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Abstract
Seagrass beds play an important role in coastal ecosystems as primary producers and providers of habitat and environmental structure.
Therefore, mapping seagrass beds is indispensable in the management and conservation of sound littoral ecosystems, and in the development
of sustainable fisheries in coastal waters. Multi-beam sonar is often used to map bottom topography. We developed a mapping method to
quantify the volume of seagrass using a multi-beam sonar. Seagrass beds were scanned with the multi-beam sonar and quadrat sampled to
verify the distribution of seagrasses. We used software to discriminate seagrass signals from echoes to obtain a topographic profile of the
bottom without seagrass; this was then subtracted from the topography including the seagrass. We then mapped seagrass distribution,
calculated seagrass volume, and estimated biomass using volume and quadrat samples. We applied these methods to map a seagrass bed of
Zostera caulescens in Otsuchi Bay, on the Sanriku Coast of Japan, during the growing season of 2001. A transducer was attached to a boat (one
gross ton) equipped with a differential-GPS, a motion sensor, and a gyrocompass. The vessel completed a grid survey scanning whole seagrass
bed with an area of 115 m × 156 m at bottom depths between 2 and 8 m within about 40 min when traveling at a speed of 1.5 m s–1 (3 knots).
The multi-beam sonar was able to visualize three-dimensional seagrass distribution without interpolation and easily to estimate area and
volume occupied by the seagrass using hydrography software. The results indicated that Z. caulescens was distributed at bottom depths of
6–7 m with a surface area of 3 628 m2 and a volume of 1 368 m3. The mean biomass of above- and below-ground parts of seagrass were
estimated to be 28.6 gDW m–2 (range 26.6–30.9) and 15.9 gDW m–2 (range 14.1–17.7). Our study demonstrated that multi-beam sonar is
effective for mapping and quantifying the spatial distribution of seagrass beds, and for visualizing the landscape of the seagrass canopy.
© 2003 Éditions scientifiques et médicales Elsevier SAS and Ifremer/IRD/Inra/Cemagref. All rights reserved.
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1. Introduction
Seagrass beds play an important role in marine coastal
ecosystems. They support flora and fauna, including epiphytic organisms, as well as coastal fisheries (Coles et al.,
1993), and contribute to the marine environment by stabilizing bottom sediments and maintaining coastal water quality
and clarity (Ward et al., 1984; Jeudy de Grissac and Boudouresque, 1985; Komatsu and Nakaoka, 2000; Komatsu and
Yamano, 2000). Additional effects of seagrass meadows include those of seaweed forests such as buffering of water
flow (Komatsu and Murakami, 1994), pH distribution (Ko* Corresponding author.
E-mail address: komatsu@ori.u-tokyo.ac.jp (T. Komatsu).

