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RESEARCH ARTICLE
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Abstract

For fish of the genus Sebastes, which have strong site fidelity, understanding the characteristics of their return trips
and how their sensory cues influence behavior will be useful for conservation and resource management. Here, we
conducted a behavioral tracking study for the black rockfish Sebastes schlegelii using acoustic telemetry and sensory
inhibition. We compared aspects of the return process for individuals in a control group (CNT), and fish in blind (BLD)
and olfactory inhibition (OLF) conditions. Nine individuals were released 850 m from the fishing site, and all of them
returned. However, the time taken to complete the return varied, with BLD taking the longest, followed by OLF and then
CNT. One CNT individual released at 2 km did not return. The return route of CNT individuals was through waters
shallower than 10 m in west receiving area, Area 1, from north receiving area including release point, Area 2, while the
BLD individuals swam in the opposite direction, at a depth of 40 m northeast of Area 2. OLF individuals took longer at
Area 1, although they followed the same route as CNT individuals after release. Therefore, the visual cues were likely
used to determine the direction of return, and the inhibition of vision probably affected return speed and activity
patterns. Inhibition of olfaction likely affects the return process on small spatial scales. Though it may have less impact
than visual inhibition, it may still prevent the perception of olfactory cues in specific environments and conspecifics.

Keywords: Return trips, Site fidelity, Black rockfish, Sensory inhibition

1. Introduction

S ite fidelity is generally defined as the
behavior of returning to a previously occu-

pied place after moving to an unfamiliar place [7].
At post-migration sites, animals lack information
on habitat, such as the location of conspecifics,
predators, and food, and individual survival rate
is expected to be reduced [14]. In fish, catch-and-
release fishing activities can result in migration

independent of the fish's intentions, and infor-
mation on the ecology of return to habitats and
spawning sites is important from the perspective
of resource management and sustainable use
[23,37,35].
The genus Sebastes has strong site fidelity, and

many Sebastes species that leave their habitat return
to the same location within a short time period
[4,17,16]. Because of its longevity and relatively slow
maturity and growth, Sebastes is likely to experience
significant population declines and migration
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resulting from human activities. In some areas, the
establishment of protected areasdin which the ju-
veniles of multiple species of Sebastes are pre-
sentdhas been proposed [24]. Therefore, examining
the characteristics of site fidelity and return trips in
many Sebastes species is directly relevant to man-
agement and sustainable use of the resource.
The migratory ecology of fishes, including the

genus Sebastes, has long been investigated using
catch data and tagging-release surveys [4]. Attached
spaghetti tags, one of the tags for animal identifi-
cation to the yellowtail rockfish Sebastes flavidus and
found they made return trips from a distance of
22.5 km [17]. Examined habitat overlap and migra-
tion trends of several species of Sebastes attached
with dirt tags inserting to the animal body. Recent
studies on the horizontal migration and home
ranges of Sebastes have been conducted using
acoustic telemetry, in which an ultrasonic trans-
mitter is attached to animals and continuous
migration is tracked [13,18,25,19].
There has also been much discussion on which

sensory organs of the species are used tomaintain site
fidelity and perform the return trips. When Sebastes
return to the core area, they may primarily use their
olfactory organs to trace the smell of their habitat and
other individuals of the same species [8,21]. Also,
many fishes learn to identify the distinctive land-
marks within their home range [5,29], and the rela-
tionship between landmarks and sitefidelity has been
discussed in the genus Sebastes, which has more
sensitive vision than other fishes [10,21]. However,
because the characteristics of site fidelity and return
trips vary by species and habitat, the use of these
sensory organs must be understood in detail along
with the behavioral ecology of each species.
Black rockfish Sebastes schlegelii is a benthic fish

that inhabits Korea, the Chishima Islands, the Yel-
low Sea, and the waters around Japan [2]. Around
Hokkaido in northern Japan, it is found in water
shallower than 100 m and is often seen as bycatch in
gill nets and set nets [30]. Black rockfish has a high
growth rate, growing to around 25 cm in a year, and
a narrow behavioral area within 2 km. It is also an
important aquaculture target, with 400,000e600,000
seedlings being released annually in Hokkaido
[22,11]. In addition, artificial fishing reefs have been
set up, and catch size limits have been imposed for
black rockfish, making it a target species for
resource management.
Regarding the migratory ecology of S. schlegelii

