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Abstract. Mudskipper belongs to the Gobiidae family which has respiratory adaptation to fits their habitat. Mudskipper has a different
gill structure or modification of gills, this different structure allows the mudskipper to survive for a long time outside water. This study
aimed to determine the histology of gills and find out whether there is a modification of gills in the mudskipper respiratory organs
(Periophthalmus gracilis). Histological preparations were done using paraffin method, stained with Hematoxylin-Eosin. Data analysis
was carried out in a qualitative descriptive. The results showed that there is no additional respiratory organ in the mudskipper respiration,
whereas the gills have some modifications. The histological structure of mudskipper gills consists of gill arches, arteries, gill filament,
primary lamellae, and secondary lamellae. The gills of mudskipper have a different structure from the general fish, which has a thick
secondary lamellae with a low amount of density, the shape of the filament are short and bent. This gill structure is a form of adaptation to
habitat and behavior to live outside the water in a relatively long time.
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INTRODUCTION

Mudskipper lives in tropical to sub-tropical regions and
spread throughout the region from the Atlantic coast.
The most scattered species is the genus
Periophthalmus, which is currently estimated at 18
species (Sunarni, 2013). Mudskipper is endemic biota
that inhabits mangrove forests. Mudskipper can only be
found in coastal areas of mangrove forests and has the
ability to crawl up to land or perch on mangrove roots,
has large eyes and sticking out from its head, has
pectoral fins at the base of the muscles, and these fins
can be bent to function like arms that can be used to
crawl or jump on mud.

Mudskipper is also called as Amphibious Fish
because their ability to live inside and outside the
water. Aquatic medium is dominated by the presence of
water pressure while in the terrestrial area is dominated
by the presence of gravitational pressure. Mudskipper
more often on land and return to the water to wet the
gills and skin. The ability to live on land and in water
makes mudskipper able to adaptation to raise the cavity
contained in the gills to maintain air bubbles. This is
done to provide oxygen during respiration on land
(Jaafar, 2009).

Mudskipper belongs to the Gobiidae family which
has respiratory adaptation to fits their habitat (Lagler et
al., 1977). The ability to store oxygen reserves and
survive on land long time allows mudskipper have a
different gill structure than most fish in general. Other
than have a different gill structure, mudskipper have an
additional respiratory organ to help with breathing
when on land. Modified areas are usually characterized
by a large number of blood capillaries scattered in these
areas to help increase air exchange during on land
(Sayer, 1991).

This study aimed to determine the histological
structure of mudskipper gill with respect to its
adaptation to live outside water. The mudskipper
respiration system is still rarely studied histologically.
References on the histological structure of gills and
additional respiratory organs structures of mudskipper
are limited. It is necessary to do research on the
mudskipper gills related to their adaptation to the
environment with minimal oxygen.

MATERIALS AND METHOD

This study used five mudskippers (Periophthalmus
gracilis) obtained from Samas Beach, Bantul,
Yogyakarta. Furthermore, mudskipper is dissected and
the head is taken to make histological preparations.
Histological slides were made using the paraffin
method with Hematoxylin-Eosin staining. Histological
observations were carried out using microscope.

RESULTS AND DISCUSSION

Histology of Mudskipper Head

In this study, the histological slide was made by section
anatomy on the mudskipper head. It aimed to know the
topography and histological structure of gills. Based on
observations that had carried out, it is shown that
mudskipper do not have additional respiratory organ
structure such as the labyrinth, pseudobranch, and
diverticula. The ability of mudskipper to live outside
the water is enabled using gills and assisted by the skin.
This is in accordance with the research conducted by
Melinda (2014) which states that mudskipper can carry
out activities for a long time outside water because
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there is a layer in the epidermis of the skin, called
swollen cell. The swollen cell layer serves to store
water reserves to maintain the moisture of fish skin
while on the land. This statement is also reinforced by
Ghaffar et al (2006) which states that mudskipper
breathes using gills and skin like amphibian. The
topography of the gill in mudskipper head can be seen
in the picture below:

Figure 1. Histology of head part of mudskipper: (A) Telencephalon, (B)
Skeletal muscle, (C) Gills, (D) Epaxial muscles, (E) Aorta, (F) Bone, (G)
Striated muscle, (H) Inner ear.

In the cross-section of the mudskipper head, we can
observed the location and size of the gill. Gills of
mudskipper have a relatively small size than other fish.
The small size of the gills makes mudskipper have a
wider opercular space to accommodate the incoming
water during the respiration process. The wide
opercular space around the gills allows the fish to
absorb a lot of oxygen from the water that is
accommodated around the gills. Nielsen (1997) said
that the flow of water entering gill lamellae will be in
the opposite direction to the flow of blood. The
counter-current flow will increase the transfer of
oxygen from water to blood. So the more water flows,
the greater the oxygen transfer to the blood. Thus the
presence of wider space around the gills will make the
gill lamellae of mudskipper absorbed more oxygen.
This is because more water volume has a higher
pressure.

