The Spiders of New Zealand

PARTY "]

by

R. R. FORSTER
Director, Otago Museum

Otago Museum Bulletin No. 1
Dunedin, 1967



THE SPIDERS OF NEW ZEALAND



The Spiders of New Zealand

PART 1

by

R. R. FORSTER
Director, Otago Museum

Otago Museum Bulletin No. 1
Dunedin, 1967



Published by the Otago Museum Trust Board,
Dunedin, New Zealand, May 1967

Printed in New Zealand by John Mclndoe Ltd,
Dunedin



CONTENTS

Introduction

Acknowledgments

Historical

Structure

External anatomy

Internal anatomy

Life history and habits

Key to the families of spiders occurring in New Zealand

Illustrations and discussion of families occurring in New

Zealand
Glossary
Bibliography

Index

Page

12
12
25
36

46

52
104
109

121






INTRODUCTION!

DESPITE the increasing interest in the spiders
of New Zealand over the last few decades no
successful attempt has been made to produce a
comprehensive account of the fauna as a whole.
Two difficulties encountered by earlier authors
have been, first the identification of the species
described by Urquhart, particularly as most of
his type material is lost, and secondly the failure
to realise that, despite the relatively small land
mass encompassed by the region, a complex
pattern of speciation is exhibited in most groups.
This latter difficulty has been obscured by the
limited collections available to earlier workers
for study, and it is mainly due to the increased
awareness of the need for more extensive collect-
ions, developing from these earlier studies, and
the active co-operation of numerous field workers.
that the present publication is possible at this
stage.

While it was originally intended that the
whole of the New Zealand spider fauna should
be included in a single volume, preliminary study
of a wide range of the families occurring in New
Zealand showed that the fauna totals something
over 1,500 species and it will therefore be neces-
sary for the complete work to be produced in
parts over a number of years.

Perhaps the main difficulty encountered
during the preparation of this monograph has
been to decide on the criteria to be used for
species rank. Only limited use of the polytypic
species concept has been made by spider system-
atists. Levi (1959, etc.) has used a broad species
concept when dealing with a number of groups
of the family Theridiidae in which some of the
species defined include numerous allopatric units.
However, in these papers the infra-specific units
are illustrated and briefly commented on, but
given no trinomial taxonomic standing. This pro-
cedure has been justified by Levi on the grounds
that the allopatric units included in these species
generally form a cline from which it is possible
in many cases to describe characteristic and di-
tinct individuals geographically separated, but
that no clear-cut separation can usually be defined

1. The research work on which this paper has been based has
been supported in part by grant G.M. 11950, National Institutes
of Health, Department of Health, Education and Welfare, U.S.A.
and by a grant from the Scientific Research Distribution Com-
mittee, Golden Kiwi Lottery Funds. Publication costs have been
met from the Colquhoun Fund of the Otago Museum and the
Research and Publication Fund set up by Dr E. S. de Beer.

on a population basis. It should be noted however
that this interpretation has been strongly chal-
lenged by Gertsch (1960) who after examining
some of the material described by Levi came to
somewhat different conclusions and did in fact
raise a number of the infra-specific groups noted
by Levi to full species rank. The distributional
pattern found in New Zealand spiders consists
of numerous allopatric groups, undoubtedly
related one to the other, but in most cases separ-
able by clear-cut morphological characters. It
seems evident that this pattern, which is shared
with many other invertebrates in this country,
stems from the numerous past changes in the
topography which have separated segments of
widely distributed populations for periods suffi-
cient to permit speciation to take place. There is
no doubt that isolation brought about during
periods of glaciation has also greatly influenced
the composition of the fauna, and this is particu-
larly so in the South Island. It would be
tempting to consider that many of these related
populations could be grouped as polytypic species
but there are many instances where these forms
occur sympatrically and in these circumstances
there is no evidence of inter-breeding. In the
present work the majority of these readily separ-
ated taxonomic units have therefore been
accorded specific rank, while in most genera
an attempt has been made to discuss the associa-
tion of species in what appear to be natural
groups.

The greatest obstacle met by potential stu-
dents of our spiders in the past has undoubtedly
been the lack of readily available introduction to
the spiders as a group, and more particularly an
outline of the families actually occurring in New
Zealand. This introductory volume has therefore
been prepared in an attempt to fill this gap. A
brief outline of external morphology and internal
anatomy and also a glossary of the terms com-
monly used is given. A key to the families occur-
ring in New Zealand has been prepared and
typical spiders of the families occurring here are
illustrated, along with some general information
to assist with family identification. Difficulty will
still be experienced in placing a number of the
atypical groups which are found in New Zealand.
most of which are as yet undescribed, or at
present incorrectly placed, but the majority of
the species key out readily to the correct family.

