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Bryozoan fauna of the Kaipuke Siltstone, northwest Nelson: a Miocene
homologue of the modern Tasman Bay coralline bryozoan grounds
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Abstract The Kaipuke Siltstone Formation (Westhaven
Group) near the Anatori River mouth, northwest Nelson,
contains a reasonably well preserved bryozoan fauna of
Otaian age. Analysis of this fauna has yielded six species of
Cheilostomatida, mostly with an erect-rigid colony form.
One new species, Hippoporina miocenica, is described.
F-'our of the species appear conspecific with modern
hryozoans, including the two species (Celleporaria
agglutinans (Hutton) and Hippomenella vellicata (Hutton))
that dominate the modern Tasman Bay bryozoan grounds.
From foraminiferal evidence and from what is known of the
ecological requirements of the modern bryozoan species it
is possible to infer the paleoenvironment of the Kaipuke
Siltstone fauna, viz, an area of near-oceanic salinity, water
movements able to exceed 0.3 m/s, a seasonal temperature
range probably c. 12.5-17°C, and with the possibility of
terrigenous sediment accumulation. We conclude that this
tauna is an early Miocene homologue of the present-day,
ecologically important "Tasman Bay coral" and that this
biotope has persisted for at least 20-22 Ma.
Keywords Kaipuke Siltstone; northwest Nelson; Otaian;
Altonian; Miocene; Bryozoa; "Tasman Bay coral";

paleoenvironment;
Hippoporina n. sp.

Celleporaria;

Hippomenella;

INTRODUCTION
Reasonably well preserved bryozoan colonies were
discovered in the Kaipuke Siltstone (lower Miocene) during
field mapping of the Cretaceous-Cenozoic sequence near
Anatori River, northwest Nelson (Stuart 1991). The highly

diverse Cenozoic bryozoan fauna of New Zealand has not
been fully described, and it was judged that examination of
the Bryozoa from the Kaipuke Siltstone could contribute
useful information on bryozoan paleoecology at the time of
deposition of the formation. This study showed that the
Kaipuke Siltstone fauna is a Miocene homologue of the
modern Tasman Bay bryozoan-coral beds.
Present-day coralline-bryozoan beds up to 272 km2 in
extent have been reported at various locations on the
northwestern and northeastern sides of Tasman Bay and in
the outer Marlborough Sounds (Saxton 1980a, b; Bradstock
& Gordon 1983). The beds occur at depths of 10-35 m and
comprise erect clumps of mainly Celleporaria agglutinans
(Hutton) (Fig. 1 A, B), with less robust growths of two other
bryozoan species—Hippomenella vellicata (Hutton) and
Galeopsis porcellanica (Hutton)—scattered in the vicinity.
Though variable in colonial morphology, clumps of C.
agglutinans ("hard coral" of fishermen) tend to be heavier
and more massive (up to 0.5 m high) than the more foliaceous
or platy H. vellicata ("cornflakes coral" of fishermen).
Galeopsis porcellanica (referred to as G. grandipora in
Bradstock & Gordon 1983) can occur alone as hemispherical
thickets up to 0.1 m high, resembling a small acroporid
coral, or as an important frame-building component with C.
agglutinans along with numerous other species of bryozoans,
tubicolous polychaetes, and sponges. Actual scleractinian
corals (e.g., Monomyces rubrum (Quoy & Gaimard)) are
rare or absent from this community.
The clumps of the above species may attain up to 50%
cover. A bryozoan bed off Separation Point, Abel Tasman
National Park, c. 136 km2 in extent (Saxton 1980a), appears
to be an important nursery area for commercial fish (Vooren
1975; Bradstock & Gordon 1983), and its closure to power
fishing in December 1980 to conserve the habitat has
achieved some fame as the only such area in the world
where bryozoan colonies are protected for this purpose
(Wells et al. 1983).
Apparent C. agglutinans and H. vellicata, the two
dominant species in the modern bryozoan grounds, have
been discovered in early Miocene Kaipuke Siltstone north
of the Anatori River mouth, northwest Nelson. These and
associated bryozoans and other biota allow some comment
on the paleoenvironment of this area. In this paper we
describe the geological setting and depositional history of
the Anatori area and present evidence for an early Miocene
equivalent of the modern Tasman Bay bryozoan grounds.
In the taxonomic section we describe the bryozoans including
one new species.

