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1. ABSTRACT 

 

This study was designed to evaluate the effects of mudskippers on soil composition and 

texture in mangrove forests, and hence on the growth of mangroves. This study was 

conducted at Sungei Tampines at Pasir Ris Park in Singapore. A three-pronged approach was 

used – in-situ observation, ex-situ germination of Avicennia alba and analysis of nutrients. A 

total of 20 pools were observed to identify mudskipper pools, differentiate the inhabited and 

abandoned pools and comment on the layers in the pools and soil texture. 20 Avicennia alba 

seeds were used and grown for 3 weeks in the germination experiment to analyse the effect of 

mudskipper soil on mangrove growth. Growth indicators like leaf number, height and dry 

mass weight were used to compare the growth of seeds in mudskipper and non-mudskipper 

soil.  Nutrient analysis involved comparing ammonium, nitrate, dissolved oxygen, pH and 

salinity of mudskipper and non-mudskipper soil. While the clay-like texture of the 

mudskipper soil does not enhance the growth of the Avicennia alba seedling as it is not 

porous, the salinity, ammonium and pH conditions of the mudskipper soil were found to be 

more suitable for the growth of Avicennia alba seedlings than that of non-mudskipper soil. 

2. INTRODUCTION 

 

Understanding the mangrove ecology can give an insight into the conditions required for 

optimum mangrove growth and is hence crucial for forest conservation in Singapore. 

Mangrove forests in Singapore and Peninsular Malaysia have a significant mudskipper 

population. This population and distribution of different species of mudskippers change 

exponentially with the intertidal gradient (Ip.Y.Kwong, 2004).
1
 Since the intertidal zone is 

usually rich in life, mudskippers can serve as a good indicator of the health of a mangrove 

ecosystem (Tan, 2007).
2

 Hence this study focuses on the relationship between these 

mudskippers and the mangrove trees. The objectives of this study are to evaluate the effect of 

mudskippers on soil and hence the mangroves. 

The project site chosen for our experiments is Sungei Tampines, situated at Pasir Ris Park in 

Singapore. Sungei Tampines is situated on reclaimed land, indicating that the whole 

mangrove ecosystem is cultivated and not natural. As it is an artificially created environment, 

the characteristics of the soil, animal populations and mangrove species may not accurately 

reflect the actual requirements of a natural and healthy mangrove forest (Lee, 1996).
3
 This 

study can help us formulate necessary steps required to enhance this cultivated habitat and 

conserve a healthy mangrove forest.  

                                                           
1
Ip, Y. K., & Kuah, S. S. L. Chew S.F (2004). Strategies adopted by the mudskipper boleophthalmusboddaerti to 

survive sulfide exposure in normoxia or hypoxia. Physiological and Biochemical Zoology , 77: 824-837 
2
Tan, Hugh T.W., L.M. Chou, Darren C. J. Yeo and Peter K.L. Ng. (2007). The Natural Heritage of Singapore

.Second edition.Prentice Hall. 271 pp 
3
Lee, S. K., Tan, W. H. L., &Havanond, S. (1996).Regeneration of mangroves on reclaimed land in Singapore. 

In Fortrop'9g: Tropical Forestry in the 21st Century (pp. 21-35). Retrieved from 
http://www.aseanbiodiversity.info/Abstract/53002571.pdf 

http://www.amazon.com/gp/product/9810677928?ie=UTF8&tag=wildsingapo08-20&linkCode=as2&camp=1789&creative=9325&creativeASIN=9810677928


3 
 

The most common mangroves found in Sungei Tampines are of Avicennia and Sonneratia 

species (P.K.L.Ng & Sivasothi, 2001);
4
hence we have chosen to use the Avicennia alba seeds 

and saplings for our experiments. 

