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have attracted male and female Derichthys serpentinus 
eels, which showed what seemed to be reproductive behav-
ior and attraction to the Japanese eels in the chamber. Una-
Cam systems are capable of recording images of anguillid 
eels, if they approach, and may be useful for observing 
spawning eels in their offshore spawning areas.
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Introduction

Spawning activity of the Japanese eel Anguilla japonica 
occurs in the western North Pacific within the westward-
flowing North Equatorial Current (NEC), which transports 
its leptocephalus larvae towards its East Asian recruitment 
areas [1–3]. It has been hypothesized that A. japonica 
uses the seamount chain of the West Mariana Ridge as a 

Abstract Spawning-condition Japanese eels Anguilla 
japonica, fertilized eggs, and newly-hatched prelep-
tocephali have been captured, and studies for observ-
ing spawning eels with underwater camera systems have 
begun. This study describes a new, less invasive, free-
drifting underwater camera observation system that was 
deployed from the research vessel (R/V) Natsushima in 
June 2013. Three drifting buoy camera systems (Una-Cam) 
with lights-on/lights-off programmed sequencing during 
daytime and nighttime hours were deployed over a period 
of seven days at 20 locations south of a salinity front along 
the southern West Mariana Ridge. Live artificially matured 
A. japonica eels held in transparent chambers were used 
as an attractant source through the release of reproductive 
pheromones and other odors. Each system was suspended 
from a buoy array at a depth of 174–200 m, with four cam-
eras and three lights pointed downward at different angles 
towards the eel chamber. The Una-Cam systems were sta-
ble and were effective at recording images of fish, crusta-
ceans, and gelatinous zooplankton. Olfactory cues may 
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spawning area landmark [4, 5], and fertilized eggs, prel-
eptocephali, and spawning-condition adults of A. japonica 
and A. marmorata have been collected near the ridge [6–
11]. Analyses of hatching dates and spawning times have 
indicated that A. japonica spawning events take place dur-
ing a period of a few days just before the new moon [5, 7, 
12]. Thus the amount and quality of information regarding 
the spawning ecology of the Japanese eel greatly exceeds 
that available for Atlantic eels [13–16].

Research aimed at identifying A. japonica spawning 
areas has been a long-term effort [5, 7, 17], during which 
various hypotheses have been established with regard to 
factors that may determine the exact spawning sites, such 
as the location of the West Mariana Ridge and the salinity 
front that forms in the NEC [1, 2, 8, 18]. How they detect 
these and how they find the spawning area during their 
long migration, however, remains undetermined [19]. If a 
distinct salinity front is present, spawning appears to occur 
just to its south, but can occur over a range of latitudes if 
the low-salinity surface water is more diffuse and wide-
spread [1, 7, 8, 18]. Based on collection data and analyses, 
it appears that spawning occurs during new moon phases 
at likely depths of approximately 150–250 m, where adults 
have been captured [7, 10, 11], and below where eggs and 
preleptocephali accumulate at the top of the thermocline [7, 
8, 11].

With this new information, it is now possible for the 
first time to make efforts to directly observe the behavior 
of spawning-condition Japanese eels [20]. Although vari-
ous underwater observation systems have been developed 
for direct biological or geological observation in oceans 
or coastal areas at greater depths [21–25], there has been 
relatively little effort to observe mobile species in the 
upper layers of the open ocean. One problem is that vari-
ous highly mobile species, including fish, react differently 
to these underwater observation systems [23, 26–30], and 
even the underwater sound of a research vessel at the sur-
face can affect the behavior of some species [31]. Conse-
quently, not all types of observation systems will work for 
certain species of marine animals.

In July 2012, the first effort to observe the spawning 
activity of anguillid eels along the West Mariana Ridge 
was made onboard the R/V Yokosuka (JAMSTEC), which 
deployed the Shinkai 6500 submersible and a deep-tow 
camera system to search for spawning aggregations of 
anguillid eels [20]. The survey provided a brief view of 
what may have been a male A. japonica or a marine eel, as 
well as various other organisms [20], and reported an inter-
esting vertical body orientation of nemichthyid eels [32]. 
However, the use of large underwater vehicles and towed 
cameras—with bright lights that shine continuously, pro-
ducing various types of noise or disturbance in the water—
may not be the best way to observe the spawning behavior 

of eels in the darkness of their spawning sites. Therefore, 
we designed and developed a new camera observation plat-
form that can freely drift at likely depths of eel spawning 
aggregations, with both lights-on and lights-off capability 
to reduce potential disturbances. Here, we describe this 
new system, termed Una-Cam, which was deployed and 
evaluated during a cruise of the R/V Natsushima (JAM-
STEC) in May and June 2013, which also used the ROV 
Hyper-Dolphin to search for eels, and we report on the per-
formance and observations made by the Una-Cam systems 
during the survey.

Materials and methods

The Una-Cam system

The Una-Cam system is intended to be deployed in areas 
of possible spawning activity and allowed to drift freely, 
without the presence of a ship nearby. The system is con-
structed from a rectangular aluminum frame, with under-
water cameras and lights on the top of the frame and a 
transparent tubular chamber (eel chamber) on the bottom 
of the frame to hold artificially matured eels in order to 
provide an olfactory attractant for wild eels (Fig. 1). The 
eel chamber is 1 m in length, and has a 30 cm inner diam-
eter, with 2 mm plastic mesh covers at both ends that are 
bolted shut after the eels are placed in the chamber just 
before deployment. Two high-definition (HD) video cam-
eras (Goto Aquatics Co., Japan) and a high-intensity dis-
charge (HID) light (Goto Aquatics Co.) are enclosed in 
pressure-tight housings mounted on the top of the frame. 
The other two cameras (HERO3 digital video recorders, 
GoPro Inc., USA) and two white LED arrays are enclosed 
in a pressure-tight glass sphere (Okamoto Glass Co., Ltd., 
Japan) with an inner diameter of 305 mm (Fig. 2a). For 
video recording, 128 GB SDXC cards and 64 GB microS-
DXC cards are used in the HD video cameras and HERO3 
digital video recorders, respectively. Optimized orienta-
tion of a total of four cameras and three lights provides an 
almost panoramic view around the frame of the camera 
system. The Una-Cam systems were programmed to follow 
a specific on-and-off sequence of lights and cameras during 
their approximately 20-hour deployments, which included 
video recording with lights both on and off (see "Survey 
strategy" section). All cameras and lights are connected to 
and activated by a timer circuit. A standalone temperature 
and depth recorder (Model SP2T600, nke Instrumentation, 
France) is also mounted on the upper part of the frame at 
the level of the cameras to obtain environmental informa-
tion during deployment.

