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REPRODUCTIVE BIOIOCY AND POPULATION STRtJCTUri O' 

RATTUS RAT!',h'S IN ilAWAILPINI)J, PAKISTAN 

By Joe E. Brooks *, Ejaz A.-w and 1f'ti.khar Hussain 

Abstract: We studied the breeding biology and population
structure of the roof rat., IPaft:ts rattus, living in wholesale
grain and commodities shops in lawalpindi., Pakistan. Rats were
trapped from the grain market monthly for a period of 14 months. 
A total of 2327 rats was autopsied, consisting of 1175 males and 
112 females. The sex ratio did not differ significantly
1:1 ratio. Males were fecund in every 

from 
month, without significant

seasonal differences. Females were pregnant in every month and
overall the adjusted prevalence of pregnancy averaged 39 . 8 
percent. Litter size during the last quarter of pregnancy
averaged 6.09+1.73(S.D.). Based upon the proportion of females 
yisibly pregnant for the first and subsequent times and the prop, tions non-pregnant but showing evidence (placental sear's)
of past pregnancies, it was calculated that. an average female had
1.86 pregnancies and lived an average of 5.5 months while doing
so. Thus production young birth x 6.09of at was 1.86 = 
11.3/female. Immatures (animals weaned but not yet sexually
mature) constituted only 13.1% of the total 
col lection and

recruitment was continuous durinfg the study. This is indicative
of high mortality among juvenile animals. The evidence of wounds
and scars on both sexes of adu].t rats supported the idea that
there is a high degree of socal strife and aggression in the
sampled population. Population estimates based upon cumulative 
captures each month indicate that- the rats at,are or near,

saturation densi ties in the grain shops most of the time, thus
requiring continuous breeding and recruitment to maintain their 
numbers. The reproductive potential of the present population is
 
compared to several others from urban areas in Asia. 

INTRODUCTION
 

The common rat 
found in grain storage facilities, wholesale
 
commodities markets, cities, towns, and farm houses in Pakistan 
is the roof rat, Pattus i"attus. The form that inhabits the Indus
Plains and the upland areas in northern Punjab lives indoors and
has been identified by Taber et al. (1967) as Rattus rattus
rufescens (Gray). This is a brownish-grey backed commensal form
with a venter that can be either creamy white or light grey with 
a rufous tint. The typical. mimmary formula is 2 + 3 = 10, with 
an occasional pairing of the postaxial mammae to give a 3 + 3 
12 formula.
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Since this species is the most common rat to Jive in grain
storage facilities, wholesale grain markets and farm and village
houses, it is an economic and public health p.st of significant
importance. Prevous studieus deal ing with the reproduct ive
biology and population dynamics of this subspecies in similar
habitats were carried out by Beg et al. (1983) in populations
trapped indoors in the city of' Faisalabad, Pakistan and by Rana 
et al. (1983) and Advani and Rana (198-1) in houses and grain
shops in and around Jodhpur, India. Beg et al. (1983) found that
trapping success was lowest in winter and peaked in summer, 
pregnancy was seen throughout the year, the proportion of" young
was highest in the winter and averaged 31% during the year. The
prevalence of pregnancy in sexual]y mature females averaged 46%
for the 12-month study. Ranma et al. (1983) found that females 
were pregnant throughout the year, the annual prevalence of 
pregnancy was 25.5%, the proportion of young averaged 54% for the
entire sampling period and was lowest only during January toApril. Because of these di fferences in reproductive and
population parameters and Iecause the re is a need to understand
its reproductive biology and population dynamics in order to use
control methodls with proper timing, we under'took a study of roof 
rat populat ions from the wholesale grain market in Rawal pindi,
Pakistan. Populations here were found to be occurring
essentially at saturation densities in the small grain shops and
large samples could be taken each month with comparatively modest
effort. This report details the results of a 14-month study of 
these rats. 

METHODS
 

1. Description of Grain Shops 

The Rawalpindi grain market consists of several Yndred

d~alers occupying ground floor small shops measuring 25 in to 45 
m in floor area. They average about 40 to 50 years in age. The

shops have capacities of 500 to 
800 bags of commodities (50 to 80

metric tons) . None of the shops are rat-proof and only steel
roll-down doors close off the el trances at night. The main grain
handled is rice. Other foods available are lentils, grams,
sorghums, wheat flour and groundniuts. The amounts of grains and
other foods sold per year pr shop varies greatly. Large dealers 
may sell up to 60,000 bags, whi.e small dealers sell only 1000 to 
1500 bags per year (Brooks et al. 1987). 

2. Trapping 

Rats were trapped in commercial wire-mesh live traps (41 x14 x 14 cm) and in Sherman-design galvanized steel live traps (25
x 7.5 x 8 cm), which were more suited for catching smaller rats.
These were baited with fresh potato, onion, gunva or banana,
whichever was in season. Trapping was (lone for 1 consecutive
nights each month from April 1987 to fay 1988. Ten wire-mesh 
live traps and 5 Sherman-des ign traps were set in each of 8
shops, selecting 8 different shops each Themonth. Sherman­



design live 
traps were not available during the 
first 2 months o:
 
the study.
 