[12,32], used acoustic telemetry to measure the
range of horizontal migration and differences in
activity during the day and at night. In addition [36],

reported return trips to a specific location and long-
term site fidelity after return. However, these
studies have not directly examined how members of
this species migrate to their original habitat after
release and which sensory organs they use during
this migration. Having this knowledge will likely
lead to examination of the effectiveness of stock
management measures, such as the catch size limit
and artificial reef establishment described above.
To investigate the behavior of black rockfish in the

Hokkaido area of Japan, we conducted a study using
acoustic telemetry in combination with inhibition of
olfaction and vision. Based on the results, we aimed
to elucidate the characteristics of site fidelity and
return trips, and to verify the sensory organs used
during the return trip.

2. Materials and methods

2.1. Study site and duration

The survey was conducted from 5 to 26
November, 2019 in the waters surrounding the
Usujiri fishing port, located in Minamikayabe-cho,
Hakodate City, Hokkaido, Japan. There were wave-
dissipating blocks on the north side of the Usujiri
fishing port, a kelp farming facility on the northwest
side of the port, and set nets on the west and north
sides of the port (Fig. 1).

Fig. 1. Map of the study area, Usujiri fishing port in southern Hokkaido,
Japan. Black circles indicated the location and the expected signal
detection ranges of the acoustic receiver. The gray lines with water
depths indicates contour lines.
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2.2. Survey equipment

An acoustic transmitter (AQPX-1030P, AquaSound
Inc., Kobe, Japan, frequency: 62.5 kHz, pressure:
155 dB re 1 mPa at 1 m) and installation type receivers
(AQRM-1000, AQRM-2000, AquaSound Inc., Kobe,
Japan) were used for behavioral tracking. The
transmitter was set to transmit sound pulses at
15-second intervals and could be tracked for about a
month. This transmitter is a pinger that uses a gold
code-series code; a type of cyclic code derived the
maximum-length sequence with little mutual inter-
ference, and the receiver that receives the signal
records the transmitter ID and reception time. The
transmitter is also equipped with a pressure sensor
that transmits two pulses at a basic interval of 0.05 s
in a single transmission opportunity. At this time,
information from the pressure sensor is incorpo-
rated into the transmitting time of the second pulse
and the depth of tag can be estimated from the dif-
ference in the arrival time of the two pulses.
In early November 2019, four acoustic receivers

were installed at specific locations around the Usujiri
fishing port (Fig. 1). The maximum range of recep-
tion at the study site was 550 m, and the radius of the
four receivers was set as Areas 1 to 4. An area
overlapping with west receiving area, Area 1, and
central receiving area, Area 4, was set at the fishing
point of black rockfish in the north part of the Usujiri
fishing port. In Area 1, receivers were installed at
kelp farming facilities. In north and east receiving
area, Areas 2 and 3, and Area 4, the receivers were
attached to fishing gear at a depth of about 3 m. The
receivers were retrieved in late November. In order
to check the reception environment around the
wave-dissipating blocks, we sank the transmitter
into the gap of the wave-dissipating blocks at the
north side of the Usujiri fishing port and confirmed
that sound waves could not be received through the

Table 1. Summary of tracked black rockfish. The three individuals and transmitters were retrieval. However, the date of retrieval on the #1 and #5 was
not detected.

ID Fork Length
(mm)

Weight
(g)

Sex Condition Release Point Distance from Fishing Site
(m)

Date of Retrieval

#1 315 480 M CNT 850 ND
#2 290 340 F CNT 850 -
#3 325 480 F CNT 2000 -
#4 305 380 M CNT 850 -
#5 320 500 M BLD 850 ND
#6 310 380 M BLD 850 -
#7 325 520 F BLD 850 -
#8 300 420 M OLF 850 -
#9 290 380 M OLF 850 11/28
#10 275 320 F OLF 850 -

Fig. 2. Three types of conditions of tracked black rockfish: the CNT
having no sensory inhibition, the BND having visual inhibition and the
OLF having olfactorily inhibition. An acoustic transmitter is attached to
each condition’s individuals.
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gap of the wave-dissipating blocks, even if it was
within the reception radius.

