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Abstract. Wisanti, Aloysius DC, Zubaidah S, Lestari SR. 2021. Variation in morphological characters of Marsilea crenata living in 

floating aquatic, emergent aquatic, and terrestrial habitats. Biodiversitas 22: 2853-2859. Marsilea is a hydrophyte fern that has 

plasticity often influenced by enviroment. Several of the species with different habitats or geographies show morphological variations. 

Therefore, this study aims to analyze the variations in morphological characters of M. crenata growing in aquatic and terrestrial habitats. 

A total of 38 plant samples were collected from their natural habitats including floating aquatic, emergent aquatic, and terrestrial types. 

Morphological variations data included 4 qualitative characters and 9 quantitative characters. The quantitative characters were analyzed 

by one-way ANOVA to test for differences, while the combination of both characters was analyzed using Principal Component Analysis 

(PCA) to determine the distribution between groups. The data results showed a separate grouping pattern between aquatic and terrestrial 

populations. These two groups showed significant differences in 5 quantitative characters and 2 qualitative characters. However, 

emergent aquatic samples’ distribution pattern is closer to the terrestrial group. The characters’ similarity of these two populations was 

in the rhizomes air spaces area, the position between leaflets and absence of red streak on the abaxial lamina. Conclusively, the 

variations in M. crenata’s morphological characters indicate that this plant has experienced morphological adaptations to water 

availability in its environment.  
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INTRODUCTION 

The main characters of Marsilea, which belongs to the 

Marsileaceae family, include herbaceous creeper with an 

elongated rhizome and long and upright petiole with four 

leaflets at the ending part (Schaefer et al. 2011) causing it 

to resemble a clover (Weakley 2012). This genus is one of 

the amphibious ferns that develop heterophylly (Lin et al. 

2007). Therefore, Marsilea is ubiquitous in amphibious 

habitats, both aquatic and terrestrial (Johnson 1986), and it 

varies, depending on the environmental condition. The 

aquatic species have lengthened rhizome, small petiole, and 

divided lamina margin. Contrarily, terrestrial species have 

small yet thick rhizomes and long petiole (Foster and 

Gifford 1987). Marsilea that grows soaked has semi-

crenate leaflets, while the non-soaked Marsilea has 

crenate-to-lobe leaflets (Johnson 1986; Kornas 1988). This 

morphological variation shows that the terrestrial 

population is different from the aquatic one, and it is an 

interesting characteristic of the plant’s morphogenesis 

(Allsopp 1963).  

Kornas (1988) had conducted a study on adaptation of 

morphological variation in five species: M. berhautii, M. 

distorta, M. minuta, M.nubica, and M. subterranean, which 

grew in the basin of Lake Chad, northeast of Nigeria. The 

result showed the five species adapted to their 

environmental condition. Lin et al. (2007) on the leaf of 

one species of M. quadrifolia growing in floating aquatic, 

emergent aquatic, and terrestrial habitats. The result 

showed difference in stomata and trichome density, leaf 

and petiole surface mass ratio, spectral characteristics, and 

photosynthesis performance. Contrarily, Wu and Kao 

(2011) studied three Marsilea species namely M. crenata, 

M. quadrifolia, and M. schelpiana growing in 

geographically different areas, which showed significant 

differences in petiole length, trichome density, leaf 

dissection index, and total stomata area index. The other 

species, M. minuta, showed a plastically high response to 

water level (Caton et al. 2010). 

Sharma and Bhardwaj (2014) stated Marsilea’s 

morphology is well-known for its plasticity range 

especially in the vegetative organs due to possession of 

plastic traits that enhance its adaptation to different 

environments. Phenotypic plasticity refers to any type of 

phenotype variation induced by the environment and also 

affecting an organism’s morphology (Sommer 2020). 

Limited ecological variables play an important role in the 

adaptation of plant’s morphology, physiology, and anatomy 

to low resource conditions among different populations 

(Abdusalam and Li 2018). Therefore, plants change their 

morphological and physiological properties to 

accommodate adaptability in varied environments (Qi et al. 

2020). 

