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Habitat selection behaviour of Pungitius kaibarae (Gasterosteidae)
in the presence of the visual predator Anguilla japonica (Anguillidae)
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ABSTRACT

Our study deals with how the short nine-spine stickleback Pungitius kaibarae uses visual cues to select among habitats,
thereby reducing predation pressure from the Japanese eel Anguilla japonica. We examined the behaviour of P. kaibarae in
selecting four habitats (water weed, sandy, rocky and open water) under the presence/absence of A. japonica. Using video
tracking technology, we found that in the presence of 4. japonica, sticklebacks preferred specific refuge patches, such as
water weed and rocks, over open water with a sandy bottom. Thus, our investigation demonstrated the importance of habitat
structures in evoking escape behaviour. We discuss the importance of this bold behaviour patterns of the prey fish.
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Introduction

Habitat selection is a fundamental feature exhibited
by animals, but we still do not wholly understand the
nature of the evolutionary forces that drive selection
behaviour (Rosenzweig, 1981; Rosenzweig, 1991).
Habitat selection behaviour has been well-documented in
sessile and facultative sessile invertebrates (Wilson, 1952;
Fairchild, 1981). However, habitat selection is present
in mobile species, including, for example, amphibians
(Strijbosch, 1979), reptiles (Pringle et al., 2003), fish
(Hugie and Dill, 1994), birds (Hilden, 1965) and mammals
(Geier and Best, 1980). In fishes, for instance, members of
the Gobiidae prefer rocky habitats that provide protection
from the physical threat of rapid flow. Of course, those
places also provide refuge from predators (VittatuS,
2008). Habitat patch selection (HPS) has drawn research
focus for cognition and behaviour studies in fish (Brown
et al., 2008; DeBoom and Wahl, 2013; Sowersby et al.,
2016). HPS can affect foraging, predator-prey interactions,
and fish growth rate (Webster and Hart, 2006; Brehmer
et al.,2013; Jo et al., 2016; 2019). HPS is a major factor
in modifying fish behaviour in response to predatory
attacks (Huntingford and Wright, 1989). In earlier studies,
to assess the effects of predation on prey behaviour, prey
fish have been exposed to visual (Hojesjo et al., 2015;

Kelley and Magurran, 2003a) and chemical cues (Brown
and Smith, 1998; Kopack et al., 2015) reflecting predator
presence.

Chemical cues are suggested for studying the
olfactory mechanism of prey using particles and the odour
of predators (Webster et al., 2007). However, chemical
signals transfer through diffusion, which affects all
areas, therefore, it is difficult to impact only particular
areas (Webster and Weissburg, 2009). Visual cues are
more easily recognised by stimulation in the experiment
of habitat choice than chemical cues for characin fish
(Brown and Magnavacca, 2003; Kovalenko et al., 2010;
Figueiredo et al., 2015). Visual cues were considered
efficient in an HPS experiment where prey responded to
intimidation by predators (Preisser ef al., 2005). Compared
to studies on chemical cues, those using visual cues were
relatively scarce due to difficulties in the experimental
set-up (Sorensen and Wisenden, 2015). For example,
presenting dummies is recognised insufficiently by prey
organisms (lure; Kelley and Magurran, 2003a, animated
images; Ahmed et al., 2012). Therefore, we designed an
experimental set-up for visually presenting a live predator.

