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Abstract Some fish species living in mudflats construct

burrows for dwelling and hiding. The goby Parapo-

cryptes serperaster is a burrowing fish in mudflats of

many estuaries in South East Asia. This study was car-

ried out in the Mekong Delta, Vietnam, to examine

burrow morphology and usage by this species. Mor-

phology of the burrows constructed by P. serperaster was

investigated by resin castings in situ to obtain the

physical structure and configuration of each burrow. Fish

from the burrows were caught and measured before

burrow casts were made. Fish burrows comprised several

openings, a few branching tunnels and multi-bulbous

chambers. The surface openings were circular, and the

shapes of branching tunnels were nearly round. The

burrows had interconnected tunnels and various short cul-

de-sac side branches. The burrow structure differed

between fish sizes, but burrow dimensions were posi-

tively correlated with fish size, indicating that larger fish

can make larger and more sophisticated burrow. The

burrow structure and dimensions were not different

between the dry and wet seasons. Laboratory observa-

tions showed that P. serperaster used body movements to

dig burrows in the sediment. Burrows could provide a

low-tide retreat and protection from predators, but were

not used for spawning and feeding for this goby species.

This study indicates that the burrowing activity of gobies

is an important adaptation for living in shallow and

muddy habitats.

Keywords Parapocryptes serperaster � burrow

structure � mudflat � resin cast

Introduction

Some fishes have the ability to construct burrows in habi-

tats ranging from fresh to salt water and from mudflats to

the deep sea (Atkinson et al. 1998; Clark et al. 2000;

Gonzales et al. 2008; Jones et al. 1989; Takeda et al. 2012).

Fish construct a burrow through twisting the body and

ejecting mud pellets from the mouth (Atkinson and Taylor

1991). Burrow construction is an individual behaviour

without cooperation of other organisms in most fish species

such as the goby Pseudapocryptes elongatus (see Dinh

2008), air-breathing eel goby Odontamblyopus lacepedii

(see Gonzales et al. 2008) and the goby Taenioides cirratus

(see Itani and Uchino 2003). However, some other fishes

create burrows together with other organisms living in the

same habitat. For example, the goby Cryptocentrus cryp-

tocentrus works together with the pistol shrimp Alpheus

djiboutensis to dig burrows (Karpulus et al. 1972).

Burrows can be used for predator protection, feeding,

spawning and egg incubation (Atkinson and Taylor 1991).

For instance, the gobiid fish Signigobius biocellatus uses

burrows for living and spawning (Hudson 1977), while the

goby Taenioides cirratus uses burrows mainly for living

(Itani and Uchino 2003). In addition, the mudskipper

Periophthalmus modestus uses burrows for spawning and

egg care (Ishimatsu et al. 2007). Moreover, burrows have

also been used as a refuge to hide for predators and a

foraging place in Boleophthalmus boddarti (see Clayton
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and Wright 1989). Furthermore, burrows can be used to

store oxygen for survival of eggs, as found in some mud-

skippers species (Ishimatsu et al. 1998; Ishimatsu et al.

2007).

The burrow structures of gobies and mudskippers have

been categorized as U-shape, J-shape, I-shape and Y-shape

based on morphological configuration (Atkinson and Tay-

lor 1991). For example, the mudskipper P. elongatus cre-

ates burrows in a Y-shape (Dinh 2008), while

Periophthalmodon schlosseri creates J-shaped burrows

(Ishimatsu et al. 1998) and B. boddarti makes U-shaped

burrows (Clayton and Wright 1989). In contrast, burrows

of some fishes such as the eel goby O. lacepedii have no

clearly defined shapes (Gonzales et al. 2008). Although the

shape, structure and configuration of burrows may have

important implications for the life strategy of demersal

fishes (Atkinson and Taylor 1991), little is known on

structural variation in burrows of fishes. In the Mekong

Delta region where dry and wet seasons are distinctive and

fish habitats are severely affected by heavy floods (Le et al.

