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Abstract

This study is the first to investigate factors affecting population density and mound distribution of
mud lobsters, Thalassina spp., in Southern Thailand. Mud lobsters are essential for nutrient cycling
and maintaining mangrove ecosystems through their bioturbation activities. This study was conducted
by establishing three transect lines in a 5x350 m? area beginning 100 m from the edge of the river ~Marine Biology;
towards inland and composed of six subplots with 50-m intervals (i.e., 100, 150, 200, 250, 300, and  pound Density.
350-m subplots). Numbers of mounds were recorded, and mound height and diameter basal area in

each subplot were measured. Soil samples were collected, and moisture, grain size distribution, and

pH were measured. The results showed that soil grain size was mostly less than 250 pm with an . .
average soil pH of 4.48. The mound density and mound height increased with increased distance from  Article History:
the river (i.e., 267 mounds per hectare at 100 m increased to 1,734 mounds per hectare at 350 m from

the river edge) and with decreased soil moisture (72.6% to 65.9%). This indicated that the mud ~ Received: 01  September 2023
lobsters preferred to build more and higher mounds farther away from the river edge, where they were  Revised: 11  December 2023
less affected by the tide and the soil was drier. Findings also indicated that mud lobsters used resource

partitioning to reduce intraspecific competition. This study is the first to show that mounds associated ~ Accepted: 03  January 2024
with prop roots had greater heights than mounds without prop roots nearby. Published: 01 February 2024

1- Introduction

Bioturbation plays a vital role in mangrove ecosystems through fauna activities such as feeding, burrowing, and
ventilation [1-6]. Bioturbation in mangrove ecosystems is carried out by fauna that directly or indirectly affects
sediment matrices [1, 7]. Bioturbation can preserve and bury organic matter in deeper sediment layers, increase the
amount of food availability in the sediment, enhance sediment oxygenation, and promote nutrient cycling [8—10]. Mud
lobsters (Thalassina spp.) are ecosystem engineers abundant in mangrove ecosystems in the Indo-Western Pacific
region [11-15]. They consume mud, clay, and organic matter in the soil as food during the mound-building process
[16-18]. Burrow structures serve as refuge from predators, perturbation, and harsh environmental conditions such as
high temperatures and dryness and are also locations for feeding, breeding, and moulting [7, 15].

The mud lobsters’ soil excavation plays a crucial role in aerating deep soil and trapping, recycling, and enhancing
the retention of organic matter, organic carbon, and nutrients in the mangrove ecosystem [15, 19-23]. This is caused
by the movement of soil from deeper below to the soil surface by the mud lobster, resulting in a significantly higher
content of organic matter and total carbon in freshly excavated mud than in older mud in the mound [24]. Moreover,
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the burrowing process also effectively increases macronutrients (including NHs—N, NO3z-N, P, and Na concentrations)
and Fe, Cu, and Zn concentrations in the surface soil [19]. Dissanayake and Chandrasekara [25] have described that
mangrove soils are typically brackish and acidic. The presence of mud lobsters affects pH in mangrove forests as the
soil they excavated is rich in sulphur content, which acidifies strongly upon oxidation and develops low pH soil on the
surface [19].

Eleven species of mud lobsters have been described worldwide [11-14]. Four species of mud lobsters are reported
in the Kampuan mangrove forest, Southern Thailand: Thalassina anomala [26], Thalassina spinosa [12], Thalassina
krempfi [12], and Thalassina squamifera [16]. However, only one specimen each of T. krempfi and T. squamifera has
been caught at this site, whereas several specimens of T. anomala and T. spinosa have been caught due to their high
prevalence in the area. Mud lobsters are essential in maintaining ecosystems; however, little is known about the factors
affecting mud lobster density. This is the first study investigating factors affecting population density, mound size, and
its distribution of mud lobsters (T. anomala) in Southern Thailand. In this study, three research questions were
investigated: (1) how does distance from the river edge affect mud lobster mound density and size?; (2) what is the
relationship between mud lobster mound density, size, and soil moisture?; and (3) what is the relationship between
lobster mound height and mangrove prop roots?

