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Abstract

Marine invertebrates, excluding decapod Crustacea, collected during the Kermadec Biodiscovery
Expedition 2011 are documented. Five hundred and nine taxa, including 170 species, are recorded,
principally from samples of substrate obtained from depths of less than 30 metres, although
results from limited intertidal and deeper sampling are also included. The highest diversity of
taxa was found at Raoul and satellite islands but this is interpreted as reflecting sampling bias.
The collection reinforces previously reported patterns of faunal connectivity being strongest
with the tropical and subtropical southwest Pacific. Significant discoveries to date include the
recognition of approximately 20 undescribed species, 44 species distribution records that are new
for New Zealand waters, an additional 25 higher level (genus or family) range extensions into New
Zealand waters and 27 species distribution records that are new for the Kermadec Islands. These
results indicate that there is considerable scope for further discoveries in attempts to document the
diversity of the invertebrate fauna in the nearshore marine environment of the Kermadec Islands.

Some recommendations are made to aid future efforts in this endeavour.

INTRODUCTION

The social and economic value of New Zealand marine
biodiversity is recognised as a significant resource that
is important to conserve and manage (Department of
Conservation, 2011). A fundamental step in this process is
an accurate inventory (Morrison, 2009). With the sea area
of the New Zealand Exclusive Economic Zone being the
fifth largest in the world and exceeding the land area by
over 1,400% (Gordon & Bisby, 2009) it is understandable
that it has been suggested that approximately 90% of
New Zealand’s biodiversity occurs in the marine or
estuarine environment (marineNZ, 2009). Invertebrates
clearly constitute a significant proportion of this total,
generally being recognised as comprising 95 to 99% of
all animal diversity (Ponder et al., 2002; Cook, 2010).
Important initiatives in documenting and analysing
this diversity, which include the New Zealand marine
invertebrate fauna, are several recent publications, others
in press or in preparation, and on-line databases (Brook,
1998; Gordon, 2009; NZOR, 2009; Cook, 2010; Gordon,
2010; Gordon et al.,2010). The Kermadec Islands group,
New Zealand’s only subtropical territory, represents a
notable element, with inventories of the invertebrates of
intertidal and subtidal habitats suggested as a research
priority for documenting biodiversity (Gardner, 2010).
This report contributes to this goal by reviewing the
marine invertebrates collected during the Kermadec
Biodiscovery Expedition 2011, with the exception of

decapod crustaceans that are documented by Ahyong
(2015). Additionally, a discussion of significant records
and an overview of the biogeography of the species
recorded are provided.

For an outline of the goals, expedition collection
stations and biogeographic setting of the Kermadec
Islands, see Trnski & de Lange (2015).

METHODS

An attempt was made to collect a wide cross-section
of invertebrates; in particular, crustaceans, molluscs
and polychaetes were targeted. Therefore, a number
of different collecting methods were used. Methods
employed at particular sites were dependent on the
prevailing weather, sea conditions, and nature of the
underwater topography. A range of habitats, depths, and
sheltered and non-sheltered locations were also selected
for sampling. From these areas various substrates in
which invertebrates are found, such as encrusting growth
(e.g. algae and sponges) and sediments, were collected
(Trnski & de Lange, 2015).

Most sampling was done by hand while using
SCUBA, with substrate collected in mesh bags (mesh size
one millimetre). Other methods employed included the
use of a night light and dip net, airlift while using SCUBA
and baited traps. Traps with openings of approximately
one centimetre diameter (Keable, 1995) were placed
inside larger 10 centimetre diameter opening ‘Fathom
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Plus’ ® (San Diego, California) traps and left overnight
on the bottom tied to weights and marker buoys. An
attempt was made to sample sediments in the vicinity
of North Meyer Island at a depth of approximately 15
to 30 metres using a hand hauled van Veen grab but the
sediments were coarse and winnowed out of the grab as
it was pulled to the surface.

