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Abstract
Seabed photographing has been applied with various underwater camera apparatuses (UCAs)
for observations of megabenthic epifauna, which reveals more details than traditional sampling tools do.
In this study, we improved a UCA named a towed underwater video-camera system (TUV system) with
image processing software for seabed photographing in coastal areas up to 100 m. In May 2017, the TUV
system was tested at 4 stations in the Zhangzi Island marine area in the northern Yellow Sea to investigate
local megabenthic epifauna, especially brittle stars. At each station, more than 500 good seabed photographs
each in area of 0.155 0 m2 were obtained in just 10 min. Almost all of the epifauna larger than 1 mm could
be identiﬁed from the photographs, including echinoderms, bivalves, cnidarians, and crustaceans. Three
dominant brittle stars (Ophiopholis mirabilis, Ophiura sarsii vadicola, and Stegophiura sladeni) were
spotted, and their abundance, disc diameter, cluster size, and coverage area were calculated and analyzed
from the seabed photographs. The results show that the TUV system could be applied in coastal waters of
hard sandy bottoms and could be used for quantitative investigations of megabenthic epifauna.
Keyword: seabed photography; brittle stars; underwater camera apparatuses (UCAs); coastal waters

1 INTRODUCTION
Macrobenthic communities are key components of
marine ecosystems. Because many macrobenthic
organisms are sensitive to the environmental stress
and have long life histories, they are important
indicators that can be used to assess and evaluate
marine ecosystems, especially in coastal waters (Peng
et al., 2014; Xu et al., 2016). The use of the seabed
photography method for quantitative macrobenthos
investigations was originally proposed and applied in
the 1930s (Barton, 1935; Harvey, 1939; Johnson,
1939). This method was considered to be more
eﬀective than traditional methods (corers and trawls)
because a large number of seabed images could be

obtained for the quantitative analysis of not only
species abundance and composition but also the life
habits and interspeciﬁc or intraspeciﬁc relationships
of the macrobenthos (Hecker, 1990; Smith et al., 1993;
Piepenburg and Von Juterzenka, 1994; Piepenburg and
Schmid, 1996; Bergmann et al., 2011).
The development of seabed photography was
accompanied by the development of the underwater
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Table 1 Speciﬁcations of each sampling station

Station Lat. (°N) Long. (°E) Depth (m) Temp. (°C) Salinity Photos (n)
S1

39.12

122.75

33

9.094

31.277

579

S2

39.04

122.75

31

8.082

31.439

583

S3

39.12

122.90

27

9.007

31.162

569

S4

39.04

122.90

38

7.072

31.472

570

camera apparatuses (UCAs). Two main types of
UCAs exist: triggered and towed UCAs. Triggered
UCAs are controlled by foot triggers or sonar and
deployed when the ship stop or drift with the current.
Seabed images are obtained during up and down
movements of the UCAs (Ewing et al., 1946; Vevers,
1951; Piepenburg and Von Juterzenka, 1994; Stübing
and Piepenburg, 1998; Hughes, 2014). To obtain
continuous image of a seabed, towed UCAs are towed
at speciﬁc speeds, and the seabed over a large area is
photographed (Huggett, 1987; Gordon et al., 2000;
Bluhm, 2001; Fornari and Group, 2003; Bowden et
al., 2011).
The northern Yellow Sea (NYS) is a semi-closed
shallow marginal sea located between the Shandong
Peninsula, the Liaodong Peninsula and the Korean
Peninsula with an area of approximately 7.1×103 km2
(Qi et al., 2004). The sea bottom of the NYS is ﬂat
with a depth of less than 70 m, and the sediments are
mainly sands and gravels (Wang et al., 2009; Xu et
al., 2018). The NYS is one of the most important
aquaculture areas in China, especially the Zhangzi
Island sea area, which is the largest aquaculture zone
for bottom-cultured Japanese scallops Patinopecten
yessoensis and accounts for 46% of the total
production of P. yessoensis in China (Zhang et al.,
2008). To evaluate the macrobenthic ecosystem in
this sea area, we applied seabed photography for the
ﬁrst time to investigate the megabenthic epifauna.
Benthic sled is a common type of towed UCAs that
can be towed over the sea bottom with the use of
speciﬁcally designed sled runners (Uzmann et al.,
1977; Theroux, 1984; Hecker, 1990; Nybakken et al.,
1998; Ruhl, 2007). However, because of the hard
sandy bottom in the NYS, a “cloud” of sediment
could be easily caused by the sled runners touching
the sediments, thus aﬀecting the quality of the
photographs. Therefore, to reduce the contact area
between the UCA and the sea bottom, we changed the
sled runners to wheels and designed a new towed
UCA named the towed underwater video-camera
system (the TUV system), which could prevent the
interference from clouds and increase the ﬂuency and
ﬂexibility of the system.
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Fig.1 Photograph stations in the Zhangzi Island sea area

