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This study was conducted to evaluate effect 

of ratio transformation in trapping structure 

of rats and to model the sex ratio of the 

captured rats using 3 locations of George 

town. Rats were sampled using mark-

recapture technique for 10 months in 42 

trapping points were set up in the study area 

using 50 live traps (25 cm  × 15 cm × 15 

cm) and placed randomly at each trapping 

points for 3 consecutive days and nights. 786 

rats were caught within the study period and 

95% of these were R. norvegicus thereby 

making it a dominant species. The 

correlation analysis of the trapping variables 

showed that significant (0.986) relationships 

exist between number of rats and of newly 

catched rats, between total number of rats 

and number of rats at 1st catch (0.793) and 

between number of rat at the 1st catch and 

number of the newly catched rat (0.691). 

This study established that when the data 

were transformed, the data were made to be 

closer to meeting other assumptions (of 

minimal variance). 

Key word: Trap, commensal, Durbin -

Watson, pervasive, efficient, parametric 

 

Commensal mammals live in habitats that 

appear to provide benefits and costs 

compared with natural and semi-natural 

habitats (Pocock et al., 2004). In natural 

conditions, they (commensal mammals) 

depend upon wild environment for their 

existence in terms of cover and food sources 

(Jackson, 1972; Gilman, 1978). 

Urbanization however led to obvious 

landscape-level changes and habitat 

fragmentation that significantly altered the 

structure and functions of the affected 

natural environment (Niemelä, 1999). This 

thus results in indirect sharing of resources 

occasioned by successful acclimatization to 

living with humans. Their influence on 

resources sharing which results in 

deterioration of crops, spoiling of food 

stocks, or as vectors of various diseases 

consequently changed their status to rodents 

(Roomaney, et.al., 2012; Drummond, 2001; 

Battersby, 2004). Currently, studies 

regarding urban pests like rodents and their 

trapping features are scanty and the focus 

has been more on their study in natural and 

rural environments (Cavia et al., 2009) as 

well as economic importance of rattus 

(Sivaraja, et.al., 2012). Trapping is one of 

the methods of controlling the population of 

this animal and trapping methods include, 

snap trap, hygienic traps, ultrasonic 

repellents, electronic mouse traps, 

rodenticides, glue traps and live traps (Kreb, 

et.al., 2011). Study of Rattus norvegicus is a 

highly desirable activities in controlling their 

ever increasing population and in view of 

their economic importance. Such a study is 

prime not only to controlling the species but 

in any other management strategies to 

optimize its interaction within the eco-

system. The efficiency of the trapping 

method however is of paramount importance 

because it is the basic sampling methods on 

which the subsequent research activities in 

line would fall. This trapping method has 

been used in rats study but its efficiency 

have not been specifically evaluated. This 

study is therefore justified by the need to 

effectively and appropriately analyze 

rodents’ trap data on which other methods of 

rodents’ control would be based. The 

questions of the reliability of the trapping 

and population data for analysis come to 
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mind when the results are not falling in the 

desired direction. Many of the biological 

variables for which data are generated do not 

usually meet the assumptions of parametric 

statistical tests and using such tools (like 

anova or linear regression) for the data may 

result in a misleading result(McDonald, 

2009). Indeed, data deviation from desired 

course of research had occasioned the call 

for rodent control strategies that would 

enhance food security and reduce the risk of 

rodent -borne illness (Santos, et.al., 2013).  

Data transformation refers to the application 

of a deterministic mathematical function to 

each point in a data set (Grissom, 2000). 

Each data points zi is replaced with its 

transformed value yi and there are a great 

variety of possible data transformations 

ranging from adding constants to 

multiplying, squaring or raising to a power, 

converting to logarithmic scales, inverting 

and reflecting, taking the square root of the 

values, and even applying trigonometric 

transformations. Data transformation would 

therefore be essential in ensuring that the 

data meet the assumption of statistical 

inference procedure that is to be applied. 

Ratio transformation has been less utilized 

as a data transformation tool perhaps 

because of its presumed direct relationship 

with the real data. The goal of this study is 

therefore to assess the effect of ratio 

transformation on the traping and population 

analysis of R novengicus in the study area. 

This would enhance further reliability of the 

sampled data on which further analysis 

would be based.  

