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ABSTRACT

Croaking gouramis Trichopsis vittata were investigated in rice paddy fields and small
ponds in Thailand. They inhabited shallow standing waters with dense vegetation which were
low values in pH, DO, transparency, BOD, nitrite, nitrate and phosphate but high in specific
conductance, TDS and temperature. Males were bigger than females. Male and female
embraced many times during mating. To examine the role of male body size on the female
sexual preference and on the male-male competition in croaking gouramis, two treatments
were set up. In one treatment, males of the same size were matched, while in the other males
of different sizes were placed together. The results showed that the male body size did not
affect the sexual preference among female croaking gouramis. Regarding the male-male
competition study, large males were found to win more fights than small ones. The results
indicate that the sexual size dimorphism in croaking gouramis, in which species the male is
larger than the female, may be associated with the male-male competition, not with the
female preference. To examine the role of the bubble nest size on the female sexual
preference and on the male-male competition in croaking gouramis, three treatments were set
up: (1) two-bubble-nest treatment, (2) one-bubble-nest treatment, and (3) no-bubble-nest
treatment. Females preferred small bubble nest males over large ones and preferred males
with no bubble nest over males with bubble nests. In the male-male competition, large bubble
nest males did not win more fights. This study suggests that males with large bubble nests or
males with bubble nest might not always reflect the male’s contribution to paternal care and
the outcome of contests.
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Executive Summary
Wild croaking gourami (Trichopsis vittata (Cuvier, 1831)) is an anabantid fish native to

Thailand, Vietnam, Malaysia and Indonesia. An understanding of their natural breeding
system may help the development of captive rearing systems to provide fish for petshop.
Understanding of the basic ecology and natural history of wild croaking gourami in its natural
habitat is limited. Most studies of croaking gourami have concerned agonistic behaviour
(Bischof, 1996) and significance of sounds in vocalizing fish (Ladich et al., 1992a, b; Ladich,

1997a, b; Ladich & Yan, 1998; Ladich & Popper, 2001; Wysocki & Ladich, 2002; Wysocki &
Ladich, 2003). In addition, all those studies have used heavily inbred pet-shop lines of fish.

These fish bear little resemblance to the wild croaking gourami. Up until now, use of
croaking gourami in evolutionary, ecology and life history research in the context of natural
environments has little been done. This present study will conduct to further understanding of
wild croaking gourami in its environment and physiological ecology of habitat use. The study
will be made in rice paddy fields and small ponds during breeding season. Population density,
adult sex ratio and bubble nest characteristics including length, width, depth and area will be
examined. Three hypotheses will be tested (1) croaking gourami sizes and shapes differ

between two habitats: rice paddy and small ponds (2) the male croaking gourami builds a
bubble nest in proportion to its length and weight and (3) the number of eggs per nest is

correlated with the bubble nest area and male length. '
Male body size may affect reproductive success by influencing the number of mates
obtained, and the quality of care provided to the broods. Larger males tend to win in male
contests, hold higher quality territories and gain greater access to females in several fish
species (e.g. Jaroensutasinee & Jaroensutasinee 2001). In this study, the relationship between

male body size, male contest, and female preference in croaking gourami will be investigated.
This study predicts that (1) if males contest plays an important role in mating success, then

larger males should win fights, (2) fighting duration should decrease as the size difference
between male increases and (3) if females prefer larger males as mates, then they should
spend more time with larger males than smaller males.

Male reproductive success correlates positively with nest size in many nest-holding
fish species (e.g. Natsumeda, 1998). Larger nest ensures a greater surface area for egg
deposition; however, larger nests are more susceptible to take-over by other males, sneak by
smaller males or be eaten by predator (Magnhagen, 1992). In this study, we will investigate the
relationship between bubble nest area, female preference and male contest in croaking
gourami. This study predicts that (1) if females prefer males with large bubble nest, then they

should spend more time with larger bubble nest males than smaller bubble nest males, and (2)

if larger bubble nest area is a good indicator of male condition, then males who built larger
bubble nests should win more fights against smaller bubble nest males.
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CHAPTER 1
INTRODUCTION

Croaking gourami (Trichopsis vittata Cuvier, 1831) is a small freshwater fish native
to many tropical areas in Asia such as Java, Borneo, Sumatra, Malaya, Indo-China and
Thailand (Smith, 1945). It is uniquely adapted to the stagnant waters with dense aquatic or
floating plants. At present, this fish species becomes a popular home aquarium fish in
occidental countries because of its slim body, long fins and peaceful behaviour. Therefore,
croaking gourami has been selected artificially for many generations in the pet trade with the
decline of it in natural habitats. The studies of this fish were done in the lab using these
heavily inbred fish. Due to its sound production during fighting, croaking gourami has been
used in the study of agonistic behaviour (Bischof, 1998; Henglmiiller and Ladich, 1999),
vocalisation (Ladich et al., 1992; Ladich, 1997; Ladich and Yan, 1998; Wysocki and Ladich,
2001) and hearing (McKibben and Bass, 1998; Yan, 1998; Ladich and Popper 2001;
Wysocki and Ladich, 2002).

Although croaking gourami is not in the IUCN Red List and is available in Thailand,
little is known about it. Therefore, it is necessary to study its ecological habitat requirements
and sexual behaviour of this wild croaking gourami. Field data on the water quality
parameters of its nesting site would be very valuable for behavioural ecology knowledge.
This study aims to investigate characteristics of wild reproducing croaking gourami, its
nesting habitats and reproductive biology. Furthermore this study is the first to investigate
sexual selection and how larger male body size and the larger bubble nest in this species
maintain through female preference, male-male competition or both.

This study was divided into three parts. The first part is about mating habits and nesting
habitats of croaking gouramis. The second part is about the role of male body size on female
preference and male-male competition. The third part is about their bubble nest size on both
mechanisms.
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CHAPTER 2
MATING HABITS AND NESTING HABITATS IN
CROAKING GOURAMIS Trichopsis vittata

PUBLICATION

Liengpornpan S, Jaroensutasinee M, Jaroensutasinee K, 2006. Mating habits and nesting
habitats of the croaking gouramis Trichopsis vittata. Acta Zool. Sinica 52: 846-853.

POSTER PRESENTATIONS

Liengpornpan S, Jaroensutasinee M, Jaroensutasinee K, 2004. Habitat characteristics of
croaking gouramis (7richopsis vittata). 8 th BRT Annual Conference.
Surat Thani, Thailand. 14-17 October.

Liengpornpan S, Jaroensutasinee M, Jaroensutasinee K, 2004. Habitat characteristics of
croaking gouramis (7richopsis vittata). 30 th Congress on Science and Technology of
Thailand. Bangkok, Thailand. 19-21 October.

ABSTRACT

Croaking gouramis Trichopsis vittata were investigated in the two types of habitats in
which they occur in Thailand: rice paddy fields and small ponds. Croaking gouramis inhabit
- shallow standing water with dense vegetation near the margin of both habitats. Nest sites in
rice paddies were higher in pH, dissolved oxygen, and temperature but lower in specific
conductance, total dissolved solids and water depth than in small ponds. Population densities
of croaking gouramis were lower in rice paddies than in small ponds. Males were heavier and
bigger than females. There were positive correlations between male weight and body length
and width, whereas female weight was positively correlated only with body length. There
was no correlation between the bubble nest area and the male body length and weight. Male

and female embraced many times during mating. There were (Meén + SD) 3.74+1.02 eggs

per embracement, 34 +12.97 embracement/spawning, and 314+109.77 eggs/spawning with a
spawning duration of 178+ 51.17 min_ Fish larvae hatched within 30-75+0.55 hr and 2-day
old fry’s sizes were 3-21+0.29 iy

Keywords: Mating habits, Nest habitats, Croaking gouramis, Trichopsis vittata
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INTRODUCTION

Many fish species commonly select particular habitat types in an apparent effort to
increase their reproductive success (Jenkins and Wheatley, 1998; Bremset and Berg, 1999;
Chaves and Bouchereau, 2000; Morrow and Fischenich, 2000; Olivotto et al., 2003;
Wildhaber and Lamberson, 2004). These habitat choices could influence the costs and
benefits of time and energy devoted to different activities (Hart and Reynolds, 2002). Habitat
requirements can influence many aspects of fish biology-they can affect distribution (Darling,
2000; Clay et al., 2004) and colonisation (Roberts and Poore, 2006), interact with genetic
parameters to influence the timing of sexual maturity (Wild et al., 1994), interact with
environmental cues inregulating the reproductive cycle (Omori, 1995), influence mating and
breeding systems (Sato, 1994; Reynolds, 1996; Dickerson et al.; 2004), impede and/or
enhance the evolution of reproductive isolation (Magurran and Phillip, 2001) and reflect the
distinctive functional morphology of fishes (Motta et al., 1995).

‘The croaking gourami (7richopsis vittata, Cuvier, 1831) is a small dull coloured
freshwater fish native to Indonesia, Vietnam and Thailand (Smith, 1945; Sandford, 2000).
This fish inhabits shallow standing freshwater habitats such as rice paddy fields and small
ponds. They are most notable for their audible rattling or croaking noise, which can be heard
during breeding or fighting. This fish has been selected artificially for many generations in
the pet trade, and it has mostly been studied in the lab with heavily inbred pet shop lines.
Previous studies have focused on its agonistic behaviour (Bischof, 1998; Henglmiiller and
Ladich, 1999), vocalisations (Ladich et al., 1992; Ladich, 1997; Ladich and Yan, 1998;
Wysocki and Ladich, 2001) and hearing (Yan, 1998; Ladich and Popper, 2001; Wysocki and
Ladich, 2002). Little is known about the ecology, habitat preferences and reproductive
behaviour of wild populations.

Although the croaking gourami is not in the IUCN Red List, the artificial selection in
many regions of the world and their introduction of pet shop breeds into natural populations,
together with the decline of this native species in its natural habitats, makes it important to
study the natural ecology of the species. Therefore, field data on the water quality parameters
of its nesting site would be valuable for understanding habitat associations and behavioural
ecology.

This study aims to investigate the characteristics of two kinds of croaking gourami
habitats: rice paddy fields and small ponds, sexual size dimorphism of wild croaking
gouramis, relationship between bubble nest size and male body size, and reproductive
biology. Two hypotheses were tested. First, if the characteristics of the rice paddy fields and
the small ponds were significantly different, then the sizes of the fish and their bubble nest
areas from both habitats should be significantly different. This is because this fish may have
some morphological adaptation or natural selection to particular habitats. Second, if bubble
nest areas depended on the sizes of the builders, then the bubble nest areas should be
positively correlated with the male body length and/or weight. This is because the larger
males should be capable of building larger bubble nests.

MATERIALS AND METHODS

Species Description

The croaking gourami is a tropical freshwater fish of the suborder Anabantoidea,
family Belontiidae (Smith, 1945; Sandford, 2000). This fish is capable of utilising the oxygen
present at the water surface via its labyrinth organ (i.e., a bony structure formed by a segment
of gill arch and covered with a respiratory epithelium) (Graham, 1997). Males and females
usually attain sexual maturity after 4 months of age with a standard body length of 3.0-4.0 cm
(Henglmiiller and Ladich, 1999). Both sexes are brown-bodied with three horizontal stripes.
Males have more reddish and elongated dorsal fins than females. Females are smaller, and
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duller than males. Males build bubble nests that consist of mucus-covered bubbles that stick
together in a mass and bind with emergent plants on the water surface (Helfman et al., 1997).

Fish Sampling

All field work was carried out during 07:00-10:00 hr in the middle of the breeding
season (i.e., April and May 2004) in Nakhonsithammarat Province, southern Thailand (08°
29.381’ - 08°29.384' N, 99° 55.138’ - 99° 55.437' E). After 10:00 hr, nest-holding males tend
to leave their bubble nest to find food (M. Jaroensutasinee Pers. Obs.). We divided our study
into two parts: plot study and outside plot study. For plot study, we set out 10 plots in rice
paddies and 10 plots in small ponds. For outside plot study, we collected additional data from
112 bubble nests found outside plots.

For plot study, ten 4 m2 (2% 2 m) sampling plots in rice paddy fields and ten 4 m2
(2% 2 m) plots in small ponds were used. We selected rice paddy fields and small ponds
where there were bubble nests present. Then at each rice paddy field or small pond, we set
one plot per rice paddy field or small pond in order to avoid a pseudo-replication and
randomly sampled between these two habitats with respect to days. The water depth of
bubble nests was measured to its nearest 1.0 mm. The bubble nests were photographed with a
ruler for scale and width (a) and length (b) were measured using a Vernier Calliper. Bubble

nest area (A) was estimated using the elliptic equation { 4 =7 (ab/4) }. If there were other
bubble nests nearby within 1 m, the distance from each bubble nest to the nearest
neighbouring bubble nest was measured by tape before the male nest builders were captured.

We collected three water samples at three points of the plot along diagonally straight
line from corner to corner: two samples from the corners and one from the centre of the plot.
Water characteristics measured in each plot included temperature, transparency, pH using a
pH metre, dissolved oxygen (DO) using Orion-Model 835, specific conductivity and total
dissolved solids (TDS) using Mettler Toledo-Model MX300. The water samples were taken
to the laboratory for measurement of biochemical oxygen demand (BOD) by using a standard
method for the examination of water and wastewater (APHA, 1998), nitrite, nitrate and
phosphate by using ion chromatography based on U.S. EPA method 300 (EPA, 1993). After
the water samples were collected, all of the fish in a plot were captured and counted in order
to calculate population density and adult sex ratio. The adult sex ratio was calculated as the
number of sexually active males divided by the total number of sexually active adults of both
sexes in the plot (Jirotkul, 1999).

For outside plot study, 112 nest-holding males were collected outside the sample plots
and their bubble nests were measured in order to improve estimates of average male body
size, water depth, and bubble nest sizes. We recorded the number of bubble nests with eggs.
If there were eggs in bubble nests, all eggs were collected from the nests and counted in the
laboratory. Ten randomly selected eggs from each nest were measured for diameter to the
nearest 0.01 mm using a Vernier Calliper.

Body Weight and Body Size Measurements

All fish from both groups were taken to the laboratory and their body weight
measured to the nearest 0.01 g by using a Mettler digital balance. The following procedure
was followed by measuring fish body length and width. First, each fish was placed in an

aquarium, measuring 29-0x12.5x16.0 ¢m high filled with water to depth of 3.0 cm. Second,
a piece of Plexiglas with a ruler was placed in the aquarium to provide scale. Finally, after 1-
min acclimatisation period, the fish was photographed with a digital camera (Sony Mavica,
model-FD91). The digital pictures were then used to estimate the fish body length from the
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tip of the upper jaw to the caudal peduncle, and body width. This procedure decreased the
probability of killing or damaging fish from using anaesthetic drugs.
Reproductive Biology ,

The test subjects were wild caught croaking gouramis collected in April and May
2004 from Nakhonsithammarat. The fish were maintained in the laboratory with natural light
approximately 12:12 light:dark cycle and fed daily with ant eggs. Twenty males and twenty
females were housed in separated 1-L bottles to prevent fighting. A female was placed in her
1-L bottle next to a male in his 1-L bottle until she became gravid. Gravid females had
yellowish ovaries apparent through their scales (Liengpornpan Per. Obs.). The male was then

placed in a 37-L tank, measuring 50-0%25.0x30.0 ;m high, densely planted with aquatic
vegetation. Males built their bubble nests within 24 hr after being placed in the tank. A gravid
female was placed in the tank with the nest-holding male in the evening at approximately
15:30 hr of the second day after the nest-holding male had been placed in the tank. We
recorded male and female courtship behaviours, the number of eggs released per
embracement, the number of embracement per spawning, the total number of fertilised eggs
per spawning, spawning duration, and the total time spent from fertilised eggs to fish larvae.
Ten randomly selected fish larvae from each nest were measured for total body length to the
nearest 0.01 mm using a Vernier Calliper.