Marsilea crenata is the only Marsilea species found in 

Indonesia, and according to Zhuang (2013), this is a native 

species in the country. It grows in different types of habitat 
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either aquatic or terrestrial, especially in rice fields, open 

areas with bad light conditions and high temperatures 

(Setyawati et al. 2015) or on muddy soils with stagnant 

water, irrigation ditches, and shallow ponds (Afriastini 

2003). Marsilea crenata leaves float on the surface when it 

grows in water, but when on a muddy riverbank, it forms a 

‘carpet’ among grasses and grass-like plants (Calvert and 

Liessmann 2014). 

The study on the variations in morphological character 

of M. crenata with different habitats has been conducted by 

Agil et al. (2017). Their phenotypic characters were 

compared in three samples namely M. crenata planted on 

the concrete pots with water and soil media, and the rice 

field, while the variations were determined by measuring 

the rhizome, root, petiole, and lamina. The result showed 

sample one planted on the concrete pot, had longer and 

more robust roots than the sample grown on rice fields with 

stagnant water. The conclusion was based on descriptive 

parameter comparison without being supported by 

statistical analysis.  

Considering that Marsilea species tends to experience 

phenotypic plasticity according to where it grows, this 

study aims to analyze the morphological variations of M. 

crenata living in both aquatic and terrestrial habitats. 

Marsilea’s vegetative organs are limited because the 

sporocarp used for delimitation is not usually found in field 

populations (Whitten 2012) 

The morphological variations among individuals, 

expressed as intraspecific population diversity, are one of 

the key components studied in understanding biodiversity. 

Hence, the data is utilized to characterize the 

morphological marker of the M. crenata populations' 

morphological marker. According to Ramadiana et al. 

(2018), morphological marker characterization has long 

been used as a possible genetic diversity indicator and is 

easily assessed. Besides, the data generated is used to study 

phylogeny reconstruction. Although morphological 

phylogenetic is traditional and sometimes considered 

outdated, it is still important for rigorous testing and dating 

of the strict tree of life (Lee and Palcy 2015). 

MATERIALS AND METHODS  

Plant materials  

Several M. crenata were collected from their natural 

habitat, at one location in Rejoslamet village, Mojowarno, 

Jombang district, East Java, Indonesia (coordinates in 

7o36’30” South latitude, 112o19’44” East latitude) with an 

altitude of 46M above sea level, where the plants were 

commonly found growing alongside. Terrestrial M. crenata 

grows outside of the rice fields, while aquatic M. crenata 

grows in ponds. Different habitats-specimens are referred 

to as a population, including floating aquatic, emergent 

aquatic, and terrestrial. A total of 38 samples were 

collected including 15 from floating aquatic, 15 from 

emergent aquatic, and 8 from terrestrial habitats. 

Procedures 

Leaf epidermis preparation 

The leaf specimen was prepared using the clearing 

technique according to Vasco et al. (2014). Firstly, M. 

crenata leaves were soaked in sodium hydroxide solution 

(5%) for two to three days. After the non-fragile and 

transparent ones were placed in the watch glass, they were 

rinsed with aquadest, then bleached with sodium 

hypochlorite (5.25%) for 2 seconds. After turning white, 

rinsing was performed thrice with aquadest, followed by 

staining with 1% safranin. 

Rhizome and petiole anatomy preparation 

According to the Johansen protocol, anatomical 

samples were prepared using the paraffin-embedding 

technique (Retamales and Scharaschkin 2014). They were 

dehydrated through the ethanol series, followed by a 

combination of xylene-ethanol (1: 3, 1: 2, 1: 1, and 1: 0) for 

2 hours each, then infiltrated and immersed in paraffin. All 

of them were cut into transverse sections with 6μm 

thickness using a rotary microtome (Shibuya manual), then 

stained using 1% safranin and mounted using Canada 

balsam. 

Observation and measurement 

Morphological characters referred to in this study were 

external and internal ones, regarding anatomy. The 

variation data collected as qualitative characters include 

rhizome color, lamina margin shape, position between 

leaflets, and red streaks on the abaxial lamina. Also, 

quantitative characters collected included lamina length 

and width ratio, length of internodes, root nodes and 

petioles (Figure 1), stomata index, rhizomes’ air spaces 

area, and the number of air spaces in rhizomes and petioles. 

Air space was observed in the aerenchyma tissue located in 

the of rhizomes’ cortex. These are vegetative characters 

because the presence of sporocarps is rare in M. crenata 

populations. 

