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Fossil arachnids from the earliest Miocene Foulden Maar
Fossil-Lagerstitte, New Zealand
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Fossil Arachnida from New Zealand are extremely rare and represented by some unidentifiable amber inclusions only. The first fossil arachnids
from New Zealand to be described in detail are presented here, based on four compression fossils from the earliest Miocene Fossil-Lagerstitte at
Foulden Maar, South Island. Two specimens are referred to Arachnida incertae sedis and Araneomorpha incertae sedis, respectively, whereas two
specimens are mygalomorph spiders. One of these is placed in the Rastelloidina clade of Mygalomorphae, probably in the Idiopidae, which is rep-
resented in New Zealand by the extant Cantuaria.
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THE NEW ZEALAND spider fauna is well known
(Forster 1967, 1968, 1970, 1979, 1988, Forster &
Wilton 1973; as reviewed by Vink 2017). Modern sys-
tematic studies have been published for several groups
(e.g., Vink et al. 2013), and an excellent family key
and species list is available (Paquin et al 2010),
together with a photographic field guide (Vink 2015).
In contrast, fossil spiders have been recorded from the
country only in the last few years. There are some
undescribed spiders and diverse mites reported from
Miocene amber of South Island (Kaulfuss et al. 2016,
Schmidt et al. 2018). Preliminary announcements of the
specimens described here have been made by Kaulfuss
et al. (2014, 2015, 2016) and Lee et al. (2016). The
only other fossil arachnids recorded from New Zealand
are some subfossil mites from the Quaternary of the
Hutt Valley (Ramsay 1960).

Here, we describe the four arachnid specimens fig-
ured by Kaulfuss er al. (2015) and Lee et al. (2016)
from the Foulden Maar Fossil-Lagerstitte, near Middle-
march, northwest of Dunedin, South Island. Two of
these (OU45206, OU45209) are rather poorly preserved
with pyrite overgrowths, whereas the other two
(0U45207, OU45208) show more detail, and lack over-
growth. OU45206 may be a spider or a harvestman.
0U45209 is referred to arancomorph spiders. OU45207
and OU45208 are mygalomorph spiders, although little
more can be discerned about OU45207 than that.
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0U45208 was provisionally identified as Araneidae by
Kaulfuss et al. (2015). Here, it is referred to the Rastel-
loidina Raven 1985 clade of the infraorder Mygalomor-
phae Pocock 1892 on account of the occurrence of a
rastellum on the chelicera. It most likely belongs to
Idiopidae  Simon 1892, represented today in
New Zealand by Cantuaria Hogg, 1902, which is found
mostly on South Island (Marples & Marples 1972).

Geological setting and methods

Geological setting. Foulden Maar is a partly eroded
maar-diatreme volcano of the Waipiata Volcanic Field,
Otago, New Zealand, with a maar crater filled by lacus-
trine mass-flow sediments and highly fossiliferous diato-
mite (Lindqvist & Lee 2009, Kaulfuss 2017). The
fossils were collected from a diatomite mining pit
(45.5269°S, 170.2191°E) registered as 143/f8503 in the
New Zealand Fossil Record Database administered by
the Geoscience Society of New Zealand and GNS
Science. A “°Ar/*°Ar age of 23.17 + 0.17 Ma obtained
from associated basalt (Lindqvist & Lee 2009) puts the
maar-forming eruptions in the latest Oligocene, whereas
the upper part of the diatomite sequence where the
arachnids were collected is of earliest Miocene (Aqui-
tanian) age based on palynological grounds (Mildenhall
et al. 2014) and a depositional period of the maar sedi-
ments of at least 130 kyrs (Kaulfuss 2017). Diverse
palynomorphs and plant macrofossils (leaves, flowers,
fruits and seeds) in the sediments are indicative of a
Lauraceae-dominated notophyll vine rainforest growing
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on volcanic soils around the lake (Mildenhall et al
2014, Lee et al. 2016). The arthropod fauna of this for-
est is represented by compression fossils of diverse
insects (Kaulfuss et al. 2015, Engel & Kaulfuss 2017)
and these four arachnids.

