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Abstract
Background
Natural regeneration of seedlings as well as saplings of Korean fir has been significantly impacted by the browsing from the early stages of their development, potentially, by roe deer for the last two to three decades at the study site since late 1980s. This study was carried out to investigate current status of the disturbance in the seedling development of Korean fir (Abies koreana) on Mt. Hallasan, Jeju Island, Korea.

Methods
Field survey was carried out during June and August in 2016 to measure the characteristics of study site and understory vegetation by applying systematic sampling to 125 plots of 5 m × 5 m quadrat located on eastern slope of the mountain. Correlation and regression analyses were applied to the variables quantified from the data sets using the SAS software.

Results
No saplings with their diameters at breast heights smaller than 5.0 cm were found at the study site indicating the serious disturbance in the natural regeneration of Korean fir at the study site. No seedlings with their heights taller than 36.0 cm were found at the study site indicating even more serious disturbance during earlier stage of the natural regeneration of Korean fir at the study site. A total of 616 individuals of the seedlings of Korean fir were found at 54 out of 125 sampling plots. One hundred thirty-eight seedlings (22.4%) out of 616 individual seedlings have the vestiges for being grazed, potentially, by roe deer.

Conclusions
Due considerations should be given to the effects of browsing of the seedlings by roe deer to promote the natural regeneration of Korean fir, ultimately to restore Korean fir. It is needed for the managers of the forest to install fences around the forest area. Exclosure experiments as well as enclosure experiments of different densities of browsing should be carried out. In addition, treatment with different densities of Jeju dwarf bamboo should also be included in the experiment on Mt. Hallasan National Park, Jeju Island, Korea.
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Background
Mt. Hallasan National Park is located in the central part of Jeju Island, a southernmost island in Korea, which was designated from The United Nations Educational, Scientific and Cultural Organization (UNESCO) as a UNESCO World Biosphere Reserve, World Natural Heritage and UNESCO Global Geopark (Woo et al. 2013). The summit of Mt. Hallasan is the highest peak in South Korea with its altitude of 1950 m above sea level (ASL). On higher altitude of Mt. Hallasan, there are forests dominated by Korean fir (Abies koreana) from the altitude of around 1300 m ASL to the summit. Korean fir is an endemic tree species to Korea (Wilson 1920, Lee 1970), and Korean fir forests are mainly distributed on Mt. Hallasan in Korea, representing the typical habitat of the sub-alpine forest of Jeju Island (Kong and Watts 1993, Song et al. 2010, Song 2011).
In Korea, Korean fir was designated as an endangered species in the national Red List by the Ministry of Environment and, also, designated as Climate-sensitive Biological Indicator Species (CBIS) (Ministry of Environment, Korea 2010, Lee et al. 2010, Park et al. 2015). The International Union for Conservation of Nature (IUCN) identified Korean fir as an endangered species in the IUCN Red List of Threatened Species (IUCN 2011).
Nowadays, we observe the decline of Korean fir forests on Mt. Hallasan. Taller trees are fallen dead blown by typhoons, which are frequent meteorological phenomena on the island. Some bigger trees are standing dead with the dieback of their branches and foliage with the reasons for the decline not well studied, yet (Kim 1994, 1996, Kim and Kim 2000, Korea Forest Research Institute 2015, Kim et al. 2016). As the trees are growing on shallow soils of volcanic bedrock, older trees are more vulnerable to wind fall and drought than younger trees. Aging can be the major predisposing factor that can increase the sensitivity of the old trees to strong winds accompanied by the frequent typhoons and to droughts with soil water quickly infiltrated to volcanic rock and easily drained from the soil. Therefore, local people observe Korean fir trees on the mountain live only 100 years and die. In fact, tree species of fir (genus Abies) are generally a short-living tree species. So, seeing the decline of old fir trees may not be so strange phenomena to observe on the mountains throughout the world (Sprugel 1976, Kohyama 1988).
A serious phenomenon observed on Korean fir forests is that there are almost no saplings of Korean fir with their diameter at breast heights (DBHs) less than 5 cm regenerated from the forests on the mountain (Kim et al. 2016). This indicates that the natural regeneration of Korean fir is being severely disturbed at Korean fir forests and also suggests that seedling development in earlier stage could also have been disturbed seriously. Currently, there are a few studies in describing the current status of the seedling development of Korean fir on the forest (Koh et al. 1996, Kim and Choo 2000, Kim et al. 2007b, Song et al. 2010, 2014). Many studies reported the disturbance of regeneration of tree species by ungulate browsing around the world (Wilson 1969, Gill 1992, Waller and Alverson 1997, Potvin et al. 2003, Rooney and Waller 2003, Senn and Suter 2003, Weisberg and Bugmann 2003, Cote et al. 2004, Tsujino and Yumoto 2004, Pepin et al. 2006, Takatsuki 2009, Hidding et al. 2012, Nagaike et al. 2014; Cutini et al. 2015, Swiss Federal Institute for Forest 2015); a few studies were carried out on the dynamics and the other ecological issues of roe deer in Korea (Kim and Kim 2001, Kim 2006, Kim and Hong 2006, Kim et al. 2007a, Jeon and Kim 2011, Jo et al. 2012, Kim et al. 2012, 2013, Kang 2013, Lee et al. 2015). In addition, studies on the dynamics of forest stands indicated that competition with other species of understory vegetation such as dwarf bamboo (genus Sasa) can interrupt the establishment of the seedlings of the natural tree species at forest stands of the world (Nakashizuka 1988, Peters et al. 1992, Abe et al. 2001, 2002, Taylor et al. 2004, 2006, Doležal et al. 2009, Song et al. 2014).
In order to understand what is happening in the natural regeneration and the disturbances in the natural regeneration of Korean fir trees species on Mt. Hallasan National Park, there are issues to address related to the regeneration of Korean fir on higher altitude forests of Mt. Hallasan National Part such as the following:	The patterns of regeneration of the seedlings of Korean fir;