3. Au topsy Procedure 

Rats A I \'e Lo) t, ,la mrat uv were reL. uzrned 
1 t'y and w r,.chloroformed for auLtojs\y. Each specimen was 
weighed OIn.d m,.suredbefore 
autopsy. [lie fo1lowing reprodoeL ivt: t18 Li t(.01 'VCCo,'de(:for females the eond~1it ion of the vaginal oi iee (1irf',ra,te ornot) , COn li Ion of' uL. eros (rno11 1 i)aPo005, jIl C iaui t. I l. ulscars), coldi Lion o oovaries (.heth.a (8',rfpol a ltkeln tPv visihbleor not) , nuumbe' of eiiblyo.; , their crown-rump leh dwpwe.ht~hrany were resorbi og; for males the posit ion or11, te test, I(ng Lhand weight o' 
l.estes and ulieL.her 
the .u) s were visible or n10t. 

in the cauda opididymis. 

An i ma I s w (erec o n s i d er(e I as s,! %u a I y m a ti r e ad u I Ls bycalculat, inug t.ic 50% po inL, a It.ich female s showed visicorpora Lutea and nale; 
b1e 

showed visible tubules in the caudaepididymis (Davis 1964) . Animals equal to or exceeding thesevalues, in body weight ( BW ) and in head and body length (IBL),were considered as adults; all others wer'e classi Fied as 
immaLtures.
 

To compare roof rat populations, the embryo rate (the crudepregnancy rate 
times the urnad.justed embryo number 
= the number or'embryos per 100 females of all sizes) and the reproduction rate
(the number of embryos per 100 head 
 of po pulat,ion, males andfemales) were cal.cu[ated 'o1. lowing Harrison (1952) . These arefe[t to be i;,or indicat ivu of' ia populat, ion ' s repro(uctivepotential thani the reproductive rate as defined in Sout.hwick'sprocedure (1966). 
 Visible pregnancy in the roof' rat wasconsidered to cover 16 days of 
the gestation perio(.
 

A total of 2327 specimens was autopsied. Slightdiscrepancies in 
t,'tals given resulted when all 
data could not be
 
taken from all speL.inens.
 

4. Population Estimates
 

The population estimates from each monthly sample werecalculated from the linear regression of cumulative captures on
daily captures (Blower 
 et al. 1981). Since tle captures eachmonth were taken from a different set of 8 grain shops, not muchcan be generalized about seasonal population changes. However,
it is useful to have an 
idea of the population density from which
each sample is drawn. Trap success was also compared with thepopulation estimates 
to see if there was a correlation.
 

RESULTIS
 

1. Characteristics of I.heI Samj]e 

The characteristics of 
the sample are given in Table 
1. The
males and females are given by body length size classes with the 
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equivalent mean body wights. No-pregnant FemaLe:s onily were 
used for Comput'ation of body weight. Males grer to a greater 
body weight than le:inlo.s 1)11; did llot. .,-eel ill heal and holy
length. 'lher was nIo sign iF i cant d i frno0'c, in mean ,odIy W,:i ght 
at eq iva] ent 11.' ) ts se 1,1t. i I I i il an I at I.betwen I's 
which point. mal I o-; wcre! sigl i F cznI. I y h -a ,i (I' = .01 M.a I es 
pr'edoin i naL -d i n L o I a r'ges s i :.,e . I ai . S . The arg-s., ila I 
cap tu red we i g) 1d 2 73, . 5 g and rinba 5. I'cb tI ' 1 .1 i . Th11e lie a v i !s t. 
femaIale wei gh ed 21G . 8 g lid measutied 199 mm; however the longest.
female measured 215 mm ii1111.,. The mean we:ighlt e0" pregnanlt females 
was 163.2 gm + 29.5, ranging f ,rom81.,1 g t) 216 g. 

The p ropo rtiou Cof ma es to fema. es .i.n Lhu 2327 rats sexed 
was 50.5:49,5, which does not. liif 'r signi ficant.1 y from a 1: 1 sex 
r a tio, 

2. ReproduetL i on 

a) Sexual MaLuri ty 

The 50',' p()oi t.s o* sexual iIAtllity cri teria in 1W and 11. are 
given in Table 2. All fema les equal. to ot exceeding 80 g or 139 
mm IIBL were regarled as maturFe for all. Calet1-laltiols re.lating topregnancy, sek? x rat.os , e . ill a n I es e un t C or 

exceeding 96 g or 152 mnn 111,k were defined as mat nre adi] t!s. 

Table 1 . Head and body lengt h, body weight and sex rat. io of 
R.,tis ritt-uis From RawalIpindi, Paikist.an (Mean + S.).) 

Head and Body Mal eS Females
 
Length Size No. Body Wt. No. Body WL. P
 
Classes (m) Animals (A) An imals ( g)
 

80 - 89 
 1 18.5 -- 3 18.0+ 1.7 ns
 
90 - 99 12 24.6+ 2.9 13 23.9+ 3.5 ns 
100 - 109 18 ,. 2+ 3 .8 23 32.9+ :1.3 ns 
110 - 119 12 :10 .3+ 6 6 18 .1:1. 1+ 6.9 ns 
120 - 129 29 51 .8+10.2 27 53 .7+ 7 .2 ns 
130 - 139 21 67.8+11.5 29 65.8+10.9 ns 
140 - 119 53 88 .6+12 .5 73 86.5+11 .0 ns 
150 - 159 102 106.0+13.7 102 103.3+13.2 ns 
160 - 169 158 127 .9+17 .5 192 122 .9+1.I . .01 
170 - 179 296 150. 1+18.5 308 14(.0+17 .4 .01 
180 - 189 286 170.9+20. 1 235 IG . 1+18.9 .01 
190 - 199 150 191.8+23.1 109 17(;. +18.3 .01 
200 - 209 34 205.0+19.9 18 181.9+23.6 .(1 
210 - 219 3 231 .3+43 .2 2 206 .1-- --