The general objectives of this study is 

therefore to evaluate the efficiency of the 

trapping system of sampling in rats study 

while the specific objectives are to asses the 

effects of ratio transformation in the study of 

trapping structure as well as to study the 

relationship between number of the captured 

rats and the number of the recaptured rats as 

well as model sex ratio of the captured rats.  

 

MATERIALS AND METHODS 

The study was conducted using 3 locations 

of George town:inner city area (ICA - 

Location  A); mixed settlement area (MSA - 

Location B) and the commercial area (CA-

Location C). Generally in Georgetown, the 

wet season occur during April, May, July 

until September, with the mean precipitation 

of 417.32mm, whereas the dry season is 

experience in the months of January, 

February, November and December with the 

mean precipitation of 128.5mm. ICA (38.84 

ha) is an area with lot of shops and houses 
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Figure 1. Map of George Town showing the 3 Locations, the inner city area (A), the mixed 

settlement are (B) and the Commercial area (C) - I as well as Study area showing Trapping Site 

- II 
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and it is also called the center of 

Georgetown because the administration 

center for Penang is located in this area. 

MSA (66.13 ha) consists of more dwelling 

places, including villages, cluster houses, 

and medium and low-cost flats. Penang 

River, mosques, markets, derelict flats and 

shops can also be found here. CA (58.08 ha) 

mainly compose of shop houses as well as 

dwelling places and it also includes terraced, 

semi-detached,detached-houses,  

condominiums and apartments (Figure 1).  

Sampling of the R. norvegicus using mark-

recapture technique was carried out between 

20 October 2008 to 7 July 2009, the most 

suitable or activities peak period of the 

animals. A total of 42 trapping points (14 

trapping sites/location) were set up in the 

study area.  The trapping was executed using 

50 live traps (25 cm × 15 cm × 15 cm) 

placed randomly at each trapping points for 

3 consecutive days and nights.  Burrow 

location, potential pathway of rat, visible 

rats droppings, areas located near the trash 

bin and the locations where the rats were 

likely to be active were some of the guides 

for the trapping points (Cunningham and 

Moors, 1996). Stiff mixtures of peanut butter 

and bread were used as bait based on the 

initial investigation of the rats’ bait 

preference and were (the baits) renewed 

whenever their attractiveness had been 

reduced. The temperature of the study area 

ranged between 30.80C and 31.90C with a 

mean of 30.80C while the relative humidity 

ranged between 60% in January and 78% in 

May (Figure 2). The optimum temperature 

suitable for the animal in the area falls 

between 30.80C and 32.250C while optimum 

relative humidity falls between 52 and 85 

(Figure 3). Data were analyzed using 

summary statistics (like mean, standard error 

and variance), chi square of the sex ratio 

(which examine significant difference 

between observed and expected frequencies 

of the sex of the trapped rats).  Generalized 

linear model analysis (glm), correlation 

analysis and the regression analysis using 

maximum likelihood estimation was also 

adopted in this study. Number of rats 

captured in the 1st catch and those captured 

in the second catch were transformed into 

their ratio using; 

Ratio 1 
ti

i

c
c

,

1,   and Ratio 2 
ti

i

c
c

,

2, .

 . . . . .(i) 

Where ci,1 is the 1st catch for location i, ci, 2 is 

2nd catch for location i and ci,t is the total 

catch for location i. When the first and 

second catch are related together and with 

 
Figure 2. Temperature and Relative Humidity of the Study area where the Trapping exercise 

were conducted. 
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the total rats encountered, the trapping index 

is thus obtained.  

tR
T

T
Trapindex  )(

2

1 --

 - - - -

 - -(ii) 

Where T1 = number of rats traps at the first 

catch, T2 = number of rats traps at the second 

catch and Rt = total number of rats 

encountered in the location. 

SAS (9.0) and Kype statistical package were 

used for the statistical analysis. 

 

RESULTS  

3.1.Summary Statistics - Seven hundreds 

and eight six rats were encountered within 

the study period in the three major 

settlement areas (Table 1) and 95% of these 

were Norway rat or Rattus norvegicus. 

These showed that the rats’ species can 

survive better in the urban habitat than any 

other rat species. Also, in some trapping 

sites, remarkable number of rats were 

captured while in some other sites, there was 

none. Inner city areas showed the highest 

captured rats of 321 rats, with R. norvegicus 

being the dominant species (319 rats) while 

other rat species captured were far lesser 

than that of captured R. Norvegicus (Table 

2).  A total of 748 (5.94%) R. norvegicus 

was successfully capture for 12600 traps 

night (that is 4200 x 3) and the percentage of 

successful rats trapping between location A 

(ICA) and location B (MSA) are similar 

1.17% in comparison with location C (CA). 