matsu and Kawai, 1986), and dissolved oxygen distribution
(Komatsu, 1989; Komatsu et al., 1990). Many commercially
important species spawn in seagrass beds (e.g., sea urchins,
balaos, cuttlefish); larvae and juveniles use the beds as nursery grounds (Arasaki and Arasaki, 1978). Thus, seagrass
beds support biodiversity and are an important habitat for
marine animals.
Increased seafloor reclamation and industrial and agricultural pollution as a result of economic development have
decreased the size of large areas of seagrass beds in coastal
zones (e.g., Hoshino, 1972; Komatsu 1997). Since seagrass
beds are sensitive to pollution and water quality deterioration, they serve as “bio-indicators”. Altered seagrass depth
distribution in Chesapeake Bay was used as a bio-indicator
when runoff impacted water quality, causing changes in light
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penetration and consequently affecting seagrass abundance
and distribution patterns (Dennison et al., 1993; Short and
Willie-Echeverria, 1996). Monitoring has also been carried
out at 24–33 survey sites along the coast of Provence and the
French Riviera since 1984, using the lower limit of Posidonia
oceanica as a bio-indicator (Boudouresque et al., 2000).
Mapping of seagrass beds is a very practical method to assess
the condition of coastal environments. Recently, it has been
stressed that preservation, restoration, and creation of seagrass beds are necessary to recover coastal environments,
biodiversity, and bioresources for sound littoral ecosystems
and for the sustainable development of fisheries. To preserve
or conserve seagrass beds, it is very important to map and
monitor them (Lee Long et al., 1996).
The methods of mapping seagrass and seaweed beds can
be classified into two categories (Komatsu et al., 2002;
2003); one involves direct observation or measurement,
whereas the other involves indirect methods using remote
sensing equipment. The former category includes ground
surveys (walking, diving, or sampling from the surface). In
France, observations from a submarine were used to map the
lower limits of seagrass, P. oceanica, along the French
Riviera (Meinesz and Laurent, 1978). Because they require
much time and labor, direct methods are not very efficient.
Indirect methods are classified into two groups, based on the
type of remote sensing equipment that is used: optical remote
sensing or acoustic remote sensing. Aerial photographs and
satellite imagery are efficient for mapping areas in which
dense seagrass beds can be identified on very coarse scales
(Belsher, 1989; Long et al., 1994). However, these methods
cannot always be used successfully to map seagrass biomass
or to find seagrasses at low densities, and they are not effective in waters that are too turbid or deep for optical remote
sensing.
One acoustic method that has been developed since the
1970s to map seagrass beds in the Mediterranean Sea is the
use of scanning sonar, which is more efficient than ground
surveying. With this method, swaths of the sea bottom
50–500 m in width are scanned, and individual seagrass beds
can be successfully distinguished (Meinesz et al., 1981; Pasqualini et al., 1998; Piazzi et al., 2000). However, the major
disadvantages of this system are that it is difficult to apply on
a small boat in shallow waters; it is impossible to measure
vertical height distributions; and it is difficult to convert
horizontal distribution data to mapping data from the position data for the boat. Other acoustic methods use echosounders to detect vertical seagrass distribution (e.g.,
Hatakeyama and Maniwa, 1978; Komatsu and Tatsukawa,
1998). The disadvantage of echosounders is that only a narrow area can be scanned; since seagrass is often patchily
distributed, the narrow strips deform the distribution. Thus, a
broader scan width is recommended.
Recently, narrow multi-beam sonar was developed and
used to map bottom topography in shallow waters. This
narrow multi-beam sonar can scan broad strips, as well as
provide vertical topography, making it suitable for mapping

Fig. 1. Schematic view of multi-beam sonar (a) and photography of R/V
Rias equipped with the multi-beam sonar, gyrocompass and motion sensor
utilized for mapping seagrass beds (b). Map of Otsuchi Bay on the Sanriku
Coast facing the Northwestern Pacific (left panel) and the study site off
Nebama in Otsuchi bay (right panel).

seagrass beds. Therefore, we aimed to develop an efficient
method of mapping seagrass beds by using multi-beam sonar
to measure their horizontal and vertical distribution.
2. Materials and methods
2.1. Multi-beam sonar
A multi-beam sonar, SeaBat 9001 (RESON Inc.) was used
for mapping seagrass beds. The SeaBat 9001 multi-beam
echosounder measures 60 soundings in a single pass from a
lightweight and portable transducer head. The operating frequency of the ultrasound is 455 kHz. Sixty sonar beams
within each swath (combined to form a 90°-wide by 1.5°long geometrically correct cross-section) provide simultaneous sonar coverage equivalent to about two times the
measured depth (Fig. 1a). Because of its small size, the
SeaBat 9001 was installed on a small vessel (one gross ton),
the R/V Rias of the Otsuchi Marine Research Center, Ocean
Research Institute, The University of Tokyo (Fig. 1b).
A motion sensor (Model DMS2-10, TSS Ltd.) and a gyrocompass (Model ADGC, KVH Inc.) were combined with
SeaBat 9001 to compensate for the motion and direction of
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Fig. 2. Echoes of multi-beam sonar reflecting from seagrass and sand
bottom.

