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Abstract

The New Zealand Woodpigeon or Kereru (Hemiphaga novaeseelandiae) is a
monomorphic pigeon that is often seen in urban and rural areas, feeding on native or
introduced plants throughout the year. The Department of Conservation (DoC)
offices around New Zealand, in particular the lower North Island, receive many
Kereru each year due to predation and fatalities caused by impacts with windows and
vehicles. Little scientific work has been conducted on such a valuable resource to
date, so in this study I accessed and used 50 of these Kereru, as well as 76 reports
from the Massey Wildlife Clinic (the wildlife surgery and rehabilitation wing of the
Institute of Animal, Veterinary and Biomedical Sciences (IVABS)), 20 specimens
from Massey’s necropsy database and 119 moult records from other workers, to

study four aspects of impact injuries and Kereru biology as outlined below.

(1) The type and extent of injuries that were sustained through collision
events and how this affected rehabilitation. We used radiographs and necropsies to
determine the skeletal and soft tissue injuries in 70 Kereru that died in such
collisions, and radiographs of 61 birds that were assessed or treated having survived
initial impacts. Vehicle collisions tended to result in damage to the extremities (wing
and femur), whereas collisions with windows resulted in trauma to the head,
fractures/dislocations of the coracoids and clavicles, and ruptured internal organs.
Fractured coracoids frequently damaged flight muscles and ruptured the heart.
Extensive bruising of pectoral muscles and haemorrhaging of the lungs was due to
the force of impact. Rehabilitation time was not related to the number of skeletal
injuries sustained, nor was the time until death for those that did not survive. Flight
speed and force calculations suggest that a 570g Kereru would collide with 3-70
times the force that smaller birds (5-180g) would; this may explain the discrepancies
between the injuries characterised here and those reported for North American
passerines. The differences in injuries sustained from collisions with windows and
cars can be used to inform rehabilitators about the possible nature of injuries if the

source of impact is known.

(2) Morphometry, gastrointestinal organ masses and crop contents. Of 50
Kereru that died due to impact collisions, little physical variation was found between
sexes; males had longer head/bill lengths. Overall, different structural measures were

positively related (mass and tarsus, wing and tail, mass and head-bill and head-bill



and tarsus) but variation was generally high between individuals. Fat scores of
Kereru were closely related to environmental seasonal variation and 80% of birds
were in good body condition. Kereru lack caeca and there were no sexual differences
in reference to dry organ mass (liver, intestine, gizzard and crop). Organ masses
reflected body mass and size to varying degrees: liver mass was best explained by
body mass, gizzard mass by tarsus length as much as body mass, and intestine mass
only by body mass. Kereru intestines were proportionately shorter than those of
herbivorous grouse, despite grouse having long caeca to help with digestion of plant
matter. Kereru seem to rely on long retention times instead, and up to 68g of plant
matter were found in the crop, gizzard and intestines. There were no sexual
differences in mass of consumed materials found within the gastrointestinal tract,
consisting of introduced and native material (foliage/flowers/buds/fruits). Digesta

accounted for 0.12 — 13.4% of total Kereru body mass.

(3) Kereru flight feather moult, wing area and wing loading. One hundred and
sixty nine Kereru moult records showed that Kereru moult over a nine month period
(July — March/April), with a restricted moult of tail feathers during the breeding
season. Kereru moult is symmetrical in relation to the number of primary feathers
moulted, but not in respect to the position on the wing. Kereru often have multiple
moult loci and do not follow a conventional moult sequence. This moult strategy
reduces the effect that feather gaps have on wing area and thus wing loading. The
moult strategy of Kereru is a solution that works to minimise the change in wing

area, but at the cost of having a prolonged moult.

(4) Plumage colouration assessed using reflectance measurements from light
spectrometry. This study is the first to assess UV signals in Kereru and UV signals
were found in all eight regions investigated, five plumage (Breast, Crown, Mantle,
Wing and Rump) and three bare parts (Bill base, Bill tip and Foot). The greatest
intensity of maximum UV signal (uvmax) was in the bare parts with a covariance of
the bill tip and foot. No sexual differences or condition dependent signals were
found, but age-related UV signals were found in the crown and foot. In the visual
spectrum, females had a greater intensity of maximum colour signal (rmax) in the
wing. Age-related colouration was seen predominately in the bare parts, in particular
the foot which has a higher intensity of colour in juveniles. Even with single-angle
light spectrometry Kereru are a highly cryptic species.



Acknowledgements

This project would not have been possible without the support and assistance from
the following people.

