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Rat cdaunage was reportedly concentrated in the middie of the rice felds
duaiing nerieds of heavy rat inlestation, and aloeg the dikes durirg perods of
low infestation. In most cascs, damage was assumed to he randomly~cr uni-

toemly distnbued in the field,
Jnvmily uslr ..L
Distribution of rat-damaged rice and cory plants was further investiga-
ted through simulated fiedd som iing on the computer. Data came from 5
loviand tiarsplantil ricenhelds and 6 cornffelds where every plan® was
sninpled,

fesulta indicate that sanple Blot size infleences distriberion. In yesersl,
counn of hanaged olants in small piots G the Poiscon distabution indicating
naein, For miost sumple plot sizes, damsge in gicefields was fairly rane
¥ ditnbuted. Nunwge in coraficids appenred to cluster especially along
the o os adjscent to uncultivated fiaids.

D'.‘\tu-il;u!mn:xl maps were alzo derivea from computer plols of the
darzag~4 ntanta, The meps showed that com Gelds had more damage aiong
tiie edg s tihan in the midcic whiie rice tields hud random or uniform daniage
disldbuticn. There Gndings suggest the snitability o? stratifiod sampling for
ret damage aisessmestt in corn wnd <imple random sanpling for rat deriage
axsesstaeul in rice,

INTRODUCTION

Efficient sampling and analysis of ret damage dapend on a bzsls undee-
standing of spatial damage distribution in an area, temporal distribution witt
respact to seasan and stage of crop development, and damage distribution
within the plant (Linchan, 1987). Spatial diztribution of dit-damaged plants
in the feld may be random, aggregated or regular depending on factors such
as ret species involved and population pressuze, type and age of crop, and the
adjacent nabitat, During heavy infestation of Ratius rattus nundanensis, da-
mage was concentratad in the middie of ricefields (Mueller, 1970) while du.
ring periods of low infestation, damage occurred along field edges. With 2en-
dicota bergclznsis, damage appeared patchy around burrows or nests (fali,
2975).

Rodents infesting sugarcane were reported damaging cunes near field
edges especially thosc near wastelands, Later damage extended throughout
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the ficld (Hood et al., 1971; Williams, 1953\, Damage by Holochilus sciureus
vas concentrated at the field periphery and rarely occurred inside the field
(Bates, 1963). Cotton rats (Signtodon hispidus littoralis) in Florida restricted
feeding activities to within 200 feet of sugarcane field boundaries (Doty,
1959). Similarly, rat damage in comficlds appeared to be influenced by pro-
ximity to uncultivated adjacent areas (Sanchez et al., 1976).

Distribution of damaged plants can also be described quantitatively
through some theoretical distributions. Randomness is indicated by a goed
fit of observed data to the nonnal distribution when counts are “high™, or
to the Poisson Cistribution wlen counts are “low™ (Waters et al,, 19569). Ag-
gregation is indicated by 2 good fit to the negative binomial.

Distribution is random if the presence of a damaged plantin a sampling
unit has no effect on the chances of another damaged plant in the same unit.

Whether the presence of a damaged plant increases or decreases the
chances of its neighhors being damaged depends largely on the rats’ feeding
behavior. Little is known about this although West ct al, (1975) reported
that tiller-cutting rates varied with age of the rice plants.

This study was conducted to examine spatial distributions of infield
damage under differeat ficld condilions and to deseribe these quantitatively
by means of the Poisson and negatize binomial distributions.

MATERIALS AND METHODS

Five rice-transplanted lowlands and 6 comnfields were thoroughly sur-
veyed for rat damage. The fields were approximately rectangular in shape
with plants arranged in rows. Complete enumeration of damaged and un-
damaged hills was made in one riceficld and only damaged hills in other
fields. Similarly, each plant in the cornti~lds was examined for damaged com
ears. Missing plants and unplanted patches within the fields were noted,

For purposes of mapping and simulated sampling, each plant or hill was
identified by iis row number and pesition within the row (column). Ad-
ditional datz on planted variety, age of crop, farm practices and description
of surrounding fields were gathered. Table 1 summarizes field descriptions.

Data were analyzed using Statistical Analysis System (SAS) Programs
(Barr et al, 1976} at the Agricultural Resource Center, University of the
Pailippines at Los Lafos. Additional programs on field plot techniques and
Qistribution fitting (Poisson and negative binomial) were made. Distribution-
al maps were redrawn from computer plots of damuged plants.

