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Body Length Measurements Using a Photo image Analyzing Technique:
An Application for Estimating the Total Length Composition of
Landed Spotted Sole

i i +1 . 1 2 . 3
Chifumi IMal' ', Yoshinobu Mivazaki , Muneharu TOKIMURA™ and Keisuke Y AMAMOTO

A method of measuring fish body lengths at a fish market was developed using a photo image analyzing technique. The
method was used to obtain total length composition (commercial categories) of the spotted sole, Eopsetta grigorjewi,
landed at the fish wholesale market in Shimonoseki, Yamaguchi Prefecture, Japan. The greatest advantage of the
method was the freedom given from handling specimens, allowing quick and easy application under various circum-
stances. Fish total lengths could be measured with very high precision from photographs of individual fish placed on a
flat surface. Because spotted sole was packed according to commercial size categories in scparate styrofoam containers
before landing, accurate total lengths could be obtained relative to the inner length of the container at the same level as
that of the fish snout (TL,,). Major errors in TL;, arose from fish inclination (caudal fin tip generally located 0-5cm
higher than snout level) and the convex body shape. Fish inclination resulted in an overestimation of length and the con-
vex body in an underestimation. Because these two factors showed a positive relationship, body convexity increasing
with fish inclination, the two error factors essentially cancelled each other out, resulting in a minimal overall measure-
ment error. Between 25% and 50% of fish in photographs of packed fish were entirely visible and able to be measured.
No significant difference was found in mean lengths between measurements of visible fish only and all individuals in
the container. Mean total length TL,, (cm) for each commercial size category N (N: number of sole per container) was
formulated by the allometric equation, TL =55.9N"0%,

Key words: Eopsetta grigorjewi, body length measurement, photo image analyzing technique, spotted sole
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Figure 1.

Photographs of spotted sole Eopsetta grigorjewi
landed at the fish wolesale market of the Shimonoseki fishing
port by paired trawlers. (a) small specimens packed in a
wooden case; (b) large specimens laid in a styroform case.
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Figure 2. Comparison of total length measurements obtained
by image analysis of individually photographed spotted sole
(TL,;,) with those measured directly (TL).
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Comparison of means and standard deviations of total lengths measured directly (TL) and by image

analysing technique applied to individually photographed spotted sole (TL;) for each commercial size class.

Sampling Commercial Sample TL (em) T (em) TLi=TL (em)
month size class size Mean S.D. Mean S.D. Mean S.D.
May, 1998 15 15 30.47 1.23 30.53 1.24 0.07 0.11
May, 1998 28 28 24.72 0.97 24.77 0.95 0.05 0.15
May, 1998 32 32 24.33 1.64 2438 1.64 0.06 0.13

Nov. 1998 21 21 26.82 0.56 26.84 0.51 0.01 0.16

Nov., 1998 5-Dan™ 80 22.94 0.87 22.92 0.85 -0.02 0.16

Mar., 1999 15 15 30.95 2.74 30.92 2.75 -0.03 0.12

Oct., 1999 18 18 29.66 0.53 29.71 0.59 0.05 0.13

Oct., 1999 24 24 26.85 0.47 26.83 0.50 =0.01 0.16

Apr., 2000 15 15 29.92 1.17 30.01 1.10 0.09 0.14

Apr., 2000 32 32 25.29 0.77 2531 0.82 0.02 0.14

Sep., 2000 8 8 34.84 0.94 3491 1.01 0.07 0.11

Sep.. 2000 12 12 29.91 0.91 29.97 0.92 0.06 0.08

Dec., 2000 18 18 27.55 0.99 27.54 0.96 =0.01 0.10

Dec., 2000 32 32 26.24 0.85 26.27 0.87 0.02 0.18

Oct., 2001 8 8 36.35 1.62 36.40 1.65 0.05 0.10

Oct., 2001 24 24 26.14 0.77 26.15 0.78 0.01 0.13

Oct., 2001 6-Dan™ 102 20.03 1.54 20.03 1.55 0.00 0.18

Nov., 2001 10 10 34.85 1.05 34.82 1.24 -0.03 0.31

Nov., 2001 15 15 32.97 1.35 33.00 1.36 0.03 0.17

Feb., 2002 10 10 35.87 2.15 35.87 2.23 0.00 0.11

Feb., 2002 28 28 27.10 1.28 27.19 1.24 0.08 0.15
Total 547 25.82 443 25.83 4.45 0.02 0.18
*1. Commercial size class is coded by number of soles laied in a styroform container except small specimens packed in a wooden box.

