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Abstract
Habitat preference is thought to be genetically programmed in fishes. However, fishes can choose habitat based on their 
personal experience of an environment. We investigated whether the environment in which fish are raised affects habitat 
preference in red sea bream Pagrus major juveniles, and tested if the formed preference lasts until later life stages. Juveniles 
were reared in tanks with a substrate of either sand or artificial seaweed for 40 days. Naive fish were raised without either 
type of substrate. In the preference test, individual fish were allowed to choose either a sand or artificial seaweed microhabi-
tat. The tested fish were then kept in barren tanks, and similar tests conducted again on days 30 and 100. Sand and seaweed 
treatment fish preferred the corresponding habitat immediately after the rearing treatment, whereas naive fish did not exhibit 
any preference. These preferences were maintained when fish were tested on day 30, but not on day 100. The present study 
suggests that habitat preference is acquired through the rearing environment at the nursery stage, and that this preference 
lasts for at least 30 days. The formation of habitat preference should help juveniles to choose an optimal microhabitat in a 
fluctuating environment.

Keywords  Behavioral characteristics · Coastal fish · Early life stage · Habitat choice · Microhabitat · Non-associative 
learning

Introduction

Most marine fishes migrate from an offshore pelagic to 
coastal neritic environment at the early life stage, after which 
settled juveniles need to choose a suitable habitat, with suffi-
cient food and the lowest predation risk, as a nursery ground. 
Field surveys and experiments indicate that fish often show 
a preference for certain environments (Stuntz et al. 2001; De 
la Morinière et al. 2002; Burfeind et al. 2009). The prefer-
ence for an environment is often genetically programmed in 
fishes. For example, hatchery reared juveniles of two flatfish 
species exhibited s preference for habitats with a rougher 
structure over a smoother sand substratum, despite the fact 
that they had never experienced these environments before 
(Stoner and Titgen 2003). Also, some fishes show an innate 

preference for darker environments due to an anxious con-
dition (Maximino et al. 2007). The preference for a habitat 
is formed by natural selection and is thus assumed to be an 
innate behavioral characteristic of each species.

However, fish can change their behavioral characteristics 
through their experience of the environment in which they 
live (Frost et al. 2007; Bhat et al. 2015; Takahashi and Mas-
uda 2018). For example, white sea bream Diplodus sargus 
juveniles reared with bricks used a brick as a refuge more 
quickly than naïve individuals when attacked by a dummy 
predator (D’Anna et al. 2012). In our previous study, Japa-
nese flounder Paralichthys olivaceus juveniles, which were 
reared with pseudo-predator attack for 2 weeks, changed 
their behavior to feed staying on the bottom (Takahashi et al. 
2013). These studies suggest that fish can acquire a suitable 
behavioral characteristic depending on their surroundings, 
and thus habitat preference as a behavioral characteristic 
might also be affected by the living environment.

Studies have revealed that habitat preferences are also 
fine-tuned through experience in a particular habitat. Anem-
onefish Amphiprion percula at the settlement stage prefer 
habitat experienced at the larval stage (Dixon et al. 2014). 

 *	 Kohji Takahashi 
	 ta.kohji@gmail.com

1	 Maizuru Fisheries Research Station, Kyoto University, 
Nagahama, Maizuru, Kyoto 625‑0086, Japan

2	 Present Address: Department of Biology, Keio University, 
4‑1‑1 Hiyoshi, Kouhoku, Yokohama 223‑8521, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s10164-019-00605-6&domain=pdf


318	 Journal of Ethology (2019) 37:317–323

1 3

Juvenile Dascyllus aruanus occurred more frequently 
amongst coral from which they had been collected than other 
coral species (Sale 1971). The formation of preference for a 
living environment may help juveniles, which are at risk of 
predation and starvation, to choose a suitable habitat they 
have previously experienced. However, there are very few 
studies on the formation of habitat preference for the living 
environment in fish. In the few studies mentioned above, 
most focused on the development of habitat preference for a 
short period, but did not investigate for how long the prefer-
ence was maintained.

