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Abstract

The two most important functions of avian acoustic communication are territory
defence and mate attraction. As such the effective communication of these signals
is critical for individual reproductive success. However if these vocal signals are
masked by anthropogenic noise, their signal efficiency is reduced and this may
result in direct negative fitness consequences. Therefore knowledge on how urban
habitat features including anthropogenic noise affect avian vocal communication
is important in understanding the evolution of animal communications in urban
ecosystems. Such knowledge is also important for the management of endangered

and declining species in urban areas.

Little is known about how birds respond to the highly variable levels of urban
noise in urban habitats. In this study | investigated spectral and temporal
differences in songs between populations of tai (Prosthemadera novaeseelandiae)
in urban habitats with both high noise levels (near motorway) and lower noise
levels (distant from motorway). Male long-range tiit songs were collected during
the breeding season (October 2012 to February 2013) at three paired sites, with
one of each pair situated within 100m of a motorway and the matching site within
2-3 kilometres from the first site and the motorway. Urban noise levels (dB) were
measured at all sites. | compared motorway and non-motorway urban songs to
determine whether ta shift the frequency, duration, trill components and output of
songs in response to anthropogenic noise. Songs were also recorded at two paired
non-urban sites over 50 kilometres from the urban sites (Mahurangi Regional Park
and Wenderholm Regional Park) and spectral characteristics were also compared
between these non-urban and the urban sites. 1 compared song rate and singing
rate to investigate whether song output varied with noise levels and between urban
and non-urban habitats. Through comparison of the degree of syllable sharing and
proportion of unique syllables and phrases at these sites, | explored the presence

of song dialects at urban and non-urban sites.

From 63.5 hours of field sampling, | collected a total of 1017 long-range
broadcast songs (627 songs from motorway sites and 390 songs from non-

motorway sites). A significantly higher minimum frequency was found in songs



from the noisier, motorway sites compared with those from non-motorway sites.
Motorway songs had shorter song durations and decreased syllable diversity than
non-motorway songs. There were also a significantly lower proportion of trills in
the songs at sites near to motorway. As predicted a smaller syllable repertoire size
was found in the sites near the motorway compared to repertoires at non-

motorway sites.

The presence of site-specific syllables and phrases and site-specific clusters in a
Ward cluster analysis, as well as a reduced degree of syllable sharing between
urban sites indicated the formation of local dialects in these fragmented urban

sites.

This study has provided data of bird song variation within urban ecosystems of
varying noise levels. These findings aid our understanding of modifications to tii
songs to avoid the masking effects of low frequency traffic noise. Song duration,
trill proportion and repertoire size have all been demonstrated as being subject to
sexual selection. Changes in these aspects at noisy urban sites are considered
adaptations to urban effects. Such changes may have further implications for other
important behavioural aspects such as mate choice and can have profound effects
on ta1 population dynamics between urban fragments. Understanding these urban
effects on bird songs and other important behavioural aspects are important not
only for advances in ecological theory in urban ecology, but also for conservation
management of urban habitats. For example, dialects between urban fragments
may create a reproductive barrier for dispersing birds, therefore reducing gene
flow between sites. Habitat corridors should be considered in urban designs, not
only to increase gene flow of species with poor dispersal ability, but may also

help to connect populations of highly mobile species such as ti.



Table of Contents

YA o 1S) 1 = (o1 T 1
LI o1 SN A OT0] 0] (=] ] £SO v
List Of PIates.......cccocviiiiiiiiicc VI
[T A0 B 1= o] =TSO IX
LIST OF FIQUIES ..ottt neene e X
ACKNOWIEAGEMENTS ... e X1
CHAPTER 1 General INtrodUCLiON .......ccvvveiiiiiee e 1
000 A 1 (o o (0T o] o T 3
1.2 Bird SONQ STUAIES.....ecvviveiiiiese ettt sttt sttt reanee 4
O =T 4 ) (o] Y =] (=] - TSRS 4
1.2.2 FEMAIE MALE CROICE ...ttt ettt e st e e e s st e e s sbb e e e s sabeeesssbaneeaans 5

