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RAT POPULATIONS AND STORED FOOD LOSSES AT A
 
PAKISTAN GRAIN MARKET
 

By Joe E. Brooks,* Ejaz Ahmad* and Iftikhar 1Iussain*
 

Abstract: Rat populations in the wholesale grain market in 
Rawalpindi, Pakistan (some 200-plus individual small shops) were 
estimated by removal trapping and change-in-ratio (CIR) of 
activity at tracking tiles before and after animals were 
captured. The only animals captured were roof rats, Rattus 
rattus. In January 19S7, a total of 244 rats was captured in 792
 
trapnights from 0 grain shops. The population was estimated by
CIR methods as 297 rats and by the linear regression of daily
captures on cumulative captures as 355 rats (95% confidence 
limits were 265 to 445 rats as calculated by the CAPTURE computer
program). In April 1987, a total of 481 rats was captured in 735 
trapnights, indicating that rat densities had 
 increased,

apparently due to the breeding effort since January. Population
estimates by the CIR method were invalid but the CAPTURE program
estimate was 785 rats (with a 95% confidence limits of 591 to 
979). These numbers of rats could be expected to consume and 
contaminate from 28 to 34 kg of grain/month/shop in January and 
from 56 to 94 kg of grain/month/shop in April. The average
losses due to rat consumrption and contamination per shop per year
could be from 500 kg to 770 kg. The average losses of grain in 
the entire market represent from 0.12 to 0.24% of stocks on hand. 

1NTROD_LQ 

All major, and many minor, cities in Pakistan have wholesale 
grain markets. These are areas, usually in the older, central 
part of the cities where grain merchants have small shops for the
purchase and sale of grains, legumes and oilseeds. Some of the 
larger merclants, hav., in addition, godowns where they stocksu-rplus bagged commodities. •The total amounts of grains, legumestUozal moe 
and oilseeds moved through these wholesale markets annually is 
not k-nown with any precision but some rough estimates can be 
made. The markets may be comprised of several hundred dealers 
and, in the larger cities, of up to a thousand or more. In this 
study we will confine our remarks to the wholesale grain market 
at Rawalpindi.
 

The Rawalpindi market consists of several hundre4 dealers 
Fig. 1). Most occupy small shops measuring 25m to 45m" in floor 
area and with capacities cf 500 to 800 bags of commodities (50 to 
80 rt) . The main grain handled is rice; other foods are lentils, 
grams, sorghums, wheat flour, and groundnuts. The amounts of
 
grains and other foods -,old per year per shop 
 varies greatly.
Large dealers riay sell up to 60,000 bags, while small dealers 
sell only 2000 to 1500 bags per year. 
........------------------------------------------------------*Team Leader, 'esearch Specialist and Scientific Officer, 
respectively, GOP/USAID/DWRC Vertebrate Pest Control Project,
National Agricultural Research Centre, Islamabad, Pakistan. 
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A cursory inspection of Fig. 1. Typical grain shop. 
the shops reveals that each 
is rodent-infested, no matter how clean the individual shopkeeper
tries to maintain his premises. Rodent droppings are easily
found, waste grain is abundant, damaged bags (with gnawed holes) 
are frequent and the shopkeepers freely admit that rodents are 
present. None of the shops are rodent-proof; many shops inter
connect with others and with the offices or living quarters on
 
the floors above. 

Approaching this situation from the standpoint of estimating
the rodent populations present, the species composition, and the 
amounts of grains and other foods lost through consumption and 
contamination, we realized that there was a virtual lack of any
information about any of these problems. We began initial 
studies in January 1987, and a follow-up in April, to determine 
the rodent species present, their abundance and to derive an 
estimate on how much grain and other foods were being lost due to 
rodent damage. Other data were collected on the population 
structure and reproductive biology of the rodents as they were 
collected from the market. The results of this preliminary study 
are presented in this report. Other wholesale grain markets in
 
major Pakistan cities will be surveyed for similar information
 
during the balance of the year. 