The following units {numbzr ol rows X number of plants) were exam-
ined: 1x1,1%x51%x10,2x2,2x 5 2x 10,2x4,2x8,3x5,3x10,
5 x 5,5 x 10, and 6 x 6. Frequency counts of domaged plants and tillers (for
rice only) of diiferent plot sizes were tested for goordness of fit to either



JULY-SEPT. 1980 RAT DAMAGE DISTRIBUTION 241
Tatle 1. Description of farms surveyed for rat damage.
Farea Maximum Maximum Distance of Ficld Crop
Ne. Crop No. of No. of Planting size Age
Rows Hills/Rows (M) (Ka.) {Wecks)
1 Corn 114 119 0.50 x 0,50 0.32 8
2 Corn 61 102 0.33 x 0.33 0.25 8
3 Rice 255 50 0.25x 0.25 0.25 10
Y4 Rice 50 100 0.17x 0.17 0.25 11
[ Rice 100 9y 0.20 x 0,20 0.75 162
6 Rice 50 110 0.17 x 0.17 0.75 162
7 Rice 17 125 0.17x 0.17 0.13 16*
5 Corn 130 120 0.80x 0.75 0.94 15
‘9 Corn 130 125 0.50x 0.75 0.97 15
10 Com 156 110 0.80 x 0.75 1.30 15
11 Cozn 165 110 0.60% 0.75 0.98 15

2parm harvested late; rico plants showed retillering.

Pcisson or nagativ

Goolness of fit of thet
tessed Ly use of the following equation:

yzed.

e =Zli- E,)?, d.f.:n—1 forPoisson

waere { is the observed frequency in the ith class;E, =P
frequency uncder the theoreticail distribution under consi
pcobability that the variate tekes the value x, P (x) = Prob [X=x] .

E.

n — 3 for negative binomial

For the Pnisson, the following equation was used:

e™

Y (X) =

where m represents population mean (estim:
s o base of natural logarithms, k was determined follo

(2933).

m!

x!

For the negative binomial,

P(x)

x! (k—1) q

m

=(k +x1)! .R*

k

WhEI'CR"p,':‘." k+m

RESULTS AND DISCUSSION

e binomial distributions using »¢ — test, Distributions of
daaged tillers within hills were also anal

heoretical distribution to the observed data was

(x)N, the expected

deration; P (x) the

ated by sample mean) and ¢ is
wing Bliss and Fischer

Damage patterns. — Figures la and 1b are examples of distributional
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Fig. 1b. Distributional map of the rat-damaged corn plants. '

maps of rat-damaged plants as redrawn from computer plots. The dots re-
present the damaged plants. Some observations however, are “hidden”, due
to limitations in the computer printer of the scales used. Nevertheless, the
maps provide an idea how rat damage might be dispersed in the field whe-
ther uniform, random, randomly clumped, uniformly clumped, or aggregate-
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1y clumped. 1f there is an evidence of clumping, it is also interesting to know
where clumping would likely occur in the field. This can be a useful guide
in concentrated animal damage control such as bait placement, and to strati-
fy the field for atficient Camage sampling.

Distributional mans indicate that rat damage tends to be more random-
1y or uniformly distributed in ricefields than in comfields. Damage in 1 com-
field appears to be affected by field surroundings especially if the field isun-
cultivated. Thus, more damage occurs near field edges than in the middle.

In practical application, these findings suggests the suitability of strati-
fied sampling for rat damage assessment in corn and simple random sampling
for rice. Peripheral beiting in cornfields is also indicated. This type of bait
placement has been found effective in preliminary studies with sustained
baiting in corn (Sanchez et al., 1975).
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Fig. 2a. Variance-mean relationship of rat dainaged rice plantson
different sampling units
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Fiz. 2b. Variance-mean rclationship of rat damaged corn plan's on
different campling units,

Distribution fitting. — Figures 2a and 2b show the variance-mear rela-
tionship for different densities {(mean number of damaged plant/plot) and
plot sizes. The Puisson ratio line represents the points where the mean and
variance are equal. Above the line, variance > mean (negative binomial) and
below it, variance < mean (binomial).