1.3 Parameters for Bird SONQ STUAY ........cooiiiieeieeee e e 5
1.3.1 Spectral and Temporal Variables...........cccvviieieiiie i 5
IR T L 0T (o] v OSSR 6
1.3.3 SYHADIC DIVEISILY ...ueeuieeeitiiiesie ettt ettt sttt e e e 8
R T B T =Tox AT 8

I [ o= T ot ] oo Y PP PSSRSR 10
1.4.1 Habitat Effects 0N Birt SONG .......cooiriiieiiiee e 12
1.4.2 Effects of Urban NOiSe 0N Bird SONQ. ......coeiiiiiiiiiiiiiiiee e 12

1.5 New Zealand Avifauna and Urban LandSCapes .........ccovvveverieiieiienesiese e e 14
1.6 Ecology Of the TUT....cciiiieiiieiiii ettt st 15
LA v T 1) TP 18
1.8 Knowledge Gaps and Aims of this STUAY ........ccccovieiiiiiiiiiiiee e 19
RS Lo TR 0 [ox (U (TR 20
CHAPTER 2 General MethodsS ........eeiivei i 21
2.1 SHUY SITES... ittt e et e re e aesteeeesreeneenaeeneas 23
2.1.1  SMIthS BUSH RESEIVE .....eciiietiii ettt ettt ettt e st e e s baa e e s eabes 27
2.1.2 L ROYS BUSH .o 28
2.1.3  AUCKIANA DOMAIN.....cciiiiiiiiciecie ettt be e sbe e e b s s ae e sbeeebeeereenns 29
2.1.4  WataramOa RESEIVE........cooiveiii ittt ettt e s et st e e s st a e e s st e e s s raae e s sabes 30
2.1.5  Auckland BotaniC GardeNS .........ccueeeiiiiieiiiiiie ettt ettt s e s b s raae e eareas 31
N T o) v - o | OSSP 32
2.1.7  Mahurangi Regional Park ...........ccccveiviieiioiine i s e nne s 33
2.1.8  Wenderholm Regional Park...........coouiieoiiniie e 34

2.2 VEQELALION SUIVEBYS ....oeiiieiieiieeie sttt tee st see e te st eeseesneeseesaeeneesaeeneas 35
2.3 Bird COUNE SUIVEYS ....cviiieiiicie ettt sttt st sre e saeane s 35
2.4 Song Recording MEthOGS..........c.oiiiieiiiicie e 36



2.5 SONQG ParamBLEIS.....ccuveiiiiiiieiiie sttt ettt st e 37

2.6 SPeCtrogram ANAIYSIS ......uciiiieieii e 38
CHAPTER 3  Urban Noise Effects on TaI Song..............ccccooovvviiiinininnnn, 41
3L INEOTUCTION ....ctiiieee bbb 43
3.1.1 Effects of N0OiSE 0N Bird SONQG.....cccoverieiiiririeiiseieeieseesie st sie e see e sneens 43
3.1.2  Impacts of Noise 0n SoNg CharaCteristiCS.........ccovvrirririreiiierieie e 45
3121 FrequenCy SHITES......ooiiiiieiiie et e 45
3.1.2.2  Temporal and Behavioural Parameters...........ccoceieieienieiinicne e 45
3.1.2.3  SYHADIE DIVEISITY ..oeeiiiiiiiiie et 46
3.1.24  THIHE PrOPOITION ..ottt b 46
3.1.3  TUT Ecology and SONG ..o s 46
3.1.4  Research Aims and PrediCtionS ..........coccovreirnieineicnseene e 47
3.2 MEBENOUS. ... 49
32,1 SHUAY SPECIES ..ttt sttt bttt e bbbt bbbt b e bbb re s 49
I D T\ £ W Of0] | [=To3 (o] o TR 49
3.22.1  AmMDbIeNt NOISE LEVEIS ....cueocviiiiiiicie ettt 49
3.2.2.2  VEgetation SUIVEYS.....ccoveieriiieriestesesteeraeseesteseeste e ssessesseesseseenseseessessessessessenns 50
3.2.2.3  Bird COUNE SUMVEYS ..ottt sttt sttt sttt bbb 50
3.2.24  SOUNA RECOMTINGS ... ecitiieeiieitiiie ettt ettt st 50
3.2.25  SONG ANAIYSIS ..ttt et 50
3.3 StatiStiCal ANAIYSIS....c..ciiiiiiiii et 50
3.3. 1 SONQG PAIAMELEIS ....c.ecieivieciiire ettt 51
B (- L1 1 | LT 52
341 Urban NOISE LEVEIS ........oveiircirercir e 52
342 VEQEtatiON SUMVEYS. ....cveivirieiieitreieeeesiesteste e stestesseeseeseesteseesrestesseeseeeeseseesreseesneanennes 54
3.4.3  Bird COUNE SUIVEYS ....cuvieiitiiieitieieei ettt sttt et sb ettt b e bbb sne s 54
3.4.4  Variation in Tl Song Structure between Motorway and Non-motorway Populations
55
3.4.4.1  Frequency Spectral Variables..........ccociiiiiiiieiene e 57
3.4.4.2  Song duration, syllable diversity and syllable rate ............ccccocviiiiiniiinnns 57
3.45  Distance from MOIOIWAY .........covriariiriireeneariessre e 62
3.5 DISCUSSION ...ttt b bbbttt b bt 63
351 HADITAl SUMVEYS ...ttt bbb bbb 63
3.5.2  SONG VATADIES ... b 63
3.5.3 Alterations in Frequency-related Song Variables...........cccccoovviviiviiencn i, 64
3.5.4  Temporal VariableS ..........cccvvviiiiiice et 66
3.5.5  SYHADIE DIVEISITY ..o e 66
3.5.6  THHT PrOPOITION. . ..ccueiiieiie ettt e 67
3.5.7  SYHADIE RALE ...veveceieece e 67