In this study, we introduce the TUV system and
demonstrate the test results of using this system for
investigations of megabenthic epifauna, especially
brittle stars, in the Zhangzi Island sea area (the NYS).
Almost all epifauna (echinoderms, bivalves,
cnidarians, and crustaceans) together with some
benthic ﬁsh and infauna could be identiﬁed using this
system. Furthermore, in addition to the abundance
and disc diameter, the aggregation characteristics of
brittle stars could be described by analyzing the
coverage rate and the cluster size frequency from the
seabed photographs. This study described a new
improved UCA that could be practically and
extensively applied for seabed photography in coastal
waters with hard sandy bottoms. Moreover, the results
of this study provided possibilities and prospects for
photographic investigations of the benthic ecosystem
in the NYS and other similar sea areas.

2 MATERIAL AND METHOD
2.1 The trial site
The Zhangzi Island sea area is located in the NYS
and is ~50 km away from the southern Liaodong
Peninsula and aﬀected by the Yellow Sea Cold Water
Mass and freshwater input by rivers in northern
China. The ﬂat and hard sandy bottom and good
natural nutrient conditions in this area make it an
ideal aquacultural water for scallops. The Japanese
scallops Patinopecten yessoensis are sowed freely on
the bottom layer and collected using bottom trawling
nets. The test area was located over 4 stations in the
Zhangzi Island sea area in May 2017 (Fig.1; Table 1).
Temperature and salinity were monitored by a CTD
(AAQ1183-1F, Alec Electronics Co., Ltd.) at each
station.
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Fig.2 Diagrams and photographs of the towed underwater video-camera system (the TUV system)
a. top view; b. side view; c. photograph of the TUV system being deployed in the Zhangzi Island sea area. 1. the main camera; 2. the surveillance cameras;
3. the underwater lights; 4. the side wheels; 5. the rear wheel.

2.2 The ﬁeld procedure
The towed underwater video-camera system (the
TUV system) consists of a rolling frame, a main
camera (Sony RX100V & Nauticam housing), two
surveillance cameras (GoPro HERO 5) and two
underwater lights (X-Adventurer M5000) (Fig.2).
The weight of the whole system is about 35 kg. The
rolling frame is a stainless steel tubular frame with
three wheels, including one rear wheel and two side
wheels. The rear wheel is 30-cm high and 20-cm
wide, and the side wheels are 30-cm high and 5-cm
wide. The rear wheel is much heavier than the side
wheel to prevent the unstable up and down movements
of the frame as it is rolled during towing.
The shot distance of the main camera from the sea
ﬂoor is 47 cm at an angle of 40° from vertical, and the
focal length of the camera is ﬁxed at 24 mm, while the
underwater lights are focused on the photographed
area. Two surveillance cameras mounted on the upper
part of the system are used to observe the running
condition of the whole system.
The scale of the photographed area was measured
and corrected before operation. Because the shot

