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1. INTRODUCTION 
 
The World Health Organization has initiated and partially funded several pilot 
programmes of dog rabies control as well as dog ecology studies in recent years 
(Sri Lanka (Wandeler & Budde 1985, Budde, in preparation), Tunisia (Ben Osman & 
Haddad 1988, Matter 1989), Ecuador (Beran & Frith 1988)). Field investigations 
were designed for the collection of reliable ecological data on dog populations. 
They are one of the basic needs not only for a better understanding of rabies 
epidemiology, but for the successful implementation of any control programme as 
well (Wandeler 1985). 
 
The experience with previous rabies and vector control programmes and the 
ecological information available today, have revealed that global eradication of 
canine rabies can only - if at all - be achieved through mass vaccination 
campaigns of dogs. These campaigns are aimed at reaching about 70 to 80 % of the 
total dog population. Several successful programmes are known from South America 
(Belotto 1988; Chomel et al. 1988; Cifuentes 1988; Larghi et al. 1988) and from 
North Africa (Ben Osman & Haddad 1988). 
 
Although the principles of mass vaccination campaigns are much the same all over 
the world, adaptation to local conditions is necessary. Programmes have to take 
into account the biology of the dog population under study as well as cultural 
constraints imposed by the human population (Wandeler et al. 1988). Pilot 
projects help in assessing dog accessibility, ways of cooperation with local 
residents, effect of information and education campaigns. Vaccination strategies 
and logistic aspects can be optimized. Finally, the effectiveness of the 
vaccination campaign can be estimated by a careful evaluation of the vaccination 
coverage achieved. Plans for large scale operations can then be adjusted 
according to experiences made in the pilot phase. 
 
Plans for rabies control projects in Nepal have been prepared already several 
years ago (Joshi & Bögel 1982, 1985). In the 1985 document a phase-wise 
extension of vaccinations was suggested over a period of 4 years, starting with 
a pilot project in Lalitpur City. After funds for a first phase had been assured 
by V‚t‚rinaires sans Frontières VSF, France, Drs Joshi and Bögel (1989) 
elaborated the final working document for the Lalitpur campaign.  
 
Prior to our visit, Dr M. Frith, Penn State University, conducted a 
questionnaire survey in selected households of Lalitpur, providing data on 
relative dog densities, human:dog-ratios, rabies awareness, etc (Frith 1989). 
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2. PURPOSE OF THE STUDY 
 
The objective of this study was to collect quantitative information on the 
following items: 
 
a)  dog population size in the project area; 

b)  vaccination coverage achieved; 

c)  catchment area of vaccination centers; 

d)  durability of collars used for marking of vaccinated dogs; 

e)  re-observability of dogs for controls; 

f)  sex ratio in the population segments of dogs brought for vaccination and of 
those observed in the field; 

g)  age structure in the population segment of dogs brought for vaccination. 
 
 
 
3. STUDY AREA AND MASS VACCINATION CAMPAIGN 
 
3.1. Study area 
 
Lalitpur City is situated on the southern banks of the Bagmati river, in the 
immediate vicinity of Kathmandu, the capital of Nepal. The exact location is 
85°25' E / 27°40' N, the average altitude 1300 m.a.s. Lalitpur City is the 
capital of a district of the same name. It is one of the three major towns in 
the Kathmandu Valley (Fig. 1b). 
 
Lalitpur City is subdivided into 22 wards (administrative units) of different 
size (Fig. 1c). Wards in the old town (center of the city) are smaller than the 
peripheral ones. Houses are built together, usually three to four stories high 
and of traditional Newar style. Often they are grouped around a common court-
yard. Courtyards communicate among themselves and with the narrow streets and 
small places through numerous passages. With a few exceptions, there are no 
gardens. The old town has an extremely high human population density. 
In the north and the east the old town borders on agricultural land (mainly 
rice). The zones west and south of the old town are dominated by residential 
areas. Houses are isolated, often surrounded by a fenced garden or neighboring a 
small rice field. Small industrial enterprises are located between the south 
border of the old town and the ring road. The ring road marks the boundary 
between areas of urban character and rural Lalitpur. 
As the Kathmandu Valley is a traditional 'immigration area', various ethnic 
groups are represented in the human population. The once predominating Newar are 
mainly found in the center of town today. The main religions are Buddhism and 
Hinduism which both refuse the killing of animals.  
 
Frith (1989) collected information on the human population from HMG Central 
Bureau of Statistics and the Lalitpur Town Panchayat (= town administration): In 
1981, when the last official census was done, the total population of Lalitpur 
City was 79,875. In 1987, the Lalitpur Town Panchayat estimated the population 
at 97,417. With an annual growth rate of 10 per cent, Frith calculated a total 
of 117,875 inhabitants for 1989.  
 
Based on maps (see 4.1.1.) we estimated the surface of the old town of Lalitpur 
to be around 1.2 km2. The area within the ring road covers approximately 9 km2, 
and the total city about 15 km2. The population density would then be around 
7800 people/km2 in Lalitpur City. 
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Fig.1:  a) Topographic regions of Nepal (modified from Shresta 1988). Dark shaded area = 

sector of map b.  b) Kathmandu Valley with the 3 largest towns and the ring road 
encircling Kathmandu and Lalitpur. Shaded area = sector of map c.  c) Lalitpur 
City map with the location of vaccination centers during the June 1989 campaign. 
Approximate borders of wards as established by M. Frith in May 1989.  
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3.2. Mass vaccination campaign 
 
The strategy for the Lalitpur City dog vaccination programme was developed by 
the local Coordinating Committee, based on the document prepared by Drs D.D. 
Joshi and K. Bögel (1989). The programme was implemented and carried out by 
local authorities (see Joshi 1989). Funds for the vaccination campaign were 
provided by Vétérinaires sans frontières VSF, France, who had an expatriate as 
programme coordinator in Lalitpur City. The Mérieux and the Virbac laboratories, 
France, kindly donated 5,000 doses of vaccine each (Rabisin, Rabigen). 
It was planned to vaccinate a minimum of 75 % of Lalitpur's dog population 
against rabies within one month. To achieve this goal, a strategy of so-called 
'neighborhood centers' - as opposed to door-to-door vaccination - was adopted: 
Vaccination centers stay in a given place for several hours and vaccinate any 
dogs presented there. Local authorities had sufficient personnel to run 5 
centers simultaneously, with 3 field assistants each. These teams were 
supplemented by about half a dozen people involved in logistics, information, 
and monitoring. Vaccination centers were operated from 6:30 a.m. to 9:30 a.m., 
the time the majority of local residents were still at home and thus could bring 
their dogs. Centers were usually located near cold stores, market places, 
temples or other well frequented spots throughout the city (Fig. 1c). Their 
location changed daily. In the evening prior to the campaigns, local residents 
in the neighborhood of the following day's centers were informed by loudhailers, 
leaflets, and posters. While centers were operating, public health workers 
toured the surroundings by bicycle and motivated people to bring their dogs. 
All dogs were vaccinated, registered, and marked with a plastic collar. Every 
team used a different color (see 4.3.2.). Besides information on the dog's 
owner, data on the breed, as well as on age and sex of the dog were noted in a 
record keeping book. Additional information on movement restriction imposed on 
the dog was collected by means of a questionnaire (see 4.2.1.). In many 
instances the teams were helped by local residents. Children were usually 
motivated to catch and bring dogs, profiting from nooses (dog restraining loops) 
provided by the vaccinators. 
In 15 instances the primary location of a team proved to be unsatisfactory (low 
number of dogs). After about half of the operating time these teams were moved 
to a nearby place that looked more promising. 
Within 19 working days - or 95 team days - vaccination centers had been 
operating at a total of 110 locations, covering more or less the whole city 
(09/06/89 - 02/07/89). A follow-up campaign took place after we had left, from 
07/07/89 onwards. It was designed to "clean-up" those areas where the percentage 
of vaccinated dogs was below the target figure of 75 %. 
 
 
 
4. MATERIAL AND METHODS 
 
4.1. Material 
 
4.1.1. Maps 
 
A Nepalese map of Lalitpur City was made available through Dr M. Frith from 
Lalitpur Town Panchayat (Scale 1:12,000). Frith had established the approximate 
borders of the town's 22 wards (administrative units) on this map. 
A more detailed document was available for the northern part of the study area: 
Patan City Map, 1:7,500, (Nepal-Kartenwerk der Arbeitsgemeinschaft für verglei-
chende Hochgebirgsforschung Nr 22, produced by the Lehrstuhl für Kartographie 
und Reproduktionstechnik der Technischen Universität München, Munich, Germany). 
From this document working maps on a scale of 1:5,000 and 1:4,600 were produced. 
For the border zones of the study area that were not covered by the Patan City 
Map, sketches were made. They were based on the Kathmandu Valley map, 1:50,000, 
which is number 1 in the same series of maps as above. 
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4.1.2. Dog collars 
 
During the campaign, every dog brought for vaccination was given a collar to 
identify it as vaccinated. Polypropylene ribbons of 12 mm width and 0.6 mm 
strength, as commonly found in the packing industry, were used (blue, green, 
brown, black [for special purposes only] from STRAPEX, 5610 Wohlen, Switzerland; 
red from FRIMATEC, 3400 Burgdorf, Switzerland; yellow from VERPAMA, 8706 Meilen, 
Switzerland). They were fit to the individual dog's size, fixed with double-
sided adhesive tape (Scotch Type 950, 3M, 8803 Rüschlikon, Switzerland), and 
secured with two staples. From the beginning it was clear that the collars would 
last for several days or weeks only. Longer lasting identification would have 
been desirable, but prices for suitable materials were prohibitively high. 
For details on material, procurement, collar production, and application see 
annexes 2 to 4. 
 
 
 
4.2. Methods 
 
4.2.1 Questionnaire survey 
 
A simple questionnaire was used by the vaccination teams to collect information 
on the origin of dogs (ward number), sex and age, as well as movement 
restriction practices (see annex 8). The form had two major drawbacks: 
 
1.  As we had prepared the form in Switzerland without any knowledge on the 

record keeping system foreseen by local authorities, there was some overlap 
between the official record keeping and the questionnaire (ward number, 
sex, age). This caused additional work.  

2.  The form was in English which was not very well understood by most of the 
vaccinators. Although a translation was provided, mainly the questions on 
movement restriction were often misinterpreted. As paired questions had 
been asked, requiring a 'yes' and a 'no' within any pair, it was possible 
to exclude those answers from evaluation, where the meaning of the question 
had probably not been understood by the respondent. 

 
One of the scopes of the questionnaire was to determine, whether all vaccinated 
dogs would be equally well reobservable on control tours (see 4.2.4.) aimed at 
estimating vaccination coverage. 
 
 
 
4.2.2. Number of vaccinated dogs 
 
To keep track of the daily operations, we had designed a report form that was to 
be completed by the vaccination teams at the end of every morning (see annex 8). 
The form provided information on location, operating time, type of vaccine and 
number of doses used, number of dogs presented for vaccination and actually 
treated, color of collars used. The data from this form, together with the 
questionnaires mentioned above, were used to calculate the total number of dogs 
that had been vaccinated.  
 
 
 
4.2.3. Mapping of vaccination centers 
 
In 98 out of 110 instances vaccination centers were visited while operating. 
Their location was precisely recorded on a map of 1:7,500. For some of the 
remaining centers the exact location could be established and mapped after the 
daily campaign. For a few centers we had to rely on second hand information.  
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4.2.4. Photographic capture and recapture 
 
4.2.4.1. Collection of data 
 
Mark-release-recapture methods are one possible approach for estimating popu-
lation size (Caughley 1977). Dogs are so variable (size, shape, fur pattern) 
that they can individually be distinguished without any need of further marking 
them. Beck (1973) was the first to take advantage of this. Photographs of any 
dog encountered are taken, while repeatedly surveying an area. This provides the 
same type of data as any other mark-release-recapture method, but without the 
need of handling animals: The first photograph of a dog is equivalent to its 
capture, any picture subsequently taken of the same animal is treated as a 
recapture. On the developed films all animals are identified and their 
individual capture-recapture history is established. The data can be treated in 
several different ways to yield estimates of the size of the local dog 
population.  
 
All photographic (re)capture tours were made by 2 people on foot or bicycle 
(Bagmati only). Equipment used included a 35 mm camera loaded with color film 
(Kodacolor Gold 200) and a 90 mm fixed or 75-200 mm zoom lens. Dogs were 
photographed, identified with a few key words on a protocol form (sex, age 
class, color of collar [if any], size, peculiarities; see annex 8), and their 
position recorded on a map (1:4,600 or 1:5,000). This facilitated the evaluation 
of the developed films. 
 
 
 
4.2.4.2. Photographic (re)capture tours 
 
We used the method in 4 different zones of Lalitpur. They can be characterized 
as follows (see also Fig. 2 and Table 1): 
 
Bagmati 
Residential area in Ward number 1, WSW of Bagmati Bridge. Isolated, relatively 
new houses, usually 2 to 3 stories high, mostly with garden. Gardens were 
fenced/walled, doors usually closed. Within the circuit were 1 automobile 
workshop, 3 to 4 tea shops, half a dozen other shops, 1 school.  
The first 5 tours took place before the onset of the vaccination campaign, which 
started on June 9 in this area. 
Length of circuit: 1650 m. A total of 8 control tours were made. The average 
time needed was 62 min (range: 45 - 80 min). 
 
Chowks 
Mainly residential area in the Old Town around Nagbahal (Ward number 15). Houses 
built together, up to 4 stories high. Along narrow streets and surrounding 3 
large communal courtyards. One major temple within area; several shops and 
workshops.  
The vaccination campaign had already covered this area, when the (re)capture 
tours started. 
Length of circuit: 850 m. 5 control tours were made. The average time needed was 
52 min (38 - 69 min). 
 
Natol 
Circuit along the main street of the old town, between Natol and Durbar Square 
(border area between wards 17/18 and 20/21). Houses built together, up to 4 
stories high. More than 80 % of the approximately 160 houses with shop or 
workshop on the ground floor; 5 small temples; 1 market place; 12 small side 
streets; about 10 gateways to smaller or larger courtyards. Considerable traffic 
(foot, bicycle, cars). 
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The area was only gradually covered by the vaccination campaign. The first 
center was operating there on the same morning as the first capture tour took 
place. From the first to the last control more and more dogs were marked. 
Length of circuit: 650 m. 5 control tours were made. The average time needed was 
48 min (42 - 54 min). 
 
Stupa 
Mainly residential area at the northern periphery of the Old Town (Wards number 
9 and 22), near the Northern Stupa. Included isolated houses an houses built 
together; some new houses up to 5 stories high. Included living quarters of 
lowest socioeconomic classes (Gutschow 1982). Along the circuit there were 3 
major temple areas, 2 open places, a few houses with shops or workshops. On one 
of the places early in the morning water buffalos were slaughtered. The area was 
adjacent to agricultural land (rice fields).  
4 vaccination centers had been operating in the area prior to the first capture 
tour. No dogs were observed to be vaccinated afterwards. 
Length of circuit: 700 m. 5 controls were made. The average time needed was 48 
min (32 - 59 min). 
 
 
Table 1: Date and time of photo (re)capture tours in Lalitpur City 
 
Date            Bagmati          Chowks            Natol            Stupa 
 
03/06/89      09:00-10:00    
05/06/89      08:30-09:30    
06/06/89      07:15-08:00    
07/06/89      07:15-08:00    
08/06/89      17:45-19:05    
09/06/89      16:30-17:40    
15/06/89                                        06:06-07:00    
16/06/89                                        06:03-06:52    
19/06/89                                        05:55-06:45    
20/06/89                       07:06-08:15       
21/06/89      06:06-07:08      17:25-18:20       
23/06/89                       08:35-09:27                       05:45-06:17 
25/06/89                                        06:23-07:05    
26/06/89                                                         17:25-18:22 
28/06/89                       07:09-07:54                       05:47-06:46 
29/06/89                       18:24-19:02      17:41-18:15    
02/07/89                                                         10:58-11:48 
03/07/89      05:41-06:51                                        07:39-08:22 
 

The Bagmati tours 1-4 and 6 were made by AIW  and Mrs U. Wandeler, tour 5 by 
AIW, Mrs U. Wandeler, AK and Mrs A. Hilty, all the other tours by the latter 
latter two observers. 
 
 
 
4.2.4.3. Data evaluation 
 
The number of dogs per circuit was calculated according to different methods, 
which are given in full detail in Caughley (1977, p 44, 141, 148) and WHO (1987, 
annex 2.3):  
 
-  cumulative number of dogs observed 

-  Bailey's direct sampling, which is a modification of the Petersen estimate 
(Bailey 1951, 1952, Caughley 1977): 

-  Beck's method for evaluation of photo-recaptures (WHO 1987). 

-  Jolly-Seber method (Caughley 1977) 

-  Leslie's removal method (Caughley 1977). 



Kappeler & Wandeler  -  Dog population studies related to a vaccination campaign against rabies in Lalitpur City, Nepal 
 
 

 11 

Bailey's method allows for multiple evaluation, using any two controls as a data 
pair. The Jolly-Seber method is iterative, yielding another population estimate 
with every additional data set. For these two methods the range of all the 
calculated values is given in the results section. 
A final estimate of the relative size of the local dog population was made after 
considering all the results from the methods mentioned above.  
An example of a complete calculation, and of the formulas used, is given in 
annex 1. 
 
Collar loss rates were estimated from photo recaptures as well. Recapture 
histories of individual dogs were used. Only data from dogs observed at least 
twice, with the dog wearing a collar on at least the first occasion, were 
considered. Corrections for collar losses were calculated as follows: For every 
dog without collar, i, the number of days since it could have been vaccinated, 
ni, was calculated as described under 4.2.5.3. This value was multiplied by the 
estimated collar loss rate r. The total of the products of ni · r = Σ(ni · r), 
was assumed to represent the number of dogs that had lost their collar within 
the period under study.   
 
 
 
4.2.5.  Estimation of vaccination coverage and catchment area of vaccination 

centers 
 
4.2.5.1. Dog activity 
 
An estimate of relative dog activity throughout the day was gained from counting 
all visible dogs on a well defined stretch of 1350 m at different times of the 
day (Lalitpur main road between Bagmati Bridge and Western Stupa). 
 
