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The New Zealand sea lion is an endangered species endemic to New Zealand. While causes of death are well
described for pups of this species, mortality in adults is poorly characterised. This study investigated causes of
death in 136 New Zealand sea lions in two diﬀerent populations: a major breeding site on remote, uninhabited
Enderby Island in the sub-Antarctic, and a slowly increasing recolonising population on the inhabited mainland.
For animals with at least a partial diagnostic investigation (n = 112), the most frequently diagnosed causes of
mortality were infectious disease (41/112; 37%), particularly tuberculosis due to M. pinnipedii (20/112; 18%),
and conspeciﬁc trauma (27/112; 24%). Anthropogenic trauma was an important cause of death in mainland sea
lions (9/33; 26%). Deliberate anthropogenic mortality has previously been identiﬁed as the greatest potential
threat to population recovery for mainland sea lions, and as human and pinniped populations increase, managing interactions between these species will become increasingly important.

Introduction

investigations are lacking for all other age groups and locations. For
pups, the most common cause of mortality is septicaemia due to hypermucoviscous Klebsiella pneumoniae (Roe et al., 2015). The origin of
infection and the role of adult sea lions in disease transmission are
currently unknown (Castinel, Grinberg et al., 2007; Roe et al., 2015).
The most well-recognised cause of death in adult NZSLs is incidental
capture in commercial ﬁsheries (Chilvers, 2008). Other causes of death
are less well characterised. A mass mortality event on Enderby Island in
1998 caused the death of at least 74 adults, characterised by neck abscesses and attributed to a pleomorphic gram negative bacillus that
could not be cultured (Baker, 1999). There are several reports of
mortality investigations in individual adult sea lions from mainland
New Zealand, including infections due to toxoplasmosis (Roe et al.,
2017) and tuberculosis (Roe, PJ, L, GW, & DV, 2006).
The nature and the implications of NZSL mortality are likely to
diﬀer between mainland New Zealand and the remote breeding sites in
the sub-Antarctic. While mainland recolonisation can be seen as positive for the species, it also means that sea lions are brought into closer
contact with humans, domestic animals and other wildlife species, and
consequently there is increased likelihood of disease transmission. In
addition, this proximity increases the chance of contact between humans and sea lions. Given these factors, this study aimed to investigate

