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Introduction

These online materials supplement a paper which is concerned primarily with lookout watches, a possible new technique for estimation of population density in large forest birds. They augment the paper in three main ways, by presenting:

(1) Methodological details on the lookout points chosen (Table S1) and the sample sizes involved (Tables S2–S4)
(2) Details of the detection results for each target species (Tables S5 and S6) and our additional interpretations (Figs. S1 and S2)
(3) Details of the densities of species recorded from each lookout (Table S7) and detection frequency in relation to breeding seasons at Bala (Table S8)

Methodological details on the lookout points and sample sizes (Tables S1–S4)
Table S1. Location, altitude, fields-of-view, co-ordinates and estimated areas covered from 14 lookout points along 13.1 km of paved road through Bala forest, southern Thailand.
	Lookout location along road (km)
	Altitude (m)
	Field-of-view
	Co-ordinates
	Area of 1-km arc within field-of-view + 0.2-km arc behind (km2)
	% covered by TIN viewshed

	
	
	o left
	o right
	Total (o)
	E-W
	N-S
	
	

	-0.5
	84
	225
	10
	145
	815998
	642755
	1.34
	100

	1.8
	171
	50
	250
	200
	814225
	641657
	1.80
	100

	2.0
	169
	140
	285
	145
	814226
	641689
	1.34
	100

	2.2
	184
	150
	290
	140
	814009
	641758
	1.30
	86

	3.3
	193
	65
	305
	240
	813139
	642325
	2.14
	79

	4.0
	267
	20
	210
	190
	812591
	641967
	1.72
	49

	4.5
	344
	125
	360
	235
	812407
	642010
	2.10
	83

	5.0
	364
	45
	280
	235
	812029
	642176
	2.10
	84

	6.0
	423
	130
	320
	190
	811033
	642231
	1.72
	87

	6.5
	461
	310
	140
	190
	810727
	642691
	1.72
	100

	7.0
	450
	250
	100
	210
	810361
	642761
	1.89
	97

	9.6
	538
	225
	85
	140
	808734
	641990
	1.30
	69

	10.0
	581
	120
	305
	185
	808295
	641008
	1.68
	68

	11.0
	477
	320
	215
	255
	807835
	641709
	2.26
	78

	
	Total area: 24.39, mean 1.74, SD 0.33
	Mean 84, SD 15


Table S2. Number of 1-hour lookout watches per month of 2004 from each of 14 lookouts along 13.1 km of paved road through Bala forest, southern Thailand.

	Lookout location

(km)
	Month
	Totals

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	

	-0.5
	
	4
	5
	6
	3
	8
	5
	3
	4
	4
	2
	2
	46

	1.8
	
	
	
	7
	3
	5
	/
	6
	4
	4
	4
	4
	46

	2.0
	3
	5
	5
	4
	4
	8
	3
	
	2
	4
	4
	4
	46

	2.2
	
	
	
	1
	4
	6
	6
	4
	10
	3
	6
	6
	46

	3.3
	
	
	2
	4
	5
	6
	6
	6
	3
	2
	6
	6
	46

	4.0
	2
	3
	5
	4
	6
	6
	6
	2
	6
	4
	1
	1
	46

	4.5
	1
	
	6
	5
	4
	6
	12
	
	
	3
	6
	3
	46

	5.0
	
	
	
	5
	3
	6
	6
	6
	4
	9
	4
	3
	46

	6.0
	3
	3
	5
	6
	4
	6
	5
	6
	4
	8
	4
	4
	58

	6.5
	2
	3
	3
	1
	1
	6
	4
	6
	
	4
	2
	2
	34

	7.0
	
	
	3
	3
	3
	2
	1
	6
	4
	2
	6
	4
	34

	9.6
	
	2
	4
	4
	4
	
	1
	4
	4
	5
	4
	2
	34

	10.0
	1
	3
	3
	6
	5
	6
	5
	6
	4
	4
	2
	1
	46

	11.0
	
	
	4
	4
	7
	6
	4
	4
	4
	4
	4
	5
	46

	Totals
	12
	23
	47
	61
	56
	77
	75
	59
	53
	60
	55
	47
	620


Table S3. Maximum numbers of species units (pairs, singles, groups) recorded for each target species within a single 1-h observation period from each lookout. Numbers in brackets indicate the highest number of additional individuals recorded at one time, in addition to the species units that were not included in the estimated totals since they represented transient and/or non-breeding flocks.

