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morphological diversity seen among the extant Crustacea.” This

provocative quote from Martin and Davis (2001) highlights at least
one attribute of the group. Nevertheless, the body plan of the Crustacea has a
number of unifying characteristics, including a five-segmented head with two
pairs of antennae and an elongate body that may be divided into two more-or-
less distinct sections — generally the thorax or‘body”’and the pleon or‘abdomen’.
Each of these sections bears multisegmented appendages (mostly limbs) that
are primitively biramous (forked) but some are uniramous in many groups.
Brusca and Brusca (2002) gave a succinct summary of the characteristics of the
subphylum. In addition to enormous diversity of form, crustaceans exhibit a
great range of sizes (exceeded only by molluscs, which can claim the largest
individual invertebrate in the form of the colossal squid), from minute interstitial
and parasitic forms (e.g.Tantulocarida) measuring as little as a tenth of a millimetre
to giant crabs, lobsters, and isopods with a body size of up to half a metre in length
or breadth and weighing up to 20 kilograms. By virtue of their edibility, many
crustaceans are prized items on restaurant menus around the world.

They are an ancient group, dating from at least the Early Cambrian (Chen et
al. 2001), and have diversified abundantly since then. Calculations of the number
of named living species of Crustacea range from approximately 50,000 to 67,000.
Estimates of the potential number of species range from 10 to 100 times that
number. The smaller species, such as those of the Peracarida and Copepoda may
eventually be found in numbers comparable to those of the insects on land. By
way of an example, the Isopoda currently number approximately 11,000 species,
but estimates suggest that as many as 50,000 species of Isopoda could exist on
coral-reef habitats alone (Kensley 1988), a figure close to the current total for all
Crustacea, while Wilson (2003) estimated a total of 400,000 deep-sea species!
Clearly, with thorough documentation, crustacean diversity will be found to be
huge.

Five (Brusca & Brusca 2002) or six (Martin & Davis 2001) classes of Crus-
tacea are recognised. Whichever classification is used, only the cave-dwelling

I No group of plants or animals on the planet exhibits the range of



Remipedia have not yet been found in New Zealand waters. As one moves
down the taxonomic hierarchy from class to species, the level of endemism
increases. The New Zealand fauna currently stands at 2974 known species,
of which at least 485 have not yet been named or described. This number is
very conservative, and more than a thousand additional species will surely be
discovered. Most major groups of Crustacea (orders) are to be found in New
Zealand waters, though many families and genera will be found to be absent,
particularly among those groups with strong warm-water representation, such
as the commercially and gastronomically desirable ‘prawns’. Prawns of the
family Penaeidae (notably Penaeus and Metapenaeus) and portunid crabs of the
genera Portunus and Scylla are rare or absent.

Class Branchiopoda: Fairy shrimps, water fleas, and kin

The approximately 1000 species of branchiopods (‘gill feet’) mostly inhabit
fresh water (Dumont & Negrea 2002). They cover a wide range of body form
from many-segmented, ancient-looking taxa — generally the larger-bodied
forms such as Anostraca (fairy shrimps), Notostraca (tadpole shrimps), and
‘Conchostraca’ (clam shrimps) — to more-modified short-bodied taxa like the
Cladocera (water fleas). The larger Branchiopoda do not collectively form a
natural, evolutionary group but have a general similarity (many segments and
same structure of trunk limbs) and are almost all adapted to a short life-span
in temporary pools.

There are more than 250 species of Anostraca (fairy shrimps) worldwide
(Dumont & Negrea 2002), none of which is naturally represented in New
Zealand (Chapman & Lewis 1976) although the brine shrimp Artemia
franciscana has apparently been introduced into saline Lake Grassmere near
Blenheim. They are all relatively slow and graceful forms that swim with the
back facing the bottom (opposite to most other Crustacea) while they use their
11 pairs of trunk limbs, beating in metachronal (wave-like) fashion, for both
swimming and filtration.

The Notostraca (tadpole shrimps) comprises about 10 species worldwide,
one of which (Lepidurus apus viridis) is found in New Zealand. One of the
most striking features of notostracans is the large, flattened dorsal carapace
that originates immediately behind the head and overhangs a part of the
body. Behind the carapace is a relatively long (sometimes very long), flexible
and limbless abdomen that ends in a pair of superficially segmented tail-like
processes. At the front end, the carapace has a conspicuous so-called ‘dorsal
organ’ (used for osmoregulation). The first and second antennae — which often
have sensory functions in the Crustacea — are much reduced in size in the adult,
and the sensory function has been taken over by the very long endites (innermost
branches) of the first pair of biramous trunk limbs. All notostracans have basically
the same lifestyle. In contrast to most other branchiopods, notostracans are not
filter-feeders, but remain near the bottom, where they use the heavily chitinised
parts of the anterior trunk limbs to handle detritus and small organisms (Fryer
1988).

It has recently been shown that the former order ‘Conchostraca’is most
likely to be paraphyletic, having given rise to descendant evolutionary lineages
(Braband et al. 2002; Olesen 1998, 2000; Spears & Abele 2000; Richter et al. 2007).
The taxonomic rearrangement of Martin and Davis (2001) recognises the order
Diplostraca, with four suborders — Laevicaudata, Spinicaudata, Cyclestherida,
and Cladocera — of which only the Cladocera and Spinicaudata are represented
in New Zealand, the latter by a species of Eulimnadia. All diplostracans have
the body and legs enclosed between a large, sometimes bivalved carapace. The
biramous second antennae are used for swimming, while the phyllopodous
(leaf-like), often serially similar, trunk limbs are used for filtration. The most
speciose group in New Zealand is the Cladocera, discussed below.

PHYLUM ARTHROPODA CRUSTACEA

Tadpole shrimp
Lepidurus apus viridis (Notostraca).

Stephen Moore

Eulimnadia marplesi (Diplostraca).
After Timms & McLay 2005
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Summary of New Zealand crustacean diversity

A query (?) following an entry in the column for alien species indicates that alien status is suspected for some but not confirmed.

Taxon Described Known Estimated Adventive Endemic Endemic
living undescribed/  unknown species species genera
species + undetermined species named +
subspecies species unnamed
Branchiopoda 44 5 7 3? 5 0
Anostraca 1 0 0 1? 0 0
Notostraca 1 0 0 0 0 0
Diplostraca 42 5 7 2? 5 0
Cephalocarida 1 0 1 0 1 1
Maxillopoda 661+2 139 2,067 16? 153 5
Ascothoracida 2 1 7 0 1 0
Acrothoracica 1 0 2 0 1 0
Rhizocephala 8 3 30 0 4 0
Thoracica 77 6 20 3 34 2%
Tantulocarida 3 0 8 0 2 0
Branchiura 1 0 0 1 0 0
Pentastomida 1 0 0 1 0 0
Copepoda 568 129 2,000 11? 111 3
Calanoida 252+1 9 290 6? 10 0
Cyclopoida 100 4 500 5? 8 0
Mormonilloida 1 0 3 0 0 0
Harpacticoida 130 99 850 0 63 i
Siphonostomatoida 85+1 16 330 0 30 0
Monstrilloida 0 1 27 0 0 0
Ostracoda 356 86 320 3 89 7
Palaeocopida 3 0 0 0 3 0
Podocopida 275 82 200 3 61 6
Myodocopida 78 4 120 0 24 1
Malacostraca 1,425+1 255 2,665 23 850 85+10
Leptostraca 3 2 2 0 0 0
Stomatopoda 8 0 20 1 2 0
Anaspidacea 2 4 5 0 5 1
Bathynellacea 5 3 5 0 8 0
Lophogastrida 5 1 3 0 0 0
Mysida 17 1 50 0 11 0
Thermosbaenacea 0 0 5 0 0 0
Amphipoda 439 64 800 11 268 48+10
Isopoda 358 67 1,000 7 331 19**
Tanaidacea 40 77 300 0 12 0
Cumacea 51 24 110 1? 66 7*
Euphausiacea 19+1 0 15 0 0 0
Decapoda 480 12 150 4 147 10
Totals 2,488+3 485 ~5,060 46? 1,097 98+10

*

* %

including one new undescribed genus
including two new undescribed genera

*** including three new undescribed genera
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Order Diplostraca: Suborder Cladocera — water fleas

The Cladocera is generally believed to be a monophyletic group within the
Branchiopoda (Martin & Cash-Clark 1995; Olesen 1998; Taylor et al. 1999; Spears
& Abele 2000; Martin & Davis 2001), a notion that was called into question
by Fryer (1987) when providing detailed diagnoses for all branchiopod ‘orders’
(the rank was changed by Martin & Davis 2001). The Cladocera is by far the
most diverse and speciose group within the Branchiopoda, with approximately
640 species worldwide (Korovchinsky 2000), which is more than half of all
branchiopod species described.

Historically, Sars (1865) had recognised four tribes within the Cladocera
— the Haplopoda, Ctenopoda, Anomopoda, and Onychopoda — which are
basically still accepted as monophyletic groups; these groups are now treated
as infraorders (Martin & Davis 2001). The Anomopoda is the most species-
rich, with at least five families (the number varies depending on the author), 75
genera (Dumont & Negrea 2002), and approximately 560 species (Korovchinsky
2000); the Ctenopoda has eight genera and 47 species (Korovchinsky 2000),
the Onychopoda 10 genera with 34 species (Rivier 1998), and the Haplopoda
is monotypic with only one species (Leptodora kindtii — not represented in New
Zealand).

The four infraorders are rather different in their general morphology, which
means that cladocerans are difficult to characterise overall. They are in general
small, free-living crustaceans ranging from about 0.2-5.0 millimetres in length
(with the exception of Leptodora kindtii, which is a giant at one centimetre
long). Most are somewhat compact in appearance (except for L. kindtii and
some Cercopagididae, an onychopod family not represented in New Zealand).
They have a bivalved carapace (sometimes modified) with one compound eye,
small tubular unsegmented antennules (Ilyocryptus excepted), large branching
antennae, and a distinctive pair of so-called ‘postabdominal setae’ (similar setae
are seen in other branchiopods). They swim using their antennae.The Ctenopoda
and Anomopoda are somewhat alike and both have a bivalved carapace that
covers the body (but not the head), a pair of curved caudal claws, and five to
six (Anomopoda) or always six (Ctenopoda) flattened leaf-like trunk limbs that
are used to filter food particles from the water. In the Ctenopoda the six trunk
limbs show serial similarity (as in the‘large’branchiopods), while the trunk limbs
of the Anomopoda have undergone remarkable evolutionary modifications in
relation to food selection, with each limb in many cases being different from
its neighbour limb (Fryer 1963, 1968, 1974, 1991). The remaining two groups,
the Haplopoda and Onychopoda, are also somewhat alike, having, in contrast
to all other branchiopods, narrow-footed segmented trunk limbs — four pairs in
the Onychopoda and six pairs in the Haplopoda, used for predation or at least
for selective feeding. Olesen et al. (2001) have shown how the segmented trunk
limbs of the Haplopoda (Leptodora kindtii) have been derived secondarily from
the typical phyllopodous limbs of other branchiopods. Both the Haplopoda and
the Onychopoda have a relatively small carapace that does not cover the trunk
limbs.

In New Zealand, as elsewhere, freshwater cladocerans (water fleas) can often
be found in great abundance in open water or at the weedy edges and bottom
deposits of lakes, ponds, and stream backwaters (Chapman & Lewis 1976). A
child with a scoop-net can easily capture a good supply for a home aquarium.
A few species are known from brackish and nearshore ocean environments
(Rivier 1998). Among the freshwater species, some are strictly planktonic, others
are bottom-dwelling, and Scapholeberis (Daphniidae) lives against the surface
film. Simocephalus (Daphniidae) has the distinctive habit of interrupting its
swimming and hanging down from algal filaments by a hooked bristle on one of
the swimming antennae (e.g. Fryer 1991). Daphniids are specialist filter-feeders,
while chydorids and many macrothricids feed by scraping particles off substrata

Water flea Daphnia dentifera (Cladocera).
Barry O'Brien
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Summary of New Zealand crustacean diversity by environment

Taxon Terrestrial Fully Marine/
species freshwater estuarine
species species
Branchiopoda 0 41 8
Anostraca 0 0 1
Notostraca 0 1 0
Diplostraca 0 40 7
Cephalocarida 0 0 1
Maxillopoda 2 68 730
Ascothoracida 0 0 3
Acrothoracica 0 0 1
Rhizocephala 0 0 11
Thoracica 0 0 83
Tantulocarida 0 0 3
Branchiura 0 1 0
Pentastomida 1* 0 0
Copepoda 1 67 629
Calanoida 0 11 250
Cyclopoida 0 21 83
Mormonilloida 0 0 1
Harpacticoida 1** 35 193
Siphonostomatoida 0 0 101
Monstrilloida 0 0 1
Ostracoda 1 37 404
Palaeocopida 0 0 3
Podocopida 1** 37 319
Myodocopida 0 0 82
Malacostraca 120 90 1,470
Leptostraca 0 0 5
Stomatopoda 0 0 8
Anaspidacea 0 6 0
Bathynellacea 0 8 0
Lophogastrida 0 0 6
Mysida 0 0 18
Amphipoda 47%x* 54 402
Isopoda 72 17 336
Tanaidacea 0 1 116
Cumacea 0 0 75
Euphausiacea 0 0 19
Decapoda 1 4 487
Totals 123 236 2,614

internal parasite of mammal
damp forest litter
including 11 supralittoral species

ok

Eres

using their trunk limbs. Genera in the infraorders Onychopoda and Haplopoda
are predaceous or at least raptorial feeders (Rivier 1998).

Cladocerans are able to produce non-fertilised (parthenogenetic) eggs that
develop in a brood-pouch under the carapace and hatch as miniature adults.
Females may continue to moult and grow after reaching sexual maturity, unlike
copepods and ostracods. Cladocerans reproduce sexually as well as asexually
and produce resting eggs after males have appeared in the population; these
eggs undergo a period of dormancy before development begins. In the case of
the Anomopoda, resting eggs are protected by a part of the mother’s carapace,

Water flea
llyocryptus sordidus (Cladocera). which is shed together with the eggs as an ephippium. The appearance of males
From Chapman & Lewis 1976 is probably triggered by environmental conditions.
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Summary of New Zealand fossil crustacean diversity

Taxon Described Known Endemic  Endemic
fossil undescribed/ species genera
species + undetermined
subspecies species
Maxillopoda 61 19 60 2
Acrothoracica 0 4 1 0
Rhizocephala 0 1 0 0
Thoracica 61+3 14 59 2%
Ostracoda* 284 127 22 5
Archaeocopida 0 2 0 0
Palaeocopida 1 0 1 0
Podocopida 283 124 21 5
Myodocopida 0 1 0 0
Malacostraca 67 44 61 8
Phyllocarida 7+1 1 7 0
Eumalacostraca 60 43 54 8
Isopoda 4 0 4 1
Decapoda 56 43 50 7
Totals 412 190 143 15

*  Several species range to the present day; these are also in the Recent checklist.

** undescribed new genera

The end-chapter list of New Zealand Cladocera is based on the work of
Chapman and Lewis (1976) for freshwater species and the records of Krdmer
(1895) and Jillett (1971) for marine species. The marine forms particularly need
revising, as most of Krdmer’s species are not well known. The zoogeography
of freshwater zooplankton in Australasia (Bayly 1995 and references therein)
suggests that the New Zealand cladoceran fauna reflects the fact that New
Zealand split from Antarctica during the Late Cretaceous. New Zealand,
Australia, and South America completely lack the predaceous-raptorial
families Polyphemidae and Cercopagididae (Onychopoda), the Leptodoridae
(Haplopoda), and the Holopedidae (Ctenopoda). It seems likely that these
families evolved in Laurasia after splitting from Pangaea (Bayly 1995). On
the other hand, the Anomopoda, well-represented in New Zealand, are a
very ancient group (from at least 130 million years ago) that was probably
distributed over Pangaea.

Class Cephalocarida

The Cephalocarida was introduced as a new crustacean subclass by Sanders
(1955) for a tiny, primitive-looking species taken off the Atlantic coast of North
America. Since then, very few additional species have been discovered, and
the most recent treatments recognise only one family with five genera and 10
species worldwide (Hessler & Wakabara 2000; Martin & Davis 2001). All are very
small, measuring only 2—4 millimetres in length. The swimming limbs barely
differ from one another, with the endemic New Zealand genus Chiltoniella being
the least modified. The class is generally regarded as one of the more primitive
of the living Crustacea.

Most species have been recorded from silty seafloors. In general, their biology
is poorly known. New Zealand’s sole species, endemic Chiltoniella elongata, is

. - Chiltoniella elongata (Cephalocarida).
known from the Hawke’s Bay region (Knox & Fenwick 1977). From Knox & Fenwick 1977

103



NEW ZEALAND INVENTORY OF BIODIVERSITY

Class Maxillopoda

Barnacles, seed shrimps, oar-footed bugs (copepods), and related parasitic
groups — these are all examples of maxillopod crustaceans. They are a disparate
lot, and carcinologists (crustacean specialists) are still arguing over whether or
not they are a single evolutionary lineage (monophyletic). Apart from some
barnacles, most species are small or minute. Most feed by means of mouthparts
called maxillae (instead of using trunk limbs as filtration devices), barnacles
again being a notable exception. Other characteristics of maxillopods include
a basic body plan of five head and 10 trunk segments followed by a terminal
telson. Abdominal segments usually lack appendages; elsewhere on the
body, appendages are usually branched (biramous). As a group, maxillopod
crustaceans are very important — economically, as in the case of many marine-
fouling barnacle species, and more especially ecologically because of their shear
abundance. Copepods, for example, are the most numerous crustaceans in
open-ocean waters.

Subclass Thecostraca

This subclass comprises representatives of two infraclasses in New Zealand —
the Ascothoracica and Cirripedia (‘curly footed’). The latter includes barnacles,
sessile crustaceans that use their trunk limbs to catch food particles. Most New
Zealanders will be familiar with the acorn barnacles that carpet the upper zones
of rocky seashores or, annoyingly, boat hulls, and perhaps the stalked goose
barnacles that attach to floats and other buoyant objects, but few will know of
the tiny burrowing and parasitic thecostracans.

Minute borings in mollusc shells, attributed to barnacles, have been well
documented since Darwin (1854a) collected and described specimens during
his voyage on HMS Beagle. Originally a number of parasitic organisms were
included within this group of ‘burrowing barnacles’, e.g. the Ascothoracica
and Rhizocephala (Newman et al. 1969), but these latter two taxa have been
subsequently shown to possess spermatozoa, nauplius larvae, and newly
settled cypris stages that are very different from barnacles. Following the re-
evaluation of the Cirripedia by Newman (1987, 1996), the Ascothoracica and
Rhizocephala are no longer considered as barnacles by some specialists; on
the other hand, Martin and Davis (2001), Buckeridge and Newman (2006),
and Liitzen et al. (2009) treat the Rhizocephala as a superorder of Cirripedia.
Ascothoracicans are represented in New Zealand by two species of starfish
parasites (Palmer 1997); living rhizocephalans, virtually unknown in New
Zealand until very recently, comprise 11 species (Brockerhoff et al. 2006; Lorz
et al. 2008; Liitzen et al. 2009).

