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Abstract
Background
To investigate the trends of succession occurring at the Pinus thunbergii forests on the lowlands of Jeju Island, we quantified the species compositions and the importance values by vegetation layers of Braun-Blanquet method on the Pinus thunbergii forests. We used multivariate analysis technique to know the correlations between the vegetation group types and the location environmental factors; we used the location environment factors such as altitudes above sea level, tidal winds (distance from the coast), annual average temperatures, and forest gaps to know the vegetation distribution patterns.

Results
According to the results on the lowland of Jeju Island, the understory vegetation of the lowland Pinus thunbergii forests was dominated by tall evergreen broad-leaved trees such as Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum showing a vegetation group structure of the mid-succession, and the distribution patterns of vegetation were determined by the altitudes above sea level, the tidal winds on the distance from the coast, the annual average temperatures, and the forest gaps. We could discriminate the secondary succession characteristics of the Pinus thunbergii forests on the lowland and highland of Jeju Island of South Korea.

Conclusions
In the lowland of Jeju Island, the secondary succession will progress to the form of Pinus thunbergii (early successional species)→Machilus thunbergii, Litsea japonica (mid-successional species)→Machilus thunbergii (late-successional species) sequence in the temperate areas with strong tidal winds. In the highland of Jeju Island, the succession will progress to the form of Pinus thunbergii (early successional species)→Neolitsea sericea, Eurya japonica (mid-successional species)→Castanopsis sieboldii (late-successional species) sequence in the areas where tidal winds are weak and temperatures are relatively low. However, local differences between lowland and highland of Jeju Island will be caused by the micro-environmental factors resulting from the topographic differences and the supply of tree seeds. From the characteristics of succession study, we could properly predict and manage the Pinus thunbergii forest ecosystem on lowland and highland of Jeju Island.
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Background
Globally, the distribution areas of evergreen broad-leaved forests are present in wide areas in the intermediate areas between the tropical regions and the temperate regions above and below the equator in terms of latitudes, that is, north and south latitudes of 30∼40°, but the distribution areas are not very large (World Conservation Monitoring Centre (WCMC) 1992). That is, South Korea is a peninsula located between north latitudes 33 and 43°, which corresponds to the evergreen broad-leaved forest distribution zone together with East Asia, the Florida peninsula in North America, and the Mediterranean climate region in Europe (Wang 1961; Mucina et al. 1997; Box 1988; Klötzli 1988; Song 1988; Bunyavejchewin 1999; Fuziwara and Box 1999; José et al. 2008; Song and Da 2016), and is divided into subalpine forest, cold temperate forest, and warm temperate forest regions depending on the climate conditions (Yim and Kira 1975).
The main distribution areas of warm temperate evergreen broad-leaved forests in South Korea are centered on the south coast and island areas and reach Chun Island in Ulsan, Gyeongsangnamdo, and Ulleung Island in Gyeongsangbukdo in the east coast and Baengnyeong Island, Daecheong Island, and Socheong Island in the west coast (Kim and Oh 1996). Among the islands, Jeju Island is a representative island located in the southernmost of South Korea and is a warm temperate evergreen broad-leaved forest area when seen in terms of vegetation belts (Cha 1969). Representative tree species in Jeju Island include Machilus thunbergii, Neolitsea sericea, Castanopsis sieboldii, Camellia japonica, and Quercus acuta, which are all evergreen broad-leaved tree species (Yim 1989).
Pinus thunbergii is one of afforestation tree species, which constitute the maritime forests of South Korea, because of its rapid initial growth rate and strong resistance to salt damage (Kim 2003). In particular, since the low temperatures in winter due to the effects of the oceanic climate limit the distribution of Pinus thunbergii, lowlands at levels below the altitude above sea level of 500 m can be seen as the main distribution areas of Pinus thunbergii. That is, the most suitable location environment for Pinus thunbergii to grow naturally is inland coastal areas including Jeju Island (National Institute of Forest Science 2013), and Pinus thunbergii is already distributed in the Jeju Island forest area at a high ratio of 27% (Jeju Island Special Self-Governing Province 2014).
Evergreen broad-leaved forest zones in the warm temperate zone in South Korea have been rapidly destroyed in the past due to various anthropogenic disturbances, including deforestation, fuel gathering, collection of decorative plants, grazing for income growth, facility disposition for industrial facilities, and the rapid increase in tourists (Oh and Choi 1993), and original form of natural vegetation landscapes has been lost due to Pinus thunbergii forest belts (Yim 1989; Oh and Choi 1993). However, on reviewing the currently existing evergreen broad-leaved forest distribution areas in South Korea, it can be seen that, although most of the regions have degenerated vegetation, where Pinus thunbergii is dominant as a result of the secondary succession, they are very highly likely to be restored into the original evergreen broad-leaved forests because saplings of Machilus thunbergii, Neolitsea sericea, Castanopsis sieboldii, etc. are growing vigorously (Kim and Oh 1996).
Studies conducted on Pinus thunbergii forests in South Korea include those regarding vegetation and group structures (Lee and Kwon 1988; Baek 1996; Ha 1998; Choi et al. 2012; Park et al. 2013; Kim et al. 2016), those regarding location classification and distribution (Kim et al. 1981; Kim and Kil 1983), those regarding strand management and growth models (Park et al. 2015), and those regarding planting models (Kwon et al. 2004). However, most of the studies examined only those Pinus thunbergii forests that are distributed along the inland coastal areas, and studies on the Pinus thunbergii forests in Jeju Island, which are representative evergreen needle-leaf tree forests in Jeju Island, are extremely rare. Furthermore, in the case of foreign countries, studies on Pinus thunbergii forests were conducted in multilateral aspects such as seeking practical management plans through associations between vegetation types (Stanfield et al. 2001), correlations with location environmental factors, vegetation succession, pests, and land use (Suzuki and Numata 1982; Taoda 1988; Nakashima 2005; Masaka et al. 2012).
Currently, Pinus thunbergii forests in the lowlands of Jeju Island have been continuously damaged by mountain area development, and the damage caused by pine wilt disease is also very serious. In addition, those stresses caused by biotic and abiotic factors due to the rapid climate change since the mid-twentieth century have direct and indirect effects on the growth environment. The most efficient way to respond to the foregoing problems is forming sustainable and stable forests through the restoration of multi-layered structures from the simple forests dominated by Pinus thunbergii by introducing evergreen broad-leaved tree species (Yim et al. 1990), which are potential natural vegetation of Jeju Island (Park et al. 2009).
In addition, scientific data on the process of natural succession are indispensable for environment-friendly and ecological sustainable management of damaged forests (Lee et al. 2004). The foregoing not only can help understand the process of forest development but also can be directly applied to the setting of criteria for forest restoration and management (Kang 1982; Lee 1995; Lee et al. 2004).
Therefore, this study quantitatively analyzed the vegetation structure and group classification of the forests of Pinus thunbergii, which is a representative evergreen needle-leaf tree distributed in the lowlands of Jeju Island, and major location environmental factors that affect the foregoing with a view to examining the vegetation succession stage into evergreen broad-leaved forests, which are potential natural vegetation (PNV).