Once deployed, the Una-Cam system is suspended 
by ropes from buoys and floats at the surface (Fig. 2). To 
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minimize pitch motions caused by surface waves, eight plas-
tic floats (19.7 kg buoyancy per float) are serially attached 
on a main line (nylon rope, 10 mm diameter). A separate 
large float is placed at the upper end of the buoy array for 
additional flotation and greater visibility from the ship. In 
addition, a radar reflector and flasher are attached to a small 
pole on a float attached to the buoy array. To locate the 
Una-Cam system during its drifting deployments, a float-
ing ARGOS satellite transmitter (ABU-1003, Nomad Sci-
ence Inc., Japan) is deployed with the buoy array, and trans-
mits the position of the buoy every 30 s, and the position is 
transmitted back to the ship through the satellites approxi-
mately once every hour, depending on the satellite location. 
The ship is also equipped with a direction finder (ADF-
1, Nomad Science Inc.) that can directly detect the 30-s 
ARGOS signals emitted from the transmitter. At the final 
stage, the ship’s radar can be used to detect the radar reflec-
tor on the buoy. Also attached to the radar reflector pole is a 
GPS position recorder that records the buoy position every 
10 s for later downloading. After each system is retrieved 
onboard, the eel chamber is removed and the eels returned 
to their holding tank. The camera systems are then removed, 
and the AVCHD (advanced video coding high definition) 
and MP4 (HERO3) video files are downloaded to a personal 
computer (PC). For detailed analysis of the recorded animal 
data, frame-capture images are created from the video files.

Survey strategy

The scientific cruise (NT13-11) of the R/V Natsushima 
was conducted along the West Mariana Ridge from 26 
May to 11 June 2013 (Fig. 1), with the purpose of observ-
ing spawning eels, using the newly developed Una-Cam 
systems and the ROV Hyper-Dolphin. The objective in the 
initial stage of the survey was to define a candidate area, 
depending on the location of the salinity front, where A. 
japonica spawning activity might occur during the period 

just before the new moon. To locate the salinity front, 
which is formed as a result of tropical rainfall over the NEC 
[1, 7, 18, 33], a series of XCTD probes (XCTD-1, Tsurumi 
Seiki Co., Ltd., Japan) were deployed from the R/V Nat-
sushima along the seamount chain of the West Mariana 
Ridge, with data recorded to a depth of 1,100 m along the 
east side of the ridge. Both CTD and XCTD stations (to a 
depth of 1,000 m) were established by the R/V Kaiyo Maru 

Fig. 1  Photographs of the 
components of the Una-Cam 
system, showing the camera 
and light array on the top of the 
frame, including two high-
definition (HD) cameras and a 
high-intensity discharge (HID) 
lights, plus two HERO3 digital 
video recorders and two LED 
lights inside a glass sphere, 
most of which is covered with 
a hard plastic shell (a), and the 
whole system, including a trans-
parent chamber with mesh ends 
for holding artificially matured 
Japanese eels (b)
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Fig. 2  A diagram of the Una-Cam system with a floating surface 
buoy array that supports devices such as a radar reflector with a flash-
ing light and GPS recorder, and an ARGOS transmitter that sends 
GPS position data to a satellite, while the frame containing the cam-
eras, lights, and the chamber containing artificially matured Anguilla 
japonica eels is suspended at the end of a rope 180–200 m in length. 
The various components are shown at different scales
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(Japan Fisheries Agency), which was conducting a joint 
investigation of A. japonica spawning ecology at the same 
time (cruise KY1302) [34] on the west side, over the south-
ern part of the ridge (Fig. 3).

Once a location of likely spawning activity was cho-
sen based on the salinity structure, the Una-Cam sys-
tems were scheduled to be deployed in the afternoon and 
recovered by the ship the next day. At night, from 1800 to 
0000 hours, the ROV Hyper-Dolphin was to be deployed 
and to travel horizontally to search for eels at depths of 
about 180–300 m, after initially descending to greater 
depths of 500–800 m. Although various fishes and inver-
tebrates were observed, the present study does not include 
the results of ROV observations (see JAMSTEC Cruise 
Report: http://www.godac.jamstec.go.jp/catalog/data/doc_
catalog/media/NT13-11_all.pdf, accessed 5 Sept, 2014; 
and a paper that describes observations of the squid Sthe-
noteuthis oualaniensis hiding in its ink trails made by the 
ROV [35]).