Data Analysis ,

All variables were tested for normality using Lilliefors’ test and log transformed when
necessary to achieve normality, as in fish body weight and bubble nest area. Independent-
sample t-tests were used for comparisons between rice paddy field and small pond habitats.
Pearson correlations were used to test the association among body measurements, and body
size and bubble nest area. All significant tests were two tailed.

RESULTS
Habitat Characteristics .

There were 11 bubble nests found in ten plots within rice paddy fields and 12 bubble
nests found in ten plots within small ponds. Croaking gouramis built their bubble nests in
clear shallow standing water with dense vegetation, floating plants or other structurally
complex features along the edges of their habitats. Habitats used were characterised by low
values in pH, DO, transparency, BOD, nitrite, nitrate, and phosphate but high values in
specific conductance, TDS and temperature (Table 1), relative to water qualities measured
from natural streams and rivers. Differences were found between rice paddy fields and small
ponds in pH, specific conductance, DO, TDS, water depth, temperature and population
density (Table 1 and Table 2). There were other fish species found in plots within both rice
paddy fields and small ponds, including wild Siamese fighting fish, other gourami species,
needle fish, serpent-head fish, eel and catfish.

Fish Size and Bubble Nest Size »

Males were heavier and bigger than females (Table 3). There were positively
correlated between male weight and body length and width (Pearson correlation coefficient,
length: ry75 = 0.797, P < 0.001; width: 75 = 0.823, P < 0.001), whereas female weight was
positively correlated only with its body length (Pearson correlation coefficient, length: 7o =
0.735, P <0.05; width: r1p = 0.430, NS).

We collected all males found both in plots and outside plots during field surveys. We
found 175 males but only 112 of these males built bubble nests. All 112-bubble nests were
located in the shallow water near the edges of rice paddy fields and small ponds. There were
only two out of 112 nests that had eggs (Table 4). Most nests were built in newly flooded
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areas. There was no correlation between the bubble nest area and the male body length and
weight (Pearson correlation coefficient, length: 112 = 0.049, NS; weight: r;12 = 0.024, NS).

Table 1 The Mean + SD of water characteristics of croaking gourami nest sites in
rice paddy fields and small ponds* P < 0.001

. . Mean + SD

Characteristics ; t-test
Rice paddy field  Small pond

pH 6.83 £ 0.57 5.00+£0.36 hg=3.89*
Specific conductance (uS/cm)  35.92+6.38 5138+ 12.71 13 =-3.44*
Dissolved oxygen (mg/L) 544 £1.13 1.67+0.70 tig= 8.95*
Total Dissolved Solids (mg/L.)  18.20+3.17 25.77+6.33 tHg=-3.38*%
Transparency (cm) 12.17 £ 6.07 11.55+4.74 1©3=0.26
BOD (mg/L) 2.61 +0.83 2.64 +0.74 ti3=-0.085
Nitrite (mg/L) ND ND -
Nitrate (mg/L) ND ND -
Phosphate (mg/L) ND ND -
Water depth (cm) 11.0+3.6 50.4+23.0 hg =-5.366*
Temperature (°C) 31.6 +1.79 298+ 1.1 hg =2.65*

ND = not detected (NO, < 0.17 mg/L, NO3 < 0.21 mg/L, PO, < 0.08 mg/L)

Table 2 The Mean * SD of population parameters, body size and bubble nest dimensions of
croaking gouramis in rice paddy fields and small ponds *P < 0.05

Characteristics Mean + SD r-test
Rice paddy Small pond
Population density (individuals/m”)  2.23 +2.21 783+ 741 1 =-229*
Adult sex ratio 0.81+£0.29 0.80+032 £,=0.10
Bubble nest width (cm) 1.83 £0.79 245+088 £ =-1.79
Bubble nest length (cm) 1.97 + 0.89 260+096 £, =-1.63
Bubble nest area (cm2) 3.09 +2.02 5.18+3.38 1;=-1.78
Water depth at bubble nests (cm) 10.6 + 4.8 154+£162 £,=-094
Male length (cm) 3.58 £0.38 339+ 0.17 £;=1.60
Male width (cm) 1.09 +0.14 1.03+£0.09 £;=1.21
Male weight (g) 0.89 +0.15 079+0.14 1, =1.61
Table 3 The Mean + SD of croaking gourami weight, length and width *P < 0.05, **P <
0.001 '
Body measurement Males (N=175) Females (N=10)  stest
Weight (g) 0.86 +0.23 0.59+0.10 higs =370**
Length (cm) 3.51+£0.35 3.17+0.21 t1g3 = 3.07*
Width (cm) 1.03 +£0.12 0.91+£0.04 higs = 7.30**
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Table 4 The Mean + SD and range of bubble nest size, water depth, distance to the nearest

nest, and egg diameter.

Measurement Sample size Mean + SD Range
Bubble nest width (cm) 112 1.74 £ 0.79 0.32-4.15
Bubble nest length (cm) 112 1.87 £0.95 0.40 - 5.57
Bubble nest area (cm?2) 112 2.79 £2.02 0.10 - 8.55
Water depth (cm) 112 13.80+16.36  3.00-98.00
Distance to the nearest nest (cm) 7 60.4 +42.6 9.0-120.0
Number of bubble nest with fertilised eggs 2 373.5+38.9 346 - 401
Egg diameter (mm) 20 0.78 £0.08 0.64 - 0.92
Reproductive Biology

Fifteen out of 20 pairs were spawning. During 16:00-18:00 hr, a nest-holding male
enticed a gravid female to visit his bubble nest. The nest-holding male chased this female
- vigorously until she swam towards him and followed him to his bubble nest. Then he
- wrapped his body around the female juxtaposing their genital pores. These embraces were

- accompanied by the release of eggs with the Mean + SD of 3-74 £1.02 egos per
" . embracement. Following each embrace, the male chased the female from the immediate
vicinity of the nest. A male released his sperm to fertilise the eggs, picked the fertilised eggs
- up in his mouth and spewed them into the bubble nest. A mating sequence consisted of an
average of 5-6 pseudo-spawning bouts (i.e. embraces without the release of eggs) and

84+12.97 spawning bouts (i.e. embrace with egg release). The couple repeated this
embracement process over the Mean + SD of spawning duration of 178 £51.17 min_ This

“resulted in the Mean + SD of 314 £109.77 eggs released per spawning. When this external
fertilisation was over, the nest-building male chased the mated female out of his bubble nest,
placed the fine layers of bubble beneath the eggs to ensure that the eggs remained in the
bubble nest and solely defended the nest and surrounding territory. The fry hatched within the

Mean + SD of 30.75%0.55hr and continued developing under the bubble nest. Two days
after hatching, fish larvae were free swimming with the Mean + SD of 3212029 mm,

DISCUSSION

Habitat Characteristics

Croaking gouramis live in shallow lentic water, which is rather turbid (i.e., low in
transparency and high in TDS) from organic substances and clay particles. This murky
condition is common to rice paddy fields and small ponds throughout Thailand. Our results
showed that population density was higher in small ponds than rice paddies. This may be due
to two possible reasons. First, the environment of rice paddies is more extreme than small
ponds. During dry season, there will be almost no water available in the rice paddies, but lots
of water in small ponds. During the early wet season, rice paddies will be used for rice
cultivation, lots of water present in the paddies, less vegetation, lots of animal disturbance
(e.g., water buffalos, and ducks), and a high amount of fertilisation and pesticide used from
rice cultivation. Second, the higher fish density in small ponds may be related to the highly
dense vegetation in small ponds (Liengpornpan Per. Obs.). However, we did not measure
vegetation density in our study. For future study, the effect of vegetation complexity on fish
density should be examined. :
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Croaking gouramis may prefer to live in shallow water with dense vegetation due to
three possible reasons. First, dense aquatic vegetation in shallow water could minimise
predation risks from piscivorous fishes, crabs, prawns and snakes (Kramer et al., 1997) and
reduce intraspecific interactions (Corkum and Cronin, 2003). Second, males could use these
emergent plants to hold the bubbles together or prevent them from drifting into unsuitable
habitat for the fry. Third, males could easily pick up the fertilised eggs and fish larvae, and
spew them back to their bubble nests in shallow water. In deeper cloudy water, males might
not be able to see fertilised eggs or fish larvae at the bottom very well or males might spend
too much energy on picking up eggs and larvae up from the bottom. Many studies have
demonstrated that prey organisms select microhabitats with high structural complexity as a
way of reducing predation risks (Pamala and Kenneth, 1994: Prenda and Granado-Lorencio,
1996; Elkin and Baker, 2000). Many fishes are most abundant in shallow areas because these
habitats enhance growth and survival of young, e.g., pinfish (Jordan et al., 1997), Atlantic
salmon (Bremset and Berg, 1999), cod (Linehan et al., 2001), and winter flounder
(Manderson et al., 2004).

Rice paddy fields and small ponds differed in water characteristics (i.e., pH,
conductivity, DO, TDS, water depth, and temperature). Therefore, croaking gouramis can
occupy a wide range of habitat types, especially in poorly oxygenated water (1.67 mg/L),
which is lethal to most fishes within 24 hr (i.e., < 3.5 mg/L) (Moore, 1942) and slightly acidic
water (pH = 5) which could cause slow growth in fish species (i.e., pH < 6.5) (Boyd, 1996).
These limiting factors can influence fish distribution (Matthews, 1998), increase mortality
rate and depress hatching success in many fish species (Keckeis et al., 1996; McNatt and
Rice, 2004). However, this physical constraint does not apply to croaking gouramis because
this species has a labyrinth organ. In addition, this fish builds a bubble nest to hang its eggs
and young to expose them to oxygen directly. Therefore, building bubble nests may be an
adaptive behaviour, which enables gouramis to live in a hypoxic environment.

Fish Size and Bubble Nest Size

Large body size in males of many species may have evolved because of the
advantages of large size in promoting success in male-male competition (Bisazza et al., 1989;
Poncin, 1996; Bisazza et al., 2000). Sexual size dimorphism (i.e., males are larger than
females) has been shown in many fish species including Pacific salmon (Fleming and Gross,
1994), sockeye salmon (Quinn and Foote, 1994), tilapia (Toguyeni et al., 1997), neotropical
armoured catfish (Hostache and Mol, 1998), dark chub (Katano, 1998), rainbow trout
(Bonnet et al.,1999), and wild Siamese fighting fish (Jaroensutasinee and Jaroensutasinee,
2001). Our results showed that male croaking gouramis were generally heavier and bigger
than females. In croaking gouramis, only males exhibit parental care including building
bubble nests, caring for the eggs and fish larvae and defending the territory. Therefore, larger
males in this species would have a selective advantage over small males. However, there is
no data available on the relationship between male size and reproductive success in croaking
gouramis. It has been demonstrated that male body size is positively correlated with
reproductive success in some fish species with male parental care (e.g., mottled sculpins
(Downhower and Brown, 1980) and lumpfish (Goulet and Green, 1988).

From our field surveys, we found that croaking gourami’s bubble nests were difficult
to find. Once we found bubble nests, there were only two out of 112 nests that had eggs in
them. The low number of bubble nests with eggs found during our field surveys could be
because we might have collected our field surveys early in the breeding season. However,
this would be very unlikely because the field surveys were conducted covering the two
months period in April and May.
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This study offered clear evidence that male croaking gouramis built their bubble nests
similar in size. This means that larger males did not build larger bubble nests. There could be
two possible reasons. First, a small bubble nest would be energetically less costly to build and
guard. Therefore, by spending less time and energy building a small bubble nest, a nest-
holding male will have more time and energy to spend on searching for mates, courting them
and defending his territory from other potential rivals. Second, large gourami males should
not spend too much energy in increasing bubble nest size because females have a limited
number of eggs per brood. Therefore, males may not increase their reproductive success by
building larger bubble nests. Males should spend their energy on other activities that would
directly increase their reproductive successes such as enticing females into their nests,
defending territory from other males, and egg fanning to increase the amount of oxygen flow
to fertilised eggs and fish larvae.

Our results for croaking gourami were not consistent with previous observations of an
ecologically similar species, the Siamese fighting fish Betfa splendens (Jaroensutasinee and
Jaroensutasinee, 2001). Male fighting fish built their bubble nests according to their size
(Jaroensutasinee and Jaroensutasinee, 2001). The difference between our study and the
fighting fish’s study could be due to several reasons. First, fighting fish might be under
different selective pressure than gourami. Second, female fighting fish might vary in size and
the number of eggs per brood. Therefore, larger fighting males might only choose larger
females as mates. Third, there might be less nest-holding fighting fish males in the wild than
females. This would cause an operational sex ratio biased towards females. As a result, larger
nest-holding males are very rare and should become the choosier sex. Therefore, these larger
nest-holding males may prefer larger gravid females that can provide larger broods as mates.
In addition, fighting fish females did not show any preference towards males with larger
bubble nest sizes (Jaroensutasinee and Jaroensutasinee, 2003). This implies that females in
this species are not the choosier sex.

Reproductive Biology

Many studies have been published on belontiid mating behaviours and emphasised on
the behaviour of single pairs with the confines of small aquaria (e.g., Miller and Robinson,
1974; Pollak et al., 1981). Our results confirmed previous findings about gourami
reproductive behaviours. Males establish territories that they defend against conspecifics and
in which they construct bubble nests at the water’s surface. Our results showed that croaking
gourami tended to spawn in the evening. Similar finding has been reported in wild Siamese
fighting fish Betta splendens (Jaroensutasinee and Jaroensutasinee, 2001).

Our results confirm that wild-caught croaking gourami can breed in the laboratory
condition successfully as shown in many fish species including catfish Heteropneustes
Jossilis (Bloch) (Thankur and Nasar, 1977), blue gourami Trichogaster trichopterus (Pollak
et al., 1981), mollies Poecilia spp. (Woodhead and Armstrong, 1985), common goby
Pomatoschistus microps (Svensson and Forsgren, 2003). However, our experimental design
was set up as a single pair within the confine of small aquarium. The observations were
terminated after a single spawning episode in order to save the female from serious injury or
death (Miller, 1964). Therefore, we cannot conclude whether the reproductive biology of
croaking gourami is a single mating. Previous study on blue gourami Trichogaster
trichopterus has demonstrated that the reproductive biology of this fish is a muitiple mating
(1.e., the mating occurrence of two or more days with a single partner or with two or more
partners on one or more days) (Pollak et al., 1981).
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ABSTRACT

This study examined the role of the male body size on the female sexual preference
and on the male-male competition among croaking gouramis (7richopsis vittata Cuvier,
1831). Two treatments were set up for the study of the female sexual preference and the
male-male competition. In one treatment, males of the same size were matched, while in the
other males of different sizes were placed together. The results showed that the male body
size did not affect the sexual preference among female croaking gouramis. Regarding the
male-male competition study, large males were found to win more fights than small ones.
The fighting duration under the treatment of the size matched fish were longer than that in the
treatment of the size mismatched fish. A comparison of different agonistic behaviours of the
fish under both treatments showed that sound producing, biting and total agonistic behaviours
were found more frequently among the size matched fish than among the size mismatched
group. A further observation of the large and small fish in the treatment of the size
mismatched group also revealed that large males performed more chasing and less escaping
than small ones. The results indicate that the sexual size dimorphism in croaking gouramis, in
which species the male is larger than the female, may be associated with the male-male
competition, not with the female preference.