Mudskippers are one of the most conspicuous fishes in mangrove forests; more than five 

species of mudskippers are found in Sungei Tampines. They are known for being able to 

survive in low levels of oxygen and in environments containing toxic chemicals 

(Ip.Y.Kwong, 2004).
5
The burrowing of mudskippers changes the soil’s characteristics by 

mixing the detritus. This organic matter oxidizes to form sulfates that make the soil acidic; 

however leaching moderates the acidic level (P.K.L.Ng, 2008).
6
 

One of the most common species of mudskippers found in Singapore and Peninsular 

Malaysia, the Giant Mudskipper (Periophthalmodon schlosseri) (P.K.L.Ng & Sivasothi, 

2001),
7
 actively excretes ammonium into the environment when the surrounding pH is high. 

This process occurs in two ways:(1) they excrete acid to the surroundings to lower the pH 

value; (2)  their skin has low permeability to ammonia (NH3) despite the fact that cutaneous 

respiration accounts for 50% of aerial or aquatic respiration. The water trapped in mudskipper 

pools is relatively low in oxygen content (The Hub, 2012).
8
 Moreover, the level of sulfide in 

the natural habitat of mudskippers can be relatively high due to the decomposition of organic 

matter in the mud as well as to sulfate reduction (Ip.Y.Kwong, 2004).
9
 Such nutrients may 

affect the growth of mangroves, and this is what we aim to investigate. 

Much research has been conducted on the effects of soil composition and texture on the 

growth of mangroves. Below, we have summarised the finding of previous research work on 

optimum soil characteristics for mangrove growth.  

 

2.1. Soil Texture  

 

Sand, clay and silt are the three main types of soil. A mixture of these distinct soil types in 

various ratios forms loamy soil which usually has high humus content. Many soil properties 

are affected by soil texture, including drainage, water holding capacity, aeration, 

susceptibility to erosion, organic matter content, cation exchange capacity (CEC), pH 

buffering capacity and soil tilth (Berry, 2007).
10

The presence of organic matter in the soil 

enhances its ability to hold water.The mangrove species Avicennia and Sonneratia grow 

better in sandy areas (P.K.L Ng & Sivasothi, 2001).
11

 

 

 

                                                           
4
In P. K. L. Ng & N. Sivasothi (Eds.), Species list of mangrove plants of Singapore, A Guide to Mangroves of 

Singapore (2001). Singapore: Singapore Science Centre. Retrieved from 
http://mangrove.nus.edu.sg/guidebooks/text/1079.htm 
5
Ip, Y. K., &Kuah, S. S. L. Chew S.F (2004). Strategies adopted by the mudskipper boleophthalmusboddaerti to 

survive sulfide exposure in normoxia or hypoxia. Physiological and Biochemical Zoology , 77: 824-837 
6
 P.K.L. Ng, L.K. Wang and K.P.L. Lim, Private Lives: An Expose of Singapore’s Mangroves, ISBN 9810819439 

7
Mudskippers.In (2001). P. K. L. Ng & N. Sivasothi (Eds.), A Guide to Mangroves of Singapore. Singapore: 

Singapore Science Centre. Retrieved from http://mangrove.nus.edu.sg/guidebooks/text/2106.htm 
8
C, A. (2012, October 1). Mudskippers - fish that can live on land. Retrieved from 

http://aliciac.hubpages.com/hub/Mudskippers-Fish-That-Can-Live-on-Land 
9
Ip, Y. K., & Kuah, S. S. L. Chew S.F (2004). Strategies adopted by the mudskipper boleophthalmusboddaerti to 

survive sulfide exposure in normoxia or hypoxia. Physiological and Biochemical Zoology , 77: 824-837 
10

Wayne Berry and others, Soil texture.(2007). Cornell University Agronomy Fact Sheet Series.Cornell University. 
Retrieved from http://water.rutgers.edu/Rain_Gardens/factsheet29.pdf 
11

Soil in mangrove ecosystem.In (2001). P. K. L. Ng & N. Sivasothi (Eds.), A Guide to Mangroves of Singapore. 
Singapore: Singapore Science Centre. Retrieved from http://mangrove.nus.edu.sg/guidebooks/text/1010.htm 
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2.2. Soil Colour 

 

Topsoil that is light in colour indicates that it is porous and facilitates water percolation and 

aeration while dark soil is less aerated (N.P.K Ng & Sivasothi, 2001).
12

 Porous and well-

aerated soils improve the growth of Avicennia regardless of the state of the tide (University of 

Sydney, 2010).
13

 This is because mangrove roots experience isolation from the air for 

approximately 12 hours each day during high tide. Gas spaces in the soil contain significant 

quantities of oxygen essential for respiration.  

