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Abstract Adults of three amphidromous gobiid fishes,

Tridentiger brevispinis, Rhinogobius similis, and

Gymnogobius petschiliensis, are euryhaline and gener-

ally found in both freshwater (FW) and brackish water

(BW) areas. The determining factors for their choice of

habitat with different salinity have never been explored.

In this study, a salinity-choice experiment was conducted

using the above species captured in the FW region of the

Isazu River, northern Kyoto Prefecture. For comparison,

the fluvial goby Rhinogobius flumineus and BW-accli-

mated G. petschiliensis were also tested. We found that

the three euryhaline species, including BW-acclimated

G. petschiliensis, preferred BW to FW, whereas R. flu-

mineus preferred FW. These results suggest that salinity

preference did not determine habitat in these euryhaline

gobiids, which were found in FW. Surveys were also

conducted focusing on competitors and predators in their

potential habitats. Thus, net sampling captured many

other gobiid species, and an environmental DNA method

detected Japanese temperate bass, a voracious predator,

in the estuarine areas, suggesting that biotic factors are

major determinants in the distribution of euryhaline

species.

Keywords Euryhaline goby � Biotic environment �
Environmental DNA � Osmoregulation

Introduction

In general, fish cannot move easily between hypotonic

and hypertonic environments. Stenohaline species,

including freshwater (FW) and marine fishes, are not able

to control the osmotic pressure of their body fluids and

suffer fatal damage soon after they enter an environment

with inadequate salinity (Parry 1966). In contrast, eury-

haline fish modify their physiological processes as they

acclimatize to a new environment with different salinity;

for example, they control the level and activity of Na?/

K?-ATPase or change the distribution of aquaporin in gill

chloride cells (Tipsmark et al. 2002; Jung et al. 2012). In

addition, utilization of different metabolic substrates

supplies the energy during salinity acclimation, thus, an

energy supply has priority over the preservation of

metabolic substrates on such occasions (Hwang et al.

2011). This indicates that significant environmental

changes (e.g., salinity change) cause new energy

requirements in fish, which need energy to maintain

physiological functions. Therefore, even euryhaline fish

cannot avoid an energetic cost when they enter a habitat

with different osmotic characteristics.
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Euryhaline species are found in various taxa (Schultz

and McCormick 2013). In their study on sea catfishes

(Ariidae), Betancur et al. (2012) suggested that euryhaline

or FW species tend to occur in FW areas inhabited by few

related species. Moreover, intraspecific polymorphism in

utilizing habitats with different salinity is a part of the life

history strategy of Japanese eel Anguilla japonica (Tsu-

kamoto et al. 1998), Japanese temperate bass (Fuji et al.

2014) and amphidromous goby Awaous stamineus (Hogan

et al. 2014). Thus, the benefit that arises when euryhaline

fishes access habitats with different salinity can outweigh

the cost of osmoregulation. For example, the use of habitats

with different salinity enables euryhaline fish to access

more food resources (Fuji et al. 2014), avoid high com-

petitive pressure (Alcaraz et al. 2008), and mitigate water

temperature variation (Iwatsuki et al. 1993), all of which

suggest that benefits of euryhalinity are not trivial in terms

of niche width.

Gobiid fishes are highly diverse, particularly in regard to

their habitat (Seno 2004). Their distribution area includes

ocean, estuary, stream, lake, and marsh ecosystems;

diadromous species also exist in this taxon. In addition, the

ability of adults to utilize habitats with different salinities is

thought to have evolved independently in several euryha-

line gobiid species, because such a trait is uncommon yet

appears in different genera (Akihito et al. 2013). This

renders these species suitable models to reveal relation-

ships between the cost and benefit of habitat choice along a

salinity gradient, because ecological factors rather than

phylogenetic constraints are considered to have caused

such a polyphyletic trait. It is not known what determines

habitat choice in such euryhaline species, and answering

this question may provide valuable information about their

strategy of habitat utilization.