	Lookout

(km)
	Target species* and core population units

	
	RH Pairs
	GH Pairs
	HH Calling males
	WH Singles
	WRH Singles
	BCH Groups
	WCH Groups
	ARG Calling

Males
	SE Singles
	BE Singles
	FAL Singles
	HBZ Singles
	CE Singles
	BH Singles
	RBE Singles
	LFE Singles
	BLE Singles

	-0.5
	3(5)
	1
	5(9)
	1(6)
	
	2
	
	1
	2
	2
	1
	1
	1
	
	
	
	

	1.8
	5
	
	9
	2(2)
	2
	3
	
	3
	3
	1
	2
	1
	
	1
	
	
	

	2.0
	3
	1
	3
	3(3)
	2
	2
	1
	2
	3
	1
	1
	1
	
	1
	
	
	

	2.2
	3
	2
	2
	2(25)
	1
	2
	
	3
	3
	1
	2
	1
	
	1
	1
	
	

	3.3
	5
	1(1)
	3
	6(3)
	1
	1
	1
	1
	3
	2
	1
	1
	
	
	
	1
	

	4.0
	3
	
	4
	3(3)
	2
	2
	
	2
	2
	1
	
	1
	1
	
	1
	
	

	4.5
	3
	2
	5
	3(1)
	1(2)
	2
	1
	2
	2
	1
	2
	1
	1
	
	1
	1
	

	5.0
	4
	2(3)
	6
	3(1)
	1(2)
	2
	1
	2
	3
	2
	1
	1
	1
	
	1
	1
	1

	6.0
	4(16)
	1
	3(11)
	4(1)
	1
	1
	1
	3
	3
	3
	1
	1
	
	
	1
	
	

	6.5
	6
	1
	6(36)
	2
	
	2
	2
	5
	3
	1
	1
	
	
	
	1
	
	

	7.0
	3
	2
	8(11)
	2(1)
	1
	1
	1
	6
	2
	2
	
	1
	
	1
	
	1
	

	9.6
	2
	2
	3
	1
	
	1
	
	1
	2
	2
	1
	1
	
	
	1
	
	

	10.0
	3(10)
	2(9)
	3
	3(15)
	
	1
	
	3
	2
	1
	1
	1
	
	
	
	
	1

	11.0
	3(14)
	3(8)
	3
	3
	
	2
	
	3
	2
	2
	1
	1
	
	
	
	
	

	Totals
	50
	20
	63
	38
	12
	24
	8
	1
	37
	35
	22
	15
	13
	4
	7
	4
	2


* RH - Rhinoceros Hornbill Buceros rhinoceros, GH - Great Hornbill B. bicornis, HH - Helmeted Hornbill Rhinoplax vigil, WH - Wreathed Hornbill Aceros undulatus, WRH - Wrinkled Hornbill A. corrugatus, BCH - Bushy-crested Hornbill Anorrhinus galeritus, WCH - White-crowned Hornbill Aceros comatus, ARG - Great Argus Argusianus argus, SE - Crested Serpent-eagle Spilornis cheela, BE - Blythe's Hawk-eagle Nisaetus alboniger, FAL - Black-thighed Falconet Microhierax fringillarius, HBZ - Oriental Honey-buzzard Pernis ptilorhynchus, CE - Changeable Hawk-eagle Nisaetus cirrhatus, BH - Bat Hawk Macheirhamphus alcinus, RBE - Rufous-bellied Eagle Lophotriorchis kienerii, LFE - Lesser Fish-eagle Ichthyophaga humilis, BLE - Black Eagle Ictinaetus malayensis.

Table S4. Minutes of observation by month and hour of the day from 1-h lookout watches and from in-forest excursions, and the percentage that lookouts comprised of the overall total. 