MATERIALS & METHODS
 

An initial study of rat populations in the wholesale grain
market at Raja Bazar, Rawalpindi was conducted in January 1987. 
For this purpose the President of the Market Committee was 
contacted and 8 shops (4 on each side of the road) were selected 
in that area. Rodent activity pre-- and post-trapping was checked 
by placing 20 tracking tiles (15 by 15 cm) coated with duplica
ting ink in each shop. Ten tiles were placed off the floor and 
10 on the floor in each shop. The next day the tiles were picked 



up and scored as to the number of foot prints per tile. Rats 
were trapped using 10 live capture traps and 5 kill rat and 5
k:ill mouse set first in shop. hadtraps the night each We expect
ed -louse mice to be present but they were not found. According
ly, the procedure was changed on the second through the sixth 
night, setting only the live capture traps and the 5 rat snap
traps per shop. Twenty inked tracking tiles were placed in 
each shop for one night at the conclusion of trapping to check 
the reduction in rat activity. 

The second study was done in April, 2987 in Raja Bazar but 
the shops were located approximately 500 m away from the first 
site. In this locality 8 shops (4 on each side of road) were
selected. Twenty tracking tiles were placed in each shop and
picked up scored next In shop liveand the day. each 10 capture
traps were set and rats were captured for 6 nights. Again 20
tracking tiles were placed and picked up the next day. In this 
case, there was virtually no reduction in the rat activity at the
tiles as compared to the pre-trapping activity. An additional 4 
nights of trapping was carried out and tiles were again set at
the end. Additional information about the size of the shops,
commodities, capacities and annual sales were collected from the 
dealers of each shop from both sites. 

The rat population in the 8 shops was estimated in two ways.
One was from the change-in-ratio (CIR) of activity on the 
tracking tiles before and after removal trapping and using the
known number of animals removed. The formula for population 
estimation is:
 

T1- T, 
 T1 T2
NT N 

n N1 NZ 

where n is the number of animals removed, N1 is the population

before removal and N, after removal T is the proportion of
 
tiles scored positivebefore trapping anA T 
 is the proportion

positive after removal trapping (Davis and instead 1980). The

equation is solved for N! . This method previously had been used
 
to estimate small mammal populations in farm households in Bai.g
ladesh (Mian et al. 19L87).
 

The second method uses the daily decline in captures plotted
against the cumulative t. al captures. A regression line is
fitted to the plotted points. The point of intercept of the
regression line with the x-axis gives the estimated population, P
(Blower et al. i981). The 95% confidence limits of the
regression estimate were calculated by the Research Support
Branch at the Deliver Wildlife Research Center (DWRC) using a 
computer program called CAPTURE. 

All captured animals were returned to the laboratory, killed
with chloroform and all were autopsied. Data were taken on head 
and body lengths, tail length, body weights and scars and wounds 
were noted. The breeding condition of both sexes was recorded. 
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--------------------------------------------------------------------

SE-SILTS 

January TraypDin 

The tracking tile findings and the animal captures from the 
January 1987 trapping are given in Table 1. Roof rats, Rat tus 
ra ttus, were t.h only small mammals captured from the grain
shops. A t o tal of 244 rats was taken in 792 trapnights.
Activ ity at tracking tiles was reduced by 82 .2%. 

The estimated original c 70
 
(before trapping) rat popula- A
 
tion as calculated by the P 6
 
change-in--r:tio of activity at T
 

tracking > ies was 297 rats. .
R 5o 0.9746
 
The estimated population using R + .746
 
the regress:ion of cumulative s 40
 

captures on daily numbers of
 
rats captured was 355 rats P 30
(95% confidence limits are 265 E 

to 445 rats) . The linear R 20_ 
regression is given graphical
ly in Fig. 2. Immature ani- A 10

mals constituted a small por- y 
tion of the population (16% 0 
•100 g ) d y weight) . The num- 0 50 100 150 200 300 350 400250 

ber of rats removed from each CUMULATIVE CAPTURES 
shop ranged from a low of 16 Fig. 2. Estimate of January 
to a high of 51. In some grain shop populations. 
shops the trap catch declined 
markedly while in others (numbers 1 and 8) it either showed 
little decrease or increased. 

Table 1: Captures of Roof Rats inJanuary 1987 from Wholesale Grain
 
Market Shops inRawalpindi.
 

....................................-------------------------------------------------..
 