Recognising and responding to potential predation
risk to prey depends either on the type of microhabitat
derived by HPS or on swimming speed based on predation
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cues (Poulin and FitzGerald, 1989; Abrahams, 1995). HPS
and swimming speed are indicators of escape responses
because repeated use of a habitat type could result in the
selection of traits that favour anti-predator for that specific
habitat type (Rodewald and Foster, 1998; Lehtiniemi,
2005). Specifically, gasterosteid fishes are well suited to
test the hypothesis that behavioural patterns are affected by
visual cues such as escape, reproduction and prey-predator
interaction (Rowland, 1999; Nilsson and Nilsson, 2000;
Odling-Smee and Braithwaite, 2003; Huntingford and Ruiz-
Gomez, 2009; Candolin and Selin, 2012; Hojesjo, ef al.,
2015). These studies include five major temperament trait
categories viz., shyness-boldness, avoidance-exploration,
activity, sociability and aggressiveness (Ward et al.,
2004; Dzieweczynski and Crovo, 2011; Fiirtbauer et al.,
2015). Despite numerous attempts, these studies lacked
measurement of how behaviour changes when various
habitats exist.

We determined the impact of continuous visual cues
of predators on HPS (e.g., open versus refuge patches) and
behavioural patterns (e.g., swimming speed and residence
time). Most studies on prey HPS have used temporal
visual cues (i.e. for a second; 2~3 s) of predator presence
(Walters and Juanes, 1993; Hugie and Dill, 1994) and a
few studies have been conducted assessing HPS patterns
based on continuous visual cues of predators (Savino
and Stein, 1989; Webster and Hart, 2006). In this study,
we examined residence time, patch type selection and
movement speed, and how stickleback’s habitat selection
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behaviour changes when exposed to a continuous visual
predator cue. We hypothesise that short nine-spine
stickleback (Pungitius kaibarae) residence time increased
for identifiable refuge habitats (rocks and water weed)
and swimming speed from open patches (open water and
sandy) to refuge patches when stimulated by a visual cue.

Materials and methods
Study animals and ethics statement

We used the short nine-spine stickleback (P. kaibarae),
a small gasterosteid fish inhabiting brackish and freshwater
environments in far East-Asia (MoE, 2011) and is
classified as Near Threatened in Korea and Japan (MoE,
2011). The stickleback adults (Table 1) used in this study
were collected from the Ilgwang Stream (35°16°34.5”N;
129°13°48.6”E) using scoop net (mesh size: 5X5 mm)
with authorisation from the Ministry of Environment,
Republic of Korea. Collected male fish were kept in tanks
(45%30%25 cm) in temperature-controlled rooms (16.4+1°C)
and exposed to a natural photoperiod. Before starting
the experiment, collected fish were given two weeks
of acclimation time. Chopped frozen bloodworms
(Chironomid larvae, frozen bloodworms, China) were
provided as food every day. The test fish were fed each
morning throughout the experiment and were returned to
their tanks following the completion of the behavioural
trials. The Japanese eel (4nguilla japonica) was chosen as
a predator since the eel typically feeds on Gasterosteidae
(Hartley, 1948). One single Japanese eel (250 mm in

Table 1. List of individual’s basic information. The identification of sexes as per Chae and Yang (1990) (Male stickleback; Head length/

Standard length above 25)

Individual No. Total Length (mm) Standard Length (mm) Head Length (mm) Weight (g) Head length/Standard length Sex

1 53 45 11 0.78 24.4 Female
2 50 42 12 0.73 28.6 male

3 57 49 13 1.09 26.5 male

4 47 39 11 0.57 28.2 male

5 47 42 10 0.63 23.8 Female
6 53 44 12 0.8 27.3 male

7 50 41 11 0.61 26.8 male

8 55 48 14 0.94 29.2 male

9 55 49 13 0.94 26.5 male
10 50 44 12 0.73 27.3 male
11 55 49 13 0.92 26.5 male
12 52 46 12 0.75 26.1 male
13 47 41 12 0.54 29.3 male
14 51 46 13 0.76 28.3 male
15 54 47 13 0.7 27.7 male
16 54 49 13 0.88 26.5 male
17 52 42 11 0.63 26.2 male
18 53 46 11 0.81 23.9 Female
19 55 46 12 0.94 26.1 male
20 55 47 14 0.93 29.8 male
21 45 38 10 0.62 26.3 male
22 51 44 11 0.73 25.0 Female
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length) was used for all experiments. As an apex predator,
eel is the number one threat to stickleback fish in their
natural habitat (brackishwater; Gross, 1978). In addition,
our predator (4. japonica) was the only potential threat to
sticklebacks in the study site. The study complied with the
guidelines of the Pusan National University Institutional
Animal Care and Use Committee (PNUIACUC,
PNU-2018-1787). No fish (stickleback or eel) died during
the experiment. All fish were returned to the collection site
after competion of the experiments.

