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RAT POPULATIONS AND STORED FOOD LOSSES AT A
PAKISTAN GRAIN MARKET

By Joe E. Brooks,* Ejaz Ahmad* and Iftikhar Hussainx

S ot Rat populations in the wholesale grain market in
Rawalpindi, Pakistan (some 200-plus individual small shops) were
estimated by vremoval trapping and change-in-ratio (CIR) of
activity &t tracking tiles before and after animals were

captured. The only animals captured were roof rats, Rattus
rattus. In January 1887, a total of 244 rats was captured in 792
trapnights from & 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 (35% confidence
limits were Z65 to 445 rats as calculated by the CAFTURE 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 pProgram
estimate was 785 rats (with a 95% confidence limits of 591 to
379). These numbers of rats could be expected to consume and
contaminate from 28 to 34 kg of grain/month/shop in January and
from &6 +to 94 kg of grain/month/shop in April. The average
losses due to rat consumption and contamination rer 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.

INTRODUCTION

All major, and many minor, cities in Pakistan have wholezale
grain markets. These are areas, usually in the older, ecentral
part of the cities where grain merchants have small shops for the
rurchase and sale of grains, legumes and oilseeds. Some of the
larger merchants  have, in addition, godowns where they stock
surplus bagged commodities. The total amounts of grains, legumes
ard oilseeds moved through these wholesale markets annually is
not known 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 severa% hundred dealers

Fig. 1). Most occupy small shops measuring 25m“ to 45m“ in floor
area and with capacities of 500 to 800 bags of commodities (50 to
€0 mt). The main grain handled is rice; other foods are lentils,
grams, corghums, wheat flour, and groundnuts. The amounts of

grains and other foods sold per year per shop varies greatly.
Large dealers may sell up to 60,000 bags, while small dealers
sell only 1000 to 1500 bags per vear.
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The overall szales  from
the  tobtal mavket are diffi-

cult  toe cobimatbe becaus.:
accurate : S ATE I TR PR
ported Dby  the chovkeopers
for prurposes of avoliding

Vaevanle Lo although each
desier probably knows to the
sact  kilogram how muach  he
: a0ld each day.  However,
an  educated estimate can he
made  that in the 200 or so
shops  making up the Rawal-
piudi markst between 50,000
and 100,000 wmt of vrice move
through this market annually
i1f w=ach dealer turns over
his stocks four times per

A cursory inspection of Fig. 1. Typical grain shop.

the shops reveals that each

is rodent-infested, no matter how olean 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.

TRIALS & DS

An initial study of rat populations in the wholesale grain
marxet 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
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up and scored as to the number of foot prints per tile. Rats
were trapped wusing 10 live capture traps and 5 kill rat and 5
kill mouse traps set the first night in each shop. We had expect-
ed house 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, 1987 in Raja Bazar but
the shops were located approximately 50C 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 and scored the next day. In each shop 10 live capture

>t and rats were captured for 6 nights. Again 20

traps were se
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 bhoth 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
lknown number of animals removed. The formula for population
estimation is:

T-To Ty Ty
n N1 N2

where n is the number of animals removed, N, is the population
before  removal and Ny, after removal, T, is the proportion of
tiles scored positive“before trapping ané T, is the proportion
positive after removal trapping (Davis and Winstead 1880). The
equation is solved for N.. This method previously had been used
to ezstimate small mammal “populations in farm househcolds in Bang-

ladesh (Mian et al. 1987).

The second method uses the daily decline in captures plotted

against  the cumulative total 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. 1981). The 95% confidence limits of the

regression estimate were calculated by the Research Support
Branch at the Denver Wildlife Research Center (DWRC) using a
computer program called CAFTURE.

All captured animals were returned to the laboratory, killed
with chleroform 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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January Trapping

The tracking tile findings and the animal captures from the

January 1987 trapping are given in Table 1. Roof rats, Rattus
ratius, were the only emall mammals captured from the grain
shops. A total of 244 rats was taken in 7992 trapnights.

Activity at tracking tiles was reduced by 82.2%.

The estimated original c 70
(before trapping) rat popula- A
tion as calculated by the F 6oy
change~in-ratio of activity at T .
tracking *iles, was 297 rats. ESW' y'bjzg‘SZEE”
The estimatad population using _ )
the regression of cumulative g 04

captures on daily numbers of )

rats captured was 355 rats P 307

(95% confidence limits are 265 E

to 445 rats). The linear R 204

regression is given graphical- .

ly in Fig. 2. Immature ani- : 104

mals constituted a small por- ,

tion of the population (16% O :

v 1 v T ' 1 4 1 ¥ 1 T T
. . S5 100 150 200 250 300 350 400
<100 g body weight). The num- o %0 OmmmATWEcmwwms°

ber of rats removed from each

shop ranged from a low of 16 Fig. 2. Estimate of January
to a high of &1, In sone grain shop populations.

shops the trap catch declined
markedly while in others (numbers 1 and 8) it either showed
little decrease or increased.