Histology of Mudskipper Gill

Gills are organs that serve regulate the exchange of salt
and water and excretion of waste nitrogen, especially
ammonia. Based on observations in this study, gills of
mudskipper consist of gill arches, secondary lamellae,
primary lamellae, arteries. The structure of the gill
filaments is composed of thin layers of epithelium on
the outside, the base membrane and pole cells as

internal support (Roberts, 1989). Histology of
mudskipper gills can be seen in the figure 2.

>

Figure 2. Histology of mudskipper gills (A) Artery, (B) Gill arch (C)
Gill filaments, (D) Primary lamellae, (E) Secondary lamellae.

According to Erlangga (2007) epithelium in primary
and secondary lamellae consist of several cells namely
chloride cells and oval-shaped monocyte cells. Affandi
and Tang (2002), stated that chloride cells serve in the
exchange of salt, the removal of salt in marine fish and
the extraction of salt in fresh water fish. Many chloride
cells are found in the basal (proximal) part of lamellae,
while mucus cells function to produce mucus
(Mumford et al., 2007). On the secondary lamellae
there are pillar cells that are more concentrated. The
pillar cells are arranged in a row and the cells are
encased by a thin, semipermeable epidermal membrane
(Fauzy et al., 2014). Yonkos et al (2000) stated that the
distance between pillar cells is called lacuna which
connects afferent and efferent arterial blood.

Gills of mudskipper are related to their habitat
adaptation. When the counter-current respiration
process takes place on the gills, blood on the lamellae
will take 80-90% oxygen from the water that passes
through the lamellae. According to (Hazelhoft and
Evenhuis, 1952 in Nielsen, 1997), lamellae along its
entire length serves as a place for taking oxygen from
water. Water leaving gills will lose 80-90% of the
initial oxygen content. Thus the water leaves the
lamellae with the remaining oxygen content of 10-20%.
Thick lamellae of mudskipper allow more capillaries,
to maximize the ability in absorbing oxygen from
water, probably much more than 80%, while wider
distances between capillaries allow for more water
flow. Both of these are likely to make mudskipper more
capable of adapting to oxygen-deprived water.

The thick structure of lamellae enable to absorb
oxygen from the water efficiently. Thick lamellae is
allowed related to the adaptation of mudskipper when
life is landed for a long time. This structure prevents
the lamellae from sticking together and is not easy to
fuse when bending as exposed to outside air. The thick
lamellae structure makes the mudskipper able to store
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and absorb oxygen when the operculum closes. Hughes
and Datta Munshi (1979) reported that thick lamellae
an air-breathers act as an oxygen-conserving device or
to prevent oxygen loss when the surrounding water has
a low oxygen tension. Based on histological
observations, the structure of mudskipper gill has a
non-straight shape and bent on its filaments. The
existence of a bent shape is likely to benefit the gill of
mudskipper to expand the area of oxygen absorption.

This research is in accordance with Wilson et al
(1999) in Melinda, (2016), that is, the normal condition
of lamellae in amphibian fish is thicker and bent. This
is reinforced by the study of Ghaffar et al (2006)
entitled "Fine Structure of Gills and Skins of
Amphibious Mudskipper, Periophthalmus chrysospilos
(Bleeker, 1852) and a Non-Amphibious Goby,
Favonigorus Reichel (Bleeker, 1853)" This study
shows that amphibian fish  (Periophthalmus
chrysospilos) have short, thick and bent gill filaments.
Whereas non-Amphibious fish have straight, long and
thin filaments. In addition, non-amphibious fish also
have more dense lamellae than amphibians.

CONCLUSIONS

Based on the histological, it can be concluded that
mudskipper does not have additional respiratory organ
structure but the gill of mudskipper has a different
structure than other fish. Gills of mudskipper have a
relatively small size. The small size of the gills makes
mudskipper have a wider opercular space to
accommodate the incoming water during the respiration
process. Histologically, the gills of mudskipper consist
of gill arches, arteries, gill filaments, primary lamellae,
and secondary lamellae. The gills of mudskipper have a
secondary lamellae structure that is thick with a low
density, the filament are short and bent. Thick lamellae
of mudskipper allows more capillaries to be more
efficient in absorbing oxygen from water, while wider
distances between capillaries allow for more water
flow. Both of these are likely to make mudskipper more
capable of adapting to oxygen-deprived water.
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