Shop Pre-Trapping Post-Trapping Captures Per Day Total
 
No. Tiles Tiles --------------------------------- Captures


(%Pos.) (%Pos.) 1 2 3 4 5 6
 
....................................-------------------------------------------------..
 
1 82.4 20.0 10 10 7 9 8 7 51
 
2 95.0 25.0 9 8 8 * 5 4 34 
3 94.7 4.5 6 6 
 6 9 1 3 31
 
4 94.7 25.0 8 6 5 8 0 1 28 
5 45.0 5.0 8 5 1 1 0 1 16 
6 80.0 15.0 9 5 3 * 0 1 18 
7 100.0 5.0 7 9 3 0 0 0 19 
8 58.8 16.7 2 7 9 7 12 10 47 

81.3 14.5 56 34 24 2759 41 244 
..........................................----------------------------------------------

* Traps were not set. 
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Aril Trapina 

The tracking tiles activity and the animal captures for the 
April 1987 trapping is given in Table 2. A total of 481 rats 
was taken in 917 trapnights. Small rats were escaping from the 
traps during the entire trapping period, since 182 traps were 
released, the baits were eaten but no animals were inside. These 
182 traps should be subtracted from the trapnights, giving a 
total of only 735 trapnights. Shopkeepers reported that when 
they closed in the evening, usually all traps contained animals, 
but some escaped during the night. In an attempt to correct this 
situation, we set between 26 to 35 smaller, mouse-sized live 
traps in the 8 shops the last 4 nights of trapping. This re
sulted in the capture of 28 extra rats. These captures were not 
used in calculating the linear regression. Immature rats ac
counted for 16% of the sample. Captures per shop ranged from 30 
rats to 76 rats and averaged 60 rats. Again, as in January, trap
catch declined as expected in some shops but in shops number 
1,3,4, and 5, very little change in numbers of rats occurred. 

Table 2: Captures of Roof Rats inApril 1987 from Wholesale
 
Grain Market Shops in Ratialpindi 

I.----------------------------------------
Shop Pre-Trapping Post-Trapping C'aptures Per Day Total
 
No. Tile' Tiles ------------------------------------------------- Captures


(ZPos.) (ZPos.) 1 2 3 4 5 6 7 8 9 10
 

1 
2 

100.0 
100.0 

100.0 
100.0 

7 
6 

8 
1 

5 
6 

4 
0 

5 
6 

7 
6 

6 
3 

4 
2 

6 
0 

8 
0 

60 
30 

3 95.0 35.0 4 10 11 7 7 10 8 9 3 7 76 
4 90.0 55.0 9 11 9 7 6 8 6 5 7 7 75 
5 100.0 100.0 9 7 5 7 6 5 5 7 3 9 63 
6 20.0 0.0 8 2 4 6 6 2 6 4 2 1 41 
7 95.0 70.0 10 10 4 5 8 7 611 7 5 73 
8 80.0 100.0 10 109 9 7 6 8 4 0 0 63 

I---------------------
Totals 86.6 67.8 63 59 53 45 51 51 48 46 28 37 481 

The activity at tracking tiles at the end of 6 nights re
moval trapping had changed only a few tenths of one percent, not 
allowing for any valid CIE population estimate to be made, so 
another 4 nights of removal trapping was done. After this, the 
activity at. tracking tiles was reduced from 86.6% positive to 
67.8% positive, a reduction of 21.7% in activity.
 

The estimated original rat population as calculated by the 
CIE method would be 2217 rats in the eight shops. We don't 
believe this is a realistic estimate but are unable to account 
for why activity was so little reduced by the removal of 481 
rats. The population estimate derived from the CAPTURE computer 
program run at DWRC gave an estimate of 785 rats (with a 95% 
confidence interval of 591 to 979) in the eight shops Fig. 3). 
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DI SCUS SION 

It is obvious that there is considerable seasonal fluctu
ation in the population densities of roof rats in the grainshops, as there was basically no difference in the shop samples
in January and April as regards size, kinds and amounts of com
modities on hand. We do not whetherknow either density isnormal at this time. Additional trapping and monthly population
estimates will 
 give us a better idea of expected average
densities. Already, estimates fromthe derived 4 nights' ofremoval trapping done in May, June and July from the same market 
suggest that densities around to 50 rats perof 40 shop may be 
the norm. 

