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TERTIARY SPIDERS AND OPILIONIDS
OF NORTH AMERICA

INTRODUCTION

The present study is based on collections placed at the disposal
of the author through the courtesy of the Museum of Compara-
tive Zoology of Harvard University, of the U. S. National
Museum, of the American Museum of Natural History, of Pro-
fessor W. H. Twenhofel of the University of Kansas and of
Professor T. D. A. Cockerell of the University of Colorado. To
the above institutions and gentlemen the author expresses his
deep appreciation of the privilege thus accorded him not only to
reinvestigate the types previously described by Scudder, but to
add several new species to those already known. The author is
also deeply indebted to Professor Charles Schuchert who was
instrumental in obtaining most of the material above mentioned.
Although the study of the specimens was completed some time
ago the work was considerably retarded at first by extraneous
activities of the author during the war time and later by the
difficulty of getting the proper help in making the drawings. All
attenipts to photograph the material proved highly unsatisfactory.
Only a few specimens come out sufficiently well to allow of
reproduction. The majority of the specimens are so faint and
their colour so much like that of the surrounding rock that no
combination of rayfilters, plates and illumination systems is of
help in differentiating the specimens from the rock. At the same
time the specimens are sufficiently well preserved to be clearly
seen, measured and drawn. Thus drawings proved in every
way much more satisfactory than photographs and were prepared
by Miss I &, Lovett, Mr. H. D. Rhynedance and myself. The
pictures given by Scudder on Plate XI of his stately volume on
Tertiary Insects of North America are so good that the expense
of redrawing them would not have been justified and the reader
is referred to Scudder’s work.

The collections above mentioned contain altogether two distinct
and hitherto unknown species of Opilionids and forty-seven dis-
tinct species of spiders representing seventy-six specimens or 89
pieces since several specimens consist of two pieces each. Six-
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teen species of spiders are new to science and are described here
for the first time.  Besides the more or less complete specimens
the Scudder collection of the Museum of Comparative Zoology
contains also four impressions of single legs and cight cocoons.
The latter were described by Scudder as belonging to a species
which he named Hranca columbiae. 1 have not seen these =peci-
mens, nor do I include them in the present study because of the
utter uncertainty of classification. That the specimens in ques-
tion are spider-cocoons seems to be if not absolutely beyond doubt.
at least highly probable. But even the family could not be identi-
fied with any degree of certainty, and the figures given by Scud-
der in his Tertiary Insects on Plate 2 make one believe that the
cocoons in question are not all of the same species.