2007), adaptation of fish burrow to flood change is not

known.

The goby Parapocryptes serperaster is an amphibious

fish (Murdy 2011) with an elongated and round body living

in estuaries (Khaironizam and Norma-Rashid 2000). In the

past, research on this fish has been focused on its mor-

phology and diet preference (Khaironizam and Norma-

Rashid 2000), habitat use (Takita et al. 1999), taxonomic

characteristics (Murdy 2011) and geographic distribution

(Dinh et al. 2013; Kottelat et al. 1993; Rainboth 1996;

Talwar and Jhingran 1991). However, little is known on the

burrow morphology and utilization of this goby species and

how a P. serperaster builds its burrows. Therefore, this

study aimed to understand (1) the morphological structure

and burrow utilization by P. serperaster at different sizes

between rainy and dry seasons and (2) fish burrowing

behaviour and burrow utilization. This study thus seeks to

contribute to the understanding of fish adaption in muddy

habitats and the function and structural diversity of bur-

rows used by gobiid fish in tropical tidal estuary.

Materials and methods

Study site. This study was carried out in intertidal mudflats

in Kinh Ba River, Cu Lao Dung District, Soc Trang

Province, Mekong Delta, Vietnam (9�26’3’’N,

106�13’28’’E), from June 2012 to May 2013 (Fig. 1). The

intertidal flat was mainly characterized by mud and muddy

sand sediments. Soc Trang is a typical province in the

Mekong Delta with a long coastline and large areas of

mudflats. The region has a typical dry (January to May) and

wet (June to December) seasonal cycle with an average

annual temperature of 27 �C (Soc Trang Statistical Office

2012).

The distance from the riverbank to riverbed of the

mudflat was nearly 3 m at the lowest tide. Tides are semi-

diurnal with a spring tidal range of *0.7 m. Most field

work was conducted on low tide in the early afternoon. An

area of 10 m2 (5 m along the riverbank and 2 m from the

riverbank to the riverbed) was chosen for monthly inves-

tigations of burrow morphology, activities and utilization

by Parapocryptes serperaster. The study area included

17–18 burrows at each time of observation during the study

period.

Burrow casting and analysis. The burrow structure of P.

serperaster was studied monthly by casting burrow in the

field and analysing burrow casts in the laboratory. Each

month, two burrows were randomly selected from the

10 m2 sampling site. The burrows constructed by P. ser-

peraster were characterized by no ‘‘footprints’’ made by

fish pelvic fins around the burrow openings, while burrows

of the sympatric mudskipper Boleophthalmus boddarti and

crabs had ‘‘footprints’’ of their body parts (pelvic fins or

legs). Burrow casts were made using polyester resin as

described by Atkinson and Chapman (1984). The polyester

resin (En Chuan Chemical industries Co., Ltd, Taiwan) was

mixed with hardener (2 %, v/v) in a 500 ml bottle, before it

was immediately poured in situ into the burrow openings

for casting. Mud was piled around the burrow entrance to

prevent resin from spilling over the mud surface. After

24 h, the hardened casts were carefully removed from the

sediment by hand and then brought to the laboratory for

Fig. 1 The study site located in Soc Trang, Mekong Delta, Vietnam

(arrowhead: sampling site)
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analysis. In the laboratory, each burrow cast was measured

for the number of openings (large and small), bulbous

chambers and burrowing branches (Fig. 2). The casts were

also measured for the maximum width and length

dimensions, length of each tunnel, total burrow length,

diameter of tunnel, diameter of opening and bulbous

chamber, and displacement volume (Fig. 2). These data

were used to compare the structural variation between

burrows. The burrow structure was analysed based on the

number of openings, interconnected chambers and bur-

rowing branches using the method of Gonzales et al.

(2008).