The April rat population estimates in the wholesale grainmarket are about 2- to 3-fold greater than those of January. Theincrease in roof rat, numbers was undoubtedly due to the breeding
effort during the ensuing three months. In January immatures
made up 16.% of the captures and 29% of the adult females (>100 g
body weight) were pregnant. :in January the two populations
estimates were 297 and 355 rats, respectively from CIRthe andregression methods, giving an average of 37 to 44 rats per grain
shop. 

In April, the removal of
 
481 rats from 8 grain shops C
 
indicated that easily twice as A60
 

many rats were present. We P y - - (O.0804)
did not obtain a reliable T •0.2 
population estimate using the R
 
CIR method since tracking tile E
 
activity was reduced on 21.7% 
 PCPULAric
despite 10 nights of removal ESTIMATE 

trapping. The estimated popu- r
 
lation from -Cthe regression R 



method was 785 rats, or an
 
average of 98 rats 
per grain A10 
shop. 

These rat densities are 0Io 2 oo 40o Zoo 6*00 7o0 Goo 9o'0oo 
Unusual. In January the den- CUMU 4VCTI CAPTURES 

sity of rats per square meter Fig. 3. Estimated rat population
of floor area in the shops in grain shops in April.
Would be 1.23 to 1.47. By
April, this density had increased to 3. 27. Roof rats are capableof exploiting all levels of tht grain shop interior, from floor 
to ceiling, so densities per m"' floor area are somewhat mislead-.
ing. Even so, these are quite high densities for this species ofrat. Occasionally , one might approach population densities
this kind where roof rats arte ]ivilng 

of 
in poultry hous es where

lit, tle or no effort is made to control their numbers. Frantz's
(1972) studies of the lesser bandicoot rat, Eandi,.ta benal
e-h is, utili-ilig grain godowns in Calcutt. , India, showed thatthey reached densities, of 2.7 rats per m' in this habitat, but 
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mostt of the bandicoots lived outs ide the godowns and only moved 
int.-) the at. n igh, to f.ed 

the r': we found popui at. i onThe , ro~ en, have on estimates of 
ratsC . iii g ra in s}1,, [)s an(1 iowns is t., .. f .risluamu rthy et al1 
1907) Th.. imat.:d t It. pTL,1 ai ,;,l ( I'?.."Jt Us ) in vii] ages
I,. . .. i , .n i U .' ,-di . They used capture, 

..-'.... J .. I- ( ,jl) i-< i th I est.im ate ,, but 
,aPVp,-d only' 3q 
hiht, in 'h L).; 4.t. The grain godowns 

=a t:I, Il'-" r d'- .i,) tle y e i-Ia .: 


U .-u wL y 1. .. t . found. TIhey found that 
...p., ., ,'r- g i .7 ,-1tin ted 1s. annual food grain

>i.,:Scs2 a2- 21i..5 kg per'..g,,dwn.
 

. iva lt1u u oourL er- Lepor+.e in a 1978 unpub
.. p .f th-e tabrat- boratory ( VPCL),
\arahI . Trapping was c arried out in private ctor grain tor

ty by rice dealers in the old part of 
VeI1a,!i I levels were found,2i,-1 V--- igh infestation 

rts in1 small, s ni.. room warehouses of about the 
W i
s,-f shops= t1n tra pped i raaipini. 

ill our laboratory, caged R. Zat,t Us werte found to consume an 
av erag ,of 12 .7 g of broken rice per night. The amounts of rice
cn'su IeId by 37 to 44 rats/grain shop in January would be 470 to
560 g nightly, or a loss of 14 t,: 17 kg per month per shop. The
losses in April due to 9 rats eating rice every nigh1t would be 
12,45 g per night, or 37 kg per month per shop. 

W'J1: observed spilled an"d
 
c,nta) ina ted grain in each
 
shop du. to cut bags, etc. in
 
amount, equal to or exceeding
 
the amounts consumed by rats
 
(Fig. 4). One shop keeper had
 
kept records of the amount of
 
rIe swept from the flo r in
 
one mon. and that this
. found 
equalled Cone bag, or 95 kg.
This spilled, contaminated 
grain must be sold for animal 
feed only, so the shop keepersuffers an economic loss. 