Subtidal and surface collections were supplemented
by intertidal samples collected by hand. These samples
came primarily from two stations at Fishing Rock, Raoul
Island, where an intensive search of the immediate shore
was possible. However, additional intertidal specimens
were acquired through opportunistic collection by shore
parties chiefly concerned with obtaining insect and plant
samples (Trnski & de Lange, 2015).

In the field, samples were reduced in size by
sieving (mesh size one millimetre) and elutriation where
appropriate. Samples and specimens extracted from them
were fixed in 10% formalin and subsequently transferred
to 70 to 80% ethanol, or fixed in 95% ethanol, in some
cases, to facilitate future DNA extraction.

Following fixation, all invertebrate collections were
shipped to the Australian Museum, Sydney, for further
processing. Formalin-fixed material was soaked out in
several changes of fresh water and transferred to 70
to 80% ethanol prior to sorting and identification. The
material was then split into broad taxonomic groups,
using a dissecting microscope in many cases.

After initial sorting, specimens were made available
to relevant experts for identification. The Asteroidea
were identified from images of preserved specimens. A
standard classification was applied to these identifications
and recorded, along with previously known distributions,
either throughreference to the Australian Faunal Directory
(ABRS, 2012), Duffy & Ahyong (2015), Gordon (2009),
Gordon (2010), the World Register of Marine Species
(WoRMS, 2012), additional publications, or consultation
with relevant experts. However, any errors in reporting
are those of the authors.

Specimens have been divided equally, where
possible, between the Auckland Museum and the
Australian Museum for final lodgement and housing.
Algal samples that were retained have been deposited
at the Auckland Museum and the National Herbarium of
New South Wales.

RESULTS

Table 1 lists the recognised taxa ordered alphabetically
by phylum and then alphabetically by class, order, family,
genus and species within a phylum. The distribution
of these taxa within the island groups sampled is also
indicated. Where specimens could be identified with a
known species, or recognised as a species distinct from
known species, the accepted distribution outside the
Kermadec Islands group is also indicated.

A total of 509 invertebrate taxa, excluding the
decapod Crustacea that are reported separately by
Ahyong (2015), are recognised from the marine samples
obtained during the Kermadec Biodiscovery Expedition
2011 (Table 1). Of these, 170 are positively identified

with previously known species. From these, 44 new
distribution records for New Zealand and an additional
27 new distribution records for the Kermadec Islands
were recorded (Table 1). Furthermore, approximately 25
taxa represent new distribution records for New Zealand
at the level of genus or family (Table 1).

To date approximately 20 undescribed species have
been recognised from these samples (Table 1; Bird,
2015; Kelly et al., 2015; Mitchell, in prep.; O’Loughlin
& Vandenspiegel, 2012; Reid & Wilson, 2015, C.
Watson, in prep.; J. Watson, 2015; Willan & Beechey,
2015). Among the Heterobranchia, specimens of Dunga
and FElysia probably represent new species, but more
material may be required for their full description. In
addition, 60 species of decapod Crustacea are recorded,
including five new species, by Ahyong (2015); 45% of
these 60 species correspond to new distribution records
for New Zealand.

Four hundred and forty one taxa are recorded from
Raoul and satellite islands, 105 taxa are recorded from
Macaulay Island, 71 taxa are recorded from Curtis
and Cheeseman islands and 86 taxa are recorded from
L’Esperance Rock.

Of the material identified to species, only two
rissoid micromolluscs, two tanaidacean crustaceans
(Paradoxapseudes n. sp. and Zeuxo n. sp., see Bird
(2015)) and the serpulid polychaete Spirobranchus
polytremus (Philippi, 1844) were found at all of the
four main sampling locations representing the different
island groups (Table 1). Eighteen species were collected
at three of these sampling locations: the pycnogonid
Achelia assimilis; the amphipod Mallacoota chiltoni;
the tanaidacean Leptochelia n. sp.; the asteroid Petricia
imperialis; the echinoids Heliocidaris tuberculata and
Centrostephanus rodgersii; the sipunculan Aspidosiphon
misakiensis; the molluscs Bursa verrucosa, Conus
lischkeanus, Neothais smithi, the conspicuous Kermadec
limpet Scutellastra kermadecensis, Tectus royanus,
Teretianax suteri; and the micromolluscs columbellid
sp. 1, eumelid sp. 1, muricid sp. 1, rissoid sp. 4, and
triphorid sp. 1.

