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Pot dsnag. was report,&Ily concentrated in the middle of the rice f-.elds 
dsaiiai erzeva -org the d'ke.i period- of1 he-ivy rdt inetatton, and darir. 
low infe;,ati'n. In most cxscs, dazrag2 was nsuried to lieranfiundr..cr uni
formly di.tnl.-u.J in t, e 

Distribution of rat-dauaged rice and cq rL plants was furthcr investiga
ted throgh simulated field satprion the 2 Data came from 5 
ivt .nd fpa51mT-lrceield and 6 corn-ieldi where every plant wns 

.t,i indieile 1hat s ',ipI t J size intl tnen,:c.; di:L ribution. Ini "nw'r P, 
tci '..*'it[ II.:,i*l;l d '):n"itt. in 4r-iall plot, fiL the ['oion distrib nj,utinnin,:dicJ 
r:.n',t~.e ... For ni,:;t si-ple, plot sizei, d.in;;ae in rio fiehtwjn :airl', ran
d,,'.n;,lts' iittd. fAnoi,:j in cOlnfildit ippeIred to cleisler especially along
tt~e-_;tad;,cen! to unculti'v2ted fields. 

D'stdlmtonaI m.ps were al:o dcrieeo from computer ;,ots of the 
-)I. 'he r.u-ps showed that O:lds hid no,'e damagei aiog'i.rA. ',,ni 

te ed.:s t'ta in the -n;Licwhile r'ce Iel's h:d rar.dram or uniform d-n-Se 
d:s!ribuicn. Thew Elndings suggext the sizilb;iity ,f rstrifd sarnling fcr 
rAtdamage .a;Qsmes't in corn t.d simple rrndom .amplhng for rat d:-zage 
:scsx:s,inrice. 

INTRODUIriON 

Ffflcicnt sampling and analysis of rnt d.amigo d pend on a b s': urdcr. 
stinding of spatial damage distribiitjon in an area, te'poral distribution wit 
respot to seasc and stage of crop developmnnt, and damige distril'utioa 
within the plmt (Tinchan, 1967). Spatial d'Ltribution %Futt-dmonn, Idplant 
Ln the ied may be random, aggre;ateri or zt'gu!ar dep.ndin: on factora such 
as rat species :r,.volved and population p:essu:e, type and age of crop, and the 

...	adoacent h-'tbitat. During heavy infestation of Rattus rat!usmrnrien., da-
Lqage was concentrated in the middle of r'cafields (Mueller, 1970) .. h'e du. 
ring periods of low infestation, damage occurred along field edges. PioRan
dicota bergal-nsis, damage appeared patchy around burrows or nezts (FaIl, 
'975). 

Rodentz infesting sugarcane were reported damaging canes near field 
edges espccally thosc near waswelanes. Later damage extended throtghout 
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the field (Hood et al., 1971;Wil!iams, 1953%. Damage by rfolochilussciurcus 
and rarely occurred inside the fieldvias concentrated at the field peripher) 


(Bates, 1963). Cotton rats (Signiodonz hi.spidus lit toralis) in Florida restricted
 
within 200 feet of sugaicane field boundaries (Doty,feeding activities to 

1959). Similarly, rat damage in cornfields appeared to be influenced by pro

ximity to uncultivated adjacent areas (Sanchez ct al., 1976). 

Distribution of damaged plants can also be described quantitatively 

through some theoretical distributions. Randomness is indicated by a good 

fit of observed data to the normal distribution when counts are "high", or 

to the Poisson distribution when counts are "low" (Waters et al., 1959). Ag

gregation is indicated by -sgood fit to the negative binomial. 

Distribution is random if the presence of a damaged plant in 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 neighbors being damaged depends largely on the rats' feeding 
(1975) reportedbehavior. Little is known about this although West ct al. 


that tiller-cutting rates varied with age of the rice plants.
 

This study was conducted to examine spatial distributions of infield
 

damage under different field conditions and to describe these quantitatively
 

by means of the Poisson and negatiie binomial di.tributions.
 

MATEIRIALS AND MET!IODS 

were thoroughly sur-Five rice.transplanted lowlands and 6 cornfields 

veyed for rat damage. The fields we-re approximately rectangular in shape 

with plants arranged in rows. Complete enumeration of damaged and un

one ricefiell and only damaged hills in other 
damaged hills was made in 
fields. Similarly, each plant in the cornl.lds wvas examined for damaged corn 

ears. Missing plants and unplanted patches within the fields were noted. 