The burrowing acrothoracicans possess a soft carapace, with calcareous plates
reduced or absent. There are about 40 known species worldwide, including one
endemic New Zealand species. All live buried in calcareous shells of a wide range
of marine invertebrates, including molluscs, echinoderms, corals, bryozoans, and
other barnacles. The group has a fossil record extending back to the Devonian
(Tomlinson 1987), although no pre-Mesozoic taxa are known from New
Zealand. As the fossil record of acrothoracicans is based solely upon burrows,
two distinct acrothoracican nomenclatures have developed, one ichnomorphic,
the other biological. This may lead to some confusion, as trace-fossil names such
as Zapfella have equivalents such as Australophialus. Both systems are used in
this review of the New Zealand fauna because the relationship between fossils
and living species is unclear.

The familiar thoracican barnacles are classified into four orders with 81 living
species in New Zealand — the stalked (pedunculate) Ibliformes, Lepadiformes,
and Scalpelliformes, and the generally squat, nonstalked Sessilia, comprising

Cutaway view of Calantica spinilatera showing
the long bristly feeding limbs (cirri) with smaller
mouthparts to the lower left of the cirri.

From Foster 1979 the acorn (balanomorph) barnacles, wart (verrucomorph) barnacles, and the
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Brachylepadomorpha (confined to deep-ocean hydrothermal vents and not yet
known from New Zealand).

Most barnacles are hermaphrodites, although in some species the
‘typical” hermaphrodite form may also carry minute or dwarf males within
the capitulum (see below). These dwarf males possess either reduced or no
appendages and capitular plates, being essentially packages of male gonads.
Sexual differentiation does occur in some species, e.g. endemic Idioibla idiotica,
(Ibliformes).

The pedunculate forms are the most ancient of the barnacles. They are
characterised by a stalk (peduncle), by which they attach themselves to the
substratum. A series of calcareous plates, together forming a capitulum, are found
on top of the peduncle of most species, enclosing most of the soft tissue of the
animal. A careful examination of this area verifies the evolutionary placement
of the barnacles within the crustaceans, as the animal is effectively arranged
head down, with its jointed limbs (cirri) extending out through a slit (orifice) in
the capitulum wall. When the barnacle is submerged, the cirri extend into the
surrounding water, netting planktonic food. Idioibla idiotica.

As the number and arrangement of capitular plates varies considerably John Buckeridge
between taxa, they are of considerable value in classification. In the goose
barnacle Lepas (Lepadiformes) there are five plates: paired terga and scuta with
a single carina, arranged in a single whorl. However, in species like Calantica
spinosa (Scalpelliformes) the number of capitular plates varies from 11 to more
than 50, and these are arranged in two or more whorls. In taxa like Calantica
and Anguloscalpellum, the peduncle is armoured with small overlapping plates
or scales. In contrast, there are no plates or overlapping scales on the peduncle
in Lepadiformes. The most primitive order of living thoracicans is the Ibliformes,
with predominantly chitinous rather than calcareous plates. Of the five living
genera, three of them are found in New Zealand, including the endemic genus
Chitinolepas from Spirits Bay (Buckeridge & Newman 2006).

The Verrucomorpha are a group of barnacles that, because of their asym-
metry, have intrigued cirripede workers since Darwin (1854b). Although they are
amongst the most primitive Sessilia that are likely to be encountered as fossils,
they are as yet unconfirmed from the New Zealand Mesozoic. They are, however,
known from the Cretaceous of Australia (Buckeridge 1983). The Verrucidae are
represented in New Zealand waters by species of Altiverruca and Metaverruca,
both of which possess six calcareous plates. The lid (operculum) comprises just
two articulating plates, the shell wall being made up of the remaining four: a
fixed tergum and fixed scutum, plus rostrum and carina. Unlike other Sessilia,
each wall plate in verrucids joins with its adjacent plate by interlocking ribs. The
distribution of verrucid genera tends to conform to depth, with Verruca species
characteristic of shallow coastal waters, Metaverruca to midshelf environments,
and Altiverruca to the continental slope and deeper. Some verrucid species also
have symbiotic or commensal relationships with other invertebrates, and these
may be host-specific, e.g. Brochiverruca on cnidarians and Rostratoverruca on
cidaroid urchins (Buckeridge 1997). This appears to be the situation with an as-
yet-undescribed verrucid from northern New Zealand waters that inhabits the
coral Ellanopsammia rostrata.

When one considers balanomorph or acorn barnacles, the image many
people have is of a limpet-like creature commonly attached to vessel hulls.
Although barnacle fouling on ships is well known, it represents only a small
proportion of their distribution. They are best seen as ubiquitous opportunists
of the marine environment attached to a great variety of living and inanimate
objects. Barnacles include species specialised for attachment to whales, sea
snakes, turtles, corals, sponges, and other crustaceans.

Many shallow-water acorn barnacles are known to have variable tolerances
to both high temperatures and desiccation. Because of this, species in the Chitinolepas spiritsensis.
intertidal zone may be found distributed in distinctive bands, e.g. on exposed From Buckeridge & Newman 2006
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rocky shores, where Chamaesipho brunnea forms bands in the uppermost
intertidal and Epopella plicata at mid- to low tide.

The balanomorph shell is made up of two parts: a rigid calcareous wall
comprising four or more parietal plates, and an operculum or lid generally made
up of paired scuta and terga. The opercular plates articulate to permit extension
of the cirri between them during feeding. They also enable the animal to seal
itself off from the environment in times of stress (e.g. predation, desiccation). As
with the stalked barnacles, the plates are very important in identifying species.
Parietal plates may be solidly calcified (e.g. Austrominius), calcareous with internal
chitinous laminae (e.g. Epopella), calcareous with one row of vertical tubes (e.g.
Balanus), or calcareous with chitin, arranged in multiple rows of tubes as in
Tetraclitella (Buckeridge 2008). The number of parietal plates is also significant,
with four in Austrominius, Epopella, and Tetraclitella and six in Austromegabalanus,
Balanus, Chamaesipho, Coronula, Megabalanus, and Notobalanus.

The elements of barnacle anatomy and morphology, forming the basis of
our modern classification and understanding, were elucidated by none other
than Charles Darwin. His outstanding work on these creatures had a very strong
influence on the ideas that eventually led to his revolutionary book On the Origin of
Species. Indeed, Darwin was so amazed by the profusion and ubiquity of barnacles
in the Cenozoic that he described Tertiary seas as’abounding with species of Balarnus
to an extent now quite unparalleled in any quarter of the world’. (In Darwin’s time,
although most sessile cirripedes were ascribed to the genus Balanus, he was able to
demonstrate groupings of similar taxa through the use of ‘varieties’.)

That Darwin was infatuated with barnacles is clear, and he put much else
aside to work on them: ‘I have for the present given up Geology, and am hard
at work at pure Zoology and am dissecting various genera of Cirripedia, and
am extremely interested in the subject.” [Letter to Dieffenbach, February 1847].
But it was not always an agreeable infatuation: ‘I have now for a long time
been at work on the fossil cirripedes, which take up more time than the recent:
confound and exterminate the whole tribe; I can see no end to my work.” [Letter
to Hooker, 1850]. Darwin did persist, both with his monographs on fossil and
living cirripedes (Darwin 1851a,b, 1854a,b) and his Origin of Species. Darwin’s
second cirripede volume was dated 1851 but came out quite late in 1852. His
works endure as a monument to scholarship, and remarkably, one and a half
centuries later, still provide the intellectual platform from which we are able to
develop our present-day understanding of Earth’s biodiversity.

Coronula diadema, a barnacle that grows
on whales.

John Buckeridge

Infraclass Ascothoracica

These curious creatures are primitive among thecostracans, ectoparasitic on
feather stars and sea urchins, and endoparasitic within some corals and sea stars.
Females have a much-reduced thorax and abdomen and a simplification or loss
of limbs. The carapace is enlarged and grossly distorted, being much-branched
and unrecognisable as belonging to a crustacean. Males are tiny and more
recognisably crustacean in form, resembling larvae. They have a well-segmented
body enclosed in a carapace and greatly elongated testes and and are found
within the mantle cavity of females.

Ascothoracicans were unknown in New Zealand until Palmer (1997) found
two species inhabiting sea stars off the Otago coast. Dendrogaster otagoensis was
described as a new species, infesting Asterodon miliaris. Of a collection of 159 sea
stars taken from the coast over an 11-month period, 124 (78%) were infested
with the parasite. Found inside the arms and disc of the sea star, there can be as
many as 15 female parasites, with their convoluted carapaces over 20 millimetres
across, causing some atrophy of the sea-star’s digestive caecae and gonads. Up to

Adult female of 19 creamy-white males 2.9-3.5 millimetres long occur inside the female parasite.
Dendrogaster otagoensis. A second species, Dendrogaster argentinensis, was also found off Otago,
From Palmer 1997 infesting 96% of 152 specimens of the sea star Allostichaster insignis quite severely.
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This particular parasite, previously known from southern South America and the
Falkland Islands, can fill much of the sea-star’s body cavity, comprising up to
28% of the wet weight. Gonads in such specimens are absent, and digestive
caecae are severely atrophied. Curiously, specimens of A. insignis in other parts of
its range (Cook Strait to the Auckland Islands) have never been noted as having
such parasites, so it would be interesting to know what conditions promote such
infestations in Otago waters.

Dendrogaster belongs to one of three families in the ascothoracican order
Dendrogastrida. Palmer (1997) also mentioned an unpublished Te Papa (Museum
of New Zealand) record of an undescribed member of the Synagogidae, one of
three families in the only other ascothoracican order, Laurida.

Infraclass Cirripedia: Barnacles

Superorder Acrothoracica

Apart from the study by Batham and Tomlinson (1965) on Australophialus
melampygos, there has been little work done on New Zealand acrothoracicans.
They are a very difficult group to work with, particularly as most occurrences
are known only by their tiny borings. Australophialus melampygos is often found
infesting paua (Haliotis iris) and mussel (Perna canaliculus) shells, commonly in
very large numbers (up to 3350 borings noted in a single paua shell. The family
Cryptophialidae was revised by Tomlinson (1969), who introduced Australophialus
to incorporate the austral members (including A. melampygos) of Cryptophialus
that possessed four rather than three pairs of terminal cirri (feeding appendages).

Existing literature infers that acrothoracicans have very low diversity in
the New Zealand region. Further, they appear to be somewhat host-specific,
and whilst this is not generally a problem where a host is a common marine
invertebrate, there is cause for concern if the host is over-fished. Both Haliotis
iris (paua) and Perna canaliculus (green-lipped mussel) are extensively harvested
as a food source, and although they are now widely cultured in marine farms,
the new aquacultural environment does not appear to provide the habitat so
tavoured by Australophialus melampygos in nature. The likelihood that the shell-
infesting population represents more than one species should not be overlooked,
especially in light of acrothoracicans’ poorly mobile larval phase (which may
account for its absence from the Chatham Islands). The distribution of these
molluscs extends from Northland to Stewart Island; although both species range
well into the subtidal, A. melampygos is not known much below low tide, its
preferred habitat.

Australophialus melampygos falls within a group of southern acrothoracicans
including A. tomlinsoni from the Antarctic and A. turbonis from South Africa.
Newman and Ross (1971) considered the cirral arrangement of these taxa to
be more generalised (and therefore phylogenetically older) than other Crypto-
phialidae, inferring a Southern Hemisphere origin for the family. However,
rather than a South African centre of cryptophialid diversification, abundant
cryptophialids in some turritellid gastropods within the Pakaurangi Formation
(Early Miocene), Kaipara Harbour, should not rule out the New Zealand region
as a potential centre of dispersal.

Superorder Rhizocephala

Rhizocephalans are wholly parasitic. They have little similarity with other
cirripedes, or indeed other crustacean adults, as there are neither appendages
nor segmentation (e.g. Hoeg & Liitzen 1995, 1996). A rhizocephalan consists of
a sac-shaped body, the externa, which is mainly involved in reproduction and
is attached to the outside of the host’s abdomen. The host is always another
crustacean, in most instances an anomuran or brachyuran crab. A mouth
and a digestive tract are absent and nutrients are taken up from the host’s
interior by an internal trophic root system (or interna) which is distributed

PHYLUM ARTHROPODA CRUSTACEA

Australophialus melampygos removed from

its excavation in a shell; five dwarf males
attached middle right.
Modified from Batham & Tomlinson 1965

Briarosaccus callosus, a saccular rhizocephal
parasite under the abdomen of the king crab
Paralomis hirtella.

Dianne Tracey

an
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within the haemolymph of the host (Heeg & Liitzen 1995). The externae are
most often attached singly or a few together to the host’s abdomen, but some
rhizocephalans are colonial and in such species many small externae may attach
to the abdomen, appendages, or other parts of the host body (Hoeg & Liitzen
1993, 1996). Despite their bizarre appearance, rhizocephalans are related to the
non-parasitic barnacles, which they resemble in reproducing via short-lived
planktonic nauplii and/or cypris larvae (Hoeg & Liitzen 1993).

Apart from sparse records in the literature, rhizocephalans were almost
unknown in New Zealand until the 2000s; there are now at least 10 genera
and 11 species (Brockerhoff et al. 2006; Lorz et al. 2008; Liitzen et al. 2009).
Decapod host species belong to the families Paguridae, Lithodidae, Galatheidae,
Sacculina sp., a saccular rhizocephalan parasite  Chirostylidae, and Callianassidae. Parthenopea vulcanophila (Liitzen et al. 2009),
under the abdomen (folded back) of the crab i the first rhizocephalan recorded from the vicinity of active cold seeps.

Metacarcinus novaezelandiae. The recently discovered New Zealand rhizocephalans are registered in the
invertebrate collections of the National Institute of Water and Atmospheric
Research (NIWA) and the National Museum of New Zealand Te Papa Tongarewa,
Wellington (NMNZ). Some of the specimens could not be identified because they
were in turn infected by species of Cryptoniscinae, a subfamily of hyperparasitic
isopods. In the final stage of this relationship of a parasite on a parasite the
rhizocephalan host is no longer recognisable (Jksnebjerg 2000).

Recent gene-sequencing studies on the Rhizocephala have indicated that
the conventional grouping of its members is in need of rearrangement (Glenner
et al. 2003; Glenner & Hebsgaard 2006). Since these findings have not yet
resulted in a taxonomic revision, the traditional division of the Rhizocephala
into the orders Kentrogonida and Akentrogonida is followed in the end-chapter
checklist; as a consequence of the study by Glenner and Hebsgaard (2006),
however, Parthenopea is included in the Akentrogonida.

Annette Brockerhoff

Superorder Thoracica

On 3 October 1769, in calm seas some 300 kilometres off what is now known
as Mahia Peninsula, HM Bark Endeavour, under the command of James Cook,
retrieved ‘one peice of wood coverd with Striated Barnacles Lepas Anserina?’
(Banks 1962). This was not only the first record of barnacles from New Zealand
seas, but also one of the first records of marine life from the region. In an editorial
footnote to Banks’s journal, ]. C. Beaglehole stated that Daniel Solander (the
naturalist who accompanied Banks) considered the species to be Lepas anserifera.
The next major scientific expedition to New Zealand was in 1827, when the
Astrolabe collected extensive natural history material, including barnacles.
The barnacles were subsequently described by Quoy and Gaimard (1834) as
Anatifera spinosa, Anatifera elongata, and Anatifera tubulosa (now respectively
known as Calantica spinosa (Quoy & Gaimard), Lepas testudinata Aurivillius, and
Heteralepas quadrata (Aurivillius)). The first endemic New Zealand barnacle to be
described was, therefore, C. spinosa.

In 1839 the New Zealand Company appointed Ernst Dieffenbach as surgeon
and naturalist on the Tory. Dieffenbach made extensive biological collections
during his time in New Zealand, and included in these were barnacles. These
were later compiled by J. E. Gray into a Fauna of New Zealand and listed as an
appendix to Dieffenbach’s Travels in New Zealand (Gray 1843). Gray recorded
nine thoracicans, now known as C. spinosa, L. testudinata, H. quadrata, Coronula
diadema, Epopella plicata, Tetraclitella depressa, Tubinicella major, and two uniden-
tified species of Balanus.

Shortly after this, Darwin’s four comprehensive monographs on living and
fossil cirripedes were published. Darwin had collected New Zealand barnacles
from the Bay of Islands during the voyage of HMS Beagle, which, along with
British institutional material, resulted in 14 species being listed from the New
Zealand region. Ten were new to science, of which Austrominius modestus,
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Notobalanus vestitus, and Notomegabalanus decorus are endemic to New Zealand. —&=—>.

Darwin included a complete description of the endemic species Chamaesipho
columna, which had previously been described from material supposedly
collected from Tahiti (Spengler 1790). Spengler’s original description was,
however, incomplete, as the shells he possessed were without opercula or soft
tissue. In Foster and Anderson (1986), the status of C. columna was reviewed
and it was concluded that Spengler’s material came from New Zealand, where
it is endemic. (They renamed the Australian species previously attributed to C.
columna as Chamaesipho tasmanica.)

The last major systematic work of the 19th century that dealt with New
Zealand barnacles was based upon specimens obtained during the 1873-76
HMS Challenger expedition. In an expedition report, Hoek (1883) described
five new species, now known as Amigdoscalpellum costellatum, Anguloscalpellum
pedunculatum, Gymnoscalpellum intermedium, Smilium acutum, and Verum
novaezelandiae. During the early to mid-20th century, numerous descriptions
of new records for the region, generally for single species, were published
and a full list of these was given by Foster (1979). The latter work is the most
comprehensive study ever written on living New Zealand Thoracica. In it, Foster
listed a fauna of 61 species, nine (including a new subspecies) of which were
new, one was a new name, and 15 species were recorded for the first time from
New Zealand waters. Foster also made valuable observations on the geographic
distribution, zonation, and ecology of barnacle species. In the 14 years following
his 1979 monograph, Foster described a further two new species and add records
of eight taxa not previously known from New Zealand waters (Foster & Willan
1979; Foster 1980, 1981; Foster & Anderson 1986). Brian Foster died suddenly in
1992, tragically cutting short what was, up to that time, a prolific and invaluable
career in barnacle systematics and biology. Since then, J. S. Buckeridge, a
student of Foster, has continued study of the New Zealand fauna, frequently
in collaboration with W. Newman. The systematics of barnacles was reviewed
by Buckeridge and Newman (2006), in which the Iblidae was identified as
the most ancient family of Thoracica. Significantly, it was the discovery of
an extraordinary but minute new species from New Zealand, Chitinolepas
spiritsensis, that provided the impetus for this work, which demonstrated that
the New Zealand region not only has a diverse living thoracican fauna but also
one of the most primitive.