DISCUSSION

Diversity and distribution
Collection of marine invertebrate samples using SCUBA
proved challenging. In particular, dive intervals were
often restrictive given safe diving limits in such a
remote area. The steeply sloping terrain that was often
encountered resulted in many dives reaching the 30 metre
maximum allowable depth under protocols adopted and,
consequently, short dive periods. This limitation also
led to only small areas being explored and sampled. The
exposed nature of many sites made collection difficult,
particularly at shallow depths due to wave surge.
Additionally, samples were confined in size to what each
diver was physically capable of bringing to the surface.
There was a low diversity of physical habitat types
at intertidal and subtidal depths encountered around
the islands. The underwater habitat at many sites was
often barren rock, possibly due to the recent geological
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history of the area, its isolated nature, and physical
exposure to the open ocean, with such factors as strong
winds, wave action and currents regularly having a
scouring effect. In addition, the grazing activity of
echinoid echinoderms that were prevalent in some
areas undoubtedly plays a significant role in producing
barren areas and influencing community composition
(Gardner, 2010). Where encrusting growth that would
be expected to harbour invertebrates was present, it was
often extremely hard to remove as a sample. Limited
sampling of some encrusting taxa such as Bryozoa and
Tunicata was undertaken as colonies encountered were
small and greater attention was given to substrates that
were expected to harbour additional fauna of the groups
that were primarily targeted (Crustacea, Mollusca and
Polychaeta). Algae usually occurred in small patches
rather than large growths and, therefore, were also
again difficult to sample as substrate for associated
invertebrates. Significantly, stands of Sargassum kelp
from the lowermost intertidal to 5 m depth around Raoul
Island reported by Oliver (1915) were not observed in
the areas sampled during the 2011 expedition. However,
community structure has been reported to be variable
probably due to small areas sampled and natural
heterogeneity of sites selected in different studies
(Gardner, 2010), therefore, the observations made here
may not be reflected by a broader examination than was
possible in the scope of this project.

In view of these limitations, and the relatively small
amount of resources allocated to marine invertebrate
collection and processing (predominantly only two people
in 15 days), the detection of approximately 20 undescribed
species, 44 species distribution records newly recorded
for the New Zealand fauna and an additional 27 species
distribution records newly recorded for the Kermadec
Islands is significant. These discoveries reinforce how
poorly this area is known, particularly when it is noted
that these results only take into account material fully
identified to date and do not include those for decapod
Crustacea. Furthermore, there are numerous additional
new distribution records of material at higher classification
levels that can be gathered from a comparison of Table 1
to the information provided by Duffy & Ahyong (2015).
For example, the list of Duffy & Ahyong (2015) includes
no harpacticoid Copepoda whereas in the material
reported here (Table 1) there are 10 genera in six families
recorded but only three of these taxa are further identified
to species and counted here among the number of new
records for the Kermadec Islands.

The highest diversity of taxa was found at Raoul
and satellite islands. While it would be expected that
this island group may indeed have the highest faunal
variety, owing to the greater length of coastline, more
extensive area of adjacent shallow seafloor and potential
for niches to occupy, the results reported are considered
to be largely a reflection of the collection effort. This
effort was dictated by the time spent in the vicinity of
Raoul Island, prevailing conditions and the nature of
the underwater topography, which made this site more
suitable for collecting than the southern, more exposed
islands. For example, micromolluscs were primarily

collected at these northern islands, undoubtedly because
more airlift samples were obtained there. Given the
limited amount of diving (two occasions) undertaken
at L’Esperance Rock it is surprising that 86 taxa are
recorded from there. This number is of a similar order
to that recorded for Macauley Island (105), with fewer
taxa collected at Curtis/Cheeseman islands (71). This
comparative diversity at L’Esperance Rock occurred
despite a greater collection effort in terms of the number
of dives, other sampling undertaken, and greater area
covered at both Macauley Island and Curtis/Cheeseman
islands (Trnski & de Lange, 2015).