Totals 1175 
 1152 
Means, BW 1.16. 8+51 . 1 8 1+.16.7 
"L , L 171 ..'1+21.3 167.9+22. 0 
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Table 2. Size ( andaJ1BLBW) at- which 50% of males have v'sibe
tubules in the cauda epididymis and 50% of females have 
visi.ble corpora l utena in the ovaries 

Criteria 
 .IaLos 
 Feina 1 es
 _ 


lB[3L 13W II..M
 

Visible epididymis tubules 
 152 96 
 -Visible corpora lutea 
 - - 139 80 

b) 	 Prevalence of Breedin Activity 

I. Ma Ies
 

Fecund 
 males were observed in every inonth of the year.
Male fertility hegins when the Lest, is weight. reaches. betweenand 0.8 g andH a .length of I( 17 mm1. Many 	

0.7 
t.0 	 aniimals w ith Lest.issmaller thai these meaisurelnlis were neverlhe I ss olhs, ivedl to, hescrotal . The re was I it. tie t I 1 I1tso t Li,i ?o i tlie l 1n;Aftestis weig t i; wh, ii ad jts . d 	 for t.}lie iiwan iglldy , f . htmales in ea i mon t.hly sampl l (Tab ,:I3) 'll-uj ;l a sitLi oilwas s."lg.that Lest is weight dLo ihl l , weeit Ovili t, i.o 1e -ill'N. ( t:. ptfor the Jllllla rv iukflj) e , li i eli ate woo 1 'i i1the , t:1 .r lionih.
 

Tab]e 3 . Iat 
 ,y mo1intlh, ;id , nl ted I r t lnitin bodcl 
,iwight' o ado . . i o I ratlsi in ,, ,il )lt: 

Mont h 
 111liillN7. 	nnI QSBW Nean Lestis we i.ght; (ingI)
IINa I i1Iper 100 g BW 

-

Apr. 	 87 14 12 69 8May 	 51 158.2 679 
Jun. 
 86 	 145.2 
 655

Jul. 
 99 	 142 .3 
 688

Aug. 	 52 137. 4 
 700

Sep. 	 99 
 1.18.5 
 646

Oct. 72 1,12.0 682

Nov. 
 70 	 153.2 
 626
 
Dec. 
 100 
 150.5 
 621

Jan. 	88 
 65 
 11 G.5 
 68.1

Feb. 88 1,12. 1 	 628
Mar. 
 ;2 	 116 730
Apr. 	 60 1 ! 5.7 700
May 	 94 14 2. 1 688 

2. 	 Females 

a) Prevaience o 1 regnAnc, 

The adjusted prevalence of pregnancy, as judged 1y visibleembryos in all adu lt feni alis (80 g or > W), is givon in Tale 4. 



------------------------------------------------------------------

-------------------------------------------------------------------

-------------------------------------------------------------------

------------------------------------------------------------------

---------------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

------------------------------------------------------------------

Table 4. Pregnancy in adult female (80 g or >) R. rattus by month 

Month No. observed No. visibly % Pregnant 

pregnant 

Apr. 87 
 171 52 ?9.9
 
May 53 27 
 50.9
 
Jun. 72 26 3 G. t
 
Jul. 82 .1(; 56.1
 
Aug. 65 
 20 30.8
 
Ser) 95 .37 :38. 9 
Oct. 60 
 19 31.7
 
Nov. 60 26 
 43 .3
 
Dec. 82 39 -'7.6
 
Jan. 88 39 
 15 38.5 
Feb. 
 61 3t 50.8
 
Mar. 56 
 18 32.1
 
Apr. .16 19 4 1.3
 
May 76 31 -10.8 

Totals 1021 
 106 39.8
 

The Peovalence of' pregnancy for the entire s-mpling period was
39.8%. 'There was breeding in every month, wi thii no apparent
 
seasonal di ffe rences. ''le proportion pregnant in mont hily sampies
 
varied from 29.9% to 56.1 %.
 

When bree diig act ivity was exami.rned by body weight and head
 
and body length ('Table 5), I, is apparer.nt that pregnancy first
 
starts in the 140-1-19 mm 1I3L size class but real ly becomes
 
significant i) females 150 mm 111Il, or over. 
 The I ight.est prcgliant 

Table 5. Relat. ionship of 11131. ;nd 13W t.(; \' i .- i l. pregnancy in
 
Scllmal,-. I 'jtLusi'a tlus f'rom Rawal li di
 

Body size No. )_ !gnant Body w Lt. No. Pregnant.
class (1m) eaIM. No . ler'ient Class ( g ) exam . No. Percent 

<1,10 113 0 0.0 < 80 
 132 0 0.0
 
140-1-9 73 .1 5 .5 80- 90 88 5 5 7
 
150-159 102 29 28.1 100-119 116 24 20.7
 
160-169 192 88 45 8 120-139 191 64 33.5
 
170-179 308 123 39 .9 140-159 229 93 40.6
 
180-189 235 103 .13 .8 1(0-179 214 105 49. 1
 
190-199 109 53 '14 .6 180-199 117 6; 56. 4
 
200-209 18 5 27.8 200-219 541 37 68.5
 
210-219 2 50.0 2 12,. 
-
1 220-23 .. 12 100.0
 

Totals and 
Percent 1039 .106 39.1 
 1021 .106 39.8 
(>139 mm or 80 g) 
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female weighed 84.4 g 	 and the four females in the 140-1,19 mm 

size class measured 145, 148, 149 and 149 mm HBih. 

b) Parity 

The breeding life of t.he females can be deduced from the 
proportions in a primigravid staLus vs those that are multigravid 
and from the proport ion of non-gravid females bearing one, t.wo or 
three or move sets of placenLal scar's. IaLa on parity in the R. 
rattus females are summarized in Table (G. Pr'imigra vid females 
constituted 53.7% of all pregnaneies. The 1 :0.86 ratio between 
primi- and mu1tigav id means th]iat, on t-lhe average, a female that 
becomes pregnant, for the f irs t Lime wiA1 have an 86% chance of 
living long enough to have a second pregnancy. 