The figures indicate that sample variances differed from their mean
values as plot size and/or density increased, At very low damage densities,
varjances were about equal to their means; at high densities, the variances
were larger except for the 1 x 1 sampling unit. This indicates that individual
damaged plants (1 x 1) were randomly distributed «t very low densitics but
as the probability of damage increases, the distribution approached that of
the positive binomial wherein variance < mean. The groups of 4 adjacent
rice plants (2 x 2) behaved like the individual plants. As plot size increased
in both rice and corn fields, variances also increased compared to the mean
values, suggesting clumping rather than randomness.

Sample distributions depend largely on the smnpliﬁg unit. Although the
individual plant is the natural saicpling unit, sampling is more conveniently
done on plcts. Yield loss estimation should also be done on per plot rather

‘
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than per plant basis. Thus, it is interesting to determine how rat-damaged
plants in plots of different sizes and shapes would be distributed. Actual fit-
ting of the negative binomial and the Poisson distributions are summarized

in Table 2.

The parameters m (Poisson) and k (negative binomial) together with
some information on economic injury levels may be used to develop sequen-
tial sampling plans such as those developed for fish tapeworm cysts (Oak-
land, 1950), cotton bollworm (Allen et al., 1972), imported cabbage worm

Table 2. Sampling units showing good fit to the Poisson and negative bino-

mial distributions.

Farm Crop % Flant Poisson M Negative K
No. Damage Binomial
1 Com 4.66 1x1 0.055456 1x10 0.6200
2x5 0.3653
3x10 0.5612
5x5 0.4628
65x 10 0.6790
2 Corn 2.38 1x1 0,0222 1x56 v, 1109 ‘
1x10 0.1132 !
2x5 0.0320
2x10 0.0908 ,
3x10 0.0932 l
3 Rice 13.26 none Ll 2x6 0.8402 l
2x10 0.8383 !
3x5 0.8720 ,
4 Rice 3.64 1x1 0.03649 2x5 2.5251
1x10 0.3575 2310 2.5100 '
2x2 0,1416 Ix5 1.6590
3xb 0.5364 3x10 2.1730
3x10 1.0727 5x5 1.7116
6x10 3.3825
5 Rice 356,08 none - none -—
6 Rice 4,61 1x1 0.0481 2x2 3.2600
1x5 0.2400 2x5 1.3341
2x2 0.1920 1x10 1.7368
1x5 3.56700
7 Rice 2,86 1x1 0.0458 2x5 2.7810
2x 2 0.1819 2x6 4.0860
2x4 0.3638 2x10 2.4961
4x4 0.7161 3x5 3.6460
3x10 2.2234
4ix 4 3.5300
a6 2.0410
5Kk5 2,2632
6':. 6 1.9744
8 Com 14.96 nons - none -
9 Co.m 8.11 1x1 0.0810 none -
10 Corn 4.61 1x1 0.0465 6xb6 0.,3€62
11 Curn 10,54 nrne -~ 1x19’ 1.44%%
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(Harcourt, 1566), and forest insects {\Waters, 1955).

Tahle 2 shows which of the different samyle plots fitted the Poisson
or the negative binomial with positive exponent k. At relatively low densities
(2:2 to 5% plant dumage), the distribution of the smalicr sampling units (1 x
1, 2x 2, 4 x 4) fitted the Poisson; that of the Ligger plots (5 x 5, 5x i0)
Fhe negative bincmial, This tallies with the earlier finding based or’u the var:
tancenean grapis of Figures 2a and 2b. At high densities of 35% (fam 3)
and 1?7? (faxm B), none fitted either the Poisson or nepative binomial: at
1'3'7- (farm 3) and 105 (furm 11), only the negative binomial fitted a few ;;lot
sizes,

In some fields, there were sampling units which fitted both distribu-
tions (Table 3). Although both the Poisson and nepative binomial provided
“good” fit as measured against 2 0.05 size test (X*), it is obvious that the
?ggagvgabinomial is preferable. It gave a better fit (P= 0.37) than Poisson

= 0.08).

Tcble 3. Fit of observations on 3 x 5 plots in farm 4 to the Poisson and nega-
tive binomial.