GEOLOGICAL SETTING AND STRATIGRAPHY
G93041
Received 1 November 1993; accepted 9 May 1994

The Anatori area is located on the west coast of the northwest
Nelson region, South Island (Fig. 2). Here, Kaipuke Siltstone
and the underlying Takaka Limestone generally dip gently
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Fig. 1 A-D, Celleporaria agglutinans (Hutton). A, Large coralline growths at c. 34 m depth at Separation Point, Abel Tasnian
National Park, northwest Nelson. The width of the field represents c. 0.3 m. (Photo: Mike Bradstock.) B, Close-up of a dried colon
showing tubular growth, xl .8. C, Dorsal side of three rows of zooids exposed in the Kaipuke Siltstone, x33. D, Part of a colony
from the Kaipuke Siltstone showing the characteristic tubular morphology (arrows); compare with B, x2.5.

seaward (Stuart 1991), with Kaipuke Siltstone forming cliffs
to the south of the Anatori River mouth (M25/564561*).
Rusty Pleistocene marine gravel and sand overlie both units
at the coast at 50 m elevation and are the dissected remains
of an uplifted beach platform.
The region forms the southern part of the Taranaki
Basin, which first formed as a Late Cretaceous transcurrent
rift along the Gondwana margin (Thrasher 1992). The
Cretaceous-Cenozoic sequence overlies basement of
Paleozoic rocks that were metamorphosed and intruded
*Grid references are based on the New Zealand metric map grid
of the Infomap 260 series, Department of Survey & Land
Information.

during Devonian times (Bishop 1968, 1971; Grindley 1971),
with peneplanation occurring in the Late Cretaceous and
early Tertiary (Cotton 1916; Wellman 1939). Syn-rift
Pakawau Group sediments overlie basement west of the
Wakamarama Fault where they form up to 4000 m of
terrestrial and shallow marine strata of Haumurian
(Maastrichtian) age (Wizevich et al. 1992). These are
overlain by Paleocene terrestrial beds of the Kapuni Group,
which in turn are overlain unconformably by calcareous
marine strata of the Ngatoro Group (King 1988; Thrasher
1992).
The Ngatoro Group is a post-rift sequence (Thrasher
1992) erected by King (1988) to include the formations
previously placed by Bishop (1971) in his Westhaven Group:

Gordon et al.—Bryozoan fauna of Kaipuke Siltstone
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Fig. 2 Simplified geologic map of the northwest Nelson region (after Suggate 1978). Details of the geology of the study area are given
n Bishop (1968) and Stuart (1991).

\bel Head Formation, Takaka Limestone, and Kaipuke
Siltstone (a lateral equivalent of the Otaian Tarakohe
Mudstone Formation).
The Kaipuke Siltstone is a pale greenish-grey, calcareous,
•;andy, and generally glauconitic siltstone. Tt contains
numerous fossils, notably Bryozoa, concentrated in ragged
calcareous bands. The type section is at the northern end of
the Kaipuke cliffs, immediately south of the Anatori River
mouth (M25/798002; Bishop 1968). The formation
conformably overlies Takaka Limestone and crops out from
Kahurangi Point in the south to the north end of Whanganui
Inlet. The formation is about 80 m thick at Anatori River,
where it is unconformably overlain by Quaternary gravels.
The age of the Kaipuke Siltstone has been considered to be
Otaian (lower Burdigalian) (Bishop 1968). Foraminiferans
indicate a possible age of Altonian (upper Burdigalian),
with key species including Globoquadrina dehiscens
(Waitakian-Tongaporutuan [Aquitanian-Tortonian]) and
Globigerina woodi, whose first appearance is middle
Waitakian (Hornibrook et al. 1989). The bivalve Lima
colorata has a range of Otaian-Waiauan (lower BurdigalianSerravallian) (Beu et al. 1990), and paleontological data
from the present study thus support an age of Otaian or
Altonian for the Kaipuke Siltstone. From its conformable