	Hours
	Months
	Excursion totals
	Lookout totals
	Lookout totals as % of

excursion totals

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	min
	h
	Hourly total as % overall total
	min
	h
	Hourly total as % overall total
	

	05h00
	0
	5
	0
	75
	35
	150
	70
	30
	105
	165
	90
	75
	800
	13.3
	1.08
	45
	0.8
	0.1
	6

	06h00
	175
	130
	435
	525
	395
	570
	655
	420
	690
	555
	420
	240
	5210
	86.8
	7.01
	2495
	41.6
	6.7
	48

	07h00
	210
	600
	770
	935
	795
	810
	830
	540
	870
	780
	600
	360
	8100
	135.0
	10.90
	4730
	78.8
	12.6
	58

	08h00
	350
	655
	835
	1020
	930
	810
	975
	540
	915
	750
	700
	360
	8840
	147.3
	11.89
	4675
	77.9
	12.5
	53

	09h00
	690
	685
	1005
	1030
	795
	750
	1230
	540
	950
	615
	600
	405
	9295
	154.9
	12.50
	4605
	76.8
	12.3
	50

	10h00
	680
	620
	915
	975
	780
	720
	1315
	510
	785
	525
	540
	480
	8845
	147.4
	11.90
	4410
	73.5
	11.8
	50

	11h00
	525
	465
	660
	785
	725
	690
	1100
	480
	660
	435
	435
	435
	7395
	123.3
	9.95
	3925
	65.4
	10.5
	53

	12h00
	445
	340
	360
	525
	600
	460
	870
	435
	510
	285
	440
	215
	5485
	91.4
	7.38
	2825
	47.1
	7.5
	52

	13h00
	405
	265
	190
	405
	455
	370
	605
	180
	300
	240
	360
	105
	3880
	64.7
	5.22
	2020
	33.7
	5.4
	52

	14h00
	265
	240
	130
	380
	315
	320
	585
	70
	275
	170
	315
	220
	3285
	54.8
	4.42
	1405
	23.4
	3.7
	43

	15h00
	300
	165
	310
	390
	390
	435
	490
	180
	355
	180
	325
	180
	3700
	61.7
	4.98
	1730
	28.8
	4.6
	47

	16h00
	250
	150
	370
	645
	535
	465
	385
	225
	465
	210
	400
	115
	4215
	70.3
	5.67
	2140
	35.7
	5.7
	51

	17h00
	120
	60
	375
	540
	475
	510
	435
	190
	555
	210
	315
	60
	3845
	64.1
	5.17
	2015
	33.6
	5.4
	52

	18h00
	60
	0
	130
	305
	270
	255
	150
	60
	50
	105
	60
	0
	1445
	24.1
	1.94
	425
	7.1
	1.1
	29

	19h00
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	55
	0.9
	0.1
	Mean:  50.4

	Excursion total min
	4475
	4380
	6485
	8535
	7495
	7315
	9695
	4400
	7485
	5225
	5600
	3250
	74340
	1239
	100
	37500
	625*
	100
	

	Excursion total h
	74.6
	73.0
	108.1
	142.3
	124.9
	121.9
	161.6
	73.3
	124.8
	87.1
	93.3
	54.2
	1239
	
	
	503
	
	
	

	Monthly total as % overall excursion total
	6.0
	5.9
	8.7
	11.5
	10.1
	9.8
	13.0
	5.9
	10.1
	7.0
	7.5
	4.4
	100
	
	
	
	
	
	

	Lookout total min
	720
	1380
	2820
	3660
	3360
	4620
	4500
	3540
	3180
	3600
	3300
	2820
	37500
	625*
	100
	
	
	
	

	Lookout total h
	12
	23
	47
	61
	56
	77
	75
	59
	53
	60
	55
	47
	625
	
	
	
	
	
	

	Monthly total as % overall lookout total
	1.9
	3.7
	7.5
	9.8
	9.0
	12.3
	12.0
	9.4
	8.5
	9.6
	8.8
	7.5
	100
	
	
	
	
	
	

	Lookout totals as % of excursion totals
	16.1
	31.5
	43.5
	42.9
	44.8
	63.2
	46.4
	80.5
	42.5
	68.9
	58.9
	86.8
	50.4
	
	
	
	
	
	


* Five of the lookout watches from lookouts were not from one of the 14 designated locations as listed in Table 2 and so were included elsewhere with the in-forest excursion data.

Details of detection results for each target species (Tables S5 and S6) and our additional interpretations (Figs. S1 and S2)
In the published paper, we described the main aspects of monthly variations in overall detection rates for the commoner species, and used the Rhinoceros Hornbill as an example to show how the ratios of seen:heard detections and  rates of call repetition could be compared to overall detection.