*2. Small soles are packed in a wooden box. The commercial size class is coded by number of rows of soles (Dan).
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Figure 3. Comparison of total length measurements obtained
by image analysis of mass photographed spotted sole in poly-
styrene cases (TL,,, TL;) with those measured directly (TL).
For image "malysls, TLia (open circle) was calibrated by ruler
along the upper edge of the case, and TL,, (closed circle)
standardized by the inside measurement of case length on the
surface of crushed ice.
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Figure 6. Results of experimental measurements by steel ruler at differing levels of inclination angle 6. L; was measured by image analy-
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vexed body. (a) dorso-ventral direction and (b) right (eye
side)-left (non-eye side) direction.
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Table 2. Theoretical measurement error rate ERR, (%) calculated from error rate due to fish inclination R; and
convex body shape R..

0 R _ ERR, (%)™
sin 0 (degree) R
=77 L=22cm 25 30 35 40 43 L=22cm 25 30 35 40 43

0.025 1.4 1.002  1.003 1.003 1.004 1.004 1.005 1.000 0.22 0.25 0.31 0.38 0.44 0.47
0.050 2.9 1.004  1.005 1.006 1.007 1.008 1.009  0.999 0.34 0.41 0.53 0.65 0.78 0.85
0.075 4.3 1.005 1.006 1.008 1.010 1.012 1.013  0.998 0.34 0.45 0.63 0.82 1.00 1.12
0.100 5.7 1.006  1.007 1.009 1012 1.015 1.016 0.997 0.22 0.36 0.61 0.86 111 1.26
0.125 7.2 1.005  1.007 1.010 1.013 1.017 1.019 09% —0.04 0.14 0.45 0.77 1.09 1.28
0.150 8.6 1004  1.007 1.010 1014 1018 1.021 0991 —044 —022 0.15 0.53 0.92 1.15
0.175 10.1 1.003  1.006 1010 1.014 1.019 1.022 0987 =099 -073 -0.29 0.15 0.60 0.88
0.200 115 1.001 1.004 1.009 1.014 1.019 1022 0982 —169 —140 —090 =039 0.13 0.44
0.225 13.0 0098 1.001 1.007 1013 1019 1022 0977 —255 -223 -167 —110 =051 =015

IR, was calculated from equation (1) using D=105.3 cm, which was an average of those in Fig. 6.
#2: R, was calculated from equation (7).
3 ERR, (%) was calculated from equation (8).

Table 3. Statistical comparison of mean (t-test) and variatin (F-test) of total length measurement between measured
specimens by image analyzing and all ones in each case.

Total ™! Measured™? Difference (Measured — Total)
Sampling
month Sal'nplc Mean S.D. Saxpple Mean S.D Mean t-probability S.D. F-probability
size (cm) (cm) size (cm) (cm) (cm) (cm)

May, 1998 15 30.5 1.23 5 30.8 1.79 0.33 0.65 0.56 0.27
May, 1998 18 24.7 0.97 6 25.5 1.00 0.75 0.08 0.03 0.82
May, 1998 32 243 1.64 8 26.2 1.90 1.90 0.007%* 0.25 0.54
Nov., 1998 21 26.8 0.56 7 27.0 0.55 0.18 0.47 —0.01 0.94
Mar., 1999 15 30.9 2.74 5 31.0 2.81 0.01 0.99 0.07 0.83
Oct., 1999 18 29.7 0.53 6 29.7 0.34 0.04 0.85 =0.19 0.32
Oct., 1999 24 26.8 0.47 6 26.7 0.50 -0.20 0.32 0.03 0.75
Apr., 2000 15 29.9 1.17 5 30.1 1.03 0.14 0.82 -0.14 0.88
Apr., 2000 32 253 0.77 8 25.0 0.66 -0.25 0.40 -0.11 0.72
Sep., 2000 8 348 0.94 4 34.1 0.50 -0.71 0.19 ~0.44 0.33
Sep., 2000 12 29.9 0.91 4 29.8 1.27 -0.11 0.85 0.35 0.37
Dec., 2000 18 27.6 0.99 6 27.8 0.73 0.25 0.58 -0.26 0.52
Dec., 2000 32 26.2 0.85 8 26.7 0.67 0.46 0.17 —0.18 0.53
Oct., 2001 8 36.4 1.62 4 37.4 1.44 1.05 0.30 —0.18 0.93
Oct., 2001 24 26.1 0.77 6 26.4 0.94 0.28 0.42 0.16 0.45
Nov., 2001 10 348 1.07 5 35.2 1.00 0.38 0.52 -0.07 0.98
Nov., 2001 15 33.0 1.55 3 34.0 1.93 1.03 0.20 0.38 0.29
Feb., 2002 10 359 2.15 5 35.6 2.11 —0.23 0.85 —0.04 0.94
Feb., 2002 28 27.1 1.28 7 26.3 117 -0.80 0.13 —0.10 0.09

- All specimen in a case including measured ones using image analysing. Sample size is equal to the code of commercial size class N.
*2: Specimens measured by image analyzing
: Significant at 1% level
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Figure 9. Mean and standard deviation (vertical bar) of total length measured by image analysing technique (TL,

») for each commercial

size class n of spotted sole. Numerals near symbols are sample size.
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