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Vessel line-transect survey is a common method for estimating the abundance of birds at
sea. In the European Seabirds at Sea (ESAS) guideline, flying birds are recorded with a snapshot
method within a fixed-width strip, usually up to a distance of 300 m. However, bird density in
the Taiwan Strait is much lower compared to European seas, such a method may result in con-
siderable loss of data. Previous researchers have thus suggested that a conventional line-transect
method with continuous observation would be more suitable for Taiwan. The decreasing detect-
ability of birds with distance can be corrected by distance sampling. The continuous observation
is not without disadvantage as the movement of birds can cause substantial bias. In this study,
with data collected using conventional line-transect, we showed that a 300 m strip-transect
would collect 22% fewer data compared to a line-transect. We analyzed the detection function
of major bird species or species groups. Within a distance of 300 m, the overall detection prob-
ability was between 25% and 75%, indicating that assuming a complete detection within 300 m
would underestimate the bird density. We also used simulation to quantify the bias caused by the

movement of birds, and suggested correction factors for estimating bird density.
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F | IR A ITAE R © &S /R (L ~ ESW (B DASZ 300 A R Z AEHI%S -
Table 1 Test statistics of detection function, the effective strip width (ESW), and the detection rate within 300
m of each taxon.

ST 300 m
i EHE Chis AIC E(rsn‘;/ ESWse [
q p (=PRSS
K/K#EE,  hazard-rate 1.84 4 076 2422.0 233.1 173 0.9
half-normal +
=" cosine 2,67 3 044 8595 1989 147  0.54
half-normal +
NESEOE cosine 1.71 3 063 3954 1954 175 058
half-normal +
R cosine 7.70 026 321.1 3068 258 0.75
EUE) hazard-rate 3.06 0.80 402.0 353.7 131.8 0.62
half-normal +
HERS cosine 582 4 021 3973 1993 180  0.57
hazard-rate +
simple 6.97 4 0.14 12254 2605 23.0 0.67
KRAIEESH  polynomial
half-normal +
JE\BE RS cosine 438 5 0.50 33558 216.2 53 0.61
hazard-rate +
HJ/E#ES  Hermite 328 5 0.66 22049 183.0 285 047
half-normal +
JHERE, cosine 0.60 0.90 12032 177.7 105  0.50
7 NFECIEE hazard-rate 4.65 020 6812 168.8 139  0.52
half-normal + 10.6
ELGEIERS  cosine 2 5 0.06 1110.2 1302 48 041
/NAIFBAESA  hazard-rate 2.12 0.71 359.7 1382 229 042
i RAUFEERE  half-normal +
¥ cosine 370 6 0.72 3023 2392 255  0.64
R hazard-rate 7.33 0.06 2705.0  73.7 25 025
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T2 LS EEZRITHEE - RIEGE (K) ~ ESW EHEAE (ESW) ~ &M ARAT 2SR IER T
ESW {H (ESW,,,) ¥ ESW J:%{H (EDD) °

Table 2 Flight speed, correction coefficient (K), ESW derived from the conventional distance sampling
method (ESW), the ESW after flight speed correction (ESW,,,), and the effective detection distance
(EDD) suggested in Yuan and Ding (2021) for each taxon.

FRATHEE ! ESW ESW.: EDD
T ms S m ()
RIKHESS 14.1 324  233.1 7542 500
A= 11.9 274 1989  544.1 300
VRt 11.1 2.55 1954  499.0 200
EER 16.4 376 306.8 1153.0  800-900
HUHE 14.0 321 353.7 11364 600
HBEES 14.7 337 1993  672.0 500
RAIESHH 12.6 2.89  260.5  754.1 600
JENDE S 13.7 3.14 2162  679.9 500
H & #EES 12.1 2.78 183 508.9 300
HHEEE 12.1 2.78 1777 4942 300
/NHE R 10.9 2.51 168.8  423.4 200
AR 13.1 3.01 1302 391.7 200
/NEUEETRIA 10.9 2.51 1382 346.7  100-200
PRRIERARIE 13.1 3.01 2392  719.6  200-600
R 10.7 2.46 73.7 1815 100

L AT S 2678 Alerstam et al. (2007) : ¥ FHI SR ERE - HERH
FRATHERE © B RBTIEM SR PR S IREHE A ZElER DA E SR
B O SRR R DA R S A oy RS R I Sk H P9 (E -
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Figure 1 The detection function of each taxon.
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Figure 2 The relationship between the ratio of estimated bird density to actual bird density and the ratio of
bird flight speed to vessel speed. hn and hr denote the half-normal distribution and the hazard rate
distribution, respectively. s denotes the parameter ¢ in the half-normal distribution. b denotes the
parameter S in the hazard rate distribution.
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Figure 3 The ESW derived from the conventional distance sampling method (ESW), the ESW after flight
speed correction (ESW.), and the effective detection distance (EDD) suggested in Yuan and Ding (2021).
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