the vessel (Fig. 1b). The position of the boat and the transducer were localized using differential-GPS (Model AgGPS
132, Trimble). The transducer was fixed vertically on the side
of the boat to scan the bottom topography. The data were
stored in a notebook computer and analyzed with hydrography software (Hypack Max, Coastal Oceanography Inc.).
2.2. Estimation of seagrass volume and biomass
Most seagrasses, including Zostera caulescens Miki,
grow on sandy beds. If the seagrass canopy is much higher
than the sand bed, we can distinguish the seagrass from the
bottom (Fig. 2) by the multi-beam sonar.
We estimated the volume occupied by the seagrass using
the difference in depth between the above-ground part of the
seagrass and the sand bed. The procedure for this estimation
was as follows: (1) a seagrass bed was mapped; (2) data of
bottom depth distribution were stored in the computer; (3)
using the hydrography software, the seagrass data were removed from the bottom depth data to obtain the bottom
distribution of only the sand bed (Fig. 3); (4) the bottom
depth distribution of the sand bed was subtracted from the
data including the seagrass to obtain the volume occupied by
the seagrass. In Fig. 3a, we can observe seagrass signals
sticking out upward from the base lines on the hydrography
software (Hypack Max). These signals were echo reflecting
from the leaves or stems of seagrass on the bottom of which
substratum was only sand in this area. Therefore we obtained
a topographic profile of the bottom without seagrass (Fig. 3b)
by processing seagrass signals as noise on the software. We
estimated volume occupied by seagrass subtracting the topographic profile of the bottom without seagrass from that with
seagrass (canopy depth) on the software for dredging canals
and ports that can calculate the volume between two layers
with different bottom depths in an identical area.
Seagrass biomass is estimated by the following steps. In
July and October, Z. caulescens grew two kinds of shoots in
Funakoshi Bay, which neighbors Otsuchi Bay (Sultana and
Komatsu, 2002, 2003): flowering and vegetative shoots. The
former were >80 cm and the latter were ≤80 cm. Since the
vegetative shoots are positioned below the flowering shoots,
their biomass depends on the aerial cover of seagrass on the
bottom.

Fig. 3. Bottom depth distributions including sand bottom and seagrass
sticking from the sand bed (a) and those of only the sand bed without the
seagrass data removed from the bottom depth data by using the hydrography
software. Bottom depth data were set along the vessel course. Single sweep
shows the bottom depth distribution with a solid line connecting data
obtained by one sweep of multi-beam sonar. The corresponding bottom
distributions are represented by the white arrows in each panel.

We can estimate vegetative shoot biomass by multiplying
the area covered by seagrass and the vegetative shoot biomass per unit area obtained by quadrat sampling. If we assume
that the volume occupied by flowering shoots between the
bottom and 80 cm above the bottom is vertically constant, the
volume can be obtained by multiplying the height of 80 cm
and the area occupied by the seagrass at the level of 80 cm
above the bottom. Total volume occupied by the flowering
shoots is calculated from the sum of that from the bottom to
80 cm above the bottom and that from 80 cm above the
bottom to the canopy of seagrass above 80 cm. We can
estimate flowering shoot biomass by multiplying the volume
occupied by flowering shoots and the flowering shoot biomass per unit volume obtained by quadrat sampling.
The definition of the shoot length is from the base of stem
to the tip of maximum leave attaching to the top of stem.
However, leaves attaching to the top of flowering shoot stem
trail downward in situ. Since the canopy heights of Z. caulescens greater than 80 cm are proportional to stem length,
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Fig. 4. Map of Otsuchi Bay on the Sanriku Coast facing the Northwestern
Pacific (right panel) and the study site off Nebama in Otsuchi bay (left
panel).