distance and the focal length were constant, the
photographed area was ﬁxed at 0.155 0 m2. During
operation, the TUV system was connected to a wire
rope of the winch and was lowered from the drifting
ship. When the rear wheel and two side wheels
touched the seabed, the system landed on the sea
bottom. Then, the wire rope was pulled to the stern
and released continually. When the length of the wire
rope was approximately two times the water depth,
the ship began to move. The system was towed well
astern of the ship at a vessel speed of less than 1 knot,
and an approximately 10-min video of the seabed was
collected. It was necessary to adjust the length of the
wire rope and check its tightness in real time to ensure
that the system was stable under the speed and inertia
of the ship while avoiding stagnation from being
trapped by stones and ﬁshing gear.
After the operation, the system was retracted to the
deck, and the video data from the main camera and
two surveillance cameras were collected and backed
up. Continuous screenshots with a time interval of
one-second were collected for each video from the
main camera, avoiding repeated images in adjacent
photographs. The good photographs were selected
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Table 2 The mean abundance (MA) of 3 ophiuroid species counted from 30, 50, 80, and 100 good seabed photographs at
each station and the statistics of one-way ANOVA
Station

Species

MA30

MA50

MA80

MA100

F1

P1

F2

P2

S1

Om

59.66

117.11

105.46

120.35

0.275

0.843

0.177

0.838

Osv

1.61

1.87

1.98

1.81

0.123

0.946

0.068

0.935

Ss

10.43

9.48

10.65

10.16

0.373

0.773

0.475

0.623

Om

117.85

212.34

283.31

311.48

5.551

0.001

1.989

0.139

Osv

37.20

36.77

37.58

36.61

0.039

0.990

0.034

0.967

Ss

0.65

0.52

0.48

0.52

0.061

0.980

0.009

0.991

Om

111.27

224.45

235.23

211.18

0.859

0.463

0.129

0.879

Osv

2.90

2.65

2.34

2.32

0.165

0.920

0.027

0.973

S2

S3

S4

Ss

6.45

6.45

7.34

7.74

0.436

0.728

0.524

0.593

Om

0.00

0.00

0.00

0.00

-

-

-

-

Osv

33.66

31.55

29.56

29.87

0.745

0.526

0.359

0.699

Ss

1.29

1.10

0.81

1.03

0.220

0.883

0.257

0.774

F1, P1 and F2, P2 are one-way ANOVA statistics among MA30, MA50, MA80 and MA100 (F1, P1) and among MA50, MA80 and, MA100 (F2, P2) for each
species. Signiﬁcant diﬀerences occurred in the mean abundance of Om among the MA30, MA50, MA80 and MA100 groups at S2. Om, Osv, and Ss are
abbreviations for Ophiopholis mirabilis, Ophiura sarsii vadicola, and Stegophiura sladeni, respectively.

from the screenshots of each station while excluding
the no-good photographs that were aﬀected by
sediment, currents, and unsteady towing, which could
be observed from the videos of the surveillance
cameras.
2.3 Image processing
The megabenthic epifauna with maximum
dimensions larger than 1 mm were recorded, and the
abundance and biological characteristics of three
brittle stars species in the good photographs at each
station were calculated and analyzed. The quantities
of Ophiura sarsii vadicola and Stegophiura sladeni
could be counted directly in each photograph, and the
individuals that were partly shown at the edge of the
photograph were counted as 0.5. It was diﬃcult to
count the quantity of Ophiopholis mirabilis using the
same method because of the dense aggregations.
However, we found that the arms of O. mirabilis were
relatively clear in the photographs. Therefore, we
determined the quantity of O. mirabilis by counting
the number of arms in the photographs and dividing
by 5. The area of each photograph was 0.155 0 m2, so
the abundance of each ophiuroid species in one
photograph was:
Abundance (ind./m2)=quantity (ind.)/0.155 0 m2.
To determine the number of good photographs
selected for processing at each station, we randomly
selected 30, 50, 80, and 100 good photographs at each
station to calculate the abundance of the three brittle
stars and examined the mean abundance of these 4