Table 10 Captures of Roof Rats in Januzry 1987 froz HKholesale Grain
Karket Shops in Rawalpindi.

Shop  Pre-Trapping  Post-Trapping Captures Per Day Total
Ko. Tiles Tiles el (aptures
% Pos.) (% Pos.) i 2 ki 4 5 b
i 82.4 20.0 10 10 7 9 8 1 51
2 95.0 5.0 ! § 8 X 5 { 3
3 94.7 4.5 b b b 9 | 3 3
4 94.7 25.0 8 b 5 8 0 i 28
5 45.0 5.0 8 5 1 | 0 i 16
b 80.0 15.0 ! 5 3 X 0 i 18
7 100.0 5.0 7 9 3 0 0 ) 19
B 58.8 16.7 2 7 ! T 12 1 47

81.3 14.5 5 56 41 M w0 244

¥ Traps were not set.



’
~app

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. ohopkeepers 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 Dbeilween 26 to 35 smaller, mouse-sized 1live
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 in April 1987 fron Wholesale
Grain Harkei Shops in Rawalpindi

Shop  Pre-Trapping Post-Trapping Captures Per Day Total
No. Tilec Tiles wremrmme e Captures
(%X Pos.) (% Pos.) 12 3 4 5 & 1 8 9 10
1 160.0 100.0 T 8 5 4 5 1 & 4 ¢ 8 60
2 100.0 100.0 6 1 6 0 6 & 3 2 0 0 30
3 95.0 35.0 £ 10 11 7 1 10 8 9 3 7 16
4 90.0 55.0 g 9 17 6 8 £ 5 1 7 75
5 100.0 100.0 g 1T 5 1T &6 5 5 1 3 9 63
6 20.0 0.0 8 2 4 & 6 2 & 4 2 1 4]
1 85.0 70.0 w1 4 5 8 17 & 11 1 5 73
8 80.0 100.0 0 10 9 9 7 6 8 4 0 0 63
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 prercent, hot
allowing for any valid CIR population estimate to be made, so
another 4 nights of removal trapping was dcone. 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
CIR method would be 2217 rats in the eight shops. We don’t
belisve 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 531 to 979) in the eight shops Fig. 3).
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It 1is obvious that there is considerable seasonal fluctu-
ation in the population densities of roof rats in the grain
shops, as there was basically no diff'erence in the shop samples
in January and April as regards size, kinds and amounts of com-

modities on hand. We do not know whether either density is
normal at this time. Additional trapping and monthly population
estimates will give us a better idea of expected average
densities. Already, the estimates derived from 4 nights” of

removal trapping done in May, June and July from the same market
suggest that densities of around 40 to 50 rats per shop may be
the norm.

The April rat population estimates in the wholesale grain
market are about 2- to 3-fold greater than those of January. The
increase 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 thne two populations

estimates were 297 and 355 rats, respectively from the CIR and
regression methods, giving an average of 37 to 44 rats per grain
shop.

In April, the removal of

. 70
461 rats from 8 grain shops

indicated that easily twice as f,o

many rats were present. We ¢ v " 63.% = 10.08041x
did not obtain a  reliable [_° r o« 0.9
population estimate using the = |

CIR method since tracking tile 5 e

activity was reduced on 21.7% PEPLLATICN

despite 10 nights of removal ESTINATE

P S04

trapping. The esstimated popu- g

lation from the regression ",

method was 785 rats, or an o

average of 98 rats per rain A L om
Y

shop.

T T T Ty ) B e o T
o 105 2co 300 400 300 400 70Q 800 909 i000

These rat densities are )
cCunviLAarTtivVE CAPTURES

unusual, In January the den-~

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 increaszed to 3.27. Roof rats are capable

of exploiting all lavels of theg grain shop interior, from floor
to ceiling, =so densities per m™ floor area are semewhat mislead-.
ing. Even so, ilhese are quite high densities for this species of

rat. Occasionally, one might approach population densities of
this kind where roof rats are living in poultry houzes where
little or no effort iz made to control their numbers. Frantz s

(1872) s=tudies of the lezser bandicoot rat, FBandicota bengal-

en61s,  utilizing grain godowns in Calecuttsy, India, showed that
they reached densities of 2.7 rats per m“ in this habitat, but


http:Eandi,.ta

most  of the bandicoots lived outside the godowns and only moved
into them at night to foeed.