For purposes of mapping and simulated sampling, each plant or hill was 

row number and position within the row (column). Ad
identified by its 
ditional data on planted variety, age of crop, farm practices and description 

of surrounding fields were gathered. Table 1 sumrnarizes field descriptions. 

analyzed using Statistical Analysis System (SAS) Programs 

(Barr et al., 1976) at the Agricultural Resource Center, University of theData were 

on field plot techniques and
Philippines at Los iafios. Additional programs 

distibution fitting (Poisson and negative binomial) were made. Distribution

al maps were redrawn from computer plots of damaged plants. 

The following units (number of rows x number of plants) were exam

2, 2 x 5, 2 x 10, 2 x 4,2 x 6,3 x 5,3 x 10,
ined: 1 x 1, 1 x 5, 1 x 10, 2 x 
5 x 5, 5 x 10, ar.d 6 x 6. Frequency counts of dmaged plants and tillers (for 

tested for goodness of fit to either
rice only) of different plot sizes were 
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Ta&te 1. Descriptionof farms surveyed for ratdamage. 

Field Crop
Fmaim Mairnum 	 Maximum Dtajnce of 


No. of Planting size Age

Nc. Crop No. of 	

(m) (ha.) (Weeks)
Rows Hills/Rows 

0.50 x 0.50 0.32 81191 Corn 114 	 80.25
61 102 0.33 x 0.33 

2 Corn 	 10 
255 50 0.25 x 0.25 0.25 

3 Rice 	 0.17 x 0.17 0.25 1450 1004 Rice 
5 Rice 100 90 0.20 X 0.20 0.75 16 a 

0.17 x 0.17 0.75 16&50 1106 RiceRice 77 125 0.17 x 0.17 0.13 16•5 Corn 130 120 0.80 x 0.75 0.04 15
9 Corn 130 125 0.G0 x 0.75 0.97 15
 

10 Corn 156 110 0.80 x 0.75 1.30 15
 
1 Corn 165 110 0.60 k 0.75 0.98 15
 

aFsrzn harvested late; rice plants showed retillering. 

- test. Distributions of 
Pcisson or negative binomial distributions using )e 


diaged tillers within hills were also analyzed.
 

Go.lness of fit of the theoretical distribution to the observed data was 

tes-zd l,y use of the following equation: 

2 
, (f-Ei) , d.f.: n-1 for Poisson 

3 for negative binomialEi n 

= P (x)N, the expectedw'-ere f. is the observed f5eqcency in the ith class; E. 

dtribution under consideration; P (x) the 
fL-quency under the theoretical .

= Prob IX x]•
pcubability that. the variate takes the value x, P (x) 


For the Pnisson, the following equation was used:
 

x
 
eVM
n m 

mean (estimated by sample mean) and c is 
wbere m represents population 

t:e base of natural logarithms, k was determined following Bliss and Fischer 
(1953). 

For the negative binomial, 

PX -(k+x-1)! .Rx 

xl (k-i) q 

m 

where R pqi k + m 

RESULTS AND DISCUSSION 

Figures la and lb are examples of distributionalDamage patterns. 
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ly clumped. If 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 efficient Camage sampling. 

Distributional maps indicate that rat damage tends to be more random

ly or uniformly distributed in ricefields than in cornfields. Damage in I corn

field appears to be affected by field surroundings especially if the fiel I is un

cultivated. Thus, more damage occurs near fie'd edges than in the middle. 

In practical appliation, thcse findings suggests the suitability of strati

fied sampling for rat damage assessment in corn and simple random sampling 

for rice. Peripheral baiting in cornfields is also indicated. This type of bait 
studies with sustained

found effective in preliminaryplacement has been 
baiting in corn (Sanchez et al., 1975). 
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Fig. 2s. 	 Variance-nian relat~onship of ratdamaged rice plants on 

different sampling unit. 
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Fig. 2b. 	 Variancemean rclaion.ship of rat damaged corn plants on 
different wimpling units. 

Distribution filting. - Figures 2a and 2b show tht: variance-mean rela
tionship for different densities (mean number of damaged plnt/plot) and 
plot sizes. The Poisson ratio line represenLs the points where the mean and 
variance are equal. Above the line, variance > mean (negative binomial) and 
below it, variance < mean (binorial). 

