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Abstract

The Circum-Ise Bay region in central Japan is characterized by a high concentration of species-rich seepage wetlands that
provide various ecosystem services to local communities. However, the non-native conifers Cryptomeria japonica and
Chamaecyparis obtusa have been widely introduced to the wetlands and compete with native plants. Here, we report the
results of a 4-year restoration experiment that involved removing the conifers from a seepage wetland and observing the
effects on plant composition, diversity, and ecosystem services to local communities. The experiment was conducted at a
seepage wetland in Nakatsugawa city, Japan. The wetland includes many threatened and endemic plants but is also dominated
by the conifers. We established three experimental plots within the wetland and removed the conifers from two of them. The
stem density of overstory (i.e., canopy-tree) and understory (i.e., sub-canopy to shrub) layers in the conifer-removal plots
decreased by 50% while simultaneously increasing the proportion of threatened woody plants by 14.3-50.0%. Despite these
changes, plant species diversity in the groundcover layer remained high, and threatened and culturally important species
became more concentrated on removal plots than on the control. We did not observe any negative regime shift, such as the
establishment of introduced species. The restoration appeared to promote the occurrence of plants associated with bio-cultural
linkages between the seepage wetland and local communities and that supply multiple ecosystem services.
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Introduction

Wetlands provide a variety of ecosystem services to local
communities (Meli et al. 2014; Mitsch et al. 2015; Behailu
et al. 2016; Sims et al. 2019; Tomscha et al. 2021). However,
they frequently suffer high pressure from anthropogenic
impacts, including land development, eutrophication and
water pollution (Brinson and Malvérez 2002; Hajek et al.
2002; Mayers et al. 2009). In particular, wetlands sustained
by seeping water, or seepages, are one of the ecosystems
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most vulnerable to anthropogenic impacts. The geomor-
phological process delivering the seeping water is usually
complex and invisible underground (Klgve et al. 2011).
This makes it difficult to predict the responses of seepages
to the effects of human activities. Nevertheless, adequate
management of these ecosystems is important for retaining
their multiple ecosystem services, especially to people liv-
ing nearby.

The Circum-Ise Bay region in central Honshu, Japan, is
known to have a high concentration of seepage wetlands
(Ueda 1994). According to the latest survey, there are more
than 1600 seepage wetlands in this region (Study Group
of Seepage Marsh 2019). The wetlands are in low to hilly
areas, typically at elevations from 100 to 500 m a.s.l. The
size of seepage wetlands is usually less than 1 ha. They are
characterized by the absence of peat deposits and low nutri-
ent availability. The seepage wetlands have been repeatedly
formed in the Circum-Ise Bay region for a long time, con-
tinually appearing for at least 1 million years (Ueda 1994;
Makinouchi 2001). Substrates deposited since the Pliocene
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contain impermeable silt and clay layers. When the layers
become excessively wet, this leads to frequent landslides in
mountainous terrain, and this geomorphic process promotes
the formation of seepages. The duration of seepage wetlands
is variable; small ones can disappear through succession
within only 100 years. However, new wetlands sporadically
form at low elevations. This geological process has occurred
throughout the period of Quaternary climatic oscillations,
thereby providing refugia for many native plants. This pro-
cess has contributed to establishing a floristic group, known
as “Tokai Hilly Land Elements” (Ueda 1989, 1994).

One of the major risks threatening the seepage wetlands
is the alternation of wetlands to conifer plantations. In the
1960s and 1970s, the Japanese government promoted the
expansion of conifer plantations because there was a severe
shortage of timber resources for residential construction
(Yamaura et al. 2012). The commonly planted species were
Cryptomeria japonica (L.f.) D.Don and Chamaecyparis
obtusa (Siebold et Zucc.) Endl. The presence of conifers in
the canopy layer reduces the light reaching the forest floor,
which inhibits the growth of understory and groundcover
plants.

