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Abstract
A deep-sea video monitoring system on a towed sledge was used in Pacific coastal waters of northern
Japan at depths ranging from 440 to 700 m to estimate the density and the spatial distribution of kichiji
rockfish Sebastolobus macrochir.  Thirty observations were completed at 24 survey sites in daytime
during May and June in 2001.  A seafloor area of 86,160 m2 was surveyed, and 253 kichiji rockfish
were observed.  Most of the fish showed no behavioral response to this system.  Densities ranged from
0 to 11 fish/1,000 m2 (mean 2.94 fish/1,000 m2).  Kichiji rockfish stayed on the seafloor as solitary
individuals.  Only 4.9% of kichiji rockfish was situated less than 5 m to other kichiji rockfish, 3.5%
occurred between 5 and 10 m to other fish and the remaining 91.6% was more than 10 m away from
other fish.  Of the 253 kichiji rockfish, 209 were small (5�9.9 cm) and 44 were more than or equal to
10 cm.  Most of the small fish were between one year and two years old.  Kichiji rockfish would be
distributed as solitary individuals at least from one year old.  The method to estimate the density of
the kichiji rockfish using this system is effective for stock assessment.

Discipline: Fisheries
Additional key words: stock assessment, underwater video camera 

of surveys with optical instruments has been

Introduction

Kichiji rockfish is one of the important target spe-
cies for offshore trawl fisheries in Pacific coastal waters
of northern Japan and the Sea of Okhotsk because of its
high market value.  Its stock abundance has been at an
extremely low level due to over fishing4,9,16.  To ensure
long-term sustainable use of this resource, it is neces-
sary to estimate the accurate stock abundance and to
promote a better management strategy according to its
stock abundance9.

Since kichiji rockfish was readily distinguished
from other species in video images and did not react to
�Shinkai 2000� which is a manned deep-sea submers-
ible and a towed deep-sea TV system (towed with an
umbilical cable above the seafloor), the effectiveness

*Corresponding author: fax +81� 479 � 44 �1875; e-mail tosihiro@
Received 22 December 2003; accepted 20 February 2004.
demonstrated8.  However, surveys with �Shinkai 2000�
or towed deep-sea TV systems are not suitable for stock
assessment because of requiring a large support vessel
and limitations of the operation period and time.  In this
study, we investigated densities and spatial distributions
of kichiji rockfish (subsequently �rockfish� is used inter-
changeably with �kichiji rockfish�) by applying the deep-
sea video monitoring system on a towed sledge (subse-
quently referred to as �deep-sea monitoring system�)
developed to estimate the density of snow crab Chiono-
ecetes opilio13,14.

Method

The survey for estimating the density of rockfish by
using the deep-sea monitoring system  (Fig. 1) was car-
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ried out in the daytime on the research vessel Kaiyo-maru
No.3 (474 GT) from May 27 to June 6 in 2001 (Table 1).
Thirty observations were completed at 24 survey sites
(Fig. 2) in Pacific coastal waters of northern Japan in
depths ranging between 440 and 700 m.  The deep-sea
monitoring system was an identical system to that used
for observing snow crab (Chonoecetes opilio)
distribution13,14.  However, the towing method of the
deep-sea monitoring system was different from that, i.e. a
polypropylene cross rope (400 m in length, 30 mm in
diameter, 0.91 in specific gravity) was inserted between
the end of a trawl warp and the deep-sea monitoring sys-

Fig. 1. The deep-sea video monitoring system on a towed
sledge on the R/V Kaiyo-maru No. 3

24

Kin

Fig. 2.  Map of the survey sites in Pacif
130
tem.  The trawl warp was paid out as same as the water
depth and the deep-sea monitoring system was towed at
approximately 1 knot (practically, the towing speed var-
ied due to sea conditions) on the seafloor (Table 1).
Recording time of one observation was 55 min depending
on the capacity of batteries.  The depth of the water sur-
veyed was measured with a fish finder (SIMRAD Co.,
Ltd. EK-500).  Positions of the research vessel were mea-
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Fig. 3. Example of the video image recorded with the 
deep-sea video monitoring system on a towed sledge

Seventy-seven % of kichiji rockfish Sebastolobus
macrochir did not respond to the towed sledge.  Of
the remaining 23%, almost all the fish started to
avoid the sledge just before the towed sledge came
close to them. 

 coastal waters of northern Japan
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sured with a differential GPS receiver (Global Position-
ing System Furuno Co., Ltd. GP-35) and recorded
positions at the beginning and end of an observation as
well as every 5 min during observation.  The timers of the
underwater video camera and of the underwater light
were turned on simultaneously immediately before the
deep-sea monitoring system was put into the sea.  Pho-
tography was started after 20 or 30 min, because the
deep-sea monitoring system required such a time interval
to stabilize the towing condition.  Densities of rockfish
(individual number observed per 1,000 m2) at each site
surveyed were estimated from counts of rockfish and
the seafloor area surveyed (see Watanabe13, , Watanabe
& Hirose14, details were described).  Three sizes of
rockfish were also estimated from the sledge width (10
cm) of the deep-sea monitoring system; small (5�9.9
cm), medium (10�20 cm), and large (> 20 cm). 

