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A Simple and Non-invasive Measurement 
Method Important for Conserving Large 
Animals Underwater 

Tadamichi Morisaka, Mai Sakai, Kazunobu Kogi and Hiromitsu Hama 

Abstract This paper shows how simple, non-invasive measurement method is 
important for conserving large animals living underwater. We have studied free
ranging wild Indo-Pacific bottlenose dolphins (Tursiops aduncus) around Mikura 
Island, Japan for about 15 years. We usually observe dolphin behavior and record 
acoustics underwater including photo-identification of every dolphins. Despite lots 
of video data, more basic information such as body size have lacked. In order to 
measure body size of the animals non-invasively, we used commercial measure
ment software which can measure the distance between two points on 3D photos 
by commercial 3D camera. Accuracy evaluation tests using a tape measure be
tween 15 and 250 cm were conducted at the field site (Mikura Island) and the 
errors were within 5 % of the actual sizes. We successfully measured body size of 
33 free-ranging wild dolphins . Mean absolute percentage error of the same indi
viduals in different photos was within 4 % for dolphins. The average size of the 
adult dolphins was 249.6cm, which was the similar to the average actual size of 4 
by-caught dolphins of the population (251.7 cm). We also opportunistically meas
ured green turtles (Chelonia mydas) during our dolphin survey. Mean absolute 
percentage error of the same individuals in different photos was within 2 % for 
turtles. The average straight carapace length (SCL) of the 14 turtles was 48.3 cm 
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(37.9 - 67.7 cm), which is much smaller than the adult green turtle length 
(80 - 111 cm). A simple measurement method is thus important to know th~ ~ize 
of the large animals underwater, which indicates animal age and health condition, 
and are important for conserving these large animals. 

1 Introduction 

Large animals underwater usually suffers from their extinction. For example, green 
turtles (Chelonia mydas) and loggerhead turtles (Caretta caretta) which can be seen 
around Japan are classified as Endangered in IUCN Red List. The declaration of 
functional extinction of Yangtze River dolphins (Lipotes vexillifer) is still fresh in 
memory [l]. Such large animals decreased their number by human direct catch, 
bycatch by fishing gears, and habitat disappearance. Several spe~ies, such as ~ea
therback turtles (Dermochelys coriaces) and Vaquita (Phocoena sinus) are classified 
as Critically Endangered in IUCN Red List, and still suffering extinction. 

How do we conserve such large animals? It is of course important to decrease 
direct catch, bycatch, and habitat disturbance of the animal. Also population moni
toring is important to find harmful change of the animal population. To monitor 
population health, basic information should be measured, such as number of the 
animals in the population, home range or habitat range of the animals, and body 
size of the animals. If we monitor the trends of these information and detect harm
ful change, then we are able to move quickly to reduce such harmful effects. 

Body size of the animal is the most basic information same as our health ex
amination. Growth rate and/or nutritional status can be measured using accumula
tion of body size information through several years. In spite of such an important 
information, it is difficult to measure body size of free-ranging wild large animals, 
especially underwater. Researchers usually obtain the body sizes of the a~uatic 
large animals from dead animals at beach, stranded animals, by-caught ammals, 
and temporally captured animals. For example, researchers temporally captured 
bottlenose dolphins in the waters near Sarasota, Florida from 1970 [2] not only to 
measure body size, but also to take blood sample, tooth (for age estimation), and 
to acquire an ultrasonic diagnosis for checking pregnancy. S~ch temporal ca~tur
ing projects bring basic scientific information in detail, but it needs lots of ume, 
money and hands to capture wild dolphins, and dolphins get stress fro_m captur~ . 

We have studied free-ranging wild Indo-Pacific bottlenose dolphins (Turswps 
aduncus) around Mikura Island, Japan for about 15 years. At the field site, we 
basically record dolphin behavior and acoustics underwater including p~oto
identification of every dolphins using underwater video system [3-9]. In spite of 
lots of video footage and publications, we do not have basic information about 
these dolphins, especially body size. How large are they? How large are the neo
nates at birth? Is there sexual difference in size? What are the growth rate of 
the neonates, calves and subadults? These parameters are important not only for 
scientific knowledge, but also to conserve the population as we mentioned earlier. 
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It is too difficult for us to capture these dolphins temporally because 1) Mikura 
Island is an oceanic and small island which do not have any bay, beach and shal
lower water area; 2) commercial dolphin swimming program are conducted on 
this population during our study period; 3) we do not want to give stress to the 
dolphins from capture. We thus use commercial measurement software which can 
measure the distance between two points on 3D photos by commercial 3D camera 
in order to measure dolphin body size underwater. A simple, handy, light and 
field-usable system is needed for us biologists rather than accuracy. 

We often observe green turtles during our observation of dolphins. No studies 
except one [10] have conducted on the rare green turtles which are classified as 
Endangered in IUCN Red List. We opportunistically took 3D photos using same 
measurement system to know their size, or for age estimation during our survey of 
dolphins . 

2 Materials and Methods 

2.1 Subject Animals and Study Area 

We collected data from Indo-Pacific bottlenose dolphins residing around the shal
lower water off Mikura Island, Tokyo (139°36'E, 33°52'N), Japan from 23th, 
June, 2014 to 2nd, July, 2014. The dolphins have almost all been identified using 
natural marks on the body by underwater video-identification research since 1994 
[11]. They are resident around Mikura Island throughout the year around, 
and about 120 dolphins were reside in 2014 [11, unpublished data]. We also op
portunistically collected data from green turtles when we found them during our 
observation of dolphins. 