Keywords: Male body size, Female preference Male-male competition, Croaking gourami,
Trichopsis vittata
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INTRODUCTION

The evolution of sexually selected traits is driven by the outcomes of two main
mechanisms of sexual selection: mate preference and mate competition. They are
traditionally considered to act in concert (Jennions and Petrie, 1997; Qvarnstrom and
Forsgren, 1998). In most animals, females choose males as their mates because females are
generally more limited in their reproductive possibilities than males (Dawkin, 1995; Maier,
1998), and males generally compete for mating opportunities (e.g. Forsgren, 1997;
Jaroensutasinee and Jaroensutasinee, 2001a; Reichard et al., 2005). However, despite females
being choosy, they have limited control over their reproductive success and/or paternity for
their offspring (e.g. Mays and Hill, 2004; Reichard et al., 2005). Male-male competitive
interactions can both have beneficial or detrimental effects on the female preference process
(reviewed in Wong and Candolin, 2005). For example, dominant males are often able to
exclude inferior subordinates so that females end up mating with high quality males, clearly
beneficial (Berglund et al., 1996). On the other hand, dominant males may increase their
opportunities by excluding subordinate males, thereby eliminating female choice and even
reducing female fitness (e.g. Holland and Rice, 1999; Moore and Moore, 1999; Byrne and
Roberts, 2000; Moore et al., 2001; Sih et al., 2002; reviewed in Wong and Candolin, 2005).

In sexual size dimorphic fish species, which males defend their territories, males are
often larger than females. Such dimorphism has been found, for example, in tilapia,
Oreochromis niloticus (Toguyeni et al., 1997), armoured catfish, Hoplosternum littorale
(Hostache and Mol, 1998), dark chub Zacco temmincki (Katano, 1998), rainbow trout,
Oncorhynchus mykiss (Bonnet et al., 1999), and Siamese fighting fish, Betta splendens
(Jaroensutasinee and Jaroensutasinee, 2001b). Male body size can act as a reliable indicator
of health and vigour (Nicoletto, 1993) and may have significant father-son heritability
(Reynolds and Gross, 1992). Therefore, male body size may be an important trait for female
preference and/or male-male competition (Reynolds and Gross, 1992; Reichard et al., 2005).
Moreover, the degree of size difference between a pair of males may strongly affect female
preference (Basolo, 2004). Variation in male body sizes has also been positively correlated
with reproductive fitness and brooding success (Hsu and Wolf, 1999; Basolo, 2004; Fujii et
al., 2005).

Some female fish can discriminate between large and small males and often prefer
larger ones e.g., Atlantic molly, Poecilia mexicana (Plath et al., 2004) and sailfin molly,
Poecilia latipinna (MacLaren et al., 2004). These large males typically possess characters
that can provide many benefits to increase their reproductive successes (Aspbury and Basolo
2002; Fujii et al., 2005). Many studies reveal that there are positive correlations between
male body size, age and their benefits (Andersson and Iwasa, 1996) i.e. increasing fecundity
with larger testes (Quinn and Foote, 1994; Katano and Maekawa, 1997), maturing at a larger
size, producing bigger clutches (Paine, 1990), building larger and more complex nests -
(Bisazza et al., 1989; Sato, 1994), courting more vigorously (Reichard et al., 2005),
increasing sperm competition (Parker, 1992), giving better paternal care (Beacham and
Murray, 1988; Bisazza et al., 1989; Reynolds and Gross, 1992; Ostlund and Ahnesjo, 1998;
Kolm, 2002), defending larger territories (Candolin and Voigt, 2001), having greater success
in territorial defence against potential egg predators (Wiegmann and Baylis, 1995; Poncin,
1996; Kitevski and Pyro, 2003), having a longer reproductive and life span (Paine, 1990), and
developing more aggressive behaviours to win contests (Bisazza et al., 1989; Poncin, 1996;
Bisazza et al., 2000; Candolin and Voigt, 2001).

The most obvious form of male-male competition is the obvious physical fighting.
However, male contests often do not escalate into fighting. Although in many fish species,
for example, sand goby, Pomatoschistus minutus (Forsgren, 1997), Siamese fighting fish,
Betta splendens (Jaroensutasinee and Jaroensutasinee, 2001a), and European bitterling,

>
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Rhodeus sericeus (Reichard et al., 2005), large males have high fighting ability and may win
fights. In other species, male body size is not a good predictor of success in male competition
as in guppies, Poecilia reticulata (Kodric-Brown, 1993). Large males may ultimately gain
preferential access to resources such as food, territories and females. They tend to feed better,
grow faster, and become more aggressive, while smaller ones may grow at a slower rate and
be less aggressive (Godin, 1997; Quinn, 1999; Rincon and Grossman, 2001). Male-male
competition may take place before mating and the winner is indeed involved in more
successful mating by the losing rival (Andersson et al., 2002; Dickerson et al., 2004). In
particular female eavesdroppers spend significantly more time with the winners of the
aggressive interactions than with the losers (Doutrelant and McGregor, 2000).

This study is the first to investigate the role of male body size on sexual selection
among croaking gouramis (7richopsis vittata Cuvier, 1831), among which the male is larger
than the female. We experimentally separated female preference from male-male
competition. Since males solely provide parental care for eggs and fry, females are under
pressure to select their mates carefully. We examined how sexual size dimorphism in this
species 1s maintained through both female preference and male-male competition. We predict
that: (1) if sexual size dimorphism functions through female preference, then females should
prefer large males and spend more time with large males than small ones; (2) if sexual size
dimorphism functions through male-male competition, then large males should win more
fights than small ones and (3) if sexual size dimorphism functions in both female preference
and male-male competition, then both of these should occur in this species.

MATERIALS AND METHODS

Fish Biology

The croaking gourami (Trichopsis vittata Cuvier, 1831) is an anabantid fish that is
sexually size dimorphic, and is widely distributed from eastern India through Malaysia and
Thailand (Sandford, 2000). This species is a small (i.e. 3.0-4.0 cm) brown-bodied fish with
three horizontal stripes. Males are more reddish and have elongated anal and dorsal fins.
Females are smaller and duller than males. During the breeding season, gravid females have
yellowish ovaries, which can be seen by holding them up against a light (Liengpornpan Pers.
Obs.). Male builds a bubble nest on the water surface and tries to entice female to visit the
nest and mate. After completing external fertilisation, the nest-holding male picks up the
fertilised eggs, puts them into his bubble nest, and spends time guarding the nest and
surrounding its territory until the fish larvae can swim. Therefore, a territorial male should be

attractive to females and be strong enough to win contests with rivals for offspring
survivorship.

Measuring Fish Body Length

All croaking gouramis used in this study were field caught using a one-person seine
net during June-September 2005 from Nakhonsithammarat, Thailand (08° 29.381' - 08°
29.384’ N, 99° 55.138" - 99° 55.437' E). Croaking gouramis are very abundant here and the
number removed and transferred to the laboratory represents only a small proportion of the
local population. Therefore, the number of the fish removed for this study would be expected
to have little impact on the genetic variation of the croaking gourami population. Body size
has been measured for all fish before the experiments were run. The following procedure was
followed in measuring the fish body length. First, each fish was placed in an aquarium,
measuring 25.0 x 12.5 x 16.0 cm high and filled with water to a depth of 3.0 cm. Second, a
piece of Plexiglas with a ruler was placed in the aquarium as a measuring scale. Finally, after
a 1-min acclimatisation period, the fish was photographed with a digital camera (Sony
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Mavica, model-FD91). The digital pictures were then used to estimate the fish body length
from the anterior-most point of the upper jaw to the end of the caudal peduncle. This
procedure decreased the probability of killing or damaging the fish by using anesthetic drugs.

Female Preference Test

The Mean + SD of croaking gourami male and female body length was 3.51 £ 0.35
cm (N = 175) and 3.34 + 0.20 cm (N = 175), respectively. Males were larger than females
(Independent sample t-test: t348 = 5.672, P < 0.05). The study was conducted through two
treatments in which males of a body length difference of + 0 SD (i.e. size matched treatment
with 0.00 cm difference between males) and + 1 SD (i.e. size mismatched treatment with 0.35
cm difference between males) were used. Fifty-eight trials were conducted in both treatments.
In the size matched treatment, there were three fish: one gravid female and two males of the
same body length. In the size mismatched treatment, there were also three fish: one gravid
female and two males of the different body sizes.

The female preference experiments were carried out in an aquarium (37-L measuring
50.0 x 25.0 x 30.0 cm high) divided into three compartments. The two equally small
compartments were separated by a removable opaque Plexiglas partition and each
compartment housed a male. The large compartment comprised 67% of the total tested arena
and contained a gravid female. The removable clear Plexiglas divider between the large and
two small compartments allowed the tested female to see both males but did not allow the
two males to see each other. The preference zone was demarcated in the female compartment
by drawing a line 7.0 cm away from the clear Plexiglas partition on the outside of the
aquarium. The region next to the partition of each male was the preference zone for that male
and the rest of the female compartment was a no preference zone. Trials were conducted from
07:00 to 18:00 hr and all tested fish were fed before testing.

Each trial was comprised of two 10-min observation sessions with a 5-min interval.

- At the beginning of each trial, a gravid female was randomly selected, introduced into the
centre of the no preference zone and given 5-min to acclimatise to the experimental situation.
The first observation period was then initiated. During this period, the female could choose
which of the males she preferred; her preference was indicated by the side of the partition
where she spent her time. The behaviours of the fish trio were noted and the number of
seconds the females spent in each position of the three compartments was recorded on a
computer. At the completion of this first observation period, the following activities were
included: switching the location of the two males to control for any female side bias, carrying
out the second 10-min observation period for mate preference trials with the same female for
a 5-min acclimation period, and adding the total times females spent near the two males for
statistical analyses. To ensure that both males were viewed by the female and all of the three
participants were actively involved irrthe target courtship, the tested female had to be seen,
for each individual trial, approaching each male at least once. We excluded trials where
females spent more time outside the preference zone than inside the preference zone. Each
trial was conducted with new females and new pairs of males. For the size mismatched
treatment, we defined the female preference for a male as the difference between the total
time spent near the large male and the total time spent near the small male divided by the
total time spent near both males. For the size matched treatment, we defined the female
preference for a male as the difference between the total time spent near a male on the right
hand side of the aquarium and the total time spent near a male on the left hand side of the
aquarium divided by the total time spent near both males.

Male-Male Competition Test
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For the male-male competition test, the same pairs of tested males from female
preference tests were placed in a 1.5-L square tank with dimensions 10.0 x 10.0 x 15.0 cm
high. These same pairs of tested males had never seen each other prior to the male-male
competition test. Croaking gouramis displayed substantial differences in agonistic behaviours
which could be classified into the following eleven gestures: approaching, lateral displaying,
sound producing, biting, mouth opening, going round in a circle, adhering to each other,
surfacing, mouth defying, chasing and escaping. These agonistic behaviours displayed by
both males were being observed and recorded until one fish retreated. Approaching (A) was
defined as one fish moving rapidly towards another by movements of the caudal peduncle
and all fins closed. Lateral displaying (D) was recorded when both fish oriented in a head-to-
tail position and spread the median fins in a lateral position. Sound producing (P) was defined
as the males shaking their bodies and beating pectoral fins rapidly for sound emission. Biting
(B) was recorded when males used their mouthparts to bite or tear one another. Mouth
opening (O) was observed when both fish moved rapidly toward the opponent and apparently
opened their mouths at the same time. Going round in a circle (G) was recorded when both
males followed in a circle and beat their pectoral fins. Adhering to each other (Ad) was
recorded when both males locked jaws and nipped each other. Surfacing (S) was recorded
when the males float to the water surface to breathe. Mouth defying (De) was recorded when
both males rested and only one male opened and pointed his mouth at his opponent. Chasing
(C) was observed when one individual swam rapidly to displace another. Escaping (E) was
defined as one fish moving rapidly away from another. At the beginning of the male-male
competition tests, both fish displayed high visual stereotypic movements, composed of going
round in a circle, lateral displaying, mouth opening and biting. Four types of agonistic
behaviour, which both males in all pairs showed simultaneously, were going round in a
circle, lateral displaying, mouth opening, and adhering to each other. The records of the male-
male competition cover the period from the observation of the first agonistic behaviour until
one party’s retreat.

Data Analysis

Parametric statistics were used when underlying assumptions were met; otherwise,
non-parametric tests were used. Chi-square tests were used to test the number of competitions
won by the large males. Independent sample t-tests were used to test the fighting duration and
the female preference observed during both treatments. Paired t-tests were used to test the
time females spent between large and small males and the level of agonistic behaviour
differences between large and small males. Two-way ANOVA tests were used to test the
level of agonistic behaviour differences between the two treatments, the winning status as
well as the interaction between the two treatments and the winning status.

-

Ethical Note

All croaking gouramis were housed at the freshwater laboratory, Walailak University,
Thailand. Extreme care was taken during the animal handling to minimise stress to the fish
used in this study. The male-male competition took the form of ritualised agonistic displays,
chases and escapes. The fish were monitored closely at all times to ensure that no physical
injuries were being inflicted. Since competitive interactions may be stressful for the test
subjects, the length of time when males were placed in a competitive environment was kept
to a minimum and the fish were separated immediately after the completion of the study, at
which point the fish were then retained in the laboratory as breeding stock. Other fish
captured but not used in this study were also retained for use in future studies in order to

minimise the number of collection trips subsequently required. No licences were required for
the study. '
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RESULTS
Female Preference Test
Female preference was not found to be influenced by the greater body length, {(Mean
+ SE) the size matched treatment: 0.039 + 0.034, N = 58; the size mismatched treatment:
0.037 + 0.029, N = 58; Independent sample t-test, 7,4 = 0.039, NS}. Females did not spend
time differently either with large or with small males (Paired t-tests: 57 = 1.368, NS).

Male-Male Competition Test

Of all the 58 pairs in both treatments, 40 pairs of males fought and displayed the other
nine types of agonistic behaviour except chasing and escaping, but the other 18 pairs of males
displayed only the chasing and escaping behaviours. The fighting duration in the size
matched treatment was longer than that in the size mismatched treatment {(mean + SE) the
size matched treatment: 460.88 + 69.17 s, N = 40; the size mismatched treatment: 275.63 +
47.52 s, N = 40; Independent sample f-test: fg9=-2.208, P <0.05}. Large males won more

2
fights in the size mismatched treatment (44 out of 58 fighting pairs, Chi-square test: L=
15.52, P <0.05).