Quantitative morphological data were obtained by 

measuring each fresh specimen's character with three 

repetitions except for lamina which the length and width 

were measured on three compound leaves of each 

specimen. From each of the compound leaves, one leaflet 

in the lower node and another in the upper node were 

measured. The qualitative character data observed included 

rhizome color, lamina margin’s shape and red streaks, and 

the leaflets' position. 

An electric microscope (Carl Zeiss Axiostar 10-031) 

equipped with a digital microscope camera (Dino-lite USB 

AM 4023X) was used to perform anatomical observations, 

while images were presented using DinoCapture 2.0 

software on a computer screen. Air spaces area on 

aerenchyma tissue was measured and calculated on digital 

micrographs with DinoCapture 2.0 software. The stomatal 

index was obtained by counting the stomata and epidermis 

cells numbers in one field of view on the abaxial and 

adaxial surfaces. Observation and measurement were 

carried out at the lamina’s tip, middle, margin, and base 

with five repetitions for each sample. The stomatal index 

was calculated using the formula: Stomatal index = s / e + 
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s (100) where s and e is the number of stomata and 

epidermis cells per unit leaf area (Maylani et al. 2020). 

The qualitative and quantitative character traits 

obtained from the observations and measurements were 

scored (Table 1) according to Sneath and Sokal’s general 

recommendations about independence, objectivity, and 

consistency (Lewens 2011). The score determined by 

multivariate statistics was used for Principal Component 

Analysis (PCA). 

Data analysis 

Morphometric data on variations in morphological 

characters were analyzed using statistical methods, and 

these explained differences and similarities between 

populations (Remagnino et al. 2017). They were analyzed 

using univariate and multivariate statistical methods, where 

the univariate method was carried out with the SPSS 

statistics 19.0 software program (Gray and Kinnear 2012). 

Each quantitative variable data for every M. crenata 

sample were tested for their differences using the one-way 

ANOVA. Multivariate methods were used for qualitative 

and quantitative characters with ordination and cluster 

analysis using PCA from the PAST version 3.0 software 

(Rathinavel 2018). All samples were mapped, and each 

point of the map represented one or more samples. 

RESULTS AND DISCUSSION 

Variation of qualitative characters 

Floating aquatic M. crenata is a plant with leaves that 

float on the water's surface, and other parts of its body are 

submerged in water. Meanwhile, for the aquatic emergent 

M. crenata, some of its body is submerged in water and the 

leaves are aerial, approximately 7cm above the water 

surface (Figure 2A, C, and E). Terrestrial populations grow 

with rhizomes spreading above or below the soil surface to 

ensure all the leaves, both petioles, and laminae are aerial. 

Three M. crenata populations showed variations in 

qualitative characters in the rhizomes’ color, the lamina 

margin’s shape, the leaflets’ position, and red streaks 

presence on the abaxial lamina surface. Based on the 

observations, these four characters’ variation is stable in  

populations of different habitats. The plant's rhizome color 

in floating and emergent aquatic is green, while the 

terrestrial is red. Red color also appeared in some terrestrial 

samples’ petiole, besides M. crenata populations are 

distinguished based on the leaflets’ position. Leaflets of 

aquatic floating M. crenata were adjoining, while those of 

aquatic emergent and terrestrial leaflets were tenuous 

(Figures 2 B, D, and F). 

Variation of quantitative characters 

The three populations in different habitats have 

significant morphological character variations. The nine 

quantitative characters' statistical analysis results showed 

all morphological characters observed in the terrestrial 

population differed significantly from the aquatic 

population (p= 0.05) (Table 2). The terrestrial population 

has shorter nodal root, internodes, and petiole, compared to 

the aquatic one. The longest nodal root and petioles (11.5 

cm and 15.5 cm) were detected in the floating aquatic M. 

crenata compared to those in the emergent aquatic and 

floating aquatic habitats showed similarity in internodes 

and petioles length, and stomata index. 