This result showed that the rat trapping by 

location was not consistent but fluctuated 

(Table 1). The number of recaptured for 

each trapping location in this area is low 

except in Campbell market where highest 

recapture (15 rats) was recorded. The 

population size for CA is the least (272) with 

average of just 6 rats per sites (Table 2) and 

the population size of Pulau Tikus market 

trapping site showed the highest (146 rats) 

population size among the sites of this 

location (Table 2). If the number of R. 

Norvegicus capture in each sites of the 

locations is taking as a random variable - xi 

and the total number of night as a fixed 

variable, y, the percentage of R. norvegicus 

captured/night 100)( 
y

xi showed a 

decreasing trend from ICA, to MSA and 

then to CA (Table 2).  The summary 

statistics of the rat captured showed that 

highest number of rats )786.22(  are 

available in ICA (inner city area) while the 

least )929.10(   number of rats were 

obtained at location 2 (MSA) with the 

standard error of 3.126. The variability 

however does not follow the same trend 

because the highest variance for the total 

number of rats which 252.681 was obtained 

in MSA (location 2) while the least of 

136.841 was obtained with CA(location 3 - 

Table 3). The variance were generally high 

for the total number of rats captured in each 

location. Mean number of rat at 1st catch 

(NORC) ranged between 3.5 (location1, 

ICA) and 3.667 (location 2 and location 3) 

while the variance followed the reverse 

order (Table 3). However, for the number of 

rat catched at the 2nd trapping, highest 

 

Figure 3: Numbers of R. norvegicus according to gender (A) and relationship between 

female:male ratio and the rat population in the 3 major settlement areas. 
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Table 1. The Different trapping Sites of the 3 location and the trapping data. 

 

 Location A Location B Location C 

S/n Site Names 
Number of 
rat Catched 1st Trapping 

Newly 
catched 
after I1st 
Trapping Site Names 

Number of 
rat Catched 

1st 
Trapping 

Newly 
catched 
after I1st 
Trapping Site Name 

Number of 
rat Catched 

1st 
Trapping 

Newly 
catched 
after I1st 
Trapping 

1 Chowrasta market 30 6 24 Nusantara flat 47 4 44 Wetland road 0 - - 

2 Kuala Kangsar road 25 3 22 Makloom road 27 3 21 Pykett road 3 - - 

3 Campbell market 65 15 50 Patani market 26 3 23 Service road 1 - - 

4 Pangsa's flat 20 3 17 MPPP's flat 44 8 33 Boon siew road 8 - - 

5 Police quarters 35 3 32 Kuantan Road market 45 6 39 Chow Thye road 7 - - 

6 Cheng Fatt Sze road 3 3 - Kajang road 16 2 14 Tavoy road 3 - - 

7 Kimberly road 34 2 31 Kampung Dodol 15 2 13 Raja Gopal road 4 - - 

8 Carnavon road 21 2 19 Abidin flat 6 - - Kampung Sireh 13 2 11 

9 Kapitan Keling mosque 19 3 16 Lintang Kampung Rawa 6 - - Edgecumber road 16 2 14 

10 Perangin road   12 2 10 Penang river bank 2 - - Medan Lim Cheng Teik 12 3 9 

11 Popus road 13 2 11 Lintang Sungai Pinang road 3 - - Jones road 12 3 9 

12 Dinding road 16 2 14 Maqbul road 8 - - Cordrington road 23 7 16 

13 Amoy road 14 2 12 Kampung Makam 11 1 10 Pulau Tikus market 45 5 40 

14 Macalister roadG 12 1 11 Tekong road 20 4 16 Bangkok road 6 - - 
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Table 2. Total numbers of rodent species and Percentage of R. norvegicus in the three major 

settlement areas. 

