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Abstract- Akame, Lates japonicus, is a rare top-predator fish endemic of Japan and found in estuaries and coastal waters on 
the east Pacific coast of the country. This species has become a symbol fish in the sport fishing world because of its big size 
and rareness of capture, and it has been catalogued as endangered by the Ministry of Japan, but very few studies on it had been 
conducted. One of the areas where it can be found frequently is the Shimanto estuary, in Kochi prefecture. To help in the 
conservation of this endangered predator, a local aquarium of Shimanto city, the Akame Gakuyukan, catches juvenile fishes 
in Shimanto estuary, rears them in the aquarium until they reach over 40 cm total lengths, and then releases them back together 
with children from local schools. Since the natural mortality of the juveniles is believed to be higher compared to bigger sizes, 
they expect that this activity will increase the number of adult Akame in Shimanto estuary, helping to ensure the continuity of 
the species in the area. However, it is unknown whether the released fishes can indeed survive after they enter the wild, and 
if they remain inside Shimanto estuary after they are released. To answer these questions, in October of 2014, an acoustic 
pinger (Vemco, V9P) was inserted into four individuals before release, and the fishes were tracked inside the estuary with 
nine acoustic receivers (Vemco, VR2W). The results showed that all fishes were alive and moving around the estuary after 
release, and remained inside it for over six months. Additionally, it was observed that two of the released individuals shifted 
between residencies following daylight, and another one moved daily following the tides during spring. The results of this 
experiment suggest that the release of Akame in Shimanto estuary has a high chance of increasing the total number of Akame, 
and if results can be extrapolated to the wild ones, that the habitat use of Akame of 40 cm in total length is limited to the 
brackish water areas located around three kilometres upstream of the sea mouth. 
 
Index Terms- biotelemetry, fish release, residence shifts, Lates japonicus, Akame, Shimanto. 
 
I. INTRODUCTION 
 
Akame, Lates japonicus [1], is a rare top-predator fish 
often found in estuarine and marine waters, and is 
endemic of Japan, inhabiting the south-east coast, 
mainly in Miyazaki prefecture of Kyushu Island and 
Kochi Prefecture of Shikoku Island [2]. Opposite as 
the most closely related species to Akame, 
Barramundi (Lates calcarifer), which is widely 
distributed in all the Indo-West Pacific (e.g. [3]-[5]), 
Akame occurs only in a very narrow geographic range. 
The genus Lates is found in tropical waters [3], but 
Akame is inhabiting temperate areas, being the only 
species of its genus doing so. This fish is catalogued as 
an endangered species by the Ministry of Environment 
Japan since 1992 [6], and a momentum for protecting 
Akame is rising in some of the localities where it can 
be found [7]. Even in the waters where is known to 
exist, the extension of the habitat which Akame is 
using has not yet been studied, remaining the type of 
grounds where this fish feeds or rests unknown.  
 
Despite our efforts for giving some insights in key 
aspects on the behaviour of this fish ([7], [8]) to start 
managing its local populations, several important 
traits of this predator remain obscure. The recent 
discovery of their severely depleted genetic diversity  

 
 
and its highly likely fragmented population [5] 
triggers the alarm of the need to act soon to preserve 
this species before it is too late. Because the remaining 
populations of this species are believed to be small 
breeding independent ones [5], the risk of extinction is 
arriving at critical levels, and the need to collect data 
to understand the population dynamics and habitat 
requirements of this fish becomes indispensable.  
 
Akame is not a target fish for commercial fisheries, 
but it is indeed a desired trophy fish for recreational 
angling because of its big size and rareness of catch. 
Akame often inhabits clear waters of estuaries located 
in beautiful natural areas, where people come on a 
holiday basis, and in where catch-and-release is a 
frequent activity. The economic support that leisure 
activities provide to the nearby communities is 
positively welcomed, but the impact that recreational 
angling may be having on fish populations remains 
unassessed. In most of the cases, this species is 
targeted by experts in the recreational angling, which 
do their best to increase the survival of the fish after 
release, minimizing the landing time, and using 
size-specific hooks. Nonetheless, catch-and-release is 
known to have a negative impact on targeted and even 
non-targeted fish populations (e.g. [9], [10]), being 
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possible that this activity jeopardizes the survival of the already low stock of adult Akame. 

 
 
A local private institution has established its own 
management project to promote the conservation of 
this fish in the best way that they can do. A local 
aquarium, the Akame Gakuyukan, is conducting 
educational programs to teach local schools about the 
importance of the preservation of Shimanto estuary 
and the species living there. This project aims to 
increase the survival rate of juveniles for ensuring a 
sufficient amount of breeders and increasing the 
Shimanto stock of Akame. Every summer, they catch 
newly born juveniles in the estuary, and rear them 
inside the aquarium facilities, where absence of 
predation and high food availably increases its 
survival rate during the juvenile period. At the same 
time, they display Akame juveniles for the local people, 
to rise the sentiment for protecting this species in the 
communities. When the fishes reach a total length of 
about forty centimetres, they are released back into the 
estuary and children from local schools are invited to 
the event, under another educational program for the 
conservation of freshwater and marine life.  
 