Figure 1 shows the flowchart of the research methodology through which the objectives of this study were
achieved.
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Figure 1. Research methodology schema for factors affecting population density and mound distribution of mud lobsters,
Thalassina spp., in the Kampuan Mangrove Forest in Southern Thailand
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2- Material and Methods
2-1-Study Area

The study was conducted at the Kampuan mangrove forest (Latitude 9.371697°N, Longitude 98.401798°E) in
Ranong Province, Southern Thailand (Figures 2-a and 2-b). Ranong Province has an average annual rainfall of 2,625
mm and an average temperature of 26.1 °C. The warmest month of the year is April, with a monthly average
temperature of 27.6 °C, and the coldest month of the year is December, with a monthly average temperature of 25.4 °C.
At the Kampuan mangrove forest, there were 11 plant species present (Aegiceras corniculatum, Avicennia alba,
Bruguiera cylindrica, Bruguiera parviflora, Ceriops tagal, Cytisus pinnatus, Heritiera littoralis, Rhizophora
apiculata, Rhizophora mucronata, Xylocarpus granatum, and Xylocarpus moluccensis). The dominant species were R.
apiculata (61.98%), R. mucronata (18.38%), and B. cylindrica (10.78%), with an Importance Value Index of 160.6,
66.14, and 33.02, respectively.
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Figure 2. Thailand map and study site. (a) Thailand map with Ranong Province marked with yellow color, (b) Ranong
Province represented with yellow color and study site represented with red dot, and (c) satellite image of study site marked
with red dot.

2-2-Data Collection

In this study, three permanent transect lines were created in a 5x350 m? area with six subplots of 5x10 m? at 50-m
intervals in each transect, for a total of 18 subplots. Each transect line started at 100 m from the river edge to 350 m
inward in the mangrove forest (i.e., 100, 150, 200, 250, 300, and 350-m subplots) (Figure 3).
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Figure 3. A schematic profile of sampling procedure at 100 m from the river edge to 350 m inward in the mangrove forest.
Three transects were created in a 5x350 m? area with six subplots of 5x10 m? at 50-m intervals in each transect with a total
of 18 subplots, each transect line starting at 100 m from the river edge to 350 m inward in the mangrove forest (i.e. 100, 150,
200, 250, 300, and 350-m subplots).
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2-2-1- Mound Data Collection

Mound density (the number of mounds per hectare) was used as an index of population density and was determined
by counting the number of mounds with freshly excavated soil in each 5x10 m? subplot, and mound size was
determined by measuring the mound height (cm) and basal diameter for both width and length in each subplot. The
mound basal area (cm?) was calculated using an ellipse area formula.

2-2-2- Soil Data Collection

Soil core samplers were used to collect three soil samples to a depth of 20 cm from the soil surface per subplot at a
20-cm distance from the mound opening. The soil samples were transported to the laboratory to be analyzed for soil
moisture [27]. For soil particle size distribution, a wet sieve methodology was used with 5 sieve sizes of >1,000 um,
500-1,000 pm, 250-500 pum, 125-250 pum, and 63-125 pm. Soil pH was analyzed by mixing 50 grams of dried soil
samples with 50 mL of distilled water, stirring for 30 mins, then allowing the mixture to sit for 30 mins, and then
measuring the pH of the supernatant with a pH meter.

2-2-3-Plant Data Collection

The plant species and root types (i.e., prop root and other root) that were found closest to the mud lobster mounds
were recorded, and the distance from the apex of the mound to the closest tree in each subplot was measured.

2-3-Data Analysis

One-way ANOVA with post-hoc Tukey HSD test or Kruskal-Wallis tests with Dunn’s test for multiple
comparisons were used to analyze: (1) the mean mound height and basal area differences from the river edge to 350 m
upward in the mangrove forest (i.e., 100, 150, 200, 250, 300, and 350-m subplots); and (2) the mean mound height
differences between mounds with prop roots and without prop roots. Simple linear regression tests were used to
examine: (1) the relationship between the mound height and distance from the closest tree; (2) the relationship between
the number of mounds and the mound height; and (3) the relationship between the number of mounds and the mound
basal area.

3- Results
3-1- Soil Conditions in the Kampuan Mangrove Forest

Soil moisture from the river edge to 350 m upward in the mangrove forest at Kampuan decreased as the distance
from the river edge increased (i.e., 72.6% (100 m), 71.7% (150 m), 73.1% (200 m), 69.8% (250 m), 68.3% (300 m),
and 65.9% (350 m). Soil particle size was mostly less than 250 um, which was fine sand, very fine sand, and silt,
respectively. The soil pH ranged from 4-6, with an average of 4.48.