Three gobiid species, Tridentiger brevispinis, Rhinogo-

bius similis, and Gymnogobius petschiliensis, live almost

exclusively in the FW area of the Isazu River, in the

northern Kyoto Prefecture (Oto, unpublished data). Their

potential distribution, however, extends from the middle or

downstream basin to the estuarine areas (Ishino et al. 2005;

Akihito et al. 2013). In general, when many gobiid species

coexist, their habitat pattern shifts as a result of interactions

including competition. Microhabitat niche shift occurs in

the middle basin where more than one species of Rhino-

gobius exists. Mizuno et al. (1979) revealed that when

Rhinogobius nagoyae dominates in flat riffle, three other

species (Rhinogobius fluviatilis, Rhinogobius sp. ‘‘cobalt,’’

and Rhinogobius brunneus) utilize other parts of the

stream, whereas in the absence of Rhinogobius nagoyae,

the other three species enter the flat riffles. Other studies

showed that when Rhinogobius nagoyae and Rhinogobius

fluviatilis coexist, the former species tends to shift its

habitat to that with a faster current and coarser substrate as

compared to allopatric conditions (Sone et al. 2001, 2006).

The Isazu River empties into Maizuru Bay, which is

characterized by a high level of species richness of gobiids

(Matsui et al. 2014). Many gobiid species live in both the

estuary and the FW habitats of this river and various and

intense interactions are assumed to arise among these

species.

Habitat utilization of gobiid fish is also affected by the

presence of predators (Schofield 2003). Japanese tem-

perate bass Lateolabrax japonicus is a typical top predator

(e.g., Nip et al. 2003; Kawamura 2005; Nakane et al.

2010). It is distributed widely in Japanese coastal waters

(Hatooka 2013). It has high osmoregulatory ability and is

known to enter rivers (Hirai et al. 1999; Miyata et al.

2016; Yamanaka and Minamoto 2016). Both adults and

juveniles of this species preferentially prey upon gobies in

inner bay and estuarine areas, as has been reported by

many authors. For example, in Matsushima Bay and

Sendai Bay, northeastern Japan, the diet of larval and

juvenile temperate bass (standard length 18–209 mm)

included fish at the rate of 6.2–1.7% of all prey individ-

uals, mainly comprising gobies (Hatanaka and Sekino

1962). In and around Ise Bay and Mikawa Bay, central

Japan, the diet of temperate bass (body length

80–600 mm) included fish individuals at the rate of 50%

or more, the majority of which were gobies (Funakoshi

1993). Therefore, Japanese temperate bass should have a

major effect on gobiid species in the Isazu River, where

this species dominates as a predator.

The goal of this study was to reveal potential factors that

determine habitat selection in terms of salinity in euryha-

line gobiids T. brevispinis, R. similis, and G. petschiliensis.

We first evaluated the physiological preference to salinity

by a choice experiment. If salinity preference was consis-

tent with habitat salinity, the preference was considered a

major causal factor. If salinity preference did not corre-

spond to habitat salinity, then another factor was assumed

to be a determinant. To rule out the possibility that the fish

will choose brackish water (BW) to compensate for min-

eral requirements, experimental trials using fluvial goby,

Rhinogobius flumineus, and G. petschiliensis acclimated in

BW were conducted.

In addition, distributions of competitors and predators

were examined as factors that may affect habitat utilization

of the target euryhaline gobiids. The distribution of related

gobiid species was investigated from the estuary to the

middle basin by capturing fish with hand nets. The distri-

bution of the predator Japanese temperate bass was

investigated by detecting environmental DNA (eDNA).

eDNA comprises fragmented DNA released into sur-

rounding water by aquatic organisms through their mucus,

feces, urine, and remains, and it is used to detect the

presence of specific species (Ficetola et al. 2008). This
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method has been applied to detect endangered or invading

species in FW systems (e.g., Takahara et al. 2013) but not

in an ethological context.

Materials and methods

Target species

Tridentiger brevispinis, Rhinogobius similis, and Gymno-

gobius petschiliensis were used for the salinity-choice

experiment. They are all amphidromous species from the

subfamily Gobionellinae. The adults of their congeneric

species reside in FW areas, whereas the above three species

inhabit FW but also tidal areas (Akihito et al. 2013). In

addition, the FW goby Rhinogobius flumineus, which is

sympatric with the above three species, was used for

comparison.

Fish sampling

The sampling was conducted from 25 September to 25

November 2015 on the Isazu River (approximately 20 km

in length), Maizuru City, Kyoto Prefecture (Fig. 1). Sam-

pling station (St.) 1–3 were located in tidal and BW areas.

Salinity was measured by using a salinometer (TCX-999i;

Toko-Kagaku, Tokyo); the salinity at St. 1–3 ranged from

1.0 to 19.9.