Here, we provide similar analyses for the diurnal variations in detection among the commoner species, excluding any ratios of seen:heard detections since sample sizes per hour were too small. Specific differences in diurnal patterns of detection are most obviously linked to the behavioural ecology of each species, as indicated below, but since the hourly samples are compiled from observations covering all months of the year, it should be remembered that any seasonal variations might have biased the results. This is most obvious for species with marked seasonal peaks in detection, such as the August-September calling of male Great Argus, but may affect other species to some extent.
Hornbills

We detected Rhinoceros Hornbill mostly early (05h00–08h00 h) and late (16h00–19h00 h) in the day, but it was most vociferous only later in the morning (06h00–10h00 h; Figures S1a and S2; Table S6). The similar Great Hornbill was detected most later in the morning (07h00–08h00, 10h00–12h00) and earlier in the afternoon (17h00–18h00 h), and was also most vociferous at these times (07h00–12h00 and 17h00–18h00), but the midday and evening peaks were mainly due to some large non-breeding groups moving through the area at these times (Figure S1a; Table S6). The distinctive Helmeted Hornbill was most detected later in the morning (07h00–09h00 h) and earlier in the afternoon (15h00–18h00 h), with peaks of vociferousness late in the morning (08h00–11h00 h) and less in the afternoon (15h00–18h00; Figure S1a; Table S6). This species was also the only hornbill regularly heard at night (Kemp et al. 2009).

We detected most Wreathed and Wrinkled Hornbills during morning and evening peaks, Wreathed over a short period in the morning (06h00–08h00) and more extended in the afternoon (15h00–19h00), but the reverse for Wrinkled (06h00–09h00 in the morning and 17h00–18h00 in the afternoon; Figure S1b, Table S6). We detected most Bushy-crested Hornbills early in the morning (05h00–07h00), with only a brief peak in the afternoon (16h00–17h00), but vociferousness for this noisy species extended longer, with peaks at 06h00–07h00, 08h00–09h00, 11h00–12h00 and 16h00–17h00 (Figure S1b; Table S6).

Great Argus

We detected Great Argus most early in the day (06h00–08h00), with lesser peaks in mid-morning (09h00–11h00) and evening (18h00–19h00 h; Figure S1c, Table S6), and it was often heard during the night (Kemp et al. 2009). It was most vociferous throughout the morning (06h00-12h00), but not in the afternoon or night (Table S6). However, since we only detected this species vocally, the marked August peak in calling activity also provided most of our data, and so our diurnal rates of detection and vociferousness may not apply throughout the year.

Raptors

We detected raptor species that soar regularly most frequently after 09h00, Crested Serpent Eagle at 09h00–12h00, Blyth’s Hawk-eagle at 09h00–15h00, with a peak at 10h00–11h00, and Oriental Honey-buzzard at 09h00–13h00, but with a 14h00–15h00 peak that may have been migrating individuals  (Figure S1d; Table S6). Black-thighed Falconet, usually seen perched, was detected most often early (06h00–10h00) and late (17h00–18h00) in the day.

Only Crested Serpent Eagle and Blyth’s Hawk-eagle were regularly vocal. Both started repetitive calling around the time that they became aerially active at 09h00, but frequent calling only extended to 11h00 in Crested Serpent Eagle, with a second bout during 12h00–13h00, while Blyth’s Hawk-eagle called regularly right through to 15h00.
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S1b - Smaller hornbill species
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[image: image3.emf]S1c - Great Argus
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[image: image4.emf]S1d - Raptor species
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S1d - Raptor species
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Figure S1. Line graphs of the mean detection rates/h, expressed as a percentage of the overall mean of all hours of the day of 2004 at Bala, for a) three large hornbill species, b) three smaller hornbill species, c) Great Argus and d) four raptor species.
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Figure S2. Line graphs for Rhinoceros Hornbill at Bala during 2004 of the mean detection rates/h, seen:heard ratio of detections/h and number of call repetitions/h, each expressed as a percentage of the overall means for a) months and b) hours of the day.

Table S5. Monthly variation in detection as expressed by number of detections per month (% det), ratio of number of first detections recorded as seen or heard (% s:h), and the percentage of repeated calls (% reps), each expressed as a percentage of the overall mean for that parameter, and only where adequate sample sizes existed for the most frequently detected and vocal species of hornbills and raptors at Bala Forest, Thailand, during 2004.