flowering shoot biomass per unit volume was calculated
dividing above-ground biomass of flowering shoots by mean
stem length based on the quadrat sampling of seagrass.
2.3. Study area and ground-truthing survey
We selected a seagrass bed off Nebama Otsuchi Bay on
the Sanriku Coast of Japan, facing the Northwestern Pacific
(Fig. 4). Otsuchi Bay is a rias-type bay neighboring Funakoshi Bay, where the longest seagrass on record, Z. caulescens,
is distributed (Aioi et al., 1996, 1998). The boat, equipped
with the multi-beam sonar, scanned the bottom at a speed of
3 knots (about 1.5 m s–1) from 10:22 to 11:03 on 23 October
2001.
To verify the seagrass distribution, a diver made in situ
observations and sampled two quadrats (0.5 m × 0.5 m) of
seagrass in the area where the acoustic survey was performed
at bottom depths of 5.1 and 6.1 m. Samples of seagrass were
preserved in plastic bags with 10% formalin seawater. Since
seagrass, Z. caulescens, is classified as a threatened species
by Division of Wildlife, the Ministry of Environment of
Japan (2000), it was necessary to limit number of quadrat
sampling that destroyed the seagrass beds of Z. caulescens
(Orth et al., 1984).
To estimate the error of depth detection by the multi-beam
system, we compared differences of bottom depth at a quadrat of 20 cm × 20 cm on the sand bed, which is roughly
equivalent to the foot print of each sound beam at the study
area, sounded at three times. Since surveyed area was
2 m × 2 m, we obtained 100 samples of the difference in the
bottom depth.
2.4. Seagrass biomass
Plant material was rinsed in freshwater and cleaned off
sand and shells in the laboratory. Shoot density (i.e., density
of only the above-ground foliar portions of a plant) and shoot
length (i.e., length from the bottom end of a shoot to the top

Fig. 5. Map of traces made by the R/V Rias, which was equipped with a
multi-beam sonar for mapping a seagrass bed of Z. caulescens in Otsuchi
Bay. Triangles show quadrat-sampling stations. Circle represents the area
(2 m × 2 m) to estimate the error of depth detection by the multi-beam sonar
system where three courses of bottom measurements were crossing..

of the longest blade) were measured. Samples were also
sorted into above- and below-ground parts. Epiphytic plants
and animals were removed from leaves by dipping the plants
into 5% acetic acid water. Wet weights were taken prior to
drying the seagrass in a hot-air oven (DX300, Yamato Scientific Co. Ltd) at 60 °C for 48 h. Dry weights of the samples
were then obtained and used to calculate above- and belowground biomass. Biomass was expressed as dry weight (g)
per unit area (i.e., gDW m–2), which is the most widely used
expression for biomass.

3. Results
Boat traces with the multi-beam sonar are shown in Fig. 5.
Bottom topographic profiles with and without seagrass were
mapped with the triangulated irregular network (TIN) model
using the hydrography software (Fig. 6), and we found that
Z. caulescens formed a band-like distribution.
To estimate the error of depth detection, the differences of
bottom depth at a quadrat of 20 cm × 20 cm on the sand bed
sounded at three times in an area of 2 m × 2 m were classified
into 5 cm intervals (Fig. 7). Mean of differences of the
bottom depth was 11.4 cm (S.D. = 5.4 cm). Therefore, the
bottom depth measured by the multi-beam system had an
error of ±16.8 cm.
Longer, flowering shoots of Z. caulescens were distributed on the western part of the scanned area, where the
bottom depth was greater (Fig. 8). The northwestern part of
the scanned area was occupied by rafts used in aquaculture,
whereas the southeastern part was occupied by buoys. The
blank areas on the top and bottom of Fig. 9 correspond to
these rafts and buoys. The horizontal distribution of Z. caulescens suggests that it was mainly limited to a maximum
bottom depth of about 6.5 m (Fig. 9). Dense patches of
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Fig. 8. Three-dimensional distribution of Z. caulescens in Otsuchi Bay using
the TIN model after subtracting the bottom with the seagrass from the
bottom topography including the seagrass.