Although not specifically focussing on the New Zealand fauna, Newman’s
(1979) publication is an inspired revision of the phylogenetic and biogeographic
relationships between barnacles of the Southern Ocean. His work led to a
reappraisal of the entire fauna, with many of the proposed taxonomic concepts
incorporated in Buckeridge (1983). The evolving nature of systematic biology
results from an ongoing reappraisal of relationships between taxa. As our
understanding of barnacle phylogeny becomes more sophisticated, this often
creates the need to provide new names for species. The overview herein is based
upon the comprehensive review of Cirripedia by Newman (1996), in which
subgenera are elevated to full generic status. Consequently, species like Elminius
modestus and Austromegabalanus decorus are now listed as Austrominius modestus
and Notomegabalanus decorus respectively. A recent publication reviews the status
of the Elminiinae and identifies Austrominius as a tetraclitoid, returning it closer
to Epopella, where Darwin (1854) had originally perceived it to be (Buckeridge &
Newman 2010).

There are 81 species of Recent thoracican cirripedes known from the New
Zealand EEZ. Of these, six are currently undescribed. Four are stalked barnacles,
comprising two species of Scillaelepas (Calanticidae) one of which conforms
to a southern group of primitive scalpellids, and two species of Scalpellidae;
an unusual undescribed verrucid is likely to represent a new genus; and a
possible new species of Acasta (Archaeobalanidae) remains to be determined (J.
Buckeridge is currently reviewing this genus of sponge-inhabiting barnacles). All

PHYLUM ARTHROPODA CRUSTACEA

Chamaesipho columna.

Dennis Gordon

Smilium zancleanum, with plates on the right-
hand side removed to show the cirri.
John Buckeridge
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Metaverruca recta.
John Buckeridge

Ashinkailepas kermadecensis.
From Buckeridge 2009

species referred to as new in the end-chapter checklist are held in the collections
of the NIWA Invertebrate Collection, Wellington.

The vertical zonation of thoracican barnacles on New Zealand surf shores
has been well documented (e.g. Morton & Miller 1968). The zonation is not
always consistent, however, with ranges expanding/contracting in the absence/
presence of other taxa (Foster 1979). Nevertheless, there are generalisations
that can be made, and these provide useful ecological benchmarks: chthamalids
are found higher on the shore than all other thoracicans; below them, and
overlapping somewhat, are the tetraclitids; further down the shore the lower
range of the tetraclitids overlaps the balanids. This chthamalid-tetraclitid-balanid
arrangement appears to be fairly uniform on both temperate and tropical shores
(Foster 1974, 1979). Cantellius septimus, a widespread Indo-Pacific species, has
been found in Montipora coral off Raoul Island (Kermadec Ridge), representing
the most southerly record of a coral-inhabiting barnacle (Achituv 2004).

Some species are epizoic on cetaceans. Conchoderma auritum, C. virgatum,
and Coronula species attach to whales and three species of the latter genus are
found in the New Zealand fossil record.

The isolation of New Zealand since the late Mesozoic has led to high regional
endemism in taxa that evolved during the Late Cretaceous—Early Cenozoic.
This is no more evident than in the thoracican barnacles (Buckeridge 1996a,b,
1999a). Although 40% of the Recent species listed are endemic, the figure is a
little misleading, as the current distribution of New Zealand species such as
Austrominius modestus to include Australia and Europe has almost certainly been
achieved via shipping. What is particularly significant about the New Zealand
region is the high proportion of endemics that are phylogenetically primitive.
The percentage of balanomorph and verrucid taxa that have their earliest (fossil)
records in New Zealand is impressive, with 73% of all primitive sessilians with a
generic age earlier than the Miocene being first recorded here (Buckeridge 1996a).

There are several species of thoracican barnacles that may be termed ‘living
fossils’, i.e. they have fossil records extending back at least to the Early Miocene.
Two of these, Chionelasmus darwini and Notobalanus vestitus extend back to
the Eocene and Oligocene, respectively; two others, Metaverruca recta and
Chamaesipho brunnea, to the earliest Miocene. The order Ibliformes extends back
to the Permian and the Neolepadinae to the Jurassic.

Sampling of deep-sea cirripedes from the New Zealand EEZ is far from
comprehensive, but 13 species are known from depths greater than 1500 m, the
deepest of which are Gymnoscalpellum intermedium (to 2505 m) Amygdoscalpellum
costellatum (to 3120 m), and Verum raccidium (to 4405 m) according to NIWA
database records. Specimens have often been made available as bycatch from
the fishing industry or from research cruises. Recent discoveries include the
neolepadine Viulcanolepas osheai from ca. 1500 metres depth in the volcanically
active Brothers Caldera (in the Havre Trough northeast of the Bay of Plenty)
and a related taxon, Ashinkailepas kermadecensis (Buckeridge 2009), from a cold-
water seep at 1165 m on the western flank of the Kermadec Ridge. Both of these
taxa have specialisations, like long filamentous cirri, that permit them to feed
on bacteria, the most abundant food source in the area, living on the barnacle
exteriors and around the vents and seeps (Suzuki et al. 2009). Bathylasmatids
such as Tetrachaelasma tasmanicum, although not yet formally recorded from
within the New Zealand EEZ, almost certainly occur here. This taxon was recently
described from 3600 metres on the southeastern Tasman Rise (Buckeridge
1999b) where it is widely distributed as disassociated shells that are very similar
to isolated plates collected from New Zealand waters; in the absence of living
tissue the latter material has not been placed to species.

Although the total number of thoracican barnacle species from New Zealand
is not high compared with the numbers of species of taxa such as the Bryozoa
and Mollusca, it is high compared with cirripede faunas from other regions. In
particular there is a broader representation of known cirripede taxa (especially
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phylogenetically primitive taxa) than in any region of comparable size, and there
is a disproportionately large number of species, both living and fossil, that have
their earliest records in New Zealand (Buckeridge 1996a).

Palaeontology and paleoecology

Acrothoracica

Acrothoracican burrows are known to occur in thick-shelled bivalves (e.g.
trigoniids) of Late Triassic age from Nelson and Southland (H. J. Campbell pers.
comm.) and belemnite guards (e.g. Belemnopsis alfurica) of Late Jurassic age from
Kawhia. These can be attributed to the ichnogenus Zapfella, to which the burrow
shapes generally conform; however, their true biological relationships remain
unclear and, as such, no move is made to classify them at ordinal level or below.
TheTriassic record extends the range of Zapfella from that provided in Hantzschel
(1975) of ‘Jurassic to Tertiary’. Burrows are also known in Early Miocene deposits
from the Auckland region, e.g. Waiheke Island (J. A. Grant-Mackie pers. comm.),
and in turritellid gastropods from the Pakaurangi Formation, Kaipara Harbour.
The later burrows appear indistinguishable from modern Australophialus borings,
to which genus they are tentatively assigned.

Rhizocephala

Perhaps surprisingly, given their parasitic lifestyle, rhizocephalans are detectable
in the fossil record and are known from the New Zealand Miocene. Feldmann
(1998) studied a large number of beautifully preserved specimens of the large
xanthoid crab Tumidocarcinus giganteus. Several males had abnormally broad
abdomens, which is normally attributable to the parasitic castration induced by
the parasite.

Thoracica
Thoracican barnacles have a fossil record extending back to the Paleozoic, but
not in New Zealand. The pedunculate order Cyprilepadiformes is known from
the Silurian, attached to a eurypterid, and other thoracicans are known from the
Early Devonian and the Pennsylvanian (upper Carboniferous) (Newman et al.
1969; Buckeridge 1983; Foster & Buckeridge 1987; Newman 1996; Buckeridge
& Newman 2006). There is no record of Paleozoic cirripedes from the entire
New Zealand-Australian—Antarctic region, the first such record being Eolepas?
novaezelandiae from Middle Triassic strata of Southland (Buckeridge 1983).
Although there are rare scalpellomorphs of Jurassic age, it is not until
the Cretaceous that significant records are known — locally abundant, as-yet-
undescribed remains of Cretiscalpellum? are known from Middle Cretaceous
rocks in the Coverham area. These scalpellomorphs are preserved in association
with species of the large bivalve Inoceramus, upon which they appear to have
been growing. Hence, apart from a new verrucid from the Cretaceous of the
Waipara River in central Canterbury, the only barnacles known from the
New Zealand Mesozoic are stalked ones. Surprisingly, even though there are
barnacle-rich horizons in the Paleocene of the Chatham Islands, there are no
barnacles of Mesozoic age known from there. This is not likely to have resulted
from a paucity of appropriate facies, as there are some excellent Late Cretaceous
fossiliferous horizons present on Pitt Island that could have been expected to
have provided an appropriate environment for scalpellomorphs. At present,
it must be concluded that the absence of a Cretaceous barnacle fauna reflects
incomplete paleontological knowledge, and this provides an impetus for further
fieldwork on the islands.

Reconstruction of the fossil barnacle
Anguloscalpellum euglyphum (Oligocene).
John Buckeridge

Cenozoic barnacles

The New Zealand Cenozoic barnacle fauna is dominated by balanomorphs.
The first fossil cirripede to be described from New Zealand strata was the giant
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balanomorph Bathylasma aucklandicum, from Early Miocene strata near Auckland.
The locally abundant, but generally disarticulated plates of this sessile barnacle
were however, initially described as a pedunculate (Hector 1888). A quarter of
a century was to pass before the true nature of the remains was established,
in a paper wherein the author also described two new endemic species now
known as Anguloscalpellum ungulatum and Smilium subplanum (Withers 1913)
(see Jones 1992). In the early 1920s, Withers, working from the British Museum,
was commissioned by the then Geological Survey of New Zealand to produce a
monograph of the fossil cirripedes of New Zealand (Withers 1924). This listed 18
species, of which only 15 were truly fossil, and seven of these were both new and
endemic to New Zealand. In 1953, he published his last major work that dealt
specifically with cirripedes from New Zealand (Withers 1953). This included a
revised list of the New Zealand fossil fauna, arranged according to stratigraphic
horizons. He listed 15 species, none of which was new. Interestingly, he omitted
the record for ‘Balanus amphitrite’ that he included in his 1924 monograph, but
added the record for what is now Pristinolepas harringtoni. No reason is given
for his omission of ‘Balanus amphitrite’, which is now recognised in the New
Zealand fossil record as Amphibalanus variegatus. In all, Withers described nine
fossil cirripedes from the region, all of which are endemic.

Many limestones are so enriched with balanomorph remains that they may
justifiably be termed‘barnacle coquinas’. The first horizons with locally abundant
balanomorphs are of late Paleocene age, occurring as lenses in the Red Bluff
Tuff of the Chatham Islands. In some of these lenses, the barnacle Pachylasma
veteranum is also the dominant macrofossil, with the other macrofauna primarily
being teeth of the elasmobranch fish Isurus sp. plus brachiopod and bivalve
shells. Although barnacle-rich horizons are also recorded in the Early Oligocene
(Cobden Limestone, West Coast), and Early Miocene (basal Cape Rodney
Formation, Auckland), it is the Pliocene coquina limestones of the North Island
East Coast that are singularly spectacular, e.g. the Pukenui and Castlepoint
Limestones, which contain extensive horizons dominated by Fosterella tubulatus
and Notobalanus vestitus. These coquinas outcrop at Rangitumau and Castle-
point respectively (both in the Wairarapa), and have extensive beds in which
F. tubulatus comprises more than 50% of the total mass. There are no modern
equivalents of these deposits, although lesser shell banks of N. vestitus and
Notomegabalanus decorus are today accumulating in the outer Hauraki Gulf near
the Mokohinau Islands. It is inferred by Beu et al. (1980) that these deposits
originated in subtidal settings dominated by strong currents, in a Pliocene sea
occupying the East Coast Inland Depression. These Pliocene ‘barnacle coquinas’
are not only impressive from a cirripedological perspective, they are also the
greatest accumulation of fossil crustaceans known!

Because barnacle species tend to be distributed along clearly delineated
depth, salinity, and temperature zones, their presence as fossils can be most
useful in paleoecological reconstruction. There are, however, some trends in
the “‘preferred’ environments of some taxa over time, e.g. species of the genus
Pachylasma are currently restricted to deep water, with the shallowest living
species of the group not known from less than 55 metres. In the Paleocene,
however, Pachylasma veteranum is known to have lived in very shallow water,
along with a diverse fauna of bryozoans, molluscs, and cnidarians, well within
the photic zone (Buckeridge 1983, 1999a). A similar pattern can be observed
with species of Bathylasma, which also occupied upper subtidal environments
in the Paleogene, but are now exclusively mid- to outer-shelf species. Indeed,
this change, which was interpreted by Buckeridge (1983) as ‘migratory’, is now
viewed more as a result of having been excluded (or outcompeted) from the
shallower-water environments by‘'modern’ balanomorphs. Modern taxa such as
Austrominius modestus have a higher metabolism and an earlier onset of sexual
maturity, which has permitted the species to aggressively exploit desirable
shallow-water niches. This has left refugial chthamalids (such as Chamaesipho
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columna and Chamaesipho brunnea) occupying upper littoral niches, and
pachylasmatines (such as Pachylasma scutistriata and Bathylasma alearum) mid-
to outer-shelf environments (Buckeridge 1999a).

By the Late Miocene, it appears that thoracican barnacles occupied much
the same habitats as their modern counterparts (including as epibionts on
other crustaceans — Glaessner 1960, 1969). As a consequence, the zonation of
modern balanomorphs is useful in the reconstruction of the fossil depositional
environments that existed in the Late Cenozoic, e.g. in the barnacle-rich Titio-
kura Limestone of the eastern North Island Te Aute Limestone Complex. The
Titiokura Limestone (Beu 1995), outcropping in the northwest of Hawke’s Bay,
is characterised by a mixed assemblage of barnacles, including Pachylasma sp.,
Notomegabalanus miodecorus, and the inferred intertidal taxon Epopella cf. plicata.
The depositional environment at that time is, however, considered to have been
at more than 100 metres depth. The geological processes operating at the time
resulted in the build-up of shallow-water sediments on the upper shelf to a point
at which the accumulation became unstable. Sediments and faunas were then
mobilised, to be transported and deposited alongside deeper-water elements as a Waikalasma juneae (Miocene).
mixed thanatocoenosis (death assemblage). From Buckeridge 1983

The sessile Balanomorpha are not known from strata older than the
Paleocene, with the first of these, Bathylasma rangatira and Pachylasma veteranum,
being recorded from the Chatham Islands (Buckeridge 1983). There has been
considerable conjecture concerning the origins of the balanomorphs, which
diversified and spread very rapidly in the Early Cenozoic. Buckeridge (1996a,
1999a) proposed that the Chatham Islands was a centre of sessilian diversifi-
cation during the Paleogene, with taxa evolving in the warm shallow seas that
characterised the environmental conditions for strata like the Red Bluff Tuff. New
Zealand has a remarkable fossil cirripede fauna, with the phylogenetically early
taxa Eolasma, Chionelasmus, Waikalasma, Pachylasma, Bathylasma, Tetraclitella,

Palaeobalanus, Notobalanus, Chamaesipho, and Notomegabalanus having their
earliest records here.

As with the Recent fauna, there are a number of publications describing
single new species of New Zealand fossil Thoracica. These are listed in the
historical review provided in Buckeridge (1983), which also revised and
improved current knowledge of the New Zealand and Australian fossil
cirripede faunas. Buckeridge listed 69 fossil taxa from New Zealand, of which
36 were new. Of these, 94% (i.e. all but two) are endemic to New Zealand.

Since 1983, Buckeridge has described a further six species of fossil cirripedes
(Buckeridge 1984a,b, 1991, 19994, 2008), and in addition has a further four new
taxa awaiting formal description.

Economic aspects of barnacles

Marine fouling

The first ‘close encounter’ some New Zealanders may have with barnacles is
when they need to remove fouling organisms from the hulls of their recreational
or fishing vessels. Barnacles are opportunistic organisms that colonise almost any
available surface in the marine environment. Boats and ships provide excellent
surfaces for suspension-feeders — a platform within the upper subtidal zone that
generally coincides with oxygenated, predator-poor, plankton-rich waters. In
addition, the mobile substratum facilitates dispersal.

Exotic fouling species in the New Zealand environment are generally
introduced through commercial shipping. It is in this way that the widespread
species Amphibalanus amphitrite, A. variegatus, and Lepas anatifera were intro-
duced many decades ago. Lepas anserifera, Fistulobalanus albicostatus, Amphi-
balanus reticulatus, Megabalanus rosa, M. volcano, and Tetraclita squamosa japonica
were introduced on oil-drilling platforms (Foster & Willan 1979) but none appears
to have become naturalised in New Zealand waters. Hosie and Ahyong (2008)
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attached to an antenna seta of its ostracod host.
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Tantulus larva of Deoterthron dentatum

From Huys 1990

reported the establishment of the Australian species Austromegabalanus nigres-
cens and its South American congener A. psittacus at Taharoa and Wellington
respectively.

Research into the development of antifouling systems has intensified as a
result of a greater understanding of the deleterious ecological impact of traditional
antifouling paints such as tributyltin (Buckeridge 1998). Preliminary results
indicate that low-level ultrasonic transmitters have the potential to restrict organic
accumulation on certain hulls.

Barnacles as a food source

Although balanomorph barnacles such as the very large South American
Austromegabalanus psittacus are considered a delicacy, they do not occupy a
similar place in modern New Zealand cuisine. There is evidence, however,
that barnacles were once eaten by Maori, as they are often found in middens
(Foster 1986). In most cases, it appears that this was not through deliberate
harvesting; rather it was incidental to the harvesting of other seafood such as
Perna canaliculus (green-lipped mussel). This is no doubt a reflection of the
small size of most shallow-water New Zealand barnacles — many hundreds of
Austrominius modestus would need to be collected to make even a small meal.
Nevertheless, somewhat larger species such as Notomegabalanus decorus and
Epopella plicata may occasionally have been deliberately collected as a dietary
supplement (Foster 1986).

Environmental monitoring

Thoracican barnacles have a number of properties that may prove to be inval-
uable to humans. One that is currently under development is their use as
environmental indicators. Common shallow-water fouling species such as
Austrominius modestus and Epopella plicata are invaluable in monitoring envi-
ronmental changes to marine systems during urbanisation (e.g. at Auckland’s
Long Bay—Okura Marine Reserve). A high metabolic rate, rapid onset of matu-
rity, and frequent spawning make Austrominius modestus an excellent species
for gauging the impact of human activities.

Biotechnology

Another feature of thoracican barnacles that has intrigued scientists is the
means by which they attach themselves to surfaces. Barnacles are known to
grow on a very wide range of materials, both natural and synthetic. Their ability
to successfully adhere to flexible and elastic materials like plastic sheeting and
fibreglass is of specific interest, for if the nature of this ‘organic adhesive’ is
determined and commercially manufactured, it will have obvious use in fields
such as dentistry.