3. METHODOLOGY 

 

In this study, a three-pronged approach has been adopted in order to attain sufficient data to 

understand the effects of mudskipper secretions in the soil on mangrove growth. The three 

methods used are in-situ observation, ex-situ germination of Avicennia alba and analysis of 

nutrients. 

3.1. Apparatus 

Table 1: Apparatus used 

Sr. No. Apparatus used for the germination experiment 

1. Plastic containers with base radius of 15 cm and height of 10 cm 

2. Five Tanks with base of 31 cm by 27 cm and height of 41 cm 

3. 3L Bottles (x10) 

4 VernierLabQuest 2 (LABQ2)  

5 Vernier Temperature Probe (TMP-BTA) 

6 Vernier pH Probe (PH-BTA)  

7 Vernier Salinity Probe (SAL-BTA)  

8 Vernier Ammonium-Ion Selective probe (NH4-BTA) 

9 LaMotte Soil Macronutrients Analysis Kit (5928-01) 

 

3.2. Procedures 

3.2.1. Observation 

 

There are two main reasons for in-situ observation to be carried out. Firstly, it was to 

differentiate between different mudskipper pools. In Sungei Tampines, there are three types 

of pools observed based on differences in colour (Figure 1): the light whitish grey ones, the 

dark grey-blackish ones and the yellowish-brown colour ones (which has the same colour as 

the surrounding soil). 

                                                           
12

Soil.In (2001). P. K. L. Ng & N. Sivasothi (Eds.), A Guide to Mangroves of Singapore. Singapore: Singapore 
Science Centre. Retrieved from http://mangrove.nus.edu.sg/guidebooks/text/1010.htm  
13

Mangroves. (2010, May 20).School of Biological Sciences, University of Sydney. Retrieved from 

http://sydney.edu.au/science/biology/learning/plant_form_function/mangroves/mangroves_b.shtml  

http://mangrove.nus.edu.sg/guidebooks/text/1010.htm
http://sydney.edu.au/science/biology/learning/plant_form_function/mangroves/mangroves_b.shtml
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As mudskippers are usually seen in the light whitish grey pools, it was hypothesised that the 

whitish grey pools are inhabited while the greyish-black pools are abandoned. Furthermore, a 

layer of black soil is always observed below the whitish grey layer in the light grey pools, 

hence this led to the hypothesis that the top light grey layer of pools would degrade when the 

pool is abandoned, exposing the black layer below. To evaluate this hypothesis, 10 pools of 

each kind were observed over a period of 3 hours per pool in order to see whether or not it is 

inhabited. The 3-hour periods were spread out towards the end of low tide and beginning of 

high tide. This is because mudskippers usually return to their burrows during high tide to hide 

from predators and protect their eggs (Lee, 2002);
14

 hence this is the most likely time to spot 

a mudskipper in the pool if it is inhabited. In addition, the cross-sectional composition of soil 

was derived by recording the depth of different layers, texture differences and the colour 

difference. The soil from three mudskipper pools with whitish grey soil on the top was 

measured and average values of the thickness of each layer were recorded. 

3.2.2. Germination Experiment 

 

                                                           
14

Lee, H. (2002, September). Their game is mud. Retrieved from 
http://www.naturalhistorymag.com/htmlsite/0902/0902_feature.html  

  

 

A B 

C 

Figure 1:Three types of mudskipper pools: (A) mudskipper pool with light greyish 

soil, (B) mudskipper pool with black soil and (C) mudskipper pools with yellowish 

brown soil. Observation shows that all of the three types of pools are occupied by 

mudskippers. 