The spiders at Foulden Maar are preserved in part
by pyrite replacement (Kaulfuss et al. 2015, Lee ef al.
2016). In some cases, e.g., the mygalomorphs OU45207
and OU45208 described here, this is light, and so the
morphology of the specimens is more evident
(Figs 1G-H, 2). In the other two specimens, OU45206
and OU45209, pyrite overgrowth has obscured much of
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the morphology, so that only the overall shape, but no
detail, can be seen (Fig. 1A-F).

Methods. The specimens were prepared under dry
conditions using a very fine needle, and photographed
with a Canon T3 camera attached to a Nikon SMZ1000
stereomicroscope under ethanol in order to accentuate
details. Photographs were manipulated in Affinity Photo
(affinity.serif.com). Drawings were made using Auto-
desk Graphic (graphic.com) from the photographs.
Abbreviations: 1 II III IV, leg numbers; ch, chelicera;
cx, coxa; fe, femur; L, length; Ib, labium; mt, metatar-
sus; op, opisthosoma; pa, patella; Pd, pedipalp; ra,

Fig. 1. Arachnids from the earliest Miocene Foulden Maar Fossil-Lagerstitte. A—D, OU45206, Arachnida incertae sedis; A, Part; B, Explanatory
drawing of A; C, Counterpart; D, Explanatory drawing of C. E-F, OU45209, Araneomorphae incertae sedis; E, Photograph; F, Explanatory draw-
ing. G-H, OU45207, Mygalomorphae incertae sedis; G, Photograph; H, Explanatory drawing. Scale bars=1 mm.
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A,

Fig. 2. Spider from the earliest Miocene Foulden Maar Fossil-Lagerstitte. OU45208, Idiopidae incertae sedis; A, Part; B, Counterpart; C, Compos-
ite photograph of part and counterpart; D, Enlargement of A showing chelicerae with rastellum teeth and orthognath fang, and pedipalps showing
toothed tarsal claw; E, Explanatory drawing. Scale bar=1 mm.
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rastellum; sp, spinnerets; st, sternum; ta, tarsus; ti, tibia;
W, width. All specimens are held in the collections of
the Geology Museum (OU), University of Otago, Dune-
din, New Zealand.

Systematic palaeontology
Class ARACHNIDA Lamarck 1815

Arachnida incertae sedis (Fig. 1A-D)

Remarks. OU45206 is an arachnid because it has four
pairs of legs. Superficially, it resembles either a spider
or an opilionid. The body appears to be formed from a
single unit, which would suggest Opiliones, but that
could be an artefact of compression of a spider with a
globular abdomen. Judging from the preserved parts of
the legs, they are rather long, which would indicate
either an opilionid or an araneomorph spider.

Order ARANEAE Clerck 1757
Suborder OPISTHOTHELAE Pocock 1892
Infraorder ARANEOMORPHAE Smith 1902

Araneomorphae incertae sedis (Fig. 1E-F)
2015 Kaulfuss ef al., Fig. 3B.

Description. Male? Chelicera large, porrect, L 0.92 mm,
W 0.40 mm (L/W ratio 2.32). Pedipalp total L ca
2.32 mm including distal structures. Legs long, slender;
leg III much shorter than others. Macrosetae present on
fe, pa, ti. Leg formula 1243. Podomere lengths: Leg I
fe 4.66 mm, pa 093 mm; Leg II fe 3.19 mm, pa
0.89 mm, ti 1.68 mm; Leg III fe 1.61 mm, pa 0.51 mm,
ti 1.0l mm, mt 1.57 mm; Leg IV fe 2.69 mm, pa
0.83 mm, ti-mt 3.30 mm, mt 1.66 mm.

Remarks. OU45209 is referred to Araneomorphae on
the basis of its slender, elongate legs, its enlarged, por-
rect chelicerae, and apparently complex pedipalps.
Large, porrect chelicerac suggest the Tetragnathidae
Menge 1866, several genera of which are known from
New Zealand, as both endemics and introductions
(Paquin et al. 2010).