Barnacles that are commensal or symbiotic with other marine organisms
may need to produce chemicals to prevent the host overgrowing them. This is
particularly the case with sponge-inhabiting taxa like Acasta and coral-inhabiting
taxa like Brochiverruca. Isolation of chemical deterrents may be invaluable in
the design of new drugs for restricting or reducing cell growth in other species,
including humans.

Subclass Tantulocarida: Tantulocarids

Nearly 30 years ago, a new maxillopodan subclass was created by Boxshall and
Lincoln (1983) to accommodate, amongst others, three tiny parasitic crustaceans
discovered in the New Zealand region (Bradford & Hewitt 1980; Boxshall &
Lincoln 1983; Lincoln & Boxshall 1983). They infect benthic and hyperbenthic
crustaceans such as amphipods. Tantulocarids are minute ectoparasites, not
exceeding half a millimetre (0.04-0.40 millimetre) in length, with a unique dual
life cycle that is completed, without moulting, on a crustacean host (Huys et al.
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1993). There are now five recognised families with more than 20 genera and
about 30 species worldwide (Ohtsuka & Boxshall 1998), notably with several
taxa being recently documented from Japan (Huys et al. 1992; Huys et al. 1994;
Ohtsuka & Boxshall 1998).

While there have been no further records of tantulocarids from New Zealand,
it is very likely that more species of this subclass will be discovered as the benthic
and benthopelagic fauna of the New Zealand region becomes better studied.

Subclass Branchiura: Branchiurans

Branchiurans are parasitic on marine and freshwater fishes. They resemble
copepods in many respects but differ in some important features. Unlike
copepods, they have compound eyes and lateral head lobes, the opening of

the genital ducts lies between the fourth pair of thoracic limbs, and they have Argulus japonicus.
a proximal extension to some of the exopodites (outer branch) of the thoracic Note the paired suckers.
limbs. They are good swimmers and females deposit their eggs on stones and Kenneth M. Bart

other objects. The larvae differ little from the adult. Argulus has a pair of suckers
on the maxillae and a poison spine in front of the proboscis. One introduced
species has been recorded from goldfish in New Zealand (Hine et al. 2000). It is
likely that more species will be discovered.

Subclass Pentastomida: Tongue worms

Tongue worms are obligatory parasites of reptiles, mammals, and birds, inhabiting
their respiratory tracts (nasal passages and lungs). Particularly prevalent in the
tropics, there are no native species in New Zealand, but one introduced species
has been reported (Tenquist & Charleston 2001). This is Linguatula serrata, whose
most regular host is the dog. It is rare in New Zealand, but developmental stages
have also been reported from the brown hare, European rabbit, house cat, and
sheep (Thomson 1922; Gurr 1953; Sweatman 1962).

Globally, there are about 130 species, ranging in length from about 3 to
150 millimetres or more and generally transparent or yellow to red-coloured.
Like most parasites, their body form is simple and wormlike. Blood is their only
food. The jawless mouth (sometimes protruding) and two pairs of lobe-like
appendages with claws give the appearance of five orifices, hence, penta- (five)
stomida (mouths). Long treated as a separate phylum of invertebrates, tongue
worms are now regarded as highly modified crustaceans, based on sperm
and larval morphology, the nervous system, and DNA studies. Some very
convincing fossils of apparent larval pentastomids from the Late Cambrian give Tongue worm Linguatula serrata.
no evidence of a crustacean relationship, leading Maas and Waloszek (2001) Composite from various sources
to question it. On the other hand, recent mitochondrial DNA sequencing
supports the evidence from sperm that pentastomids are most closely related
to the Branchiura (Lavrov et al. 2004).

Subclass Copepoda: Copepods

Copepoda (oar-footed bugs) are small crustaceans that are common in aquatic
and semi-aquatic environments, both marine and freshwater. Zoogeographical
data indicate that copepods are ancient arthropods (Dussart & Defaye 1995) and
fossils are known from the lower Cretaceous (Huys & Boxshall 1991). They have
undergone extensive adaptive radiation and include a wide variety of open-
water, bottom-dwelling, herbivorous, predatory, and parasitic forms. Copepods
can often be extremely abundant and have been estimated to be among the most
numerous animals on earth, mostly because of their dominance in the plankton
of oceans and lakes. There are a number of excellent accounts that give general
information on copepods. The comprehensive monograph by Huys and Boxshall
(1991) deals especially with morphology and evolution, while Williamson
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(1991) and Dussart and Defaye (1995) concentrate on the structure, function,
and taxonomy of freshwater species. Coull and Hicks (1983) and Mauchline
(1998) provide detailed information on the biology of harpacticoid and calanoid
copepods, respectively, especially the marine species. These references are the
main sources of the following notes.

The name’Copepoda’is derived from two Greek words (kope, oar, and podos,
foot), hence oar-footed. Copepods are typically small, mostly in the range 0.5-
5.0 millimetres. Free-swimming forms may achieve a mimimum size of only 0.2
millimetres (some Oncaea) or a remarkable 18 millimetres (a Valdiviella species),
but some parasites are even larger. The body is usually approximately cylindrical
and segmented, and divided into three parts—cephalosome, metasome, and
urosome (equivalent to head, trunk, and abdomen). There are 10 pairs of
appendages on both the cephalosome and metasome, used for both feeding and
locomotion (some of these appendages also have a sensory function), and the
urosome ends in two bristle-bearing caudal rami. Uniquely among crustaceans,
copepods have a flat plate that connects the basal segments of each pair of
swimming legs. This plate is probably why copepods can have a rapid jumping
mode of movement. In all copepods the first thoracic segment (bearing the
maxillipeds) is incorporated in the cephalosome, unlike other maxillopodans.

The presence of a uniramous (unbranched) antennule is also a fairly reliable
copepod characteristic. In male copepods the first antennae can be typically
geniculate (with a prominent elbow), and are used to grasp the female during
mating. The antennae, mandibles, maxillules, maxillae and maxillipeds are used
in feeding. A wide variety of food types are utilised, including detritus, bacteria,
algae, rotifers, nematodes, naidid oligochaete worms, crustaceans, and larval
fish, and the structure of the feeding appendages varies in association with
diet. The mechanics of feeding are complex, although copepods are probably
fundamentally raptorial and use their mouthparts to grasp food particles.
Many species, however, especially calanoids, are suspension-feeders and use
the mouthparts to create water currents that bring food particles towards the
copepod. Smaller particles are then captured passively and directed towards
the mouth by bristles on the maxillipeds, maxillae, and maxillules, while larger
particles are individually grasped by ‘fling and clap” movements of the maxillae
that grasp both the particle and a packet of water surrounding it and remove the
water by an inward squeeze.

Reproduction is usually sexual, and sperm are transferred from male
to female in a sac-like spermatophore (a few harpacticoids can reproduce
parthenogenetically). Egg sacs are probably not an ancestral condition of
Copepoda as many groups lack true egg sacs. Nevertheless, in many copepods the
eggs are carried in one or two egg masses, sacs, or strings until hatching. Under
favourable conditions, multiple clutches of eggs can be produced, at intervals of
a few days or weeks, so that each female may produce tens to hundreds of eggs
in a lifetime. The egg hatches into a nauplius larva and the life-cycle typically
includes six naupliar stages and six copepodite stages, the last of which is the
adult stage. There is a marked metamorphosis between the last nauplius and the
first copepodite stage. Development may sometimes be abbreviated, especially in
parasites. Copepods are relatively long-lived compared to other microcrustaceans.
Development times from egg to adult are typically in the order of 1-6 weeks, but
may take several months, and the lifespan of adults may be from one to several
months. Developmental times are markedly affected by temperature and food
levels. Some copepods have resting stages that enable avoidance of detrimental
environmental conditions and dispersal. Calanoids and harpacticoids produce
resting eggs that have a thick shell and which can survive extended periods of
dormancy and dryness. In cyclopoids and some harpacticoids, copepodites may
enter diapause and encyst in bottom sediments.

There are 11 orders, approximately 213 families, 1763 genera, and 11,956
species worldwide (Humes 1994; Ho 2003). The Harpacticoida alone comprises



54 families, about 599 genera, and about 4400 species (J. Wells, unpublished data
updating Wells 2007). The Calanoida has 42 families with about 2000 species
(Boltovskoy et al. 1999); in the Poecilostomatoida there are 55 families, 359
genera, and about 1770 species (Ho 2003); and in the Siphonostomatoida there
are 45 families, 377 genera, and about 1840 species (Ho 2003). The known New
Zealand copepod fauna comprises 698 species, of which the Calanoida is the best
known with 261 species, nine of which are undescribed. There are only 230 species
of Harpacticoida, with about 99 of them undescribed; the remaining orders are
also very poorly known.

Copepods live in a remarkable number of environments. These include not
only marine and freshwater planktonic realms but in or on aquatic sediments,
in association with plants, forest litter, and damp moss, in subterranean habitats
or anchialine (isolated-marine) caves, and deep-sea hydrothermal-vent settings,
but also in association with other animals as commensals or parasites.

In the marine plankton, calanoid copepods (‘insects’ of the sea) are
extremely abundant. Some typical New Zealand examples are Acartia ensifera,
Calanus australis, Centropages aucklandicus, and Paracalanus indicus. They are
adapted to swimming in the water column and are fine-particle feeders in near-
surface waters, eating mainly phytoplankton and protozoans. Carnivorous or
detritivorous forms occupy deeper water-layers down to the deepest trenches.
In the water column we also find forms that are not strictly free-living but live
associated in some way with surfaces — the sea floor, the underside of sea ice, or
on other planktonic animals.

The freshwater plankton in New Zealand is dominated by calanoid copepods
of the family Centropagidae, which are widespread and very abundant in lakes,
ponds, and the lower reaches of larger rivers. Many of the species also occur in
Australia, although there are at least three endemic species. Calamoecia lucasi
and Boeckella dilatata are typical lake dwellers while B. triarticulata is found in
ponds. As in marine habitats, the freshwater calanoids are suspension-feeders
on algae and protozoans, although at least some of the boeckellids are also
predatory on small zooplankters such as rotifers and nauplii. A few cyclopoid
copepods also live in fresh water, although they are usually sparser than the
calanoids. They are probably mostly omnivores, consuming both animals and
algae. Some are found mainly in the bottom waters and are probably strays from
the benthic and littoral areas.

In aquatic sediments, copepods (mainly harpacticoids) live either perm-
anently within the sediment or alternate between the sediment and its surface,
browsing on the microflora associated with the sediment particles or with the
accompanying detritus. In well-oxygenated coarse-grained sediments such as
beach sand, specialised copepods (again, mainly harpacticoids) are part of the
‘interstitial fauna’ that lives within the interstices of this habitat. This habitat is
commoner in marine sediments than in freshwater sediments, although it does
exist in river systems and their ground waters where a strong intra-sediment
water flow occurs. Most families of Harpacticoida have representatives in all of
the above habitats, with specialisations for the interstitial habitat having evolved
many times in different lineages. These trends exist among the New Zealand
fauna to the same extent as they do elsewhere and are represented by numerous
endemic and non-endemic species. An extremely important characteristic of this
fauna is that, with very few exceptions, the entire life-cycle is benthic and the
larvae are not dispersed large distances by water movements. This not only must
affect their ecology but must also impact on population genetics and eventually
on phylogeny. As a result we should expect a high level of endemism.

Many copepods are associates of plants. In the marine intertidal zone
many harpacticoids live in association with seaweeds and sea grasses and
are highly specialised for life on the surface of the fronds. Members of the
Porcellidiidae, Peltidiidae, and Tegastidae, for example, are especially adapted
to this environment; each family is well represented in New Zealand. In the
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littoral areas of freshwater lakes, ponds, and running waters, cyclopoids and
harpacticoids are abundant on and amongst macrophytes. Damp terrestrial
situations are exploited by cyclopoid and harpacticoid copepods. These include
damp soil, forest litter, sphagnum bogs, liverwort and moss clumps, and the
pools between the leaves of bromeliads. Only the harpacticoids from this cryptic
fauna have been extensively studied in New Zealand, and in these the same
trends exist as elsewhere in the world; most species belong to cosmopolitan
genera in the predominantly freshwater family Canthocamptidae, and most are
endemic.

Copepods live in groundwater and can be caught in springs, wells, and pools
in caves. In New Zealand these habitats have not been extensively surveyed
(Chapman & Lewis 1976) and nothing is known about the copepods except that
parastenocaridids have not been found, despite extensive searching (Schminke
1981a). Overseas, the Parastenocarididae (Harpacticoida) is a large family of ca.
270 species (190 of them currently placed in the genus Parastenocaris) that mostly
inhabit the interstices of groundwater. These habitats range from the water
table beneath beaches and sand banks, including a few fully marine beaches,
to brackish systems such as the Baltic Sea, and riverine and lacustrine inland
systems, above and below ground.

Recently the study of deep-sea hydrothermal vents and marine caves
has revealed many interesting copepods of great importance to the study of
evolutionary relationships between the various groups of copepods, as they are
amongst the most primitive forms. Because isolated marine caves are not yet
known in New Zealand and the microscopic fauna of New Zealand hydrothermal
vents has not yet been studied, these types of copepods have not been recorded
here.

In thermal waters of the central North Island only one copepod, the endemic
cyclopoid Paracyclops waiariki, is known. It is restricted to Lake Rotowhero,
which has seasonal temperatures varying between 29.5° and 37.5° C and an
average pH of 3.1.

Nearly half of all known copepod species live in symbiotic relationships with
other organisms. It is evident that commensalism and parasitism have evolved
independently several times in the class, even within an order. Copepods parasitise
virtually every phylum of animals from sponges and cnidarians to vertebrates
including mammals. They also have a range of associations from external and
internal parasitism to varied forms of commensalism. For example, two species
of endemic New Zealand harpacticoids are associated with macroinvertebrates
— Porcellidium tapui on hermit crabs and Alteuthoides kootare on sponges. It
is interesting to note that these genera are highly adapted for clinging to a
substratum and are genuinely “phytal” in this respect. This particular association
with macroinvertebrates is almost certainly of the same type as with marine plants,
i.e. using them as a substratum on which bacteria, fungi, and microalgae grow
abundantly. Similarly, Paramphiascopsis waihonu is known only from a sample
of spent elasmobranch embryo cases (taken at 1116 m), where many specimens
occurred along with a gastropod mollusc; an association with the gastropod
is unlikely and it is most probable that both are feeding on detritus and decay
products within the case. Paramphiascopsis comprises several other species that
have been taken in association with ascidians, polychaetes, gorgonians, and
decapod crustaceans but many species are also known from algae and sediments.

Harpacticoids are also found in burrows in wood inhabited by the gribble
(Limnoria spp.), where the nature of the association is unclear (Hicks 1988a),
with some authors arguing for an obligate commensal relationship and others
believing the attraction for the copepod is the microhabitat created by the
gribble. Evidence for the latter is the presence of copepods in decaying wood no
longer occupied by Limnoria, but the fact remains that the copepod species have
never been found in habitats that have not been associated with the gribble. Five
species, of which four are endemic, occupy this habitat in New Zealand waters.



Importance of copepods

In both marine and fresh waters worldwide, abundant copepods form a vital
link in the food web that leads from minute algal cells or phytoplankton and
small protozoans (e.g. Chapman & Green 1987; Bradford-Grieve et al. 1998)
to the largest fishes, and some whales in the oceans. Many commercial and
non-commercial marine fish (and some crustaceans) are utterly dependent on
copepods as a food source during a portion of their larval life. For example, in New
Zealand it has been shown that the larvae of hoki (Macruronus novaezelandiae),
which forms the basis of the largest New Zealand fishery, feed on copepod adults
(e.g. Calocalanus) and copepodites almost exclusively (Murdoch 1990). With their
large mouth size, hoki larvae actively select copepods such as Calocalanus and
Paracalanus (Murdoch & Quigley 1994). For inshore benthos and for migratory
tish, estuaries and lagoons are typically the critical location for this life-history
phase. In a New Zealand estuary, Parastenhelia megarostrum is a principal prey
item for young post-metamorphic flatfish during the first six months of their
lives (Hicks 1984). The very smallest fish feed on the naupliar stages while larger
specimens have an increasing proportion of older copepods in their guts. In
lakes, copepods are an important part of the diet of smelt (e.g. Stephens 1984,
Chapman & Green 1987), which in turn form a major part of the diet of rainbow
trout. Copepods can be so abundant that their faecal pellets, produced at a rate
of several per hour, are an important source of food for detritus feeders. Copepod
grazing can significantly reduce the densities of at least some algal species (e.g.
Edgar & Green 1994) and it has been suggested that they may have potential
in the biomanipulation of the effects of eutrophication in lakes (Edgar 1993).
Copepods are increasingly being used as test organisms in ecotoxicological testing.
In New Zealand, the freshwater species Calamoecia Iucasi, Boeckella delicata, and
Mesocyclops sp. have been shown to be very sensitive to pentachlorophenol (Willis
1998) and the latter two species have been recommended as suitable candidates
for the development of routine testing protocols involving acute and chronic
endpoints (Willis 1999).

Copepods can be important economic pests when they parasitise commercial
species. This is especially the case overseas, where ectoparasitic copepods of the
families Ergasilidae and Caligidae (‘sealice’) infect salmonids reared in sea cages,
causing damage and sometimes death of valuable aquacultured product reared
in marine areas (Johnson et al. 1997). In New Zealand, copepod ‘sealice’ are not
yet a problem in salmon culture (Hine & Jones 1994) but the causative copepod
genera are present in the farms (Jones 1988a). Copepods of the family Sphyriidae
are also of economic importance in that the anterior portion of the copepod is
buried in the musculature of the host fish, while the posterior portion bearing
egg strings trails from a hole in the skin. Skinning machines do not remove the
‘head’ from the fillet causing wastage and customer complaints.

In freshwaters, the ergasilid Abergasilus amplexus infests a wide variety of
fish including longfinned and shortfinned eels, smelt, inanga, goldfish, and
perch (e.g. Jones 1981). Two other parasitic copepods, Thersitina inopinata and
Paceonodes nemaformis, are rather enigmatic (McDowall 1990). Thersitina inopinata
is known only from its free-swimming males, while P. nemaformis, although
endemic, is known to parasitise only introduced brown trout and salmon. The
exotic copepod Lernaea cyprinacea has been recorded from introduced goldfish.
Free-living copepods are also known to be intermediate hosts in the life-cycles
of tapeworms of freshwater fish. The initial stages of Amurotaenia decidua,
which parasitises bullies, occur in Macrocyclops albidus (Weekes 1986) and
planktonic copepods are secondary hosts in the life-cycle of Ligula intestinalis,
the pleurocercoid of which infests both rainbow trout and bullies (Weekes &
Penlington 1986).