The public health aspects 
of a large ra t population
1 ving in close association 
wi th human food stuffs are 
,.CL,_,.S . A study of tlhe para

si tes (bot}h ecto - and endo-)
of R. vcttus from this same Fig. 4, Grain bags cut by rats
grain market was carried out allowing spillage.

by Fayyas -- l-tlaque., an M. Phil.
 
Larndicati t gradu Zte student in the Department of Biology at the
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Quaid-i-Asam University at. L."lamabad. ie found that the rats were infected with several cestodes tran:-micsable to man, such as 
I]]y'vene1 opis nana and diminuta, andH. Acantiocephai3 spp. and byC,'i:J.a 1,7ia hi.:'atic'a. No search was made for protozoal parasites
but so.,me% u are present. The eggs cf the cestodes andlndoubtedly 

tilhI n ituds arC ;_hC1 in the t s 
 fec ,s couldand easilycontIia-Inat,-., tii grain and other stored food:_:- in the shops and
hulman infe,:ct.ion could r!sult fro::mIn undeI'.ooked3 foods 

If the estilat,ed amoutInt of grain con'sumed is added to the 
amount estimated to be contaminnatcd , 5sPilled and wasted, assuming
t his aMouL1t, is .ual to consumption (it. may easily be 2 to 3
imes as much) , the average losses per grain shop per month runto 23 to '4 kg in January and 74 kg in April, when rat popula

tions supposed!lv were at peak abundance. Taking an average thenof about 50 kg per month per shop, the annual losses in the whole 
market of 200 shops would be the order of metric tons.in 120This would represent a loss of between 0. 12 to 0.24% of the
amount of grain moving through the market in a year's time. Thelosses to the idiv idual shopkeeper of about 600 kg of grain andother foodstuffs per annum amounLA t monetarily to Rs. 4bO0
(equal to about U.S. $ 276). 

These losses expressed as a percent of the total amount ofgrain mov.ng through the market are extremely low despite thehigh densities (or peak densit.ies , as seen in April) of the rat 
populations in thet a-et.. It ilustrates the fact that rats areable to consume 121id contaminate only ISo much gain in a year's
timle and Lhat. even when food supplies arC: unlimited, the populations only acan grow to certain point before inherent factorswithin he aniimals tlh&nmselves acts to restrict the upper popula-

LI i , v,:_ 1. 

Non::i=;],~l::S1 1,si J.i dCs-iy ,at populations in continual
 
cont~act . i.h l,,an foc 
 st,....ies should nOt be tolerated. The.re
 are, ho alms-t:v1- is urmouIt-able difficult ies involved in
tryin t orgriise an 
 fHt:c t. iv,_: control effort, to minimise the
rat p-,,. ati--.. 'Non,_ of t ho-lpu are rat.-proof and to attempt
to prr' . would ' u .n , Iu.)11ii:,us ,(.ffort. and expense.

i . ' ' &' i.: l 2.,,-.1 t2 'd,'i ire ,:: i y iv ' by rats from 
t. .. at cvnt 1ft , individual shopkeeper are
no_,t fL !it,1'at:, i I,:,- l L beUI eeded wou1d ,C:-an organi-ed and
So,.,,';t.i' fr b I1 th hopk,,pers at once t.o utilize

pois p1Lbarob lC' anti g- Ldnu ljn Licid, :S, in a concerted 
-. Impt t1., tI 1 t'. : I l l iberS over the n.i i e ma rket.I :t.i'P thL y ,: u g' . this dug'e_ of co,.-)per t'io and the 

. t,1 p:blmat ical. Whilei -.- they perceivet. 1t'(,blcih 17i an -'V iz, oC1.) i .L ' f ffoit is notth .: . J._.- i Nt-, h:v, t, be t.,--d approxi-
Ja i.,0,1y ,:- 'y t.L,. m.nt.hc tO nsm.int, in any real pressure upon the
rli p,.,:uiatLions. T}];. is not lkely to happn 
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