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Counts of capture-recaptures as
outcome of continous time CR-

experiment

= CR of Wildlife Populations
= CR in Public Health and Surveillance
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Situation in Continuous CR Experiment

f, f,, fo f
frequencies of units identified 1,2,3, ..., m times

f, 1S unobserved
populationsize: N = f,+ f, +..+f =1, +n

If probability p, for zero-count known:

N = Np0+n:>N =n/(1-p,)



lllustration: Project with DEFRA on
Scrapie In the UK 2002

f, f,, T T

frequencies of holdings reporting 1,2, 3, ..., m cases:
f,=74,1,=23,1,=15,..., 1, =3, f,+=7

f, 1S number of hidden holdings with scrapies

adjusted size of scrapie: N = f,+n=f, +177



Idea of Modelling

fo, f,, £, foy, T
look at assocliated probabilities:

Pos Prs Poy Pasees Pry
and choose a model (Poisson)

p= €’ p=€70,p,=e’0"/2,..,
estimate 6 with 6, get p, = e’
N =n/(1- f,)



probability

Relative Frequencies and Poisson Probabilities for Count of Cases
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ldea of Mixed Modelling

Instead of simple Poisson
p,=e’0'/ ]!
look at mixed Poisson:

p; = [0’ 111 (6)do
0

(to capture heterogeneity in 6)



ldea of Mixed Modelling

possible to estimate f (£) In mixed Poisson:
p, = [0’/ j1f(0)do
0

by means of nonparametric mixtures



Estimate of f (&) for Scrapie 2002

Poisson mixture

b= [e?0'1j1T(O)do=>e"G) 1],
0 |=1

we find
6
(475 0.7955"
~ 3.406 0.1594
f(0)=

10.362 0.0277
| 22.367 0.0173,




probabilities

Relative Frequencies, Simple Poisson, Mixed Poisson
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Estimates of hidden Scrapie 2002

Simple Poisson:
N =n/(1—e?)=144+2
Mixed Poisson :

~ 4 ~
N =n/1-) e"f)=144+143
=1



Two other nonparametric ideas

= Zelterman's robustness idea
= Chao's lower bound estimate



ldea of Zelterman
look at count probabilities:

091 P1s Poy Paseens Pry
and modelled by Poisson

p,=¢e"',p=¢e°%p,=e’0°12,..,

ratios of consecutive Poissons
P/ Py=0,p,/p=012,p,/p,= 0/3...,

e

= =21,/ f,
N, =n/(1—exp(-2f,/ f,))



ldea of Chao

look at mixed Poisson:
p; = Te‘é’ej/j!f(e)de
Cauchy—SChV\(/)artz:
2
(Tegﬁf(é’)dej s]oe‘gf(e)de Tegé’zf(e)de
0 0 A

p; < p,p, = f, = £2/(21,)
Chao's lower bound estimate



Estimates of hidden Scrapie 2002

Simple Poisson:
N=n/(l-e’)=144+2
Mixed Poisson :

~ 4 ~
N=n/1-) e"f)=144+143
=1

Zelterman:

N\

N, =n/(1-e°"%'") =144 +167
Chao:

e

N. =n+ f2/(2f,) =144 +119



Comparing Zelterman and Chao
Simulation: 4 Experiments with
Poisson Maodel Violation

1:  (0)="P0(0.5)0.5+0.5P0(5)
2. (0)=P0(0.5)0.9+0.1P0o(5)
3:  f(0)=P0(0.5)0.5+0.5P0(1)
4:  f(0)=P0(0.5)0.9+0.1Po(1)



Experiment 1 Experiment 2

3004 Yariable Yariable
== 7elterman_5_5 . 7elerman_5_.1
= chao 5.5 E= chao_5_t
| Weighted_5_.5 SR Weighted 5 .1
Mean StCew N Mean StDey N
1134 96,23 1000 1077 1181 1000
a71.9 33.16 1000 960,0 92,35 1000
- 1003 66,31 1000 = 1018 1051 1000
g g
- ;
=] =
=y [=3
3 g
i |.|.
750 875 1000 1125 1250 1375 1500 JO00 BOO 900 1000 1100 1200 1300 1400
Population Size Population Size
Experiment 3 Experiment 4
\ariable 1004 Variable
1204 [ relerman_1_5 [ relkerman_1_.1
E=]chao_1_5 E=lcha_1_1
B Weighted _1_5 BB weighted 1.1
Mean StCew N Mean StDew N
90+ 957.9 76,97 1000 976.6 94.37 1000
952.0 69,56 1000 9756 85.83 1000
a 954.9 73,18 1000 a 9771 91.53 1000
c c
7] T
5 5
g 01 13
t L
I [
304
0
800 900 1000 1100 1200 1300 00 800 Q00 1000 1100 1200 1300

Population Size Population Size




Chao's estimator keeps the lower bound

New Weighted estimator: average
between Zelterman and Chao?

For more valid inference, mixed modelling
can‘t be avoided
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