Behavioural experiments

The experimental tank (1.0x1.0x0.35 m, circular
shape) was subdivided into four quarters, three containing
water weed (Zizania latifolia), sandy (particle size: 1.4+0.5
mm), or rocky (particle size: 168.5+18.4 mm) substratum,
the fourth quarter was intentionally left as open water,
representing completely exposed area (Fig. 1. a and c).
Experimental tank walls were covered with opaque white
paper to prevent disturbance during the experiment. The
sticklebacks were introduced into the experimental tank.
Then, an open-ended Erlenmeyer flask containing the
predator was placed centrally inside the experimental tank
(with predator, WP). In control tank (no predator, NP),
empty flask was placed in the tank at exactly the same
position as with WP (Fig. 1. a, c¢). A camera (Logitech
¢x900, Logitech, Republic of Korea) was mounted on top of
the tank and video tracking was carried out for three hours
(Fig. 1a,b). Individual sticklebacks were observed for
three hours and recorded behaviour in the presence (WP)
or absence of the predator (NP). Experiments were carried
out from 21. 00 hrs to midnight when the predators
(A. japonica) were known to be active to test the effect of
predator presence (Wang et al., 2011). This time is also
the individual activity time for gasterosteid fish (Reebs
et al., 1984). Twenty replications each for the presence
and absence of a predator were undertaken.
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Data measurement

Three different parameters, residence time [s], patch
selection [n] and movement speed [cm s'] including
directions were quantified using the video files. To assess
patch selection, a beaker (500 ml) with a short nine-spine
stickleback was placed in the centre of the experimental
tank. To ensure that the study animal was calm, we
allowed 5 min period for the animal to acclimatise before
we started the experiment. Patch selection was measured
from beginning to select the first patch until moving to
another patch. For instance, if a stickleback chose a rocky
patch as the first patch, and moved to water weed, we
counted the number of patch selections as 1 rocky and 1
water weed. Residence time measured the total time spent
in each of the microhabitats during the experimental trial.
Across the number of selected patches, residence time was
counted whenever fish moved from one patch to another.

The frame rate was 4 frames per s (4 f/s) and each
captured picture was determined to be 0.25 s. Movement
speed which can be a representative factor among
anti-predation behaviours as boldness was measured
using Image J software (http://imagej.nih.gov/ij/). From
these we calculated the swimming speed (distance/time),
expressed as cm s'. We measured the moving distance
with the residence patch as its starting point. If the sample
moved 4.0 cm for 1.0 second from rocky to water weed,
movement speed was calculated as 4 cm s™'. Water weeds
and rocky were classified as refuge patches, while the other
patches (i.e., open water and sandy) were classified as open
patches. We also measured four directions of movement
(from open patches to refuge patches in NP; from refuge
patches to open patches in NP; from open patches to
refuge patches in WP; from refuge patches to open
patches in WP). Furthermore, we assigned a score of ‘0’
when individual fish stopped while moving to another patch.
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Fig. 1. Diagram showing the experimental set-up for the behaviour treatment. (a) Top view of the experimental tank showing area of
the four habitats (rocky, sandy, water weed and open water); (b) Side view of the experimental tank showing the position of the
camera used to record patch selection; (c) Photo of the experimental tank. A: Starting point for the stickleback and position of

the flask in the predator trial; B: Digital camera
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Statistical analysis

Data was log-transformed before the analysis in order
to satisfy assumptions in the parametric test. Residence
time and the number of patch selections were subjected
to two-way ANOVA (0=0.05) with the presence or of
absence of predators (2 treatments) and patches (4 types;
rocky, sandy, water weed and open water). Tukey’s HSD
was carried out to discern statistical differences among
patches. Concerning the speed of movement change,
student’s t-test was used to compare statistical differences
between NP and WP. All Statistical values were normally
distributed and were considered significant at p<0.05. All
analyses were performed using SPSS version 21.0 for
Windows (SPSS Inc.).

