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Abstract

The rapid and extensive destruction of mangrove forests and adjacent peritidal ecosystems in the Indo-Pacific region
requires the development of efficient management and conservation actions. Mudskippers (Gobiidae: Oxudercinae) are
amphibious gobies that are strictly linked to mangrove forests and tropical mudflats. I recorded the presence and habitat
distribution of mudskipper species in four mangrove ecosystems along the west coast of Peninsular Malaysia. Different
localities host different mudskipper communities, while in each locality species are differentially distributed along the
intertidal gradient. At the ecosystem level, I found a significant exponential correlation between sampled area and the
species richness of these communities, consistent with the SAR hypothesis. At the habitat level, the presence of a
vertical zonation along the intertidal gradient suggests the possibility of using the species living exclusively in higher or
lower levels as bioindicators for habitat anthropogenic impact, respectively from the land and from the sea.
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Introduction

As recently as 40-50 years ago, mangrove forests, or mangals (Macnae 1968), occupied about 60-75% of
low-energy tropical shorelines around the world (Por and Dor 1984). Trend analyses show that the world has
lost approx. 5 million ha of mangrove forests in the years 1980-2000, that is 20%of the total extent (Wilkie
and Fortuna 2003). In South-East Asia, some of the most diverse mangrove formations in the world suffer
from the highest loss rates of vegetation coverage (up to 2% per year: Wilkie and Fortuna 2003), mainly as a
result of habitat destruction (Hogarth 1999; Menasveta 1996; Sasekumar 1980, 1991; Tomlinson 1986). The
economic value of these ecosystems should be considered from a holistic perspective, since coastal
reclamation and mangrove deforestation have far-reaching effects (Duke and Wolanski 2001). Rational
management is being attempted; nevertheless, with the exception of ecotourism, the majority of these
initiatives turned out to be largely unsustainable (Ellison 2000). At the same time, a firm political decision to
reduce deforestation and the concrete instrumentation of management plans are largely lacking.

Oxudercine gobies (Teleostei, Gobiidae, Oxudercinae), also known as ‘mudskippers’, include abundant
and typical resident species of mangrove and mudflat ecosystems throughout the Indo-Pacific region and
along the Atlantic African coasts (Murdy 1989). These fishes present different degrees of adaptation to the
amphibious lifestyle, and have colonised the entire intertidal gradient, from the subtidal to the supratidal
zone (Nursall 1981; Murdy 1989; Takita et al. 1999; King and Udo 1997).

Data from a preliminary survey of the distribution of Malayan mudskipper species are here presented
and discussed, to support the use of mudskippers as biomonitors of the health of mudflats and mangrove
forests.

Materials and methods

A sampling survey was made in August 1996 in four localities distributed along coast in western Peninsular
Malaysia: Tanjung Tuan (Lat 2°24°52” N, Long 101°51°15” E), Morib (Lat 02°45°33” N, Long 101°26°16”
E), Sungai Sementa Besar (Lat 03°04°51” N, Long 101°21°35” E), and Kuala Selangor (Lat 03°19°32” N,
Long 101°14°20” E). These localities are distributed within approximately 130 km (Fig. 1).

In each locality the horizontal extent of the intertidal zone was measured at spring low tide by use of
GPS, tape meter and compass, moving from land to water. The distance was measured from the highest
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reaches of the mangrove forest (reclamation bund), to a point 10 m beyond the pneumatophore zone, at the
edge of the low forest’s marine fringe. In each locality I recorded the presence of mudskipper species in
several plots along the intertidal gradient, within strip transects 25 m wide. The transects’ total area was
calculated by means of satellite images (Google Earth Plus, v. 4.2). I made a qualitative classification of
mudskipper habitats based on plant zonation and on the presence of different water bodies and sedimentary
deposits (Sasekumar 1980; Macnae 1968; Ricci Lucchi and Mutti 1980). In particular, ‘estuarine tidal
mudflats’ are extended tidal mudflats associated with estuaries; and ‘creek mud banks’ are unvegetated mud
banks of permanent tidal creeks. ‘Low forests’ are pioneer arboreal plant associations colonising the lower
levels of the intertidal zone (Avicennia spp. and Sonneratia spp. zone: Sasekumar 1980); while ‘high
forests’, are more terrestrial arboreal mangrove associations, found at higher levels (Rhizophora spp. and
Bruguiera spp. zone: Sasekumar 1980). ‘High inlet networks’ are here defined as typical braided networks of
ephemeral tidal waterways (inlets, gullies), which are flooded only by spring tides (Macnae 1968, pers. obs.).
These networks are found in the higher portion of the high forest zone, where the empty beds are
characterised by wetter and softer sediments at low tide. Typically in Malayan systems, this zone is also
characterised by the mud mounds built by Thalassina anomala (Decapoda: Thalassinidae), and colonized by
Achrostichum spp. halophytic ferns.
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Fig. 1 Coastal areas of Western Peninsular Malaysia.

