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Abstract 

 The spring-fed Kippataike marsh of Tokai district in central Japan is characterized by various 
microhabitats. In this marsh, we identified four types of microhabitat such as the gravel, mud, hummock, 
and dry mud types. The density of woody plants, and species richness among microhabitat types differed. 
From May to November, the mud type microhabitat had the highest water level, and the hummock type 
had the lowest water level among the five microhabitat types. The number of species tended to increase 
with increasing number of microhabitat types. Woody species dominated the hummock and the dry mud 
types, whereas herbaceous species dominated the mud and the dry mud types. Such a difference in the 
mode of occurrence between woody and herbaceous species may slightly contribute to increasing species 
diversity in a marsh with various microhabitats. Most of herbaceous species grew in several microhabitat 
types, but the mode of occurrence varied with species. Thus, we conclude that the environmental 
heterogeneity represented by microhabitat diversity may contribute to the maintenance of species diversity 
in Kippataike marsh. 
 
Keywords:Spring-fed marsh･Microhabitat･Water level･Species diversity･Environmental heterogeneity 
 
Introduction  
Spring-fed marshes in the warm temperate regions of Japan are characterized by a narrow area (a few 

square meters to several thousands of square meters) and nutrient-poor, slightly acidic conditions (Kikuchi 
et al. 1991, Hiroki and Kiyota 2000, Tomita 2012). In these marshes, the peat layer does not develop due 
to higher temperature of the warm temperate region. Although each marsh is small, diverse plant species 
including rare endemic species such as the Tokai hilly land element (Ueda 1989) grow in each spring-fed 
marsh. In addition to species diversity, spring-fed marshes are characterized by microhabitat heterogeneity 
formed by a variety of substrates including gravel, mud, and Sphagnum moss. 

It have been indicated that the microhabitat heterogeneity of wetland is a major factor structuring these 
communities and affecting species diversity ( Hueneke and Sharitz 1986; Titus 1990; Vivian-Smith 1997, 
Morzaria-Luna et al. 2004, Peach and Zedler 2006, Moser et al. 2007, Courtwright and Findlay 2011 ). 
As typical microhabitat heterogeneity, hummock-hollow systems has been reported in various kinds of 
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peatlands, and marshes (Karlin and Bliss 1984, Kenkel 1988, Nordbakken 1996, Fogel et al. 2004, 
Koponen et al. 2004, Stribling et al. 2007). In addition to the hummock-hollow systems, the complex 
microtopographical feature formed by tussocks has been reported as microhabitat heterogeneity (Yabe 
1985, Tsuyuzaki and Tsuji 1992, Werner and Zedler 2002).  

Basically, the topographic heterogeneity has been considered to form a complex mosaic of 
microhabitats with different physical conditions such as water content, redox potential, drought incidence, 
water level, soil moisture, and chemical properties (Ehrenfeld 1995a, Bledsoe and Shear 2000, Gengarelly 
and Lee 2005, Dwire et al. 2006, Courtwright and Findlay 2011). In addition to these physical 
environments, some studies indicate the significant difference in biological factors. Xiong (2003) 
indicated that the effect of plant litter on plant community composition was different between 
high elevation and low elevation in a productive wet grassland community. Cantelmo Jr (1999) 
reported that the frequency of occurrence of mycorrhizal symbioses was higher on the tops than 
at the bottom of the hummock.     

Furthermore, different microhabitats have been considered to have different dominant species, making 
species composition of hummocks different from that of hollows (Malmer 1986, Foster and Fritz 1987, 
Kenkel 1988).  Karlin and Bliss (1984) pointed out that vegetation of hollows were dominated by 
graminoid species, whereas vegetation of hummocks scattered as islands in the peatland were dominated 
by coniferous species. In salt marshes, hummocks, depressions, pool and shallow channel existed and the 
dominant species were different among these microhabitats (Morzaria-Luna et al. 2004). In swamp forest, 
it have been reported that a various kinds of microhabitat were caused by differences in distances from 
water table and different species utilize different position along these elevational gradient  (Hueneke and 
Sharitz 1986, Titus 1990).  