 
 
4.2.5.2. Collar control tours 
 
To estimate the percentage of vaccinated dogs, we regularly toured the areas 
where vaccination centers had recently been operating. The control tours were 
always done by two people. Every dog encountered was recorded on a map (1:4,600 
or 1:5,000). Sex, age class, color of collar (if any), size, and peculiarities 
were noted on a protocol form (see annex 8). Binoculars were used for the 
identification of distant animals. 
 
The relatively short life expectancy of the collars on one hand and the short 
period available for field work necessitated collar controls to happen 
immediately after a given zone had been treated. Circuits could therefore not be 
randomly chosen. In the field, the way to be followed could not be predetermined 
on a random basis, as no maps were detailed enough to clearly show the highly 
complex structure of the city, with its endless number of passages, gateways and 
courtyards. Therefore we decided on site where to go, trying to cover major 
roads as well as small streets and courtyards (see Fig. 2, Table 2). Control 
tours did not cover the area outside ring road. 
 
 
 
4.2.5.3. Data evaluation 
 
A kilometric coordinate grid was laid over the Lalitpur map. The precise 
coordinate of every dog observed during collar controls was determined. The same 
was true for all the vaccination centers. Taking into account whether a dog was 
collared or not, and if so, what color the collar had, it was possible to 
calculate the following figures: 
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1.  For collared dogs: distance to the center where the dog had most likely been 
vaccinated = distance to the nearest center that had used the same color as 
the dog wore, and that had already been operating at the time the dog was 
observed. From this, the day when a dog had been vaccinated could be derived. 

2. For all dogs: distance to the nearest center that had already been operating   

a) at the time the dog was vaccinated (for collared dogs)   
b) up to the time the dog was observed (for dogs without collars). 

3. For all dogs: distance to the nearest center ever operating, irrespective of 
whether it had already been operating or not at the time the dog was 
observed. 

 
The distances where calculated as the crow flies. Dog owners may have had to 
cover longer distances while following streets. Distance 1 was used to calculate 
average and maximum distances dogs were observed from the center they had most 
likely been vaccinated. Distance 2a, compared with 1, yielded an idea on how 
efficiently dog owners did chose the nearest center. 2a compared with 2b should 
give insight into differences between collared dogs and those without collars. 3 
compared with 2b should allow to decide whether control tours were well chosen 
or whether they did cover large areas yet to be treated later in the campaign. 
 
 

         
 
Fig.2:  Areas covered by collar control tours and photographic (re)capture circuits in 

Lalitpur City. 
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Table 2: Collar control tours made in Lalitpur City 
 
Ctrl    Date       Time          by     Wards touched by    Length  2)      Habitat type    
Nr                                      control 1)           Total  net                    
 
C01     09/06/89   12:38-13:20   bike   1,b2                3150   1500    residential    
C02     09/06/89   16:25-17:50   bike   1,22                2500   1400    residential    
C03     11/06/89   15:00-17:00   bike   2,b1                3400   2350    residential/outskirts 
C04     12/06/89   07:55-09:30   bike   2,b3                4200   4200    residential                
C05     14/06/89   16:53-19:02   bike   3,b2,b5             4550   3800    residential                
C06     15/06/89   08:52-10:00   bike   4,5                 2300   2000    residential/fugitive camp 
C07     15/06/89   17:55-19:10   bike   4                   3650   3650    residential                
C08     16/06/89   17:20-19:20   foot   15,16,21,22,b9      2200   1950    old town                   
C09     19/06/89   07:30-08:35   foot   9,15,16,17,22,b14   1350   1350    old town                   
C10     19/06/89   15:55-18:45   bike   1,2                 3350   3300    residential/outskirts      
C11     20/06/89   05:32-06:37   bike   1,3,b20             2150   2150    along main street          
C12     20/06/89   17:47-19:01   foot   6,7,8               1850   1850    old town                   
C13     22/06/89   06:05-07:43   foot   9,10,11,b6,b12      2300   2100    old town                   
C14     23/06/89   10:26-12:12   foot   6,10,12,13,14,b18   2650   2450    old town                   
C15     25/06/89   11:45-13:00   foot   9,22                1950   1950    outskirts/agricultural     
C16     26/06/89   08:06-10:16   bike   5,6,12,13,19,b20    4000   3400    old town/suburban          
C17     29/06/89   08:15-09:57   bike   4,5                 3400   3400    residential/fugitive camp  
C18     30/06/89   07:08-09:35   bike   5,6,b12             5400   5400    residential/industrial     
 
Total                                   1 - 22             54350  48200                              
 

1) b: only border of ward was controlled. 
2)  Total length  =  distance actually covered,  net length:  distance that has not  been covered by 

any later control. 
 
 
Distances 2a and 2b were also used to calculate the percentage of vaccinated 
dogs found within an increasing radius from the vaccination center. For the 
resulting plot, a logarithmic curve fitting was tried according to  
 
 
              y  =  a + b lnx 
 
regression    a  = 1/n (Σyi - bΣlnxi) 
coefficients 
              b  =  Σyilnxi - 1/n Σlnxi yi 
                    Σ(lnxi)2 - 1/n (Σlnxi)2 
 
certainty     r2 =          [Σyilnxi - 1/n Σlnxi Σyi]2__________ 
                   [Σ (lnxi)2 - 1/n (Σlnxi)2] [Σyi2 - 1/n (Σyi)2] 
 
Estimates for x and y can then be calculated with 
 
              y  =  a + b lnx      and 
 
              x  =  e(y-a)/b 
 
with  x    =  distance from dog to vaccination center 
      y    =  percentage of collared animals 
      a,b  =  regression coefficients 
      ln   =  logarithmus naturalis 
      n    =  number of animals 
 
Estimates for x allowed to calculate the radius within which a given percentage 
of dogs could be considered as vaccinated. 
 
There was some overlap between the area covered by individual collar control 
tours. Whenever an area was covered by two or more tours, only observations from 
the last control were considered for the overall evaluation. The exclusion of 
part of the data resulted in "total data" and "net data" (e.g. length of control 
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tour, see table 2). The total number of dogs observed was 1257 (plus 21 of 
unknown collar status), the net number was 1135. 
 
For evaluations involving distances, only data from dogs and centers located 
within the area covered by the 1:7,500 Patan City Map (see 4.1.1.) were used. 
The location of dogs and centers from outside this map could not be determined 
with sufficient accuracy and therefore these data had to be excluded. This 
reduced the number dogs suitable for evaluation from 1135 to 1037 animals, when 
distances to vaccination centers were evaluated. 
 
 
 
4.2.6. Estimation of the total dog population 
 
An estimation of the total dog population was made, using the vaccination and 
re-observation data as with a capture-mark-recapture study. The number of marked 
dogs in the population (M) was known from the daily report forms (4.2.2.). The 
number of recaptured dogs (n) was equal to the net number observed on collar 
control tours (4.2.5.3.), with a total of m dogs thereof wearing a collar. Using 
Bailey's direct sampling method (Caughley 1977), the size N of the population 
was calculated as follows: 
 
N  =  M (n+1)   
        m+1     
 
Additional dogs were vaccinated at the Veterinary Hospital during and after the 
campaign. In order to distinguish them from dogs vaccinated at one of the mobile 
centers, they were marked with a double collar. As it was neither known to us 
how many dogs were exactly treated during the campaign, nor where they did come 
from (Lalitpur or elsewhere), they are not taken into account for the 
calculation of the dog population size or the overall vaccination coverage. 
However it should be kept in mind that the 'existence' of such dogs tends to 
increase both the population figure and the overall vaccination coverage. 
 
 
 
5. RESULTS 
 
5.1. Mass vaccination campaign 
 
5.1.1. Number of vaccinated dogs 
 
At the end of the regular vaccination campaign, after 19 working days, a total 
of 6,886 dogs, 17 cats and 1 monkey had been vaccinated according to the daily 
report forms (6,784 dogs, 13 cats, 1 monkey according to A. Gautam, see Joshi 
1989; for reasons of simplicity we will use the figure of 6,886). 6,309 had been 
treated by centers operating inside or on ring road, 577 had received their 
injection outside ring road. Each of the 5 teams had treated between 8 and 195 
dogs per morning (average: 72). The daily total of all 5 centers varied between 
141 and 614 (average: 362).  
A total of 520 dogs were vaccinated at the Lalitpur Veterinary Hospital between 
09/06/89 and 01/08/89 (Joshi 1989). 
 
As can be seen from Fig. 3, the number of dogs vaccinated per day decreased a 
little with the ongoing of the campaign. There was also considerable variation 
in the number of dogs treated by the individual teams on the same day: On 
average the team with the day's maximum treated 3.09 times more dogs than the 
one with the minimum (standard error = ±1.65, maximum 8.75). This was due to 
several factors like attractiveness of the team's location, dog density, 
concurrence between neighboring vaccination centers, ability of vaccinators and 
public health workers to motivate dog owners etc. 
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Fig.3:  Number of dogs vaccinated in Lalitpur City during the regular campaign in June 

1989. The total for each day as well as the performance of individual centers is 
shown. 

 
 

         
 
Fig.4:  Number of dogs treated by each vaccination center versus vaccination center 

density, calculated as the mean distance (in meters) of any given center from 
the nearest five vaccination centers that have already been operating. 

 
 
Fig.4 clearly demonstrates that the number of dogs vaccinated at a center was in 
general not dependent from average center density. From field observations it 
was obvious, that dog density was the key factor for the number of animals a 
center would treat. By their skills in locating 'good spots' the persons in 
charge of placing the individual teams could also largely influence a team's 
success. In some instances, towards the end of the campaign, it seemed likely 
that some centers had less animals because of other centers that had been 
operating near by on earlier days. 
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In areas where, according to collar control tours, vaccination coverage was 
below the target figure of 75 %, a follow-up campaign was planned and 
implemented. Starting on July 7, two mobile teams vaccinated 1,090 dogs within 
14 working days. 
This brings the total of vaccinated individuals to 8,496 (8,394 with figures 
from A. Gautam, Joshi 1989). As the follow-up campaign extended over 
considerable time, it must be assumed that some 20 to 25 % of the 1090 dogs had 
been vaccinated before, but had lost their identifying collar. Thus, they 
received a booster shot rather than a first injection. So in the end there may 
have been about 8250 vaccinated dogs. 
 
 
 
5.1.2. Origin of vaccinated dogs from different wards 
 
The number of dogs vaccinated from each ward varied to a much greater extent (24 
to 871; 36.3 times) than does the human population (2040 to 7710; 3.8 times, 
table 3). This may reflect different people:dog-ratios or - more likely - 
unequal coverage of different wards by the campaign. Though, some bias may come 
from assigning dogs of unknown origin ('street dogs') to the ward where the 
center was operating. This may be different from the place the dog was caught. 
 
 
Table 3: Origin of vaccinated dogs from different wards, human to dog ratios, street 

dogs, and dog sex ratio as revealed by questionnaire survey 
 
Ward Nr. Sex of vaccinated dogs  Total vaccinated Males / 'Street  Human  People:  Centers/ Habitat  
         male   female unknown   number     %     female    dogs'  pop.1)  vacc.dog  ward 3)  type 4)  
 
Ward  1   326     156      6       488     7.1      2.09     20     7061   14.5       10    Res/agr  
Ward  2   356     120      0       476     6.9      2.97     14     4586    9.6        9    Res/agr  
Ward  3   384     175     33       592     8.6      2.19     90     5845    9.9       10    Res/agr  
Ward  4   463     214     23       700    10.2      2.16    100     5691    8.1       13    Ring rd  
Ward  5   531     293     47       871    12.6      1.81    111     7710    8.9       25    Ring rd  
Ward  6   178     181     34       393     5.7      0.98     51     5374   13.7        9    Ring rd  
Ward  7   106      92     26       224     3.3      1.15     36     5640   25.2        7    Res/agr  
Ward  8    57      56     34       147     2.1      1.02     44     3252   22.1        4    Res/agr  
Ward  9   180     113     85       378     5.5      1.59    114     6099   16.1        7    Res/agr  
Ward 10    21      22      1        44     0.6      0.95      3     2800   63.6        4    Old town 
Ward 11    95      66     54       215     3.1      1.44     63     4861   22.6        3    Old town 
Ward 12   160     124     22       306     4.4      1.29     34     4561   14.9        8    Old town 
Ward 13    66      52     15       133     1.9      1.27     35     2535   19.1        4    Old town 
Ward 14    12      34     20        66     1.0      0.35     20     4477   67.8        2    Old town 
Ward 15    97      94     12       203     2.9      1.03     21     3591   17.7        3    Old town 
Ward 16    56      63      3       122     1.8      0.89     24     3625   29.7        2    Old town 
Ward 17    45      45     49       139     2.0      1.00     63     3150   22.7        2    Old town 
Ward 18     6      11      7        24     0.3      0.55      9     2040   85.0        1    Old town 
Ward 19   126     118     15       259     3.8      1.07     48     2094    8.1        5    Old town 
Ward 20   106      77      6       189     2.7      1.38     58     3795   20.1        5    Residntl 
Ward 21    97      69     54       220     3.2      1.41     60     3865   17.6        2    Res/agr  
Ward 22   182     154     86       422     6.1      1.18    163     4765   11.3        7    Res/agr  
 
SUBTOTAL 3650    2329    632      6611    96.0      1.57   1181   97,417   14.7                      
                                                                                                     
UNKNOWN     3       2    136       141     2.0      1.50    137                       15             
NOT REC.                 134       134     1.9                ?                                      
 
TOTAL    3653    2331   1036      6886   100.0      1.57   1318   97,417   14.1 2)                   
 

1) Population data from Frith (1989), based on a 1987 estimate of the Lalitpur Nagar Panchayat for 
individual wards. Frith's estimate for 1989 is 117,875. No figures for individual wards available 

2) Data for 134 vaccinated dogs were not recorded in questionnaires. The ratio of people:vaccinated 
dogs refers to the total of 6886 vaccinated animals. 

3) Centers/ward gives the number of vaccination centers that reported to have vaccinated dogs from 
the ward specified in column 1. 

4) Habitat type refers to the dominant land use pattern:  Old town = densely populated area of  the 
old town; Res/agr = mixed area: residential and agricultural use; Residntl = mainly residential 
area at the periphery of the old town; Ring rd = wards extending north and (mainly) south of ring 
road, with residential areas in the north and rural character towards the south. 
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The ratio of people to vaccinated dogs varied from 8.1:1 in wards 4 and 19 to 
85.0:1 in ward 18, based on the 1987 figures for the human population. The 
overall ratio was 14.1:1 (Fig.5). The highest ward-to-ward variation was found 
in the old town. This may be an artefact, as some of the vaccinators/ 
interviewers may have indicated the ward where their center was located instead 
of recording the ward where the owner of the dog was from. As can be seen in 
Fig. 1c, there were wards in the old town with no centers operating inside, but 
only at the periphery of the ward. 
 
5434 (78.9 %) dogs were brought by their owner, or someone who felt responsible 
for, or knew the dog.  
1318 (19.1 %) of all dogs were so-called 'street dogs' (ownerless dogs), but 
their number is likely to be overestimated: Dogs caught off the street with 
nooses provided by the vaccinators were usually said to be 'street dogs'. Record 
keeping for 'street dogs' was not uniform over the whole period of the vac-
cination campaign.  
134 dogs were not recorded in the questionnaires. 
 
 

         
 
Fig.5:  Ratio of people per vaccinated dog in individual wards. The ratio is based on 

the 1987 population estimate of the Lalitpur Nagar Panchayat, which gives a 
total of 97,417 inhabitants (Frith 1989). 
 

 
 
 
5.2. Dog population parameters 
 
5.2.1. Sex ratio 
 
With 61 % versus 39 %, significantly more male than female dogs were brought for 
vaccination (tables 3, 4). This was true not only for owned, but also for 
'street dogs'. Unfortunately, the sex of 'street dogs' was often not recorded.  
 
Field observation of dogs yielded sex ratios much closer to 1:1, both for 
collared dogs (54 % : 46 %) as well as for those without collars (48 % : 52 %). 
The sex is not known for about one third of the observed animals. It is highly 
probable that a majority of these were females, as they tend to go as sexually 
undetermined when observed under suboptimal conditions, due to the lack of outer 
genitalia. This suggests the real sex ratio being even closer to 1:1. 
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Table 4: Sex ratios in different segments of the dog population 
 
   Population segment          Male   Female Unknown   Total   Males per  Deviation from ratio of 2) 
   defined as those ...                                        female 1)       1:1         A = 1.57     
 
   Brought for vaccination 3)                                                                          
A  - all dogs                  3653    2331     902     6886      1.57     p < 0.0005       -          
B  - 'owned' dogs only         3321    2100      13     5434      1.58     p < 0.0005       n.s        
C  - 'street dogs' only         332     231     755     1318      1.44     p < 0.0005       n.s.       

   Observed on control tours                                                                           
D  - collared dogs              259     222     272      753      1.17        n.s.       p < 0.01      
E  - dogs without collars       113     123     146      382      0.92        n.s.       p < 0.0005    

   Observed on photo tours                                                                             
F  - collared dogs               82      74      40      196      1.11        n.s.       p < 0.05      
G  - dogs without collars        52      34      19      105      1.53        n.s.          n.s.       
 

1)  Sex ratio as calculated from known numbers of males and females, animals of unknown sex left 
unconsidered. 

2)  Tested for statistical significance with Chi-Square-Test, two-tailed; significance level p = 
0.05, n.s. = not significant. Differences D-E, D-F, D-G, E-F, E-G, F-G statistically not 
significant. 

3)  134 dogs were not recorded in questionnaires. They go under 'sex unknown' in the category 'all 
dogs', but are left unconsidered in the other two categories. 

 
 
The difference to the sex ratio in the sample of vaccinated dogs may have 
several reasons, such as 
-  a preference in the human population to own, or feel responsible for male 

dogs;  
-  a tendency to rather bring male than female dogs for vaccination when an 

owner has several dogs;  
-  a difference in catchability of male and female dogs; 
-  stricter confinement and therefore lower re-observability of male dogs (but 

see 5.3.2.!). 
 
