Ap, Acer pictum subsp. Mono; At, Acer 
tataricum subsp. Ginnala; Ap, Artemisia princeps; Cg, Carex glabrescens; Cm, 
Chelidonium majus var. asiaticum; Fr, Fraxinus rhynchophylla; Jm, Juglans 
mandshurica, var. mandshurica for. Mandshurica; Ma, Maackia amurensis 
var. amurensis; Mr, Mukdenia rossii; Pa, Phalaris arundinacea; Pj, Phragmites 
japonica; Pd, Pinus densiflora; Pp, Prunus padus for. Padus; Ps, Pterocarya 
stenoptera; Qa, Quercus aliena; Qs, Q. serrata; Qv, Q. variabilis; Rm, Rosa 
multiflora var. multiflora; Rc, Rubus crataegifolius; Sg, Salix gracilistyla; Sk, 
S. koreensis; Sau, S. alsine var. undulate; Sa, Stellaria aquatica; Ws, Weigela 
subsessilis; Pk, Pinus koraiensis; Rco, Rubus coreanus.
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DISCUSSION

Spatial range of riparian ecosystems

Riparian ecosystems are the ecotone between aquatic 

and terrestrial ecosystems that consist of several fluvial 

surfaces, including channel islands and bars, channel 

banks, floodplains, and lower terraces. This definition in-

cludes those areas directly influenced by frequent flood-

ing (Zone I) and adjacent to rivers that were formed by 

were dominated by Phalaris arundinacea, C. glabrescens, 

Phragmites japonica, R. crispus, S. aquatica, Persicaria no-

dosa and so on, S. gracilistyla, Pterocarya stenoptera and 

S. koreensis, and S. koreensis, Prunus padus for. padus, C. 

laxiflora, Pinus densiflora, A. ginnala, F. rhynchophylla, Q. 

aliena and so on, respectively. Alluvial islands were domi-

nated herbaceous perennials such as P. arundinacea and 

P. japonica and shrubby willow such as S. gracilistyla. 

Reference vegetation information 

As the horizontal distribution of riparian vegetation 

tended to distribute in the order of herb-, shrub-, and tree-

dominated vegetation far away from the waterway (Fig. 

4), reference information was prepared by the vegetation 

zone (Table 2). Reference information was constructed as 

communities of each vegetation zone and dominant spe-

cies of each community (Table 2). S. koreensis, Prunus pa-

dus for. padus, C. laxiflora var. laxiflora–Pinus densiflora, 

Pinus densiflora–A. tataricum, F. rhynchophylla, and Q. 

aliena communities, S. gracilistyla, Pterocarya stenoptera, 

and S. koreensis community, and Phalaris arundinacea, 

Phalaris arundinacea–Carex drymophila var. abbreviate, 

Phragmites japonica, Rumex crispus, S. aquatic, Persicaria 

nodosa, C. drymophila var. abbreviata dominated tree, 

shrub, and herb dominated zones, respectively.

Fig. 5. A diagram shows the spatial range of riparian zone (redrawn 
from Goodwin et al. 1997).

Table 2. Communities and dominant species of each community constructed as reference information of herb, shrub, and tree dominated zones based 
on vegetation data obtained from the Bongseonsa stream 

Riparian zone                      Community                                          Dominant species

Herb zone Phalaris arundinacea P. arundinacea, S. aquatica, R. crispus

Phalaris arundinacea – 
   C. drymophila var. abbreviata

P. arundinacea , C. drymophila var. abbreviata , A. princeps

Phragmites japonica P. japonica, P. arundinacea, S. aquatica

R. crispus R. crispus, S. alsine var. undulata, Salvia plebeia, A. aequalis

S. aquatica S. aquatica, R. crispus, S. alsine var. undulata

Persicaria nodosa P. nodosa, S. aquatica, S. alsine var. undulata

C. drymophila var. abbreviata C. drymophila var. abbreviata, S. aquatica

Shrub zone S. gracilistyla S. gracilistyla, Pterocarya stenoptera, E. arvense, P. japonica

Pterocarya stenoptera P. stenoptera, P. arundinacea, S. aquatica, P. japonica

S. koreensis S. koreensis, C. glabrescens, H. longisima

S. koreensis S. koreensis, C. glabrescens, P. padus for. padus

Tree & sub-tree zone Prunus padus for. padus P. padus for. padus, Q. aliena, Stephanandra. incisa var. incisa, 
   Oplismenus undulatifolius var. undulatifolius

Carpinus laxiflora – 
   Pinus densiflora 

C. laxiflora, P. densiflora, A. triflorum, F. rhynchophylla, A. tataricum

P. densiflora – A. tataricum P. densiflora, A. tataricum, Q. aliena, Trigonotis icumae,
   A. tataricum, F. rhynchophylla, Viola verecunda var. verecunda

F. rhynchophylla F. rhynchophylla, A. tataricum, P. padus for. padus

Q. aliena Q. aliena, A. tataricum, O. undulatifolius
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vation or even roads (Lee and You 2001, Lee et al. 2011a, 

2011b). 