 

 
Figure 1. Quantitative characters of Marsilea crenata’s rhizome 

and leaves; A. Lamina width, B. Lamina length, C. Petiole length, 

D. root nodal length, and E. Internodes length 

 

 
Table 1. Morphological characters and their states were used in PCA analysis 

 

Character Character states (score) 

Rhizome color Green (0), Red (1) 

The lamina margin’s shape Entire (0), Serrate (1) 

Position between leaflets Adjoint (0), Tenuous(1) 

Red streaks on the abaxial lamina  Absent (0), Present (1) 

Length of the root nodes (cm) 3-5.5 (0), 5.6-7.5 (1), 7.6-9.5 (2), ≥ 9.6 (3) 

Length of the rhizome internodes (cm) 2.5-3.5 (0), 3.6-4.5 (1), 4.6-5.5 (2), 5.6-6.5 (3), 6-6-7.5 (4) 

Petiole length (cm) 6.6-8.5 (0), 8.6-10.5 (1), 10.6-12.5 (2), 12.6-14.5 (3), ≥ 14.6 (4) 

Length: width of lamina 1.06-1.14 (0), 1,15-1.23 (1), 1.24-1.32 (2) 

Number of air spaces on rhizmes 26-27 (0), 28-29 (1), 30-31 (2) 

Number of air spaces on petioles  14 (0), 15 (1) 

Air spaces area on rhizomes (mm2) 0.1 (0), 0.2 (1) 

Abaxial stomatal index 13.93-16.93(0), 16.94-19.93 (1), 19.94-21.93 (2), 21.94-22.93 (3) 

Adaxial stomatal index 13.03-16.02 (0), 16.03-19.02 (1), 19.03-22.02 (2), 22.03-25.2 (3) 
 

A 

B 

C 

E 

D 
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The floating leaf’s stomatal index showed a hydrophyte 

character, namely a bigger adaxial surface than the abaxial 

one, and it was opposite to that of the emergent leaf, while 

the terrestrial leaf’s stomatal index showed the abaxial and 

adaxial surfaces were almost similar. These three kinds of 

leaves have significantly different stomatal indices at the 

abaxial surface. Contrarily, there are no significant 

differences in the stomatal index at the adaxial surface of 

floating aquatic and emergent aquatic leaves. 

Marsilea crenata anatomy showed hydrophytic 

characters, namely the presence of aerenchyma, the type 

wicj has a similar shape with a bicycle wheel, in both of its 

rhizome and petioles (Manzur et al. 2014). The number of 

air spaces on the petioles was almost the same as in the 

three populations (Table 2), but those on the rhizome 

showed a significant difference (p= 0.05), and the 

terrestrial population fewer air spaces (26) than the aquatic 

(28-30). 

Scatterplot population of M. crenata 

The visualization of 38 M. crenata samples from three 

different habitats with PCA was presented with the 

principal component I (PC I) and principal component II 

(PC II) axes, as they were divided into two groups with a 

cumulative contribution value of 82.36% (69.80% for PC I 

and 12.56% for PC II) (Figure 4). This showed a separate 

grouping pattern produced based on sampling in different 

habitats. Group I consisted of the floating and emergent 

aquatic habitat plants grouped as aquatic M. crenata, even 

though both showed different growth conditions. Aquatic 

floating M. crenata was visibly identified by the entire 

habit of floating leaves and body submerge in the water, 

meanwhile, the aquatic emergent was visibly identified by 

a part of its body that was submerged in the water. 

Furthermore, group II was dominated by all samples of M. 

crenata terrestrial habitats. 

Line projection in the biplot analysis showed the 

relationship between 13 qualitative and quantitative 

morphological characters toward the grouping of 38 M. 

crenata samples from three different habitats. The biplot 

projection display showed the quantitative characters were 

more dominant than the qualitative toward the plant’s 

grouping. All the characters included in the circle showed 

aquatic M. crenata had varied morphological characters 

compared to the terrestrial counterpart. The aquatic M. 

crenata sample was correlated by the qualitative characters  

number 2, 3, and 4 as well as the quantitative characters 

number 5, 6, 7, 8, 9, 10, and 11. The numbers 2 and 11 

were not located in the plots’ distribution of neither aquatic 

nor terrestrial M. crenata. The samples shown in the plots’ 

distribution were located in the same direction as the vector 

line character in the aquatic habitat which indicated an 

above-average score. In addition, the numbers 3, 4, 5, 6, 7, 

and 9 have a higher score for aquatic M. crenata samples, 

but aquatic emergent M. crenata was located on the vector 

line character number 8, 10, and 13. The vector line 

showed that numbers 2 and 11 were not located in the 

direction of the sample in both aquatic and terrestrial 

habitats with a below-average score.  