If we know the mean interval between consecutive conceptions 
(span), we can also est imate ( in a rough way) Ithe probability of 
dying for parous females. The calculati-in of the "span" takes 
some care, however, since we should exc],lde primigravids because 
an animal pregnant for the f'i i s. Lime cannot have a "span". In 
the above example , the observed prevalence of pregnancy (p) among
animals that had previously hal a i t. Ler is 188 out. of 604 
(multigraviid plus those non-gravid but wi t placental scars), 
equalling 0.31 and the spin is ca]culatod as 16/0.31 = 51.6 days. 
Therefore, a paorous female, breeding first at about 68 days of 
age (Bentley anid Taylor, 1965) , can expect to live '\nother 51.6 
days and an additional 4.1 days (0.86 x 51.6 days) toward a 
second pregnancy before dyinig, a total of 164 days, or about 5 
1/2 months. 

W!e 6, Coru latea a p ity iMina.adttpaiRA.. 

HBL size No. C.L. Nu r-us Parys 
class (ir) e> V Pr[(Ni- W~r-Jrv'a :tr scarsvi-:tule Multi-

gravid gravid ! set 2 set 3 set 

80- 89 3 0 3 0 0 0 0 0 
90 - 99 13 1 13 0 0 0 0 0 

100 - 109 23 1 23 0 0 0 0 0 
110 - 119 18 1 18 0 0 0 0 0 
120 - 123 27 b 27 0 0 0 0 0 
130 - !39 29 12 29 0 0 0 0 0 
140 - 141 73 5S 63 4 0 6 0 0 
150 - 15 9; Vs 5i 24 Ili 0 0 
160 - 169 123 ift 34 69 19 53 13 0
 
170 - 179 29' 2 3 2 59 L4 95 52 4
 
120 - IE3? 2: 2:3 10 42 61 50 58 7
 
190 - 19; 17 17 5 17 36 17 27 5
 
200 - 203 ! 15 3 2 4 S
3 0
 
210 - 219 2 2 
 0 0 1 1 	 0 0
 

I------------

Totals 112, C,2 	 218 245
IC. 304 188 155 16 

--------------.---------------------...................................-.-----------­
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c) Litter Size 

Litter size was obtaintod I)y lo i1 the number of grosslyt 
visible uterine swel ings or ermriyos. R es u I s are surumar i zectl in 
Ta h 1e 7 . The number oyr ' eir'yo e fma- ran.ged frou 1 t.c 16. 
In the tot a I o" '26 2 e Ilur' 'o s 1, 0 ( 3 .0% ) wore f 0oi1(I I, o 1b) 
resor'bing. When ]. Letr si:e i:a: examnined by orrr1)ryo size (CR 
crown-rullJn) fl(,;iireriieri , ifli I y e spOlI ri to t be 2nd, 3rdL 'ollo 
and ,1Lh quai,'e.r's of' ,r'gn.u ioy ( 'l'atb1 e 7) , i I. was seen t.Ihat. early 
visible (mbiyo (,miont s ;tver:iita tl (.9()/C'enmilo anl decreased to 6.09 
d u -urig t,, t. e I i s Pc: l' a.sI a: qla ,t., . (I w1ti Id IiI i cat,e an 
i ntrauteri ti oI0 s o f' 0 . XI mPlr,yo , or' a m t,a I i y of 1 1 .7% in' t-. 
embryos fro ;ia I I c .:-i-.s iii .or, t. rast. t. 0 t. )Ic 3 . 0 o bs rvd as 
di rect. y res, b I'ing. 

T it.e 7. EIM)b, o s ze ari] i Lete, sizt 

Embryo si -e No . f'eriaI e s o1bserved (l1.i L ter S i.ze
 
(CR, mm) 
 Meal + SI) 

0 - 6 15 G G. 9(0 + 2.22' 
7 - 16 125 6.7.1 + 2.00
 

17 and > 125 
 G .09 + 1.73 

n = 106
 

The relationship withlhody size of the female and the size 
of the litter is given in Tale 8. 'Ihere is an increase in 
]itter si ze wiLh i ncreasi ng holy size (arnd presumably age) of the 
female. 