But what happens to those fishes after they return to 
the Shimanto estuary? Do they survive the release 
process, well adapt to the new habitat and find preys 
and shelters? Do they live healthy inside the estuary or, 
go away to another place? To answer these questions, 
as well as to be able to gather enough data for 
designing proper management plan for this species, it 
is needed to know their behaviours after released in 
Shimanto estuary.  

Information about the movement patterns of 
diadromous fishes is indispensable to understand the 
area that a species requires [11], [12]. For acquiring 
this information, biotelemetry is an effective method 
to collect data from animals in their natural 
environments [13], without the need to take their lives 
(e.g. [7], [8]), being possible to use them in 
endangered species [14]. Advances in technology 
provide scientist with miniaturized tools able to record 
a wide range of parameters, and be used in different 
types of environments [15]. Biotelemetry has been 
long used to assess the habitat use of freshwater (e.g. 
[16], [17]) and marine fishes (e.g. [18]). Fewer times, 
it also has been used to track movements of 
diadromous fishes (e.g. [19]). Inside the wide range of 
available options, acoustic pingers provide useful tools 
to track the movements of diadromous species, in 
environments where salinities often difficult the use of 
radio-tags [20], such as estuaries. In this experiment, 
we used coded acoustic pingers to track the movement 
of the aquarium-reared Akame after its release on 
Shimanto estuary for over seven months. 
 
II. MATERIALS AND METHODS 
 
Survey area 
Shimanto estuary is located in Kochi Prefecture of 
Shikoku Island facing the Pacific Ocean (Fig. 1). This 
river is well preserved, no dams are constructed in the 
main stream and is known to be the clearest river in 
Japan. Akame is known to inhabit the lowest part of 
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the river [21], close to the sea mouth, where the 
Shimanto estuary happens. The estuary is relatively 
deep (depths over 20m happen), and when heavy rains 
or typhoons occur, the water conditions can be 
dangerous for deployed fixed stations.  
 
Fishes: 
The four fishes used in the experiment were captured 
when they were juveniles in Shimanto estuary and 
kept in a brackish water tank inside the Akame 
Gakuyukan (Shimanto city). In average, the four 
fishes were 42.5±0.5cm total length and 1287.5 ± 
43.8g in weight. Prior to their release in the estuary, 
we inserted a coded acoustic pinger (Vemco, V9P) 
into their abdominal cavity. The Vemco V9P is a 
small coded transmitter (9mm in diameter, 47mm 
length, and 6.4g in air), capable of emitting a coded 
signal including depth information. The V9P were set 
to emit a signal every 5 minutes after activation, so the 
battery on them could last over one year. To perform 
the surgery, we anesthetized the fish by immersion in 
a tank with diluted clove oil (0.1ml/litre) for 15-20 
min. After the surgery, we moved them to individual 
tanks filled with brackish water, to be monitored for 
24 h prior to their release. In the morning of the 23rd of 
October of 2014, we released them from the shore of 
the main stream of Shimanto estuary.   
 
Receivers: 
To track the movements of the tagged fishes inside of 
the estuary, acoustic receivers (Vemco, VR2W) were 
deployed at nine stations around the estuary (Fig. 1). 
Each station consisted of one VR2W receiver and one 
V16 acoustic pinger attached to the main rope, of 
which one end was connected to a dead weight and the 
other to a floating buoy under the water, for keeping 
the receiver on a standing position in the water 
column. From this underwater buoy, a thin rope was 
connected to a surface marker to detect the receiver 
system from the surface.  
 
To avoid unnecessary loss of receivers, before 
releasing the fishes, were set only two stations, Stns. 1 
and 2, in the middle of the main stream, separated 
around 900 m from each other. In the places where the 
rest of the stations were to be deployed, dummy 
stations were set instead. After three months, the 
information gathered in the two stations and all the 
dummy settings were checked. Confirming successful 
collection of data and safe deployment points, on 
February of 2015, seven additional stations (St. 3 to 
St.9) were deployed around the estuary. Eight of them 
were set in the middle of the main stream, the 
Shimanto River, and one of them in a nearby parallel 
stream connected to the estuary (Figure 1). Early 
typhoons and heavy rains forced us to recover the 
receivers before summer. From the nine stations, eight 
were recovered at the end of June or the beginning of 

July, but one (St.8) still remains missing inside the 
estuary. The data presented in this manuscript comes 
from the recovered eight stations. 