Infraorder MYGALOMORPHAE Pocock 1892
Mygalomorphae incertae sedis (Fig. 1G—H)

Description. Male? Body and legs highly setose. Ster-
num scutiform, longer than wide, L ca 2.40 mm, W ca
1.12 mm. Chelicera large, L > 1.62 mm. Pedipalps not
slender. Femora I and II with large macrosetac. Podo-

mere lengths: Pd; Leg I fe>288mm; Leg II
fe>2.84 mm, ta>158mm, total L fe-ta ca
13.00 mm.

Remarks. Specimen OU45207 is placed here on account
of its robust form, setose cuticle and stout appendages.
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Little detail can be discerned from this poorly preserved
spider, but the complex pedipalps suggest an adult male.
Clade RASTELLOIDINA Raven 1985

Family IDIOPIDAE Simon 1892

Idiopidae incertae sedis (Fig. 2)

2015 Kaulfuss et al., Fig. 3A.

2016 Lee et al., Fig. 5G, H.

Description. Juvenile. Body L 5.48 mm. Opisthosoma L
3.38 mm, W 2.42 mm (L/W ratio 1.40). Chelicera large,
L 1.16 mm, W 0.69 mm (L/W ratio 1.66), fang long, L
1.01 mm, gently curved; rastellum of triangular teeth on
paturon near base of fang (Fig. 2D-E). Pedipalp slen-
der, with toothed tarsal claw (Fig. 2D). Podomere
lengths: Pd pa 0.66 mm, ti 0.71, ta (inc. claw)
0.84 mm; Leg I pa 0.75 mm, ti 1.78 mm, mt 1.60 mm;
Leg II pa 0.86 mm, ti 1.66 mm, mt 1.50 mm; Leg III ti
147mm, mt 1.54mm; Leg IV ti 1.87 mm, mt
2.00 mm.

Remarks. OU45208 is placed here because of its che-
licera, which bears a rastellum and a long, paraxial
fang. These features occur only in the Rastelloidina. In
New Zealand at the present time, Rastelloidina is repre-
sented only by Cantuaria.

Discussion

Although not very well preserved, OU45208 can be
referred to Idiopidae on the basis of its orthognath che-
licerae, which bear a rastellum. Idiopids are trapdoor
spiders distributed across the southern areas of the
world, as far north as Central America, Morocco and
India. The subfamily Arbanitinae occurs in Australia
and New Zealand, most abundantly in temperate and
subtropical habitats south of the Tropic of Capricorn,
but multiple lineages have radiated in the mainland
Australian arid zone, and one genus, Cantuaria, has
diversified in New Zealand (Forster 1968, Rix, Raven
et al. 2017). There are currently 43 accepted species in
the genus, all but one of which occur in New Zealand
(World Spider Catalog 2018). Cantuaria mestoni (Hick-
man, 1928) occurs in Tasmania, although this species
appears to be derived from New Zealand Cantuaria
(Rix, Raven et al. 2017, Rix, Cooper et al. 2017). For-
ster (1968) suggested that, because of the high diversity
of Cantuaria in New Zealand, the genus might well be
split in the future. Victoria Smith has been working on
the species relationships of Cantuaria and has discov-
ered that the older parts of the phylogenetic tree occur
in the southern regions of New Zealand (Victoria Smith,
in litt. 2017). According to Rix, Cooper et al. (2017),
possibly the precursor of the group arrived into southern
South Island from Australia, most likely in the earliest
Miocene; i.e., at about the same time as our fossil was
living in southeastern South Island. Idiopids construct
burrows, which may or may not have a trapdoor (Rix,
Cooper et al. 2017). OU45208 is a juvenile that could
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have been dispersing from its burrow in search of a
new home when it became immersed in the volcanic
lake of Foulden Maar. Alternatively, its burrow may
have been washed into the lake, which can occur during
heavy rains.

The other arachnid fossils in this collection are less
well preserved, and little can be said about them. How-
ever, the four specimens are tantalizing evidence of a
possibly diverse arachnofauna living in the warm,
moist, mesothermal forest surrounding Foulden Maar in
the earliest Miocene (Lee et al. 2016).
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