Based upon this situation, we performed a restoration
experiment in which we removed non-native conifers from
seepage wetlands and then evaluated the effects of this treat-
ment by monitoring plant species composition and diversity
for 4 years. In general, the biodiversity of wetlands is highly
sensitive to abrupt changes in the physical environment
(Hobbs and Huenneke 1992; Davis et al. 2000; Saeki 2007).
Therefore, even though changes might be made for conserva-
tion purposes, we should be careful to avoid strong impacts
on the wetlands, and long-term monitoring is recommended.
In the present study, we aimed to examine the changes of
plant species composition and diversity after the removal
of non-native conifers at a seepage wetland in the Circum-
Ise Bay region. We focused in particular on the occurrence
of threatened and culturally important plants because the
seepage wetlands in this region are known to contain a large
number of threatened species, and they have a strong cultural
association with local communities (Li and Saeki 2018).
One of the reasons why biodiversity should be conserved
is that it is a basis of our cultural identity, or bio-cultural
diversity (Maffi 2001). This concept is especially important
for ecosystems which have a close linkage with local com-
munities, such as seepage wetlands.

Methods
Study Area

The experiment was conducted at a seepage wetland in
Iwayado village, Nakatsugawa city, Gifu prefecture, Japan
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(Appendix S1). The area of Iwayado village is approxi-
mately 1 km?, and there are several seepage wetlands in
the Satoyama, a traditional agricultural landscape in Japan
(Takeuchi 2001). The landscape is characterized by a mosaic
of rice paddies, agricultural ponds, vegetable-farming fields,
deciduous forests, and conifer plantations. We selected one
of seepage wetlands in Iwayado privately owned by a local
family for this restoration project because the landowner
wished to conserve the wetland even though it is not leg-
islatively designated for preservation. The seepage wetland
covers about 0.11 ha, which is typical of the seepage wet-
lands in the Circum-Ise Bay region (Ueda 1994). The site
has a gentle slope of 15%. Part of the seepage wetland is
forested but the rest is relatively open (Appendix S2). Both
forested and open areas were a target of the present restora-
tion project. Vegetation of the study site is characterized
by woody and herbaceous vascular plants with occasionally
high dominance of sphagnum moss. There is a fine-scale
difference in microtopography created by seeping water. No
peat deposits were observed. Ground water level was rela-
tively stable through all the seasons; conspicuous fluctuation
was not observed during the study period.

Data Collection

In July 2016, we established three 10 m X 20 m plots within
the seepage wetland and recorded plant species and diam-
eter at breast height (DBH) for all the stems of woody plants
with DBH > 1.5 cm. Both live and dead woody plants were
recorded. We then classified each stem as belonging to over-
story (>9.0 cm; i.e., canopy-tree) or understory (1.5-9.0 cm;
i.e., sub-canopy to shrub) layers. We also established one
5 mX5 m plot (hereafter, “subplot”) within each 10 m xX20 m
plot for investigating groundcover vegetation. This layer
includes vascular plants, including woody plants with
DBH < 1.5 cm. The location of each subplot was randomly
chosen, but avoiding irregular objects on the ground such as
large rocks and woody debris. In each subplot, we recorded
occurrences of all vascular plants and their coverage. Cover-
age was recorded using a 10-class scale (class 1,<0.5%; 2,
0.5-1%; 3, 1-3%; 4, 3-5%; 5, 5-8%; 6, 8-12%; 7, 12-16%;
8, 16-40%; 9, 40-70%; 10, 70-100%). The vegetation data
for the groundcover layer prior to the conifer-removal treat-
ment were recorded on 14 July, 10 August, and 30 September
2016. The survey was repeated several times because some
plants germinate in different seasons. The results of the 2016
investigation were partially reported by Li and Saeki (2018).

