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ABSTRACT Underwater ultrasonic sound of finless porpoises Neophocaena phocaenoides
were monitored concurrent with visual observations in the Yangtze River, China. In a total of 774
km cruise, 588 finless porpoises were sighted by visual observation and 44,864 ultrasonic pulses
were recorded. The acoustic monitoring system could detect presence of the finless porpoises
82% of the time. False alarm in the system occurred with a frequency of 0.9%. The high
frequency acoustical observation is suggested as an effective method for field surveys of small
cetaceans, which produce high frequency sonar signals.

INTRODUCTION

Acoustical surveys of cetaceans have several advantages compared with visual surveys.
The acoustical survey can be operated automatically and maintain an identical detection
threshold over long times. The acoustical survey enables all day observation even nocturnally. In
contrast, the advantages of the visual surveys are that they can recognize different species and
count numbers of animals directly. Abundance of populations can be estimated using line
transect surveys (Buckland et al. 1993, Shirakihara et al. 1994).



Acoustical methods have been applied for detection of cetaceans, such as minke whale
(Balaenoptera acutorostrata) (Nishimura and Conlon 1994), blue whales (Balaenoptera
musculus) (Stafford et al. 1998), Hawaiian spinner dolphins (Stenella longirostris) (Aubauer et al.
2000), bottlenose dolphins (Tursiops truncatus) (Freitag and Tyack 1993, Furusawa 1998),
sperm whale (Physeter macrocephalus) (Goold 1996, Bondaryk et al. 1999), humpback whales
(Megaptera novaeangliae) (Norris et al. 1998), bowhead whales (Balaena mysticetus)
(Cummings and Holliday 1985), harbour porpoise (Akamatsu et al. 1994, 1998).

So far, the detection probability of cetacean by acoustical surveys could not be
compared with visual findings quantitatively except for several baleen whales (McDonald and
Fox 1999, Clark and Fristrup 1997), because the performance of an acoustical observation
system is highly variable. The detection performance depends on vocalization rates, distances of
animals and background noise levels. To determine the reliability of acoustical detection,
concomitant visual survey is needed. Here we report a detection performance of a passive
acoustical survey of finless porpoises in the Yangtze River, concurrent with visual observations
(Akamatsu et al. 2001).

MATERIALS AND METHODS

The research vessel surveyed from Wuhan to the mouth of Poyang Lake downstream.
Two visual observers on the top of the research vessel (6.25 m high from the water surface)
searched left and right sides of the frontal area, respectively. When an observer found a group of
finless porpoises, the minimum number, the distance and direction from the research vessel and
behavioral remarks of the animals were recorded. The minimum group size was defined as the
number of the animals surfaced at the same time. After determination of the minimum group size,
the observer switched the observation area to the downstream area below the last observed
animals. This protocol prevented double counting, because the vessel speed is likely larger than
the swim speed of the animal.

Two broad band hydrophones (B&K8103, sensitivity -211dB re: 1V/uPa +2/-9 dB, up to
180 kHz) were deployed at a depth of 0.8 m, 6.3 m apart from each other on two sides of the
vessel (Kekao No.1l of Institute of Hydrobiology, The Chinese Academy of Sciences). A
pre-amplifier with 10 kHz high pass filter (OKI ST-80B) eliminated the low frequency noises
caused by water flow and engine operation. A digital data recorder (SONY PCHB 244, sampling
rate of 384 kHz, DC to 147 kHz within 3dB) allowed only one channel broad band recording at a
time. Hence the channel on the appropriate side where animals frequently appeared was
recorded accordingly. The calibration of the present system was done in a test tank of System
Giken Co. by projecting 100 kHz and 10-cycle tone bursts. All the pulses more than 133 dB
peak-to-peak re 1luPa were digitized by using an analogue digital converter (System Design
Service, DASS BOX 1000). A data analysis program on MATLAB (c) developed for this study
calculated dominant frequency (analysis bandwidth of 2.49 kHz) and the pulse interval of each
pulse. Since the dominant frequencies of finless porpoise sonar signals were usually higher than
110 kHz (Kamminga et al. 1986, Akamatsu et al. 1998), only the pulses having more than a 100
kHz dominant frequency processed. The maximum sound pressure levels in a click train
detected on the animals at 100 m from the research vessel were averaged.