 

http://www.naturalhistorymag.com/htmlsite/0902/0902_feature.html
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The second section is the ex-situ germination experiment. In this experiment, 10 plastic 

containers of whitish grey soil from 5 different mudskipper pools and another 10 plastic 

containers of brown soil from areas without mudskipper pools or crab mounds within one 

metre radius were collected. An Avicenna alba seed was planted in each container. The 

length of the seeds was in the range of 1.5 cm to 2.5 cm. All seeds collected were green or 

dark green in colour as seen in Figure 2A. The seeds were held upright by the soil around 

them as seen in Figure 2B.The seeds were planted such that both soil types have the same 

number of seeds of comparable seed length. 

 

 

 

 

 

 

The containers were inundated in sea water periodically over 6-hour periods to mimic the 

natural tides, as seen in Figure 3. Water was collected from Sungei Tampines for the 

inundation in order to keep the pH and composition of the water similar to its natural 

environment. All containers were placed in the same area so that external conditions of 

temperature, sunlight and humidity were kept constant.  

 

This experiment was run for 4 weeks until the seedlings reached a height of at least 3cm 

above the top soil layer in the container. Shoot lengths were taken when the seedling was 

straightened out perpendicular to the soil layer. Growth indicators like number of leaves, 

shoot length, root length and dry mass weight at the end of 4 weeks were used to compare the 

growth of the 20 seedlings. Shoot length is defined as the length from the node on the stem to 

the starting point of roots. Dry mass is the mass of the plant after removing the seed coat 

attached. (All the plants had seed coats attached to them.) These indicatorscould provide an 

insight into which soil would be more fertile for the growth of mangroves. 

Figure 2: (A) Light green and dark green Avicenna alba seeds collected for the 
germination experiment. (B) The seeds were planted on the top of the soil layer as 
seen. The soil holds it upright such that the seed tip faces upward for all the seeds 
that were planted directly into the soil. 

A B 

A B 

Figure 3: (A) Containers are inundated by water collected from Sungei Tampines during 
simulated high tide. (B) Containers during the simulated low tide. 
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Out of the seeds collected, 10 were germinated in the soil while the other 10 were germinated 

in sea water before being placed in the soil (see Figure 4.A). This is to evaluate which 

method of cultivation is more suitable for experiments. While the former method mimics the 

actual scenario in the mangrove ecosystem, the latter prevents errors due to bad seed quality 

which causes the seed not to germinate. As seen in Figure 4.B, when the seeds are germinated 

in water, only the ones that germinated well are chosen to be planted for the germination 

experiment. 

 

 

 

 

 

 

The water used for inundation was collected from the mangrove region, as seen in Figure 5, 

as it would retain the actual water composition of the Sungei Tampines mangrove region. 

 

 

 

 

 

 

 

 

 

We also placed the tanks outside under a slight shed so that it is exposed to natural rainfall, 

which facilitated litter export. The small roof projection that acts as a shed and the partial 

covering of the tanks worked as the canopy found in the actual mangrove forests by reducing 

the intensity of the rainfall. By doing so, it checked soil loss from the containers due to 

excessive litter export, as seen in Figure 6. 

 

Figure 5: Collection of sea water in 3-litre bottles from the stream at the end of the 
board walk. This stream floods the Sungei Tampines mangroves during high tide. 

Figure 4: (A) The seeds were germinated in water. (B) The seeds that germinated well 
were selected to be planted. Pairs of seeds of comparable size were chosen so that 
both soil types get the same number of seeds of comparable sizes. 

A B 
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3.3. Nutrient Analysis 

 

The third section was the in-situ nutrient analysis of soil from the edge of mudskipper pools 

and the soil from the surroundings (≥1 m from any of the mudskipper pools and crab 

mounds). We used Vernier’s ion-selective probes to record a profile of the nutrient 

composition (ammonium and nitrate ions); pH and salinity were measured using the ion-

selective probes after which these two sets of data were compared and used to explain the 

results of the germination experiment. Other factors such as temperature of soil and ambient 

temperature were also recorded.  

The soil tests were run on two different days in order to check the consistency of the results. 

On each day, the tests were run on soil from 5 mudskipper pools and soil from 5 mangrove 

soil regions that did not have a mudskipper pool or crab mound within at least1 m radius. The 

probes were inserted into the soil for all tests except ambient temperature and ambient 

humidity.  

