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OBJECTIVEOBJECTIVE

The objectives of this study were to: 
estimate the turkey farm population size in three areas of 
Canada: British Columbia (BC), Ontario (ON) and the rest 
of Canada using the 2008-2011 Canadian Notifiable Avian 
influenza Surveillance System (CanNAISS) data.
compare the turkey farm population size estimates using two 
different capture-recapture methods: (i) Log-linear 
modelling and (ii) Bailey’s binomial model estimation with 
population data from 2007 (N2007).

REFERENCESREFERENCES

Capture-recapture analysis (CR) are methods to estimate the 
population size from a series of population samples. They were 
first used by Pierre Simon Laplace to estimate the population 
of France in 1786; later used to monitor the abundance of 
wildlife and increasingly applied in public health[1]. In 
surveillance, the aim of CR methods is to estimate the number 
of individuals with the characteristics of interest that are not
detected by any of the surveillance sources in place[2].

The basic idea behind these CR methods is that animals are 
captured, marked and returned to the population. The estimate 
of population size is made based on the relative numbers of 
marked and unmarked animals in subsequent samples.

MATERIALS AND METHODSMATERIALS AND METHODS

NB= [n1(n2+1)]/(m2+1), where n1 = number of sampled and 
marked farms in the first sample (list1) that were returned to 
the population; n2 = number of farms in the second sample 
(list2); m2 = number of recapture in the second sample (list2) 

N2007Population size 
estimate NB
(95% CI)

m2n2n1Compared 
lists (S)

Area

6042 (36-55)223130S2010,S2011BC

332252 (221-297)68115150S2008,S2009

332286 (240-348)64162114S2009,S2010

332313 (275-362)108236144S2010,S2011Rest of 
Canada

299240 (214-278)80127152S2008,S2009

299216 (186-259)44105122S2009,S2010

299253 (211-311)59151100S2010,S2011ON

6054 (39-78)185020S2008,S2009

6054 (46-68)284137S2009,S2010

We used closed population CR methods to estimate the 
Turkey farm population size by area. A ‘’list’’ referred to all 
farms sampled in CanNAISS during a given year (2008, 2009, 
2010,  2011). The Bailey’s farm population size estimates (NB)
and their  95% confidence intervals were calculated in R using 
the ‘mrclosed’ function in ‘FSA’ package[3,4]. The Log-linear 
model  farm population size estimates (NLLM) were calculated in 
SAS[5]. 

Figure 1: Two-list capture-recapture analysis - Bailey’s 
estimator for sampling with replacement[3]
Figure 1: Two-list capture-recapture analysis - Bailey’s 
estimator for sampling with replacement[3]

2nd sampling at t2 = List21st sampling at t1 = List1

Table 1: Turkey farm population size for three areas 
in Canada  — Bailey’s estimates & 2007 population data
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Figure 3: Absolute difference (estimate-2007 
population data), sample size per analysis, and population 
size (2007 data) by area and analysis

Figure 3: Absolute difference (estimate-2007 
population data), sample size per analysis, and population 
size (2007 data) by area and analysis

Bailey’s estimates: 
Bailey’s point estimates were lower than the 2007 population 

data in the 3 areas (Table 1 and Figure 2). 
Four out of nine Bailey’s confidence intervals did not 

include the 2007 farm population size (Table 1). 
The bailey’s point estimates were not stable from one 

analysis to another. For example, in two analysis (BC 2008-
2009 and BC 2009-2010 the same number of farms were 
sampled (40) but the absolute differences were -18 and -6, 
respectively (Figure 3). This may be explained by 
dependencies between sampling lists.

The Bailey’s estimates for BC were close to the 2007 
population data. BC differed from the other two areas because 
the population size was about 60 farms compared to about 300 
farms in the other areas (Figure 3) even though a smaller 
proportion of farms were sampled in BC (70%) compared to 
Ontario (92%) and the rest of Canada (83%).

Log-linear model estimates:
The Log-linear modelling approach yielded estimates 

closer to the 2007 population data than the Bailey’s analysis for 
turkey farm populations in Ontario and the rest of Canada 
when the farm population size was about 300 farms and a 
larger proportion of farms were sampled (Figure 3).

All estimated confidence intervals contained the reference 
population size.

The dependencies between two sampling lists were assessed 
and accounted for using the log-linear modelling (Table 2).

Both Bailey’s analysis and the log-linear models indicated 
dependencies between annual sampling lists from 
CanNAISS.
Bailey’s analysis performed well in the small population in 
BC (60 farms).
The log-linear models to estimate the turkey farm population 
size in Canada performed better than Bailey’s analysis in the 
larger (300 farm) populations where a large proportion of 
farms were sampled (>80%).
This study demonstrated that capture-recapture methods may 
be applied to estimate farm population size based on ongoing 
surveillance data.
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mijkl = Expected number of farms for the cell ijkl
u1,u2,u3,u4 = Four “main effects”–log odds against  

appearing on each list u1,u2,u3, and u4 (e.g.  
u1(i=0)= 0, u1(i=1)=u1)

u12 , u123, u1234 = Examples of interaction terms 

Goodness of fit of the model[6] : Deviance (G2) 
Model selection[6]: Akaike Information Criterion (AIC)                            

AIC= G2 - 2(df)
Best log-linear model was the one with the lowest AIC

Log-linear model: 4-list capture-recapture analysisLog-linear model: 4-list capture-recapture analysis

Figure 2: Absolute difference between farm 
population size estimates and 2007 population data
Figure 2: Absolute difference between farm 
population size estimates and 2007 population data

338           
(219-530)

343 
(215-572)

44 
(22-91)

Population 
size estimate
(95% CI**)      

332

299

60

N
2007

1,43670,051149,4367S1,S2,S3,S4,  
S1S2 , S1S3 ,
S1S4,  S3S4,
S1S2S3 

Rest of 
Canada

-4,9190,781731,0807S1,S2,S3,S4,  
S1S4 ,S1S2S4,
S1S3S4 

ON

-2,4440,0767915,5562S1,S2,S3,S4, 
S3S4

BC

AICp valuedfDevianceModel*Areas

*Only best models were presented **Profile Likelihood Method

Table 2: Turkey farm population size Log-linear model 
estimation
Table 2: Turkey farm population size Log-linear model 
estimation

-100

-50

0

50

100

150

200

250

300

350

Ba
ile

y'
s 

08
-0

9

Ba
ile

y'
s 

09
-1

0

Ba
ile

y'
s 

10
-1

1

Lo
g-

lin
ea

r m
od

el
 0

8-
11

Ba
ile

y'
s 

08
-0

9

Ba
ile

y'
s 

09
-1

0

Ba
ile

y'
s 

10
-1

1

Lo
g-

lin
ea

r m
od

el
 0

8-
11

Ba
ile

y'
s 

08
-0

9

Ba
ile

y'
s 

09
-1

0

Ba
ile

y'
s 

10
-1

1

Lo
g-

lin
ea

r m
od

el
 0

8-
11

BC ON Rest of Canada

Absolute difference Bailey's (estimate - 2007 population)
Sampled farms in 2 years (per analysis)
2007 population (BC)
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