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Background. Periophthalmus chrysospilos and Favonigobius reichei are most abundant gobies species (Family:
Gobiidae) inhabiting estuaries in the west coast of Peninsular Malaysia. Thirty-six goby species are amphibious: the rest
remain in water, like other teleosts. However, information on the fine structure of gills and skins of these gobies species
that may help to understand their functions in air breathing is still lacking. This study was aimed at describing fine structure of the gills and skins of these two co-existing species of gobies living in the terrestrial and aquatic environment.
Materials and Methods. Fifty-six specimens of amphibious (Periophthalmus chrysospilos) and 67 specimens of nonamphibious gobies (Favonigobius reichei) were collected from estuary. Gills and skins were dissected out and samples
were treated following the standard electron microscopy sample preparation. Samples were affixed onto specimen stubs
with silver paint and then coated with a thin layer of gold using a BIO-RAD-SC500 ion sputter. All samples were viewed
using SEM Series XL 30, Philips.
Results. P. chrysospilos possesses short, thick, bent and twisted gill filaments whereas the F. reichei has long, thin, and
straight filaments. There were differences in shapes and numbers of the secondary lamellae attached to the filaments
in P. chrysospilos and F. reichei. The skin of F. reichei also has a significant difference in architectural build-up compared to P. chrysospilos. The functional adaptation on the use of gills and skins in P. chrysospilos and F. reichei in natural environment are discussed.
Conclusions. The gills of P. chrysospilos show some unique features (i.e. low density of secondary lamellae and smaller gill rakers) that can be used to explain the animal’s ability to successfully live out of water in comparison to F. reichei
that are more adapted to aquatic life like other teleosts. Special architectural plan of gills and skins of both goby species
may have contributed to their existence in the estuary area.
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skin, electron microscopy

INTRODUCTION
Gobies are fishes of the Gobiidae family, inhabiting
saltwater, brackishwater, and freshwater of tropical and
subtropical ocean. According to Nelson (1994), the family comprises 1875 species in 212 genera. Thirty-six goby
species are amphibious (Murdy 1989, Lee et al. 1995,
Murdy and Takita 1999, Takita et al. 1999) and those are
commonly referred to as mudskippers. Whilst most gobies remain in water, like other teleosts relying on gas exchange through gills, some of them capable of air-breathing (aquatic air-breathers) and are commonly found coexisting with the amphibious mudskippers. The occur*Correspondence:

rence of the air-breathers is usually limited to tidal pools.
The gill of teleost fishes is well suited for water breathing,
but upon air exposure the lamellae coalesce, greatly reducing the functional exchange surface (Low et al. 1993,
Wilson et al. 1999). Yet, some fishes have the ability to
breathe air effectively. Air breathing among fishes is associated with modification of the gill and the development of
accessory breathing organs (ABO) (Sayer 2005).
Several studies reported that amphibious fishes breathe
air using both gills and skin (Hughes and Morgan 1973,
Whitear 1986, Al-Kadhomity and Hughes 1988, Low et.
al. 1988, Yokoya and Tamura 1992, Suzuki 1992, Zhang et
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al. 2000, Park and Lee 2002, Park 2002). It is predicted
that differences in fine structural morphology of the gills
and skins of mudskipper with the non-amphibious gobies
are important surviving factors in the menacing habitat of
the estuary area. Information on the fine structure of gill
and skin of gobies, that may help to understand their functions in air breathing, is still lacking. The present paper
investigates the fine structure of the gills and skins of two
co-existing species of gobies, the amphibious mudskipper
(P. chrysospilos) and non-amphibious goby (F. reichei)
collected from the Sepang estuary, Peninsular Malaysia.
MATERIAL AND METHODS
Field collection of specimens. Fifty-six specimens of
amphibious gobies (2.17–5.20 cm standard length (SL);
0.16–2.70 g body wet weight) and 67 specimens of nonamphibious gobies (4.20–7.42 cm SL; 1.43–7 .81 g body
wet weight) were collected using hand-nets during low
tides in Sepang estuary, Selangor, Malaysia. These gobiid species are abundant and successfully surviving in two
different environments in the estuary. The non-amphibious gobiid species are commonly found in the mud flat
pool during low tides whilst the amphibious species on the
other hand are common goby species living on land in the
study areas. All the specimens caught were placed in
small polystyrene containers and kept alive in aerated seawater prior to further analysis in the university laboratory.
Taxonomic identification and confirmation of the species
were based on description given in Murdy (1989) and
Kottelat et al. (1993). The amphibious goby was identified as Periophthalmus chrysospilos Bleeker, 1852 and
non-amphibious goby was identified as Favonigobius
reichei (Bleeker, 1853).
Laboratory preparation of samples for electron
microscopy observation. Each fish was anaesthetized in
fully-aerated seawater containing 0.1–0.3 ml · L–1 of 2-phenoxy-ethanol (Sigma) for 5–10 min before it was killed;
gills and skins were dissected under the dissecting microscope. Samples were washed with 0.85% sodium chloride
solution, and immersed in 4% formalin made of 50% filtered seawater. After one day in 4% formalin solution,
each sample was dehydrated through a graded ethanol solution series: 50%, 70%, 80%, 85%, 90%, 95%, and 100%.
These samples were critical-point-dried with carbon dioxide. Samples were affixed onto specimen stubs with silver
paint and then coated with a thin layer of gold using a BIORAD Microscience Division SC 500 ion sputter. All samples were viewed under a scanning electron microscope
(SEM Series-XL 30 Philips).
Legal and ethical issues: All field sampling and laboratory protocols followed and complied with in the current laws of Malaysia.
RESULTS
Preliminary observations of gill structure were performed under the light microscope to elucidate basic architectural plan of all gill structures between Periophthalmus
chrysospilos and Favonigobius reichei. This helps to

