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T : . The Onychophora include 70 species, the largest of which, Peripatus torquatus,

o ’ can grow to a length of 15 cm.

.- Onychophora are terrestrial animals with one pair of antennae, a pair of claw-
like mouthparts, and numerous unsegmented stumpy legs bearing claws. The

. body cavity is a mixocoel; traces of the coelom are found in the gonadal cavities

' : and excretory organs. The heart is tube-shaped with metamerically arranged,

" i . paired ostia. The respiratory organs are bundles of long tracheae.

5 Although this phylum includes only few species, it is of great importance
o ] i phylogenetically, consisting as it does of terrestrial animals in some ways inter-
- , ,{i ' mediate in structure between annelids and arthropods. The wormlike body is

not distinctly segmented, the head not set off. However, segmentadon is indi-
cated externally by the appendages, one pair to each metamere. The fine anaui-
/ tion of the skin (Figs. 1-1, 1-2) does not correspond to the true metameres, but
o , : results from the alternate bands of columnar hypodermal cells that stand four
times higher than the cells of the adjacent grooves. In zddition, the hypodermis

- )

.\, ' has numerous small papillae, each bearing 2 short, fine seta, giving the animal a

r 4 .

v velvety texture. The external, flexible, chitirans cuticle is barely 1 pm thick.
4 . While many species are dark gray or browa, some have red or blue-green pig-
o ments and may be striped or speckled.

(N ‘ - . .
(o Anatomy
{0 The musculature underlying the hypodermis is smooth, like that of annelids.

From outside to inside there are circular, diagonal, and strong longitudinal
muscles. There are also dorsoventrally arranged muscles that divide the inside
into one median and two lateral cavities. As in annelids, the muscles are opposed
by the turgor of the body fnid. There is no hard skeleton.

APPENDAGES. The anterior is an acron (prostomium) that bears eyes and
lacks appendages. It is derived from the preoral lobe of the embryo. The acron

—.




Fig. 1-1. Peripawides nocaezealandiae. (Photograph by D:. R. R. Forster.)

is followed, without a clear boundary, by the antennal segment, which bears
dorsally a pair of annuiate antennae representing the first body appendage (Figs.
1-2. 1-3). The antennae and all subsequent appendages arise as postoral pri-
mordiz in the embryo The second appendage is a pair of sickle-shaped man-
dibies,x the jaws (Fig. 1—4), which move from outside to deep inside the mouth
during; development. Salivary glands open behind the-mandibles into the preoral
cavity. The third pair of body appendages is represented by the oral papillae cn
each sjide of the mouts, through the tips of which open the adhesive or slime
glandst. The succeeding appendages are walking legs, 14 to 43 pairs occurring at
(egulax intervals. The legs are holiow, conical evaginations of the body (Fig.
1-5). [Distally they form wide flat pads, calling t> mind those of insects, and are
—{‘viiiilc(;)y a pair of claws in a pocket; the claws can be .h:fted by two extenscr
Qny;{;bophoran appendages differ from polychaete parapodia by the presence of
~laws :and the absence of cirri, setae, and acicula. However, they are not arthropod
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Fig. 1-3. Peripatoides novaezealandige, female, dorsal view; 4 cm long. (After Snod-

grass.)

legs as they lack joints. The musculature is smooth rather than striated. In some
species there is a longitudinal, ventral slit in the thin cuticle, through which may
be evaginated a vesicle similar to the coxal sacs of arthropods (Symphyla,
Diplurida) that also live in humid areas. As a desiccated onychophoran will
evert the sacs on a damp surface, they are believed to function in wzter absorp-
tion. The adhesive or slime glands, opening at the tips of the oral papillae, con-
sist of an internal ectodermal tube, often longer than the body. Its wide distal
portion serves as a reservoir, while the longer narrow proximal portion is lined
with the secretory cells (Fig. 1-3) that produce large quantities of mucus, and
there may be branches with secretory cells.
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Fig. 1-3- Longitudinal section through a walking leg and a nephridium of Peripatus.
‘(After Fedorow froox Snodgrass.)

sENSE ORCANS. Except for the eyes, sense organs are simple, consisting of
groups of sensory cells lying in the hypodermis of the numerous papillae at the
bases of the setae. Similar sensory buds are found in the vicinity of the mouth,
“where the short, truncate setae probably have a different sensory functon.

There is a pair of simple eyes, only 0.2-0.3 mm in diameter, at the base of the
antennae. Each eye consists of a cup containing 2 thick lens, and covered by a
cuticular cornea. The retina, or layer of sensory cells bearing rods directed
toward the lens, is connected directly to the sides of the brain by op;tic nerves.
As in annelids, the eye develops from an invagination or a pit in the embryonic
ectoderm. As the pit closes externally, it cuts off an eyeball, from the interor
of which a lens separates. The proximal part of the sphere transforms into the
retina. .

~NERVOUS SYSTEM. The large, paired brain lying above the pharynx connects
to widely separated ventral nerve cords by a pair of circumesophageal connec-
tives. The ventral cords are connected by nine to ten fine commissures in each
metamere and terminate at the anus. Though they have swellings correspond-
ing to the segments, the cords are lined by nerve cell bodies as well as fibers,
and therefore do not have segmental ganglia (Fig. 1-3)-

The brain or suprapharyngeal ganglion actually consists of three parts. An-
teriorly, the protocerebrum belongs to the acron; it receives the optic nerves and
contains two different organs of association, a median central body and a pair of
globuli. Such globuli are present also in polychaetes and arthropods, but the cen-
tral body is known from arthropods only. The second part, the deutocerebrum,
receives the antennal nerves and has a large antennal glomerulus. The third or
posterior portion, 2 much smaller part, sends nerves to the area of the mouth and
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anterior part of the gut. It is assumed to be the tritocerebrum because in Para-
peripatus it is derived, as are other ganglia, from 2 pair of ectodermal prolifera-
tions, the so-called ventral organs (see Development). :

Onychophoran motor neurons are cholinergic like those of annelids but unlike
those of_arthropods. ” :

DIGESTIVE SYSTEM. The mouth is ventral, just behind the oral papillae. It is

surrounded by the oral or peribuccal lobes, forming the preoral cavity, which
contains the paired mandibles or jaws {Fig. 1-2). ‘Each jaw consists of a short
base and a pair of large sickle-shaped, toothed claws. These are modified
appendage tps, and the biting acton is with their distal ends. In contrast,
Crustacea, and also myriapods and insects, chew with modified limb bases. The
functioning of the two types corresponds with their origins. Onychophoran jaws
are directed posteriorly and move independently of each other, from anterior to
posterior, while the mandibles of arthropods function as pliers, against each
other. ,
From the base of each jaw a tubelike invagination of the hypodermis extends
posteriotly as far as the segment of the second walking leg (¥ig, 1-4). It secretes
a chitinous rod that, as in arthropods, is called an apodeme and functions as
a site for muscle attachment.

The mouth opens into an ectodermal, chitin-lined pharynx, the lumen of
which is X- or Y-shaped in cross section. A thick layer of radial muscles can pull
the walls outward to enlarge the lumen. When a wave of contractions of these
radial muscles moves posteriorly from the mouth, followed by a wave of con-
traction of the circular muscles, strong suction develops. Following ‘the pharynx
there is a weally muscular esophagus, also lined with chitinous cuticle. The
esophagus leads into the straight endodermal midgut, which lacks ceca (Fig.

1-3) and is the digestive and absorptive organ. Remains of food pass into the

ectodermal hindgut, chitin-lined like the foregut, and out through -the anus,
which opens behind the last pair of legs. ,

BODY CAVITY. Ibe body cavity is 2 mixocoel. The embryo has typically
paired coelomic or secondary body cavities derived from mesoderm. During
ontogeny these remain small and parts separate to form the coelomic end sac of
the nephridia (nephrocoels) and the gonads (gonocoels). The walls of the re-
maining parts transform into musculature and connective tissue, and their cav-
ities unite with the blastocoel. The lining of the coelom also forms a peritoneal
cover for the inten.al organs, just as in arthropods. -

EXCRETORY SYSTEM. The excretory organs are segmentally arranged meta-
nephridia, absent only in the antennal and mandibular segments, and in the
metamere bearing the gonopores. Each nephridium consists of a long, ciliated
funnel and a coiled nephridial duct leading into a contractile bladder that
empties at the base of each appendage (Fig. 1-5). The funnel opens into the
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coelomic end sac. Funnel and labyrinth form in the embryo from the evagina-

tion | of a ventromedian coelomic pouch. Those ducts are here considered

peplridia that originate from paired coelom pouches, even though they originate
through evagination from the coelom lining rather than from proliferation of
nepliroblasts. There is probably no difference, as the origin of the nephroblasts
fromt ectoderm is doubtful.

The nephridiz of the third segment, which bears the oral papillae, differen-
nate! into salivary glands. Each nephridial canal loops from its vesicle to leg
se«phent 10, or sometimes 36. The ducts fuse and open medially, behind the
mou‘th into the preoral cavity. Many species have a dorsal, bladderlike reservoir.

'I"}ﬂe nephridia resemble those of arthropods, which also may appear as anten-
nal or maxillary glands (though in only one or two segments). Furthermore, the
tmq:fonnabon of nephridia into salivary glands is known among insects. The
nephridia differ from those of annelids in the shape of the funnel and in that

4 they: do not originate from nephroblasts.

RESPIRATORY SYSTEM. Respiration is by tracheae, which arise as ectodermal
tubelike invaginations that penetrate deep into the body cavity. The tracheal
epithelium secretes a fine chitinous cuticle toward the lumen.

The openings of the tracheae at first are in groups on the dorsum but in post-
embrvonal development shift downward, the neighboring hvpodermis rapidly
g,—o\\fring and surrounding the spiracles. In half-grown animals the spiracles are
deep in a tubelike respiratory atrium (Fig. 1-6).

Tracheal capillaries end directly at the cells of the organs and therefore must
travérse considerable distances; they often are longer than the body. If they
brankh it is vsually at the distal end.

This respiratory system resembles that of the tracheate arthropods, except that
instead of a spiracle in each segment, there may be as many as 75 scattered on
each. metamere, several per mm®. From the .p}esence of the tracheae it cannot
be c;'mcluded, hc:»wever, that Onychophora are.direct ancestors of the tracheate

: cuticie
! - hypodermis
<2 atrium ERR
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M

Fie. ‘1—6. Lon,‘:‘ilufiiml scction through a respiratory atrium and Spin’dc of Peripa-
: Mpxi:t capensis: dismcter of atrium xbout 0.03 mm: capilluries 0.001-0.004 mm. (Afiter
Schn Eider.)

thiu:n On;rc}xophora

arthropods, as tracheae appear mdependent}y also in arachnids .and jn crusta-
ceans (terrestral wood-lice). The indication is rather that tracheae evolved inde-
pendently, by convergent.evolution.

CIRCULATORY SYSTEM. The direct supply of oxygen delivered by the tra-
cheae frees the circulatory system of one of its functions. As one might expect the
system is simple, consisting only of a heart; arteries and veins are lacking. The
blood flows in the spaces between organs, and therefore is often called hemo-
Iymph. The heart consists of a2 median dorsal tube of circular muscles running
anteriorly from the segment before the last and opening into a blood sinus in the
vicinity of the first pair of legs. It has a pair of slitlike ostia in each metamere,
through which blood enters from the pericardial sinus, a component of the gen-
eral body cavity or hemocoel. In its shape, function, and surrounding peri-
cardial sinus. it is similar to the corresponding organ of arthropods. Both an-
teriorly and posteriorly it empties blood into the hemocoel.

REPRODUCTIVE SYSTEM. The Onychophora have separate sexes, fertilization
is internal, and development is ovi-, vivi-, or ovoviviparous. Males are usually
smaller than females. The gonads are paired dorsal tubes in the posterior half
of the body, opening through a median gogopore anterior to the anus, between
the lest two pairs of legs.

Each testis empties posteriorly into a wide seminal vesicle. From this there is
a long, coiled duct into a median ectodermal canal, the proximal half of which
forms the spermatophore, the muscular distal end serving as an ejaculatory duct.

Tt  tubelike ovaries are fused at their anterior and posterior ends. From the
seminal receptacles at their bases the oviducts loop anteriorly and finally fuse to
form a short ectodermal vagina (Fig. 1-3). The posterior part of the oviduct
serves as the uterus in viviparous species.

The gonads are similar to those of arthropods, but resemble those of annelids
only in derivation of their walls and lumen from coelom. As in arthropods, paired
gonads ‘develop from coelomic sinuses of several posterior segments, between
which the septa disappear. While the paired gonadial ducts develop from the
coelomic pouches of the gonoporic metamere, the unpaired median part is formed
independentlr from a median ectodermal invagination.

Reproduction
Mating takes place as the male crawls over the female and, holding her be-
tween his legs, deposits the spermatophore any place on her dorsum or side.
There does not appear to be any courtship, and in captivity males or immatures
become covered with spermatophores, even if females are present. Within 14

_days one female was observed to receive 180 spermatophores, each 0.2 mm in

diameter. Numerous leucocytes accumulate at the site of attachment; within 7
to 10 days they dissolve the tissues and break through the hypodermis and




TG

s

m.

I" _ T T

L?mnxmromcaomox& N
] s e e

£ e
.
pe IR I .~ s -—

De'velopmen:.

there is great dxvemty in development. Species of the
Fudeveloped eggs, 2 mm in diameter and rich ia_yolk, in
E110pment is unknown. All other species retain their eggs

"fome genera possibly supply enough nutdent for the de-
Hyo: Bat, eggs with. little or no- yolk, 0.04-0.6 mm in
‘Fby the mother and produce viviparous voung very much
1>rrpaius trinitatis has eggs. 0.04 mm in diameter and the
mx long: The additional nourishment, provided i the
» is taken through the ezg membrane. In some species
=xtraembryonal dorsal spaces of the eggs take up such
ed. is. the food supply of the small eggs of Peripatus
Tate a Hssue on the dorsum, which fuses to the uterus.
> that absorbs food from the mother.
Yeripatus trinitaris have total cleavage while large yolk-
l’xal cleavage. The further development is described for

bnot have a blastopore, but on the presumptive posterior
;2 of inward proliferation, blastomeres give rise to endo-
5 layers. As the number of mesodermal cells on each side
lreases, they become organized into two mesoderm bands.
mented, starting anteriorly, one pair of coelomic pouches
quently they split internally, forming the coelomic cav-

;odermal bands in the annelid trochophore. There are as
¢ pouches as there are body appendages, the first belong-
aent.

es grow dorsally to meet at the midline and from their
Eerate cells that give rise to heart, muscles, epithelial tis-
l commnective tissues. The cavities themselves persist only
les and gonad lumen.

Dhagus develop as ectodermal invaginations at the site of

the site of the anus. The ectoderm also forms pax.red ven~ _

ions in each metamere, the so-called ventral organs (Fig.
mordia of the vencal nerve cords. In the head lobe the
;the protocerebrum.

thoinensis a pair of small ectodermal proliferations an-
lar segment has been interpreted as the primordium of
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E'LT months while they develop to- young animals. The- }

‘ E;Zeen: tssues: O rmchmg:theovmes;thcy&pexmtmw
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ey 0 " - T s 3 t

S l:ﬂw}‘:’;; FESRN St Phybaam On;chop&orts Zofs
tbc tritocerebrum or the ventral orgamo@z premanalbular segment, Iackmg_

-7 generz and more study is necessary to: claify the homologms of. the: brain. and-

e head’ segments: On bothr sides of ther genm: band~in each segment;, the ecto-

derm evaginates a coue-shaped appendage bud. Mesoderm drawrr into the bud

from the body wall forms the musculature of the limb. The most anterior pair of

i buds move dorsally to become the anteanae, the second the mandibles, and the
third the oral papillae. The remainder differentiate into walldng legs.

ular. These are followed, however, by a number of conspicuous. changes in the
relative positions of parts. The mouth shifts posteriorly:along the midline, so-
that the antennae with their ganglia come to lie in a preoral position (Fig. 1-7a).
While the antennal ganglia form the deutocsrebrum, they 2pproach and fuse

? with the protocerebum, forming an apparently uniform drain. The two- follow-
: ing pairs of appendages shift. Next to the anterior appendage are several lateral
! - folds (Fig: 1-7a). The appendage.and these folds move medially toward the

moutlr and differentiate into mandibles (Fig. 1-7b), and the lateral skin folds

: become the oral lobes. By continued shifting the original third pair of append-

! ages becomes the apparent second, the oral papillae.lying anterior to the mo.uth

,* (Fig. 1-7b). From the tip of each papilla an ectodermal invagination deep into
the body forms the adhesive gland. .

Young are born after 6 to 13 months of development. [n Peripatopsis moseleyi

4 l{émapp@dagm There also: appears- a# stializ coelomic? pouch: antezion- tox that: aﬁ::j
o the- Iumem-\{anw ares takens upe ands digesteds bysshee F-3945 e mandibialar segment. There. arexnos Catresponding® observations- fac other? ”"‘T

4"“‘-"‘"{

g

The first ectodermal formations leading toc the development of a head are-reg--"

parturition. takes 15 minutes, usually two young covered by mucus appearing -

| acroa

aral

oaadla ;p %~

aral papill

jeg L

{a) [¢)]
Fig. 1-7. Development of the anterior end of Peripates trimitatis (after Kennel froomm
' Soodgrase) : (2) the rosandibles sre stll lateral and anterioc to the orzl papillae, the
third pair of IPPCDChg!:'. (b). the mandibles have shifted medially and lic at the same
Jevel 28 the oral papillace.
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e dorsal midline ta the end of the body: The
the legs, and fmallyyis pushed, accordion-style,
terior ta- posterior, where it shrivels up afteri? hours. The skiz;. which
des. the- jas cuticle: the- liming of the fore- and hindgut, and old attached
Sbermatophores, is usually eateq..

Relationships- : h

y aud ontogeny of the Ouychophora show clearly that the phylum

5. The most important annelid characters include-
- L thomonomauns body segmentation ‘

-Z Ipresence of neparidia in most segments
J- Ismooth muscula
i .
= psumple spherical x cture and photoreceptors (retina] cells)

te. O 'cnolinerg:’c OtoT neurgns

¢|s2me tme- the Ouychoptora d

1. iﬂne mixocoe]

7 R - - . ~ i T
- “the modification Of 2 pair of appendages into mandibles

laws on appeudages

% heart with osta ap

isplay arthrogod-like characteristics:

d formacdion of 5 Dericardial sinus
evelopment of the gonads
neptridium intg 2 salivary gland

3. the anatomy and d
6. Tansiormation of 5
7. tracheae

toxal vesicles
*uperficial cleavage
chitinous cuticle
RI8 dependency of locomotion o
1 Perisaaltic motions

the"yat.mg‘uri‘mlt andare free* of mucus
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Arthropods respond with_convulsions and h}’peraxc'rtability to pxcrotnm ancE 2“
= glutamate injections, while onychophorans; likerarmelids; are tnsensitive to- thmer:.‘,
- compounds; but, eserine injecﬁonsareconvulﬁ.’/e:; - . - <. :
From this account it may be concluded: that the: Onychophora represent~ a, Sl
stage in the development from annelid to arthropod. However, some special
adaptat.ons speak against this view and preclude the possibility that onychoph-
orans are phylogenetic missing links between annelid and arthropod ‘organization:
" 1. the transformation of the claws of the second appendages inta jaws and
their anterior-posterior motion parailel to the body axis
9

2. the large number of tracheal spiracles on each segment and their distribu-
tion over the back and sides

J. the large distance between the two venwal nerve cords
4. the structure of the eves
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arthropods, although they certainly represent

- general level of organization
. through which such arthropods as the

Myriapoda and Insects may have passed.
Their arthropod-like suecializations are cleariy suverimposed on ang annelid-like
Organizzdon. Like the Annelida, having oaly slight protection against desicea-
tion, most Quychophora are limited to moist habitats.

The leaf litter and rotting woed inhabited by
haps has a parallel in the accumulated eel
its high humidity and temperature insula

most Ouychophora species per-
grass and seaweeds along shorelines in
ting properties. Thus the onychophoran

spaces, a development that oceurr
Myzostomida, and leeches, amoug the annelids.

T . ’ ~~

Habits

The Ouychophora are denizens of humid areas. Th
litter, pieces of wood, rotting logs, between stones
Ouly a few times have they been collected in dry,
They have little protection against water loss
calcium chloride, Epiperipatus brasiliensis |oses half as much of i body weight
as does an earchworm, but 9 times as much as 3 millipede. In contrast to the
tracheate arthropods, the Onychophora have only a thin cuticle, and the spiracles-
of the tracheae cannot be closed. Peripatopsis moseleyx appears to be highly
sensitive to differences in. humidity. The humidity recentors seem to be scattered
over the body. Experimentally, at 25°C i+ prefers areas with 987, bamidity.

ey live on the ground in
n forests, or near streams.
smmy ravines under stones.
- During 20 minutes at 24° over
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In captivity, water lost could be reabsorbed” from wet cotton. Under drying
conditions most species rest contracted or rolled up, reducing the surface. Some
hibernate or estivate in this positon. ' )

Many specxes do not need a warm climate: Symperipatus oviparus of: New
Zealand lives in areas that are covered four to five months by snow.

LOCOMOTION. Peripatopsis walks with its legs, holding the body above the
ground. The legs are lifted and moved forward without touching the ground

) again until the forward movement is completed: Claws are extended only on
{ slippery surface. Once on the ground the leg pushes back, moving its proximal

atta(_:hment forward. This movement is carried out by extrinsic muscles, orig-
inating in the trunk. The body muscles control the turgor, and extend and coo-
tract the body of the animal, preventing neighboring legs from obstructing loco-

. motion. Omychophora which are only 1.5 cm when contracted may extend to 4

cm when walking.

There are various gaits, but unlike myriapod gaits, the duration of the step
does not change. Sometimes the pushing phase of each leg is twice as long as
the forward swinging phase, in which case many legs are on the ground pusgind
at the same time. The animal moves slowly but pushes with force, as betweez
leaves and particles of litter. However, if the backward pushing to forward

swinging phase is in a relation of ¢ to 7, relatively few legs are pushing at the

same time_and progress is twice as fast. In such rapid movement the legs are

~ extended and their angle of movement increased. Peripatopsis of 56 cm long

can reach a speed of 30-60 cm/min, but usually the pushing phase equals the
phase of swinging forward, so that while one leg pushes, the one in front moves
forward. Elongated, Onychophora can crawl through crevices or holes much
smaller than the body diameter.

senses. Often the anterior three pairs of legs do not participate in walking
and the head is moved rhythmically. The antennae reach forward to feel the
way or locate obstacles. The setae of the abundant sense buds are tactile re-
ceptors and may recognize air currents as well. Onychophora are very sensitive
tc" air currents and try to avoid them. However, hungry animals do not recog-
nize sources of food from a distance. Food is located by touch of the antennae
and lips, and is probably also examined by the buccal cavity, indicating'that the
modified sensory setae in the oral area respond to chemical stimuli. Although
the organization of the eyes should permit image formation, there is little evi-

sdence that onychophorans use their eyes except simply to differentiate light and
. dark, and determine the direction of light. The animals move away from light.

DEFENSE. Feripatus hardly reacts on touching a member of its own species
or a sow bug, but if disturbed, faces its antagonist and forcefully spurts mucus
several times from the adhesive gland of the oral papillae. The secretion is too

Phylum Onychophora Lo Teelng

: fa_;t ta follow by eye in detail. One sees only a stream of fluid 10-15 cm long;

some species can spurt 30 or even 30 cm through the air. The secretion imme-
diately hardens to form a very sticky web, and an adversary coming in contact
with it is glued to the ground with its legs tangled up. Even large grasshoppers
are immediately immobilized. The gluey threads do not stick to the skin of
Peripatus but separate into individual droplets. The adhesive is used for defense
against all kinds of enemies. Two South African species use it also to capture
rapidly moving prey such as grasshoppers and centipedes. But all observations
concern captive animals; in nature they rarely emerge from the litter, even at
night. '

FEEDING. In captivity Onychophora feed on freshly killed termites, cater-
pillars, apterygote insects, snails, and sow bugs, but never on animals dead. for
several hours. Thus it is assumed that in nature they are predacious, capturing
live prey. The prey discovered by the tentacles is held tightly by the lips and
pharynx suction while the jaws within the buccal cavity slit the prey open, cut-
ting at a rate of 14 times in 10 seconds. Thus the superficial muscles of the prey
are cut into small bits and sucked in. Immediately, salivary secretions contain-
ing a mixture of enzymes (amylase, glycogenase, protease, and polypeptidase)
pour over the wound and dissolve all soft parts of the prey. After this nutrient
fuid has been sucked up only the exoskeleton o_f_ga. _sow bug or termite remains.

Peristaltic waves carry the materal to the midgut where digestion takes place.

The midgut walls consist of secretory and absorptive columellar cells. The ab-
sorptive cells secrete a membrane within the lumen of the midgut, barely 1 pm
thick, which surrounds the contents sausagelike. Enzymes penetrate this mem-
brane and digest the enclosed food particles. Nutrient materials then diffuse out
through the membrane and are absorbed. Digestion takes about 18 hours in
Peripatopsis. Later, peristaltic waves move the membrane and indigestible mate-
rials out of the hindgut via the anus. The abs'orptive cells also serve as storage
tissue, and in well-nourished animals, contain proteins, lipid droplets, and
glycogen. '_ ) _

ExCRETION. Excretion is carried on by the nephridia, the midgut, and the
pericardial cells.
empty a drop of urine, altogether about 10 mm?, containing various nitrogenous
compounds but no urea. Crystalline uric acid is excreted by the absorptive cells
of the midgut. The pericardial cells function as nephrocytes, storing excretory
products taken from the blood.

pisTRIBUTION. Onychophora are limited to tropics and the temperate areas
of the southern hemisphere. They extend north into the Caribbean, central
Mexico, and in Asia they are found in southeastern islands and continentally to

latitude 28° in the Himalayas. In Afrca they are not founc corth of the equator. .

Every 3 to 4 days the nephridia of Peripatopsis moseleyi ;

x



21« ~Touped into only two families.

Aopore is between tle pair of legs preceding the last. They
s s, and the number may be variable within a species. Most are
at tave brown or red pigmente. The L1 - is gopical 1 distribution.

-aus. ¢ mm in diameter, have a large quantity of yolk, which
= e auesn uag embryos. In Peripatus the eggs are very small (0.04-0.05 mm)
:p's embhryo is nourished through a placenta,

T -

ZPeripatopsidae. The gonopore is just anterior to the Jast legs. Spccies are small to
mecnum in size, have 13 to 25 pairs of legs, and often have blue-green pigments. The
fmmilm:.s confined mostly to the temperate southern hemisphere. Different species of
the e genus are found on separate continents.