Materials and methods
Overall situation of the survey area
Jeju Island, which is the survey area in this study, is an isolated ecosystem in an island in east longitudes of 126° 08′~126° 58′ and north latitudes of 33° 06′~34°00′ located in the South Sea of the Korean Peninsula. The surrounding waters are the South Sea including the Jeju Island Strait on the north and the East China Sea on the south. Therefore, Jeju Island is on the boundary between the South Sea and the East China Sea and shows the characteristics of oceanic climates, which are warm and moist throughout the year because it is surrounded by the sea on four sides.
The annual average temperature is 11.7 °C, and months in which the temperature drops below 0 can be hardly seen. Over the last 30 years, Jeju Island showed mild temperature distributions with the annual average temperatures of Jeju-si and Seogwipo at 15.2 °C and 15.9 °C, respectively. The annual average precipitation in the entire Jeju Island over the last 30 years is 2044 mm while that in coastal lowlands is 1560 mm. Therefore, coastal lowlands are the rainiest areas in South Korea. The seasonal distribution of precipitation is relatively even but is characterized by the spring rainy season. In addition, Jeju Island is a volcanic island formed by the eruption of alkaline lava flows, and Halla Mountain with an altitude of 1950 m is located in the center of the island. The slopes are steeper in areas closer to the center, but the base areas form flat lowlands with slopes of about 5° (Jeju Island Special Self-Governing Province 2014).
Jeju Island has a total forest area of 88,247 ha (National Institute of Forest Science 2013). Out of the 88,247 ha, the area of pure Pinus thunbergii simple forests is 15,721 ha and that of mixed strand forests with Pinus thunbergii is 7974 ha. These forests account for a high ratio of forests in Jeju Island to the extent that they account for 27% of the total forest area in Jeju Island (Jeju Island special self-governing province 2014). However, these forests are being damaged or converted into lands for other uses every year due to mountain area development and external disturbance.

Vegetation survey and data analysis
The survey was conducted on the Pinus thunbergii forests, which are mainly distributed in the lowlands of Jeju Island at altitudes below 500 m above sea level. The survey period was from March to October 2015 with a total of 56 stands of Pinus thunbergii forests with relatively stable layer structure and good species composition (Fig. 1). The sizes of the survey pots were set to the minimum areas that could represent the species composition of the stands by referring to the height of trees that were dominant in the tree layer, and sizes set appropriately as such were 10 × 10 m, 15 × 15 m, and 20 × 20 m.
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Fig. 1Map showing the sites of P. thunbergii stands(alt. ≤ 500 m) in Jeju Island




The vegetation survey divided the vegetation at the site according to the heights of tree crowns into a tree layer (≥ 8 m), a subtree layer (4–8 m), a shrub layer (1–4 m), and a herb layer (≤ 1 m), and the integrated dominance values of Braun-Blanquet, Plant sociology (1965) were applied to appearing tree species. In addition, environmental factors such as the coordinates (GPS), altitudes above sea level, slope aspects, gradients, and the percentages of vegetation cover by tree crown layer were collected from each quadrat, and the percentages of tree crowns into tree layer were used forest gap of the environment variable.
To compare the relative dominance values of the tree species that appeared in each layer based on the vegetation survey data, the importance values (IV) were calculated by quantifying the quantitative (percentage of cover) and qualitative (frequency) data by tree species (Bray and Curtis 1957), and the relative import percentages obtained by integrating the IVs and converting the results into percentages were compared by layer (Brower and Zar 1977). In addition, to calculate the mean importance percentages (MIPs) applied with weights because the standing stocks of trees were different by layer, the relevant formula ((tree layer IV × 3 + subtree layer IV × 2 + shrub layer IV × 1)/6) was applied (Park 1985). The data were organized through an Excel program (Microsoft Office 2007) to create a vegetation data main matrix.
Plants were identified through Lee (2003a, 2003b), and when it was difficult to determine tree species, information such as photos, bark, and leaves was obtained to identify the tree species indoors. Scientific names, family names, and species names were indicated referring to the Korean Plant Names Index Committee (Korea National Arboretum 2017) presented and the national list of biological species (National Institute of Biological Resources 2018).