Table 8. Size of f,, in Ie 11131,) arid Ii t.ter size 

Head and Mean No. + S.D).
 
body length ebinbryos
 

140 - 149 , 6.5 + 1.7
 
150 - 1,59 29 5.7 + 1 .8 
160 - 169 R8 6.1 + 1.7
 
170 - 179 123 6.5 + 2.0
 
180 - 189 103 6.9 + 2.2
 
190 - 199 53 7.4 + 2.0
 
200 > 9.0 2.0
6 + 

t2a ti on
3. Pop] S t ruc t ur_
 

a) S-ex 1latjo-s 

The sex ratios for immat jre anima Is and adul ts were not 
alike. Males predoinina ted among the immaLure rats (Table 9),
while the sex ratio among adull. animals was essentially even. In 
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-------------------------------------------------------------------
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------------------------------------------------------------------

------------------------------------------------------------------

one month the sex ratio among a1 Its animl s was hifhl y skewed 
in August 1987 feina] es preomi nat ed sign i 'icant I y (x = 4.418 p
>0.05) over males (60 to .1I0). trn the ot.he r mont.hs there were no 
significatiL diffe rences in the rat--ios. Data for April and May
1987 were VioL used( hecautl. tho sinai lei traps suIi tabl e for 
capturing immatur, rats wer'e not. availab e 

Table 9. S,-x rat. i os among mmat e adul I. Rat. tLsu and r;lt.tlus 
(ma], : fenma lC) 

Na] es Feial es i1a Li o ( male : female ) 

Immatures 112 123 5 :16 (n 2;5)
Adults 935 9.1 .1 50:50 ( = 1879) 

Sex ratio changes wi th age are frequentLly seen in mammal 
popul.ations . As a general rule among maimnals, the sex rat in iln 
older cohorts becomes more Iacedi mbaln favor i rig feinal es. 

Sex ratio ph enomenon a r e pa r t i c u I a r I y i i po i' t. a n t n10 
population dynamics because where a reduction in the percentage

of females occurs, Lhere is lilie]y I(
to a reduction in thlu ra i.e
 
of population growt'th. 
 This effect is dependent upon the 
proportion that older cohorts represexit il the population. 

1)) Age S t-ruc.-L u1ire 

The recru itment of young allimal s into the population was
 
essentially -out. itnims t.hroighoit, the year (Tabl]e 10), wit.i only
 
one low our i ng t.he mon .is of Srwpt.enier throtgh November . There
 

Talble 10 h.e.u iinen of young P,)att:us ra:tlus 

Month CapL ures i111ra1 tu Ir' 5 A(l ii] ts %Imina tu re s 

Jun. 176 31 1.15 17.6 
Jul. 190 22 168 11 .6 
Aug. 129 21 108 16.3 
Sep. 198 18 180 9.5 
Oct. 138 14 124 10. 1 
Nov. 13:3 7 126 5 .3 
Dec. 193 
 25 
 168 12.9
 
Jan. 112 
 17 95 
 15.2
 
Feb. 160 27 
 133 16.9
 
Mar. 136 
 21 115 15.4,
 
Apr. 117 15 
 102 12.8
 
May 18'1 26 158 14.1 

Total 1866 2,14 1622 13.1 

* April and May 1987 captures are deleted because small live 
traps for immature rats wer, not available at those months. 

9 



-----------------------------------------------------------------

-----------------------------------------------------------------

-----------------------------------------------------------------
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was never any large outpouring
 
of young animals as frequently
 
observed wi th temperate
 
cl 1mate small mammals. The
 
recruitment of immaLures 
 in
 
each month shows a significant
 
correlation 4 lt!
Wi Lii 

prevalence of pregnancy in th e
 
month before (v = 0.742, t =:
 
3.5, p = .005) (Fig. 1). 
 2,,
 

c) Population Estimates \Z -
/- r Ec t - N r 

The population estimatos 
IL--_ILMATI,E 

are given in Table 11. These -- 'N- A--D.-,' .estimates are based upon the MON r P";
 
linear regression of'
 
cumulative captures on dai ly Fig. 1. Corelation of pregnancy 
captures (Blower et a].. 1981 ) , and imma tures. 
in which 41 nights of remova. 
trapping was carried out. Sometimes, the captures increased on 
the second or third night, rather than decreasing; resulting in 
estimates that had low correlation coefficients (this happened in 
8 of the 1-1 trapping pcriods). The basic assumptions regarding 
removal t rap p i ng may have no t. he en me , st uh as an i ma l s be.i ng 
equally Lrappal ,- on a.l nighl.s (.some rats may ha\e been trap-shy 
the first night). 

Table 11. 	 R1oo" rat captures, trap success and estimated
 
populat. ions from Raw,'al. pindi
 

Month Captures/day Total Trap Captures/ Estimated 
1 2 3 4 CaptLurs Night.s trap night population 

Apr. 87 63 59 53 45 
 220 320 0.69 785
 
May 45 23 21 21 110 
 320 0.34 149 
Jun. 51 53 39 3:3 
 176 480 0.37 389
 
Jul. 51 57 42 40 
 190 480 0. 40 571
 
Aug.* 43 39 24 23 129 
 420 0.31 210,
 
Sep. 54 48 52 44 198 480 
 0.t 1034
 
Oct. 35 14 29 30 138 480 0.29 455
 
Nov. 43 40 27 26 136 4165 0. 29 254 
Dec. 46 61 13 43 193 465 0.41 908 
Jan. 88 35 3-4 28 15 112 -165 0.24 191 
Feb. 41 42 410 37 480160 	 0.33 1239 
Mar. 36 39 36 25 136 480 0.28 407
 
Apr. 36 34 31 16 117 465 0.25 211 
Ilay 45 50 47 42 184 480 0. 38 1850 

Totals 624 	623 512 410 2199 6280 0.35 8655
 

* 7 shops 	 only. 
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The important point about the captures and capture rates is
that, aside from April 1987, the numbers taken per trap night
varied only between 0.24 to 0. 41.. Between June 1987 and May
1988, the number of rats rem %vedwas e-seitially unchanged. Th is 
i ndicates essentially stat ionary pop)ulations, with most
differences in populati-on estimation occutring because of 
differences in tin ppi g resn l Is (more rats captured on second or 
third nights, i is tiirbaices iii shops that might. have a f fec ted 
captures, lack of "elosed" populationis, etc.). 