Una-Cam system deployment

After a test deployment of an Una-Cam (No. 1) with no 
live eels in the eel chamber, single Una-Cam systems were 
deployed in the morning at three different stations per day 
on each observation line, to be recovered the next day start-
ing at 1300 hours, after drifting all night (there were only 
two systems in the northernmost line) (Fig. 3). Prior to 
deployment, two to seven artificially matured eels (maxi-
mum three females, four males) were placed into each eel 
chamber. Just before the eels were placed in the chambers, 
they were given a final injection of human chorionic hor-
mone and 17α-hydroxyprogesterone to stimulate repro-
ductive maturation, after having received two months of 
injections during the cruise and earlier while they were 
still being held at the IRAGO Institute in Japan [36]. Thirty 
males and 26 females were prepared for the cruise and 
were carefully kept alive onboard in ambient surface sea-
water in a 1,000-l container until their use. Frozen ovaries 

Fig. 3  Map of the study area 
that was surveyed during the 
NT13-11 cruise of the R/V 
Natsushima in May and June 
2013. The locations of XCTD 
stations (X15–X24) established 
by the Natsushima (black 
circles) along the east side of 
the West Mariana Ridge (num-
bered according to proposed 
stations, with a western transect 
not conducted). Hydrographic 
stations on the west side of the 
ridge established by the R/V 
Kaiyo Maru are shown with 
blue circles (numbered stations 
A1–A6 and B1–B6 used a CTD, 
and the other stations used 
XCTD probes). The deploy-
ment locations of individual 
Una-Cam systems are indicated 
with red circles with white 
borders, and the starting points 
of locations that were surveyed 
using the ROV Hyper-Dolphin 
are marked with dark circles. 
Three shallow seamounts within 
the West Mariana Ridge (Path-
finder, Arakane, and Suruga) are 
shown with black triangles. The 
scale bar represents 10 km
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of artificially matured pre-spawning A. japonica were used 
as an attractant for the initial single Una-Cam test deploy-
ment on 1 June, and live eels were used for the remaining 
deployments from 2 June though 8 June.

During the cruise, Una-Cam systems were deployed 
with three slightly different lengths of mainline rope in 
order to achieve the targeted depths of 180–200 m for 
drifting and video recording. The same schedule for video 
recording and lighting was employed for all three systems. 
HD video camera footage was recorded every 30 min for 
6 min, with the HID lights turning on 2 min after the cam-
eras turned on and staying on for 3 min. Each hour, the 
HERO3 digital video recorders in the glass sphere were 
deployed to record for 6 min, with the LED lights coming 
on after 2 min and staying on for 2 min, but the HID light 
staying on for 1 min longer. The LED lights helped to illu-
minate the area during the approximately 30 s until the HID 
light reached full brightness. All lights were then off for the 
remaining 1 min of video recording during both the 30 min 
and 1 h scheduled periods. HERO3 digital video recorders 
and LED lights were activated only once every 60 min due 
to limited battery capacity.

Results

Salinity front localization

The hydrographic sections indicated that the salinity struc-
ture along the ridge was similar to its usual pattern, with 
lower surface salinity in the southern region and a sub-
surface tongue of higher-salinity water above the deeper 
lower-salinity water (Fig. 4). The section to the east of 
the ridge showed a diffuse salinity front located between 
approximately 11.5°N and 12.0°N, with a thin layer of low-
salinity water (≤34.5) extending up to 14.0°N (Fig. 4a). 
To the west of the ridge, there was a more distinct salinity 
front just south of 13.5°N (Fig. 4b). Slightly higher-salinity 
water was present at the surface and at greater depths to 
the north of 14.0°N in both sections. The location of the 
salinity front as it crossed the ridge indicated the area in 
which to focus the survey to observe the spawning activity 
of eels, which was conducted from 12.0° to 13.3°N across 
the region or to the south of the salinity front.

Una-Cam deployments

The Una-Cam systems with live eels (Nos. 2–21) were 
deployed on seven consecutive days, resulting in 20 deploy-
ments after the initial test deployment (No. 1, 1 June). Even 
after the maximum approximately 20 hours of deployment, 
the eels in the chambers were still active upon recovery of 
the systems. The deployments were at 20 different stations 

located at intervals along observation lines to the north of 
the ROV deployment points (Fig. 3), and occurred from 
one to seven days before the new moon (new moon: 0057 
hours, 9 June 2013). All of the Una-Cam systems func-
tioned properly. Video files were obtained from the four 
cameras of each system, and approximately 60 % of the 
files were then viewed onboard during the cruise, and all 
files were examined later in the laboratory.

The drift tracks of the Una-Cam systems from their GPS 
recorder data showed various trajectories on different days, 
all including a westward component, although drift tracks 
observed on each individual day were similar among the 
three systems (Fig. 5a). The individual Una-Cam systems 
drifted 4.6–23.8 km per deployment in along-track distance 
and 1.6–22.4 km in straight-line start-to-finish distance. The 
flow of the NEC appeared to be stronger in the southern part 
of the study area, as the systems in the south drifted more 
than twice as far in both along-track (Fig. 5b) and start-to-
finish distances (Fig. 5c) as those in the north. It is possi-
ble that the sudden changes in direction observed in some 
system deployments (e.g., Nos. 8, 15, and 18) were related 
to differences between the transport direction of the buoy 
array (caused by surface winds or currents) and the direc-
tion of deeper currents at the depths where the Una-Cam 
systems were located. For example, if surface winds weak-
ened after sunset, the drift direction of the systems might 
suddenly change to follow the deeper currents more directly. 
Water was often observed moving horizontally past the Una-
Cam frames in the video recordings, suggesting differences 
between the flow of current at the surface and at Una-Cam 
depths, and changes in the degree of difference may have 
caused minor variations in system drifting depth during 
some deployments. The recorded videos indicated that the 
effects of any vertical movement of the buoy array at the sur-
face due to wave actions were successfully counterbalanced 
by the string of buoy floats, as no up-and-down movements 
of the Una-Cam frame were visible in the recordings. The 
depth-recorder data from each deployment revealed that 
the depth of the systems generally remained quite constant, 
although changes of less than a few meters were occasion-
ally observed (Fig. 6). Although most Una-Cam frames were 
at depths between 176 m and 198 m, No. 9 reached depths as 
shallow as 173 m, while No. 13 was at approximately 200 m. 
The degree of difference in flow (direction or velocity) 
between surface and deployment depths is likely the cause of 
the minor variations in system depth, since large differences 
in flow would increase the angle of the rope from the buoys 
to the Una-Cam frame, reducing their depth. Some deploy-
ments, such as Nos. 9, 12, and 16, showed one or two peri-
ods when the depth was reduced by as much as 2.5 m, but 
other deployments remained at fairly constant depths (No. 
15) or gradually increased in depth, possibly as a result of 
reduced surface wind speeds or stretching of the rope.
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In contrast to the relatively constant system depths, tem-
peratures fluctuated more frequently. The water tempera-
tures experienced in the Una-Cam frames at their deploy-
ment depths were usually between 20 °C and 25 °C, but 
several degrees of change occurred during most deploy-
ments, even when the depths of the Una-Cam frames 
remained constant. For example, No. 9 reached the shal-
lowest depths and recorded the warmest temperature, 
27 °C, but also recorded temperatures of less than 25 °C. 
No. 12 showed an increase in temperature caused by a 
reduction in depth, but also showed later temperature fluc-
tuations not associated with depth changes. This observa-
tion indicates that there were fine-scale differences in tem-
perature structure at these depths, which were within the 
thermocline [7, 8].