 

 

 
 

Figure 2. Marsilea crenata's habit and leaf are based on its 

habitats: aquatic floating (A and B), aquatic emergent (C and D), 

and terrestrial (E and F) 

 

 
Table 2. The quantitative character of Marsilea crenata morphology and anatomy with different habitat 

 

Character Aquatic emergent Aquatic floating Terrestrial 

Root node length(cm) (5.17-8.93) 7.61±0.25b (6.93-11.47) 8.77±0.36c (3-4.75) 3.76±0.16a 

Rhizome internodes’ length (cm) (3.85-6.73) 5.29±0.28b (4.04-7.5) 5.47±0.27b (2.5-5.53) 3.70±0.36a 

Petiole length (cm) (10.53-13.53) 11.91±0.23b (10.7-15.47) 12.49±0.40b ( 6.6-9.13) 8.36±0.73a 

Length: width of lamina (1.05-1.20) 1.11±0.01a (1.06-1.27) 1.12±0.02a (1.06-1.32) 1.19±0.03b 

Air spaces number on rhizomes (27-29) 28.33±0.25b (30-31) 30.80±0.10c (26-27) 26.25±0.16a 

Air spaces number on petioles (15) 15.00±0.00b (15) 15.00±0.00b (14-15) 14.50±0.18a 

Air spaces area on rhizomes (mm2) (0.12-0.19) 0.16±0.01a (0.19-0.20) 0.2±0.01b (0.12-0.18) 0.14±0.01a 

Abaxial stomata index (16.95-22.9) 20.06±0.42c (15.77-19.23) 18.01±0.36b (13.93-18.7) 16.39±0.58a 

Adaxial stomata index (18.31-25.2) 22.11±0.52b (19.03-24.4) 21.85±0.42b (13.03-18.73) 15.65±0.71a 

Note: Morphological characters consisted of the root, rhizomes, petioles, and lamina [(minimum-maximum) mean ± SE, n = 15,15, and 

8] . The value on a similar line was followed by different superscripts, representing a significant difference, p= 0.05. 

A 

C 

E 

B 

D 

F 
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Figure 3. Cross-section of the rhizome (A) and petiole (B) of Marsilea crenata showing the cortex being modified into aerenchyma 

with quite large air spaces. 

  

 

 
 

Figure 4. The plot's distribution shows the relationship between 38 samples of M. crenata and their 13 morphological characters. 

Qualitative character: C1: rhizome color; C2: lamina margin’s shape; C3: leaflets’ position; C4: red streaks’ presence on the abaxial 

lamina. Quantitative character: C5: air spaces area (mm2); C6: number of air spaces in the rhizome; C7: length of the rhizome internode 

(cm); C8: length of the root node (cm); C9: number of air spaces in the petiole; C10: petiole length (cm); C11: ratio of lamina’s width to 

length; C12: stomatal index of adaxial surface; and C13: stomatal index of abaxial surface 

 

 

 

Character variations’ presence in the aquatic M. crenata 

was presumed to adapt to the aquatic environment. This 

character is expressed when the plant grows in aquatic 

conditions. Terrestrial M. crenata did not show any 

correlation of morphological characters, either qualitative 

or quantitative. This was proven by the sample plots’ 

distribution where there are no character line vectors as 

shown in the aquatic habitats. However, it is possible to 

separate terrestrial M. crenata from the aquatic counterpart 

and the grouping pattern clearly showed that was M. 

crenata grouped according to their habitat type. These data 

indicated that quantitative characters are more important 

than qualitative ones and are also used as character 

identification in the grouping of M. crenata from different 

habitats.  

The variation in qualitative and quantitative characters 

among M. crenata populations in different habitats reflects 

intraspecific variability, which is defined as the differences 

occurring between various individuals of the same species, 

recognized through morphological characteristics (Dumont 

2018). One of the M. crenata’s characteristics that varies 

and shows significant differences between the aquatic and 

terrestrial samples is the petioles’ length. Naturally, aquatic 

M. crenata has longer petioles’ length than terrestrial M. 

crenata. Some species rapidly lengthen their stems or 

petioles by keeping the leaves above the water surface to 

facilitate gas exchange and light interception (Oliveira et 

al. 2015). Hence, making it possible to grow leaves that 

rise to the water surface to carry out photosynthesis in the 

air providing a diffusion pathway to the roots. This 

A B 
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character is considered a form of plants’ adaption to water 

depth (Johnson 1986). Conversely, M. quadrifolia planted 

in the moist soil grow slower than those in the earthen base 

and is equally smaller (Henderson 1933). 