Shaded areas: mangrove forests; stippled areas: tidal flats exposed
at low tide (modified from Coleman et al. 1970); large dots:

study localities

The presence of mudskipper species was determined during about 40 h of direct observation by naked eye or
binoculars (Pentax 8 x 40), at distances of 2—10 m, at low tide (LT + 2 h), and between 9 am and 7 pm hours.
All sites were surveyed during spring tides; in Kuala Selangor, forested areas were also visited during neap
tides. A reference collection was made by using hand nets, bait and line, stake nets and cast nets. Collected
specimens were morphologically examined in the laboratory to verify the efficiency of visual discrimination
in the field (Murdy 1989; Murdy and Takita 1999; Takita et al. 1999; Darumas and Tantichodok 2002). A
sample was fixed in 10% formalin, preserved in 70% ethanol, and deposited to the Genoa Natural History
Civic Museum (MSNG).

More material was subsequently collected in the same areas by Dr. M.Z. Khaironizam in Sementa and in
Kuala Selangor (Khaironizam and Norma-Rashid 2002; Polgar and Khaironizam 2008, in press).

To minimize the effects of ecological partitions between different age classes (Nursall 1981; Clayton and
Vaughan 1988; Clayton 1993), only the presence of larger individuals was recorded (SL C 50% of the
maximum recorded standard length: Murdy 1989; Murdy and Takita 1999; Takita et al. 1999; Darumas and
Tantichodok 2002; Swennen and Ruttanadakul 1995; Khaironizam and Norma-Rashid 2002). This also
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increased the reliability of discrimination, since diagnostic morphological characters and colouration traits of
smaller individuals are often not discernible in the field.

In order to record the habitat distribution of mudskipper species, each strip transect was divided into two
zones along the intertidal gradient: (1) high forest and (when present) high inlets’ network (HF); and (2) low
forest and (when present) unvegetated mudflat (LF). At low tide, mudskippers are differentially distributed,
and three species assemblies are observed: (1) species found only in low forests and/or on mudflats and creek
mud banks (SLF: found in the LF zone); (2) species found only in high forests (SHF: found in the HF zone);
and (3) species found in both zones (SIF) (Fig. 2).

Results and discussion

The surveyed ecosystems presented wider intertidal zones and higher habitat diversities moving from south
to north, from Tanjung Tuan to Kuala Selangor. Therefore, strip transects had proportionally larger areas
(Fig. 1, Table 1).

Nine species of mudskippers and their habitat distribution were recorded (Table 2): Boleophthalmus
boddarti (Pallas, 1770); Boleophthalmus sp.; Periophthalmodon schlosseri (Pallas, 1770); Periophthalmus
argentilineatus Valenciennes, 1837; P. chrysospilos Bleeker, 1852; P. gracilis Eggert, 1935; P.
novemradiatus (Hamilton, 1822); P. spilotus Murdy and Takita 1999; and P. walailakae Darumas and
Tantichodok 2002.