Results and discussion

Overall, stickleback fish spent less time in open
patches (sandy and open water) when the predator was
present and spent more time in water weed and rocky
patches than in sandy or open water patches. The average
resident time significantly decreased from 395.3 to 110.0 s
in the open-water patch. Average residence time was
significantly different based on patch type (F=24.801;
df=3, p<0.001), presence or absence of predator
(F=27.782, df=1, p<0.0001) as well as the interaction
(F=2.833, df=3, p=0.040) (Fig. 2a).

The patch selection, on average (+SE), significantly
decreased in the presence of a predator (Rocky: 23.6+5.1
to 10.24+3.6; Sandy: 28.4+10.2 to 13.5+4.4; Water weed:
30.4+9.0 to 11.3£3.5; Open water: 23.4+4.5 to 7.24+2.7).
Although the full patch selection decreased when the
predator was present (105.8427.6 to 42.3+£14.0), there
was no tendency to prefer specific habitats. The presence
or absence of predators also significantly affected the
number of patch selections (F=55.539, df=1, p<0.0001).
There was, however, no statistical difference in the number
of patch selections defined by habitat type (F=1.118, df=3,
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p=0.344) as well as in its interactions (F=0.364, df=3,
p=0.779) (Fig. 2b). As a result, they were reducing the
number of patch selection and increasing the residence
time of specific patch (water weed).

Movement speed from open patches to refuge
patches in WP was significantly faster than from open
patches to refuge patches in NP (head for refuge patches:
t=-3.951, df= 158, p<0.001). Furthermore, the fish in
the WP treatment showed faster movement into refuge
patches (water weed and rocky) and slower movement
into the open patches (sandy and open water) than in the
NP treatment (Fig. 3).

Our study showed that the stickleback increased
residence time for the water weed and swimming speed
from open water to Water weed in response to predator
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Fig. 3. Speed of movement (mean+SD) of the study animals in
open patches (open water and sandy) and refuge patches
(rocky and waterweed) without a predator (no predator;
NP) and with a predator (WP; *, p<0.05). A: Direction
of movement from refuge patches to open patches;
B: Direction of movement from open patches to refuge
patches
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Fig. 2. The mean+SE of residence time in different habitat patches and number of patch selection by the sticklebacks in the presence
or absence of a predator. (a) Mean of residence time of patch; (b) Mean of patch selection. The different lower case and upper
case letters indicate significant difference by Tukey’s HSD (honestly significant difference)
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presence. When a prey fish encounters a predator, the
prey fish exhibits anti-predation behaviours (such as fast
movements, hiding, protective colourations and bursting).
Among the anti-predation behaviours, boldness such as
quick movements and bursting are effective anti-predator
mechanisms and are interpreted as risking predation for
increased resources, especially foraging gains. To decrease
predator intimidation, therefore, the disposition of
anti-predation and boldness behaviours can be applied
to the stickleback’ conservation plan (Brown and
Magnavacca, 2003; Kelley and Magurran, 2003b; Vamosi
and Schluter, 2004; Brown et al., 2008; Marras et al.,
2015).