Collection of environment variables
In addition to the variables collected through field surveys, annual average temperatures and annual average precipitation, which are climate data, extracted from the 50-year average climate data (1950–2000) provided by the (Worldclim-Global Climate Data 2019) (www.​worldclim.​org) at a resolution of 30 arc-seconds (1 km2) were used. In addition, straight-line distances between survey points and the coastline in the digital topographic map (1:25,000) were extracted using the Arcview 10.5 program and used to examine the effects of tidal winds on the distribution of trees.

Multivariate statistical analysis
Based on the organized data, TWINSPAN (Two-Way INdicator SPecies ANalysis), a sort of group analyses, was conducted. Since TWINSPAN is a classification process based on the data of all tree species (Hill and Gauch 1980), the group types in Pinus thunbergii forests were classified, and the layer structures, constituent tree species, and location environments of communities by type were indirectly identified through TWINSPAN (Sasaki et al. 2015).
In addition, a detrended canonical correspondence analysis (DCCA), which is an ordination analysis, was carried out to determine the relative distribution patterns based on the similarity of location environmental factors, including the species composition of the Pinus thunbergii stands for which the survey was conducted (Hill and Gauch 1980) with a view to identifying and more quantitatively and objectively analyzing those environmental factors that affect the group types. The multivariate statistical analysis as such was conducted through the PC-ORD6 software (McCune and Mefford 2006).


Results and discussion
Tree species constituting Pinus thunbergii forests and comparison of their importance values by layer
Major tree species surveyed in the Pinus thunbergii forests distributed in the lowlands of Jeju Island are as follows (Fig. 2). Out of the tree species that appeared, those with an appearance frequency lower than 10% were excluded. As a result, a total of 24 constituent tree species of 14 families were recorded in 56 survey plots. As for the numbers of species that appeared by layer, 7 species appeared in the tree layer, 11 species appeared in the subtree layer, 17 species appeared in the shrub layers, and 15 species appeared in the herb layer. Lauraceae showed the highest appearance frequency with a total of 5 species, and in the case of Theaceae and Fagaceae, 3 species each appeared. This was consistent with the report indicating that dominant species in evergreen broad-leaved forests in East Asia belong to Lauraceae, Theaceae, and Fagaceae and are mixed with needle-leaf trees (Fuziwara 1981). In addition, 2 species each of Moraceae and Ellaeagnaceae appeared and 1 species each of the remaining 9 families appeared (Fig. 3).
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Fig. 2The importance value of major tree species of P. thunbergii forest according to the stratification in the lowland of Jeju Island
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Fig. 3Family-wise distribution of P. thunbergii forest in the lowland of Jeju Island




In order to determine the dominance values of the constituent tree species according to the layers of Pinus thunbergii forest, the importance values (IV) of the tree species by layer were calculated and compared (Table 1).
Table 1The importance value (IV) of major tree species according to the layers of P. thunbergii forest


	Species
	Korean name
	Layer
	RIV

	Tree
	Subtree
	Shrub
	Herb

	Pinus thunbergii
	곰솔
	94.72
	17.89
	–
	–
	48.00

	Litsea japonica
	까마귀쪽나무
	–
	13.70
	30.88
	24.98
	11.55

	Eurya japonica Thunb.
	사스레피나무
	–
	14.49
	21.07
	11.00
	8.35

	Machilus thunbergii
	후박나무
	–
	14.91
	11.44
	12.83
	7.26

	Neolitsea sericea
	참식나무
	1.25
	12.00
	5.58
	8.77
	5.66

	Mallotus japonicus
	예덕나무
	–
	10.53
	8.62
	9.08
	4.21

	Ficus erecta
	천선과나무
	–
	7.75
	5.89
	7.93
	3.94

	Cinnamomum japonicum
	생달나무
	–
	3.57
	3.14
	3.90
	1.91

	Camellia japonica
	동백나무
	–
	–
	2.83
	5.54
	0.77

	Quercus glauca
	종가시나무
	1.52
	–
	–
	–
	0.70

	Castanopsis cuspidata
	구실잣밤나무
	0.80
	–
	–
	2.40
	0.70

	Celtis sinensis
	팽나무
	0.37
	0.37
	1.23
	–
	0.45

	Viburnum odoratissimum
	아왜나무
	–
	–
	–
	1.32
	0.18

	Lindera erythrocarpa
	비목나무
	–
	–
	–
	1.11
	0.15

	Others
	 	1.34
	4.79
	9.32
	11.14
	6.17




The tree layer is in the form of pure Pinus thunbergii forests because Pinus thunbergii exhibits an importance value of about 95% so that Pinus thunbergii can be regarded as a dominant tree species that forms most of the upper layer tree crowns. As for the importance values in the subtree layer, Pinus thunbergii (17.9) had the highest importance value, followed by Machilus thunbergii (14.9), Eurya japonica (14.5), Litsea japonica (13.7), and Neolitsea sericea (12.0). (Table 1). As for the importance values of tall evergreen broad-leaved trees among the constituent tree species, Machilus thunbergii (14.9) was the most predominant followed by Neolitsea sericea (12.0) and Cinnamomum japonicum (3.6), and the importance values of Machilus thunbergii and Neolitsea sericea were not much different from the importance value of Pinus thunbergii (Table 1).
Pinus thunbergii did not appear in the shrub and herb layers. In the shrub layer, Litsea japonica (30.9) appeared the most frequently followed by Eurya japonica (21.0), Machilus thunbergii (11.4), Mallotus japonicus (8.6), and Ficus erecta Thunb. (5.9). In the herb layer, Litsea japonica (25.0) appeared the most frequently followed by Machilus thunbergii (12.8), Eurya japonica (11.0), Mallotus japonicus (9.0), and Neolitsea sericea (8.8). As for the distribution of tall evergreen broad-leaved trees, Machilus thunbergii was the most dominant followed by Neolitsea sericea and Cinnamomum japonicum in order of precedence identically to the subtree layer. This shows that evergreen broad-leaved trees are continuously supplemented so that the power of evergreen broad-leaved trees will gradually increase in the understory vegetation. Therefore, it is considered that Pinus thunbergii will be gradually eliminated through competition with tall evergreen broad-leaved trees. In the herb layer, the seedlings and saplings of Castanopsis sieboldii, which was reported as a late-successional species (Oh and Choi 1993; Oh and Cho 1996; Tabata et al. 2015; Park et al. 2018), were frequently identified (Table 1).
The Pinus thunbergii forests are a vegetation degenerated by the destruction of the evergreen broad-leaved forests (Oh and Choi 1993; Oh and Kim 1996), and the Pinus thunbergii forests are considered to be succeeded by evergreen broad-leaved trees such as Machilus thunbergii, Neolitsea sericea, Cinnamomum japonicum, and Castanopsis sieboldii (Yim et al. 1990), which are expected to be the main tree species in the potential natural vegetation (PNV). In addition, the number of species appeared was smaller than that of Pinus thunbergii forests in Jeju Island reported by Park et al. (2013), and the differences were also shown in species compositions by layers. This is attributable to the fact that the survey in this study was conducted in intact Pinus thunbergii forests with relatively fewer external disturbances in lowlands at altitudes below 500 m above sea level, and dominant species were mainly written considering appearance frequencies.