Several studies have considered the effect of topographic heterogeneity on species diversity with 
focusing on differences in height above water table among topographic position (Kallins and Bliss 1984, 
Werner and Zedler 2002, Morzaria-Luna et al. 2004, Økland et al. 2008). In a tropical freshwater swamp 
forest, the microtopographic differences among sites increase β-diversity because only a few species can 
adapt to waterlogged conditions induced by frequent flooding (Koponen et al. 2004). In addition, tussock 
formation influences vegetation structure and increases species diversity by changing hydrological factors 
(Yabe 1985, Tsuyuzaki and Tsuji 1992). Vivian-Smith (1997) experimentally showed that topographic 
heterogeneity on the scale of a few centimeters of relief promoted species richness and abundance of 
plants in wetland mesocosms. For sedge meadows, Werner and Zedler (2002) showed that decreasing 
variation of microtopography by sediment accumulation among tussocks had reduced species richness. 
According to these studies, it may be suggested that increasing habitat heterogeneity enhance species 
richness. However, recently, it was pointed out that positive relationship between heterogeneity and 
species diversity are not necessary the rule (Reynolds et al. 2007, Lundholm 2009, Tamme at al. 2010).  
  In this study, we attempted to examine the importance of microhabitat diversity as the mechanism 
maintaining species diversity in a spring-fed marsh. Some authors suggested that the importance in 
substrates for species richness in wetlands in addition to microtopographical difference (Titus 1990, 
Ehrenfeld 1995). In the spring-fed marsh, there appeared to be spatial heterogeneity mainly in the 
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substrate accompanied by physical conditions including the hydrology. So, we also initially identified 
some microhabitats by focusing on dominant substrate. Next, we hypothesized that (1) different 
microhabitat might have different environmental condition and different dominant plant species, (2) the 
microhabitat diversity might increase species richness. 
 
Methods 
(1)Study area and data collection 

Kippataike marsh is located in the northern part of Toki-city, Gifu Prefecture, central Japan. The marsh 
has developed along a valley between two gentle hill slopes and covers ca. 4 ha. The width of the valley is 
approximately 80 m in the widest area and has several branches. The central part of the marsh had been 
cultivated for rice production until the end of 1960’s, and since abandonment, there has been no human 
impacts other than walking on the site for the last 50 years. While traces of the ridge between rice fields 
can be recognized, the most of area abandoned is recovered by marsh vegetations. In contrast to such area, 
no human impacts have affected the vegetation of spring-fed marshes in small branches. These intact 
marshes have a variety of rare endemic species to the marsh, in which are included the Tokai hilly land 
element (Ueda 1989). Water feeds the marsh from a spring on the boundary between the spring-fed marsh 
and the secondary stand. The area with standing water has water level from 0 to 10 cm above the soil 
surface. The substrate of the spring-fed marsh was composed from muddy soil and gravel. Everywhere 
under these substrates, impermeable clay layer widely distributed. The forest around the spring-fed marsh 
is a secondary stand dominated by Pinus densiflora, Quercua serrata, and Eurya japonica. The secondary 
stand is immature, and the canopy layer height is approximately 10－15 m. Many standing dead P. 
densiflora trees are observed because of pine wilt disease.      
  The study area was located on the upper end of one of the small branches. In this intact marsh, we 
identified four types of microhabitat based on substrate condition. These microhabitats were designated as 
gravel, mud, hummock and dry mud types. In the gravel type the substrate comprises of pebble stones 
(maximum diameter, ca.5 cm) and sand. Running water flows from the spring spot located at the upper 
part of the area and covers the soil surface like a seat. The water level is about 1－2 cm above the soil 
surface. In the mud type the substrate comprises of brown muddy soils including a small amount of 
organic material, the thickness of which is about 30 cm. The water level differs from place to place with a 
range of 2－10 cm above the soil surface. A layer consisting of gravel stone is usually present under the 
mud layer. The mud type microhabitat extensively dominates this spring-fed marsh. The substrate of dry 
mud type is also brown muddy soil, although the water level is lower than the soil surface. Compared to 
mud type, the dry mud type is significantly more xeric and is rarely submerged. The hummock type 
distributed like islands in the mud type dominated portion. The hummock type, in which Sphagnum 
mosses (Sphagnum palustre) tend to grow upward and rise like mounds. The area of each hummock 
ranges from 1－10 m2, and the height of each hummock ranges from 20－50 cm. Thus, the water level is 
lower than the moss surface.  