3-2-Mound Density, Height, Basal Area, and Plant Association

Mound density from the river edge to 350 m inward in the mangrove forest increased as the distance from the river
edge increased (267 mounds/ha (100 m), 267 mounds/ha (150 m), 400 mounds/ha (200 m), 734 mounds/ha (250 m),
867 mounds/ha (300 m), and 1,734 mounds/ha (350 m). Mound height significantly differed among distances from the
river (one-way ANOVA: Fgss = 28.21, P < 0.001), and the post-hoc Tukey HSD test for multiple comparisons
showed that the mound height at 350 m from the river was significantly higher than at other distances (P < 0.001,
Figure 4-a). Mound basal area differed significantly among distances from the river (Kruskal-Wallis tests: H) = 23.34,
P < 0.001, Figure 4-b), and Dunn’s test for multiple comparison showed that the mound basal area at 350 m was
significantly smaller than at other distances (P < 0.05, Figure 4-b).
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Figure 4. Mound characteristics with distance from river: (a) mound height (cm), (b) mound basal area (cm?), and (c)
proportion of plants associated with the mounds (blue represents R. apiculata, red represents R. mucronata, green
represents B. cylindrica, black represents C. tagal, and orange represents X. granatum) (* P < 0.05, ** P < 0.01, ***P <
0.001).

3-3-Relationship between Mound Characteristics and Mound Distance to the Closest Tree and Resource
Partitioning

Mounds associated with prop roots (X +SD = 95.11 * 37.46) were taller than mounds without prop roots
(X £ SD =53.17.11 + 28.11) (Kruskal-Wallis test: H;y = 10.433, P < 0.005). Mound height significantly decreased as
distances increased between the mounds and the prop roots (Simple linear regression test: R? = 0.2498, F(14s = 15.98,
P <0.001, y =-0.3177x + 131.15, Figure 5-a), but with significant increase in mound density (Simple linear regression
test: R?2=0.2782, F(1,14) = 5.397, P < 0.05, y = 0.0244x + 48.05, Figure 5-b). There was no relationship between mound
density and mound basal area (simple linear regression test: F(1,14) = 0.1682, ns, Figure 5-c).
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Figure 5. Mound density and mound characteristics: (a) distance to closest tree (cm) and mound height (cm), (b) mound
density (mounds/ha) and mound height (cm), and (c) mound density (mounds/ha) and mound basal area (cm?) (Note: Figure
5 needs to be moved up under Results right after Figure 4. Right now it is showing under the Discussion which does not
directly refer to Fig 5 like it does in the Results).

4- Discussion
4-1-Soil Condition

Four species of mud lobsters were found in the Kampuan mangrove forest: T. anomala, T. spinosa, T. krempfi, and
T. squamifera, with T. anomala as the most common one reported [16]. Our results showed that the percentage of soil
moisture in the T. anomala mounds in the Kampuan mangrove forest ranged from 68.3-73.1%. The percentage of soil
moisture in mangrove forests could be affected by the frequency of tidal inundation, the amount of freshwater input,
mangrove vegetation, rainfall, evaporation, transpiration, soil characteristics, and the mud lobster density and mound
size [21, 28]. Our results indicated an inverse relationship of percent soil moisture with mud lobster mound density and
mound size. In the high mud lobster mound density, soil was drier because mud lobsters can excavate large complex
branching tunnels, allowing water circulation during high tides [29]. Their mounds, tunnels, and aeration associated
with mounds may result in an increase in the water drainage of the high mound density areas [21, 28]. This has also
been observed in Helograpsus haswellianus, where the greatest burrow densities occurred in drier substrates, not in
waterlogged soils [30—-32]. In addition, Moh [33] reported the soil moisture of T. anomala on Carey Island, Malaysia,
to range from 20-50%, while Macintosh et al. [34] reported the soil moisture of T. anomala mounds at the mangrove
rehabilitation site in Klong Ngao, Ranong Province, Thailand, to range from 30.7-50.7%. The soil moisture content
from these studies is lower than that found in our study. The reasons for the higher soil moisture content at our study
site could be due to a greater frequency of tidal inundation, heavy rainfall during the sampling period, and/or high
freshwater input from the river [35].