Classification of groups in Pinus thunbergii forests (TWINSPAN)
TWINSPAN was carried out using quantitative data on 24 species that appeared in the 56 stands in total. As a result, the 24 species were largely divided into 4 groups (I, II, III, IV) at level 2 (Fig. 4). At level 1, the amount of information was 0.2955 as an eigenvalue, and the species were largely divided into 2 groups by the indicator species Litsea japonica (−), Machilus thunbergii (−), and Eurya japonica (+). At level 2, the amount of information for some species was 0.2300 as an eigenvalue, and these species were divided into group I and group II by the indicator species Eurya japonica (+) and Neolitsea sericea (+); the amount of information for the remaining species was 0.3211 as an eigenvalue, and these species were divided into group III and group IV by the indicator species Litsea japonica (−) and Neolitsea sericea (+).
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Fig. 4The pathway of subdivision into groupings of P. thunbergii stands by using TWINSPAN, which used importance value of tree species of the total layer. The abbreviations in both sides of pathway indicate indicator species, the numbers under the line, the eigenvalues for the division (Lj, Litsea Japonica; Mt, Machilus thunbergii; Ej, Eurya japonica; Ns, neolitsea sericea)




The group classification by TWINSPAN was reported to be made with environmental factors such as the presence of specific species, altitudes above sea level, and soil humidity (Taylor et al. 1987; Huang and Moral 1988; Lee et al. 1990a; Lee et al. 1990b; Lee et al. 1991; Lee et al. 1992), aspects (Lee et al. 1990b), and forest fires (Allen and Partridage 1988). However, since the Pinus thunbergii forests surveyed in this study were limited to those at altitudes lower than 500 m above sea level and the growth environments of the constituent tree species were similar such as areas adjacent to the coast and alluvial lands where the water environment was relatively stable (Fuziwara 1981; Oh and Kim 1996; Choi 2012), the tendency of group separation by certain environmental factors was not clear. However, given the location environments of the classified species, altitudes above sea level are assumed to have the largest effect leading to the classification of groups by the heterogeneous spatial distributions derived from altitudes above sea level (Lee and Cho 2000).
The results of the analysis of the constituent tree species by group and the dominant tree species by layer through TWINSPAN are as follows. Since the survey was conducted in intact Pinus thunbergii forests, Pinus thunbergii was the most dominant in all groups (I~IV), and the tree layers by group showed high importance values (IV) to the extent that they showed the forms of pure Pinus thunbergii forests (Fig. 5). However, in the case of the subtree layer, shrub layer, and herb layer, which were understory vegetation, importance values (IV) by tree species were different. Considering the foregoing, individual groups were named based on the tree species that showed high importance values among at least subtree species, which constituted the understory vegetation, except for Pinus thunbergii, so individual groups were named as follows: Litsea japonica-Machilus thunbergii group (group I), Eurya japonica-Machilus thunbergii group (group II), Eurya japonica-Ficus erecta Thunb. group (group III), and Eurya japonica-Neolitsea sericea group (group IV).
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Fig. 5The importance values of major tree species of each layer of groups separated by TWINSPAN (a group I, b group II, c group III, d group IV)