Biological observations

Observations from the video files of the Una-Cam sys-
tems showed that the four-camera system was effective 
for viewing the areas around the eel chamber. The eels in 
the chamber could be clearly observed in the HD camera 
images, and when fish or invertebrates came into view, they 

were observable in the video recordings, even though they 
were often moving too fast to be clearly identified. Small 
zooplankton and marine snow could be seen continuously 
moving past the field of view. Several types of small fish 
were observed individually or in small schools, includ-
ing the freckled driftfish Psenes cyanophrys (Fig. 7a), and 
other shallow-distribution mesopelagic fishes such as myct-
ophids. A few apparent leptocephali with anguilliform body 
shapes were briefly observed, but could not be identified to 
taxon. Many siphonophores and other gelatinous zooplank-
ton as well as crustaceans could be observed moving with 
the currents, and occasionally a squid would discharge its 
ink near the Una-Cam frame. During lights-off periods, 
bioluminescent organisms were visible when they were 
stimulated through contact with parts of the Una-Cam sys-
tems. Another interesting observation was that eels inside 
the chamber released eggs and sperm, although this phe-
nomenon was not unexpected, as they had been prepared to 
reach the final stage of maturation according to the IRAGO 
Institute protocols.

The ability to observe eels attracted to the reproduc-
tive pheromones or other odors released by the maturing 
eels in the chambers was confirmed in an observation of 

Fig. 4  Salinity sections across 
the North Equatorial Current in 
the western North Pacific on the 
east side of the West Mariana 
Ridge (142.0°–143.5°E) (a) 
and further to the west of the 
ridge along 140.5°E (b). The 
red line shows the bottom of the 
low-salinity water (≤34.5) asso-
ciated with the salinity front, 
and the latitudes of deployment 
of the Una-Cam systems are 
shown by the thick lines above 
the plots
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Fig. 5  Plots of the surface positions of the Una-Cam surface buoy 
arrays (Nos. 2–21) based on their GPS recorder data, showing the 
drift trajectories of each deployment along the West Mariana Ridge 
during the NT13-11 cruise (a). Three Una-Cam systems were 
deployed each day from 2 June through 8 June (a single system was 
tested on 1 June), but the GPS recorders malfunctioned during three 

deployments on the last two days, as well as for part of the first day. 
Positions of eel and fish appearances shown in Figs. 7 and 8 are indi-
cated by arrows on the plot for No. 10 (red: eels, blue: fish 1, and 
green: fish 2). Mean along-track and straight-line start-to-finish dis-
tances for the deployments each day are plotted in (b) and (c), respec-
tively
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Fig. 6  Depths of Una-Cam systems (red lines) and water temperatures at those depths (blue lines) during nine representative deployments
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two small eels that approached one of the Una-Cam sys-
tems (No. 10, at 0804 hours on 6 June). A larger eel (eel 
1 in Fig. 8) entered into view, and directly approached 
the front opening of the eel chamber. Its body was rap-
idly undulating in a manner apparently unrelated to loco-
motion, but this movement may have been a mechanism 
for producing a vibrational signal. The undulations were 
anguilliform in structure, but with very high frequency 
and low amplitude. The eel then moved across the top and 
down the side of the front of the eel chamber before mov-
ing out of the field of view. Immediately after the first eel 
disappeared, a second, smaller eel, possibly male (eel 2 
in Fig. 8d), appeared to the upper right, outside the Una-
Cam frame. It moved around nearby and then disappeared 
from view.

Discussion

The Una-Cam systems that were deployed in the present 
study with four sets of cameras and three lights, allowed the 
observation of a variety of organisms present at the deployed 
depths of 173–200 m. A wide variety of marine animals 
could be observed, including fishes, small eels, leptocephali, 
gelatinous zooplankton, and crustaceans; therefore, if anguil-
lid eels had moved near the Una-Cam frames, they would 
have been clearly observed in the video recordings. Some 
types of organisms observed in the recordings were different 
from those observed using the Shinkai 6500 submersible and 
deep-tow camera system that was deployed in the previous 
year along the West Mariana Ridge [20]. For example, spe-
cies such as the small tuna, soldierfish, and squid that had 

Fig. 7  Examples of frame-capture images of fish from the HD video 
cameras of the Una-Cam systems deployed during the NT13-11 
cruise, showing a freckled driftfish, Psenes cyanophrys (a fish 1), a 

species that was frequently observed (probably because they have a 
tendency to hide under floating structures in the ocean), and a more 
shallow-bodied unidentified fish (b fish 2)

Fig. 8  Frame captures of two eels that appeared to be attracted to one 
of the Una-Cam systems. A larger eel entered the field of view first 
(a, b, eel 1), and then moved directly to the opening of the eel tube 
(c), before moving to the bottom left out of view. A second eel (d, eel 

2) then suddenly appeared, and then moved back out of view. This 
may have been a female Derichthys serpentinus that was displaying 
a form of mate-attraction or reproduction-related behavior in order to 
attract the male Derichthys eel
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appeared to be attracted to the bright lights of the deep-tow 
camera deployed at overlapping depths were not observed in 
this study. The only fish that lingered near the frame of the 
Una-Cam system were those that were likely to be attracted 
to drifting objects, such as the frequently freckled driftfish 
[37] that were frequently seen.