	The mechanisms of the disturbance in the natural regeneration of the seedlings of Korean fir;

	The major and/or potential causes for the disturbances in the natural regeneration of the seedlings including roe deer and Jeju dwarf bamboo (Sasa quelpaertensis Nakai);

	The magnitude of the seriousness of the problem of the disturbance of natural regeneration of Korean fir;

	Measures to reverse this kind of disturbance in regeneration of Korean fir tree species on Mt. Hallasan National Park, Jeju, Korea.




                     
This study was carried out to address the issues suggested above by investigating the current status of the lower story vegetation of Korean fir forests. By this, we are expecting that the results of this study could give important clues in understanding current status of the regeneration, the problems in disturbing the regeneration, and potential clues for overcoming the problems in the regeneration of Korean fir on Mt. Hallasan, Jeju Island, Korea.

Methods
Study area and sampling
The study area is represented by the sub-alpine forest dominated by Korean fir with the altitude between 1520 and 1640 m ASL located at the eastern slope near the Jindallaebat Shelter of Mt. Hallasan National Park, Jeju Island, Korea (Fig. 1). At the study site, Korean fir is the dominant tree species at the tree layer. Specifics of the vegetation composition including shrub layer and herbaceous layer are suggested by Kim et al. (2016) and Lee (2016). The size for the study site is 5 ha. This study site is subdivided by 125 plots of 20 m × 20 m quadrat. For each plot of 20 m × 20 m quadrat, a systematic sampling was applied to 5 m × 5 m quadrat to survey understory vegetation. Field survey was carried out from June to August in 2016.[image: A41610_2017_37_Fig1_HTML.gif]
Fig. 1Maps showing the location of the study area, study site, and sampling plots with and without seedlings of Korean fir near Jindallaebat Shelter on Mt. Hallasan, Jeju Island, Korea




                        

Field survey and statistical analysis
Identification of a seedling of Korean fir in size
Although there are different definitions in identifying the seedling of a tree species, a seedling is defined as a small tree germinated from seed but smaller than a sapling, meanwhile a sapling is defined as a usually young tree larger than a seedling but smaller than a pole, whose size varies by region (Helms 1998, Kerr et al. 2002, Kerr and Mackintosh 2012). In this study, a seedling is identified as a small tree whose DBH is smaller than 2 cm and a sapling is identified as a tree whose DBH is equal to or larger than 2 cm and smaller than 10 cm, whose differentiation was adopted by Kim et al. (2016).