The embrvos never have a placenta. Peripatopsis, limized to South Africa, has small
ezgs, 10.15-0.6 mm in diameter. Paraperipatus eggs are even smalier, 0.06-0.12 mm. In
both genera the embryo derives nourishment through the egg membrane. Ooperipatus,
except for one species, is oviparous; the eggs are 2 mm in diameter.
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Fig. 2-2.
(After Marcus.)

the base. ;I'he notch between the condyles rides on a transverse chitinous
pog, 1 spring, .originating from the foregut. w
Whj::;‘ O;ZIJ:;Z r;xov;d by two muscles attached at the base. The protractor,
whieh < ito(mt " Lhne e v;all of the buccal cavity, pulls the stylet acterior ex-
pha‘ry:x. o 0" he rrr:loutl. The retractor originates on the wall of the sucking
T e uskc1 es hold the base of the stylet on its support.

e pharynx has t\.vo partx, an anterior narrow tube and a posterior
mseular hng apparatus. with radial muscles. The cell number of the radial
mugdes, nx} ae t “i; of the e_r_zxdermal cells in this part of the gut, is constant. The
muees Thye Cuﬁe:ﬂ i.le Y-shaped ix@@, causing suction. There are no ring
e e Zophagus carries food to the midgut, which consists of
10n£;.1miform e Ee s ) O‘E columnpar cells. In the Eutardigrada it forms a
e by e ig. 2-4); in the Heterotardigrada it is constricted from both
himi,,u;. e p(_i .age m-uscles, forming five or six diverticula. The ectodermal
acigut is lined with cuticle. Thers are no glands along the gut except for a

pain- of long salivary glands si
situated . .
opeaing into the bu o uated dorsolateral to the sucking pharynx and
i

Macrobiotu i i ,
s hufelandi. ventral view showing nervous system; 0.2 mm long
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buccat cavity
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Fig. 2-3. Macrobiotus intermedius, mouthparts; 0.08 mm long. (After Marcus.)

popY caviTy. The spacious body cavity is flled with fluid, and appears to

" be a mixocoel. On the inside of the epidermis freshly hatched Echiniscoides

have a layer of 143 storage cells, the cell number and position of which are con-
stant. These all may represent the vestiges of the parietal wall of the coelom
pouches. Later these cells float in the body cavity; the contained lipids. and
carbohydrates disappear during molting, at which time the animal does not feed.
EXCRETORY SYSTEM. Wastes are excreted by ectodermal organs, mainly the
epidermis, thickenings of the hindgut wall and three short blind ducts that hang
from the hindgut into the body cavity. These blind ducts, which contain strongly
refractive material, might possibly be Malpighian tubules (Fig. 24). They are
not found in Heterotardigrada, in which the salivary glands and midgut cells
have an excretory function. ‘
REPRODUCTIVE sysTEM. Tardigrades have sexes separate. Males of some
species are smaller than females. The gonads are single and of different lengths
depending on their stage of maturity: Gonad walls are formed by only a few
large cells. The male gonoducts are paired, the fernale single. In the Eutardi-

«Malpighian” tubule

salivary gland midgut

lateral bramn - ovary

rectal muscle

median brain labe — saminal receptacie

mouth
stylet pharynx oviduct
Fig. 2-4. Maecrobiotus, lateral view; 0.3 mm loag. (After Marcus.)
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Phylum Tardigrada, Water Bears

There are close to 350 species of Tardigrade, the largest of which, Macro-
bictus hufelandi, can reach a length of 1.2 mm. - ’

:1"ar‘digrades -are minute, aquatic animals similar to arthropods. The short
cyiindrical bodv has four pairs of stubby legs tipned by claws and the mouth
h~< a pair of sharp stylets used in feeding. Ther 2re ;10 respiratory or circu-
latory organs.  ° " ¢ ’ ’

i Tardigrades are strange dwarf forms, with a preference for temporary water
arops on cushion plants, often crvptogams. Echiniscus parvulus on hatching
measures only 0.05 mm; adults are usually more than 0.1 mm long. However
bogy size may depend on the particrlar location: Macrobiotus hufelandi aver:
ages 0.3 mm on the island of Heligoland in the North Sea; 0.6 mm on Flores
(Indonesia); 0.9 mm in Vorarlberg, Austria; and 1.2 mm at Caradian collectin

sites. The am’nr‘:d may mature before reaching maximum size. ¢

The body is ventrally somewhat fiattened (Fig. 2-1). Four pairs of stumpy
legs, five pairs of ventral ganglia, and five pairs of coelomic pouches in the em'-
b.ryo' indicate that these are metameric animals. The epidermis secretes a non-
chitinous cuticle consisting of “albuminoids. which is permeable to water and
swells. In marire species the cuticle is thin; in moss inhabitants ( Echiniscus) it
may bave thicker areas, forming plates. These plates as well as the legs and
head indicate the segmentation (Fig. 2-1). Armored species often have threads
or thomns, but never movable setae.

Tardigrades echibit constancy of cell numbers, as do the rotifers. Constancy
could be demon;st:ated for the epidermis, muscles and fore- and midgut of se\;-'
eral species, but does not appear to hold for the nervous system. )

Some species jare brightly colored. The pigments, olive green, brown, pink,
and violet, may pe dissolved in the cuticle, or embedded in the eoidermi_;; they
: may consist of jtored excretory products.. The transparent epidérmis may re-

. veal blue midguf cells, colored food spheres in the mixocoel, and yellowish green
“+intestinal contents. ) ’

~.716
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Anatomy

The muscles, consisting of smooth fibers with one nucleus each, are arranged
in metameres but they do not form a continuous muscular body wall. They also
connect trunk and appendages. The anterior end of the Heterotardigrada has
one median and a pair of lateral filiform appendages, these cirri are innervated
from the brain; they are absent in the Eutardigrada. The four pairs of legs are
almost equidistant, the last pair extending posteriorly (Fig. 2-2). Each leg of the
Arthrotardigrada has a distinct annulate joint membrape, in other groups only
indicated or missing. It permits drawing the distal segment into the proximal
ones, shortening the leg. The legs are almost always tipped by claws, the number
of which varies among gepera. Some marine Arthrotardigrada have tubelike
toes; in Batillipes the widened tips form attachment pads. These small animals
can attach themselves to the sand grains between which they live; an ectodermal
gland keeps the pads sticky.

SENSE ORGANS AND NERVOUs SYSTEM. The sense organs are the cirri and,
close to the brain, cup-shaped pigment ocelli containing only one optic cell. In
Macrobiotus, free nerve endings in the epidermis have been demonstrated to
come from 19 axons from the brain and subesophageal ganglia. The nervous sys-
tem consists of the dorsal brain, a pair of thick circumesophageal connectives
and a ventral cord consisting of five medially fused ganglia; the most amuterior
is the subesophageal ganglion, the others are body ganglia that innervate legs
(Fig. 2-2). ;

The connectives of the ventral ganglia do pot bear nerve cells. The brain,
which has two lateral lobes is not differentiated and lacks association centers
such as globuli. But there is an unusual connective between the lateral lobe of

" “the brain and the second ventral ganglion (Fig. 2-2).

DIGESTIVE SYSTEM. The mouth is anterior and leads into a “buccal cavity,
anteriorly reinforced by rings or lamellae, that can be pressed againstfood items
(Fig. 2-3). In the back of the buccal cavity on each side is a stylet sheath,
through which the tip of the stylet extends into the buccal cavity. Each cal-
careous stylet consists of an anteriorly pointed rod with two strong condyles at

PSS

Fig. 2-1.
Marcuos.)
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scrofa, lateral view, anterior on right; 025 rm long. (After ’1' '
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grada the gonoducts 7op4enh ventrally into the hindgut, forming a cloaca (Fig.

> 2-4). But the heterotardigrades have a- separate; preanal gonopore. Males of -

some species have never been found...

Reproduction

The males of the eutardigrades embrace the females with the forelegs and
spray the sperm into the cloaca. Nevertheless, internal fertilization is known
only among the moss-dwellers. During copulation the females of pond-dwelling
species molt so rapidly that the sperm sprayed into the cloaca is received by the
molted skin; which also contains the eggs.

The eggs, 0.04-0.17 mm in diameter, are of two types: of the smooth type,
from 3 to 30 are contained in the mother’s exuvium ( Echiniscus, Milnesium, many
Hypsibius). Others, bearing thorns or cuticularized areas, usually are free (most

" Macrobiotus, Echiniscoides). Some Hypsibius carry the exuvium, filled with
- developing eggs above the posterior end.

\‘"
Degvelopment

The zygote undergoes total cleavage. Five pairs of coelomic pouches are con-
stricted off from the archenteron (Fig. 2-5), a form of coelom formation unique
among the Protostomia, found only in the Brachiopeda. It is, however, charac-
teristic among the Deuterostomia. The anterior four coelomic pouches disinte-
grate, and their walls transform into muscles and storage cells. The fifth pair
fuses to a single gonad from which the gonoducts grow. The nervous system
originates. from a thickened laver of ectoderm. After separation from the super-
ficial cells, the two bands widen in four places to produce the posterior gan-
glion pairs that innervate the legs. The legs originate from evaginations of the
body in the areas of coelomic pouches two to five, which at first extend into the

coelamic pouch 1

cephalic coelomic pouch

coelamic pouch 4

salivary gland and
mauth pamordium proctodeum

Fig. 2-5. Hypsibins embryo, right body half, showing formation of coelomic pouaches;
0.04 mm long. (After Marcus.)

PREET

Iegs The young hatch 3 to 40 days after the

Plryium Tardxgruzia

ggs are laid and, except for size,
" resemble the adults:

Tn cultures tardigrades may live more than a year; animals 18‘months old show
no loss of vitality. Most molt throughout the entire life. Six days before molt-
ing the lining of the foregut and both stylets are pushed out of the buccal cav-
ity. Then the entire cuticle, including claws is shed. New claws develop from a
thick epidermal cone on the leg tip. First, two cavities appear into which the

_claws are secreted; the walls later part, freeing the claws. Similarly, the stylets

with their supports and the lining of the buccal cavity are renewed in a thick
solid cone-shaped mass that has its base outside on the pharynx wall, its t&p on
the wall of the buccal cavity. The cell accumulation arises from ectodermal
salivary glands moving along the midline of the body. Soon one sees the mouth-
parts developing in the middle, the buccal cavity behind, and at the 51des of the
stylets, the transverse supports that connect to the muscles.

Relationships

The appearance of five pairs of coelomic »euches, ostoral ganglion pairs ard
four pairs of appendages tied to the four po:teTior ga. éh’a and coelomic pou aes,
shows that the tardigrades belong to the group of phyla of segmented proto-
stomes. They differ from the other phyla by numerous characters that might be
explained as adaptations to small size: the lack of respiratory and circulatory
systems and nephridia. Also the lack of teloblastic segment formation may be
explained by the shortuess of the body: there are only five pairs of postoral
metameres. On the other hand, the very different origin of the coélomic pouches
from the archenteron can not be explained as an adaptation to small size; it
appears to be a specialization.

The Onychophora are closest in structure to the ta:dxg:a’les as evidenced by
the appendage shape, indistinctly set off head, smooth muscles, mixocoel, and
gonad formation. It is doubtful that the mouthparts of the two phyla can be
compared. The tardigrade stylets originate, as do the leg claws, in an epidermal
proliferation, suggesting that they represent lost appendages belonging to the
first segment. They would then be homologous to the Quychophora mandibles,
which are tips of appendages, but not to the mouthparts of arthropods, which are
proximal parts of appendages. But their origin can only be surmised.

The tardigrades differ from arthropods by lacking a distinctly delimited head,
antennae, and segmented legs, by having smooth muscles and by the mouth-
parts. All these characters are unrelated to small size, but might be considered
primitive, possibly bringing the tardigrades close to arthropod ancestors. But
there is no doubt of their specialization. They are here considered a separate
phylum because, like the Onychophorz, they represent a developmental level
reached from annelid-like ancestors.



stomnida would represent modifcations of arthropod ancestors. But this view does
ot entirely correspond with oyr knowledge of onychophoran anatomy. Newer
investigations, especially in paleontology, force us critically to question the
monophyl_eﬁc origin of the large groups. For instance, recent paleontological
research has shown that the gymnosperms and the mammals may not be mcono—
phyletic. With groups such as the Onychophora, Tardigrade, ané Pentastomida
which lack fossils, the specializations make us assume separate lines of evolutiox;
and force us to place th?m In separate phyla.

The opinion that the tardigrades are reduced arthropods can be dismissed.
The habit of climbing would not force reduction of leg segmentation, as is
demonstrated by mites, even though the legs are much shortened in some mites
(Tetrapodili) as an adaptation to life in narrow tunnels.

Habits

The majority of tardigrades inhabit freshwater, both ponds and lakes to a
depth of 150 m, but mainly temporary water drops on lichens and moss cushions,
especially those of moist trees, walls, on straw roofs, or in gutters. The easiest,
way to collect tardigrades is to cover dried mosses with a little water in a watch
glass. Examine the water 2 few hours later under a magnification of 20 to 50
times. In Japan tardigrades have been found on dead bamboo leaves. Above tim-
berline in high mountains they are found in cushion plants such as moss campion,
S_ilene acaulis; purple saxifrage, Saxifraga oppositifolia; Cerastium and Sedum.
Nearly two dozen species, all but ope belonging to the Heterotardigrada, are

It is possible that the marine shores were the primary habitat of the tardj-
grades, as the Arthrotardigrada found bere display certain primitive features.
From the shore they may have colonized the dryer tide zones where the
Echiniscida, relaged to the Arthrotardigrada, are represented by the primitive
Echiniscoides (Fig. 2-7). Species that adapted to temporary dryness and fresh-
water could invade the moist cushions of terrestrial plants where many Eutardi.

The distribution of Lichen. and moss-dwellers is effected by wind, small ani-
mals, and raindrops that carry the eges and tome fFim 0 & fre
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" erected in 1904 and standing free was soon covered by moss cushions. Two years

later two tardigrade species lived in the moss; in 1927, after 23 years, five species
were found. This fauna could only have arrived by air.

Tardigrades live in all climates, including the Arctic and Antarctic, and in
mountains to 6600 m (21,000 ft) elevation. Macrobiotus hufelandi and Milnesium
tardigradum are cosmopolitan. Often their populations are high: 500 have been
found in one gram of air-dried moss, and once even 22,000 were found. In 15 ¢
of dry moss from Colorado, 1131 Macrobiotus islandicus have been found.

TUNS AND cysTs. All species living on plant cushions are endangered by
drought and cold. They have evolved adaptations for survival in the extreme
conditions of these habitats. In the dded state, tups, the animals contract and
lose water, becoming resistant to drought, cold, and heat. The little water re-
maining is highly saturated or in swollen albumin that cannot freeze or evap-
orate. Similar adaptations, removal of surplus water and reduction of metab-
olism, are found in encysted protozoa, rotifers, and many overwintering plant
seeds.

The stimulus to change to the dry state is lack of oxygen. If the moisture lm
shrinks smaller than the diameter of the animals, they stop movement and
shorten the body, reducing the surface. About 45 minutes later, head and append-
ages are pulled in and the tardigrades have become egg-shaped and immobile
(Fig. 2-3). Macrobiotus hufelandi can shorten 60%, and increaSe its thickness
10%. The volume is reduced by water loss. The musculature shortens, the in-
ternal fuid thickens, the animal loses its transparency. Uxygen consumption is
reduced to one six-hundredth. ‘

If rain moistens the moss, the tuns rapidly swell. One can see that as /water
penetrates the cuticle the animal again becomes transparent. If dried for
only 3 days they will begin to move afer only 14 minutes, and within half an
hour have reached original size. ’

Dried Macrobiotus survives at 13°C for at least § years; other species survive
at least 2% years, but will not recover after 3 vears. In the course of their lives
they may become desiccated more than 19 times.

The resistance of the dried animals is surprising. Dried Macrobiotus survived
20 months in liquid air (between —190 and ~200°C), but died after 22 months

A . “l, .
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at this temperature. After 81 hours in liquid helium (~272°C) they survived
without damage. After 10 hours at 60° to 65°C, and 1 hour at §2°C, a slower
“awakening,” 15 minutes, was the only observed adverse comsequence: (The
lower the water content, the higher the coagulation temperature of proteins.)
At 100°C animals survived only 15 minutes with 309, mortality; 103°C was
lethal. In 8%, humidity, most tuns survive 60 days in a desiccator. But moistened
animals may take 3 hours to extend and some die with the first movements.
Whether metabolism stops at such extremes is-not proved, even by their survival
in pure H, N, He, COQO., and H.S.

Not all species can tolerate drving and freezing; chiéfly resistant are the
moss-inhabiting Eutardigrada and Echiniscida and their eggs, even if partly
developed. - - )

Macrobiotus and Hypsibius not only form tuns but can also encyst. The t
epidermis withdraws from the cuticle and the spherical bedy, legs pulled in, lies
motionless in its molt. Soon the new cuticle thickens to form a thick cyst within ' L
the old cuticle. The cyst survives for months, its rate of O- use only one-fourth ]
that of active individuals. As water droplets remain in the body, the cyst is more 1
! sensitive thag the tuns. Even 3 hours at 60°C is fatal. Before crawling out of its i
cyst. the body withdraws from its walls and secretes a new cuticle.

LocomoTion. Tardigrades move with their legs, usually climbing among 4
plant parts or sand grains. Therefore the gait rhythm is only an artifact of the
; flat experimental situation: Batillipes, Macrobiotus, and Hypsibius use ouly the v
! anterior three leg pairs, pulling the fourth along. In backing up and climbing i
the fourth leg is used. Echiniscoides has a different gait, using all legs (Fig. [
9-7). Batillipes, 0.6 mm long, covers 1 mm in 10 segonds on flat surfaces.
Tardigrades cannot swim.

senses. Little is known about senses. Batillipes is sensitive to currents, and
responds by attaching to a sand grain with all 48 attachment discs. Pond-
; dwellers are phototactic and gather on the light side of an aquarium, the area
! providing most plants and food.

FEEDING. Tardigradés are mainly vegetarians, though Eutardigrades may be
i found on remains of other tardigrades. nematodes, and rotifers. Macrobiotus and
' Milnesium have been seen to overpower live rotifers. Usually tardigrades drill
a hole into a plaat cell, desmid, moss, or phanerogam, and with mouth appressed, Fic. 2‘7’. Eehiniscoides xigi.:nwndx; climbing on threads of the
suck out the contents of the cell. Macrobiotus furciger, using this method, can 0.2 ram long. (After Marcus.)

: empty 10 cells of the moss, Hypnum, in 24 hours. With each thrust of the L
| stylets the musculature of the sucking pharynx contracts twice and one can see
plasma and chloroplasts move from the pharynx into the midgut. The stylets
are used to attack the cell wa].}s, but sometimes chloroplasts are penetrated.

alga Enteromorpha:
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Classification

The tardigrades are grouped into three orders. Many North American species
appear to be bolarctic or perhaps cosmopolitan in distribution.

Order H éterotardigrada

The bead has cirri. The toes or claws are similar, and each is completely separated
from the next “Malpighian tubules” are lacking. The gonopore is separate from the

anus.

SUBORDER ARTHROTARDIGRADA

RERLTUPL FaTT A

At the end of the appendages there are toelike structures with wide pads or claws.
About two dozen species are known, all marine. Among sand grains are found
several species of Batillipés, 0.4-0.7 mm; Stygarctus bradypus, 0.09-0.15 mm; Acti-
narctus doryphorus, 0.17 mm; and Orzeliscus, about 0.2 mm long. Other species are
Tanarctus tauricus, 0.1 mm; Florarctus heimi, 0.4 mm; F. salvati, 0.25 mm; Paresty-

garctus higginsi, 0.25 mm; Halechiniscus subterraneus, 0.13 mm; H. remanei, 1.2 mm;
Bathyechiniscus tetronyx, 0.19 mm. The tentacies of the Atlantic sez cucumber,
Leptosunapte inhaerens, are inhabited by Tetrakentron synaptae, 0.2 mm long, which
has the body flattened; how it feeds is not known. Pleocola limnoriae, 0.13 mm, lives on
the pleotelson of the isopod Limnorig lignorum. Styraconyx sargassi, 0.15 mm, is
associated with Sargassum.

oy
L
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SUBORDER ECHINISCIDA

The claws tip the appendages, not the toes. Soft Echiniscoides, 0.2-0.3 mm, found
on pilings, stones and among algae (especially Enteromorpha) in the ocean surf, may
survive for 10 days as a tun. Echiniscoides sigismundi is found in a few freshwater
lakes, but otherwise is marine. Armored Echiniscus inbabit mosses and lichens
(Fig. 2-1). Several other genera are: Oreelw Archechiniscus, Parechiniscus, Pseude-
chmmxs Mopsechiniscus.

Order Eutardigrada

The head lacks cirri. The claws differ from each other, each consisting of two basally
fused branches. The hindgut has three “Malpighian tubules” and the goncpores are in
the hindgut. With one exception, all inhabit freshwater or terrestrial plants. Macrobiotus,
Hyp.vibius, Milnesium, Haplomacrobiotus, Itaquascon are: common. genera .

Order Mesotardigroda

},%i; The bead has cimri. Each leg has 6 to 10 almost equal claws. Lateral “Malpighian
}v tubules™ are present but middorsal tubule js lacking. There is only one known spedies,
“whxch may belong to Heterotardxgmda. Themw.odzum esakii, 0.4 mm, occurs in algae
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PhyluﬁlvPéi—ltastomida,
Tongue Worms

About 63 species are included in this parasitic group, sometimes called Lingua-
tulida. The largest is Armillifer armillatus, to 16 cm long, found in African
snakes.

Pentastomida are endoparasitic and are usually considered related to arthro-
pods. The long body is superficially annulate with two anteror pairs of hooks;
some embryos in addition have sensory prominences which have been considered
primordia of another postoral pair and an oral appendage pair.

Anatomy

Almost all pentastomids are worm-shaped; some are dorsoventrally flattened.
The paired retractile hooks, on the stump tips in the Cephalobaenida, are parts
of unsegmented appendages. While these are very unlike appendages of arthro-
pods, there is the possibility that they evolved by reduction of segmented legs,
as all pentastomids live as parasites in narrow body spaces. Recent research
lends strong support for an arthropod affinity.

Two body parts can be recognized: the anterior, with mouth and two pairs of
hooks, is already formed in the embryo; the much longer annulate trunk de-
velops postembryonically (Fig. 3-1). The two parts are joined without sharp
demarcation. Rarely are they divided by a constriction (Fig. 3-2), an adaptation
to the habitat exhibited by a few species living in the lungs of snakes. Such
species push into an alveolus, the narrow entrance to the cavity tghtly enclosing
and coostricting the anterior part of the parasite.

There may be more than 100 trunk annuli. In Armillifer they are swollen
and divided by deep grooves (Fig. 3-2). It is not completely clear whether these
are true segments. However, true metamerism is indicated by corresponding
division of longitudinal muscle and by the arrangement of dorsoventral muscles,

t

——

esaphagus

/ avary
vagina

Fig. 3-1. Linguatula serrata, férﬁalg ventral view; 10 cm long. (After Leuckart.)

structures usually derived from the walls of embryonic coelomic pouches, anc
indicating their embryonic extent. But relatively little is known of the embryonic
development and the adult has neither coelomic pouches nor pairs of gangliz
in the trunk.

popy waLL.’ The hypodermis secretes a chitinous cuticle consisting of thres
layers, pigmented only in the area of the hooks. Nevertheless various species
appear to be lemon yellow, reddish or even red, as the color of the blood in the
gut shows through the transparent tissues. Linguatula is ‘colorless, transparent
and glassy, making it difficult to find on the glistening nasal membranes of a dog

Into the cuticle opeh many epidermal glands, each consisting of 10-20 cells

but nothing is known of their secretion. It is thought that they might have a:

excretory function. In addition there often are large paired head glands and hoo’

glands.

The fibers of the body muscles, unlike those of other parasitic worms an
those of annelids, are striated. They form thin circular muscles under whic
there are much stronger longitudinal muscles.

APPENDACES. Appendages are present in th
behind and lateral to the other in primitive forms, side by side in the Por:
cephalida (Figs. 31, 3-2). In Cephalobaena the hooks often termivate lon

e form of two pairs of hooks, or
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: é‘;‘*%:i- The nervous system of adult Porocephalida is still further reduced. A single
’-ﬁm.?:;msegmented ganglion, it consists of the postoral part of the circumesophag@
connectives, and its preoral commissure Jacks ganglion cells. In the larva of the
Porocephalida the subesophageal ganglion, representing the whole nerve cord
still extends through half the body and contains six to eight transverse bundles of
fibers, possibly the commissures of fused ventral ganglion pairs. During growth
the nervous system increases only slightly so that in Linguatula it occupies only

one-eightieth of the venter of a pregnant female.
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DIGESTIVE SYSTEM. The mouth is close to the anterior end at the bottom of
a deep circular pit. It leads into a chitinized foregut. In cross section the foregut
is sickle-shaped and it functions as a sucking organ, the lumen of which may be.

i T WP PO

o

widened by muscles attached to a chitinous ring or support near the mouth. é

The adjoining midgut lacks ceca and is usually straight. Its columnar epithelial -:q

I cells serve digestion and absorption. Electron micrographs show microvilli. The tg‘g
hindgut, like the foregut, is lined by chitinous cuticle and opens through the g«g

anus near the end of the body.
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unsegmented appendages and car be folded back into pouches. The frontal
papillae around the mouth of Cephalobaena may be derived from appendages .
(Fig. 3-3).
| NERVOUS SYsTEM. Corresponding to the Parasitic habits, there are no corm-
plicated sense organs, but only integumentary sense cells, or clusters of them,

_ often forming a projecting cone. These sense cells are found on the frontal

. papillae and on other smal] paired papillae on the anterior body or metamerically
covering the whole body. They may be everted by blood pressure and with.
drawr by muscles. There is a sensory lateral line in some species.

The nervous system has ganglia only anteriorly; the last pair sends a pair of i
fibers into the long trunk. In the Raillieticlla ( Cephalobaenida) the preoral
part of the nervous system is only a commissure. The surrounding ganglion cells
may be considered remains of the protocerebrum. Under the preoral commis-
sure lies the first pair of postoral ganglia with its commissure and with nerves
~to the first pairs of hooks, Caudally there are at least four ganglia marked by )
commissures, of which the first innervates the second pair of hooks. The ganglia s
-of the first pair of hooks continues anteriorly in a large wide ganglionic mass,
sdificult to homologize. It innervates frontal and dorsa] papillae, but it is not
-Jnown whether the preoral commissure belongs to it.

“Fig. 3-3. ‘Anterior of Cephalobaena tetrapoda, female; part aljown, 5 mm long.

oy o
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: BODY CAVITY. . The wide, unlmed body cavity between gut and body wall
coatains fluid with floating cells; in the anterior of the body it must be considered
a hemocoel derived as a mixocoel: from various structures. The lateral mesen-

. teries of the gut divide the cavity into a ventral space and a dorsal space, which
contains the gonad, attached also to the dorsum by connective tssue.

There are no respiratory, circulatery, or excretory organs, except that perhaps
the integumentary glands function in excretion.

REPRODUCTIVE SYSTEM. Sexes are separate, males usually smaller than fe-
males. While the male gonopore is far anterior, between the two body parts, the
female gonopore is near the posterior end in the Porocephalida, or at least behind
the middle of the body.

Linguatula has two large testes that may fll the trunk when mature. Anterior
each continues into a slender vas efferens. Both vasa efferentia open into a
thick, median seminal vesicle, a posteriorly directed loop that forks anteriorly
into two posteriorly directed ejaculatory ducts. With longitudinal muscles both
ducts pump sperm through a short vas deferens in each of two penis-like,
chitinized cirri, coiled up in the atrium. The sperm extends the coiled cirrus
and projects it into the female gonopore and the long vagina.

The ovary of Linguatula is median. Anteriorly it opens into a pair of oviducts,
which join into a median duct continuing as a long posteriorly directed vagina,
near the mouth of which lies 2 pair of large seminal receptacles. These are
lined by chitin and are filled during insemination (Fig. 3-1).

Development

Pentastomids, like other parasites, produce a large number of eggs with only
little yolk. As many as one-half million fertilized eggs may remain for some time
in the vagina, which thus functions as a uterus. As it stretches to 100 times its

original size, it completely fills the body cavity. In the course of its life, Lin-
 guatula serrata produces several million eggs, each 0.07 by 0.09 mm. Their
minute size and thick shells make the study of embryonic development within
the uterus difficult. After an early blastula the endoderm seems to form by
lamination and a dorsal organ appears. We know only the first stages of the
total cleavage. The embryo of Reighardia sternae is equipped with four pairs of
appendage primordia. This is a typical short embryo with an acron, one adoral
and three postoral segments, and a short trunk primordium (Fig. 34). Proximal
to each of the postoral appendage primordia is a neuromere and a pair of
coelomic pouches. The two posterior coelomic pouch pairs contain primordial
reproductive cells. The dorsolateral, anterior apovendage buds rise above the
ectoderm which is proliferating into the anterior of the embryo, an ectodermal
mass that has to be considered a ganglion adjacent to a coelomic pouch. Its
position indicates with some certainty that the appendages with ganglia and
coelomic pouches are homologous to the same parts of segments 1 to 4 that bear
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dorsal organ pore dorsat organ

coelomic pouch 1

ectoderm
proliferauon
(? pratocerebrum)

ganglion
primordium

cuticle

appendage 2

appendage 3 dppendage 4 hypodermis

Fig. 34. Embryo of Reighardia sternae. Lateral view of cleared embryo; light stipples,
coelom pouches; dark stipples, reproductive cells; 0.22 mm long. (After Osche.)

the two pairs of antennae, mandibles, and first maxillae in arthropods. Of course,
their fate is different. Both posterior primordia become paired hooks in the adult,
the anterior two presumably become the two.pairs of frontal papillae of the Ceph-
alobaenida. Though this has not been directly observed, an almost ready-to-hatch
stage of Reighardia has been seen, and supports this conclusion for the third and
fourth appendages. This embryo has many features of primitive arthropods,
such as a large dorsal organ that functions as a gland, its secretions covering the
rapidly growing embryo, which has shed its membranes.