Behavioural Differences between the Size Matched and the Size Mismatched Treatment

Males from the size matched treatment were found to perform a higher number of
sound producing, biting, and total agonistic behaviours than those in the size mismatched
treatment (Two-way ANOVA tests: sound production: F;56= 5.833, P <0.05; biting: F 156 =
5.345, P < 0.05; total agonistic behaviours: F 1156 = 8.765, P <0.05, Table 1).

Behavioural Differences between Winners and Losers

The study showed that there were no differences in the following six agonistic
behaviours: approaching, sound producing, biting, surfacing, mouth defying, and total
agonistic behaviours (Two-way ANOVA tests: approaching: Fi 56 = 3.291, NS; sound
producing: F 156= 0.305, NS; biting: F 156 = 0.033, NS; surfacing: Fj 156 = 0.054, NS; mouth
defying: F 156 = 3.356, NS; total agonistic behaviours: F'156= 0.134, NS, Table 1).

Behavioural Differences between Large and Small Males

Large males performed more chasing than small ones (Paired #-tests for chasing: #39 =
3.147, P <0.05, Figure 1). Small males displayed more escaping than large males (Paired t-
tests for escape: 139=-3.147, P < 0.05, Figure 1). Large and small males displayed the same
amount of total agonistic behaviours {(Mean + SE): large males: 38.95 + 7.07 times; small
males: 38.15 + 6.94 times, Paired -tests: 39 = 0.672, NS}. -
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Table 5 The Mean + SE of the amount of agonistic behaviours between the winners and the
losers in the size matched and the size mismatched treatment. N = 40

Agonistic behaviour

Amount of agonistic behaviour (Mean + SE)

Size matched treatment

Size mismatched treatment

Winner Loser Winner Loser
Approaching 1.35+0.80 043 +0.22 0.88+0.18 0.25+0.12
Sound production = 7.28 +1.50 6.60+127 445+ 091 3.85+0.78
Biting 12.65+2.19 12.48 + 2.05 8.05+2.03 7.48 +2.03
Surfacing 545+1.17 535+ 1.55 3.50+0.95 4.18+1.23
Mouth defying 2.65+1.54 0.75+0.50 1.38+£0.32 025+0.12
Chasing 1 0 1 0
Escaping 0 1 0 1
Total behaviours 65.13 £9.85 61.33 +9.03 39.68 + 6.95 37.43 +7.05
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Figure 1 The Mean + SE of agonistic behaviours between large (0), and small (m) males in
the size mismatched treatment, N = 40 fighting pairs. Male agonistic behaviours include
approaching (A), lateral displaying (D), sound producing (P), biting (B), mouth opening (O),
going round in a circle (G), adhering to each other (Ad), surfacing (S), mouth defying (De),
chasing (C), and escaping (E).* P <0.05
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DISCUSSION

The study showed that sexual size dimorphism among croaking gouramis was not
associated with the female preference because females did not choose their mates based on
the male body size. In some fish species, females use other male traits as a cue for choosing
their mates, such as coloration in three-spined sticklebacks, Gasterosteus aculeatus
(Candolin, 2000a), courtship behaviour in fifteen-spined sticklebacks, Spinachia spinachia
(Ostlund and Ahnesjo, 1998), and nest characters in blenny, Istiblennius enosimae (Sunobe et
al., 1995), common goby, Pomatoschistus microps (Jones and Reynolds, 1999) and three-
spined sticklebacks, Gasterosteus aculeatus, (Barber et al., 2001). Additionally, among the
fighting fish, Betta splendens, females choose the winner males from male-male contests as
their mates (Doutrelant and McGregor, 2000). However, our experiments did not test this
possibility because we did not allow females to choose mates after male-male competition
tests.

This study confirmed that there was an advantage of the large size fish in winning
fights as seen in several fish species, including European grayling, Thymallus thymallus
(Poncin, 1996), one-sided livebearer, Jenynsia multidentata (Bisazza et al., 2000) and wild
Siamese fighting fish, Betta splendens (Jaroensutasinee and Jaroensutasinee, 2001a). Fighting
ability or aggressiveness has been found, in several species of fish, to correlate positively
with standard metabolic rate (Metcalfe et al., 1995), growth rate (Jonsson et al., 1998; Lahti
etal., 2001) and cortisol level (Sakakura et al., 1998). Standard length proved to be a
moderate predictor of the most probable winner of the male-male competition (Moretz,
2003).

Small males that tended to be the losers spent much of their time and energy
displaying more escaping behaviour while large males that tended to be the winner waited for
opponents to attack or retreat. Females may use fighting outcomes as a way to detect the best
quality mates. The male-male competition may facilitate female choices in terms of mate
detection (reviewed in Wong and Candolin, 2005). Many studies have demonstrated that
large dominant males may be able to establish in high quality territory, larger territory, more .
vegetated territory or higher mate encounter rate territory (e.g. Candolin and Voigt, 2001;
Pryke and Andersson, 2003a,b).

Fighting durations of croaking gouramis in the size mismatched treatment were
shorter than in the size matched treatment because small males changed their fighting
initiation strategy based on their opponent’s body size (Moretz, 2003). Small males tended to
terminate fights quickly and showed a clear escaping signal before serious injury or death
occurred when they encountered large opponents. This cooperative signaling between
opponents has been shown in many fish species including snake head, Channa striatus
(Sampath and Pandian, 1985), green swordtail fish, Xiphophorus helleri (Beaugrand and
Goulet, 2000), three-spined stickleback, Gasterosteus aculeatus (Candolin, 2000b), and
Siamese fighting fish, Betta splendens (Jaroensutasinee and Jaroensutasinee, 2001a). In
contrast, opponents of South American cichlid fish, Cichlasoma dimerus, continued their
fighting with highly damaging escalation even when they seemed to know which individual
will be the winner (Maan et al., 2001).

The amount of sound producing, biting, and total agonistic behaviours in the size
matched treatment was higher than that observed in the size mismatched treatment. Similar
findings have been reported for other fish species including Arctic charr, Sahelinus alpinus
(Brénnis et al., 2002), zebrafish, Danio rerio (Kitevski and Pyron, 2003), and Siamese
fighting fish, Betta splendens (Jaroensutasinee and Jaroensutasinee, 2001a). Croaking
gouramis may use both morphological and sound characteristics to assess their opponents’
fighting ability. This is because croaking gouramis may change from using visual signals to
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assess their rivals to acoustic signal in highly dense freshwater vegetation (Ladich, 1997;
1998).

In conclusion, this study suggests that the sexual size dimorphism in croaking
gourami (Trichopsis vittata Cuvier, 1831) functions through the male-male competition, not
through the female preference. Since males solely provide parental care for eggs and fry,
males in this species may be under a selective pressure such that larger males are better able
to defend territories against potential egg predators (Wiegmann and Baylis, 1995; Poncin,
1996; Kitevski and Pyron, 2003).
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ABSTRACT _

This study examined the role of the bubble nest size on the female sexual preference
and on the male-male competition among croaking gouramis (ZTrichopsis vittata Cuvier,
1831). Three treatments were set up for the study of the female sexual preference and the
male-male competition: (1) two-bubble-nest treatment, (2) one-bubble-nest treatment and (3)
no-bubble-nest treatment. The results showed that females preferred small bubble nest males
over large ones. There are four possible reasons: small bubble nests are available, will be -
enlarged during mating, contain more oxygen for the eggs and hatching young, and more
camouflaged than large bubble nests. Surprisingly, females did not prefer males with bubble
nest over males without bubble nests. In addition, when we compared female preference
among three treatments, females spent more time with males in no-bubble-nest treatment than
in two-bubble-nest treatment. The results indicate that females may perceive bubble nest
presence and large bubble nest size as a negative clue of male quality because this may
suggest that these males already spend their energy reserve in nest building and territorial
defence. In the male-male competition, large bubble nest males did not win more fights.
There were no differences in the numbers of agonistic behaviour, the total agonistic
behaviour and the winning status between males who built bubble nests and males who did
not build bubble nest. There was no significant difference in fighting duration between the
three treatments. This study suggests that males with large bubble nests or males with bubble
nest might not always reflect the male’s contribution to paternal care and the outcome of
contests because they do not win in most fights. Therefore, both natural selection and sexual
selection may act on male nest-building in croaking gouramis.

Keywords: Bubble nest size, Female preference, Male-male competition, Croaking gouramis,
Trichopsis vittata
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INTRODUCTION

Nest of fishes should provide females with important information on builder health
status and other valuable qualities such as potential parental care that can have strong effects
on reproductive success (Sunobe et al., 1995; Barber et al., 2001). Peacock wrasse,
Symphodus tinca, females prefer males with nests early in the nesting cycle, and they spawn
less with non-nesting males in late-cycle nests (Warner et al., 1995). In some fish species,
therefore, females prefer to mate with large nest males including sand goby, Pomatoschistus
minutes (Lindstrom, 1992), cichlid, Lamprologus callipterus (Schiitz and Taborsky, 2000),
and large spawning pit males including African cichlid, Oreochromis mossambicus (Nelson,
1995). Competitive interactions between rival males could affect female detection of mates
by influencing the size of the territories (Wong and Candolin, 2005).

Large nest males or the territory owners may increase female reproductive success by
being stronger (Bisazza et al., 1989; Magnhagen and Kvarnemo, 1989; Takahashi et al.,
2001), performing a high amount of courting (Pampoulie et al., 2004), providing better care
of both the eggs and young (Ostlund and Ahnesjs, 1998; Kolm 2002), and winning more
fights (Johnsson et al., 1999). In common goby, Pomatoschistus microps, females base their
mate choice on nest appearance (Jones and Reynolds, 1999). However, in a few fish species
apparent male quality does not appear to directly affect female nest-choice behaviour, for
example three-spine stickleback, Gasterosteus aculeatus (Sargent, 1982) and Siamese
fighting fish, Betta splendens (Jaroensutasinee and Jaroensutasinee, 2003).

A few fish species construct floating nests by using mucous-covered bubbles such as
armoured catfish, Liposarcus pardalis (Andrade and Abe, 1997), neotropical armoured
catfish, Hoplosternum littorale (Hostache and Mol, 1998), Siamese fighting fish, Betta
splendens (Jaroensutasinee and Jaroensutasinee, 2001) and croaking gourami, Trichopsis
vittata (Liengpornpan et al., 2006). We used the croaking gourami as a suited model for
investigating the effect of nest size on female preference and male-male competition for
several reasons. First, males build bubble nests on the water surface that are easy to reduce in
size. Second, croaking gouramis are very abundant and easily captured in natural habitats in
Thailand (Smith, 1945). Third, this fish can be collected and maintained in a large number
because of their small body size (approximately 3.0-4.0 cm, Henglmiiller and Ladich, 1999).
Finally, croaking gouramis adapt well to captive conditions and seem to perform
fundamentally identical courtship behaviour in the laboratory and in the field (Liengpornpan
Per. Obs.).

Several experimental studies have shown that females seem to base their mate
preference mainly on the quality of territory or nest site rather than on male traits (Jones,
1981; Warner, 1987). This study aimed to investigate the effect of bubble nest
presence/absence and bubble nest size on female preference and male-male competition in
croaking gouramis. Four hypotheses were tested: (1) if there is a female preference for a large
bubble nest, then females should spend more time with large bubble nest males than small
ones while controlling for male body size; (2) if there is a female preference for males with
bubble nests, then females should spend more time with bubble nest males than no bubble
nest males while controlling for male body size; (3) if bubble nest size is a good indicator of
male quality, then (3a) large bubble nest males should display more agonistic behaviours and
win more fights than small bubble nest males while controlling for male body size, and (3b)
fighting duration between large and small bubble nest males should decrease as the size
difference of bubble nest areas between a fighting pair increases; and (4) if holding a bubble
nest is a good indicator of male quality, then bubble nest males should win more fights and
behave more aggressively than non-bubble-nest males.

MATERIALS AND METHODS
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Fish Biology

The Croaking gourami (Trichopsis vittata Cuvier, 1831) is an anabantid fish that is
sexually size dimorphic, and is widely distributed from eastern India through Malaysia and
Thailand (Sandford, 2000). This species is a small brown-bodied fish with three horizontal
stripes. Males are more reddish and have elongated anal and dorsal fins. Females are duller
and smaller than males (the Mean * SD of female and male body sizes are 3.16 £ 0.21 cm
and 3.51 + 0.35 cm, respectively (Liengpornpan et al., 2006). During breeding seasons (i.e.
March-May), pheromones released by fish males induce female ovarian maturation (Degani
and Schreilbman, 1993). Gravid female croaking gouramis have yellowish ovaries, which can
be seen by holding them up againt light (Liengpornpan Pers. Obs.). The defining
characteristics of the croaking gourami mating system are that male builds a bubble nest on
the water surface and tries to entice female to visit the nest and mate. After completing
external fertilisation, the nest-holding male picks up the fertilised eggs, puts them into his
bubble nest, and spends time guarding the nest and surrounding its territory until the fish
larvae can swim.

Measuring Fish Body Length and their Bubble Nest Size

All croaking gouramis used in this study were field caught using a one-person seine
net during April - June 2005 from Nakhonsithammarat, Thailand (08° 29.381' -08° 29.384’
N, 99° 55.138" - 99° 55.437" E). Body size (SL) has been measured for all fish before the
experiments were run. The following procedure was followed in measuring the fish body
length. First, each fish was placed in an aquarium, measuring 25.0 x 12.5 x 16.0 cm high and
filled with water to a depth of 3.0 cm. Second, a piece of Plexiglas with a ruler was placed in
the aquarium as a measuring scale. Finally, after a 1-min acclimatisation period, the fish was
photographed with a digital camera (Sony Mavica, model-FD91). The digital pictures were
then used to estimate the fish body length from the anterior-most point of the upper jaw to the
end of the caudal peduncle. This procedure decreased the probability of killing or damaging
fish from using anaesthetic drugs. The bubble nests were photographed with a ruler for scale
and width (a) and length (b) were measured using a Vernier Calliper. Bubble nest area (A)

was estimated using the elliptic equation {A = n (ab/4), where a and b were the semimajor
and semiminor axes}.

Female Preference Test

To investigate the role of the bubble nest size on the female sexual preference, three
treatments were set up: (1) two-bubble-nest treatment, (2) one-bubble-nest treatment and (3)
no-bubble-nest treatment. Each trial of these three treatments composed of three fish: one
gravid female and two males with the same standard body length. Female preference
experiments were carried out in a 37-L aquarium (measuring 50.0 x 25.0 x 30.0 cm high)
divided into three compartments. The two equally small compartments were separated by a
removable opaque Plexiglas partition and each compartment housed a male. The large
compartment comprised 67% of the total tested arena and contained a gravid female. The
removable clear Plexiglas divider between the large and two small compartments allowed the
tested female to see both males but did not allow the two males to see each other. Focal
females in each trial could not directly interact with both males because this study examined
only visual conditions for bubble nest size. The preference zone was demarcated in the
female compartment by drawing a line 7.0 cm away from the clear Plexiglas partition on the
outside of the aquarium. The region next to the partition of each male was the preference
zone for that male and the rest of the female compartment was a no preference zone. Trials
were conducted from 07:00 to 18:00 hr and all tested fish were fed before testing.
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(1) Two-Bubble-Nest Treatment

Thirty-two trials were conducted. Each trial consisted of two 5-min acclimation
periods and two 10-min observation periods. At the beginning of each trial, a pair of matched
males was placed in two similar adjacent compartments. Both males were allowed to build
their bubble nests in each equal compartment. After that, a focal gravid female was placed in
the centre of the no preference zone. Each successful trial was that in which all three subjects
actively courted and the focal female approached each male at least once in the first S-min
acclimation period. The first observation period was initiated after a 5-min acclimation
period. During the observation period, the number of seconds which the female spent in each
of the three zones was recorded on a computer. At the completion of the first observation
period, another opaque Plexiglas was placed into the aquarium, barring female sight and the
large bubble nest was cut approximately in half. This opaque Plexiglas was taken back so the
female could see both males again for a second 5-min acclimation period. This was followed
by a second observation period.