In the present study, we investigated whether the habi-
tat preference of red sea bream Pagrus major juveniles is 
formed depending on their experience of the nursery envi-
ronment, and, if they form a preference, the preference 
would last until a later stage. P. major are pelagic in offshore 
areas at the larval stage, and then they settle in coastal neritic 
habitats at a standard length (SL) of approximately 15 mm 
(Tanaka 1985; Tsukamoto et al. 1989). After migration, set-
tled juveniles live in a sandy bottom habitat with features 
such as eelgrass in sandy areas or boulders in more stony 
ones (Tanaka 1985; Kudoh et al. 1999; Tomioka et al. 2011). 
Settled juveniles live in coastal areas to form their territories 
from a size of approximately 40 mm total length (TL; = ca. 
30–35 mm SL) (Kudoh et al. 1999), and live in bottom struc-
ture habitat at this size. Juveniles choose suitable habitats as 
their nursery grounds. They live in the nursery ground for a 
few months, and then migrate to offshore areas at ca. 90 mm 
TL (= ca. 75–80 mm SL) (Tsukamoto et al. 1989). Thus, the 
preference for a habitat found at the settlement stage should 
be kept for a while, but might be lost at the migration stage.

We tested two hypotheses using red sea bream juveniles: 
(1) prior rearing environment affects habitat preference, and 
(2) the effect of prior experience on habitat preference lasts 
for only a certain period. In the present study, the bottom 
of rearing tanks for the test groups was composed of either 
sand or seaweed, both types of habitat preferred by natu-
ral populations of sea bream (Kudoh and Yamaoka 1998; 
Kudoh et al. 1999). The treatment started at the recruitment 
stage (ca. 15 mm SL) and continued until the early coastal 
stage (ca. 30 mm SL). The retention of preference was tested 
at the early coastal stage, late coastal stage (ca. 60 mm SL) 
and migration stage (ca. 90 mm SL).

Materials and methods

Fish

Fertilized P. major eggs (approximate 20,000 eggs), pur-
chased from Marua Suisan (Ehime Prefecture, Japan), 
were transported to the Maizuru Fisheries Research Sta-
tion, Kyoto University, and kept in a 500-L transparent 

polyethylene stock tank under natural light. Water in the tank 
was maintained by exchange at a rate of 4 L/min; the tanks 
were aerated. Seawater used for the rearing was pumped up 
from near the Maizuru Fisheries Research Station and fil-
tered through a fine mesh. After hatching on 17 May 2013, 
larvae were provided with rotifer Brachionus plicatilis sp. 
complex (approximately 5 individuals/ml), brine shrimp 
Artemia sp. nauplii (approximately 2 individuals/ml), and 
dry pellets (Otohime B1, C2, S2; Marubeni Nisshin); quan-
tities were adjusted according to growth. Fish were reared 
for up to 40 days post hatching (DPH) in the stock tank, and 
some were used for the following experiments.

Treatment

Two 30-L circular transparent polycarbonate tanks were 
used for the sand treatment and the seaweed treatment. The 
side of each tank was covered with blue vinyl sheeting to 
prevent disturbance from outside. Water circulation and 
aeration in these tanks were similar to those of the stock 
tank; the tanks were covered with a net to prevent the fish 
from jumping out. The treatment tanks were placed adjacent 
to each other and were provided with the same source of sea-
water to minimize differences in environmental conditions 
other than those of the treatment itself.

In the sand treatment, artificial ceramic sand (Micros 
Ceramic MS-0; Norra; diameter < 0.5  mm) was spread 
evenly to a thickness of approximately 3 cm on the tank 
bottom. In the seaweed treatment, artificial green seaweed 
(length 100 cm,  length of leaf-shaped area 20 cm; New 
Kinran; Tanaka Sanjiro) was cut into 20-cm-long pieces 
and used to cover the entire bottom of the tank. Thirty fish 
(40 DPH) were captured from the stock tank and were intro-
duced into each treatment tank on 27 June 2013. Fish were 
fed pellets twice daily, and the tank bottoms were gently 
siphoned to remove deposits every 3–5 days. Fish were 
reared for 40 days in each treatment tank, i.e., the fish were 
80 DPH at the end of the treatment, at which time they were 
tested for habitat preference.