	Months
	Most detected target species+
	Sample size

(hrs)

	
	RH
	GH
	HH
	WH
	WRH
	BCH
	ARG
	SE
	BE
	FAL
	HBZ
	

	
	% det
	% s:h
	% reps
	% det
	% det
	% det
	% s:h
	% reps
	% det
	% det
	% det
	% reps
	% det
	% reps
	% det
	% s:h
	% reps
	% det
	% s:h
	% det
	% det
	

	0
	104
	57
	43
	5
	54
	94
	38
	55
	5
	54
	94
	0
	50
	0
	131
	107
	77
	83
	26
	62
	0
	74.6

	0
	125
	167
	104
	64
	82
	52
	248
	90
	64
	82
	52
	0
	64
	10
	110
	127
	0
	126
	15
	96
	29
	73.0

	39
	105
	143
	40
	76
	167
	83
	86
	201
	76
	167
	83
	39
	73
	59
	86
	85
	18
	50
	0
	97
	19
	108.1

	47
	132
	83
	67
	137
	141
	99
	81
	91
	137
	141
	99
	47
	92
	35
	137
	111
	54
	97
	25
	57
	161
	142.3

	27
	125
	105
	27
	106
	144
	122
	38
	118
	106
	144
	122
	27
	86
	6
	119
	89
	38
	74
	10
	93
	117
	124.9

	212
	86
	126
	155
	182
	82
	120
	243
	114
	182
	82
	120
	212
	107
	145
	56
	119
	32
	101
	22
	114
	120
	121.9

	181
	96
	90
	152
	149
	111
	122
	86
	108
	149
	111
	122
	181
	153
	168
	68
	64
	12
	52
	16
	50
	52
	161.6

	159
	85
	93
	232
	127
	191
	122
	43
	141
	127
	191
	122
	159
	235
	520
	75
	140
	26
	210
	53
	48
	227
	73.3

	180
	90
	112
	97
	125
	80
	153
	105
	50
	125
	80
	153
	180
	153
	167
	92
	151
	162
	86
	55
	75
	50
	124.8

	148
	70
	112
	167
	58
	69
	66
	110
	72
	58
	69
	66
	148
	43
	39
	73
	139
	39
	141
	48
	147
	167
	87.1

	27
	62
	83
	20
	21
	0
	27
	33
	47
	21
	0
	27
	27
	30
	8
	145
	71
	361
	165
	110
	150
	112
	93.3

	112
	109
	112
	141
	0
	0
	71
	29
	88
	0
	0
	71
	112
	60
	41
	149
	78
	722
	99
	89
	365
	192
	54.2

	Sample size 
	732
	732
	768
	319
	62
	194
	629
	861
	319
	62
	194
	147
	266
	346
	293
	293
	127
	161
	161
	106
	59
	1239.0

	Overall means/hr
	0.59
	0.42
	0.63
	0.26
	0.05
	0.16
	0.21
	0.7
	0.26
	0.05
	0.16
	0.12
	0.22
	0.28
	0.24
	1.1
	0.1
	0.13
	1.12
	0.09
	0.05
	

	Χ2, (df 13), * P <0.05
	28,*
	43,*
	248,*
	296,*
	284,*
	88,*
	277,*
	98,*
	296,*
	284,*
	88,*
	438,*
	176,*
	756,*
	57,*
	44,*
	982,*
	101,*
	201,*
	222,*
	339,*
	


+ RH - Rhinoceros Hornbill, GH - Great Hornbill, HH - Helmeted Hornbill, WH - Wreathed Hornbill, WRH - Wrinkled Hornbill, BCH - Bushy-crested Hornbill, ARG - Great Argus, SE - Crested Serpent-eagle, BE - Blyth's Hawk-eagle, FAL - Black-thighed Falconet, HBZ - Oriental Honey-buzzard.

Table S6. Diurnal variation in detection as expressed by number of detections per hour of the day (% det) and the percentage of repeated calls (% reps), each expressed as a percentage of the overall mean for that parameter, and only where adequate samples sizes existed for the most frequently detected and vocal species of hornbills and raptors at Bala Forest, Thailand, during 2004.