2.2 Calibration, Data Acquisition and Analysis 

We used simple 3D distance measurement system produced by Applied Vision 
Systems Corporation, Ibaraki, Japan. This system includes camera calibration 
program (A VSCalibForFUJI3DCam) and underwater calibration board for camera 
calibration, and 3D distance measurement software (AVS-Measure3D-F). We 
used FinePix Real 3D W3 (Fujifilm Corporation, Tokyo, Japan) with underwater 
housing (WHF-3DW3; NTF Corporation, Kanagawa, Japan) for taking 3D photos 
of the animals. The principle of the distance measurement, and calibration is 
shown in detail in the webpage of Applied Vision Systems Corporation 
(http://avsc.jp/technology/technology _principle.html; in Japanese). 

We calibrated camera system (camera with underwater housing) at the Port of 
Mikura Island using the software and the calibration board. We took pictures from 
various angles and the software provided the calibration data. This calibration data 
was embedded in 3D distance measurement software. We then conducted accura
cy evaluation tests using tape measure from 15 to 200 cm, and using a 250 cm 
rope at the Port of Mikura Island from various angles and distances. 
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We took 3D photos using the system which attached to our underwater video 
recording system (Fig. 1). When we spotted dolphins from the dolphin-swimming 
boat, we slowly approached the group and enter the water with the system. We 
used only fins, snorkels and masks without scuba diving equipment. If the dol
phins came appropriate distance where whole dolphin body can be record within 
the camera flame, we took the photos. If the turtles were found at that time, we 
took the photos. 

Fig. 1 The camera system attached to the underwater video recording system 

We used 3D distance measurement software to measure body size of the ani
mals . We first identified dolphins using ID catalogue which was provided by Mi
kura Island Tourist Information Center. Then we measured standard length 
(straight line from the tip of the upper jaw to the fluke notch) of the dolphin body. 
We repeatedly measured (more than three times) dolphin body size of each pic
tures. After discarding obvious abnormal value, we averaged measurement values. 
Mean absolute percentage error of the same individuals in different photos was 
calculated to know the accuracy of the system using following equation; 

_ 1 n IAt-Ftl M - ~ Lt=l At x 100 .. . ... . .... .... .. ........... .. ... (1) 

where M is the mean absolute percentage error, At is the actual value of the body 
size, and Ft is the average body size of each individuals. If the body seemed to be 
bend, we did not use that picture. For the body size of the green turtles, we measured 
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straight carapace length (SCL) which was measured from the anterior point at mid
line to the posterior notch at midline between the supracaudals [12] . 

3 Results 

3.1 Accuracy Evaluation Test 

Accuracy evaluation tests using tape measure between 15 and 250 cm at the Port 
of Mikura Island revealed that the measuring errors were within 5 % of the actual 
sizes (Fig. 2). Error % tended to become larger when the actual size became larg
er, but did not change along with the angle of the tape measure relative to the 
camera. 
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Fig. 2 Three dimensional error distribution of accuracy evaluation test. Circles indicate 
error % (relative value) to the actual size, and circle locations indicate the end of the tape 
measure relative to the camera (another end is always the origin). 
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3.2 Dolphin Body Size 

We successfully measured standard length of the dolphin body from 33 individu
als. Seventeen dolphins were adult dolphins over 13 years. There was no signifi
cant difference between the estimated body size of the adult dolphins over 13 
years old (249.6 ± 10.7 cm) and 4 by-caught adult dolphins over 13 years old from 
same population (251.7 ± 5.5 cm) (Wilcoxon/Kruskal-Wallis test; ..1.

2=0.07, 
p=0.79). Mean absolute percentage error of the 6 same individuals in different 
photos was within 4 % for dolphins. 

3.3 Turtle Size 

We successfully measured SCL from 14 individuals with 48.3 ± 10.2 cm (37.9 -
67.7 cm). Mean absolute percentage error of the 3 same individuals in different 
photos was within 2% for turtles. 

4 Discussion 

We successfully measured body sizes of free-ranging wild lndo-Pacific bottlenose 
dolphins and green turtles using simple and non-invasive underwater system with
in 5 % error to the body size. Although the error rate should be smaller, it still 
worth measuring body size of the free-ranging wild large underwater animals. The 
system was small, light and easy to use for the underwater researchers, and can 
use less than 40 m depth. In future, the accuracy of this system should be in
creased after finding correction equation per distance and actual size. 

No significant difference was found between the measured adult size and the 
actual size of by-caught adults in dolphins. It suggested that the estimation was not 
abnormal but good. Wang et al. (2000) showed that Indo-Pacific bottlenose dol
phin around Taiwan and other place were between 140 and 268 cm [13] . Our data 
were almost within this range, suggesting again that our estimation was not ab
normal. We have no ecological information about the green turtles around Mikura 
Island so far. Minimum SCL size for the adult green turtle was reported 81 cm 
[14], so the turtles around Mikura Island seems immature individuals. 

A simple measurement method is thus important to know the size of the large 
animals underwater, which indicates animal age and health condition, and are 
important for conserving these large animals. It is important to monitor such body 
sizes of the animals in order to detect harmful change, and will result quick move 
to reduce such harmful effects on the endangered animals. 
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Yangon, University of Miyazaki in Japan, Kaohsiung University of Applied 
Science in Taiwan, Fujian University of Technology in China and VSB-Technical 
University of Ostrava. It aimed to bring together researchers, engineers, and poli
cymakers to discuss the related techniques, to exchange research ideas, and to make 
friends. 
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