The New Zealand sea lion (NZSL; Phocarctos hookeri) is endemic to
New Zealand and is classiﬁed as endangered by the International Union
for Conservation of Nature (Chilvers, 2015). The majority of breeding
occurs in the sub-Antarctic islands, including Enderby Island, where
approximately 20% of total pup production occurs (Chilvers, Wilkinson,
& Childerhouse, 2007). Historically, NZSLs were also found throughout
mainland New Zealand, but by the mid-19th century had been eliminated from this region due mostly to hunting pressure and habitat
change (Childerhouse & Gales, 1998). In the past 20 years, however,
recolonisation of the mainland has begun in the form of three small but
growing populations: two in the southeast of the South Island and one
on Stewart Island (McConkey et al., 2002; Roberts & Doonan, 2016).
Despite these new populations, the NZSL species as a whole has
undergone signiﬁcant decline in the past two decades, with the most
recent population estimate being approximately 9400 individuals
(Roberts & Doonan, 2016). The exact causes of the decline in numbers
are not yet well understood but it is likely that multiple factors play a
role (Baker et al., 2010; Chilvers, 2008; Robertson & Chilvers, 2011).
Causes of mortality have been thoroughly investigated in NZSL pups on
Enderby Island (Castinel, Duignan et al., 2007) but similar
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the causes of mortality in non-pup NZSLs; to compare ﬁndings between
Enderby Island and the New Zealand mainland; and to assess the presence of pathogens or disease syndromes previously associated with
epizootics in NZSLs.
Materials and methods
Enderby Island (50.5°S, 166.3°E) is visited annually by scientists
during the NZSL breeding season (December to February), and necropsies are conducted on any NZSLs found dead. Similar investigations
are conducted year-round in mainland New Zealand, where colonies are
regularly monitored by members of the NZSL Trust as well as staﬀ from
the NZ Department of Conservation. All non-pup individuals (i.e.
yearlings and older) found dead between 1 January 2000 and 31
December 2017 were included in this study, and are hereafter referred
to as “adult” NZSLs, to distinguish them from previous studies focusing
on pup mortality. Records were retrieved from an electronic database
held at the School of Veterinary Science, Massey University, Palmerston
North, New Zealand. For each case the extent of investigation was
classiﬁed as ‘none’ (dead animal recorded but necropsy not attempted),
‘gross only’ (gross necropsy conducted but no samples collected),
‘partial’ (gross necropsy with limited histology) or ‘full’ (gross necropsy
with representative tissues collected for histology). For some animals,
archived frozen tissues or swabs were available. These had either been
frozen at −20C within 12 h of collection (mainland cases) or frozen in
liquid nitrogen before transfer to Massey University and storage at
−80C (Enderby Island cases). Formalin-ﬁxed tissues, where available,
were processed routinely for histopathology and stained with H&E.
Additional stains, including Gram, Ziehl-Neelson, Warthin-Starry silver,
Giemsa, Perl's iron, Young's fungal, Congo red, Masson's trichrome,
PAS, Von Kossa and Verhoeﬀ's stain were used to further characterise
lesions and demonstrate pathogens. Aerobic culture was performed on
archived tissues where gross or histological ﬁndings suggested an infectious aetiology. These tissues were thawed at room temperature
prior to analysis. For cases suspected to have mycobacterial infection on
histological examination, the diagnosis was conﬁrmed using culture
and PCR as described in Loeﬄer et al. (2014).
A cause of death (COD) was determined for each animal based on
gross and histological lesions. Cases were grouped into the following
categories: bacterial infection; conspeciﬁc trauma; predation; anthropogenic trauma; miscellaneous; and unknown (no primary COD diagnosed). Clinically signiﬁcant concurrent diseases were noted for each
animal. Fisher's exact test was used to assess diﬀerences between study
locations and sexes.
Results
A total of 136 adult NZSLs were found dead on Enderby Island
(n = 82) and mainland New Zealand (n = 54) between 1 January 2000
and 31 December 2017. Of these, 24 (18%) had no investigation due to
decomposition (n = 4), scavenging by birds (n = 1); ﬁeld restraints
such as rising tide or inaccessibility (n = 2); or an unrecorded reason
(n = 17). All cases with no recorded reason were from the mainland.
Animals with no investigation were excluded from further analysis, but
are reported here to indicate the proportion of non-investigated deaths,
which was higher on the mainland (21/55 (38%)) than on Enderby
Island (3/82 (4%)). The length of the ﬁeld season on Enderby Island
ranged from 33 to 92 days (average 66 days).
Fig. 1.
A total of 112 animals (79 from Enderby Island and 33 from
mainland New Zealand) had some degree of investigation: either gross
post mortem only (n = 30), partial (n = 6) or full investigation
(n = 76). A deﬁnitive diagnosis of COD was made in 89/112 (79%) of
these investigated deaths, including 18/30 (60%) cases that had a gross
post-mortem only; 0/6 (0%) cases with partial investigations; and 71/
76 (93%) of cases with full investigations. Table 1 shows summarised