One advantage of the Una-Cam system compared to 
other observation platforms is that they are quiet while 
they are freely drifting, and their lights are not on continu-
ously throughout their deployment. Consequently, wild 
eels could approach the eels in the chambers during peri-
ods when the lights were turned off, and may have detected 
relatively few abnormal sensory stimuli. If the current dif-
ferential between the surface and Una-Cam system is suf-
ficiently high, the water moving past the frame of the Una-
Cam will produce mechanical noise, but noise production 
will be minimal at times of less flow across the frame. The 
two derichthyid eels showed no reluctance to approach 
the Una-Cam even with the lights on, and thus there is a 
chance that anguillid eels could approach the system dur-
ing a no-lights period, and could then be recorded when the 
lights are turned on.

Deployment location and depth

The deployment locations of the Una-Cam systems over 
the southeastern region of the West Mariana Ridge over-
lapped areas where adult eels and preleptocephali had pre-
viously been caught [7, 10, 11], but were either consider-
ably (2009) or slightly (2011) to the east of where eggs 
were collected in the area [7, 8]. The locations of spawning 
events seem to shift throughout years, or even months [7, 8, 
18], and so if eels were spawning even slightly outside the 
area of Una-Cam deployment, they would not have been 
lured close enough to be filmed.

It would appear that the Una-Cam systems were 
deployed at appropriate depths, based on several types of 
information. Studies using pop-up satellite-transmitting 
tags attached to other species of temperate anguillid eels 
have shown that these eels have a very distinct pattern of 
diurnal vertical migration, from great depths during the day 
to depths shallower than 200 m during nighttime [38–40], 
and this is also true for A. japonica [41] and A. marmorata 
[42]. Although only one large female A. marmorata may 
have reached its spawning area [42], these observations 
suggest that spawning eels would also be at similar depths 
at night. In addition, the capture depths for A. japonica and 
A. marmorata within their spawning area near the West 
Mariana Ridge are thought to be less than 250 m [7, 10, 
11]. The presence of eggs [8] and preleptocephali [7, 11] 
in narrow layers at the top of the thermocline, just below 
150 m, also suggests that spawning occurs not far below 
those depths. The temperature ranges experienced by the 

Una-Cam systems (20–25 °C) also overlap with optimal 
temperature ranges observed in studies on induced natu-
ral spawning in the laboratory [43], and egg incubation 
and larval rearing [44]. This overlap suggests that while 
Una-Cam deployment depths may have been appropriate 
for attracting spawning eels, if the eels formed aggrega-
tions at slightly greater depths, they would not have been 
able to detect the odor of the eels in the chambers without 
adequate vertical mixing of water to transport the odor to 
deeper levels.

Artificially matured eels as an attractant

The artificially matured eels functioned well during the 
survey as a potential attractant for wild eels. They were 
observed to behave normally at the deployment depths, 
and some actually released eggs and sperm while they 
were being video-recorded in the chambers. The mature 
eels seemed to provide strong olfactory signals, based on 
the observation of what appeared to be a female Derich-
thys serpentinus moving directly toward the end of the eel 
chamber, while seeming to perform a mate-attraction or 
courtship display of rapid body vibrations, which has not 
been observed previously. It is possible that the extreme 
high-frequency undulations could emit a mechanical signal 
detected by the male eel. The pheromone stimulus from the 
mature anguillid eels may have attracted these D. serpen-
tinus eels and triggered their behavior, even though they 
are of different anguilliform species. D. serpentinus are 
mesopelagic eels that are known only from collections of 
adults and larvae [45–47], as there are no reports of obser-
vations of juveniles and adults from underwater vehicles. 
These phenomena suggest that if the Una-Cam systems are 
deployed in an area where A. japonica eels or spawning 
aggregations are present, there is a chance that some eels 
will be attracted to the odors of the highly mature spawn-
ing-conditioned eels in the chambers.

Towards future observations of eel spawning activity

This type of observational challenge is relatively new in 
oceanography, as underwater vehicles or stationary cam-
era systems are typically used to observe biological activ-
ity or other features on the ocean floor or in deeper ocean 
depths [21–30]. These systems are also used to observe 
or survey the abundance of fishes in coastal waters [23], 
including spawning aggregations [48]. Less attention has 
been given to the upper pelagic zone, with the exception 
of the use of these systems to record data such as zoo-
plankton or fish larvae abundance or marine snow con-
centrations [49–51]. Attempts to perform similar studies 
have been made, however, such as attracting large squid 
to suspended food as bait [52, 53]. Baited camera video 
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systems have also been used to study the assemblages of 
midwater fishes in nearshore areas [54, 55]. These types 
of systems have been more extensively used in shallow 
coastal water or estuarine habitats, where the fish species 
observed can be affected by the type of bait used or the 
current patterns that transport the odor trail [56–58]. Var-
ious baited ocean floor lander-type camera systems have 
been used successfully to attract and photograph fish and 
invertebrate species at great depths, but even these types 
of structures can affect the outcome of the observations 
[59]. Submersible and ROV observations in the pelagic 
environment are also likely to be biased with respect 
to the kinds of marine animals observed, due to factors 
associated with avoidance of, or attraction to, the lights 
or other aspects of the underwater vehicles [23, 28] or 
towed camera systems [20]. For example, more deep-
sea fishes were observed with an ROV when red light 
was used than when white light was used [60], suggest-
ing avoidance of bright lights. As mentioned previously, 
some animals have been attracted to the deep-tow cam-
era system [20]. In consideration of these factors, the less 
invasive nature of the Una-Cam system provides a useful 
new methodology for viewing spawning eels. These sys-
tems are also less expensive and require less specialized 
logistical support than submersibles and ROV-type obser-
vation platforms.