Throughout this work keys will be norm-
ally included for genera but in most cases keys
to species are omitted. While numerous charac-
ters are used in the diagnoses of species, all of



which have some bearing on the separation of
species, the main characters which separate them
are found in the palpal organ of the male and
the epigynum and internal genitalia of the female.
In general these organs are complex and the
differences between species do not lend them-
selves readily to concise unambiguous terms
suitable for use in a key. These structures are
invariably illustrated and the use of the illustra-
tions will lead to a quicker and more accurate
identification than a dichotomous key where many
of the alternatives would by necessity be couched
in relative terms.
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HISTORICAL

THE FIRST record of spiders from New Zealand
is found in the initial volume of Walckenaer’s
Histoire naturelle des Insectes Aptéres published
in 1837. The ten species described had been
collected during 1827 by Quoy and Gaimard
during the voyage of the French corvette Astro-
labe. The descriptions are not sufficient for
satisfactory identification and only three of
Walckenaer’s names are used today, Porrhothele
antipodiana, Aranea crassa and Aranea pustulosa.
Polack refers to two species of Aranea in the first
volume of the account of his stay in New Zealand
published in 1838, but both of these species are
unrecognizable.

The spiders collected in 1841 during the
expedition of H.M.S. Erebus and Terror which
visited the Auckland and Campbell Islands and
the Bay of Islands were described by Adam
White in 1849. The types of the eight new species
which he described are in the British Museum
but are apparently in bad condition and only one
of his species, Cambridgea antipodiana, is current-
ly accepted. From this period little work was
done on New Zealand spiders until the 1870s
when the greatest period of activity began. In 1871
Ausserer described Hexathele hochstetteri and
shortly after the first part of the Die Arachniden
Australiens by L. Koch appeared. This latter
publication, which was completed by Keyserling
after failing sight forced Koch to abandon his
studies in 1881, added thirty-five species to the
New Zealand fauna. Towards the latter part of
this decade a number of arachnologists in Eng-
land and Europe began to publish extensively
on the spider fauna not only of their own coun-
tries but also from overseas, and were willing to
examine the material which was being collected
by the naturalists now employed in the various
museums and other scientific organisations being
established at the time in New Zealand. Promin-
ent among these local collectors was Captain F.
W. Hutton, at that time Director of the Otago
Museum, who forwarded a number of collections
to the Reverend O. P. Pickard-Cambridge in
England. These spiders and others forwarded to
Cambridge were described in a series of papers
in the Proceedings of the Zoological Society of
London. L. Powell, a medical practitioner in
Christchurch, apparently became interested in
spiders through his study of the poisonous katipo
on which he published a note in the Transactions
of the New Zealand Institute in 1871. In the
single taxonomic paper on the family Attidae

published by Powell in 1873 he indicated that he
was considering further publications, but apart
from a note on the marine spider Desis marina
these did not eventuate. R. Gillies who was farm-
ing in the Oamaru district, as well as being a
prominent businessman in Dunedin, became
interested in the habits of the trap door spiders,
which are very numerous in the Oamaru district.
and published an outstanding account of these
spiders in the Transactions of the New Zealand
Institute for 1876. Unfortunately the true import-
ance of this study was lost when Pickard-
Cambridge, to whom the spiders were sent for
identification, concluded that the specimens col-
lected by Gillies represented a single species,
which he named Arbanitis gilliesii. It would
seem from re-examination of this collection
which is housed in the Hope Museum, Oxford,
that at least six species were observed by
Gillies but with the loss of his key numbers
it is not now possible to relate the nests with the
spiders. In 1884 Urquhart published the first of
the important series of papers which were to be
published over the next fifteen years in the
Transactions of the New Zealand Institute. A. T.
Urquhart farmed at Karaka in the North Island
and many of the species he described in his earlier
papers were collected from this area, but later he
received material from other naturalists collecting
elsewhere, resulting in a fairly broad coverage of
the fauna. Unfortunately most of his type
material has been lost and only a small portion
of his collection (which is housed in the Canter-
bury Museum) is now available for re-examina-
tion. Many of the species which he described
have been synonymized by subsequent authors
but from examination of the limited material still
available it seems that the bulk of his species were
in fact valid at the time of publication. Urquhart
obviously made use of the diagnostic value of the
female epigynum and male palp to separate his
species but in only few cases were these illustrated
in his papers, and his descriptions, while volum-
inous, were vague so that many of the species
described are not now recognizable. P. Goyen,
an Inspector of Schools in Otago who developed
a keen interest in spiders, published six papers in
the Transactions of the New Zealand Institute
between 1887 and 1892. A portion of his collect-
ion was located recently in the possession of his
descendants but the bulk of it has been destroyed.
His descriptions are detailed and it is probable
that most of the species he described will be
recognized.  After the deaths of Goyen and
Urquhart little work was done by New Zealand
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students for some forty years. However during
this period a number of papers were published
on New Zealand spiders by overseas arachnolo-
gists, based on material housed in various institu-
tions. H. R. Hogg, an Englishman who became
interested in spiders while living in Victoria,
Australia, continued to work on the spiders of
Australia and New Zealand after his return to
England in 1892, basing his work primarily on
his own and the British Museum collections.
His papers published mainly between 1901 and
1911 covered spiders from both the mainland of
New Zealand and the sub-antarctic islands.
Comte de Dalmas, a French amateur naturalist
who had the good fortune to be financially inde-
pendent and also to own a sea-going yacht, visited
New Zealand in 1912, primarily for the trout and
salmon fishing, but during his stay became inter-
ested in the spider fauna. He made extensive col-
lections which he worked up on his return to
France, under the guidance of Eugéne Simon,
as the basis for his paper Araignées de Nouvelle
Zélande which was published in 1917. This paper,
while dismissing too readily many of the species
described by earlier authors, has been of great
assistance to subsequent workers in obtaining
a grasp of the fauna as a whole. The period
between the two world wars was marked by a
few papers by Berland which contained refer-
ences to New Zealand spiders. The most import-
ant of these was his account of the spiders from
the Auckland and Campbell Islands published in
the Records of the Canterbury Museum in 1931.
Miss E. B. Bryant, Arachnologist at the Museum
of Comparative Zoology, Harvard University,
published three papers (1933, 1935) in which
she redescribed some of Urquhart’s material in
the Canterbury Museum and also described fur-
ther species from the Canterbury Museum col-
lections.