Our study results showed that the soil grain size distribution in the Kampuan mangrove forest was less than 250 pm,
mainly composed of sand, fine sand, and silt. Mud lobsters prefer to occupy fine grain sizes of less than 250 pum [33].
Similar soil grain size distributions for T. anomala mounds have been reported in many countries, e.g., Thailand [16],
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Malaysia [33, 36], Indonesia [37], and Fiji [38]. Similar to our study, previous studies in Thailand, Malaysia, and Fiji
have indicated that the majority of soil grain size distribution was also less than 250 pm and consisted of sand and fine
sand [14, 36, 38]. Alternatively, T. anomala in Indonesia occupies clayish soil [37]. Finer soil grain size is likely a
more suitable substrate for mud lobsters due to three reasons: (1) this finer grain size can retain more water than coarse
grains [39], (2) the water table in finer grain size soil stays higher due to greater capillarity [39], and (3) finer grains
have a higher cohesive nature, allowing mud lobsters to build extensive and more complex burrows [33, 40, 41].

Our results also showed that the soil pH in the Kampuan mangrove forest ranged from 4.0-6.0, which was within
the range reported by other researchers. Mud lobsters have been reported to occupy soil with a substantial pH range
starting from pH 2.7-7.3 in many countries, e.g. T. anomala inhabits soil with a pH ranging from 2.7-6.2 in Thailand
[42], 2.7-7.3 in Carey Island and Kelanang Shore, Malaysia [33], 4.6-6.9 in Sematan Mangrove Forest, Sarawak,
Malaysia [21], 3.5-4.6 in Tanjung Jabung Barat, Jambi, Sumatra, Indonesia [37], and 5.0-7.2 in Sungai Reuleung
Leupung Aceh Besar, Indonesia [15]. Interestingly, all other studies have reported that mud lobster mounds were
found in low pH soil because the mud lobsters” sediment excavation activity brought up the sulfide-rich soil, increased
aeration, and caused oxidation [19-20, 33], as well as the respiration and decomposition of organic matter, which
could also decrease the pH in the soil [21, 33, 43]. Similar findings have reported that the excavated soil from crabs
has exposed more anoxic soil to air, causing the soil to become acidified by oxidation [44].

4-2-Mound Density, Size, and Resource Partitioning

Our results showed that the mound density of T. anomala ranged from 200-2,800 mounds/ha (800.0+838.37
mounds/ha). Two studies on the T. anomala mound densities in Malaysia have reported 3,900-4,500 mounds/ha at
Kelanang Beach, Carey Island [36] and 1,250-6,875 mounds/ha at Sarawak [21]. One study in Indonesia has reported
360-530 mounds/ha in Tanjung Jabung Barat, Jambi, Sumatra [24]. The mound density at our site was lower than the
two sites in Malaysia but higher than the site in Indonesia. One possible reason is that our study site consisted of
mostly sandy soil, which might not be as suitable for T. anomala. Our results also showed that mound densities were
higher in the inward direction of the mangrove forest, where daily tide had less effect on burrow excavation activity,
resulting in hardened burrow construction [36, 45]. A previous study indicated that mud lobsters inhabited an inland
mangrove area at a distance of 100—200 m from the water boundary [42].

Mud lobsters excavate the deeper sediment layers, transport them to the surface, forming the mud mound above the
ground [19]. Our study showed that the mound heights of T. anomala ranged from 15.0-154.0 cm (86.87+39.39 cm).
T. anomala mound heights have gained a great interest and been studied in many countries, e.g., in Thailand, mound
heights were reported to be 3.0-40.0 cm (19.4+10.9 cm) [16] and 20-180 cm [33], in Malaysia, mound heights were
reported to be 50.0-101.2 cm (83.60+17.66 cm) [33] and 11.58-58.50 cm (25.69+3.48 c¢cm) [20], and in Indonesia,
mound heights were reported to be 13.2-56.3 cm [11] and 22.40—-49.50 cm [46]. Surprisingly, mound height ranges
seem to differ among sites and countries. In our study, the mound height range was wider compared to those in other
studies. The possible reason could be due to the plant community that the mud lobsters associate with. Previous studies
have reported that mud lobsters were associated with mangrove vegetation such as Bruguiera sp., Rhizophora sp.,
Xylocarpus sp., and other mangrove plants [21, 37]. Previous study has shown mound heights that ranged from 3.0—
40.0 cm [16], but at our site, the mound heights ranged from 15.0-154.0 cm. At their site, there were eight plant
species: I. cylindrca, A. ilicifolius, A. alba, F. maritima, D. trifoliate, C. decandra, R. apiculata, and R. mucronata. R.
apiculata and R. mucronata were planted within less than two years with a tree height of less than 1.0 m and with 2-3
prop roots per tree. However, at our study site, the mangrove trees were 30 years old, with an average tree height of
12-20 m and with more than 20 prop roots per tree. Previous studies [19, 33, 36, 47] have mentioned that prop roots
might have provided some structure and supported mound construction. However, there has been no previous
experiment to test the association between the function of prop roots and mount height. The results of our study are the
first to show that mounds that were associated with prop roots had greater height than mounds without prop roots
nearby.