A few words of explanation are necessary concerning the
recognition of species. Generally speaking it 1s much easier to
recognize in a new palaeontological specimen a new species than to
place it correctly in the system. Our knowledge of American Ter-
tiary spiders was based on Scudder’s work. A keen observer and
a man broadly versed in the systematics of Arthropods, Scudder
had no difficulties in assorting his material and describing the
new species.  He made minor mistakes, in a few cases he placed in
the same species specimens distinctly belonging to different spe-
cies, but the bulk of his species stand good to-day. At the same
time Scudder has never been a professional arachnologist and the
prineciples of classification gradually arrived at through the work
of several distinguished European arachnologists remained
unknown to him or did not appeal enough to him to be extended
trom the field of recent forms to that of extinct ones. Therein
lies the weakness of Scudder’s work. Ifor although his species are
2o0od, the characters upon which their description is based, from
the point of view of modern knowledge are entirely inadequate
for the purpose of placing the species in the system. \s will be
pointed out further down, not only the generic characters, but
even family characters as well as characters of entire sub-orders
are usually so obliterated that Scudder had to rely mostly on
external similarity.  Naturally species of the same family have
more resenblance to each other than to species of other families.
LExternal resemblance is the first principle in any assortment of
large collections. At the same time, as is well known, it is one of
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the most misleading methods imaginable. In spiders this is par-
ticularly true. \We have parallel lines of development in Thera-
phosid and true spiders and among the latter in cribellate and
ecribeltate spiders. The similarity is so great that for years
Uloboris and Hyptiotes of the Cribellates were placed among the
orbweavers of the Ecribellates. The Agelenids have their coun-
terpart in Diplurids among the Theraphosids. The similarity
between our common Agelena nacvia and Evagris mexicanus of
the Diplurinz is so striking that it extends over their behaviour
and webconstruction, although Ewagrus is more than twice the
size of Agelena and on closer examination possesses all the dis-
tinctive characters of the group to which it belongs. Cases are
known where external simularity has woefully misled the sys-
tematist. Thus a larva of a recent fly belonging to the genus
Microdon has originally been described as a hard mollusk. and the
cases constructed by some recent caddis-fly larvee as shells.  Mis-
led by external similarity, the distinguished arachnologist Count
Keyserling described a new genus of a cribellated spider, .dcan-
thoctenus with two species as a new genus of the sub-order Citi-
gradz, because he did not pay attention either to tiie spinnerets or
the metatarsus of the fourth leg. The synonvmy contamed in
arachnological works demonstrates clearly that similar mistakes
have been made repeatedly by most eminent arachnologists. It only
shows that errors are very easy to make and that i the absence
of most 1mportant characters such errors are inevitable.  Under
the circumstances a modern arachnologist may well condemn any
attempt at classification of extinct spiders. In recent spiders it
is a comparatively casy matter to place a specimen in its proper
family, it is more difficult to assign it to a genus, and it requires
often minute study of characters invisible to the naked eye to
determine the species. In this respect the study of extinct forms
practically reverses the difficulty. With few specimens in exist-
ence it 1s a comparatively simple matter to establish the fact that
a specimen under observation belongs to a different species from
those already known ; but with very few exceptions it is absolutely
impossible to place it correctly in the system. \What then should
be done? Obviously the species should be carefully described and
provistonally placed in such a genus and family with the recent
representatives of which it has most resemblance.
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When it comes however to a comparison between American and
European spiders extreme caution is nccessary.  With families
and genera uncertain. what reliance can be placed upon deductions
made from such a comparison? Scudder may be pardoned for
his attempt to do it. but no excuse would be valid in the case of a
man thoroughly versed in the modern systematics of recent
spiders.  Faunistic and climatic conjectures are therefore entirely
out of piace.

Another side of the investigation was also sadly disappointing
to the author, namely the complete absence of any structures which
would allow one to unravel the mystery of the origin of the method
of reproduction peculiar to spiders. In those cases where the male
palpi are well preserved they show that at that geological period
the copulatory apparatus was already fully developed and occupied
the same position as in recent spiders. In one case the epigynum
of a female is also surprisingly well preserved and quite of the
type found in recent species.

THE RELATIONSHIPS OF ARACHNIDA.,

[t may be not quite out of place here to consider first of all the
relationships of Arachnida and their place m the System of
Arthropoda.  Already in my monograph of Palaeozoic Arachnida
I have pointed out the reasons why Pycnogonida. Tardigrada and
Pentastomida (Linguatuhda) have no place among the Arachnida.
On the other hand I have icluded under Arachnida the Gigantos-
traca and the Niphosura (Limuloids). I have also given a defi-
nition of the Class Arachnida in conformity with our knowledge
at that time. Since then 1 have done some extensive study of
segmentation in Arthropods, part of which studies 1s in press at
this moment. The readers mterested 1 the subject are referred
to this paper which will appear in the Journal of Morphologyv.
But the results of the investigation may be briefly summarized as
follows: The Lankesterian division of the body of an Arachnid
ito a prosoma, mesosoma and metasoma of six segments each is
entirely untenable and must be dropped. The Niphosura have
much in common with the Arachnida, but also possess many fea-
tures which make their relationship with the Arachnida more than
doubtful.  Their arterial circulatory system is perineural. Their
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carapace represeints apparently not a fusion of the head with the
thorax alone, but includes the first and second abdominal tergites.
The segmentation of the scorpion shows the appearance of a spuri-
ous segment, but is in other respects similar to that of spiders.
The carapace in all Arachnida represents the fusion of the tergites
of the head and thorax, unless one or more of the thoracic somites
are iree, but it never includes any of the abdominal tergites. The
arterial system is entirely independent of the nervous system and
composed of supraneural, subneural and mterneural arteries.
Niphosura cannot be regarded as ancestors of Arachnida for the
same reasons. Very likely Niphosura have Trilobites for ances-
tors as is also suggested by Raymond in his extensive monograph.
The relationship of the Gigantostraca (Eurvpterida) cannot be
determined at present without further research. Provisionally at
any rate they may be safely left with the Arachnida.