With various factors being known about when and 
where A. japonica spawning activity occurs along the 
West Mariana Ridge, the Una-Cam systems can pro-
vide opportunities for future observation of eels or other 
pelagic organisms that can be attracted to this type of 
camera platform, such as that described in the present 
study. In the case of A. japonica, the observation that 
spawning occurs only just before the new moon and that 
the latitude at which spawning takes place appears to be 
influenced by surface salinity structure makes it possible 
to narrow the target area for the deployment of observa-
tion systems [20] or net sampling efforts [7, 8]. As such, 
it appears that future deployments of Una-Cam systems 
at different depths or locations for the purpose of observ-
ing spawning eels may have a greater chance of success. 
Such systems might also be able to include other tech-
nologies, such as size measurement software to evaluate 
the body sizes of observed animals, or environmental sen-
sors to record salinity or other parameters. Alternatively, 
they could be used simultaneously to deploy other small 
measurement devices for unrelated studies, if these would 
not be detected by eels, and could be adapted to attract or 
survey other types of marine animals at various depths. 
Thus, through the use of these relatively inexpensive tech-
nologies, there is a chance to observe phenomenon never 
seen before, such as anguillid eels within their mysterious 
spawning areas in the deep ocean.

Acknowledgments We sincerely thank the ROV Hyper-Dolphin 
operation team and the captain and crew of the R/V Natsushima for 
their excellent effort and support during the intensive activities to 
deploy and retrieve the Una-Cam systems. We also especially thank 
the IRAGO Institute for providing the artificially matured Japanese 
eels for this study, and the R/V Kaiyo Maru for providing their ocean-
ographic data during the survey. In addition, we greatly appreciate 
the support of the JAMSTEC cruise administration team who helped 
make this cruise possible.

References

 1. Tsukamoto K (1992) Discovery of the spawning area for the Jap-
anese eel. Nature 356:789–791

 2. Kimura S, Tsukamoto K, Sugimoto T (1994) A model for the lar-
val migration of the Japanese eel: roles of the trade winds and 
salinity front. Mar Biol 119:185–190

 3. Kimura S, Doos K, Coward AC (1999) Numerical simulation to 
resolve the issue of downstream migration of the Japanese eel. 
Mar Ecol Prog Ser 186:303–306

 4. Fricke H, Tsukamoto K (1998) Seamounts and the mystery of eel 
spawning. Naturwissenschaften 85:290–291

 5. Tsukamoto K, Otake T, Mochioka N, Lee TW, Fricke H, Inagaki 
T, Aoyama J, Ishikawa S, Kimura S, Miller MJ, Hasumoto H, 
Oya M, Suzuki Y (2003) Seamounts, new moon and eel spawn-
ing: the search for the spawning site of the Japanese eel. Environ 
Biol Fish 66:221–229

 6. Tsukamoto K (2006) Spawning of eels near a seamount. Nature 
439:929

 7. Tsukamoto K, Chow S, Otake T, Kurogi H, Mochioka N, Miller 
MJ, Aoyama J, Kimura S, Watanabe S, Yoshinaga T, Shinoda A, 
Kuroki M, Oya M, Watanabe T, Hata K, Ijiri S, Kazeto Y, Nomura 
K, Tanaka H (2011) Oceanic spawning ecology of freshwater eels 
in the western North Pacific. Nat Commun 2:179. doi:10.1038/
ncomms1174

 8. Aoyama J, Watanabe S, Miller MJ, Mochioka N, Otake T, Yoshi-
naga T, Tsukamoto K (2014) Spawning sites of the Japanese 
eel in relation to oceanographic structure and the West Mariana 
Ridge. PLoS One 9(2):e88759

 9. Kuroki M, Aoyama J, Miller MJ, Yoshinaga T, Shinoda A, Hagi-
hara S, Tsukamoto K (2009) Sympatric spawning of Anguilla 
marmorata and Anguilla japonica in the western North Pacific 
Ocean. J Fish Biol 78:1853–1865

 10. Chow S, Kurogi H, Mochioka N, Kaji S, Okazaki M, Tsukamoto 
K (2009) Discovery of mature freshwater eels in the open ocean. 
Fish Sci 75:257–259

 11. Kurogi H, Okazaki M, Mochioka N, Jinbo T, Hashimoto H, Taka-
hashi M, Tawa A, Aoyama J, Shinoda A, Tsukamoto K, Tanaka 
H, Gen K, Kazeto Y, Chow S (2011) First capture of post-spawn-
ing female of the Japanese eel Anguilla japonica at the southern 
West Mariana Ridge. Fish Sci 77:199–205

 12. Ishikawa S, Suzuki K, Inagaki T, Watanabe S, Kimura Y, Oka-
mura A, Otake T, Mochioka N, Suzuki Y, Hasumoto H, Oya M, 
Miller MJ, Lee TW, Fricke H, Tsukamoto K (2001) Spawning 
time and place of the Japanese eel, Anguilla japonica, in the 
North Equatorial Current of the western North Pacific Ocean. 
Fish Sci 67:1097–1103

 13. Schmidt J (1922) The breeding places of the eel. Philos Trans R 
Soc 211:179–208

 14. Schoth M, Tesch F-W (1982) Spatial distribution of 0-group 
eel larvae (Anguilla sp.) in the Sargasso Sea. Helgoländer 
Meeresunters 35:309–320

 15. Kleckner RC, McCleave JD (1988) The northern limit of spawn-
ing by Atlantic eels (Anguilla spp.) in the Sargasso Sea in 

http://dx.doi.org/10.1038/ncomms1174
http://dx.doi.org/10.1038/ncomms1174


Fish Sci 

1 3

relation to thermal fronts and surface water masses. J Mar Res 
46:647–667

 16. Munk P, Hansen MM, Maes GE, Nielsen TG, Castonguay M, 
Riemann L, Sparholt H, Als TD, Aarestrup K, Andersen NG, 
Bachler M (2010) Oceanic fronts in the Sargasso Sea control the 
early life and drift of Atlantic eels. Proc Roy Soc Lond B Biol Sci 
277:3593–3599