Vegetation characteristics of the seedlings of Korean fir
Vegetation characteristics of the seedlings of Korean fir such as the frequency and the number of seedlings were surveyed for each of the sampling plots and the height of each of the seedlings was also measured.

Estimation of the age of Korean fir seedlings
The age of each seedling was estimated by observing the number of nodes between bud scale scars on the stem. Estimated age of the seedling was used as a reference to determine the rate of height growth of the seedlings and as the time scale in describing the processes being occurred at the study site.

Vegetation characteristics of the population of Jeju dwarf bamboo
Vegetation characteristics of the population of Jeju dwarf bamboo such as the coverage and the average height of the population were surveyed for each of the sampling plots.

Measurement of site environmental characteristics
To check the effects of site environmental factors on the occurrence of the seedlings of Korean fir, such factors as the rates (%) of rock exposure and canopy gap and slope (°) were measured for each of the sampling plots.


Data analysis
Using the Statistical Analysis System (SAS) software, correlation and regression analyses were applied to the variables quantified from the data sets measured through the field survey.


Results and discussion
Occurrence of the seedlings of Korean fir at the sampling plots
Frequency distribution and the disturbance in the seedling development of Korean fir by height
When the occurrence of seedlings of Korean fir was investigated at 125 sampling plots of 5 m × 5 m quadrat, there were several points of interests to notice.
Most of all, it is quite striking to note that there was no sapling of Korean fir with its height growing taller than breast height (1.3 m − 1.4 m). More strikingly, there was no seedling of Korean fir with its height taller than 36 cm in height. These not only indicate that the early stage of natural regeneration of Korean fir has been severely disturbed but also imply that the succession of Korean fir forest is being halted at the study site.
There are only 616 seedlings found from 125 sampling plots of 5 m × 5 m quadrat. The frequency distribution of the seedlings by height is illustrated in Fig. 2.[image: A41610_2017_37_Fig2_HTML.gif]
Fig. 2Frequency distribution and the disturbance in the seedling development of Korean fir by height




                           
It is quite striking to note that there are almost no seedlings with their height taller than 12 cm with exceptions of those with their height in 15 cm (1 seedling), 16 cm (2 seedlings), and 35 cm (1 seedling). In addition, 94.6% of the seedlings are with their height in between 2 and 7 cm and 74% of them are with their heights in between 3 and 5 cm. Average height of the seedlings is 4.4 cm.
It is quite surprising to see that the numbers of seedlings with their height in 1 and 2 cm are very small, 10 and 37, respectively. While this may indicate that some phenomena disturbing the natural development of seedlings of Korean fir have happened very recently at the study site, it is quite important to note that there are young seedlings, still, being regenerated from the study site, however. It is quite interesting to note that the number of seedlings begins to drop very dramatically from 5 cm in height for the young seedlings.
It is also interesting to note that 138 seedlings (22.4%) out of 616 seedlings have the damages with vestiges for being grazed, potentially, by roe deer (Fig. 3). It is also surprising to note that the young seedlings with their height taller than 2 cm have the damages in the stem tips (Fig. 2), which indicates that the seedlings are very vulnerable to continuous browsing, potentially, by roe deer from early stage of their development.[image: A41610_2017_37_Fig3_HTML.gif]
Fig. 3
                                          a A photo showing the damages on the stem tips of the seedling, potentially, browsed by roe deer at the study site (23 July 2016, photo by Jong-Won Lee). b A photo showing the damages on the stem tips of the seedling, potentially, browsed by roe deer at the study site (23 July 2016, photo by Jong-Won Lee)




                           
During the field survey, the authors found the big seedlings with their height about 50–60 cm tall whose step tips have been browsed, potentially, by roe deer, around the sampling plots (Fig. 4).[image: A41610_2017_37_Fig4_HTML.gif]
Fig. 4A photo of the seedling of Korean fir whose stem tips have been browsed (31 July 2016, photo by Eun-Shik Kim)