CHAPTER 4  The Effects of Urban Noise on Repertoire & Song Output 69

A1 INEFOUUCTION ...ttt bbbttt nn e 71
I S o o o T O g T (ot (- ) ot 71
4.1.1.1  Repertoire Size and Syllable DIVEISItY ......ccccoeverevirieie e 72
O S To oo N -SSR 73
4.1.1.3  Individual Specific SYHables..........cccovvviiveieiie e 73
4.1.2  Effects of Urban Noise on ASpPects 0f SONG .....c.ccoviirieiiniiiiiiiseee e 73
4121 REPEITOIIE .ottt b bbbt ne e bbb ebe e neas 74
4.1.2.2  SONQG RALE.....otiiii ettt b e e nae s 75
4.1.2.3  TUT SONG REPEITOITE. ..c.viviiiiiiiiiiiriii st 75



4.1.3 Research Aims and PrediCtions .........ccocvviiiiiceiiiie et 76

4.2 MEBLNOGS ...ttt a e nreanes 78
.21 SEUAY SHEES ..ttt et b bttt bbbt bbbttt e e e 78
N O T - W O] | =T o oS 78
N TV | - o] [=l v o o] S 78

4.3 PArAMEBLEIS ... ares 80
4.3.1 Repertoire Size and Syllable DIVEISITY .......ccooiiiiiiiiiiiee e 80
4.3.2  Individual Specific SYHabIes..........ccoveviie e 80
I T TS o o T 11 o | S 80

4.4 StAtiStiCal ANAIYSIS . .cc.eoiiieee e 80

45 RESUIS ..ot 81

4511 Urban NOISE LEVEIS ...cveieiieiieiiiteccte ettt sre v vt svae s 81
4.5.1.2  HaDItAl SUIVEYS......iieiecieiese ettt ne s e e e nrenne s 81
4.5.1.3  Syllable Accumulation CUIVES ........ccccoveiiieieiise e 81
4.5.2 Repertoire Size and Syllable DIVEISITY ......ccccoiiiiiiiniiiee e 83
4.5.3 Individual Specific SYHabIes ... 85
454 SONG OULPUL. ..e.ueiieiiite ettt ettt ettt e b e st e e beenbe e ee e e sbeesbeenaeenes 85

4.6 T oWt o] o SR 87
0 N = =10 -1 & (0 1 - S 87
4.6.2 Individual Variation in Syllable Repertoire Size.........ccccooeoiiiiiiiienicieec e 87
4.6.3 Individual Specific SYHabIes ... 88
4.6.4 Song Rate and SiNgiNG RALE ........ccccviveiiieiie e e 88