Litsea japonica-Machilus thunbergii group (group I) appeared in 31 stands and comprised a total of 20 species. The relative import value (RIV) was the highest in the case of Pinus thunbergii (49.7), followed by Litsea japonica (19.3), Machilus thunbergii (9.5), Mallotus japonicus (5.4), Ficus erecta Thunb. (3.7), and Neolitsea sericea (3.6).
In addition to the tree layer, Pinus thunbergii had the highest importance value in the subtree layer too but did not appear in the shrub and herb layers. Litsea japonica, which is a sub-tall evergreen broad-leaved tree, showed the highest importance value (IV) in the understory vegetation and was distributed in mixture with tall evergreen broad-leaved trees such as Machilus thunbergii and Neolitsea sericea and deciduous broad-leaved trees such as Mallotus japonicus and Ficus erecta Thunb.
The foregoing was identical to the species composition in the process of secondary succession appearing in the fallow fields in the lowlands of Jeju Island (You and Lee 2003), and Pinus thunbergii is considered to be gradually eliminated due to the lack of successional trees and competition with evergreen broad-leaved trees such as Litsea japonica, Machilus thunbergii, and Neolitsea sericea. In addition, the appearance of deciduous broad-leaved trees such as Mallotus japonicus and Ficus erecta Thunb. is considered attributable to the effect of artificial interference due to the low altitudes above sea level.
The Eurya japonica-Machilus thunbergii group (group II) appeared in 11 stands and comprised a total of 20 species. The importance value (RIV) was the highest in the case of Pinus thunbergii (43.9) followed by Eurya japonica (10.8), Machilus thunbergii (10.2), Neolitsea sericea (9.6), and Cinnamomum japonicum (6.2). However, Pinus thunbergii appeared only in the tree layer that constitutes the upper tree crown and did not appear in the understory vegetation.
Understory vegetation was dominated by Eurya japonica, Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum, which are evergreen broad-leaved trees. In particular, all of Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum, which are representative tall tree species in warm temperate evergreen broad-leaved forests, showed a tendency to have high importance values (IV) in all layers indicating that the power of these evergreen broad-leaved trees will become larger later.
Oh and Choi (1993), who reported the vegetation succession stage of evergreen broad-leaved forests, regarded Machilus thunbergii and Neolitsea sericea as the tree species in the highest stage, Oh and Kim (1996) regarded Neolitsea sericea and Cinnamomum japonicum as the tree species in the highest stage, and Park et al. (2018) reported Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum as the tree species in the intermediate stage. As such, this group is considered to be in the progress of succession from the Pinus thunbergii forests to evergreen broad-leaved forests. In other words, green evergreen broad-leaved trees, which are shade trees, will gradually become more dominant through continuous replenishment while continue to be replenished, and Pinus thunbergii, which is sun trees, will be eliminated due to competition with evergreen broad-leaved tree and the lack of successor trees.
The Eurya japonica-Ficus erecta Thunb. group (group III) appeared in 7 stands and comprised a total of 18 species. The relative import value (RIV) was the highest in the case of Pinus thunbergii (47.6), followed by Eurya japonica (21.0), Ficus erecta Thunb. (7.4), Quercus glauca Thunb. (5.6), Litsea japonica (5.5), Camellia japonica (3.5), and Castanopsis sieboldii (2.8).
In this group, the importance value in the tree layer was the highest in the case of Pinus thunbergii, followed by tall evergreen broad-leaved trees such as Quercus glauca Thunb. and Castanopsis sieboldii. This suggests that the remaining evergreen broad-leaved tree forests are succeeded by secondary forests due to anthropogenic disturbances (Tabata et al. 2015). Quercus glauca Thunb. has been reported to grow in collapsed slopes, unstable soils (Hoshi et al. 1998), exposed rock areas, and barren areas (Miyawaki 1981), and Castanopsis sieboldii has been reported to mainly develop in the deforested and damaged areas of warm temperate evergreen broad-leaved forests (Han et al. 2004).
Eurya japonica is a dominant species that shows the highest importance value (VI) in the understory vegetation. It is distributed in mixture with Ficus erecta Thunb. in the subtree layer and in mixture with Litsea japonica, Camellia japonica, and Mallotus japonicus in the shrub and herb layers. The appearance of the deciduous broad-leaved trees such as Mallotus japonicus and Ficus erecta Thunb. is judged to be due to the effect of artificial interferences because of the low altitude above sea level.
Han et al. (2004) reported that the succession stage of the grazing grasslands in the lowlands of Jeju Island will progress from climbing pioneer plants to Eurya japonica, Camellia japonica, and Quercus glauca Thunb. and then to Quercus glauca Thunb. and Castanopsis sieboldii, which were in existing remaining forests. Since Quercus glauca Thunb. and Castanopsis sieboldii are intermediate-stage tree species in the succession stage to evergreen broad-leaved forests and can be commonly seen in secondary forests (Oh and Choi 1993; Oh and Cho 1996; Tabata et al. 2015), this group is considered to belong to an intermediate stage in the succession stage.
The Eurya japonica-Neolitsea sericea group (group IV) appeared in 7 stands and comprised a total of 16 species. The relative import value (RIV) was the highest in the case of Pinus thunbergii (48.9) followed by Eurya japonica (22.2), Neolitsea sericea (11.4), Mallotus japonicus (6.7), and Castanopsis sieboldii (2.3).
Neolitsea sericea, which was reported as the highest stage tree species in warm temperate evergreen broad-leaved forests because of its high shade tolerance and interspecies competitiveness (Oh and Choi 1993; Oh and Cho 1996), is considered to become the most dominant in this group later because it is distributed at importance values (IV) in the form of an inverted J in all layers. The importance values ​of tall evergreen broad-leaved trees such as Neolitsea sericea, Castanopsis sieboldii, Cinnamomum japonicum, and Machilus thunbergii were shown to be high in the herb layer. This indicates that the evergreen broad-leaved trees will become more dominant hereafter to compete with Pinus thunbergii later. Neolitsea sericea will be locally dominant in wet and fertile stony areas, while Machilus thunbergii and Cinnamomum japonicum will be locally dominant in fertile lowlands with deep soils (Oh and Choi 1993).
In particular, Castanopsis sieboldii, which is correlated with altitudes above sea level (Iehara et al. 1983), is an evergreen broad-leaved tree species at an intermediate stage (Oh and Choi 1993; Oh and Cho 1996; Tabata et al. 2015) or at the highest stage in the succession stage (Park et al. 2018), and Eurya japonica, which is a subtree that is the most dominant in the understory vegetation, has been reported as a tree species at an intermediate stage (Oh and Choi 1993). Therefore, this group is in the process of succession into evergreen broad-leaved forests and is judged to be at an intermediate stage in the succession stage.