The relationship between fish size and burrow dimen-

sions was tested by regression analysis between fish length

and the diameter of burrow openings, bulbous chambers,

tunnel diameter (i.e., the distance of tunnel cross section),

burrow depth, burrow length and width, total burrow length

and burrow volume to test if a goby uses the burrow

constructed by itself or just uses any existing burrows made

by other fishes regardless of burrow size for hiding. Fish

were caught by hand as they moved out of the burrow

during casting. If fish were trapped in resin or casts were

broken, additional casts and fish samples were made in the

next fortnightly field work. Seasonal differences in burrow

structure were examined between 10 burrow casts in the

dry season and 14 burrow casts in the wet season to

quantify the number of burrow openings and bulbous

chambers, burrow depth, width and length, and total length

and volume of burrows as described by Gonzales et al.

(2008). These data were used to test whether the rainy

season can influence the burrow structure due to the

increase of mud and sand contents in flood water.

Laboratory experiment and burrowing behavioural

observations. Although burrow casts in the field provided

information on the burrows dug by fish of different sizes,

the casts could not show the process of burrow building

and utilization. The burrowing activity of P. serperaster

was thus further investigated in both laboratory and field.

The laboratory experiment was conducted at Can Tho

University in three replicated aquaria (50 9 40 9 60 cm)

from 4 to 25 June 2013 based on the method of Dou et al.

(2007) using the sediment and associated biota from the

field and 10 fish (12–16 cm TL) were placed in each

aquarium. The environment of the aquarium mimicked that

in the field with a 15� slope muddy flat and a water level

covering half of the flat (Fig. 3). The temperature in the

aquarium was 29.5 �C, pH & 7.0 and salinity of 2, which

were similar to the conditions in the field where fish were

collected. A system with four cameras (QTC-203c, Ques-

tek Company, Taiwan) was set up to record burrowing

activities of P. serperaster in the aquarium.

Field observations on fish burrowing behaviour were

carried out twice a month and each lasted 2 days in the

study area. The visual observation lasted 3 hours per day

during the low tide, following the method of Bhatt et al.

(2009). Inside the burrow, fish were observed using an

endoscope camera (Video Borescope Inspection Camera,

Fig. 2 Illustration of burrow structure (a), U-shaped burrow (b),

W-shaped burrow (c) and burrow openings (d). a main opening,

b sub-opening and c bulbous chamber, arrowhead (�) tunnel, and

arrow (?) cul-de-sac branch

334 Q. M. Dinh et al.

123



code: 177845, EXTECH Company) to check fish occu-

pancy, movement, burrowing activities and the presence of

eggs or embryos inside the burrow for one hour per day

during the low tide on each field trip (Ishimatsu et al.

2007). In the field and laboratory, external observations

were focused on feeding, predator avoidance and repro-

ductive uses of each burrow. In the field, observations

lasted 3 hours per day during the low tide, while in the

laboratory, 8 hours per day were spent to observe fish

behaviour as described by Tytler and Vaughan (1983). Fish

entering a burrow with head first indicates that the fish may

use the burrow for predator avoidance, but not for foraging

prey. On the other hand, fish entering tail first shows that

fish may use the burrow for foraging the prey (Able et al.

1982).

Data analysis. The 50 percentile fish body length at first

maturation was considered the criterion to separate

between a juvenile and an adult (Froese and Binohlan

2000). According to this criterion, the size of P. serperaster

to reach maturation was predicted at 15.8 cm based on the

fish collected in another study (unpublished data). In

regression analysis, the independent variable was fish total

length, and the dependent variables of burrow measure-

ments included the number of openings, opening diameter,

bulbous chambers, bulbous diameter, tunnel diameter,

burrow depth, width and length, total burrow length and

burrow volume of 24 burrow casts (two burrow casts per

month). The differences of burrow depth, length and width,

total burrow length and volume of burrows between dry

and wet seasons were tested by MANOVA (Lawley–Ho-

telling test) at P \ 0.05. The Minitab package software

v16.0 was used for data analyses.