superposition on the uppermost Oligocene Takaka Limestone, we believe an Otaian age is most likely.
The entire unit is homogeneous throughout the section
and is considerably bioturbated, with limonitic borings and
nodules common. Fossils are abundant and include
ichnofossils, foraminiferans, molluscs, brachiopods, and
bryozoans, the latter occurring in calcareous bands
throughout the sequence. At the time of its deposition, the
Anatori bryozoan fauna would have been growing in a midshelf environment of near-oceanic salinity (Nathan et al.
1986) (Fig. 3).
SYSTEMATICS
Six species of ascophorine bryozoans were found in the
field samples of Kaipuke Siltstone from near the Anatori
River mouth. Under the terminology of Nelson et al.
(1988), five of these species are erect-rigid (ER) and the
other is apparently encrusting (EN). Of the ER species,
three (Celleporaria agglutinans, Hippomenella vellicata,
and Arachnopusia unicornis) are foliaceous (ERfo), one
(phidoloporid indet.) is fenestrate (ERfe), and the other
(Hippoporina miocenica) is delicate-branching (ERde).
Three species of cyclostomate bryozoans were also
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Fig. 3 Approximate relationship of land and continental-shelf areas of northwestern South Island near the Otaian-Altonian boundary,
inferred from foraminiferal abundances (after Nathan et al. 1986). The Kaipuke Siltstone bryozoan fauna is located at the Anatori Riwr
mouth.

encountered, comprising two apparently EN tubuliporine
species and an ERde species unidentifiable to suborder but
possibly also tubuliporine. All three have been so altered by
weathering and diagenesis that they are unidentifiable and
so are not further dealt with here.

Phylum B R Y O Z O A Ehrenberg, 1831
Class G Y M N O L A E M A T A Allman, 1856
Order CHEILOSTOMATIDA Busk, 1852
Suborder ASCOPHORINA Levinsen, 1909
Infraorder UMBONULOMORPHA Gordon, 1989
Superfamily ARACHNOPUSIOIDEA Jullien, 1888
Family ARACHNOPUSIIDAE Jullien, 1888
Arachnopusia unicornis (Hutton, 1873)

Fig. 4A

Eschara unicornis Hutton, 1873: 99.
Arachnopusia unicornis: Brown 1952: 175 (cum syn.)\ Gordon
1984: 69; Hayward & Thorpe 1988: 794; Gordon 1989: 28.

Two bilamellar fragments in the same block of
matrix, the larger measuring 26 x 11 mm, collected by I. G.
Stuart and now held at the Institute of Geological & Nuclear
Sciences, Lower Hutt, New Zealand.

MATERIAL:

DESCRIPTION: Colony erect, bilamellar, foliaceous. Zooids
0.77-0.98 mm long and 0.26-0.34 mm wide, the oriifiie
bordered laterally and especially proximally by an elevated
ridge; an excavation, evidently indicating a former
avicularium, occurs in the proximal rim of some zooids.
Frontal shield with several relatively large lacunae.
Chambers indicating the presence of former laree
interzooidal avicularia adjacent to some zooids.
REMARKS: Two species of Arachnopusia are known from at
least the upper middle Miocene of New Zealand. These are
A. unicornis (Hutton), ranging from Waiauan (Serravallian)