                           
There are scattered information on the density of roe deer on Mt. Hallasan National Park. Kim et al. (2007a) estimated that there were about 5.33 individuals of roe deer per square kilometer inhabiting Mt. Hallasan National Park, Jeju Island. In addition, Jeon and Kim (2011) estimated the density of roe deer inhabiting Mt. Hallasan National Park as 7.8 individuals/km2 by citing the research result published by the Research Institute of Environment and Resources of Jeju Special Self-Governing Province in 2009. In July 2013, due to increasing damage of agricultural crops in Jeju Island by roe deer, roe deer was designated as a noxious animal (hazardous animal or pest animal) of the province. Conclusively, we would like to point out the importance in exactly knowing the population dynamics of roe deer on Mt. Hallasan National Park.
It was very interesting to find the evidence for the seedlings of Korean fir being browsed by roe deer was broadcasted at the TV program of the KBS featured in November 17, 2016, with very close-up scenes that roe deer is devouring the young shoots of Korean fir in early spring inside the volcanic crater, Baekrokdam, located at the summit of Mt. Hallasan (KBS 2016).
The fact that there are very few seedlings taller than 8 cm in height at the sampling plots indicates that most of the seedlings cannot grow taller than 7 cm in height because of their increased vulnerability to and with easier exposition to potential browsing by roe deer with their increased size in height.
This indicates that the disturbance in the natural regeneration of seedlings as well as saplings was significantly impacted by the continued browsing of the seedlings from the very early stages of the seedling development by roe deer for the last two to three decades since the restoration and conservation projects of roe deer started in 1987 at the study site, with which we see the ultimate eradication of the natural regeneration of bigger seedlings of Korean fir at the study site.

Frequency distribution and the disturbance in the seedling development of Korean fir by age
When the ages of the seedlings of Korean fir at the sampling plots were measured, it was quite striking to note that there were almost no seedlings with their ages older than 10 years with exception of 16-year-old seedling (1 seedling). In addition, 96.6% of the seedlings are with their ages in between 2 and 5 years old and 66.2% of them are with their ages in between 2 and 3 years old. The average age of the seedlings is 3.2 years old (Fig. 5).[image: A41610_2017_37_Fig5_HTML.gif]
Fig. 5Frequency distribution and the disturbance in the seedling development of Korean fir by age




                           
It is quite interesting to note that the number of very young seedlings begins to drop very dramatically from 4 years in age. It is also interesting to note that 138 seedlings (22.4%) out of 616 young seedlings have the vestiges for being grazed, potentially, by roe deer, with their age younger than 5 years old. This strongly suggests that the very young seedlings after just being sprouted from the seeds can be browsed, potentially, by roe deer.
The fact that there are very few seedlings older than 6 years at the sampling plots indicates that most of the seedlings cannot survive more than 5 years in age because of their continuous disposition to the browsing by roe deer. This reassures that the disturbance in the natural regeneration of seedlings as well as saplings was significantly impacted by the continued browsing of the seedlings from the initial stages of seed sprouts, potentially, by roe deer for the last two to three decades since the restoration and conservation projects of roe deer at the study area since 1987, which ultimately eradicated the natural regeneration of bigger seedlings of Korean fir that can be observed at the study site, nowadays.

Distribution patterns of the seedlings of Korean fir by sampling plot
The average number of seedlings of Korean fir appearing at the sampling plots is 4.93 seedlings per sampling plot.
To understand the distribution patterns in the number of the seedlings of Korean fir appearing each sampling plot, the number of sampling plots and the total number of seedlings appeared at the sampling plots is suggested in Table 1.Table 1Distribution patterns in the number of seedlings of Korean fir for the sampling plots


	Number of seedlings appearing
per sampling plot
	Number of sampling plots
	Total number of seedlings appeared
	Percentage of the total number of seedlings appeared (%)