Structurally complex habitats such as water weeds
and rocky patches have been considered a factor in
reducing predation risk to various aquatic prey species
(Heck et al., 1997; Crowder and Cooper, 1982; Savino
and Stein, 1982). Gasterosteid fish are also known to
prefer water weed habitats, with slow-flow areas such
as depositional patches (Prenda et al., 1997). In addition
to habitat preference, stickleback reproduction primarily
occurs in water weeds (Park and Lee, 1999). Our results
agree with previous studies showing that the stickleback
spend more time in water weed patches than other patches
and spend significantly less time in the open water patch.

We initially speculated that rocky patches might
play a similar role as water weeds. Since we tested eel
as predator, which are known to inhabit rocky habitats
(Acou et al.,2011), it is likely that the stickleback avoided
the rocky patches. When prey fish tend to hide in rocky
shelters to avoid predators, there is a concordant increase
in the residence time of rocky patches due to the presence
of a substrate-dwelling predator (Preisser et al., 2005).
We did not find any statistical differences between rocky
and sandy habitats. Although sandy and open patches
have higher relative predation risks than rocky patches,
the sandy patch lacks selection and residence time
(Fig. 2). Those fish choosing sediments are known to
possess an adaptive colouring that matches the colour in
choicetrials (Ryerezal.,2008) and lateralisation (Cantalupo
et al., 1995). Cryptic colouring is used for colours similar
to the microhabitat (sandy and rocky) in the patch selection
for predator avoidance (Main, 1987; Ryer et al., 2008).
Therefore, sandy and rocky patches may have similar
roles as habitats for the stickleback.

In the current study, it is noteworthy that the
number of patch selections was not significantly different
among habitat patches. Predator presence, however, has
a significant effect on the number of patch selections.
This is because frequent habitat change may be more
vulnerable to predation risk (Gilliam and Fraser, 1987,
Abrahams, 1995). In our study, we focused on one species

of predator; however, to be comprehensively descriptive,
further research is needed on the influence of multiple
predators on the prey species

Bursting (increased swimming speeds over a short
distance, such as critical swimming speed; U crit) is
a behavioural strategy used by some prey species to
avoid predators (Garenc et al., 1999; Fu, 2015). Bursting
is defined as increased swimming speeds over a short
distance and does not define exact figures for the speed.
Wardle and He (1988) described 5.5 m s, but this speed
applies only to Scomber scombrus L. species (Wardle
and He, 1988). Therefore, we defined bursting speed as
“significantly higher than other movement speed (above
10 m s')”. This swimming speed is often used as an
indicator of fitness as a response to the influence of
the surrounding environment (Guderley et al., 2001).
However, there is little empirical evidence quantifying
bursting in response to different habitat patches and our
study revealed that there is a significant difference in
movement speed in response to predators as well as habitat
patches. Swimming to the shelters (rocky and water weed)
can be challenging because it is exposed to predators as
soon as it moves (Klefoth et al., 2012). High rates of
bursting to shelters seem to result from the distribution of
bold individuals.

However one drawback of our experiment is that
it focuses on common behaviours (i.e. habitat selection
and swimming speed). It might overlook stickleback
reactions to rare occurrences that might also reflect
individuality, for example, responses to predators or novel
environments (i.e., boldness-shyness and exploration-
avoidance). Shyness-boldness is an individual’s reaction
to any risky situation, but not new situations and includes
response to risky situations, such as predators (Reale
et al., 2007). Exploration-avoidance is an individual’s
reaction to a new situation and includes behaviour towards
a new habitat, new food, or novel objects (Slipogor et al.,
2016). For further study, therefore experiments have to
consider significant temperament trait categories such as
shyness-boldness and exploration-avoidance.

In conclusion, our present study demonstrated that
predatory visual pressure significantly impacts residence
time, the number of patch selections and movement
speed, including the direction of stickleback fish. The
information generated by this study can help to understand
the behavioural strategies of stickleback fish in different
habitats and response to predators. While perceiving fish
habitat selection behaviour it is essential to understand
natural habitat preferences, that is helpful in informing the
aquaculture industry about the ways to reduce stress for a
target species.
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