On 26 February 2017, non-native conifers on the two of the
three plots described above were cut. We did not do any cut-
ting on the third plot as a control. One of the treatment plots
was relatively open with few canopy-size trees, whereas the
control plot had a higher density of canopy trees. The other
treatment plot was in between these two, with relatively dense
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canopy-size trees. The target conifer species to be removed
were C. japonica and C. obtusa, which were either planted in
the 1960s and 1970s or established from dispersed seeds from
adjacent plantation forests. During the removal treatment, we
measured the DBH of stems removed from the two treatment
plots. To examine the effects of conifer removal on groundcover
species, we performed groundcover vegetation surveys of the
three subplots every year from 2017 to 2020 and compared
them with the data taken in 2016 before the removal treatment.
The exception was the year 2020 when we could only visit the
site once because of the COVID-19 pandemic. The surveys
after the removal were conducted on 10 July, 12 August, and 6
October 2017, 8 August, 1 September, and 29 September 2018,
27 August and 30 September 2019, and 29 September 2020.

Data Analysis

For the overstory and understory layers, we used the data
recorded in 2016 to calculate the stem density (stems/ha)
and proportion of non-native conifers of the total number of
stems before the treatments. Stem density and proportion of
non-native conifers were also estimated after the removal
treatment by extracting the stem numbers and basal areas for
the removed conifers from the 2016 data. For the ground-
cover layer, the coverage of each plant species recorded in
each of the subplots was input in table format (Appendix
S3), and the mean coverage of each species was calculated
by year. To quantify plant diversity, we calculated spe-
cies richness (S) and Shannon index (H'; Magurran 1988)
for each of the plots and subplots. For the overstory and
understory layers we used number of stems as an indicator
of abundance, whereas for the groundcover layer we used
coverage.

To illustrate differences in groundcover species composi-
tion before and after the treatment, we performed non-metric
multidimensional scaling (NMDS) analysis using the data
recorded by subplot for each year. We checked for the occur-
rence of threatened and near-threatened species using prefec-
tural and national Red Lists (Gifu Prefectural Government
2014; Ministry of Environment 2020) and monitored their
numbers before and after the treatment. The NMDS was
performed with the package “vegan” (Oksanen et al. 2020)
in R ver. 4.1.2 (R Core Team 2021).

An interview survey in a previous study in the Iwayado area
(Li and Saeki 2018) showed that the wetland landowners had
a variety of knowledge and experiences regarding the plants in
and around their wetlands. We first identified the plants to which
landowners referred in the interviews as culturally important
species and then examined their occurrences in the study plots
before and after the treatment. The species defined as culturally
important were those used for certain purposes (e.g., food, play,
traditional events, and horticulture) or recognized as symbols
(i.e., representatives) of the wetlands (Appendix S4).

Results

The number of living stems in the overstory and understory lay-
ers decreased markedly in the conifer-removal plots; the change
from before to after the treatment was 50% in the overstory and
34-38% in the understory (Table 1; Fig. 1). In these plots, we
were able to remove almost all of the non-native conifers. Simul-
taneously, the proportion of stems of threatened (Acer pycnan-
thum K. Koch) and near-threatened (Magnolia stellata [Siebold
et Zucc.] Maxim.) woody plant species increased (Table 1). S
and H' of the control plot were 9 and 1.87, respectively. Those
of conifer-removal plots were much smaller than the control.

In the understory layer, S of the forested and open conifer-
removal plots decreased from 18 to 16 and 16 to 14, respec-
tively, reflecting the complete removal of the two conifer
species (Table 1). H' of conifer-removal plots did not change
much, ranging from 2.30-2.35 before and 2.27-2.29 after
the treatment. These values are slightly higher than that in
the control (2.14). In both the control and removal plots,
the stem numbers in the understory were much higher than
in the overstory, which are well described by the inverse-J
shape of DBH class distributions (Fig. 1).

In the groundcover layer, we recorded a total of 88 vascular
plant species/taxa (Appendix S3). Among the 88 taxa, at least
10 are listed in either national or local Red Lists, and 13 were
referred to by landowners as culturally important. NMDS
analysis of groundcover vegetation demonstrates marked
differences in species composition among the three subplots
(Fig. 2). The control plot (P1 in Fig. 2) is plotted at the low
end of axis 1. The forested (P2) and open (P3) conifer-removal
plots are plotted at the high end of axis 1, and at the low and
high ends, respectively, of axis 2. Of the 10 threatened and
near-threatened species, 9 were placed on the positive side of
axis 1 (Fig. 2). Regarding culturally important species, 9 of
13 were placed on the positive side of axis 1.