groups of photographs for each species in software
SPSS using one-way ANOVA. The statistical results
showed that there was a signiﬁcant diﬀerence (F3, 256=
5.551, P=0.001<0.01) in the mean abundance of O.
mirabilis at S2, and the mean abundance of the group
of 30 photographs was signiﬁcantly less than that of
the other groups. Thus, we removed the mean
abundance of the group of 30 photographs and
compared the remaining three groups. The results
showed that the diﬀerence disappeared (Table 2).
Therefore, 50 good seabed photographs were
randomly selected to calculate the abundances of the
three brittle stars as well as for the analyses of
biological characteristics.
To describe the biological characteristics of the
three brittle stars, the coverage areas and cluster sizes
of O. mirabilis and the disc diameters of O. sarsii
vadicola and S. sladeni were calculated using image
processing software (Shewei 1.0), which was designed
and corrected to measure the actual area and length in
the photographs from the TUV system (Fig.3). The
coverage area of O. mirabilis was the area of the
seaﬂoor that was occupied by the organism. In the
software, all clusters of O. mirabilis in one photograph
were circled by linking the ends of the outer arms to
obtain the coverage area, then, the coverage rate was
(Fig.3a).
calculated
(coverage
area/0.155 0)
Meanwhile, the sizes of the complete clusters of O.
mirabilis in the photographs were measured separately
in the software to help establish the frequencies of the
ranges of cluster sizes (<0.02 m2, 0.02–0.04 m2, 0.04–
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Fig.3 The image processing software for calculating the coverage areas and the cluster sizes of Ophiopholis mirabilis and disc
diameters of Ophiura sarsii vadicola and Stegophiura sladeni
a. the boundary of O. mirabilis marked by a polygon to calculate the cluster size and the coverage area of O. mirabilis in this photograph; b. the disc
diameter of O. sarsii vadicola marked by a line-segment; c & d. the disc diameters of S. sladeni marked by line-segments.

Table 3 The categories of macrobenthos recorded in the
stations
High taxon

Species/category

Benthic ﬁsh and shrimp

Benthic ﬁsh

2.4 Statistical analyses

Shrimp
Cnidaria

Metridium sensile fimbriatum
Urticina grebelnyi
Sea pen

Mollusca

Mollusc eggs?
Patinopecten yessoensis

Echinodermata

Luidia quinaria
Echinocardium cordatum
Ophiopholis mirabilis
Ophiura sarsii vadicola
Stegophiura sladeni

Annelida

Tubicolous polychaetes

Arthropoda

Pagurus sp.

0.06 m , 0.06–0.08 m , 0.08–0.12 m , >0.12 m ) at the
dominant stations. The clusters that all exceeded the
range of the photograph were calculated as >0.12 m2.
The disc diameters of O. sarsii vadicola, and S. sladeni
2

2

2

were measured from the base of one arm to the
opposite interradius in this software (Fig.3b–d).

2

The signiﬁcance of the diﬀerences in coverage rates
and cluster sizes of O. mirabilis among stations were
tested with the One-way ANOVA, followed by a LSD
post hoc test for multiple comparison. The diﬀerence
between disc diameters of O. sarsii vadicola, and
S. sladeni was tested with Student’s t-test for
independent samples. Statistical analyses were
performed with IBM SPSS Statistics (v. 23.0) software.