seagrass were observed at bottom depths between 6 and
4.5 m.
Using the software (Hypack Max), we calculated that the
areas occupied by seagrass at 1 and 80 cm above the bottom
were 3628 and 543 m2, respectively. The reason for cutting

seagrass at 1 cm above the bottom is to separate seagrass
from the bottom. Since three-dimensional distribution of
seagrass was extracted from the bare bottom, the aerial cover
of the sand bed was 10,205 m2. The volumes occupied by the
seagrass greater than 1 and 80 cm above the bottom were
1354 m3 (±610 m3) and 342 m3 (±91 m3). Therefore, volume
occupied by the seagrass was 1368 m3. The mean height of
seagrass greater than 1 cm was 19.7 cm when we excluded
the area covered by shoots greater than 80 cm from the
volume and area estimates. The mean height of shoots above
80 cm was 143.1 cm (±16.8 cm).
Shoot lengths determined by quadrat sampling were divided into two categories: groups of shoots below and above
80 cm (Fig. 10). We pooled samples at depths of 5 and 6 m to
calculate the mean lengths and total weights of the two
groups of shoots. The mean lengths of shoots below and
above 80 cm were 21.7 cm (±50.3 cm) and 311.4 cm
(±96.5 cm). The mean stem length of flowering shoots was
263.4 cm (±103.0 cm). The total dry weights of vegetative
and flowering shoots per unit area were 24.3 gDW m–2 (range
23.4–25.3) and 52.7 gDW m–2 (range 33.6–71.7). The dry

Fig. 7. Frequency distribution of differences between maximum and minimum bottom depths at a quadrat of 20 cm × 20 cm on the sand bed sounded
at three times in an area of 2 m × 2 m.

Fig. 9. Horizontal distribution of the area occupied by Z. caulescens, as well
as bottom depth.

Fig. 6. Three-dimensional distributions of Z. caulescens on the bottom (a)
and bottom profile without seagrass (b) in Otsuchi Bay using the TIN model.
Intervals of grid lines on the East-West, North-South and depth axis are 5 m.
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Fig. 10. Distribution of shoot lengths of Z. caulescens sampled at bottom
depths of 5.1 and 6.1 m in Otsuchi Bay in October during the growing
season.

weight of flowering shoot per unit volume was
20.8 gDW m–3 (range 15.1–26.4). Roots attaching to vegetative and flowering shoots were classified into two categories
of roots: roots of vegetative shoots and flowering shoots.
Biomass of the former and the latter were 15.3 gDW m–2
(range 13.8–16.8) and 3.5 gDW m–2 (range 1.4–5.5).
Biomass of vegetative and flowering shoots were estimated to be 88 kg (range 85–92) and 16 kg (range 12–20).
Root biomass of vegetative and flowering shoots were 56 kg
(range 50–61) and 2 kg (range 1–3). Biomass of above- and
below-ground parts were 104 kg (range 97–112) and 58 kg
(range 51–64). Biomass of above- and below-ground parts
averaged in total seagrass area were 28.6 gDW m–2 (range
26.6–30.9) and 15.9 gDW m–2 (range 14.1–17.7), respectively. Consequently, mean seagrass biomass including
above- and below-ground parts was 44.5 gDW m–2 (range
40.7–48.6).
4. Discussion
Many studies that have mapped seagrass beds using sidescan sonar were unable to show three-dimensional images of
the seagrass beds, and provided only horizontal images. On
the other hand, mapping studies that relied on echosounders
produced only vertical images of seagrass beds. Our study
demonstrated that multi-beam sonar could detect seagrass
meadows precisely and visualize three-dimensional structure
on a computer display. Three-dimensional images of seagrass beds can be used to analyze the formation of seagrass
beds, including considerations of gap regeneration, horizontal and vertical development of seagrass patches, and landscape ecology. By quadrat-sampling of seagrass beds, Sul-