2.3. Methods of tagging and sensory inhibition

Ten individuals (Table 1) of black rockfish were
caught at the tip of the north side of the Usujiri
fishing port over 3 days from 6 to 8 November, 2019.
Sex was determined from the reproductive genitalia
near the anus. Based on the growth curve of this
species [30], we determined that individuals
measuring 280 mm or more were 2 years old.
All 10 individuals were tagged with a transmitter

(Table 1). Based on previous studies [36,34], the
following external tagging method was used. A hol-
low needle was inserted into the upper part of the
dorsal fin base of an individual. The device was
attached by threading a cable tie through the hole and
fixing it with the stopper. Individuals recovered from
tagging stress in a recovery tank for at least 12 h, and
we confirmed through direct observation that they
swam normally and were not affected by the tagging.
Three out of the 10 individuals were randomly

selected for visual and olfactory inhibition (BLD and
OLF), and the three individuals were designated as
control individuals (CNT; Table 1, Fig. 2). Sensory
inhibition was performed based on previous
methods [15,1,21], in which the eyes were
completely covered by hooking a combination of
vinyl chloride sheets and wire to the cheekbone. To
confirm that vision was inhibited, we transferred the
inhibited individuals to a glass water tank and
ensured that they did not respond to visual stimu-
lation from outside the tank. Olfactory inhibition
was performed by filling the nasal cavities of in-
dividuals with Vaseline via a syringe [21].
At 9:44 a.m. on 13 November, 2019, nine

individualsdincluding CNT, BLD, and OLF
individualsdwere released 850 m away from the
fishing site, and one individual same condition as
CNT was released 2 km away to verify the return-
able distance.

2.4. Analysis

Data were collected through the reception of
pulses by installation-type receivers. In this study, a
single reception was defined as the receipt of two
pulses transmitted at a single transmitting oppor-
tunity. The data recovery rate for the number of
releases, a percentage of individuals whose trans-
mitting was received at least once, was calculated. If
the transmitter itself was retrieved, the approximate
date, time, and place of retrieval and the condition
of the individual were examined, and the recovery
rate of the equipment in relation to the number of
releases was calculated.
The number of receptions per transmitter was

calculated for each receiver. By revealing the num-
ber of receptions in each area for all receptions, the
utilization rate of each area was calculated. Esti-
mated depths deeper than the maximum water
depth in the receiver's installation area were
removed as noise. The day and night reception
times of each transmitter in each receiver were
compared. Sunrise to sunset was defined as day-
time, and sunset to sunrise as nighttime.
In this study, the maximum number of receptions

per an hour in one area was 240 because the interval
of the transmitter was set to 15 s. Based on previous
studies of the genus Sebastes [19], we defined the re-
turn to the core area as when an individual received
more than 10% of the theoretical maximum number
of 240 receptions in Areas 1 and 4, including the
fishing site of tracked individuals.We alsodefined the
return duration as the time required to complete the
return.Next, the information from thedepth sensor of
the transmitter was extracted with the receiving area
information using the following equation [31]:

D¼a½1000ðt2� t1Þ�b�

where D is swimming depth (m), a and b are pres-
sure sensor coefficients, and t1 and t2 indicate
reception times of the first and second sound pulses

Table 2. The number of receptions in each area and return duration.

ID Total receptions Area 1 Area 2 Area 3 Area 4 Return duration
(h)(%) (%) (%) (%)

#1 9043 4124 45.6 3155 34.9 0 0 1764 19.5 10
#2 15833 11,114 70.2 1154 7.3 0 0 3565 22.5 1
#3 69 0 0.0 0 0.0 0 0 69 100.0 NA
#4 5952 3184 53.5 1346 22.6 0 0 1422 23.9 9
#5 3162 768 24.3 1545 48.9 0 0 849 26.9 141
#6 7129 3298 46.3 1743 24.4 0 0 2088 29.3 30
#7 2572 830 32.3 1187 46.2 0 0 555 21.6 46
#8 1852 1637 88.4 82 4.4 0 0 133 7.2 1
#9 10455 8284 79.2 563 5.4 0 0 1608 15.4 37
#10 1856 923 49.7 631 34.0 0 0 302 16.3 11
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simultaneously emitted from the same transmitter
at the receiver.
Based on the history of the receiving area and

depth data, we compared the swimming character-
istics of CNT, BLD, and OLF individuals. The pe-
riods of comparison were the period from the
release to the recovery of the receiver and the 24 h
after the release. R. Ver. 3.6.3 [28] was used for all
statistical analyses. Differences in time required to
return and average swimming depth were tested
using a generalized linear model, specifying a
gamma (“log”) distribution, with a post-hoc general
linear hypothesis test [3].