Despite some misgivings about the regression estimates, they
provi,ie a guide to animal densi ties in the small grain shops.
The captures oit the fourth night are 70% of those taken on the 
first night, indicat i n ' t.hat se%'eruli: miore nights of' trapping
would have beej profitable. The overall estimated densities are
about 600 rats per month (75 per shop), w'hich does not seem 
unreasonable af'ter working in t.h, market. environment. 

d ) In traspec i f i C S t.I' ife(! 

Evidence for intr aspeci fic strife was taken from 
observations of scars, wounds, ''aetures, and missing body parts 
on the collected an imals. The most frequently observed evidence 
of fighting was that part of the tail was gone (Table 12) . In 
aggressive encounters among rats, the loser often breaks off Lhe 
exchange by turnin itg i ts back on thme viictor and fleeing. Th e
winner quite of term uses this last chance to hi te at the lower
 
back or tail 
 of the fleeing animal. Wounmds mi, the tail resul ting

from bites were the ne:.t most fVrequent. FractIiies and swellings

of tails were seen much less often. The findin g that mani
 
females were wounded and had m i ssing body parts (43% of total
 
sample) is indicative of' 
 extreme st.rife since aggressive
exchanges are usually co) fine.d to between males. Al together,
animals bearing evidence of' aggressive exchanges constituted
 
almost 23% of the total collection.
 

Table 12. 	 The frequence of scars, wounds and missing body parts 
in Rattus rat tus 

Females 	 Males
 

Part of tail gone 125 194
 
Wounds on tail 
 58 	 76
 
Fracture of tail 	 15 
 17
 
Swollen tail 
 4 1
 
Wounds or abscess on body 20 
 13
 
Wounds or swollen legs 5 2
 
Fracture of hind foot 
 1 	 0 
Missing hind leg 
 0 	 1
 

Totals 
 228 
 304
 

1-----------------------------------------------------­
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When we examine thie size groups sustaining the most wounds 
and sears, the iate is seen to increase sharpIy among both sexes 
in the 170 to 179 mm body size (Table 13). Part of this could be 
due to, and probably is, cumulat ive ercoutLers. It also suggest.s
that prepubertal animals are little involved in aggressive social
 
encounters. 

This high per(eaitnge oF wc,-kulded allimals, I)spec ial y among
both sexes, is i n i.ncat, iv,, of' ;i high ilerisis ty population where 
space for nesting, resLhlg, hiing and movements to and from 
feeding areas are at a prem ium due to sheer an imal numhe's. The 
densi ty estimates derived, "V het.weon 1.19 to 1239/8 grain shops
(we are discou ntj ,g the 18 50,animals estimated in >ay 1988), with 

,a total floor area of 280m %would indicate that. tLhere were 
between 0.5 to 4.0 rats occupying every square meLer. Under 
these dens i Lies, cond i ti ons for individul aggressive exchanges,
killing and abandonment. of newborn, and pooC- SUlrvival of 

.immatures are higl y likely 

Table 13. Frequcoee of wounds, etc. by body size groups in 
Ral Itus r'"tAtus
 

HBL Females Mal es
 
size No. No. with % 
 No. No. with %
 
class exam. wounds exam. wounds
 

80 - 89 3 
 0 1 0
 
90 - 99 13 0 0.0 12 0
 
100 - 109 23 
 0 0.0 18 0
 
110 - 119 
 18 0 0.0 12 0 0.0
 
120 - 129 27 0 
 0.0 29 3 10.3
 
130 - 139 29 1 3.4 21 1 4.8
 
140 - 149 73 6 
 8.2 53 6 11.3
 
150 - 159 102 
 16 15.7 102 12 11.8
 
160 - 169 192 25 13.0 158 33 20.9
 
170 - 179 308 78 25.3 296 84 28.4
 
180 - 189 235 55 23.4 286 96 33.6
 
190 - 199 109 30 27.5 150 47 31.3
 
200 - 209 
 18 4 22.2 34 9 26.5
 
210 - 219 2 0 0.0 3 0 0.0
 

Totals 1152 211 18.3 
 1175 291 24.8
 

DISCUSSION
 

The basic findings of this study are these:
 

1) Sexual maturi ty in male rats is defined as visible
 
tubules in the cauda epididymis; 50% of the males showed this
 
character 
at an HBL of 152 mm nnd a 13' of 96 g. The sexual.
 
maturity criterion in females was the presence of visible corpora

lutea; 50% of t he females showed thi s at an ]IBL of 139 mm and a 
BW of 80 g.
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2) Fecund males were in everyseen month, with nosignificant seasonal change in testes weight noted. 

3) Pregnant females seenwere in every month. When theprevalence of pregnancy was adjusted forjust adult (sexuallymature) females, the rate ran from 29.9% to a peak of 56.1%, andaveraged 39.8% for the entire 11-month study periM. 

4) Crude litter size ran 6.60 but when adjusted for thelast trimester of visible pregnancy was 6 .0 9 +1.73(S.D.). 

5) Females were found haveto an average of 1.86pregnancies in their lifetime, producing a total of 11.3 young.The average life expectancy of th,:se females was 5.5 months. 