 
 
5.2.2. Age structure 
 
The age of 5662 dogs brought for vaccination was recorded as reported by their 
owners (Fig.6). As dogs under 3 months of age were recommended not to be 
vaccinated, the class of the 0-year old is certainly underestimated. In the 
questionnaires only 38 dogs under 3 months are recorded. They represent 0.7 % of 
all dogs with known age, and 3.9 % of those less than 1 year old. 934 dogs 
between 3 and 11 months were brought for vaccination. This is 16.5 % of all, and 
96.1 % of those under 1 year. It is improbable that the uneven distribution 
between monthly age classes reflects an unbalanced age distribution (table 5). 
Rather is it the result of the owners' inaccurate knowledge of the age of their 
dogs and their tendency to indicate the age as '3 months' (lowest age for first 
vaccination), 'half a year', or '1 year', which results in relative peaks for 
dogs of 3, 6, and 12 months of age (table 5).  
 
For the majority of animals over 1 year old, the age was given in number of 
years only. The mean age of all the dogs was calculated using the information 
"as is" (years + months where available) and from years only. Both data sets 
will rather be a lower limit than reflect the true average age (table 6). 
 
The annual turnover rate of the dog population is difficult to assess. Data on 
reproduction, mortality, immigration, and emigration are not available. A rough 
estimate can be gained from the proportion of dogs under 1 year of age. With 
16.5 % of all dogs between 3 and 11 months old, the proportion of the age class 
of those below 1 year is estimated as around 21 %, say 25 % to be more 
realistic. In absence of other ways of calculation this value can be taken as an 
approximate indicator of the yearly turnover of the population. 
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Table 5: Age distribution in vaccinated dogs up to 12 months of age 
         Age as indicated by dog owner; see text. 
 
Age in months   Male    %        Female  %       Unknown  %        Total   % 
 
     1            2    0.2         1    0.1         0    0.0         3    0.3 
     2           21    2.2        14    1.4         0    0.0        35    3.6 
     3          105   10.8        66    6.8         0    0.0       171   17.6 
     4           71    7.3        48    4.9         0    0.0       119   12.2 
     5           40    4.1        26    2.7         0    0.0        66    6.8 
     6          164   16.9       104   10.7         1    0.1       269   27.7 
     7           43    4.4        24    2.5         0    0.0        67    6.9 
     8           59    6.1        34    3.5         1    0.1        94    9.7 
     9           48    4.9        35    3.6         0    0.0        83    8.5 
    10           32    3.3        24    2.5         1    0.1        57    5.9 
    11            3    0.3         5    0.5         0    0.0         8    0.8 
 
  1 to 11       588   60.5       381   39.2         3    0.3       972  100.0 
 
    12          417              306                1              724        
 
 
 
Table 6: Average age of dogs brought for vaccination 
 
Sex        n          Average age ± S.E.             Average age ± S.E.      
                   (considering years only)     (considering years + months) 
 
Male       3453        3.18  years ± 2.92              3.29  years ± 2.83 
Female     2197        3.12  years ± 2.94              3.23  years ± 2.85 
 
Total      5662        3.16  years ± 2.93              3.27  years ± 2.84 
 
1090 dogs not suitable for evaluation. Total includes 12 dogs of unknown sex. 
 
 
 
 

         
 
Fig.6:  Age distribution of 5650 dogs vaccinated against rabies. The figures on the left 

refer to the relative size of each age class (%), the ratio of males per female 
(M:F), and to the age classes (Age): 0 = dogs up to 11 months, 1 = from 1 year 
to 1 year 11 months etc. 12 animals for which only the age, but not the sex is 
known, are excluded from the graph. 
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5.2.3. Dog population size 
 
5.2.3.1. Dog population size as derived from data of collar control tours 
 
Although the marking of dogs was still in progress while the collar controls 
were performed, the data can be used as with a regular mark-recapture study: 
Collar controls were strictly confined to areas that had already been 
vaccinated. The chance of additional dogs being marked within the area of 
individual collar controls can thus be considered minimal. 
 
1135 dogs were observed on 18 collar control tours, all inside or on ring road. 
753 dogs were identified as with, 382 as without collar (see table 11). With a 
total of 6886 dogs vaccinated and marked, of which 6309 were marked inside ring 
road, the dog population of Lalitpur City is estimated as follows, using 
Bailey's direct sampling method (see 4.2.6): 
 
Size of dog population inside ring road        =   9,505 
     which corresponds to 1056 / km2. 
 
Assuming that outside ring road the same proportion of dogs has been vaccinated, 
the total dog population is estimated as 
 
Size of dog population, whole Lalitpur City    =  10,375 
     which corresponds to  692 / km2. 
 
These values are not corrected for differences in observability of vaccinated 
and unvaccinated dogs or for collar losses. 
If collar losses are taken into account (see 5.4.), an additional 14 out of 1135 
dogs must be assumed to be vaccinated. The population figure corrected for 
collar losses would then be:  
 
Corrected size of dog population inside ring road     =   9,332 
     which corresponds to 1037 / km2. 
Corrected size of dog population, whole Lalitpur City =  10,186 
     which corresponds to  679 / km2. 
 
A correction for differences in observability is not made. See 6.1 and 6.2 for 
discussion. 
 
With a human population of 117,875 (Frith 1989), the ratio of people to dogs is 
11.54:1 Frith calculated a ratio of 9.42:1, based on questionnaire survey data. 
See 6.2. for discussion. 
 
 
 
5.2.3.2. Dog population density estimates based on photographic (re)capture data 
 
The data from collar controls can be used to calculate population size (see 
above) as well as vaccination coverage (5.5.). When the same data are used for 
both, the results obviously are interdependent. It would therefore be desirable 
to use a second method for population estimates. With the photo (re)capture 
technique, we hoped to have such a method at hand. An evaluation of the data, 
using different methods of calculation, is given in table 7. Details on 
calculation can be found in annex 1. 
It is remarkable, that in all 4 cases the Jolly-Seber method revealed the 
lowest, and Leslie's removal method the highest estimates. They differed by a 
factor of approximately 1.5, except for the 'Bagmati' circuit with a maximum 2.8 
fold above the minimum estimate. There, the sample of dogs observed each time 
varied most widely between individual control tours. This may have been favoured 
by the structure of the area, with its walled gardens, where dogs could easily 
escape observation. 
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Table 7: Population estimates for photo (re)capture circuits 
 
Method      Circuit:   Bagmati       Chowks       Natol         Stupa  
             Length:   1650 m        850 m        650 m         700 m  
 
Cumulative number      68            73           81            90   
of dogs observed 
 
Bailey's     min       36 ±  7       54 ±  6      57 ±  6       66 ±  6   
direct       max       92 ± 31       69 ±  9      77 ± 12       87 ±  9  
sampling     average   56            60           67            75  
             n         14            10           10            10   
 
Beck's evaluation      60            71           78            83       
of photo recapture  
 
Jolly-       min       33 ±  5       51 ±  3      53 ±  3       63 ±  3  
Seber        max       62 ± 13       65 ±  7      72 ±  8       71 ±  3  
 
Leslie's removal       80            76           86            95        
method 
 
maximum estimate /      2.8           1.5          1.6           1.5  
minimum estimate 
 
final estimate         80            75           85            95  
dogs / km              48.5          88.2         130.8         135.7  
 
 
 
It proved to be impossible to calculate dog densities (dogs/km2) from data that 
were collected in linear transects. Too many assumptions would have to be made. 
The heterogeneity of the sampling areas, and even more the one of the whole 
town, prohibited to use simple correction factors to turn dogs/km into dogs/km2. 
This would be the first necessary step in view of an estimate for the whole 
town, based on photo (re)capture data. 
 
The above figures should therefore only be taken as relative indices of dog 
density. The highest density was found along the border of the old town (Stupa), 
where food may be abundant due to the existence of several temples, a slaughter 
place, and the neighborhood to agricultural land. An almost similar density was 
observed along the busy main street with its shops and neighborhood to market 
places (Natol). Here too, food may be readily available and may also cause an 
influx of dogs from adjacent courtyards and side streets. 
Surprisingly, the dog density is lower in the Chowks area, another part of the 
old town. The lower density of centers of human activity might be one of the 
main reasons. 
In the residential area of the Bagmati we calculated the lowest density of dogs, 
most likely in accordance with a reduced density of the human population. A 
relatively high proportion of walled or fenced gardens, and therefore a reduced 
observability of dogs, may be another reason for the low estimate.  
 
 
 
5.3. Dog activity and movement restriction 
 
5.3.1. Dog activity 
 
It was clear that activity patterns would influence the frequency of dog obser-
vations. During periods of high activity a relatively higher proportion of the 
population will be observable. The most reliable data on activity patterns would 
be derived form the permanent observation of individual dogs. As time was 
scarce, neither could such data be collected, nor was it possible to restrict 
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control tours to periods of expected maximum dog activity, say early in the 
morning and shortly before dark. 
Fig.7 gives the number of dogs that was observed on a standard stretch at 
different times of the day. In absence of more relevant data, this frequency 
distribution can be taken as a rough indicator of the change in dog activity 
with time of the day. It is assumed that collared and non-collared dogs do not 
differ in their activity patterns. Therefore no correction is made for collar 
control tours that were made during periods of lower activity. 
 
 

         
 
Fig.7:  Number of dogs observed along a 1350 m long segment of a Lalitpur main road at 

different times of the day. 
 
 
 
5.3.2. Movement restrictions and re-observability 
 
Data for 6752 vaccinated dogs were recorded in questionnaires. 2797 answers 
about dog movement restriction that were logically not true or in contradiction 
to the number of hours a dog was said to be free in the street were excluded 
from evaluation. For another 1101 dogs no information on movement restriction 
had been recorded. Table 8 gives the proportion of fully, semi- and non-
restricted dogs, table 9 the frequency distribution of time spent in the street 
as deduced from the remaining 2854 answers. 
 
According to the data presented in table 8, about 70 % of all vaccinated dogs 
would not or only rarely be available for re-observation, with almost no 
difference between males (72.3 %) and females (69.1 %). For several reasons, we 
are convinced that this is not true: 
 
1.  In 1312 out of 2797 logically wrong answers dogs were said to be confined day 

and night and to spend a certain number of hours in the street. This may be 
an indication that for many of the respondents the term 'confined to house or 
backyard' did not mean 'exclusively in the house or backyard' but rather 'not 
to far away from the house'. In the old town of Lalitpur for instance, doors 
are usually kept open during daytime, so dogs can go in and out as they 
please. As long as the dog does not go to far away, the owner may consider 
this behavior consistent with 'being confined'. Nevertheless, such an animal 
is observable as long as it is outside the house. 
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Table 8: Proportion of dogs said to be fully, semi- or non-restricted 
 
Movement restriction         Male    Female   Unknown   Total    Females   Percent 
      Day       Night                                            per male          
 
Full: confined  confined     1250      776        2      2028      0.62      71.06 
Semi: confined  free           84       45        0       129      0.54       4.52 
Semi: free      confined      218      165        0       383      0.76      13.42 
None: free      free          176      137        1       314      0.78      11.00 
 
TOTAL                        1728     1023        3      2854      0.59     100.00 
 
 
 
Table 9: Hours per day dogs were said to spend in the street 
 
Hours    Male   in %   Female   in %   Unknown  in %    Total   in %  Males per female 'Street dogs' 
 
  0 h    1250    43.8     776    27.2       2     0.1    2028    71.1       1.61            2         
  1 h      12     0.4       7     0.2       0     0.0      19     0.7       1.71            0         
  2 h      26     0.9      25     0.9       0     0.0      51     1.8       1.04            0         
  3 h      23     0.8      15     0.5       0     0.0      38     1.3       1.53            0         
  4 h      19     0.7       9     0.3       0     0.0      28     1.0       2.11            0         
  5 h      25     0.9      13     0.5       0     0.0      38     1.3       1.92            0         
  6 h      59     2.1      36     1.3       0     0.0      95     3.3       1.64            0         
  7 h      44     1.5      28     1.0       0     0.0      72     2.5       1.57            1         
  8 h      78     2.7      50     1.8       0     0.0     128     4.5       1.56            1         
  9 h       7     0.2       3     0.1       0     0.0      10     0.4       2.33            0         
 10 h      56     2.0      47     1.6       0     0.0     103     3.6       1.19            0         
 11 h       2     0.1       5     0.2       0     0.0       7     0.2       0.40            0         
 12 h      29     1.0      16     0.6       0     0.0      45     1.6       1.81            0         
 13 h       1     0.1       1     0.1       0     0.0       2     0.1       1.00            0         
 14 h       0     0.0       0     0.0       0     0.0       0     0.0        -              0         
 15 h       8     0.3       2     0.1       0     0.0      10     0.4       4.05            0         
 16 h       7     0.2       7     0.2       0     0.0      14     0.5       1.00            0         
 17 h       0     0.0       0     0.0       0     0.0       0     0.0        -              0         
 18 h       6     0.2       8     0.3       0     0.0      14     0.5       0.75            0         
 19 h       0     0.0       2     0.1       0     0.0       2     0.1        -              0         
 20 h      19     0.7      23     0.8       0     0.0      42     1.5       0.83            0         
 21 h       2     0.1       1     0.1       0     0.0       3     0.1       2.00            0         
 22 h       9     0.3       4     0.1       0     0.0      13     0.5       2.25            0         
 23 h       1     0.1       0     0.0       0     0.0       1     0.1        -              0         
 24 h      45     1.6      45     1.6       1     0.1      91     3.2       1.00           91         
 
TOTAL    1728    60.5    1123    39.3       3     0.1    2854   100.0       1.54           95         
 
 
 
2.  When dog owners did not readily understand the meaning of the question, it 

may have been easier for the interviewer to fill in a combination known to be 
logically true - e.g. 'Yes - No - Yes - No, 0 hours' - than to enter into 
further discussions. This 'solution' was certainly tempting when the rush 
onto the vaccination centers was high. It may have been further promoted by 
the fact that vaccinators were repeatedly told to avoid logically wrong 
answers. Still we do not find an increase of logically true answers with 
time. This may be due to the exchange of part of the vaccinators during the 
course of the campaign. Unfortunately there was no opportunity to 
systematically train new personnel. 

3.  The high percentage of fully restricted dogs may be due to respondents 
answering in a way they thought would please the authorities. 

4.  It is possible that movement restrictions imposed on the 40 % of dogs that 
could be evaluated are different from those applied to all the others brought 
for vaccination. It is highly probable that restriction of non vaccinated 
dogs is different from what is imposed on those accessible for treatment. 

5.  In areas where houses are within fenced gardens, gates are not systematically 
closed. Even where this was the case, dogs were repeatedly observed escaping 
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their enclosure via a hole in the fence or some other passage. These animals 
are all available for re-observation, even when their owners think of them to 
be confined. 

 
From field observation as well as from the arguments mentioned above, it seems 
questionable whether vaccinated dogs are on average less observable than those 
without collars. Therefore no corrections for reduced observability of collared 
dogs are made.  
 
 
 
5.4. Collar losses 
 
Collar losses were estimated from photo recapture data. Of the total of 312 dogs 
recorded in the 4 different photo circuits, 109 were observed at least twice and 
wore a collar when observed for the first time. 11 out of the 109 lost their 
collar during the study. The pattern of collar loss was quite irregular and did 
only permit an estimate rather than the calculation of a collar loss rate (table 
10).  
It is highly probable that collar losses are not a linear function of time, but 
will increase with time due to accumulated damage to the collars. As the 
observation period was short and no dog was observed in a collar control any 
later than 16 days after its (possible) vaccination, we assumed a constant 
collar loss rate of 0.75 % per day. This is probably rather too high than too 
low. With this - constant - rate applied, it can be calculated that 99.9% of the 
6886 dogs vaccinated in the main campaign should have lost their collars by mid-
November 1989. In October collared dogs were already relatively rare, but some 
were still observed in January 1990 (T. Wieser, personal communication).  
 
 
Table 10: Collar losses in repeatedly observed dogs 
 
Days    All dogs observed on day x 1)    Dogs with equal obsv.period 2)   Cum.nr. of observable dogs 3)  
after   Dogs observed/collar status     Dogs observed/collar status     Dogs observed/collar status     
vaccin. with   lost  total  % lost      with   lost  total  % lost      with   lost  total  % lost   
 
  0       8      0      8     0.00        -      -      -     -          109      0    109     0.00   
  1      14      0     14     0.00        -      -      -     -          103      0    103     0.00   
  2       3      0      3     0.00        -      -      -     -          101      2    103     1.94   
  3       -      -      -     -           -      -      -     -          100      3    103     2.91   
  4      34      0     34     0.00        2      0      2     0.00       100      3    103     2.91   
  5      27      1     28     3.57        0      1      1   100.00        95      7    102     6.86   
  6       -      -      -     -           -      -      -     -           93      8    101     7.92   
  7      39      0     39     0.00        2      0      2     0.00        93      8    101     7.92   
  8       9      2     11    18.18        5      2      7    28.57        92      8    100     8.00   
  9       -      -      -     -           -      -      -     -           91      6     97     6.19   
 10      43      3     46     6.52        4      2      6    33.33        91      6     97     6.19   
 11       1      2      3    66.67        1      2      3    66.67        86      6     92     6.52   
 12      59      3     62     4.84        7      0      7     0.00        85      4     89     4.49   
 13      23      1     24     4.17       23      2     25     8.00        77      5     82     6.10   
 14      11      1     12     8.33        7      1      8    12.50        54      3     57     5.26   
 15       5      0      5     0.00        5      0      5     0.00        47      2     49     4.08   
 16      59      2     61     3.28       15      0     15     0.00        42      2     44     4.55   
 17      16      2     18    11.11       17      1     18     5.56        27      2     29     6.90   
 18       -      -      -     -           -      -      -     -           10      0     10     0.00   
 19       -      -      -     -           -      -      -     -           10      0     10     0.00   
 20       -      -      -     -           -      -      -     -           10      0     10     0.00   
 21       -      -      -     -           -      -      -     -           10      0     10     0.00   
 22       -      -      -     -           -      -      -     -           10      0     10     0.00   
 23       -      -      -     -           -      -      -     -           10      0     10     0.00   
 24      10      0     10     0.00       10      0     10     0.00        10      0     10     0.00   
 
1) All observations of any individual dog taken into account. Every dog appears as many times in the 

statistics as it has been observed. 
2) Dogs are grouped according to the length of the period they were observed. Every dog appears just 

once in the statistics. 
3) Every dog is counted as 'observable' until the last day it has really been observed. The collar 

status is derived from individual observations. Collar losses are assumed to have happened the 
day after the dog was last observed with collar.  
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5.5. Vaccination coverage 
 
In most instances, control tours followed the campaign activity within short. 
Collar losses can be considered to be minimal. Nevertheless, for all dogs 
without collar the most probable date they could have been vaccinated was 
calculated. A daily collar loss rate of 0.75 % was assumed and the percentage of 
collared dogs was adjusted accordingly for individual controls as well as for 
the total (table 11). 
 