HIN RhBr

P. spilotus

P. gracilis
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Fig. 2 Distribution of oxudercine species along the intertidal zone. Mangrove ecosystems and mudflats are the natural
habitat of amphibious oxudercine gobies, or ‘mudskippers’ (Gobiidae: Oxudercinae). Adults have species-specific
habitat distributions along the intertidal gradient at low tide. There are species which are found only in high forests and
high inlet networks (SHF); species found in low forests and/or on unvegetated mud areas (SLF); and species found in
both zones (SIF). As an example, three species of the genus Periophthalmus (= P.) are illustrated (photos by G. Polgar:
P. spilotus: Malaysia, Kuala Selangor, 1996; Periophthalmus gracilis and Periophthalmus chrysospilos: Malaysia,
Pulau Kukup, 2007). EHWS = Extreme High Water Springs; MLW = Mean Low Waters. Mangrove zonation modified
from Macnae (1968): AvSo = Avicennia and Sonneratia zone; RhBr = Rhizophora and Bruguiera zone; HIN = high
inlet network; mounds of Thalassina anomala are illustrated in this area; Ny = belt of Nypa fruticans at the landward
edge (this zone is usually lacking due to land reclamation)

Table 1 Extent of the intertidal zone, area of strip transects and habitat diversity in the surveyed localities



Ext.  Area of strip Number Estuarine tidal Creek mud  Low High High inlet

Locality (m)* transects (m?) of plots mudflats banks forests forests networks
Tanjung Tuan 30 750 2 X (X)°

Morib 120 3,000 3 X X X)

Sungai 200 5,000 2 X X X X
Sementa Besar

Kuala 450 11,250 4 X X X X
Selangor

Systems with wider intertidal zones have higher habitat diversities.
* Average linear horizontal extent of the intertidal zone
® In parentheses, relatively small stands of Rhizophora spp., behind the pioneer zone. See text for other definitions. “X”

indicates presence.

Table 2 Presence-absence matrix and habitat distribution of the mudskipper species in the surveyed plots

Plots* zone” arg®  bod chr gra nov sch spi wal Boleophthalmus sp.
T1 LF 1 0 0 1 1 0 0 0 0
T2 HF' 0 0 0 1 0 0 0 0 0
M1 LF 0 1 1 0 0 1 0 0 0
M2 LF 1 0 0 1 0 0 0 1 0
M3 (HF) 0 0 0 1 0 0 0 1 0
S1 LF 0 1 1 0 0 1 0 0 0
S2 HF 0 0 0 1 1 0 1 1 0
K1 LF 0 0 0 0 0 0 0 0 1
K2 LF 0 1 1 0 0 1 0 0 0
K3 HF 0 0 0 1 1 0 1 0 0
K4  HF 0 0 0 0 1 1 0 1 0

*T: Tanjung Tuan; M: Morib; S: Sungai Sementa Besar; K: Kuala Selangor

>LF: low forests, mudflats and creek mud banks; HF: high forests and high inlet networks

¢ Mudskipper species are indicated by the first three letters of their specific scientific name; Boleophthalmus sp.
indicates the unidentified species of Boleophthalmus; 1= presence; 0= absence

In parentheses, relatively small stands of Rhizophora spp., behind the pioneer zone

All the observed and collected species are consistent with the available keys (Murdy 1989; Larson and
Takita 2004) and with field identification notes by Takita et al. (1999). In particular, the behavioural and
colouration traits of B. sp. (found only in Kuala Selangor), are consistent with the species identified by
Takita et al. (1999) as Boleophthalmus dussumieri Valenciennes, 1837 from the same locality. Nonetheless,
subsequent surveys and collections made in Johor, Malaysia and examination of additional material obtained
from Kuwait, Iran, Taiwan and Southern China, suggest that this Malayan species is not B. dussumieri, but
Boleophthalmus pectinirostris (Linnaeus, 1758). No specimen of this species was collected in Kuala
Selangor, and further taxonomic studies are being made to confirm this record.

Four species were exclusively found in more aquatic habitats (SLF); one species was only found in more
terrestrial ones (SHF); and four species were found in both habitats (SIF: Table 3). Among SIF species, P.
novemradiatus was found in LF habitats only once (Tanjung Tuan), while Pn. schlosseri was found in HF
habitats only in one locality (Kuala Selangor) (Table 2).

The number of species (n) is positively correlated to the total surveyed area (A) in each locality (Tables 1, 3).
In particular, the scatter plot of n against A fits an exponential curve (on a log-log plot, consistent with the
SAR hypothesis (Species-Area-Relationship: Rosenzweig 1995).