S and H' of the groundcover layer were consistently high
across the three subplots before and after the treatment (Fig. 3).
H'was 3.42 in the control plot in the first study year (i.e., 2016),
and it did not change much after the removal. The numbers of
threatened and near-threatened species listed in the national
and prefectural Red Lists were higher in the conifer-removal
plots than in the control (Fig. 3). The number of culturally
important species also remained high in the conifer-removal
plots compared to the control. In the forested conifer-removal
plot (P2), however, the numbers were slightly lower because
of the disappearance of Triantha japonica (Miq.) Baker, A.
pycnanthum, and Drosera rotundifolia L. On the other hand,
Habenaria radiata (Thunb.) Spreng. (labeled “Hara” in Fig. 2)
was newly recorded on the open conifer-removal plot (P3) after
the treatment. This species is designated near-threatened, and it
was also noted as culturally important by landowners because
of its beautiful, heron-like flowers (Appendix S4).
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Table 1 Comparison of vegetational characteristics and diversity of overstory and understory layers before and after removal of non-native coni-

fers. DBH, stem diameter at breast height

Control plot

Conifer-removal plot (closed)

Conifer-removal

plot (open)
Before Before After Before After
Overstory (DBH >9.0 cm)
No. of living stems (stems/plot)* 23 14 7 2 1
Proportion of stems of non-native conifer species (%)° 43.5 57.1 14.3 50.0 0
Proportion of stems of threatened endemic species (%)° 34.8 14.3 28.6 50.0 100.0
Species richness 9 5 5 2 1
H" 1.87 1.25 1.55 0.69 NS
Understory (9.0 > DBH > 1.5 cm)
No. of living stems (stems/plot)* 71 122 80 87 54
Proportion of stems of non-native conifer species (%)° 11.3 32.0 0 35.6 0
Proportion of stems of threatened endemic species (%)° 254 5.7 8.8 11.5 14.8
Species richness 13 18 16 16 14
H" 2.14 2.30 2.29 2.35 227
“Plot size: 200 m?
®Non-native conifers: Cryptomeria japonica, Chamaecyparis obtusa
“Threatened endemic species: Acer pycnanthum, Magnolia stellata
4H": Shannon index based on no. of stems
(a) Control (b) Conifer removal (forested) (c) Conifer removal (open)
70 14
Before Before Before
— 20 R
g [ o | | B
g 8
é"/’ ] ! 40 | | —
2° n -
10 H
u E
5 510 10-15 15-20 20-25 25-30 30-35 35-40 40-45 >45 5 510 10-15 15-20 20- 35-40 4045 >4 5 510 1015 15-20 30 30-35 3540 4045 >4
DBH (cm)
After After

Native species (threatened endemic)
[ ] Native species (other)

] Non-native conifer species 2

. Dead

5 510

Fig. 1 Comparisons of diameter at breast height (DBH) distribution with
and without conifer-removal treatment on a seepage wetland in Iwayado,

10-15 15-20 20

Nakatsugawa city, Gifu prefecture, Japan. DBH distribution on (a) a con-
trol plot without conifer removal, (b) a forested plot with conifer removal,
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and (c) an open plot with conifer removal. For (b) and (c), top and bot-
tom charts show distributions before and after the treatment, respectively
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Fig.3 Changes in (a) species richness (S), (b) Shannon index (H’), (¢) number of Red List (RL) species, and (d) number of culturally important
species of groundcover vascular plants in three experimental subplots on a seepage wetland in Iwayado, Nakatsugawa city, Gifu prefecture, Japan
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Discussion