 
Table 11: Vaccination coverage as derived from collar controls 
 
Ctrl    total   total    % collared dogs      Dogs  Movement  Habitat type               Nr.of vacc 
Nr      obsvd  collrd    obsvd    corr. 1)     /km   restr. 2)                             centers 3). 
 
C01      19      11       57.9     57.9       6.0       1     residential                     3       
C02      38      22       57.9     57.9      15.2       4     residential                     3       
C03      70      38       54.3     54.3      20.6      11     residential/outskirts           6       
C04      40      22       55.0     55.4       9.5       8     residential                     5       
C05      81      54       66.7     67.1      17.8      18     residential                     9       
C06      55      25       45.5     46.3      23.9       5     residential/fugitive camp       2       
C07      72      47       65.3     66.0      19.7       1     residential                    11       
C08     100      82       82.0     82.1      45.5       4     old town                        9       
C09      50      41       82.0     82.3      37.0       1     old town                        9       
C10      77      35       45.5     49.2      23.0      12     residential/outskirts           5       
C11      79      38       48.1     51.6      36.7       1     along main street               8       
C12      58      52       89.7     89.7      31.4       5     old town                        7       
C13     116      94       81.0     81.4      50.4       3     old town                       11       
C14     116     103       88.8     88.9      43.8       7     old town                       16       
C15      23       4       17.4     21.8      11.8       0     outskirts/agricultural          1       
C16     104      70       67.3     68.6      26.0      13     old town/suburban              12       
C17      72      33       45.8     51.5      21.2       9     residential/fugitive camp       7       
C18      87      65       74.7     75.1      16.1       9     residential/industrial         13       
 
TOT1 4) 1257     836       66.5     67.7      23.1     112                                    85       
 
TOT2 4) 1135     753       66.3     67.6      23.5     106                                    82       
 

1) The percentage of collared dogs was calculated  using original data (obsvd) and using corrected 
estimates: A collar loss rate of 0.75 % per day was assumed for all non-collared dogs.  

2) Movement restriction: Number of dogs  that were observed chained, leashed, inside a fenced and 
locked garden, or inside a house (on terrace, roof etc). 

3) Number of vaccination centers: number of centers from where dogs were observed during the control 
tour.  

4) Total 1: Total as derived from summing all 18 control tours. Total 2: When areas were controlled 
more than once, only dogs observed on the last control were counted. So 122 dogs are discounted 
from Total 1. 

 
 
From direct observation the overall vaccination coverage after the regular 
campaign is estimated to be 66.3 %. If a correction is made for collar losses, 
67.6 % coverage is calculated. Table 11 clearly shows that collar losses did not 
significantly influence the results.  
Vaccination coverage achieved within specific control areas varies considerably, 
from 45 % to almost 90 %. In control 15 a coverage of only 21.8 % was observed. 
The area, situated on the banks of the Bagmati river, had been selected on 
purpose, to demonstrate the need of vaccinating in remote areas of lower human 
population density as well. 
It is remarkable that vaccination coverage in the old town was over 80 % 
throughout 5 different controls. Vaccination center density was highest in this 
area with 40 team days and 46 vaccination centers (6 teams moved) on a surface 
of roughly 1.2 km2. This corresponds to 38.3 centers / km2, compared with 6.4 / 
km2 between the old town and ring road, and 2.3 / km2 outside ring road. Overall 
densities are 10.7 / km2 for the total area inside ring road and 7.3 / km2 for 
the whole town of Lalitpur. 
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In the control tours between the old town and ring road 46 % to 76 % of the dogs 
were found to be vaccinated. The lowest percentages were in the area of the 
Tibetan fugitive camp with a known high density of dogs (C06, C17), along the 
main road leading north from the Bagmati bridge (C11), and between the border 
zone of residential areas and the banks of the Bagmati river (C10).  
In the area of the first few campaign days a coverage of 55 % to 67 % was 
attained (C01 - C05, C07), the lower percentages certainly also being due to the 
lack of experience with the campaign, and the relatively low density of 
vaccination centers.  
 
Vaccination coverage can also be estimated from the relation of the number of 
vaccinated dogs to the total dog population. Our population estimate (see 
5.2.3.) is based on the same set of data as is used for the calculation of the 
vaccination coverage from direct observation. Therefore it can not be used as a 
reference to calculate vaccination coverage from the number of animals treated. 
Frith (1989) provides an estimate of 12,513 for the dog population of Lalitpur, 
based on a questionnaire survey. With this figure as reference, the 6,886 
vaccinated dogs correspond to a vaccination coverage of 55.0 %. See 6.2 for 
discussion. 
 
The 1090 dogs that were vaccinated in the follow-up campaign and the 520 treated 
at the Veterinary Hospital increase the vaccination coverage achieved. 
Considering collar losses at a rate of 0.75 % per day (22.5 % per month), a 
careful assumption yields 800 newly vaccinated dogs for the follow-up campaign. 
When those from the Veterinary Hospital are included as well, there may have 
been some 8200 vaccinated dogs in the end. With the dog population estimate 
based on mark-recapture data (5.2.3.), the final vaccination coverage is about 
80 %, with Frith's (1989) estimate it is 65 %. 
 
 
 
5.6. Catchment area of vaccination centers 
 
For the following evaluation it should be kept in mind, that vaccination centers 
were not evenly spaced. Distances between centers varied from 65 to 865 m, with 
an average of 211 ± 134 m, and a median of 163 m. Inevitably, there is some bias 
in the evaluations, as for instance in areas of high vaccination center density 
it was impossible for a dog to be further away from a center than approximately 
150 m.  
 
 
Table 12: Distance between dog's position and vaccination center 
 
             Distance to     Dist. from dog to nearest center      Dist. from dog to nearest center,  
             center where    that had already been operating at    regardless of whether center had   
             dog has most    the time the dog was vaccinated /     alr'dy been operating at the time 
             likely been     observed                              the dog was vaccinated / observed     
             vaccinated      with collar no collar    total        with collar no collar    total      
 
                    A              B           C           D           E           F           G     
Mean ± S.E.       114.9           98.3       149.7       115.4        85.2       136.3       102.2   
S.E.             ± 93.6         ± 79.8     ± 107.6      ± 93.2      ± 70.5      ± 95.7      ± 83.3   
Median             95             78         128          91          65         110          78     
Minimum             0              0           0           0           0           0           0     
Maximum           525            425         555         555         365         420         420     
n                 692            692         345        1037         692         345        1037     
 
z-test:  1)                                                                                          
p < 0.05       B,C,E,F        A,C,E       A,B         G           A,B,F       A,E         D          
not signif.    -              -           F           -           -           C           -          
not tested     D,G            D,F,G       A,D,E,G     A,B,C,E,F   C,D,G       B,D,G       A,B,C,E,F  
 
1) z-Test for the comparison of two means, two-tailed, significance level p < 0.05. 
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On average, vaccinated dogs were observed 115 m from the center where they had 
most likely been vaccinated, the median value being 95 m (see table 12, column 
A). For 80.8 % of the vaccinated dogs this center was the nearest available up 
to the time they received their rabies vaccination (table 13). 19.2 % of the 
dogs had not been vaccinated at the center closest to the place where they were 
observed. If all vaccination centers ever operating are taken into 
consideration, then 69.9 % of the dogs were treated at the nearest center, 
whereas 30.1 % were brought from further away than absolutely necessary. 
 
 
Table 13: Proportion of dogs vaccinated at the nearest possible center  
 
A =                         B =                        Collar  Number and % of dogs for which A was   
                                                      status  equally distant as B   further than B  

 
Center where dog has most   Nearest center that had   with       559    80.8 %         133    19.2 %     
likely been vaccinated      already been operating    collar                                             
                                                                                                         
Center where dog has most   Nearest center, whether   with       484    69.9 %         208    30.1 %     
likely been vaccinated      already operating or not  collar                                             
                                                                                                         
Nearest center that had     Nearest center, whether   with       597    86.3 %          95    13.7 %     
already been operating      already operating or not  collar                                             
 
Nearest center that had     Nearest center, whether   no         316    91.6 %          29     8.4 %     
already been operating      already operating or not  collar                                             
 

All differences in the percentage are statistically significant (z-test, two-tailed, significance 
level 0.05). 
 
 

         
 
Fig.8:  Distance distribution for the position of vaccinated dogs (n = 692) relative to 

the absolutely nearest center, regardless of whether this had already been 
operated at the time the dog was vaccinated, to the nearest center that had 
already been operating up to the time they were vaccinated, and  to the center 
where they had most likely been vaccinated. 

 
 
Dogs without collars were on average located 150 m from the nearest vaccination 
center that had already been operating (median = 128 m, table 12, column C). The 
difference to those that were vaccinated is statistically significant (z-test, 
two-tailed, significance level 0.05). Only 8.4 % of the non-vaccinated dogs 
would have had access to a vaccination center nearer than the closest center 
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that had already been operating up to the time they were observed (table 13). 
This indicates that control tours were well chosen and did in general not cover 
areas yet to be treated. 
Fig. 8 shows that 29.0 % of all collared dogs were observed within  50 m from 
'their' vaccination  center.  At the time they were vaccinated 33.5 % would have 
had access to a center within that range and, when considering all the centers 
that ever were active, this percentage raises to 38.9 %. The figure gives an 
idea of the efficiency with which dog owners did chose the nearest center.  
 
Figs. 9 a) and b) give the frequency distribution of dogs around vaccination 
centers, with the nearest center that has already been operating as point of 
reference. Obviously there is a difference between centers in the old town and 
those outside. In the old town with 36.7 vaccination centers / km2, 65 % of the 
dogs are less than 75 m from the center away, and more than 90 % are nearer than 
150 m (Fig.9 a). In the area between the old town and ring road (center density 
6.4 / km2) only about 25 % are located within 75 m of a center. To reach 90 % of 
the dogs, one has to go as far as 300 m from a center (Fig.9 b). 
 
 

         
 

         
 
Fig.9:  Number of collared and non-collared dogs within concentric rings around vaccina-

tion centers. The distance to the nearest center that has already been operating 
is considered, not the distance to the center where a dog was most likely 
vaccinated. Situation for  a)  centers located in the old town,  b)  centers 
located between the old town and the Bagmati river. 
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When the cumulative number of dogs within an increasing circle around a 
vaccination center is considered, it becomes apparent that the percentage of 
collared dogs decreases but slowly (Fig.10). For the old twon a relatively small 
reduction can be observed up to 75 m from a center. Further away the percentage 
of collared dogs remains fairly constant around 80 %. A further increase in the 
density of vaccination centers would most likely not have resulted in a marked 
increase of the vaccination coverage achieved in the old town. 
 
 

         
 
Fig.10:  Cumulative number of dogs found within increasing distance from the vaccination 

center and percentage of collared dogs within this radius. As for Fig.9, the 
nearest operating vaccination center is taken as reference. 

 
 
The curve for the area outside of the old town does not only begin at a lower 
level (75 %), but declines much more markedly and finally levels off around 55 
%. This curve - contrary to the one for the old town - follows a logarithmic 
decline. The radius within which 80 %, 75 %, 70 % and 65 % of the dogs are 
vaccinated, can be estimated from a logarithmic curve fitting as 11, m, 23 m, 49 
m, and 102 m respectively (curve parameter values are: a = 96.28, b = -6.77, r2 
= 0.98). The differences in the percentage vaccination coverage are relatively 
small (1.14 fold between 80 % and 70 %, 1.23 fold between 80 % and 65 %), as 
compared to the changes in the distances associated with them (4.5 fold and 9.3 
fold). Under these conditions a prominent increase in vaccination center density 
is required to achieve a relatively small increase in vaccination coverage. It 
is obvious, however, that with a higher center density more dogs could have been 
reached by the vaccination campaign. 
 
 
 
6. DISCUSSION 
 
6.1. Discussion of methods 
 
Questionnaires have been used in a great number of dog ecology studies (Matter 
1989, Beran & Frith 1988, Nassar & Mosier 1980, Schneider & Vaida 1975, 
Schnurrenberger et al. 1961, etc) including the study preceeding our work in 
Nepal (Frith 1989). Usually, households are visited by the interviewer and 
detailed information on the household and its dogs is collected from the 
household leader or another competent person. Considerable time may be spent for 
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every individual interview. This is significantly different from the present 
study, where vaccinators recorded basic data on sex, age and origin of dogs 
presented for vaccination. They were also supposed to ask more complex questions 
about movement restrictions imposed on the dog. The high percentage of logically 
wrong answers among the latter clearly showed that this was beyond the limits of 
the method. With primarily another task assigned - the vaccination of dogs - 
interviewers may have been tempted to fill in answers they assumed to be likely, 
as described under 5.3.2.  
Even answers to simple questions such as the sex or age of a dog, may be biased 
when they were given by incompetent respondents, especially children. Matter 
(1989) reports such experiences while interviewing householders in Tunisia. 
 
Data for 134 dogs (1.9 %) were not recorded at all in the questionnaires, for 
another 1102 (16.0 %) data on sex and/or age were incomplete. It is questionable 
whether sex and age distribution was the same in this subsample as for the dogs 
with known data. Whereas information on the sex could have been easily 
collected, the precise age especially of so-called 'street dogs' was almost 
impossible to assess.  
 
Once again it became obvious that the presence of expatriate researchers during 
the planning phase of such a project would be of great value for both sides. In 
our case the work of the vaccinators/interviewers would have been facilitated, 
if questionnaires could had been developed on site and translated into the local 
language. The double-recording of part of the data could have been avoided. It 
is probably one of the major disadvantages of short-time assignments like ours, 
that adaptation of methods to local aspects of projects is highly insufficient. 
This may exert considerable influence on the quality of the data collected, 
especially when local staff is supposed to collect the information. 
 
 
Using two capture-mark-recapture methods (Bailey's, Jolly-Seber's), it was tried 
to estimate the density or size of dog populations. The first method was based 
on the visible marking of dogs when they were vaccinated, the second was a 
photographic method, where photos of all dogs encountered along given circuits 
were taken. For comparative purposes, different methods were used to evaluate 
the data of the photographic (re)captures. One of these methods (Bailey's direct 
sampling) was also used for the visibly marked dogs.  
These estimation methods only yield reliable results, when the following condi-
tions are met (Caughley 1977): 
 
1. The probability of capturing an individual is the same for all individuals in 

the population (applies to both methods). 
2.  No animal is born or immigrates into the study area between marking and 

recapturing (applies to Bailey's method only). 
3.  Marked and unmarked individuals die or leave the area at the same rate 

(applies to both methods). 
4.  No marks are lost (applies to both methods). 
 
While the conditions are the same for visibly marked dogs as for photographic 
(re)captures, the sampling methods differ. Therefore they are discussed 
separately. 
 
For the photographic (re)captures the question of equal catchability of all 
individuals is equivalent to equal observability. Obviously, dogs that were 
permanently kept inside houses or walled gardens had no chance of being 
observed. This was a minor problem in the 3 circuits of the old town, where dogs 
had at least theoretically free access to streets, due to doors being open all 
day long. On the Bagmati circuit however, the high proportion of walled gardens 
certainly influenced the results, leading to an underestimation of dog density. 
An additional problem is caused by whelping bitches: As Matter (1989) points 
out, puppies have a reduced chance of being observed. In his study area 6 to 18% 
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of the total population were dogs up to 3 months of age. We recorded only 1.5% 
puppies in all collar controls. 
With an observation period of 10 to 15 days (1 month for the Bagmati circuit), 
reproduction and mortality rates are of minor concern. However, immigration and 
emigration might have played a role, when large food resources became 
temporarily available, that attracted dogs over larger distances. As garbage 
seemed to be disposed off regularly at the same places, the impact of temporary 
immigration/emigration may be rather small. 
Loss of marks was not a problem with this method, as dogs were identified on the 
basis of physical characteristics such as size, shape, fur pattern, etc. Collars 
identifying a dog as vaccinated were not used as 'marks' with the photographic 
(re)capture method. 
 
 
Beck (in WHO 1987) recommends to do all the surveys in a given area at the same 
time of day and during the period of maximum dog activity. For practical reasons 
this was not possible. In all four areas control tours were made in the morning 
as well as in the evening. It remains unclear whether, and if so, to what extent 
this influenced the results.  
 
Although local residents were quite aware of our work, in no instance did we 
observe that dogs were intentionally hidden or fetched from inside a house in 
order to have them photographed. 
 
 
Using Bailey's direct sampling method (Bailey 1951, 1952) the size of the total 
dog population was estimated from the proportion of collared dogs observed.  
Equal catchability of all dogs for the first capture - and marking - is 
probable, with the possible exception of puppies. This seems contradictory to 
the fact that not all dogs were vaccinated, but it is not: Dogs may have escaped 
vaccination for several other reasons than reduced catchability (owner's igno-
rance of the campaign, the nearest vaccination center seeming too far away to 
the owner, the dog's absence from home when centers were operated, nobody 
actually trying to catch the dog, etc). 
For the recapture of dogs, the same is true what has been said for the 
observability of dogs during photo (re)capture tours. An additional problem 
however arises, as collared and non-collared dogs could differ in their re-
observability. But this is impossible to verify, as only data on the re-
observability of collared dogs can - theoretically - be collected with 
reasonable effort. That, and why, this attempt failed has been discussed above 
and under 5.3.2. So it had to be assumed that both segments of the population 
would be equally well reobservable. This assumption was backed by field 
observations which revealed that most dogs in the old town have unrestricted 
access to the street because of doors remaining open all day long. In 
residential areas outside the old town, an unknown proportion of dogs were 
locked inside houses or fenced/walled gardens. Some of them could be identified 
as with, others as without collar. Among the latter there were several at upper 
class houses, where owners told us, they had them vaccinated on their own 
initiative at regular intervals.  
It should be kept in mind that only the relative re-observability of collared 
and non-collared dogs is of importance, and not the absolute re-observability. 
The latter would be of concern only, when population estimates were based on 
direct counting. 
 
