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Abstract

Fiddler crab (Uca spp.) belongs to the Order Decapoda and Family Ocypodidae, which live by making burrows in the
substrate between mangrove plants. The presence of fiddler crabs plays an important role in mangrove ecosystems, which
can increase sediment mineralisation due to burrows that can increase oxygen distribution into the sediment. This research
was conducted in the mangrove ecosystem of Duta coastal, Probolinggo Regency. The method used when sampling biota
in this study is the transect-plot method, which is used to place 1x1 m2 plots systematically along the fransect. Sampling of
fiddler crabs was carried out at the lowest low tide. Samples taken were fiddler crabs in the plot. Data on the species found,
the number of individuals of each species, and the total number of individuals obtained from species composition were used
to calculate species diversity. Fiddler crabs (Uca spp.) found in the mangrove ecosystem Duta coastal were 10 species,
namely U. perplexa, U. rosea, U. vocans, U. annulipes, U. tfriangularis, U. coarctata, U. tetragonon, U. vomeris, U. forcipata, and
U. dussumieri. The diversity value of fiddler crab species in the Ambassador Coastal Mangrove ecosystem is moderate (H' =
2.209). All species of fiddler crabs were found in the muddy sand substrate type, because the burrow structure is strong, so
that when the tide, the burrow condition is maintained.
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INTRODUCTION

Fiddler crabs (Genus Uca) are crabs that have unique characteristics in the form of
asymmetrical claws in male individuals, while in female individuals both claws are small (Swanson, et
al., 2013). The size of the Fiddler crab is small with varied body colours (Rahayu et al., 2018). Fiddler
crabs (Uca spp.) belong to the Order Decapoda and Family Ocypodidae which live making burrows
in the substrate between mangrove plants (Rianjuanda et al., 2020). This behaviour serves as a place
to live and hide when threatened (Loviasari ef al., 2018). Wa'dah & Hamidah (2016) reinforced the
statement that the fiddler crab has burrowing behaviour which is a form of behavioural adaptation
in the mangrove ecosystem.

Mangrove ecosystems play an important role for the life of fiddler crabs, namely as a spawning
ground, feeding ground and nursery ground (Zeil & Hemmi, 2006; Nur & Kuntjoro, 2020). Conversely,
the presence of fiddler crabs also plays an important role in the mangrove ecosystem, which can
increase sediment mineralisation due to the presence of burrows that can increase oxygen
distribution into the sediment (Andini et al. 2019). In addition, fiddler crabs also act as deposit feeders
(Virgilio & Ribeiro, 2013), prey for predatory birds and fish, and as meiofauna of mangrove ecosystems
that feed on bacteria and diatoms (Mahatma et al., 2013). One of the mangrove ecosystems in
Probolinggo Regency is the mangrove ecosystem Duta coastal which is a habitat for fiddler cralbs.

Duta coastal is an ecotourism site that has two zones in it. The two zones include a public zone
and a conservation zone. The conservation zone consists of sea pine stands and mangrove
ecosystems (Bahiyah et al., 2018). Based on information from the community around Duta Coastal,
fiddler crabs have economic value, namely as fishing bait. Fiddler crabs can also be used as an
ornamental crab that can be traded (Saidah ef al., 2021). The genus Uca in Indonesia is found in
mangrove ecosystems and has 17 species that have been idenftified in Indonesia, out of 97 total
species worldwide (Murniati & Pratiwi, 2015).
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Research of Fiddler crabs that has been reported in Probolinggo Regency is in the mangrove
ecosystem of Curahsawo, Gending District, by Riswandi ef al. (2019) who found six species of fiddler
crabs. The types of fiddler crabs found are U. demani, U. dussumieri, U. vocans, U. rosea, U. lactea
and U. perplexa which are included in the 17 species of fiddler crabs that have been identified in
Indonesia. Information on the species diversity of fiddler crabs in the mangrove ecosystem of Duta
Coastal specifically has not been reported, but the presence of fiddler crabs has been listed in the
2018 Randutatah Biodiversity Report, as a fauna found in the conservation area of the Duta Coastal
mangrove ecosystem as a member of the Subphylum Crustacea. The report by the Randutatah
Biodiversity team in 2018, found three types of fiddler crabs in the mangrove ecosystem of Duta
Coastal, but without specific identification to the species level. Based on this background, it is
necessary fo conduct research on the diversity of violin crab species in the mangrove ecosystem of
Duta Coastal, Probolinggo Regency. The purpose of this study was to determine the species diversity
of fiddler crabs (Uca spp.) in the mangrove ecosystem of Duta Coastal, Probolinggo Regency. The
results of this study can be used as a database on the diversity of fiddler crab species and maintain
mangrove ecosystems so that fiddler crab habitat is maintained.