CHAPTERS  Urban Effects on Ta1 Syllable Repertoire and Dialect ....... 91

5.1 L 0o 101 AT ] o S 93

TRt I R T T o ol o T =] (=T SR 93
5.1.1.1  Song and Syllable REPEIOINe. .......ccceeirieiesiiesceee e e 93
5.1.1.2  Song Rate and SiNgiNg RALE ......ccccvevereereiesise e 94
5.1.1.3  Individual Specific SYHabIES ........c.ccevveiiiiiireir e 94
5.1.1.4  Song Variation and DialecCt........cc.ceouerirreiiniisiese e 95

5.1.2  Urban habitat effects on song charaCteristiCs..........ccoouevrieiciieniiiieiisinece e 97

B.1.3 T SOME .ttitiitiett ettt ettt ettt sttt b e bttt s bt b e bt e s bt e nbe e be e b e e e e ebe e saeeebeebeenes 99

5.2 =11 o SRR 101
52,1 SHUAY SIBS ..uviiiiiisieieeieieee st ste e e ettt a s e et st re e ene et e e re e e 101
5.2.2  HAaDITAL SUPVEYS ...ttt bbbt 101
5.2.3  TUT SONE RECOTAING ... .eiiviiiiiiiiiiiiii ittt bbb 101
5.2.4  SONQG Variables.......ocviieice e 101

5.2.4.1  Syllable and phrase extraction and categorisation ...........cc.ccoevvevevverereresiene. 101

5.2.5  Statistical ANalYSIS ....c.oooviiiiiiii e 102

5.3 RESUILS ... e et s re e re e re e re e 102
5.3.1  HabItal SUMVEYS ..ovvieiciieiie ettt st ne e neenne e e 102
5.3.2 Repertoire and syllable diVErSity ......cccccceverieiinincesecerese e 105
5.3.3  Song rate and SINQGING FALE.......c.ciiiiiiiieie ettt 107
5.3.4 Individual specific SYabIEs ..o 108
5.3.5  SYHAbIe ShArNG .ccveiveieecc e s 109
5.3.6  Urban SYHabIes .........covoiiii e 111
5.3.7  Urban phrase Sharing ..........cocooiiiiiiiiiee e e 112
5.3.8  Individual SPeCIfiC PRFASES .......cceiiiiiiiie e e 113
5.3.9  Site Specific SYHabIes. ..o 114

5.4 DISCUSSION ...ttt ettt ettt et be et s b e st e e be e sbe e sbeesbeesbbesabeenbeebeesree e 116

Vi



5.4.1  Sylable rePEItOINe ...cvccveee e enes 116
5.4.2  Song rate and SINGING FALE ......ccveeeiereiires e ee e e e e sre e eneas 116
5.4.3 Individual specific syllables and phrases...........ccooeoeiiniieiiiiiniee e 117
5.4.4  SYHabIe SNATNG ....c.oiiiie i e 117
5.4.5 Urban specific Syllables.........ccoveviieiiii e 118
BAB  DIHAIECE ... et 118
5.4.6.1  Site SPeCific SYHADIES .....c.ooiiiiii s 118

5.4.6.2  CIUSIEr ANAIYSIS.....iitiiiiiiiieiteiie ittt e 119
CHAPTER 6 CONCIUSION ....oviiiiiiiieieecee e 121
6.1  Effects of Urban Noise on Song Structural Parameters. .........cccccoocvveveerennens 123
6.2  Song repertoire in the heterogeneous urban environment..............ccoceeeerenene 123
6.3  Variation in repertoire and dialect between urban and non-urban areas......... 124
8.4 CONCIUSION ..ottt bbb 125
6.5  Future research impliCationS ..........cccccevuviieii i 125
RETEIENCES ... et 128
Appendix A: SYHable KEY ..o 142

Vil



Vil

Plate 1

Plate 2

Plate 3

Plate 4

Plate 5

Plate 6

List of Plates

: Tadi in Cabbage Tree (photograph by author)

: Author Recording Tir at Wenderholm (photograph by Sam Hill)
: Tai singing (photograph by Kerri Walker)

: Tdi in Urban Garden (photograph by author)

: Tdi in Urban Garden (photograph by Felicity Moore)

: Tax in urban garden (photograph by Kerri Walker)



List of Tables

Table 2.1: Characteristics of ti1 study sites including site size, forest patch size (ha),
distance from motorway, pest control status (H = high, M= medium and L= low).......... 26