Although little was published by New Zealand
workers in the period before and during the
second world war an interest in spiders was
developed independently by a surprisingly large
number of individuals all of whom were working
on an amateur basis in that they were not em-
ployed professionally for this work. A. W.
Parrott who was engaged during the earlier
period on freshwater biology and after the war
as Biologist at the Canterbury Museum and then
Curator of Insects at the Cawthron Institute built
up a collection of spiders and prepared a System-
atic Catalogue of New Zealand spiders which
was published in 1946 and has since published
a number of systematic papers on the New Zea-

12

land fauna. C. L. Wilton, a sheep farmer in the
Wairarapa, carried out an intensive study of the
spiders living in his district, describing the first
species of Archaeid from New Zealand in 1946,
and is at present collaborating on portions of the
present publication. G. Chamberlain, by pro-
fession an industrial chemist, began publication
of a revision of the spiders of New Zealand in
1944 but was forced by pressure of other work
to defer further publication after the second part
appeared in 1946. Professor B. J. Marples who
has been studying New Zealand spiders for many
years, has published an account of the spider
fauna of the Three Kings Islands as well as a ser-
ies of revisions of small groups which include
many new and interesting field observations. Two
excellent revisions have been carried out by stu-
dents from the Department of Zoology, Univer-
sity of Otago, working under the direction of
Professor Marples. The first of these was a revis-
ion of the mygalomorph spiders by Miss Valerie
Todd in 1945 and the second a revision of the
family Dictynidae by R. R. Marples in 1959.
Both of these publications have proved to be of
great assistance in the present work.

STRUCTURE

EXTERNAL ANATOMY

UNLIKE many other arachnids the body of a
spider is clearly divided into two portions, the
cephalothorax or prosoma, and the abdomen or
opisthosoma. These two portions are connected
by a narrow waist — the pedicel. The cephalo-
thorax bears the chelicerae, palps, with the associ-
ated mouthparts, the legs and the eyes. The
abdomen bears the respiratory, reproductive and
digestive systems and also the spinnerets and
structures normally associated with these spinning
organs.

Cephalothorax

The cephalothorax represents the head and the
thorax which are fused into a single unsegmented
unit. The dorsal portion of the cephalothorax is
covered by a convex carapace which normally
shows a more or less distinct U-shaped cervical
groove, separating the higher more convex anter-
ior portion — the head, from the more flattened
posterior portion — the thorax. The head region
bears the eyes and these are discussed more
fully below. Behind the cervical groove on the

-y




Fig. 3.

median surface there is usually another short
groove which may be transverse or longitudinal
(and sometimes absent or indicated only by pig-
ment). This is the fovea. From the fovea may
extend laterally three pairs of radial furrows. The
fovea and radial furrows mark the internal attach-
ment of muscles. The radial furrows may be
absent but are then often represented by rows of
small bristles or hairs. The form of the carapace
may be strongly modified with various humps
and protuberances. The most common modifica-
tions in New Zealand spiders are either the eleva-
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Trogloneta. sp. male. (Symphytognathidae). Preserved specimen. Body length 1 mm.

tion of the whole carapace (in both males and
females) as in the Archaeidae and Symphytogna-
thidae (Figs. 173, 174) or the elevation of the eye
region alone as in Trogloneta (Fig. 3) where the
modification is usually dimorphic and found only
in the male. The major portion of the ventral
surface of the cephalothorax is covered by a large
unsegmented plate — the sternum.