COD data for each location. The M:F ratio for investigated deaths was
0.4:1 (23M:56F) for Enderby Island and 2.3: 1 (23M:10F) for mainland
New Zealand. These ratios are not signiﬁcantly diﬀerent from the M:F
ratios of live sea lions at either Enderby Island (expected ratio = 1M:2F
(Marlow, 1975); P = 0.51) or mainland New Zealand (expected ratio
3.3M:1F (J. Fyfe, pers comm.); P = 0.77). The distribution of CODs for
each year are shown for Enderby Island in Fig. 2, and for mainland New
Zealand in Fig. 3.
Infection was the diagnosed COD in 41/112 cases (37%), based on
gross necropsy ﬁndings, histological lesions, and microbiological
testing. In 33 cases death was due to a primary bacterial infection,
while in six, all from Enderby Island, death was due to infection of bite
wounds from conspeciﬁcs (n = 5) or a shark (n = 1). In one further case
death was due to intestinal rupture and bacterial peritonitis with concurrent aspiration pneumonia following conspeciﬁc trauma (crushing
by an adult male). One sea lion had bacterial cellulitis and myositis of
the pelvic area with no penetrating wound. The causal agent was
identiﬁed in 27/33 (82%) cases of fatal primary bacterial infection,
with the most frequent diagnosis being tuberculosis caused by
Mycobacterium pinnipedii (20/33 (61%)). There was no signiﬁcant difference in prevalence of this infection between locations (P = 0.18).
Non-hypermucoviscous Klebsiella pneumoniae was the COD in two cases,
both from the mainland (one case of abscessation and septicaemia, and
one of pneumonia and pericarditis). Non-hypermucoviscous K. pneumoniae was also cultured from tissues of two NZSLs that died from
conspeciﬁc trauma; one had concurrent bacterial septicaemia, with K.
pneumoniae isolated from the liver, while in the second K. pneumoniae
was cultured from an enlarged tracheobronchial lymph node. β-haemolytic Streptococcus spp. were isolated in pure culture from three animals (one conspeciﬁc bite wound infection and two multifocal abscessation with pneumonia), but only one was classiﬁed to species level
(S. constellatus). E. coli was isolated in pure culture from one animal
with suppurative pyelonephritis and cystitis. In six cases mixed bacteria
were cultured, with no dominant organism, while no tissues were
available for nine animals.
Given their role in a previous bacterial epizootic in NZSLs, eight
cases of neck abscesses were further investigated: seven from Enderby
Island and one from the mainland. Two of the Enderby cases were from
2009, while the remaining six cases were spread over six diﬀerent
years. In the mainland case, both M. pinnipedii and a β-haemolytic
Streptococcus sp. were isolated from the abscess. Frozen swabs were
available from two Enderby sea lions with neck abscesses: one of these
produced a heavy growth of an α-haemolytic Streptococcus sp. while the
other one grew a pure culture of Staphylococcus sp. A lymph node adjacent to the abscess in one further case from Enderby Island grew M.
pinnipedii. No tissues were collected from the remaining three neck
abscesses.
The second most frequent COD overall was conspeciﬁc trauma (27/
112 cases (24%)). For Enderby Island, the M:F ratio of conspeciﬁc
deaths was not signiﬁcantly diﬀerent from that of all investigated
deaths at that location (P = 0.80) or for the expected sex ratio of adults
present during the breeding season (expected M:F ratio of 1:2)
(Marlow, 1975) (P = 0.62). The number of mainland animals with this
diagnosis (n = 3) was too small to allow valid statistical comparisons.
Lesions present in these animals included bites and bruising; aspiration
of sand into deep airways (n = 5); haemoabdomen (n = 2); fractures of
the skull (n = 3), ribs (n = 1) or vertebrae (n = 1); intestinal herniation
(n = 5); and brain contusions (n = 1). Of these 27 animals, 10 were
juveniles (six males and four females), one was a subadult male, and the
remaining 16 were adult females. Five Enderby Island conspeciﬁc
deaths were opportunistically observed, and all involved mating attempts by adult males, including three attacks in shallow water which
resulted in drowning/asphyxiation. Five cases had concurrent conditions considered likely to have contributed to death: one with toxoplasmosis (previously described in detail in Roe et al. (2017)), three
with severely infected bite wounds, and one with bacterial septicaemia.
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Fig. 1. Numbers of identiﬁed deaths and cause of death, where investigated, for New Zealand sea lions at Enderby Island between 2000 and 2017.
Table 1
Diagnosed cause of death, with male to female (M:F) ratios, for adult New
Zealand sea lions at the two study locations. A superscript denotes categories
that are signiﬁcantly diﬀerent between locations.
Cause of death

a

Open
Infection
Conspeciﬁc traumab
Anthropogenic traumac
Predation
Miscellaneous
Totals:
a
b
c

Enderby Island
No. cases

M:F

Mainland
No. cases

M:F

22 (28%)
27 (34%)
24 (30%)
0 (0%)
4 (5%)
2 (2%)
79

8:15
6:21
6:18
0:0
2:2
1:0
23:5

1 (3%)
14 (42%)
3 (9%)
9 (27%)
3 (9%)
3 (9%)
33

0:1
12:2
1:2
6:3
2:1
2:1
23:1

P = 0.002;.
P = 0.027;.
P < 0.001.

Less frequent diagnoses included anthropogenic trauma (n = 9),
predation (n = 7), and one case each of starvation, metastatic

neoplasia, dystocia, aortic rupture and blunt trauma of unknown origin.
Cases of anthropogenic trauma occurred only on the mainland. Seven of
these had been shot, one was hit by a train, and one was hit by a car.
Seven animals (6%) (six adults and one juvenile) died of predation. One
of these deaths was observed to be caused by a great white shark
(Carcharodon carcharias). Extensive abdominal wounds with serrated
edges characteristic of shark predation were present in all seven animals. Two cases had concurrent tuberculosis, which may have contributed to their mortality. The single case of starvation was a juvenile
with a severe shark bite wound as a contributing factor.
No deﬁnitive COD could be established in 23 investigated cases.
Open diagnoses were signiﬁcantly more frequent for Enderby Island
cases (22/79 (28%) vs 1/33 (3%); P = 0.002). In four of these cases a
full set of tissues had been collected, but no signiﬁcant gross or histological lesions were present. Six cases, all from Enderby Island between
2000 and 2003, had only partial investigations where a very limited
selection of tissues had been collected. No signiﬁcant lesions were detected in these tissues. In the remaining 13 cases (12 from Enderby
Island and one from the mainland), only gross examinations were