The primary larva possesses an anterior and a posterier pair of hooks (Fig.
3-5) and a small short trunk forked at its tip. The anterior drilling apparatus has
three chitinous spines, used to penetrate the gut wall of a host that has swallowed

‘the egg. After leaving the mother’s uterus, the larvae may remain alive inside

their undisturbed shells for a long time before hatching.

The primary larva of Porocephalus, which has an especially short trunk, has
been seen to move about. It hooks the posterior legs into the intestinal wall of
the host and rams its short tail against the wall. Extending, it pushes its boring
apparatus into-the host tissue. When fully extended, the anterior legs move for-
ward and hook into tissues while the posterior legs let go and the body is con-
tracted. As this sequence is repeated, the larva slowly forces itself into the tissue.
The postembryonal development is not the same in all families and in Linguatula
and Porocephalus is characterized by the disappearance, on molting, of append-
age stumps except for the hooks. How much of the trunk growth is due to
teloblastic growth of the embryo is unknown.

In general three lrval stages can be separated. The primary larva (embryo),
after hatching and molting several times, encysts as a secondary larva in the inter-
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coelomic pouches with those of Peripatus and arthropods. But this sayvs nothing
about their differentiation. For Instance, the second postoral appendage of
Onvchophora is not an arthropod appendage, and the fate of the same structure
in different groups of arthropods is very different. Nor is the number of append-
age primordiz a key to relationsiips. As in Onychophora, the enzymes studied,
lactic dehydrogenases, resemble those of mandibulate arthropods.  Similar
longitudinal anastomoses between lateral perves to the sense organs and parieta]
musculature are seen in some annelids,

Habits

Adult pentastomids parasitize almost exclusively the respiratory organs of
predatory terrestrial vertebrates; 4997 of the species are from snakes, 2897, from
crocodiles, 189, from lizards, and the rest from turtles, birds, and mammals. The
reptile parasites almost all are found in lungs. Reighardia has been found in the
air sacs of gulls, its larvae in the gut. It may not have an intermediate host.

Tig. 3-5.  First larva of Lf_hg'uazula serzata, showing short body and Iarge anterior;
“13 mm long. (After Leuckart.) :

~ (Linguatula) been found in man, but quite commonly the larvae of Linguatula,

and Armillifer are found in man. The Cephalobaenida
of insectivorous lizards may have only one host, as larvae for only one species

mediate hosts: a freshwater fish, amphibian, or almost any terrestrial vertebrate,
A regular change of hosts has been shown in Linguatula serrata, one of the few

species whose habits are known. The adult female Linguatula rarely leaves jts

place, keeping its anterior end imbedded in nasal tissue. Mature females often
settle in the posterior of the nostril, the body harging into the lumen. Males,
however, move about.

Those species living in the lung feed on blood: Linguatula feeds on mucus,
epithelial cells and lymph. Otherwise little is known about their habits,

Classification

Order Cephalobaenida

The hooks lie in two pairs, one behind and lateral to the other, posterior to the
mouth. Sometimes, as in larvae they support themselves on stumpy legs (Fig. 3-3).
The nervous system has a pair of ganglia on the sides of the foregut, and posteriorly,
some paired ganglia connected by commissures. The gonopore 'in both sexes is far
anterior at the base of the trunk. Cephalobaena have s‘cu;'npy legs and two pairs of
frontal papillae; Cephalobaena tetrapoda, females 1.9-3.3 cm, males 0.8 cm long
(Fig. 3-3), live in the lungs of South American snakes. There are no legs but the
hooks are surrounded by lobes in Raillieticlly and Reighardia. Reighardia sternae, 3 cm
long, lives in air sacs of terns and gulls. Raillietielly hemidactyli of the Malay Peninsula

Order Porocephalida

The mouth sometimes lies between the hooks, which are in pairs, one behind the
other, or all four in a transverse row (Fig. 3-1). Leg stumps are lacking. The deep
hook receptacles have an apodeme. The pervous system consists of a uniform subeso-
phageal ganglion. The male gonopore is at the anteror, the female posterior. There
are about 42 species. C o
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the trachea’ Armillifer has thick annuli. The head of the female in one spedies is ]:xrge 3 : -
and connected by a neck to the trunk (Fig. 3-2). Armillifer is found in African snakes. - X g Bacr, ]. G. 1851 Ecology ofA’“’"“l P"’m <z Univ. mmou:PreSS, Urbana 4578302 T.‘“T»Sﬂh»

Linguatula has a fattened body; L. serrata (Fig. 3-1), the tongue worm, males are
1.8-2 cm long, females with eggs to 13 cm long. Orginally the final hosts were foxes
and wolves, but adults are found in the head sinuses of dogs, rarely in horses, goats,
and sheep, and rarely in man. The eggs pass from host dogs to plants, and larvae are
found in vegetarians: rodents and ungulates

In the intermediate host the eggs of L. serrata reach the small intestine where the
shell breaks. On hatching the primary larva, 0. 13 mm long, penetrates the intestinal wall
and within seven hours all larvae occupy small hemorrhagic areas in the mucosa and
submucosa. They then enter blood and lymph vessels and are carried by the fluid or
move under their own power to various organs. Those in the Ivmph may attach to
mesenteries; most others migrate via the heart to the lung where they lodge in

’ “’ﬁkf Doucet, J. 1965. Letude anatomique, hzstologxque et h:stochumque des Pantastou;éc. Mem.

*B%r, Esslinger. J. H. 1962. Development of Porocephalu.x 1 Pmm&; 402_45&.\.15 LAl f:.;
5 i&@’ Fam, A.. 1981. Les Pentastomides. Ann. Mus. Roy. Afrigue Centr. Terouren (8)92 1- ns,;.».,
1964. Le cycle évolutif du Razllxetzella. Bull. Acad. Roy. Belgique, Sci (3) 50
T9):1036-1060. T TUTTTEere S R R L TS R e
Haffner, K. von. 1867. Orgamsabon vou Reighardia. Zool. Jahrb. Abt. Anat. 83 (in press).
. and Rack, G. 1885. Die Entvnddung der . Pe.ntastomxde Rexghardxa. Ibid.
Lo 82:419-444. : el x""‘.’.“.li.:‘:;. P )
- Heymons, R. 1928. Pentnstnrmda in Ku.ken&ml Hcmdbw:h der Zoalogze de Cmytet
" Berlin, 3(1):69-131.

1935. Pentastomida in Bronas, Klassen und Ordmmgen d.es Tierreichs, Akad.
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:f’ ‘E t.:apillaries; sﬂtill others se-:ttle in the Ii.ver. Only 7 days after infec‘tiqn the larva reaches \%ﬂl‘ Verlag;gfl. LLein:fsufesxs): (c;e)r ];n Kr‘oko;h;x; L;o&;;;n’?d;}e;;s;;;xé;‘éd«wsbe{
]h its new habx‘tat, to remain as a parasite. After 15—28 days the primary larva molts into = { 23 - . Ges. Naturforsch. Freunde pp. 253-269. . oty e e

i a secondary larva. The spherical secondary larva lacks hooks and appendages. R 1042, Systexnabk der Pegm"mdm z Parasztenk. L 419—43_“ . :_‘_ - ';

H Apparently it feeds, as it contains blood corpuscles in its gut, and in 6 months grows S - Hobmaier, A. and Hobmaxer M. 1340. foe cycle of ngu.aiula Amer T. 'I‘rop Med.
‘ from 0.13 mm to 5 mm. The larva is enclosed by host tissues within a connective tissue . 20:199-210. T Ty - S

Lavoipierre, M. M. J. and M. 1966. An arthropod mtxarmedmte hast of a pentnstnmxd.
Nature 210:845-848. . _ o) ¢::;-_J, . . ;

cyst, forcing the larva to double up. Growth is accorupanied by molting; in 8 weeks
the larva has molted a second time, and after the ninth molt the body flattens and the

= pep——

trunk becomes annulate. In the rabbit as intermediate host, after about 6 moaths and ™= e 48 596, P TR
' the tenth molt, the larva transforms to a terminal stage, 4-3 mm long, that resembles the ‘2 -
adult-in body shape and in having four hooks. But unlike the adult, its hooks are € I3 (‘ A T@gﬂom,c Bmm,—y and Serclogy Ronald, New York. pp. 321-3486.
v double, and it has rows of posteriorly directed spines on the posterior borders of the Yol : : o nenT T wizrhey s bamdiae ey

annuli. Seven months after infection of the intermediate host, the parasites break their
cysts and move about in the thoracic or abdominal cavity. It is not known definitely
whether the cyst opens only on the death of the intermediate host, nor is it known
whether the parasite normally occupies the cyst for several years. -

While the encysted resting larvae rarely damage the intermediate host, the mxgratxoo.
into the body cavity may cause pleuritis. In case the host is not eaten and survives, the
larvae eventually die without reproducing. The final host may be a dog that feeds on
the intermediate host. The larva moves, using its spines, from the throat or stomach
toward the nostrils of the dog. Larvae artificially placed in the dog’s stomach were soon
found in the esophagus. From the throat they enter the nostril where they molt after
3 weeks, bcome adult and lose their spiny exterior. Linguatula harms the natural host
only slightly during migration but the migrating nymphs cause halzoans disease in .
man; the adult may cause bleeding from the hook attachments s the worm feeds on
mucus. After 4 months in the final host, the females are 3 cm long. They mate, after
which the malm die, whde the females live at least 11 months more and may become
I3cnlcmg. et epeememmie L Lal eeis. -
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fossil species is the eurypterid, Pterygotus rhenaniae, 1.8 m long; the largest lLiv-
Ing species are crabs: Jasus huegeli, 60 cm long, Pseudocarcinus gigas, 40 em
wide, and Macrocheirg kaempferi, with a leg spread of 3 m. )
Arthropods have 3 chitinous exoskeleton. Their segments, at least in the ap-
terior third of the body, have appendages consisting of jointed, stf articies, at
least one pair of which Is specialized as antennae or mouth parts. The walls of

blastocoel with parts of the secondary body cavity. There are no cilia on the
body or on interna] organs.

Not only are arthropods rich ip species, but they represent the culmination of
protostome evolution, especially of the nervous system. Though of Eo'r‘;‘es‘pond-
ing complexity,  the cephalopods are limited to the ocean and lack diversity.
Arthropods, on the otber hand, like vertebrates, live cn al] continents, adapted
to all possible habitats, often represented by large numbers of individuals. The

Most arthropods have the anterior appendages modified as mouthparts, or
into cutting, biting, or sucking tools, increasing the possibilities for obtaining
food and permitting them, despite their small size, to utilize Iarge.organ-;sms,
such as herbs and trees, for nourishment.

are afbject to size limitations, probably due to stiffness, lack of permeability, and
difficulty of growth resulting from the exoskeleton. The largest arachnids (scor-
pions) are 18 em long; scolopendn'drcenﬁpedes, 26 cm long; and walking-stick
insects, 33 cm long. The last two are very slim, as were the giant dragonflies of
the Carboniferous, with their wingspread of 60 cm.
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- In insects the molt proceeds as follows: first the hypodermis undergoes a
period of mitosis during which the cells increase in depth. The cells separate
from the procuticle and secrete exuvial fluid into the space between. Enzymes
(chitinase and proteinase) contained in the fluid dissolve the-basal layer the
endocuticle; epicuticle and exocuticle are not affected. The digested materials,
up to 80% of the old endocuticle, are resorbed, and thus are not lost to the body.
Now, underneath the old exocuticle, a new layer of epicuticle is produced, then
a new procuticle. The formation of the thick endocuticle and sclerotization of
the outer layer, the exocuticle, are completed only after the molt. The secre-
tions that form the outer layers of the epicuticle also are produced after the
molt through pores.

Chitin is formed by the hypodermis by two simultaneous processes: secretion
at the outer cell surface and transformation of the distal plasma edge. All
spines, setae, and hairs are formed from plasma extensions. Both ends of the gut,
the tracheal systems, and the ectodermal gland ducts are molted along with the
body surface.

The surface of the integument is often sculptured by fine grooves and depres-
sions (Fig. 4-1), or drawn out into thorns or micotrichia. There are also large
numbers of setae connected at the base. to the hypodermis (Fig. 4-1) and sur-
i rounded by a flexible membrane to the exoskeleton.

The integument serves as an exoskeleton for muscle attachment; inside there
may be thickenings, solid apodemes that serve as a skeleton for muscle attach-
ments { Figs. 4-1, §-14). ’

sUSCULATURE. The muscles are striated. The longitudinal thoracic muscles
usually do not form a body wall, but lie in two dorsal and two ventral bundles
(Fig. 4-6). The metameric dorsoventral muscles may enter appendages.

APPENDAGES. ‘The tube-shaped articles of appendages are connected by
fexible articular membranes, most of them wider on one side than on the other
(Fig. 4-2), permiting movement in one direction. Condyles of the proximal
segment may further restrict direction of movement. The axes of successive
appendage segments may move in different directions, permitting movement of
the whole appendage in various directions. The number of articles is variable,

as is their shape, especially of the most anterior ones, the antennae and those
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difierentiated into mouthparts. The first appendage is usually a segmented an-
tenpa (except in Chelicerata), while the oral appendages have been modified as
mouthparts (except in Trilobitomorpha), and sometimes only parts of a segment
remain (mandibles of insects). Trunk appendages, instead of walking legs may
be swimmerets or raptorial legs: others may be transformed into gonopods used
in sperm transfer.

According to differentiation of the anterior appendages, arthropods can be
separated into several groups or phylogenetic lines.

1. The first appendage forms an antenna; others are similar and without spe-
cialization as mouthparts (Trilobites).

2. The first pair of appendages forms mouthparts, the chelicerae; the coxae of
successive tube-shaped appendages, by forming endites, mayv have become
mouthparts but do not chew or work against each other (Chelicerata).

3. The Brst appendage forms an antenna; behind the mouth -at least two
append:ge pairs move against each other in chewing, as mandibles or maxillae
(Mandibulata).

a. The drst two may be antennae, and respiration is through gills
(Crustacea). .

b. The first appendage is an antenna, the second reduced; respiraton is
through tracheae (Myriapoda and Insecta).

Some biologists have tried to homologize the appendage articles of the un-
specialized and specialized appendages not only within orders but throughout
the arthropods and give them uniform names. But the results have been very
divergent, as has their nomenclature. Possibly the problem is only apparent, as
the arthropods may be polyphyletic, and-their appendages convergently evolved.
Thus we will continue to use the nomenclature generally used in the hterature
of the different groups.

‘Arachnid embryology indicates that the base and tip of each appendage, with
its musculature, develop before the intermediate articles. Later the appendage
becomes segmented: first a few grooves separating larger parts (Fig. 4-8), and
later these develop new grooves or joints of the final articles.

In some groups the basal article, the precoxa, fragments; thus the coxa is
usually the first proximal tube-shaped segment. At the leg tip is the pretarsus
bearing one to three claws and sometimes also attachment discs. On its proximal’
tip insert one or two muscles that move the claws (Fig. 4-3).

BODY SEGMENTATION. The body consists of an acron ( prostomium, or
cephalic lobes) and the pygidium (telson) with a number of intermediate so-
mites produced by a posterior teioblastic growth zone anterior to the pygidium.
In groups having direct development the individual sornites develop similarly
on the germ disc (Fig. 4-11). Initially each somite consists of a sternite, paired
primordia of ganglia, a pair of coelom pouches. and in the anterior germ band at
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Fig. 4-3. Insect leg with muscles. (After Weber.)

least, a pair of appendave primordia (Fig. 4-11). In development the appendages
differentiate, or in some somites may not grow at all, and at the same time
there appear differences in somite formation so that different regions (tag-
mata) develop. These regions may consist of a number of. distinct somites or
of a uniform capsule resulting from fusion of the exoskeleton of several meta-
meres. All arthropods bave at least one anterior tagma, the head, proterosoma,
prosoma, or cephalothorax. Following it there may be a homonomous body,
with or without appendages (Myriapodz, many arachnids; Fig. 44). But in
many cases two additional tagmata develop, the thorax and abdomen (F ig. 4-5).

In general each somite consists of a ventral sternite, a dorsal tergite, a pair
of soft, flexible pleura, a pair of ventrolateral appendages, and a pair of ventral
ganglia (Fig. 46). In addition, the embryo has a pair of coelomic pouches,
which disappear rapidly as their walls form muscles, fat bodies and peritoneum.
After feeding or during egg development the pleura permit expansion of the
body (Fig. 4-7), as do the intersegmental membranes, which join successive
tergites and sternites. The intersegmental membranes also permit body move-
ment (Fig. %-1). The short pygidium does not constitute a segment: it is the
unsegmented anal end of the germ band. :

SENSE ORCANS. The sense organs are highly developed. Integumental setae
conpected below with sensory cells serve as mechanical receptors. Some thin-
walled setae, possibly chemoreceptors, may be found in large numbers on the
appendages, especially the antennae and oral appendages. Of the two forms of
eyes, median and lateral, the laterals usually are comphcated compound eves
{except in Arachnida and most Myrizpoda). -
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Fig. 4. Arthropod with body consisting of two tagmata. the centipede Lithobius
forficatus; 25 mm long. (After C. L. Koch, from Claus-Grobben.)

Fc;xlg. 4-5. " Arthropod with body consisting of three tagmata, the bark beetle Pityogenes
alcographus; 2 mm long. (After Niisslin—Rhurabler.)
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Fig. 46. Cross section through an arthropod. (After Weber.)
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Fig. 4-7. Expansibility of the arthropod abdomen: the abdomen of the harvestman
Nemastoma quadripunctatum; left, a starving animal; right, a well fed female with
intersegmental membranes and pleura stretched; Roman numerals indicate sternites,
Arabic numerals, tergites; about 34 mm long. (After Kaestner.)

NERVOUS SYSTEMs. The central nervous system consists of a suprapharyn-
geal brain and a ventral ganglionated chain (Fig. 4-8). The brain consists of the
protocerebrum, which has association organs (globuli and the central body), and
optic centers. The brain also includes the first two appendage ganglia, the
deuto- and tritocerebrum, which have shifted secondarily to the front of the
mouth.

In the lower Crustacea (Branchiopoda), only the first appendage ganglion,
which innervatés the first antennae, is fused with the protocerebrum to form the
brain (Fig. 4-9). The second neuromere, which innervates the second antennae,
lies some distance behind and below the pharynx and forms the anterior end of
the ventral chain of ganglia. In most Crustacea this ‘ganglion moves anterior to
the pharynx and connects with the tritocerebrum above the pharynx, but its
commissure remains behind the mouth (Fig. 4-10).

Similarly in the myriapods and insects, the appendages {the second antennae)
of the tritocerebrum have been lost, appearing only embryonically as buds in a
few species of Symphyla (Fig. 4-3). The brain of the chelicerates appears to be
simpler, consisting only of the protocerebrum and the ganglion of the frst
appendage (chelicerae) (Figs. 4-186, 6--2). The cheliceral ganglion is in the
position of the tritocerebrum of mandibulates, and is connected with a sympa-
thetic system of the anterior gut.

The ontogeny of the arthropod brain shows clearly that the deuto- and trito-
cerebrum have secondarily joined the protocerebrum. They originate as meta-
meric ganglia, as does the cheliceral ganglion, and each of the three belongs to a
segment that has a pair of coelomic pouches and a pair of appendage buds. The
deutocerebrum lies next to the stomodeum; the tritocerebrum and cheliceral
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ganglion are posterior to it (Fig. 4-11a, b). In the course of development they
come to lie in front of or to the side of the esophagus, but it is uncertain whether
they move anteriorly or the foregut shifts posteriorly.

The ontogeny of the protocerebrum is still incompletely known. Some in-
vaginations of the cephalic lobes may take part in its formation, in close connec
tion with the eve primordia (Fig. 4-11b, ¢). One would not expect a ganglion
containing association and sensory centers to form simply from a paired invagina-
tion as a somatic ganglion. Furthermore, the complicated brains of polychaetes,
related to the arthropods, without doubt develop from the small apical ganglion

of the trochophore. Certzin events in development suggest that a pair of somatic
wanoha prosocerebrum, is incorporated into the protocerebrum. For instance,
traces of an anterior somite show up in representatives of all subphyla, coelomic
pouches appear below the cephalic lobes anterior to the first appendages. In
some genera (e.g. Lzmulus) this cavity is a diverticulum of the coelom of the
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the whole body is ionervated (Fig. 4-12).
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first appendage segment. Its walls may form parts of the anterior aorta or foregut
musculature. But in other arthropods it is pessible that the coelomic pouches
under the cephalic lobes are separate. There is no doubt about it in some
Crustacea ( Nebalia, Squilla, Hemimysis, Gammarus) as they arise independently
in-front of the first antennal segment from an invagination of the blastoderm.
That these pouches are the vestige of a segment is clear, and it also clear that the
coelomic pouches of the cephalic lobes of other Crustacea correspond.

In Scolopendra preantennal appendage buds have been described; these (un-
like similar structures reported for insects and arachnids) can not be explained
as accidental bilges of the cephalic lobes, common in the formation of the brain.
A reexamination would be desirable. .

The presence of the coelomic pouches under the cephalic lobes of the pre-
antennal appendage buds of Scolopendre supports the assumption of a rudimen-
tary preantennal (or precheliceral) segment.
that to these appendages and coelom belong a pair of the neural invaginations of
the cephalic lobes as prosocerebrum and that these three primordia are the rest
of a preantennal segment.

Usually some postoral ganglia fuse as a subpharyngeal ganglion; sometimes
all ganglia move forward and-form a large subesophageal center, from which
Shortening the distances between
ganglia permits an increased number of longitudinal and transverse conmectives.
DICESTIVE sYsTEM. The mouth lies behind the labrum and anierior to the
labium (Figs. 4-1lc, 11-1). Laterally the mouth is framed by various lateral

Furthermore, one can consider
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appendages,.used to hold or chew food, and in some myriapods and insects and
arachnids, these may be substituted for the labium. The mouth leads into the
foregut - (stomodeum), an ectodermal invagination usually specialized into
pharynx.and esophagus; its lining is shed with the molt of the exoskeleton. It
serves to transport or filter food, or to predigest. The endodermal midgut
(mesenteron) digests and absorbs; it may be a straight tube, or among Crustacea
or Chelicerata it may have very large diverticula, but these are lacking in the
myriapods and insects. The midgut leads into the ectodermal hindgut (procto-
deum), which may be very long in the higher Crustacea, and opens through the
anus.

BODY cAviTY. The body cavity is a mixocoel formed by fusion of the
blastocoel and coelomic pouches after their walls have been used up in organo-
genesis.

EXCRETORY SYSTEMS. Despite their significance to annelids, mesodermal
nephridia are of little importance to arthropods; their vestiges (except in
Xiphosura) are two pairs of antennal and maxillary glands (Crustacea), max-
illary and labial glands (myriapods and insects), or coxal glands ( chelicerates).
These structures all incorporate remnants of the coclom of their own segments.
Terrestrial arthropods, which can not give off ammonia through thin parts of the
integument, as do aquatic arthropods, have developed another excretory organ,
the Malpighian tubules. These long fine diverticula extend from the border of

_ the midgut and hindgut into the abdomen; the substances they -excrete are in-
solgble (guanin; uric acid), and thereby conserve water. Excretory products are
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3 probably also taken up by large nephrocytes along the wide blood channels, and

some may be transformed into pigments.

RESPIRATORY SYSTEMS. Except in some minute, soft-bodied arthropods,
respiratory organs are present, the need for them resulting from the thick exo-
skeleton. Aquatic and marine representatives, the Crustacea and Merostomata,
have transparent, vascular evaginations, the gills, attached to appendages (Fig.
7-3). . Terrestrial arthropods, however, as an adaptation against desiccation,
have internal respiratory organs: ectodermal invaginations covered by a soft
chitinous layer, the intima (tracheae and book lungs)..

CIRCULATORY SYSTEM. An open circulatory system contains the blood,
called hemolymph. Identical with tissue fluids, the hemolymph serum contains
respiratory pigments, usually dissolved hemocyanin, and several kinds of nu-
cleated blood cells. The heart is a median dorsal tube that passes through most
segments in some primitve groups, but usually is limited to a few segments
(Fig. 6-1). There are no veins, but in each segment the heart has a pair of
buttonhole-shaped ostia, the borders of which hang into the lumen as valves
(Fig. 7-5). Anterior and posterior the heart continues as an aorta. In orders
having localized respiratory organs, the heart usually has lateral arteries. Aris-
ing under the osta, these arteries are variously branched before they allow the
blood to escape (Fig. 6-1). In orders having an extensive, branched tracheal
systern, lateral arteries usually are not developed except possibly in the head or
tail regions. A notable exception to this generalization is found in the Chilopoda.

The blood collects in the mixocoel and in longitudinal ventral lacunae from
which it flows through the pericardial septa, perforated connective tssue septa
with some muscle, into the pericardial sinus surrounding the heart. The peri-
cardial sinus is a dorsal level of the trunk mixocoel (Figs. 4~18, 6-1). From it
the heart pumps blood in diastole. In systole the ostia valves close so that the
hemolymph is forced out through a head or tail aorta, and often through lateral
arteries. The heart beat, unlike that of vertebrates, is neurogenic with gan-
glionic pacemakers.

The pericardial sinus part of the mixocoel is very different from the peri-
cardium of the mollusks. In mollusks it is a coelom space lined by peritoneum
toward the blastocoel and impermeable to blood; thus true veins bring blood
to it. ' ‘

REPRODUCTIVE ORGANS. With only few exceptions the arthropods have
separate sexes. The paired gonads have mesodermal walls and ducts, but the
gonoducts join paired or single ectodermal invaginations that lead to the out-
side. In both sexes numerous glands may be present along the ducts.

In chilopods, the gonad walls develop directly from constricted-off dorsal
parts of several successive coelomic pouches, the lumens of which become con-
tinuous (Fig. 4-18). The efferent ducts in chilopods and spiders are also formed
from coclomic parts.
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pillow-shaped primordia of ganglia (after Brauer); (a) showing mouth anterior to
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<overing the acron, their ectodcrm producing the protocerebrum;-Jength about 1.5 xmm.
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Developrnen.l .
“Superficial cleavage is characterisic of arthropod eggs, usually rich in volk.

. eggs with little yolk, very early determination and total_cleavage that resembles
‘i éhé—s-p}_z;lbéiea\'agg_o'f—_ annelids._Even in some Crustacea (e.g., Isopoda) that
! have superficial cleavage there may be mesodermal teloblast cells resembling
those of oligochaetes. '

Superficial cleavage results in formation of a germ band on the side of the
embryo that is going to be its venter. The germ band may produce a posterior
teloblastic budding zone of segments (Fig. 4-11). Every segment consists of a
sternite, a pair of ganglionic primordia, a pair of appendage buds, and a pair
of coelomic pouches (Figs. 4-13, 4-14). Later the germ band widens, its lateral
borders and coelomic sacs grow over the sides of the egg, finally meeting to fuse
and formn the dorsal tergites (Figs. 4-13, 4—14).

The anterior of the germ-band, the cephalic lobes (acron, prostomium), does
not widen, but in the course of development grows dorsally and is bent back
(Figs. 4-14, 4-15). Thus it does not take part in the formation of the venter, but
forms only parts of the anterior of the dorsum. The protocerebrum formed from
the cephalic lobes finally comes to lie above the succeeding ganglia (Figs. 4-9,
4-10, 4-16). For this reason the anterior end of the germ band (acron) does not
correspond with the anterior end-of the arthropod body, which is formed by the
first segments. This can be seen externally, the positon of the antennae (Fig.
4-4) or chelicerae (Fig. 4-16) being anterior of the eyes, which are innervated
by the prostomium. The details of the process have been studied only in the
whipscorpion Thelyphonus, in which the cephalic lobe finally forms the anterior
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and middle portions of the anterior dorsum, carrying the eyes as ectodermal
growths. The first to fourth metameres, then, do not grow around to meet at the
dorsomedian line, but meet the cephalic lobes (Fig. 4-13), and form ounly the
lateral parts of the anterior regions.

The ectoderm, besides producing body wall, gives rise to the nervous system
and sense organs (Figs. 4-13, 4-14). Paired median growths of the germ band,

~ ganglionic primordia, separate from the outer layer and sink in, and from their

cells are derived the neuroblasts that form the ventral cord and innervate motor
organs. The cephalic lobes form protocerebrum and eyes (Figs. 4-12, 4-15).