One of the characteristics of wetland plants and dryland 

plants that have a high tolerance to flooding is aerenchyma, 

which refers to the tissue with air spaces that provide 

internal pathways for the oxygen diffusion in organs under 

stagnance or submergence in water (Cardoso et al. 2013). 

In many wetland and aquatic plants, aerenchyma develops 

on shoots and roots (Takahashi et al. 2014), while in M. 

crenata it is commonly found in the rhizome, roots, and 

leaves. The data analysis results showed that M. crenata in 

aquatic habitats had a wider and more air space on the 

aerenchyma tissue than the terrestrial counterpart. The 

study on intraspecific aerenchyma in different habitats 

showed variations in size. Moreover, rice root aerenchyma 

develops significantly against soil moisture fluctuations, 

especially during drought periods and waterlogged 

conditions (Niones et al. 2012). The aerenchyma of 

Metasequoia glyptostroboides adventitious roots that grow 

in the aquatic environments is wider and irregularly 

arranged than those in the terrestrial (Yang et al. 2019). 

Leaf stomata are important plant structures that are very 

sensitive to environmental changes (Hong et al. 2018; Zhu 

et al. 2018). The density and size are relatively stable 

characteristics hence these characters are often used to 

understand plant species adaptation or response to the 

changing environmental conditions (Wang et al. 2014). 

Drought stress or water status promotes changes in leaf 

morpho-anatomical traits including stomata density and 

leaf thickness (Anjum et al. 2011; Wang et al. 2013). The 

results showed that the stomatal index of aquatic M. 

crenata was bigger than terrestrial M. crenata, proving that 

different populations of the same species have different 

stomata adaptability to different environments. Marsilea 

crenata which was supposed to live in aquatic habitats, 

responded with decreased stomatal density when it grows 

in a place without water. This is contrary to the study by 

Zhao et al. (2015) which showed a significant decrease in 

groundwater content stimulated stomata formation in maize 

to ensure a significant increase in stomatal density. 

There are remarkable differences between M. crenata’s 

qualitative characters between those grown in aquatic and 

terrestrial environments. Floating leaves tend to have a thin 

shape with an entire margin, but terrestrial leaves are 

thicker with a serrate margin. This species thrives even in 

an environment that has no puddle, and a such plant is 

thought to experience a morphological variation that allows 

adaptation to environmental change (Li et al. 2019). A 

species ability to respond and adapt to environmental 

change is crucial (Kristensen et al. 2018). Ecological 

variables limitation plays an important role in developing 

and adapting morphological, physiological, and anatomical 

characters of plants under low resource conditions among 

different populations (Nascimbene and Marini 2015; 

Abdusalam and Li 2018). 

Similar to the previous explanation, morphological 

variation occurred in M. crenata growing naturally on its 

habitat or cultivated, which showed that this plant adapts to 

water availability. Without this variation, the population of 

M. crenata tends to not survive under environmental 

changing factors. According to several investigations, 

Marsilea’s plasticity nature is indicated by the variation in 

its vegetative characters (Whitten et al. 2012; Sharma and 

Bhardwaj 2014). The vegetative character of Marsilea has 

a range of plasticity (Sharma and Bhardwaj 2014), which 

depends on the habitat’s water depth and this is also 

detected in M. minuta (Caton et al. 2010). In other words, 

when environmental factors strongly influence phenotypic 

traits' variations, it represents both plastic and adaptive 

mechanisms (Kaliontzopoulou et al. 2018). 

Variation analysis on M. crenata’s morphological 

character by quantitative approach provided essential 

knowledge about plant adaptation to habitat conditions. On 

a local scale, water availability is an important control for 

the plant’s morphological variations. The evidence of 

qualitative and quantitative adaptive help explain M. 

crenata’s ability to grow well in aquatic and terrestrial 

habitats. However, the morphological variation as 

presented in the results was not concluded yet as a form of 

plasticity since the sample used was naturally obtained but 

at least the data tended to plasticity. 
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