Soil samples from all the pools were taken back to run qualitative tests for phosphorus and 

potassium. The equipment and chemicals used for these qualitative tests were from the 

phosphorus and potassium tests in the Lamotte Soil Analysis Kit.
15

 

  

                                                           
15

Npk soil test kit. (n.d.). Retrieved from 
http://www.lamotte.com/component/option,com_pages/mid,/page,175/task,item/  

Figure 6: Excessive soil loss during second round of germination experiment as a 
result of exposure to high intensity of rainfall without canopy cover. 

http://www.lamotte.com/component/option,com_pages/mid,/page,175/task,item/
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4. RESULTS AND DISCUSSION 

4.1. Observations of site 

 

Types of mudskipper pools:  

 Whitish and light grey pools 

 Black and dark grey pools 

 Pools with soil of the same colour as the surroundings (brown) 

Ten pools of each type were observed and all three types of pools were found occupied by 

mudskippers. For consistency, all samples for our project were collected from the whitish 

grey coloured mudskipper pools as they were the most distinctive ones, reducing the chances 

of our identifying a burrow wrongly.  

Layers of a mudskipper pool:  

The mudskipper pools were observed to have 3 distinct layers of soil. The topmost layer 

(average depth: 2.3cm) comprised the whitish grey secretions by the mudskipper. The thin 

whitish grey layer on the surface of mudskipper pools is very moist and loosely packed and 

has a clay-like texture. The middle layer (average depth: 7.7cm) contained dark-coloured soil 

consisting of various decaying organic matter (leaves and seeds) and humus. And the bottom 

most layer consisted of the remaining mangrove soil of brown colour which was the base 

layer of the forest. Our observation of mudskipper and non-mudskipper areas indicated that 

the middle and bottom layer of soil were present in most places but the top layer was local to 

the inhabited whitish grey mudskipper pools.  

 

 

 

Low tide:  

Most mudskippers observed stay around their pools during low tide.  Some of them move 

around in the area nearby the pools or even enter other pools that are unoccupied. Some of 

the mudskippers are found in pairs.  

Some are observed to be replenishing the water in their pools during low tide. They fill their 

mouth with water, enter their pools, release the fresh water and carry the blackish water in 

their pools out with their mouth and release them outside the pools.  

Figure 7: The whitish grey layer on the top measured for one mudskipper pool is 

3.5cm in depth; the black layer in this pool is 6.5cm in depth.  
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High tide:  

Most mudskippers stay in their pools with their head outside the water; a few of them swim 

around and rest on the land nearby. Compared with the low tide period, more mudskippers 

are found in their pools during high tide and most of them are found in pairs.  

As all the three kinds of pools are inhabited, our hypothesis about the different colourations 

was proved wrong. Hence, a possible reason for this observation could be that different 

species of mudskippers make different kind of pools. This is possible as there are more than 5 

species of mudskippers found in Sungei Tampines, the 3 main species being 

Periophthalmodon schlosseri, Periophthalmus novemradiatus and Boleophthalmus boddarti 

(N.P.K Ng & Sivasothi, 2002).
16

 Due to the differences in secretions from different 

mudskipper species, the colouration of their pools may be different.  

The clay-like texture of the whitish grey top layer of mudskipper pools does not enhance the 

growth of the main mangrove species of Sungei Tampines, Avicennia and Sonneratia, which 

do better in sandy areas (N.P.K Ng & Sivasothi, 2001).
17

 However, the thin top layer suggests 

that mudskipper pools can influence only the initial stages of germination; once the roots 

develop and extend into the middle layer of the soil and further below, it is unlikely that the 

texture of the whitish grey mudskipper soil will influence the growth of the plant. 

 

More mudskipper pairs are found in their pools during high tide, while more single 

mudskippers were found during low tide. This suggests that only one of the two mudskippers 

goes out of their pools during low tide to hunt for the pair. During the high tide period, one 

mudskipper was observed to move from its pool into the mangroves; however, since that area 

was not flooded and it was rather dry, we suggest that most mudskippers go out to hunt only 

during low tide. Hence, there is usually only one mudskipper present in the burrow that can 

replenish the nutrients that are lost during high tide due to litter export. 