	0
	70
	0
	0.00

	1
	19
	19
	3.08

	2
	7
	14
	2.27

	3
	7
	21
	3.41

	4
	3
	12
	1.95

	5
	1
	5
	0.81

	6
	2
	12
	1.95

	8
	2
	16
	2.60

	12
	2
	24
	3.90

	16
	2
	32
	5.19

	17
	1
	17
	2.76

	20
	1
	20
	3.25

	21
	1
	21
	3.41

	22
	1
	22
	3.57

	27
	1
	27
	4.38

	30
	1
	30
	4.87

	33
	1
	33
	5.36

	66
	1
	66
	10.71

	95
	1
	95
	15.42

	130
	1
	130
	21.10

	Sum
	125
	616
	100.00




                           
On the appearance of the seedlings at the sampling plots, there are a few points of interest to note. Firstly, at 56% (70 out of 125 plots) of the sampling plots, there are no seedling appeared, which indicates that there is big variation in the regeneration of the seedlings of Korean fir at the study site. Secondly, there are sampling plots where more than 50 seedlings appear, which indicates that there are patterns of diverse and uneven distribution of seedlings at the study site. Thirdly, the fact that there is a sampling plot where 130 individual seedlings appear as a clump further indicates that the germination of seeds of Korean fir are not limited depending on the conditions of the study site. All of these suggest that there are many seeds being sprouted and joining in the pools of young seedlings at the study site and that more extensive eco-physiological studies are needed to check the dynamics of seedling development including the germination of the seeds and establishment of the seedlings at the Korean fir forests on Mt. Hallasan.

Height growth regressed with the age of the seedlings of Korean fir
In order to check the relationships between the age and the height growth of the seedlings, the height of the seedlings was regressed with the age of the seedlings.
When 138 seedlings with vestiges whose tops potentially being browsed by roe deer were included in the regression analysis (Fig. 6), we can find a very significant and positive relationship between them represented by the equation,[image: A41610_2017_37_Fig6_HTML.gif]
Fig. 6A linear regression model between the age and the height for 138 seedlings with vestiges which tops potentially being browsed by roe deer




                              [image: $$ y = 1.162\  x + 0.597\ \left({r}^2 = 0.66,\  p < 0.001\right), $$]


where x represents the age of the seedlings in years and

                              y represents the height of the seedlings in centimeters.
In order to check the relationships only for 478 seedlings of Korean fir with intact stem tips (Fig. 7), a very similar trend was shown between them represented by the equation,[image: A41610_2017_37_Fig7_HTML.gif]
Fig. 7A linear regression model between the age and the height for 478 seedlings of Korean fir with intact stem tips




                              [image: $$ y = 1.198\  x + 0.408\ \left({r}^2 = 0.67,\  p < 0.001\right). $$]



                           
When all the 616 seedlings were included in the regression analysis, we can also find a very significant and positive relationship between them represented by the equation,[image: $$ y = 1.194\  x + 0.435\ \left({r}^2 = 0.67,\  p < 0.0001\right). $$]



                           
From these equations, it becomes clear that the seedlings of Korean fir at the study site are growing very slowly in height with the speed of 1.2 cm/year for at least first 10 years or more. This indicates that the average height of the 10-year-old seedlings of Korean fir is about 12 cm at the study site, which also supports the argument that Korean fir is a very slow growing tree species during its seedling stage.
As there is a big gap in the bigger and older seedlings taller than 35 cm in height and older than 16 years in age potentially being disturbed with the grazing by roe deer at the forest, it is difficult to maintain whether Korean fir is a shade-tolerant tree species during its early stage of natural regeneration from the observation carried out through this study. But we can argue that the possibility for Korean fir to be the shade tolerant tree species cannot be ruled out, however.


The occurrence of the seedlings of Korean fir and the relationships with other environmental factors of the study site
To understand the relationship between the occurrence of seedlings of Korean fir and the environmental factors of the study site, the steps to take are, first, to measure and quantify the site environmental factors for each of the sampling plots and, second, to examine the relationships among them by applying the correlation analysis. In addition, as the occurrence of Jeju dwarf bamboo is considered to negatively affect the development of the seedlings of Korean fir at the study site, the coverage and the average height of the community of Jeju dwarf bamboo as well as the frequency and the number of the seedlings of Korean fir occurring at the study site were also measured and their relationships among them were also examined.
Site environmental factors and the relationships among them
Basic statistics for the site environmental factors to be related to the seedling development of Korean fir are suggested in Table 2.Table 2Basic statistics of site environmental factors for this study


	Site environmental factor
	Number of observation
	Average
	Standard deviation
	Minimum
	Maximum