Fig. 2. Numbers of identiﬁed deaths and cause of death, where investigated, for New Zealand sea lions on mainland New Zealand between 2000 and 2017.
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Fig. 3. Representative examples of gross lesions for
diﬀerent causes of mortality. A. Anthropogenic
trauma. This juvenile female from mainland New
Zealand was killed by gunshot. Inset shows retrieved
bullet fragments. B. Conspeciﬁc trauma. A mature
adult male attempting to mate a dead female on
Enderby Island. C. Infection: cellulitis and abscessation in the neck of a juvenile male sea lion. A betahaemolytic Streptococcus spp was cultured from the
necrotic soft tissue, and M. pinnipedii was cultured
from the lymph node (white arrows). D. Predation.
Shark bite wounds in the dorsal pelvic region of an
Enderby Island adult female.

undertaken, with the following reasons given: extensive scavenging
(n = 4), decomposition (n = 2), animal too large and in a dangerous
location (n = 1) or no recorded reason (n = 6).

Discussion
The NZSL breeding population at Enderby Island has been in decline
since the late 1990′s, with a number of possible factors identiﬁed, including incidental capture in ﬁshing nets, prey shortage, and disease
(Roberts & Doonan, 2016). While small breeding groups are now established on mainland New Zealand, little is known about causes of
mortality in these mainland animals. Bacterial infections were the most
frequently diagnosed COD in the current study, causing 37% of investigated deaths. In 1998 a bacterial epizootic in the Auckland Islands
killed at least 74 adult NZSLs, and was characterised clinically by the
presence of subcutaneous abscesses, predominantly aﬀecting the ventral neck (Gales & Childerhouse, 1999). Histologically, these lesions
showed acute suppurative dermatitis and vasculitis with ﬁbrinosuppurative lymphadenitis and large colonies of intralesional
pleomorphic gram negative bacilli (Duignan, 1999). Grossly similar
neck abscesses were present in eight sea lions in the current study, but
these cases appear to be unrelated to the 1998 epizootic, as they occurred sporadically, did not contain intralesional pleomorphic gram
negative bacteria, and a variety of causal bacteria were isolated from
the ﬁve cases where tissues were collected.
One aim of this study was to assess the presence of agents previously
identiﬁed as causing epizootics in NZSLs, including a clonal hypermucoviscous strain of K. pneumoniae, which is the most common cause of
mortality in NZSL pups (Roe et al., 2015). K. pneumoniae was cultured
from four sea lions in the current study: one isolate from a neck abscess,
one from the lung of an animal that died of pneumonia and pericarditis,
and two from non-lesional tissues as an incidental ﬁnding. None of
these isolates were hypermucoviscous, however, hence the syndrome
seen in pups does not appear to be a cause of mortality in adult NZSLs.
The potential role of adults as reservoirs of hypermucoviscous K.
pneumoniae remains to be fully characterised.
The most frequently diagnosed bacterial infection in this study was
tuberculosis, which caused the death of 20 animals (18% of total investigated mortalities). Tuberculosis has been described in several wild