The size of the dog population was calculated as 9,332 for the core area inside 
ring road, and 10,186 for the whole town. The latter figure is based on the 
assumption that an equal proportion of dogs has been vaccinated outside ring 
road, where no collar controls were made.  
As has been outlined above, the method of data collection used in the present 
study is prone to underestimating puppies. In general, they are neither captured 
and marked, nor recaptured: In all the 18 collar controls only 19 dogs were 
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classified as puppies (1.5 %); 5 of them were collared. A correction for the 
youngest age class has therefore to be made. With a conservative 5 % correction, 
the total population can then be assumed as 10,700 dogs.  
 
 
The data for the population estimate were collected during 18 collar control 
tours, which, at the same time, served to estimate vaccination coverage. For 
both, estimation of population size and vaccination coverage, collared and non-
collared dogs should be evenly dispersed over the entire control area. Thus the 
influence of the route chosen for re-observation is minimized. Routes followed 
the areas where vaccination centers had been operated. However, it was sometimes 
difficult, to decide how wide the radius around a marginal center could be 
chosen, as no detailed plan of the location of future centers was available. 
Sometimes the precise location of the following day's centers were only known in 
the evening before. However, when individual tours were reviewed after 
completion of the whole campaign, it became obvious that routes had been well 
chosen, a fact that was further confirmed by analyzing the distances between 
dogs and vaccination centers (see under 5.6.). 
 
 
As outlined under 5.4 and above, collar losses and the differences in the re-
observability of collared and non-collared dogs both have an influence on the 
calculation of the vaccination coverage, and of the population size. It has been 
shown that the influence of collar losses was very low due to the short time 
elapsed between marking and re-observation. Furthermore, no differences in re-
observability were assumed. Nevertheless, we were interested in the potential 
effect that these factors might have. The results are given in table 14. 
 
 
Table 14: Influence of reduced relative re-observability of collared dogs and of collar 

loss rate on estimates of vaccination coverage and dog population size. Re-
observability of dogs without collars is assumed as 100 %. 6886 dogs counted 
as vaccinated. 

 
Reobservabi-          collar loss rate 0.75 %/day          collar loss rate 0.00 %/day 
lity of colla-        Vaccination    Population            Vaccination    Population 
red dogs in %          coverage %      size                 coverage %      size 
 
   100                   67.6         10,186                   66.4         10,375 
    90                   69.8          9,860                   68.7         10,025 
    80                   72.2          9,537                   71.7          9,678 
    70                   74.8          9,209                   73.8          9,328 
    60                   77.5          8,881                   76.7          8,980 
    50                   80.5          8,552                   79.8          8,631 
    40                   83.8          8,221                   83.1          8,282 
    30                   87.3          7,890                   86.8          7,934 
 
 
 
As the same set of data was used to calculate vaccination coverage (directly) 
and population size (indirectly), figures are clearly interdependent. A marked 
influence could only be attributed to significantly lower re-observability of 
collared dogs, which yields a smaller figure for the dog population and a higher 
vaccination coverage. With Frith's (1989) population estimate in mind, a 
markedly lower population size than estimated for equal re-observability seems 
highly unlikely. 
 
 
 
6.2. Discussion of results 
 
The sex ratio observed in vaccinated dogs with 61 % males was significantly 
different from what was observed in the field, where 54 % of collared and 48 % 
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of non-collared dogs were males. Tentative explanations are already given under 
5.2.1. Direct observations suggest that the preponderance of males is less 
important than one might think from questionnaire data. As a consequence, 
special emphasis should be put on the vaccination of females.  
Nevertheless, the higher proportion of males is in good accordance with 
observations in many dog populations throughout the world (Beran 1985, Daniels 
1980, Fayda 1988, Matter 1989, Schnurrenberger 1961, WHO 1988). In Lima-Callao, 
Peru, 61 % males were found in vaccinated dogs (Chomel et al. 1988), the same 
percentage was revealed in a questionnaire survey in Guayaquil, Ecuador (Beran & 
Frith 1988). 
 
 
The age structure of vaccinated dogs is characterized by an average age of 3.16 
years and a relatively low proportion of the youngest age class (17.2 %). As 
pointed out before, this may be due to the underrepresentation of dogs below 3 
months of age, which were recommended not to be vaccinated. The effective size 
of the group of those under 1 year of age may well account for approximately 20 
to 25 % of the population. 
In Tunisia animals below 3 months came to 6 to 18 % of the population, the total 
of those under 1 year was 20 to 37 %, the average age ranged from 1.8 to 3.3 
years (Matter 1989). From Zimbabwe it is known that 20 % were below 3 months, 
and average age was 2.3 years (WHO 1988). In Guayaquil, Ecuador, 14 % were 
between 0 and 3 months, another 18 % were 3-11 months old; the average age was 
2.5 years (Beran & Frith 1988). In Lima-Callao, Peru, 38 % of dogs were below 1 
year old (Chomel et al. 1988), 24 % were so in Sri Lanka (WHO 1988).   
In North American studies, 19 % dogs under 1 year and an average age of 4.4 
years were found in Ohio (Schnurrenberger et al. 1961), and 13 % and 4.4 years 
in California (Schneider & Vaida 1975). In Bern, Switzerland, the corresponding 
figures were 8 % and 5.5 to 7.1 years (Matter 1985).  
The comparison with other data suggest that the dog population in Lalitpur City 
is relatively older than other, comparable populations in North Africa and South 
America. 
 
 
Frith (1989) estimated the size of the dog population at 12,513 dogs, which is 
23 % more than our estimate of 10,186. His calculation is based on a 
questionnaire survey of 755 households in 42 randomly selected places all over 
town. He found an average people to dog ratio of 9.42:1 (range: 1.8:1 to 
81.6:1). Official sources provided figures for the human population: 79,875 in 
1981 (HMG Central Bureau of Statistics) and 97,417 in 1987 (Lalitpur Town 
Panchayat). On the advice of statisticians of HMG Central Bureau of Statistics 
Frith applied an annual growth rate of 10 % after 1987 and calculated a human 
population of 117,875 for 1989. From this figure the size of the dog population 
was calculated, using the ratio of 9.42:1. 
In our opinion, the human population of Lalitpur has been overestimated. The 
average growth rate, as derived from the figures above, was 3.37 % per year from 
1981 to 1987. Even if the growth rate may have increased over the years and if 
towns suffer higher growth rates due to immigration from rural areas, a rate of 
10 % per year, over a period of 2 years, seems somewhat high. When the average 
growth rate of 3.37 % is applied, a human population of 104,218 is calculated 
for 1989. Using the ratio of 9.42:1, the figure for the dog population is 
reduced to 11,054 dogs. This comes relatively close to our figure of 10,700, 
which includes a conservative correction for puppies (see 6.1). 
 
 
A dog density of 1037 / km2 for the core area inside ring road, and of 679 / km2 
for the whole area of Lalitpur was calculated (without corrections for puppies). 
Frith's (1989) estimate yields an overall density of 810 / km2. The ratio of 
people to dogs was established as 9.42:1 by Frith with his questionnaire survey. 
With our figure of 10,700 dogs ratios of 9.7:1 or 11.0:1 are calculated, 
depending on the estimate taken for the human population.  
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Man:dog ratios vary widely in different studies. For Sri Lanka values between 
6:1 and 14:1 were found, corresponding dog densities varied between 30 and 3000 
per km2 (Wandeler et al. 1988). Highest densities were found in urban and 
suburban areas. In Tunisia corresponding values were between 3:1 in rural to 
27:1 in urban areas. Minimum densities were in rural districts with 100-300 dogs 
/ km2, maxima of 1140 / km2 were found in urban habitats (Matter 1989). The study 
in Guayaquil, Ecuador, revealed an average man:dog ratio of 7.2:1, the density 
was 1792 / km2 (Beran & Frith 1988).  
The data available for comparison suggest that Lalitpur, as an urban/suburban 
habitat, is in an intermediate range, for the man:dog ratio as well as for 
absolute dog densities. 
 
 
As has been shown above, the estimate of the dog population size depends not 
only on the methods used, but also on the corrections which are applied. The 
same is true for the estimate of vaccination coverage (table 15). 
 
 
Table 15: Counted or calculated and corrected figures for the total dog population size, 

number of vaccinated dogs, and vaccination coverage as calculated from 
different estimates. 

 
                                      counted or  corrected   corrected for  (details: see p'graph  
                                      calculated  figure                      indicated in brackets)  
 
Number of dogs vaccinated                                                                            
- in regular campaign    9.6.-2.7.89  A    6,886  A    6,886  (5.1.1.)                               
- at Veterinary Hospital 9.6.-1.8.89         520         520  (5.1.1.)                               
- in follow-up campaign  7.7.-1.8.89       1,090         844  collar losses / 2nd vac. (5.1.1.)   
 T o t a l                            B    8,496  C    8,250  collar losses / 2nd vac. (5.1.1.)   
 
Dog population estimation based on                                                                   
- collar controls (Bailey's method)   D   10,375  E   10,186  collar losses (5.2.3.1.)               
                                                  F   10,700  collar losses, puppies (5.2.3.1.,6.1.) 
- man:dog ratio 9.42:1 (Frith 1989)   G   12,513  H   11,054  overestimation of human populat.(6.2.)  
 
 
Vaccination coverage after regular                                                                   
campaign, according to                                                                               
- direct observation (collar control)     66 %       68 %    collar losses; range: 22 - 90 %  5.5.) 
- ratio  A100 / D;  A100 / E              66 %       68 %    collar losses                            
- ratio  A100 / F                                    64 %    collar losses, puppies (5.2.3.1., 6.1.) 
- ratio  A100 / G;  A100 / H              55 %       62 %    overestimation of human populat. (6.2.)  
 
Vaccination coverage after follow-up                                                                 
campaign, according to                                                                               
- ratio  C100 / D   C100 / E              80 %       81 %    collar losses/2nd vac. (5.1.1.,5.2.3.1) 
- ratio  C100 / F                                    77 %    collar losses, puppies (5.2.3.1., 6.1.) 
- ratio  C100 / G;  C100 / H            66 %        75 %    overestimation of human populat. (6.1.)  
 
 
 
A vaccination coverage of 66 % after the regular, and of 80 % after the follow-
up campaign was achieved. 55 % and 66 % are the corresponding figures, when 
Frith's (1989) figure for the human population is applied. As discussed under 
6.1., our population estimate requires correction for puppies, whereas Frith may 
have overestimated the human population. When the corrected dog population 
estimates from 6.1. are applied (figures F and H in table 15), a vaccination 
coverage of 62 % to 64 % was achieved with the main campaign, which increased to 
75 % to 77 % after completion of the follow-up. We think, that the last figures 
are closest to reality. 
 
The uneven coverage of some areas (table 11) and wards (table 3, Fig. 5) may 
have been largely compensated for by the follow-up campaign. As discussed under 
5.1.2., the uneven coverage of wards may also be an artefact of the 
questionnaire data. Nevertheless, it is interesting to see, that the vaccination 
coverage observed on individual controls was directly related to vaccination 
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center density. This observation is further backed by the calculation of the 
radius around a center within which a given percentage of dogs is vaccinated: 
When centers are too widely spaced, intermediate areas will not be within such a 
radius, and therefore vaccination coverage will be lower. These problems can be 
overcome with higher center density, with additional vaccination teams which 
'clean-up' intermediate areas, or with more intense propaganda for the existing 
centers. Probably, the first solution is easiest to apply. It should be kept in 
mind however, that the increase in vaccination coverage will not be directly 
proportional to the increase in center density than beyond a certain point, as 
has been outlined under 5.6. 
 
In three studies in South America, the following vaccination coverage has been 
achieved: 65 % in Lima-Callao through neighborhood centers (as in this study), 
with an additional 13 % of the dogs vaccinated by private practitioners (Chomel 
et al. 1988); 81.3 % in Guayaquil with a door-to-door vaccination campaign 
(Beran & Frith 1988), and 88.2 % in a state-wide, single-day campaign in Brazil, 
where neighborhood centers were supplemented by mobile teams in areas of lower 
dog density (Belotto 1988). 
In Sri Lanka about 50 % of the dog population in the vicinity of vaccination 
centers was reached, the overall coverage in larger public health inspection 
areas was estimated as 30 % (WHO 1988). 
 
Door-to-door campaigns may be very effective, although more costly than the 
method applied in Lalitpur. Belotto (1988) points out that motivation of both 
the community and the vaccinators is difficult to maintain, when door-to-door 
campaigns last for prolonged periods. This is one of the reasons why Brazil 
switched to single-day campaigns, which require an enormous amount of logistics. 
On the other hand media support is much easier to obtain and more efficient. 
 
The strategy of neighborhood centers can probably be as efficient as a door-to-
door campaign when center density is well adjusted. A certain flexibility of 
centers may also be necessary to reach a high proportion of dogs. In Lalitpur 
this was tried by various teams with good success. They started moving around 
their original location, when the number of dogs brought to their center 
decreased.  
 
 
 
6.3. Recommendations for future projects 
 
The pilot project in Lalitpur City started under favorable conditions and 
yielded encouraging results. Certainly, the extension of the programme to other 
parts of the Kathmandu Valley merits further support. 
 
The majority of the data presented in this report are compiled from a short 
period of field work and from data collected during the vaccination campaign. 
They can at best close some minor gaps in the understanding of the ecology of 
Lalitpur's dog population. Several more questions may be answered, when Dr M 
Frith's final report on the questionnaire survey conducted in May 1989 is 
available. Still then, the ecology of urban dog populations in Nepal will not be 
fully understood. The following problems require further attention: 
 
-  The understanding of the role of poorly supervised and non-supervised dogs is 

unsatisfactory so far. Direct observation of individually recognizable dogs 
could provide further insight into problems of home ranges and food 
resources, as well as reproductive performance of this segment of the dog 
population. It would cost a major effort and a long term study in order to 
collect relevant data. Nevertheless, these questions are important.  

-  It must be assumed that food availability - and possibly shelter - is the 
factor that limits the city's carrying capacity for dogs. So far however, 
there is no direct evidence. The systematic removal of garbage and the 
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collection within containers inaccessible for dogs could drastically reduce 
food resources and thus also the dog population, especially the segment of 
the self-sustaining, poorly supervised animals. It would be worthwhile to 
systematically follow such operations in order to learn more about the 
possible long term effects of habitat control on dog populations. 

-  Epidemiological surveillance of the vaccinated, as well as the neighboring 
areas is of utmost importance. All suspected animals must be examined for 
rabies in order to gain reliable information on the actual status and the 
effects of the vaccination programme. In parallel, the question about the 
possible role of a wildlife reservoir should be solved. 

-  A sufficiently high herd immunity level must be maintained to keep rabies out 
of a rabies-free, but still threatened dog population. Yearly revaccinations 
will remain necessary until a large area around the actually treated district 
is free from rabies. Once this status is achieved, appropriate measures to 
maintain it must be taken. 

 
 
 
We dare to make some comments with regard to practical aspects of future 
campaigns, although some or all of the quoted difficulties may have been 
overcome in the mean time: 
 
-  With potent vaccines at hand, which confer immunity for at least two years, 

considerable amounts of vaccine could be saved, if vaccinated dogs were 
permanently marked. After an initial mass vaccination campaign, in the 
following year only animals between 3 and 15 months of age would have to be 
systematically vaccinated. From then on, yearly campaigns could be devised to 
cover those individuals which were newly recruited into the adult population 
in the past twelve months, plus all older animals that were last treated two 
years before.  
The marking system used in the present study is not suitable for this 
purpose. Other qualities than a long life expectancy were decisive for the 
selection, as easy handling, low weight (air transport!), good visibility 
under field conditions, and a low price. Longer lasting alternatives with 
equal qualities would have been available in Switzerland, but at 
prohibitively high costs. Procurement of collars in Nepal was not taken into 
consideration, as originally the beginning of the campaign was scheduled for 
June 5, 1989, only 5 days after the arrival of AIW. It would have been 
impossible to find and purchase the necessary amounts of a suitable marking 
system within these delays. For the future however, it may be worthwhile to 
look for a relatively cheap alternative collar, which can be produced 
locally, is easily identified under field conditions, and to which a 
vaccination marker can be fixed, such as a colored aluminum tag with the year 
of vaccination stamped in.  

-  With a large portion of the vaccinators having to be at another job by 10:00 
a.m., the time they are available for the campaign should be used in the most 
economical way. Daily work often started rather slowly at the Veterinary 
Hospital, because individual teams first had to look for their material, 
control and complete it, and only then were ready for departure. 
Adequate time should be given to teams upon return from the daily campaign to 
supplement supplies according to a list. One sturdy box per team, 
sufficiently large to hold all the required material, and still light enough 
to be carried by one person, might facilitate this task and also help to 
prevent losses. With the exception of the vaccine, all the material should be 
ready in the evening before departure. 

-  Ideally, every vaccination team should be supplemented by a 'miker', a person 
responsible for propaganda, equipped with loudhailer and bicycle. Every team 
should know the location of all neighboring centers, so that the 'sphere of 
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influence' of any center is well defined. This area should then be intensely 
toured by the 'miker' in order to attract as many dog owner's as possible.  

-  Individual teams should be allowed to change their position, when the number 
of dogs brought for vaccination decreases. Alternative places should be 
within a radius of e.g. 150 m of the original place and must be reported to 
the supervisor at the end of the daily campaign.  

 
 
 
7. SUMMARY 
 
6,886 dogs were vaccinated against rabies in Lalitpur City, Nepal, as part of a 
control programme aimed at eradicating the disease in the Kathmandu Valley. 
Additional dogs were vaccinated at the Lalitpur Veterinary Hospital (520) and in 
a follow-up campaign (1090). Taking into account that some dogs may have been 
vaccinated twice, it is assumed that a total of approximately 8,250 dogs was 
reached with this vaccination campaign. 
Every vaccinated dog was visibly marked with a plastic collar. Information on 
the dog population was collected at the vaccination centers by means of 
questionnaires and by direct observation in the field.  
 