Tridentiger brevispinis, R. similis, and R. flumineus were

sampled in the middle basin at St. 6. The reach type of the

river was categorized as Bb according to the method of

Kani (1970), where type B is defined as having the

sequence of one riffle and one pool pair and type b as

having turbulent riffles. G. petschiliensis was sampled in

the Manai Pond, which is located about 500 m from the

reach (Fig. 1). Although the pond is connected to the main

stream via a water channel, its water is mostly supplied by

spring welling. Salinity at St. 6 and Manai Pond was 0.1.

The fish were captured with a hand net and transported at a

density of about ten individuals per 20-L bucket.

Acclimation

Acclimation and the experiments were conducted in the

Maizuru Fisheries Research Station, Kyoto University. The

fish were acclimated in an outdoor facility with a roof in

transparent 100-L tanks at a density of 12 individuals or

less per tank for approximately 2 days. They were accli-

mated in FW, except for the BW-acclimated group of G.

petschiliensis, which was acclimated in water with salinity

of 20.4 (equivalent to the salinity used in experimental

BW). Bricks were placed in the tanks as shelters, and the

tanks were aerated. The fish were given bloodworm

(chironomid larvae; Sanmi, Hyogo, Japan) at approxi-

mately 3.2 g tank-1 once per day starting from 2 days after

they were transferred to the tanks. Before the experiments

were initiated, it was verified that most individuals of the

respective species fed on bloodworm.

The experiment was conducted in a temperature-con-

trolled room with tank water temperatures maintained at

22.5 ± 1.5 �C (mean ± SD). The fish were acclimated to

the experimental water overnight, or longer, in the same

tanks that were used for the salinity-choice experiment; the

light–dark cycle in the room was 12/12 h. BW (salinity 20)

was prepared by mixing tap water and filtered seawater

pumped from Maizuru Bay. The experimental water was

left undisturbed overnight, or longer, before a fish was

introduced.

Experimental procedure

The experiment was conducted using six tanks measuring

60 9 30 9 45 cm (length 9 width 9 depth), with a

30-cm-high separation dividing each tank into two

Fig. 1 Spatial arrangement of sampling stations (St.) in the Isazu

River system in Maizuru, Kyoto Prefecture
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sections. An opaque blue sheet covered all the sides except

the front of each tank, and blackout curtains were set

around the experimental areas each holding two tanks. A

video camera (HDR-CX480; Sony, Tokyo) was set in each

experimental area and operated through a window in the

curtain.

The experiment was composed of the preliminary and

test stage. A whole tank was filled with FW in the pre-

liminary stage of the FW-acclimated treatments, and BW

was introduced into the left section of the tank in the test

stage (Fig. 2). In the BW-acclimated treatment, BW

instead of FW was introduced into the whole tank in the

preliminary stage. During the test stage, FW and BW were

separated by their difference in specific gravity. Two 200-L

stock tanks were filled with FW or BW and connected to

the experimental tank via tubes. Before the test stage of

FW-acclimated treatments, FW was drained via an outlet

from the left section and BW was introduced using the

same outlet. FW was added from the inlet in the right

section of the tank, filling up the tank above the level of the

separation wall so that the fish could move between the two

sections. The same protocol was used to prepare the tank

for the BW-acclimated group, except that BW was drained

from the right section and was replaced with FW. The fish

in the section that was drained after the preliminary stage

was transferred to the other section using a small hand net.

The tank walls were rinsed with the same type of water,

FW or BW, before introducing the experimental water.

After the test stage, the salinity in the FW section was

1.9 ± 1.8, and that in BW was 19.7 ± 0.9. Each stage

lasted 1 h and was recorded by a video camera. Between

each stage, fish were left in the tanks for 1 h to relieve their

stress. Standard length, body weight and sex of individual

fish were recorded after each experiment (Table 1).

Statistical analysis

From 1-h video recordings, 361 still frames were extracted

at 10-s intervals. Then, the number of frames in which the

fish was in the lower-left section where BW was introduced

during the test stage was extracted. The position of the

fish’s eyes defined its location. The average number of

frames showing the fish in the lower-left section was

compared between the preliminary and the test stage by

paired t-test, and the result determined whether a salinity

preference existed; if the number of frames in the test stage

Fig. 2a, b Experimental tanks used for the salinity-preference

experiment. In the preliminary stage of the experiment, the tanks

were filled with freshwater (FW) or brackish water (BW) for FW-

acclimated groups or BW-acclimated groups, respectively (a). In the

test stage of the experiment, the left section of the tank was filled with

BW (b)