We considered that the noise of friction and vibra-
tion generated by the sledge of the deep-sea monitoring
system used in this study were higher and stronger than
those of the towed deep sea TV system used by Kita-
gawa et al.8, and both noise and vibration had presumably
an effect on the behavior of rockfish.  To examine the
effect on rockfish behavior of both noise and vibration
generated by the sledge when approached by the deep-sea
monitoring system, the rockfish behavior was catego-
rized into 2 groups as follows (Table 1): (1) No response
(no movement; immobile just before the deep-sea moni-
toring system approached), (2) Response (movement;
moved when approached by the deep-sea monitoring sys-
tem).  Since the deep-sea monitoring system approach-
ing speed to the rockfish varied according to towing
speed of the deep-sea monitoring system, the proportion
of moving rockfish to the total individual number
observed was calculated by towing speed.  The relation-
ship between towing speed of the deep-sea monitoring
system and proportion of responding individuals was
described graphically and the correlation coefficient was
calculated. 

Subsequently spatial distribution of rockfish was
examined.  The position assigned to an individual rock-
fish in geographical coordinates was obtained as the point
of time that it emerged in the video image with a time dis-
play.  The positions of the observing lines and of the indi-
vidual rockfish were mapped on GRASS geographic
information system (GRASS development team).  The
length of the observing lines and the distance between
individual rockfish on each line in cases where more than
or equal to 2 individuals occurred together were mea-
sured on the map, using built-in capabilities of the soft-
ware.
132
Results

Seafloor substrates at most of the surveyed sites
were primarily mud and sometimes mud with sand
excluding St-20 (rock substrate).  The bottom contour
was relatively flat.  The video images were recorded for
1,650 min in total.  A seafloor area of 86,160 m2 was
surveyed.  Rockfish was readily distinguished from other
species on video images and 253 rockfish were observed.
Of the 253 rockfish, 209 were small, 28 medium, and 16
large.  Table 1 shows the towing characteristics such as
the position of the survey site, towing speed, towing dis-
tance, sweeping area, number of rockfish, sizes and num-
ber of individuals per 1,000 m2, etc.  Since a significant
figure corresponded to one digit in the survey site where
the number of observed rockfish was less than 10 individ-
uals, similarly, the number of individuals per 1,000 m2

was indicated by one digit.  Sweeping area in the survey
sites ranged from 2,090 m2 to 5,130 m2.  The number of
individuals observed in each survey site ranged from 0 to
27 individuals.  The densities of rockfish ranged from 0
to 11 individuals/1,000 m2 (mean 2.94 individuals / 1,000
m2).

Of the 253 rockfish observed, 196 did not respond to
the towed sledge when it came close to them (Fig. 3) and
the remaining 57 moved.  Of the moving individuals,
almost all the rockfish moved just before the towed
sledge came close to them and they were at or very near
the passing sledge.  Fig. 4 shows the relationship between

Fig. 4. Relationship between towing speed of the deep-sea 
video monitoring system on a towed sledge and 
proportion of responding individuals

Proportion of responding individuals was obtained
by dividing the number of responding individuals
by the total number of kichiji rockfish observed at
various towing speeds.
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in
towing speeds of the deep-sea monitoring system and the
proportions of responding individuals.  Towing speed
was correlated ( r = 0.76, p<0.05) with the proportion of
responding individuals.

We estimated a total of 225 distances between indi-
viduals.  Fig. 5 shows the position assigned to an indi-
vidual rockfish in geographical coordinates for each
survey line. The rockfish emerged per 1,000 m was 0 to
12 individuals (mean 4.5 individuals/1,000 m).  Fig. 6
shows the relationship among frequency of rockfish
observed, cumulative frequency and distance separat-
ing adjacent individuals on the lines towed.  Only 4.9%
of rockfish was situated less than 5 m to other rockfish.
They were more than 1 m away from other rockfish and
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Fig. 5.  Position of kichiji 
Difference in length of the lines was the result of diffic

Fig. 6. Frequency distribution (histogra
(line graph, right axis) for distan
were not observed with a definite mutual attraction
between individuals.  Three point five % of rockfish
occurred between 5 and 10 m to other rockfish and the
remaining 91.6% was more than 10 m away from other
rockfish.  Conversely, 94.2% of rockfish occurred
within 500 m to other rockfish.  Therefore all rockfish
stayed on the seafloor as solitary individuals. 