 17. Shinoda A, Aoyama J, Miller MJ, Otake T, Mochioka N, Watan-
abe S, Minegishi Y, Kuroki M, Yoshinaga T, Yokouchi K, Fukuda 
N, Sudo R, Hagihara S, Zenimoto K, Suzuki Y, Oya M, Inagaki 
T, Kimura S, Fukui A, Lee TW, Tsukamoto K (2011) Evaluation 
of the larval distribution and migration of the Japanese eel in the 
western North Pacific. Rev Fish Biol Fish 21:591–611

 18. Kimura S, Tsukamoto K (2006) The salinity front in the North 
Equatorial Current: a landmark for the spawning migration of the 
Japanese eel (Anguilla japonica) related to the stock recruitment. 
Deep Sea Res II 53:315–325

 19. Tsukamoto K (2009) Oceanic migration and spawning of anguil-
lid eels. J Fish Biol 74:1833–1852

 20. Tsukamoto K, Mochioka N, Miller MJ, Koyama S, Watanabe 
S, Aoyama J (2013) Video observation of an eel in the Anguilla 
japonica spawning area along the West Mariana Ridge. Fish Sci 
79:407–416

 21. Fernandes PG, Stevenson P, Brierley AS, Armstrong F, Sim-
monds EJ (2003) Autonomous underwater vehicles: future plat-
forms for fisheries acoustics. ICES J Mar Sci 60:684–691

 22. Lindsay DJ, Hunt JC (2005) Biodiversity in midwater cnidarians 
and ctenophores: submersible-based results from deep-water bays 
in the Japan Sea and North-western Pacific. J Mar Biol Assoc UK 
85:503–517

 23. Stoner AW, Ryer CH, Parker SJ, Auster PJ, Wakefield WW 
(2008) Evaluating the role of fish behavior in surveys con-
ducted with underwater vehicles. Can J Fish Aquat Sci 
65:1230–1243

 24. Gartner JV Jr, Sulak KJ, Ross SW, Necaise AM (2008) Persis-
tent near-bottom aggregations of mesopelagic animals along 
the North Carolina and Virginia continental slopes. Mar Biol 
153:825–841

 25. Edinger EN, Sherwood OA, Piper DJW, Wareham VE, Baker 
KD, Gilkinson KD, Scott DB (2011) Geological features sup-
porting deep-sea coral habitat in Atlantic Canada. Cont Shelf Res 
31:S69–S84

 26. Robison BH (1999) Shape change behavior by mesopelagic ani-
mals. Mar Freshw Behav Physiol 32:17–25

 27. Drazen JC, Robison BH (2004) Direct observations of the asso-
ciation between a deep-sea fish and a giant scyphomedusa. Mar 
Freshwat Behav Physiol 37:209–214

 28. Lorance P, Trenkel VM (2006) Variability in natural behaviour, 
and observed reactions to an ROV, by mid-slope fish species. J 
Exp Mar Biol Ecol 332:106–119

 29. Luck DG, Pietsch TW (2008) In-situ observations of a deep-sea 
ceratioid anglerfish of the genus Oneirodes (Lophiiformes: Onei-
rodidae). Copeia 2008:446–451

 30. Benfield MC, Caruso JH, Sulak KJ (2009) In situ video observa-
tions of two manefishes (Perciformes: Caristiidae) in the mesope-
lagic zone of the northern Gulf of Mexico. Copeia 2009:637–641

 31. Holles S, Simpson SD, Radford AN, Berten L, Lecchini D (2013) 
Boat noise disrupts orientation behavior in a coral reef fish. Mar 
Ecol Prog Ser 485:295–300

 32. Miller MJ, Koyama S, Mochioka N, Aoyama J, Watanabe S, 
Tsukamoto K (2014) Vertical body orientation by a snipe eel 
(Nemichthyidae, Anguilliformes) in the deep mesopelagic zone 
along the West Mariana Ridge. Mar Freshwat Behav Physiol. 
47:265–272

 33. Kimura S, Inoue T, Sugimoto T (2001) Fluctuation in the distri-
bution of low-salinity water in the North Equatorial Current and 

its effect on the larval transport of the Japanese eel. Fish Ocean-
ogr 10:51–60

 34. Kodama T, Kurogi H, Okazaki M, Jinbo T, Chow S, Tomoda T, 
Ichikawa T, Watanabe T (2014) Vertical distribution of transport 
exopolymer particle (TEP) concentration in the oligotrophic 
western tropical North Pacific. Mar Ecol Prog Ser. doi:10.3354/
meps10954

 35. Miller MJ, Miwa T, Mochioka N, Watanabe S, Yamada Y, Fukuba 
T, Tsukamoto K (2014) Now you see me, now you don’t: obser-
vation of a squid hiding in its ink trail. Mar Biodiv. doi:10.1007/
s12526-014-0249-9

 36. Horie N, Utoh T, Mikawa N, Yamada Y, Okamura A, Tanaka S, 
Tsukamoto K (2008) Influence of artificial fertilization methods 
of the hormone treated Japanese eel Anguilla japonica upon the 
quality of eggs and larvae (comparison between stripping-insemi-
nation and spontaneous spawning methods). Nippon Suisan Gak-
kaishi 74:26–35 (in Japanese with English abstract)

 37. Nakabo T (2002) Nomeidae: driftfishes. In: Nakabo T (ed) Fishes 
of Japan with pictorial keys to the species, vol 2. Tokai Univ 
Press, Tokyo, pp 963–965

 38. Jellyman D, Tsukamoto K (2005) Swimming depths of offshore 
migrating longfin eels Anguilla dieffenbachii. Mar Ecol Prog Ser 
286:261–267

 39. Jellyman D, Tsukamoto K (2010) Vertical migrations may con-
trol maturation in migrating female Anguilla dieffenbachii. Mar 
Ecol Prog Ser 404:241–247