Eyes
The eyes are simple ocelli. Most spiders have
eight eyes, which is apparently the primitive

ALE
Median

ocular area

PLE

Fig. 4. Diagram of carapace of a salticid spider showing the ocular area. Fig. 5. Diagram of the eves of a
spider illustrating the terminology used in descriptions.
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number. These are usually arranged in two or
three rows. Because the size and arrangement of
the eyes varies greatly they are used extensively in
separating both species and larger taxonomic
groups. On the basis of the more common arrange-
ment of the eyes in two rows they are grouped
as the anterior row and the posterior row so that
the terminology of the eye pairs is anterior
median=AME, anterior lateral=ALE, posterior
median=PME, and posterior lateral=PLE. This
terminology is retained throughout on morpho-
logical grounds even though in some spiders the
eyes have moved to positions where the term
used may not be actually descriptive of the plac-
ing of a particular pair of eyes. The area enclosed
by the AME and PME is termed the median

Fig. 6. Porrhothele antipodiana (Walck.) (Dipluridae) showing the position of the paraxial fangs

in use.

ocular quadrangle or area and is used extensively
in taxonomy (Fig. 5), while in some families such
as the Salticidae where the eyes are present in
three rows the whole region covered by the eyes
is referred to as the ocular area (Fig. 4) and
used in a similar way.

The rows of eyes are often curved. Where the
curve is such that the outer ends of the line drawn
through the row of the eyes is nearer to the front
end of the carapace this is termed procurved and
the opposite situation recurved (Fig. 5). In de-
scriptions of spiders where the eyes are raised
above the anterior margin of the carapace and
are placed on a convex surface it is customary
to specify whether the curve has been observed
from directly above the eyes or from directly in
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front of the carapace because the degree of curva-
ture and at times the actual direction of the curve
may be quite often different according to the angle
of viewing. The AME are nearly always dark
while the other eyes may be light in colour or
have a pearly lustre, but they are sometimes dark
like the AME. Where the eyes are both light
and dark they are referred to as heterogeneous
whereas if the eyes are all alike they are termed
homogeneous.

The AME belong to the first somite of the head
and are characterized by a direct retina. The
other six eyes which belong to the second somite
have an indirect retina. When there is a reduction
in the number of eyes the AME are the first pair
lost and this is the missing pair in all New Zea-
land six-eyed spiders. Further reduction is shown
in overseas forms where four-eyed, two-eyed and
even single-eyed spiders have been recorded.

The region between the anterior pair of eyes
and the front margin of the carapace is called
the clypeus. The height of the clypeus is the
distance between the front pair of eyes and the
anterior margin of the carapace and is referred
to in units related to the width of the eyes,
usually the AME when this is present.

Mouthparts

I'he chelicerae are preoral structures which are
situated below the clypeus. Each chelicera con-
sists of a stout basal segment — the paturon —
and an apical fang. The paturon may have a
boss or lateral condyle near the base on the outer
surface. In some spiders where the chelicerae
are directed forwards more or less horizontally
they are described as porrect. Where the base of
the chelicera is stout and directed forward for a
distance before the main portion bends down
vertically the chelicera are described as genicu-
late. The groove in which the fang lies when at
rest is called the cheliceral furrow. The margins
of the cheliceral furrow are often provided with
small teeth and also bristles which are sometimes
modified to form rods and these are frequently
of importance in taxonomy. Those on the inner
margin are termed promarginal and on the outer
margin retromarginal (Fig. 2). In all but two
groups of spiders poison glands are associated
with the chelicerae. The actual poison gland may
be contained within the paturon, as is the case
with the mygalomorph spiders, but in most true
spiders the gland is a voluminous sac which
extends back into the head. A narrow duct passes
through the fang and opens a short distance
behind the tip (Fig. 49). Behind the mouth are

the second pair of appendages — the pedipalps
or palps, which are leg-like but possess only six
segments. The basal segment of the palp, the
coxa, is directly associated with feeding, and lies
below the mouth. The coxae are little modified
in the mygalomorph spiders but in most other
spiders are expanded to form the maxillae which
are flattened lobes with usually a scopula on the
inner or anterior surface and in many spiders a
row of minute teeth called the serrula. Between
the maxillae is a small single median plate —
the labium — which is attached to the sternum.
In some spiders there is a distinct groove between
the labium and the sternum so that the labium is
referred to as ‘free’ but where this groove is
absent the labium is described as ‘fixed’. In some
families the anterior margin of the labium is
swollen or thickened and then the labium is
described as rebordered (Fig. 100).

Palps

The female palp normally consists of six seg-
ments (Fig. 8) coxa, trochanter, femur, tibia
and tarsus (metatarsus lacking), but in the family
Symphytognathidae the number of segments may
be reduced in the female and in some genera the
palp in the female is completely absent except
for the coxal segment with the maxilla. In
females the tarsus is simple and may, or may not,
be armed with a single claw. In mature males
the tarsus carries a copulatory organ which stores
the sperm, derived indirectly from the gonopore,
and is the organ used to transfer sperm into the
body of the female during mating. In many
spiders the tibia, and, less often the patella and
femur, is provided with apophyses, which by
virtue of their varied form are used extensively
in taxonomic descriptions (Figs. 9-11).