Table 2.2: Spectral and Temporal Song Parameters for Analysis. ......ccccceecveeiincieeeennnen. 37

Table 3.1: Number of individual tU1 recorded, mean number of songs per individual and
SONES P SIt . tiiiiiiiiiii i 52

Table 3.2: Average SPL measurements (dBA) + standard error at recording sites at peak
traffic flows (7am-10am) and non-peak traffic flows (4am-7am, and 10am-1pm).......... 53

Table 3.3: Weekday average motorway traffic flows (number of vehicles passing per
hour) for December 2012 (NZTA, 2014). c...veie ettt et e 54

Table 3.4: Comparison of mean distance from PCQ and mean DBH of trees >5m
between motorway and non-mMotorway SUrVey SItes......cccviieeivieeeeecieeeeeciee e e 54

Table 3.5: Detection probabilities of bird species recorded at surveyed motorway and
non-motorway sites in AUCKIaNd City. ......cccoeieiiiieii e 55

Table 3.6: Median value (range) of the song variables of ti1 songs of motorway and non-
motorway populations, Mann-Whitney U significance (2-tailed). Statistically significant
results (p £0.05) are highlighted in bold. .........ccccveiiiiiiii e, 58

Table 4.1: Summary of statistical analysis on syllable diversity and total number of
syllables for songs and for individuals between motorway and non-motorway sites
(significant values in DOI) .......eeeiiiiiee e 83

Table 4.2: Total number of syllables and number of different syllables of ti1 songs at
Central Auckland (U*) and NOIth SHOE (U%) SIES.....evevevereeeeeeeeereeeeeeeeeeseeeseseseenseseseens 84

Table 4.3: Median number of individual specific syllables per individual at motorway and
NON-MOTOIWAY SITES. 1evtiiiiiiiiiiiiriiiiitiererrrrrrrer e e ettt retereteterererereterereteretereeaene 85

Table 5.1: Comparison of mean distance from the sampling point to the nearest tree
from the PCQ survey and mean DBH of trees >5m height and >2.5 DBH between a)
urban and non-urban sites and b) within urban Central city (U') and North Shore (U?)
sites (significant values in Dold). .......c..ooe i 103

Table 5.2: Detection probabilities of bird species recorded at the four urban (U1 and U?)
SiteS and tWO NON-UIDaN SItS....ccicuiiiiiiiiiie ettt sttt s e b s 104

Table 5.3: Mann-Whitney U results for testing selected song parameters between urban

paired sites; U (urban central) and U? (urban North SRore).........coeeeveeeeeeveeeveeeneneenn, 104
Table 5.4: Cumulative number of new syllables and total different syllables............... 106
Table 5.5: Phrase sharing distribution in urban sites ........cccccoveveeiiriviiinicee e, 112
Table 5.6: Individual specific phrases at different sites..........ccocveeveiieiiiviee e, 113



List of Figures

Figure 2.1: Map of New Zealand with an enlarged view of Auckland, showing locations
of the three paired study sites within Auckland city and two non-urban sites. ............... 24

Figure 2.2: Study areas (circles) and adjacent motorways (squares) for tli recording
(Auckland CouNCil GIS VIEWET). .....ueeiieeee ettt ettt et te e e e 25

Figure 2.3: Non-urban paired study areas; Mahurangi Regional Park and Wenderholm
Regional Park (Auckland Council GIS VIEWET). ......ueeeeuiiieeeciiee ettt et e 26

Figure 2.4: Smiths Bush Reserve, Northcote, adjoining SH1, showing the location of
recording sites for individuals SB01-SB06. (Source: ‘Smiths Bush’. 36°47'33.79” S
174°45°12.98 E. Google Earth. May 21, 2012. April 4, 2015)......ccoeeeeeiiieeeeiee e 27

Figure 2.5: Le Roys Bush, Birkenhead showing the location of recording sites for
individuals LBO1-LBO7 (Source: ‘Le Roys Bush’. 36°48'49.77” S 174°44’07.18 E. Google
Earth. May 21, 2012. APril 4, 2015). c..uveeieiee ettt e et e e e e e re e e e 28