Table 3 Mudskipper species assemblies in the surveyed localities



Sungai Sementa

Species Species assembly ~ Tanjung Tuan Morib Besar Kuala Selangor
P. spilotus SHF* X X

P. novemradiatus SIF® X X X

P. gracilis SIF X X X X

P. walailakae SIF X X X

Pn .schlosseri SIF X X X

P. argentilineatus SLF° X X

P. chrysospilos SLF X X X

B. boddarti SLF X X X
Boleophthalmus sp. SLF

Totals®: 30,2, 1) 6 (0,3, 3) 7(1,4,2) 8(1,4,3)

* Species found only in high forests and high inlet networks

b Species found in both zones

¢ Species found only in low forests and on unvegetated mud

¢ Total number of species found in each locality (in parentheses, number of species in each assembly: high forest, both

zones, low forest)

The SAR is a classical ecological concept and a general descriptor at ecosystem level. In this case, mangrove
forested areas are considered as ‘‘islands’’ separated by distance along coast. SAR’s ecological interpretation
is often controversial (Rosenzweig 1995; Gotelli and Ellison 2004). In very general terms, z exponents of
0.2-0.4 can derive from differently clustered distributions of conspecific individuals, which is in accordance
with the observed vertical zonation, and from abundance distributions similar to lognormal ones with extra
rarity, widespread among very different organisms (Martin and Goldenfeld 2006).

Under constant tidal conditions and within a given mangrove ecosystem, the composition of the
mudskipper community (i.e. the number of species) drastically changes along the intertidal gradient, while
compositional changes in a perpendicular direction seem negligible. If future studies will confirm and
generalise this pattern, and if a SAR exists between different systems, the species numbers will be in an
exponential relationship not only with areas, but also with the linear extent of the respective intertidal zones.

At the ecosystem level, the decreasing number of species from north to south seems to be related to the
distribution of available habitats along coast. In the Straits of Malacca the formation of mudflats is
determined by the high sediment loads discharged by fluvial systems (e.g. Klang-Langat and Selangor rivers)
and by the pattern of currents along coast, which are predominantly directed from SE to NW (Coleman et al.
1970, Fig. 1). The distribution of mudskipper species suggests both an interaction between habitat
availability and larval dispersal processes, influenced by the pattern of currents, and the existence of specific
mechanisms of habitat selection (Begon et al. 1986).
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Fig. 3 The number of species (n) plotted against the explored areas at low tide (a), on a log-log plot (slope =
0.37; r = 0.97; P (uncorr) < 0.05). T = Tanjung Tuan; M = Morib; S = Sungai Sementa Besar; K = Kuala
Selangor. Numbers in triangles pointing upward = number of species found only in high forests and high
inlet networks; numbers in triangles pointing downward = number of species found only in low forests and
on unvegetated mudflats; numbers in squares = number of species found in both zones

On the other hand, these results also imply that an anthropogenic reduction of available habitats by
deforestation and land reclamation would result in a decrease of the number of mudskipper species.

At the habitat level, the zonation of mudskipper species suggests a species-specific selection of
environmental conditions along the intertidal gradient, even if the role of synecological factors, such as direct
and indirect intra- and interspecific competition, is almost completely unknown (Nursall 1974, 1981;
Milward 1974). As a general rule, only a minority of aquatic intertidal species is able to cope with the harsh
conditions found in the supratidal zone (Raffaelli and Hawkins 1999). Supratidal mangrove zones host fewer
and evolutionarily peculiar species, such as P. spilotus and P. novemradiatus. Since higher zones are also
more impacted by anthropogenic habitat destruction, such species can be used as key-indicators of the effects
of habitat destruction of mangrove ecosystems from land. Unfortunately, no such study is currently available.
In peninsular Malaysia, the freshwater species Periophthalmodon septemradiatus (Hamilton, 1822),
presently known only from a village nearby Kuala Selangor (Khaironizam and Norma-Rashid 2003), is
maybe the most terrestrial and one of the most endangered Malayan mudskipper species.

Instead, species living exclusively at lower levels can be key-indicators of disturbing factors acting primarily
from the sea, such as pollution (e.g. Nakata et al. 2002; Kruitwagen et al. 2006).