The sex ratio of dogs brought for vaccination was 61 % males versus 39 % 
females. This was significantly different from the ratios observed in the field 
(54 % : 46 % in collared dogs, 48 % : 52 % in dogs without collars). The average 
age of vaccinated dogs was 3.18 years in males and 3.12 in females.  
 
The size of the dog population as derived from mark-(optical) recapture was 
9,332 or 1037 dogs /km2 for the core area inside ring road, and 10,186 or 679/km2 
for the whole City of Lalitpur. This figures are corrected for collar losses, 
which were estimated as 0.75 % per day at maximum. Taking into account that the 
method of data collection tends to underestimate puppies, a conservative 
estimate is 10,700 dogs for the whole city. 
 
Relative dog densities were estimated with a photographic capture-recapture 
method in 4 different areas of the city. Dog densities were highest in a low 
income area at the periphery of the old town and along it's main street, 
followed by residential areas of the old town, and lowest in residential areas 
outside the old town. 
 
Vaccination coverage achieved varied from 45 % in residential areas at the 
periphery of town (vaccination center density 6.4/km2) and over 80 % in the old 
town (center density 38.3/km2). The overall coverage as derived from field 
observations was estimated as 68 %. When conservative corrections for puppies 
are applied, it is reduced to 64 %. After the follow-up campaign and with the 
dogs treated at the Veterinary Hospital included, the final estimate for the 
vaccination coverage achieved is 77 %. 
 
On average, vaccinated dogs were observed 115 m from the center where they had 
been vaccinated. This is significantly less than the 150 m dogs without collars 
were found from the nearest center. In the old town, 65 % of all dogs were found 
within 75 m of a vaccination center, over 90 % were nearer than 150 m. Vac-
cination coverage decreased from 85 % to a constant 80 % at a distance of about 
50 m from a center. 
Outside of the old town, where vaccination center density was 5.7 fold lower, 
only 25 % of the dogs were found within 75 m. To reach 90 % of the dogs, one has 
to go as far as 300 m from a center.  The vaccination coverage was calculated to 
be 75 % within a radius of 23 m around the centers, 70 % at 49 m, and 65 % at 
102 m. 
 
 



Kappeler & Wandeler  -  Dog population studies related to a vaccination campaign against rabies in Lalitpur City, Nepal 
 
 

 38 

8. REFERENCES 
 
BAILEY, N.T.J.; 1951. On estimating the size of mobile populations from 

recapture data. Biometrika, 38:293-306. 

BAILEY, N.T.J.; 1952. Improvements in the interpretation of recapture data. J. 
Anim. Ecol., 21:120-127. 

BECK, A.M.; 1973. The ecology of stray dogs: a study of free-ranging urban 
animals. York Press, Baltimore. 

BELOTTO, A.J.; 1988. Organization of mass vaccination for dog rabies in Brazil. 
Rev. Infect. Dis., 10:S693-S696.  

BEN OSMAN, F., HADDAD, N.; 1988. Experience in field rabies control programs. 
Rev. Infect. Dis., 10:S703-S706.  

BERAN, G.W.; 1982. Ecology of dogs in the central Philippines in relation to 
rabies control efforts. Comp. Immun. Microbiol. infect. Dis., 5:265-270.  

BERAN, G.W., FRITH, M.; 1988. Domestic animal rabies control: an overview. Rev. 
Infect. Dis., 10:S672-S677.  

BUDDE, A. (in preparation). Untersuchungen an Haushundepopulationen im Südwesten 
von Sri Lanka. Ph.D.Thesis. Inst.Zool., Univ. Bern, Switzerland.  

CAUGHLEY, G.; 1977. Analysis of vertebrate populations. John Wiley, Chichester. 
pp. 1-234. 

CHOMEL, B., CHAPPUIS, G., BULLON, F., CARDENAS, E., DAVID DE BEUBLAIN, T., 
LOMBARD, M., GIAMBRUNO, E.; 1988. Mass vaccination campaign against rabies: 
are dogs correctly protected? The Peruvian experience. Rev. Infect. Dis., 
10:S697-S702.  

CIFUENTES, E.E.; 1988. Program for the elimination of urban rabies in Latin 
America. Rev. Infect. Dis., 10:S689-S692.  

DANIELS, T.J.; 1980. The social behavior of free-ranging urban dogs. M.S.thesis. 
Ohio State Univ., .pp. 1-144. 

FAYDA, M.; 1988. Etude socioécologique dans la population canine en zone rurale 
et son application à la prophylaxie de la rage. Thèse de doctorat 
vétérinaire. Inst. Agr. Vet. Hassan II, Rabat. pp. 1-123. 

FRITH, M.; 1989. The ecology of dogs in Lalitpur, Nepal, based on an inventory 
survey of 755 households, May 14-22, 1989. Preliminary estimates of human 
and dog populations, rabies awareness, and likelihood of vaccination camp 
usage, derived from manual data summaries. (unpublished). 

GUTSCHOW, N.; 1982. Stadtraum und Ritual der Newarischen Städte im Kathmandu-
Tal. Kohlhammer, Stuttgart. 

JOSHI, D.D.; 1989. Findings of Health systems research in a canine rabies 
control project in Lalitpur town panchayat, Nepal. Manuscript. WHO 
consultation on feasibility of global control and elimination of rabies. 
Geneva, 11-13 December 1989. 

JOSHI, D.D., BÖGEL, K.; 1982. Rabies surveillance and control project in Nepal. 
(unpublished). 

JOSHI, D.D., BÖGEL, K.; 1985. Human and canine rabies control project. 
(unpublished). 

JOSHI, D.D., BÖGEL, K.; 1989. Canine rabies control project in Lalitpur City, 
Nepal. (unpublished). 

LARGHI, O.P., ARROSI, J.C., NAKAJATA-A., J., VILLA-NOVA, A.; 1988.  Control of 
urban rabies. In: Campbell, J.B., Charlton, K.M. (eds.): Rabies. Kluwer 
Academic Publishers, Boston/ Dordrecht/London. p. 407-422. 



Kappeler & Wandeler  -  Dog population studies related to a vaccination campaign against rabies in Lalitpur City, Nepal 
 
 

 39 

MATTER, H.; 1985. Analyse einer Hundepopulation im Kanton Bern mit Hilfe eines 
Fragebogens. Master thesis. Inst.Zool., Univ. Bern, Switzerland. pp. 92. 

MATTER, H.; 1989. Populationsbiologische Untersuchungen an Hundepopulationen in 
Tunesien. Ph.D.Thesis. Inst.Zool., Univ. Bern, Switzerland. pp. 97. 

NASSAR, R., MOSIER, J.E.; 1980. Canine population dynamics: a study of the 
Manhattan, Kansas, canine population. Am. J. Vet. Res., 41:1798-1803.  

SCHNEIDER, R., VAIDA, M.L.; 1975. Survey of canine and feline populations: 
Alameda and Contra Costa Counties, California, 1970. J. Am. Vet. Med. 
Assoc., 166:481-486. 

SCHNURRENBERGER, P.R., KANGILASKI, E., BASHE, W.J.; 1961. Characteristics of a 
rural Ohio dog population. Vet. Med., 56:519-523.  

SHRESTA S.H.; 1988. Nepal in maps. Educational Enterprise, Kathmandu. pp. 49. 

WANDELER, A.I.; 1985. Ecological and epidemiological data requirements for the 
planning of dog rabies control. In: Kuwert, E., Mérieux, C., Koprowski, H., 
Bögel, K. (eds.): Rabies in the tropics. Springer, Berlin. p. 657-661. 

WANDELER, A.I., BUDDE, A.; 1985. Dog population studies related to a rabies 
control programme in Sri Lanka supported by Agfund/Radda Barnen/WHO. 
(unublished). 

WANDELER, A.I., BUDDE, A., CAPT, S., KAPPELER, A., MATTER, H.; 1988. Dog ecology 
and dog rabies control. Rev. Infect. Dis., 10:S684-S688.  

WHO; 1987. Guidelines for dog rabies control. 2nd ed. WHO, Geneva.  

WHO; 1988. Report of WHO consultation on dog ecology studies related to rabies 
control. Geneva, 22-25 February 1988. WHO/Rab.Res./88.25. 

 

 
 
 



Kappeler & Wandeler  -  Dog population studies related to a vaccination campaign against rabies in Lalitpur City, Nepal 
 
 

 40 

ANNEX 1: CALCULATION OF NUMBER OF DOGS IN A PHOTO CIRCUIT AREA 
 
 
This annex gives the formulas used to calculate the population estimates based 
on photographic (re)capture data (see 5.2.3.2). Data from the Stupa circuit, 
Lalitpur, Nepal, are taken as an example. Five control tours were made in this 
area. 
The same methods of evaluation can be applied to any other mark-recapture 
technique (e.g. individually distinguishable collars, paint marks etc). 
 
Before using these methods, it is highly recommended to consult relevant 
literature (e.g. Caughley 1977). All methods for estimating population sizes 
make basic assumptions such as equal catchability of all animals under study, 
etc. They are - to a different extent - susceptible to immigration/emigration, 
births /deaths, loss of marks etc occuring during the experiment. 
 
 
 
1. RAW DATA AND CUMULATIVE NUMBER OF DOGS OBSERVED 
 
Table 1: Observation history of 90 dogs, Stupa photo circuit 
 
 Dog  Sex   Col  Observed       Dog  Sex   Col  Observed       Dog   Sex  Col  Observed   
 Nr         lar  in Control     Nr         lar  in Control     Nr         lar  in Control 
 
  1   F     Y    1 2 3 4        31   M     Y    1   3 4        61   ?     ?      2        
  2   F     Y    1     4        32   ?     Y    1   3          62   F     Y        3   5   
  3   ?     Y    1 2 3 4        33   M     N    1 2 3 4 5      63   F     Y        3 4     
  4   F     Y    1 2 3 4        34   ?     N    1 2 3 4 5      64   F     Y        3       
  5   F     Y    1 2 3 4 5      35   F     N    1 2 3 4 5      65   M     Y        3       
  6   ?     Y    1 2 3 4        36   M     N    1 2 3 4 5      66   F     Y        3       
  7   ?     Y    1 2 3          37   ?     N    1 2 3 4 5      67   M     N        3       
  8   ?     Y    1   3 4        38   F     N    1 2 3 4 5      68   F     Y        3 4     
  9   M     Y    1 2 3 4 5      39   F     Y    1 2 3 4 5      69   ?     N      2 3 4 5   
 10   M     N    1 2 3 4 5      40   F     Y    1 2 3 4 5      70   ?     Y        3       
 11   ?     ?    1              41   M     Y      2   4        71   M     Y        3       
 12   F     Y    1 2 3 4 5      42   M     Y      2 3 4        72   M     Y        3       
 13   M     Y    1 2   4        43   M     Y      2            73   ?     N        3   5   
 14   F     Y    1 2 3 4 5      44   M     Y      2   4        74   M     N          4     
 15   M     Y    1 2 3 4 5      45   M     Y      2   4        75   ?     Y          4     
 16   M     Y    1 2 3 4        46   F     Y      2   4 5      76   ?     ?          4 5   
 17   F     Y    1 2 3 4        47   M     Y      2 3 4 5      77   M     Y          4 5   
 18   F     Y    1 2 3 4 5      48   M     Y      2            78   ?     N          4 5   
 19   F     N    1 2 3          49   ?     N      2 3 4        79   F     N          4     
 20   M     N    1 2 3   5      50   ?     Y      2            80   M     Y            5   
 21   M     Y    1 2 3 4 5      51   M     Y      2 3          81   F     Y            5   
 22   M     Y    1              52   M     N      2 3          82   ?     Y            5   
 23   M     Y    1 2 3          53   M     Y      2 3 4        83   ?     ?            5   
 24   F     Y    1 2 3 4 5      54   M     Y      2 3   5      84   M     N            5   
 25   F     Y    1       5      55   M     Y          4        85   F     N            5   
 26   ?     Y    1              56   F     N      2 3 4 5      86   ?     Y            5   
 27   M     Y    1 2 3   5      57   F     Y      2 3 4 5      87   M     Y            5   
 28   F     Y    1 2 3 4 5      58   M     Y      2 3 4 5      88   F     Y            5   
 29   F     Y    1 2 3 4 5      59   F     Y      2 3 4 5      89   M     N        3       
 30   F     Y    1   3          60   F     Y      2 3 4 5      90   F     N            5   
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Table 2: Number of dogs observed each time and cumulatively 
 
Ctrl  Date      Time        Number of dogs observed          Cumulative nr of dogs 
Nr                          TOT    M    F    ?    M : F      TOT    M    F    ?    M : F 
 
1     23/06/89  0545-0617    40    3    6   31    33:67       40    3    6   31    33:67 
2     26/06/89  1725-1822    52   11   10   31    52:48       61   14   15   32    48:52 
3     28/06/89  0547-0646    59   13   14   32    48:52       73   24   25   24    49:51 
4     02/07/89  1058-1148    52   11   14   27    44:56       80   30   28   22    52:48 
5     03/07/89  0739-0822    46   10   13   23    43:57       90   36   33   21  * 52:48 
 

The cumulative number of dogs of unknown sex is decreasing because the sex of several 
dogs was determined on the 2nd, 3rd etc. control. 
 
 
 
Table 3: Frequency of re-observations of individual dogs 
 
Number of dogs that were observed    1x:     29       (M: 13     F:  7      ?:  8) 
                                     2x:     16       (M:  6     F:  6      ?:  4) 
                                     3x:     14       (M:  6     F:  2      ?:  3) 
                                     4x:     15       (M:  5     F:  7      ?:  3) 
                                     5x:     19       (M:  6     F: 11      ?:  2) 
 
 
From re-observation alone, the cumulative number of dogs can be determined. This 
does not necessarily correspond to the number of 'resident' dogs in the area, as 
temporary 'visitors' may also be included. 
 
Cumulative number of dogs observed:  90 
 
 
 
 
2. PETERSEN'S ESTIMATE AND BAILEY'S DIRECT SAMPLING 
   (cf Caughley 1977, p.141-143) 
 
Bailey's direct sampling method is a variant of the Petersen estimate. The 
Petersen estimate calls for marking on one occasion and recording the propor-
tions of marked animals in a sample of captured/observed animals on a second 
occasion. The population size N at time of marking can be estimated as  
 
 
N  =  M n         M = total number of marked animals 
       m          m = number of marked animals in subsequent sample 
                  n = sample size 
 
 
Bailey (1951, 1952) modified the formula as follows: 
 
                                   (square root) 
N  =  M (n+1)     with S.E.  =  / M2(n+1)(n-m) 
        m+1                    √  (m+1)2(m+2) 
 
 
In the following example any two successive photo control tours are used as a 
pair and the population estimate is calculated according to Petersen's as well 
as Bailey's method: 
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Table 4: PETERSEN's (NP) and BAILEY's (NB) estimate of population size, applied to the 
Stupa circuit data 
 
Pair    M     n     m      NP     NB ±SE         Pair    M     n     mR      NP     NB±SE 
 
1/2     40    52    31     67     66 ± 7         1/4     40    52    29     72     71 ± 8 
2/3     52    59    43     71     71 ± 5         1/5     40    46    22     84     82 ±12 
3/4     59    52    39     79     78 ± 6         2/4     52    52    40     68     67 ± 5 
4/5     52    46    30     80     79 ± 8         2/5     52    46    30     80     79 ± 8 
1/3     40    59    34     69     69 ± 7         3/5     59    46    31     88     87 ± 9 
 
 
 
Estimate according to PETERSEN:  min  67       max  88 
                      BAILEY  :  min  66 ± 6   max  87 ± 9 
 
 
 
 
3. BECK'S EVALUATION OF PHOTO (RE)CAPTURE DATA (cf WHO 1987, p.2.44-2.45) 
 
Beck's method is based on the Petersen estimate as well, but uses multiple 
observation/re-observation data sets. Tabulated data can be used to estimate 
population size N using the following formula: 
 
 
N     =  Σ(Mn) 
          Σm 
 
 
M     =  number of animals marked (photographed) each time 
m     =  number of dogs being recognized as previously marked 
Σm    =  summation of m to that point in time 
n     =  total number of dogs observed on any previous, but not on the 
         actual occasion = Σ(M-m) 
Mn    =  product of each day's M and n 
Σ(Mn) =  summation of Mn to that point in time 
N     =  population estimate 
 
 
Table 5: Calculation of N with BECK's method (Stupa data) 
 
     M       m       Σm      n      M-m       Mn       Σ(Mn)        N  
 
1    40       0      -        0      40         0          -         - 
2    52      31      31      40      21      2080       2080        67 
3    59      47      78      61      12      3599       5679        73 
4    52      45     123      73       7      3796       9475        77 
5    46      36     159      80      10      3680      13155        83 
 
 
Estimate according to BECK:  min  67     max 83 
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4. JOLLY-SEBER'S METHOD (cf Caughley 1977, p.148-151) 
 
The method requires that each animal's history of recapture is known. A multiple 
capture/recapture series is needed. 
 
Ni  =  estimated population size 
ni  =  size of sample 
Mi  =  number of marked animals in population before ith occasion (= actual  
       control)  =  mi + (ZiRi/ri) 
mi  =  number of marked animals in sample 
Ri  =  number of animals marked and released (usually = ni) 
ri  =  number of animals of the Ri release that are subsequently recaptured 
Zi  =  number marked before the ith occasion that were not recaptured on the ith  
       occasion but were recaptured subsequently 
ai  =  proportion of marked animals in ith sample  =  mi/ni 
 
 
Table 6: Calculation of N according to JOLLY-SEBER (Stupa data) 
 
 i   ni      last recaptured in ctrl     values of mi and Zi                 Ni ±SE  
             1    2    3    4    5      i=1     2     3     4     5                  
 
 1   40                                                                        -      
 2   52     31                          (mi)  (31)=m2                       63 ± 3  
 3   59      4   43                             4   (47)=m3                 71 ± 3  
 4   52      1    5   39                        1     6   (45)=m4           64 ± 4  
 5   46      1    0    5   30    -              1     1     6    (36)=m5             
 
 ri          37   48   44   30    -       Zi     6     7     6      -                 
            r1    r2    r3   r4                   Z2     Z3    Z4                        
 
 
 
               niZiRi 
Ni    =  ni +      (Ri is equal to ni in this case) 
                miri 
 
 
                         _____________________________________________  
                        /             Mi-mi+Ri    1     1      1-ai 
S.E.  = (square root)  √ [ Ni(Ni-n) ( ( - ) + )] 
                                         Mi      ri    Ri       mi 
 
 
 
Estimate according to JOLLY-SEBER:  min  63 ± 3     max 71 ± 3 
 
 
 
 
5. LESLIE'S REMOVAL METHOD  (cf Caughley 1977, p.44-46, WHO 1987, p.2.46-2.47) 
 
Leslie's method was originally designed to estimate population size from harvest 
data (e.g. number of animals shot per week, caught per trap night etc). Each 
catch is plotted against the cumulative previous catch. The slope of this 
regression can be calculated and gives the average percentage of the population 
caught per unit effort (= trap night etc). The x-intercept estimates the 
population size, N1, before the beginning of the harvest. 
 