In the summer of 2003, we set the study plot, which was 30 m along the stream, and its width was 15 m 
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perpendicular to the stream. The study plot was divided into 1800 small quadrates of 0.25 m2 each. In 
each quadrate, we first recorded the proportion of each microhabitat type. Next, we estimated the percent 
cover of each plant species lower than 2 m in height. To measure the water level, we set 22 PVC pipes in 
the study plot. Six, three, two, eleven PVC pipes were set in the hummock, gravel, dry mud and mud 
types, respectively. Each PVC pipe was 100 cm long and 3.7 cm in diameter, with 0.5 cm diameter holes 
bored at 10cm intervals. These pipes were buried in the soil to depth of 20－40 cm. We measured the 
depth from the water surface to the ground surface and used this value as the water level. The water level 
was measured once about two weeks from May to October in 2006. 
(2)Data analysis 

To compare the vegetation structure among microhabitats, we used only quadrates occupied 
by a single microhabitat type. Furthermore, quadrates with two or three microhabitat types 
were designated the mixed type. After all quadrates were distinguished into five microhabitat 
types, we calculated the mean value of the number of species and the number of woody stems. 
The mean values of the hydrological condition, number of species, number of woody plants and water 
level were statistically compared among microhabitat types using a one-way analysis of variance 
(ANOVA) (R ver.3.0.0). To satisfy the necessary conditions for analysis, the mean value of hydrological 
condition was arcsine-transformed and the mean values of others were log-transformed before applying 
the ANOVA. If there was a significant difference, the multiple comparisons by using Tukey-Kramer 
method was applied to significantly distinguish different combinations of habitat type. 
  To analyze the relationships between the number of species and microhabitat heterogeneity, we used 
microhabitat richness and the microhabitat diversity to represent the microhabitat heterogeneity for each 
subplot. Microhabitat richness was the number of microhabitat types comprising each subplot, and the 
microhabitat diversity was obtained by using Shannon-Weaver’s diversity index. The following equation 
was used to calculate the microhabitat diversity: 

microhabitat diversity  = －∑pi･logepi, where pi is the proportion of each microhabitat type in each 
quadarate. 

We compared the mean number of species among quadarates with one, two, and three microhabitats by 
using ANOVA. To satisfy the necessary conditions for analysis, the mean value of the number of species 
per subplot were log-transformed. Also we performed correlation analysis using Pearson’s correlation 
coefficient to examine the relationship between microhabitat diversity and the number of species. Before 
calculating Pearson’s correlation coefficient, values of the number of species were log-transformed. 
Because these data (x) included zero values, the transformation log (x + 1) was applied. 
 
Results 

The study plot was the mosaic of various sized patches composed from each of microhabitat type (Fig. 
1). The mud type occupied 39% of quadrates and evenly distributed in the study plot. The mix type 
occupied 37% of quadrates and located the boundary among patches of different microhabitat types. 
Several patches of the hummock type were clearly formed in the matrix of the mud type. Quadrates 
belongs to gravel type located only in the lower right in Fig. 1.  
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The sum of coverage in the hummock type was highest and those of the gravel type and mud type were 
lower than other microhabitat type (Table 1). The density of woody plants was higher in the dry mud type 
and hummock type, and lower in the gravel and mud type. The dry mud and mix types had a significantly 
greater number of species than the other three types, and the gravel type had the least number of species.  
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Fig.1. Distribution pattern of each 5 microhabitat types in the study plot. The study plot were distinguished 
into 1800 subquadrat (0.5m×0.5m).  Each subquadrate are represented by either of 5 microhabitat 
types according to substrate mainly occupied.   