The basal area of T. anomala mounds ranged from 0.03-2.76 m? (0.5+£0.6 m?) in our study. Other researchers have
reported that T. anomala mound basal areas had a great variation ranging from 0.01-29.91 m? (i.e., 0.01-29.91 m?
(1.24+£1.53 m?) [16], 0.28-15.60 m? [33], and 0.03-0.87 m? (0.17+0.06 m?) [21]. The possible factor that might
influence mound basal areas is the presence of mangrove trees. Mangrove structural complexity is produced by a
multi-dimensional net of mangrove trunks, branches, and prop roots that provide substrate for recruitment and predator
refuge [48-50]. Our results clearly demonstrated that the mangrove trees provide mechanical support for the mud
lobsters, building more abundant and taller mounds. However, a highly dense mangrove forest could have a negative
effect on the mound basal area in a way that it restricts the space available for mud lobsters to build mounds. Our
results also showed that mud lobster mounds in high prop root areas built small mound basal areas. It is possible that
prop roots, underground root structures, and other plant matter in the sediment might be obstructions for mud lobsters
to build large basal mounds [51]. Previous studies have reported that extensive mangrove roots can limit the space for
mud lobsters to construct their burrows [33, 38]. Intermediate root density and fine sediments have been suggested to
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be critical for burrow supports and longevity due to roots’ mechanical supports and finer sediments’ cohesive nature
[40, 41, 52]. In addition, mud lobsters display aggressive and interference competition by competing for habitat space
and defending for food resources and mates within the territory [16, 22, 33]. In a previous study, aggressive behavior
was displayed, and fighting began immediately [16]. The results of our study showed that mud lobsters exhibited some
resource partitioning by reducing the mound basal area and increasing the mound height in places where there were
numerous mounds. This strategic behavior of mud lobsters is needed to reduce intraspecific competition, helping them
coexist more effectively.

4-3- Future Outlook

To better understand the influence of mangrove prop roots on mud lobster characteristics and their burrowing
activities, further studies are needed that take into account the complexity of underground prop root structures, their
interactions with mud lobsters, and their functions in mangrove ecosystems.

5- Conclusion

This study is the first to elucidate the influence of factors such as distance from the river edge, soil water moisture,
and the presence of tree prop roots on mud lobster (Thalassina spp.) population density and mound characteristics,
e.g., height and basal area, in the Kampuan mangrove forest in Southern Thailand. Results indicate that mud lobster
mound density increases as the distance from the river increases. This may be due to the decreased impacts of the
water during high tide, allowing the mud lobsters to build more and higher mounds. However, not only did the water
during high tide affect the mound height, but so did soil moisture and the type of vegetation. As soil moisture
decreased with an increase in distance from the river (drier soil at 350 m from the river), the mud lobster density and
the mound height increased, but the mound basal area decreased. When mud lobster mounds were close to plants with
prop roots, the mound heights were significantly higher than those mounds close to plants without prop roots. Also, as
the distance increased between the mud lobster mound and the closest plant with prop roots, the mound height
significantly decreased, indicating the decreased influence of the prop roots. This study is the first to show the impact
of prop roots on mound heights. In addition, mud lobsters exhibited some resource partitioning in terms of conserving
space by building higher mounds instead of wider mounds, which may be helpful in reducing intraspecific competition
and increasing effective coexistence capabilities.
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