facilitate precision dissection on the gill structures for
electron microscopy sample preparation. The fine-structure examination on the electron micrographs showed that
P. chrysospilos had shorter, thick, bent, and slightly twisted filaments (Fig. 1) in comparison to F. reichei that had
longer, thin, and straight filaments (Fig. 2). Filaments of
both species appeared to support secondary lamellae that
are graded toward the tip.
Further investigation on the micrograph showed that
there were about five secondary lamellae (5.07 ± 0.10;
n = 40) attached to 200-µm-long filament of P. chrysospilos (Fig. 3). However, there were about 10 secondary
lamellae (10.02 ± 0.198; n = 35) attached to 220-µm-long
filament of F. reichei in similar dimension (Fig. 4). The
gill rakers of the P. chrysospilos were slightly smaller,
(5.30 ± 0.10 rakers attached to 500-µm-long gill arch,
n = 40) (Fig. 1) than that of F. reichei (5.03 ± 0.10 rakers
attached to 500-µm-long gill arch, n = 35) (Fig. 2). The
secondary lamellae of the P. chrysospilos were triangular
in shape and thick (25–30 µm) which contained many apical pores and highly wrinkled (Figs. 3, 5). However, the
secondary lamellae of the F. reichei were rectangular in
shape, wavy, thin (6–12 µm), contained no distinct apical
pores, and smooth (Figs. 4, 6).
The skin epithelium of both fish species consisted of
pavement and mucus cells. The pavement cells for
P. chrysospilos were small pentagonal shape underlining
with thick microridges and had double-ridged border in
between the pavement cells (Figs. 7–9). These pavement
cells had various microridges shape and size from 1 to 15
µm in length and 0.3 to 1.0 µm in width (Figs. 7–9). The
cells (Figs. 10–12) with rounded apical pores at the centre
were mucus cells. These cells also had few microridges
with the length vary from 2 to 5 µm. The microridges of
the mucus cells were thick and elongate (Fig. 8). On the
other hand, the pavement cells of F. reichei, seen as pentagonal or hexagonal shapes of irregular forms, consisted
of a single microridges border in between pavement cells
(Figs. 10–12). The pavement cell microridges also vary
from 10 to 25 µm in length and 0.2 to 0.6 µm in width.
The microridges inside the pavement cells were whorled
and looked like a thumb print (Figs. 10–12).
DISCUSSION
The gills of Periophthalmus chrysospilos exhibit different features of morphology compared to Favonigobius
reichei. The secondary lamellae of the former species
decrease in size towards the filament tip. This will give
an advantage to P. chrysospilos while they are on land by
still exposing significant lamellae surface area for gaseous
exchange even though if the lamellae are to coalesce upon
terrestrial exposure (Low et al. 1988). However, the thick
build-up of the secondary lamellae may contribute to the
prevention of the juxtaposition of these lamellae towards
each other while they are exposed to air.
Hughes and Datta Munshi (1979) reported that the
thick lamellae in air-breathers act as an oxygen-conserving device or to prevent oxygen loss when the surrounding
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Figs. 1–6. Gills of Periophthalmus chrysospilos (Figs. 1, 3, 5) and Favonigobius reichei (Figs. 2, 4, 6) seen at various magnifications of SEM; Labels: GR, gill raker; GF, gill filament; SL, secondary lamellae; AP apical pores

water has low oxygen tension. Beside that, the secondary
lamellae surfaces of P. chrysospilos are wrinkled that may
increase the gill surface area. However, a problem that this
mudskipper species faces during terrestrial exposure is
that the gills may face the threat of desiccation. In order to
prevent desiccation of the respiratory surface, the surface
of the secondary lamellae may raise to function as a
mucus-supporting tool (Morgan and Tovell 1973, Morris
and Pickering 1975).
This mucus layer may work as an antidesiccant (Low
et al. 1988). In addition, interposition of the mucus layer

between the environment and epithelium suggests that the
primary function of mucus is insulative in nature (Olson
1996). Many studies reported the functions of mucus as:
• physical barrier—preventing mechanical abrasion or
deterrence of parasitic, bacterial, or viral access (Olson
1996),
• biochemical secretion—ability to precipitate specific
molecules such as heavy metals (Olson and Fromm
1973, Varanasi and Markey 1978),
• immunological secretion—secretion of immunoglobulin
(Ultsch and Gros 1979), and
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Figs. 7–12. Skin surface of Periophthalmus chrysospilos (Figs. 7, 8, 9) and Favonigobius reichei (Figs. 10, 11, 12) seen at various magnifications of SEM; labels: MC, mucus cell; MR, microridge; ML, mucus layer