MATERIAL AND METHODS

The research was conducted from October 2022 to January 2023. Data collection was carried
out in the mangroves ecosystem of Duta Coastal, Probolinggo Regency, East Java (Figure 1) with
coastline coordinates between 7042'12.98"S and 113028'31.86"E to 7042'17.77"S and 113028'19.67"E.
Mangrove ecosystem at Duta coastal has a area based on GPS coordinates is about 68,704 m2,
Identification and data analysis activities were carried out at the Ecology Laboratory, Jember
University.
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Figure 1. The Map of Sampling Location at Mangrove Ecosystem, Duta Coastal, Probolinggo
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The method used when sampling biota in this study is the transect-plot method by placing 1x1
m2 plots systematically along the transect (Figure 2). Plotting was determined based on the length of
the mangrove ecosystem area of Duta Coastal. The length of the mangrove ecosystem determined
as the research site is 400 m with a width of 100 m or with a total area of 40,000 m2 mangrove
ecosystem. Transects placed at the research site were 25 m apart, and the number of transects
placed at the research site was 5. 1x1 m2 plots were placed on each transect with a distance of 20
m between plofs. The distance between fransects and plots was determined based on the length,
width and density of the mangrove ecosystem, resulfing in a total of 100 plofts.

Sampling of fiddler crabs was conducted at the lowest low tide. Samples taken were fiddler
crabs in the 1x1 m2 plot. The presence of fiddler crabs in the plot was confirmed by the presence of
burrows. The burrows were then dug using a shovel to a depth of 15-20 cm. Fiddler crabs can dig
burrows up to a depth of 50 cm, with the characteristics of burrows sloping like the letter *J' (Murniati
& Pratiwi, 2015). The fiddler crab samples obtained were cleaned of dirt using a fine brush and
seawater. The purpose of using a fine brush is so that the body parts are not damaged. Samples were
then anaesthetised using 70% alcohol. One bottle of anaesthetic contains one individual which aims
to prevent fights that can lead to the release of limbs. Abiotic data measurements were made three
times at nine predetermined points (upper, middle, and lower on fransects 1, 3, and 5). The habitat
environmental parameters faken are related to environmental factors that affect the life of fiddler
crabs, including pH, temperature, salinity and substrate type.

Samples that have been documented are then stored in a botftle filled with 75% alcohol for
preservation so that species name verification can be carried out in the laboratory. Preservation of
fiddler crab (Subphylum Crustacea) specimens based on Murniati and Pratiwi (2015) is in alcohol with
a minimum concentration of 75%, with the aim of preventing the release of the carapace and joints
in the body parts. The samples collected were representative of each species found. Data recording
of fiddler crabs at the research site includes a description of morphological characteristics such as
carapace colour, carapace face (wide or narrow), carapace width size, orbit base (serrated or
pitted), presence or absence of pustules on the large claw manus, manus colour, polex and large
claw dactylus, so that the species name can be known. After knowing the name of the species, the
number of individuals of each species and the total number of all individuals were calculated. The
fiddler crab samples were described based on morphological characters and then identified to the
species level, followed by verification. Verification was carried out up to the species level. Verification
was carried out by referring to Crane's identification key book (1975), Rosenberg (2001), Naderloo et
al., (2010), and Murniati & Pratiwi (2015).

ois ol s ol ol
e IS Sk ISk IS

WS

Information:
. Mangrove Trees

: Plot1x1 m

: Transect Line

. Distance Between
" Transect

. Distance Between
Plot

: Intertidal Zone

. - a - " . : Point of Abiotic
(_ - L = — = Mainland - —= Measurement

400 m

Figure 2. Technique of Schematic data collection in the Mangrove Ecosystem of Duta Coastal
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Data on fiddler crabs species that have been identified and verified are then tabulated based
on their taxon including name of species, number of individuals, way of life, and number of individual
types. Abiotic parameter data is used to analyze the physical condition of the environment in the
Mangrove ecosystems of the Duta coastal. The data that has been obtained is then entered into a
table and the smallest to largest range value is determined.