In the majority of spiders the tarsus of the
palp of the male, when mature, is concave below
where the bulb rests while not in use. This cavity
is called the alveolus and the tarsus itself is then
termed the cymbium. In a number of families
(e.g. Linyphiidae, Epeiridae) a further appendage,
the paracymbium, arises from the base of the
cymbium (Fig. 10).

The palpal organ of the male, by virtue of the
infinite variety of form it may take in different
species, is of the greatest value in specific identi-
fications. In those groups such as the mygalo-
morphs, the Oonopidae and Segestriidae which
have no epigynum the palpal organ is in its simp-
lest form. In these groups it is basically a single
flexible bulb within which is a loosely coiled tube
containing the sperm. The tube opens from a
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Fig. 7. Diagram of leg of spider. Fig. 8. Diagram of palp of female spider.

slender spine, which is usually distal, termed the often present as a strongly sclerotized process or
embolus or in this simple form, the style (Fig. as a thin membraneous structure which may be-
9). While the basic mode of copulation remains come expanded into a thin transparent plate.
the same in all spiders the form of the palpal The two structures belonging to the apical divi-
organ becomes extremely complex in many fami- sion most commonly referred to are the embolus
lies (Figs. 10, 11). In the more complex organs and the conductor. The embolus takes many
three main divisions are usually present but these forms but it may be recognized by the fact that
are only seen clearly when the organ is distended, the ejaculatory duct opens from it. The con-
and most identifications are made from specimens ductor is the process which normally lies along
where the organ is folded back into the alveolus. part or all of the length of the embolus when
In common with most spider taxonomists great the organ is at rest and probably has a supporting
reliance is placed in the present work on clear function. When dealing with the families with
illustrations of the palpal organ at rest rather complex palpal organs the structure and termin-
than a detailed verbal description of each and ology used is discussed, but detailed accounts of
every structure. However a number of parts are the structure of the palpal organ may be found
frequently referred to belonging to the middle in Comstock (1912) and Gerhart and Kaestner
and the apical division of the organ. The median (1937).

apophysis belongs to the middle portion and is The similarity between the structure of the

16



9-11.

Figs.
Duripelta sp. (Oonopidae). Fig. 10. Aranea pustulosa (Walck.) (Epeiridae). Fig. 11. Cambridgea antipodiana
(White) (Agelenidae).

intromittent portions of the palpal organ and
the ducts in the epigynum of the female in many
spiders has led to the suggestion that there may
be a direct relationship between the various struc-
tures of the two organs which would preclude
interspecific mating. However many detailed
studies have been carried out of which two of the
more recent are by Gering (1953) and Merrett
(1963). These tend to show that this ‘lock and
key’ hypothesis has little merit and it is probable
that the main barrier to cross mating lies in

Illustrations showing the appearance of typical
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male palps (hairs mainly omitted). Fig. 9.

physiological and behaviouristic characters rather
than structural form.

Legs
The four pairs of legs are attached to the cepha-
lothorax laterally, between the sternum and the
carapace. Each leg consists of seven segments
— the coxa, trochanter, femur, patella, tibia,
metatarsus and the tarsus (Fig. 7). The trochan-
ter is generally the shortest segment and usually
the first segment clearly visible when viewing the



spider from above. The femur is usually the
longest segment. The patella and tibia are im-
moveable in relation to each other and are
measured as a single unit by some authors. The
metatarsus and tarsus are sometimes referred to
collectively as the ‘foot’. The metatarsus has also
been called the protarsus by some of the earlier
workers and this should not be confused with
praetarsus. In some spiders such as the Pholc-
idae the tarsus may be broken up into pseudo-
segments. To provide a uniform system for
recording the position of the various structures
found on the legs it is customary to use the terms
dorsal and ventral and the prefixes pro and retro
in their morphological sense as determined by the

12

Tarsal tubercle

Tarsal thorns

plane of symmetry. The planes are determined by
imaginary straight lines joining the articulation
points of the basal and distal end of the same
segment. The prolateral surface is then the side
which in relation to this plane faces the anterior
end of the body. In the front two pairs of legs
of most spiders this will be the inner surface
but in the posterior two pairs it will be
the outer surface. In some spiders such as the
Thomisidae the anterior legs may be turned
so that the morphological prolateral surface
becomes dorsal. This type of leg is termed
laterigrade and the same term is used to
describe the sideways type of locomotion
which is usually associated with such spiders
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Figs. 12-18. Structures found on the legs of some spiders. Fig. 12. Plumose hair. Fig. 13. Spatulate hair.
Figs. 14, 15. Two common forms of spines. Fig. 16. Distal portion of tarsus of Pounamua sp. (Oonopidae)
showing tarsal tubercle, tarsal thorns, and onychium. Fig. 17. Distal portion of tarsus showing claw
tufts. Fig. 18. Diagram showing the arrangement of the superior and inferior claws on a three-clawed spider.