Ordination of Pinus thunbergii forests
DCCA analysis was carried out, and as a result, the eigenvalues were 0.3139 for the first axis and 0.1729 for the second axis, and 56 stands were arranged on their respective coordinate axes according to their amounts of information (Fig. 6).
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Fig. 6DCCA ordination plot between major groups and environmental variables. The environmental variables are altitude (Alt.), distance from shore (Dist.), annual mean temperature (Temp.), forest gap, annual mean precipitation (Prep.), and slope. Four shapes are the main groups separated by TWINSPAN, and cross shape shows centroids of each group




This was generally similar to the trend of group classification by TWINSPAN (groups I to IV). Group I was located on the left of the first axis, group II on the center, and stands of group III and group IV on the right. The stands distributed adjacent to each other show similarity in species compositions and vegetation structures, eventually reflecting the location environments. That is, some stands of each group were closely located at the center. This is considered attributable to the fact that Pinus thunbergii was commonly the most dominant in the upper layer vegetation.
The species compositions of several stands (p26, p54, and p55) located far from the central value of each group were different from those of other stands. These stands were in the state of retrogressive succession with relatively high importance values of deciduous broad-leaved trees because parts of Pinus thunbergii forests were destroyed due to artificial interference or in the state of substitute vegetation where some evergreen broad-leaved trees remained.
The eigenvalue (standard deviation (SD)) of beta diversity (Kimmins 1987), which is a variation in species compositions between two groups of which the location environments were adjacent to each other, was shown to be 2.94. The closer the eigenvalue is to 4.0, the more completely the groups were differentiated so that the trend of succession trend can be predicted (Gauch and Whittaker 1972). However, this eigenvalue is lower compared to previous studies conducted by diverse research centers (Olsvig-Whittaker et al. 1983; Bernard et al. 1985; Westman 1985). That is, it is considered that the Pinus thunbergii forests in the lowlands of Jeju Island are in the process of succession into evergreen broad-leaved forests, which are a potential natural vegetation, and the evergreen broad-leaved trees are considered to be at an intermediate stage, an immature stage, in the succession stage.
In addition, through the DCCA analysis, altitudes, distances from the coast, annual average temperatures, forest gaps, annual average precipitation, and gradients were identified as major environmental factors that affect the distribution of stands. This was consistent with the report indicating that the distributions of evergreen broad-leaved forests are divided according to the distances from the coast and temperatures (Hattori 1992; Hattori et al. 2008). However, these environmental factors did not play any role in the grouping of the stands because the location environments of even those individual groups that seem to be relatively homogeneous exhibit heterogeneous spatial distributions due to their correlations with diverse environmental factors (Lee and Cho 2000).
Park et al. (2018) regarded climates (temperature, precipitation, etc.) and soil conditions as important environmental factors that affect the vegetation succession and development of evergreen broad-leaved trees. In this study, however, attempts were made to investigate the correlations between evergreen broad-leaved trees and environmental factors centering on the biological and non-biological factors recorded during field surveys.
The major stands of group I distributed from the left to center of the first axis showed tendency form groups while showing strong positive (+) correlations with temperatures and forest gaps. However, the stands of group II~group IV showed positive correlations with altitudes above sea level and distances from the coast but did not form any group. That is, under the effects of environmental factors conflicting with each other, the distributions of the constituent tree species were largely divided into two patterns, and the representative evergreen broad-leaved tree species in the understory vegetation were Litsea japonica, Machilus thunbergii, Neolitsea sericea, and Castanopsis sieboldii in group I and Eurya japonica, Machilus thunbergii, Neolitsea sericea, and Castanopsis sieboldii in groups II~IV. In addition, the stands distributed at the lower left of group I and the group II stands based on the second axis showed positive (+) correlations with annual average precipitation, and the representative constituent species of the understory vegetation was Machilus thunbergii, a tall evergreen broad-leaved tree.
The correlations between major evergreen broad-leaved tree species that constitute the Pinus thunbergii forests and environmental factors found through the DCCA analysis are as follows (Fig. 7). Pinus thunbergii showed no statistically significant correlation with environmental factors. This is because Pinus thunbergii is an afforestation tree species planted on a large scale in the mountains and coastal areas of Jeju Island at altitudes lower 500 m because it grows rapidly at the beginning and is strong against salt damage (National Institute of Forest Science 2013). However, the major evergreen broad-leaved tree species that constitute the understory vegetation showed correlations with environmental factors.
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Fig. 7DCCA ordination plot between major tree species and environmental variables. The environmental variables are altitude (Alt.), distance from shore (Dist.), annual mean temperature (Temp.), forest gap, annual mean precipitation (Prep.), and slope




Litsea japonica, which is a subtree species, was distributed in areas where annual average temperatures are high and the tree crown layer is opened highly, and Eurya japonica was distributed in areas at relatively high altitudes above sea level that are not coastal areas but are relatively close to mountainous areas. Litsea japonica is a species that appears in the lowlands of Jeju Island with large amounts of light at the beginning of secondary succession (You and Lee 2003). Cheon et al. (2012) reported that Litsea japonica grows while appropriately adapting itself to a wide range of light shading of 35–95%. Given that Litsea japonica showed high dominance in the understory vegetation of all groups (I, II, III) except for group IV, its seedlings and saplings can adapt well to changing light environments, and appropriate location environments for its growth are lowlands at altitudes of about 200 m above sea level where the annual average temperature is 15 °C (Table 2).
Table 2Average value and standard deviation of major environmental factors in each group


	Group
	Altitude (m)
	Distance from coast (m)
	Annual mean temperature (°C)
	Annual mean precipitation (mm)
	Slope (degree)
	Canopy gap (%)