	Rate of rock exposure (%)
	125
	21.5
	16.7
	0
	50

	Slope (o)
	125
	14.0
	7.0
	5
	35

	Rate of canopy gap (%)
	125
	53.2
	18.0
	12
	92.5

	Average height of the population of Jeju dwarf bamboo (cm)
	125
	71.4
	16.7
	9
	125

	Coverage of Jeju dwarf bamboo
	125
	4.52
	0.79
	3
	5




                           
The rate of rock exposure was positively correlated with slope (r = 0.28, p = 0.002), which indicates that the higher the slope, the higher the rate of rock exposure at the study site. The rate of canopy gap is negatively correlated with the rate of rock exposure (r = −0.29, p = 0.001), which indicates that the higher the rates of rock exposure, the lower the rates of canopy gap at the study site. There is no significant correlation between the rate of canopy gap and the slope rate (r = 0.04, p = 0.64), however.

Coverage of Jeju dwarf bamboo and its relationships with site environmental factors
As Jeju dwarf bamboo is growing at all the sampling plots, the frequency of Jeju dwarf bamboo is all the same at all the plots and shows no variations in them among the plots. So, it is meaningless to relate the frequency of Jeju dwarf bamboo with the site environmental factors at the sampling plots. Instead, the coverage of Jeju dwarf bamboo was related to the site environmental factors at the study site (Table 3).Table 3Basic statistics of vegetation data of Korean fir surveyed for this study


	Vegetation factor
	Number of observation
	Average
	Standard deviation
	Minimum
	Maximum

	Frequency of Korean fir
	125
	0.43
	0.50
	0
	1

	Number of seedlings of Korean fir
	125
	4.93
	16.25
	0
	130




                           
When the coverage data of Jeju dwarf bamboo were related to the data of the site environmental factors, the coverage of Jeju dwarf bamboo is very highly and negatively correlated with the rate of rock exposure (r = −0.354, p < 0.0001), which indicates that lower the rate of rock exposure, more abundant Jeju dwarf bamboo at the study site. It is reasonable to see this trend because there will be more Jeju dwarf bamboo established because of higher possibility for Jeju dwarf bamboo to be established in spreading their roots at the sites of lower rock exposure.
In contrast, the coverage of Jeju dwarf bamboo is significantly and positively correlated with the rate of canopy gap (r = 0.197, p = 0.028) at the study site, which indicates that the higher the rate of canopy gap of the vegetation, the more abundant the coverage of Jeju dwarf bamboo at the study site because of the higher potential coverage of Jeju dwarf bamboo promoted by higher canopy gap at the study site. It is reasonable to postulate that Jeju dwarf bamboo can establish better at the study site of higher canopy gaps due to higher potential growth.
It is also interesting to note that the coverage of Jeju dwarf bamboo is significantly and negatively correlated with the slope of the study site (r = −0.268, p = 0.0025), which indicates that Jeju dwarf bamboo favors the site of lower slope than that of higher slope because of better environment for the establishment of Jeju dwarf bamboo at the study site.
When the relationships between the height of Jeju dwarf bamboo and the site environmental factors are examined, the height of Jeju dwarf bamboo is highly and positively correlated with the rate of canopy exposure (r = 0.266, p = 0.0027), which indicates that Jeju dwarf bamboo grows higher at the study site of higher canopy gaps than that of lower canopy gaps because of better environment for Jeju dwarf bamboo to establish at the study site. It is interesting to note that the height of Jeju dwarf bamboo is not significantly correlated with both the rate of rock exposure (r = −0.05, p = 0.59) and slope (r = 0.11, p = 0.21), however.