Data from mark-recapture studies can also be used with Leslie's method: every 
animal observed in the first control is considered to be removed and not 
observable in controls 2, 3, etc. Every animal observed for the first time on a 
subsequent control tour is treated in the same way. 
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i        =  number of catch (control) 
ni       =  number of animals caught (observed) 
mi       =  number of animals recognized as previously marked 
ni-mi    =  number of animals removed = number of animals 
            observed for the first time  =  yi 
Σ(ni-mi) =  cumulative number of animals removed  =  Σyi 
Σ(yi-1)  =  cumulative number of animals previously removed  = xi 
 
 
Table 7: Calculation of linear regression (LESLIE, Stupa data) 
 
i    ni     mi  ni-mi  Σ(ni-mi)   Σ(yi-1)                                                               
                = yi    = Σyi     = xi    Σxi     xy    Σxy      x2    Σx2     a      b      r2    N1   
 
1    40     0    40      40        0       0      0      0      0      0      -      -     -          
2    52    31    21      61       40      40    840    840   1600   1600   40.00  -.475  1.000   84   
3    59    47    12      73       61     101    732   1572   3721   5321   39.86  -.461  0.999   86   
4    52    45     7      80       73     174    511   2083   5329  10650   39.72  -.453  0.999   88   
5    46    36    10      90       80     254    800   2883   6400  17050   38.69  -.407  0.963   95   
 
 
 

         
 
Fig.1:  Number of dogs observed for the first time in a given control versus cumulative 

number of previously observed dogs. Data as given as xi and yi in table 7.  
 
 
The equation for the linear regression line is    y  =  ax + b  with 
 
        Σxy  -  Σx Σy 
                  i                              Σy         Σx 
b   =           a  =  y - bx  =    -  b   
        Σx2  -  (Σx)2                             i          i 
                  i   
 
 
 
                 ⎡ Σxy  -  Σx Σy ⎤ 
                 ⎣           i   ⎦ 
r2   =     =  correlation 
         ⎡ Σx2  -  (Σx)2 ⎤  ⎡Σy2  -  (Σy)2 ⎤        coefficient 
         ⎣           i   ⎦  ⎣         i    ⎦ 
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With the data from table 7 a, b, and r2 are calculated as 
 
a  =  38.691,      b = - 0.407,      r2 = 0.963 
 
 
For the Stupa circuit data the x-intercept which estimates the population size, 
N1, before the beginning of the harvest, can be calculated as follows: 
 
N1  =  -a/b  =  -38.691/-0.407  =  94.993  =  95 
 
Estimate for the Stupa population with LESLIE's method:  95 
 
 
 
 
6. NUMBER OF DOGS - COMPARISON OF DIFFERENT ESTIMATION METHODS  
 
 
Table 8: Comparison of the results from different estimation methods 
 
Method                        Minimum        Maximum        nr of values 
 
Cumulative nr of dogs           (40)            90               5 
Petersen estimate                67             88              10 
Bailey's direct sampling         66 ± 6         87 ± 9          10 
Beck's method                    67             83               4 
Jolly-Seber method               63 ± 3         71 ± 3           3 
Leslie' removal                  84             95               4 
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ANNEX 2: COLLARS: MATERIAL AND PROCUREMENT       
 
 
1. RIBBON FOR COLLARS 
 
The collars were made of polypropylene ribbons, commonly used in the packing 
industry. Ribbons were purchased from several suppliers in Switzerland: 
 
 
*  STRAPEX, Nordstrasse 1, CH-5610 Wohlen AG, Switzerland 
   Phone: (057) 21 11 71,  Fax (057) 22 43 01,  Telex: 827 906  
 
    Article Nr.     Width     Strength     Color_    Length/roll  
    370.912.727     12 mm     0.60 mm      brown       2700 m 
    372.112.727     12 mm     0.60 mm      black       2700 m 
    373.212.727     12 mm     0.60 mm      green       2700 m 
    373.512.727     12 mm     0.60 mm      blue        2700 m 
    373.612.727     12 mm     0.60 mm      white       2700 m  * 
 
   Inner diameter of roll:  280 mm,  width of roll: 190 mm 
   Price per roll: approx. Sfr 100.- to 120.- (US$ 77.- to 92.-) 
 
   * not used in study 
 
 
 
*  VERPAMA, Alte Landstrasse 153, CH-8706 Meilen, Switzerland 
   Phone: (01) 923 38 38,  Fax: (01) 923 63 28 
 
    Article Nr.     Width     Strength     Color_    Length/roll  
    4000-609        12 mm     0.63 mm      yellow      2500 m 
 
   Inner diameter of roll:  280 mm,  width of roll: 190 mm 
   Price per roll: approx. Sfr 100.-  (= US$ 77.-) 
 
 
 
*  FRIMA-TEC Maus, Industrie Buchmatt, CH-3400 Burgdorf, Switzerland 
   Phone: (034) 22 75 65,  Fax: (034) 22 59 45 
 
    Article Nr.     Width     Strength     Color_    Length/roll  
    ?               12 mm     0.65 mm      red         2000 m 
 
   Inner diameter of roll:  400 mm,  width of roll: 190 mm 
   Price per roll: approx. Sfr 100.-  (= US$ 77.-) 
 
 
 
These rolls are designed for use with industrial packing systems, which not only 
hold the rolls, but also support the sides, thus preventing the ribbon from 
falling off the roll. To unroll the ribbon by hand, a stand is required. A 
suitable stand can either be made of strong cardboard or wood (see annex 4) or 
be purchased (e.g. from STRAPEX, Article Nr 349.280 (for inner diameter of rolls 
= 280 mm), or 349.400 (diameter = 400 mm). Price: approx. Sfr 550.-  (= US$ 
430.-)). 
 
 
*  BUERKI AG, Verpackungssysteme, CH-4538 Oberbipp, Switzerland 
   Phone: (065) 76 21 21,  Fax: (065) 76 29 17 
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Buerki AG should be able to provide the same type of ribbons (width 12.7 mm, 
strength 0.60 mm) in several different colors in dispenser boxes of 1000 m. A 
stand is not required for these ribbons. Price: approx. Sfr 35.- per box (= US$ 
27.-). 
Unfortunately Buerki AG only has black and white ribbons on stock. Other colors 
are available on request (allow at least 1 to 2 months for delivery, even more 
for overseas!). 
 
 
 
 
2. ADHESIVE TAPE 
 
Double-sided adhesive tape was purchased from 
 
*  3M (Switzerland) AG, Eggstr.93, Postfach, CH-8803 Rüschlikon, 
   Switzerland.  Phone: (01) 724 90 90,  Fax: (01) 724 02 42 
 
    Reference should be made to 
    SCOTCH transfer adhesive tape, type nr 950, 50 mm * 55 m,  
    Article Nr GT-3000-5670-9 
 
The tape comes in rolls of 50 mm width and 55 m length (sufficient for about 
3500 to 4000 collars). Price: Sfr 82.- (= US$ 63.-). 
 
The tape was selected among more than a dozen candidates. As it is water-
resistant, UV-resistant and of high initial adhesive power, we highly recommend 
to use this product. 
 
 
 
 
3. STAPLERS 
 
Any type of stapler can be used, although we recommend high quality stapling 
pliers like the BOSTITCH P6-6. Although expenive (approx. Sfr 120.- = US$ 93.-), 
they reward the high investment with a very long life. Cheap products (as used 
in the Nepal project) usually break after a few hundred applications. 
 
 
 
 
4. COSTS PER COLLAR 
 
When only the material actually used is taken into consideration, costs of 
collars (ribbon + adhesive tape) in the Nepal study were 
 
Sfr 42.- / 1000   (= US$ 32.- / 1000)   (material only) 
 
In the Nepal study, relatively cheap staplers were used. Some of them broke 
before the end of the vaccination campaign. It is reasonable to use high quality 
material that is amortized over a longer period of time. An amount of 
 
Sfr 20.- / 1000   (= US$ 15.- / 1000)   (stapling) 
 
should be largely sufficient to cover the costs of stapling. 
 
 
The costs of material and application total at 
 
Sfr 62.- / 1000   (= US 48.- / 1000)    (material & stapling) 
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In our study collars were prepared either by staff of the Swiss Rabies Center or 
by volunteers. Therefore, the above figures do not include any indemnities for 
labor. A rough estimation of these costs can be based on the experiences made in 
our center: 
 
   800 - 1600  collars can be cut per hour 
   200 -  300  collars can be mounted on adhesive tape per hour 
 
Additional handling (bundling, counting, packing) will require about 30 min / 
1000 collars. 
Thus, the production of 1000 collars takes approx. 4 to 6 h. A more economical 
way of production can certainly be found. 
 
In many cases it may be cheaper to purchase polypropylene ribbons locally. To 
help you chose appropriate material, our center will be happy to provide samples 
of polypropylene ribbon as well as collars. 
 
Please address requests to: 
 
Swiss Rabies Center 
Institute of Veterinary Virology 
University of Berne  
Laenggass-strasse 122 
CH - 3012 Bern 
Switzerland 
 
Phone (031) 27 43 78,   Fax (031) 27 45 34 
 
 
 
CAUTION 
 
Though cheap, the collars have one major disadvantage: their "life expectancy" 
is relatively short. They were designed for immediate control of vaccination 
coverage, therefore emphasis was rather put on a low price than on durability. 
We estimated collar losses to be 0.75 % day or 22.5 % at maximum in the first 
month. Nevertheless, they are not suitable for permanent identification of 
vaccinated dogs. 
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ANNEX 3: PRODUCTION OF COLLARS 
 
Usually it will be sufficient to produce one standard length of collars and to 
fit them individually to the dog's size. 
Before starting collar production, it is advisable to get an idea of the average 
and maximum size of dogs in the population to be studied. In Nepal we used a 
standard size of 50 cm (20 in). In addition, we had about 20 % collars of 60 cm 
(24 in) at our disposal for very large dogs. If two sizes are produced, they 
should be clearly identified.  
 
The following sketches should help those who want to produce their own collars 
to do so in an economical way (for material, costs, and handling time: see annex 
2). 
 
 
1. Provide adequate stand either by purchasing (see annex 2) or by making 

yourself: You need  
    - 2 pieces of strong cardboard (1.25 cm / 1/2 in) or wood, approx. 70*70 cm  

  (28 * 28 in) in size  
    - 1 plastic pipe or cardboard drum, 20 to 27 cm in diameter (8 to 11 in) and  

  25 to 35 cm (10 to 14 in) long 
    Cut a hole into the 2 pieces of cardboard, of the same diameter as the tube. 
 
 

   
 
 
 
2.  Mount roll on stand. 
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3.  Cut collars (if available, use a cutting tool like those used for paper) 
 

 
 
 
 
 
4.  Fix 50 - 60 cm (20 - 24 in) of double-sided adhesive tape on a piece of 

cardboard or wood, using another adhesive tape. The protective paper must 
face the cardboard. 

 

               
 
 
 
 
5.  Remove about 2 mm (0.1 in) of double-sided adhesive tape at the upper edge 

of the tape, leaving the protective paper untouched. Use a sharp knife. This 
will allow for easy removal of the protective paper when the collars are 
fixed. 
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6.  Put collars on double-sided adhesive tape, edge to edge. 
 

            
 
 
 
7.  Cut adhesive tape between the collars with a sharp knife. Make bundles of 

adequate numbers (e.g. 50) using rubber bands. 
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ANNEX 4: FIXING COLLARS TO INDIVIDUAL DOGS 
 
 
1.  Remove protective paper from adhesive tape and put collar around dog's neck. 

Press adhesive part on collar, fitting the collar to the dog's size. 
Carefully avoid fixing it too tight or too loose! 

 
 

 
 
 
 
2.  Secure collar with 2 staples, carefully placed within the area of the 

adhesive tape. 
 
 

 
 
 
 
3.  Cut excessive collar with scissors as close as possible to the adhesive 

tape. 
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ANNEX 5: RECOMMENDATIONS FOR COLLAR CONTROL TOURS 
 
These recommendations are based on experiences made in Nepal. They describe one 
possible way in which the efficacy of a vaccination campaign can be controlled, 
provided vaccinated dogs are visibly marked. If the method is to be applied in 
other projects, some modifications may be required, depending on the scope of 
the study and on local conditions. 
The figures illustrating the recommendations are derived from original data, 
collected on a collar control in Lalitpur City, Nepal, on the 22nd of June, 
1989. 
 
 
1. MATERIAL 
 
-  Adequate map of study area, preferably at a scale of approximately 1:5,000 

(see Fig.1). 1:3,000 will even be better suited for densely inhabited city 
areas while 1:10,000 may be adequate for rural areas. Maps of suitable scale 
may not be readily available. But if a good map with a slightly different  
 

 

          
 
Fig.1:  Sector of the map used for collar controls in Lalitpur City, Nepal.  
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  scale is at hand, maps for field use are relatively easy to produce in any 
scale with a modern photocopier, capable of reduction and enlargement. If no 
maps are available, aerial survey photographs can be used as a basis for 
sketches of the study area (usually available at a National Topographic 
Institute). 

-  interview boards  
-  chalk paper 
-  clips, to fix map and chalk paper on board 
-  protocol forms (compare annex 8) 
-  pencils, color pencils 
-  ruler 
-  removable adhesive tape 
-  binoculars may be useful when working in rural areas 
-  bicycles 
 
 
 
2. PERSONNEL, MEANS OF TRANSPORT 
 
For systematic surveys it is crucial that the survey personnel are well trained 
in map reading. 
Controls should preferably be made by two people, one recording map-associated 
data, the other filling in the protocol. 
In densely populated areas (town or village centers, etc) it will be advisable 
to go on foot. Bicycles are suitable for residential areas, periphery of 
settlements, etc. Cars should only be used when vast rural areas are screened 
for dogs, but not in villages or towns. 
 
 
 
3. SELECTION AND SIZE OF CONTROL AREA 
 
When marks with a relatively short life expectancy are used to identify 
vaccinated dogs (e.g. plastic collars, paint), control tours should take place 
in parallel to the ongoing vaccination campaign. A thorough knowledge of where 
vaccination centers already have been operating is required to avoid controlling 
areas yet to be treated. This would result in an underestimation of the 
vaccination coverage. On the other hand, control tours sticking to the places 
where vaccination centers were operating, will yield overestimations. When the 
location of future centers is known, observers should be able to estimate the 
area that was meant to be covered by the centers that had already been active. 
They can adjust their route accordingly. 
 
When permanent marks are used, the above mentioned dilemmas can easily be 
overcome. Controls can be made after the completion of the vaccination campaign. 
The major disadvantage of this method is its inability to detect problem areas 
while the campaign is still in progress. It may be much harder to implement 
follow-up vaccinations once a campaign is completed, than to send a vaccination 
team into a problem area during an ongoing program. 
 
A single control tour should preferably stay within a given habitat type (e.g. 
residential area, center of town, agricultural land, etc). When different 
vaccination strategies are applied (e.g. door-to-door and vaccination centers at 
fixed locations) controls should not switch between the corresponding areas. 
This facilitates interpretation of data. In densely populated places a control 
tour may typically cover 0.1 to 1.0 km2. In rural areas outside settlements, 
control zones may be larger. In any case a sufficiently high number of dogs 
should be controlled, to get a reasonable estimate of the vaccination coverage 
(50 dogs and more). 
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Periods of high dog activity should be chosen for control tours. Usually this is 
early in the morning and shortly before dark.   
 
 
 
4. DATA TO BE RECORDED 
 
Data are recorded on protocol forms and on chalk paper put directly on the map 
of the control area as follows: 
 
* On protocol form - general information (Fig.2): 
  - date and time of control (beginning and end); 
  - weather conditions prior to and during control; 
  - name / location of controlled area; 
  - name of observer(s). 
 

  
  
Fig.2: Head of a protocol form, giving general information on a control tour. One part 

of the form can be designed for an easy evaluation of the data collected during 
the control. 

 
* On protocol form - dog-specific information (Fig.3): 
  - number of dog (cross-reference to map); 
  - collar status, color of collar if different colors were used; 
  - sex; 
  - age class; 
  - possibly additional information on health status, behavior, confinement etc. 
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Fig.3:  Part of the protocol form referring to individual dogs. It is not necessary to 

record the color of collars, when a single type of marks is used to identify 
vaccinated dogs. The approximate age is recorded in order to see whether 
specific age classes require special attention during the vaccination campaign. 

 
 
* On map, or preferably on a chalk paper put over the map and fixed with clips  
  or removable adhesive tape (Fig.4): 
  - date of control; 
  - time of beginning and end of control; 
  - points of reference, so the chalk paper can be repositioned on the original 

map; 
  - route, including direction, start and end point; 
  - precise location of every dog encountered, together with a number (cross-

reference to protocol), collar status. 
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Fig.4:  During the control, all dogs encountered are recorded on a chalk paper, put over 

the original map. Thanks to the transparency of the chalk the information given 
on the map remains visible. For easy repositioning of the chalk, reference marks 
are made on the chalk (crosses marked with 'F7' and 'G7'). Dogs are numbered 
continuously and recorded under the same number on the regular protocol form. 

 
 
Independently from collar controls the precise location of every vaccination 
center must be recorded on a separate map. Preferably this is done by the same 
people who do the controls. For precise mapping centers should be visited. 
Second hand information may be less accurate!  
 
 
 
5. OBSERVATION RULES 
 
A simple set of rules should be followed to ensure data of high reliability: 
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1.  Get yourself acquainted with your study area. It will help you in selecting 
control areas. One of the best ways to do so is to visit, and simultaneously 
map, all the vaccination centers. 