Copepods can be disease vectors for human parasites in tropical climates.
But conversely they can also carry the fungi or sporozoans that parasitise
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malarial mosquitoes. Copepods have been implicated in the spread of viruses
through fish populations (Mulcahy et al. 1990). Freshwater copepods of the
genera Mesocyclops and Macrocyclops have been used for control of the container-
breeding mosquito species of Aedes, Anopheles, and Culex. So far, no examples of
these kinds of relationships have been noted in New Zealand.

Zoogeography of the New Zealand copepod fauna

Marine plankton

Very few marine planktonic copepods are endemic to the New Zealand region.
The distribution of pelagic Copepoda (Bradford & Jillett 1980; Bradford et al.
1983; Bradford-Grieve 1994, 1999a) in the region appears to be maintained by
a combination of factors probably related to their occurrence in water masses
in some way or other. The physiological requirements of a species (temperature
tolerances, ability to breed in differing temperature regimes, nutritional
requirements for growth and breeding) and their behaviour (vertical migration
in relation to particular water masses or physical-oceanographic phenomena)
all contribute to the patterns we observe. An additional factor (plate tectonics)
was probably important in the occurrence of some neritic plankton species in the
New Zealand region.

Some species have a clearly coastal distribution. Among the New Zealand
epipelagic calanoids, only species of Acartiidae, Calanidae, Centropagidae,
Clausocalanidae, Paracalanidae, Pontellidae, and Temoridae contain coastal forms
that are rarely encountered in oceanic waters. Endemic coastal species such as
the calanoids Acartia ensifera, A. jilletti, A. simplex, and Centropages aucklandicus
and the poecilostomatoid Corycaeus aucklandicus are confined to New Zealand
waters, whereas Gladioferens pectinatus, Labodocera cervi, and Sulcanus conflictus
are confined to Australia and New Zealand. Calanus australis is found in at least
New Zealand and southeastern Australian coastal waters, where it is essentially
restricted to the mid-shelf (Bradford 1985). It seems possible that many of these
species had common ancestors with close relatives in other temperate neritic
parts of the world as far back as the Oligocene, when equatorial sea temperatures
were low (Bradford 1979). Paracalanus indicus is restricted to coastal waters, with
maximum concentrations occurring close to shore (Bradford 1985), although
this species possibly has a broad tropical/subtropical distribution. Clausocalanus
jobei and Temora turbinata also have a tropical/subtropical distribution whereas
Drepanopus pectinatus has a coastal distribution around subantarctic islands.

Relationships to water masses are most clearly seen among oceanic epipelagic
species. Nevertheless, in the New Zealand region some oceanic species are capable
of responding rapidly to the heightened productivity of coastal waters and may
attain maximum numbers close to the coast, obscuring their oceanic affinities.
Examples of this type of distribution are seen in the calanoids Nannocalanus
minor and Clausocalanus ingens and the cyclopoid Oithona similis.

Warm-water (tropical) oceanic epipelagic species usually have a cosmopoli-
tan distribution if they are able to breed at a range of latitudes extending to 40°
S, whereas those with breeding ranges restricted to lower latitudes (e.g. Euchaeta
rimana) are not circumglobal in their distribution because of the geographical
barriers (South America and Africa) presented to their distribution. In tropical
or subtropical waters, epipelagic calanoid species with distributions extending
to 40° S and sometimes as far as the Subtropical Front are Aetideus giesbrechti,
many Calocalanus species, Clausocalanus arcuicornis, C. lividus, C. parapergens, C.
paululus, C. pergens, Eucalanus hyalinus, Mecynocera clausi, Nannocalanus minor,
Neocalanus gracilis, Pareucalanus sewelli, Pareuchaeta acuta, P. media, Rhincalanus
nasutus, and Subeucalanus crassus. Species with a warm-temperature (transi-
tion zone) Southern Hemisphere distribution include Aetideus pseudarmatus,
Clausocalanus ingens, Pareucalanus langae, and possibly Neocalanus tonsus and
Calanoides macrocarinatus. Species with subantarctic distributions include Cala-



nus simillimus, Clausocalanus brevipes, Neocalanus tonsus, and Subeucalanus longi-
ceps. Species with Antarctic-subantarctic distributions include Aetideus australis,
Clausocalanus laticeps, and Rhincalanus gigas.

Marine sediments

Throughout the world the copepod fauna of marine sediments (predominantly
harpacticoids) is well known only for the intertidal and shallow sea areas.
Detailed data are available for only a few sites of more than a few metres
in depth, mostly in Europe, although scattered information is known for all
depths down to almost the bottom of the deepest trenches. Even for intertidal
and sublittoral areas, most of the world outside Atlantic Europe, the western
Mediterranean, and a few locations on the eastern coast of the Americas
is poorly known or even totally unknown. A reasonably comprehensive
survey of the North and South Islands of New Zealand has been carried
out, but the results have yet to be fully published and many species remain
unnamed. Furthermore, assessment of the zoogeographic relationships of the
New Zealand fauna is made impossible by the almost complete absence of
information from Australia and New Caledonia. All that can be said at this
time is that it seems unlikely that New Zealand will harbour many endemic
genera (though that will depend on the attitude of future taxonomists towards
taxon definitions).

Freshwater plankton

In New Zealand, most freshwater calanoids (eight species of Boeckella and one
of Calamoecia) belong to the family Centropagidae, the non-marine members
of which are mainly confined to Australasia, the subantarctic, the Antarctic
Peninsula, and parts of South America (Bayly 1992). Only three of these species
are found only in New Zealand (Jamieson 1998); the others also occur in
Australia. A further four species are considered to be resident natives (Boeckella
dilatata, B. propinqua, B. triarticulata, and Calamoecia lucasi) whereas B. minuta
and B. symmetrica may have invaded New Zealand since European colonisation
(Banks & Duggan 2009). Recently, the diaptomid cross-hemisphere invaders
Skistodiaptomus pallidus and Sinodiaptomus valkanovi have been recorded in
constructed water bodies (Duggan et al. 2006; Banks & Duggan 2009; Makino
et al. 2009).

Bayly (1995 and references therein) concluded that the present-day
distribution of freshwater and brackish Centropagidae can be interpreted as being
a result of the colonisation of southern-hemisphere inland waters from marine
and then brackish-water ancestors at a time when Australia, New Zealand, and
South America were still linked to Antarctica, and Africa, Madagascar, and India
had already drifted northwards. The absence of the Diaptomidae from New
Zealand, most of Australia, and all of Antarctica also appears to be related to
the timing of the separation of these landmasses from Pangaea in relation to the
evolution of this family.

The distribution of calanoids in the major lakes is probably well known
(Chapman & Green 1987; Jamieson 1988, 1998; Bayly 1992; Banks & Duggan
2009) but has yet to be fully examined in smaller habitats, especially ephemeral
pools and the less-accessible high-country tarns. Most species show relatively
clear habitat segregation. Calamoecia lucasi is widespread in northern, central,
and western parts of the North Island, where it is found in streams, ponds, and
large rivers. It also lives in a few small lakes in Northern Nelson. Calamoecia
ampulla, a widespread species in Australia, is known only from one unverified
South Island record (Bayly pers. comm.). Of the Boeckella species, B. minuta, B.
symmetrica, and B. tanea have restricted distributions in the North Island. Boeckella
tanea is found only in Northland, B. symmetrica in a pond near Auckland, and B.
minuta in the Waikato River hydroelectric reservoirs and water-supply reservoirs
in Wellington. It has been suggested that B. symmetrica and B. minuta may be
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Abdiacyclops cirratus, an endemic
cyclopoid genus andspecies from a
subterranean well in Canterbury.

From Karanovic 2005

recent immigrants from Australia (Chapman & Green 1987) and this may apply
to C. ampulla too. Boeckella propinqua occurs mainly in central and northern areas
of the North Island but, like C. lucasi, its distribution also extends to the tip of the
South Island. Boeckella hamata occurs throughout the southeastern part of the
North Island, the eastern part of the South Island, and southern Westland, mainly
in reservoirs and coastal lakes. Boeckella triarticulata has a similar distribution but
apparently does not co-occur with B. hamata. It is found mainly in ponds and
reservoirs in eastern parts of the South Island from Canterbury to Otago, with
one record from Hawke’s Bay in the North Island. Boeckella delicata has a disjunct
distribution, occurring in Northland and the Waikato region of the North Island
and also on the west coast of the South Island. Boeckella dilatata occurs only in
the South Island, mainly in glacial lakes and in associated reservoirs. It also has
a disjunct distribution and is found only in northern and southern areas of this
island. Unlike the usual situation elsewhere in the world, co-occurrences of two
or more species of calanoids in one lake are rare, and most lakes have only one
calanoid. In the North Island, there are a few co-occurrences of C. [ucasi and B.
delicata, C. lucasi and B. propinqua, and C. lucasi and B. minuta, and in the South
Island B. triarticulata and B. dilatata, B. triarticulata and B. hamata, and C. lucasi
and B. propingua in a few habitats (Chapman & Green 1987; Jamieson 1998;
Banks & Duggan 2009).

Various attempts have been made to explain the distributional patterns of the
New Zealand freshwater calanoids (summarised by Jamieson 1998) and, until
recently, most of these used dispersalist biogeographical ideas. Banks and Duggan
(2009) have highlighted the role of constructed lakes and ponds in facilitating
inter-and intracontinental invasions of calanoid species. Maly (1984) suggested
that distributions resulted from probabilities of immigration and extinction that
were assessed from clutch sizes and the likelihood of predation by fish. Maly
(1991) modified these ideas to include the number of existing populations and
concluded that dispersal was probably not important over long distances but
may be important at local scales. Jamieson (1988) explained the distribution of
Boeckella dilatata, B. hamata, and B. triarticulata by relating differences in their
ecological requirements and dispersal abilities to vicariant events. More recently,
Jamieson (1998) has provided a convincing explanation for the distribution of
these three species and B. delicata based on panbiogeographic methods. She
showed that their distributions are correlated with the three principal pre-Late
Cretaceous technostratigraphic terranes that, over the last 150-200 million years,
have come together to make up New Zealand. Boeckella dilatata and B. delicata
occur in lakes and ponds on the Tuhua and Caples Terranes and B. hamata and B.
triarticulata on the Torlesse Terrane. The species overlap at the terrane margins.
The present-day disjunct distributions of B. dilatata and B. delicata are thus
thought to result from tracks arcing out to sea.

The species pairs on the different terrane groups are thought to differ in
ecology; in particular B. delicata and B. hamata are suggested to have a higher
salt tolerance than either B. dilatata or B. triarticulata, thus enabling sympatry.
Localised dispersal presumably explains the overlap of species at the terrane
margins. Jamieson’s panbiogeographic approach would seem to have consid-
erable potential for explaining distributions of the remaining calanoids. It is
clear, however, that ecological information remains important for explaining
distributions of sympatric species. Ecological studies of life-histories and food
requirements have been made of some species (e.g. Green 1975; Forsyth &
James 1984; Jamieson 1986; Chapman & Green 1987; Burns 1988; Jamieson &
Burns 1988; Xu & Burns 1991; Burns & Xu 1990; Twombly et al. 1998; Couch
et al. 1999), but much more remains to be done. The effects of post-European
colonisation, with altered fish communities and changing trophic status of lakes,
on distributional patterns are not known.

The cyclopoid copepod fauna is very poorly known taxonomically and
ecologically. A few cyclopoids are found in the lake plankton, but their
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populations are usually either sparse or seasonal and little is known about them.
There are no equivalents of the large-bodied Cyclops (in the strict sense) of many
Northern Hemisphere lakes.

Mesocyclops leuckarti has been recorded from various North Island lakes
(Green 1974, 1976; Jamieson 1977; Chapman & Green 1987, Greenwood et al.
1999), but it is likely that these records were not of the nominate species as M.
leuckarti does not occur in the Southern Hemisphere (Kiefer 1981). Bayly (1995)
has suggested that its correct identity is possibly M. australiensis. Macrocyclops
albidus occurs in low numbers in the Rotorua and Taupo lakes (e.g. Chapman
1973; Forsyth & McCallum 1980), in the lakes of the Waitaki River system, and in
other South Island lakes (Stout 1978; Burns & Mitchell 1980). Eucyclops serrulatus
is found in the plankton of Lakes Hayes and Johnson (Burns & Mitchell 1980) and
Acanthocyclops robustus in the plankton of Lake Mahinerangi (Mitchell 1975). It
still can be concluded that, until a revision is made of the freshwater cyclopoids,
no valid assessments of biogeographical relationships can be made. Nevertheless,
Karanovic (2005) held it to be highly likely that the cosmopolitan cyclopoids
Acanthocyclops robustus, Diacyclops bisetosus, Eucyclops serrulatus, and Paracyclops
fimbriatus were accidentally introduced to New Zealand by early European settlers
in barrels of fresh water. Jamieson (1980a, b) conducted experimental studies of
predatory feeding and development rates of Mesocyclops sp.

Plant associates

In marine systems the term ‘plant associates’ means the fauna associated with
macroalgae and sea grasses and is usually called the phytal habitat. In addition,
a few species have been found associated only with decaying wood (from wharf
piles to driftwood dredged from depths of 1100 metres). These perhaps should
be included in the phytal fauna as it is most probable that the role of the living
or dead plant is primarily as a substratum for the copepods’food supply, namely
bacteria, fungi, and microalgae attached to the plant. However, in this regard the
phytal fauna is little different from the true benthos, which relies on these food
sources attached to particles of the sediment.

Most of the species do not show obvious morphological adaptations
to the phytal habitat. In those that do, the adaptations are usually to enable
the animal to attach itself more effectively to the plant. Very few species seem
actually to damage the plant or to be directly feeding on its tissues. Many genera
that contain species found among algae have other species living on or in the
adjacent benthic sediment. Many species are found equally often among algae
and in sediments without associated plant growth. Also, it is known that many
of the species washed from samples of macroalgae and sea grasses are actually
associated with the sediment and detritus that becomes trapped in the interstices
of the plant and thus are really part of the sediment fauna. Even many of the
truly phytal species that do show adaptations to that environment have been
shown to leave the plant for mating; this may partially explain the relative rarity
of males in collections of these species.

In the marine system, about 45% of the described phytal species are endemic.
Only a few undescribed species currently exist in collections, which may partly
be a consequence of inadequate collecting and cataloguing. Notwithstanding,
the phytal fauna is quite well known ecologically (e.g. Hicks 1977, 1988b) and,
while it is very probable that many species remain to be discovered, the main
outlines of the fauna are well known. Unfortunately, the phytal fauna of adjacent
marine regions is as poorly known as their sediment fauna and similar remarks
about understanding zoogeographical relationships apply. The comments below
on endemism in the sediment fauna apply equally to the phytal but the lack of
regional collecting makes it futile to try to estimate the true level of endemism.

The situation in freshwater and terrestrial systems is much the same.
Some copepods (cyclopoids and harpacticoids) probably use plants mainly Goniocyclops silvestris (female).
as the substratum on which their food grows, but much less is known about From Karanovic 2005
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The fish parasite Caligus pelamydis,

from barracouta.
From Hewitt 1963

their ecology. Certain copepods are found associated with aquatic vegetation
in lakes and ponds, and with mosses (Harding 1958; Chapman & Lewis 1976).
In semiterrestrial situations such as mossy banks and the edges of waterfalls or
in damp forest litter and decaying wood, some copepods (such as Goniocyclops
silvestris and a variety of harpacticoids) are found; most are apparently endemic
but this fauna has still to be properly examined (Chapman & Lewis 1976).

Animal associates

It is difficult to make any definitive statement about the zoogeography of animal
associates because the commensal and parasitic copepod fauna of marine
invertebrates in New Zealand and neighbouring seas is very poorly known.
For example, known New Zealand siphonostomatoid species diversity is only
29% of that in European seas, and even less for cyclopoids and harpacticoids,
whereas, based on what is known for well-studied high-level Animalia taxa
in both regions, New Zealand species diversity matches or exceeds that in
European waters (Gordon et al. in press). The end-chapter checklist of New
Zealand species in these copepod orders is annotated to indicate the type of
relationship and host.

Species identifications of parasitic copepods from fishes of neighbouring
seas are, in many cases, awaiting critical review. For example, Trifur lotellae in
New Zealand would appear to be identical to Trifur physiculi from Australia.
There are many other such examples. Also, the parasitic copepod fauna of marine
invertebrates in New Zealand and neighbouring seas is almost totally unknown.
Nevertheless, Jones (1988b) examined the then known parasitic copepod fauna
and concluded that endemism on teleosts at the generic level was very low (2%)
and there were no endemic genera on elasmobranchs (sharks).

The freshwater parasitic copepod fauna consists of only three species —
Abergasilus amplexus and two very rare or extinct species, Thersitina inopinata and
Paeonodes nemaformis. Abergasilus is an endemic estuarine genus common in, and
known only from, Lake Ellesmere and the Chatham Islands lagoon. It has close
affinities with South American genera. Thersitina has been found only once, in
a plankton sample from Lake Poerua (Percival 1937). Paeonodes nemaformis has
been found only twice, both times in South Westland on introduced salmonids
(Hewitt 1969). The genus has also been found in Africa and is apparently closely
related to Mugilicola, found in South Africa, India, and Australia (Boxshall 1986).
The native hosts of Thersitina and Paeonodes are unknown, despite extensive
searching. It is concluded that the parasitic copepod fauna of marine vertebrates
is derived from the wandering of host fishes and reflects the strong links with
Australia and the island chains to the north (Jones 1988a,b).

Endemism

One key element in the occurrence of endemism in New Zealand is the
paleogeography of the region. The freshwater, brackish, and inshore copepod
faunas illustrate the key elements of such reconstructions (Lewis 1984; Bayly
1995). The absence of the calanoid family Diaptomidae and presence of
freshwater species of Centropagidae in Australia, New Zealand, South America,
and Antarctica indicates that the period when these land masses were still
linked but already separated from Africa, Madagascar, and India (120-80 million
years ago) is crucial in reconstructing the evolution of Boeckella, Calamoecia, and
Gladioferens in New Zealand and other southern hemisphere regions. These
events, and the subsequent submergence of New Zealand in the Oligocene (35
million years ago) were probably responsible for speciation and the currently
observed endemism (Bayly 1995).

The connection between New Zealand and Antarctica was broken during
the Late Cretaceous. Three of eight New Zealand species of Boeckella are endemic
to New Zealand (Maly & Bayly 1991) and it is likely that this genus inhabited
the fresh waters of the ancestral landmass when it separated from Antarctica.
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By the Late Oligocene, nearly all of the New Zealand landmass (possibly all of
it according to Landis et al. 2008) was submerged. Significant extinctions will
have occurred at this time, accounting for the relatively impoverished fauna of
New Zealand compared with that of Tasmania. On the other hand, the multiple
vicariant events associated with the production of a diminishing New Zealand
archipelago in the Oligocene might have been expected to result in some
speciation and the currently observed endemism if not all of the landmass was
in fact submerged.