Occurrence of the seedlings of Korean fir and the relationships with site environmental factors
The frequency of Korean fir is very highly and positively correlated with the rate of rock exposure (r = 0.32, p = 0.0002), which indicates that the higher the rate of rock exposure, the more frequent Korea fir seedlings at the study site. It is reasonable to see this trend because, at the sites of higher rate of rock exposure, there will be fewer Jeju dwarf bamboo established not only because of lower possibility for Jeju dwarf bamboo to spread their roots due to lack of soil layer but also because of higher possibility for the seedlings of Korean fir to be established with lower competition with Jeju dwarf bamboo.
In contrast, the frequency of the seedlings of Korean fir is highly but negatively correlated with the rate of canopy gap (r = −0.29, p = 0.001), which indicates that the lower the rate of canopy gap, the more frequent the seedlings of Korea fir at the study site. This may indicate that the occurrence of the seedlings of Korean fir can be limited, at the site of higher rate of canopy gap, because of more occurrence of Jeju dwarf bamboo under the higher rate of canopy gap. This situation can limit the development of seedlings of Korean fir at the study site, which was confirmed by the positive relationship between the coverage of Jeju dwarf bamboo with the rate of canopy gap explained before.
The number of seedlings of Korean fir occurring at the sampling plots is very highly and positively correlated with the rate of rock exposure (r = 0.34, p < 0.001), which indicates that the higher the rate of rock exposure, the higher the number of seedlings of Korean fir occurring at the study site. The number of seedlings of Korean fir occurring at the sampling plots shows insignificant relationships with the slope of the site (r = 0.15, p = 0.09), the rate of canopy exposure of the site (r = −0.15, p = 0.09), and the coverage of the community of Jeju dwarf bamboo (r = 0.15, p = 0.10). It is very interesting to note that the number of the seedlings of Korean fir occurring at the sampling plots shows very low correlation with the average height of the population of Jeju dwarf bamboo (r = −0.01, p < 0.88), which indicates that the seedlings of Korean fir can occur regardless of the coverage and the average height of the population of Jeju dwarf bamboo, which are the indicators of the presence and the abundance of Jeju dwarf bamboo at the study site.


General discussion
Throughout this paper, we tried to address some issues of importance on the regeneration of Korean fir tree species on higher altitude forests of Mt. Hallasan National Park, Jeju Island, Korea.
Kim et al. (2016) reported that there exist gaps in the regeneration of saplings and small understory trees for more than last two decades at 5 ha plot at this study site and suggested that there are two important time periods for the disturbance being made at the study site. We suggest that the results of this study support the argument that there exist even bigger gaps in the regeneration of seedlings of Korean fir at this 5 ha study site.
It became clear that there are strong evidences that the regeneration of the seedlings of Korean fir is being disturbed in earlier stage of their development and the seedlings with their size taller than 35 cm in height and those older than 16 years in age have been eradicated at the study site. For the seedlings with their size shorter than 8 cm in height and with their age younger than 6 years old have the vestiges potentially being browsed by roe deer.
This indicates that the natural regeneration of Korean fir tree species is strongly disturbed for the seedlings potentially being browsed from very early stage of their regeneration by roe deer at the study site, which can be the major factor affecting the disturbance in the natural regeneration of the seedlings of Korean fir forest on Mt. Hallasan National Park.
The browsing of the seedlings of Korean fir by roe deer is thought to be the first candidate of major causal factors that can disturb the natural regeneration of Korean fir from very early stage of the seedling development. So, as it is thought to be very important to prevent for the seedlings to be browsed by roe deer at the study site, there should be some measures devised to stop the seedlings of Korean fir being browsed by roe deer.
On the issues related to mechanisms and processes for the successful regeneration of Korean fir at the study site, Kim et al. (2016) suggested ungulate browsing as the potentially the most powerful disturbing factor and further extended the discussion to the potential interactions with Jeju dwarf bamboo, another powerful disturbing factor, inhibiting the regeneration of the Korean fir at the study site and the measures to take and further studies to be carried out. Readers are referred to some more specifics of the discussion for the restoration of firs and other tree species carried out at many forests of the world (Hester et al. 2000, Kay and Bartos 2000, Halpern 2001, Takahashi et al. 2001, Narukawa and Yamamoto 2002, Ito and Hino 2004, Taylor et al. 2004, Dobrowolska 2008, Doležal et al. 2009, Pellerin et al. 2010, Nagaike et al. 2014, Bottero et al. 2015). It is worth to pay due attention to measure appropriate vegetation indices on forest ecosystems impacted by deer (Iijima and Nagaike 2015).
The results of this study indicate that browsing of the seedlings, potentially, by roe deer is disturbing seriously the natural regeneration of the seedlings of Korean fir at this stage. If this kind of browsing is allowed to continue, succession of Korean fir forest will be halted and Korean fir forest will disappear from higher altitude forest of Mt. Hallasan. In order to reverse this kind of disturbance to and to promote the natural regeneration of the seedlings of Korean fir, special attention should be paid in the mechanisms of the disturbance in the browsing of the seedlings of Korean fir, potentially, by roe deer at the forest (Kim et al. 2016).
Conclusively, the most important factor that disturbs the regeneration of the seedlings of Korean fir on Mt. Hallasan National Park is, potentially, due to the browsing by roe deer. Therefore, the authors think the follow-up studies are needed on the dynamics of Korean fir forest on Mt. Hallasan National Park.	1.It is necessary to identify the cause of the disturbance as to whether the germination of seeds is limited and the number of seedlings is reduced due to certain factors, especially in the process of seedlings becoming saplings including germination of Korean fir seeds.