In Korea, most riparian ecosystems have disappeared 

already and the remaining ones are in decline. The rapid 

decline of these valuable ecosystems has made riparian 

conservation a focal issue in the public eye, but progress 

to check the decline has been marginal, which is partially 

because the science of repairing damaged riparian eco-

systems is relatively young. 

Since the 1990’s, land managers have been using eco-

logical engineering methods to attempt to restore natural 

ecosystem communities and processes (KICT 2002). Such 

restoration projects have usually focused on the water-

front. However, restoration efforts will be more effective 

when the spatial range is expanded to include flood-

plains, weirs, and the surrounding environments (Frissell 

and Ralph 1998). Therefore, extension of the spatial range 

including riparian ecosystems for restoration projects 

would result in more effective land management. 

Contents of reference information

The description of a reference is complicated by two 

factors that should be reconciled to assure its quality and 

usefulness. First, a reference site is normally selected for 

its well-developed expression of biodiversity, whereas 

a site in the process of restoration typically exhibits an 

earlier ecological stage. In such a case, the reference re-

quires interpolation back to a prior developmental phase 

for purposes of both project planning and evaluation. The 

need for interpretation diminishes where the develop-

mental stage at the restoration project site is sufficiently 

advanced for direct comparison with the reference. Sec-

ond, where the goal of restoration is a natural ecosystem, 

nearly all available references will have suffered some ad-

verse human-mediated impacts that should not be emu-

lated. Therefore, the reference may require interpretation 

to remove these sources of artifice. For these reasons, the 

preparation of the description of the reference requires 

experience and sophisticated ecological judgment (New-

ton et al. 1998, SERI 2004). We brushed data on species 

composition and their spatial distribution that we ob-

tained from Bongseonsa stream and thereby described 

in the reference vegetation information for restoring the 

degraded SGM. 

Recommendation for applying reference infor-
mation

Ecological restoration is an intentional activity to re-

past fluvial action, but which are generally not currently 

influenced by fluvial processes (Zone II) (Fig. 5). Together, 

these two zones constitute the valley floor. Zone I occurs 

on moist, lower, and more frequently flooded surfaces. 

Zone II, occurring on inactive floodplains and higher ter-

race surfaces, is drier and less subject to flooding. These 

two zones are not always present in all sections of a river 

corridor (e.g., canyons) and the separation between them 

is not always distinct, often existing along a continuum 

rather than as a sharp boundary. However, dividing ripar-

ian ecosystems into these two zones helps differentiate 

among the structural and functional properties of the 

varied surfaces occurring within riparian ecosystems, as 

the following discussion illustrates (Goodwin et al. 1997, 

Naiman et al. 1998, Lee et al. 2011a).
   Areas in Zone I are intimately linked to stream eco-

systems, and the two ecosystem exchange energy and 

matter. The exchange of energy and matter in Zone II is 

largely unidirectional, with Zone II providing material 

and affecting energy inputs to both Zone I and the stream 

ecosystem. Although Zone II is not strongly influenced by 

geomorphic processes of the stream, past fluvial actions 

appear to have been necessary for the establishment of 

the vegetation occupying this zone. In addition, shallow 

depth to alluvial groundwater in Zone II allows domina-

tion by phreatophytic species, which derive their water 

supply from the saturation zone and which cannot sur-

vive in upland areas where groundwater depth is greater. 

We therefore consider Zone II an important part of ripar-

ian ecosystems (Goodwin et al. 1997, Lee et al. 2011a). 
Bongseonsa stream that we investigated conserves such 

riparian zones relatively well (Fig. 4) and thus could pro-

vide reference information for restoring the degraded 

SGM.

Causal factors of riparian ecosystem degrada-
tion in Korea

In Asian countries where rice is a staple food, humans 

have transformed most floodplains of rivers and streams 

to rice fields and constructed dikes near affected wa-

terways to prevent flood damage. Therefore, the widths 

of most rivers and streams have been sharply reduced. 

Many of these rice fields were subsequently absorbed into 

urbanized areas, and meandering and complex channels 

were artificially straightened in urban areas. As a result, 

riverine plant and animal communities have been dam-

aged or destroyed by deforestation, the introduction of 

exotic species, the diversion and channeling of water for 

agriculture, and the use of river beds and shores for culti-
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cant tool for evaluating the restoration effects of the re-

stored rivers in ecological viewpoints.
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