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ABSTRACT

The New Zealand sea lion (Phocarctos hookeri) is classified as endangered and “Nationally
Critical” due to a declining population and restricted population range. There have been
recent bacterial epizootic events at the breeding colonies of this species, however the role
of disease in the population decline is not known. As part of the investigation into the
population decline, the species management plan recommends investigation of disease
agents affecting this species, their epidemiology and their long-term effects on

population dynamics.

Since the 1998/1999 breeding season, post mortem examinations have been performed
on deceased New Zealand sea lions at the Enderby Island breeding colonies during each

breeding season, including the collection of samples for histology and bacteriology.

This study describes the causes of mortality in New Zealand sea lions one year of age
and older at Enderby Island between the 1998/99 to 2010/11 breeding seasons inclusive,
using the archived post mortem reports, histology samples and bacteriology samples.
Conspecific trauma was found to be a significant cause of mortality (34.3%), as were
various infectious causes (35.7%). The organism Klebsiella pneumoniae was isolated from
non-pup New Zealand sea lions both from individuals that died from other causes and
individuals that showed apparent morbidity as a result of this bacteria. These findings
suggest that older animals may be reservoirs of infection for K. pneumoniae, which causes

significant mortality in neonatal New Zealand sea lions.

Another important infectious agent that was described in non-pup New Zealand sea
lions was Mycobacterium pinnipedii, which caused both subclinical and clinical disease.
My cobacteriosis of the lymph nodes, lungs, pleura, liver, peritoneum and reproductive
tract was described in this study. Strain determination of the M. pinnipedii isolates grown
show only minor strain variation among isolates, which may reflect the isolated
geographic distribution of these animals. There was no apparent association between
the individual strains of M. pinnipedii and their pathogenicity as indicated by the

pathology present in infected animals.



ACKNOWLEDGEMENTS

Many individuals gave time and expertise to help make the research presented in this
thesis possible. First and foremost, I cannot thank enough my supervisors Brett Gartrell
and Wendi Roe, for all their time, support and teaching as this thesis progressed. Thank
you to Brett for teaching me statistics, to Wendi for many hours of teaching me histology,

and to both for teaching me to be a more ruthless editor.

The gross post mortem examinations and the collection of samples for histology and
bacteriology used by this study were performed by researchers in Department of
Conservation (DOC) field expeditions to Enderby Island, as part of ongoing DOC
monitoring of the endangered New Zealand sea lion. Many thanks to all those that
performed post mortems on New Zealand sea lions over the breeding seasons included
in this thesis, in the sometimes wild subantarctic weather and field conditions. Thank
you to Kelly Buckle, Wendi Roe, Sarah Michael, Katja Geschke, Padraig Duignan, Nick
Gales, Simon Childerhouse, Jacinda Amey and Amelie Auge, and to all other field
researchers involved in the post mortem examinations performed during this study

period.

Louise Chilvers from the Department of Conservation led and organised the expedition
for the 2009/10 breeding season when I went to Enderby Island for 6 weeks in the
position of field veterinarian, as well as many other expeditions. A big thank you to
Louise for an extremely well planned and enjoyable expedition, and for much helpful
advice on the fieldwork that was performed and day-to-day subantarctic island life.
Thanks to my fellow expedition members Nathan, Elaine and Eric for moral and

nutritional support, and a lot of rounds of “Uno”.

The IVABS histology and pathology departments allowed me to use their work spaces
for the trimming of tissues and storage of samples, and performed the processing of

tissues for histology. Thank you to Mike Hogan and Evelyn Lupton especially.



Thank you to Stuart Hunter for helping with the interpretation of the histology for some

of the cases.

Aerobic bacteriology cultures were performed by the ever helpful and skilled team at
NZVP, Palmerston North, and by Hamish at IVABS. Mycobacterial culture, PCR and
Mycobacterium pinnipedii strain determination were performed by the team at
AgResearch Wallaceville, with thanks especially to Geoff de Lisle and Marian Price-

Carter. For your many hours of lab work and all your expertise I am very grateful.

And lastly thanks to the wonderful Jon and to my family and friends, for all your support
throughout. And to Nicky Denning, for letting me “thesis” by the fire under a handmade

quilt on many occasions.