3. Results

3.1. Recovery of data and device

The fork length of tagged individuals was
305.5 ± 16.7 mm (mean ± S.D.), and the sex ratio was
60.0% males and 40.0% females (Table 1). All

individuals were released in the same manner. We
observed that the BLD individuals migrated
offshore in the opposite direction to that of the CNT
and OLF individuals. The data recovery rate for the
number of releases is 100.0%. The longest period of
reception of the transmitter was 13 days, which was
the duration until the receiver was retrieved.
Three transmitters were retrieved by fishing ac-

tivity, and the recovery rate of devices for the
number of releases was 33.3%. The retrieval loca-
tions were concentrated around the fishing site, and
the most distant point was 3.6 km away from the
fishing site (#9 of OLF). We were unable to obtain
individual information for one of the recaptured
individuals because it was re-released by the fish-
erman. The vinyl chloride sheet for BLD individuals
had not been removed from the individuals 2 weeks
after the tagging. In addition, the Vaseline injected
into the nasal cavities of the OLF individuals had not
fallen out 45 days after the tagging.

Fig. 3. Detected area and swimming depth on 10 tracked black rockfish from the release to the end of the survey. The detected area is color-coded for
each receiver. Cyan is areal, orange is area2, and magenta is area3. The gray zone indicates the period from sunset to sunrise. The words above each
graph indicate the ID, the type of condition and the return duration. No.1, 2 and 4 are signals from CNT individuals. No.3 was exceptionally released
at 2000 m away from the fishing site. No.5-7 and No.8-10 each are signals from BLD and OLF individuals.
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3.2. Frequency and duration of reception in each
area

The total number of receptions for which IDs
could be identified at each receiver was 57,537, and
there were receptions in Areas 1, 2, and 4 (Table 2).
There were 33,937 receptions in Area 1, 11,330 re-
ceptions in Area 2, no reception in Area3, and 12,270
receptions in Area 4. The number of receptions
between day and night differed greatly, with a total
of 7744 receptions during the day and 49,793 re-
ceptions at night.
The individuals labeled #1, #2, and #4 of CNT were

detected until November 26, the end of the survey
(Fig. 3). They tended to be detected more than the
BLD and OLF individuals. All of the BLD individuals
were detected in at least one area after release; how-
ever, none of the individuals were detected at the end
of the survey. Individual #10 of OLF had repeated
short-term reception until the end of the survey,
whereas #08 and #09 were only detected around the
release with no reception at the end of the survey.

The CNT and OLF individuals mainly used the
depth zone shallower than 10 m (CNT: 8.97 ± 6.13 m;
mean ± S.D.; OLF: 5.31 ± 3.21 m), whereas the BLD
individuals tended to use a depth zone deeper than
10 m, differing significantly from OLF individuals
(BLD: 11.31 ± 8.59 m; CNT vs. OLF (z ¼ �1.04,
p > 0.05), CNT vs. BLD (z ¼ �1.34, p > 0.05), BLD vs.
OLF (z ¼ �2.38, p < 0.05)).

3.3. Characteristics of activity during return trip

The individuals completing their return trips to
the fishing site were three CNT, three BLD, and
three OLF individuals (Table 2). Only an individual
released from 2 km did not return. The time
required to return was relatively short for CNT and
OLF individuals (CNT: 6.67 ± 4.93 h; mean ± S.D.;
OLF: 16.33 ± 18.58 h). The return time of BLD in-
dividuals was significantly longer than that of the
CNT individuals (BLD: 72.33 ± 60.00 h; CNT vs. OLF
(z ¼ 1.20, p > 0.05), CNT vs. BLD (z ¼ �3.18,
p < 0.01), BLD vs. OLF (z ¼ �1.99, p > 0.05)).