Fig. 4 (opposite) A, Arachnopusia unicornis (Hutton): several
zooids and a large interzooidal avicularium (av), x60. B-D,
Hippoporina miocenica sp. nov.; B, the holotype branch fragment,
xl3; C, closeup of three zooidal orifices and a suboral avicularium,
x54; D, closeup of the suboral avicularium and an adjacent orifice,
xlO7. E, Smittoidea crepidula (Brown): parts of three zooids, two
of which have lyrulate orifices; a proximally directed avicularium
with a complete cross-bar can be discerned in the zooid at right,
xl20. F, Hippomenella vellicata (Hutton): several fertile zoouis
with brood chambers (b), x54. G, A fenestrate phidoloporid:
frontal view of part of a colony showing zooidal orifices on the
trabeculae, x23.
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(Southland Series) to Holocene, and A. bugei Brown,
occurring only in the Waiauan (Brown 1952). Because of
diagenesis and weathering, our fossil specimens resemble
both of these species to some extent. Arachnopusia bugei
can be discounted, however, for this species has a
proportionately larger median area of calcification between
the two rows of lacunae in the frontal shield, and there are
no large interzooidal avicularia. The zooids in the holotype
fragment of A. bugei measure 0.70-0.76 mm long and
0.33-0.38 mm wide (Brown 1952). Those of modern A.
unicornis are 0.62-1.06 mm long and 0.25-0.38 mm wide,
and the variable zooids include morphologies like those of
our specimens, which thus extend the range of the species
in time by up to 10 Ma.
Recent A. unicornis ranges from Curtis Island (Kermadec
Ridge) to Foveaux Strait and the Puysegur Bank, from the
intertidal to 549 m depth (Gordon 1989). It is a fairly
euryfhermal species, its distribution coinciding with seafloor
temperatures of between 8°C and 22.5°C (Ridgway 1968;
Ridgway & Heath 1975). Colonies may be wholly encrusting
but, where current speeds are high, as on Puysegur Bank off
southwest South Island, erect bilamellar morphologies occur.

Pliocene (Wanganui Series) of Waipukurau. It occurs toda\
mostly in warmer waters of the Indian and Pacific Oceans,
including the Kermadec Ridge (Gordon 1984), but not
around mainland New Zealand. Although poor preservation
of the frontal colonial surface makes positive identification
equivocal, we believe it is likely that our specimens are C.
agglutinans.
Celleporaria agglutinans occurs from the Poor Knight•<
Islands to Foveaux Strait at depths of 20-220 m (Gordon
1989), in a range of bottom temperatures of c. 8-20°C
(Greig et al. 1988).
Infraorder LEPRAL1OMORPHA Gordon, 1989
Superfamily SMITTINOIDEA Levinsen, 1909
Family BITECTIPORIDAE MacGillivray, 1895
Hippoporina miocenica n. sp.
MATERIAL:

Fig. 4B-D

A single colony fragment, collected by I. G.

Stuart.
Colony erect, rod-like, branching, the branch
diameter in the unique fragment up to 1.62 mm. Zooids
evidently 9-10-serial, rectangular, nearly parallel sided.
1.02-1.25 mm long and 0.28-0.51 mm wide, with relativel>
thick raised margins. Orifice subcircular with scarcely an\
differentiation between anter and poster, condyles are nos
evident. No oral spines. Frontal shield somewhat sunken,
evenly perforated by about 20-31 pores of which a proximal
pair and a pair subjacent to the orifice appear to be areolar.
Avicularia occasional, proximal to the orifice, relatively
large, the rostrum somewhat elevated, acute, a cross-bar not
apparent. Ovicells unknown.
DESCRIPTION:

Superfamily LEPRALIELLOIDEA Vigneaux, 1949
Family LEPRALIELLIDAE Harmer, 1957
Celleporaria agglutinans (Hutton, 1873)

Fig. 1C, D

Cellepora agglutinans Hutton, 1873: 99.
Celleporaria agglutinans: Bradstock & Gordon 1983: 160; Gordon
1989: 33.

Four specimens with an erect colonial
morphology, the largest 45 mm across and 18 mm high,
collected by I. G. Stuart and now held by the Institute of
Geological & Nuclear Sciences, Lower Hutt, New Zealand.
MATERIAL:

DESCRIPTION: Colony encrusting to erect, foliaceous, the
surface mammillate. Zooids much altered on the exposed
frontal surfaces but the close-packed "celleporiform"
arrangement is still apparent. Outlines of zooidal lateral
walls are still evident basally, however, where mutually
opposing basal surfaces have separated in the fossil
specimens. Zooidal widths measure 0.28-0.34 mm; because
lines indicating transverse walls are not apparent, it is
difficult to measure zooidal lengths exactly.
REMARKS: The three-dimensional

form of the fossil colonies,
with platy fronds, mammillae, and tubular growths, exactly
matches that of modern Tasman Bay "hard coral" (a name
coined by trawler fishers) as do the appearance and
dimensions of zooidal outlines as seen in basal view. Of the
two Holocene species of Celleporaria found in mainland
New Zealand coastal waters, only C. agglutinans has the
ERfo colony form. The other species, C. emancipata Gordon,
is discoidal and free living. Of the two Cenozoic species of
Celleporaria recorded for New Zealand (as Holoporella),
only one has the colonial morphology of our specimens (i.e.
C. agglutinans), which was recorded by Brown (1952) (as
Holoporella hastigera (Busk)) from the Pleistocene of
Hawera, Wanganui, and Hawke's Bay. Celleporaria
tridenticulata (Busk), which is a less robust multilaminar
encrusting species, was recorded by Brown (1952) from the
middle Miocene (Southland Series) of Canterbury and the

Specimen H-598, in its matrix, in the collection
of the New Zealand Oceanographic Institute, NIWA, station
no. Z7576 (Anatori River mouth, collected by I. G. Stuart).
HOLOTYPE:

REMARKS: The only vincularian (stick-like) Hippoporina
known previously from the New Zealand Tertiary is a species
attributed by Brown (1952) to H. burlingtoniensis (Waters),
a Balcombian (early Miocene) species from Mount Gambler.
South Australia. Brown's specimens came from the Otaian
(early Miocene) of Tarakohe Quarry on the eastern side ot
Golden Bay. Bock & Cook (1993) included H. burlingtoniensis in their new genus Quadriscutella but, after reexamining Brown's Tarakohe specimens, concluded that
they belong to another genus (probably new). Quadriscutella
has dimorphic zooids and orifices, those of fertile zooids
being much larger than in autozooids. Female zooids do not
occur in the sole specimen of H. miocenica which does,
however, have avicularia, so it may not be congeneric with
Quadriscutella. Brown's species and the present material
probably represent a new genus but, in the absence of fertile
material, Hippoporina is best used as an interim genus
name.

Family SMITTINIDAE Levinsen, 1909
Smittoidea crepidula (Brown, 1952)
Smittina crepidula Brown, 1952: 323.

Fig. 4E

Gordon et al.—Bryozoan fauna of Kaipuke Siltstone
A single small fragment of a colony, collected
by I. G. Stuart, now held at the Institute of Geological &
Nuclear Sciences, Lower Hutt, New Zealand.

are preserved. The range of//, vellicata in time is increased
here by up to 10 Ma.

Zooids more or less rectangular, 0.58 mm
long and 0.32-0.36 mm wide; the orifice about as long as
wide, with a non-alate median lyrula. Frontal shield centrally
imperforate, with up to about 8 conspicuous areolae along
each margin. A median suboral avicularium is evident,
proximally directed, with rounded rostrum and complete
cross-bar. Ovicells not present.

Superfamily CELLEPOROIDEA Johnston, 1838
Family PHIDOLOPORIDAE Gabb & Horn, 1862

MATERIAL:

DESCRIPTION:

Downloaded by [222.152.185.155] at 17:26 18 July 2012

245

REMARKS: Only one complete and three partial zooids
comprise the one fragment we have, and it is not possible to
tell if it is bilamellar or unilamellar. Of the nine living and
Cenozoic species of Smittoidea in the New Zealand region,
the present specimen accords well with S. crepidula (Brown),
previously known only from the Whaingaroan (Rupelian)
at Oamaru. Scanning electron micrographs of Brown's
unique holotype specimen show comparable zooidal
dimensions and features, including similar shape of orifice,
non-alate lyrula, similar size and frequency of lateral areolae,
and even the slight obliquity of the suboral avicularium.