(2) One-Bubble-Nest Treatment

Thirty-six trials were conducted. Each trial consisted of a 5-min acclimation period
and followed by a 10-min observation period. At the beginning of each trial, a pair of
matched males was placed in two similar adjacent compartments. Only one male was allowed
to build his bubble nest in one equal compartment. After that a focal gravid female was
placed in the centre of the no preference zone. Each successful trial was that in which all
three subjects actively courted and the focal female approached each male at least once in the
5-min acclimation period. The observation period was initiated after a 5-min acclimation
period. During the observation period, the number of seconds which the female spent in each
of three zones was recorded on a computer.

(3) No-Bubble-Nest Treatment

Fifty-eight trials were conducted. Each trial consisted of a 5-min acchmatlon period
and followed by a 10-min observation period. At the beginning of each trial, a focal gravid
female and a pair of matched males were placed in the centre of the no preference zone and in
two similar adjacent compartments respectively. Both matched males were not allowed to
build bubble nests. Each successful trial was that in which all three subjects actively courted
and the focal female approached each male at least once in 5-min acclimation period. The
observation period was initiated after a 5-min acclimation period. During the observation
period, the number of seconds which the female spent in each of three zones was recorded on
a computer.

Male-Male Competition Test

For the male-male competition test, the same pairs of tested males from female
preference tests were placed in a 1.5-L square tank with dimensions 10.0 x 10.0 x 15.0 cm
high. These same pairs of tested males had never seen each other prior to the male-male
competition test. Croaking gouramis displayed substantial differences in agonistic behaviours
which could be classified into the following 11 gestures: approaching, lateral displaying,
sound producing, biting, mouth opening, going round in a circle, adhering to each other,
surfacing, mouth defying, chasing and escaping. These agonistic behaviours displayed by
both males were being observed and recorded until one fish retreated. Approaching (A) was
defined as one fish moving rapidly towards another by movements of the caudal peduncle
and all fins closed. Lateral displaying (D) was recorded when both fish oriented in a head-to-
tail position and spread the median fins in a lateral position. Sound producing (P) was defined
as the males shaking their bodies and beating pectoral fins rapidly for sound emission. Biting
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(B) was recorded when males used their mouthparts to bite or tear one another. Mouth
opening (O) was observed when both fish moved rapidly toward the opponent and apparently
opened their mouths at the same time. Going round in a circle (G) was recorded when both
males followed in a circle and beat their pectoral fins. Adhering to each other (Ad) was
recorded when both males locked jaws and nipped each other. Surfacing (S) was recorded
when the males float to the water surface to breathe. Mouth defying (De) was recorded when
both males rested and only one male opened and pointed his mouth at his opponent. Chasing
(C) was observed when one individual swam rapidly to displace another. Escaping (E) was
defined as one fish moving rapidly away from another. At the beginning of the male-male
competition tests, both fish displayed high visual stereotypic movements, composed of going
round in a circle, lateral displaying, mouth opening and biting. Four types of agonistic
behaviour, which both males in all pairs showed simultaneously, were going round in a
circle, lateral displaying, mouth opening, and adhering to each other. The records of the male-
male competition cover the period from the observation of the first agonistic behaviour until
one party’s retreat.

Data Analysis

Parametric statistics tests were used when underlying assumptions were met;
otherwise, non-parametric tests were used. Linear regressions were used to test (1) female
preference for large bubble nest males, (2) the constancy of female preference for the bubble
nest size, and (3) the relationship between the fighting duration and the bubble nest area
difference. Paired t-tests were used to test (1) the time females spent between nest-holding
males and non nest-holding males and, (2) the number of total agonistic behaviour between
large and small bubble nest males, and (3) the level of agonistic behavioural differences
between males in each treatment. One-way ANOVA tests were used to test for the total time
which females of each treatment spent with their males and the fighting duration among the
three treatments. Two-way ANOVA tests were used to test the level of agonistic behaviour
differences between three treatments, winning status as well as the interaction between
treatments and winning status. Pearson correlations were used to test the association between
male body size and bubble nest area, and between male body size and bubble nest length.
Chi-square tests were used to test the number of fights won by large bubble nest males in the
two-bubble-nest treatment and by males with bubble nests in the one-bubble-nest treatment.

Ethical Note

All croaking gouramis were housed at the freshwater laboratory, Walailak University,
Thailand. Extreme care was taken during the animal handling to minimise stress to the fish
used in this study, and the water conditions approximated natural conditions. The male-male
competition took the form of ritualised agonistic displays, chases and escapes. The fish were
monitored closely at all times to ensure that no physical injuries were being inflicted. Since
competitive interactions may be stressful for the test subjects, the length of time when males
were placed in a competitive environment was kept to a minimum and fish were separated
immediately after the completion of the study, at which point the fish were then retained in
the laboratory as breeding stock. Other fish captured but not used in this study were also
retained for use in future studies in order to minimise the number of collection trips
subsequently required. No licences were required for the study.

RESULTS
Female Preference Test

From the two-bubble-nest treatment, there was no female preference for large bubble
nest males (Linear regression: time difference: = 0.007, Fy 30 = 0.205, NS; time ratio
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difference: *= 0.009, F 130 = 0.267, NS). After reducing the size of large bubble nest by half,
there was no female preference from the same female for the new large bubble nest male
(Linear regression: time difference: ¥ =0.001, F, 30 =0.348, NS; time ratio difference: y =
0.001, F30 = 0.032, NS).

From the one-bubble-nest treatment, females did not spend time differently between
either with males with bubble nests or with males without bubble nest (Paired r-test: £35 =
0.015, NS). From the no-bubble nest treatment, females did not spend time differently
between both males (Paired t-test: #57 = 0.670, NS). When we compared the time females
spent with males among three treatments, females in no-bubble-nest treatment spent longer
time with males than in two-bubble-nest treatment (One-way ANOVA: F, 123 =4.895, P <
0.05, Post Hoc Tests with Bonferroni adjustment: P < 0.05, Figure 2).

Male-Male Competition Test

Male body size did not correlate with bubble nest area and bubble nest length
(Pearson correlation, bubble nest area: rj9o = -0.061, NS; bubble nest length: 79 = -0.020,
NS). Males from 25 out of 32 pairs in the two-bubble-nest treatment, 31 of 36 pairs in the
one-bubble-nest treatment and 40 of 58 pairs in the no-bubble-nest treatment fought and
displayed other nine types of agonistic behaviours except chasing and escaping behaviours.
For the rest, males displayed only chasing and escaping behaviours. The fighting duration
among the three treatments was not significantly different (One-way ANOVA, F, 93 = 0.362,
NS). From the two-bubble-nest treatment, large bubble nest males did not win the fights more
than small ones (Table 6). Large and small bubble nest males displayed the same amount of
total agonistic behaviours {(Mean + SE): large males: 54.04 + 15.54 times; small males:
55.64 + 16.66 times, Paired ¢ tests: o4 =-0.737, NS}.
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two bubble nests one bubble nest no bubble nest
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Figure 2 The Mean + SD of total nearness time among two-bubble-nest treatment (0),
one-bubble-nest treatment (m), and no-bubble-nest treatment (m). *P < 0.05
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Table 6 Winning status in two-bubble-nest treatment and one-bubble nest treatment.

Treatment Winner (N)  Statistical test
large bubble nest males 20 2

Two-bubble-nest treatment small bubble nest males B X' =200, NS
males with bubble nests 18 2

One-bubble-nest treatment males with 1o bubble nest 18 Xt =0.00, NS

Considering each agonistic behaviour separately, large bubble nest males performed
more chasing and less escaping behaviour than small bubble nest males (Paired #-test for
chasing: t,4 = 2.40, P < 0.05; escaping: t,4 = -2.40, P < 0.05, Figure 3a). There was no
relationship between the fighting duration and the bubble nest area difference in the two-
bubble-nest treatment (Linear regressions: = 0.026, F30=0.787, NS).

From the one-bubble-nest treatment, males with bubble nests did not win more fights
than males without bubble nest (Table 6). Males with and without bubble nests displayed the
same amount of total agonistic behaviours during fighting {(Mean + SE): males with bubble
nests: 53.45 + 13.53 times; males without bubble nests: 52.48 + 13.35 times, Paired ¢-tests:
approach: 30 = -0.183, NS; sound producing: £3o = 0.334, NS; biting: £3p = -0.362, NS;
surfacing: 30 = 0.859, NS; mouth-defying: t3p = -0.049, NS; chasing: 3o = -0.177, NS;
escaping f3p = 0.177, NS, total agonistic behaviour: #3p = 0.381, NS, Figure 3b}.

From the no-bubble-nest treatment, both males displayed the same amount of total
agonistic behaviour during fighting (Paired #-tests: approach: f39 =-1.221, NS; sound
producing: 139 = 0.418, NS; biting: £39 = -0.299, NS; surfacing: f30 = -0.610, NS; mouth-
defying: f30 = -1.203, NS; chasing: 139 = 0.158, NS; escaping 39 = 0.000, NS; total agonistic
behaviours: f30 = -1.129, NS).

Comparing agonistic behaviour between the three treatments, males from the two-
‘bubble-nest treatment performed the highest numbers of surfacing behaviour (Two-way
- ANOVA tests: surfacing: F3 136=3.595, P <0.05) and males from the no-bubble-nest
treatment displayed the highest numbers of biting behaviour (Two-way ANOVA tests: biting:
F3,186= 10.101, P < 0.001). Comparing agonistic behaviour between the winner and the loser
of the three treatments, the winners showed higher numbers of adherence and chasing
behaviour than the losers (Two-way ANOVA tests: F 136= 5.915, P < 0.05).
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Figure 3 The Mean + SD of male agonistic behaviours. (a) Two-bubble-nest
treatment. (0) and (m) represent large bubble nest males and small bubble nest
males, N = 25 fighting pairs. (b) One-bubble- nest treatment (o), and (m) represent
males with bubble nests and males without bubble nest, N = 31 fighting pairs. Male
agonistic behaviour includes approaching (A), lateral displaying (D), sound
producing (P), biting (B), mouth opening (O), going round in a circle (G), adhering
to each other (Ad), surfacing (S), mouth defying (De), chasing (C), and escaping
(E). * P<0.05

- DISCUSSION

Our results showed that female croaking gouramis preferred small bubble nest males
over large bubble nest males. This could be presumably due to four possible reasons. First, in
natural habitats, males with small bubble nest may simply be available and there was no
correlation between the bubble nest area and the male body length (Liengpornpan et al.,
2006). This pattern may be reliable to indirect selection models (e.g. runaway selection),
which predict that female mating preference and small bubble nest male evolve in concert
due to a genetic correlation between preference and the male trait (Morris et al., 1996).

Second, we observed that the newly built bubble nests are bright white and have small
dome shape. If no mating occurs in a few days after bubble nests are constructed, the bubble
nests become pale brown, and getting larger and flatter. Small bubble nests may be a good
indicator of newly built bubble nests. Males would increase the number of bubbles in order to
increase the size of their own bubble nests during three periods: (1) a few minutes before
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mating started, (2) during each spawning, while mating male spewed fertilised eggs into the
bubble nest and (3) when mating was completed. Males would place more several fine layers
of bubbles beneath fertilised eggs to prevent them from falling out of nest. Therefore, females
did not choose their mates based on bubble nest size.

Third, females have a limited number of eggs per brood. Therefore, males may build
small bubble nests that fit all the eggs. Small bubble nest males would spend less time and
energy in building their nests. These small bubble nests would have a greater surface/volume
ratio and more oxygen would get into the eggs and hatching young, leading to higher
survivorship than in the large old bubble nests. As a result, these males would have more time
and energy to spend on other activities that would directly increase their reproductive
successes, that is, (1) enticing females below their nests, (2) blowing more bubbles during
mating, (3) picking up their fertilised eggs and fish larvae that fall to the bottom after each
spawning and placing them back in the floating bubble nests, (4) egg fanning with water to
increase the amount of oxygen flow to fertilised eggs and fish larvae, (5) removing dead or
diseased eggs, and (6) chasing other rivals including the mated females away from the nests
until the spawn are free swimming, about two days after being deposited. Males guarding
eggs at the time of intrusion may be more tenacious than males that were guarding larvae
(Wiegmann and Baylis, 1995). The quality of care provided by males may be of a direct
benefit to females and may provide an important mate choice cue (Pampoulie et al., 2004).
Although this greater paternal care increased the subsequent offspring survival, it also
reduced male growth and survival (Knapp and Kovach, 1991; Steinhart et al., 2000).
However, some females prefer males that were high in fanning the nests (St Mary and
Lindstrom, 2003) and more courting or being aggressive (Gozlan et al., 2003).

Lastly, bubble nest size may be a result of compromising between sexual selection
and predation avoidance. Small bubble nests would be more camouflaged and less likely to
be detected by predators. Our findings were similar to those of wild Siamese fighting fish
(Jaroensutasinee and Jaroensutasinee, 2003) but was opposite from some fish species in
which male mating success was related markedly with increasing nest size such as sand goby
(Lindstrom 1992; Kvarnemo, 1995), blenny, Istiblennius enosimae (Sunobe et al., 1995), and
Japanese stream goby (Takahashi et al., 2001). Some fish build small opening nests, reducing
predation risks including sand goby, Pomatoschistus minitus (Svensson and Kvarmemo,
2003) and allowing successful egg-ventilation including common goby, Pomatoschistus
microps (Jones and Reynolds, 1999).

Our results showed that female croaking gouramis did not prefer males with bubble
nests over males without bubble nests. This indicates that the visual aspects could be
irrelevant or only minor in criteria for female preference. Sound emission might be a very
effective way of assessing the physical strength of the producer (Ladich et al., 1992).
Therefore, female croaking gouramis may assess male quality through sound characteristics.

Generally, bubble nest size can be an indicator of vigorous and healthy of builders
(Barber et al., 2001). For example, in Azorean rock-pool blenny, Parablennius
sanguinolentus, nest-holder males were more aggressive towards other males (Oliveira et al.,
2002). Our results did not show that bubble nest presence/absence or bubble nest size was
associated with wining status, fighting duration or male body size. Similar findings were
showed in Siamese fighting fish. Large bubble nest males did not win more fights than small
bubble nest males (Jaroensutasinee and Jaroensutasinee, 2003).