Table 1 Summary of vegetation sturucture of four microhabitat type in Kippataike marsh. Sum of 
coverage is calculated by summation of coverage of spcies occurred in quadrate without 
coverage of Sphagnum spp.   

Microhabitat type n All Wood Herb

mud 696 63.5 c 0.2 c 4.9 c 0.3 c 4.6 a 36

hummock 283 183.1 a 6.1 a 5.3 b 2.7 a 2.6 c 44

gravel 110 39.8 d 0.6 c 2.6 d 0.5 c 2.0 d 26

dry mud 52 121.5 b 9.7 a 6.9 a 3.0 a 4.0 b 42

mix 659 119.4 b 4.0 b 5.9 a 1.9 b 4.0 b 63

Means with the same letter are not significantly different as determined by multiple coparison ( Tukey-Kramer test, p
= 0.05). Multiple comparison are applied after values of hydrological condition and sum of coverage are arcsine
transformed. Multiple comparison are applied after values of number of trees and number of species are log-
tranformed.

Number of trees
Mean number of species in

each quadrate
Total number of
species ccured in
microhabitat type

Sum of
coverage(%)

 
 
Woody species were more diverse in the dry mud and hummock types and less diverse in mud and gravel 
type. Herbaceous species were more diverse in the mud type and least in the gravel types.  

The water level fluctuated within a narrow range in this marsh and was the highest in summer (Fig. 2). 
From May to November, the hummock type had the lowest water level, and the mud type had the highest 
water level. The range of fluctuation was wider in the dry mud type than the other three microhabitat 
types. 

The number of species was significantly different among quadrates with different number of 
microhabitat types (Fig.3). Mean number of species per quadrate with one microhabitat, two 
microhabitats and three microhabitats was 4.9, 5.9, 7.8, respectively.  

Major component species could be divided into some groups according to their pattern of occurrence in 
each microhabitat type (Table 2). M. japonica showed a higher frequency of occurrence (> 90%) in four 
microhabitat types with the exception of the gravel type. R. alba showed a higher frequency of occurrence 
(99%) in the gravel type and in the mud type than in other microhabitat types. Carex omina had higher 
frequency of occurrence both in mud type and hummock type. Eriocaulum hondoense, Utricularia bifida, 
and Drosera rotundifolia occurred more frequently in the mud type. Pinus dendiflora, Hydorangea 
paniculata, Juniperus rigida, Rhus trichocarpa, and Aster rugulosus showed the highest frequency of 
occurrence (> ca. 20%) in the dry mud type. Ilex crenata, I.nipponica, and M. stellata occurred more 
frequently in the hummock type than in the other microhabitat types.  
 
Discussion 

Five microhabitat types could be recognized in Kippataike marsh, and these were designated as gravel, 
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mud, dry mud, hummock, and mix type, respectively. The mud type occupied the most of the area in the 
marsh investigated (39%) and was followed by the mix type (37%) (Fig.1). We thought that the fine-scale  
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Fig. 2. Seasonal water level fluctuation in each microhabitat of Kippataike marsh. except the sphagnum 

type. The mean water levels from May to November are shown for each microhabitat. Water 
levels are the distance from the water table to the soil surface. A value less than zero indicates that 
the soil surface is higher than water table.  
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Fig.3. Comparison of the number of species among subplots with different number of substrates.  

Category of number of substrate is one, two, and three substrates in each subplots. Means with 
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same letter are not significantly different as determined by analysis of variance (Tukey-Kramer test, 
p = 0.05). 

 
Table 2 Frecuency of occurrence of major component species in each habitat type. Only species with 

frequency of occurrence over 5 % in study plot. Species with asterisk is woody species. 
 