Figure 2.6: Auckland Domain, adjoining SH16, showing the location of recording sites
for individuals DO01-D0O06. (Source: ‘Auckland Domain’. 36°51°26.30” S 174°46'29.18 E.
Google Earth. May 21, 2012. April 4, 2015). .coeeiiee et 29

Figure 2.7: Waitaramoa Reserve, Remuera showing the location of recording sites for
individuals WR01-WRO04 (Source: ‘Waitaramoa Reserve’. 36°51°59.06” S 174°47°42.17 E.
Google Earth. May 21, 2012. April 4, 2015). c.coiiioiiee ettt 30

Figure 2.8: Auckland Botanic Gardens, Manurewa, adjoining SH1 showing the location
of recording sites for individuals BGO1-BG06 (Source: ‘Botanic Gardens’. 37°00'41.37” S
174°54’18.33 E. Google Earth. May 21, 2012. April 4, 2015)......cceeeciiieeeciieeeecieeeeeceenn. 31

Figure 2.9: Totara Park, Manurewa showing the location of recording sites for
individuals TPO1-TP04 (Source: ‘Totara Park’. 37°00'06.60” S 174°54’40.04 E. Google
Earth. May 21, 2012. APril 4, 2015). ..eooiiiiiee ettt e e eeaaae e 32

Figure 2.10: Mahurangi Regional Park showing the location of recording sites for
individuals MP03-MPO7 (Source: ‘Mahurangi Park’. 36°32'20.39” S 174°43’06.69 E.
Google Earth. May 21, 2012. April 4, 2015). c.eoeeiiee ettt 33

Figure 2.11: Wenderholm Regional Park showing the location of recording sites for
individuals WP01-WPO05 (Source: ‘Wenderholm Park’. 36°30'54.34” S 174°43’24.14 E.
Google Earth. May 21, 2012. April 4, 2015). c.coeiiieeeeeee ettt 34

Figure 2.12: Spectrogram (Raven Pro beta 1.5) showing syllable parameters in a male
long range tdi song; syllable duration, Fmin (the minimum frequency), Fmax (the
maximum frequency), bandwidth and syllable duration............ccccceeeeiiiiecciiee e, 38

Figure 3.1: Multidimensional scaling (MDS) plot of separation of motorway (green
triangle) and non-motorway (blue triangle) sites, Euclidean distance measure.
Numbering denotes distance from motorway (1-5) at motorway sites and (6) non-
MOTOIWAY SIEES. ceiiiiiiiiiiiiiiiiieietiieteteeeee ettt ettt ettt tereeerteeteeeetreatereteteterttereaesaraaeaerarereresesennn 56



Figure 3.2: Boxplots showing differences in song parameters between motorway and
non-motorway sites; a) minimum frequency, b) song duration, c) number of
syllables/song, d) different syllables per song e) trill proportion and f) aggregate entropy.

Figure 3.3: Canonical analysis of principal coordinates (CAP) of ti1 song parameters at
varying distances from motorway (Motorway distance: 1= 1-100m, 2 = 100-200m, 3=
200=300m, 4= 300-400m, 5 = 400-500m, 6 = NnoN-MOotorway Sites). ......ccccecevvreeecrrereeenns 62

Figure 4.1: Spectrogram showing three individual specific syllables, with the syllable
number labelled at the top of each selection box. The drawing tool is used to capture
the parameters such as maximum and minimum frequency (Fmin @aNd Frax).eeeeeeeeeeeannnen. 79

Figure 4.2: Saturation curves of cumulative new syllables from the total number of
syllables from individuals at motorway (Smiths Bush and Domain) and non-motorway
(Le Roys Bush and Waitaramoa ReSEIVe) SiteS. .......ueeeeciieeeiiiieeeeiiieeeecteee e et e e ereee e 82

Figure 4.3: Saturation curves of cumulative syllables found within six songs from
individuals at motorway and non-motorway Sites. ......cccceeeciiiiiiee e, 82

Figure 4.4: Number of total syllables per song, and different syllables per song at
motorway and NON-MOLOIWAY SITES. ...uuiiiiiieie i e e re e e e 85

Figure 4.5: Boxplots showing song rate (number of songs per minute) and singing rate
(amount of time spent singing) at motorway and Nnon-motorway Sites. ...........ccceecerereenne. 86

Figure 5.1: Number of different syllables per individual and total number of syllables per
individual at urban and NON-Urban Sites.......ccccvvviiiiiic 105

Figure 5.2: Saturation curves of cumulative new syllables versus the total number of
syllables from three individuals at paired Sites; .......ccccceeevieeieciiee e, 107

Figure 5.3: Boxplots showing difference in song rate (number of songs per minute and
singing rate (amount of singing per minute) between urban and non-urban populations.