3 RESULT
3.1 Megabenthic
photographs

epifauna

in

the

seabed

The numbers of good seabed photographs obtained
at each station using the TUV system were 579, 583,
569, and 570 (Table 1). The categories of macrobenthos
recorded from the seabed photographs were listed in
Table 3. Almost all epifauna larger than 1 mm could
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Fig.4 Macrobenthos in the seabed photographs
a & b. benthic ﬁsh; c. Metridium sensile fimbriatum; d. Urticina grebelnyi; e. mollusc eggs?; f. Patinopecten yessoensis; g. Luidia quinaria; h. shrimp; i.
Cnidarian (sea pen); j. Echinocardium cordatum; k. tubicolous polychaetes; l. Pagurus sp.

a

b

c

Fig.5 Three ophiuroid species
a. Ophiopholis mirabilis; b. Ophiura sarsii vadicola; c. Stegophiura sladeni.

be identiﬁed in the seabed photographs, including
echinoderms, bivalves, cnidarians, and crustaceans
(Fig.4c–j & i). In addition, benthic ﬁsh and some of
the infauna that were partly exposed on the seaﬂoor,
such as the tubicolous polychaetes, were also found
(Fig.4a, b & k). From these seabed photographs, three
dominant brittle stars, Ophiopholis mirabilis, Ophiura
sarsii vadicola, and Stegophiura sladeni, were
identiﬁed (Fig.5).

3.2 Abundance and distribution of the dominant
ophiuroid species
As the most abundant ophiuroid species, the mean
abundance of O. mirabilis was 138.448±18.01 ind./
m2 (Fig.6). The mean abundance of the second most
dominant species, O. sarsii vadicola, was 18.21±
1.43 ind./m2 (Fig.6). Lastly, the mean abundance of S.
sladeni was 4.39±0.51 ind./m2 (Fig.6).
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Fig.8 Size (disc diameter) frequencies of Ophiura sarsii
vadicola (a) (n=441) and Stegophiura sladeni (b)
(n=104) at four stations in the Zhangzi Island sea
area

S2

Fig.7 Cluster size-range frequency distribution (left axis)
and coverage rate (right axis) of Ophiopholis mirabilis
at the dominant stations

The distribution areas of the three ophiuroid
species were diﬀerent. O. mirabilis was distributed in
S1, S2, and S3, but not in S4 (Fig.6). O. sarsii vadicola
was mainly distributed in S2 and S4, while S. sladeni
was mainly distributed in S1 and S3 (Fig.6).
3.3 Biological characteristics of the dominant
ophiuroid species
The coverage rates of O. mirabilis were 3.86%,
11.56%, 5.98% and 0% at S1, S2, S3 and S4,
respectively (Fig.7). There was signiﬁcant diﬀerence in
coverage rates among stations (F3, 199=27.865, P<0.01),
and the coverage rate at S2 was the largest (LSD,
P<0.01). We counted 92 complete clusters, and 84.78%
of the clusters were in the <0.02 m2 and 0.02–0.004 m2
groups, showing that O. mirabilis in this area mostly

gathered in small clusters (Fig.7). There was signiﬁcant
diﬀerence in cluster sizes of O. mirabilis among its
dominant stations (F2, 91=3.164, P<0.05). We arranged
the cluster size-range frequency following the coverage
rate and found that more large-clusters of O. mirabilis
occurred when the coverage rate was higher.
In the O. sarsii vadicola population, the disc
diameter frequency showed a peak between 7 mm and
15 mm with a proportion of 86.85% of the 441
measured discs (Fig.8a). In the S. sladeni population,
the disc diameter frequency showed a peak between
12 mm and 20 mm with a proportion of 90.38% of the
104 measured discs (Fig.8b). The disc diameters of
O. sarsii vadicola were smaller than that of S. sladeni
(t=-14.28, P<0.01).