Species

All drymud gravel hummock mud mix
Moliniopsis japonica 91.39 92.31 30.00 97.88 93.53 95.30
Rhynchospora alba 64.33 57.69 99.09 5.30 91.38 54.63
Sphagnum microporum 47.33 40.38 5.45 100.00 8.48 72.08
Carex omiana 45.72 32.69 10.91 45.94 47.27 49.62
I ｌex crenat a Thunb. * 43.61 71.15 20.00 85.87 11.49 59.94
Drosera rotundifolia Linn. 37.22 26.92 0.91 0.71 59.34 35.20
Eriocaulum hondoense  Satake 36.89 19.23 2.73 68.39 25.64
Eleocharis wichurae 21.94 9.62 20.00 4.59 29.17 21.85
Sphagnum palustre 14.78 1.92 8.13 4.17 31.41
Pnius densiflora * 12.67 30.77 18.18 17.67 3.59 16.54
Hydrangea paniculata * 9.06 23.08 1.82 21.55 1.44 10.62
Juniperus rigida * 7.83 19.23 1.82 13.78 3.02 9.26
Ilex nipponica  Makino * 7.22 11.54 14.49 2.01 9.56
Utricularia bifida 7.11 0.91 15.52 2.28
Haloragis micrantha 6.61 11.54 7.27 0.35 6.90 7.28
Rhus trichocarpa  Miq. * 6.17 21.15 14.84 0.14 7.74
Aster rugulosus 5.33 25.00 4.55 1.77 2.73 6.98

Frequency of occurrence(%)

 
 
spatial heterogeneity in the hydrological conditions in this marsh might be responsible for the formation of 
these microhabitat types. It has been cleared that the water level plays an important role forming mire 
vegetation (Yabe and Numata 1984, Malmer et al. 1994, Casanova and Brock 2000, Budelsky and 
Galatowitsch 2004).  

The flush and flow of telluric water appeared to contribute to the formation of the gravel type. In the 
gravel type, surface water trickled from the point where telluric water discharged from the ground and 
covered the ground surface like a seat, and gradually eroded the surface soils and vegetation, resulting in 
an exposed substrate composed of sand and pebble stones from a few centimeters to five centimeters in 
diameter. In the nearly flat portions such as the valley bottom, the telluric water flowed more slowly and 
sometimes became stagnant as the standing water. In such places, mud also accumulated thickly and 
formed the mud type microhabitat. In southwestern part of Japan, marshes have substrates mainly 
composed of mud with little peat accumulation (Hada 1984, Yabe and Numata 1984). Patches of 
hummock type with various sizes were located sparsely in the flat area dominated by the mud type (Fig.1). 
Hummocks has been known to develop by the accumulation of Sphagnum species in mires of higher 
altitude and subarctic region (Foster and Fritz 1987, Kenkel 1988, Yabe and Uemura 2001). In a 
minerotrophic mire, hummocks are formed by the growth of Sphagnum species about the branches of 
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shrubs such as Chamaedaphne calyculata (Kenkel 1988). In a cutover peatland of Canada, Pouliot et al. 
(2011) found new evidence for the facilitation of formation and maintenance of hummocks by vascular 
plants such as Chamaedaphne calyculata. Also in Kippataike marsh, Sphagnum species (S. palustre ) 
grew upward and form raised mound-like shapes, and woody plants was more abundant on the 
hummocks (Table 2). Thus it was suggested that the interaction between the Sphagnum mosses and 
woody plants might contribute to the formation of the hummocks in the marsh investigated. Although the 
dry mud type was minor components of the marsh we investigated, we consider that the decreasing water 
level caused the shift from a mud type to a dry mud type.  
  The vegetation structure was differed significantly among microhabitat types. Judging from the sum of 
coverage and density of woody plants, the gravel type and mud type were considered to have 
undeveloped vegetation structure. However, the mud type had the highest number of herbaceous species. 
Other three types had almost the same characteristics of vegetation structure, which was characterized by 
higher species diversity including both herbaceous and woody species. Comparing to the hummock type, 
the dry mud and mix type had higher herbaceous species richness similar to the mud type. These 
differences of vegetation structure among microhabitat types are considered to be resulted from 
differences in hydrological condition. In the gravel type, the unstable environmental conditions resulted 
from the running surface water and coarse substrate with sands and gravels may inhibit the establishment 
and growth of plants. The water level in the mud type was higher than that in the other microhabitat types 
such as hummock type, dry mud type and gravel type (Fig.2). For salt marshes, Morzaria-Luna et al. 
(2004) concluded that submerged conditions due to the drainage obstruction inhibited plant growth 
through oxygen deficiency. Also Dwire et al. (2006) cleared that the total plant cover are negatively 
correlated with mean water level, and the plant cover is lowest in the wet community of riparian wet 
meadows. Thus, we concluded that it might be difficult for plants to establish and grow vigorously in the 
gravel and mud type microhabitats because of the unfavorable hydrological conditions． 