Reports concerned with the Kermadec Islands
have emphasised the considerable biogeographic and
ecological significance of the connectivity of the marine
fauna due to the islands’ physical isolation, geological
setting, range of latitudes encompassed and location
between temperate New Zealand coasts and the tropical
islands of Tonga (Brook, 1998; Brook, 1999; Gardner,
2010; Trnski et al., 2010). An important influence is the
eastward-flowing Tasman Front forming the southern
leg of the counter clockwise oceanic circulation of the
South Pacific Gyre that flows most strongly just north
of 30°S with an average latitude position of 32°S (Trnski
et al., 2010; Willan & Perkins, 2011). This circulation
pattern is also driven by the southward flowing western
boundary current, the East Australian Current. This
current carries long-lived dispersive stages of many taxa
as it sweeps down the eastern Australian coast, turns
east and continues north towards Polynesia, passing
the Kermadec Islands on the way. Although variable
in strength, every summer, and particularly during hot
summers, the East Australian Current also approaches
the North Island of New Zealand more closely (Trnski
et al., 2010; Willan & Perkins, 2011). Whether the fauna
it carries survives and becomes established depends on
a number of factors, but clearly the warmer waters of
the Kermadec Islands would provide more favourable
conditions for tropical and subtropical species than
would be encountered throughout much of New Zealand.

Previous studies show that for the marine fauna of the
Kermadec Islands group, overall, a tropical/subtropical
influence predominates, with many taxa occurring widely
throughout the Indo-west Pacific, but that taxa with
narrow ranges also occur. Relatively well-studied groups
have been generally described as being low in diversity in
comparison to other areas. The fish fauna fits this pattern
but also has a significant temperate component; many
of the fish species have wide geographic distributions
but there is also a notable component of narrow range
and endemic species (Francis & Cole, 2010; Trnski
et al., 2010). Similarly, although there is a mixture of
reef-building tropical and subtropical coral species
present there is no reef formation. Species diversity is
low and shows affinities with subtropical southwest
Pacific islands rather than with the New Zealand fauna
(Brook, 1999; Gardner, 2010). The molluscan fauna is
also considered depauperate at the species and genus
level, and dominated by tropical central Pacific Ocean
species with endemics accounting for 19% of the species
(Brook, 1998; Gardner, 2010).
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The marine invertebrates collected during the
Kermadec Biodiscovery Expedition 2011 reinforce
this pattern with widespread Indo-Pacific and even
cosmopolitan species present but species with
connectivity to tropical and subtropical Australia and the
broader southwest Pacific noticeable, particularly among
the Cnidaria, Crustacea, Echinodermata, Mollusca,
Polychaeta and Pycnogonida reported here. A connection
to the southern fauna of New Zealand and further
afield is also apparent. For example the pycnogonid
Anoplodactylus australis otherwise has an Antarctic and
subantarctic circumpolar distribution (Table 1).

Of the approximately 20 undescribed species
recognised from these collections, not including the
decapod crustaceans noted by Ahyong (2015), most are
not known to occur outside of the Kermadec Islands,
again suggesting an element of endemicity.