• electrolyte diffusion (ionic exchange) mechanism in the
In contrast, the bent and twisted filaments of P. chrypresence of chloride cells (Pärt and Lock 1983, sospilos are considered as disadvantage to this species when
Simonneaux et al. 1987, Handy 1989, Shephard 1994, submerged in water. The twisted filaments may result in
Is2sag7 and Karakisi 1998).
secondary lamellae not oriented parallel to the respirato-

Fine structure of gills and skins of gobiid fishes

ry water current. Thus, it may reduce the efficiency of the
counter-current distribution mechanism. On the other
hand, such twisting filament orientation may help to keep
filament apart in air and provide efficient air respiration
for P. chrysospilos on land. The reductions of gill dimensions in air-breathing fishes are compensated by the development of some sort of accessory respiratory surfaces
(Roy and Munshi 1996).
Among the oxudercine gobies, such as Periophthalmus, Boleophthalmus, and Scartelaos, the skin is vascularized, which helps in gas exchange (Low et al. 1988,
Zhang et al. 2000, Park 2002). Thus, in P. chrysospilos,
the skin fulfils the oxygen demand for some time when the
moist surfaces for gas diffusion are available. Tamura et
al. (1976) showed that oxygen uptake by the gills of P.
cantonensis was 52% in water and 27% in air (of the total
amount of oxygen respired). As its gills are inefficient in
aquatic respiration, it would rather stay on land where its
skin would be responsible for 76% of its oxygen uptake
(Tamura et al. 1976, Yadav et al. 1990).
The surface skin structure of P. chrysospilos in the
present study consisted of pavement and mucus cells. The
mucus cells secreted mucus that is found scattered over the
epithelium cells. The underlining microridges of pavement and mucus cells are raised and thickened. Several
studies have proposed the function of microridges are to
trap, hold or distribute mucus, provide structural integrity
to the epithelium, or increase the surface area of the apical membrane (Olson and Fromm 1973, Sperry and Wassersug 1976, Low et al. 1990). The mucus on the gills and
skin may have facilitated in reducing evaporative water
loss and gas exchange (Olson 1996). The present study
may indicate that the P. chrysospilos is able to breathe
oxygen-using skin and it seems logical based on the presence of dense microridges on the skin surface.
On the other hand, F. reichei, which is a water-breathing fish, has different architectural plan of the gill apparatus compared to P. chrysospilos. F. reichei has gills that
look homogenous and almost equal in size and shape except the fourth pair of gills that is slightly smaller. Since
water is much denser and contains a very low concentration of oxygen per unit volume compared to air, F. reichei
has large gill surface area for gas exchange to take place.
The secondary lamellae of F. reichei are thin, broad, wavy,
and densely packed towards the tip of the filaments which
may enlarge the gill surface area (Figs. 2, 4, 6)—in contrast to P. chrysospilos that has much thicker lamella
attached to filaments as an important adaptation to breath
air (Figs. 1, 3, 5). F. reichei has buoyant support of water
to solve the problem. The skin of F. reichei also has different architectural build up compared to P. chrysospilos.
The surface structure of the skin is smooth underlining
with thin microridges in the pavement cells and singleridged border in between pavement cells. In between the
pavement cells, there are mucus cells distributed on the
microridges. Since the skin of F. reichei may not actively
involved in respiration, the function of microridges perhaps to provide structural integrity to the epithelium cells
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and mucus trapping devices. Knutton et al. (1976) proposed that microridges on Lettree cells allow rapid cell
swelling without concomitant lysis, thereby allowing
a change in cell size or shape without the need for membrane protein synthesis. In addition, Bereiter-Hahn et al.
(1979) suggested that microridges on fish epidermal cells
are attached to subcellular contractile elements and spontaneously change in size and appearance. Size and shape
of epidermal microridges are also affected by ambient
salinity, electrolytes and hormones (Schwerdtfeger 1979,
Wendelaar Bonga and Meis 1981). The present of mucus
cells over the epithelium cells of the skin of F. reichei
would mainly function to secrete mucus. This mucus
probably performs the same functions as discuss in P.
chrysospilos except trapping the oxygen for cutaneous respiration.
CONCLUSIONS
The presence of low density of secondary lamellae and
smaller gill rakers attached on the gill filaments and gill
arch gave an advantage to P. chrysospilos living on land
for extended periods of time in comparison to F. reichei
that are more adapted to aquatic life by having higher density of secondary lamellae and larger gill rakers attached to
the gill arch. Special architectural plan of gills and skins
of both goby species may have contributed to their existence in the estuary area.
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