TABLE OF CONTENTS

ADSETACE ...t ii
ACKNOWIEAGEMENLS ... iii
Table Of CONENLS ......c.ocvviiiiiiiiiicii e \
LiSt Of FIGUTES ...t viii
LiSt Of TabBIES ...t xi
CHAPTER 1: Literature ReVIEW .......ccveeveerenteenintennteeinenneessesnssessssssssssessssenes 1
1.1 New Zealand Sea Lion Distribution and Biology ...........ccceeviiviniicnniiinniiinnen 1
1.2 Causes of Mortality in Pinnipeds..........cccooiiiininiiininiiiiiiiiicicccccces 7
1.2.1 Non-infectious causes of mortality...........cccocoeiiiniiiiiniiiiiiiniccccs 7
1.2.1.1 Predation ... 7
1.2.1.2 Conspecific trallMa .......c.ceeviiiiiiiiiiiiiiiiccc e 8
1.2.1.3 BIOtOXIIIS .ttt e 10

1.2.2 INfeCtious diSEASE .......c.eveuiuiririeiiiieicicieeicc e 10
1.2.2.1 Mass mortality events in New Zealand sea lions .........ccccceeiiviviiiiniiiiniccnnnn. 10
1.2.2.2 Other disease agents of potential significance to the NZSL............ccccccccoevirnnnn. 12

1.3 Disease Ecology in PINNIpeds........cccociviviriiiiniiiiiiicciieeccceeeeeeeeeeenene 15
1.3.1 Disease transmission in pinnipeds .........cccocovveiririninieieieecccccccccccs 15
1.3.2 Effects of disease on pinniped populations.............ccceeeeieeeccciccccccne 16
1.4 TUDETCUIOSIS ... e 17
1.4.1 The Mycobacterium tuberculosis COMPIEX .........ceveveveiereieieieieieicccccee 17
1.4.2 Pathophysiology of tuberculosis............cccocoeeuriiiiicciniicecc e 18
1.4.3 Mycobacteriuth Pintiipedil............cccocovvviieiiiiiiiiiiiiiiieiiiiicicctcec s 20
1.4.3.1 TAXONOIMY ...cuvitiiiiiciiietcicet ettt a e 20
1.4.3.2 Distribution of Mycobacterium pinnipedii ..............ccccovvvvvecciiininineeeeeeeeenene 21
1.4.3.3 Mycobacterial infection in New Zealand pinnipeds.........ccccccovvniniiniiinnnnnen. 22
1.4.3.4 Pathology of Mycobacterium pinnipedii infection in pinnipeds........c.cccccceeeenennne. 23
1.4.3.5 Diagnosis of Mycobacterium pinnipedii infection in pinnipeds...........ccccceevvviuennnnen. 25
1.4.3.6 Zoonotic iIMPLiCAtiONS ......ccvoviiiiiiiiiiiiiiiccc e 27



1.4.3.7 Implications for other species..........ccocooeviiiiiiiiiiiiiiii 27

1.5 RESEATCI ALITIS 1evvveiiiiiieeeeite ettt ettt ettt ettt e e sttt eesabt e e s saaatesesssseesssaaseesssssseessasseessns 29

CHAPTER 2: Post Mortem Findings in Non-Pup New Zealand Sea Lions

(Phocarctos hookeri) at Enderby Island ............icniicncnccninicnccnincncnenne 30
2.1 INETOAUCHON ..ottt ettt ettt 30
2.2 Materials and Methods........c..cccoeiriiniiiniiiniiinccccceeeee e 32
2.3 RESULIES ...ttt sttt 34

2.3.1 General COMIMENLS ......co.cerueuiriiuiriiiinieiricietetrtee ettt ettt e e 34
2.3.2 Causes Of MOTtAlitY ......ccceciviviiiiiiiiiiiiiicc s 39
2.3.2.1 Bacterial and parasitic infections (= 25) ......ccccoevururieiiiininiirrreeeecccccnes 39
2.3.2.2 Conspecific trauma (1 =24) .....cccciiiriiiiiiiiiicice e 42
2.3.2.3 Predation (115 2) ..ottt ettt ettt st b sttt ene s 44
2.3.2.4 Unknown causes of death (1N =19) ......cccccerireirineinenenenceneceneee e 44

2.3.3 Concurrent and incidental diS€ases ........c..coceeueirererierienieirininercceeeeeeeees 45
2.3.3.1 Bacterial iNfeCtiONS ......c.evveiruerieiriinicietecertc ettt 45
2.3.3.2 Other bacterial iSOIAteS .......ecuerierierieeiiei ettt ettt eaeeneeneas 45
2.3.3.3 ParasitiSIM.....c.cccuiiiiiiiiiiiiieiciccceee et e 48
2.3.3.4 Predation INJUTIES .........cccciuiuiiiiiiiiicc s 49
2.3.3.5 NEOPIASIA.....coviuiiiiiiiiiiic 49