Particularly significant among the new species
recognised is the sponge Suberea n. sp., which represents
only the second published record of the Order Verongida
in New Zealand waters (Kelly et al., 2015) and the
anemone Phlyctenanthus n. sp., the first record of the
genus from New Zealand waters (fide Cairns et al., 2009).
Both of these macroinvertebrate taxa were encountered
on several occasions in different sites across the full
range of latitudes sampled, and are therefore considered
relatively common. That they have been previously
unreported but were readily collected by divers targeting
other organisms demonstrates that further sampling
aimed at a wider array of taxa will undoubtedly lead
to additional discoveries. A similar example is the
new species of Octopus recorded (see Reid & Wilson,
2015). That such a large and conspicuous species has
been unrecorded until now is a further indication that
invertebrates have not received the attention that is
required to properly document them.

Of all the marine invertebrates, the molluscs are
the most diverse and were comprehensively studied
prior to this expedition. To date, approximately 440
mollusc species have been reported as occurring
among the Kermadec Islands based on previous work
and data obtained from museum collections (Duffy &
Ahyong, 2015). Almost a century ago, Oliver (1915)
published a comprehensive account of the molluscan
fauna of the Kermadec Islands. Brook (1998) provided
an update of this work by incorporating new records
from dredge, SCUBA and fossil collections, together
with subsequently published records and taxonomic
revisions. This latter work was more restricted in its
scope than that of Oliver (1915) and focussed on the
benthic coastal fauna of Raoul and satellite islands
(Napier, Nugent, Meyer, Dayrell and Chanter), but
gives a detailed historical account of previous work,
provides references to published descriptions of the
biogeographic relationships of the Kermadec group
coastal molluscan fauna, and gives information on
the geology, hydrology and physical habitats that
predominate intertidally and subtidally. Brook (1998)
excluded information regarding the coastal fauna of
the southern islands (Macauley, Curtis, Cheeseman and

L’Esperance) because in contrast it was (and to some
extent still is) poorly known. Part of the reason for
this lack of information is the comparative difficulty
sampling at these southern sites, which can only be
accessed during favourable weather and sea conditions.

Fifty seven species of molluscs collected during
this expedition have been formally identified to date.
However, this number will increase considerably when
the micromolluscs are fully sorted and identified.
Many of the gastropod micromolluscs have only been
sorted to morphospecies and sorting of these bivalves
is incomplete. It is hoped that this paper will inform
the scientific community that new Kermadec Islands
material (some of which was preserved in 95% ethanol
to facilitate DNA extraction) is available and provide a
launching pad for future study.

Future possibilities

With full identifications still to be made for many of the
invertebrate samples obtained there will undoubtedly
be additional discoveries resulting from this expedition.
However, much remains to be done to gain a better
understanding of the invertebrate fauna of the Kermadec
Islands and further expeditions focussing on this aspect of
biodiversity would be of great value. These expeditions
should include members with expertise covering a broad
range of invertebrate groups to ensure the successful
recording of additional species. Mapping, photography
and video of the underwater terrain would help in
planning sampling strategies for these expeditions. Use
of underwater diver operated vehicles (e.g. scooters) and
gas mixtures or rebreathers, to allow extended times for
dive operations, are also suggested for consideration to
aid future marine invertebrate documentation.

CONCLUSION

Most of the Kermadec island chain was made a nature
reserve in 1934 and the marine reserve was declared
in 1990. This status, as one of the highest levels of
protection under New Zealand law, recognises the
special and fragile nature of the islands’ ecosystems, and
native plants and animals. Marine biodiversity is one
of the characteristics leading to this status. The marine
invertebrate fauna, particularly that of shallow subtidal
depths, is a significant component of this feature, yet
remains poorly known. While this expedition has made
a contribution to addressing knowledge gaps in this
subject, the scale of the task requires greater resources
than have been available to date. We have barely begun
to explore the true diversity of marine invertebrates
found among the islands. Without an additional increase
in this knowledge it will be difficult to effectively
conserve and manage the area in the face of increasing
environmental threats such as global warming and ocean
acidification. Further action to better document the
marine invertebrates of the area is justified and required.
It is hoped the information provided here will aid future
taxonomic and field efforts in this endeavour.
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