Owing to a high concentration of threatened plants, the Circum-
Ise Bay region has been selected as one of the hotspots of plant
diversity (Yahara 2002). To our knowledge, this is the first
attempt to restore seepage wetlands in this region by removing
non-native conifers. We perceive that our conifer-removal pro-
ject, working with private landowners, was fruitful in restoring
native plant diversity in the wetland and conserving its cultural
association with local people. In the overstory and understory
layers, A. pycnanthum and M. stellata increased in relative
dominance after the conifer removal (Table 1; Fig. 1). Both of
these species are listed in the national and prefectural Red Lists
and also members of the Tokai Hilly Land Elements (Ueda
1989). Seepage wetlands are characterized by high numbers of
shrub species (Saeki 2007). In our project, the conifer-removal
plots contained 14—16 species within an area of only 200 m?
after the treatment (Table 1). The removal of conifers will likely
contribute to the long-term conservation of species richness of
the understory layer as well.

Prior to this restoration project, we were concerned about
the possibility of a negative regime shift, such as the introduc-
tion of exotic species or a marked increase in dominance of
a particular common native species. However, the diversity
indices of the groundcover remained high, and threatened and
near-threatened species were continuously present after the
conifer removal (Fig. 3). In an experiment restoring a fen in
Sweden (Hedberg et al. 2012), sedges, grasses, sphagnum,
and wetland vascular plants and mosses all showed a positive
response to clear-cutting, with increases in their coverage. We
did not observe such remarkable changes for 4 years after
conifer removal. One reason for that might be the poor nutri-
ent conditions of the seepage wetland. The electrical conduc-
tivity (EC) of seeping water in the Circum-Ise Bay region is
usually around <30 pS/cm (Study Group of Seepage Marsh
2019). The actual EC values of seeping water at the experi-
mental site after the conifer removal have been 17-25 pS/cm,
and total N and P were 1.2 mg/L and <0.05 mg/L, respec-
tively (I. Saeki, unpublished data). Exotic plants are known to
favor nitrogen-rich sites (Chatterjee and Dewanji 2019). It is
often difficult to restore wetland vegetation when nitrogen and
phosphorus levels are high because this can increase the pro-
ductivity of invasive species (van der Hoek and Braakhekke
1998; Zedler 2000). Furthermore, there were limited seed
sources for exotic and invasive plants within and around our
research plots. Except for the two non-native conifers, there
were no non-native or invasive plants, such as dwarf bamboo,
within the experimental site (Fig. 2; Appendix S3).

Landowners living near the wetlands have rich cultural
associations with a wide range of plants (Li and Saeki 2018;
Appendix S4). Conifer-removal treatment helps with conserv-
ing these associations because culturally important species

@ Springer

remain after the treatment. One of the symbolic species, H.
radiata, newly occurred in one of the subplots after the treat-
ment (Fig. 2, Appendix S4). According to interviews with
landowners, there used to be no conifers in the seepage wet-
lands when they were young, and wetlands were more open
then than today and held H. radiata. The landowners wanted
to restore the wetlands to match those in the past, which moti-
vated their agreement for this restoration project. For long-
term conservation of the seepage wetlands, positive actions
by local communities are essential because it is often difficult
to pass legislation to conserve small but local-scale biodiver-
sity hotspots like the seepage wetlands. Note that culturally
important species linked with local people are not necessar-
ily threatened species (Fig. 2), which are often targeted for
conservation by scientists, conservation organizations, and
governments. We argue the importance of paying attention to
local perceptions of the value of biodiversity. When trying to
conserve the plant communities of these seepage wetlands, we
should focus not only on species with scientific and conserva-
tion importance as monitoring indicators, such as threatened,
local-endemic species, but also on those having cultural value
to local people.

In the conifer-removal plots, the number of species
appearing or disappearing was relatively high, and thus plant
species composition may be changing over the short term.
The rapid change in species composition after the treatment
is typical in similar restoration projects (e.g., Glennemeier
et al. 2020), and this implies that long-term monitoring is
necessary. We conclude that conifer removal on the biodi-
versity-rich seepage wetlands in the Circum-Ise Bay region
can be a prioritized option for managers to conserve their
unique plant composition, diversity, and cultural association
with local people.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13157-022-01639-2.
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