2.4 DHSCUSSION «.uenvirneentieitetentteit ettt ettt et b ettt e bt et e st st et e sbeeatesbesbtebesbeeanesesseeasensesseens 49
2.5 CONCIUSIONS ...ttt ettt ettt ettt et b e bt et e e et et eseseneen 57

CHAPTER 3: Characterisation of Mycobacterium pinnipedii infection in New

Zealand Sea Lions (Phocarctos hookeri) at Enderby Island.............ccecvrueucneec. 59
3.1 INtrodUCHON ..o 59
3.2 Materials and Methods............cccocuiiiiiiiiii s 61

3.2.1 Archived samples and data..........cccccecviviiiniiiiiiiniiie 61
3.2.2 Sample preparation, lesion review and laboratory analysis............c.ccccceueunenee. 61
B3 RESUILS.....ouiiiii s 63
3.3.1 Gross and histological findings...........ccccceceiviviiiiiiiniiiiiiiiice 63

Vi



3.3.2 Identification and characterisation of mycobacterial isolates............................ 64

3.3.3 Characterisation of pathology associated with confirmed mycobacteriosis in

INZSLS .ottt 66

3.4 DISCUSSION ...ttt a e ae s as s ene e 87
3.4.1 PathOlOY ....ovviiiiiciiiieiccic et 87
3.4.2 Strain variation in Mycobacterium pinnipedii from NZSLS..........ccccvveivinnnennne. 92
3.4.3 Importance of mycobacteriosis to the NZSL............cccocooviiiiiiiiccce, 93
3.4.4 Study lmitations ........ceueveieieiciccccccc s 99
3.4.5 Implications for livestock health and zoonotic disease ............cccceueueueururnnneee. 102

3.5 CONCIUSIONS......oviiiiiiiiiiiicc e 103
CHAPTER 4: General DiSCUSSION .......ceeeeeeeeeeeeeeseeneetetessssssssssssssesssenns 104
APPENDIX 1: Post Mortem, Histology and Bacteriology Findings................ 110
LITERATURE CITED .....ueteeeeteteintentetnententsinnensesssessesnsssssessessssesssssssssssssans 150

vii



LIST OF FIGURES

Figure 1.1

Figure 2.1

Figure 2.2

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 3.6

A map of the Auckland Islands, showing their location in relation to New
Zealand and other sites of interest with regards to the current distribution

of the New Zealand sea lion. Figure included with permission from the

Department of CONServation ... 3
Causes of mortality of non-pup NZSLs at Enderby Island for the breeding
seasons 1998/99 to 2010/11 iNCIUSIVE ........ccceveuiiviviiiiniiiiiiicccieecae 37

Number of tag resights and number of dead NZSLs that had post mortem
examinations performed at Enderby Island for the breeding seasons
1998/99 t0 2010/11 INCIUSIVE ....vvviviiiiiciiiicc s 37

A case of mycobacterial infection in a NZSL examined at IVABS Massey
University Palmerston North showing severe consolidation and
multifocal coalescing granulomas of various sizes in the lung on cut

SUTTACE ittt ettt ettt ettt e ettt e e et b e s e s saaeeesssabeesssaseesssaseesssnraeas 69

Haematoxylin and eosin stain. Scale bar represents 2mm. Lung tissue
from case E08/09-53Ph showing severe chronic multifocal to coalescing
granulomatous bronchopneumonia. There are large areas of necrosis
surrounded by granulomatous inflammation. In parts of the lungs that
were less severely affected, smaller discrete granulomas were present,

with or WithoUt NECTOtiC CENEIS .oooeeeeeeieeeeeeeeeeeee e e 70

Haematoxylin and eosin stain. Scale bar represents 200um. Lung tissue
from case E08/09-53Ph showing lung granulomas consisting central
necrosis surrounded by an inflammatory infiltrate of predominantly

macrophages and a small number of lymphocytes and plasma cells ....71

Ziehl-Neelsen stain. Scale bar represents 50um. Lung granulomas from
case E00/01-42Ph showing a small number of visible AFOs intracellularly

in macrophages and in necrotic debris .........ccccooviviiiiiiiiice 72

An enlarged middle tracheobronchial lymph node from case E09/10-
13Ph, showing a cream-coloured nodular mass 20mm in diameter on cut

SUTTACE e e e e e e e e e et e e e e e e e e seseeeeeesaeeesasaeessananeas 73

Haematoxylin and eosin stain. Scale bar represents 2mm. A lymph node
from case E(09/10-13Ph showing large well-circumscribed and often
coalescing areas of necrosis, surrounded by a rim of granulomatous

inflammation with a small number of lymphocytes ............ccccceueurunnnnnee. 74