Fig. 4. Detected area and swimming depth on 10 tracked black rockfish during 24 h after release. The design of this figure is same as Fig. 3.
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The process of the return trip was different for
each individual condition (Fig. 4). The CNT in-
dividuals were detected at a depth of 10e20 m in
Area 2 immediately after release. They then moved
linearly to a shallower depth, and reception was
scattered below 10 m in Areas 1, 2, and 4. After that,
the reception in Area 2 decreased and only occurred
in Areas 1 and 4. In contrast, #05, #06, and #07 of the
BLD individuals were detected in areas 30 m or
deeper in Area 2 following release and partly
detected in Areas 1 and 4. Compared with other
groups, daytime reception was frequently observed.
OLF individuals were detected in Area 2 immedi-
ately after release and moved to the shallower wa-
ters, as did the CNT individuals. Next, OLF
individuals were detected in Areas 1, 2, and 4.
However, reception stopped after several hours.
Individual #8 from OLF was observed continuously
in Area 1 84 h after stopping reception.

4. Discussion

4.1. Ability to return and activity pattern of black
rockfish

Nine tagged black rockfish released 850 m from
the fishing site completed the return, although the
time required to return differed, and one control
individual released 2 km from the fishing site did
not return. It suggests that black rockfish around the
Usujiri fishing port have the ability to return from
distances less than 850 m, and indicate an example
of impossibility to return from more than 2 km
away. In the genus Sebastes, return trips from
22.5 km away have been reported [4], so the
returnable distance for black rockfish is likely rela-
tively short.
The time required to complete the return for CNT

individuals was 6.67 ± 4.93 h [18] released Sebastes
caurinus and Sebastes maliger 500 m away from their
habitat and found that over 15 days was required for
their return [19]. also released Sebastes inermis at
1.0e4.5 km from their habitat and found that some
individuals returned within 4 days. Comparing
these reports with our results, the time taken by
tagged black rockfish to return was relatively short
[12,36]. reported that tracked black rockfish did not
leave the receiving range of one of the acoustic re-
ceivers (approximately 500 m) for more than a week.
Also, in this study, individuals were only detected
around the fishing site for a maximum of 13 days
after returning. Such a relatively narrow activity
range, as well as the short returnable distance, may
have contributed to the short time required to
complete the return.

The signals of CNT individuals began being
received from Areas 1 and 4 at around 5 p.m. in the
evening and stopped being received at the same
points at around 6 a.m. in the morning. This in-
dicates a large difference in the number of re-
ceptions during the day and at night. Previous
studies have suggested that black rockfish are more
active at night [12,36] indicated that this species may
prefer reefs and environments with many obstruc-
tions, suggesting that individual activity and use
locations also differed during the day and night. In
our study, the wave-dissipating blocks and struc-
tures around the fishing site at the Usujiri fishing
port made it difficult to receive acoustic transmitters
from the inside of the blocks, even though they were
within the reception range. Divers in the vicinity
have frequently observed black rockfish using the
space of the blocks in the daytime. Thus, fewer re-
ceptions were likely detected for the tracked in-
dividuals in this study during the daytime because
of their use of the space in the blocks.

4.2. Sensory organs used for returning and site
fidelity

Differences were found for the characteristics of
the return trip and swimming behavior between
CNT and sensory-inhibited individuals. From the
retrieved individuals, the vinyl chloride sheet used
for visual inhibition and the Vaseline used for ol-
factory inhibition remained intact at the end of the
study period suggesting that sensory inhibition was
achieved in all individuals.
CNT individuals tended to be detected in Areas 1

and 4 near the fishing grounds after being in Areas
1, 2 and 4 for short periods around release. Yet there
was no reception in Area 3. The characteristics of
these return routes may have been influenced by
the geographic environment and landmark obsta-
cles at the study site [18]. showed that many S.
caurinus and S. maliger individuals were found in or
near reef areas during their return trips, suggesting
that these species may have returned using rocky
zones or landmark obstacles as visual cues. At our
study site, there were no landmark obstructions
besides the wave-dissipation blocks in Areas 3 and
4, but kelp cultivation facilities anchored with
foundations and ropes were established around
Areas 1 and 2. It is possible that the presence of
these landmarks influenced the observation that the
CNT individuals' return routes were not through
Area 3 or directly back to Area 4 and the fishing site.
The BLD individuals stayed for 5e6 h at a depth of