To measure the maximum distance from the station 
at which the V9Ps could be detected, we performed a 
range test. We did it two times, one in October prior to 
the release of the fishes, and another one in February, 
before the deployment of all stations. A set of a 
receiver (VR2W) and a pinger (V9P) was lowered 
during four hours at five occasional stations set along 
the main stream of the river, between Stns. 1 and 2. 
The “range” was estimated as the maximum distance 
in which 80 percent of signals emitted by a V9P could 
be detected in any direction by a given VR2W. 
 
III. RESULTS 
 
The range test showed that the receivers could detect 
over 80% of the signals emitted by a V9P at 120 m 
distant from the receiver in any direction. This range 
roughly covered the width of the stream at most of the 
deployed points except the very shallow shore areas 
(<1 m depth). This indicated that receivers could 
record pinger-inserted fish whenever they pass within 
120 m range. Movements upstream and downstream 
could be identified looking to the number of the 
stations in which the fishes are detected at different 
times.  
 
The first week after release of the fishes was cut out to 
prevent including data attributable to release stress.  
Although all the stations were inside the river from 
October or February to late June 2015, no signals were 
detected after the typhoons and heavy rains which 
came in Mid-May of 2015. This was highly likely 
caused by the high turbidity and bad conditions of the 
water caused due to the floods.  
 
In an attempt simplify the description of the 
movements of the fishes inside the estuary, we divided 
the estuary into three areas: the upper, middle, and 
lower estuaries. The upper and lower estuaries were 
located in the upper part and the lower part of the area 
covered with receivers, respectively, leaving the 
middle estuary between them. the whole tracking 
period was also divided into two periods according to 
the number of stations where receivers were deployed: 
the first period with two stations (Stns. 1 and 2) from 
the 1st of November 2014 to the 31st of January 2015, 
and the second period with nine stations from 1st of 
February to 31st of May 2015 (Stns. 1 to 9, excluding 
Stn. 8).  
 
The fish, named as F1 to F4, were released one by one, 
and moved in different directions after entering the 
main stream. Fish F1 was detected two times in the 
Shimanto River during the first period, and then often 
detected in the Takeshima River during the second 
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period. This fish F1 likely moved out from the main 
river and stayed the secondary stream soon after it was 
released. Fish F2, F3, and F4 were detected only in the 
main stream, not entering the Takeshima River. Fish 
F2 was detected twice in Stn. 2 in the first period, and 
then briefly in Stn. 5 during the second period. This 
fish moved upstream after its release and remained in 
the upper estuary. Fish F3 and F4 were detected 
continuously during the first period in both Stns. 1 and 
2, and fish F4 continued to be detected often during 
the second period in Stns. 1 to 5, indicating that 
probably both fishes remained in the middle estuary 
during the seven months.   
 
Fish F1 was almost continuously detected near Stn. 9 
in Takeshima stream for over 40 days in March-April 
2015. At that time, for most days during certain hours 
this fish was out of range of the receiver. When 
plotting this absences to the times at which highest 
and lowest tides happened, both in the morning and in 
the afternoon, we found out that they were following 
similar rhythms. Fish F1 was absent before the highest 
tide in the morning, and came around Stn. 9 around 
the highest tide, remaining nearby until the lowest tide 
in the morning came. At the lowest tide in the 
morning, it disappeared, returning again during the 
highest tide in the afternoon and remaining nearby 
before disappearing again in the lowest afternoon tide 
until the following day. In conclusion, fish F1 
remained near the station only during the high tides.  
 
Fish F2, F3 and F4 were detected in the main river 
without apparent movements in regards to the tides. 
Fish F2 was detected only once during the first period 
in Stn. 2, and sporadically during four days in Stns. 4 
and 5 during the second period, in the daytime and the 
night time, respectively. Fish F2 detected so few that 
any special pattern of its movement couldn’t be 
recognized. But since fish F3 and F4 were quite 
abundantly detected, their shift between residences 
following daylight could be observed. During the 
tracking period, the sunrise and the sunset were 
mostly before 6 am and after 5pm, respectively. Thus, 
daytime was defined as the time between 6 am and 5 
pm and the remaining hours as night time. 
 