Preference test

A blue rectangular tank (length × width × height: 
170 × 78 × 38 cm) was used as the test tank for habitat 
preference (Fig. 1). The tank was filled with seawater 
to a depth of 30 cm, and the water was changed every 
ten trials. Sand and seaweed areas were located on 
either side of the tank. In the sand area, ceramic sand 
was placed to a thickness of 1 cm in six polypropylene 
cases (length × width × height: 32 × 24 × 1 cm for each and 
arranged in a 2 × 3 design, i.e., 64 × 72 cm in total). In 
the seaweed area, the artificial seaweed was spread over 
the entire area (64 × 72 cm). The test tank was separated 
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from the observer by a black sheet. The side of the tank 
for the different substrates was switched every ten trials.

The first habitat preference tests [day-0 test, when 
the fish were 80 or 81  DPH; body length 31 ± 3  mm 
(mean ± SD)] were conducted on 7 and 8 August 2013. 
Fourteen individuals (data for one individual of the sea-
weed treatment were lost due to a recording failure) from 
each treatment, as well as those from the stock tank, were 
used, the latter being tested as naive fish without experi-
ence of sand or seaweed. A single fish was captured from 
one of these tanks using a hand net, and placed in a 1000-
mL transparent beaker. Then, the beaker was immersed 
into the center of the test tank with its opening at the sur-
face until the fish began to swim into the tank. The behav-
ior of each fish was recorded for 20 min using a video 
camera (HC-V100 M; Panasonic) set above the test tank. 
The fish were then captured, transferred into a beaker, 
and photographed. Body length was determined from the 
photograph using Image J software (Open Source, Public 
Domain, NIH).

Tested fish were then introduced into one of three 
transparent polyethylene 100-L tanks of their respective 
treatments, i.e., sand, seaweed, or naïve treatment. The 
conditions of the holding tanks were similar to those of 
the treatment tanks in terms of water circulation and feed-
ing, but no bottom structure was provided in any treat-
ment. After 30 days of rearing in these tanks, the second 
habitat preference tests (day-30 test, when the fish were 
110–111 DPH; body length 57 ± 5 mm) were conducted 
for each individual in the same manner as in the first tri-
als (each treatment, n = 14). Tested fish were temporarily 
put into buckets and then returned to each 100-L hold-
ing tank. The fish in each treatment were maintained for 
another 70 days. The third preferences test (day-100 test, 
when the fish were 180 DPH; body length 92 ± 9 mm) was 
conducted for only treatment fish (sand treatment fish, 
n = 5; seaweed treatment fish, n = 8) because, most naïve 
fish died before this test due to an accident.

Analysis

The first choice of habitat in the experimental tank was judged 
from recorded video images for each individual based on 
which bottom structure area the fish first entered. For each 
treatment, the habitat choice for each treatment fish was com-
pared with a 50% by binomial test. If a fish did not enter either 
the sand and seaweed, its data were excluded from the analysis 
of the first choice test.

In addition, video images were analyzed by determining the 
position of fish at 1-s intervals; a score of +1 was given to fish 
in the sand area, −1 for fish in the seaweed area, and 0 for fish 
in the middle area. The sum of the scores for each fish recorded 
for 1200 s was calculated and divided by 1200, and the values 
were used as a habitat preference index, i.e., fish that showed 
a preference for sand had a maximum score of 1, and those 
preferring seaweed had a minimum score of −1. The habitat 
preference index for each treatment on each test day was com-
pared to 0, i.e., the value expected when no preference was 
shown for sand or seaweed. A one-sample Wilcoxon test was 
used because the data were non-homoscedastic. These analy-
ses were conducted in R statistical software (version 3.4.2).

Ethical notes

All experiments were performed according to the regula-
tions on animal experimentation of Kyoto University. A 
minimum number of fish was used to test the hypothesis. 
After the experiment, the fish were kept in the laboratory 
as broodstock.

Results

Behavioral observation

Most of the tested fish in all the treatments chose the habitat 
by slow movement. Thus, we consider that there was no 

Fig. 1   A schematic drawing of 
the tank used for testing habitat 
preference
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major effect of motor activity for habitat choice between 
treatments.