	I
	74.3 ± 0.3
	1460.9 ± 1254.2
	15.0 ± 0.3
	1659.2 ± 227.2
	8.5 ± 8.3
	46.1 ± 39.9

	II
	125.2 ± 52.0
	3822.9 ± 2801.5
	15.0 ± 0.4
	1747.0 ± 65.0
	12.8 ± 9.0
	15.5 ± 10.1

	III
	142.7 ± 108.1
	4302.6 ± 2902.5
	14.8 ± 0.5
	1605.6 ± 224.6
	7.1 ± 8.5
	16.4 ± 8.0

	IV
	365.0 ± 108.3
	6061.1 ± 1287.5
	14.0 ± 0.5
	1616.1 ± 107.9
	10.4 ± 8.5
	23.6 ± 8.5

	Grand mean
	129.2 ± 112.1
	2855.1 ± 2498.5
	14.9 ± 0.5
	1664.4 ± 194.5
	9.4 ± 8.5
	33.6 ± 33.3




Among the tall tree species, Machilus thunbergii was distributed in areas adjacent to the coast where annual average temperatures, and annual average precipitation are high and altitudes above sea level are low; Neolitsea sericea and Cinnamomum japonicum were distributed in areas in the middle between the coast and mountainous areas where altitudes above sea level are relatively high; and Castanopsis sieboldii was distributed in areas at high altitudes above sea level, which is far from the coast.
The ecological statuses of Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum, which are representative tall tree species of in warm temperate evergreen broad-leaved forests, are similar (Hattori 1993). This could be identified in domestic previous studies indicating that these tree species were frequently distributed in mixture (Oh and Kim 1996; Choi 2012) and the understory vegetation of group I and group II in this study. However, on reviewing the main environmental factors of group I in which Machilus thunbergii is dominant in the understory vegetation and group IV in which Neolitsea sericea is dominant in the understory vegetation (Table 2), it can be seen that the distributions of the stands are clearly divided by altitudes above sea level, distances from the coast, and annual average temperatures.
Based on the temperature range of the average monthly temperatures in the coldest month, Hattori (1993) reported that the growth and distribution areas of Machilus thunbergii appeared in mild climates with average temperatures in a range of 1 to 11 °C and those of Neolitsea sericea appeared in a relatively low temperature range of 1.3 to 5.3 °C. As can be seen in Table 2, the annual average temperatures of groups I and II and group IV showed a difference of 1 °C on average, and clear differences between the two groups could be also identified from the difference in altitudes above sea level and distances from the coast.
That is, whereas group I and group II in which Machilus thunbergii is dominant in the understory vegetation were affected by warm and moist oceanic climates throughout the year because they were distributed in lowland coastal areas at altitudes of about 200 m above sea level, group IV in which Neolitsea sericea is dominant in the understory vegetation was not much affected by oceanic climates because it was distributed in areas where altitude above sea level was relatively high (at least about 350 m) that were far from the coastal areas among the survey areas. Given the area where the Neolitsea sericea group grows naturally in Bulgapsan Mountain, Jeonnam, South Korea, reported by Oh and Jee (1995), among evergreen broad-leaved tree species, Neolitsea sericea is judged to be able to grow in low-temperature areas where temperatures are relatively low.
However, in group II, Neolitsea sericea showed the highest importance value next to Machilus thunbergii. These two tree species live in mixture with each other at high appearance frequencies because both tree species have a high tolerance to tidal winds and salts (Hattori 1993), and the high importance values of them are judged to be maintained through the intake of their fruits by birds. In particular, brown-eared bulbuls are not seed predators that crush fruit and seeds to eat (Moermond and Denslow 1985) but are seed spreaders that swallow the whole fruits to move the seeds (Kim et al. 2002; Choi and Chae 2007; Cho et al. 2011; Kim et al. 2015), and Kim et al. (2015) reported that the seeds of Machilus thunbergii and Neolitsea sericea were spread through the fruit intake by brown-eared bulbuls.
In addition, it has been reported that in the case of Machilus thunbergii, an annual average precipitation level of 1600 mm is a distribution limit condition (Miyawaki 1980) because the distribution is strictly limited in dry climates since the seedlings wither to death (Hattori et al. 2008). For all groups (I to IV), the mean values of annual average precipitation levels were above the distribution limit condition 1600 mm (Table 2). In particular, given that the importance values of Machilus thunbergii were shown to be high in the understory vegetation of those stands that were included in groups I and II, which showed positive (+) correlations with annual average precipitation during DCCA analysis, alluvial land sites or the lower part of lowland slopes are considered to be prerequisites for the growth of Machilus thunbergii.


Conclusion
The Pinus thunbergii forests in Jeju Island are representative evergreen needle-leaf tree forests planted in lowlands along the coastline and are actual vegetation. Virtue vegetation refers to the vegetation that is assumed to have been in the past, and potential natural vegetation refers to the vegetation that may be formed in the area if anthropogenic disturbance disappears (Barbour et al. 2015). Primeval forests and natural forests in Japan (Miyawaki 1980, Miyawaki 1981; Ishida et al. 2005; Kuroda et al. 2015) and southeastern China (Song and Da 2016) that belong to the same warm temperate evergreen broad-leaved forest zone and are neighboring countries in East Asia influenced by monsoon climates are reported as evergreen broad-leaved forests, and since evergreen broad-leaved trees appear very frequently in the understory vegetation surveyed in this study, the virgin vegetation and potential natural vegetation in Jeju Island are judged as evergreen broad-leaved forests.
Previous studies that reported trends of succession toward evergreen broad-leaved forests in island areas in the southern part of South Korea (Oh and Choi 1993; Oh and Kim 1996; Park et al. 2018), fallow fields in the lowlands of Jeju Island (You and Lee 2003) and grazing grasslands (Han et al. 2004) and major evergreen broad-leaved trees that constitute the understory vegetation found in this study were put together to estimate rough vegetation succession stage as shown in Fig. 8. Among the community types classified in succession stage, Litsea japonica-Mallotus japonicus community, Eurya japonica-Mallotus japonicus community, and Eurya japonica-Neolitsea sericea community had less influence of anthropogenic factors which is causing retrogressive succession. These communities were intact forests with few disturbances which was the development of lowland, logging caused by pine wilt disease, and afforestation (Taoda 1988). The secondary succession of Pinus thunbergii forests in the lowlands of Jeju Island will be progressed in different ways depending on the location environment factors; Pinus thunbergii (early successional species) that is not supplemented by seedling and sapling in all Pinus thunbergii communities will be declined in the long term.
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Fig. 8Successional series in P. thunbergii forest of Jeju Island