The othesr reference we have found on population satimatea of
rats  in grain chops and godowns io Lhat of Krishnamurthy et al.
(1367). They wotimated vat populatione (& rattes) in villages,
hotees,  whops and godoewns in Hapur,  India. They usad capture,
mari, reloass and recapture (CMR) metbhods in Sheir ectimates, but

¢

mated  wers  only 11D to 20% of thoese we found. They found that
rats por godown averaged 10,7 and eztimated Lhe annual food grain

Lrappoed  only 35 nights  in @ach  habliat. The grain godowns

(averaging 180 n7 area) vere approaimately three times larger in

area than the shops we trapped,  buoo Lhe rat densities they esti-
)

valent Lo ouvs wers reperted in a 19275 unpub-
lTiched report of the Vertebrate Fest Control Laboratory (VPCL),

=+

rried out in private sector grain stor-

Rarachi, Trapping was c

age godowns operated entirely by rice dealers in the old pert of
the  city of Karachi. Very high iunfestation levels were found,
avoraging 90 rats in small, singls room warehouszes of about the
sabe size of the zhops we trapped in Rawalpindi.

In our laboratory, caged £. ratiuvs were found to consume an
average of 12.7 g of broken rice per night. The amounts of rice
consumed by 37 to 44 rats/grain shop in January would be 470 to
560 ¢ nightly, or a loss of 14 to 17 kg per month per shop. The
losces  in April dus to 98 rats eating rice every night would be
1245 g per night, or 37 kg per month per shop.

W obzsarved zpilled and
contaminated grain  in each
shop dugz 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
rice swept from the flosr in
one month and found that this
equalled one bag, or 95 kg.
This apilled, contaminated
grain must be sold for animal
feed only, &0 the shop keeper
suffers an economic loss.

—~

Th= public health aspects
of a large rat population
living in «lose association
with human food ztuffs are
serlous. A study of the para-
sites  (both ecto- and endo-)
of . rattus from thisz same Fig. 4. Grain bags cut by rats
grain markect was carried out allowing spillage.
by Fayyaz-ul-Haque, an M.FPhil.
candidale graduate =student in the Department of Biology at the




Quaid-i-Azam University atl Islamabad. He found that the rats
were infected with several cestodes trancmisszable to man, such as
Hymenelopis nana and H. diminuta, and Acanthaocephala spp. and by

Capillaria hepatica. No search was made for protozoal parasites
but  some undoubtedly are present. The egps of the cestodes and
the nrﬂndlLMlHL are  shed in the rats”  feces and  could easily
contaminate  Lthe grain and other stored foods in the shops and

human infection could result from undercooked foods.

If the estimated amount of grain consumed is added to the
amount estimated to be contaminated, spilled and wasted, assuming
this  amcount is  equal to consumption (it may easily be 2 to 3
times as much), the average losses per grain shop per month run
to 28 to 34 kg in January and 74 kg in April, when rat popula-
Liene supposedly were at peak abundance. Taking an average then
of abeut 50 kg per month per shop, the annual losses in the whole
market of 200 shops would be in the order of 120 metric tons.
This would represent a loss of betwsen (.12 to 0.24% of the

amount of grain moving through the market in a vear’'s time, The
losses 1o the individual shopkeeper of about 600 kg of grain and
other foodstuffs per annum amountis monetarily to Rs. 4800

(equal to about U.S. § 276).

These losses expressed as a percent of the total amount of
grain moving *hrough the market are extremely low deapite the
high densities (or peak densities, as seen in April) of the rat
populations in the market. It illustrates ihe fact that rats are
able  to  consume and contaminate only so much grain in a vyear’s
Lime and that even when food supplies are unlimited, the popula-
tions can grow only to a certain point before inherent factors
within +the animals themselves acts to restrict the upper popula-

tion lowvel,

G ‘h 1 density rat populations in continual
contact wiith human food zupplies should not be tele srated. There
are,  however,  almoct insurmountable difficulties involved in
Lrying Lo organize an c;ff_(_ ive control effort to minimize the
rat populations. Hone: of the chops ave rat -proof and to attempt
Lo prood  Ahen would regulire an enormous «ffort and expense.
Sirce  the chops intleroonnect or are cacily invadad by rats from
the  olreet,  rat control efforsas bv an individual shmpkeeper are
not  feacible. What would L< neaded would be an organized  and
cocperative  offort by all the shopkeepers at once Lo utilize
poisonc,  probably  anticoagulant rodenticides, in  a  concerted

Nonsthelans, S

campaign Lo reduce  the  rat numbers over the entire market,
Whether  they would agroe to this degres of cooperation and  the
attondunt expense iuvelved 1o proeblematical.  While they percesive
the  problem of rate wudividually,  an orpanized effort is  not
Lhongtd, ol And ihe wffort would have to Le repested  approxi-

mately  every thves months Lo malniain any real pressure upon the

rat populaticons.  Thiz is not likely 4o happen.

8
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