There is a pair of coelomic pouches in each segment but none in the telson.
Unlike annelids, arthropods have preantennal coelomic pouches. Spiders (Par-
dosa hortensis) have a precheliceral pair and 2 pair still further anterior, reach-
ing to the anterior edge of the cephalic lobes. Only in arachnids, chilopods, and
Symphyla do the coelomic sacs become as extensive as in the annelids, but they
remain narrow and compressed because of the yolk (Fig. 4-13). They reach
into the appendage primordia and later grow laterally toward the dorsum (Figs.
4-13 to 4-15). As the cells of the coelom wall proliferate toward the integu-
ment they give rise to the dorsal and ventral longitudinal muscle layers. The
septa (dissepiments) give rise to dorsoventral muscles, and the growth in the
appendage buds gives rise to appendage muscles (Fig. 4-17). The edges reach-
ing the dorsum become corresponding halves of the muscular heart, enclosing
an area of primary body cavity, the blastocoel (Figs. 4-13, 4-18). The ventral
edges similarly form the ventral artery; the adjoining septa form lateral arteries.
The vessels are surrounded by coelom; although their walls are derived from
coelom walls, their lumen is that of the blastocoel.

Fﬁt‘; B inn'oducn;an";'-"'— E s3

L;:—_ The muscles and vessels originating from the peritoneum- retain thetr s

eo-
mental arrangement more or less, even when other segmentation disappears, :s
in the spider abdomen (Figs. 4-17, 112, 11-13). :

The splanchnic layer of the coelomic pouch surrounds the gut, forming gut
‘musculature and peritoneum. After giving rise to some: connective tissue mem-
branes of other organs, walls and ducts of gonads, and fat body, the remainder
of the coelom wall disintegrates and the coelom fuses with the primary body
cavity, the blastocoel, to form the mixocoel (Figs. 4-19, 4-20). Among insects,
especially of the higher orders (Coleoptera, Lepidoptera, Hymenoptera, and
Diptera), the coelomic pouches are smaller (Figs. 4-19, 4-20), and they remain
ventral; by the time of dorsal fusion the coelom walls have disappeared in the
formation of longitudinal muscles, connective tssues, fat bodies, etc. The organ
formation nevertheless resembles that of the arachnids and chilopods.

Most crustacean and many myriapod embryos at halfghﬁxgﬁ/isé‘fewer seg-
ments than the adults. This is especially true of the crustacean pauplius larva,
which, besides the acron, has only the three segments bearing the antennae and
mandibles. A budding area gives rise to additional segments with appendages,
which appear one after another at regular intervals after molts, often in a very
long postembryonal development. In contrast, in many chelicerates and insects
most segments are formed within the egg; nevertheless the young animals go
through a long postembryonal development with a more or less fixed number of
molts before they mature sexually. Some molt after maturity. Among many
crustaceans and insects the newly hatched young is very different in appearance
from the adult; it is a larva, and not only differs in mouthparts and lack of
gonads, but also usually has habits very different from those of the adult. ‘The

- postembryonal development is then a metamorphosis.

lateral piate 5

anterior barder
of cephalic lobe

chelicera

dorsum
yolk

Fig. 4-14. The growth of the germ band in the
dorsum not yet overgrown by cells; latera
pouches; 3 mm long. (After Kaester.)

whipscorpion, Thelyphonus caudatus;
1 plates consist of ectoderm and coelomic

-
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Relationships -
There is mo doubt of the annelid origin of arthropods. Unfortunately paleon-

tology offers little evidence for phylogeny; arthropods are known from: the

Cambrian, and must have evolved during the Precambrian, which is repr&sented
by only a few fossils. However, many Cambrian arthropods differ from recent

ones. Unfortunately most of these fossils are not well preserved in the important

anterior region. The fossils therefore do not answer some of the most intriguing
questions: Did the ancestors of the chelicerates have antennae® Are the arthro-
pods monophyletic or polyphylectic® The treatment given here of fossil arthro-
pods is pecessarily limited.

Habits

While most Crustacea inhabit salt or freshwater with only few exceptions
(woodlice. land crabs), the recent chelicerates have become terrestrial except
for four species of horseshoe crabs and the pvenogonids, and some mites that
have returred to water secondarily. The myriapods and insects have no recent
primarily aquatic representatives. Terrestrial arthropods differ in few respects,
other than respiratory system and insect wings, from their aquatic or marine
relatives, an indication of how well preadapted the arthropods were for ter-
restrial habits. It might be worthwhile to cite the habitat differences, shallow
water and shores not considered.

I. The factors limiting life in the ocean are salt content, oxygen, and light.
On land the first two are replaced by lack of moisture and extremes of tem-
perature.

chelicera

cephalic lobe

pedipalp

Frotocerebrum —.

heart
Fig. 4-15. Part of the ccphalic lobes and the anterior segments in formation of the
~docram, in the whipscorpion Thelyphonus caudatus; function of lateral organ unknown;
3 mm long. (After Kacstner.) ° -

> 2 Annual gnd daily temperature change in the ocean is small. Op land, soil

> :"-su:rface especjauy AsdeS drasb'g: seasonal and daily differences, espétﬁaﬂy where

<-  there is o shade (tropical rain forests and tropical coasts excepted).

L In subtropical deserts the nocturnal temperature near the soil may approach

’{ freezing. In West Greenland, lat 76° 50, in August sunshine with air tempera-

T( ture 15.5°C, the soil temperature reached 42°C at noon on a south slope of 20°
¢#2.. despite the presence of permanent frost at 3033 cm depth (Sgrensen, 1041). 1
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caudatus; the protocerebrum with the yolk behind it was once the anterior edge of the
germ band; 1.1 mm long. (After Kaestoer.)
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band of the spider Sitticui floricola. Th segmental arrangement of the
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:'j retained throughout life (compare 10 Fig. 11-13). The ectoderm (E) sinks in and later
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56 4. PHYLUM ARTHROPODA

Among mosses, in forest litter. or in crevices between stones the differences
between aquatic and terrestrial conditions are reduced, and such places; where
temperature and humidity are relatively constant, probably typify habitats in
which evolution toward terrestrial life took place. .

Humidity and temperature among moss plants may be of importance to their
inhabitants. The wolf spider Pirata piraticus, which Iives among stalks of
Sphagnum moss, has a temperature preference’ of 18-24°C, with heat death

daorsal longitudinat heart

pericardial septum

wing muscle

ectoderm

fat body cells J
)4

midgut epithelium
peritoneum
Fig. 4-18.. Heart and gonad formation of the dorsal borders of the coelomic pouches;

cross section through dorsum of embryo of chilopod, Scolopendra; heart diameter 0.06
mm. (After Heymons.)

endoderm

splanchnic mesoderm oviduct primordium

gonad primorcicm reproductive cells

: ",}E\_ somatic coetorn wall

pericardial septum

pericardial cells ~

e e .
‘/é;t( ‘
pramocdium af nerve cord .

Fig. 4-19. The disintegration ‘of the walls of the coclom pouches and formation of
mesodermal organs; cross section through the abdomen of the cockroach Blattefla
germanice embryo; only the germ band is shown, diameter 3 mm. (After Heymons.)
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occurring at 36°C. The related wolf spider Pardosa pullata prefers the surface
and has a temperature preference of 28-36°C, with heat death at 43°C. Pirata
piraticus carrying an egg sac with the abdomen holds it above the moss surface
in the sun; the temperature preference is now 26-32°C. Actually, neither species
requires sphagnum moss, but both find required conditions there: Pardosa
pullata prefers a sunny area with little grass and mesic humidity, while Pirata
piraticus prefers areas near open water, sun, and high humidity. Both species
are akso found in far different habitats (Ngrgaard, 1951).

3. Terrestrial habitats separated by.distances as short as a few centimeters
may have different microclimates. The shadow of a stone or the southern expo-
sure of a slope have microclimates sharply different from their surroundings.
Water, in contrast, especially ocean, has layered temperature zones that may
include large areas; microclimates may be present only in shallow waters.

4. Most terrestrial animals live at the border between ground and air, on
rooted plants, or in the upper aerated soil layers. With the exception of small
spiders and insects, which may float free in the air for some days, no terrestrial
arthropod spends a portion of its life cycle floating, as do the many planktonic
animals. The absence of airborne plankton results from the lower density of

-heart
pericardial septum
J e
engoderm ,@@%
L -
splanchnic mesod % e Ryt
P oderm 5/ \i}!‘
% 748 ‘ AR
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Fig. 4-20. Growth around the yolk, dorsal fusion, and heart formation in the cockrosch
Blattella germanica; cross section through the abdomen, diameter 0.34 mm. (After
Heymons.)
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5.
Subphy[um Tﬁiaﬁiiamorpha:
Class Trilobita, Trilobites

In addition to the Recent amandibulate cheliéerates, there are a number of
interesting fossil representatives. Only for the trilobites is our understanding of

the morphology sufficient to be useful in comparative studies of invertebrate
anatomy.

CLASS TRILOBITA, THE TRILOBITES

The trilobites include over 4000 fossil species of which the largest is Uralichas
riberoi, 75 cm long. ’

Trilobites were marine arthropods. Present in the Cambrian, they have been
extinct since the Permian. Structurally they are the most primitive arthropods
of which we know. Their appendages, one pair of preoral antennae and a series
of similar legs, display a homonomy unique among arthropods; in all others
some appendages are modified as mouthparts, raptorial structures or gills.

The three-part body consists of head or cephalon, thorax or trunk, and a
posterior pygidium. Judging by the appendages, the cephalon, like the pro-
terosoma of chelicerates, has four postoral segments. But anteriorly, between the
postoral segments and the acron, the trilobites have a preoral antennal segment
that is lacking in the chelicerates (Fig. 5-1). The mouth, therefore, is a con-
siderable distance from the anterior margin.

The body is longitudinally divided into three parts; suggesting the name,
trilobites. The median raised area of the head is called the glabella; the lateral
lobes, the cheeks, bear compound eyes. The parts of the cephalon are covered
by a common carapace; the many segments of the trunk, however, are separate.
Each somite has a raised median area and, laterally, pleural lobes that cover
the appendages. The pygidium, like the cephalon, consists of a number of fused
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segments. The pygidium of trilobites is not homologous with the pygidicm of
annelids. . P

" The two-branched appendages are attached to the domed middle zone of the
body (Fig. 5-1). The main branch, the telopodite (= endopodite), consists of
_eight articles; it is the walking leg. The other branch, the preepipodite, is
softer, its article number varies in different genera, and the articles have
numerous filamentous posterior attachments, probably gills. This preepipodite
inserts at the base of the coxa, dorsal to the endopodite. The coxae do not meet
medially and thus could not have been used as jaws. Nothing is known about
feeding habit‘s. All trilobites were marine, most of them bottom-dwelling. They
were once very abundant, especially during the Cambrian and Ordovician.

[———-glabella

labrum (hypostome)

)

free cheek

mouth

telopodite.

bleural lobe

pleural lobe

preepipodite
(telopodite and
coxa removed)

—~—pygidium

Fig. 5-1. Reconstruction of Ceraurus pleurexanthemns. of the Middle Ovrdovician:
left, ventral vicw; right, dorsul view. Sternites are denscly stippled, luteral fobes and
labrum lightly stippled, appendages white. Some uppendages have been removed, others
have parts removed; 2.6 cm long. (After Stermer.)
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Subphylum Chelicerata

The chelicerates include approximately 60,000 Recent species. The largest
chelicerate known is the extinet eurypterid, Pterygotus rhenaniae, which was
1.8 m long. Among Recent species the largest is the horseshoe crab, Limulus
polyphemus, up to 60 cm Jong. Though surpassed in size by the marine euryp-
terids and xiphosurans, the mainly terrestrial Arachnida display greater diversity
and include greater numbers of species. The aberrant sea spiders, the Pycno-
gonida (see Chapter 15) will not be considered in the introduction.

The amandibulate chelicerates lack antennae and usually have the first pair of
appendages, the chelicerae, chelate or pincerlike. In some groups the chelicerae
are modified and may even take the form of stylets. Furthermore, the chelic-
erates lack jawlike mandibles although in horseshoe crabs the coxae (gnatho-
bases) of the legs move against each other to crush prey (such as mollusks) and
carry food to the mouth. But they are less specialized for feeding than the
mandibles of the mandibulates. In most spiders, the basal segments of the
chelicerae thave been rotated so that they work against each other as pliers;
however, there are no chewing surfaces. ‘

» Anatomy

The chelicerate body is divided into two parts, the cepbaldthora_x (prosoma)
and abdomen (opisthosoma). The prosoma is specialized for Jocomotion, the
abdomen for ‘digestion and reproduction. The abdomen may have a postanal
extension (Fig. 7-1), the telson of the Xiphosura and Eurypterida, the stinger
of scorpions, or the flagellum of Palpigradi ( Fig. 10-8).

The prosoma includes the acron and six appendage-bearing segments. Usually
the entire prosoma is covered by a shield, the carapace, hiding the ancestral
segmentation that persists in some arachnids and is readily seen in the develop-

“-ment of horseshoe crabs. In others (Figs. 10-3, 12-9) the carapace covers the
“proterosoma, a combination of a preoral segment, and four postoral appendage-
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- - bearing segments and forms a tagma present also in the trilobites. However, in

these chelicerates, unlike trilobites, the ffth and sixth segments also bear walking
legs and succeeding segments may have lamellate appendages, or just vestiges
of them, or may lack appendages altogether (Figs. 7-2, 8-3, 10-3).

The seventh segment forms the joint between the prosoma and opisthosorma,
and it may be reduced to a stalk (pedicel) (Fig. 8-3), may be ventrally re-
duced, or may be completely lost.

The abdomen is sometimes segmented externally; the number of somites is
variable, their reduction occurring posteriorly (in addition to any reduction of
the 7th segment). Horseshoe crabs have serial abdominal appendages, while the
abdominal appendages of arachnids may be lacking in adults or specialized (as
pectines of scorpions, spinnerets of spiders). In most orders whose development
has been studied, the gonopores are on the venter of the eighth segment. This
sternite may be pushed anteriorly, to lie between the coxae of the last pairs of
legs, in which case the seventh, or pregenital, sternite may completely disappear
(Fig. 8-3). i

The midventral position of the gonopores complicates fertilization, necessarily
internal in terrestrial animals. In some chelicerates, a spermatophore deposited
by the male is picked up by the gonopore of the female. In others gonopods or
intromittent organs may be used to transfer the sperm. ’

SKELETON. In addition to the ectodermal exoskeleton with its apodemes
that serve as points for muscle attachment, a mesodermal internal skeleton is
present. Usually platelike, it lies above the subesophageal ganglion and pro-
vides attachment sites for the appendage muscles (Fig. 11-3).

APPENDACES. Except for chelicerae, palpi and the feelerlike frst legs of the
Amblypygi, the prosomal appendages are used for locomotion. The chelicerae
are used by most chelicerates to tear up prey but they cannot chew. In horse-
shoe crabs the function of crushing prey has been taken over hy the gnathobases,
the endites of the leg coxae ( Fig. 7-2). Arachnids use their endites only to
spoon liquid nutrient into the mouth. Usually only the second pair 6f append-
ages, the pedipalps, have such endites (Fig. 11-1), but other appendages may.
The pedipalps help to hold prey; in many arachnids they are specialized for
this function and may be chelate (Figs. 8-2, 10=1).

The leaf-shaped abdominal appendages of horseshoe crabs can be used for
swimming. Embryonic arachnids, scorpions and spiders have abdominal append-
age primordia, but these disappear or persist only as combs (pectines) or spin-
nerets (Figs. 7-2, 8-3, 8-11). .

NERVOUS SYSTEM. The brain consists of the protocerebrum, derived from
the ectoderm of the cephalic lobes, optic centers and association centers (globuli
and ceatral bodies), and the ganglion of the first postoral (cheliceral) segment.
The commissures of this ganglion, which has secondarily maoved anterior to the
mouth, lie behind the esophagus; because it is connected to the sympathetic

r‘..\...'..w

a2

BN

" Te-T 7 Introduetion LTOTIIIITTY . 63

stomatogastric nerves, this ganglion is usually considered homologous to the
tritocerebrum of mandibulates. Only in horseshoe crabs does the front ganglion
{(belonging to the sympathetic nerves of the digestive system), with its paired
connectives, lie free in front of the brain. In arachnids, both connectives are
fused with the tritocerebrum. The deutocerebrum and antennal primordia are
believed absent even from the embryo. C

Some students consider the absence of antennae secondary, believing that
antennae and deutocerebrum were present in the ancestors of the chelicerates.
As vestiges they cite a zone of glomerulus-like, dense masses in the brain of
Limulus, anterior to the tritocerebrum, and a precheliceral coelomic pouch
found in Limulus and some arachnids. Several pairs of coelomic pouches have
recently been found anterior of the cheliceral coelom in Pardosa. Only further
research can clarify this problem.

The ganglia posterior to the tritocerebrum are ladder-like only in the embryo.
Later, ganglia two to eight, and sometimes. others, move anteriorly and form a
subesophageal mass, the origin of which can be deduced from the lateral nerves
as well as from the number of serially arranged commissures (Figs. 6-1, 6-2).
This cephalization has progressed furthest in spiders, amblypygids, pseudo-
scorpions, and mites, where all ganglia have migrated into the prosoma to form a
uniform subesophageal mass (Figs. 4-12, 6-9). As in many other arthropods,
there may be median and lateral eves, often different in structure. Only Limulus
has compound lateral eyes.

gangtia

18 +19
19 ’ 17

e S

pericardial sinus : o =
; & N O
heart ostium : N
anus 7
median eyes . stnger
) g/T;\-\/ 15
lateral eyes \_/\

cheticera

15

laterat artery,
segment 15

first leg tourth leg J By 12‘ =

ganglion, segmeant 12 spiracie, segment 13

Fig. 6-1. Diagram of the structare of a scorpion in lateral view; the gangion of
segment 12 hus moved forward 10 segment 11; about 10 cm long. (After Newton and
Kaestner.)
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pharyngeal muscies

median eye

potson gland

chehcera

fabrum subesophageal ganglion

mouth esophagus

labium_.

Fig. 6-2. Vascular and nervous systems of a spider. Longitudinal section of the
prosoms of Tegenaria. 3 mm long. (Composite from Causard, Schneider, and Kaestner.)

DIGESTIVE sYsTEM. The location of the mouth varies in different orders. In

Palpigradi, for example, it is in the pedipalpal segment; in horseshoe crabs it lies
between the coxae of the walking legs. Despite such diversity in adults, the
primary invagination of the stomodeum always takes place at the posterior bor-
der of the cephalic lobes (Fig. 4-11). Behind the stomodeum, adjoining the
sternites or the following S€gments, in Limulus and the collembolan Orchesella
2 median longitudinal groove forms the posterior of the pharynx. At the same
time from the anterior, from the cephalic lobes, the clypeus-labrum grows over
the stomodeum, forming the anterior pharynx wall. As shown in Fig. 4-11 even
in arachnids the clypeus-labrum moves posteriorly over the germ band and, de-
peading on the length of the primary stomodeum, pharynx and mouth, is pushed
posteriorly. The chelicerae and appendages thus do not move forward.

The gut, unlike that of myriapods and insects, always has ceca, segmentally
arranged during embryonic stages. The large ceca develop from partition of
yolk masses rather than as evaginations from the gut ( Fig. 4-12). Both endo-
derm and mesoderm, folding into the yolk, form walls that later separate and
become ceca. The remaining free axial canal later becomes the gut. The glan-
dular cells of the ceca secrete enzymes. Nutrient cells take up the breakdown
products and complete their digestion (an exception is found among mites).
The nutrient materials move to connective tissues derived from the coelom,
“which fuses and surrounds the ceca (Fig, 7-3), o

-

Tt

EXCRETORY SYSTEM. In the prosoma, transformed nephridia form excretory
organs, which develop on the walls of one or several coelomic pouches and are
called coxal glands because they open on the bases of the coxae. Often pri-
mordia of two or more of these fuse. thereby forming a joined canal

The abdomen, as in other terrestrial arthropods, has tubelike, branched gut
diverticula, the Malpighian tubules, formed from endoderm.

RESPIRATORY SYSTEM. The marine Xiphosura have five pairs of lamellate
abdominal appendages, each posteriorly edged by a row of gills derived from
ectodermal evaginations (Figs. 7-3, 7). In some arachnids (scorpions, spiders)
corresponding respiratory organs form, but develop as invaginations at the
posterior side of the abdominal leg primordia (Fig. &-11). Thus a row of
respiratory pockets or Jeaves, the sclerotized book lungs, hang into a blood sinus
(Fig. 8-12). They are the negative of the Limulus gills and their relationship to
terrestrial habits demeastrates picely that lungs invaginate as an adaptation
against desiccation. After the egg hatches the abdominal leg primordia sink into
the body, leaving only the spiracles to indicate the location of the posterior
appendage primordia ( Fig. §-3).

Besides these localized metamerically arranged respiratory organs, there are
also those that penetrate the whole body as tube tracheae. Some can be derived
from book lungs, others must be considered new structures.

CIRCULATORY SYSTEM. In arachnid orders with a localized respiratory sys-
tem, the heart is larger than in orders with an extensive tracheal system. In the
latter there is a heart and unbranched anterior and posterior arteries (Fig. 7-3).
In arachnid groups with book lupgs the circulatory system is surprisingly similar
to that of horseshoe crabs ( Fig. 7-5). The heart is generally limited to the abdo-
men (except in Xiphosura, Uropygi and Solifugae). It extends through a variable
number of segments and in each has a pair of ostia. In animals with localized
respiratory organs the heart has pairs of lateral arteries as well as pairs of lateral
and ventral ligaments (Fig. 11-13). The tail and lateral arteries branch be-
tween gut ceca and gonads. The appendages and nervous system are supplied
by branches of the cephalic artery.

Both forks of the cephalic artery move ventrally and widen near their ends
above the subesophageal ganglion. From each widening arteries extend to the
eyes, the anterior ganglionic mass and one chelicera; laterally five branches 2o
to the postoral appendages (Fig. 6-1). Medially the two distended areas are
bridged by several connections, and from the middle of each connection descends
a median artery into the. subesophageal ganglion, between two ganglia, still
indicating the metameric structure of the ganglion (Fig. 6~2). Also a thick 'spinal
artery from this connection runs posteriorly on the ventral nerve and sends
branches to the ganglia, lateral muscles and other ventral organs. -
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. 68 6. ARTHROPODA: SUBPHYLUM CHELICERATA

From the open ends of the arteries the blood reaches lacunae and collects in a
ventral median sinus of the abdomen. In those animals with localized respira-
tory organs- (gills or lungs) the blood passes from the median side, between the
respiratory lamellae, to the lateral walls of the body from which it rises to. the

pericardial sinus (Fig. 94). The ascending sinus functionally resembles a lung .

vein, but is not lined by endothelium. Nor does it enter the heart as a vein but
is enclosed in a connective tissue membrane and empties into the pericardial
sinus from which the heart takes the oxygenated blood.

‘REPRODUCTIVE SYSTEM. The gonads consist of simple paired or branched
tubes in the abdomen, between the midgut ceca and below the gut (except in
the Xiphosura). The gonad walls are mésodermal; the paired efferent ducts are
derived in spiders and scorpions from evaginations of the coelomic pouch of the
eighth segment and open posteriorly on the eighth stemite, usually with a distal
ectodermal portion {Figs. 118, 11-10). The ova develop in grapelike clusters
on the outer wall of the ovaries (Fig. 11-8).

Relationships

Even though the chelicerates appear diverse they have a large number of
characters in common, and form a umiform group. In the oldest group, the
Merostomata, the respiratory organs and appendages are closely associated.
From the Merostomata it is easy to derive the scorpions, which resemble the
Eurypterida in number and distribution of segments and tagmata, and also in the
narrow postabdomen that characterizes all eurypterids, many of which are
strikingly scorpionlike (Figs. 7-7, 8-3). Nothing is known of the relationship of
the Pycnogonida. _ B

The body organization of the chelicerates is surprisingly persistent, not having
changed in the millions of vears since the Paleozcic. Silurian scorpions resemble
present species, whipscorpions and spiders are also like Recent representatives,
and Jurassic Limulus differs hardly at all from Recent species.
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Class Merostomata

The Merostomata are large marine chelicerates having gills. The body is
divided into a prosoma (covered completely by a carapace) and an abdomen
bearing a large tail spine. Of the two orders included, only the Xiphosura have
Recent representatives. "

ORDER XIPHOSURA, HORSESHOE CRABS

The Xiphosura include four species, the largest of which is Limulus poly-
phemus, to 60 cm long including the tail spine.

Horseshoe crabs are marine bottom-dwellers, as were the trilobites. The body
is scoop-shaped, the dorsum of the prosoma and abdomen unsegmented. The
abdomen bears a long arrow-shaped caudal spine and has six flat, medially
fused appendages, of which five bear gills.

Anatomy

The appendages,: which cannot be autotomized, are attached along the mid-
line of the venter, rather than along the sides (Fig. 7-2). They are thus con-

‘cealed and protected by the semicircular carapace edge, which is used also for

digging (Fig. 7-1). : -

The body organization has not cjmnded since the Silurian: That it develops
secondarily is apparent during ontogeny. The germ band barely overhangs the
appendage primordia laterally. Only after 11 segments have appeared does the
large plate that forms the carapace develop from a great ectodermal fold of the
germ band periphery.

The horseshoe-shaped hody is divided into two unsegmented, broadly joined
parts, the prosoma and abdomen (Fig. 7-1). The abdomen extends beyond the
anal opening into the caudal spine. Though jointed proximally, this is not a true
telson (pygidium), but can be considered an appendage of the pygidium, as is
the posterior spine of many trilobites. The acron and six appendage-bearing

69



70 7. ARTHROPODA: SUBPHYLUM CBELICERATA

segments belong to the prosoma, segments VIII to XIV to the opisthosorpa. The
pregenital 7th segment is fused with the prosoma. The joint between the body
parts does not correspond with the border between the 7th and Sth segments;
a transverse section along this joint shows that -the appendages of the 8th seg-
ment, the genital operculum, along with the gonopores, remain with the anterior
body part. As in scorpions and Opiliones, the gonopores have moved anteriorly
with only the median part of the 7th segment surviving. Short appendages of the
7th segment, the chilaria, are found between the posterior gnathobases (coxae)
(Fig. 7-2), and dorsally the 7th segment persists as the median lens-shaped hinge
fused to the prosoma. The ganglia of the 7th and 8th segments have also moved
into the prosoma.

|

gigas, dorsal view, 40 cm long including spine. (After Van der

Fig. 7-1. Tachypleus
Hoeven from Fage.)

Class Merostomata -- - ~- 1

3 In contrast to the broad baék, the stemnites are represented only by narrow

. |

sclerites between appendage attachments. There are two groups of 'appendages:
six tube-shaped prosomal appendages and the flat lamellate abdominal append-
ages of somites VIII to XIIL The rudimentary chilaria (of segment VII) resemble

chelicara

LIy

pedipaip

chela of
appendage 3
mouth

gnathobase of
appendage 4

coxa of appendage 6
chilaria

spatulate process

genital opercutum

gill appendage 9

gill lamallae

Fig. 7-2. Limulus polyphemus, venter: (2) female, shout 34 em long incduding spine;
(b) right chelicera and pualpus of male; width of parts about 3 cm.

S O R R R Ty R TR T w D w  w a w a e e See —




72 . 7. ARTHROPODA: SUBPHYLUM CHELICERATA .

the prosomal coxae. The 'preoral chelicerae have three articles, the distal one
chelate. The spined gnathobases of the five pairs of legs are arranged almost
radially around the mouth (Fig. 7-2). The abdominal appendages are plates;

. those of the 8th segment lack gills and are grown together, forming a genital

operculum (Fig. 7-2) bearing gonopores on- its posterior wall. Abdominal
appendages 9 to 13 are comnected by a median membrane and each supports
about 150 gill lamellae (Fig. 7-3). Strong muscles can move these appendages,
which are attached by a transverse hinge. All six pairs have a weak beat most of
the time, a strong beat when swimming.

As the early embryonal primordia of these abdominal annendages are similar
to those of the Sth and 6th leg pairs, there can be no doubt about their being
homologous to legs. However, homologizing the individual articles has not
been successful. Currently attempts are being made to relate the median por-
tion with the trilobite legs and the many-articled lateral portlons bearing gills
with the trilobite preepipodite.

The thick exoskeleton has an epicuticle but the chitinous cubcle lacks cal-
careous material. Posteriorly six pairs of dorsal depressions (Fig. 7-1) mark the
location of apodemes that serve as attachment points for appendage muscles.
Leg muscles are attached to a prosomal mesodermal endosternite. In the
abdomen; however, there are six median ventral and six paired dorsal meso-
dermal endosternites between apoderhes and muscles.