	Starting time of day (hrs)
	Most detected target species+
	Sample size (hrs)

	
	RH
	GH
	HH
	WH
	WRH
	BCH
	ARG
	SE
	BE
	FAL
	HBZ
	

	
	% det
	% reps
	% det
	% reps
	% det
	% reps
	%
det
	%
det
	% det
	% reps
	% det
	% reps
	% det
	% reps
	% det
	% reps
	% det
	% det
	

	05h00
	191
	94
	0
	99
	44
	21
	58
	0
	493
	0
	104
	54
	0
	0
	0
	0
	0
	0
	13.3

	06h00
	170
	115
	70
	61
	81
	27
	211
	184
	177
	144
	212
	115
	24
	0
	9
	0
	107
	24
	86.8

	07h00
	126
	144
	154
	117
	121
	72
	115
	178
	103
	105
	171
	148
	35
	73
	23
	0
	146
	15
	135.0

	08h00
	92
	136
	99
	161
	121
	149
	95
	217
	129
	136
	88
	109
	60
	78
	42
	0
	134
	85
	147.3

	09h00
	107
	132
	47
	102
	97
	156
	90
	65
	90
	108
	119
	124
	252
	270
	114
	0
	135
	134
	154.9

	10h00
	69
	86
	124
	116
	104
	135
	74
	41
	54
	34
	119
	119
	207
	217
	224
	209
	63
	155
	147.4

	11h00
	73
	81
	218
	117
	75
	85
	51
	16
	65
	156
	60
	116
	127
	53
	150
	250
	47
	118
	123.3

	12h00
	70
	82
	80
	58
	54
	59
	55
	88
	88
	82
	60
	82
	107
	170
	160
	337
	102
	137
	91.4

	13h00
	60
	68
	19
	0
	33
	47
	48
	62
	11
	77
	14
	66
	59
	25
	131
	238
	90
	97
	64.7

	14h00
	71
	63
	89
	48
	79
	41
	43
	37
	93
	91
	67
	59
	70
	0
	140
	281
	64
	228
	54.8

	15h00
	102
	91
	79
	107
	134
	117
	114
	32
	83
	108
	90
	52
	34
	13
	87
	0
	57
	68
	61.7

	16h00
	113
	69
	35
	56
	179
	134
	116
	85
	135
	166
	46
	71
	12
	47
	66
	0
	66
	89
	70.3

	17h00
	108
	49
	133
	185
	122
	98
	231
	187
	148
	13
	50
	39
	33
	13
	60
	0
	163
	98
	64.1

	18h00
	204
	19
	51
	0
	81
	35
	145
	0
	61
	0
	115
	15
	35
	0
	0
	0
	48
	0
	24.1

	Sample size 
	731
	788
	102
	94
	629
	889
	318
	62
	170
	149
	269
	347
	293
	151
	161
	16
	106
	59
	1239.0

	Overall means/hr
	0.59
	0.64
	0.08
	0.08
	0.51
	0.72
	0.26
	0.05
	0.14
	0.12
	0.22
	0.28
	0.24
	0.12
	0.13
	0.01
	0.09
	0.05
	

	Χ2, (df 13), * P<0.05
	109,*
	106,*
	281,*
	285,*
	111,*
	200,*
	188,*
	470,*
	375,*
	337,*
	190,*
	139,*
	437,*
	701,*
	437,*
	1272,*
	196,*
	384,*
	


+ RH - Rhinoceros Hornbill, GH - Great Hornbill, HH - Helmeted Hornbill, WH - Wreathed Hornbill, WRH - Wrinkled Hornbill, BCH - Bushy-crested Hornbill, ARG - Great Argus, SE - Crested Serpent-eagle, BE - Blythe's Hawk-eagle, FAL - Black-thighed Falconet, HBZ - Oriental Honey-buzzard.
Details of the densities of species recorded from each lookout (Table S7) and 
detection frequency in relation to breeding seasons at Bala (Table S8).

We used the data from Table S7 in the published paper to estimate the density of individuals within the general area (Table 1a-i), but the different densities recorded at each lookout for each target species also offer an index of abundance that might be correlated with various factors. We have already reported significant correlations with altitude along the road for some species of hornbills (e.g. Great Hornbill at higher elevations and Wrinkled Hornbill at lower, Kemp et al. 2007) and some nocturnal bird species (Kemp et al. 2009). If other factors become documented, such as forest composition, vegetation structure or food availability, or can be extracted, for example from satellite imagery or rainfall and/or temperature gradients, these too may be linked with densities of target species along the road. This will apply particularly to commoner and widespread species, where large-scale patterns of relationship might be expected. If these surveys are repeated, then changes in density at individual lookouts may also indicate changes in local forest ecology.