Day‑0 test

For the first choice of habitat, 11 fish of the sand treatment 
chose the sand area, no fish chose the seaweed area (Fig. 2a), 
and three fish did not enter either the sand or seaweed area. 
Meanwhile, all of seaweed treatment fish (n = 13) entered the 
seaweed area. Both types of treatment fish chose significantly 

more often the environment that they had experienced during 
the treatment period (sand treatment, p < 0.001; seaweed treat-
ment, p < 0.001). Among the naive fish, the sand area were 
chosen by eight fish and seaweed area by five fish; there was no 
statistically significant preference for either habitat (p = 0.58).

The median habitat preference index was 0.46 (inter-
quartile range 0.09–0.65) for sand treatment fish and − 0.74 
(− 0.56 to − 0.83) for seaweed treatment fish; they were 
both significantly different from 0 (sand treatment V = 63, 
p < 0.01, seaweed treatment V = 0, p < 0.001; Fig. 3a), i.e., 
the sand treatment fish preferred sand and the seagrass treat-
ment fish preferred seagrass. In addition, the preference 
index of naive fish from the stock tank was 0.12 (− 0.2 to 
0.38), which was not significantly different from 0 (V = 53, 
p = 0.6).

Day‑30 test

All fish of the sand treatment (n = 14) chose the sand area 
in the first choice experiment, and this choice was statis-
tically significant (p < 0.001; Fig. 2b). For the first choice 
of seaweed fish, ten fish chose the seaweed area, three fish 
the sand area, and one fish chose neither the sand nor the 
seaweed area; these fish showed a tendency to choose the 
seaweed area with a marginal significance (p = 0.09). Naive 
fish did not show a preference for either habitat: eight fish 
chose sand, and five fish seaweed (p = 0.58).

The habitat preference index was 0.67 (0.45–0.75) for the 
sand treatment and − 0.45 (− 0.05 to − 0.8) for the seaweed 
treatment, both significantly different from 0 (sand treat-
ment V = 105, p < 0.001, seaweed treatment V = 16, p < 0.05; 
Fig. 3b). The index for naive fish was 0.09 (0.15–0.75), and 
did not significantly differ from 0 (V = 68, p = 0.3).

Day‑100 test

For the sand treatment fish (n = 5), two chose the sand area 
and three the seaweed area. For the seaweed treatment, two 
chose sand and six the seaweed area. There was no prefer-
ence for either habitat in fish of either treatment (sand treat-
ment, p = 1.00; seaweed treatment, p = 0.29; Fig. 2c). The 
habitat preference index was − 0.81 (− 0.27 to − 0.89) for the 
sand treatment and − 0.84 (− 0.43 to − 0.99) for the seaweed 
treatment, neither of which was significantly different from 
0 (sand treatment V = 2, p > 0.1, seaweed treatment V = 5, 
p > 0.05; Fig. 3c).

Discussion

Fish reared in either treatment environment clearly preferred 
the corresponding habitat in the day-0 test. This indicates 
that preference for habitat was formed through the fishes’ 
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experience of their rearing habitat. Some studies have indi-
cated that habitat preference is determined by natal habitat 
experience (Davis and Stamps 2004). In fish, natal habitat 

preference has been reported in coral fishes (Arvedlund 
et al. 1999; Dixon et al. 2014). A preference for natal habitat 
might help in the quick and efficient dispersion of individu-
als (Stamps 2001; Davis and Stamps 2004). In the present 
study, habitat preference of P. major was formed for its nurs-
ery habitat, as is the case in natal habitat preference in past 
studies. Adult P. major spawn eggs in offshore spawning 
grounds, after which hatched larvae are transported by tidal 
currents to the coastal zone in approximately 1 month (Tan-
aka 1985). Thus, the recruitment environment differs greatly 
from the natal habitat. For such species, it is adaptive for 
the fish to form a habitat preference for the nursery ground 
habitat at the juvenile stage, rather than for the natal habitat.

Fish often show an innate habitat preference for particular 
structures and environments, as mentioned above. An innate 
preference for a microhabitat is useful for the prompt choice 
of a habitat, especially under stable conditions. However, in 
the present study, such a preference was absent in the naive 
fish, indicating that P. major juveniles at this stage of post-
settlement do not have an innate species’ preference for the 
tested environments, but rather acquire it from experience. 
In P. major, the hatched larvae are transported to the coastal 
zone over their long life in the pelagic zone (Tanaka 1985). 
There is always uncertainty regarding which type of habi-
tat larvae can recruit into, and the coastal environment into 
which they recruit is variable. In such circumstances, habitat 
choice based on the evaluation of environment on its own 
would be advantageous for these fish rather than an innately 
fixed preference.