The new definition of the Class Arachnida may therefore be
given in the following words. Arachnida are Arthropoda with
heteromeric segmentation.  Their body 1s composed of 21 somites
four of which are prae-oral in the adult, the fourth somite bearing
the chelicera. The first postoral somite belongs to the head and
bears the pedipalpi. The thorax consists of four somites each
provided with a pair of appendages, with the exception of some
Acari in which only the first and second thoracic somites bear
appendages. Head and thorax are usually fused into a cephalo-
thorax, but in some Orders one, two or even three of the thoracic
somites may remain free. The abdomen is composed of 12
somites, the first of which 1s rudimentary in the adult, being rep-
resented only by its neuromere, except in the Pedipalpi in which
it persists throughout life. IFurther fusion of somites involves
the posterior end of the abdomen, beginning with the last somite
and proceeding forward. Secondary spurious segimentation in the
abdomen, as in the case of the 18th somite of the scorpion, may
result in the formation of an additional segment which does not
possess the value of a somite. The anus is always on the last
somite. The genital opening is on the eleventh (second abdomi-
nal) somite. Nephridia modified as coxal glands situated in the
thorax. Respiration by means of lung-hooks or trachez, in some
forms organs of respiration entirely absent. Circulatory system
with a heart i which the cardio-aortic valve always marks the
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limit between the last thoracic and first abdominal somite (1. e.
between the gth and 1oth somites). The reduction of the heart
always begins at the posterior end and proceeds forward. The
arterial system wherever fully developed consists of an aorta with
its arch and pedal arteries and a series of interneural arteries con-
necting the supraneural with the subneural artery. The legs are
typically of 7 joints the last of which in some cases may be sub-
articulated ; the pedipalpi of 6 joints, the terminal joint corre-
sponding to the last two joints of the legs. The chelicere are 2
or 3 jointed. The eyes whenever present are always simple, not
more than 12 in number and belong to the first and second somites.
External segmentation of the adult does not coincide with true
segmentation.

To facilitate the understanding of the above defimition the fol-
lowing table comparing apparent segmentation in several Orders
of Arachnida with true segmentation may not be without practical
value to students of extinct Arthropoda.

The Table needs little explanation. The transverse hnes indi-
cate the limits between segments as they actually appear to the eye.
not as derived from the presence of appendages or from the study
of internal anatomy and embryology. The somitic value of the
sternum in the cephalothorax is omitted in all cases in order to
emphasize the differences in the composition of the carapace as
well as for lack of space. Attention is called to the fact that the
normal or most primitive type of segmentation is found not in
Scorpions but in Pedipalpi. There is still some difference oi
opinion concerning the eves in Aranee. Schimkewitsch and
Scheuring homologize the indirect eyes of spiders with the median
eves of scorpions, and the direct eves with the lateral eyes of scor-
pions.  Schimkewitsch even gives a figure of the ganglia as
derived from the study of sections i1 embryos of Ischnocolus. It
seems to me however that the evidence addnced by the above men-
tioned investigators is 1ot sufficient to decide the case in their
favor and T retain for the present the homology of the median eves
of the scorpion with the direct eyes of spiders.

It is not impossible that Arachnida possessed originally a few
somites 1 front of the eves. Corresponding nenromeres have
been figured by Schimkewitsch. If such is the case the body of
an Arachnid is in realitv composed of more than 21 somites, but
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in absence of definite data it seems wiser to limit the discusston of
homologies to somites the presence of which can be always demon-
strated. The same holds true of Niphosura.

CLASSIFICATION IN ARANE.E.