 

4.2. Germination Experiment 

 

Among 12 seeds germinated in soil, only three of them survived. All three were planted in 

non-mudskipper pool soil. The mortality rate for seeds germinated in soil (75.0%) is much 

higher than that germinated in water (40.0%), as seen in Figure 8.  Six seeds out of 10 

germinated in water survived. The shoot length, root length, number of leaves and dry mass 

of the plants that were alive were recorded. 

In spite of the high mortality rate of the seeds planted in the mudskipper soil, the average 

shoot length for plants growing in mudskipper pool soil (4.1 cm) is longer than that in non-

mudskipper pool soil (2.5 cm), as seen in Figure 9. The average total root length of plants 

growing in mudskipper pool soil (16.7 cm) is also longer than those in non-mudskipper pool 

soil (15.5 cm). 

                                                           
16

 Mudskippers.In (2001). P. K. L. Ng & N. Sivasothi (Eds.), A Guide to Mangroves of Singapore. Singapore: 
Singapore Science Centre. Retrieved from http://mangrove.nus.edu.sg/guidebooks/text/2106.htm  
17

Soil.In (2001). P. K. L. Ng & N. Sivasothi (Eds.), A Guide to Mangroves of Singapore. Singapore: Singapore 
Science Centre. Retrieved from http://mangrove.nus.edu.sg/guidebooks/text/1010.htm  

http://mangrove.nus.edu.sg/guidebooks/text/2106.htm
http://mangrove.nus.edu.sg/guidebooks/text/1010.htm


11 
 

 

 

 

 

 

The number of leaves for plants growing in the two different kinds of soil condition was the 

same (2 leaves per plants). However, plants growing in mudskipper pool soil were found to 

have a larger dry mass (0.667 g) than those in non-mudskipper pool soil (0.356 g), as seen in  
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Figure 8: Mortality rate of seeds germinated in different environment. Mortality rate 

refers to the percentage of seeds that died.  

Figure 9: Comparison of average shoot length and root length of mangroves grown in 

mudskipper soil and non-mudskipper soil.  
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A possible reason for the lower mortality rate of the seeds germinated in water could be that 

only seeds that germinated well in water were selected for planting into soil. This helped to 

control the quality of seeds by preventing rotten or premature seeds from being planted. This 

was in contrast to the quality of seeds that were directly planted into the soil; their quality 

was not controlled and could have affected the mortality rate. Thus, the growth indicators 

collected for seeds germinated in water before being planted into soil were more 

representative and accurate as they overcame errors caused due to bad seed quality.  

Three growth indicators (shoot length, total root length and dry mass) showed that mangrove 

seedlings grow better in mudskipper soil, which was slightly acidic, had a salinity closer to 

the optimal level (10~20 ppt) (Feller, 1996)
18

 and  had lower ammonium concentration. 

Towards the end of the germination experiment, we had to extend the inundation period to 12 

hours rather than 6 hours due to our busy schedules. However, further literature review 

revealed that the initial growth and development of Avicennia seedlings was little affected by 

depth and length of tidal inundation in the first year (Hovenden, 1995).
19

 Hence, this 

alteration in the methodology was unlikely to have affected the results significantly. 

 

4.3. Ambient condition and nutrient analysis 

4.3.1. Temperature 

 

Measurements were conducted on 10 different whitish grey mudskipper pools and various 

other areas. The temperature of soil from all spots was consistent and lower than the ambient 

temperature. Measurements were taken on 2 different days; 5 pools on one day and 5 pools 

three days later. The average temperature of the soil in mudskipper pools was 28.8 °C and 

                                                           
18

Feller, I. C., & SITNIK, M. (1996). Mangrove ecology: A manual for a field course. Manuscript submitted for 
publication, Smithsonian Institution. 
19

Hovenden, M. J., Curran, M., Cole, M. A., Goulter, P. F. E., Skelton, N. J., &Allaway, W. G. (1995).Ventilation 
and respiration in roots of one-year-old seedlings of grey mangrove Avicennia marina Forsk. Vierh.Hydrobiologia, 
295(1), 23-29. 
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Figure 10:This graph is a comparison of the average dry mass weight of plants grown 

in mudskipper soil and plants grown in non-mudskipper soil. 
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temperatures of soil in areas without pools ranged from 28.5 °C to 29.2 °C. The data 

suggested that there were no considerable differences between temperatures of both kinds of 

soil in the study, implying that temperature was not a significant factor to consider.  