tana and Komatsu (2002; 2003) reported that blade length
was proportional to bottom depth. We observed a similar
phenomenon when we mapped the landscape of the seagrass
canopy (Fig. 8).
Colantoni et al. (1982) attempted to use a low-frequency
echosounder (3.5 kHz), which proved to be rather ineffective
in distinguishing the acoustic characters of P. oceanica beds
from those of the bottom. Although high-resolution continuous seismic reflection (3.5 kHz) can distinguish P. oceanica
beds from others (Rey and Diaz del Rio, 1989), the long
wavelengths of ultrasound result in worse vertical precision
of the echosounder. Echosounders with an ultrasonic wave of
200 kHz are more appropriate for detecting seagrass beds
(Komatsu and Tatsukawa, 1998). The multi-beam sonar
(SeaBat 9001) used 455 kHz and was reflected by the seagrass. Beam frequencies above 200 kHz are necessary to
detect seagrass beds.
Hatakeyama and Maniwa (1978) used echosounding to
map a Zostera bed, but they calculated only an index of
biomass, i.e., the sum of canopy heights per unit sector along
a transect scanned by the echosounder. Since it is necessary
to estimate seagrass biomass for a quantitative understanding
of the seagrass ecosystem, Komatsu and Tatsukawa (1998)
proposed a simple method using echosounder and global
positioning system to convert the shading grades of seagrass
on echograms to above-ground biomass based on quadrat
samplings. However, they did not estimate the volume occupied by the seagrass. Multi-beam sonar measurement of
seagrass beds and subsequent software processing of data
allowed us to estimate the area and volume occupied by
seagrass. Incorporating these data with quadrat sampling, we
could then estimate the biomass of the seagrass beds.
Sabol et al. (2002) presented a technique for rapid detection of submersed aquatic vegetation (SAV) using a highfrequency, high-resolution digital echosounder linked with
global positioning system equipment. The acoustic reflectivity of SAV allows for detection and explicit measurement of
canopy geometry using a digital signal processing algorithm.
However, it is difficult for this system to map threedimensional shape of seagrass patches because the echosounder detects only narrow area along survey course of the
vessel equipped with the echosounder. The single beam
needs interpolation and geostatistics of data between survey
courses. Patch distribution of shoots prevents the reconstruction of seagrass canopy by using only one single beam. Thus
the multi-beam sonar is more precise than the single beam for
detection and explicit measurement of canopy geometry, and
estimation of the volume occupied by the seagrass.
The lower depth limit of seagrass beds is related to the
light extinction coefficient, which affects the minimum degree of light required for seagrass growth (Duarte, 1991).
Thus, it can be used as an indicator of water quality. In
France, the lower depth limit of P. oceanica was monitored
by placing concrete markers (Meinesz, 1977). In this case,
the results were very precise, but the area of observation was
limited. In contrast, multi-beam sonar can be used to define
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the vertical distribution and the lower depth limits of seagrass
beds by correcting depths measured by the echosounder to
mean sea level. Therefore, monitoring the lower depths with
multi-beam sonar is useful for detecting the lower limits of
seagrass beds precisely over a wide area.
Multi-beam sonar can scan a seagrass bed with an area of
115 m × 156 m at bottom depths between 2 and 8 m within
about 40 min when traveling at about 1.5 m s–1 (3 knots). The
survey produces bottom distributions in the entire scanned
area, except in places that the boat cannot approach. It is
therefore possible to investigate about 500 m × 800 m per day
at bottom depths of 6 m with 60 s per turn of a boat at the end
of survey line, and under a condition of 25% overlap of width
scanned along two neighboring lines when a boat with an
echosounder travels at 1.5 m s–1 for 10 h. In this way,
multi-beam sonar is a very useful apparatus for mapping
seagrass beds and visualizing the underwater landscape.

5. Conclusion
Mapping with multi-beam sonar is a simple, labor-saving,
and efficient method to assess the three-dimensional distribution of seagrass canopies. It can be used to estimate the
volume and area occupied by seagrass, and, in conjunction
with quadrat sampling, the biomass of seagrass beds can also
be estimated. The results of such a three-dimensional investigation can then be used to study seagrass ecology from a
landscape approach.
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