6) Young, sexually-ji maL.ure animals trappedwere in everymonth and averaged 13.1% of 'he t.otal sample over the period of
the study. 

7) Rat populations from which the samples were trappedwere at equilibrim and saturation densitiespopulation as judged byestimations, intraspecific strife and trapping resultsat the start and end of the study. 

8) The population level is; regulated by matching survivalof immatures (recrui tment of young) to the dea Lhs among theentire population. Thus the recruitment rate (approximately 13%month) must relate closely toper the death rate per month.
 
How do these findings compare to other 
 studies of Rattusrattus from banui en'ironments in South and Southeast Asia?There are four such studies: Harrison's (1952) examination ofreproduction in . ratus dfnrdij

Brooks et (1978) 
from Kuala Lumpur, Malaysia;al. report on 1. rattus Jhyensis from Rangoon,Burma; Advani and Rana (1984) and Rana et al. (1983) studies onR. rattus rufescens in Jodhpur, India, and Beg et al. (1983)report on 
R. rat.tus rufescens from Faisalabad, Pakistan. 

Size at Sexual Maturity 

The sizes of each sex at sexual maturity are dependent uponthe average sizes of rats in each population. Large rats willmature at larger sizes than small rats. The average sizes ofrats differs in the 5 populations. Obviously, from Table 14, itcan be seen that R. rattus from both Rangoon and Jodhpur are thesmallest in average size. The average for Jodhpur is low becauseso many immatures were trapped; however the maximum body weightsrecorded are not notable. Rats from Kuala Lumpur, Faisalabad andRawalpindi are larger. The average weight at onset of sexualmaturity of rats from the several studies are given in Table 15.Some data beenhas recalculated from the cited studies where itwas not given in the text.. 

13
 



--- ------------------------------------------------------------

--- ------------------------------------------------------------

---- ------------------------------------------------------------

------------------------------------------------------------------

--- ------------------------------------------------------------

--- ------------------------------------------------------------

Table 14. 	 Average body sizes (weight, g, and lengths, cm) by sex 
of P. '.rItt:us from several Asian cities. 

City 	 Avg. Body weight Max Avg_ body length (Max. 
Ma les Fe ina ]. es Ma les Females 

Kuala Lumpur 122.4(240) 1'24.5(250) -
Rangoon 89.2 78.9(169) 152.6(199) 148.2(199) 
Jodhpur 75.9(192) 77.1(179) -
Faisalabada 
Faisalabadb 

94.2 
114.2 

87.5 
119.5 

162.9 
157.4 

153.7(207) 
160.5 

Rawalpindi 146.8(274) 138.1(247) 171.4 167.9(215) 

a Beg et al. 	(19P3).
 
b Ver tebrate 	 Pc:-t.. Colitrol Proj ect, unpublished data. 

The Rawailpin i rats, being large, mature at a fairly large 
body weight. as compared to thi:f other populao ' ions. Jodhpuir rats, 
being some of the smailest, mature at. a comparatively larger
weight than t.hoseu- frm HuZA]a Lumpur, Faij.-aI;abad and Rangoon. Or 
they nmny ,,e latLurin g at; an older chronological age. The rats 
from Faisa]aIlaad and Huala ILuminIu)Ir appea, t.o mature at roughly the 

t nei ratssame body 	 li a id tie average weiglhts of of both cities 
are also -oughL]3' equal. 

Table 15. 	 Body weight (g) at sexual maturity in several 
populations of P. 'itLus 

City 	 Males Females
 

Rawalpindi 	 >96 >80 (corpora lutea)
 
Jodhpur >80 >70 (corpora lutea) 
Kuala Lumpur >61 55 (pregnant) 
Faisalabad >60 54 (pregnant) 
Rangoon >50 >47 (corpora lutea) 
Rangoon 	 - 65 (pregnant) 

Thus, in terms of body weight at sexual maturity, the rats 
from Rawalpindi are larger, but not necessarily older, than rats
 
from the other urban locale.. 

Male Fecundity 

Males from Rawapindi showed very little seasonal changes in 
testes weight.s and were fecund i n all months. Sexually active 
males were sen in al] months in Rangoon and Jodhpur but in 
Jodhpuir the pr-oportion of fecund males dropped to low levels in 
April, July and September. No data are reported on seasonal 
fecundity in ma]e rats from Kuala Lumpur or Faisalabad. 
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Prevalence of Pregnancy 

Pregnant females were seen in every month in 	 Rawalpindi,
Jodhpur, and Rangoon. Harrison (1952) does not specifically

state if they occurred in every month in Kuala Lumpur. 
 In 
Faisalabad, no pregnant- rats were seen in November or December. 
The prevalence of pregnancy also varied seasonally in Jodhlputr (as
did ovarian weights). In Jodhpur it was lowest in June and 
October and highest in July and December. The annual prevalence
of pregnancy was highest (46%) in Faisalabad and next highest in 
Rawalpindi (39.8%). Rangoon at 33% stood middle, while Jodhpur
(25.5%) and (uala Lumpur (26.0%) were least. When the pre 'alence 
of pregnancy figures are calculated as crude rates (number of
pregnancies for all females) (Table 16) the order is changed
little. 