 

 

 

 

 

4.3.2. Salinity 

 

Soil porewater salinity was measured for 10 mudskipper pools and 10 other regions which 

did not have visible mudskipper pools or crab mounds within 1m radius.  

The 2 readings on Figure 12 that are circled in red were taken from the water within the 

mudskipper pool rather than the soil and were hence surface water salinity readings rather 

than soil porewater salinity readings. Water facilitates dissociation of NaCl in Na
+
 and Cl

-
 

due to the ion-dipole interactions formed between water molecules and the ions (Na
+
 and Cl

-

). Hence, the surface water salinity readings were likely to be higher, accounting for the 

exceptional high salinity for these two samples. In order to maintain consistency in 

methodology, these values were treated as anomalies. The average soil porewater salinity of 

mudskipper pool soil (excluding these two anomalies) was 21.4 ppt, which was lower than 

the average salinity of non-mudskipper pool soil, 25.7 ppt. 
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Figure 11: Graph of soil temperatures measured from 10 spots. The temperature 

from all spots had an average temperature of 28.8 °C. 
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The optimal salinity for many different mangrove species was found to be 10-20 ppt. 

Mangrove species are known to be able to tolerate an extreme range of salinity (Feller, 

1996);
20

 however, experimental studies had shown that high salinity could negatively affect 

mangrove seedling growth (Lin, 1992).
21

 Hence, the soil pore water salinity of the 

mudskipper soil, which was lower and closer to the optimal salinity range, was more suitable 

for the growth of the mangrove seedlings.  Although the seedlings could mature into trees 

that would be able to tolerate an extreme range of salinity, the conditions conducive for 

germination and seedling growth were crucial as they would facilitate the procreation of the 

mangrove forest. 

 

Hypersalinity as well as very low salinity are major factors limiting mangrove forest 

development (Sherman, 2003).
22

Hence, the more suitable salinity of the mudskipper soil is 

better for the mangrove forest development even after the seeds reach maturity, as it would 

not require the mangrove to adapt to extreme salinity conditions. However, the current 

amount of this whitish grey mudskipper soil that comprises the “thin top layer” of the 

mudskipper pools is too small to significantly affect mangrove forest development. In order 

for the effect to be significant, the population of mudskippers will have to be increased so 

there will be more soil with this optimum salinity. Further research would be required in this 

area in order to estimate the optimum mudskipper population that can significantly enhance 

mangrove forest development. 
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Figure 12:Graph of soil salinity. Soil porewater salinity for mudskipper pool soil (of 

average 21.4ppt) is slightly lower than that of non-mudskipper pool soil (of average 

25.7ppt).  
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4.3.3. Ammonium 

 

Based on our results as shown in Figure 13, the average ammonium concentration of 

mudskipper pools (3.6 mg/L) is lower than non-mudskipper regions (6.1 mg/L). Owing to 

this low concentration of Bronsted acid, the average pH of the mudskipper pools, 6.3, was 

determined to be only slightly acidic. Hence our results of ammonium concentration and pH 

values were coherent. However, our literature readings revealed that the giant mudskipper 

excretes ammonia actively in the form of ammonium by acidifying the surroundings 

(Ip.Y.Kwong, 2003),
23

 because of which we had expected the pH of the mudskipper pools to 

be more acidic and the ammonium concentration to be higher than the surrounding regions. 

Further literature review after we tabulated these contradictory results revealed that the rate 

of excretion of ammonium increases when the ambient pH becomes higher (Ip.Y.Kwong, 

2003).
24

 Hence, the probable reason for the nearly neutral pH and low ammonium 

concentration of the mudskipper pools compared to the surrounding regions is that acid-base 

reactions take place, causing the pH of the water in the mudskipper pools to be close to 

neutral. 