Extreme gratitude goes to my head supervisor, Phil Battley, for guiding me in
the right direction, remaining positive and enthusiastic throughout the entire process.
He saw it through from beginning to end with unending support and was willing to
lend a hand and in some cases two even though he was extremely busy with a new
addition to the family. I am also extremely thankful to my co-supervisor, Brett
Gartrell (who also had a new addition to his family) for assisting me in interpreting
radiographs, being involved with post-mortems and giving a veterinary perspective
on things. Thanks to my advisor, Ralph Powlesland, who was so willing to pass on
his superior knowledge about Kereru and for the support and input that he gave for
addressing the aims of this study. Along with the time spent travelling to attend

project meetings and for supplying substantial amounts of data on Kereru moult.

| need to mention the help and support that was received from the rest of
Massey University Ecology Group and Institute of Veterinary, Animal, and
Biomedical Sciences (IVABS) establishments. Special thanks go to the staff of
Massey University Veterinary Teaching Hospital for allowing me to retain medical
files for over a year. Thanks also to Sonia Torwick and her staff in the radiography

department of IVABS who helped with the many x-rays that were required.

Special thanks to Andrea Wilson of Raumati Veterinary Centre for assistance
on issues relating to bird injuries/rehabilitation and for taking half of my bird x-rays
at her clinic. It is greatly appreciated and no amount of thanks can be enough to

express my gratitude.

Staff at the Department of Conservation (DoC) Wellington, Wanganui, East
Coast/Hawkes Bay, Bay of Plenty and Opotiki Area offices for help in regards to

supply of Kereru carcasses and assisting with Iwi issues.

I would like to express my gratitude to the Ornithological Society of New
Zealand for giving me permission to reproduce their distribution atlas of New
Zealand pigeon for use in my thesis. Also, to Geoff Baines, for physics analyses and



to the Chemistry Department for allowing me use of their Light Spectrometer when

technical issues did not allow the use of Phil’s.

Thanks to Nga Manu Nature Reserve for providing me with carcasses, access
to captive Kereru, for allowing me to use their facility, on occasion, to autopsy my
birds and for the use of excellent photographic images. Also, extreme gratitude for
the Nga Manu Trust Scholarship, which covered a large proportion for the cost of x-
rays.

And to my many note takers — Phil Battley, Rhys Mills, Mary Fawcet,
McKenna Martindale, Alyssa Grove - if it was not for you guys the autopsy process
would have taken twice as long. Thank you for your time and ability to put up with

some interesting smells!!!

Finally, thank you to my partner in crime, Rhys Mills, who willing came on
road trips to help collect carcasses and for the time he spent helping me get through
the many post-mortems.

Photograph 1 Inquisitive Kereru at Nga Manu Nature Reserve.



Table of Contents

AADSTTACT ...ttt e bt i
ACKNOWIBAGEMENTS ...ttt ettt sttt be e nes iii
TabIE OF CONLENLS ...ttt v
1.1 Kereru Distribution and habitat.............cccoeiriiineinicinicccscce e 1
1.2 KEIEIU THEL ...ttt b et 5
1.3 KEIEIU BPPEAIANCE ....ecueeurireeererieeeestesreetestessee s sbe et e sre s st et e sbe e s e sreebee b e sbeeseennesaeeneesneeanes 6
1.4 Kereru breeding cycle and flight.........c..ccooiriiininiee e 7
L5 IMIOUIE ettt 8
1.6 SEATUS OF KEIIU ..ttt 9
1.7 History of Kereru and causes 0f deCliNg .........covevevveiieieie i 9
1.8 Impacts and iNJUries SUSTAINED .........ccueveiriririnieriere et 11
Chapter Two - Impact injuries and probability of survival in a large semi-urban pigeon,
Hemiphaga NoVaeSeelandi@e. .........c.cceeveiiiieiecie ettt et s reernens 17
2.0 ADSIFACE.....ieeiiteiitcee bbbt 17
2.1 INEFOAUCTION....c..ciieiieteet ettt 17
2.2 Materials and MEthOOS .......cc.eoveiiieieireseeee e 20
2.3 RESUIES ..t 21
2.3.1 NALUIE OF INJUIIES .ottt s 21
2.3.2 Comparison of injuries between dead and alive, died in rehabilitation and
SUNVIVEO KEIEIUL. ...eiiiiieiiieiiteeie ettt 25
2.4 DISCUSSION ...ttt sttt ettt b ettt ettt ettt b et b et eb et se s e st naeneas 29
24.1 NALUIE OF INJUIIES .ottt sttt 29
2.4.2 Comparison of injuries between dead and alive, died in rehabilitation and
SUNVIVEU KEIEIU. c..eeteiieiiteirteete ettt 32
25 CONCIUSION <.ttt 34

Chapter Three - Kereru morphometrics, body condition, organ masses and crop contents... 36