Discussion

For underwater observation with ordinary optical
instruments used for fisheries science at present, lights
are required in the places without daylight6,12.  Underwa-
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ockfish on the line towed
lty in maintaining ship speed steady at 1 knot.
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ter observation with lights have been used as an effec-
tive method when lights do not have an effect on the
behavior of the target species13,14.  First, we determined
whether the light and the approach of the towed sledges
affected rockfish behavior or not.  The response of
Sebastolobus spp. to an ROV (remotely operated vehi-
cle) equipped with a light had been studied by Adams et
al.1.  In that study, of the 193 Sebastolobus spp.
observed, 2 slowly moved into the frame of the ROV,
173 did not move, 8 slowly moved out of the frame of
the ROV, and the remaining 10 rapidly moved out of the
frame1.  Responding Sebastolobus spp. to the ROV
accounted for only 10% of all individuals observed.  For
the ROV, there were no vibration and fricative sound
caused by the sledge of the deep-sea monitoring system
because the ROV was towed above the sea bottom.
Therefore rockfish reaction to the ROV was considered
as a reaction to both the light and the sound generated
from a driving portion of the ROV.  When Kitagawa et
al.8 observed rockfish with a towed deep-sea TV sys-
tem, rockfish reacted when the chain and the sinker con-
tacted the seafloor near rockfish.  The chain and the
sinker were suspended from the towed deep-sea TV sys-
tem and kept the towed deep-sea TV system at a con-
stant altitude from the seafloor to maintain the
observable swath constant.  However, most of the rock-
fish did not respond when the towed deep-sea TV sys-
tem passed over them8.  Similarly rockfish did not
respond when approached within 1 m by the �Shinkai
2000� 8.  Therefore we think the light and the sound gen-
erated from a driving portion of the ROV have no effect
on rockfish behavior.

In this paper, rockfish responding to the deep-sea
monitoring system accounted for 23% of the total indi-
viduals observed, and this rate was higher than that
observed by Adams et al.1 (chi-square P<0.01).  We
think that the higher responding rate than that of Adams
et al. 1 is due to the differences in the towing method.
Since the deep-sea monitoring system was towed on the
seafloor, vibration and fricative sound generated by the
sledge of the deep-sea monitoring system threatened
rockfish.  However, most of the rockfish that had moved
when the towed sledge approached them began to move
just before the towed sledge came close to them and
were near the passing sledge.  Almost all the rockfish
stayed immobile just before the towed sledge came
close to them.  Previous studies reported that light
would have hardly any effect on the behavior of
rockfish1,8.  Therefore the number of individual rockfish
per 1,000 m2 that was estimated in Table 1 indicates the
abundance of rockfish.

Subsequently, the factors affecting the estimation
134
accuracy of the density was investigated.  Of the 24 sur-
vey sites, 17 survey sites were observed with less than 10
rockfish and these were estimate values with lower accu-
racy.  For example, since the seafloor surveys were per-
formed 2 times at sites 3 and 4, by integrating the survey
results performed 2 times, it was possible to calculate the
significant figure to 2 digits.  Therefore it is possible to
improve the estimation accuracy by increasing the
sweeping area (i.e. increasing the observation frequency
to increase the number of observed individuals) in areas
with a low population density13,14.  The distribution of
rockfish changes due to migrating with growth7, and
therefore it is necessary to shorten the time interval
between seafloor surveys at the same survey site.  

The proportion of reacting rockfish to the deep-sea
monitoring system increased with increasing towing
speed of the deep-sea monitoring system.  The proportion
of reacting rockfish to the total of observed rockfish
ranged from 20 to 25% when towing speeds were less
than or equal to 1 knot, and its fluctuation was relatively
stable.  On the other hand, the proportion of reacting
rockfish ranged from 10 to 50% and considerably fluctu-
ated when towing speeds were more than 1 knot.  There-
fore the suitable towing speed is less than or equal to 1
knot.

It appears that rockfish are distributed separately
from the larval stage because rockfish in schools were
not observed by a manned submersible5.  Of the 253
rockfish observed in this study, 209 were small (5�9.9
cm) and 44 were more than or equal to 10 cm.  Most of
the small rockfish were between one year and two years
old.  All rockfish stayed on the seafloor as solitary indi-
viduals.  Ninety one point six % of rockfish observed was
more than 10 m away from other rockfish.  Consequently,
our result indicates that rockfish is distributed as solitary
individuals at least from one year old. 

As above mentioned, we confirmed that the deep-
sea monitoring system can be used to estimate the abun-
dance of kichiji rockfish and its advantage for stock
assessments had already been reported13�15.  However, to
utilize this equipment as a quantitative survey method
for kichiji rockfish, it is necessary to improve the esti-
mation accuracy of the population density in consider-
ation of the characteristics of this equipment. The stock
abundance of kichiji rockfish has been estimated based
on trawl surveys5.  Catch amount obtained from trawl
surveys are converted to stock abundance by assuming a
100% sampling efficiency for the area swept by the
trawl2,11.  However, it is clear that the sampling efficiency
is not 100% from previous studies3,10,11.  The sampling
efficiencies of survey trawls have not been sufficiently
measured.  To improve the accuracy of estimating the
JARQ  38 (2)  2004
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population density of the kichiji rockfish from  survey
trawls, we will estimate the sampling efficiency by using
the deep-sea monitoring system observation prior to
trawling over the same ground.
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