Results

Burrow structure and its relationships with fish size and

season. A total of 24 goby burrows were analysed during

this annual study. The burrows comprised interconnected

segments with slight slopes on the bottom with 2–5 short

cul-de-sac side branches, 2–4 burrow openings and 1–3

bulbous chambers (Fig. 2a). The burrow structure of Par-

apocryptes serperaster was in either U-shape (Fig. 2b) or

W-shape (Fig. 2c). The burrow openings were usually flat

and slightly circular without a mound and ‘‘footprint’’

(Fig. 2d). The main openings were usually larger than sub-

openings, and the former was not constricted whereas the

latter was usually constricted. The tunnel walls were

roughly smooth and their cross sections were slightly

round.

Fish in the burrows were 14–18 cm in total length (TL).

Fish length had a strong relationship with burrow opening

Fig. 3 The experiment layout for observing fish burrowing behaviour

in the laboratory

Fig. 4 Relationships between fish body depth and opening (a),

bulbous chamber diameter (b) and tunnel diameter (c) (n = 24 in all

cases)
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diameter (P \ 0.01), bulbous chamber diameter (P \ 0.01)

and tunnel diameter (P \ 0.01), resulting in significant

regression coefficients (R2, Fig. 4a–c). Similarly, fish

length was correlated with burrow depth (P \ 0.01), bur-

row width (P \ 0.01), burrow length (P \ 0.01) and total

burrow length (P \ 0.01, Fig. 5a–d). The volume of bur-

rows ranged from 171 to 715 ml and had a strong rela-

tionship with fish length (P \ 0.01, Fig. 6).

The burrow depth, width, length, and total burrow

length, size of openings and volume, and the number of

openings and bulbous chambers differed significantly

between juvenile (\15.8 cm) and adult (15.8–18 cm)

gobies (MANOVA, F = 5.181, P \ 0.01). These values

were significantly higher for burrows occupied by adults

than those by juveniles, suggesting that the burrow size and

complexity increased with fish size. The opening diameter,

bulbous diameters, tunnel diameter, burrow depth, width,

length, and total burrow length in the wet season were

slightly greater than those in the dry season, but the dif-

ference was not significant (MANOVA, F = 1.002,

P = 0.445). Similarly, the number of openings, number of

bulbous chambers and volume of burrows were not sig-

nificantly different between seasons (MANOVA,

F = 0.902, P = 0.482, Fig. 7).

Burrowing activities and utilization. Burrowing

activity of P. serperaster was not recorded during field

observations at a spring tide because of deep and turbid

water. The goby rarely moved out of its burrow at low tide

until approaching the burrow for making casts or catching

fish. Yet, the goby jumped out of its burrow when mixed

polyester resin was poured into the burrow to make a cast.

No other organisms were seen in the goby burrows when an

endoscope camera was used to explore the burrow, or

during the period of burrow casting. Neither endoscopic

nor external examinations showed any indication of juve-

nile fish inside the burrows.

In the laboratory experiment, one of 10 fish in the

aquarium excavated a burrow in the sediment at the

corner of the aquarium two days after introduction into

the aquarium (Fig. 3). The period of burrow-digging

activity coincided with the time of high tide in the field.

The lengths of fish-created burrows were 16 cm in the

first and second trials and 15 cm in the third trial, and

each burrow was dug through fish body movement. The

fish started using their head to probe the mud and then the

pelvic fins and body twisting movement to make the hole

deeper and wider. After 4 hours, the fish stopped digging

and stayed in the hole for one day. The burrow was a

simple shaft, 14 cm deep and with 4.1 cm opening

diameter in the first and second trials, 13.5 cm deep and

with 4.1 cm opening diameter in the third trial. The

burrowing activity of P. serperaster was similar in the

three trials in the laboratory.