Superfamily SCHIZOPORELLOIDEA Jullien, 1883
Family SCHIZOPORELLIDAE Jullien, 1883
Hippomenella vellicata (Hutton, 1873)

Fig. 4F

Lepralia vellicata Hutton, 1873: 98.
Hippomenella vellicata: Brown 1952: 278 (cum syn.); Powell
1967: 305; Uttley & Bullivant 1972: 44; Bradstock & Gordon
1983: 159; Gordon 1984: 77; 1989:43.

A single fragment of a bilamellar colony
measuring 16 ¥ 16 mm, collected by I. G. Stuart, now held
at the Institute of Geological & Nuclear Sciences, Lower
Hutt, New Zealand.

MATERIAL:

Colony erect, bilamellar, frondose. Zooids
rectangular in outline, 0.83-1.10 mm long and 0.39-0.60
mm wide. Orifice longer than wide, with a pair of backwardly
pointing condyles and a broad sinus. Frontal shield
imperforate centrally but with 2 rows of areolar pores along
each margin. Oral spines and avicularia not evident in the
altered material. Ovicells convex, the proximal rim arching
around the zooidal orifice, with radial markings and marginal
pores.

phidoloporid gen. et sp. indet.

Fig. 4G

Several fragments in matrix, the exact number
difficult to estimate because of the 3-dimensionality of the
colonies; collected by I. G. Stuart, now held at the Institute
of Geological & Nuclear Sciences, Lower Hutt, New
Zealand.
MATERIAL:

Colony erect, fenestrate, essentially calyciform
from a small encrusting base. Trabeculae 3-6-serial, 0.371.23 mm wide, the fenestrae 0.67-1.25 mm long and 0.280.53 mm wide beyond 2 mm above the base of the calyx.
Centre-to-centre spacing of the zooids on a branch about
0.28-0.34 mm, measured from orifice to orifice. Zooidal
and orificial details not clearly discernible owing to alteration
of the surface, but secondary orifices are frontally visible
and subcircular with a distinct peristomial sinus.
DESCRIPTION:

REMARKS: Sixteen named Cenozoic and present-day
fenestrate species of Phidoloporidae have been described
from the New Zealand region (including the Kermadec
Ridge). Brown (1952) described seven of these from the
Tertiary, three of which still occur in Recent seas. Closest
in time and geographic distance to our specimens are
Iodictyum ligarense and some indeterminate fragments from
the Otaian [Burdigalian] at Tarakohe Quarry. From scanning
electron micrographs of the holotype specimen of/, ligarense
it is possible to compare Brown's species with our specimens.
They are certainly similar in general appearance, fenestral
and trabecular dimensions, and appearance of the secondary
orifice with its peristomial sinus, but it is not possible to
confirm specific identity.

DESCRIPTION:

REMARKS: Brown (1952) recorded H. vellicata from several
Tertiary and Quaternary localities including Dovedale
Stream, North Canterbury (Waiauan/Serravallian) and
Castlecliff (Castlecliffian/early-middle Pleistocene).
Hippomenella vellicata ranges in the New Zealand region
today from north of Raoul Island to Foveaux Strait at
depths of 25-350 m (Gordon 1989), representing a
temperature range of c. 8-23°C (Ridgway & Heath 1975;
Greig et al. 1988). The only other New Zealand species of
Hippomenella are H. bituberosa Brown (also WaiauanHolocene) and Holocene ?//. gigantica Powell from the
Three Kings Islands. Both of these species are encrusters,
whereas our specimens are definitely bilamellate and
otherwise match H. vellicata in those zooidal features that