4 DISCUSSION
4.1 The seabed photography method
For a long time, vision has been one of the most
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Fig.9 Examples of underwater camera apparatuses (UCAs) for seabed photographic investigations of megabenthic epifauna
a. the foot-trigger-controlled UCA: underwater photographic apparatus (Vevers, 1951); b. the towed oﬀ-bottom UCA: TowCam (Fornari and Group, 2003);
c. the towed on-bottom UCA: benthic sled (Theroux, 1984).

direct senses used by human beings to explore the
mysteries of the ocean. In 1893, Boutan took the ﬁrst
known underwater photograph by diving with a
camera, which was considered the pioneering work of
seabed photography (Boutan, 1893). Because of the
patchy distribution of benthos, the seabed photography
method was considered more eﬀective than traditional
methods (corers and trawls) for the investigation of
the megabenthic epifauna by means of diﬀerent UCAs
(Hecker, 1990; Smith et al., 1993; Piepenburg and
Von Juterzenka, 1994; Piepenburg and Schmid, 1996;
Bergmann et al., 2011). The original triggered UCA
developed by Ewing and Vevers was controlled by a
foot trigger (Ewing et al., 1946; Vevers, 1951, 1952)
(Fig.9a). When the foot trigger touches the seaﬂoor,
the entire UCA is triggered to work, and seabed
photographs are obtained via the up and down
movements of the UCA, such as “the photo probe”
applied in the Arctic areas and the “bed-hop camera
system” applied in western Scotland (Piepenburg and
Von Juterzenka, 1994; Piepenburg and Schmid, 1996,
1997; Stübing and Piepenburg, 1998; Hughes, 2014)
(Table 4). To determine the precise photographed area
and reduce the occurrence of clouds caused by the
contact between the foot trigger and the seaﬂoor,
acoustic-controlled UCAs triggered by sonar were
designed by using precision graphic recorder (PGR),
precision depth recorder (PDR) or distance monitoring
system (DMS) (Johnson et al., 1956; Edgerton and
Cousteau, 1959; Hersey, 1959; Backus, 1966;
Edgerton and Udintsev, 1973; Ohta, 1976; 1984;
Fujita et al., 1987; Fujita and Ohta, 1988, 1989). For
acoustic-controlled UCAs, an acoustic pulse generator
or a pinger is mounted on the camera frame and
regularly emits sound signals upwards and

downwards. The time interval between the upward
signal (the direct ping) and the downward signal (the
bottom echo) is received and recorded by a PGR,
PDR, or DMS to locate the position of the underwater
camera.
Generally, triggered UCAs are deployed when the
ship is at a station or slowly drifting to obtain in situ
seabed images at depths of 10–2 000 m (Table 4). To
obtain continuous image of the seabed, the towed
UCAs were developed that could be towed by a ship
at a certain speed and photograph the seabed over a
large area (i.e. 1–10 km transects), and consist of
towed oﬀ-bottom UCAs and towed on-bottom UCAs.
The towed oﬀ-bottom UCAs are towed above the
seabed at a constant height (generally 2–5 m and
sometimes up to 10 m) at a speed of less than 2 knots.
The height above the seabed is monitored in real time
by an acoustic system or a laser positioning system.
These UCAs can take up to 1 000 photographs per
run, thus providing continuous coverage of the seabed
over lengths of several kilometers and widths of
2–8 m, such as the wide-area survey photography
system (WASP), towed digital camera and multi-rock
coring system (TowCam) (Fig.9b), TowCam ﬁsh,
ocean ﬂoor observation system (OFOS) and Deep
Towed Imaging System (DTIS), which were applied
at depths of 200–5 000 m (Huggett, 1987; Bluhm,
1993, 2001; Gordon et al., 2000; Fornari and Group,
2003; Jones et al., 2007; Fodrie et al., 2009; Bergmann
et al., 2011; Bowden et al., 2011; Rybakova et al.,
2013). However, because of the large spatial scales of
operation, the seabed images taken by oﬀ-bottom
UCAs often have low resolution, and only animals
with a maximum dimension of 2 cm or bigger can be
precisely identiﬁed (Gordon et al., 2000; Jones et al.,
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Table 4 Published underwater camera apparatuses (UCAs) for seabed photographic investigation of megabenthic epifauna
Type

Foot-triggercontrolled UCA

Acousticcontrolled UCA

Towed oﬀbottom UCA

Towed onbottom UCA

UCAs

Depth (m)

Height above
seaﬂoor (m)

Study region

Source

Free ﬂoating camera and
suspended camera

12–2 400
ft.