RESULTS

In total, 588 finless porpoises were sighted visually during 774 km cruise along the
Yangtze River, in November 1998. During 1,835 minutes effective recording time, echolocation
clicks of finless porpoises were present and recorded during 214 minutes. The acoustical
observation system detected 93,418 ultrasonic pulses with dominant frequencies higher than
100 kHz. The dominant frequency distribution of these pulses had a local peak at 140 kHz and
local minimum at 125 kHz as shown in FIG.1. While higher than 125 kHz, the pulses showed
typical narrow band characters of sonar signals of the finless porpoises. Pulses with dominant
frequencies less than 125 kHz showed broadband and long duration characters, which were
considered to be noise. Therefore, only pulses with dominant frequencies higher than 125 kHz



(n=44,864) were analyzed hereafter. Numbers of pulses and finless porpoises observed in every
minute are presented in FIG.2, showing 500 minutes (about two days cruise) effective recording
time. Clear coincidence between visual and acoustic detection can be seen.
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FIG.1 Dominant frequency distribution of ultrasonic
pulses detected by the acoustical observation system.
To exclude the noise, only the pulses having peak
frequency more than 125 kHz were analyzed.

Correct detection by the acoustical
observation system is defined as the detection of
more than a cutoff number of pulses (15
pulses/minute) as depicted by the horizontal bar
in FIG.3 within a time window. The window width
was set as +/-2 minutes from the moment of
visual sighting of the animals. Miss is defined as
less than 15 pulses captured in a minute within
the time window. False alarm is defined as more
than the cutoff number of pulses associated
without visual finding within +/-5 minutes.
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FI1G.2 Comparisons between the number of finless
porpoises and pulse signals every minute during part
of the observation (500 minutes). Clear coincidence
between visual and acoustical detection is
indicated.

FIG.3 Schematic of correct
detection, miss and false alarm
of the acoustical observation
system. A time window centered
at the visual detection was
depicted as two arrows. The
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The receiver operating characteristic (ROC) curve according to the cutoff number of
pulses in a minute were shown in FIG.4. At the cutoff number of pulses (15), reliable correct
detection (82%) and small false alarm levels (0.9%) were indicated. This was the reason to
choose 15 as the cutoff number of pulses. The miss rate according to the distance from research



vessel is depicted in FIG.5. The porpoises could be observed visually up to 600 m at maximum.
Out of 300 m range, miss rate of the acoustical observation system was higher than 45%,
whereas it was less than 25 % within 300 m range. The average of maximum sound pressure
level corresponding with visual detection at 100 m was 137.4 dB p-p re 1uPa.
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F1G.4 ROC curve according to the cutoff number of pulses.  FIG.5 Miss rate according to the distance from the
The false alarm decreased until up to 15 cutoff number research vessel. The larger miss rate was
of pulses and was stable more than 15. observed more than 300 m distance.
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DISCUSSION

This study showed that a high frequency acoustical survey of finless porpoises has
reliable performance to detect echolocating cetaceans with a small false alarm rate. However,
acoustic detection probability of the finless porpoises depends on the source level of the
echolocation signal, directionality of the beam pattern and vocalization rate. Evaluation of these
factors will help to understand the high detection probability of the present system.

The averaged sound pressure level of finless porpoises' signal was 137.4 dB at 100 m
apart from the observer. In the shallow water system, the sounds propagate spherically up to the
depth of the water, then become a cylindrical propagation. Assuming the depth of the Yangtze
River is 10 m, the sound produced from a porpoise propagates spherically up to 10 m with -20
dB attenuation. Then, the sound propagates cylindrically and has another -10 dB attenuation up
to 100 m. Therefore the source level of the finless porpoises is calculated to be 167.4 dB. Using
this source level and 133 dB detection threshold level, the effective acoustic detection distance is
calculated as 275 m. This is consistent with the higher missing rate more than 300m (FIG.5). If
we exclude the data out of 300 m range, the correct detection rate will increase to be 88%.