Figure 5.4: Percentage of individual specific syllables per individual at urban and non-
BT o1 TR =T PPOPPPPROt 109

Figure 5.5: Percentage of individual specific syllables at U': Domain (DO)* and
Waitaramoa Reserve (WR), U% Smiths Bush (SB)* and Le Roys Bush (LB) and Non-Urban;
Mahurangi Park (MP) and Wenderholm Park (WP). (*motorway sites) .........cccccueeenne 109

Figure 5.6: Syllable frequency distribution across all 6 sites (4 urban and 2 non-urban).

Figure 5.7: Percentage of syllables shared between three individuals within sites (U'-
Domain (Site 1*) and Waitaramoa Reserve (Site 2), U? (Smiths Bush (Site 1*) and Le Roys
Bush (Site 2), and non-urban (Mahurangi Park (Site 1) and Wenderholm Park (Site 2). (*
indicates motorway site within the urban area). ........cccoevveeiiiiciii e, 110

Figure 5.8: Percentage of syllables shared between paired sites at urban U', urban U?
AN NON-UIDAN @rEaS......eiiiii ittt e s e e s s ae e e s satseeessnaeeeeas 111

Xl



Figure 5.9: Syllables shared between all four urban sites; syllables S0080, S0109, and

Figure 5.10: Two phrases (PSB1 and PSB2) shared by two individuals (DO01 and DO04)
at Auckland Domain central site. Syllable numbers are denoted in white at the bottom of
L8 0[S 1T PSR 113

Figure 5.11: Sound waveform (amplitude) view and spectrogram (frequency) view
showing two phrases regularly repeated by individual DOO1 at Auckland Domain....... 114

Figure 5.12: Syllables unique to each site (site-specific syllables)........cccccoceerrireernnnen. 114

Figure 5.13: Hierarchical cluster analysis (Ward, 1963) minimising sum of squares
distances using syllable sequences of all songs from urban and non-urban sites. Field
YL =T I [ (TSR R U ORPON 115

Xl



Acknowledgements

Firstly 1 would like to thank my main supervisor Weihong Ji who tirelessly gave
me comments and encouragement and always conveyed such an enthusiasm for
studies on tii1. Thank you for giving me the opportunity to undertake this thesis at
Massey. Thanks also to co-supervisors Michael Anderson and Dianne Brunton for
discussions and help with revisions. Mat Pawley and Daniel Thomas from IMNS,

thank you both for your statistical support and ideas.

Massey regulars in the lab, thanks for your support and discussions; Brig Krieg,
Jenny Laycock, Marleen Baling, Luca Butikofer, Christophe Amiot, John Cope,
Tom Dixon, and Kelsey Nichols. Also to Manuela Barry and Luis Ortiz-Catedral.

Fieldwork for this project at Mahurangi Regional Park, Wenderholm
Regional Park, Auckland Botanic Gardens and central sites was conducted with
permission from Auckland Council. In addition, a huge thank you is given to Tim
Lovegrove, Matt Maitland and Emma Bodley from Auckland Council who

provided advice and information about my study sites.

To my wonderful partner Felicity Moore, you have helped me through many
difficulties, assisted me in the field, proof-read my drafts and provided me with
tireless support and encouragement. You have taken a great interest in my study

subject and have always kept me up to date with tai activity in the garden.

Sam Hill thank you for sharing your ideas and fascination of all things ta1, your
support and encouragement have been incredible. You encouraged me to take on
this study and | have enjoyed the experience of working together in the field and
in the lab.

Thank you to Charlotte Antonievich for giving up her day to help format this
thesis. Thank you also to my father Robert and my mother Miriam for supporting
my desire to undertake this project, together with my siblings Rachael and Jason
and my nephew Elvis. Thanks to all my family and friends for bearing with me

during this incredible journey.

Xl