Analysis of species diversity (H') uses the Shannon-Wiener Diversity Index with the following
formula:

H'=-1 piln pi with pi = ni/N (Magurran, 2011)

H' value is the Shannon Wiener diversity index with the value of pi being the abundance of species
and ni being the number of individuals per species. while the N value is the total number of all types.
This formula is used to calculate all types of fiddler crabs found in the Duta Coastal.

Data collection of each abiotic parameter, namely water pH, temperature, salinity, and
substrate type, was used to determine the physical conditions in the mangrove ecosystem of Duta
Coastal, Probolinggo Regency. pH and water temperature were measured using a Hanna HI?8107
pH meter at the lowest low tide and taken at a point that was flooded. Salinity was measured using
an ATC refractometer at the lowest low tide and taken at the point that was flooded. The substrate
occupied by fiddler crabs in each plot was observed directly, by taking the substrate and observing
it visually and doing hand texture on the substrate. Abiotic data measurements were made three
times at nine predetermined points (upper, middle, and lower on transects 1, 3, and 5). Data on
environmental abiotic factors were analysed descriptively quantitatively. The value of abiotic data
is determined first the value of the smallest to largest range and the results of the analysis are used to
support the composition and diversity of fiddler crab species in the mangrove ecosystem of Duta
Coastal, Probolinggo Regency.

RESULT AND DISCUSSION

The results showed that the species composition of fiddler crabs in the mangrove ecosystem
of Duta coastal, Probolinggo Regency, consisted of 10 species, namely U. perplexa, U. rosea, U.
vocans, U. annulipes, U. triangularis, U. coarctata, U. tefragonon, U. vomeris, U. forcipata, and U.
dussumieri with a total of 1555 individuals (Table 1; Figure 3). These species occupied different
substrate types: sand, silty sand, clayey mud, and sandy mud. There are more types of fiddler crabs
in thisresearch location compared to research conducted by Riswandi et al. (2019) in the Curahsawo
mangrove ecosystem, Gending District, Probolinggo Regency which only found 6 species. Fiddler
crabs found in this study are 10 species of 13 species whose existence has been reported in Java
Island. The three types of fiddler crabs that were not found in this study were U. demani, U. lactea
and U. crassipes.

The presence of fiddler crabs in the study site is largely determined by the type of substrate.
Each type of fiddler crab found can occupy different types of substrate, based on its adaptability to
substrates dominated by sand and mud. This adaptability is a form of morphological adaptation,
because itisrelated to the type of setae on the second maxilliped that functions as a rake for organic
material on the substrate (Pardo, et al., 2020). Fiddler crabs that live in sand or sand-dominant
substrates have more spoon-tfipped setae than plumose setae, and vice versa (Murniati & Pratiwi,
2015). An example of a fiddler crab that has wide adaptability (in this study) is U. Perplexa.

According to Peer et al., (2015) and Masiyah et al. (2021), the distribution of fiddler crabs is
largely determined by the type of substrate, because it is related to the burrow used as a place to
live. The results showed that all types of fiddler crabs can be found in muddy sand substrate types,
because the burrow structure is strong, so that when the tide is high, the burrow condition is
maintained. This is supported by the statement of Actuti et al. (2019), that muddy sand substrates are
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Table 1. Species Composition of Fiddler Crabs in the Mangrove Ecosystems of Duta Coastal

Type of Fiddler Crabs I:ﬁ::%:?l Substrate Types
Uca perplexa (H. Milne Edwards, 1837) 329 silty sand, Mud, Sandy mud, Sand
Uca rosea (Tweedie, 1937) 215 silty sand, Mud, Sandy mud
Uca vocans (Linnaeus, 1758) 185 silty sand, Mud, Sandy mud
Uca annulipes (H. Milne Edwards, 1837) 148 silty sand, Mud, Sandy mud, Sand
Uca triangularis (H. Milne Edwards, 1873) 145 silty sand, Mud, Sand
Uca coarctata (H. Milne Edwards, 1852) 141 silty sand, Mud
Uca tetragonon (Herbst, 1790) 121 silty sand, Mud, Sand
Uca vomeris (McNeill, 1920) 112 silty sand, Mud, Sandy mud, Sand
Uca forcipata (Adams & White, 1849) 92 silty sand, Mud, Sandy mud
Uca dussumieri (H. Milne Edwards, 1852) 67 silty sand