In field observations, no evidence was found that gobies

used burrows for feeding and predator avoidance, as the

gobies were not found moving in and out their burrows

Fig. 5 Relationships between fish length and the burrow depth (a),

width (b), length (c), and total burrow length (d) (n = 24 in all cases)

336 Q. M. Dinh et al.

123



during the period of low-tide observation. However, in the

laboratory trials, P. serperaster entered burrows with head

first and exited with their tail as observed in the video

camera recording. No feeding activity was observed

through the glass wall when the goby was hiding in the

burrow.

Discussion

Burrowing morphology. The burrows of Parapocryptes

serperaster had a few branches with 2–4 openings, and

fewer openings and branches than those of Odontambly-

opus lacepedii (see Gonzales et al. 2008) and Taenioides

cirratus (see Itani and Uchino 2003) living in mudflats, but

slightly more than those of the related species Pseudapo-

cryptes elongatus inhabiting the mudflat of the Mekong

Delta (Dinh 2008) (Table 1). The burrow depth of P. ser-

peraster is about half the depth of P. elongatus (see Dinh

2008) and O. lacepedii (see Gonzales et al. 2008), but

similar to that of T. cirratus (see Itani and Uchino 2003)

(Table 1). The burrow width and length of P. serperaster

were less than that of O. lacepedii (see Gonzales et al.

2008), T. cirratus (see Itani and Uchino 2003) and P.

elongatus (see Dinh 2008) (Table 1). The total burrow

length of the burrows of P. serperaster was, however,

similar to the related species P. elongatus (see Dinh 2008)

and much lower than that of O. lacepedii (see Gonzales

et al. 2008) and T. cirratus (see Itani and Uchino 2003).

With regard to the burrow volume, P. serperaster had a

smaller burrow than O. lacepedii (see Gonzales et al.

2008). These comparisons for several burrow-building fish

illustrate that the burrow dimensions are species specific.

Burrow openings of P. serperaster were usually flat and

slightly circular, similar to those of T. cirratus (see Itani

and Uchino 2003), O. lacepedii (see Gonzales et al. 2008)

and P. elongatus (see Dinh 2008). The burrows of P. ser-

peraster had roughly a vertical entry to the tunnels, fol-

lowed by a gentle slope on the bottom with a few short cul-

de-sac side branches. No ‘‘footprints’’ was observed at the

burrow openings of P. serperaster, whereas a lot of

‘‘footprints’’ surrounded the burrow openings of a neigh-

bouring mudskipper Boleophthalmus boddarti. The bur-

rows of P. serperaster also lacked sediment mounds on the

openings, whereas there was a dead coral fragment mound

on the burrow of Valenciennea longipinnis (see Takegaki

and Nakazono 2000) and a sediment mound on the burrow

opening in O. lacepedii (see Gonzales et al. 2008), Tae-

nioides rubicundus (see Itani and Uchino 2003) and Peri-

ophthalmodon scholosseri (see Ishimatsu et al. 1998). The

goby P. serperaster may not use a mound for storing air

around the opening surface, as found in P. elongatus (see

Dinh 2008), whereas the mudskipper P. scholosseri uses

mounds to store air (Ishimatsu et al. 1998). However, it is

not clear how P. serperaster obtains oxygen supply inside

the burrows during low tide. In this study, there was no

significant difference in burrow dimensions of this goby

species in the dry and wet seasons. It is possible because

the burrow structure of P. serperaster does not depend on

precipitation, though mud is softer in the wet season than in

the dry season. In contrast, the burrow dimensions of O.

lacepedii in the summer and winter seasons were slightly

different (Gonzales et al. 2008).