 Rodent 

species 

Site A 

(Inner city 

areas) 

Site B 

(Mixed-

settlement areas) 

Site C 

Commercial 

areas) 

Total 

Total 

number of 

Rodents 

 

Rattus 

norvegicus 

319 276 153 748 

Bandicota  

bengalensis 

1 28 5 34 

Rattus rattus 1 2 1 4 

Total  321 306 159 786 

      
% of R. 

norvegicus 

 

 

No. of trap-

nights 

 

4200 

 

 

4200 

 

4200 

- 

 

R. norvegicus 
 

 

7.6% 

 

6.43% 

 

3.64% 

- 

 

Table 3. Summary Statistics of the Rat Population 

Site 

NOR NORC NNC 

Mean Variance Mean Variance Mean Variance 

L1 22.786 ± 4.048 229.418 3.5 ±  0.936 12.269 20.692 ±  3.169 130.564 

L2 19.714 ± 4.248 252.681 3.667 ±  0.726 4.75 23.667 ±  4.076 149.5 

L3 10.929 ± 3.126 136.841 3.667 ±  0.803 3.867 16.500 ±  4.836 140.3 

 Ratio  Ratio 3 Trapping Index 

 Mean Variance Mean Variance Index Variance 

L1 6.845 ±  1.024 14.69 7.881 ± 1.048 15.374 4.282 23.219 

L2 4.557±  1.060 15.74 5.280 ± 1.188 19.743 4.423 8.382 

L3 2.214 ±  0.812 8.561 2.676 ± 0.937 11.414 4.723 8.375 

 

rats )667.23(   were trapped in MSA 

while the least were the rats obtained for 

location 3 (CA).  Trapping index analysis 

returned the index range of 4.282 for inner 

city area and 4.723 for commercial area 

(Table 3). The variance of the index 

however follow a converse order ranging 

between 8.375 for commercial area and 

23.219 for inner city area.  

For the trapping structure, the number of rats 

successfully caught in the inner city was 117 

male and 202 female R.norvegicus and this 

gives the female:male ratio of 1.726:1. 

Similarly, 76 males and 200 females of the 

R. norvegicus were caught in the mixed-

settlement areas given the female:male ratio 

of 2.632:1 while in commercial areas, 61 

males R.norvvegicus are to 92 females 
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R.norvegicus equivalent to 1.508:1 = 

Female:male (Figure 3). The chi square 

results for this structural analysis produced a 

significant difference between the trapped 

rats and expected rats in term of this 

female:male ratio (Figure 3). This is because 

the chi square statistics, 22.649 (ICA), 

55.710 (MSA) and 6.281 (CA) are all 

significant (P < 0.05). The implication of 

this result is that significant difference exist 

between the expected and observed ratio of 

the sex structure of the trapping 

characteristics of each of the locations. 

Similarly, it is apparent that the ratio 

transformation of the data enhance the 

discernibility of the trapping trends of the 

rats. 

3.2. Effects of ratio transformation on 

Trapping structure Analysis. 

The generalized linear model of the total rats 

available, the number of rats at the 1st catch 

and the number of rats at the second catch 

returned means that is not significantly 

different across the locations. The F 

statistics, 2.57, 0.01 and 0.67 returned 

respectively for inner city areas, mixed 

settlement areas and the commercial area are 

not significant (P >0.01;Table 4). However, 

for the ratio of the first catch to the total 

number of rats available in the area and ratio 

of second catch to the total number of rats 

available in the area, there exist significant 

difference in the means return for each 

locations. The F statistics returned for the 1st 

ratio (5.51) and the 2nd ratio are all 

significant (P > 0.01). These means 

(obtained) were partitioned into 2 main 

classes - the mean rat catched for ICA 

(6.845) is significantly higher and different 

from that obtained for CA (2.214) and there 

is an intermediate group, MSA which is not 

significantly different form either of the 

class (Table 4). Similar partition was 

obtained for the ratio of the second catch 

where the mean rat catched for ICA (7.881) 

is significantly higher and different from that 

obtained for CA (2.67) and there is an 

intermediate group, MSA which is not 

significantly different from either of the 

class (Table 4). The implication of this 

results, is that the untransformed data 

produced a non significant results leading to 

a misleading conclusion while the ratio 

transformed data produced otherwise 

thereby leading a more reliable conclusion. 

 

3.3. Correlation analysis and sex ratio 

models. 