The figures indicate that sample variances differed from their mean 
values as plot size and/or density increased. At very low damage densities, 
variances 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 at very low densitis 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) behved like the individual plants. As plot size increased 
in both rice and corn fields, variances also increased compared to the mean 
values, suggesting clumping rathor than randomness. 

Sample distributions depend largely on the sampling unit. Although the 
individual plant is the natural sa,.pling 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-danaged 
plants in plots of different sizes and shapes would be distributed. Actual fit

ting of the negative binomial and the Poisson distributions ar summarized 

in Table 2. 

The parameters m (Poisson) and k (negative binomial) together with 

some information on economic inju.y levels may be used to develop sequen

tial sampling plans such as those developed for fish tapeworm cysts (Oak

land, 1950), cotton boilworm (Allen et al., 1972), imported cabbage worm 

Table 2. Sampling units showinggood fit to the Poisson and negative bino

mial distributions.
 

Farm Crop %Flant Poluon M Negative K
 

No. Damage Binomial
 

1 Corn 4.66 1 x 1 0.05545 	 1 x 10 0.6200 
2 x 5 0.3653 
3 x 10 0.5612 
5 x 5 0.4628 
5 10 0.6790 

2 Corn 2.38 1 x 1 0.0222 	 1 x 5 U.1109 
1 x 10 0.1 V32 
2 x 5 0.0820 
2x10 0.0908 
3 x 10 0.0932 

3 Rice 13.26 none -	 2 x 5 0.8402 
2 x 10 0.8383 
3 x 5 0.8720 

4 Rioe 3.54 1 x 1 0.03649 2 x 5 2.5251 
I x 10 0.3575 2) .10 2.5100 
2 x 2 0.1416 3x5 1.S590 
3 x 5 0.5364 3x10 2.1730 
3 x 10 1.0727 5 x 5 1.7116 

5XI0 1.3825 

5 Rice 35.08 none -	 none 

6 Rice 4.61 1 x 1 0.0481 2 x 2 3.2600 
I x 5 0.2400 2 x 5 1.3341 
2 x 2 0.1920 l x 10 1.7368 

1 x 5 3.5700 

7 Rice 2.86 1 x 1 0.0458 2 x 6 2.7810 
2 x 2 0.1819 2x6 4.0860 
2x 4 0.3638 2 x 10 2.4961 
4x4 0.7161 3 x 5 3.6460 

3 x 10 2.2234 
4'x 4 3.5300 
41 6 2.0410 
5: " 5 2.2632 
6 .6 1.9744 

8 Corn 14.06 none -	 none 

9 Corn 8.11 1 x 1 0.0810 	 none 

10 Corn 4.8I I x 1 0.0465 	 5 x 5 0.3662 

11 Corn 10.54 t',ne -	 I x 1,), "2 
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(Harcourt, 1966), and forest insects (Waters, 1955). 

Table 2 shows which of the different sam,-le plots fitted the Poisson 
or the negative binomial with positive exponent k. At relatively low densities 
(2*, to 5% plant damage), the distributioni of the smaller sampling units (I x 
1.2 x 2, 4 x 4) fitted the Poisson; that of the higer plots (5 x 5, 5x 30), 
the negative binomial. This tallies with the earlier finding based on the var
iance-inean grapis of Figures 2a and 2b. At high densities of 35" (farm 5) 
and 15% (fadm 8), none fitted either the Poisson or negative binomial; at 
13' (farm 3) and 10'.v(farm 11),only the negative binomial fitted a few plot 
sizes. 

In some fields, there were sampling units wlhich fitted both distribu. 
tions (Table 3). Although both the Poisson and negative binomial provided 
"good" fit as measured against a 0.05 size test (X:), it is obvious that the 
negative binomial is preferable. It gave a better fit (P= 0.37) than Poisson 
(P = 0.08). 

Table 3. 	Fit of obsem'ntioni on 3 x 5 plots in farm 4 to the Poisson and nega. 
twe binomial. 

Number of Oblervted Fx t Fr.'
 

Damaged Plant* Frequency Poie..'in M..,',ye l1n,;mio
 

0 206 103.0075 205.91e:2 
1 A, 103.f222 M,.7472 
2 	 .11 27.762h 27.440 
3 	 7 

a
( 9 (5.7075? (I.8123)8 

4 1
 
5 0
 
6-15 1
 

Total 	 330 330 330 (Ki1.859) 

Da:.aed plant.lp:ot: X 0 4 "6.83237 X =
 

S!- 0f. 1 p =0.0) p = 0.37
 

al'otal frequcncy cf ', -0tIIS.,th1 W:p eCcd f.eq-eni..ci% G; 5 or leh. 