2.  Make a plan of where to go before you start for a control tour. This will 
minimize the risk that you follow high concentrations of dogs and neglect 
less attractive places. In the best case, a route is selected on a random 
basis, by throwing a coin at every crossing. For practical reasons this is 
rarely done in the field. If very accurate maps are available a route can be 
predetermined on a random basis before going to the field. 

3.  Once in the field, proceed slowly to ensure that a high proportion of dogs 
are discovered. Examine your area thoroughly. Not all the dogs will sit 
conspicuously on the street! Do not interrupt the control for prolonged 
periods. 

4.  Do not control a particular area more than once within a single control. If 
you have to go the same way twice, no dogs may be recorded on the second 
occasion, even if you are sure they are different from those observed the 
first time. 

5.  Only record dogs you have seen yourself. Local residents may be willing to 
inform you on dogs that are not visible. As this information can be biased, 
it should be left unconsidered. When residents ask you to come and see their 
dog inside a house, these data shall be omitted, unless all households are 
controlled in that way! 

6.  Data from different control tours can best be compared when they are 
collected by the same people. When several control teams are involved, 
uniformity in method must be assured by regular training and/or exchange of 
survey participants between teams. 

 
 
 
6. EVALUATION 
 
A first evaluation of the data can be made from the data recorded in the 
protocol form, using the table shown in Fig.2: 
 
The number and percentage of marked dogs is recorded according to their sex. An 
estimation of the vaccination coverage within the controlled area can be made. 
This can help adjust vaccination center density for similar areas yet to be 
treated. 
Determination of the sex ratio in observed dogs can be compared with the ratio 
in those brought for vaccination (if recorded). When differences are obvious, 
measures can possibly be taken to have the underrepresented sex vaccinated, too. 
 
If the length of the circuit is determined, the number of dogs per unit length 
(e.g. km) can be calculated, giving a rough estimate of relative dog density. 
But caution: the number of dogs observed will largely depend on dog activity, 
and this from time of the day. So only controls made under similar conditions 
should be compared! 
 
Some information can be derived from the map protocol only. A completed protocol 
on chalk paper will look similar to the one shown in Fig.5. Map protocol and 
regular protocol form are linked through the dogs' reference numbers. So, from 
map plus protocol the exact location, sex, age, collar status, etc., is known 
for every dog. If only different symbols, but no reference numbers are used to 
identify dogs with and without collars on the map, part of the available 
information is lost.  
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Fig.5:  Original map protocol on chalk paper. Numbers refer to the individual dogs 

observed. The same numbers are used to identify dogs on the normal protocol (see 
Fig.3). Letters indicate the color of the collars: BL = blue, BR = brown, G = 
green, R = red, Y = yellow; - = no collar, ? = collar status unknown. The 
crosses F7 and G7 are used for repositioning the chalk on the original map. 

 
 
Such a map can directly be used to evaluate the distribution of vaccinated and 
non-vaccinated dogs.  
In the case discussed here, the interpretation of the data is easier after 
redrawing the original map protocol onto a different chalk paper (Fig.6). One 
symbol - or color - is used for dogs with and another one for those without 
collar. If different colors of collars were used, symbols - or colors - can be 
chosen accordingly.  
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Fig.6:  Redrawing of the original map protocol, using specific symbols for the different 

collars used in the study. 
 
 
The graphical evaluation shown in Fig.6 should be made immediately after 
completion of the control tour: Discrepancies between map protocol and protocol 
form can thus be discovered and possibly still be corrected.  
The graphical evaluation aims at discovering problem areas with high 
concentrations of dogs that escaped vaccination. They are an important survey 
instrument for the planning of the ongoing campaign. Fig.6 identifies such an 
area in the lower right corner, where 5 dogs without collars were found near 
each other. When the redrawing is repositioned on the original map (Fig.7), the 
street requiring the visit of a mobile vaccination team can easily be 
identified. 
 



Kappeler & Wandeler  -  Dog population studies related to a vaccination campaign against rabies in Lalitpur City, Nepal 
 
 

 61 

          
 
Fig.7:  Fig.6 repositioned on the original map for identification of areas with a high 

proportion of dogs without collars (-----). 
 
 
In Fig.8 the location of all the vaccination centers operating in the area 
before the control has been included. Every collared dog was assigned to the 
nearest center that had used the same color as the dog wore. Dogs and 
corresponding centers were connected with a line. For every center the day when 
it had been operating was noted. The resulting plot gives a lot of additional 
information. For instance, it becomes obvious, why 5 dogs with green collars 
were observed close to a center using brown collars (lower center of Fig.8): The 
'green' center had been operating on the 19th of June already, while the 'brown' 
one was active only on the 21st. The owners of the 5 dogs had probably not known 
that there would be a vaccination center near their home and had brought their 
dogs further for vaccination than absolutely necessary. Even when the evaluation 
can provide some insight into how far dogs were brought for vaccination, it 
should be kept in mind that dogs are mobile: They may occasionally be observed 
quite distant from their reference household, especially in areas of low dog 
density, but also in towns. For instance, the five 'blue' dogs in the upper 
center of Fig.8 were all found sitting in front of a butcher's shop. It is 
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unlikely that they all belonged there. Rather will they have come from further 
away, knowing from experience that the butcher's shop was a good place to obtain 
some food. 
 
 

          
 
Fig.8:  All collared dogs are assigned to the nearest center using the same color of 

collars as the dog wears. This is the center where the dog has most likely been 
vaccinated.  

 
 
Fig.8, like Fig.6, can also be repositioned on the original map (Fig.9). This 
will provide some insight on the real distances dogs were brought for vacci-
nation in cases where buildings hindered the owner from choosing the direct line 
connecting dog and center. 
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Fig.9:  Fig.8 repositioned on the original map to show the relation between dogs, 

vaccination centers, and the structure of the area (buildings etc). 
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ANNEX 6: ACTIVITIES - PERSONS VISITED - INFORMATION TRANSFER 
 
1. A.I. WANDELER 
 
Persons visited 
 
Dr D. D. Joshi, Director General, Dairy Development Corporation, Lainchaur, 

Kathmandu 
 
Dr T. N. Vaidya, Rabies Vaccine Production Division, Central Animal Health 

Center, Tripureswar, Kathmandu  
 
Mr R. B. Karki, Head, Lalitpur Veterinary Hospital, Lagankhel, Lalitpur 
 
 
 
Diary of A.I. Wandeler in Kathmandu and Patan (Lalitpur) 
 
30/05/89  Departure from Berne via Zürich - Frankfurt 
 
31/05/89  Arrival in Kathmandu. Accomodation at New Ganesh Hotel, Kathmandu. 
  Separate meetings with Drs. Dernburg and Vaidya and with Dr. Joshi. 
  Dr. Joshi informs me about some communication problems. Due to 

gasoline shortage all travelling to and within the project area in 
Patan is done on rented bicycles. 

 
01/06/89  Excursion by bicycle: Selection of an area for photographic recapture. 
 
02/06/89  Meeting in Dr. Joshi's office with Drs. Joshi, Vaidya, Dernburg and 

Mr. Karki. It becomes obvious that the vaccination campaign program is 
not yet complete partially due to disagreement between Dr. Dernburg 
and her Nepalese colleagues. In response to my intervention the 
original idea of having only a few vaccination sites serviced for 
several days is dropped in favour of having much more vaccination 
sites each maintained for only a single day. The question of how the 
vaccinators should get paid is not settled. 

 
03/06/89  "Photographic recapture" of dogs in Patan in a selected area near the 

Bagmati Bridge. 
  With Dr. Dernburg and Akshaya Gautam: Selection and mapping of vacci-

nation sites in Patan Wards 1, 2, 3 and 4. 
 
04/06/89  All day instruction of vaccinators at Lalitpur City Veterinary 

Hospital. 
 
05/06/89  "Photographic recapture" in selected area in Patan. Meeting with Dr. 

Joshi in Kathmandu. 
 
06/06/89  "Photographic recapture" in selected area in Patan. Meeting with Drs. 

Vaidya and Dernburg in Dr. Vaidya's office. 
 
07/06/89  "Photographic recapture" in selected area in Patan. Arrival of A. 

Kappeler and A. Hilty at Kathmandu Airport. We are informed that Mr. 
Karki changed the location of a number of vaccination centers. 

  Inspection of vaccination centers in Patan wards 1 and 20 with Mr. 
Gautam and health educators. 

 
08/06/89  Inspection and distribution of material for vaccination and of collars 

and forms to vaccinators at Lalitpur City Veterinary Hospital. 
   "Photographic recapture" in selected area in Patan. 
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09/06/89  1st vaccination day beginning at 06.00 at Lalitpur City Veterinary 
Hospital. Centers are operated from 06.30 to 09.30 a.m. No vaccine-
tions are done in the afternoon, in contradiction to the original 
plan. 

  Meeting with Dr. Dernburg and Mr. Gautam at the Lalitpur City 
Veterinary Hospital for a first review of operations. 

  "Photographic recapture" in selected area in Patan. 
 
10/06/89  Excursion to Lubhu (site of dog investigations in previous years) and 

Bhaktapur by bicycle. 
 
11/06/89  Meeting with vaccinators at 0530 at Lalitpur City Veterinary Hospital. 
 
12/06/89  Meeting with vaccinators at 0530 at Lalitpur City Veterinary Hospital. 
 
13/06/89  Meeting with vaccinators at 0600 at Lalitpur City Veterinary Hospital. 
  Meeting with Dr. Vaidya at Kathmandu Veterinary Hospital. We receive 

rabies infected dog brains from Dr. Vaidya for typing with monoclonal 
antibodies. 

 
14/06/89  Return from Kathmandu via Frankfurt and Zürich to Berne. 
 
 
General remarks about the vaccination campaign 
 
There was still considerable uncertainty on several important subjects when we 
arrived, just a few days before the vaccination campaign should have started. 
The beginning of the campaign was therefore postponed. Much to our satisfaction 
it was then decided that the number of vaccination centers should be increased 
substantially and that each center should be operational for just one day. The 
vaccinators objected vigorously that each team should be paid in accordance to 
their success. Success obviously was too dependent on the quality of the 
propaganda campaign (which they didn't themselves) and on the daily location of 
the centers (which they didn't choose themselves). It later proved to be true 
that some vaccination centers were chosen in very unsatisfactory locations. 
During the campaign it also became obvious that tools were not supplied as 
promised. Dog catching nooses were finally manufactured by Andy Kappeler and 
financed with WHO money assigned to dog ecology studies. 
 
Vaccinators and general public both displayed considerable enthusiasm. Mr. 
Akshaya Gautam did excellent work in stimulating this enthusiasm. We were very 
pleased to see that the campaign would most likely be successful. The success is 
a merit of the vaccinators. 
 
Most of the initial difficulties were obviously due to misunderstandings between 
local administrators and staff and the international advisors. Only the personal 
friendship between influential local administrators and WHO officials prevented 
a cancellation of the dog vaccination campaign in Patan. We strongly recommend 
that all international advisors engaged in such projects get well informed about 
manners and customs in their project areas before they are sent there. We also 
recommend that more time should be allotted to planning and reviewing of plans. 
 
 
 
2. A. KAPPELER 
 
Persons visited 
 
Dr D. D. Joshi, Director General, Dairy Development Corporation, Lainchaur, 

Kathmandu 
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Dr T. N. Vaidya, Rabies Vaccine Production Division, Central Animal Health 
Center, Tripureswar, Kathmandu  

 
Mr R. B. Karki, Head, Lalitpur Veterinary Hospital, Lagankhel, Lalitpur 
 
Mr Punya Prasad Oli, Act. Deputy Director General, Topographical Survey Branch, 

Kathmandu 
 
Mr T. M. Ranjitkar, Town Panchayat, Lalitpur 
 
Mr S. R. Shresta, Town Panchayat, Lalitpur 
 
 
 
Daily activities 
 
My fiancée, Mrs A. Hilty, and I myself stayed in the project area from June 7 to 
July 5 1989. 
 
During the vaccination campaign, every day we spent several hours in the field 
in the morning as well as in the afternoon.  
The morning excursion usually started around 5.30 a.m. with either a collar 
control or a photographic (re)capture tour, or a visit to the Lalitpur 
Veterinary Hospital, where the vaccinators gathered before leaving for the 
campaign. In both instances considerable time was spent with visiting the 
vaccination teams in the field and with exactly mapping the centers. Depending 
on the time left, another collar control or photographic (re)capture tour was 
made before finishing morning field work between 10.00 and 11.00 a.m. (see 
tables 1 and 2). 
 
Afternoon excursions didn't start before 4.00 p.m. Usually the time until dark 
was spent with collar controls and/or photographic (re)capture tours. 
 
Between morning and afternoon excursions time was spent with meetings, visiting 
of offices, purchasing of material for the campaign activities, completion of 
protocols, evaluation of data.  
 
The organization of the campaign was in the hands of local authorities and staff 
and the representative of VSF, Dr A. Dernburg. We had frequent contact to all 
personnel involved, as all vaccination centers were visited daily. Our 
activities did not interfere with the campaign, except that we provided some of 
the material needed, like collars, forms, nooses, etc. 
 
 
 
Information transfer 
 
We recorded the location of all vaccination centers on a large map in the 
Lalitpur Veterinary Clinic. Vaccinators and other interested personnel thus had 
the possibility to follow the daily progress. On June 21, a meeting under the 
direction of Mr R.B. Karki was held with all the staff involved in the campaign. 
The methods used to estimate vaccination coverage was explained, preliminary 
results were presented and discussed. On several occasions we discussed results 
with project staff in the field. 
 
Dr D.D. Joshi was informed on several occasions in the field, and in a meeting 
held on June 24. Dr F.X. Meslin, WHO HQ, who visited the project area from June 
24 to June 28, also took part in the meeting. 
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On June 29, a meeting was held at the Veterinary Clinic with Mr R.B. Karki, Dr. 
A. Dernburg, Mr A. Gautam, Mr M.S. Amatya, and Mr N.D. Ojha. Possible strategies 
for a follow-up campaign were discussed. 
 
On June 30, a collar control tour was made and evaluated with Dr. A. Dernburg, 
Mr A. Gautam, Mr M.S. Amatya, and Mr N.D. Ojha, in order to introduce them to 
the method. Sufficient material (maps, chalk paper, color pencils, folders, 
forms, etc) was left with them, to be used in further controls. Further 
discussions of control methods were held with Dr. A. Dernburg and Mr A. Gautam 
on July 2 and 3.  
 
A final meeting was held at Dr T.N. Vaidya's office on July 4, with the 
participation of Dr D.D. Joshi, Dr T.N. Vaidya, Mr R.B. Karki, Dr. A. Dernburg, 
Mr A. Gautam. Results - as far as available - were presented. Recommendations 
for a follow-up campaign were discussed. A preliminary, hand-written report with 
first evaluations of collar controls and photographic (re)capture tours, 
recommendations, as well as a list of the material provided, was handed out to 
all participants. Dr D.D. Joshi, Dr. T.N. Vaidya, and Mr R.B.Karki were each 
given a copy of a Lalitpur City map, where the location of all the vaccination 
centers and the routes of all collar control tours had been recorded. Mr R.B. 
Karki's map was meant to be at the disposal of the project. In addition, copies 
of all the graphical evaluations of collar controls, as described in annex 5, 
Fig.6, were made available to the project. 
 
All original questionnaire forms filled in by the vaccinators, as well as all 
daily report forms were left with the project for further evaluation. Only 
copies of these documents were taken back to Switzerland. 
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ANNEX 7: MATERIAL PROVIDED BY A.I. WANDELER AND A. KAPPELER 
 
 
 
Items                                       Amount  Purchased in 
      
Collars   black   50 cm            1800      2200    Switzerland 
                  60 cm             400 
          yellow  50 cm            2000      2500    Switzerland 
                  60 cm             500    
          red     50 cm            1800      2200    Switzerland 
                  60 cm             400 
          blue    50 cm            2000      2500    Switzerland 
                  60 cm             500 
          green   50 cm            1800      2200    Switzerland 
                  60 cm             400 
          brown   50 cm            1800      2200    Switzerland 
                  60 cm             400 
                                           
Total                                      13,800 
 
 
 
Staplers                                        7    Switzerland 
Staples                                    36,000    Switzerland 
Scissors                                        6    Switzerland 
Folders for interviewers                        5    Switzerland 
Box with 2 pencils/erasers, pencil 
   sharpener, and ball pen                      5    Switzerland 
Large white bags for transport of material      5    Switzerland 
Form "Vaccination team's daily report form"   120    Switzerland 
Form "Vaccination team's dog questionnaire"   250    Switzerland 
Form "Collar control"                         120    Switzerland 
 
 
 
Dog catching and restraining loops (nooses)    17    Nepal 
Rope, to be used as temporary leash, 180 cm    15    Nepal 
Mini-staplers (reserve)                         5    Nepal 
Staples                                    10,000    Nepal 
Patan City maps 1:7500  (Nepal Kartenwerk 
   der Arbeitsgemeinschaft für vergleichende 
   Hochgebirgsforschung, Nr 22)                 5    Nepal 
Chalk paper                                    40    Nepal 
Set of color pencils                            2    Nepal 
Folders for collar controls                     2    Nepal 
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ANNEX 8: QUESTIONNAIRE AND PROTOCOL FORMS 
 
1. Vaccination team's dog questionnaire (yellow form) 
 
Used by vaccination teams to interview dog owners when they brought their animal 
for vaccination. Designed to collect information on 
 
-  origin of dog (ward) 
-  sex  
-  age 
-  confinement practices 
-  number of hours dog spent in the street 
 
 
 
2. Vaccination team's daily report form (blue form) 
 
Used by vaccination teams for daily reports on 
 
-  time and place where center had been operated 
-  type and amount of vaccine used 
-  color of collars used 
-  number of dogs presented for vaccination, number vaccinated 
-  problems 
 
 
 
3. Collar control / photo (re)capture protocol (white form) 
 
Used for collar control tours and photo (re)capture tours. The upper part of the 
front side with general information was filled in and photographed to identify 
the beginning of a new photo (re)capture tour on the film. On the reverse side 
data concerning individual dogs were noted. 
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