We predict that a higher degree of endemism than is currently recorded will
be discovered amongst freshwater and benthic copepods when the less well-
known groups are revised. But we need to introduce here a note of caution
in this discussion of endemism. While the number of endemic species indeed
reflects the evolutionary history of a particular fauna, in practice the number of
such species recognised by past and present taxonomists depends on the inter-
pretation of morphological variability within a species, especially where there is
discontinuous distribution and not enough morphomolecular information for
phylogenetic analysis.

Marine plankton

Very few marine planktonic species are endemic to New Zealand. The main
reason for this is that most species are oceanic and are relatively widespread
in a global sense, ranging from circumglobal subantarctic and Indo-Pacific to
distributions encompassing all the world’s oceans. Only a few coastal calanoid or
cyclopoid species are endemic to New Zealand waters (Acartia ensifera, A. jilletti,
A. simplex, Centropages aucklandicus, and Corycaeus aucklandicus). The cyclopoid
Corycaeus aucklandicus is endemic to coastal waters of northern New Zealand.

Freshwater plankton and benthos

Only three freshwater calanoid species are endemic — Boeckella dilatata, B.
hamata, and B. tanea; the other seven species also occur in Australia. Only two
(Metacyclops monacanthus, Paracyclops waiariki) of the 19 cyclopoid species are
known to be endemic to New Zealand. All others are supposedly cosmopolitan
or Australasian. Notably, several genera recorded from Australia, some with Acartia ensifera.
multiple species (Apocyclops, Australocyclops, Ectocyclops, Mixocyclops, Neocyclops, After Bradford-Grieve 1994
Thermocyclops), have not yet been recorded from New Zealand. Some studies

(see Bayly 1995) have shown much greater degrees of differentiation and

endemicity than previously recognised in microcrustaceans, and it is evident

that more stringent resolution of morphotypic variation of the New Zealand

freshwater cyclopoids is required before their status can be assessed. Presumed

‘cosmopolitan’species may be so only because of widespread and indiscriminate

misuse of authoritative (?northern hemisphere) taxonomic references. As

noted earlier for Mesocyclops leuckarti (discovered to be a species complex by

Kiefer (1981) and not represented by the nominate species in the Southern

Hemisphere), comparable species groups may be found in other’cosmopolitan’

species. An on-going global revision of the Cyclopoida (e.g. Dussart & Defaye

1995; Einsle 1996) will help resolve some of the problems. This series should be

consulted as a guide to the global literature on cyclopoid genera and families,

and in particular for the accepted modern level of taxonomic discrimination.

Marine sediments

Approximately 50% of the described harpacticoid species are endemic, but at
least three times as many species remain undescribed in collections, and it is
reasonable to estimate that at least 75% of these will prove to be endemic new
species. It would seem, therefore, that the rate of endemism in New Zealand
is high compared, for example, to the British Isles (as an example of another
island group of comparable size), where probably it is less than 10%. But this
comparison is meaningless. The British fauna has been investigated for much
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Metridia lucens (Calanoida).
From Bradford-Grieve 1999

longer and at much greater intensity. As a result, it is known to contain at least
four times as many species. Further, and very importantly, the British Isles are
close to the shores of northwestern Europe, where the fauna is also very well
known and shares many species with Britain. New Zealand is distant from its
nearest neighbours. This, and its geological history since separation from the rest
of Gondwana, may well have increased the level of endemism, but the lack of
data from Australia (where the fauna is very poorly known) undoubtedly inflates
the current estimates.

The limited amount that is known about the benthopelagic calanoid fauna
indicates that there may be some degree of endemism (e.g. Bradford 1969;
Bradford-Grieve 1999b) in the New Zealand region. Nevertheless, in the deep
sea the perception of endemicity may reflect the paucity of sampling of near-
bottom faunas worldwide.

Cryptic habitats

Freshwater harpacticoids in New Zealand have been collected mainly from
clumps of moss or liverworts or similar vegetation in streams, the littoral of
ponds and lakes, or from wet banks close to water bodies and in damp forest
in leaf litter. Of the 19 named species in the end-chapter checklist, 17 are
endemic, but relatively little collecting has been carried out and large areas of
the country remain unexplored. The total fauna is likely to be many times the
recorded number of species, but it is probable that a very high level of endemism,
and of localised distribution of species, may be found. It will be interesting to
see if their distribution supports the panbiogeographic explanation for the
distribution of freshwater planktonic Calanoida (Jamieson 1998). The presence
of small cyclopoid species has also been noted, but only one has been identified
to species and the true extent of this fauna cannot be estimated at this time
(Chapman & Lewis 1976).

Gaps in taxonomic knowledge of copepods and scope for
future research

Platycopioida

This order is not known in the New Zealand region. It is possible that
platycopioids will be found when the benthopelagic realm is properly sampled,
because they have been found in other temperate, shallow-water, near-bottom
habitats. Other genera have been found in marine caves in Bermuda so their
relatives might not be expected to occur in New Zealand.

Calanoida

The marine pelagic calanoid copepod fauna of New Zealand is fairly well known,
mainly from the work of Janet Bradford-Grieve. The end-chapter crustacean
species list incorporates results from Bradford and Jillett (1980), Bradford et
al. (1983), and Bradford-Grieve (1994, 1999a,b). Their data are augmented
by information in the revisions of the Aetideidae (Markhaseva 1996) and
Euchaetidae (Park 1995). All these works incorporate other records of 19th- and
20th-century workers.

A number of calanoid families have not been recorded in the New Zealand
region. This may partly reflect lack of extensive sampling. For example, the poor
sampling of benthopelagic habitats at all depths is probably responsible for
the absence of the Diaixidae, Discoidae, Hyperbionychidae, Mesaiokeratidae,
Parkiidae, Pseudocyclopiidae, Ridgewayiidae, and Ryocalanidae, although it is
likely that the New Zealand fauna does include some species from a number
of these families. The apparent absence of isolated marine (anchialine) caves in
New Zealand probably explains the absence of the Boholinidae, Epacteriscidae,
and Fosshageniidae.

Species of Parapontellidae have been recorded only from the North Atlantic



Ocean and from deep waters of the Malay Archipelago, so this rare family may
not occur in the New Zealand region.

Other families are absent from the New Zealand fauna for paleogeographic
reasons. The Diaptomidae are known from fresh waters in most of the world
apart from New Zealand, most of Australia, and all of Antarctica (Bayly 1995).
Pseudodiaptomids are brackish to marine species, widespread in other parts of
the world but present in the Australasian region only in northern Australia.

The taxonomy of the freshwater planktonic calanoids is reasonably well
known (Chapman & Green 1987), although genetic studies using modern
techniques are required to assess whether there has been cryptic speciation in
any of the geographically widespread and disjunct species and in those shared
with Australia (cf. Boileau 1991). Ecological studies are still in their infancy, and
for all species much more needs to be known about autecology (e.g. growth
and reproduction, feeding rates, behaviour, life-history strategies, population
dynamics, etc.), and contributions to community and ecosystem dynamics (e.g.
competitive interactions, predation effects, production rates, contribution to
food chains, nutrient cycling, etc.).

Misophrioida

Members of this order have not been recorded from New Zealand. It is possible
that they might be found when marine benthopelagic habitats are more
extensively sampled.

Cyclopoida

This order now includes the Poecilostomatoida (Boxshall & Halsey 2004).
Cyclopoids have been relatively little studied in New Zealand — knowledge of
the marine, freshwater, and brackish non-parasitic Cyclopoida is very scattered
and inadequate.

Early records of freshwater Cyclopoida were summarised by Hutton (1904)
and amplified by Chapman and Lewis (1976). The synonymies and taxonomic
arrangement given by Dussart and Defaye (1985) in their checklist of the world
free-living Cyclopoida were taken into account in compiling the New Zealand
list. In addition, the revision of the Paracyclops fimbriatus complex (Karaytug &
Boxshall 1998) and the records of Roper et al. (1983) were noted. The commoner
New Zealand taxa in ponds and lakes are known but both their generic and
species status need re-examination in view of the recent taxonomic revisions
of supposedly cosmopolitan genera (Morton 1985; Dussart & Defaye 1995).
The underground and cryptic fauna is unknown taxonomically apart from
Goniocyclops silvestris in forest litter (Harding 1958), and genera and species
described by Karanovic (2005), but other undescribed species are known. Entries
in the end-chapter checklist accompanied by a question mark are doubtful old
records that need further investigation.

Checklists entries of the free-living marine planktonic families Oithonidae,
Corycaeidae, and Sapphirinidae of the New Zealand region are based on the
unpublished records of Janet Bradford-Grieve; the identities of the species need
more detailed study. The species of Oncaeidae are known from the work of
Heron and Bradford-Grieve (1995).

Another group of families comprises mainly marine parasites or associates
of other animals. For example, Hemicyclops (a near relative has been discovered
in New Zealand but is undescribed) has a typical cyclopoid body form and lives
in loose associations with other marine organisms (e.g. polychaetes), sharing
their burrows. There has been some work on fish parasites in New Zealand but
the fauna is essentially unknown or undescribed — an extensive collection of
Sarcotaces spp., made by Jones in the 1980s and 1990s from around New Zealand,
remains in the Auckland Museum collection awaiting description.

The parasitic families Archinotodelphyidae, Chordeumiidae, Cucumari-
colidae, Mantridae, Ozmanidae, and Thespesiopsyllidae and the marine benthic
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Oncaea media (Cyclopoida).
From Heron & Bradford-Grieve 1995
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Mormonilla phasma (Mormonilloida).

After Giesbrecht 1893

family Cyclopinidae are not known from New Zealand. The freshwater parasitic
family Lernaeidae is represented by only Lernaea cyprinacea, which was intro-
duced with ornamental fish (Boustead 1982). The commensal Ascidicolidae and
Notodelphyidae, living in association with tunicates, are known from only two
collections (Schellenberg 1922a, b; Jones 1974, 1979). It is certain that many more
cyclopoid associates of marine invertebrates remain to be found and described.

Data on the occurrence of commensal and parasitic forms have been collated
here using the works of Thomson, Hewitt, Jones, Pilgrim, and Ho as described
above. In general, we can say that the symbiotic copepods of New Zealand
are very poorly known, particularly those occurring in association with marine
invertebrates. Certainly, those parasitic on marine fishes are better known than
those parasitic or commensal on/in other hosts, but we still cannot say that fish
copepods are well known in New Zealand. There is currently nobody working
on symbiotic copepods in New Zealand.

Gelyelloida
The two known species of this order are found in subterranean waters of France
and the order is unlikely to be found in New Zealand.

Mormonilloida
This order contains only two species that are usually found at mesopelagic depths.
Mormonilla phasma has been recorded off the east coast of northern New Zealand.

Harpacticoida

Early contributions to knowledge of New Zealand’s fauna were made by
Thomson (1878a,b, 1882), Brady (1899), Sars (1905), Brehm (1928, 1929), Farran
(1929), Lang (1934), and Harding (1958). More recent additions to the fauna
have been made by Barclay (1969), Hicks (1971, 1976, 1986, 1988a,c), Lewis
(1972a,b; 1984), Wells et al. (1982), Hicks and Webber (1983), and a number of
other authors. Hicks has also contributed a body of ecological and biological
information on the phytal harpacticoid fauna. Included herein are unpublished
records of freshwater species from Dr Maureen Lewis, and marine species
from Drs John Wells and Geoff Hicks. When the presently undescribed species
in existing collections are worked up, our knowledge of the sediment-dwelling
harpacticoids of seashores will be reasonably good, but much work still needs
to be done on the marine phytal fauna (mainly nationwide collecting to
establish distributional patterns). As is common worldwide, there is very little
knowledge of the sediment or phytal faunas of the sublittoral and deeper.

Lack of extensive exploration may be responsible for the absence of some
families. It is highly probable that Argestidae, Cerviniinae (Aegisthidae),
Cletopsyllidae, and Nannopodidae will be found in shelf and deep-water
sediments and Longipediidae and Metidae associated with seashore plants
and algae. On the other hand, the absence of the Parastenocarididae may be for
geological reasons.

Only a fraction of New Zealand’s freshwater and damp terrestrial locations
has been surveyed. It is to be expected that the number of species in the fauna
will be at least tripled, and New Zealand’s geological history makes it likely that
a number of intriguing questions of zoogeography and phylogeny will arise as
a result. The harpacticoid fauna of New Zealand’s ground waters is completely
unknown, yet cave systems exist that are comparable to the species-rich karst
formations of Europe.

Of particular note is the paucity of information on the fauna of the far
offshore islands from the Kermadecs to the Chathams and subantarctic islands.

Siphonostomatoida
All Siphonostomatoida are parasites or associates of other animals and the order
is mainly marine. Most work has been done in New Zealand on the parasites
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of fish, but this work is nowhere near complete. Almost nothing is known
of the vast proportion of this order likely to live in association with marine
invertebrates. We estimate that there are many species waiting to be discovered
in the New Zealand siphonostomatoid fauna. There is currently nobody working
on symbiotic copepods in New Zealand.

Commensal and parasitic forms have been collated here using the works of
Thomson, whose major work was published in 1890 and whose collection is still
housed in the Otago Museum (Thomson 1890). Gordon Hewitt also published
extensively in the 1960s (Hewitt 1963, 1967, 1968, 1969) and, later, one of his
students, Brian Jones, continued (1979, 1981, 1985, 1988b, 1991); his collection,
including many undescribed species, is now in the Auckland Museum. A large
collection was amassed at Kaikoura by students of the University of Canterbury
under Bob Pilgrim (Pilgrim 1985) and some of that material was worked up by
Ju-Shey Ho (Ho 1975, 1991; Ho & Dojiri 1987). The compilation given in the
end-chapter crustacean species is based on the parasite list of Hewitt and Hine
(1972), Pilgrim (1985), and the unpublished collection records of Jones.

An unidentified species of Monstrilloida.
Geoff Read

Monstrilloida

All Monstrilloida have internal parasitic naupliar and early postnaupliar stages
and free-swimming, non-feeding adults. The known hosts are polychaete worms
and prosobranch molluscs. Members of this order have been noted in the New
Zealand fauna although there are no published records and descriptions.

Conclusions

There are few copepod taxonomists in New Zealand and none is able to
work full-time on the subject. The greatest gaps in our knowledge copepod
diversity are in the orders Cyclopoida, Harpacticoida, Siphonostomatoida, and
Poecilostomatoida, especially concerning copepods as symbionts and parasites.
These can be filled only by sampling little-studied environments, namely phytal,
freshwater, deep-water, damp-terrestrial groundwater, and offshore islands.
Sampling of benthopelagic and deep-sea habitats will yield records of hitherto
undiscovered families and orders.

Because copepods are ecologically and economically so important, there is
tremendous scope to understand the roles they play in the different ecosystems
that they occupy, and to understand their impact on the other organisms with
which they live in association, some of which are directly exploited by humans.

Class Ostracoda: Seed shrimps, mussel shrimps

Ostracods are tiny bivalved crustaceans that are widely distributed in the oceans, in
fresh waters, and, rarely, in terrestrial situations. Food-mediated seasonal blooms
in some freshwater habitats can result temporarily in vast numbers. Their shape
confers on them the common name seed shrimps or mussel shrimps. Species sub- Hemicytherura pentagona (Pleistocene).
class Podocopa range from 0.2 to 1.5 millimetres in length, while modocopids are Stephen Eagar
often much longer, reaching an extreme of 30mm in Gigantocypris. Their shells,
strengthened by deposition of calcium carbonate amongst the layers of cuticle, also
fossilise well; in fact, ostracods are the most abundant arthropods in the fossil record,
with a body plan that has been conserved at least since the Silurian. The shells
can be brightly coloured and highly sculptured, making them attractive creatures
to study, especially with a scanning electron microscope. They have an indistinctly
segmented body like most arthropods, with paired appendages that are adapted for
a variety of functions. Their identification is normally a specialist occupation.
They are very useful organisms, as knowledge of their taxonomy and
distribution can be applied to studies of ecology and to environmental monitoring
in relation to water quality, water depth, salinity levels, and temperature, as well
as in stratigraphy. The number of specialists studying this group of animals is
declining even though there is great potential for their usefulness. There are
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Cymbicopa hanseni.
From Brady 1898

approximately 22,000 living and fossil species in the Catalog of Ostracoda
published by the American Museum of Natural History and estimates of likely
global diversity suggest more than 62,000 species in total. Of the described living
species, 7000 belong to subclass Podocopa and 600 to subclass Myodocopa
(Cohen 1998). There are many more species yet to be found in New Zealand,
both living and fossil, in all environments.

Ostracods live in most aquatic environments and even, in the case of one
New Zealand species — the bright yellow Scottia audax — in the damp leaf litter
of the forest (Chapman 1961). Freshwater species live for between one season
(as ponds dry) and three years. Marine species similarly live for one season
to two years. Many marine planktonic ostracods constitute food for fish and
species of one family (Entocytheridae, represented in New Zealand by a single
species) are commensal on fish and other arthropods. Some myodocopids are
bioluminescent but none have yet been found in New Zealand.

The first description of an ostracod, by Carl Linnaeus (1746), was very
generalised. A figure was published in 1753, but the ‘father’ of the study of
ostracods is regarded as O. F. Miiller who, in a 1785 monograph on Entomostraca
from Denmark and Norway, produced good descriptions and figures of
freshwater ostracods.

History of study in New Zealand

Currently, the New Zealand living ostracod fauna stands at 442 species (including
86 undetermined), mostly marine but also comprising 37 freshwater and one
terrestrial species. This tally is the product of many zoological studies since 1843;
actual descriptive taxonomy has proceeded in pulses. The first species to be studied,
by William Baird, was a relatively large (1.94 millimetres body length) freshwater
species (Candonocypris novaezelandiae), often found in ponds and drinking
troughs for farm animals (Baird in White & Doubleday 1843). It was collected
by naturalist-explorer Ernst Dieffenbach. Baird (1850) was also responsible for
describing the large (6.5 millimetres) marine species Leuroleberis zealandica sent
to him by Rev. Richard Taylor of Waimate, one of the early settlers. George M.
Thomson, teacher, Member of Parliament, and an amateur naturalist, produced
the first locally published paper on ostracods from the Dunedin district in 1879.
The first global oceanographic voyage of HMS Challenger (1873-1876) brought
the ship into New Zealand waters and into Wellington Harbour for sampling.
The results were published by Brady (1880). With the general establishment of
the New Zealand colony, there was by the end of the 19th century an exchange of
information between naturalists in New Zealand and Europe who were keen to
document the fauna. So material was sent away for identification. Norwegian G.
O. Sars (1894) published on freshwater species contained in dried mud and Brady
(1898), living in Newcastle, England, received some marine specimens from New
Zealand. Owing to the paucity of New Zealand ostracod taxonomists, this practice
continued well into the 20th century with Brehm (1929) in Austria, Kornicker
(1975) in the USA, and Hartmann (1982) in Germany providing identifications.
One consequence is that many of the type specimens of New Zealand species
reside in overseas institutions.