Fish often exhibit a preference for a place with rewards 
such as food and other addictive substances (e.g., cocaine 
and amphetamine) (Mathur et al. 2011; Millot et al. 2014). 
Such preferences are considered the result of associative 
learning of conditioned spatial cues with rewards. Juveniles 
in the present study, however, did not undergo condition-
ing that included any particular reward, and thus the for-
mation of habitat preference is considered to be a type of 
non-associative learning for that particular environment. 
The habitat preference for each treatment fish might have 
been formed by their familiarity with each nursery envi-
ronment. Some studies have shown that animals that are 
familiar with their surroundings can gain a benefit for sur-
vival (Daly et al. 1990; Clarke et al. 1993). In coyote Canus 
latrans, individuals in familiar environments could detect 
novel stimuli and treat them with caution (Windberg 1996). 
Brown (2001) found that crimson spotted rainbowfish Mel-
anotaenia duboulayi became familiar with an experimental 
environment after 3 weeks of rearing in a tank. In the present 
study, the treatment tanks had sufficient food and no preda-
tors, and thus familiarity might have been nurtured in such 
environments. If a habitat where juveniles are recruited has 
sufficient food and a low risk of predation, it can be pre-
dicted that they will stay in this habitat rather than take the 
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risk of moving. Thus, the preference for a familiar habitat 
may play a role in the survival strategy of settled juveniles.

Treatment fish continued to show a preference for the 
corresponding rearing habitat even after being reared in a 
barren environment for 30 days. Memories acquired at the 
early life stage generally last for a long period (Moretz et al. 
2007; Salvanes et al. 2007; Arnold and Taborsky 2010). 
For example, the density of conspecifics in early life can 
influence the sociality of guppies Poecilia reticulata in later 
stages (Chapman et al. 2008). In the present study, we used 
fish at the early life stage; consequently the preference that 
they formed for a habitat was maintained for some time, 
despite some of them having had the experience of no envi-
ronmental structure prior to the preference test. There is a 
danger of predation and starvation during early life stages. 
The retention of the preference for a particular suitable habi-
tat benefits survival by reducing the cost of searching for and 
estimating the potential of a habitat. Meanwhile, the coastal 
environment can often fluctuate, and the suitability of a habi-
tat may vary during the development of an organism, e.g., 
due to predator immigration and prey disappearance. If it 
is difficult to change the habitat preference formed at the 
early life stage, juveniles cannot move and may then have 
to endure a suboptimal habitat. Further study is required 
to investigate the shift of habitat preference when a habitat 
deteriorates.

The habitat preference that had been formed disappeared 
by day 100, although it should be noted that the statisti-
cal power was less for this timepoint than for those of the 
previous two tests. Possible explanations for the disappear-
ance of habitat preference include the loss of memory since 
the nursery phase and the ‘overwriting’ of preference for 
the barren tank. Another possibility is that a shift of habi-
tat preference may be innately programmed; P. major juve-
niles migrate from coastal shores to deeper areas in autumn 
(Tanaka 1985), and the day-100 test was conducted at the 
time of offshore migration. If habitat shift is genetically pro-
grammed by a factor related to seasonal changes, such as 
lower water temperature, the experience-formed preference 
may be lost. In any case, the present study implies that habi-
tat preference is at least partially acquired rather than fully 
innately programmed.

The present study revealed that habitat choice of fish can 
be formed based on their living environment. The results 
suggest that researchers should be careful when experiment-
ing with and observing hatchery-reared fish to evaluate the 
habitat preference of a target species. Further studies using 
various species are required to investigate the formation of 
habitat preference in fish. The formation of habitat prefer-
ence may be useful to improve the behavior of seed fish 
during release in stock enhancement programs. Naive hatch-
ery-reared fish often fail to choose an appropriate habitat 
(Stuntz et al. 2001; Kawabata et al. 2011), resulting in a 

high mortality rate after release. The life skills of seed fish 
may be improved by rearing them in a suitable environment 
to nurture an appropriate habitat preference for survival in 
their future natural environment.
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