7 ft

The Gulf of Maine

Ewing et al., 1946

Underwater photographic apparatus

50–80

1

Near Plymouth

Vevers, 1951; 1952

The photo probe

14–1 100

1.5

The Kolbeinsey Ridge;
the northeast Greenland shelf;
the Arctic Laptev Sea shelf;
the northern Barents Sea

Piepenburg and Von
Juterzenka, 1994;
Piepenburg and Schmid, 1996, 1997;
Stübing and Piepenburg, 1998

“Bed-hop” camera system

140–2 050

–

The Hebridean Slope,
western Scotland

Hughes, 2014

Ohta, 1976, 1984;
Fujita et al., 1987;
Fujita and Ohta, 1988, 1989

Deep-sea stereo camera system

100–5 025

1.1–4.7

The Bay of Bengal;
the Suruga Bay;
the Paciﬁc coast of Japan
and the Flores sea;
Northeastern Japan

Wide-angle seabed
photography (WASP)

1 000–
5 500

10

The Madeira Abyssal Plain;
the deep Faroe-Shetland channel

Huggett, 1987;
Jones et al., 2007

TowCam ﬁsh

<200

2

The coast of Canada

Gordon et al., 2000

TowCam

2 000–
6 000

5–7

Along the Aleutian

Fornari and Group, 2003;
Fodrie et al., 2009

Ocean Floor Observation
System (OFOS)

200–1 300

1.5–3.5

The deep Peru Basin;
West of Svalbard;
the Barents Sea

Bluhm, 2001;
Bergmann et al., 2011;
Rybakova et al., 2013

NIWA’s Deep Towed
Imaging System (DTIS)

500–
1 000

2–3

The northern Ross Sea

Bowden et al., 2011

Benthic sled or camera sled

450–
4 100

0.43

South of the Georges Bank;
oﬀ central California;
the northeast Paciﬁc

Hecker, 1990; Nybakken et
al., 1998; Ruhl, 2007

Towed underwater
benthic sled (TUBS)

51–1 463

1

The Veatch Canyon area

Uzmann et al., 1977;
Theroux, 1984;

The TUV system

24–46

0.47

The northern Yellow Sea

This study

–: no mention or mentioned unclearly in the sources.

2007; Fodrie et al., 2009; Bowden et al., 2011). Towed
on-bottom UCAs are called “camera sleds” or
“benthic sleds”. These systems can be towed on the
sea bottom using speciﬁcally designed sled runners
(Uzmann et al., 1977; Theroux, 1984; Hecker, 1990;
Nybakken et al., 1998; Ruhl, 2007) (Fig.9c). The
height of the camera above the seabed is generally
within 1 m so that the epifauna can be observed and
identiﬁed accurately in the photographs (Table 4).
Therefore, towed on-bottom UCAs are more useful
for investigations of certain species in a ﬂat area.
4.2 The TUV system used in this study
The TUV system in this study is categorized as a
towed on-bottom UCA. For seabed photography,
“clouds” are a major factor that interferes with the
quality of photographs. These clouds are mainly
caused when the underwater apparatus touches the