Narrower intertidal zones have also lower habitat diversity (Table 1). The decreased species richness
may thus be a consequence of reduced habitat availability. Nevertheless, not only do species living
exclusively at higher or lower levels (SHF and SLF) generally decrease in number in systems with narrower
intertidal zones, but so do ubiquitous species (SIF). Almost all species assemblies contain the same or a
higher amount of species in localities with wider intertidal zones (Table 3, Fig. 3).

This suggests that some factor correlated to the total available area is acting at ecosystem level, affecting
whole mudskipper communities-

Further investigations may quantify whether the observed SAR is mainly caused either by a
simplification of ecosystem structure and a reduction of habitat availability in areas with narrower intertidal
zones, or by the influence of coastal currents and physiography on larval dispersal patterns.



Species’ reference collection

Boleophthalmus boddarti (Pallas, 1770): 1 specimen from 1 locality, Selangor, MALAYSIA: Sementa,
Sungai Sementa Besar; MSNG 54124 (108 mm SL), exposed creek’s mud banks, 30 August, 1996.
Periophthalmodon schlosseri (Pallas, 1770): 1 specimen from 1 locality, Selangor, MALAYSIA: Kuala
Selangor; MSNG 54125 (159 mm SL), mangal high forest (Bruguiera and Rhizophora spp. zone), 09
August, 1996. Periophthalmus argentilineatus Valenciennes, 1837: 1 specimen from 1 locality, Negeri
Sembilan, MALAYSIA: Tanjung Tuan; MSNG 54126 (46 mm SL), Sonneratia spp. pioneer shore, 15
August, 1996. Periophthalmus chrysospilos Bleeker, 1852: 3 specimens from two localities, Selangor,
MALAYSIA: Morib and Pulau Kelang; size range 65.2-74.3 mmSL:MSNG54128, 2 (65, 74 mmSL),
Sonneratia spp. pioneer shore, Morib, ibid., 17 August, 1996; MSNG 52024, 1 (74 mm SL), lower mud flat,
northern coast of Pulau Kelang, ibid., 30 August, 1996. Periophthalmus gracilis Eggert, 1935: 6 specimens
from 4 localities, MALAYSIA, Selangor and Negeri Sembilan: Kuala Selangor, Pulau Kelang, Morib, and
Tanjung Tuan; size range 27-40 mm SL: MSNG 54129, 2 (27, 30 mmSL), mixed mangrove forest, high inlet
network, Kuala Selangor, ibid., 27 August, 1996; MSNG 54130, 1 (27 mm SL), mixed mangrove forest,
Pulau Kelang, ibid., 30 August, 1996; MSNG 54131, 1 (33 mmSL), Rhizophora spp. forest, Morib, ibid., 17
August, 1996; MSNG 54132, 2 (31, 40 mm SL), Sonneratia spp. pioneer shore and Rhizophora spp. forest,
Tanjung Tuan, ibid., 15 August, 1996. Periophthalmus novemradiatus (Hamilton, 1822): 6 specimens from 3
localities, MALAYSIA, Selangor and Negeri Sembilan: Kuala Selangor, Pulau Kelang, and Tanjung Tuan;
size range 40-57 mm SL: MSNG 54133, 1 (44 mm SL), Bruguiera spp. high forest, nearby the reclamation
bund, Kuala Selangor, ibid., 08 August, 1996; MSNG 54134, 2 (40, 57 mm SL), mangrove mixed forest,
high inlet network, Kuala Selangor, ibid., 27 August, 1996; MSNG 54135, 2 (40, 49 mm SL), inside and in
front of a Rhizophora spp. stand, Pulau Kelang, ibid., 30 August, 1996; MSNG 54136, 1 (52 mm SL),
Sonneratia spp. pioneer shore, Tanjung Tuan, ibid., 15 August, 1996. Periophthalmus walailakae Darumas
& Tantichodok, 2002: 1 specimen from 1 locality, Selangor, MALAYSIA: Kuala Selangor; MSNG 51393,
(109 mm SL), Bruguiera spp. high forest, 8 August, 1996.
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