(Fig. 154). When the legs are not turned
they are named prograde. Spiders with prograde
legs may use two types of locomotion —
running, for which the term citigrade is used
and jumping, for which the term is saltigrade.
All legs are usually covered with hairs and in
most spiders spines and bristles are also present.
In practice it is difficult to provide a definitive
method to distinguish between what might be
termed a spine or a bristle. It will be found when
dealing with closely related species that definite
structures which may without hesitation be called
spines in one species are represented by more
slender weaker structures in another species which
are then called bristles, but are undoubtedly homo-
logous with the spines. In the present work
bristles occurring in this way have usually been
included in the spination with a note to indicate
that the structure is present as a bristle. While
it does not seem practical to establish a general-
ized pattern for spination from which a uniform
spination formula could be developed, when deal-
ing with related groups of species it is often
feasible to establish the maximum number of
spines which may be present on a particular sur-
face and the notation is then based on the pres-
ence or absence of these spines. The hairs may
be smooth, finely ciliate or plumose (Fig. 12).
Occasionally they are modified to form spatulate
and squamiform hairs which in some circum-
stances are referred to as scales (Fig. 13). The
trichobothria are very fine hairs, usually smooth,
but occasionally ciliate, which are set vertically
in relatively large sockets (Fig. 41). These are
specialized sensory hairs for which a variety of
functions have been postulated; the most com-
monly held suggestions being the detection of air
currents or of vibrations. The presence of tricho-
bothria and their distribution, or in some cases
their absence, is extensively used in taxonomy.
In some spiders the ventral surface of the tarsus
and less often the metatarsus is clothed with a
dense brush of short, stiff hairs — the scopula
(Fig. 108). When a tuft of similar hairs is present
but restricted to the end of the tarsus below or
around the claws these are called the claw tufts
or fasciculi unguiculares (Fig. 17). While the
presence of claw tufts is usually associated with
two clawed spiders, a number of spiders, includ-
ing some New Zealand species, do have both
three claws and claw tufts. Not all two-clawed
spiders have claw tufts.

I'he tarsi of all legs are terminated by either
two or three claws. In general the spiders which
capture their prey by active hunting have only two
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claws while web-building spiders have three claws,
but this division is by no means true for all
spiders. The upper pair of claws are called the
superior claws and while usually pectinate in a
single row may in some spiders (Oonopidae,
Aparua) be pectinate in a double row. The pec-
tinations may be the same on both claws, when
the claws are termed similar, or one claw may
have fewer pectinations, in which case the claws
are termed dissimilar. The third claw or inferior
claw when present is always below the superior
claws and usually much smaller. Associated with
the true claws of a number of three-clawed
spiders are found strong serrated bristles which
are called false claws or pseudonychia. The ter-
minal portion of the tarsus may appear as a
separate part carrying the claws. This is the
onychium which is morphologically the praetarsus
and is clearly seen in the New Zealand Oonopidae
(Fig. 16).

Apart from the trichobothria there are a num-
ber of other structures found on the legs which
are supplied with nerves and are certainly sensory
organs but their true function is not clear. There
is on the dorsal surface of the tarsus of many
spiders a small blister enclosing a space which
communicates externally through a small pore.
This is called the tarsal organ or tarsal drum
and it has been suggested that this structure func-
tions as a chemoreceptor and also that it plays a
part in the detection of water. These structures
are not present in all spiders. Slit sense organs
or lyriform organs, are always present on the legs
as well as other parts of the body both as single
slits and in groups. While these organs are usually
held to be chemoreceptors recent work suggests
that they may act to control torsion and assist in
locomotion and other muscular activities. A num-
ber of other structures have been recorded
recently in limited groups of spiders which while
presumed to be sensory organs have not been
examined histologically. Two which are found in
New Zealand Oonopids are the rarsal tubercle a
small mound usually provided with erect bristles
(Fig. 16) which is always associated with two
small curved spines, the tarsal thorns, placed
above the onychium. An erect rod-like structure
which is partly enclosed in a sheath is found on
the tarsus of some of the New Zealand agelenids.
This has been called the tarsal rod.

Spiders with a cribellum also have a calamis-
trum. The calamistrum consists of one or two
rows of closely spaced curved bristles on the
metatarsus of the fourth leg (Fig. 21). It is used
by the spider to comb out the special silk pro-



Fig.
spinnerets. Fig. 20. Postero-ventral surface
showing colulus and spinnerets. Fig. 21. Fo

duced from the cribellum. In most of the Theri-
diidae there is a comb on the ventral surface
of the fourth tarsus which consists of a row of
serrate bristles used in association with the swath-

ing silk (Fig. 104).