The freshwater ostracod fauna was reviewed by Chapman (1963) and
Chapman and Lewis (1976), and Scarsbrook et al. (2003) briefly summarised the
ecology of New Zealand groundwaters in which ostracods occur but which are
poorly known.

The podocopids and platycopids from the shallow intertidal to outer shelf
have been the most intensively studied ostracods because they are also the most
accessible (e.g. Morley & Hayward 2007). As mentioned above, ostracods are
useful for environmental monitoring. They are sensitive to small changes in
salinity and water quality and respond negatively to pollution. One study of a
New Zealand waste outfall has shown the effects of sewage on a coastal ostracod
fauna (Eagar 1999).
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The planktonic myodocopids, which require specialist zoological knowledge,
has been treated in monographs by Poulsen (1962, 1965) and Kornicker (1975,
1979) and in research studies by Deevey (1982). The first halocyprids were not
recorded until Barney (1929).This group, together with the deep-sea podocopids,
had received the least attention, but the recent study by Jellinek and Swanson
(2003) has significantly increased knowledge of the latter.

Fossil species have followed a similar pattern of study. The earliest paper was
by Jones (1860) on some tertiary species from Orakei. A bulletin by Chapman
(1926) was issued by the New Zealand Geological Survey for Cretaceous and
Tertiary species, but he used European names. His records are therefore not
explicitly included in the following checklist, but the species are probably still
represented there as synonyms of other workers’identifications. Benson (1956)
recorded the occurrence of ostracods in late Middle Cambrian rocks from New
Zealand, based on F. H.T. Rhodes’s identification of their remains in a limestone.
The preservation did not permit accurate identification. Simes (1977) recorded
a phosphatic or phosphatised specimen from the limestone of the Upper
Cambrian Anatoki Formation, and silicified ostracods were recorded by Marden
et al. (1987) from the Triassic (Norian age). No other records whatsoever are
available for any specimens from the Ordovician to the Jurassic.

Good fossil faunas are now known from sediments of Cretaceous age at
several localities and these have been published recently (Dingle 2009). There
have been a large number of papers on the systematics and paleoecology of
New Zealand region Tertiary Ostracoda from the mid-1950s onwards (Swanson,
1969; Ayress 1990, 1991, 1993a,b,c, 1995, 1996; Ayress & Warne 1993; Ayress et
al. 1994, 1995, 1997, 1999; Ayress & Drapala 1996). These faunas are rich, easily
obtained, and interesting as they can be tied into other paleontological work.
Most of the ostracod species in the end-chapter fossil checklist are therefore
Tertiary species. The first publications to illustrate New Zealand ostracods using
scanning electron microscopy came later (Swanson 1979a,b, 1980). The end-
chapter checklist following builds on the one published by Eagar (1971).

Features of the New Zealand ostracod fauna

Many Cenozoic marine species are endemic, long-ranging, and even still
living. Presuming that they have not evolved a tolerance to changed ecological
conditions, it can be assumed that the paleoeviromental conditions in which
they lived were the same as now. Of particular interest are species of the
endemic living-fossil genera Manawa and Puncia (Punciidae). Similar in shape
and ornamentation to some Paleozoic genera, they are found living in shallow
water off the north and east coasts of New Zealand. They provide insight into
the soft-part anatomy of a group of ostracods (order Palaeocopida) that has
otherwise been extinct for a long time (Hornibrook 1963; Swanson 1990; Horne
et al. 2005).

Freshwater species are rare as fossils. Many species are swamp- or pond-
dwellers and are not found on lake margins; inasmuch as ostracod shells
are very soluble in the acid conditions of swamp deposits, their chances of
preservation there are small. Further, most of New Zealand was submerged by
the Late Oligocene and there were relatively few lakes, along with limited means
of dispersal, available in the geological past (Hornibrook 1955; Eagar 1995a).
Once colonisation from Europe was established, trout, salmon, and carp were Lateral view of valve of Puncia sp. (upper)
introduced from Europe via Australia and it is likely that ostracod eggs travelled and ventral view of Manawa staceyi,
as hitchhikers to New Zealand on the damp media used to transport the fish both from CavalliIslands.
(Eagar 1994). There is one non-marine saline species — Diacypris thomsoni (see
Bayly & Williams 1973) — from Sutton, Otago, in salinity conditions of up to
15 parts per thousand. Guise (2001) discovered in the Avon-Heathcote Estuary,
Christchurch, a new endemic genus of brackish-water ostracod (Swansonella)
that tolerates higher salinities.

Kerry Swanson
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There are now more opportunities for introducing ostracods into New
Zealand. Resting eggs that can withstand desiccation may even be transported
by aircraft on footwear and camping gear. In addition to European freshwater
species, several other species have an Australasian distribution. One marine
species discovered close to shipping ports in the North and South Islands may
have been brought in ballast water (Eagar 1999).

Few studies have been made of the anatomy of New Zealand ostracods.
These were mostly on myodocopids (Poulsen 1962, 1965, Kornicker 1975,
1979) and to a lesser extent to the freshwater species (Podocopida: Cyprididae)
(Chapman 1963; Eagar 1995b; Rosetti et al. 1998), with a few ventures into the
marine podocopids (e.g. Brady 1902; Swanson & Ayress 1999).

Class Malacostraca

This class contains more than half of all known species of crustaceans, including
the aristocrats — the giant spider crabs of Japan with their 3-metre leg span
(vying with fossil eurypterids as the largest of all arthropods) and the New
Zealand packhorse rock-lobster (Sagmariasus verreauxi) at 20 kilograms — and
krill, one of the most ecologically critical malacostracans in marine food webs,
slaters, and tiny sand-hoppers. Malacostracans are very unevenly divided into
three subclasses — Phyllocarida, Hoplocarida, and Eumalacostraca.

Subclass Phyllocarida: Phyllocarids
Order Leptostraca

The Leptostraca is the sole living order of the Phyllocarida, a group of Crustacea
with a long geological history (Rolfe 1969), possibly extending back as far as the
Cambrian, some 600 million years ago (Briggs 1992). Despite new conclusions
from DNA analyses as to their place in crustacean evolution (Spears & Abele
1999), the Leptostraca may still be regarded as ‘living fossils” indicative of the
times and conditions in which the so-called primitive arthropods lived (Hessler
& Schram 1984; Dawson 2003b). They are known from the New Zealand
Ordovician (Chapman 1934), and the presence of several living species of
Leptostraca in the region is of considerable interest. Using the small-subunit 18S
ribosomal-DNA gene of 10 representative foliaceous-limbed Crustacea, Spears
and Abele (1999) concluded that the Phyllocarida are true malacostracans,
which diverged fairly early from the main lineage. This result is consistent with
the pioneer work of Claus (1888) and Calman (1909) and with Manton’s (1934)
study of embryology, and also corroborates the views of Dahl (1987, 1991) of the
Leptostraca as an early offshoot.

The late British zoologist Sir Alistair Hardy (1956) vividly recalled the
excitement of his first encounter with one of the little crustaceans, Nebaliopsis
typica, found in great depths but rarely collected, and then usually dead and
very damaged. It had only ever been seen alive on one occasion — on the
Swedish Antarctic Expedition in 1904 — until a second specimen was collected
from the Discovery Il fifty years later. The Leptostraca, wherever they have
been found subsequently, have continued to excite and interest zoologists and
paleontologists alike.

A paleontological summary of the Phyllocarida was made by Rolfe (1969).
Monographs on the Leptostraca as a whole have been made by Claus (1888) and
Cannon (1960), and these still have their usefulness, but a new and compact text
has been produced (Dahl & Wigele 1996). More recently, the relationships of
the leptostracan genera were examined by Olesen (1999) and by Walker-Smith
and Poore (2001), who revised the families and genera. The latter authors also
provided a complete listing of all species of Leptostraca together with keys to
the families and genera. Some 42 species of living Leptostraca are recognised



at present, divided into three families — Nebaliopsidae (genera Nebaliopsis,
Pseudonebaliopsis ), Paranebaliidae (named only in 2001, containing Paranebalia,
Levinebalia, and Saronebalia), and Nebaliidae (with five other genera). Many
species of Nebalia and Paranebalia remain undescribed as yet (Dahl & Wigele
1996).

Leptostracans are small, usually 4-12 millimetres in length although one
species, Nebaliopsis typica, can exceed 35 millimetres. They are characterised by
the possession of a relatively large, bivalved carapace, hinged on the midline and
held together by an adductor muscle. The carapace loosely covers the abdomen
and part of the thorax, and is attached by a hinged rostral plate covering the head
and closing the anterior gap of the carapace itself. Long anteriorly projecting
antennae are used for swimming, the antennal flagellum in males being as long
as the body. There are eight pairs of foliaceous, leaf-like thoracic limbs that also
provide a feeding mechanism and may be modified in the female in the form of a
fan of plumose setae forming a basket-like chamber for brooding eggs between
the ventral regions of the valves of the carapace. The first four pairs of pleopods
are well developed and biramous whereas the 5th and 6th pairs are small and
uniramous. The abdomen ends in two characteristic long and articulated tail
spines or furci. In contrast with all the six abdominal segments possessed by
all other Malacostraca, the Leptostraca have a 7th segment and this lacks any
appendages. The telson may be considered an 8th segment.

Relatively little is known of the life-history, growth rates, or physiology of
most leptostracans. Useful observations have been made by Cannon (1927),
Rowett (1943, 1946), Martin et al. (1996), Vetter (1996a), and Wégele (1983).
Manton (1934) worked on the embryology of Nebalia bipes, helping to elucidate
phylogenetic relationships of the Phyllocarida (Dahl 1987; Spears & Abele 1999).
Linder (1943) described some larval stages, which could be useful for recognition
in sorting plankton samples. Leptostracans play a significant role in benthic
production (Rainer & Unsworth 1991; Vetter 1996a,b; MacLeod et al. 2007).
The unusual marine rotifer Seison is often found epizoic on leptostracans. None
has yet been discovered in New Zealand but it would be worth checking local
Nebalia to ascertain their presence or absence.

Leptostracans are widely distributed as a group. Individual species may be
limited or widespread in depth range and geographically, but taxonomic caution
needs to be observed in the case of the purportedly wide-ranging species. Dahl’s

(1990) analysis of the Nebalia longicornis complex showed that it comprised at
least 10 different species. Walker-Smith (1998) reviewed the genus Nebaliella,

describing the first known Australian species. In her unpublished Honours
thesis, she recognised six new species and a new genus of Leptostraca from
Australia (Walker-Smith pers. comm. 2000).

Present-day leptostracans live in a variety of habitats, including under
intertidal stones, with decaying seaweed or dead shell, in crab pots, on mangrove
shores and coral reefs, and in subtidal sandy plains or muddy sand. A non-New
Zealand species, Speonebalia cannoni, is the only leptostracan to be recorded from
a groundwater habitat. Nebalia hessleri lives in enriched sediments and detrital
mats with low oxygen levels in submarine canyons off southern California.
Here they form the highest density ever reported for a macrofaunal assemblage,
namely 1.5 million per square metre. In northwestern Spain, Moreira et al.
(2009) reported six species of leptostacans in subtidal sediments, the largest
number of species recorded in a single area. Dahlella caldariensis occurs among
mussels and vestimentiferan worm tubes, swimming above clumps of animals
at hydrothermal vents.

The New Zealand leptostracan fauna

The New Zealand fauna currently consists of five species in four of the 10 known
genera. Unfortunately, little is known of the true numbers of taxa represented in
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Mantis shrimp Heterosquilla tricarinata.

Shane Ahyong

any one geographic area, but the indications are that New Zealand could well be
shown to have a higher diversity.

The first to be recorded and named in New Zealand was Nebalia longicornis,
based on a single mature male collected in Otago Harbour (Thomson 1879a).
It was subsequently described in more detail, based on records from 8-10
metres depth in Dunedin Harbour and 20 metres at Stewart Island (Thomson
1881). This later paper by Thomson (with its slightly different figure) appears
to have been overlooked by all subsequent authors. Nebalia longicornis was
inadequately described and illustrated according to Dahl (1990), and great
taxonomic confusion subsequently resulted from attempts to apply this name
to later records of Nebalia from other parts of the world. Since Thomson's type
specimen could no longer be found, Dahl redescribed the species based on a
female collected from Otago Harbour in 1965, thereby fixing Nebalia longicornis
Thomson, 1879a as a member of the New Zealand fauna. Thomson (1913) noted
his Nebalia longicornis as found in Otago Harbour and frequently taken outside
the Otago Heads in trawl-nets.

Thiele (1904) reported a specimen of what he considered to be Nebalia
longicornis from Akaroa Harbour. Dahl (1990) examined this specimen and
found it to be a species of Nebalia (then in his genus Sarsinebalia) but in too
damaged a condition to be able to describe further. Thiele had also recorded
juvenile Nebaliella antarctica from Akaroa Harbour but apparently this specimen
has not been re-examined.

In 1907, W. Benham collected a juvenile Nebalia from Musgrave Harbour
on the Auckland Islands that Chilton (1909) attributed to N. longicornis as then
understood. Another specimen was taken at Port Ross, Auckland Island, in 1914
during the Mortensen Expedition (Stephensen 1927). Calman (1917) reported
two immature specimens of Leptostraca collected in 1911 at Terra Nova Stations
130 and 135 off Three Kings Islands and in Spirits Bay [given incorrectly by Dahl
(1990) as Stns 10 and 15]. Dahl (1990) has since examined these specimens,
concluding that one is a Nebalia and the other a Sarsinebalia.

Morton and Miller (1968) described a Nebalia as a member of the protected
sandy-beach fauna, one of the small filter-feeding Crustacea that live in the fine
sands of the lower beach. They also illustrated it as the prey of the small shallow-
water cephalopod Sepioloidea pacifica.

The only other work on New Zealand leptostracans has been the description
of Levinebalia fortunata (Wakabara 1976, as Paranebalia) based on 16 females
collected by trawl nets at 420-660 metres depth in canyons off Otago Peninsula,
representing a marked extension to the known bathymetric range of the genus.
Apart from Prof. John Jillett at Otago (see Dahl 1990) no-one has conscientiously
searched New Zealand habitats for leptostracans. It is likely that deliberately
intensive collecting will reveal not only great extensions of the range of the
already listed forms but undescribed species as well. Morton (2004) suggested
searching for leptostracans in black anaerobic sediments with decaying algae
and carrion-baited traps may also be useful (Lee & Morton 2005), especially for
assessing population densities.

Chapman (1934) described several species from Ordovician rocks in
Fiordland, based on numerous specimens. They have never been studied since
and are listed in the end-chapter checklist of fossil New Zealand Crustacea
under the generic names recommended by Rolfe (1969).

Subclass Hoplocarida

Order Stomatopoda: Mantis shrimps

Mantis shrimps are among the most aggressive and behaviourally complex
crustaceans. All are active predators and mark one of the very few radiations
of obligate carnivores within the Crustacea. The general morphology of mantis



shrimps has been described by Holthuis and Manning (1969), and characteristic
features are the triflagellate antennules, well-developed stalked eyes, and the
greatly enlarged, raptorial second maxillipeds. The name mantis shrimp stems
from these large and powerful raptorial claws. Prey is captured by ‘spearing’ or
‘smashing’, depending on whether the dactyl of the raptorial claw is extended
or kept folded during the strike. (Think of the dactyl as a finger, opposing the
thicker ‘thumb’ of the claw.) Hence the two modes of prey-capture define the
‘smashers’ and the ‘spearers’ among mantis shrimps (Caldwell & Dingle 1976).
The strike of the raptorial claw is among the fastest known of animal movements,
being completed in 3-5 milliseconds, and the strike of large species of‘smashers’
may break aquarium glass.

Vision in mantis shrimps is strongly developed. In most species, the cornea
is divided into two halves by a midband of ommatidia, enabling binocular vision
with each eye. Additionally, the midband ommatidia in many families enable
colour vision and detection of polarised light (Marshall 1988).

Most stomatopods live in temperate or tropical shallow marine habitats, but
several species also range into subantarctic waters, and a few tropical species may
occur in brackish water. Seven superfamilies are recognised: Bathysquilloidea,
Erythrosquilloidea, Eurysquilloidea, Gonodactyloidea, Parasquilloidea, Lysio-
squilloidea, and Squilloidea. Most members of the Gonodactyloidea occur on
coral reefs where they shelter in or under boulders and coral. The bathysquilloids
are known only from deep outer-shelf waters. Members of other superfamilies
generally burrow in flat sandy and muddy harbour bottoms and sea-floors.

The Stomatopoda comprises the only living order of Hoplocarida, two other
orders (Aeschronectida and Palaeostomatopoda) being known only as fossils.
Compared with other major crustacean groups such as the Decapoda, the fossil
record of the Hoplocarida is relatively poor but it appears that the hoplocarids
originated in the Devonian and the Stomatopoda proper first appeared during
the Carboniferous. Recognisably modern stomatopods, with well-developed
raptorial claws, did not appear until the Mesozoic (Holthuis & Manning 1969;
Hof 1998; Hof & Schram 1998).

Over the past three decades, the taxonomy of the Stomatopoda has been
extensively revised, largely through the work of the late R. B. Manning, who
recognised five living superfamilies (Manning 1995). Ahyong and Harling
(2000) provided the most recent phylogenetic study. At present, more than
450 species in more than 100 genera, 19 families, and 7 superfamilies are
recognised.

The stomatopods of the Atlantic have been monographed and are well
known (Manning 1969, 1977), while those of the eastern Pacific were treated
relatively comprehensively by Schmitt (1940) and Hendrickx and Salgado-
Barragan (1991). Stomatopod diversity in the Indo-West Pacific region, however,
is more poorly known. The most important major works for this region are those
of Kemp (1913) on the Indian fauna, Manning (1995) on the Vietnamese fauna,
and Ahyong (2001) on the Australian fauna. The Indo-West Pacific fauna has
been extensively studied in the past decade (e.g. Ahyong 2002a,b,c; Ahyong &
Naiyanetr 2002; Ahyong et al. 2008).

The New Zealand fauna

New Zealand’s mantis shrimps are known from only a few studies, the most
important of which are those of Miers (1876), Chilton (1891, 1911a) and
Manning (1966). Manning (1966) recognised three species from New Zealand
and its offshore islands: Pterygosquilla schizodontia, Heterosquilla tricarinata, and
Acaenosquilla brazieri (as Heterosquilla brazieri). He also remarked that Squilla
tridentata Thomson, 1882, synonymised with H. tricarinata by Chilton (1891),
was probably a distinct species. Ahyong (2001) recognised Thomson’s species
as distinct under the combination Heterosquilla tridentata. Other additions to the
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New Zealand stomatopod fauna are Hemisquilla australiensis (Stephenson 1967),
Odontodactylus brevirostris (Manning 1991), and the striking 30-centimetre-long,
scarlet deep-sea species Bathysquilla microps (O’Shea et al. 2000). Therefore,
seven species are presently recorded from New Zealand.