However, for less common and more localised species, particular factors may best explain their distribution and density. For example, the lookouts where Lesser Fish-eagle were recorded are in close proximity to larger streams, while almost all detections of Bat Hawk and Rufous-bellied Eagle were near known or suspected nest sites, the latter where a recently fledged juvenile appeared, spent several months in the area and further enhanced the detection rate. Factors affecting other differences in density may be more difficult to quantify, such as the subjective preference of White-crowned Hornbill for steep slopes near larger streams, or the possible role of such detection-enhancing factors as exposed perches on which to spot the diminutive Black-thighed Falconet.
Table S7. Estimated densities of all target species at each of 14 lookouts along the 13.1 km of road through Bala forest during 2004 based on the mean maximum number of species units (pairs, singles or groups) of each target species recorded within a single 1-h observation period to calculate numbers of individuals km-2.

	Lookout details
	Target species+

	Location (km)
	Altitude

(m)
	Area surveyed

(km2)
	RH
	GH
	HH
	WH
	WRH
	BCH
	WCH
	ARG
	SE
	BE
	FAL
	HBZ
	BH
	RBE
	BLE
	CE
	LFE

	-0.5
	84
	1.34
	4.47
	1.49
	7.46
	1.49
	-
	2.98
	-
	1.49
	2.98
	2.98
	1.49
	1.49
	-
	-
	-
	1.49
	-

	1.8
	171
	1.80
	4.44
	-
	7.77
	4.44
	2.22
	3.33
	-
	3.33
	3.33
	1.11
	1.11
	2.22
	1.11
	-
	-
	-
	-

	2.0
	169
	1.34
	4.47
	1.49
	2.98
	5.96
	2.98
	2.98
	1.49
	1.49
	2.98
	4.47
	1.49
	1.49
	1.49
	1.49
	-
	-
	-

	2.2
	184
	1.30
	4.62
	3.08
	3.08
	3.08
	1.54
	3.08
	-
	4.62
	4.62
	3.08
	3.08
	3.08
	1.54
	1.54
	-
	-
	-

	3.3
	193
	2.14
	4.68
	1.87
	3.74
	3.74
	0.94
	0.94
	0.94
	0.94
	3.74
	2.81
	1.87
	1.87
	-
	-
	-
	-
	0.94

	4.0
	267
	1.72
	3.49
	-
	3.49
	3.49
	1.16
	2.33
	-
	2.33
	3.49
	2.33
	-
	1.16
	-
	2.33
	-
	1.16
	-

	4.5
	344
	2.10
	2.86
	0.95
	3.82
	3.82
	0.95
	1.91
	0.95
	0.95
	0.95
	1.91
	0.95
	1.91
	-
	0.95
	-
	0.95
	0.95

	5.0
	364
	2.10
	3.82
	0.95
	3.82
	2.86
	1.91
	0.95
	0.95
	1.91
	2.86
	2.86
	2.86
	1.91
	-
	0.95
	0.95
	0.95
	0.95

	6.0
	423
	1.72
	4.66
	1.16
	3.49
	4.66
	1.16
	1.16
	2.33
	1.16
	3.49
	3.49
	3.49
	2.33
	1.16
	-
	1.16
	-
	-

	6.5
	461
	1.72
	6.98
	1.16
	6.98
	2.33
	-
	2.33
	2.33
	5.82
	4.66
	2.33
	1.16
	-
	-
	1.16
	-
	-
	-

	7.0
	450
	1.89
	4.24
	2.12
	7.42
	3.18
	1.06
	1.06
	1.06
	6.36
	2.12
	2.12
	-
	1.06
	1.06
	-
	-
	-
	1.06

	9.6
	538
	1.30
	4.62
	4.62
	6.16
	3.08
	-
	1.54
	-
	1.54
	4.62
	3.08
	3.08
	1.54
	-
	1.54
	-
	-
	-

	10.0
	581
	1.68
	3.58
	4.77
	3.58
	4.77
	-
	1.19
	-
	3.58
	3.58
	2.39
	1.19
	1.19
	-
	-
	1.19
	-
	-

	11.0
	477
	2.26
	2.65
	3.54
	2.65
	2.65
	-
	1.77
	-
	2.65
	2.65
	2.65
	0.88
	0.88
	-
	-
	-
	-
	-

	
	
	Total: 24.36
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	mean density of all locations
	4.26
	1.94
	4.75
	3.54
	0.99
	1.97
	0.72
	2.73
	3.29
	2.69
	1.62
	1.58
	0.45
	0.71
	0.24
	0.33
	0.28