The two-minute time window used in the definition of correct detection and miss was
chosen from the 300 m effective acoustical detection distance estimated above. During two
minutes the research vessel proceeded 330 m. A porpoise might produce sound before or after
visual finding. The two-minute time window is adequate to detect a sound produced within the
acoustic detection distance. On the other hand, the five-minutes time window used for the
definition of false alarm and correct rejection was chosen to exclude any possibility of porpoise
existence around the research vessel. Within +/-5minutes cruise, the vessel proceeds 1660 m,
which is approximately five times longer than the acoustical detection range. If there was no
visual finding with no acoustical detection, it is considered to be correct rejection. If there was no
visual finding with more than the cutoff number of pulses recording, it should be treated as false
alarm.



Dolphin sonar signals are directional and the sound pressure levels change by 0 dB to
-20 dB depending on the relative angle of a bottlenose dolphin toward a hydrophone (Au 1993).
Au et al. (1999) reported that the 3-dB beam width of a harbor porpoise (Phocoena phocoena)
was approximately 16.5 degree. This is wider than other species, for example 9.7 degree for
bottlenose dolphins (Au 1993) and 6.5 degree for beluga (Delphinapterus leucas) (Au et al.
1987). According to the acoustic datalogger recording of free-ranging finless porpoises, the 120
degrees off-axis sonar signals still had 160 dB peak-to-peak sound pressure level at one meter
from the animal (Akamatsu et al. 2000). In this case, the detection range of the present system is
expected to be 50 m even if the animals are 120 degrees off the direction to the hydrophone.

Two free-ranging finless porpoises in clearer water of the semi-natural reserve (an
oxbow of the Yangter River) produced 14.5 to 19.1 click trains in a minute (Akamatsu et al. 2000).
This suggests that, a sufficient number pulses can be recorded when the animals were around
the hydrophone since a click train consists of several tens of ultrasonic pulses. Especially, in the
muddy water of the Yangtze River, finless porpoises are thought to use echolocation much more
frequently, because of the limited visual sense.

ACKNOWLEDGMENTS

We wish to thank Institute of Hydrobiology, The Chinese Academy of Sciences and the
crew of the research vessel Kekao No.l1, Xiaogiang Wang, Xinan Kuang, En Kawa, Kotoe
Sasamori, and Hirokazu Ichikawa worked with us in field and greatly supported this experiment.
Ryoji Shimizu (OKI Sea Tech), Kenji Kato (Shizuoka OKI Electric), Tetsuo Fukuchi and Akira
Kojima (System Giken) developed the acoustical observation system. Thomas Jefferson and
Kathleen Dudzinski provided constructive criticism on this manuscript. This research was
supported by the Science and Technology Agency of Japan, National Research Institute of
Fisheries Engineering, the Chinese Academy of Sciences (KZ951-A1-105 and 1999051), and
National Natural Science Foundation of China (39670105), Grant-in-aid for scientific Research
(B) from the ministry of Education, Science and Culture of Japan (B09450172 and 10460086).

REFERENCES

Akamatsu, T., Wang, D., Wang, K. and Wei, Z. (2001), “Comparison between visual and passive
acoustic detection of finless porpoises in the Yangtze River, China,” J. Acoust. Soc. Am., 109,
1723-1727.

Akamatsu, T., Wang, D., Wang, K. and Naito Y. (2000), "A method for individual identification of
echolocation signals in free-ranging finless porpoises carrying data loggers," J. Acoust. Soc. Am.,
108(3), Pt.1, 1353-1356.

Akamatsu, T., Wang, D., Nakamura, K. and Wang, K. (1998), "Echolocation range of captive and
free-ranging baiji (Lipotes vexillifer), finless porpoise (Neophocaena phocaenoides) and
bottlenose dolphin (Tursiops truncatus)," J. Acoust. Soc. Am., 104(4), 2511-2516.

