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The optimal quadrat size for estimation of density of the golden apple snail,
Pomacea canaliculata, in paddy field and comparison in usefulness between the
quadrat, line transect and marking methods. Katsuya ICHINOSE (Kyushu
National Agricultural Experiment Station, Suya 2421, Nishigosi, Kumamoto 861-1192)

Density of the golden apple snail, Pomacea canaliculata (LAMARCK), was estimated
in a paddy field by the quadrat method using quadrats of four sizei: 0.5 X 0.5 m, 1 X 1
m, 1.5 X 1.5 m, and 2 X 2 m. WIEGERT's and HENDRICKS' methods supported the
quadrats of 2.0 X 2.0 m and that of 2.63 square metres as the optima, respectively. A
line transect 2 m long and 0.315 m wide and the JOLLY-SEBER marking method with
traps were used to estimate snail density and their usefulness was compared with the
quadrat method. The line transect method was more efficient than the quadrat method
for the estimation of the density. The JOLLY-SEBER marking method provided
estimates of snail density similar the quadrat method, but the 95% confidence intervals
of the means for the former method were generally wider than those for the latter. Tt
is suggested that the marking method can be substituted for the quadrat method,
although the estimate will be conservative to some degree.
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Fig. 1. Variance of relative cost of estimated density plotted
against the area of the quadrat.



56 Kyushu P1. Prot. Res. Vol. 45

AFEGRE Y, HMEE 1 (KReBs, 1989) # &t
FL7 (Table )y 2O 7 KDFELE X2 DI, W
TADKEEIDI-FT— T X% g5 DIk D kX
<, HOGMIIEPRITH 722 L AR LI,

KH 1 TORUMER 35T R & BB O B K
% Table 2 128 ¥, HEUIEMHR/ NOMKTRE £
<, TOHBE, SHFOSEEMEE ERIZEL -
T/ (6G=277.34, df=9, P <0.01), Zhit, B
BFERICEF LTI L 28KT 5, ZO&RE, K
HTORED — ik (BRRIM 20X30em) »5, HiF
KEADREDIZHORRICEF LT O L T2 b
MEEhD,

2. A4S PERICEDREHMT

FAV Iy MAICKDHEEL ZHEEOFY L
NROBIEZ N ETN3.02-18.06, BHEIR L DEH &
FEOBEIZZNETN2.7121.37TH -7, ZDFA YT
&, er=1.18x%&0D, a—F5— 2k 520X
2.0m D VrCr K/hEv, ZhiZ, sS4V E
FEEE, - F 75— PEKOMEO LOHERHE

THHZ RT3,

3. ¥R JREOI—RT— NEOKLE
KHE2I2H5WT, a—-Fy— e —Fr 2k
DHELZHDEE % Table 3 & Table 4 (2R T, &
HHEOTPHEED 5% FHEXM 4 K» 7, 7 H Tl
FHE L e Ic k& a2En <, 5%EHEXM™ S
WBRME L TR, LALIATE, v—%v 2
EOWEMES T - F7— MoK HEER L D IRV ER
iZhot, T, #ELEHS—-FV 27 ETIESH
B, ZoMIZFHEEOMAIL X 0 EAREEE 8 L
T lickd, v—FVORICEBAHEERLOELDT
%, bLLRBEZOMAIZES=0LELGNE, —F,
BRIGTXENL, v—F v 7ETID R VERIZH -
oo DT &R, v—F U UHIE, BEREOEEICE
W, 3-F7 - MEIIEB I EATHELTNS,

4. BEFHEOLER
BlEEY, BeEOLCHEREZE, 150
vV ETHD, LrL, BEANKHOKS 2552

Table 1. Estimated densities of golden apple snails and costs incurred in studying the density

in a paddy field.

Quadrat Densit! Cost Fra! i x?
size (no./m?) (min/quadrat)
(m) Mean Variance Mean Variance
0.5 3.60 58.49 2.81 1.30 3.97 4.1 36.56
1.0 7.20 105.51 5.31 30,62 13.51 14.6 131.89
1.5 4.31 29.54 6.14 11.85 4.37 15.4 138.77
2.0 4.20 15.32 8.04 21 .41 2.97 14.6 131.29

a} Cost is the time spent setting and sampling the quadrat.
b) VrCris the product of the relative variance of density and the relative variance of cost, both of which
are expressed as its ratio to the minimum in each category.