This study shows the optimal response from females when holding a bubble nest and
paternal care were in conflict. In croaking gouramis, large nest size and holding bubble nest
did not affect females for sexually accepting males. Males with large bubble nests might not
always reflect the male’s contribution to paternal care and the outcome of contests because
they do not win in most fights. Further studies are needed to clarify other cues that females
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should use for predicting male characters or paternal quality. Fish nests may be used as only a
courtship strategy but bubble nest size may provide honest information about male quality.
Males who invested less in nest building may reserve their energy for parental effort. Thus
females had a marked preference and seemed to mate with small bubble nest males, although
these characteristics may decrease mating success. However, female croaking gouramis may
use other nest-cues to increase their reproductive success including territory quality (nest site
concealment) (Sargent and Gebler, 1980; Sargent, 1982), nest structure (Jones and Reynolds,
1999) or structurally complex nest site such as densely vegetated site (Candolin and Voigt,
1998). The structural complexity of habitats is known to affect predator foraging success
(Candolin and Voigt, 1998). Furthermore, there were some male characteristics that females
did not prefer such as well-fed males in common goby, Pomatoschistus microps (Svensson
and Forsgren, 2003) and foreign males in Pacific blue-eye, Pseudomugil signifer (Wong et
al., 2004). However, nest structure or time span before a male starts to build his nest may be
of a direct benefit to females for providing an important mate preference cue (Barber, 2001;
Svensson and Kvarnemo, 2003). This suggests that females may gain valuable information
regarding male health status from nest inspection. Otherwise, both natural selection and
sexual selection may act on male nest-building in croaking gouramis.
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Mating habits and nesting habitats of the croaking gourami Tri-
chopsis vittata ™

Supanee LIENGPORNPAN, Mullica JAROENSUTASINEE™, Krisanadej
JAROENSUTASINEE

Institute of Sciences Walailak University, 222 Thasala District, Nakhon Si Thammarat 80160, Thailand

Abstract Croaking gouramis Trichopsis vittata were investigated in the two types of habitats in which they occur in
Thailand: rice paddy ficlds and small ponds. Croaking gouramis inhabit shallow standing water with dense vegetation near
the margin of both habitats. Nest sites in rice paddies were higher in pH, dissolved oxygen, and temperature but lower in
specific conductances total dissolved solids and water depth than in small ponds. Population densities of croaking gouramis
were lower in rice paddies than in small ponds. Males were heavier and bigger than females. There werc positive correla-
tions between male weight and body length and width, whereas female weight was positively correlated only with body
length. There was no correlation between the bubble nest arca and the male body length and weight. Male and female
embraced many times during mating. There were (Mean = SD) 3.74 + 1.02 eggs per embracement, 84 +12.97 em-
bracement/ spawnings and 314 + 109.77 eggs/spawning with a spawning duration of 178 £ 51.17 min. Fish larvae
hatched within 30.75+0.55 h and 2-day old fry’s sizes were 3.21 £0.29 mm [ Acta Zoologica Sinica 52 (5): 846 —
853, 20061.

Key words Croaking gouramis, Trichopsis vittata» Mating habits, Nest habitats
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Many fish species commonly select particular

habitat types in an apparent effort to increase their re-
productive success ( Jenkins and Wheatley, 1998
Bremset and Berg, 1999; Chaves and Bouchereaus
2000; Morrow and Fischenich, 2000: Olivotto et
al.» 2003; Wildhaber and Lamberson: 2004). These
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habitat choices could influence the costs and benefits
of time and energy devoted to different activities
(Hart and Reynolds, 2002). Habitat requirements
can influence many aspects of fish biology—they can
affect distribution ( Darling, 2000:; Clay et al.,
2004) and colonisation ( Roberts and Poore, 2006),
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interact with genetic parameters to influence the tim-
ing of sexual maturity (Wild et al.» 1994), interact
with environmental cues in regulating the reproduc-
tive cycle (Omori» 1995), influence mating and
breeding systems (Sato, 1994; Reynolds, 1996;
Dickerson et al.» 2004), impede and/or enhance the
evolution of reproductive isolation ( Magurran and
Phillip, 2001) and reflect the distinctive functional
morphology of fishes (Motta et al. » 1995).

The croaking gourami ( Trichopsis vittata» Cu-
vierr 1831) is a small dull coloured freshwater fish
native to Indonesias Vietnam and Thailand (Smith,
1945; Sandford, 2000). This fish inhabits shallow
standing freshwater habitats such as rice paddy fields
and small ponds. They are most notable for their au-
dible rattling or croaking noise, which can be heard
during breeding or fighting. This fish has been select-
ed artificially for many generations in the pet trade,
and it has mostly been studied in the lab with heavily
inbred pet shop lines. Previous studies have focused
on its agonistic behaviour ( Bischofs 1998;
Henglmiiller and Ladich, 1999 ), vocalisations
(Ladich et al.,» 1992; Ladich, 1997; Ladich and
Yan, 1998; Wysocki and Ladich, 2001) and hearing
(Yan, 1998; Ladich and Popper, 2001; Wysocki
and Ladich, 2002). Little is known about the ecolo-
gy» habitat preferences and reproductive behaviour of
wild populations.

Although the croaking gourami is not in the I-
UCN Red List, the artificial selection in many re-
gions of the world and their introduction of pet shop
breeds into natural populations: together with the de-
cline of this native species in its natural habitats,
makes it important to study the natural ecology of the
species. Therefore, field data on the water quality
parameters of its nesting site would be valuable for
understanding habitat associations and behavioural e-
cology.

This study aims to investigate the characteristics
of two kinds of croaking gourami habitats: rice paddy
fields and small ponds, sexual size dimorphism of wild
croaking gouramis, relationship between bubble nest
size and . male body size» and reproductive biology.
Two hypotheses were tested. First, if the character-
istics of the rice paddy fields and the small ponds were
significantly different, then the sizes of the fish and
their bubble nest areas from both habitats should be
significantly different. This is because this fish may
have some morphological adaptation or natural selec-
tion to particular habitats. Second. if bubble nest ar-
eas depended on the sizes of the builders, then the
bubble nest areas should be positively correlated with
the male body length and/or weight. This is because
the larger males should be capable of building larger
bubble nests.

1 Materials and methods

1.1 Species description

The croaking gourami is a tropical freshwater
fish of the suborder Anabantoidea, family Belontiidae
(Smith, 1945; Sandford» 2000). This fish is capable
of utilising the oxygen present at the water surface via
its labyrinth organ (i.e., a bony structure formed by
a segment of gill arch and covered with a respiratory
epithelium) (Graham, 1997). Males and females
usually attain sexual maturity after 4 months of age
with a standard body length of 3 — 4 cm (Henglmiiller
and Ladich, 1999). Both sexes are brown-bodied
with three horizontal stripes. Males have more red-
dish and elongated dorsal fins than females. Females
are smaller; and duller than males. Males build bub-
ble nests that consist of mucus-covered bubbles that
stick together in a mass and bind with emergent
plants on the water surface (Helfman et al., 1997).
1.2 Fish sampling

All field work was carried out during 07: 00 —
10:00 h in the middle of the breeding season (i.e.,
April and May 2004 ) in Nakhonsithammarat
Provinces southern Thailand (08" 29.381" — 08°
29.384" N, 99° 55.138" — 99° 55.437" E). After
10:00 h» nest-holding males tend to leave their bub-
ble nest to find food (M. Jaroensutasinee pers. obs. ).
We divided our study into two parts: plot study and
outside plot study. For plot study, we set out 10
plots in rice paddies and 10 plots in small ponds. For
outside plot study, we collected additional data from
112 bubble nests found outside plots.

For plot study» ten 4 m*(2 mX 2 m) sampling
plots in rice paddy fields and ten 4 m?(2 mX 2 m)
plots in small ponds were used. We selected rice pad-
dy fields and small ponds where there were bubble
nests present. Then at each rice paddy field or small
ponds we set one plot per rice paddy field or small
pond in order to avoid a pseudo-replication and ran-
domly sampled between these two habitats with re-
spect to days. The water depth of bubble nests was
measured to its nearest 1. 0 mm. The bubble nests
were photographed with a ruler for scale and width
(a) and length (b) were measured using a Vernier
Calliper. Bubble nest area ( A) was estimated using
the elliptic equation {A =x (ab/4)}. If there were
other bubble nests nearby within 1 m, the distance
from each bubble nest to the nearest neighbouring
bubble nest was measured by tape before the male
nest builders were captured.

We collected three water samples at three points
of the plot along diagonally straight line from corner
to corner: two samples from the corners and one from
the centre of the plot. Water characteristics measured
in each plot included temperature, transparency, pH
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using a pH metre, dissolved oxygen (DO) using Ori-
on-Model 835, specific conductivity and total dis-
solved solids ( TDS) using Mettler Toledo-Model
MX300. The water samples were taken to the labora-
tory for measurement of biochemical oxygen demand
(BOD) by using a standard method for the examina-
tion of water and wastewater ( APHA, 1998), ni-
trite» nitrate and phosphate by using ion chromato-
graphy based on U.S. EPA method 300 (EPA,
1993). After the water samples were collected, all of
the fish in a plot were captured and counted in order
to calculate population density and adult sex ratio.
The adult sex ratio was calculated as the number of
sexually active males divided by the total number of
sexually active adults of both sexes in the plot
(Jirotkul, 1999).

For outside plot study, 112 nest-holding males
were collected outside the sample plots and their bub-
ble nests were measured in order to improve estimates
of average male body size,» water depth, and bubble
nest sizes. We recorded the number of bubble nests
with eggs. If there were eggs in bubble nests, all
eggs were collected from the nests and cqunted in the
laboratory. Ten randomly selected eggs from each
nest were measured for diameter to the nearest 0. 01
mm using a Vernier Calliper.

1.3 Body weight and body size measurements

All fish from both groups were taken to the labo-
ratory and their body weight measured to the nearest
0.01 g by using a Mettler digital balance. The fol-
lowing procedure was followed by measuring fish
body length and width. First, each fish was placed in
an aquarium, measuring 25.0 cm X 12.5 ¢m X 16.0
cm high filled with water to depth of 3 cm. Second.
a piece of Plexiglas with a ruler was placed in the
aquarium to provide scale. Finally, after 1-min accli-
matisation periods the fish was photographed with a
digital camera ( Sony Mavica, model-FD91). The
digital pictures were then used to estimate the fish
body length from the tip of the upper jaw to the cau-
dal peduncle; and body width. This procedure de-
creased the probability of killing or damaging fish
from using anaesthetic drugs.

1.4 Reproductive bielogy

The test subjects were wild caught croaking
gouramis collected in April and May 2004 from
Nakhonsithammarat. The fish were maintained in the
laboratory with natural light approximately 12 : 12
light:dark cycle and fed daily with ant eggs. Twenty
males and twenty females were housed in separated 1-
L bottles to prevent fighting. A female was placed in
her 1-L bottle next to a male in his 1-L bottle until
she became gravid. Gravid females had yellowish o-
varies apparent through their scales ( Liengpornpan,
per. obs.). The male was then placed in a 37-L

tank, measuring 50.0 cm X 25.0 cm X 30.0 cm high,
densely planted with aquatic vegetation. Males built
their bubble nests within 24 h after being placed in
the tank. A gravid female was placed in the tank with
the nest-holding male in the evening at approximately
15:30 h of the second day after the nest-holding male
had been placed in the tank. We recorded male and
female courtship behaviours, the number of eggs re-
leased per embracement, the number of embracement
per spawning» ‘the total number of fertilised eggs per
spawning, spawning duration, and the total time
spent from fertilised eggs to fish larvae. Ten random-
ly selected fish larvae from each nest were measured
for total body length to the nearest 0.01 mm using a
Vernier Calliper.
1.5 Data analysis

All variables were tested for normality using Lil-
liefors’ test and log transformed when necessary to
achieve normality, as in fish body weight and bubble
nest area. Independent-sample ¢-tests were used for
comparisons between rice paddy field and small pond
habitats. Pearson correlations were used to test the
association among body measurements, and body size
and bubble nest area. All significant tests were two
tailed.

2 Results

2.1 Habitat characteristics .

There were 11 bubble nests found in ten plots
within rice paddy fields and 12 bubble nests found in
ten plots within small ponds. Croaking gouramis built
their bubble nests in clear shallow standing water
with dense vegetation, floating plants or other struc-
turally complex features along the edges of their habi-
tats. Habitats used were characterised by low values
in pH,» DO, transparency> BOD, nitrites nitrate,
and phosphate but high values in specific conduc-
tance» TDS and temperature ( Table 1), relative to
water qualities measured from natural streams and
rivers. Differences were found between rice paddy
fields and small ponds in pH, specific conductance,
DO, TDS, water depth, temperature and population
density ( Table 1 and 2). There were other fish
species found in plots within both rice paddy fields
and small ponds, including wild Siamese fighting
fish, other gourami species; needle fish, serpent-head
fish, eel and catfish.
2.2 Fish size and bubble nest size

Males were heavier and bigger than females
(Table 3. There were positively correlated between
male weight and body length and width (Pearson cor-
relation coefficient, length: r;755 = 0.797, P <
0.001; width: r;55 =0.823, P<0.001), whereas
fernale weight was positively correlated only with its
body length (Pearson correlation coefficient, length:
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Table 1 The Meant SD of water characteristics of croaking gourami nest sites in rice paddies and small ponds
Mean + SD
Characteristics 1-test
Rice paddy field Small pond

pH 6.83+0.57 5.00+0.36 113=3.89"
Specific conductance (uS/cm) 35.92+£6.38 51.38+12.71 tig= —3.44"
Dissolved oxygen (mg/L.) 5.44+1.13 1.67£0.70 t13=8.95"
Total Dissolved Solids (mg/L) 18.20£3.17 25.77%+6.33 t1g= —3.38"
Transparency cm) 12.17+£6.07 11.55+4.74 £13=0.26
BOD (mg/L> 2.61+0.83 2.64+0.74 13= —0.085
Nitrite (mg/L.) ND ND -
Nitrate {mg/L) ND ND -
Phosphate (mg/1.) ND ND -
Water depth (cm) 11.0£3.6 50.4+23.0 tig= —5.366"
Temperature (°C) 31.6x1.79 29.8%1.1 t1g=2.65"

ND = not detected (NO,<0.17 mg/L, NO;<0.21 mg/L, PO}~ <0.08 mg/L). P<0.001.

Table 2 The Mean + SD of population parameters, body size and bubble nest dimensions of croaking gouramis in rice paddies and

small ponds
Mean + SD
Characteristics t -test
Rice paddy field Small pond -
Population density Cindividuals/m?) 2.23+£2.21 7.83+£7.41 ty=—2.29"
Adult sex ratio 0.81+0.29 0.80+0.32 £15=0.10
Bubble nest width (cm) 1.83+0.79 2.45+0.88 tn=-1.79
Bubble nest length (cm) 1.97+0.89 2.60+0.96 ty=—-1.63
Bubble nest area (cm?) 3.09+2.02 5.18+£3.38 1= -1.78
Water depth at bubble nests (cm) 10.6+4.8 15.4+16.2 tyy=—0.94
Male length (cm) 3.58+0.38 3.39+0.17 t2=1.60
Male width (cm) 1.09+0.14 1.03+0.09 tn=1.21
Male weight (g) 0.89%0.15 0.79+0.14 £ =1.61

" P<0.0s.