NERVOUS SYSTEM AND SENSE ORGANS. It is characteristic of the nervous
svstem that the suprapharyngeal ganglion lies anterior to (instead of above) the
subpharyngeal portion, ‘as a result of the anterior esophagus loop (Fig. 7-4).
The brain receives nerves from two pairs of eyes as well as from the frontal
organ. It has a central body and a pair of large globuli, making up almost 807,
of the brain.volume. The tritocerebrum (cheliceral ganglion) has fused with

— sclerite a
aperture into
hollow apodeme

— median membrane

gill lamellae

Fig. 7-3. Gill flap of Limuluz, posterior view, 7 cm widec. “(Aﬁd‘ Lunkester.)

v
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the posterior part of the brain. In ontogeny the mouth moves back so far that
it comes to lie between the ganglia of the first two walking legs (Fig. 7—4).
Ganglia II to VIII have moved forward and fused to a large subpharyngeal
mass, serving not only the prosoma but also abdominal segments VIIL and VIII.
Abdominal ganglia IX to XIV stay in their segments and form a nerve chain, the
anterior ones close to the appendages, the last three in one mass, possibly a
vestige of the 15th ganglion.

The sensory equipment includes eyes, frontal organ and sensory hairs, the
function of which has never been investigated. There is one pair of small simple
median eyes at the anterior end of the carapace ridge, as well as two much
larger compound eyes lateral to the lateral ridges (Fig. 7-1). The median eyes
each have a large spherical cuticular lens and below it a thin epithelium of
corneagen cells formed by the hypodermis. The retina consists of groups of six
to eight irregular sensory cells swrounding a rhabdom. The compound lateral
eyes also have lenses of thickened cuticle. To each lens belongs an ommatidium,
a group of 10-13 retina cells, in the center of which is a thabdom. The omma-
tidia, separated by hypodermis cells, lie in the thick hypodermis. Thus the eye
has the appearance of ‘an aggregation of ocelli. The eyes have been used ex-
tensively in physiological investigations because they are relatively uncompli- -
cated and impulses can be recorded from a single axon. Two to three cent- -
meters in front of the mouth is thgc‘)artlike frontal organ, 5-8 mm in diameter,
of unknown function in the adult, but a light receptor in the larva.

lateral __ first heart joint
artery ostium o
. —-gill sinus of segments 8 and 9
anterior__
aorta - [ gilt sinus of segment 13

- pasterioc aorta

spine

gill
chelicera
genital operculum
second appendage

labeumn — nerve ot segment 8

gnathobase

Fig. T-4 D{nmmm(ic median section of Limudus; 20 cm long. (Adspted from
Patten and Redenbaugh.)
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DICESTIVE SYSTEM. The mouth is a slit between the second and fifth gnath-
obases; it opens anteriorly into x narrow sclerotized pharynx that loops back into
a gizzard with hard, muscular, folded walls bearing denticles (Fig. 7). The
gizzard leads through a funnel-shaped valve into the midgut, which in turn Jeads
into a short sclerotized hindgut. The anus opens underneath the joint of the
spine. The midgut has two pairs of much-branched lateral diverticula forming

glandular ceca that £ill a large portion of the prosoma. In arachnids this gland
is always found in the abdomen,

EXCRETORY SYSTEM. A pair of structurally complicated red coxal glands on
the endosternite serve an excretory function. Having four latera] lobes (arising
from metameres of appendages II to V; those of I and VI disappear), the glands
consist of twisted nephridial canals, which connect with one anotner and lead to
a vesicle (sacculus) of the ffth metamere, into a Joop of the common excretory
canal and out through a short. ectodermal canal that opens between the 5th and
6th appendage coxae. '

RESPIRATORY SYSTEM. About 130 soft gills arise from the posterior border of
each gill flap. They consist of ectodermal folds, held apart by epidermal colurnns
(Fig. 7-3). Blood. containing dissolved hemocyanin, circulates within the cav-
ities of the gills. Corresponding with the localized respiratory organs, the cir-
culatory system is complex with a strong heart and widely branched arteries
that empty blood into the hemocoel. The heart, hanging in the pericardial sinus,
extends almost the length of the body. It has eight pairs of ostia (Figs. 7-4, 7.-3).
Anteriorly there is a median aorta, which supplies the dorsal portion of the
presoma, the hepatic ceca and gonads, and two lateral arteries, which turn to
supply the venter. The laterals combine above the subesophageal gangiion,
swrounding it and the brain, which thus lies in a blood sinus. Also, the large
biood sinus has a posterior extension within which the nerve cord and ganglia
lie. From the ends of arteries the blood flows into sinuses and finally collects in

three longitudinal sinuses with membranous walls. One of these sinuses sur- -

rounds the intestine. The other two are on the venter, the blood within them
moving posteriorly .and entering the gills through openings. From the gills,
lateral dorsoventral sinuses, erroneously called veins, take the' blood to the
pericardial cavity and return it to the heart through ostia (Fig. 7-3).

Adjacent to each of the four anterjor pairs of ostia, there is a pair of lateral
arteries, supplying the dorsal half of the body (Figs. 7-4, 7-5). On each side the
four arteries connect to form a latera] vessel that passes posteriorly to the end of
the heart. From this lateral vessel, at the level of each ostium, arise a lateral and
a median branch (Fig. 7-3). These posterior lateral vessels may have been de-
rived from lateral branches of the heart that secondarily have lost the connection.

In classic experiments at the turn of the century, the heart was shown to stop
~ contracting when the ganglion above it is removed. The embryonic heart, how-
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ever, beats before it is innénaied, the embryonic beat originating within muscle
tissue, while the adult beat depends upon nerve impulses. Acetylcholine accel-
erates the heart beat, while its action on the myogenic vertebrate heart is
inhibitory. o ]

REPRODUCTIVE SYSTEM. The paired gonads, unlike those of arachnids, be
in the very large prosoma; they are anastomosing tubes that open _through gon-
opores on the posterior wall of the genital operculum. In the males the gonadal
network is formed by the ducts, the testes being attached as small alveoli. In
the females the ovary forms all of the branches. Males are smaller than females
and have the tarsus of the second appendage, and sometimes the third also,
modified (Fig. 7-2).

marginal artery

cecal artery _ ¥ -

holiow apodeme
of tergite 8

lateral artery

spinal artery

Fig. 7-3. Limulos with carapace snd pericardial membrane removed; 20 cm long.
(After Milne—Edwards.)
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ARTHROPODA: SUBPHYLUM CHELICERATA

Reproduction

In spring large numbers of horseshoe crabs come to mate in shallow coastal
water. The male perches on the back of the female, holding on with his modi-
fied second appendages, and may he carried around for weeks. The female
finally digs a hole 15 cm deep in the intertidal zone, and deposits 200-1000
eggs, depending on the species. These are covered with sperm by the pick-a-
back male, in the manner of frog egg fertilization. The femnale moves forward
and digs a new hole every 10-13 cm so that 10 to 15 nests, each about 30 em in
diameter, form a row 2—4'm long. Females of some species cover the holes.

Development

The diameter of the eggs is 1.7-3.3 mm., depending on the species. They are
deep in the sand. above the low tide mark. Despite some excellent investiga-
tions, the embryology is still not completely known. Cleavage is total and re-
sults in a morula of 120-130 volk-filled blastomeres. In Tachypleus gizas seg-
ments I to IV appear anteriorly while V to XIV develop one after another from
the posterior mesoderm primordia. The first four segments differ from the others
in three respects: (1) They appear simultanecusly from anterior mesoderm.
(2) The coelomic pouch walls degenerate early into mesenchyme, thus the
pouches never grow to the midline. Only later, after the yolk has been reduced
poughes never grow to the midline. Only later, after the yolk has been reduced,
can the remains form the anterior dorsal circulatory system. The posterior
midline and form the heart (Figs. 4-13, 4-15). (3) Appendages 1 to 4 are
formed by a transverse anterior ectodermal gfoove that cuts anteriorly into the
embryo, cutting the appendage out First the distal articles are formed. Later
the proximal ones are produced by transverse ectodermal proliferation. In con-
trast appendages of teloblastic segments V to XIII are formed in the usual way as
evaginations from the ectoderm, forming the proximal part first, the distal later.

The differences in development of the anterior (deutometameres, see Chapter.
18, Vol. 1), and the posterior parts (tritometameres) make the anterior, together
with the acron, a special body portion, the proterosoma, still present in some
adult arachnids, but in xiphosurans grown together with the next two segments
to form a uniform_prosoma. The joint between prosoma and abdomen is formed
by partial reduction of segment 7.

In the larva of Tachypleus gigas the borders of the coelomic pouches show
through the unsegmented integument. There are only the nine anterior append-
ages, that is, only one pair of gill faps, cach with about four gill lamellae. The
telson is very short. Because yolk is still present in the gut the larva does not
feed, but runs around and can swim, venter up, propelled by the twc genital
opercula and gill flaps (Fig. 7-6). After a molt the telson and full complement
of appendages appear.
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Young animals undergo several annual molts, while older am'mals‘ 9 ‘cm in
length or more, molt only once a year, the body length each time increasug .by
oné—fourth. The hypodermis is wrinkled undemeath the old molt, permitting
this large increase. Limulus polyphemus matures in nine to twelve years, or at
least 16 molts. After reaching adulthood it probably stops molting. The total
life span is about 14-19 years.

/—median eys

suborbital
sense
organ

lateral
eye

helicera

genitat
operculum

gill flap

(b)
Fig. 7-6- Trilobite larva of Limulus; 3.5 mm wide.



err——a
[CF Zu el S TES—.

Sl

e Vol tigds
gL B4 W eRppASoTPYY S bR

___'_.7_ 3 ‘Ptivnm DCAFT A CIvARTr— - .
7. ARTHROPODA: SUBPHYLUM CHELICERATA

Molting commences as the anterior edge of the prosoma teacs; the tear d)n-
tpues laterally, freeing ;he’ margin of the prosoma. Every 3 to 15 minutes the
animal arches by pu;hing its anterior edge and the spine into the ground. In
this way it gets out of the old skin in about § hours.

Habits

LocomoTIioN. Horseshoe crabs are marine coastal dwellers, searching at
night for_food in sand and mud bottoms. Individuals of Limulus polyph:mus
marked with colored celluloid bands and released were recovered at distances
of 12 km (after 32 days), 1¢ km (after 32 days), and once even 33 km (after 58
davs). The usual mode of locomotion is by walking, with little difference of
phase among the five legs. The last pair, the fifth legs. are of special importance;
their distal lamellae spread and can push against loose sand witbout sinking u;
(Fig. 7—4). All species dig by pushing the prosoma into sand or mud bencci’ing
the prosoma-abdomen joint and caudal spine before straightening. Tk,xe animal
1:ay completely bury itself. If turned upside-down, it pu;hes th; caudal spine
into the sand, arches up supported by the carapace edge in front, and beating its
legs, turns over. Small horseshoe crabs swim upside down, beating t_bbeir
abdominal appendages. v

seE~xses. Receptors located on the two distal walking leg segments and the
gnathobases are sensitive to chemicals. If Limulus is turned over and. after quiet-
ing down, is touched with a piece of glass or wood, it does not react. However
if touched with mollusk juice on the gnathobases, there are immediate regulazi
movements: first the chelicerae make grasping movements while the gnathobaseé
first turn and push toward the mouth, then turn back. Finally the last pair come
together with force. These responses occur only if the meat’ extract touches the
exoskeleton directly, not if it is 1-2 mm away. However; food dropped into the
aquarium causes buried animals to search within ten minutes. The sensory
organs are bipolar sensorv cells in coxal spines. If the gnathobases are shaved
of their spines on the right side, meat extract dripped on the right side elicits no
response, though extract dripped on the left side does. )

_ A temperature sense has been demonstrated: the animals will dig themselves
into sand if the temperature drops 3°C in 24 hours. 7

'Ih.e compcund eve has been used in physiological research for studying the
relationship between light stimulation and electrical discharge into axo‘ns clead-
ing from the eyve. In the uncomplicated eyve, single axony discharge can be
measured.

reepinc. Limulus polyphemus feeds on worms and soft mollusks, especially
la.rge species of Nereis, Cerebratulus, Macoma, Ensis, and Mya, caught by dig-
ging through mud and sand. The chela take prey to the gnathobases whic}; pusbh
food into the mouth, but do not chew it up. The last gnathobases can break
shells and the fragments are pushed fonward by the chilz;ia. Limulus Xlled an
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$ - hour after feeding has undigested meat in the gizzard; 24 hours after feeding
" the meat has disappeared but bones remain, clumped together. Probably bones
and shells are later removed through the mouth, as they are never found in the
alkaline intestine. __—

The intestine has a pH of 8; active proteinase, carboxypolypeptidase, amylase,
and lipase from the ceca digest the food. Peristaltic movement brings the partly
digested material into blind channels of the ceca and glands secrete peptidases
: while other cells absorb.food material for intracellular digestion. Excretory products
go back into the gland lumen, the nutrient substances into the connective tissues.
Fecal material consists of columns 5-10 cm long. Malpighian tubules are absent.

Respiration takes place by constant beating of the large abdominal append-
The oxygen is taken up by the blood and brought to organs.

ages.
symsionTs. The turbellarian Bdelloura is a common commensal among the
gills of Limulus polyphemus.

Classification

The only Recent representatives belongs to the -uborder Limulida and family
Limulidae. The four species belong to three genera. Limulus® polyphemus (Fig. 7-2),
reaching up to 60 cm in total length, lives on the Atlantic coast of North America from
Nova Scotia to Yucatan. Tachypleus includes two southeast Asiatic species: T. gigas
(=T. moluccanus, T. hoeveni) (Fig. 7-1) and T. tridentatus (=T. longispina). Car-
cinoscorpius lives in the Gulf of Bengal, Siam and on the Malay and Philippine coasts.
Jurassic and Oligocene Xiphosura from Europe and the near East connect the Recent
distributions of the species. Fossil species of the European Devonian and Carboniferous
had nine external segments on the abdomen, permitting

of the coelom of Recent larvae and the embryo of T.
abdominal segment (metamere 14), has primordia of two small coelomic pouches.

: ORDER EURYPTERIDA

Eurypterida (or Cigantdstraca) inclu
Pterygotus rhenaniae, 1.8 m long.

These fossil chelicerates had the opisthosoma clearly
metasoma. They lived in salt- and freshwater.

the posterior abdominal segments, which were probably scorpionlike with rings,
each consisting of fused tergite, sternite, and two pleura. In some species of the

Upper Silurian this posterior part is very distinct, like that of scorpions and may

have had a poison stinger at the tip (Fig. 7=T1).

| Nomenclature (1954) placed

: * Opinion 320 of the International Commission on Zoologica
and has suppressed the generic

the generic name Limulus on the list of Nomina Conservanda

' niame Xiphosura.

comparison with the metamerism
gigas, which, behind the eighth ©~

des 200 fossil species, the largest being v

divided into meso- and ', '

In eurypterid:s the body is slimmer than in the horseshoe crabs, especially in -
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7. ARTHROPODA: SUBPHYLUM CHELICERATA

chelicera

mesosoma

Fig. 7-7. Mixopterus kiaeri

Silurian. The preabdomen, t if we h
assume the

median structure to be a i i
genital appendage, it would be the 8th segmen d th
mesosoma would consist of segments 8 to 1’4- grent and thus the

> ventral view of a scorpionlike curypterid from Upper
he mesosoma, has seven tergites, and

Ptfzrygotus has long, three-articled chelicerae; in other genera the frst or
sec?org‘d pairs of legs are raptorial. Only rarely are all legs long as in some
spxdexts- In many genera the last pair is flat and oarlike, probably used for
paddling. The abdomen, as in the Xiphosura, carries five pzurs of wide append-
ages bearing posterior gills. Pterygotus rhenaniae of the Lower Devonian had
Iong chelicerae and fin-like appendages. Eurypterida, which evolved from
maxjxne Cambrian ancestors, lived in brackish or freshwater from the Qrdovician
until the Permian. Some had compound lateral eyes and simple rhedian eyes as
does Limulus. Effective protection of the gills may have permitted excursions
onto land. Most lived on the bottom; probably some swam upside-down.

——p

Clazc Merostomata. ==~ 277: .
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8.
Class Arachnida

The Arachnida include almost 60,000 species of scorpions, whipscorpions,
pseudoscorpions, spiders, opilionids, ‘mites and such less familiar reldtives as the
ricinuleids and Palpigradi. The largest is the African scorpicd, Pandinus im-
perator, which may reach a length of 18 cm.

Terrestrial chelicerates, usually having book lungs or tracheae, the Arachnida
have the opisthosoma (abdomen) either segmented or unsegmented and lack-
ing appendages (or at least with only rudimentary or tr>asformed appendages).
Malpighian tubules are usually present as the excretory organs.

Of Recent terrestrial animals, the Arachnida probably are the oldest class.
Scorpions are known from the Silurian. The structure of the abdominal book
lungs indicates their derivation from gills of aquatic or marine animals. Some
arachnid orders are rich in species and individuals. Especially abundant are
spiders and mites. Not only have they invaded most terrestrial habitats but
have secondarily invaded aquatic habitats: there are 2800 aquatic mites out of
920 thousand spedies; one aquatic spider out of 30 thousand. Except for many
animal or plant parasites among the mites and possibly some scavengers among
the opilionids, arachnids are predators. ’ '

In appearance the arachnids are diverse. Besides the elongate scorpions and
whipscorpions, there are ‘short, almost spherical mites; besides flattened ambly-
pygids and pseudoscorpions there are thick-bodied spiders and wind scorpions.

Anatomy

popy. Except in mites, in which the abdomen is secondarily much modified,
the arachnids always have the prosoma, with mouthparts and legs, distinet from
the opisthosoma. The abdomen (opisthosoma) contains the ceca and gonads.
The two tagmata may be broadly joined or the seventh segment may be nar-
rowed to a stalklike pedicel as in spiders, uropygids, amblypygids and Palpigradi
{Figs. 81 to 8-3). The prosoma usually has a uniform cover, the _gz}fapace. It
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. consists of an acron and six segments, indicated~by-the appendages. During?
. development their coxae may move to the midline and may displace or replace-
. sternites (except in Araneae, Palpigradi) (Fig. 8-3)." In; pseudoscorpions and

84 -
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opilionids, the carapace may have one or two transverse grooves, inr opilionids
doubtless the anterior borders of segments' V and VL. In:Solifugae, Palpigradi,
and schizomids this division of the prosoma has given rise to a proterosoma (the
acron and the anterior four appendage-carrying metameres) and separate seg-
ments V and VI. Here the proterosoma has a rigid dorsal cover, but the last two

Fig. l%—-l. r\r:fchnﬁd having unsegmented ubdomen connected to the cephalothocax by
2 pedicel, the jumping spider Salticux scemicus. 6 mm long. (After Dahll)

Fig. 8-2. Araxchnid with

- segmented abdomen, pseudo«:o H Neobisi wrre
2.5 mm long. (Aflter Kew.) - rpeen e macor

— B

segments of the prosoma are weakly sclerotized tergites (Fig. 12-9). Internally
this division of the prosoma is visible only in the Solifugae and Uropygi. In
these groups the heart moves anteriorly into prosomal metameres V and VI and,
as in Limulus, has two pairs of ostia there.

Embryological studies on the whipscorpion, Thelyphonus, has shown that the
lack of segmentation of the proterosoma is due to the formation of its dorsum
from the cephalic lobes (acron). The anterior of the germ band folds dorsally,
then posteriorly to form the carapace (Fig. 4-13) as is apparent from the posi-
tion of the eyes, which are derived from the cephalic lobes. The result is that
the four most anterior metameres cannot, in the manner of the more posterior
ones, grow dorsally to the midline and give rise to dorsal segmentation (Fig.
4-13). The first segment, with the chelicerae, grows to the fold of the germ
band, thereby attaining its anterior position (Fig. 4-18).

Prosoma

Opisthosoma

Fig. 8-3. Ventral view of some arachnids. From left to right, scorpion, whipscorpion,
segmented spider (Liphistizs) and a windscorpion. The spider abdomen is exaggerated
posteriorly. A, anus; Ch, chelicera; f, flagellura; F1, F2, anterior and posterior spinnereis;
£, gonopores, P, walking leg; Pm, pedipalp; S, spiracle; T, telson. The shaded portion
in the scorpion shows the position of the reduced seventh segment. Natural sixe. (After
Millor)
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In most orders the opisthosoma (abdomen) is divided iato tergites, st_eﬁ;ites, )
and pleural membranes or plates. In almost all spiders and mites the abdomen

bas Jost its segmentation and has become 2 soft exteasible sac (Fig. 8-1). In the
groups having abdominal somites the number varies even within the suborder,
the more specialized families having a reduced number of segments at the
posterior end. But even at the anterior of the abdomen there is a zone in which
reduction may take place. In scorpions, harvestmen, ricinuleids, and Inites,
sternite VII and sometimes VIII and IX are pushed forward between the pos-
terior leg coxae. Sternite VII may disappear completely, VIII may become
parrow (Fig. §-3). Even tergite VI may become reduced.

The changes in the regular abdominal segmentation reflect adaptations to
babits. The constriction of the 7th segment to a pedicel permits lifting and
turning the abdomen, of importance to uropygids for using their defensive spray.
In spiders it is of importance in drawing out silk, and makes possible the exact
guidance of the spinnerets. In spiders, usually some posterior abdominal stern-
ites have been lost, resulting in the location of the spinnerets at the posterior tip
of the abdomen (Figs. 811, 11-1). Scorpions have the abdomen fat and almost
immovably attached to the prosoma, but the narrow postabdomen has a series
of jointed rings that make movement of the stinger possible (Fig. 5-1). This
narrowing of the abdomen is found also in the whipscorpions, at least for meta-
meres XVI to XVIII (Fig. 8-3), facilitating aiming the poison spray. The for-
ward shift of opilionid gonopores facilitates copulation by reducing the distance
between the mating animals, which face each other (Fig. 15-19).

Segmentation of the prosoma in the Solifugae makes it possible to raise the
huge chelicerae (Fig. 12-9). In the Palpigradi the free segments permit lifting
the abdomen, possibly of advantage in moving ‘through narrow spaces and
crevices.

In orders that have many branched intestinal ceca in the abdomen, the in-
terior of the prosoma and abdomen are clearly separated, in spiders, Uropygi
and Amblypygi by the pedicel formed from ‘metamere VII, in scorpions and
windscorpions by a diaphragm that has openings for gut, nerves and tracheae
(Fig. 9—4). Whether these partitions permit the internal pressure of the two
body parts to be independently raised is F~ing investigated.

APPENDACES. The prosoma has six pairs of appendages. The embryos of
scorpions and spiders have abdominal appendage buds, which may completely
disappear or may transform into pectines (scorpions) or spinperets (spiders)
(Figs. 4-11, §-11). m

The first pair of appendages, the chelicerae, appears in the embrvo behind

~the stomodeum. Because the pharvnx is directed posteriorly, the first appendage

primordia finally come to lie anterior tg or above the mouth (Figs. 4-186, 6-2).
zChelicerae have no more than three articles; in most orders the distal article
T1is chelate or pincerlike. In spiders, and Amblypygi it is subchelate (Figs. &2

e )

> 83, 8-5). Major transformations occur in mites, especially parzisites, where the

chelicerae may become narrowed, lose the chelate finger (distal article), and
become a piercing structure (Fig. 8-4). The chelicerae are generally parallel to
the body, directed .anteriorly, and work independently and alternately. An ex-
ception is seen in most “higher” spiders (Fig. 8-5). If large (as in spiders,
Solifugae and Opiliones), the chelicerae serve as a prebensile organ to handle
and Kll prey, to squeeze out nutrient juices, as a defensive weapon, or for dig-
ging. Scorpions, Opiliones, pseudoscorpions and many mites use them to tear
food; Solifugae and some mites use them as gonopods. In spiders a poison gland
opens at the tip of the distal cheliceral article; in pseudoscorpions, a silk gland
opens there.

The pedipalp, the second appendage, has become a walking leg, or a palp
in those arachnids that have large chelicerae (spiders, Solifugae, Palpigradi,
many Opiliones, and mites). In orders with relatively small chelicerae, the
pedipalp has been modified into a large raptorial organ, usually tipped by chelae
(scorpions, Uropygi, Amblypygi, pseudoscorpions; F ig. 8-2), a universal tool for
manipulating and killing prey, for defense and for digging. In all arachnids it
functions also as an organ of touch, and perhaps as an olfactory organ. In
Solifugae, Palpigradi, and primitive spiders, the pedipalpi may have the appear-
ance of the walking legs and may be used for walking. At the tip of the pedi-

-palp, pseudoscorpions have the opening of a poison gland. In spiders the coxae

of the pedipalpi may have endites used to guide liquefied food into the mouth,
and in male spiders the pedipalpal tarsus has become a copulatory apparatus.
There usually are four pairs of walking legs. Exceptions are seen only in the
young stages of Ricinulei and larvae of mites, which have only the anterior three.
Adults in some groups of parasitic mites may bhave only two (gall mites; Fig.
14-29) or only one pair ( Podapolipodidae). However, it has been shown in
mites that the embryo has primordia of all four and that the last ones become

J‘ g . (b)

@) . . . ’
Fig. 84. (a) Stylet chelicers of the mite Liponysss bacoti; (b) pointed chelicera of

" the bird mite Dermanyssis gallinac; the movable finger has disappeared; 0.45 mm long.

(After Martini)
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“—endite of
pedipaloal coxa

Fig. 8-53. Chelicerae of the ogre-faced spider Dinopix, frontal view showing chelicerae
moving laterally against each other, 4.3 mm wide. (After Kaestner.)

reduced only late in embrvonic development. The number of leg articles
differs in the various orders. The legs often are equipped with sensory hairs and
substitute for antennae. In spiders, harvestmen and mites, the first or second
pair of legs may be especially long and used as feelers. Still more specialized in
Solifugae, Palpigradi, Uropygi, and Amblypygi, the first legs are used only as
feelers. The leg is slender and often lacks claws in Solifugae, always in Uro-
pygi and Amblypygi. In Palpigradi, Uropygi, and especially in the Amblypygi,
it has become elongate and whiplike with numerous distal articles (Fig. 10-3).
Legs are used not only for walking and as organs of touch, but also for swim-
ming, digging, drawing out silk, holding the female in mating, and as gonopods
(as the third leg of Ricinulei and many water mites). Endites that form part of
the preoral chamber are found only on the first walking legs of Opiliones and
the first and second of scorpions. ’

R - SENSE ORCANS. In addition to the innervated sensory setae, there are tricho-
bothria and slit sense organs. Trichobothria are long, delicate, movable hairs

inserted in the center of a circular joint membrane of large diameter (Fig. 8-6).
In scorpions they are innervated by the dendrite of one nerve and move in one
plane. In the spider Tegenaria, they are innervated by the dendrites of three

-sense cells and can move in various directions. Each hair passes through a

sclerotized flask, the bothrium. The hair base has a complicated structure (Fig.
&-6). Entering the bothrium, the hair bends slightly and the diameter tapers
before penetrating a membrane stretched across a fluid-filled cylinder. Beneath
ule membrane it is convex on one side and ends in a helmetlike structure. Within

“the helmet several neurons end. The hairs, which are sensitive to air currents and

vibrations, pivot at the membrane; bending the hair activates receptor cells.

Clasz Arachnida .7, .17 . E 89

membeane

nerve processes

Fig. 8-6. Trichobothrium of Tegenaria. (From G&rmer, courtesy Cold Spring Harbor
Laboratory.)

Slit sense organs are narrow crevices, 0.005-0.16 mm long and 0.002-0.003
mm wide, in the cuticle (Fig. 8-7). Toward the outside the slit is closed by a
thin membrane, probably corresponding to the epicuticle. Only at the middle
portion does the slit penetrate the procuticle completely and it is closed by a
fine membrane toward the hypodermis. The middle of the slit is widened to a

" channel into which the sensory end of a subhypodermal nerve cell penetrates,

to attach in Achaearanea finally to cuticle (Fig. 8-7)._ In some orders the slits
are scattered over the body and appendages. In others they are limited to
appendages and may form small clusters, called lyriform organs because of their
parallel arrangement. Such structures are often close to joints and react strongly
to joint movement, probably due to stress in the cuticle. In addition to their
propriosensory function they serve also as vibration receptors.