Although the number of woody species was higher in the hummock types, the number of herbaceous 
species was higher in mud-type microhabitats. Furthermore, woody plants were more abundant in the 
hummock types than in the mud types. Such a different pattern of occurrence between herbaceous and 
woody species may be attributed to the difference in flooding tolerance. Plants growing in wetlands have a 
series of interconnected gas-filled spaces (e.g., aerenchyma) through which oxygen can be redistributed 
internally, and such a growth habit has been better developed in herbaceous plants than in woody plants 
(Rydin and Jegkum 2006, van del Valk 2006). In a variety of wetlands, it had been reported that woody 
plants tended to occur on higher elevations such as hummocks with more aerated substrate condition 
(Kenkel 1988, Titus 1990, Ehrenfeld 1995b, Koponen et al. 2004, Gengarelly and Lee 2005, Rydin and 
Jeglum 2006, Raulings et al. 2007, Duberstein and Conner 2009). The hummock and dry mud types had 
lower water levels (Fig.2), indicating that these microhabitats were rarely affected by oxygen deficiency in 
water, which had a negative effect on plant growth. Also in the hummock type, woody plants grown 
vigorously are considered to shade and suppress herbaceous plants growing under canopies of woody 
plants. Lower light intensity in the hummock type is considered to decrease the abundance and richness of 
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herbaceous species. It seemed that the mud type had a wider range of water level in comparison with the 
hummock type. Several studies suggested that different wetland species tended to occur in the different 
portion along the water level gradient (Nordbakken 1996). Thus, heterogeneous conditions in water level 
in the mud type might contribute to higher richness of herbaceous plants. 

Several studies have indicated that the plant species diversity was greater in environment with greater 
microhabitat heterogeneity (Vivian-Smith 1997, Bell et al. 2000, Lundholm and Larson 2003, Økland et 
al. 2008, Douda et al. 2012,Replansky and Bell 2009). In Kippataike marsh, species richness 
significantly increased with increasing number of microhabitat types even within a narrow area (450m2) 
(Figs. 3). Woody species particularly dominated on the hummock and dry-mud types, whereas 
herbaceous species dominated the mud, dry-mud types. Such a difference in the mode of occurrence 
between woody and herbaceous plants may slightly contribute to increasing species diversity in a marsh 
with various microhabitat types. Among herbaceous species, M. japonica and R .alba showed a different 
pattern of occurrence. M. japonica dominated in four microhabitats with the exception of the gravel type, 
whereas R. alba dominated in the gravel type and the mud types. Most herbaceous species grew in 
several microhabitat types, but the mode of occurrence varied with species (Table 2). A few species such 
as carnivorous species including U. bifida and D. rotundifolia, grew mainly in the mud type.  
In conclusion, the marsh investigated are characterized by a mosaic of five microhabitat types, that were 

formed by differences in substrate condition and in hydrological condition. Since major component 
species in this marsh had slightly different microhabitat preferences, it is concluded that the 
environmental heterogeneity represented by microhabitat diversity may partly contribute to the 
maintenance of species diversity in Kippataike marsh. 
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