¢) 1 is the index for the dispersion test

Table 2. Numbers of golden apple snails (Sn) collected in three different micro habitats in
1.6 X 1.6 m quadrats in a paddy field.

Quadrat Habitat
Ground Foot print Sheaf
Snail Area Sn/Area  Snail Area Sn/Area Snail Area Sn/Area
no. (m?) no. (m?) no. (m?)
1 1 1.97 0.51 1 0.56 1.79 3 0.03 95,79
2 5 2.15 2.32 2 0.37 5.36 15 0.04 433.32
3 2 2.09 0.96 4 0.44 9.02 7 0.03 236.10
4 6 2.21 2.7 3 0.32 9.41 9 0.03 312.88
5 1 2.27 0.44 2 0.26 7.64 6 0.03 197.78
Total 15 10.69 1.40 12 1.95 6.14 40 0.16 258.59
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Table 3. Densities (Ds) of golden apple snails (no./ m?) on 14 July, 1998, estimated by the
quadrat method or by the marking method in 12 plots in a paddy field.

Plot Quadrat method Marking method
Ds" ! x? Dp” cr Ds Cl
X X, X; Xu
1 1.3 1.75 3.50 Random 0.45 3.20 3.8 1.09 12.71
2 2.0 0.50 1.00 Random 0.87 4.27 5.1 1.14 24.62
3 3.3 0.40 0.80 Random 1.77 5.88 1.1 0.44 3.54
4 1.0 1.00 2.00 Random 0.27 2.70 0.7 0.17 2.94
5 1.0 0.00 0.00 Uniform 0.8 0.25 3.24
6 6.3 1.62 3.25 Random 3.73 9.66 1.1 0.30 8.43
7 2.7 1.62 3.25 Random 1.10 4.97 1.8 0.36 14.03
8 2 1.62 %25 Random 1.10 4.97 1.2 0.39 4.12
9 1.3 0.25 0.50 Random 0.46 3.20 2.6 1.06 5.78
10 3.7 0.36 0.73 Random 1.78 6.35 1.6 0.64 3.72
11 1.3 1.75 3.50 Random 0.46 3.20 0.8 0.13 6.96
12 2.3 0.14 0.29 Random 1.10 4.59 1.1 0.34 3.15

a) Ds represents the estimated density of snails {no./m?).
b) Dp represents the distribution pattern of snails determined by the 7 index.
¢} Cl represents the 95% interval between the lower (X;) and upper (X;;) confidence limits.

Table 4. Densities (Ds) of apple snails (no./m?) on 12 September, 1998, estimated by the quadrat
method and those on 4 September, 1998 estimated by the marking method in the same plots as

those in Table 3.

a7

Plot Quadrat method Marking method
Ds" i 2 Dp” cr Ds al
X, X X, Xu
1 19.0 0.47 0.95 Random 14.5 24.2 33 0.6 40.2
2 69.7 3.12 6.24 Random 59.9 79.8 82.7 8.0 1,530
3 61.7 6.74 13.47 Aggregated 43.3 83.0 57.2 6.0 870.2
4 57.0 0.23 0.46 Random 48.1 66.2 3.0 339.0 3,747.0
5 1.0 1.00 2.00 Random 0.3 2.7 0.3 0.2 0.6
6 13.0 1.00 2.00 Random 9.2 17.4 0.2 0.2 0.8
7 0.72 15.00 30.00 Aggregated —0.1 9.0 0.1 e e
8 2.7 1.62 3.25 Random 1.1 5.0 0.3 0.2 0.3
9 2.3 2.7 5.43 Random 1.1 4.6 0.4 0.3 0.3
10 1.8 6.04 12.08 Aggregated 0.1 6.9 0.2 0.1 0.4
11 1.4 9.88 19.76 Aggregated —0.0 7.3 0.3 0.3 0.3
12 7.3 1.41 2.82 Aggregated 4.59 10.8 0.7 0.6 0.7

a) Ds represents the estimated density of snails (no./m?) .
b) Dp represents the distribution pattern of snails determined by the / index.
¢) Cl represents the 95% interval between the lower (X;) and upper (X;) confidence limits.
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