 

	2.To draw an overall knowledge of the regeneration status of Korean fir forest, studies should be further extended to other sites of Korean fir of different aspect and different elevation on Mt. Hallasan National Park.


 

	3.Exclosure/enclosure experiments with different density of roe deer should be urgently carried out to better understand the influence and the mechanism of the browsing of Korean fir by roe deer should be carried out with installation of fences around the forests of Korean fir.


 

	4.In addition, the process and mechanism of interactions between the natural regeneration of the seedlings of Korean fir and the surrounding plant species including Jeju dwarf bamboo and other plant species of interests for the conservation of biodiversity should be further studied to promote the status of biodiversity and ecosystem sustainability in Korean fir forest.


 

	5.Most of all, it is very important to know better the population dynamics of roe deer and the interactions between vegetation and roe deer on Mt. Hallasan National Park.


 




                        


Conclusions
Throughout this paper, we tried to address some issues of importance on the disturbance in the regeneration of Korean fir at the understory vegetation of higher altitude forests of Mt. Hallasan National Park, Jeju Island, Korea. It became clear that there are strong evidences that the regeneration of the seedlings of Korean fir are strongly being disturbed at very earlier stage of their development. There are almost no seedlings with their size taller than 32 cm in height and with their age older than 16 years old. For the seedlings with their size shorter than 8 cm in height and with their age younger than 6 years old have the vestiges being browsed by roe deer. This indicates that the natural regeneration of Korean fir tree species is strongly disturbed for the seedlings being browsed from very early stage of their regeneration by roe deer at the study site, which is the main mechanism of the disturbance in the natural regeneration in the seedlings of Korean fir on Mt. Hallasan National Park. The browsing of the seedlings of Korean fir by roe deer is thought to be the major factor (or cause) that disturbs the natural regeneration of Korean fir from very early stage of the seedling development. So, as it is very important to prevent for the seedlings from browsing by roe deer at the study site, there should be some measures devised to stop the seedlings of Korean fir being browsed by roe deer. Interestingly, the results of this study indicate that the presence of the seedlings of Korean fir is not significantly affected by the coverage and the mean height of the community of Jeju dwarf bamboo of the study site. This implies that the regeneration of the seedlings of Korean fir is not much affected by the presence of Jeju dwarf bamboo. Most of all, the results of this study indicate that the browsing of the seedlings by roe deer is disturbing seriously the natural regeneration of the seedlings of Korean fir at this stage. If this kind of browsing is allowed to continue, succession of Korean fir forest will be halted and Korean fir forest will disappear from higher altitude forest of Mt. Hallasan. In order to reverse this kind of disturbance to and to promote the natural regeneration of the seedlings of Korean fir, special attention should be paid in stopping the browsing of the seedlings of Korean fir by roe deer at the forest. The authors think it is needed for the managers of the forest to install fences around the forest area where the seedlings of Korean fir should be protected from the browsing by roe deer. Exclosure experiments as well as enclosure experiments of different densities of browsing should be carried out. In addition, treatment with different densities of Jeju dwarf bamboo should also be included in the experiment. Most of all, it is very important to know better the population dynamics of roe deer and the interactions between vegetation and roe deer on Mt. Hallasan National Park. By studying these, we are hoping that the results of this study could give important clues in understanding current status of the regeneration, the problems in disturbing the regeneration, and potential clues for overcoming the problems in the regeneration of Korean fir on Mt. Hallasan, Jeju Island, Korea.
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