Let us now proceed in detail with the discussion of the problem
of classification in spiders and especially with that of identification
of extinct species. Lest much of what 1 have said may scem to
be unsupported by facts, arbitrary and attributable rather to per-
sonal shortcomings of the author than to poor preservation of the
material itself, I shall give two examples and submit these to an
exhaustive analysis so that the reader may form a judgment for
hunself.  The spiders which T choose for this purpose, Parattus
resurrectus and Titanoeca ingenua, are fairly well preserved.
Both belong to the sub-order of Arachnomorphze or True Spiders,
characterized Dby the direction of the axis of articulation of the
chelicerwe, the presence of well developed maxillary tobes and the
possession of a single pair of lungs and of a single (or of a pair)
tracheal spiracle. Neither of these characters can be determined
from an examination of the specimens in question, but the combi-
nation of other characters, the general appearance, the size, the
proportion of the legs, the “tout cnsemble” so to say, makes a
mistake impossible.  So far, so good.

The first sub-division of True Spiders is based on the presence
or absence of a cribellum in front of the spinnerets and of a cala-
mustrum on the fourth metatarsus.  The Family Attide, to which
according to Scudder who established the genus Parattus for
three species of Tertiary Spiders that genus belongs, comes under
the division Ecribellatee.  The absence of a cribeltum and calamis-
trum in recent spiders may be ascertained without difficulty, but
only with the aid of a lens. Moreover, the calamistrum can be
seen only in a certain position of the leg. How much of these
structures may have been preserved in extinct spiders? Spines
and hair are well preserved in some specimens.  Spinnerets, as a
rule, are not nearly as well preserved. In Parattus resurrectis
one can see with the aid of a good binocular dissecting microscope
at a magnification of about 6o diameters simple brown hair on the
spinnerets and similar hair and spines on all legs. No cribellum
and no calamistrum are visible. In absence of traces of these
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structures we may reasonably assume that Parattus did not possess
them, but the absence of a character is in itself not a sufficient
proof, because m no case are all structures preserved.

Assuming then that Parattus actually did not possess these
structures we may place it in the division Ecribellatee. This divi-
sion is composed of 28 families in recent spiders. \What are the
distinctive characters of the Family Attide? 1) Presence of a
single spiracle immediately in front of the spinnerets; 2) Two
tarsal claws and ungual tufts; 3) Eight eyes in three or four
rows, anterior median eyes by far the largest, eves of second row
minute; 4) All eyes of the diurnal type; 5) Clypeus vertical; 6)
Absence of colulus; 7) Body oiten covered with scales.  Of these
characters the relative size and position of the eves is the most
conspicuous and usually allows at once to recognize an Attid in
a recent spider. How about Parattus? The eyes of the second
row are not discernible in any of the three species. Scudder
describes for Parattus resurrcctus the “eves of the second row
from one-eighth to one-tenth the size of those of the first row,
situated behind and within the middle anterior pair, so that lines
drawn through the middle of the large and small ones would meet
in a right angle behind the small ones and leave them distant from
each other by about their own diameter; the outer edge of either
of the small ones is hehind the inner edge of one of the large
ones” (p. 534). No smmilar position of the eves of the second row
is known to occur in any of the hundreds of recent Attide. If
the lttle impressions which Scudder described as eves of the
second row actually represent eyes then Parattus 1s not an Attid
at all.  Similarly, if the anterior median eves are equal in size to
or scarcely larger than the anterior lateral eyes, then, as Scudder
himself points out in his definition of the genus Paratius, this
character separates [’erattus “from all members of the Family.”
But the eyes of the third row Dbeing “not discernible” in Par-
attus resurrectus, “doubtiul” in Parattus latitatus and preserved
only in the otherwise poorly preserved specimen of Parattus
cvocatus, m which the eves of the second row according to Scud-
der himself are “indiscernible,” what value can be placed in the
generic character when the corresponding family character is not
in evidence ?