Litter Size 

The comparative litter sizes are really in fairly close 
agreement. In 'Jodhpur, Faisalabad and Rawalpindi they varied 
from 6.60 to 6.19. In southeast Asia they were lower: 5.67 in 
Kuala um*rur and 5.03 in Rangoon. These are crude litter sizes,
however-, unadjusted to account for the number actually seen at 
birth. Quite often, litter size decreases as pregnancy 
progresses, so that counts taken in 	 the last trimester of visible 
pregnancy better approximate the true number to be seen at birth. 

Reproduction Rates 

To better compare the several populations, the "embryo rate 
per 100 of all females" has been calculated, and from this the"reproductive rate", as given by Harrison (1952). This is the 
number of embryos per 100 head of population, both males and 
iemales. These figures are given in Table 16.
 

Table 16. Comparative reproductive data and calculated
 
parameters for PL. rattus from several Asian urban 
localities.
 

City Sex Crude Preg- Unadjusted Embrqo Reproduction
 
aRatio nancy Rate Embryo No. rate Ratec 

Kuala Lumpur 146 13.8 5.67 
 78 53
 
Rangoon 137 26.7 
 5.03 134 77
 
Jodhpur 121 25.5 6.60 168 92
 
Rawalpindi 100 35.2 6.60 232 116
 
Faisalabad 117 36.1 6.19 223 
 120
 

a 	 Females/100 males
 
b 	 Number of embryos for all females in population regardless of
 

size
 
c 	Number of embryos Zor 100 head of population, males and 

females 
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The reproduction rate is equivalent- to the number of births 
per 100 of all rats seen in the several samples, of whatever sex 
(Harrison 1952). As is seen, this rate is highest in rats from 
Faisalabad and Rawalpindi; lowest in rats from Kuala Lumpur,
Malaysia. This reproduction rate in stationary rat populations 
can be interpreted as a measure of the death rate, since births 
should equal deaths. A low r'ate would indicate a low death rate 
and vice versa. tlowver, the most- ext reme rates occurred in roof 
rats living in shops and markets in Rawalpindi and Faisalabad. 
The assumption that. births equals deaths i.s not necessarily true. 
A better assumption would be that animals entering the population 
as young breeders (recruitmenit) would replace those adults that 
are dying. 'hLus a better measure of the death rate in adults is 
to look at reoruit.mcnt of young, since between birth and first 
breeding, a heavy mortality can occur. 

The percentage of immature rats (weaned nestlings up to 
sexual maturit.y) in the several populations is given in Table 17. 
From this it appe rs that roof' rats in Rawalpindi and Rangoon
suffer the least. mortal i. Ly while mortality is greatest in rats 
from Jodhpur. What the reasons are for the high recruitment of 
young rats in Jodhpur are not given by the authors but it may be 
surmised, in part, because of a relatively harsh environment. In 
Rawalpindi the main cause of rat mortality appears to be 
intraspecif c strife. Apparently this is carried out at a rather
 
constant level througrhout the year. If recruitment of immatures
 
is used as an indirect measure of the death rat-e, than this
 
occurs at about 13% pe" !.'mth in Rawalpindi grain shops. This
 
means that 50% of the population would die in 5 months and 
 only

18% would live for 12 months. If t!--! recrui tment. rate of Jodhpur

ratE is indicative of the death rate, then 
 over 50% of the adult
 
rats are dying each month. This is an extremel.y high death rate.
 
The rates of rect'uitment for ual.a Lnumpur and Faisalabad are
 
about what one would 
 normally expect in urban environments. 

Table 17. Percent of immature rats in several urban populations 

Locality 
 Number Annual percent immatures in 
examined sampled popul ation 

Rawalpindi 2327 
 13.1
 
Rangoon 420 
 14.8
 
Kuala Lumpur 3385 
 25.2
 
Faisalabad 180 
 31.1
 
Jodhpur 442 
 54.3
 

Despite a high reproductive rate in Rawalpindi rats, the low
 
proportion of inimatures entering the population indicate a high
morta].ity among nestling and wearnl.ing rats. This could be due to 
desertion of ].itters before weaning (very few lactating females 
were seen), predation by adult rats on nestling young, and high
mortality on weanli.ngs after 1.caving the nest. 
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Rat populations are maintained through a complex balance of 
sex ratios, early sexual maturity, pregnancy rates, litter size,
juvenile and adult mortality, and recruitment- of young into the 
population. These are modified, in turn, by biological- and 
physical factors in the environment (food, space, climatic 
extremes) and by behavioral factors innate in the animals 
themselves (int.raspecli ic competition, parental behav[or and care 
of young). These events are clearly demonstra ted by the breeding 
patterns arid popul at ion st rue t-ure of the Rawa]pindi roof rats. 

The implications for rodent control in such populations are 
not promising. Since they are suffering high juvenile mortality,
taking steps to increase adult mortal i ty through the use of 
poisons would only decrease the pressure on juvenile mortality.
The birth rate would be adjusted by the rats following control to 
compensate for mortality and would be expected to increase, both 
prevalenoe of pregnancy and 1.itter size. 

Better measures to exert on the populations would be those
that change the environrment. Rat-proofing of the grain shops, 
even though di fFicul t, i4ould bring about- population decreases. 
There are numerous holes in the walls between adjoining shops
that. could be filled to stop rat movements. Rat-proof doors 
could be installed in order to stop invasion by rats from the 
street. And grain shop sanitat.ioi, would be another measure that 
would be beneficial. Keeping spilled grains swept up from the 
floors and repairing damaged bags woLld help. If these measures 
were instituted, along with poisonirg, then populationt control
 
would begin to be seen. Tt would have to be a continuous effort.
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