The commonest species are Heterosquilla tricarinata (known around both
main islands and Chatham, Stewart, Campbell, and Auckland Islands, generally
inintertidal sand or mudflat burrows) and Pterygosquilla schizodontia (central New
Zealand to the Auckland Islands, burrowing in subtidal sand and mud). Their
biology has received little scientific study. Larval development of Pterygosquilla
schizodontia was studied by Pyne (1972). Several studies have been conducted on
H. tricarinata including those of Fussell (1979), Greenwood and Williams (1984),
and Williams et al. (1985).

The New Zealand stomatopod fauna is relatively small, and this is consistent
with the primarily tropical distribution of most species. Neverthless, low diversity
may also reflect low collecting effort. Study of collections from northern island
groups in New Zealand territorial waters should reveal numerous additional
faunal records. The Japanese mantis shrimp Oratosquilla oratoria has become
established in some North Island estuaries and is the first exotic species of
Stomatopoda to be detected in New Zealand waters. New species and numerous
additional distribution records will be reported in a forthcoming revision of the
New Zealand Stomatopoda by Shane Ahyong.

Subclass Eumalacostraca

Superorder Syncarida

Orders Anaspidacea, Bathynellacea

The Syncarida constitutes a group of tiny crustaceans that may be regarded as
living fossils, with a geological history extending as far back as the Carboniferous
(Dover 1953; Drummond 1959; Brooks 1969; Schram & Hessler 1984; Uhl 1999,
2002; Jarman & Elliott 2000; Dawson 2003a). They are little known to most
biologists, the exception being the large-sized Anaspides, found in Tasmania,
which has attracted much interest and attention largely because of its accessibility
in open waters rather than the subterranean habitat in which most syncarids live.

The Syncarida were first made known to science by the report of a fossil
species, Uronectes fimbriatus, in Europe. Their relationships and place in the
crustacean hierarchy remained a matter of contention until Packard (1885, 1886)
gave them separate status as the Syncarida. Much later, Brooks (1962, 1969) finally
settled the status of the fossil as one of three orders constituting the superorder
Syncarida, and Schminke (1975) related them to the living orders. Schram (1984)
subsequently reviewed and revised the fossil species, which range in time from
the Early Carboniferous (Uhl 2002) to the Early Permian in Europe and North
America, the Late Permian of Brazil, and the Triassic of Australia, corresponding
to the former landmass of Laurentia prior to the formation of Pangaea.

New Zealander George Malcolm Thomson, a noted amateur scientist,
teacher, and politician, is generally credited with the discovery and description
of the first living syncarid — Anaspides tasmaniae, which he discovered when
visiting Tasmania in January 1892. He was of the opinion that his discovery was
a schizopod shrimp (Thomson 1894). However, Calman (1896) said this new
crustacean was no schizopod and supplemented Thomson'’s description in some
detail, comparing Anaspides with fossils from Illinois and Germany that Packard
(1885) had already placed in his new group, Syncarida. Calman concluded that
Anaspides was, in fact, a living representative of primitive malacostracans that
had flourished widely in Paleozoic times

Ironically, however, living syncarids had in fact been discovered some years
previously when Vejdovsky (1882, 1889) published a description of the tiny
Bathynella that he had found two years earlier in a well in Prague. Calman (1899)
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subsequently recognised Bathynella as a syncarid, but little more was known
until 1913 when Chappuis (1915) found more specimens in a well near Basle.
He placed them in a new taxon, Bathynellacea. Syncarids were soon found to
occur in many places throughout Europe, in wells, springs, or streams in caves
(Chappuis 1939) as well as in Australia, New Zealand, Japan, North and South
America, and elsewhere.

Although Thomson turned out not to be the first discoverer of a living
syncarid, the finding of such an ancient form of crustacean living in Tasmania did
excite many subsequent workers (up to the present day), resulting in a substantial
number of publications on aspects of their morphology, development, ecology,
and relationships — and even a poem in the style of Longfellow dedicated to
Anaspides (Mesibov 2000). In essence, there have been two approaches to the
study of the Syncarida, one concentrating on the relatively tiny subterranean
and interstitial forms (basically the order Bathynellacea), and the larger, open-
water taxa of Australia (order Anaspidacea, which also includes the subterranean
Stygocarididae). General accounts of the Syncarida can be found in Siewing
(1959), Noodt (1964), McLaughlin (1980), Schminke (1982), Schram (1986), and
Coineau (1996, 1998).

Within the Eumalacostraca, the Syncarida are distinguished by the absence
of a carapace, an elongate body form (more or less cylindrical in the subterranean
forms), with a thorax consisting of seven or eight segments, the first segment
being fused to the head in some groups. The abdomen consists of six segments
and a telson, or five segments followed by a pleotelson formed from the fusion
of the 6th segment with the telson.

The order Anaspidacea contains four families: Anaspididae, Kooningidae,
Psammaspididae, and Stygocarididae. Only the last of these has been found
in New Zealand. They include the largest of the syncarids, with a body length
ranging from about 1 to 50 millimetres. The Bathynellacea contains two families,
the Bathynellidae and the Parabathynellidae, which are both represented in the
New Zealand fauna as it is presently known. They are very much smaller in size
than the anaspidaceans, ranging from about 0.4 to 3.5 millimetres.

The body form of syncarids is reflected in the habitats in which they are
found: the tiny forms, with slender, cylindrical bodies, devoid of pigment and
eyes, are found in caves and underground waters, whereas the much larger
forms, such as Anaspides, found in surface waters are shrimp-like.

Living syncarids comprise more than 200 species worldwide (Camacho
& Valdecasas 2008), although fresh explorations and more refined collecting
techniques are already increasing this number. There are many species of syncarids
collected from eastern Australian caves and karst areas awaiting identification and
description (Thurgate et al. 2001) and such may be the case for New Zealand.

Syncarids have the reputation of being rare animals, although the pioneer
investigations by Chappuis (1943) on Bathynella in Hungary showed that
numericallyrich collections could be made at individual sites. Much of the alleged
rarity is a consequence of their small size (which is why early investigators in
New Zealand such as Chilton did not find them) and their largely subterranean
habits. Schminke (1986) has said that those who know how to sample their
habitats ‘today have lost the impression of dealing with rare animals.” Syncarids
are globally widespread; Schminke (1986) listed all the species then known, with
their locations. New taxa continue to be described Camacho 2005a,b; Cho 2005;
Cho et al. 2005, 2006; Camacho et al. 2006; Cho & Schminke 2006).

While some Syncarida inhabit open- and surface-water habitats (Camacho
& Valdecasas 2008), it is acceptable to say that syncarids are characteristic of
subterranean habits throughout the world, whether groundwater (as revealed
by sampling wells, springs, and gravel river margins), or caves with streams and
sandbanks providing living space in the interstitial spaces between sediment
grains. Stygocaris townsendi.

Syncarids have been recorded from springs in Australia (Knott & Lake From Scarsbrook et al. 2003
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(1980), and in New Zealand they occur in similar situations as well as from
groundwater in wells (Scarsbrook et al. 2003), just as did the first-discovered
European living syncarids. Many syncarids have been collected from caves,
although in New Zealand only Stygocaris townsendi has been described from
such a habitat (Morimoto 1977). Karst landscapes throughout the world provide
habitats for syncarids.

Information on the development, life-history, and habits of syncarids is still
quite limited. So far as the Anaspidacea are concerned, most of the developmental
studies have been done on Anaspides tasmaniae, by Hickman (1937), with other
aspects covered in other studies, for instance Dohle (2000). The biology of
bathynellaceans is less well known, but what is known has been summarised
by Coineau (1996). In feeding, Anaspides has a filtering mechanism, used in
conjunction with collecting particles by scraping detritus with its limbs. Smith
(1908) noted that Anaspides was an omnivorous feeder, eating dead insects as
well as each other, but mainly feeding on algal slime and submerged mosses
and liverworts. The habitat of Tasmanian anaspidaceans, notably Allanaspides
hickmani and A. helonomus, is under continuing threat (Driessen et al. 2006).

Compared to the amount of information regarding the general biology
and ecology of the anaspidacean syncarids, there is virtually nothing recorded
about the lifestyle and habits of the Bathynellacea. What is known has been
summarised by Coineau (1996), and Camacho (1992) has outlined the abiotic
characters of the subterranean environment in which most of bathynellaceans
live.

Camacho (2006) noted 256 species and subspecies of extant Syncarida, 95%
of which are subterranean in habitat. In addition to the two living orders is the
order Palaecaridacea, which is entirely fossil.

The order Anaspidacea comprises five families, of which three are confined
to Australia. These include: Anaspididae, with five genera — Allanaspides, Anaspi-
des, Paranaspides, Anaspidites (Triassic, Australia), Koonaspides (Lower Cretaceous,
Australia); Koonungidae, with two genera — Koonunga, Micraspides; Psammas-
pididae, with two genera — Eucrenonaspides, Psammaspides; and Stygocarididae,
with four genera — Oncostygocaris (Chile), Parastygocaris (Argentina), Stygocarella
(New Zealand), and Stygocaris (Australia, New Zealand, Chile). The 21 living
species of Anaspidacea are confined to the Southern Hemisphere. Anaspides tas-
maniae is of particular interest in the context of mitochondrial DNA studies, in
which it has been demonstrated that there may be at least three cryptic species
(Jarman & Elliott 2000).

The order Bathynellacea comprises two families, both distributed widely
throughout the world, totaling 66 genera an 219 species: Bathynellidae, with
more than 20 genera (including Bathynella, of which there are New Zealand
representatives) and more than 80 described species; and Parabathynellidae,
with about 32 genera and more than 90 species (also recorded from New Zea-
land in the genera Atopobathynella, Hexabathynella, and Notobathynella). As dis-
cussed by Camacho et al. (2002), there have been two contrasting views as to
the systematic position of the bathynellids as being either within the superorder
Syncarida or as a separate suborder Podophallocarida in infraclass Eonomo-
straca. These Spanish researchers’molecular studies in Spain on a cave-dwelling
bathynellid, Iberobathynella (Espanobathynella) magna, have now provided a
nucleotide sequence that supports a basal position for the Bathynellacea with a
clear distinction from the Syncarida, placing them in the Podophallocarida but
retained in the Eumalacostraca.

Schminke (1986) postulated that the Syncarida originated in the marine
environment from whence they invaded freshwater by two independent lines,
living first in surface waters and then invading the groundwater habitat. He
developed the “zoea’ theory (Schminke 1981b) in which it was suggested that
the Syncarida originally passed through a series of larval stages and through
neoteny reached sexual maturity at a stage corresponding to the zoea larva of



the penaeid prawns (Decapoda). Schminke (1972) had previously demonstrated,
by a study of all the then-known species of Hexabathynella (but which did
not include the subsequently discovered H. aotearoae of New Zealand), all of
which were known to occur close to the sea, that syncarids did not invade the
freshwater interstitial habitat from sandy marine beaches. Presumably, some of
the more recently discovered occurrences of Hexabathynella aotearoae indicate
secondarily derived habitats. This species is closest evolutionarily to Australian
H. halophila (Camacho 2003).

Biogeographically, the breakup of the ancient supercontinent Gondwana has
been invoked to explain some of the distributions between northern and southern
hemispheres and within the austral landmasses (Schminke 1973, 1974, 1975, 1980,
1981a; Williams 1986). Subsequent information about the distribution and phy-
logeny of the various syncarid groups can be found in Coineau (1996), Camacho
and Coineau (1989), Camacho et al. (2000), and Guil and Comacho (2001).

The New Zealand fauna

In 1967 and 1968, visiting German scientist Kurt Schminke searched for
syncarids quite widely throughout New Zealand, taking almost 200 samples
from interstitial freshwaters at 11 different localities (Schminke & Noodt 1968;
Schminke 1973). Of these, 36 yielded syncarids in the families Bathynellidae,
Parabathynellidae, and Stygocarididae. In his unpublished thesis, Schminke
(1971) included two new forms of Bathynella, a species and its subspecies (as yet
not formally described), collected from the Tauherenikau River in the Wairarapa
and from the Orari River in South Canterbury. In his major work on the evolution,
taxonomy and biogeography of the world fauna of the Parabathynellidae,
Schminke (1973) listed his collecting locations in New Zealand with descriptions
and distribution maps of four new species from New Zealand: Atopobathynella
compagana, Hexabathynella aotearoae, Notobathynella chiltoni, and N. hineoneae.

Schminke (1978) subsequentlyreported ona collection, made by by G. Kuschel
of the former DSIR Entomology Division, which included a female bathynellid
from a bore in Nelson, and two females of Notobathynella. He also noted two
more specimens of Atopobathynella compagana and described Notobathynella
longipes from wells at Motueka. In the Anaspidacea, Schminke (1973) mentioned
at least three unidentified New Zealand species of Stygocarididae in one new
genus, later describing Stygocarella pleotelson (Schminke 1980) and noting 16
localities from which other unidentified specimens had been collected. During
a brief trip to New Zealand in 1975, Morimoto (1977) collected syncarids at four
South Island locations, finding three species of Stygocaris, of which S. townsendi
was described as new. More recently, in a NIWA study of the New Zealand
groundwater fauna (Scarsbrook et al. 2000), syncarids appeared to be widespread
in interstitial habitats in alluvial groundwaters in Hawkes Bay and Canterbury,
both within the margins of gravel riverbeds and in the deeper (10-20 metres)
ground water.

Thus, the New Zealand syncarid fauna, as presently known from limited
sampling, consists of at least four species of Anaspidacea — Stygocaris, and one
or possibly more species of Stygocarella. The Bathynellacea is represented by
what appear to be quite abundant and widespread species of Bathynellidae
(Bathynella), none formally described, and three genera of the Parabathynellidae
— Atopobathynella and Hexabathynella (each with one described species), and
Notobathynella (at least four species, three of them named). It is highly likely
that the New Zealand syncarid fauna will be found to be much more extensive,
if only in terms of the distribution of the already described species, all of which
are endemic.

Gaps in knowledge of Syncarida
Not only is taxonomic knowledge of the New Zealand Syncarida incomplete;
even less is known about their ecology and special adaptations to the several
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An estuarine species of Tenagomysis.

Stephen Moore

kinds of habitats in which they occur. It is apparent that a geographically widely
distributed syncarid fauna exists in New Zealand’s ground waters. The brief
venture into cave collecting by Morimoto (1977), taken with what is known of
the distribution of syncarids in Europe and Australia, suggests the prospect of
further exciting discoveries locally in this particular habitat. Cave systems and
karst-type landscapes with sink holes and sunken streams are common in
many parts of New Zealand (Crossley et al. 1981), and there is a very strong
fraternity of recreational cavers, some of whom have already contributed to
scientific knowledge of cave life. There is a real challenge to use the technical
expertise of such people to look for these fascinating’living fossils’; a preliminary
guide to promote such work was issued by the New Zealand Department of
Conservation (Hunt & Millar 2001). The results of a 15-year study of Spanish
cave fauna by Camacho (2000) shows what could be achieved by a systematic
approach towards elucidating New Zealand’s subterranean syncarid fauna.

There is a growing appreciation worldwide of the importance of groundwater
organisms as environmental indicators of water quality, not to mention the
scientific interest of these organisms in their own right (Danielopol 1992;
Marmonier et al. 1993; Danielopol et al. 2000; Gibert et al. 1994; Jones &
Mulholland 2000; Scarsbrook et al. 2000, 2003) and the need to understand karst
landscapes and their fauna from a conservation perspective (William & Wilde
1985) and cave life in general (Vandel 1964; Ford & Cullingford 1976; Sasowsky
et al. 1997; Culver 1982; Camacho 1992; Juberthie & Decu 1994-2001). ‘Living
fossils’ carry appealing overtones in the public imagination (Dawson 2003a),
so the demonstration of the existence even of such tiny forms as the syncarids
could be another highlight to make known.

Orders Lophogastrida and Mysida (‘Mysidacea’): Opossum
shrimps

The Mysidacea are shrimp-like but have a number of characters, including
a ‘brood pouch’, that distinguish them from other crustaceans of similar
appearance. They are mainly marine, living in all oceans from great depths to
brackish coastal waters, and there is a small number of freshwater species. They
are of limited commercial importance and therefore not as familiar as the decapod
shrimps and prawns. Mysidacea may, however, be very common, particularly in
estuaries and coastal waters, where they often congregate in large swarms, and
are of considerable importance as primary consumers and as food of fishes.

Historically, the Mysidacea comprised a single order with two suborders
— Lophogastrida and Mysida. The two groups differ in important ways and
there is now debate over whether they are mono- or polyphyletic (having one,
or more than one, ancestor). Some workers question whether the Mysida,
which contains the great majority of Mysidacea, even belongs in the large
malacostracan superorder Peracarida, with the Lophogastrida; see Martin and
Davis (2001) for a discussion of mysid classification. These authors discarded the
Mysidacea, raising the two suborders to ordinal status, a decision followed here.
Even so, the two groups have many characters in common and, since relatively
few species (24) have been recorded from New Zealand waters, are discussed
here collectively.

Historical studies
Mysidacea have been recognised since the late 18th century. The taxonomic
literature is scattered and deals mostly with northern hemisphere faunas and
least with that of the Indian Ocean and Australasia. Major contributors include
Tattersall and Tattersall (1951), Gordan (1957), Mauchline and Murano (1977),
Mauchline (1980), and Mller (1993).

The history of New Zealand mysidacean taxonomy is brief. The first
published record is that of Thomson (1880), who described Siriella denticulata.
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Kirk (1881) described Mysis meinertzhagenii, but the type and further evidence of
its existence have not been found since. Thomson (1900) described Tenagomysis
novaezealandiae from brackish water near Dunedin, and Calman (1908) attributed
an immature mysidacean specimen to the genus Pseudomma, apparently not
identified since. Tenagomysis tenuipes Tattersall, 1918, from Carnley Harbour,
Auckland Islands, brought the early list of mysidaceans known with certainty
to occur in New Zealand to three. Next, Walter Tattersall’s (1923) report on the
Mysidacea of the 1910 Terra Nova Expedition to Antarctica and the Southern
Ocean added 12 species. Eight were new, seven of which belonged to Tenagomysis,
and the remaining species was named Gastrosaccus australis, the first and so
far only named species of the genus from New Zealand. New records for New
Zealand of previously described species of Mysida included Euchaetomera
oculata, E. typica, and Siriella thompsoni. Chilton (1926) presented an overview
of New Zealand Mysidacea to that date. Later, Olive Tattersall (1955) identified
Boreomysis rostrata and Euchaetomera zurstrasseni from New Zealand waters and
Hodge (1964) redescribed Tenagomysis chiltoni. The most recent addition to the
fauna was that of Tenagomysis longosquama (Fukuoka & Bruce 2005).

Walter Tattersall (1923) appears to be the first to have recorded a species
of Lophogastrida, Paralophogaster glaber, in New Zealand. Apart from a record
of Lophogaster sp. from Te Papa (Museum of New Zealand) colle