Table 1 Standard length (SL),

body weight (BW), number of

males and total number of

individual fish used in each

salinity-choice experiment

Experimental SL (mm) BW (g) No. males n

Rhinogobius flumineus 43.0 ± 6.0 1.35 ± 0.54 5 13

Tridentiger brevispinis 60.0 ± 14.0 4.59 ± 2.80 –a 13

Rhinogobius flumineus 58.5 ± 10.5 3.53 ± 1.86 6 13

Gymnogobius petschiliensis (freshwater) 75.5 ± 20.5 7.59 ± 5.49 10 13

Gymnogobius petschiliensis (brackish water) 83.0 ± 18.0 10.36 ± 6.69 8 13

a Sex could not be distinguished
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was significantly higher or lower than in the preliminary

stage, the fish were considered to have BW or FW pref-

erence, respectively. In addition, the BW preference index

(BPI) representing the degree of salinity preference was

calculated as follows:

BPI ¼ ðnt � npÞ=361;

where np and nt are the number of frames when the fish is

in the lower-left section in the preliminary and test stage,

respectively. The BPI was also compared between male

and female individuals for all species, except for T. bre-

vispinis in which sex differentiation is unclear. Inter-

specific difference of BPI was tested by Bonferroni pair-

wise t-test. R statistical software version 3.2.0 (R Core

Team 2015) was used for the analyses.

Survey of competitors in estuarine and downstream

basin

The distribution of competitor gobiid species was surveyed

by hand net at St. 1, 3, 4, 6, and Manai Pond on 25 and 27

September 2015. The salinity at St. 4, 6, and Manai Pond

was 0.1. Captured species and their approximate densities

were recorded. The density was assigned a score according

to a three-grade evaluation: minus, representing none; plus,

representing approximately 1–10 individuals per 1 h; and

plus plus, representing[10 individuals h-1, respectively.

Survey of predators

One liter of river water was sampled from St. 1–10 on 18

December 2015 to detect species-specific DNA of tem-

perate bass. Considering the tidal range in the estuarine

basin, water sampling was conducted at both low and high

tides at St. 1–4. Three replicates of water specimens were

collected for each sampling occasion.

DNA extraction and quantitative determination were

conducted at the Maizuru Fisheries Research Station.

Bottled water specimens were transported on ice and fil-

tered on a 47-mm-diameter microfiber paper (nominal pre-

size 0.7 lm; GF/F grade; Whatman International, Little

Chalfont, UK) within 6 h of collection. DNA was extracted

by the Salivette method according to the protocol described

by Yamamoto et al. (2016). Species-specific DNA of L.

japonicus was quantified following the Taq Man probe

method (Yamamoto et al. 2016), using a real-time poly-

merase chain reaction (PCR) (LightCycler 96; Roche

Diagnostics, Mannheim, Germany), and the primers

reported by Yamanaka and Minamoto (2016). The PCR

thermal cycle protocol was as follows: 2 min at 50 �C,
followed by 10 min at 95 �C, 45 cycles of 15 s at 95 �C,
and 1 min at 60 �C. A triplicate negative control was

adopted by using distilled water. Four levels of quantitative

standards (species-specific DNA at 3.0 9 104, 3.0 9 103,

3.0 9 102, 3.0 9 101 copies) were used to draw a cali-

bration curve. The R2-value of the calibration curve was

0.98 or more.

Results

Salinity-choice experiment

The FW-acclimated T. brevispinis, R. similis, and G.

petschiliensis and the BW-acclimated G. petschiliensis

showed a significantly higher preference for BW than for

FW, whereas R. flumineus had significantly higher prefer-

ence for FW than for BW (Table 2). There was no sig-

nificant difference in the salinity preference between the

sexes in all species (t-test; R. similis, P = 0.233; G.

petschiliensis, P = 0.088; R. flumineus, P = 0.562). The

BPI of R. flumineus was significantly different from that in

other groups (Bonferroni pairwise t-test, P\ 0.01), but

there was no difference in the BPI between other pairs of

the groups (Bonferroni pairwise t-test, P[ 0.8; Fig. 3).

Distribution of competitors and predators

Tridentiger bifasciatus, a congeneric species of T. bre-

vispinis, was captured at a high density in the waters of St.