The correlation analysis of the trapping 

variables showed that highest and significant 

correlation(0.986) exist between number of 

rats and number of newly catched rats 

(NNC). This was followed by the 

relationship between total number of rats 

and number of rats at 1st catch (0.793) and 

the least but significant correlation (0.691) 

was between number of rat at the 1st catch 

and number of the newly catched rat (Table 

5). This implied that the data is plausible for 

further modeling of trapping characteristics 

and that the ratio component data gave 

higher correlation values than other. Highest 

Table 4. F statistics of the GLM and Duncan Multiple Range Test of the Variables 

 

Parameter/Loc

ation NOR NORC NNC Ratio Ratio3 

 F statistics 2.57 0.01 0.67 5.51** 5.85** 

Mean Separation 

 

L1 22.786 3.667 20.692 6.845a 7.881a 

L2 19.714 3.667 23.667 4.557ab 5.280ab 

L3 10.929 3.5 16.5 2.214b 2.676b 
 

Note, GLM is generalized Linear models 
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variance - covariance value of 191.884 was 

the variance of the total number of rats 

captured while the least variance covariance 

of 8.025 was that returned for number of rats 

at the 1st capture. All other variance- 

covariance values fall within the range 

discussed above (that is 

)884.191025.8  x . This result apparently 

showed a wider dispersion in the value for 

the total number of rats perhaps due to the 

fact that the size/values are larger. In 

addition, if the female:male ratio is taken as 

a random variable xi and the population of 

the R.norvegicus in each location as yi, the 

relationship between xi and yi can be 

predicted using;  

3635.60872.00002.0 2  xxyi

 . . . . (i) 

The coefficient of determination - R2 of this 

model is 0.996 while the sum of the residual 

is 0.0001. The implication of this is that the 

female:male ratio can successfully be 

predicted using this model (i). The model to 

add Presented lesser deviation thereby 

minimizing over or under prediction.  The 

multiple regression model analysis showed 

that number of new/successive catch of rat 

can successfully be predicted from the total 

number of rats available in the area as well 

as the number of rat at the 1st catch. The 

model returned both positive and negative 

regression coefficient for both total number 

of rats available in the area and the number 

of rat at the 1st catch (Table 6). The 

standardized regression coefficient are 

0.031, 0.992 and 1.010 for the constant, total 

number of rats available in the area and the 

number of rat at the 1st catch with the 

standard error of 0.335, 0.019 and 0.095. 

The model can therefore be estimated thus; 

21 010.1992.0031.0 xxY 

 - - - -

 - - -(ii) 

Further analysis of the model returned a 

significant t-statistics for all the coefficient 

except the constant. The t - statistics (50.988 

and -10.625) for both total number of rats 

obtained and the number of rat at 1st catch 

are significant (t < 0.01) while the t - 

statistics for the constant (0.093) is not 

significant. The implication of this is that the 

model whether standardize with the constant 

or not would still predict successfully the 

number of subsequent catch. The model 

statistics (that is adjusted R2, F - statistics 

and Akaike  information criteria - AIC as 

well as Durbin Watson ratio) which are 

0.995, 2497.68, 75.356 and 2.613 are all 

significant (p < 0.01). This apparently 

Table 5. Correlation and covariance Matrix of the Trapping variable. 

 NOR NORC NNC  

 191.884 31.122 158.815 NOR 

NOR 1 8.025 22.750 NORC 

NORC 0.793 1 135.157 NNC 

NNC 0.986 0.691 1  

 

Table 6. Multiple Regression Model coefficient and Associated Statistics. 

 Estimate SE t(cal) 

b0 0.031 0.335 0.093 

b1:NOR 0.992 0.019 50.988** 

b2:NORC -1.010 0.095 -10.625** 

R2 - adjusted 0.995 

F- statistics 2497.680** 

AIC 75.356 

Durbin-Watson Ratio 2.613 
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showed that the model is parsimonious and 

can be relied upon in term of predicting 

subsequent trap of the rat after the first 

catch. Similarly, the model based on the R2 

statistics, can successfully predict (99.5%) 

relationship between number of rats 

available in an area, number of rats in 1st 

catch and number of rats in subsequent 

catch. It is worthy of note that the ratio 

transformation play a significant roles in the 

model estimation of both (i) and (ii) 

mentioned earlier. 

 

DISCUSSION AND CONCLUSION 

One of the goals of the present study is to 

analyze the trapping features of the Rattus in 

the study area. It is worthy of note that the 3 

locations of the study area adequately 

represents the peculiarities of the different 

region of an urbanized city/area. Also, the 

pervasiveness of Rattus norvegicus is similar 

to Weihong, et.al., (1999) and the rodent 

population of the study area is by far less 

than the 121 ship rats obtained in 5nights 

through tracking tunnels, snap trap and fern 

traps else-where by Blackwell, et.al. (2002). 