The eyes are always simple ocelli. Usually there are both median and lateral
eyes, different in structure. In spiders differences in function have been in-
vestigated. Opiliones lack lateral eyes; pseudoscorpions and many mites have no
median e'ye:;. ‘ ‘

The function of the sense organs is discussed in detail in Chapter 11 under
senses of spiders. the group most investigated.
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~NERvOUS SYSTEM. The central nervous system in most orders becomes con-
ceatrated by migration of most ganglia (Uropygi, Palpigradi, Solifugae, Opil-
jones) or all of them (Arancae, Amblypygi, Pseudoscorpiones, Ricinulei, Acari)
into the prosoma, where they are fused into a compact subpharyngeal (thoracic)
ganglion (Figs. 4-12. 11-7). Only scorpions have the long double nerve cord
with connectives. in which the eight posterior pairs of ganglia remain in their
segments, XII to XVIII (Fig. 6-1).

The only association center is the central body, present in all orders. Globuli
are found only in scorpions. Pedipalpi, Solifugae, and Opiliones, and in those
spiders that are mainly visual hunters.

Neurosecretory cells have beer demonstrated in several orders, in the supra-
pharvn"eal and subpharyngeal ganglia, but little is known about the function of
the secretions. Also, nothing is known about the probably neurosecretory
Schneider’s organs in spiders. Composed of two pairs of glands, it lies behind
the suprapharyngeal ganglion; the glands are connected to each other and to the

protocerebrum and cheliceral ganglion by nerves. One pair is near the aortic

end bulb
neurilemma R
cuticle

nerve filament

outer
membrane
inner membrane

(b)
Fig. 8-7. Metatursal lyriform -organ of Achacaranea tepidariorum: (a) surface view
showing slits at nght angle 10 long axis of the leg, total width of scction 0.05 mm: (b)
<ross section of lyriform organ showing nerve attached to side of slit, cuticle about 0.01
mam thick. (Afier Salpcter and Walcott.)
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bmncbmg and the other near the pumping stomach. Both become active only
after the subadult molt; the first secretes -into the hemolymph

DICESTIVE sYSTEM. In all arachnids the mouth is narrow, as are the intestinal
ceca. Therefore arachnids can not swallow prey whole, and most do not swallow
large pieces. Instead their food is dissolved before reaching the mouth, by
enzymes from the midgut. There is always a preoral chamber (camerostome)
where digestion takes place, if it has not already been accomplished by enzymes
injected into the prey. In Palpigradi the preoral chamber is a slit between
labrum and labium. In most arachnids the endites of the pedipalpal coxae form
the walls of the preoral chamber; in harvestmmen and scorpions, the endites of
walking legs also. Within the orders Araneae and Opiliones there is a progres-

sive increase in specialization of the preoral chamber and endites, indicating

their parallel evolution (Figs. 111, 11-7, 13-6, 13-7).

The preoral chambers are very different in the various orders. Only in spiders,
Uropygi, Amblypygi, Ricinulei, and mites do they have similar structure, which
can be understood by studying mygalomorph spiders. The venter of the pedi-
palpal coxa is widened and expanded toward the anterior, and is elongated as

an endite (Fig. 8-8), resulting, in the mygalomorphs, in a V-shaped open space -

below the chelicerae. Dense setae converge toward the labium, preventing the
liquefied food from dripping or running onto the sternum (Fig. ll—la) If the

labrum

proximal end of coxa

dorsal

joint surface
for trochanier

distal surface N~ & endite

ventral edge

Fig. 8-8. “Labrum and pcdxpalpal coxae of a pnmxuvc myga]omorph 5pldcr, anterior
dorsal view. - . : FE R
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two pedipalpal coxae are widened so much ventrally that they meet in the mid-
dle, the floor of the preoral chamber is closed (Amblypygi and Pseudoscorpiones)
(Fig..12-3). In a further development, seen in the Uropygi and Ricinulei, the
anterior edges of the coxae and their endites fuse, forming a trough (Fig. 8-9)
that substitutes for the short labium, which may disappear. In mites the fused
cozze of the pedipalpi become united with part of the sternum.

Dense setae permit only liquid or very small particles to enter the pharynx,
preventing the plugging of digestive ceca.

The ectodermal anterior gut is always modifiéd as a pumping organ. Usually
this is just the precerebral part, the pharynx. The' postcerebral esophagus forms
a pumping stomach only in Araneae (Fig. 6-2) and Amblypygi. The pumping
part may have conveéx walls, the lumen being X- or Y-shaped in cross section.
The lumen is expanded by dilator muscles attached to the outside of the walls,

dorsal face of
pedipaipal coxa

distal end . .
joint surtace for
trechanter

@ area of fusien

pedipatpal coxa

area of fusion

(b)

Fig. 89. Preoral chamber of = whipscorpion: (a) anteriocdorsal view; (b) cross
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and is contracted by circular muscles between the dilators (Fig. 8-10). Peri-

" staltic waves pump in the digested liquid.

The straight midgut of the prosoma or abdomen continues with paired, seg-
mentally arranged ceca in which digestion and absorption takes place. There
are two kinds of ceca: tube-like ceca that are unbranched or have 2 few
branches (Fig. 13-9), and much-branched diverticula with numerous alveoli
connected into lobes by connective tissue (Fig. 9-2). Only simple tube-shaped
ceca are found in Opiliones, Ricinulei and Acari; only branched ones in scorpions
and Uropygi. Both types are found in Araneae, Amblypygi and Solifugae, simple
ones in the prosoma, branched ones in the abdomen (Fig. 11-8). Corresponding
with their small size, the palpigradi and pseudoscorpions and most mites, have
the ceca unbranched (Fig. 14-10). The abdomen may be completely filled with
ceca, the posterior anastomosing with the anterior and connected with the gut in
the anterior metameres ( Fig. 3-2). _

EXCRETORY SYSTEM. The organs of excretion are coxal glands and paired
Malpighian tubules. In additon there are large nephrocytes, 0.03-0.05 mm in
diameter, of mesodermal origin. These, often found clumped together in blood
sinuses, store excretory products. Scorpions and opilionids have lymph tissue
organs in addition.

Coxal glands are found in one, or less often in two, segments of the prosoma.
The excretory duct usually opens posteriorly on the coxa of the third or &fth
appendage. In specialized arachnids the coxal glands are of little importance.
In web spiders the duct is very short; probably many nitrogenous excretory
products are used for silk production. In many mites excretion is taken over by
the Malpighian tubules, or sometimes by a dorsomedian duct, and the coxal
glands are absent.

The paired Malpighian tubules open into the posterior end of the midgut and
are branched among the midgut glands (Fig. 11-8). In only a few orders (Scor-
piones, Ricinulei, Acari) do théy enter the prosoma. They usually excrete

Fig. 8-10. Two diagrammaiic sections through the pumping stomach of z spider.
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guanin into the gut. ‘In mites they are unbranched, sometimes reduced (Fig.
14-77). : ’

RESPIRATORY SYSTEM. The organs of respiration arise from invaginations of
the ectoderm, and therefore have a chitinous lining. They .are absent in some
minute forms and in all Palpigradi and many mites. In other arachnids they
appear in two forms: as book lungs and as tube tracheae. Spiders may have
both (Fig: 8-14). There appears to be a definite relationship between habits
and type of respiratory organs. Small spiders having a proportionately large
surface area tend to lose their book lungs and have tracheae instead, or very
small arachnids of humid habitats sometimes may lack both lungs and tracheae
and respire through the body surface. The aquatic spider Argyroneta has the
tracheal svstem elaborately developed.

Book lungs must have been the ancestral arachnid respiratory organs. In
both spiders and scorpions the primordia of the book lungs develop posteriorly
on the abdominal appendage buds (Fig. 8-1la). This relationship between
respiratory organs and appendages can only be considered a primitive character
inherited from aquatic ancestors resembling the Merostomata, and is not found
in other land arthropods. The primordia, unlike those of horseshoe crabs, in-
vaginate into the appendage and grow into flat triangular pockets (Fig. &-11).
When the appendage bud sinks into the body, a slitlike depression forms pos-
terior to it and grows deeper into the body to become the atrium. With its
development complete, the opening of the book lung is a slit-shaped spiracle,
leading into the atrium. From the atrium open the “Jeaves” of the lung books,
flat pockets with their closed ends hanging into a blood sinus. These leaves, or
‘lamellae, have many complicated sclerotized columns that prevent their col-
lapse (Fig. §-12). While muscles that attach to the posterior of the atrium can
widen it and open the spiracle, the lamellae lack muscles and have no means of
-ventilation. Cas exchange, then, must be by diffusion. Of such localized book
lungs (a better term would be book tracheae), four pairs are found in scorpions
(Fig. 9—4), two pairs in Uropygi, Amblypygi, mygalomorphs and some other
spiders (Fig. 8-3), but only one pair in most spiders (Fig. 8-14). *

The more_cammon tracheae, which usually traverse several segments, are of
two types: sieve tracheae and tube tracheae. Sieve trachese, which are book
lungs that have an atrium and tube-shaped “lamellae”, are found in some spiders
(Fig. 8-13), most pseudoscorpions, and Ricinulei. Tube tracheae may be simple
unbranched tubes. as found in most spiders and mites, or may be much branched
as in Opiliones, solifuges, and some spiders and mites. The much branched
tube tracheae usually start in the abdomen, from spiracles (one to three pairs)
in the intersegmental membranes of sternites. Only occasionally (in Solifugae,
Ricinulei, and many Acari) are there prosomal spiracles, probably secondary
structures, as are the spiracles on the tibiae of walking legs of many Opiliones.
The presence of both book lungs and tracheae as in many spiders can be ex-
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Fig. 8-11. Formation of book lungs, tracheae, and spinnerets on appendage primordia
of segments VIII-XI of the spider embryo of dgelena labyrinthica; (a—c) has only left
half of opisthosomal germ band, about 0.8 mm long. (After Kautzsch.) (a) Button-
shaped primordia of appendages VIII-XI, equidistant, the posterior border of the 8th
has 3 grooves, the beginnings of book lung pockets: (b) the 9th appendage is flattening;
the germ band grows dorsally with irregular border; (c¢) the 8th and 9th appendage
primocrdia sink in, behind them a slit appears (the spiradc) leading into the atrium; the
9th segment stretches, while the distance between the 11th and the budding zone shorens;
(d) the 8th and %th appendage primordia arc completely invaginated; the 9th-11th
appendage primordis are shified toward the median line while the 9th sternite elongates.
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plained. The Book*lungs open on the posterior of the 8th sternite, tube tracheae

always on the 9tk (Figs. 8-13, 8-14). Embryonically only the posterior border
of appendage VIIT has primordia of book lungs. Appendage bud IX does not
(Fig. 8-11), but posteriorly on appendage primordium IX there develops a deep
Pit, an atrium, which Jater grows into a tracheal tube and may even enter the
prosoma. ,

But most spiders, as shown in Fig. 8-14, have a paired median tube trachea
and in addition 3 pair of tracheae originating from the same atrium. These
“paired median tracheae have no relationship to appendage bud IX, but develop
from pointed, paired, median invaginations that provide an attachment point for
ventral longitudinal muscles of segments VIIT and IX, thus from a hollow apo-
deme (Fig.’ 4-17). These tracheal apodemes lengthen in metamere X as
sternite IX elongates (Fig. 8-1lc). But the apodeme grows beyond the muscle
insertion into a long hollow tube that may branch and penetrate into the pro-
soma. Such double function as endoskeleton and respiratory system is otherwise
known only for the tracheal apodemes of millipedes. In spiders, then, tracheae
develop from two origins: on the posterior of appendages, homologous to book
lungs; and from tracheal apodemes. In appearance they may be similar, either
unbranched or arborescent, and one can determine the type of trachea only by
studying their origin.

lateral wall of atrium

bicod sinus

1 atrium wall

Fig. 8-12 Diagrammatic structure of a spider book lung viewed from posterior-
medially and cut transversely. The dorsal portion has the ‘posterior of the atrium removed
10 show the entrance 1o the leaves. The distance between leaf columas is exaggerated.
Arrows show direction of blood flow. (After Kaestner.)
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bookiung in segment 8

———- spiracle in segment 9
sieve tracheae in segment 9

seminal receptacie

Fig. 8-13. Respiratory organs of the spider Harpactes rubicundus, showing the similar
structure of book lungs and sieve tracheae. Dorsal view of a KOH treated preparation,
3 mm wide. (After Kaestner.)

Whether the tracheae from the lateral spiracle., of Opiliones, pseudoscorpions,
and Ricinulei are homologous to book lungs is not known, as in these groups (at
least in the representatives examined) no abdominal appendage primordia ap-
pear. The lateral position and the absence of relationship to ventral musculature
exclude their origin from tracheal apodemes, but they could be of secondary
origin. Solifugae have a median tracheal system that develops independently of
appendage primordia. The tracheqe of mites are probably new, secondary
structures.

Paired, soft vesicles that can be evaginated are found on the posterior borders
of abdominal sternites in Palpigradi and some Amblypygi; possibly they function
as gills in highly humid air.

CIRCULATORY SYSTEM. The blood contains hemocyanin as a respiratory
pigment, and numerous corpuscles of four types, derived from one another and
variable in ratio during the period of molt. In spiders the corpuscles are formed
by the circular heart muscle layer, in scorpions by the median lymphatic tssues,
close to the posterior artery.

The dorsal heart, lying within a pericardial sinus, consists of a tube of cir-
cular muscles, a thin layer of longitudinal muscles outside, and some connective
tissue. The length and segmental position vary in different orders, indicating
that primitively it extended through. all metameres, in each having a pair of
ostia, a pa.u' of lateral arteries, and a pair of ligaments. Only in Uropygi and
Solifugae does it extend into the prosoma, reaching segments V and VI. In all
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other groups it is limited to the abdomen (Figs. 6-1, 11-8, 11-13). Palpigradi
and most mites iack a heart, a secondary loss probably related to the small size
of the animals. ’

REPRODUCTIVE SYSTEMS. Arachnids are dioecious. Only the harvestmen and
some mites have ectodermal male copulatory structures derived from the genital
atrium. Other arachnids, depending on the position of the gonopores, cannot
directly transmit the sperm into the female genitalia, but produce a sperma-
tophore (Fig. 12-6), or the sperm is picked up by the male and transferred into
the female genitalia. The chelicerae may serve as gonopods in Solifugae and
some mites, the pedipalpi in spiders (Fig. 11-14), and a walking leg in Ricinulei
(Fig. 12-2} and some mites.

Mest arachnids deposit eggs, and in Solifugae and many scorpions these may
hateh immediately. Some scorpions and mites are viviparous or ovoviviparous.

pedicel opening
/_ ["apodeme, 8

eDigynum
bookiung, 8

tracheal apodeme, 9

trachea, 9
spiracle, §
tracheal apodeme, 10 *
tracheal apodeme. 11

anus

— spinneret, 11

\-spinnefet, 11 )

Fiz. 8-14. The three kinds of respiratory organs in the funnel web spider Tegenaria.
Dorsum of xbdomen removed and macerated with KOH. The numbers refer to segments;
abdomen 3 mm long. (After Purcell.)
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Development

toward total cleavage. The embryonic germ band is segmented, even though
the adults have lost the segmentation (Figs. 4-15, 11-19a).

Many species construct a cocoon for the protection of the eggs; many take
care of their young. The female may carry her eggs or young with her, and some

share food with the young.

Relationships

The relationships among the orders are not clear. Presumably those having

- book lungs (scorpions, Uropygi, Amblypygi, spiders) can be grouped together, -

scorpions being the most primitive. Scorpions have retzined the segmentation
and the division of the abdomen in§_6 pre- and postabdomen (mesosoma and
metasoma) 25 in the Merostomata. The Uropygi are close to the scorpions. “The
Amblypygi resemble spiders in body shape, segmentation of organs, and in hav-
ing two pumping stomachs. Though the evolution may be convergent, the
organization of the Amblypygi could lead to that of thespiders and the groups
thus appear to be related. Palpigradi, in their segmentation and appendage
structure, resemble Uropygi and may represent dwarfed forms. Of the other
orders, the Ricinulei, Pseudoscorpiones and Acari in their transformation of
pedipalpal coxae and formation of a preoral chamber resemble the Uropygi and
Amblypygi. In body shape and external genitalia, harvestmen resemble some
groups of mites. Nothing can be said about the Solifugae. All efforts to sub-
divide the Arachnida into subclasses have remained unconvincing, as have the
associated phylogenetic speculations.

Claxsiﬁéaliqn of Recent Orders

Order Scorpiones, scorpions
Order Uropygi B -
Suborder Holopeltidia, whipsc&pioins, vinegaroons
Suborder Schizopeltidia, schizomids .
Order Amblypygi, tailless whipscorpions, whipspiders
Order Palpigradi
‘Order Araneae, spiders
Order Ricinulei
Order Pseudoscorpiones, pseudoscorpions ..
Order Solifugae, solpugids, windscorpions
Order Opiliones, harvestmen
Order Acari, mites
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_ Cleavage of the yolk-rich eggs is superficial; only rarely is there a tendency
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Order Scorpiones, Scorpions

Nearly 700 species of scorpions are known, the largest of which is the African
Pandinus imperator, 18 cm long.

Scorpions have the abdomen divided into a wide anterior mesosoma. (pre-
’Fhe\ stabdomen
consists of series of ring-shaped segments and bears at its end a on- trans-
formed into a stinger with a poison gland. The chelicerae are small; the pedi-
palpi are armed with very large pincers. The preoral chamber is enclosed by the
endites of the pedipalpi and the first two pairs of legs. The embryonic abdom-
inal appendages are transformed into one pair of combs (pectines) and four
pairs of book lungs.

abdomen) and a long posterior metasoma (postabdomen).

Anatomy

The body form of this order has barely changed since the Silurian. In their
body segmentation scorpions resemble the eurvpterids, especially Mixopterus
(Fig. 7-7). The'prosoma is covered by a carapace and broadly joins the seg-
mented abdomen. The pleura of segments XV to XIX have fused with the
tergites and sternites to form a series of strong rings (Figs. 8-3, 9-1). This con-
struction of the metasoma permits it a wide range of movements. On the venter
one can see that the anterior sternites have moved between the last coxae. Re-
duction of sternite VII is complete, VIII and [X are narrowed (Fig. 8-3).
Chelicerae, pedipalpi and walking legs are illustrated in Figs. 8-3 and 9-1.

Scorpions are usually yellow to brown or black and more rarely orange,
greenish or bluish. The integument is brown; other colors may be due to pig-
ments in the hypodermis. All scorpions fluoresce in ultraviolet light.

Coxal apodemes and a large endosternite provide attachment sites for muscles.
Between prosoma and abdomen a diaphragm attaches dorsally to the inter-
segmental membrane between carapace and tergite VIII, ventrally to the
posterior border of the fourth leg coxa (Fig. 9-4). (Tergite VII has disappeared.)
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DICESTIVE sysTeEm. The mouth lies deep in a preoral c¢a

antenorly, beneath the chelicerae and carapace (Fig. 8-3)
bordered by the large coxae of the pedipalps and the endites of walkine
Tand 2. Into the preoral cavity hangs a club-shaped lah

vity, which opens

between the subesophageal ganglion and the tritocereb
midgut. The midgut has two prosomal

Ing to large, much-branched digestive glands that £l 1
mesosoma (Fig, 9-2).

of the stinger (Fig. 9-1).
EXCRETORY sysTEM. The excretory organs are the nephrocytes, lvmph s-
sue, coxal glands and two pairs of Malpighian tubules, one of which
the prosomal digestive glands, the other ending between the diverticula of the
abdominal digestive glands. The coxal glands are deriveg from the coelomic
sacs of segment V and open posteriorly on the coxae of the third legs. The
median lymph tissue, taking various shapes, Yes on the ventral median of the
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Fig. 9-2." Digestive system of a scorpion; 7 cm long. (After Newport.)

RESPIRATORY AND CIRCULATORY SYSTEMS. Four pairs of book lungs with
spiracles in the middle of sternites X to XIII are the respiratory organs (Figs.
83, 94). Corresponding with the localized respiratory system, the circulatory
system is very elaborate. The heart extends through the diaphragm from seg-.
ment VIII to XTIV (Fig. 5—4). It has seven pairs of ostia, at each of which arises
a pair of lateral arteries and a pair of lateral and ventral ligaments. An addi-
tional pair of arteries arises anterior to the first and posterior to the last ostia;
these arteries are probably associated with metameres VII and XV (Fig. 6-1).

REPRODUCTIVE svsTEM. Males are more slender, have longer appendages

- than females, and may have a larger number of teeth on the pectines. The ova-

ries are unpaired tubes, or sometimes paired or partially paired, that may be
connected by four or five transverse lateral tubes (Fig. %5). The structure of
the testes is similar. The vas deferens continues as the paraxial organ (Fig. 9-6).

Reproduction
The spermatophore is formed in the paraxial organs (Fig. 9-7). The sclerotized
inside of the paraxial organs provides a useful systematic character, as it differs
in males of different species. During preliminary courtship the precursors of
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FT=x  the spermatophore lie within the paraxial organ. ]ust before the male produces
the spermatophore the sperm is emptied from the vesicles into the stalk part of
the spermatophore, and a cement is secreted that attaches the spermatophore

stalk to the substrate as it emerges. The cement also joins the two halves of the
33 spermatophore, which are pressed tightly together as they emerge from the

gonopore. The spermatophore (Fig. -8) consists of a stalk, an ejection appa-
22 ratus, and a lever. Contact presses the lever down, shooting the sperm through
F35220 the female gonopore. A new spermatophore is made in 34 days.

The efforts of the male to find a suitably firm surface, probably detected with
the pectines, on which to deposit the spermatophore, and to maneuver the
female into position to pick it up, result in behavior only recently understood and

=3 formerly mterpreted in the literature as a courtship dance (Fig. 9-9). If no

pion whose pectines had been amputated nevertheless took a female, but the
spermatophore was never deposited, despite presence of a suitable surface.

The details of courtship differ in various genera. The male of Euscorpius
‘ approaches the female, postabdomen vertical, jerking. The female responds by
J 55255 jerking her postabdomen:. The male grasps the female with both pedipalpi and,
moving backwards, stings the female in the pedipalpal joints while pulling her

carapace
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Fig. 9-4. The lung sinuses of a :oo(p;on, left body wall removed; mumbers mdicate
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along in a straight path. Later the male flexes his pedipalps and moves closer to

the female. Moving his body above hers he touches the combs and genital area
of the female with one or both of ‘his anterior legs. He then jerks his body to
the ground and makes scratching movements with the hind leo , combs touching
the ground, and deposits a spermatophore on the ground. The spermatophore, 6
mm long, stands at an angle. The male, waving his postabdomen, now pulls the
femnale over the spermatophore, which she touches with her combs while her
genital operculurn opens (Fig. 9-9). When the tip of the spermatophore extends
into the gonopore the female walks back jerkily, and the male lets go of her.
The female feeds on the remaining spermatopbore stalk. The male of Opisthoph-

thalmus latimanus, soon after the pair starts walking, pulls the female toward -

himself and takes her chelicerae with his. The male then lets go of the female
~3?a.“ipalpi and leads the female by the chelicerae. In some species the male holds
be female by one pedipalp and they face in the same dirc;ction.

Tityus serrulatus is parthenogenetic and males are unknown.
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Members of the family Sco;pioniéaey :'u'e viviparous. The fertilized

have little yolk, develop within the follicles of the ovary. While the follicle ex--

== pands, the embryo receives nourishment via a tubular extension, a kind of
= umbilical cord, that extends to the mother’s intestine, and through which nutri-

tive material Is conducted to the mouth of the embryo. In other families of

" scorpions yolk-rich eggs fall into the ovarian tube and develop there; the mem-

.....

‘branes break immediately after birth, freeing thgyou}ig scorpions. The just-born-

" scorpions climb on the back of their mother. The young of the Philippine forest

scorpion, Heterometirus longimanus, leave the mother before the second molt,
between the 15th and 18th days. But'even then the mother may share food with
them. After three molts, in 4083 days, the young scorpions become independ-
ent and hunt for cockroach-nymphs. They mature after seven molts, or slightly

more than a year.
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Paraxial organs of Euscorpius carpathicms: (2) glands dissected out with

right peainf:, pectinal plate and genital operculn; preparxtion 5 mm long; (b) internsl
(veatral) view of sclerotized middle portion of right paraxial organ.

: Most species inhabit deserts or dry mountainous areas; somée _pr_efet gnostri?e,r_
222 forests and cold climates: The flat body permits large Species to Z:;awfﬁnder
225" Stones, bark, into rock crevices and between palm fronds: Bark scorpions "may
= carry the postabdomen curled to one: side. Some species, such as the European
=7 Eyscorpius, invade houses and hide behind furniture and in clothing. Many
== species, by supporting themselves on pedipalpi and fourth legs, can dig with the
tarsi of the first three pairs of walking legs, throwing" sand posteriorly: The
v North African Androctonus. australis makes runways 20 cm long in sand, be-
T2 ow the surface. Scorpio maurus digs 40-80 cm into hard soil. Anuroctonus
phagodactylus of southern California occurs in scattered but dense colonies on
slopes in burrows 18-42 cm long. The animal digs 2.5 c¢m in half an hour, but
continues digging 5-6 hours at a time. The soil is first loosened by chewing it
with the chelicerae, then is pushed back and dragged out by the first pairs of
legs. Holding its first femora and tarsi horizontal, its tibiae vertical, the scorpion
_ backs out, dragging the intact mound of loose soil as far as 7 cm beyond the
burrow. Liobuthus, which lives in the sand of Asiatic deserts, has fat, widened
tarsi, adapted for digging. The flat body, digging ability and ability to close the
. spiracles (some can withstand blocking of seven of their eight lungs while at
e rest), are protective adaptations against heat and desiccation. Many scorpions
FES how marked resistance to climatic extremesi: Not only do desert species with-_
"“stand water loss to a remarkable degree, but they also appear to have'a ‘striking

immunity to irradiation.

pEFENSE. Most scorpions sting only in defense, when stepped on or trapped
in clothing, or when excited. If it struggles, prey is stung, the stinger first search-
: ing out a soft membrane to penetrate. The poison may rapidly kill prey and
=== may also be effective against vertebrates. Chloroformed animals wave the
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stin'ger in varfous directions, and may ;ﬁng tbemée]\;es; ‘thejire immune agamst
their own poison. Excessive heat produces similar behavior, but that scorpions

surrounded by fire commit suicide is, of course, a superstition. - .

The sting of the southern European Buthus occitanus produces strong temporary
pain in man. The Arizona scorpion Centruroides sculpturatus and some Mexican
species of Centruroides may be dangerous. ‘Tityus, the sting of which is ex-
tremely painful, is considered very dangerous in southeastern Brazil. Androctonus
australis is much feared in North Africa. The scorpions dangerous to an are
usually not large species; most belong to the family Buthidae, characterized also
by weak and slender pincers, suggesting that the weak pedipalpi mfght be cor-
related with the rather toxic stings. The poison is an extremely painful neuro-
toxin, but antivenins are available in the few areas where dangerous scorpions
oceur. -

sEnses. We know little about the senses of scorpions. When running they
always holdvthe pedipalpi ahead, suggesting that they orient bv touch ang with
the aid of trichobothria sensitive to air currents such as those close to obstacles.
The function of the eyes remains unknown: they are probably not ibpoﬂmt in
finding prey as most scorpions are noctursal. Blinded Eusco;pius can stll find
prey. In an area with two equal light sources Euscorpius will stay in the middle,
equidistant from the two sources. That they seek dark areas for their hidine
places has been shown experimentally by placing them in an evenly iﬁuminates
circular container with broad black and white vertical stripes on the walls. They
walked toward the black areas, even in light intensities as low as 5 hux.

Fig. 9-9. AP.niring of Euscorpius italicus;, femsle right; animals about 4.5 cm: (&)
after depositing spermalophore; (b) pulling female 10 spermatophore; (c) female pick-

- ing up spermatophore. (From Angermann.) - v -
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heat sensitive can be demonstrated by.approaching Opisthophthalmus with a.. ™
" hot needle; next in sensitivity are the pedipalpi and ther the legs. The dorsum
seems insensitive. A rise to 20-28°C in the air temperature causes the scorpion
to extend its legs and lift its body high above the ground, presumably permit-

- ting cooling by convection currents. Forced to keep its body in contact with

% the hot ground, the body temperature of the scorpion rises rapidly . ix5i T2

Many species by stridulation produce a sound resembling that of a stiff brush
going over a comb. Opisthophthalmus latimanus stridulates by extending and
retracting the chelicerae, forcing medial bristles to rub against a ventral keel of
the preoral cavity roof. Though they produce sound in a similar way, by rub-
bing posterior bristles of the pedipalpal coxa 2gainst a grapular anterior area of
the first coxa, Heterometrus stidulates offensively and Pandinus, defensively.
Parabuthus stridulates by rubbing its stinger against grooves in a posterior meso-
somal or anterior metasomal tergite. In intraspecific relationships stridulation of
Opisthophthalmus seems of no importance; it occurs only when the scorpion
encounters a large moving object such as a grasshopper, snake or human hand.