Figure 3.7

Figure 3.8
Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Ziehl-Neelsen stain. Scale bar represents 50um. A lymph node from case
E09/10-13Ph showing occasional visible AFOs in granulomas. In this case,

AFOs were seen in the cytoplasm of macrophages and in necrotic debris

Gingival mucosa of case E09/10-17Ph showing severe jaundice ............. 76

Haematoxylin and eosin stain. Scale bar represents 500um. Liver tissue
from case E09/10-17Ph showing a severe chronic granulomatous
hepatitis. There are multifocal discrete and occasionally coalescing
aggregations of macrophages randomly distributed throughout all

examined liver sections. Normal hepatic architecture is disrupted ....... 77

Haematoxylin and eosin stain. Scale bar represents 200um. Liver tissue
from case E09/10-17Ph showing a discrete aggregation of macrophages
with a small number of associated lymphocytes and neutrophils. There is
mild degeneration and necrosis of hepatic tissue surrounding the

granulomatous inflammation ..........ccccviiiinniiiin 78

Ziehl-Neelsen stain. Scale bar represents 50um. Liver tissue from case
E09/10-17Ph showing large numbers of intracellular AFOs within the

macrophages of hepatic granulomas ..........cccccoovviviiiiiiiniccccce, 79

Haematoxylin and eosin stain. Scale bar represents 500um. Peritoneum
from case E00/01-42Ph, showing moderate-severe, fibrinous and
lymphocytic peritonitis, resulting in marked thickening of the
PETIONEUIN ..ottt 80

Haematoxylin and eosin stain. Scale bar represents 200um. Peritoneum
from case E00/01-42Ph showing a moderate-severe, fibrinous and
lymphocytic peritonitis with small multi-focal accumulations of
macrophages throughout areas of thickened peritoneum, forming small

GTANUIOMAS ..ooiiiiiiiiiiiic e 81

Haematoxylin and eosin stain. Scale bar represents 500um. Uterus from
case E00/01-42Ph showing a moderate granulomatous endometritis
affecting approximately 30% of the endometrium of the examined section

OF TEOTULS e e e e e e e e e e e e e e e e e e e eeaeeeeeeeeeseanaeeas 82

Haematoxylin and eosin stain. Scale bar represents 200pum. Uterus from
case E00/01-42Ph showing a large discrete accumulation of macrophages
within the endometrium, with some lymphocytes and plasma cells in the
periphery. The larger of these granulomas in other sections of uterus

showed central necrosis and mineraliSation ........ccccceeeeeveeeeeeeveeeeeeereeeeeennes 83



Figure 3.16

Figure 3.17

Figure 3.18

Opened pleural cavity of case E09/10-10Ph showing severe thickening of
the pleura and pericardium. The pleura is 2-3mm thick and white, with a
cobblestoned surface of soft villous nodules measuring 3-10mm in
diameter. There is a large volume of clear yellow-green viscous fluid in
the pleural space. There are multiple soft white round bodies on average

5mm in diameter floating free within the pleural effusion ...................... 84

Haematoxylin and eosin stain. Scale bar represents 2mm. Lung and
pleura from case E09/10-10Ph showing severe chronic granulomatous
pleuritis, resulting in a markedly thickened pleura with villous
projections. There was a concurrent severe chronic granulomatous

PETICATAItIS ..vovvieiiiiiiiiiccc s 85

Haematoxylin and eosin stain. Scale bar represents 200pm. Pleura from
case E09/10-10Ph showing a severe chronic granulomatous pleuritis
consisting of a thick layer of macrophages, fibrous tissue and occasional
plasma cells and lymphocytes with no distinct organisation, and with

SMaAll fOCAl ATCAS Of TMECTOSIS ..eveveeeeeeeeeeeeeee et eeeeee e e e e e e e eeeeeeeeeneeeas 86



LiST OF TABLES

Table 2.1

Table 2.2

Table 3.1

Table 3.2

Table 3.3

Causes of mortality in NZSLs at Enderby Island, showing the frequency
of causes of mortality by cohort ... 38

Bacterial isolates grown from post mortem tissues of non-pup NZSLs
sampled at Enderby Island for the breeding seasons 1998/99 to 2010/11

INCIUSIVE .. 47
Mycobacterial culture results from NZSL post mortem cases with

confirmed mycobacterial infection .............cccoeeeeecciic 65

Table of nine variable number of tandem repeat (VNTR) and two direct
repeat (DR) loci for the isolates grown from six cases of Mycobacterium

pinnipedii infection in New Zealand sea lions ..........cccccccccevviiiinincnnne. 65

Histological findings, culture results and PCR results in nine New

Zealand sea lions with confirmed mycobacterial infection ..................... 67

Xi