Table 3 The Mean * SD of croaking gourami weight, length
and width

Males Females

Body measurement " 106y (r=10) ertest
Weight (z)  0.86£0.23 0.59£0.10  #.5=3.70"
Length (cm)  3.51£0.35 3.174#0.21  £,5=3.07"
Width (cm)  1.03£0.12 0.91£0.04  £,=7.30"

*P<0.005."P<0.001.

r10=0.735, P<0.05; width: r;4=0.430, NS).
We collected all males found both in plots and
outside plots during field surveys. We found 175
males but only 112 of these males built bubble nests.
All 112-bubble nests were located in the shallow wa-
ter near the edges of rice paddy fields and small

ponds. There were only two out of 112 nests that had
eggs ( Table 4) . Most nests were built in newly
flooded areas. There was no correlation between the
bubble nest area and the male body length and weight
( Pearson correlation coefficient, length: '
0.049, NS; weight: r{1;=0.024, NS).
2.3 Reproductive biology

Fifteen out of 20 pairs were spawning. During
16:00 — 18:00 h, a nest-holding male enticed a
gravid female to visit his bubble nest. The nest-hold-
ing male chased this female vigorously until she swam
towards him and followed him to his bubble nest.
Then he wrapped his body around the fernale juxta-
posing their genital pores. These embraces were ac-
companied by the release of eggs with a Mean + SD of
3.74 + 1.02 eggs per embracement. Following each
embraces the male chased the female from the imme-

rwe <
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diate vicinity of the nest. A male released his sperm
to fertilise the eggs, picked the fertilised eggs up in
his mouth and spewed them into the bubble nest. A
mating sequence consisted of an average of 5— 6 pseu-
do-spawning bouts (i.e. embraces without the release
of eggs) and 84 + 12.97 spawning bouts (i. e. em-
brace with egg release). The couple repeated this em-
bracement process over a Mean + SD of spawning du-
ration of 178 £ 51.17 min. This resulted in a Mean £
SD of 314 + 109.77 eggs released per spawning.

When this external fertilisation was over, the nest-
building male chased the mated female out of his bub-
ble nest, placed the fine layers of bubble beneath the
eggs to ensure that the eggs remained in. the bubble
nest and solely defended the nest and surrounding ter-
ritory. The fry hatched within a Mean £ SD of 30.75
1+0.55 h and continued developing under the bubble
nest. Two days after hatching. fish larvae were free
swimming with a Mean size + SD of 3.21 + 0.29
mm. -

Table 4 The Mean * SD and range of bubble nest size, water depth, distance to nearest nest. and egg diameter

Measurement Sample size Mean + SD Range
Bubble nest width (cm) 112 1.74+£0.79 0.32—-4.15
Bubble nest length (cm) 112 1.87+£0.95 0.40-5.57
Bubble nest area (cm?) . 112 2.79+2.02 0.10—-8.55
Water depth (cm) 112 13.80£16.36 3.00-98.00
Distance to the nearest nest (cm) 7 60.4+42.6 9.0-120.0
The number of bubble nest with fertilised eggs 2 373.5+38.9 346 - 401
Egg diameter (mm) 20 0.78+0.08 0.64—0.92

3 Discussion

3.1 Habitat characteristics

Croaking gouramis live in shallow lentic water,
which is rather turbid (i.e.s low in transparency and
high in TDS) from organic substances and clay parti-
cles. This murky condition is common to rice paddy
fields and small ponds throughout Thailand. Qur re-
sults showed that population density was higher in
small ponds than rice paddies. This may be due to
two possible reasons. First, the environment of rice
paddies is more extreme than small ponds. During
dry season, there will be almost no water available in
the rice paddies> but lots of water in small ponds.
During the early wet season, rice paddies will be used
for rice cultivation, lots of water present in the pad-
dies, less vegetation, lots of animal disturbance Ce.
g.» water buffalos, and ducks), and a high amount
of fertilisation and pesticide used from rice cultiva-
tion. Second, the higher fish density in small ponds
may be related to the highly dense vegetation in small
ponds (Liengpornpans per. obs.). However, we did
not measure vegetation density in our study. For fu-
ture study, the effect of vegetation complexity on fish
density should be examined. Croaking gouramis may
prefer to live in shallow water with dense vegetation
due to three possible reasons. First; dense aquatic
vegetation in shallow water could minimise predation
risks from piscivorous fishes, crabs, prawns and
snakes (Kramer et al. » 1997) and reduce intraspecif-
ic interactions ( Corkum and Cronin, 2003). Second,
males could use these emergent plants to hold the

bubbles together or prevent them from drifting into
unsuitable habitat for the fry. Third, males could
easily pick up the fertilised eggs and fish larvae, and
spew them back to their bubble nests in shallow wa-
ter. In deeper cloudy water, males might not be able
to see fertilised eggs or fish larvae at the bottom very
well or males might spend too much energy on pick-
ing up eggs and larvae up from the bottom. Many
studies have demonstrated that prey organisms select
microhabitats with high structural complexity as a
way of reducing predation risks ( Pamala and Ken-
neth, 1994; Prenda and Granado-Lorencio, 1996;
Elkin and Baker, 2000). Many fishes are most abun-
dant in shallow areas because these habitats enhance
growth and survival of young, e.g.» pinfish (Jordan
etal.,» 1997), Atlantic salmon (Bremset and Berg,
1999), cod (Linehan et al.,» 2001, and winter
flounder (Manderson et al., 2004).

Rice paddy fields and small ponds differed in wa-
ter characteristics Ci. e.> pH, conductivity, DO,
TDS, water depth, and temperature). Therefore,
croaking gouramis can occupy a wide range of habitat
typess especially in poorly oxygenated water (1.67
mg/ L), which is lethal to most fishes within 24 h (i.
e.»<3.5 mg/L) (Moore, 1942) and slightly acidic
water (pH 5) which could cause slow growth in fish
species (i.e., pH<6.5) (Boyd, 1996). These lim-
iting factors can influence fish distribution
(Matthews, 1998), increase mortality rate and de-
press hatching success in many fish species ( Keckeis
et al.» 1996; McNatt and Rice, 2004). However,
this physical constraint does not apply to croaking
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gouramis because this species has a labyrinth organ.
In addition, this fish builds a bubble nest to hang its
eggs and young to expose them to oxygen directly.
Therefore; building bubble nests may be an adapta-
tive behaviour» which enables gouramis to live in a
hypoxic environment.

3.2 Fish size and bubble nest size

Large body size in males of many species may
have evolved because of the advantages of large size in
promoting success in male-male competition ( Bisazza
et al., 1989; Poncin 1996; Bisazza et al., 2000).
Sexual size dimorphism (i.e., males are larger than
fernales) has been shown in many fish species includ-
ing Pacific salmon (Fleming and Grosss 1994), sock-
eye salmon ( Quinn and Foote, 1994 ), tilapia
(Toguyeni et al.» 1997), neotropical armoured cat-
fish (Hostache and Mol, 1998), dark chub (Katano,
1998), rainbow trout (Bonnet et al., 1999), and
wild Siamese fighting fish ( Jaroensutasinee and
Jaroensutasinees 2001 ). Our results showed that
male croaking gouramis were generally heavier and
bigger than females. In croaking gourami, only males
exhibit parental care including building bubble nests,
caring for the eggs and fish larvae and defending the
territory. Therefore, larger males in this species
would have a selective advantage over small males.
However, there is no data available on the relation-
ship between male size and reproductive success in
croaking gouramis. It has been demonstrated that
male body size is positively correlated with reproduc-
tive success in some fish species with male parental
care (e.g.> mottled sculpins ( Downhower and
Brown, 1980) and lumpfish ( Goulet and Green,
1988).

From our field surveys, we found that croaking
gourami’ s bubble nests were difficult to find. Once
we found bubble nests, there were only two out of
112 nests that had eggs in them. The low number of
bubble nests with eggs found during our field surveys
could be because we might have collected our field
surveys early in the breeding season. However, this
would be very unlikely because the field surveys were
conducted covering the two months period in April
and May. '

This study offered clear evidence that male
croaking gouramis built their bubble nests similar in
size. This means that larger males did not build larger
bubble nests. There could be two possible reasons.
First, a small bubble nest would be energetically less
costly to build and guard. Therefore, by spending
less time and energy building a small bubble nest, a
nest-holding male will have more time and energy to
spend on searching for mates, courting them and de-
fending his territory from other potential rivals. Sec-
ond, large gourami males should not spend too much

energy in increasing bubble nest size because females
have a limited number of eggs per brood. Therefore,
males may not increase their reproductive success by
building larger bubble nests. Males should spend their
energy on other activities that would directly increase
their reproductive successes such as enticing females
into their nests, defending territory from other
maless, and egg fanning to increase the amount of
oxygen flow to fertilised eggs and fish larvae.

QOur results for croaking gourami were not con-
sistent with previous observations of an ecologically
similar species, the Siamese fighting fish Betta splen-
dens (Jaroensutasinee and Jaroensutasinee, 2001).
Male fighting fish built their bubble nests according
to their size ( Jaroensutasinee and Jaroensutasinee,
2001). The difference between our study and the
fighting fish’s study could be due to several reasons.
First fighting fish might be under different selective
pressure than gourami. Second, female fighting fish
might vary in size and the number of eggs per brood.
Therefore, larger fighting males might only choose
larger females as mates. Third, there might be less
nest-holding fighting fish males in the wild than fe-
males. This would cause an operational sex ratio bi-
ased towards females. As a result, larger nest-holding
males are very rare and should become the choosier
sex. Therefore, these larger nest-holding males may
prefer larger gravid females that can provide larger
broods as mates. In addition, fighting fish females
did not show any preference towards males with larg-
er bubble nest sizes { Jaroensutasinee and Jaroensutasi-
nee, 2003). This implies that females in this species
are not the choosier sex.

3.3 Reproductive biology

Many studies have been published on belontiid
mating behaviours and emphasised on the behaviour
of single pairs with the confines of small aquaria Ce.
g.» Forselius, 1957; Miller and Robinson, 1974;
Pollak et al., 1981). Our results confirmed previous
findings about gourami reproductive behaviours.
Males establish territories that they defend against
conspecifics and in which they construct bubble nests
at the water’s surface. Our results showed that
croaking gourami tended to spawn in the evening.
Similar finding has been reported in wild Siamese
fighting fish Betta splendens ( Jaroensutasinee and
Jaroensutasinee, 2001).

QOur results confirm that wild-caught croaking
gourami can breed in the laboratory condition success-
fully as shown in many fish species including catfish
Heteropneustes fossilis (Bloch) (‘Thakur and Nasar,
19772, blue gourami Trichogaster trichopterus (Pol-
lak et al. » 1981), mollies Poecilia spp. ( Woodhead
and Armstrongs 1985), common goby Pomatoschis-
tus microps ( Svensson and Forsgren, 2003). Howev-
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er» our experimental design was set up as a single pair
within the confine of small aquarium. The observa-
tions were terminated after a single spawning episode
in order to save the female from serious injury or
death ( Miller, 1964). Therefores we cannot con-
clude whether the reproductive biology of croaking
gourami is a single mating. Previous study on blue
gourami» Trichogaster trichopterus, has demonstrat-
ed that the reproductive biology of this fish is a multi-
ple matings (i.e.» the mating occurrence of two or
more days with a single partner or with two or more
partners on one or more days) (Pollak et al. » 1981).
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Abstract: In Thailand Croaking gouramis (Trichopsis vittata, Cuvier, 1831) were found to

inhabit shallow water with dense vegetation around the edges of rice paddy fields and in small
ponds. The shallow nesting water was low in pH, dissolved oxygen, salinity, turbidity,
biochemical oxygen demand, nitrite, nitrate, and phosphate, but had high levels of conductivity,
temperature, and total dissolved solids. Water and fish characteristics in the rice paddy fields
differed from those found in the ponds in terms of pH, conductivity, dissolved oxygen, total
dissolved solids, phosphate, water depth, temperature, and population density. Males were
generally heavier and bigger than females. There was positive correlation between the weight of
male fish and its body length and width. However, female weight correlated positively only with

body length. There was no correlation between the bubble nest area and the body length and
weight of males.

Introduction: During breeding seasons, many fish seek out potential mating partners and
suitable spawning habitats [1]. This study was conducted to gain further understanding of the

croaking gouramis, which are native to Thailand, in their natural environment and the
physiological ecology of their habitats.

Methodology: All fieldwork was carried out in Nakhonsithammarat Province during a breeding
season from April to May 2004. Ten individual 4 m®> (2x2 m) plots were marked on the ground
surface of rice paddy fields and small ponds. The water depth of each bubble nest was measured.



The bubble nests were then photographed so that the width (a) and length (4) could be measured
in the laboratory. The nest area was estimated using the ellipsoid equation (4 = fab). The
shortest distance between bubble nests was measured before the male nest builders were
captured. The water characteristics were measured before all the fish in the plot were captured,
and population density and adult sex ratio calculated. In order to achieve great accuracy in
estimating average male and female body sizes, water depth, and bubble nest size, additional fish
outside the twenty plots were collected and their bubble nests measured. All eggs were collected
from the nests, counted, and ten randomly selected eggs from each nest were measured.

Table I. Mean + S.D. of water characteristics in habitats of croaking gouramis, their bubble nest
size and body size. *P < 0.05, ** P <0.001.

Mean + S.D.
Characteristics Rice Paddy Field Small Pond £ - test

pH 6.82 + 0.66 6.00£0.53  ts3= 5.28%*

Conductivity (mSecm ™) 35.43+ 7.49 51.38+13.33  ts5=-5.71**
Dissolved oxygen (mgel ") 551+ 1.34 1.47+0.76  146=14.33%*
Total dissolved solids (mgel ') 17.95+3.73 25.77+£6.63  tsg=-5.63**
Salinity (ppm) 0.0+0.0 0.0+0.0 -
Turbidity (cm) 11.8+7.6 11.6 £ 6.6 tsg= 0.12
Biochemical oxygen demand (mgel ") 26+1.0 26+08  ts3=-0.04
Nitrite (mgel ") 0.00 + 0.00 0.02+0.08 to=-1.44
Nitrate (mgel ") 0.01 + 0.06 0.00 £0.00 0= 1.00
Phosphate (mge! ) 0.07 £ 0.17 0.00+0.00 fo= 2.28*
Depth (cm) 11.1+4.0 504+£274  t3=-7.79%*
Temperature (°C) . 31.65+ 1.71 29.80 £ 1.09  149= 5.00**
Population density (individualsem '2) 223+£2.21 7.83+7.41 = -2.29*
Adult sex ratio 0.81+0.29 0.80+0.32 1ng= 0.10
Bubble nest width (cm) 1.83 +0.79 245+0.88 £ =-1.79
Bubble nest length (cm) 3.58+0.38 339+ 0.17  £;=-1.60
Bubble nest area (cm)’ 12.36 £ 8.07 20.71 £ 13.52 £, =-1.78
Water depth (cm) 10.6 4.8 154+162 1;=-0.94
Male length (cm) 3.58 +0.38 339+ 0.17 tiu= 1.55
Male width (cm) 1.09 +0.14 1.03£0.09 1= 1.21
Male weight (g) 0.89 +0.15 0.79+0.14 ;= 1.61

-

Results, Discussion, and Conclusion: We investigated the physical and biological features
required by the croaking gouramis to complete their life cycle. They inhabited shallow bodies of
water (Table [) with dense vegetation that were similar to the natural habitat of wild Siamese
fighting fish [2]. They produced bubble nests on the water surface consisting of mucus-covered
bubbles that stuck together. The water in which the fish bred was characterized by low values in
pH, dissolved oxygen, salinity, turbidity, biochemical oxygen demand, nitrite, nitrate, and
phosphate but high values in conductivity, temperature, and total dissolved solids (Table I). Thus
this species is a labyrinth fish that is well adapted to warm water with very low oxygen levels.
Water and fish characteristics in the rice paddy fields differed from those found in the ponds in



terms of pH, conductivity, dissolved oxygen, total dissolved solids, phosphate, water depth,
temperature, and population density (Table I). Significant sexual dimorphism was noted as males
were heavier and bigger than females (Table II). There was a high correlation between male
weight and body length and width (Pearson correlation coefficient: length: r;75=0.797, P<0.001;
width: r,75=0.823, P<0.001) whereas female weight correlated only with body length (Pearson
correlation coefficient: length: 6=0.735, P<0.05; width: r(=0.430, NS). All 114 bubble nests
(Table I1I) were located near the edges of rice paddy fields and in small ponds. There was no
correlation between ‘the bubble nest area and the male body length and weight(Pearson
correlation coefficient: length: r11,=0.056, NS; width: r{15=0.041, NS).