Total Individual 1555

Table 2. The Value of Environmental Abiofic in the Mangrove Ecosystems of Duta Coastal

Abiotic Environmental Value Range
Temperature (°C) 28,7 - 30,6
PH 6,55-7.2
Salinity (%o) 24 -25,7

more supportive of fiddler crab life due to their strong structure. In addition, the distribution of fiddler
crabs is also influenced by the availability of food contained in muddy sand substrates, because
fiddler crabs are deposit feeders (Murniati, 2010).

The existence of many types of fiddler crabs found in the mangrove ecosystem of Duta coastal
is also supported by abiotic factors such as pH, temperature, and salinity. The degree of acidity (pH)
in the waters of the Duta coastal mangrove ecosystem based on the measurement results is 6.5 - 7
(Table 2). The value of the pH range is classified as neutral, due o the flow of fresh water from the
tributaries that flow into the estuary and through the mangrove ecosystem. The neutral and ideal pH
condifions also affect the life of bacteria that decompose litter debris, so that bacterial activity in
decomposing litter debris increases (Sunarti & Ridwan, 2017), and makes it easier for fiddler crabs to
find food in the form of deposits on the substrate. The pH condition of the water supports the life of
fiddler crabs, because fiddler crabs live in the pH range of 5 - 9. pH values that are foo acidic or
alkaline can result in the death of fiddler crabs (Septiani et al., 2019). This death can be caused by
decreased oxygen concentration in the water so that respiratory activity becomes high and affects
the decrease in foraging activity (Agus, 2008).

Temperature is one of the abioftic factors that isimportant for the life and growth of fiddler crabs
(Natania et al., 2017; Vianna et al., 2020). This study was conducted in the morning unftil noon, so the
temperature was around 28.7 - 30.6 °C, which is the ideal temperature for the life of fiddler crabs.
Light infensity at The light intensity from morning to noon is relatively high, so it can affect the water
temperature. The temperature can affect the increased activity of fiddler crabs in searching for food,
because fiddler crabs are diurnal organisms (active during the day). Based on Murniafi & Pratiwi
(2015), fiddler crabs can live in a temperature range of 27 — 32 °C. According to Uno ef al. (2019),
temperatures that are too low or high can affect the slowing of metabolic processes, thus slowing
the development of fiddler crabs, and can result in death. Salinity is a parameter that can affect the
life of fiddler crabs. Salinity greatly affects the growth of fiddler crabs. Salinity that is foo high or low
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causes a slowdown in the growth of fiddler crabs. Salinity in the waters of the Duta Coastal mangrove
ecosystem based on the measurement results is 24 - 25.7 %.. The salinity value is considered ideal and
supports the life of fiddler crabs because according to Murniati & Pratiwi (2015), fiddler crabs in
mangrove ecosystems live in the salinity range of 20 - 30 %.. The ideal salinity affects the acceleration
of growth for fiddler crabs, so that it can accelerate the rate of reproduction. According to Natania
et al. (2017) salinity below and above the optimum limit can cause death in fiddler crabs, because
it affects the amount of food consumed.

The results showed that the type of fiddler crab that was found more in the mangrove
ecosystem of Duta coastal, Probolinggo Regency was U. perplexa with a total of 329 individuals. Uca
perplexa is found more because it can adapt well to all four types of substrates, namely muddy sand,
clay mud, sandy mud, and sand substrates. Uca perplexa is also found because it can make burrows
in various places, such as in open mangrove ecosystems without mangrove plant cover, as well as
making burrows near mangrove roots with dense mangrove plant cover. Internal factors that can
influence high abundance are rapid development, thus affecting the acceleration of the
reproduction rate (12 months of age can reproduce), and in a favourable environment can live up
to 4 years (Murniati, 2008). Uca perplexa habitat in the mangrove ecosystem of Duta coastal has
similarities with the habitat in the mangrove ecosystem of Kabonga Kecil, Donggala, Central Sulawesi
by Aprilyanto et al. (2017). Uca perplexa in the Kabonga Kecil mangrove ecosystem can also occupy
various types of substrates and make many burrows in the open, but are also found in mangrove
roofs.