pinnipeds (Boardman et al., 2014; Cousins et al., 1993; de Amorim
et al., 2014; Hunter et al., 1998; Roe et al., 2006; Woods, Cousins,
Kirkwood, & Obendorf, 1995) and the causal organism has now been
classiﬁed as a distinct species, M. pinnipedii (Cousins et al., 2003). Since
these previous reports describe only sporadic cases, although beyond
the scope of the current study, the apparently high prevalence of tuberculosis in NZSLs warrants further investigation.
A limitation of this study was the reliance on archived frozen tissues
that were collected and processed without using speciﬁc techniques
designed to increase survival of micro-organisms. Previous studies have
demonstrated that bacterial viability decreases with prolonged storage,
particularly when tissues are frozen at −20°C (De Paoli, 2005), as was
the case for the mainland samples in the current study. This means that
pathogens may have been missed here, and future studies should consider modiﬁed techniques, including cryopreservative agents, where
costs and ﬁeld constraints allow. Identiﬁcation of pathogens using
molecular techniques could also be considered where appropriate.
Conspeciﬁc trauma is a frequent diagnosis in otariids, and can be
either a primary cause of death, or an indirect cause following wound
infection. Spraker and Lander (2010) found that infected bite wounds
were the most common COD for both male and female Northern fur
seals (Callorhinus ursinus) at St Paul Island. Similarly, Baker and
McCann (1989) found that infected wounds were the main COD in 102
adult male Antarctic fur seals (Arctocephalus gazella) at South Georgia
Island. Altukhov et al. (2012), observed Steller sea lion (Eumetopias
jubatus) colonies over three years, and attributed almost all observed
adult deaths directly to traumatic interactions with mature males, including both mating injuries and ﬁght wounds. In the current study,
conspeciﬁc trauma was a direct cause of 27 deaths, and a contributing
(indirect) cause in six. In contrast to the above studies, none of the
aﬀected animals in our study were adult males, which may reﬂect the
more ritualised inter-male territorial behaviour of NZSLs in comparison
to the aggressive interactions seen in other otariids (Altukhov et al.,
2012; Marlow, 1975). Lesions in NZSLs were consistent with crushing
(e.g. ruptured or herniated viscera, fractured ribs and skulls, and aspiration of sand) or biting (puncture wounds with associated subcutaneous bruising), and correlate with the breeding colony behaviour
of adult male otariids. In Steller sea lions, adult females and juveniles of
both sexes have been observed being crushed during mating attempts
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by adult males (Altukhov et al., 2012). Marlow (1975) observed adult
male NZSLs restraining females by resting the entire weight of their
forelimbs and chest across the females’ backs, frequently close to the
water-line as females returned from foraging trips. This is consistent
with the observed drowning events in the current study. In the 2008/09
season at Enderby Island there were more deaths than in any other year,
despite the length of the ﬁeld season being close to average at 69 days,
and conspeciﬁc trauma was disproportionately represented. This was
accompanied by a marked decrease in numbers of adult females present
during that breeding season (unpublished data), the reason for which
remains unexplained. It is possible that the increased number of deaths
that year was due to an increase in the relative proportion of males
present. The signiﬁcantly lower prevalence of conspeciﬁc trauma
deaths on mainland New Zealand, in comparison with Enderby Island,
likely reﬂects the non-colonial breeding behaviour that occurs on the
mainland (McConkey et al., 2002). Intervention by ﬁeld scientists when
such interactions are observed could be considered as a mitigation action to decrease conspeciﬁc deaths.
Anthropogenic trauma was a COD only in mainland NZSLs. While
ﬁshing-related deaths are widely reported in pinnipeds
(Reeves, McClellan, & Werner, 2013), there are few descriptions of
other types of anthropogenic deaths. Gunshot wounds are relatively
infrequently reported in the literature, although Goldstein et al. (1999)
described these in 5% of live-stranded pinnipeds from central California
(predominantly California sea lions (Zalophus californianus)), and
Gerber, Roletto, Morgan, Smith, and Gage (1993) reported gunshot
wounds in 4.2% of live and dead-stranded pinnipeds from the same
region. In the study presented here, gunshot wounds caused the deaths
of79/33 mainland animals (21%), suggesting that this is an important
local cause of mortality. In New Zealand, marine mammals are legally
protected under the Marine Mammal Protection Act, hence killing
marine mammals is a criminal oﬀence. Amongst known threats to
survival, deliberate anthropogenic mortality is suggested to have the
greatest potential eﬀect on population size for NZSLs at Otago
(Roberts, 2016), further highlighting the importance of these ﬁndings.
As human and pinniped populations increase, interactions between the
species are also likely to increase, and mitigation of human impact on
mainland NZSLs becomes increasingly important.
Conclusions
Bacterial infections, particularly M. pinnipedii, were the most
common COD in adult NZSLs between 2000 and 2017. There were
signiﬁcant diﬀerences in prevalence of trauma-related mortality between locations, with conspeciﬁc trauma being more common on
Enderby Island and anthropogenic trauma more common on the
mainland. Neither the hypermucoviscous phenotype of K. pneumoniae
that causes the majority of deaths in NZSL pups, nor the pleomorphic
Gram negative bacterial syndrome responsible for a previous mortality
event in this species were identiﬁed in the current study. The presence
of zoonotic mycobacterial infection and high prevalence of anthropogenic deaths in NZSLs highlight the importance of managing interactions between humans and sea lions as populations of this endangered species increase on the mainland.
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