1 and 3. Gobiids of the genera Acanthogobius and Lucio-

gobius were also recorded at the same stations. Although

juveniles of T. brevispinis were captured, the adults were

not found (Table 3).

Table 2 Results of salinity-

choice experiment with t-value

comparing number of frames

showing the fish in the lower-

left section in preliminary and

test stages in each treatment

Experimental group Preliminary stage Test stage t

Mean SD Mean SD

Rhinogobius flumineus 167.23 83.17 79.54 78.14 -3.0243*

Tridentiger brevispinis 119.15 83.17 207.08 99.24 2.3446*

Rhinogobius flumineus 129.54 92.98 206.15 60.39 2.2065*

Gymnogobius petschiliensis (freshwater) 123.38 47.66 198.54 37.38 4.8439*

Gymnogobius petschiliensis (brackish water) 97.00 31.65 171.85 56.58 6.0762**

* P\ 0.05, ** P\ 0.01
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On average, 481 copies of eDNA of temperate bass were

detected in the water from St. 1 at low tide during daytime

and 59.1 copies were detected at St. 2 during high tide at

night. No eDNA of this predator species was detected at

other stations (Fig. 4).

Discussion

The salinity-choice experiment revealed that the three

euryhaline gobies, T. brevispinis, R. similis, and

G. petschiliensis, preferred BW to FW. A relationship

between salinity and fitness has been reported in various

euryhaline fishes. For example, Micropogonias furnieri, a

euryhaline species of croaker, exhibits better growth in BW

than in FW, suggesting that physiological processes in this

species require saline environments (Mont’Alverne et al.

2016). Trachinotus marginatus, a euryhaline species of

pompano, is also known to show the best growth at a salinity

of 6 (Anni et al. 2016). For the three euryhaline gobies tested

in the present study, BW may have provided a physiologi-

cally better environment. Nevertheless, it cannot be exclu-

ded that the euryhaline gobies might have chosen FW if the

experiment had been extended over a longer period.

Salinity preference of the three euryhaline gobies was

not consistent with that of their habitat. This suggests that a

requirement for physiological salinity is not a priority in

their habitat selection. It is likely that the basic habitat of

the three euryhaline gobies is estuarine and that the toler-

ance to FW is a derived trait; thus external factors might

have shifted their habitat utilization and forced them to

enter the FW area.

The present results suggest that one of these external

factors is interspecific competition. Many T. bifasciatus

and Acanthogobius species were captured in the Isazu

River estuary, and the presence of these related species

may increase competition for food and spatial resources.

Many studies suggest that the presence of competitors,

particularly competition with related species, causes habi-

tat shift in gobiid species (Sone et al. 2001, 2006; Schofield

2003). Other studies show that Gymnogobius opperiens and

Gymnogobius urotaenia, sister species of G. petschiliensis,

tend to use different habitat along and across the river flow,

respectively (Miyazaki and Terui 2016). In the case of

T. brevispinis and T. obscurus, there is reproductive

interference between them because the fitness of their

hybrid is low (Mukai et al. 2000). It is also known that both

of these species show parapatric distribution; T. brevispinis

Fig. 3 Salinity preference of the fish of four experimental groups

represented by BW preference index (BPI), which was calculated as

follows: [(the number of frames when a fish was in the lower left part

of the tank in the test stage)–(the number of frames when a fish was in

the lower left part of the tank in the preliminary stage)]/(the total

number of frames = 361). For values significantly higher than zero,

the group was considered to prefer BW (salinity of 20). Black circles

represent means (n = 13) and bars SEs. Different letters indicate

significant difference among fishes or treatments (Bonferroni pairwise

t-test). Gp Gymnogobius petschiliensis, Rf Rhinogobius flumineus, Rs

Rhinogobius similis, Tb Tridentiger brevispinis; for other abbrevia-

tions, see Fig. 2

Table 3 Goby species captured in September at stations (St.) 1, 3, 4,

6 and Manai Pond

Species St. 1 St. 3 St. 4 St. 6 Manai

Acanthogobius flavimanus - ? ?? - -

Acanthogobius lactipes ? - - - -

Gymnogobius petschiliensis - - - ? ??

Luciogobius sp. - ? - - -

Rhinogobius flumineus - - - ? -

Rhinogobius nagoyae - - - ? -

Rhinogobius similis - - - ??

Tridentiger bifasciatus ?? ?? - - -

Tridentiger brevispinis - ? ? ?? -

Relative fish density is expressed at three levels: none (–), 1–10

individuals (?),[10 individuals (??)