DISCUSSION
The three-dimensional morphologies of the Anatori River
mouth bryozoan colonies and their occurrence at sites 2 km
apart in a homogeneous facies are strongly indicative of a
bryozoan-dominated biotope similar, if not identical, to the
modern coralline-bryozoan grounds at Separation Point.
Similar, though perhaps less dense, bryozoan grounds
have been reported on the outer shelf off Otago Peninsula
(Andrews 1973; Probert et al. 1979; Carter et al. 1985).
Here, Hippomenella vellicata and a species of Celleporaria
(=C. agglutinans) dominate the seafloor, which consists of
a thin, muddy, gravel layer overlying a 12 150 ± 300 year
old horizon of Chione-bearing estuarine mud (Carter et al.
1985). On this part of the shelf, the warm, high-salinity
(>34.5%o) Southland Current is accelerated as it rounds the
promontory of Otago Peninsula, its speed (a mean speed of
c. 0.23 m/s at 50 m depth was reported by Heath (1973))
reinforced by the periodic northwards-flowing flood tide.
The combined flow on the outer shelf is strong enough
(>0.30 m/s is required) at the seafloor (120-200 m) to
transport sandy bedload. R. Murdoch (NZOI, pers. comm.
1991) advises that speeds of 0.60 m/s have been measured
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at 100 m depth (unpubl. data). Circumstantial evidence
indicates that transport of bedload at the shelf edge may be
significant because of the presence of coarse, moderate to
well sorted sediment, strong flows in the Otago canyons,
and internal waves (Carter et al. 1985). A mud veneer on
the outer shelf is a lag deposit. Some bryozoans appear
surprisingly tolerant of fine sediment if it does not markedly
settle on colonies. The bottom at Separation Point, where
tidally influenced currents are strongly felt by divers, is
muddy and the water is reported as generally turbid (M.
Bradstock pers. comm. 1983). Bottom current speeds reach
0.30 m/s in the outer parts of Tasman and Golden Bays
(Ridgway 1977) and so are likely to be accelerated beyond
0.30 m/s around headlands. Both C. agglutinans and H.
vellicata are structurally, and therefore ecologically,
significant where they occur in such situations.
The paleoenvironment of the Kaipuke Siltstone
macrofauna, based on the bryozoan evidence, appears to
have been either a close-inshore setting or an outer, shelfedge environment where flows of near-oceanic water were
>0.30 m/s and where fine, terrigenous sediment could be
trapped. The foraminiferal evidence indicates an outer-shelf
setting, based on the occurrence of the planktonic species
Globigerina woodi and Globoquadrina dehiscens and the
numerical dominance of Cibicides molestus. Bottom
temperatures, based on the modern distribution of the larger
Kaipuke bryozoan species, could have been in the seasonal
range of >8-16°C and <14-24°C. It is possible to narrow
that range a little by considering only the temperatures in
the vicinity of the Separation Point bryozoan beds. Available
New Zealand Oceanographic Institute sea-surface temperature data from Farewell Spit (1978-84) show mean winter
and summer temperatures of 10.4°C and 15.73°C,
respectively, and from Nelson (1978-87), 11.2°C and
19.8°C. It is probable that the modern coral beds are bathed
by cooler water than was the Otaian Kaipuke fauna, with
mean temperatures in the low twenties Celsius indicated for
the western South Island from recent studies of Cenozoic
paleotemperature (based on biological distributions)
(Hornibrook 1992). The presence in the Kaipuke assemblage
of Smittoidea crepidula, previously known only from the
base of the McDonald Limestone (Brown 1952) (early
Whaingaroan), does not necessarily counter this, although
there was a possible cooling during the Whaingaroan
according to oxygen-isotope data (Burns & Nelson 1981)
(but see Adams et al. 1990).
Probert et al. (1979) and Bradstock & Gordon (1983)
have described how the three-dimensional growth of ER
bryozoans like C. agglutinans and H. vellicata significantly
increases microhabitat diversity and therefore biodiversity
generally. This applies both to invertebrates and fish that
feed on them. The increased colonial surface area provides
crevices and interstices for cryptobiota and attachment sites
for epibiota, providing food and shelter for small fish species
and juveniles of larger fish species. This has been
documented for the Tasman Bay coralline Bryozoa (Vooren
1975) and is a phenomenon that has been successfully
exploited in the design of artificial reefs (D'ltri 1985).
Knowing the ecology of the modern bryozoan-coral
environment gives a window into the past. We infer that
this kind of ecological association, involving some of the
very same species, has existed in New Zealand coastal and
shelf waters for at least the past 20-22 Ma. This time frame
has obvious implications for the management of vulnerable

coastal resources. Biotopes, which can easily be destroyed
by human activities, may have existed for millions of years
On the human scale, they are irreplaceable.
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