The secondary succession stage in those lowlands (altitudes below 100 m) that are close to the coast where the climates are mild and tidal winds are strong will progress from Pinus thunbergii (early successional species) to Machilus thunbergii and Litsea japonica (mid-successional species) and then to Machilus thunbergii (late-successional species).
The importance value of Litsea japonica which is a subtree species was the highest in the understory vegetation, but in the long run, it will be dominated by Machilus thunbergii which is tree species. Mallotus japonicus which is a deciduous subtree species with inverted J shape in the understory vegetation is expected to be consistently supplemented by seedling and sapling; this is considered to be because this community is continuously affected by human interference in the lowlands (You and Lee 2003). The secondary succession stage in those lowlands (altitudes about 100~250 m) in the middle between the coast and mountainous areas where precipitation is rich will progress from Pinus thunbergii (early successional species) to Machilus thunbergii, Neolitsea sericea, Cinnamomum japonicum, Eurya japonica, and Litsea japonica (mid-successional species) and then to Machilus thunbergii and Neolitsea sericea (late-successional species).
Importance value of Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum was high in understory vegetation, and these evergreen broad-leaved trees that are supplemented by seedling and sapling will be dominated in the long term. And Eurya japonica and Litsea japonica that is a shrub and subtree in life from will be dominated in the understory.
The secondary succession stage in areas at relatively high altitudes above sea level (at least about 250 m) where the effects of winds are weak will progress from Pinus thunbergii (early-successional species) to Neolitsea sericea and Eurya japonica (mid-successional species) and then to Castanopsis sieboldii (late-successional species).
Neolitsea sericea that is consistently supplemented by seedling and sapling in the understory vegetation will be dominated in the long term. However, the importance value of Neolitsea sericea in the herb layer decreases at higher altitudes, while the importance value of Castanopsis cuspidata in the herb layer increases.
However, in the intermediate succession intermediate stage, different tree species will adapt according to diverse location environmental conditions, and the progression of succession will show different distinct characteristics by site because the interactions among organisms, climates, terrains, and humans are different by site where young plants settle.
In this study, Machilus thunbergii is judged to be distributed in sites, which are lowlands (altitudes not higher than about 200 m) adjacent to the coast where the climates are mild and affected by tidal winds, and Neolitsea sericea is judged to be distributed in sites at higher altitudes above sea level than the sites of Machilus thunbergii, which are far from the coast so that the effects of tidal winds are weak and temperatures are relatively low than the sites of other tree species (Hattori 1993; Oh and Jee 1995). However, plant groups in lowlands, where the types of external disturbances are relatively diverse, will form a toposequence in which mosaic patterns are formed depending on those tree species that adapted to the location environment or form edaphic climaxes due to microenvironmental factors resulting from differences in the terrains such as the coast and exposed rock lands as with Machilus thunbergii and Neolitsea sericea (Park et al. 2018).
Hattori (1992 1993) divided dominant tree species in warm temperate evergreen broad-leaved forests into types such as Machilus thunbergii forests, Castanopsis sieboldii forests, and Quercus myrsinaefolia Blume forests. Among them, Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum, which are dominant species in the type Machilus thunbergii forests, were regarded to be dominant in mixture with each other because they are spread by eaters and have similar ecological statuses based on the tolerance to salinity due to tidal winds, and the prediction was identical to the dominance values shown by these tree species in the understory vegetation of lowland Pinus thunbergii forests.
In addition, Castanopsis sieboldii forests or mixed forests where other species live in mixture with Castanopsis sieboldii have already been reported as late-successional species or the late succession stage by many previous studies (Han et al. 2004; Kamijo et al. 2002; Hattori et al. 2012 Park et al. 2018). The location environments of these forests were slightly dry areas such as slopes and ridges (Hattori 1993; Choi 2012) and were correlated with altitudes above sea levels. That is, coastal lowlands were dominated by Machilus thunbergii forests and Castanopsis sieboldii forest appeared in highland areas. This was identical to the tree species distribution appearing in the tree layer of the primitive forests in Kyushu, Japan, which is a warm temperate evergreen broad-leaved forest zone (Miyawaki 1981).
In this study, the appearance frequency of seedlings of Castanopsis sieboldii was high in the herb layer of stands at relatively high altitudes above sea level where the effects of tidal winds are weak because they are closer to the inland area than the coast. This is because Castanopsis sieboldii adapted to the lowlands in the inland area so that it was distributed there because it is vulnerable to tidal winds (Park et al. 2018). However, the survival rate of seedlings of Castanopsis sieboldii was higher than that of Machilus thunbergii because the nutrient consumption of seeds was small under low-luminosity conditions (Hiroki 2016). In addition, whereas the branches and leaves (shoots) of Machilus thunbergii, Neolitsea sericea, and Cinnamomum japonicum, which are mid-successional species, are intensively distributed in the upper part of tree crowns through vertical growth, the branches and leaves of Castanopsis sieboldii avoid self-shading through horizontal growth to increase light-receiving efficiency (Rahman et al. 2013). Therefore, if the seeds of Neolitsea sericea and Machilus thunbergii, which are bird-spreading types, are not continuously supplied in the process of progression of succession hereafter, the succession to Castanopsis sieboldii will gradually progress.
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