The next most common fiddler crab species was U. rosea with 215 individuals. Uca rosea is able
to adapt to muddy sand, clay mud, and sandy mud substrate types, and is found in dense mangrove
roots. Fiddler crabs that live in dense mangrove roots such as U. rosea have low predation rates,
because their habitat is protected by mangrove roots, so their numbers are found after U. perplexa.
Ucarosea in the mangrove ecosystem of Curahsawo, Probolinggo Regency by Riswandi et al. (2019)
also found more after U. perplexa. This is because U. rosea likes habitats with substrates containing
mud and dense vegetation cover. The least common fiddler crab species found in this ecosystem is
U. dussumieri. Uca dussumieri is the least found because it can only be found on muddy sand
substrates. Muddy sand substrate at the research site was only found in certain locations, namely at
the edge of the mangrove bordering the mainland, resulting in a small number of U. dussumieri
individuals. The habitat of U. dussumieri at the research site is around mangrove rootfs and also in
places that are not covered by vegetation. Internal factors that cause low abundance are slow
reproduction (reproductive age can reach 14 months) (Murniatfi, 2008; Kareho et al., 2019).
According to research conducted by Suprayogi et al. (2014), Uca dussumieri was found the least
because it can only adapt to substrates that are more dominant in sand than mud.

Based on the results of the calculation, it is known that the index value of the species diversity
of fiddler crabs in the mangrove ecosystem of Duta coastal, Probolinggo Regency is classified as
moderate. This is indicated by the value of H' = 2.209. The moderate value of species diversity is due
to the number of individuals in each species that is almost evenly distributed, as well as the total
number of all individuals that are abundant (1555 individuals), but there are several species that have
more individuals than other species. The dominant species found were U. perplexa and U. rosea.
According to Krebs (2014), species diversity is determined by the number of species and the number
of individuals of each species in a community. If the number of species is getting smaller, and there
are some individuals that are more dominant, then the diversity of the species will decrease.

The moderate species diversity value can also be caused by the mangrove ecosystem of
Duta Coastal which is a mangrove conservation area that is still in the process of rehabilitation, so
the density of mangrove plants is still sparse. Therefore, the abundance of fiddler crab species found
in this location is uneven. This statement is supported by Hanafi et al. (2020) and Haruna et al. (2022),
that the value of the diversity of species of fiddler crabs can be caused by the research location
which is a mangrove conservation area in the growth stage or rehabilitation process.
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Figure 3. Genus Uca spp. in the Mangrove Ecosystems of Duta Coastal, Probolinggo Regency. A)
Uca coarctata. B) Uca perplexa. C) Uca rosea. D) Uca triangularis. E) Uca vocans. F) Uca
vomeris. G) Uca dussumieri. H) Uca forcipata. 1) Uca tetragonon. J) Uca annulipes

According fo Cadofte et al. (2011), moderate species diversity values indicate a fairly
balanced/stable ecosystem condition and moderate ecological pressure. A fairly balanced
ecosystem can occur due to a fairly stable food chain, but there are interactions between individuals
and types of fiddler crabs that cause competition (interspecies competition) in fighting for food
(Pramudiji, 2010). Such competition can occur because fiddler crabs in a place (plot) consist of 2-5
species (Murniati & Pratiwi, 2015). Moderate ecological pressure can be caused by the presence of
tourists (visitors) in the mangrove ecosystem because in addition to being a conservation areq, the
mangrove ecosystem of Duta Coastal is also used as ecotourism. Another cause is the hunting of
fiddler crabs by local residents as fishing bait. The habitat of fiddler crabs that has turned into
ecofourism and huntfing as fishing bait has resulted in increased human activity in the ecosystem.
Human activities can disturb the habitat of fiddler crabs, because fiddler crabs like quiet habitats
(Actuti et al., 2019).

CONCLUSION

Fiddler crabs found in the mangrove ecosystem of Duta coastal are 10 species, namely U.
perplexa, U. rosea, U. vocans, U. annulipes, U. tfriangularis, U. coarctata, U. tefragonon, U. vomeris, U.
forcipata, and U. dussumieri. The index value of the species diversity of fiddler crabs in the mangrove
ecosystem of Duta coastal is moderate (H' = 2.209).
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