Number of Observed Fxpetted Frequeney
Damuged Planta Frequency Paissan Negative Binaemial
0 205 193.0075 2059922
1 R4 103.5222 85,7472
a 31 27.7624 27.44€8
3 1
0P (5.7075\ (10.8123)"
4 1
5 0
6—15 1
Toal 330 330 330 (K=1.859)
Daraagad plant/plot: X = 0 7334 X = 5.83287 ¥ =0,7925
§* ~ 0.6331) p =0.05 p= 037
1=0.2R44
R R I T A T T L T T ML LI T T N R LTSI S T LT E TS TN LE T —r s ST T LERTT.ES IR

3T otal frequency cf reraziniag clusmes with capucted freqrencies of 5 or less,

The % value of the nedative hinomial {adicates degree of aggrezation.
Small vajues indiccte agerzation or clumping; lage velies indicate rendom-
ness. Table 2 shows small k values (1) in ficlds where the fit to the Poissen
wzs generally poor. The k values varied from field to field but did not vary
much with different plot sizes within the tame fivid. In general, ricefields
had larger k values compared with com fields.

Damaged rice plants tend to be randomly distributed while demaged
corn plants tend to he agrezaled. Azgregavion can be interpreted zs having
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plots with damage density much greater than the overall mean density while
some plots have densities less thun the overall mean. Clumped populations,
therefore, require caxful sampling as there is a danzer of taking samples that
would give too high or too low estimates o density (Odum, 1971).

Tre distribution of damaged tillers within rice plants was not random
(Tables 4a and 4b). In three of five ficlds, negative binomial fitted well the
chserved data: none fisted the Poisson. This may be explaned by the rits'
tilier-cuttisg behavior as monitored through infrazed CCTV. da 14-weak old
rice glants, rats investigated the hilis first before cutting a particnlar tiler
and not just 2ny available tiler at random. The tillers did not have squal
chances of being damaged. The presence of a damaged tiller iz a hill even in-
creased the chances of damaging other tillers in that hill. Thus, there were
more hills vith 3 or more damaged tillers than expected under the Poisson
model, if tiller-cutting occurred entirely at random.

Table 4a. Observed frequencics of rat-damaged tillers per hill in furm 3, and
their expecled frequency under the Poisson cnd nregative binomicl

mode’s.
Number of Oherved Expected Frequency
[aawget Tidies/Hill Frequency Poinain Nuegative Biomial
0 9924 8032.3930 99226652
; 644 2953.4708 797.1517
3 432 5142,9382 343.5125
1 245 . 66.5514 188.171Y
5 140 (357) (6.6966)" 114.0734
o 85 73.1538
? :19 43.62103
5 30 33.1277
. 18 22,9862
o 6 16,1732
il 15 11,9055
12 g 8.2533 “
2 2y ;
13 3 (22.5926)
18 1
25 1
Total 11602 11602 11602
1 . V)2 o) .
Damaged tillers, hill: .".1‘: 0..:(. 1.7 X - !'-.-s:‘: highly "h.ig!x‘.y
$°=7 1,4143 significant wnificant
I= 25463 X = 0.102795

Motal freguency of remazining classes whose expected frequencis:s are 5 or less,

) In cases where damage extended over a wide range (0 to 25 tillers/
hill), neither Poiston nor negative binomial was adequate to deseribe the
data, A mora practical index to dascribe such distribution is Lhe c'!lunpinﬂ in-
dex (I) suggesied by David and Moore (1954), numaly: ! ;



248 PHILIPPINE AGRICULTURIST VOL. 63

I=.Si -1
X

The value of I would be close to zero for a Poizson (since $* = X) and
would increase correspondingly with aggregation or clumping. In this study
I values were very much greater than 1 (up to 17.1) when neither the Pois-
son nor the negative binoriial gave a satisfactory fit. An:combe (1950) doub-
ted il any two-parameter distribution like the negative Finomial would ade-
Guataly disenbe data which show a high degree of cluriping.

Tekle 4b. Observed frequencies of rat-damayed tillers per hiil in farm 4, and
their expectations under the Paisson and negative binomiul models.

Number o'f_ Qbhserred Expected Frequeney
Damaged Tillers/Hills Frequency Poizson Negative Hinornial

n 1819 47314544 4913.0129

1 110 a 263.8471 118.9049

2 4D (37) (7.40453)° 316104

3 20 121734

4 6 (Thadu®

5 1
Total 1995 1594 [ENTH
Damaged till: es/hill: X = 0.0558 X = test: highly Nt agaificant

s?=o.1111 signitieant 1= 0,411
1=0.9910

Yol requency of remaining classes whose experted (requencicry were S or lesa,
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