Males of Scorpio maurus do not stridulate but drum the ground with the
mesosoma after a’threat or after missing prey.

Z:i. FEEDING. Prey is found by contacfEwith legs or pedipalpi: The pedipalpal ;- -

e
e, — S

““pincers grab quickly; if they rmsé‘:thgr mark on the first try, they -grab into
space, but scorpions usually do ndt?_mﬁjafter lost prey. Leiurus may move after

a cockroach brushes past (Cooke, Jetter). In captivity various insects, centi-
pedes and spiders serve as food; remains of beetles and cockroaches have been
found in scorpion retreats. Certain species of Pandinus and Heterometrus feed
“6n large juliform millipedes (Cooke, letfer). The rare buthid scorpion Isow~— "
metroides vescus of Western Australia is found in the burrows of trapdoor spi-

ders, which it overpowers. In scorpions generally, the pincers hold the prey,
which may be stung if it struggles (Fig. 9-1). The chelicerae then tear the

food apart, one holding while the other pinches and pulls; then the roles are

reversed. oot
DIGESTION. Fragments of the prey are placed in the preoral cavity, which
rthythmically lls with digestive juice containing amylases, proteases and lipases.
The partly digested food is sucked in. It takes 2% hours for the little Euscorpius
carpathicus to feed on a bluebottle fiy. Undigestible parts are held back by
setae of the preoral cavity, balled together with the empty exoskeleton, and
discarded. Intracellular digestion continues in the midgut ceca of the digestive
gland. The membranes that join parts of the exoskeleton allow extension so that 4
~ considerable amounts of food may be taken up, permitting intermittent long
_periods of starvation; some can starve for over a year.’, et S




pighian tubules. consists mainly of guanin, but also of uric acid, both of them
water-conserving products. Also excretion takes place after the gut is :mpty,
12-15 days after feeding. The coxal glands contain mostly uric acid. ‘
DISTRIBUTION. Although most scorions are tropical or subtropical, the Euro-
pean Euscorpius germanus is found in the southern Alps to 1800 m (6000 ft)

elevation. the North American Vejouis boreus as far north as British Columbia

af‘ld Alberta, and other species are found in the southwestern and southeastern
United States. In South America scorpions are found in wet southern Chile to

aF 390 ; . - .
lat 52° south, and to elevations of 4000-3300 m in areas of permanent snow in
the Andes.

Classification
Th‘e systematics of scorpions is difficult, and only in some Mediterranean

countries are the species well known. Carcful svstematic work is urgently
needed. ’

Buthidae. This is the largest scorpion family, with representatives on all continents.
The sternum is triangular in front. They uvsually have three to five lateral eves. Most
species have slender, long pincers and many species have a tubercle under th«e stinger,
Buthidae includes the several species poisonous to man, a few of them dangerous \V‘hﬂ(;
ofheis are harmless. Buthus is Mediterranean. African and Asian (to Mongoiia) in
distribution. Androctonus australis occurs in North Africa. Centruroides includes several
species of the southern United States, of which C. sculpturatus of Arizona is considered
poisonous; C. hentzi is the Florida scorpion; C. gracilis, a large brown species of southern
Florida. can produce a temporary painful sting; C. vittatus is the small striped centru-
roides of the Southeast. The dangerous Tityus is found in southeastern Brazil. Leiurus
is found in the eastern Sahara and Arabia. The pantropical Isometrus maculatus is the
only scorpion species having a wide distribution. Isometroides is found in Australia and
Parabuthus in Africa. Liobuthus is found-in Turkistan. '

Scorpionidac.® The sides of the sternum are parallel. The last two leg segments have
only one spur on the outside; there is no tubercle under the stinger. Though most
representatives are Old World or Austrulian in distribution, Opisthacanthus o‘ccurs in
the West Indies and Central America. The giant, almost black Pandinus imﬁerator, to
18 cm long, is found in tropical West Africa. Heterometrus occurs in southeastern Asia
Other genera are Opisthophthalmus and Scorpio.t .

Diplocentridae. The sides of the sternum are purailel. The last two leg segments have
oaly one outer spur; all species have a tubercle under the stinger. The family includes
the largest scorpion in the Near East, Nebo, and several West Indian species of the
genus Diplocentrus.

Chactidae. The sternum is almost square or wider than long. Between the last two
leg segments, on the inside, there may be one or two spurs. There usually are only two
lateral eyes. Chactidae contains the commonest scorpions of southern Eurcpe, several

® The family name Scorpionidae has been placed on the Official List of Family Croup
Names in Zoology.

t The generic name Scorpio has been placed on the Official List of Generic Names in Zoology.

EXCRETION. Excretory- material in:the cloaca, including material from Mal--

;;ﬁﬁg{fgi;Qrdq Scorp.io :

. SRR S O i S S e S S O
species of the genus Euscorpius. The sting is only slightly painful. Superstitiona )s_
® found in the southwestern United States. ux«mu&’.?__-";':i AR . _f“f:“:‘ - =
%% Vejovidae. The sternum is broad, as in Chactidae. There are usually three to five -
“lateral eyes.and one or two spurs at base of the last tarsal segment. The family includes
the commonest North American scorpions, belonging to the genus Vejovis. Hadrurus
hirsutus, found in Arizona, is the largest North American species, up to 11 cm long; its
color is variable, often bluish. Anuroctonus is found in southern California. -
3 Bothriuridae. The sternum consists of two transverse plates much wider than long.
2= The family is mostly South American south of the Amazon, with one genus, Cerco-
" phonius, occurring in Australia. Bothriurus and Urophonius are South American genera.
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- In both groups the pedipalpal coxae have lélrgc éndita, -medially fused.in the
Uropygi to form a trough (Fig. 8-9). The coxae are illustrated in Fig. 8-3. The
sensory eguipment usually includes a pair of median eyes and three -pairs of
- lateral eyes, trichobothria, and slit sense organs. The excrerory system consists of
-nephrocytes, Malpighian tubules, and usually two pairs of prosomal coxal glands
that open through a pore on the coxae of the first and third legs. The book lungs;
as in mygalomorph spiders, are in the 8th and Sth segments, but in dwarf forms,
the schizemids, the sccond pair is missing. Corresponding with the localized
respiratory organs, the circulatory system is elaborate, having branched arteries,
several heart ostia, and paired lateral arteries. The reproductive system in both
sexes has glands that open into a large genital atrium.

T RCHESHRE -Order Uropri AR TR T
-~ ORDER UROPYGL, WHIPSCORPIONS AND SCHIZOMIDS <Szsc.: o

~er

- e Tt ST - e L e S Tt e Ty T
355 About 130 species of Uropygi are known. S I
177 The Uropygi have the abdomen divided into a long, wide

e Gt . -

- mesosoma and a

short metasoma consisting of three rings with a telson (flagellum). Next to the
" anus opens a pair of spray glands that extend anteriorly as far as the book lungs.
3.7 The pedipalpal coxae are medially fused. In the Schizopeltidia the prosoma is
b % externally divided, in the Holopeltidia it is internally divided into a proterosoma
*  and two additional segments with walking legs.

SUBORDER HOLOPELTIDIA, WHIPSCORPIONS

E
e

There are about 75 species of whipscorpions, the largest being the North
- American vinegaroon, Mastizoproctus &iganteus, which may reack a length of
= 75cm. i -
In whipscorpions, the prosoma is not divided dorsally. The massive pedi-
-2 palpi are held flexed, parallel to the ground. The last abdominal segment has a
long telson, the flagellum, consisting of many divisions.

movable \ i
tarsus of ieg 1- finger — pedipalp

Labid

L

tateral
eyes

Anatomy

femur
tarsus of leg 2

. Body segmentation is illustrated by Figs. 8-3 and 10--1. The immovable finger

TR e

3 5= of each small chelicera is reduced. The preoral cavity has been deéscribed above. -
A (Fig. 8-9). While ganglia of segments II to XIII are fused to form a prosomal
] subesophageal ganglion, ganglia XIV to XVIII remain in the abdomen, fused
together in the 14th metamere. The large, much-branched prosomal ceca extend
anteriorly and also into the coxae of the three pairs of legs usedior walking. The

. 3 == numerous abdominal ceca form a uniform mass that flis tﬁé.épaé% betweexrgeg‘-; e
1 ments VIII to XV and opens through four pairs of ducts into the gut. The heart,
E which extends from segment XIV to the level of the next to the last coxae, has
3 two pairs of ostia in the prosoma, and thereby divides the prosoma internally
B ; into a proterosoma and two segments. In the abdomen, at each segment from
3 the 8th to 14th, the heart has a pair of ostia and a pair of lateral arteries. The
: two pairs of coxal glands have coiled ducts that fuse and cpen posteriorly on
} the coxae of the first pair of legs. . -
- flageHum ] ROV S Y Reproduction T
3 Mating of Thelyphonus catdatus is quite similar to that of scorpions. The
. ; male, using his long sensitive first legs, strokes the female and she then extends
) - , 4 == her first legs, crossed over. The male takes them with his ‘pedipalpi and -holds -
. e h } ‘ : 1 - them with his chelicerae while the couple move to and fro, face to face, for10 -

Fig..d0-1. .Vincgaroon, Mastigoproctus giganteus; 6.5 em long, cxcludl'ngr fagellum. -:: h?urs to Sever{l] days'-~mDUghOUt’ th_e male taps the f‘e‘mzle Mth. ;1]5 ﬁI‘St ]GEgS.:
LAfter-Pocock.) . o B : . < - Finally the male lets go of the female, steps over her prosoma, t:}l;)s\h?r genital *
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10.
Orders Uropygi, Whipséorpi ons; :
Amblypygi, Tailless Whipscorpions;

and Palpigradi, _Micro’whipscorpions

- THE PEDIPALPI )

The Uropvei (including Schizomida) and Amblypygi,® because of their many
similarities. are often combined as suborders within the order Pedipalpi. In bath
groups the frst walking leg is modified as a long, slender whip with numeraus
distal divisions. the Tth bodv segment is constricted into a pedicel, and there
are two pairs (rarely one pair) of book lungs. Furthermore. both groups are
strikingly Hattened, an adaptation for living in confined spaces. Nevertheless,
they form two distinct morphological groups. The somewhat scorpion-like wiip-
scorpions (Uropygi) have a long abdomen, ‘which ends with a fagellum (1ig.
10-1). The tailless whipscorpions ( Amblypygi) are more spiderlike (Fig. 16--3).

“Ceneral Description
The internal structure corresponds with the external differences. In the waip-
scorpions, ganglia NIV to XVIII are fused in the 14th metamere in the abdomen,
the heart is seymented and in large species extends into the prosoma, and the

last metamerc has a pair of anal glands. In the amblypygids, as in spiders. all.

abdominal ganglia are fused in a large subesophageal ganglion, the heart is lim-
ited to the abdomen. and the gut resembles that of spiders, having a postceredral
pumping stomach in addition to a pumping pharynx, and finger-like prosomal
ceca (in contrast to much-branched abdominal ceca); there are no anal glands.

* Somwe authors use the tenns Thclj/phonida" for Uropyyi. and Phrynichida for Amblynygi,

but these names are not in accord with general usage.

115




B N N N N N N N N N N N N N N N N N N



.

.

118 . 10. ARTHROPODA: CLASS ARACHNIDA

region and l:u}:\z‘m 180°. The female then embraces the abdomen of the male with
her pedipalpi (Fig: 10-2), and after walking a-few minutes in embrace, jerking
and stroking, he deposists a spermatophore. The female moves forward slightly,
and with the genital sternite lifts and tears the spermatophore. After aboqt 20
minutes the partners separate: . o

"The female Thelyphonus digs a tunnel, ending with an enlarged chamber,
about 40 cm deep into a slope. In the chamber she remains motionless for
weeks, with her sac of eggs attached to her gonopore. The sac and adhesive
are secreted when the eggs are laid, and subsequently harden.

The large eggs (to 3 mm in diameter) hatch after 4-5 weeks. 'Two broods of
T. caudatus had 12 and 17 young. In the young the pedipalpi and first legs
resemble the walking legs and the preoral cavity is not yet formed. Aided by
suction cups at the ends of the tarsi in place of claws, the young keep them-
selves on their mother’s back. Only after a molt do they take on the appearance
of a diminutive adult. .

In the Japanese Typopeltis stimpsoni the 30-40 young hatch and undergo
their first molt at the same time. The larvae, which cannot feed, climb on the
mother’s back for three to four days, and later drop off to hide in the soil for
two weeks before molting again. They can spray and feed after several days,
but stay together in the nest. ’

Habits

Whipscorpions inhabit tropies and warm, mainly humid areas. In arid regions
they may appear during the rainy season. The flat brown animals live in litter,
under stones, loose bark of tree stumps, boards, and rubbish on moist earth.
From their hiding places, many excavate tunnels as long as 10 cm. Digging with
their strong pedipalps, they first scratch and then carry the soil back and throw
it aside. Labochirus builds U-shaped tubes. At dusk they emerge, running
rapidly forward, backward or sideways on three pairs of legs, and investigating
the surroundings with their sensitive first legs.

Fig. 10-2. Mating of the uropygid Thelyphonus caudatus; female left, male right,
each zboat 3 cm long. (After Klingel.)

Order Uroprgi T Tem . T ]_]>9 ’

- seEnsEs. The long telson is light sensitive. The venter of most divisions of
the Typopeltis telson is transparent and it may be the ventral nerve that is light
sensitive. Possibly this is an adaptation to living in U-shaped tubes.

PROTECTION. In addition to the protection derived from nocturnal habits,
Holopeltidia use secretions of the large anal glands to spray potential attackers.
The irritating spray, a cloud of fine droplets, is aimed by turning the short meta-
soma or the whole abdomen. The flagellum is bent forward during spraying,
but the aim is accurate even if the flagellum has been removed. The spray is not
used to kill or immobilize prey. The secretion of Mastigoproctus, consisting of
84%, acetic acid, 5%, caprylic acid and 119, water, is squirted 80 cm. Caprylic
acid reduces the surface tension on the lipid epicuticle, spreading and permit-
ting penetration of the acetic acid into an arthropod. This can be demonstrated
by imbedding pieces of arthropod exoskeleton in gelatin impregnated with indi-
cator dye and applying drops of the acids to be tested. What protects the vine-
garoon itself is not known. .

The spray of Thelyphonus smells of formic acid, that of an Indian species
smells like chlorine. .

Small vinegaroons successfully defend themselves in a terrarium by spraying
attacking ants and solifugids (Eremobates). Two species of lizards (Anolis) that
had picked up vinegaroons dropped their prey, closed their eyes and wiped
their mouths. A similar response was given by an attacking southern grasshopper
mouse (Onychomnys torridus) and an armadillo. After eight to ten shots the
supply is exhausted. In a terrarium the vinegaroon may be attacked again, but
outside he would have had a chance to escape. The poison burns human skin
and smarts the eves.

Thelyphonus caudatus attacks members of its own species with the pedipalpi,

pinching and tearing out appendages. Vinegaroons can pinch when handled
and cause bleeding.

FEEDING. [t is not known what whipscorpions feed on in nature. In the
terrarium they take woodlice, centipedes, cockroaches and other small insects.
Mastigoproctus also takes toads up to 7 mm long, and cricket frogs (Acris
gryllus). Rapid movements of the pedipalp crush and kill the prey, and the
other pedipalp may tear pieces off before it is taken by the chelicerae, which

only hook into the prey. The preoral cavity fills with digestive juice that dis-
solves the food.

Classification

Thelyphonidae. This is the only family. Thelyphonus caudatus is found in southern
Asia. Typopeltis occurs from Mongolia to Japan and Thailand. M. astigoproctus giganteus,
7.5 cm, is found in the southern United States from coast to coast. Labochirus is found
in Cevlon and India. There are no representatives in Europe, Africa or Australia_

s
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Fig. 10-3. The schizomid, Trithyreus belkini; 5.5 mm long: (a) male, dorsal, with
Jong pedipalps and broad flagellum; (b) male, venter; (c) right male chelicera, lateral
view; (d) short left female pedipalp (coxa omitted); (e) female fixgellum. (After
McDonald and Hogue.)

o
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SUBORDER SCHIZOPELTIDIA, SCHIZOMIDS

Of over 50 species of schizomids, the largest is Trithyreus cambridzei, up to
7 mm long. ' v .

The minute schizomids are sometimes placed in a separate order, Schizomida,
characterized by the external division of the dorsum of the prosoma into a
propeltidium and two free tergites (Fig. 10-3a). The last abdominal segment
has a short flagellum consisting of three divisions at most. The pedipalpi are
leglike, not chelate, but raptorial; they flex parallel to the sagittal plane (Fig.
10-3a, d). As in the Holopeltidia, there are anal glands.

Anatomy

The small, two-segmented chelicerae are tipped by small pincers and are
held parallel to the walking surface (Fig. 10-3c). The ganglia of segents II to
X are fused to form a subesophageal ganglior; those of segments XI to XVIII are
fused to form one small ganglion in the anterior part of the abdomen.

There are no eyes. Trithyreus has various sense organs, but they have not
been studied. There are trichobothria on the tibiae, slit sense organs on the
first metatarsus, and pits, probably sensory, on the flagellum of the female.

The midgut has a pair of pear-shaped ceca in the prosoma, and five pairs of
much-branched ceca in the abdomen. The eighth segment has a single pair of

book lungs. The heart reaches from segment VIII to XIV and has five pairs of

ostia. The arterial system has not been studied.

Reproduction

The male of Trithyreus sturmi follows the female until she stops. Then he
stops at a distance of several millimeters, moves his body and vibrates his long
first legs back and forth. The female turns, then the male, so that they face in
the same direction. The fetnale then hooks her distal cheliceral segments into
two dilations on the base of the male’s telson. The male moves forward, fol-
lowed by the female (Fig. 10—4). They stop and the male, as in scorpions, de-
posits a spermatophore, then pulls the female forward, enabling her to lift the

Fig. 10~4. The achizomid -Trithyrers sturmi before depositing a spermatophore;
female left, male right, each 5 mm. (After Sturm from Schaller.)
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tip of the spermatophore off. The female lets go of the male’s telson and they
separate. o : . B

A pregnant female digs a cavity 1.5 cm deep into soil and closes herself inside.

She then produces 6-7 eggs that are glued together by a secretion and remain
stuck to the gonopore.

" Habits

Schizomids live in tropics and subtropics under stones or layers of leaf litter.
Often transported to temperate climates, they have turned up in greenhouses in
England (Cooke, ietter). Schizomids may dig tunnels in the soil. Feeding has
been observed only once: a Scutigerella was grabbed with the pedipalpi.
Trithyreus belkini has been obtained from moist logs harboring termites.

Classification
Schizomidge. The single family is represented in Africa, Asia’ and Americas by
several species of the genus Schizomus, up to 3 mm found in Florida. Trithyreus, to
6 mm, occurs in Texas, California and south to South America, Africa and Indoaustralian
region. Stenochrus has just one species in Puerto Rico.

ORDER AMBLYPYGI, TAILLESS WHIPSCORPIONS
OR WHIPSPIDERS

_ There are about 60 species of tailless whipscorpions, the largest of which is
the American Acanthophrynus coronatus, to 4.5 cm long.

Amblypygids are dark colored; the flat oval abdomen lacks a telson and spray
glands. The chelicerae are subchelate (Fig. 10-6). The pedipalpal endites are
not fused. The raptorial pedipalpi are held flexed, parallel to the walking sur-
face, and their two last articles may be almost chelate.

The amblypygids (Fig. 10-5) resemble spiders in many features, but differ
by the long whiplike first legs, the strong pedipalpi, and the absence of spin-
nerets. The whiplike tibial and tarsal articles of the first legs have numerous
(false) articulations and these legs, in some species, may spread 95 cm.

Anatomy

The internal organs resemble those of spiders. All 12 abdominal ganglia have
moved into the prosoma and have fused with the large subesophageal ganglion.
The anterior gut has.a precerebral pumping pharynx and a posteerebral pump-
ing stomach, and in the prosoma there are four pairs® of unbranched digestive
ceca directed toward the coxae. In contrast, the ceca of the abdomen are much-
branched and open into the midgut through four pairs of openings. At the
posterior of the 8th and 9th segments there are paired book lung- spiracles. The
heart extends from the 8th to the beginning of the 14th metamere. Posteriorly its

Order Amblypygi=iiizi: 7. 123

i¥5 six pairs of ostia are situated below the posterior edge of tergites VIII to XIIT

and have paired lateral arteries. There is also a pair of large coxal glands; these
open posteriorly on the coxae of the first legs. Charon has an additional small
pair opening posteriorly on the last coxa.

Unlike spiders, some whipspider genera have a pair of median, thin-walled,
chitinous sacs in the intersegmental membrane between the 9th and 10th ster-
nites that can be everted by blood pressure and pulled back by muscles. They
are thought to be respiratory structures. By lifting the genital operculum one
can distinguish the sexes: males have two cones, females may have two slits
and a single opening at the base of the operculum. The male opening is on the
venter of the cones. On electrical stimulation there appears a median, lobed
structure and a sticky material is secreted. From between the lobes, the
spermatophore is produced.

Reproduction
Mating has been observed in the West Indian Admetus barbadensis, the South
African Damon variegatus, and the southeast Asian Sarar sarawakensis. Court-
ship takes place at night and can be watched under dim or red light. In all

Fig. 10-5. The taiiless whipscorpion. Charinus milloti, 12 mm long. (After Millot.)
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three species, the male and female only touch each other with the whiplike first
legs and do not hold one another (Fig. 10-7). The male is more active. After
several hours of stroking and tapping with his first legs and walking back and
forth, the male finally stands facing the female. The male turns 180° (Sarax
bends the long first legs back toward the female), and lowers its abdomen
several times to the ground, finally depositing a spermatophore without sperm;
he then turns back and faces the motionless female (Fig. 10-7). In Admetus
and Damon the male now deposits two masses of sperm side by side on the

spermatophore stalk cemented to the ground minutes before. Finally the male

slowly walks back vibrating the first legs. The female follows, guided by her

first legs. and picks up the masses of sperm with the gonopore. The male be-
comes active again and taps the female. In Daemon and Admetus, after the
female moves away, the male eats the spermatophore stalk.

As in whipscorpions, the female amblypygid carries the eggs on her concave
venter in a tough sac of mucus. In some species the cavity of the sac is con-
tinuous with the gonopore. The young stay at least a month in the sac. They
molt while leaving the sac, and climb on the back of the female. The 15 to 50
young are carried 4-6 days on or below their mother’s abdomen, their long first
legs folded up. If one falls off, the mother may eat-it, unlike wolf spiders carry-
ing young. The second molt takes place on the posterior of the mother’s ab-
domen, and the young leave the mother immediately afterward (unlike scor-
pions), leaving a place for the next one to moit. They run off, first legs unfolded,
and will feed within two days. ~ . ° ~ . B
Habits

Amblypygids live in tropics and subtropics, in humid sites under stones, logs,
Joose bark and litter. Some inhabit caves and some enter houses. They are not
known to burrew. At dusk they run about on the thrée last pairs of legs, mov-
ing forward whe_n: stalking prey. B‘i.t if‘c%i‘sltufbed‘they move sideways, then

stop suddenly under cover.
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FEEDING. In terraria, they feed on cockroaches, crickets, grasshoppers, f)eetleS,
butterflies, or other small insects and also on arachnids. The prey is touched
with the tips of the long first legs and is then snatched up, at a distance of sev-
eral centimeters, with both pedipalpi. If it is large, the prey is attacked several
times, the amblypygid withdrawing between attacks. The prey is impaled on
the spines of the pedipalpi and is taken by the chelicerae, which alternately
move back and forth and up and down, digging into the prey. Preoral liquefica-
tion of the food has not been demonstrated but must occur, judging by the
narrow foregut. The food remains may be completely mangled, or may hardly
show damage. The whips are also used to find water, which amblypygids drink
readily. Like spiders, whipspiders clean themselves by running appendages
through their chelicerac, the limb pulled toward the mouth by the pedipalpi.
Pedipalpi clean each other of food remains ‘and have special brushes for this
purpose on the distal digit. These brushes are cleaned by the chelicerae.

Classification

There are only two families.

Charonidae. Members of this family have tarsi with pulvilli (pads) and are mostly
cave inhabitants. They occur from tropical Africa to the Pacific Ocean. Sarax occurs
in southern and eastern Asia. Other genera are Charon, Charinus, Stygophrynus and
Phrynicosarax. Lindosiella has been found on Rhodes.

Tarantulidae. These lack pulvilli on the tarsi. Phrynichus and Damon have small

 pincers at the ends of long pedipalpi; inhabitants of the Old World, some have

been carried to South America. Myodalis is African and Indian. Acanthophrynus
coronatus has pedipalpi lacking pincers; it lives in Mexico and California but has been
carried to Uruguay. Tarantula (=Phrynus) has pedipalpi that form a basket for
capturing prey; they are found in tropical America. Tarantula fuscimana, to 28 mm
long, is found on the Florida keys; T. marginemaculata, to 17 mm long, in southern

Florida. Trichodamon is found in Brazil; Admetus (Fig. 10-6), is another American
genus.

ORDER PALPIGRADI, MICROWHIPSCORPIONS

There are fewer than 50 species of microwhipscorpions, the largest being
Eukoenenia draco, 2.8 mm long.

Palpigradids are minute arachnids that have the prosoma covered by a pro-
peltidium and two tergites (Fig. 10-8). The abdomen is attached by a pedicel
and divided into a large mesosoma and a short metasoma with a telson, a long
many-jointed flagellum. The cheliccrae are thin, long, three-jointed and chelate,
the movable finger lateral. All other coxae are similar and simple, and the pedi-
palpal coxae do not form a part of the preoral cavity (Fig. 10-9). The frst
walking leg, distally many-jcinted, is used as a feeler. There are no circulatory
or typical respiratory systems.

e

Acia e,

Fig. 10-8. The microwhipscorpion, Eukoenenia mirabilis; 1.2 mm long, excluding
flagellum. (After Hansen.)

Anatomy

The minute, colorless, thin-skinned Palpigradi are probably very closely re-
lated to the uropygids and amblypygids. Except for the chelicerae, the append-
ages resemble those of Thelyphonus (Uropygi) larvae. The coxae, along the
edge of the prosoma; are similar (Fig. 10-9). The preoral cavity consists of.a
slit between labrum and labium. Even the distal leg joints, despite the first leg
being somewhat specialized as 2 feeler, are quite similar (Fig. 10-8).

The prosoma contains a mesodermal endosternite. Underneath it, all postoral
ganglia are fused into a long subesophageal ganglion that extends from the
pharynx to the 8th segment and, like the suprapharyngeal ganglion, is very large
compared to other organs. Such adaptations are well known among other minute
animals and the young stages of other groups. Sense organs include only inner-
vated setae and trichobothria. The midgut in the prosoma forms one pair of
ceca and in the abdomen five pairs, the last being branched into two. Other
ceca are simple and unbranched; corresponding to the size of the animal, they

~ have only a small surface. There are no Malpighian tubules; the only excretory

organ is the paired coxal gland. which opens into the posterior wall of the first
leg coxa. Corresponding with the soft integument and proportionately large sur-
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face, the usual types of respiratory organs are missing. But some species have
ventral sacs on the 10th, 11th and 12th sternites, believed to have respiratory
function. There is no circulatory system. The female gonads recemble those of
uropygids and amblypygids but are simpler. The ova found in the ovary have

a diameter of 0.}-0.12 mm. They occupy the entire width of the abdomen, and
on]x a few eggs are produced at one time, as in many very small spiders. The
male gonads have not been adequately studied.

fabrum

@} @/\{/ chelicera
o

sternite, |
pedipalp

sternitz, VI

NS
o (b)

Fig. 10~9. Fukoenenia mirabilis: (a) venter of prosoma, 0.4 mm long; (b) left

chelicera, lateral view; basal segment, 0.2 mm long. (After Hansen and Sorensen from

Snodgrass.)
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Reproduction
Nothing is known about mating or embryology. Only two males have been

found of Eukoenenia mirabilis, while at different seasons 400-500 females were

collected. The males of the American Prokoencnia wheeleri also appear to be

uncominon.

Habits

Palpigradi have a worldwide distribution, most occurring in southern Europe,
southern United States and South America._/,/ All prefer high humidity, under
half-buried stones in soil, where they are found together with Symphyla and
Pauropoda that have similar requirements. During drought they go deep into
the soil. One has been found on the sand of an ocean beach. They run rapidly
with their pedipalpi and last three pairs of legs, waving their feeler-legs. The
flagellum may be raised, sometimes with the abdomen, compressing the posterior
parts of the prosoma together. All avoid light. Two animals meeting will stop
though they have not touched.

