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Bayesian Binomial Mixture Model to Study of Larus brunnicephalus
Population Sizes in Relation to Local Environmental Characteristics
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Abstract: Count-based indices are widely used to study the relationship of bird population and environmental characteris—
tic. But indices are often confounded by variation in detection probability. To characterize environmental conditions that af—
fect breeding distributions we analyzed count data on brown-headed gulls ( Larus brunnicephalus) that were collected around
Qinghai Lake in 2010 and 2011. We modeled count data for brown-headed gulls using Bayesian hierarchical model including
five local-scale habitat covariates ( area of lake distance to the nearest road distance to Qinghai Lake level of grazing
vegetation cover) and four variables for detection probability ( wind rain month experience) . We used DIC to choose the
best model. Our state model for abundance contained four independent logdinear Poisson regressions on area of lake dis—
tance to the nearest road level of grazing and vegetation cover. The observation model for detection of an individual brown—
headed gull contained factors of month and observer experience. Result showed that brown-headed gulls populations in—
creased with area of lake distance to the nearest road vegetation cover and decreased with level of grazing. Detectability
increased with observer experience and decreased with month. The weather conditions didn't significantly effect on the detec—
tion probability for brown-headed gulls suggesting that the habitat condition has affect on detectability.
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1
Table 1 Result of the binomial mixture models
2010 2011
DIC D Py DIC D Py
distance2road + area; month + observer( ) 1820.2 1556. 1 264. 1 1407.0 1191. 4 215.6
distance2road + area; month + month? + observer 1822. 1 1660. 2 161.9 1466. 9 1191.2 275.7
distance2road + area + cover; month + observer 1703. 1 1500. 4 202.7 1308. 2 1147.7 160. 5
distance2road + area + cover; month + month” + observer 1700. 5 1489. 6 210.9 1345.9 1147.5 198. 4
distance2road + area + cover + graze; month + observer 1472.1 1295.2 176.9 1295.7 1143.5 152.2
distance2road + area + cover + graze; month + month? + observer 1708. 1 1503. 2 204.9 1437. 4 1250.0 187.4
distance2road + area + cover + graze + distance2lake; month + observer 1663. 8 1479. 4 184. 4 1490. 9 1312.0 178.9
izzzciz;‘izil;ffib;if + graze + distanceZlake; 1683.7 14858 197.9 1361.8 11416 220.2
distance2road + area; month + observer + wind 1795.5 1547.9 247.6 1597.9 1340.0 257.9
distance2road + area; month + month? + observer + wind 1802.9 1550. 1 252.8 1445.6 1164.6 281.0
distance2road + area + cover; month + observer + wind 1694. 0 1494.9 199. 1 1483. 6 1293.3 190. 3
distance2road + area + cover; month + month? + observer + wind 1706.7 1496. 8 209.9 1321.1 1131.3 189.8
distance2road + area + cover + graze; month + observer + wind 1581. 8 1390. 8 191.0 1369. 4 1190. 1 179.3
;::Zﬁzr;ﬁhﬁ ‘fii;;”:::f;fc 1674.9  1479.1  195.8 1326.1  1137.4  188.7
i:;“‘l?if:i;;f‘;zlz‘“er + graze + distance2lake; 1662.0  1476. 1 185.9 1469.0  1288.2 180. 8
distance2road + area + cover + graze + distance2lake;
month + month? + observer + wind 1663. 4 1476. 5 186.9 1333.2 1142.7 190. 5
distance2road + area; month + observer + wind + rain 1809. 1 1549. 8 259.3 1554. 1 1305. 4 248.7
distance2road + area; month + month? + observer + wind + rain 1823.3 1556.9 266. 4 1372.8 1133.0 239.8
distance2road + area + cover; month + observer + wind + rain 1697.5 1495. 6 201.9 1442.5 1272.0 170.5
distance2road + area + cover; month + month? + observer + wind + rain 1696. 2 1496.0 200. 2 1305. 6 1123.0 182.6
distance2road + area + cover + graze; month + observer + wind + rain 1577. 6 1389.3 188.3 1332.1 1169.9 162.2
distance2road + area + cover + graze;
mO:h N mz:tthr zbsewer . 51:(1 . 1683.8  1480.3  203.5 1303.5  1092.1 211.4
zzzi‘lfzo’;fiv:‘fi;Z”Ier;;g’m + distance2lake; 1655.1  1473.7 181. 4 14323 1257.0 175.3
distance2road + area + cover + graze + distance2lake;
month + month? + observer + wind + rain 1687. 1 1480. 6 206. 5 1314.0 1128. 1 185.9
distance2road area cover graze distance2lake
: month observer wind rain
2 2010 2011 MCMC
Table 2 Parameter estimates based on summaries of the marginal posterior distributions under the Bayesian hierarchical model
2010 2011
95% 95%
a0 3.3 0.1 3-~3.5 a0 3.0 0.1 2.8~3.2
al 2.6 0.2 2.1~3.0 al 2.8 0.2 2.5~3.3
a2 1.1 0.3 0.4~ -1.4 a2 1.0 0.2 0.6~ -1.6
a3 1.4 0.3 0.6~1.8 a3 1.3 0.3 0.8~1.9
ad -1.8 0.5 -2.5~-0.6 a4 -1.7 0.4 -2.7~-1.0
b0 4.0 0.3 3.5~4.5 b0 5.0 0.2 4.6 ~5.3
b3 -1.2 0 -1.3~-1.1 b3 -1.3 0.0 -1.3~-1.2
b5 0.8 0.1 0.7~0.9 b5 0.5 0.0 0.4~0.6
a0 al a2 a3
ad ; b0 b3 b5
3.1.2 ( ance hypothesis)
N N ) ( Rei-
mers et al. 2007) , ( The risk-disturb— ( Frid & Dill 2002)
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library( " R2WinBUGS")
setwd( "d: /")

sink( " mlin. txt")

cat( "

model {

a0 ~ dnorm( 0 0.0001
al ~ dnorm( 0 0.0001
a2 ~ dnorm( 0 0.0001
a3 ~ dnorm( 0 0.0001
a4 ~ dnorm( 0 0.0001
b0 ~ dnorm( 0 0.0001
b3 ~ dnorm( 0 0.0001

)
)
)
)
)
)
)
b5 ~ dnorm(0 0.0001)

for (1in 1: K) {
log( lambda i ) < - a0 +al* forest i +a2* distance2road
i +a3* area i +ad4* graze i N i ~ dpois( lambda i )

for (jin1:T) {
Ipij < - b0O+b3* datel i j +b5* observer i j
pij <-1/(l+exp(lpij))
x ij ~dbin(p.limij N i)
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tions J

}
Ntot < — sum(N )
}
" fill = TRUE)
sink( )
Nst < — apply(c 1 max) +1

data < - list ( " observer month" " distance2road cover "

non area")

" graze
inits < — function( ) {
list(a0 =0 al =0 a2=0 a3=0 a4 =0 b0=0 b3=0 b5=0 N=

Nst) }

parameters < — c( "a0" "al" "a2" "a3" "ad" "bO" "b3" "
b5" "Ntot" "N")

ni < —-50000

nb < -5000

nt< -5

ne < -1

out < —bugs (
data inits parameters model. file =" mlin. txt" n. thin =nt n. chains =
nc n. burnin =nb n.iter =ni debug =TRUE DIC = TRUE working. di-

rectory = getwd( ) )