3.0 ADSIIACT ...ttt s 36
3.1 INETOTUCTION ...ttt s 36
3.2 Materials and MEtNOOS ........cc.coirieirieinieiice s 38
B3 RESUIS .. 40
331 /L0 0] 0T0] 9 T=] 1 ot OSSPSR 40
3.3.2 BOdY CONAITION.......ccieieceeeieceee e e s 41
3.3.3 INtErNAl OFQaN MASSES.....eevvieeeeierteeeertesteeresteestesteseeee e e e estesreesesreesaensesseenes 42

3.34 O3 (0] ol o0 1 1=] | TR URSPRPR 45



34 DDISCUSSION ..ttt ettt ettt ettt e ettt e e et e e e e earteesseseteesasaseesassaeessasaseesasaeeesassreeesan 47

34.1 0T o] 0 T0] 10 T=1 (ot RIS 47
34.2 BOAY CONAITION .....eieieieieieee et 47
34.3 INtErnal Organ MASSES........ccververeieiriirtente ettt 48
3.4.4 CrOP CONENTS ...ttt s sr e s sr e 51
3.5 CONCIUSION ..ottt 53
Chapter Four - Flight feather moult of New Zealand’s endemic pigeon, the Kereru
(Hemiphaga NovAaeSEElaNTIBE). ......c..erveveureieiirieeiese sttt 55
.0 ADSIIACT .....eiteteteeeieeee ettt na s 55
41 INFOUCTION ...ttt 55
4.2 Materials and Methods ..........coveiriririiineieeeree s 58
4.3 RESUITS. ..ottt bbb 60
431 Seasonality and OVEFIAP .......ccceveiririiririeeee s 60
4.3.2 Symmetry of moult and SEQUENCES .......cc.ecueveieirinirenieniereeeeeeeeeeee e 61
4.3.3 Impacts of primary moult on wing parameters (wing area and loading) ....... 65
A4 DISCUSSION ..ottt ettt ettt ettt ettt b ettt b et b e b be s s 68
44.1 Seasonality and OVEFIAP ......c.ccveiiieieiececeeeeee e s 68
4472 Symmetry of moult and SEQUENCES .......cc.eouerveeeirinirenereeeeeee e 69
443 Impact of primary moult on wing parameters (wing area and loading)......... 70
4.5 CONCIUSTON ...ttt 73
Chapter Five - Kereru (Hemiphaga novaeseelandiae) — Monochromatic or a dichromatic
] 01T 3 =1 PRSP 75
5.0 ADSIIACT.....veiieiiiteeieee s 75
5.1 INFOTUCTION......cuiiiiiiiiicieiet ettt 75
5.2 Materials and MEthOUS ........cceerieuirieiricirec s 79
5.3 RESUIS et 81
5.3.1 L0 AT - 1 ISR 81
5.3.2 Plumage — Visual SPECIIUM .....ccviiieeieieeteeieste ettt 82
5.4 DISCUSSION ....ovuiiiiiitiiiieietest ettt sttt 85
54.1 L0 AT -1 SRS 85
54.2 Plumage — ViSual SPECIIUM .....co.eiiieieieeieeese et 86
5.5 CONCIUSTON ..ttt 89
Chapter SiX = SUMMAIY .....cceiiieeeierieseesie e ettt e ste e e e ste st esestesseessesreessessesssessessesnsessenseans 91
6.1 IMPACE INJUITES .oevveeeieieceete ettt sttt s re e e s teesa e b e sreeneesneeneas 91

6.2  Morphometrics, body condition, organ masses and Crop contents ............coceeeeeee 92



6.3 1Y, 01U | TP 93

6.4  LIght SPECIFOMELIY ..oovieeeeeceece ettt st et a e reeneas 94
6.5  Recommendations and further reSearch..........ccccoeoveeeinenenencnccceeesesesene 95
AAPPENTICES. ...ttt sttt b bbbttt a bbb sttt eb e n e nennen 96
APPENTIX ONE ..ottt ettt b e sb e bt e et eaeeae b e e nen 96
APPENTIX TWO ettt ettt et e e e st e s be e b e ste e e e besae et e sbeessestesreensesreessensesanenes 97
APPENTIX THIBE .ottt ettt et e s b e e s et e s reeasesteessenbesanenes 98
APPENAIX FOUF ettt ettt st e st e e e e tesbeeabesreessenbesanenes 99
APPENAIX FIVE....eeiieeeee ettt sttt ebe e snennens 100
APPENTIX STX ottt sttt ettt b bt bbbttt be b nennen 100
APPENTIX SEVEN ...ttt ettt sttt ettt eae bt sb e sb et e et seeseeaeeneneens 101

RETEIEINCES ...ttt e e e et e e e e et e e s ae e teeseaaeeesaaaeeesaaaeeeseanseeesaanreeessanreeas 102