Similarly, 1327 rats have been recorded in 

46 nights and 4818rats in 104 nights in 2 

sites of the same study area in Norther 

Canada (Kreb, et.al., 2011). This study had 

used 42 trapping points and the sum of the 

trapped rats is 786.  In the United Kingdom, 

some figures showed that the rat population 

has been rising, with estimations that 81 

million rats reside in the UK, (Weihong, 

et.al., 999). These differences may be hinged 

on differences in the weather condition of 

the different study sites as well as the 

sampling frame (which is the number of 

available materials from which 

representatives is chosen for data collection). 

In addition, 95% of the trapped rats was 

Rattus norvegicus which implies its 

pervasiveness in the rodents’ population. 

The pervasiveness of this Rattus norvegicus 

was also reported in the work of Gardner 

(2009), in urbanized areas of Baltimore, 

Maryland. However, this contrast with the 

study of commensal and wild rodents in the 

urban areas of Argentina where 69.2% of the 

total captures are Mus domesticus, while R. 

norvegicus only represents 0.8% (Castillo et 

al., 2003). The pervasiveness may be due to 

the wide variability (variance) of the species. 

Variability (variance) is a statistics of 

dispersion which is one of the 3 factors 

identified as enhancing rodents or organism 

response to global climatic changes. Other 2 

factors are ability to acclimatize and their 

evolvability (Auffray et.al., 2009). Also, the 

dominant and only specie in the 5,000 rats 

trapped in Missisipi is white - footed mice 

(Peromyscus leucopus - DeJohn, et.al., 

1998). 

The trapping feature is irregular because the 

number of rats available in each location 

contrast the number of rats trapped in the 1st 

catch and also with the number of rats 

trapped in the 2nd attempt. The female:male 

ratio of the captured rat however showed a 

relationship with the total captured rats per 

location based on equation (i). Similarly, 

another model showing relationship between 

total rats available in location, number of 

rats at first catch and rat caught at 

subsequent trapping exercise (equation ii) 

was arrived at. The model showed that the 

more the population the lesser the ratio of 

female:male. Similar model have been 

adopted in the study of rodent density 

indices to predict cumulative trap from the 

night catch in New Zealand (Blackwell 

et.,al, 2002) and in density estimation for 

small mammals from live trapping grids 

(Krebs et.al., 2011). The female:male ratio 

in this study showed that the females are 

more than the males unlike in Blackwell 

et.,al, (2002) where the overall male:female 

ratio was 1:1.03. The non significant result 

obtained from the glm analysis for the total 

rats available in the locations, number of rats 

at the first catch and number of rats at the 

second catch was also noted. The result of 

data transformation into the ratios were 

however significant implying the need for 

appropriate management of the data. 

Meanwhile the goal of the present study 

centered on the trapping characteristics. This 

indicates that the direct use of the data 

without the ratio transformation relative to 

the catch would produce a non plausible 

trapping result. Similar methods have been 

adopted in the study of density estimation 

for small mammals from live trapping grids 

(Krebs et.al., 2011). The trapping index 

estimated in this study provides a useful 
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mean of estimating trapping ability of 

trapping materials in an area. 

The tremendous contribution of the ratio 

transformation in discerning trends in the 

obtained data, reorienting of non significant 

data to produce a significant results while 

still maintaining the status of the data and 

production of parsimonious model are 

apparent from the result of this study. One 

added benefit of this ratio transformations as 

derived in this study is that when the data 

were transformed, the data were made to be 

closer to meeting other assumptions (of 

minimal variance) as well (Grissom, 2000).  

In conclusion, this study has been able to 

establish the population of R. norvegicus of 

the study area; effect of ratio transformation 

in the efficiency of the analysis of trapping 

characteristics; Trapping index; model the 

population - sex ratio of the rat species as 

well as population - trap model of R. 

norvegicus. The adoptability of the result for 

any urbanised city in any part of the world 

was established from the representation of 

the different region of urbanised city in this 

work.  These models have been validated 

and confirmed to give minimal residual 

which makes it parsimonious enough for 

use. The advantage of these models is that 

much time efforts and money would be 

saved analyzing the sex ratio or repeating 

trapping activity. The biasness of the model 

is therefore recommended for future study to 

further validate the model as well as develop 

other necessary model component. 
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