The k value of the n;a7Lie binonmial iicates degree of aggregation. 

Small valucs indiccte agg.:7,tion or clumpin-g large val'les indicate r-ndom
nes. Table 2 sh:,ws small k values (<1) in fields where the fit to Lhe Poisson 
wL-a generally poor. The k values varied from field to field but did not va.y 
much with different plot azr-s within the same fied. In g.neral, rieefields 
h.d larger k values compared with corn fe!ds. 

Damaged rice plants tend to be randomly distributed while damaged 
corn p!ant. tend to be agregated. Aggrgat.ion can be interpreted as-having 
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plots with damage density much greater than the overadl mean ('enity while 
some plots have densities less than the overall mean. Clumped populations, 

therefore, require ca; ful sampling as there is a danger of taking ,amples that 

would give too high or too low estimates o density (Odum, 1971). 

not randor"Ihe disribution of damaged tillers within rice plants was 

(Tables 4a and 4b). In three of five fields, ne.ativ, binonial fitted ;yell he 
fited the Poisson. This may be e:pla::cd by th., r's'ohserved data; none 

tilier-cuttig behavior as monitt-rcd through infrard CUI'V. . 14-. ,'.d 

rice jlants, rats investigated th hills first before cutting a parti 'Ar tiller 

and not just nmy available tiler at random. The tillers did not have e, lual 

chances of being damaged. The presence of a damaged tiller it. a hill even in

creased the chances of damaging other tillers in that hill. Thus, there were 

more hills with 3 or more damaged tillers than expected under the Poibson 

model, if tiller-cutting occurred entirely at random. 

Table 4a. Obcerned frequencies of rat-damaged tillers per hill in furint 3. and 

their expected frequency under the Poisson cnd negative biromnial 
mode!s. 

Numrr of OIa-rved Expected Frequency 
P'antaged Tdiorz,'llill Frt-cluency Poiw.m Ne~g-ttivte H ,.mia 

o 0921 8032.3930 0922.6652 
S6;44 2953.4708 797.1517 
2 432 512.9S82 343.5125 
3 245 66.5514 188.17!9 
4 140 (357) (6.6966) 11.1.0731 
5 85 73.53S 
6 49 48.62103 
7 30 33.1277 
8 18 22.9862 
9 6 16.1732 

10 15 11.5055 
11 
12 
13 
18 

5 
34 
1 

8.2583
(2y.5 

25 1 

Total 11602 11602 11602
 

- M-
s = 1.41.3 ignircant , ;niicrant 

Damaged ti.lers,'hill: F 0.377 tei: hi hI I, 

1 2.6463 0.1U2795 

aTotal frcquency of rc-msining clas.es whose expected frequencif:s are 5 or le!s. 

In cases wh.ere damage extended over a wide range (0 tu 25 tillers/ 
h-l), neither Poi-sson nor negative b:n3inial was adequate to descrbe the 
data. A mora p-ctica index to d.!scribe such di., tribution is ha clumping in
dex (I) sugges-ed by David and Moore (1954), namely: 
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x 

The value of I would be close to zero for a Poirson (since S" = 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 ne-:-tive bir.or.iai gave a satisfactory fit. An,-ornbe (1930) doub
ted ifany :wo-pammeter di3tribution like the negdtive Hinomial would ade. 
cjua:l lJ:;rinbe data which show a high degroe of clui-iping. 

Tc'e 4b. 	Obsrrted frequencw'i of rat-dam'absd til!ers per hill in farm 4, and 
theirexpectat~ous under the Poissonand negative binnialmodels. 

Numrber of O.').ried Expected Frequiney 
Dun.aged "iliers/Hinh Fr,,quency Poi.oin Negative liinal 

0 1 9 4*72 l. .'. q119.0 ld,9 
1
2 

110
40 (4 7 a 

26:,6171
7..494-53)a 111.704'9

3.1 t;a39 
3 20 1i17.31 
4
5 

6
1 

Totil 	 14 

Damaged till.rulhill: 	 X - 0.055 - tit: igihly N,, qig.alflcant 
S =0.1111 3ignil|r. f itA 0... fII * 0.9910 

a'rotl Ir quency of remaining cla.w whow expeted trequeiwidvi were 5 or leu. 
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