Akamatsu, T., Hatakeyama, Y., Kojima, T. and Soeda, H. (1994), "Echolocation rates of two
harbor porpoises (Phocoena phocoena)," Marine Mammal Science, 10(4), 401-411.

Au, W.W.L., Kastelein, R.A., Rippe, H.T. and Schooneman, N. (1999), "The transmission beam
pattern and echolocation signal of the harbor porpoise (Phocoena phocoena)," J. Acoust. Soc.
Am., 106(6), 3699-3705.

Au, W.W.L. (1993), The sonar of dolphins (Springer-Verlag, New York).



Au, W.W.L., Penner, R.H. and Turl, C.W. (1987), "Propagation of beluga echolocation signals," J.
Acoust. Soc. Am., 82(3), 807-813.

Aubauer, R., Lammers,M.O. and Au, W.W.L. (2000), "One-hydrophone method of estimating
distance and depth of phonating dolphins in shallow water,” J. Acoust. Soc. Am., 107(5),
2744-2749.

Bondaryk, J.E., D'Amico, A. and Portunato, N. (1999), "Techniques for passive detection and
localization of marine mammals using wide aperture arrays," J. Acoust. Soc. Am., 106(4) Pt.2,
2188.

Buckland, S.T., Anderson, D.R., Burnham, K.P. and Laake, J.L. (1993), Distance sampling
estimating abundance of biological populations (Chapmané&Hall, London).

Clark, C.W. and Fristrup, K.M. (1997), "Whales '95: A combined visual and acoustic survey of
blue and fin whales off southern California,"” Rep. Int. Whal. Commn, 0 (47), 583-600.

Cummings, W.C. and Holliday, D.V. (1985), "Passive acoustic location of bowhead whales in a
population census off Point Barrow, Alaska," J. Acoust. Soc. Am., 78(4), 1163-1169.

Freitag ,L.E. and Tyack, P.L. (1993), "Passive acoustic localization of the Atlantic bottlenose
dolphin using whistles and echolocation clicks," J. Acoust. Soc. Am., 93(4),2197-2205.

Furusawa, M. (1998), "Acoustical observation of bottlenose dolphins around Mikura Island,
Tokyo, Japan", Report of dolphin watching in Mikura Island, Tokyo Metropolis, in Japanese.

Goold, J.C. (1996), "Signal processing techniques for acoustic measurement of sperm whale
body lengths’, J. Acoust. Soc. Am., 100(5), 3431-3441.

Kamminga, C., Kataoka, T. and Engelsma, F.J. (1986), "Investigations on cetacean sonar [ .
Underwater sounds of Neophocaena phocaenoides of the Japanese coastal population,” Aquatic
Mammals, 12(2), 52-60.

McDonald, M.A. and Fox, C.G (1999), "Passive acoustic methods applied to fin whale population
density estimation," J. Acoust. Soc. Am., 105 (5), 2643-2651.

Nishimura, C.E. and Conlon, D.M. (1994), "IUSS dual use: monitoring whales and earthquakes
using SOSUS," Marine Technology Society Journal, 27(4),13-21.

Norris, T. F., Mc Donald, M. and Barlow, J. (1998) "Acoustic detections of singing humpback
whales (Megaptera novaeangliae) in the eastern North Pacific during their northbound
migration," J. Acoust. Soc. Am. 106(1), 506-514.

Shirakihara, M., Shirakihara, K. and Takemura, A. (1994), "Distribution and seasonal density of
the finless porpoise Neophocaena phocaenoides in the coastal waters of western Kyushu,
Japan," Fisheries Science, 60(1), 41-46.

Stafford, K.M., Fox, C.G. and Clark, D.S. (1998),"Long-range acoustic detection and localization
of blue whale calls in the northeast Pacific Ocean," J. Acoust. Soc. Am., 104 (6), 3616-3625.