 40. Aarestrup K, Okland F, Hansen MM, Righton D, Gargan P, Cas-
tonguay M, Bernatchez L, Howey P, Sparholt H, Pedersen MI, 
McKinley RS (2009) Oceanic spawning migration of the Euro-
pean eel (Anguilla anguilla). Science 325:1660

 41. Manabe R, Aoyama J, Watanabe K, Kawai M, Miller MJ, Tsuka-
moto K (2011) First observations of the oceanic migration of the 
Japanese eel using pop-up archival transmitting tags. Mar Ecol 
Prog Ser 437:229–240

 42. Schabetsberger R, Økland F, Aarestrup K, Kalfatak D, 
Sichrowsky U, Tambets M, Dall’Olmo G, Kaiser R, Miller PI 
(2013) Oceanic migration behaviour of tropical Pacific eels from 
Vanuatu. Mar Ecol Prog Ser 75:177–190

 43. Dou SZ, Yamada Y, Okamura A, Shinoda A, Tanaka S, Tsuka-
moto K (2007) Observations on the spawning behavior of arti-
ficially matured Japanese eels Anguilla japonica in captivity. 
Aquaculture 26:117–129

 44. Okamura A, Yamada Y, Horie N, Utoh T, Mikawa N, Tanaka S, 
Tsukamoto K (2007) Effects of water temperature on early devel-
opment of Japanese eel Anguilla japonica. Fish Sci 73:1241–1248

 45. Castle PHJ (1970) Distribution, larval growth, and metamorpho-
sis of the eel Derichthys serpentinus Gill, 1884 (Pisces, Derich-
thyidae). Copeia 1970:444–452

 46. Smith DG (1999) Derichthyidae. Longneck eels. In: Carpenter 
KE, Niem VH (eds) FAO species identification guide for fish-
ery purposes: The living marine resources of the western central 
Pacific, vol 3. Stationery Office Books, Norwich, pp 1671–1672

 47. Miller MJ, Tsukamoto K (2004) An introduction to leptocephali: 
biology and identification. In: Ocean Research Institute, the Uni-
versity of Tokyo, Chiba

 48. Erisman BE, Konotchick TH, Blum S (2009) Observations of 
spawning in the Leather Bass, Dermatolepis dermatolepis (Tel-
eostei: Epinephelidae), at Cocos Island, Costa Rica. Environ Biol 
Fish 85:15–20

 49. Guidi L, Stemmann L, Legendre L, Picheral M, Prieur L, Gorsky 
G (2007) Vertical distribution of aggregates (>110 μm) and mes-
oscale activity in the northeastern Atlantic: effects on the deep 
vertical export of surface carbon. Limnol Oceanogr 52:7–18

 50. Cowen RK, Guigand CM (2008) In situ ichthyoplankton imaging 
system (ISIIS): system design and preliminary results. Limnol 
Oceanogr Meth 6:126–132

http://dx.doi.org/10.3354/meps10954
http://dx.doi.org/10.3354/meps10954
http://dx.doi.org/10.1007/s12526-014-0249-9
http://dx.doi.org/10.1007/s12526-014-0249-9


 Fish Sci

1 3

 51. Stemmann L, Hosia A, Youngbluth MJ, Søiland H, Picheral M, 
Gorsky G (2008) Vertical distribution (0–1000 m) of macrozoo-
plankton, estimated using the Underwater Video Profiler, in dif-
ferent hydrographic regimes along the northern portion of the 
Mid-Atlantic Ridge. Deep Sea Res II 55:94–105

 52. Kubodera T, Mori K (2005) First-ever observations of a live giant 
squid in the wild. Proc Roy Soc Lond B Biol Sci 272:2583–2586

 53. Kubodera T, Koyama Y, Mori K (2007) Observations of wild 
hunting behaviour and bioluminescence of a large deep-sea, 
eight-armed squid, Taningia danae. Proc Roy Soc Lond B Biol 
Sci 274:1029–1034

 54. Heagney EC, Lynch TP, Babcock RC, Suthers IM (2007) Pelagic 
fish assemblages assessed using mid-water baited video: stand-
ardising fish counts using bait plume size. Mar Ecol Prog Ser 
350:255–266

 55. Santana-Garcon J, Newman SJ, Harvey ES (2014) Development 
and validation of a mid-water baited stereo-video technique for 
investigating pelagic fish assemblages. J Exp Mar Biol Ecol 
452:82–90

 56. Lowry M, Folpp H, Gregson M, Suthers I (2012) Comparison of 
baited remote underwater video (BRUV) and underwater visual 
census (UVC) for assessment of artificial reefs in estuaries. J Exp 
Mar Biol Ecol 416–417:243–253

 57. Taylor MD, Baker J, Suthers IM (2013) Tidal currents, sampling 
effort and baited remote underwater video (BRUV) surveys: are 
we drawing the right conclusions? Fish Res 140:96–104

 58. Wraith J, Lynch T, Minchinton TE, Broad A, Davis AR (2013) 
Bait type affects fish assemblages and feeding guilds observed 
at baited remote underwater video stations. Mar Ecol Prog Ser 
477:189–199

 59. Jamieson AJ, Bailey DM, Wagner HJ, Bagley PM, Priede IG 
(2005) Behavioural responses to structures on the seafloor by the 
deep-sea fish Coryphaenoides armatus: implications for the use 
of baited landers. Deep Sea Res I 53:1157–1166

 60. Widder EA, Robison BH, Reisenbichler KR, Haddock SHD 
(2005) Using red light for in situ observations of deep-sea fishes. 
Deep Sea Res I 52:2077–2085


	A new drifting underwater camera system for observing spawning Japanese eels in the epipelagic zone along the West Mariana Ridge
	Abstract 
	Introduction
	Materials and methods
	The Una-Cam system
	Survey strategy
	Una-Cam system deployment

	Results
	Salinity front localization
	Una-Cam deployments
	Biological observations

	Discussion
	Deployment location and depth
	Artificially matured eels as an attractant
	Towards future observations of eel spawning activity

	Acknowledgments 
	References