Fig. 6 Relationships between burrow volume and fish body depth

(a) and fish length (b) (n = 24 in all cases)

Fig. 7 Structural features of

fish burrows in the wet and dry

seasons
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The U-shaped P. serperaster burrows is similar to the

burrow of B. boddarti (see Clayton and Wright 1989), but

the W-shaped P. serperaster burrow is different from the

B. boddarti burrow. The U- and W-shaped P. serperaster

burrows are different from those of the related P. elongatus

(Y-shaped) (Dinh 2008), T. cirratus (see Itani and Uchino

2003) and O. lacepedii (see Gonzales et al. 2008). The

goby P. serperaster seems to effectively use the sedimen-

tary habitat with various burrow shapes, tunnels and

openings to escape from predators, as fish can use the

interconnected chambers to change directions when it

moves in or out of the burrow. The burrow dimensions

were strongly correlated with the size of P. serperaster,

and this also occurred in the air-breathing eel goby, O.

lacepedii (see Gonzales et al. 2008).

Burrowing activities and utilization. In the laboratory

experiment, P. serperaster constructed burrows during the

time coinciding with the occurrence of high tide in the

field, whereas P. schlosseri built their shelters at low tide

(Ishimatsu et al. 1998). No co-occurring macro-organism

was found inside the burrows of P. serperaster, which is

similar to other burrowing fishes such as mudskipper Bo-

leophthalmus pectinirostris (see Chen et al. 2007), goby P.

elongatus (see Dinh 2008), twostripe goby Valenciennea

helsdingenii (see Clark et al. 2000), air-breathing eel goby

O. lacepedii (see Gonzales et al. 2008) and the goby T.

cirratus (see Itani and Uchino 2003). However, the activity

of P. serperaster is different from the goby Cryptocentrus

cryptocentrus that works together with the pistol shrimp

Alpheus djiboutensis (see Karpulus et al. 1972). Based on

laboratory tests, P. serperaster constructed shelters through

body movement at the time coincident with high tide, as

was observed on anguilliform fish (Herrel et al. 2011).

However, since the configuration of burrow casts is com-

plex, this gobiid fish may use various combinations of body

parts to dig a burrow including mouth excavation and body

twisting as observed in other gobies; Periophthalmodon

septemradiatus (see Bhatt et al. 2009), V. longipinnis (see

Takegaki and Nakazono 1999a), B. boddarti (see Clayton

and Wright 1989) and yellowhead jawfish Opistognathus

aurifrons (see Colin 1973) excavate their burrows by

ejecting mud pellets or sands from their mouth.

During the field observation, P. serperaster rarely

moved out of the burrow. The field burrow of this goby

species had many openings, but the burrow in the glass

aquarium was a straight tunnel. Burrow casts were in

various shapes and had a few side branches. However, on

laboratory observation, the P. serperaster entered the

burrow with head first, which implies that this fish may

have used the burrow as a place for living and as refuge to

escape from predators, but maybe not for foraging, which

is similar to burrow utilizations in other goby species such

as goby T. cirratus (see Itani and Uchino 2003) and eelT
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goby O. lacepedii (see Gonzales et al. 2008). In addition,

this species could stay in the burrow for 18 hours and adapt

to the condition inside the burrow. It is likely that P. ser-

peraster obtains food from outside the burrow at high tide,

as we did not find any evidence that this gobiid fish feeds

inside the burrow.

This study provided no evidence that P. serperaster used

the burrow for spawning or hatching, whereas the

monogamous goby V. longipinnis (see Takegaki 2001;

Takegaki and Nakazono 1999b), goby Zosterisessor

ophiocephalus (see Mazzoldi et al. 2000), P. schlosseri

(see Ishimatsu et al. 2009) and mudskipper P. modestus

(see Ishimatsu et al. 2007) can use burrows for reproduc-

tive activities. However, Dinh (2008) reported that another

goby species P. elongatus can lay eggs in the burrow

located offshore in the Mekong Delta from June to

November (wet season) with two spawning peaks in July

and October. In this study, although no eggs or larvae were

found in the P. serperaster burrows, the collection of lar-

vae and juveniles of this goby species outside the burrow

may provide a hint that burrows may not be used for

reproductive activities in this species in the Mekong Delta.
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