Table II. Mean + S.D. of croaking gouramis weight, length and width. », Sample sizes; ¢ — tests
were two-sample tests with separated variance and Bonferroni adjustment, *P < 0.005,
**p <0.001

Body measurement Males (n=175) Females (n=10) t - test

Weight (g) 0.85+0.23 0.59+0.10 t193=3.70**
Length (cm) 3.51+£0.35 3.16 £ 0.21 t13=3.07*
Width (cm) 1.03 £0.12 0.91+£0.05 t;; =7.30%*

Table III. Mean + S.D. and range of bubble nest width, length, depth, area, the shortest distance
between nests, and egg diameter. »n, Sample sizes

Measurement . n  Mean £ S.D. Range
Bubble nest width (cm) 114 1.78+0.82 0.37-4.15
Bubble nest length (cm) 114 1.94+1.08 0.18-6.00
Bubble nest area (cm)® 114 12.12+10.80 3.00-98.0
Water depth (cm) 114 14.08+16.53 0.21-75.4
Distance to the nearest nest (cm) 7 60.4+426 9.0-120.0
The number of eggs per nest 2 373.5+389 346-401
Egg diameter (mm) 20 0.78+0.08 0.64—-0.92
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Male body size, female mate choice and male contest in croaking gouramis (Trichopsis vittata)
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Abstract: Female croaking gourami (Trichopsis vittata Cuvier, 1831) did not choose their mates based on male size, although the larger males
won more fights. There were differences in fighting duration between 10 SD treatment (the same body size treatment) and X1 SD treatment (the
different body size treatment). Comparing agonistic behaviours between both treatments, the fighters of 0 SD treatment performed more vocal
display, biting, and total agonistic behaviour than in the £1SD treatment. Considering each agonistic behaviour separately between large and small
males in £1SD treatments, the larger males performed more chasing than the smaller ones and the smaller males displayed more escaping than the
larger males. The results suggest that sexual size dimorphism in this species which males are larger than female may derive only from ihe maie-male
competition.

Introduction:

This study is first to investigate whether a larger male
gourami has an influence on female choice and/or
male-male competition.

Hypothesis:

# If female choice is influenced by male body size,
then female should spend more time with the larger |
male than the smaller one.

Adits

= If male contest provides an I cue in mati
success, then the larger male should win the fight.

» Fighting duration should decrease as the body size
difference between the males increases.

Methodology:

# The female preference experiments were being carried out in an aquarium divided into three compartments.
The two equal smaller compartments were housed males and the larger one contained the gravid female. Each
trial comprised of two 10-min observation sessions with a 5-min interval. During observation periods, the
behaviours of the trio of fish were noted and the number of seconds the females spent in each position of the
three compartments was recorded in the computer. Two treatments were conducted using males in which there
was a body length difference of £ 0 SD and £ 1 SD of male body length.

# For the male-male competition tests, the same pairs of tested males from the female preference tests were
placed in a 1 litre bottle. Agonistic behaviours were recorded including approach, lateral display, vocal display,
biting, mouth opening, going round in a circle, adherence, surfacing, mouth defiance, chasing and escaping.
Fighting duration were recorded until one of the males retreated.

Results and Discussion:

There was no female preference with greater male body size (independent sample #test, ¢ ;,, = 0.39, P<0.001;
Fig.1). Larger males won more fights (x? test for £1SD treatment: 15.52, P<0.05). The larger males performed
more chasing than the ller ones (paired t-tests for chasing: f;, =3.147, P<0.05) and the smaller males
displayed more escaping than the larger males (paired r-tests for escape: 5, =-3.147, P<0.05; Fig. 2). Thus
sexual size dimorphism in this species may evolutionarily derive, easily maintain and be more obvious by only
male contest. The male-male competition and female mate choice can ti work contemp ly in the
opposite directions (Qvarnstrom & Forsgren 7998). This balancing sexual selection on the male body size of
gouramis may act to maintain the genetic variation in sexually selected traits (Moore & Moore 1999).

Reference:

¢ Moore AJ, Moore PJ (1999). Balancing sexuai
selection through opposing mate choice and male

o[ competition. P Roy Soc Lond B Bio 266: 711-716
06 3 i ; « Qvarnstrom A, Forsgren E (1998). Should
04 ‘ : P.s;:. !. Female prcfcrotjcc and m;flc females prefer d t males? TREE 13:
E 02 1 l size differences of £ ¢ SD and +1 SD 498-501
E ool — 1 ' in male standard body length,
L ! :
: . Keywords:
o male body size, female mate choice, male contest,
G 3 ) croaking gouramis, Trichopsis vittata
SDof mak body kngih difference
® Fig. 2 Mean (2SE) of agenistic behaviour
between large (o2}, and small (w) males in + 1SD ACkHOWIEdgementS:

treatments, n = 40 fighting pairs. Male agonistic  This work was supported by the TRF/BIOTEC

behaviour includes approach (A), lateral display
(). sound producing (P}, biting (B}, mouth
apening (), Going round in a circle (G)
adherence (Ad), surfacing (S), mouth defiance
(De), chasing (C), escaping (E) and fotal
agonistic behaviour (Total), * P< 005,

i
3
I
" I“
R R PRI s

Special Program for Biodiversity Research and
Training grant BRT R_247004, CX-KURUE, the
Institute of R ch and Development, Walailak
University and Department of Biology, Faculty of
Science, Thaksin University.




HABITAT CHAR TEleTlCS OF CROAKING (;Ol RAMI

‘wp‘mcc Lier

CX-KURU¥

(Trichopsis vittata)

Abstract

We investigated two types of croaking gourami habitat in Thailand: rice paddy
fields and small ponds. We found that gouramis inhabit shallow water with dense
vegetation near the margin of rice paddy fields and small ponds. Nesting water
was low in pH, dissolved oxygen, salinity, transparency, biochemical oxygen
demand, nitrite, nitrate, phosphate and water depth but high in specific
conductance, total dissolved solids and temperature. We compared the water
characteristics and croaking gourami body sizes between two natural habitats.
We found that the different characteristics were pH, specific conductance,
dissolved oxygen, total dissolved solids, phosphate, water depth, temperature and
population density. Generally, males were heavier and bigger than females. Male
weight was positively correlated with its length and width but female weight was
only positively correlated with length. Bubble nest area was not correlated with
male length and weight.

Introduction
During breeding seasons, many fish seek out potential mating partners and

suitable spawning habitats [1]. This study was conducted to gain further
understanding of the croaking gouramis, which are native to Thailand, in their

Table 1. The mean + S.D. of water characteristics in habitat use by croaking
gouramis, their bubble nest sizes and their sizes. *P < 0.05, ** P < 0.001.

natural environment and the physiological ecology of their
Understanding of their basic ecology is limited.

Hypotheses

1. If the characteristics of the rice paddy fields and the small ponds are
significantly different, then the sizes of the fish and their bubble nest areas
from both habitats are significantly different.

2. Ifbubble nest areas depend on the sizes of the builders, then the bubble nest
areas should be positively correlated with the male body:length and/or weight.

Methodology

Al fieldwork was carried during the middle of a breeding season (April and
May 2004) in Nakhonsithammarat Province, Thailand. Ten individual 4 m? plots
were marked on the ground surface of the rice paddy fields and small ponds. The
water depth of bubble nests was measured. The bubble nests were photographed
for measuring width () and length (b) in the laboratory. Bubble nest area was
estimated using the ellipsoid equation (4 = 7ab). The shortest distance between
bubble nests was measured by tape measure before capturing the male nest
builders. The water characteristics were measured before capturing all the fish in
the plot and calculating the population density and adult sex ratio. The adult sex
ratio was calculated as the number of sexually active males divided by the total
number of sexually active adult of both sexes in the plot [2]. To improve estimate
of average male and female body sizes, water depth and bubble nest sizes,
additional fish outside the 20 plots were collected and their bubble nests were
measured. All eggs were collected from the nests and counted. Ten randomly
selected eggs from each nest were measured to the nearest 0.01 mm using a
Vernier Caliper.

Results and Discussion

Most croaking gouramis built their bubble nests in shallow water with dense
vegetation along the edges of rice paddy fields and small ponds to minimise
predation risks, to hold the bubbles together and to easily pick up the eggs back to
their bubble nests. Nesting water was low in pH, DO, salinity, transparency, BOD,
nitrite, nitrate, phosphate and water depth and high in specific conductance, total
dissolved solids and temperature (Table I).

Mean + S.D.

ot Characteristics Rice Paddy Field  Smali Pond [~ test
pH 6.82 £ 0.66 6.00 £ 053 Ig= 528
Specific conductance (pSecm’) 3543+ 749 51.38 £+ 1333 o= S70°"
Dissolved oxygen (mg4 ) 5514 134 147 4076 £,=1433
“Total dissolved solids (mg*l ") 1795 £ 373 2577 £ 663 1q=-563*"
Salinity (ppm) 00+ 00 0.0 £ 00
Transparency (cm) 118+76 1.6 £66 tq= 0.12
Biochemical oxygen demand (mgel ') 26410 26408 =004
Nitrite (mg* *) 0.00 + 0.00 0.02 + 0.08 1y =-1.44
Nitrate (mg+l ) 001 + 006 0.00 $0.00 1y= 1.00
Phosphate (mgel ) 0.07 £ 017 0.00 + 0.00 = 228"
Water depth (cm) 140 504 27.4 fy= 179"
Temperature (°C) 3165 4 1.71 29.80 % 1.09 1,y= 500
Population density (individualsem - ) 223%221 783 £ 7.41 1y=-229"
Adult sex ratio 081 + 0.29 0.80 + 032 1= 0.10
Bubble nest width (cm) 183+ 079 245+ 088 0, =-1.79
Bubble nest length (cm) 358 % 0.38 339 017 1, =-160
Bubble nest area (cm?) 12.36 + 807 2071 + 1352 4= 78
Water depth at bubble nests (cm) 106 + -&ﬂ., 1541162 1, =094
Male length (cm) 3.58 + 038 339 %007 = 15§
Male width (cm) 109 & 014 1.03 £ 0.09 =121
Male weight (2) 089 015 079014 £,= 161

Between two natural habitats, some water characteristics were significantly
different but fish body sizes and their bubble nest sizes were not significantly
different. This reject the first hypothesis, This result implies that croaking
gouramis could occupy a wide range of habitat types.

No correlation between the bubble nest area and the male body length and weight
(Pearson correlation coefficient: length: Nt = 0.056, NS; width: r,,,= 0.041, NS).
‘This reject the second hypothesis. Cr g gouramis bubble nests are small and

similar in size because they would be less costly to build and guard.

Signiﬁumt sexual dimorphism was noted as males were heavier and bigger than
females

Maie weight was positively correlated with body length and width.
(Pearson correlation coefficient: length: r),s = 0.797, P < 0.001; width: r,,;= 0.823, P < 0.001)

Female weight was correlated only with body length.
(Pearson correlation coefficient: length: r = 0.735, P < 0.05; width: r, = 0.430, NS)

Rice paddy field Adult male fish Bubble nest Trichopsis vittata Small pond

Keswords: habitat characteristics; bubble nest size; croaking gouramis; Trickopsis vitata
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Habitat characteristics and sexual selection
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Croaking gouramis Trichopsis vittata Cuvier, 1831) were investigated in
rice paddy fields and small ponds. The fish inhabit shallow standing
water with dense vegetation near the margin of both habitats. Nest sites
were characterised by water that was relatively low in pH, DO,
transparency, BOD, nitrite, nitrate, phosphate and water depth but
high in specific conductance, total dissolved solids and temperature.
Compared to those in ponds, nest sites in rice paddies were higher in
pH, DO, and temperature but lower in specific conductance, total
dissolved solids and water depth. Population densities of croaking
gouramis were lower in rice paddies than in small ponds. Males were
heavier and bigger than females. There was no correlation between the
bubble nest area and the male body length and weight. Male and
female embraced many times during mating. There were (mean * SD)
3.74%1.02 eggs/embracement, 84112.97 embracement/spawning, and
314 + 109.77 eggs/spawning with a spawning duration of 178 * 51.17
min. Fish larvae hatched within 30.75 &+ 0.55 hr and 2-day old fry’s
sizes were 3.21 £ 0.29 mm

of croaking gouramis

Female croaking gouramis did not choose their mates
based on male size, although large males won more
fights than small maies. Fighting durations in = 0 SD
treatment (i.e., same male body size treatment) were
longer than in = 1 SD treatment (i.e., different male

body size

treatment). Comparing antagonistic

behaviour between these two treatments, males in + 0
SD treatment performed more sound production,
biting, and total antagonistic behaviour than males in =
1 SD treatment. Comparing between large and small
males in £+ 1 SD treatment, large males performed more
chasing and less escaping than small ones. The results
suggest that sexual size dimorphism in croaking
gourami, in which males are larger than females, may
function for male-male competition rather than female

preference.

sy gouramis. We divided our study into three treatments: (1) two-bubble-nests, (2) one-bubble-nest and (3) no-bubble-nests
ﬁ;We found that females preferred small bubble nest males over large ones. There are four possible reasons: small bubbl
Z. nests are avallahle, will be enlarged during matmg, contain more oxygen for the eggs and hatching young, and mor

¢ nests. In addition, when we compared female preference among three treatments, females spent more time with males i

. no-bubble-nest treatment than in two-bubble-nest treatment. These results suggest that females may perceive bubble nest .

_ presence and large bubble nest size as a negative clue of male quality because this may suggest that these males already
spend their energy reserve in nest building and territorial defence. In male-male competition, large bubble nest males did # %)
not win more fights. There were no differences in the numbers of agonistic behaviour, the total agonistic behaviour and the

¥ winning status between males who built bubble nests and males who did not build bubble nests. Winners in all treatments .

§ performed a higher number of adherence and chasing behaviour than losers. There was no significant difference in fightin :

duration between the three treatments.
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