 

 

Figure 13: Graph of concentration of ammonium. Ammonium concentration in 

mudskipper pool soil is generally lower than that of non-mudskipper pool soil.  

 

Another possible reason for the lower ammonium concentration in mudskipper pool soil 

could be that ammonium is converted into nitrites by nitrifying bacteria such as 

Nitrosomonas and nitrates by Nitrobacter. However, further soil nutrient analysis is needed to 

validate this hypothesis.  
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Based on experimental studies, growth efficiency of mangrove plants was found to have a 

significant negative relationship with ammonium concentrations (Sherman, 2003).
25

 Hence, 

the lower ammonium concentrations of soil from mudskipper pools facilitated better growth 

efficiency of mangroves compared to the non-mudskipper soil. This corresponded with our 

germination data and was probably a contributing factor to the explanation for why the 

growth factors like shoot length, root length and dry mass weight indicated better growth for 

seedlings grown in mudskipper soil than the seedlings grown in non-mudskipper soil. 

 

4.3.4. pH 

 

The pH values for non-mudskipper regions have a high degree of variance, as seen in Figure 

14. This is because we were unable to isolate all organisms from the non-mudskipper regions. 

Our definition for non-mudskipper regions was that there should not be a visible mudskipper 

pool or crab mound within 1 m radius. However, there might have been other organisms apart 

from the crabs and the mudskippers that affected the soil conditions even though they were 

not as visible and easy to spot.  This was a large source of error as a result of which the data 

for “non-mudskipper” regions were inconclusive and cannot provide a benchmark which we 

could use to compare and observe the change made by mudskippers 

 

 

 

 

Based on mangrove soil pH and salinity experiments conducted in Japan, mangroves can be 

classified as acidophilic and non-acidophilic plants. For example, the species Kandelia may  

belong  to  the  acidophilic  group as it exhibit chlorosis and  scarcely  takes  up nitrate  or 

phosphate from  neutral  soil.  On  the  other  hand,  cultivation experiments show that 
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Rhizophora  plants grow well  under  neutral  soil  pH,  rather  than acidic, and  they  did  not 

indicate  any  chlorosis (Wakushima, 1994).
26

 Experimentation by our fellow Little Green 

Dot student researchers indicates that the acceptable pH range for the growth of Avicennia 

alba seedlings is 5.16 to 7.72 (Kai, 2012)
27

, suggesting that Avicennia alba grows well in 

both acidic and neutral conditions.Hence, as the average pH of the mudskipper soil (average 

pH = 6.3) is within the suitable pH range, we can conclude that the pH condition of the 

mudskipper soil would be more suitable for the growth of Avicennia alba seedlings than the 

unpredictable pH conditions of the non-mudskipper areas. However, more specific 

experimentation on the effects of different pH levels on the growth of Avicennia alba over 

longer durations is required to further evaluate this possible explanation. 

5. CONCLUSION 

 

The clay-like texture of the mudskipper soil does not enhance the growth of the Avicennia 

alba seedling as it is not porous. However, the salinity, ammonium and pH conditions of the 

mudskipper soil are more suitable for the growth of Avicennia alba seedlings than that of the 

non-mudskipper soil. The growth of seedlings is crucial for natural reforestation of the 

reclaimed land at Sungei Tampines as it is the first stage of development of the forest.  

While the mudskipper soil provides better conditions for the growth of young mangrove 

seedlings, it is unlikely to significantly affect the growth of mature mangroves as the layer of 

mudskipper soil is thin and leaching cannot carry significant amount of nutrients very deep. 

However, mangrove trees have air-breathing roots and these can access the nutrients from the 

top layer as well. Hence, if the population of mudskippers is increased, the amount of 

mudskipper soil is likely to increase as well, providing the suitable nutrients required for 

mangrove tree growth. Bearing in mind the other possible impacts of having a large 

population of any one species in an ecosystem, further research is definitely required in this 

area to estimate an optimum mudskipper population for the benefit of the mangrove trees. 
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