sediment, and then muddy sand is stirred up via the
ﬂow of the current. To reduce the inﬂuence of clouds,
we replaced the sled runners with wheels, which
made this system more suitable for seabed with hard
sandy sediments. In our design, the camera was
always in front of the wheels because there was a
130° angle between the camera frame and the wheel
frame. As long as the system was towed forward, the
clouds caused by the wheels remained behind the
system and did not enter the photographed area.
However, we also found that once the system stalled,
the clouds immediately ﬁlled the photographed area.
Therefore, it was essential to keep the system running
uniformly over the seaﬂoor during operations. This
required cooperation between the speed of the ship
and the wire rope of the winch, which can be practiced
and summarized before job performing in diﬀerent
areas and on diﬀerent ships. Certainly, calm weather
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and good topography were also important for the
operation of the system as well as other UCAs.
The height of the main camera of the TUV system
above the seaﬂoor is 47 cm, which is lower than that
of most UCAs (Table 4). This height was determined
by the transparency of the coastal waters and the
stability of the TUV system. At this height, almost all
of the epifauna larger than 1 mm could be observed,
and their biological characteristics could be accurately
described with this system, such as the disc diameters
and cluster sizes of the brittle stars that were analyzed
in this study. However, because of the limitations of
the photographed area, the clusters of O. mirabilis
larger than 0.12 m2 were diﬃcult to precisely measure.
Thus, in the future work, the photographed area
should be increased to better analyze the biological
characteristics of benthic organisms.
The accuracy of the UCAs usually depends on the
precise location of the camera above the sea bottom.
However, even with good shipboard controls and
advanced measurement techniques, it was not always
possible for all UCAs to maintain absolutely constant
shot distance and altitude of the camera above the
bottom. For example, for the TowCam applied in the
Aleutian margin, only photographs taken at 3–5 m
above the bottom were used for analysis (Fodrie et al.,
2009). There were some contact delays in the foottriggered-controlled UCA when it was deployed in
the soft sediments (Edgerton and Udintsev, 1973). In
addition, for the Acoustic-controlled UCA, the
stepwise output of the pinger was a limited factor on
the accuracy of the shot distance measurement
because there was no distance information recorded
in the silent period of the pinger (Ohta, 1976). In the
TUV system, due to the sandy sediments and unstable
towing, the shot distance was mainly aﬀected by the
sinking and lifting of the rear wheel and side wheels.
Therefore, after each operation, we would carefully
check the videos from the surveillance cameras to
analyze the condition of the system underwater. All
good seabed photographs used for analysis were
chosen when the wheels of the system were completely
exposed on the seaﬂoor without serious sinking or
lifting (no more than 3 cm).
For image analysis, some photo processing
systems, programs, and databases were designed and
developed to help with image correction, automated
species identiﬁcation, and abundance calculation. For
post-voyage analysis of DTIS, Ocean Floor
Observation Protocol (OFOP) software was applied
to run and correct video transects with precise spatial
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and temporal information (Bowden et al., 2011). For
images acquired via benthic sleds, a perspective grid
system was used to digitize the relative location and
length of each individual, and the DISTANCE
computer program was used to calculate the
abundance of dominant megafauna (Wakeﬁeld and
Genin, 1987; Ruhl, 2007). To accelerate and ease the
time-consuming of manual image analysis, the
BIIGLE web 2.0 database was used to label and
recognize diﬀerent biota and habitats from images
obtained by the Ocean Floor Observation System
(OFOS) (Bergmann et al., 2011). Because the
aggregative and patchy distribution is an important
characteristic of benthos, in this study, we developed
measurement software to quantify the living units of
brittle stars, such as the disc diameter of Ophiura
sarsii vadicola and Stegophiura sladeni and the
cluster size of Ophiopholis mirabilis, to help
determine the patchy or small-scale distribution
characteristics of benthic organisms.

5 CONCLUSION
The TUV system is a towed on-bottom UCA that
can be applied in coastal waters. The test results from
the Zhangzi Island sea area showed that this system
could be used for photographic investigations of
megabenthic epifauna, including evaluations of the
composition, abundance, and population distribution
characteristics. Further research is needed to focus on
improving the photographed structure to obtain largescale seabed images to help analyze the aggregation
and patchy distribution of the benthos. Meanwhile, a
more intelligent and automated image-processing
platform should be established to improve the eﬃciency
and quality of image processing. Additionally, it is
necessary to apply the TUV system in other coastal
waters to help establish the seabed photographic
methods for research of benthic communities.
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