During the first period, both fish F3 and F4 spent most 
of the daytime near Stn. 1, and migrated near Stn. 2 
after the sunset. From the 349 detections of fish F3 
during the first period, 64.8% were observed around 
Stn. 1 and 35.2% around Stn. 2. From the 226 
detections of fish F3 around Stn. 1, only 35.0% were 
observed at night, whilst 65.0% were during the 
daytime. From the 123 detections of fish F3 around 
Stn. 2, 94.3% were at night, whilst only a 5.7% were at 
the daytime. From the 1460 detections of fish F4 
during this same first period, 48.7% were obtained in 
Stn. 1 and 51.3% in Stn. 2. From the 711 detections of 

fish F4 around Stn.1, 48.1% were observed in daytime, 
and 51.9% were at night time. From the 751 
detections of fish F4 around Stn. 2, 99.7% were 
observed at night time, whilst only a 0.3% in the 
daytime. This indicated that both Fish F3 and F4 
moved to Stn. 2 only at night time. Fish F3 began to 
shift residences at the beginning of November of 2014, 
while F4 did it at the end of the same month. Both 
fishes stayed around Stn. 1 before they changed 
residences.  
 
During the second period, fish F4 was continuously 
detected at Stns. 1 to 5 mainly at the night time, and 
progressively moved upstream. From the 2066 
detections of fish F4, 17.7% were recorded during the 
daytime, and 82.3% during the night time. Ordering 
the stations from downstream to upstream positions 
(Stns. 1, 3, 2, 4 and 5), the percentages of detections 
were 0.6%, 2.3%, 32.8%, 60.4% and 4.0%, 
respectively. During the second period, night 
residences of fish F4 moved gradually from Stn. 2 to 
Stn. 4 around 1 km upstream from Stn. 1, and day 
residences moved to a place out of the range of the 
receivers. 
 
DISCUSSION 
 
During the whole tracking period, all four tagged 
fishes were detected at some point inside the estuary, 
indicating that all fishes remained alive long after 
their release in the river. Using the last detection of 
each fish, we can say that, at least, fish F1 to F4 were 
alive until 2015/05/01, 2014/12/16, 2015/04/11, and 
2015/05/06, respectively. Except fish F2, which was 
only detected for two months after release, the rest 
were certainly alive for over half a year. Looking to the 
information of all the tracking, we can speculate that 
fish F2 is most likely alive but out of range of the 
receivers. In general, we concluded that after releasing 
forty-centimetre fish reared in an aquarium into the 
river, they can survive in the estuary.  
 
The movements following daylight and tides are an 
interesting discovery. Tidal movements in Takeshima 
stream are probably caused by a depth limitation in 
this area. Stn. 9 was located in shallower waters close 
to seagrass beds, where nurseries for small fishes offer 
a promise of prey for a forty centimetres Akame, but 
during low tides the area might be too shallow for 
them. The movements following daylight were 
observed in the main stream, so likely they are not 
related with bottom depths, since signals of pingers 
were recorded in deeper areas of the estuary. 
 
In the first period, both day and night residences were 
located in the main stream, but during the second 
period day residences were outside the covered area of 
the receivers. Taking the distribution of the stations 
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and detections into account, we estimated that they 
were located in the small stream to the left of Oshima 
Island. This small stream is relatively turbid and 
shallow (1-2 m deep), and covered with seagrass 
patches, offering feeding grounds, and possible 
shelters for young fishes. Prey distributions and 
availability may change depending on season, so the 
movement of fish from day residences to this stream 
suggests that Akame selects residences according to 
their needs, which are probably related with prey 
availability and shelters.  
 
Fishes were detected in the main stream, the 
Takeshima stream, and also probably the small stream 
to the left of Oshima Island, but both of the stations 
located closer to the river mouth (Stns. 6 and 7) didn’t 
receive any signals from fish pingers. This suggest 
that the Shimanto estuary can provide enough 
adequate habitats for young Akame to live, so they 
don’t need to move far away to find preys and shelters. 
As a consequence, Akame in Shimanto estuary 
displays a narrow distribution near the middle estuary, 
performing small scale movements between different 
residence areas and not migrating to the sea or far 
upstream. 
 
Extending the information collected on this 
experiment to wild populations, Akame has probably a 
narrow distribution in Shimanto estuary, using 
different types of habitats and areas of the estuary 
during different time periods and seasons. This makes 
this fish very susceptible to perturbations in the 
estuary. Reclamation and contamination generate a 
problem of habitat loss for Akame. Loss of seagrass 
beds and other feeding grounds threaten the survival 
of this rare species in Shimanto River, and in extent 
maybe in Japan too, for the important population that 
Akame of Shimanto River might be has not yet been 
assessed. Also, the spawning season of Akame is 
estimated to happen during the summer, between late 
June and early September [22], time where tourism is 
often high in the region.  
 
Releasing aquarium reared individuals may contribute 
to increase the stock of Akame, since death of 
individuals tagged with pingers after release was not 
observed. But if the individuals can fully reach 
adulthood and contribute to the breeding populations 
or not is still unknown. It is necessary to verify 
whether the released fishes re-join the current Akame 
population in Shimanto, reach adulthood and adopt 
reproductive capabilities, contributing to the 
endurance of the species in this beautiful estuary.  
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