	SD
	1.03
	1.52
	1.92
	1.14
	0.94
	0.87
	0.86
	1.79
	1.01
	0.79
	1.12
	0.74
	0.65
	0.81
	0.47
	0.55
	0.46


+ RH - Rhinoceros Hornbill, GH - Great Hornbill, HH - Helmeted Hornbill, WH - Wreathed Hornbill, WRH - Wrinkled Hornbill, BCH - Bushy-crested Hornbill, WCH - White-crowned Hornbill, ARG - Great Argus, SE - Crested Serpent-eagle, BE - Blyth's Hawk-eagle, FAL - Black-thighed Falconet, HBZ - Oriental Honey-buzzard, BH - Bat Hawk, RBE - Rufous-bellied Eagle, BLE - Black Eagle, CE - Changeable Hawk-eagle, LFE - Lesser Fish-eagle.


We also expect breeding status to have an influence on the seasonal detection of each species (Tables S5 and S8).  For example, rates of detection, vociferousness and visibility for the canopy-living Rhinoceros and Helmeted Hornbills suggest two peaks of activity, one before and one around the end of the breeding season (April–November and March–July respectively). However, for the aerial Wreathed and Wrinkled Hornbills the peaks in detection span the entire breeding season (April–November and March–August respectively) as they commute between fruits trees and their nests. For Bushy-crested Hornbill, high detection rates during May–September span the breeding season, but high vociferousness during June–October covers the late nestling and early fledgling periods and may result from communication behaviour around integration of the new juveniles into the cooperative group (Tables S5 and S8).


For Great Argus, the August peak in calling precedes the start of their September–October incubation period (Tables S5 and S8). For diurnal raptors, Crested Serpent-eagle had its highest detection and vociferousness rates during courtship and territorial activity prior to nesting (November–December), and again in April when delivering food to begging chicks, but were most visible during August–October once fledglings were independent and adults in remex moult soared regularly (Tables S5 and S8; unpubl. data). However, for Blyth's Hawk-eagle, their lowest overall and visual detection rates were within the expected nesting period (January–June; Tables S4). We also detected Oriental Honey-buzzard least in January–March at the start of their February–May nesting period (Tables S5 and S8). Black-thighed Falconet was most obvious during October–December, suggesting increased territorial and courtship activity prior to their February–May nesting period (Tables S5 and S8). Once again, a final interpretation awaits more details of the breeding behaviour and season for these pheasant and raptor species.

Table S8. Breeding seasons (including months of egg-laying, incubation and nestling periods) for large birds at Bala, from general literature for the Thai-Malay Peninsula (W, Wells 1999) and from confirmed records at Bala (B, S. Thong-aree 2007, unpublished data, A. Kemp and M. Kemp unpubl. data), or from estimations based on these data (w,b), and moult descriptions (m, ex-Wells 1999).

	Species
	Estimated months of breeding

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Hornbills:
	
	
	
	
	
	
	
	
	
	
	
	

	     Rhinoceros
	
	W
	W
	B
	WB
	WB
	B
	B
	B
	B
	B
	

	     Great
	
	
	B
	B
	WB
	B
	b
	
	
	
	
	

	     Helmeted
	
	
	b
	b
	b
	b
	B
	W
	
	
	
	

	     Wreathed
	
	
	
	B
	B
	B
	B
	B
	B
	B
	b
	

	     Wrinkled
	
	
	
	
	
	B
	B
	B
	B
	
	
	

	     Bushy-crested
	W
	
	
	
	
	W
	w
	W
	
	
	
	

	     White-crowned
	
	
	w
	W
	W
	W
	W
	
	
	
	
	

	Pheasant:
	
	
	
	
	
	
	
	
	
	
	
	

	     Great Argus
	
	
	
	w
	w
	W
	
	
	B
	b
	
	

	Raptors:
	
	
	
	
	
	
	
	
	
	
	
	

	     Crested Serpent-eagle
	w
	W
	BW
	BW
	BW
	Bwm
	wm
	wm
	wm
	
	
	

	     Blyth's Hawk-eagle
	W
	W
	W
	W
	
	
	
	
	M
	w
	Wm
	W

	     Black-thighed Falconet
	
	W
	W
	WBm
	Wm
	m
	Wm
	m
	m
	m
	
	W

	     Oriental Honey-buzzard
	m
	Bw
	Bm
	B
	Bw
	
	
	m
	
	
	
	


_1346397237.unknown

_1346397408.unknown

_1346397629.unknown

_1346396691.unknown

_1346249636.unknown