Of the other six characters of the IFamily Attidie enumerated
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above, characters the combination of which might have come to
our help, not a single one can be recognized. Even in recent
spiders the spiracle can be seen only with difficulty, the diurnal
tvpe of eyes is an expression of the internal structure and cannot
be preserved, the clypeus, if properly preserved would appear only
in a plane vertical to the surface of the specimen and the ahsence
of the colulus is only a negative character. The claws could be
seen under microscope if they were preserved, but although every
spider has either two or three claws on each tarsus, none of the
specimens in question show any trace of them. Similarly,
although the specimens show well preserved hair and spines. there
is no trace of scales. The evidence, such as there 1s, points there-
fore against the probability of Parattus belonging to the Family
Attide.

But let us assume for the moment that Parattus 1s an Attid.
The separation of Attide into genera is based on the following
characters :—1) Number aud structure of teeth on the lower
margin of chelicerie; 2) Size and shape of the entire evegroup;
3) Relative position of the eyes of the second row; 4) Number of
spines on the underside of the first tihia; 3) Number and distri-
bution of other spines on legs; 6) Distance between the anterior
coxa; 7) Shape and especially elevation of carapace; 8) Shape
of underhp; and g) Shape of sternum. Most of these structures
are either poorly preserved or entirely indiscernible. If the family
relationship were definite then indeed the genus would be suffi-
ciently characterized by the proportion of the anterior eyes and we
could disregard the other characters. As for the specific differ-
ences given by Scudder for his three species of Parattus and con-
sisting 1 the shape and proportions of the cephalothorax. these
differences in recent spiders would undoubtedly have generic and
not specific value. For the recognition of species in Attidae is
based chiefly on the structure of the male palpus and female
epigynum, the distribution of color on the abdomen, carapace and
legs, the type of hair and scales, modification of the legs, etc.

The case of Titanocca ingenua (as well as that of Titanocca
hesterna) is still worse. The genus Titanoeca has been estab-
lished by Thorell for spiders which belong to the division Cri-
bellate. Scudder mentions the fact that this genus ‘“‘is not far
removed from Amaurobius,” but in his description of both species
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he fails to mention altogether either the calamistrum or the cri-
bellum. In fact he does not mention even the spiunerets. Yet
the spinnerets are visible in Titanocca ingenua which is by far the
better preserved species.  The spinnerets are far apart, reminding
of recent Drassids.  No cribellum is visible. The legs are extra-
ordinarily well preserved and the fourth metatarsi do not show
anything lhike a calamistrum. 1t 1s therefore not probable that the
spider in question is either a 7Titanocca or any other cribellate
species.  But while the exclusion of this species from the division
of Cribellatae is a comparatively simple matter, it is almost impos-
sible to establish its true relationships.  On account of its general
appearance and the structure of the spinnerets 1 have placed both
species provisionally under the family Drasside.

Of the forty-seven species of spiders presented in this paper,
Nephila pennatipes and Tetragnatha tertiuria are the only ones
whose generic identity seems to be sufficiently well established.
The three species of Thomisis undoubtedly belong to the family
Thomisidee, but the genus in its modern conception remains uncer-
taim. The same mav be said about the species referred to the
genus FEpeira of the {family Argiopide (Epeiride). The
genera 1ethnews, Parattus and several new genera proposed by
me all deal with extinct forms and have therefore a ditferent value
from genera of recent spiders. None of the remaining spiders
can be placed in the svstem satisfactorily. In these cases 1 did
not feel justified to establish new generic names. a procedure
which is advisable only where it is sure that the species does not
belong to the genus under which it was originally placed. Each
case will be discussed separately. In cach such instance the genus
used by modern arachnologists for recent species may have only
the value of a vague approximation.

ORDER ARANE.L,

Spiders represent a very natural order and already in the Upper
Carboniferous or Pemmsylvanic Period are easily distinguishable
from all other Arachmda. In all recent spiders with the excep-
tion of the family Liphistiide of the sub-order Mesothelae and in
all Tertiary spiders known the abdomen appears unsegmented.
T all spiders without a single exception the abdomen is joined to
the cephalothorax by means of a very thin petiolus representing














































































































































