Fig. 4 Number of environmental DNA (eDNA) fragments of

Japanese temperate bass Lateolabrax japonicus detected at each

station in the Isazu River. Circles Data at low tide, triangles data at

high tide
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lives in the upper stream when the two species live in the

same river (Mukai 2001). In contrast, salinity can influence

the intensity of competition between euryhaline species.

Alcaraz et al. (2008) revealed that when two related

euryhaline species, mosquitofish and cyprinodont, coexist,

the feeding probability of the latter increases with

increasing salinity level. Furthermore, Herichthys

cyanoguttatus, a euryhaline cichlid, enhances its aggres-

sion level in BW compared to FW, suggesting elevated

competition in estuaries (Lorenz et al. 2015). Taken toge-

ther, these data indicate that the three euryhaline gobies

studied here were likely chased out by these competitors,

or they shifted their salinity habitat to avoid the competi-

tion. Although other Rhinogobius species coexisted with

the three euryhaline species at St. 6, their density was low

and each species occupied a separate habitat: R. flumineus

and R. nagoyae lived in areas of swift current, whereas

T. brevispinis and R. similis inhabited flat riffles and pools

(Oto, unpublished data). Thus, structural complexity of the

stream might mitigate interspecific competition and enable

many species to coexist.

Predation is one of the most important factors that can

affect animal behavior (e.g., Lima and Dill 1990; Brown

and Kotler 2004). The eDNA of the typical predator tem-

perate bass was detected at two estuarine stations in the

Isazu River in December 2015. Moreover, many adults of

this species were captured by lure fishing, or their presence

was visually confirmed in the estuary of this river between

June and September 2015 (Oto, unpublished data). Thus,

both the eDNA data and the observations indicate that the

Japanese temperate bass may be considered a resident of

the estuary, or at least a frequent visitor. The northern

distributional limit of Japanese temperate bass is southern

Hokkaido, where its density is relatively low (Yokogawa

2002; Hibino et al. 2007). It is noteworthy that

G. petschiliensis mainly lives in the FW area in most rivers

of Honshu and Shikoku, Japan, whereas its main habitat is

BW in southern Hokkaido (Goto et al. 1978; Nakanishi

1978; Hatama and Ohhashi 2009; Tsuji 2015). This sup-

ports the hypothesis that predation pressure shapes the

habitat choice of this goby in terms of salinity.

Piscine predators are rare in the middle and upper basin

of the Isazu River. According to monthly underwater visual

surveys conducted from June 2012 to January 2013 and

from March to November 2015, only one individual of

Anguilla japonica and one individual of Oncorhynchus

keta were recorded as predatory species around St. 6

(Kumagai, unpublished data; Oto, unpublished data).

Therefore, predation risk is most likely to be higher in BW

than in FW areas. Combining the present results with this

circumstantial information indicates that the presence of

Japanese temperate bass may well have forced the three

euryhaline gobies to avoid estuarine areas.

Another factor, seasonal migration, can also determine

habitat utilization of the three euryhaline gobies. Some of

the euryhaline wanderers born in FW areas are known to

migrate to FW areas in the low temperature season. For

instance, Tribolodon species migrate to streams in winter,

which is called ‘‘wintering migration,’’ due to physio-

logical restrictions (Sakai 1995; Nakamura et al. 2016).

The three euryhaline gobies are also born in FW areas, but

their densities did not change significantly during the

sampling conducted from September to November 2015

despite the substantial temperature reduction then, sug-

gesting that there was no clear wintering migration.

Spawning migration is not a likely causal factor either

because of the lack of eggs and the presence of immature

reproductive organs in the captured fish. Food resources

are known to vary greatly along a salinity gradient and

may affect habitat utilization (Islam et al. 2006; Fuji et al.

2014); however, this was not investigated in the present

study.

Inconsistency between the fishes’ preferred salinity and

that of the actual habitat provides an insight into the

driving force of the process of acquiring euryhalinity.

Future studies should focus on quantifying the costs and

benefits of utilizing environments with a different salinity.

Our next goal is to reveal whether, and if so how much,

salinity restricts the physiological performance of euryha-

line species by comparing the response of body weight and

nutritional status between fish kept in FW and those kept in

BW. Otolith microstructure analysis is another promising

tool which can be used to answer these questions by

combining environmental factors such as temperature,

water quality, and topography of the estuary.
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