about 40 m in Area 2 after continuous detection in
Area 2 at release. The area with the 40 m depth is in
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the northeastern part of Area 2, and the result that
BLD individuals used this area indicated that the
BLD individuals had moved in a different direction,
as observed during the release, from the CNT in-
dividuals. Subsequently, #8 was observed in Area 1
after a period of no reception, so it was inferred that
the individual had moved out of the reception range
from the northeast part of Area 2 to Area 1. Ulti-
mately, all three individuals returned to the vicinity
of the fishing site but took over three times as long as
the CNT individuals. These results suggest that vi-
sual cues were a major contributor to the route and
duration of this species' return trip. These results also
indicate that landmarks in the habitat are important
[20]. reported that the return route became more
linear and swimming speed increased from the vi-
cinity of a characteristic obstacle that could be a
landmark in the activity range of S. inermis. There-
fore, the obstacles and reefs as landmarks may in-
fluence not only the determination of the return
route, but also the swimming speed and character-
istics of Sebastes species. In this study, the BLD in-
dividuals showed different activity patterns from the
CNT individuals after completing their return, with
frequent receptions during the day and no receptions
at the end of survey. This suggests that the loss of this
species’ visiondi.e., its ability to sense landmarks in
the surrounding environmentdinfluenced its swim-
ming speed and state, resulting in changes in the
time required to return and diurnal activity patterns
relevant to the site fidelity.
Still, the BLD individuals returned to the vicinity

of the fishing site, although they took relatively
longer to do so than the CNT individuals. This
suggests that they had other sensory organs besides
vision to detect direction and distance to the fishing
site. Along with vision, olfaction is indicated as the
primary sense used for return trip in other members
of the genus Sebastes. The OLF individuals in this
study took slightly longer to return than the CNT
individuals. Although the effects of olfactory inhi-
bition on the time and speed of the return trip may
have been less than that of visual inhibition, the
tagged individuals may have had difficulty receiving
some of the information about the core area as a
result of olfactory inhibition. The existence of two
main types of olfactory cues associated with return
trips and site fidelity can be hypothesized from
previous studies [8,21]. One is habitat-specific ol-
factory cues. Many salmonids fishes partly use the
olfactory cues of their native rivers to home and
spawn at their birthplace [9,6]. The other possibility
is olfactory cues derived from urine, feces, and body

fluids emitted by conspecifics [27]. For example,
Dascyllus aruanus preferred water from reefs in the
habitat where it lived than that from reefs where the
species did not live [33]. The fishing sites of the in-
dividuals in this study were covered with concrete
wave-dissipating blocks, and a lot of seaweed had
grown on them. These environments are similar to
the areas favored by this species, and it was ex-
pected that many individuals of the same species
could potentially inhabit the area around them.
Therefore, olfactory cues from both the environ-
ment and conspecifics may have been present, and
it is not possible to determine which was received
during the return trip. Among the OLF individuals,
#8 and #9, which took a relatively long time to re-
turn, may have moved linearly from Area 2 to Area
1 after release, and then taken longer to reach the
fishing site. The individuals had likely reached the
vicinity of the fishing area using visual cues; how-
ever, olfactory inhibition probably prevented them
from completing a quick return trip. Therefore, in
black rockfish, the olfactory cues mentioned above
might be more useful for discriminating the area
closer to the core area than the visual cues.
Our research has focused on the effects of visual

and olfactory sensations during homing behavior.
Whereas, underwater noise can cause startle and
alarm behavior of rockfish [26]. Therefore, it can be
said that auditory sensation does affect the behavior
of black rockfish, and differences in the sound
environment of the study site should be considered
in future studies.
Our results suggest that the return capability of

the black rockfish is similar to that of other Sebastes
species, with a relatively short returnable distance of
less than 850 m. Especially for animals with strong
site fidelity, such as Sebastes, understanding the ac-
tivity range and the typical returnable distances is
important from the perspective of resource man-
agement. This knowledge can be used to establish a
protection area for this species. This knowledge will
also be critical for examining the effectiveness of the
local catch-and-release measures for each fish size
class of this species. Additionally, the detection of
landmarks through vision and the recognition of
core area environments and conspecifics individuals
through olfaction may influence the route, speed,
and duration of this species' return trip and site fi-
delity. For comprehensive management of this
species, not only habitat but also the structures
around the habitat, which can become landmarks,
and the plants and animals from which olfactory
cues is derived, should be considered.
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