Abdomen
The abdomen and the cephalothorax are joined
by a narrow waist — the pedicel — which is the
first true abdominal segment. The dorsal surface
of the pedicel is called the lorum and the ventral
surface the plagula. While the abdomen is most
commonly oval it may be modified in many ways.
Some of these modifications-may take the form

19. Postero-ventral view of abdomen of Ixeuticus martius (Simon)
of abdomen of Cambridgea
urth leg of Ixeuticus martius (Simon) showing the calamistrum.
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(Dictynidae) showing cribellum and
antipodiana (White) (Agelenidae)

of protuberances as in Celaenia (Fig. 24) or
result in an angular shape as in Rhomphaea (Fig.
23) and many species of Tekella, or be produced
into a long tail as in Arachnura (Fig. 22). While
some of the primitive liphistiids and related
spiders from other countries do show segmenta-
tion, represented by sclerotized plates in the adult
form, in New Zealand spiders, the presence of
sclerotic plates has no definite relationship to
primitive segmentation. Most of the New Zealand
spiders which possess plates belong to the families
Oonopidae, Symphytognathidae and Mimetidae
(Figs. 128, 168, 174) where the plates are present
on, and sometimes behind, the epigastrium and



Fig. 22. Arachnura feredayi (Koch.L.) female. (Epeiridae).
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sp. female. (Theridiidae). From life. Body length 3 mm. Fig. 24. Celacnia sp. female
(Epeiridae). Preserved specimen. Body length 4.5 mm.

Fig. 23. Rhomphaea
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iess often on the dorsal surface of the abdomen.
It is commonly found that the plates are much
more extensive on the abdomen of the male and
in many species the males possess a dorsal plate
which is absent in the females. The reproductive
and respiratory organs open from the ventral
surface (Figs. 25-28). In all spiders there is a
more or less distinct transverse groove on the
anterior half of the ventral surface which is called
the epigastric furrow. In the Mygalomorph and
Hypochilomorph spiders there are two pairs of
slits on the ventral surface which are the external
openings of book lungs. The presence of book
lungs can usually be distinguished by a pale or
sclerotized patch. In all other New Zealand
spiders no more than one pair of book lungs is
present, and in some families (Symphytognath-
idae in New Zealand) the anterior pair may also
be replaced by tracheae. Two separate openings
are found in some spiders behind the epigastric
furrow which lead to tracheae but in most families
the posterior trachea are fused so that there is a
single opening in the mid-line which is normally
situated near the base of the spinnerets. In
some spiders the posterior spiracle is lacking.

In the mid region of the epigastric furrow is
the gonopore which is a slit leading into the
reproductive system. The region in front of the
epigastric furrow is the epigastrium. This area is
rarely modified in male spiders but in the females
of many spiders there is a sclerotized plate asso-
ciated with the gonopore which is called the
epigynum (Figs. 29-31). From either one or two
external openings, ducts lead to the seminal
vesicles or spermathecae. Sperm is stored in the
spermathecae and passed down from them
through a fertilization duct to the uterus. when
required, to fertilize eggs as they are laid. The
epigynum and also the spermathecae and ducts
show an infinite variety of form and like the male
palpal organ are of great importance in the identi-
fication of species. In some spiders females in the
penultimate instar may show some sclerotized
structures which while smaller than the functional
epigynum can lead to a mistaken impression that
the specimen is mature.

On the dorsal surface of the abdomen are
smooth depressions, usually two or three pairs,
which indicate internal muscle attachments.

At the morphologically posterior end of the
abdomen the digestive system opens from a more
or less distinct anal tubercle. This is normally a
simple lobe but may be somewhat modified as in
Oecobius (Fig. 32). Below the anal tubercle are
the spinnerets which in New Zealand spiders

number one, two or three pairs. The spinnerets
are provided with spigots from which a number of
different kinds of silk is produced according to
the type of gland associated with the spigot. It
is usually considered that the spinnerets are
homologous with the biramous pleopods of crus-
tacea and that the eight spinnerets found in some
Liphistiidae represent the primitive condition for

Fig. 25. Ventral surface of Aparua (Dipluridae)
illustrating the absence of the maxillae, and the presence
of paraxial chelicerae and of four book-lungs.

.



Fig. 26. Ventral surface of Gradungula sorenseni (Gradungulidae)

showing diaxial chelicerae and four book-

lungs. Fig. 27. Ventral surface of Clubiona sp. (Clubionidae) showing diaxial chelicerae, two book-lungs and
single posterior spiracle near the spinnerets. Fig. 28. Ventral surface of Dysdera crocata (Dysderidae) showing

diaxial chelicerae, two book-lungs and two tracheal spiracles near

spiders. In a number of families (cribellate
spiders) there is a small plate, or in some New
Zealand spiders a small lobe, possessing a sieve-
like surface immediately in front of the spinnerets.
This is the cribellum (Fig. 19) from which a
special type of silk is combed by the calamistrum
on the fourth metatarsus. The cribellum is pre-
sumed to be homologous with the endopodite of
the pleopod of the fourth abdominal somite. A
small apparently functionless appendage is found
in the same position in many spiders and this is
termed the colulus (Fig. 20). The colulus is
normally slender and pointed but in a number
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the epigastric furrow.

of spiders it may be somewhat flattened and in
some represented only by a few hairs. It has been
suggested that the colulus represents a direct relic
of the anterior median spinnerets of primitive
spiders, and by others that it has been derived
indirectly from a cribellum. While both of these
suggestions may well be represented in different
phylogenetic lines it is evident from the study of
the New Zealand cribellate spiders that this latter
suggestion does have weight. In some endemic
genera there are groups of closely related species
where species range from those with a relatively
well developed cribellum and calamistrum to
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31
Figs.  29-30. Amphinecta  decemmaculata  Simon
(Agcl‘cmduc). Fig. 29. Epigynum of female from below.
Fig. 30. Internal genitalia of female, from above. Fig.
3. Epigynum  of  Aranea  pustulosa  (Walck.)

(Epeiridae).

some with a rudimentary cribellum and only a
few hairs forming a calamistrum and also some
species which appear to have no cribellum and
calamistrum at all. The functionless lobe which
is found in these latter species in front of the
spmnerets is to all intents and purposes a colulus.
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Fig. 32. Oeccobius annulipes (Oecobiidae). postero-
ventral surface of the abdomen showing the cribellum
and modified anal tubercle.

INTERNAL ANATOMY

Skeletal System

THE external skeleton of spiders consists of a
pale brown cuticle and the underlying hypo-
dermis. Colour is derived from two main sources,
the physical effects of interference of light which
produce iridescent colours, or various pigments.
The source of iridescent colour is often the fine
structure of hairs and scales but in some cases
interference colours do arise from the cuticle
itself. In most spiders however, colour is derived
from various pigments in the hypodermis or the
diverticula of the mid gut. Millot has established
the presence of three types of pigments. Those
with a melanin base produce black, grey and
dark brown; those containing guanin produce
white; and the carotinoid pigments are respons-
ible for yellow, green, orange and red. The caro-
tinoid pigments are alcohol soluble and are
quickly lost in preserved specimens, while the
other two pigments are relatively stable. All these
pigments are excretion products.

In addition to the exoskeleton there is an endo-
skeleton of which the most conspicuous element
is the endosternite in the cephalothorax (Fig. 33).
This is a horizontal plate, above the nerve mass
and below the alimentary canal, which serves as
an attachment for muscles concerned with the
movement of the appendages and the sucking
stomach. The intrinsic muscles of the legs con-
sist only of flexor muscles and the extension of the

.



Fig. 33. Dorsal view of the endosternite of a lycosid
showing the suspensory muscles (redrawn from Millot,
1949).

34. Diagram of the abdominal musculature of

Fig.
Teutana grossa (Theridiidae) (redrawn from Millot,
1936).

legs is controlled by variation in the pressure of
the blood within the segment. The musculature
of the abdomen is poorly developed. In all
spiders a series of muscles extend from the peti-
olus to the spinnerets (Fig. 34). These are situ-
ated near the ventral surface of the abdomen and
are the longitudinal ventral muscles. A number
of dorso-ventral muscles are arranged segmentally
in pairs and extend between the longitudinal
ventral muscles and the dorsal body wall. The
primitive number is probably four but the full
complement is only found in the Liphistiidae,
Hypochilidae and some mygalomorphs. In other
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families there are usually two or three pairs but
the dorso-ventral muscles are also completely
absent in a few families.

Nervous System and sense organs

The nervous system of all spiders is restricted
to the cephalothorax and consists of a fixed
number of paired ganglia. The larger portion, or
ventral ganglionic mass, lies below the endostern-
ite and the alimentary canal while a smaller
dorsal portion or ‘brain’ lies above the alimentary
canal. The dorsal portion is concerned only with
the innervation of the eyes and chelicerae, and
the relative size and complexity is related to visual
ability. The ventral ganglionic mass receives the
nerves from all other parts of the body. The first
five neuromeres serve the legs and palp while
nerve fibres from the remaining seven neuromeres
extend back as a single large nerve through the
petiolus to the abdomen where it is split into two
secondary branches from which discrete branches
extend throughout the abdomen. In spiders there
are no ganglia within the abdomen.

The eyes are always simple. The cornea or
lens is a modified and unpigmented portion of the
body wall and is continuous with it. The cornea
is renewed at each moult in the same way as the
rest of the cuticula. Immediately below the cor-
nea is the corneal hypodermis continuous with
the hypodermis of the body wall and in fact a
modified portion of this layer. The retina lies
immediately below the corneal hypodermis and
is composed of a layer of visual cells. Each
visual cell consists of a cell body with a nucleus
and a hard structure known as the optic rod
or bacillus. Each visual cell is connected with
the central nervous system by means of a nerve
fibre. There are two types of retina found in
spiders. The AME, which belong to the first
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