Classification

Eukoeneniidae. This is the only family. Eukoenenia mirabilis is found in southern
italy and North Africa. E. austrigca is found in Istria and in Austrian caves as far north
as Innsbruck. Several species are known from California. Prokoenenia is found in
Texas. Leptokoenenia gerlachi is found in the beach sand of an island in the Red Sea;
L. scurra is found in the bank of subterranean waters in the Congo. Other genera are

Allokoenenia and Koeneniodes.
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About 30,000 species of spiders are known, of which the largest is Theraphosa
leblondi from Guyana, growing to 9 cm in body length.

The abdomen (opisthosoma) is almost always unsegmented in spiders, and is
attached to the prosoma by a narrow stalk, the pedicel. The chelicerae are large
and have a fang but no pincers. The pedipalpi are leglike, and usually have an
endite on the coxa. The abdomen almost always has 2 pairs of respiratory organs,
the anterior usually book lungs, the posterior usually tracheae. The abdominal
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The prosoma has a uniform dorsal caragpace and a wide strong unsegmented
sternum ventrally. An anterior lobe of the sternum, usually indicated by a
groove, serves as a fabium (Fig. 11-1). The narrow pedicel, segment VII,
permits complete movement of the abdomen.

Only in the Mesothelae is the abdomen segmented as in amblypygids, meta-

meres VII to XVIII having true dorsal tergites. Ventrally there are only sternites
i VII to IX and 2 soft area with the posterior metameres indicated by grooves
(Figs. 8-3, 11-1a). The external segmentation corresponds to the internal ar-
rangements of metameric trunk muscles, the heart and its ligaments (attach-
ments) (Fig. 11--13). In other spiders the ahdomen is a more or less uniform

sac although some of the segmentation of the embryoc may persist.
The segmentation can be recognized externally in the arrangement of the
spiracles of the respiratory organs (corresponding with the posterior border of
‘- sternites VIII and IX), in the spinnerets, and in the distribution of pigment or
of the sclerites that are sometimes present (Fig. 11-2). Interpally in the em-

Roewer, C. F. 1934, Palpigradi, in Bronn's Klassen und Ordnungen des Tierreichs, Akad.
Verlagsges., Leipzig, 3(4)4:640-723.
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Fig. 1l-1. (a) Ventral view of the segmented spider, Heptathela kimurai, 15 mm long

(after Kishida); (b) unsegmented spider.

bryos the segmentation is always present in the coelom pouches (Fig. 4-17),
and in the adults vestiges of segmentation are seen in the divisions of the ventral
longitudinal muscles (VIII to XI) and their apodemes (Fig. §-14), the heart
ostia and lateral arteries of the heart. sometimes also in the dorsoventral muscles
and the dorsal longitudinal muscles of the metameres VIII to XV or even XVII
(Fig. 11-2).

During embryonic development the Sth and rarely the 10th sternites eiongate,
bringing the spinnerets to the posterior end of the abdomen; simultaneously
sternites X111 to XVIII become reduced (Figs. 8-11, 11-1b). The spinnerets are
now at the posterior end of the abdomen and the attachment of the abdomen by
a narrow pedicel makes possible its free movement and the accurate movement
of the spinnerets.

EXOSKELETON. Most spiders are gray or brown, but there are numerous
colorful species, particularly in the subtropics and tropics, fewer in temperate
regions. The color may be due to phenolic tanning of the structural protein, or
to pigment dissolved in the exoskeleton or as granules stored in hypodermal cells.
Some species have colorful scales and orpamentation, and some coloring may be
structural (interference). In the jumping spiders, which have excellent vision,
the males are often more brightly colored than females.  In many groups, par-
ticularly the Linyphiidae and Theridiidae, the abdomen is colored by white
guanin stored at the distal ends of the digestive ceca. Color change to match
the surroundings has been reported in spiders of several families. The pattern
of dorsal abdominal pigmentation often reflects the original segmentation; there

T
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is often a direct relationship between pattern and longitudinal muscles and
heart (Fig. 11~2). :

The strong prosomal exoskeleton and the mesodermal endosternite serve as
attachment points for the appendage musculature (Fig. 11-3). A thoracic de-
pression of the carapace serves as an attachment for the muscles of the pumping
stomach. Posterior invaginations on sternites VIII to XI form hollow apodemes
for attachment of the ventral muscles, as well as for dorsoventral muscles (Figs.
4-17, 8-14).

APPENDAGES. The oral appendages have become specialized. In the primitive
Mesothelae and Orthognatha the basal segment of each two-segmented chelicera
is inserted laterally, as are the leg coxae (Figs. 11-la, 11-4a). The chelicerae
open forward and close down. However, in the Labidognatha the insertion has
rotated 90° and the chelicerae are bent ventrally so that they are in a vertical posi-
tion with their basal segments against each other (Figs. 8-5, 11—4b, 11-5). The
span between fangs in the Labidognatha has been substantially increased be-
cause in biting not only the fang but also the basal segment can be spread (Fig.

Fig. 11-2. Dorsum of abdomen of feraale Ctenus; relationship of white pattern to
internal, metamerically arranged organs. Patterned areas are white with heavy outlines;

dorsal longitudinal muscles of scgments X 1o XVI have longitudinal lines: the heart and -

its 3 pairs of lateral attachment liguments, reaching to the posterior border of cach
segment, arc stippled: sclecotized discs of the integument that serve as muscle attach-
ments have transversc lines. United muscles of somites VIII and IX arc attached ante-
riorly ; on the following 3 pairs (9th to 11th scgment) the insertion of the dorsoventral
muscles has moved posteriorly onc segment (compare Liphistiuz, Fig. 11-13). (Aflier

Crome.)
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dorsolateral projection

dorsomedian projection

postarior projection

Fig. 11-3. Endosternite of the orb weaver, Araneus quadratus; 2 mm lonz. (After
‘Kaestner.)

11-3). Another advantage of the rotation is that it permits shortening of the
fang. A muscle of equal cross section can produce greater force on the shorter
fang.

Because of the large span of their chelicerae, small sized Labidognatha with
small jaws can handle very large prey. For an orthognath spider of similar size
to manage the same prey, its fangs would have to be three times as long. Thus
while a small labidognath can feed easily, an orthognath spider has to be much
larger to be able to catch the same sized prey, as its cheliceral span is only one-
third that of the labidognath. The abundance of small labidognaths and the
relatively large size and small number of orthognaths probably reflect the evo-
lutionary advantages. And as small spiders can reach final size and mature
faster than large ones they can colonize areas with short periods of vegetation
growth and insect abundance.

Modifications of the chelicerae and their teeth and fangs are common and
may be correlated with the mode of life and food habits of the spider.

The pedipalpi of the primitive Mesothelae and most Orthognatha are leglike,
while in the Labidognatha they are reduced, antennae-like, and are not used for
walking (Fig. 11-10). In the Mesothelae the coxae of the pedipalpi are like
those of the walking legs (Fig. 11-1a). The pedipalpal coxae are widened ven-
trally in the Orthognatha, covered with hairs, and with the chelicerae enclose 2
preoral chamber used for digestion (Fig. 8-8). The Labidognatha have the
coxae further modified as endites forming flat plates close behind the chelicerae
(Figs. 11--1b, 117, 11-10). ) i :

The walking legs have § ardcles. A small distal article, the pretarsus, has
2 comblike claws and often a hooklike middle claw used to manipulate silk (Fig.
11-23a).
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Fig. 11-4. Cheliceral attachments; anteriolateral view of carupace and chelicerac: (a)
orthognath chelicera, left chelicera removed; (b) labidognath chelicerae; the arrows in-
dicate how the insertion has moved from anterior to ventrul. (After Kaestner.)

SENSE ORCANS. Most spiders are covered by setae, many of them sensory,
and the legs and palpi may bear long sensory trichobothria. Slit sense organs,
distributed on the integument, are thought to serve as proprioceptors sensing
stresses in the cuticle and vibration detectors. There are usually 8 eves, sometimes
6, rarely 4 or 2. In cave dwelling species they may be reduced in size or lost
completely. They are always simple ocelli, variously directed (Figs. 85, 11-8).
The anterior median eyes, sometimes called the main eves (or direct eyes), are
characterized by having rhabdoms facing the lenses while in the other eyes the
rhabdoms turn inward (Fig. 11-8). The structure of the lateral eyes and also the
arrangement of thé eyes are characteristic in different families and are useful
taxonomically. Chemoreceptors have not been identified with certainty, but they
must be widespread. -

Fig. 11-5. Comparison of equal cheliceral span (lined) of large orthognath and smalil
labidognath chelicerae. (After Kaestner.)
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Fig. 11-6. The rhabdoms of the retina cells face toward the lens in main eyes (anterior
medians), toward the back of the eye in laterals and posterior - median eyes; (a) poe-
pigment terior median eye of wolf spider, Lycosa; right, cross section; left, looking down on
concave surface of tapetum and rods (from Homann) ; (b~g) eyes of wolf spider, Arctosa
varians (after clectron micrographs, from Buaccetti and Bedini) ; (b) section through
main (anterior median) eye; (¢) section through posterior lateral eye; (d) sectiom of
2 lateral eye without lens (cornea); (e) distal portion of a group of retinal cells of
main eyes; (f) arrangement of rhabdomeres in a lateral eye; (g) arrangement of
retinad cells in 2 section transverse to optic axis of lateral eye; (h) main eye of the
jumping spider Salticus scenicus (after Schearing).
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NERVOUS sYSTEM. The nervous system is highly condensed and the brain

consists of supraesophageal and subesophageal ganglia. The supraesophageal
ganglion contains the protocerebrum and cheliceral ganglion. Both lie in front
of or above the pharynx ( Fig. 11-7). The structure of the protocerebrum varies
with the spider’s habits. Visual spiders (e.g., jumping spiders, Salticidae; wolf
spiders, Lycesidae; crab spiders, Thomisicae) have the central body with small
cells, the globuli (corpora pedunculata), believed to be association centers, and
also have an anterior optic glomerular commissure. In contrast, web spiders,
which rely mainly on the sense of vibration or touch, always lack globuli and
sometimes lack the anterior glomerular commissure. In the protocerebrum of
the visual spiders, cells with little plasma form 2 pairs of optic centers consist-
ing of an anterior and posterior portion. One pair is for the median eves, one
set each jor the laterals. The optic centers of web spiders. however. are made
up of ordinary optic cells, slightly differentiated, and the lateral eves and pesterior
median eves have just one pair of optic centers. In Araneidae. Dvsderidae and
Tegenarie, and all web spiders, optic fibers and cells make up 3-5%, of the total
brain volume; in the visual Salticidae it is 23%,. ,

The large subesophageal ganglion is a fusion of all the posterior ganglia, the
neuromeres of the abdomen having moved into the prosoma in a late embrvonic
stage. But the segmental origins are reflected in the blood vessels and some-
times in tracheae that run between ganglia (Fig. 6-2). The Mesothelae thus have
5 prosomal ganglia and 12 abdominal ganglia, while other spiders have oniyv 7
2bdominal ganglia.

Our knowledge about neurosecretion is quite limited. In the supraesophageal
ganglion are two pairs of anterior, one pair of lateral (in Araneus) and one pair
of posterior neurosecretory cells. The posterior group becomes active before the
last molt and remains active (in Araneus, Meta, Coelotes). Most neurosecretory
cells are in the subesophageal ganglion, some of these (of type B) are meso-
dermal, derived from coelomic epithelium. Their secretory activity starts before
the first molt and activity continues during the whole life of the spider. Cvclical
changes in Pardosa suggest that they control molt. There are two pairs of
Schneider’s organs (mentioned in Chapter 8), the first pair is very large in the
Theraphosidae. '

DICESTIVE sYSTEM. The mouth, a slit between labrum and labium (Figs.
6-2, 11-1), leads into a broad and Battened pharynx, a precerebral pumping
stomach, the anterior and posterior walls of which are formed by sclerotized
piates. Behind the pharvnx the esophagus turns and continues as 2 namow
passage between the brain and subesophageal ganglion, and above the eado-
sternite it forms a large postcerebral pumping stomach with its walls folded
inward. The midgut has ceca in the prosoma that differ in the various families:
usually there are 4 pairs extending into the coxae and a single median anterior
one (Fig. 11-8). Ia the anterior part of the abdomen the gut has more ceca,
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much-branched to form the digestive gland that fills most of the abdomen (Figs.
11-8, 11-10). The gut widens posteriorly as a cloaca (Fig. 11-8) containing the
openings of the Malpighian tubules; a short sclerotized section connects the
cloaca to the anus.

EXCRETORY sYsTEM. The various organs that perform excretory functions
include the large nephrocytes of the prosoma; the pigment-storing hypodermis;
the distal ends of the abdominal gut ceca, which store guanine; the walls of the
cloaca; the Malpighian tubules, limited to the abdomen; and the coxal glands,
limited to the prosoma. In the Mesothelae and Orthognatha there are 2 pairs
of sacculi, as well as 2 pairs of excretory canals opening posteriorly of the first
and third walking Jegs. Labidognatha have only one pair of sacculi, opening
posteriorly on the coxa of the first leg. The canal is very short in those orb
weaving spiders (Araneidae) that have large spinning glands; possibly the
nitrogenous wastes are used in making silk. The Malpighian vessels excrete
guanine, adenine, hypoxanthine and uric acid into the cloaca, all relatively in-
soluble and hence water-conserving. In different spiders examined, 34-769, of
the excretory material is guanine; neither urea nor amino acids could be detected.

POISON CLANDS. At the tip of the convex side of the cheliceral fang is the
opening of the poison gland. The gland lies entirely in the chelicerae in most
primitive orthognath families, while in labidognaths it extends into the prosoma
(Figs. 6-2, 11-8). Spiral muscles surround the cylindrical gland. In black widows
(Latrodectus; Theridiidae) secretions are formed from vacuolate cells that dis-
integrate in the lumen of the gland. Smaller glands, probably digestive, for
cleaning the appendages, or for breaking silk strands, open anteriorly on the
endites.

sitk. The very large silk glands of the 10th and 1lth appendages arise as
ectodermal invaginations (as do the poison glands), and have a glandular epi-
thelium one cell layer thick. From these cells the silk is secreted into the lumen
of the gland which leads the secretion into a tubule that opens through the
spinneret spigot.

The glands lack muscles but are emptied by hydrostatic pressures of 3-5 cm
Hg generated within the abdomen apparently by the cuticular muscle laver.
Muscular valves controlling the flow of silk have been found in ducts of Araneus.
The form of the glands differs in various families. Mesothelae have only 2 types
of glands, while some orb weaving spiders (Araneidae), have at least 6 kinds,
each producing a particular kind of silk (Figs. 11-9, 11-10). The spinnerets,
movable sclerotized tubes of several joints, are long in some species, short and
conical in most web spiders (Fig. 11-10). In the Mesothelae they divide post-
embryonically into 2 pairs; in other spiders this division occurs during embryonic
development. Thus spiders have 4 pairs of spinnerets, 2 pairs on segment X and
2 pairs on segment XI. Only Liphistius (Mesothelae) retains the maximum of
4 pairs of spinnerets, in the adult, and these are on the venter of the abdomen
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Fiz. 11-7T. Brains of web spiders have a large central body, varying with the com-
plexity of the web: those of hunting spiders have a pair of
pedunculata with globuli cells, and a

Tegenaria. 10 mm long (after Kuestner)
brain of un orb weaver (Araneidae)

large anterior corpora
small central body. (a) ‘nervous system  of
i (b) reconstruction in dorsal section of the
indicating centers and pathwuays: numbers refer
to neurones (from Hunstrom); (¢) dorsal scction of brain of a visual jumping spider
(Salticidae) (from}Hansxri’;m). In both (b) and (c)

the optic nerve and optic masses
of the main eyes are removed

s in (¢) also the optic mass of the posterioe mediun eves.

(Fig. 11~1). In the related Heptathela the posterior medians are united without
spigots into a posterior colulus. The anterior and posterior laterals may consist
of many joints in the Mesothele. In all other spiders the spinnerets are generally
at-the end of the abdomen and it is usually the anterior median pair that is lost
first. Sometimes remnants may be seen as a median cone, the colulus (Fig. 11—
10) whose function is unknown: at other times, in the Cribellatae the anterior
median pair fuse during embryonic development and form an oval plate some-
times divided, the cribellum (Fig. 11-11), covered by thousands of minute
spigots. In Hypoclilus the plate is still on the dista] surface of a blunt, append-
age-like cone. Some orthognath spiders have only two pairs of spinnerets, hav-
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gitators of pumping stomach ’ @ ing lost the anten.or m‘edla_n‘and ‘the ?ostenor lfateral pairs. In o?e species of (
£ Pdlpimanus {Labidognatha, Palpimanidae) which has only a single pair of

spinnerets, there is a “posterior cribellum,” a2 membraneous area bearingkpigots
between the spinnerets and the anal tubercle. Silk glands are also found an-
teriorly on the abdomen of most male spiders (Fig. 11-16), their isolated spigots
lving between the anterior book lungs.

Spider silk has the highest tensile strength of any natural fiber known. This

tensile strength combined with its great elasticity makes it an ideal material for

cloaca - . . . . :
the many uses spiders have evolved for it. The silk is a proten (fbroin) that
! B 2 polymerizes on being pulled. Probably the usual site of the conversion from
A “~—— 3NUuUs . . . . .
!\ 1ég4 ' “ Y solid to liquid is close to the tip of the spigot, but the conversion may not
dipaip ! \<_ ' . . . . . .
pedipaip i Nmouth - spinnerets always be complete. The hardening is a direct result of tension, not of oxidation
cheircera spiracie or evaporation. At least some of the silk is probably “wet (unpolymerized) on \
. . silk gland the outside surface when it emerges from the spigot. The diameter of diferent (
erve cor onopo . o . . . .
Bonopore silk strands varies but it is quite uniform for a given strand. The threads may 1
vookiung ~ epigynum be either flattened or cylindrical. (]
Fig. 11-8. Internal organs of u spider in lateral view. (After Comstock.) (
X
(]
tarsus ('
medizn spinneret - 4
posterior spinnere:- anterior spinnere: pedipalp - tibia

chelicera s———

aciniform gland A et i
g \\_/,& . W A=A piritorm grand

endite ~——
f——patella

7
femur . i
heart

N

amoultaceal

giand digestive glan..

silk glands

cyhndnical giancs’

cotuius
ovary

< coronate giand aggregate grand

aggregate glanq_/ spinneret
Fig. 11-9. Right silk glunds and spinnercts of a femaule of the orb weaves, Nephila, i
Fig. 11-10. Female orb weaver, Araneus diadematus, 13 mm long. (Afier Pfurtscheller.)

in mesal view: 2.3 cm long. (Afier Peters.)
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anal tubercte

Fig. 11-11. Spinnerets of Anmaurobius fenestralis; cribellum, 0.48 mm wide. (After
Nielsen.)

There are at most six different types of silk glands. They are believed to
produce distinct types of sitk. Aciniform glands produce silk used in wrapping
prey. By sectioning orb-weaving spiders after they had coastructed certain web
parts, it has been demonstrated that ampullate glands produce the dragline
and scaffolding, aggregate glands probably produce the sticky globules of glue
on the spiral, and that in the production of the egg cocoon, the contents of the
cvlindrical glands are used up. Cholinergic agents stimulate the incorporation
of amino acids into the ampullate and aggregate glands, as can be demonstrated
by using alanine labeled with C*. The incorporation of alanine is reduced by
atropine. These investigations have been carried out on Araneus sericatus.

RESPIRATORY ORGANS. Because of their diversity, the respiratory organs are
of interest. Mesothelae, Orthognatha and some Hypochilidae have two pairs of
book lungs that open posteriorly on sternites VIII and IX, a primitive condition.
In most Labidognatha the posterior pair and sometimes also the anterior pair
are replaced by tube tracheae, demonstrating that they are homologous with
book lungs. Spiders may be equipped with either of the following combinations
of respiratory organs: '

A. Segment VIII: a pair of book lungs
Segment IX:  (I)a pair of book lungs

(2) a pair of sieve tracheae (e.g., Dysderidae, Fig. 8~13)

(3) a pair of simple tube tracheae

(4) vestiges of an atrium (e.g., Pholcidae)

(5) a pair of simple tube tracheae opening jointly with a
pair of tracheal apophyses (the most common form in
Labidognatha) (Figs. 8-14, 11-8)

(6) a pair of branched tracheal apophyses that may pene-
trate the prosoma

BRI
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B. Segment VIII: a pair of sieve tracheae (rare and found mainly in dwarf
spiders, 1-1.5 mm long, except for the Caponiidae).
Cften the tracheae may be limited to the 8th metamere
(Fig. 11-12); only rarely do they penetrate into the
prosoma
Segment IX:  (I) a pair of tube tracheae that may enter the prosoma
(2) no respiratory organs

Sieve tracheae are large tracheal trunks from the ends of which originate
numerous individual tracheae (Fig. 11-12). Tracheal apodemes, otherwise
found only in diplopods, are tracheae derived from hollow muscle attachments.

Tracheae are best developed in small spiders (regardless of family), some of
which may lack book lungs, and also in the superfamily Dysderoidea and in the
Eurasian water spider, Argyroneta. Some evidence suggests that the develop-
ment of tracheae and the replacement of book lungs by tracheae are adapta-
tions for the conmservation of water in small spiders having high surface to
volume ratios. In the Dysderoidea, which are larger, it may be a phylogenetic
character inherited from smaller ancestors. The value of this adaptation in
Argyroneta is not understood. In Argyroneta the large tracheae are derived from
apodemes. In young instars the spiracle is posterior, close to the spinnerets, but
in later instars the tracheal spiracle moves anteriorly.

CIRCULATORY sYsTEM. The complexity of the circulatory system is corre-
lated with the type of respiratory organs. In those spiders in which the respira-
tory organs are localized, the heart is large, the arteral system branched and
complex. However, if tracheae reach into all parts of the body, the heart is
usually short and the arterial branching reduced. In the Mesothelae there is
little reduction of the heart: five pairs of ostia and as many lateral arteries and
ventral ligaments in metameres VIIT to XII (Fig. 11-13). Orthognatha usually

spiracle of somita Sﬁm .
spiracie of somite 9-//‘:-'//}\ "{'\’\\/\%
i 4 )

& !

Fig. 11-12. Respiratory organs of Nops coccineus, Caponiidee. (After Bertkau.)
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Fig.11-13. Longitudinal scction of the abdomen of Liphistius desultor; Dv. dorso-
ventral muscle, 2 em long. (Afier Millot from Kaestner.)

lack the Jast (5th) pair of ostia and lateral arteries are present only in segments
IX to XI. In Labidognatiia there are only three pairs of ostiz (VIII w0 XV) with
corresponding ligaments and lateral arteries in metameres 1X to XI (Fig. 11-8).
Those Labidognatha having many tracheae in the prosoma (Dysderoi:iea and
the water spider Argyroncta) have only two pairs of ostia, the heart being fur-
ther shortened posteriorly. }

That a dorsal cardiac nerve controls the coordination of the heart beat, as in
Limulus and scorpions, can be shown by careful secHoning of Heteropoda vena-
toria. Minor sensory stimulations cause changes in rhythm.

REPRODUCTIVE sysTEM. In all spiders the sexes are separaie. Usually males
are smaller and have longer legs than females, the Jong lees apparently bﬁeing an
adaptation associated with their active role in searching for mates. The extreme
of sexual dimorphism is found in the orb weaver Nephila, in which the female
may reach 6 cm in Jength and the male is only 4-10 mm long. The much smaller
males go through fewer molts than do the females, mature earlier, and often
many more survive to maturity. More efficient maturation may be necessary to
counteract the hazards entailed in searching for 2 mate. ‘

Each of the paired, tube-shaped testes iying ventrally in the 2bdomen con-
finues forward into 2 sperm duct that opens into a median ectodermal atrium in
seament VI1I; the gonopore is on the posterior border of the segment. The
ovaries fuse in segment VIII to form a single oviduct that (»31133rges~ to form an
atrium, the distal sclerotized part of which opens on the posterior border of the
8th segment in the epizastric furrow (Figs. 11-1b, 11-§, 11-10. Mesothelae,
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Orthognatha, and haplogyne spiders have semninal receptacles only opening into
the atrium inside the gonopore. However, in other spiders separate copulatory
pores open into the seminal receptacles on the venter of a strongly sclerotized
and sculptured plate, the epigynum (Figs. 11-1, 1110, 11-13).

Reproduction

Sperm transfer is carried out by the complex organs of the male pedipalp
(Fig. 11-14). It has been shown that the palpal organ is an elaboration of the
pretarsus and is thus homologous with the claw of the female pedipalp, although
in higher spiders the tarsal segment (cymbium) is hollowed out ventrally to
accommodate the functional components. Usually the male spins 2 web, the
sperm web, on which to deposit a droplet of sperm. Theraphosids, before de-
positing the droplet of sperm, have been observed to make a substrate with fine
threads emanating from spigots between the anterior book lungs, from glands in
segment V111 (Fig. 11-16). The theraphosid Pamphobeteus took 2 hours to make
the web, 50 minutes 1o strengthen the anterior border, 20 minutes to make tne
substrate web, 1-2 seconds to deposit the sperm, and 12 minutes to climb around
to stand on the web again and turn facing the border. Then the spider dips the
palps alternately into the drop of sperm 120 times a minute for more than 90
minutes. The sperm web may then be destroved. The silk glands at the anterior
end of the abdomen are also found in most other spiders. (They may be lack-.
ing in Amaurobiidae, Dictynidae, Leptonetidae and Ariadna.)

The method of sperm induction is somewhat different in different families.
The mechanism of uptake is not known, but the most likely hypothesis is that
the reservoir is filled by secretions and the seminal fluid is drawn up by re-
sorption of the secretions.

After the pedipalpi are filled, the male goes in search of a mate. In some
families he recognizes the ferale by means of chemoreceptors on touching her
or her silk dragline. Araneid males search among plants while the females re-
main in their webs; the male recognizes the web of a female of his own species,
and often can tell whether she is mature. The male orb weaver may court at
the web of an adult of his own species although the female inhabitant has been
removed. Male wolf spiders of the genus Trochosa, when running on the
ground, will stop at a fermnale’s dragline, first Tun one way, then the other, but
will ignore the dragline of other species of Trochosa. As juveniles often do not
have a dragline in Trochose, the main adaptation of the dragline on level
ground seems to be to facilitate meeting of adults of opposite sex. The highly
visual and colorful jumping spiders probably recognize potential mates by sight.

The hazard of being treated as prey by the female is minimized by elaborate
courtship. In the visual hunting spiders the darker male may wave his dark or
brightly colored palpi or legs and the motion seems to inhibit the female. In the
visual jumping spiders, males of congeneric species have different displays,
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Fig. 11-14. Tips of male pedipalpi: (2) simple pedipalp of Segestria senoculata, bulb
2 mm long (after Gerhardt) s (b) left pedipalp of theridiid Enoplognatha ovata, bulb
pulled out of cymbiam (from Levi); (e) left pcdipallp of orb weaver, Araneus diacdema-
tug; (d) left pedipalp of funnel weaver Agelenopsis aperta. (After Gering.) )
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motions of pedipalpi and abdomen, and may be differently colored (Fig. 11-17).
Other spiders pluck rhythmically on the threads of the female's web, or approach
the female with jerking movements, or stroking or patting her abdomen or whole
body. Some wrap the female in threads or-hold her with long, specially modified
chelicerae. Others (Pisaura) present a fly to the female before mating. After
courtship,” the male finally succeeds in inserting the tip of one pedipalp into
the epigynum and injecting the sperm. In haplogyne spiders, both palpi are
introduced at the same time. Mating position and behavior differ among the
families (Fig. 11-18); sometimes they differ among or within species {Scytodes).
The com_plex structure of the palpus (Fig. 11-14) and epigynum (Fig. 11-15)
often provide the best character of systematic value, particularly at the species
level. :

It is not completely understood how the complicated palpus works. and how
their sometimes spiralled tips are inserted into the epigynpum and penetrate the
twisted connecting canals leading to the seminal receptacles. In the entelegvne
spiders, the palpus is expanded during mating by the bhemolymph which ex-
tends the hematodocha, soft folded tissue between the sclerites. In many rela-
tively small males of the Therdiidae and Araneidae, the tip of the sclerite
(embolus) containing the duct breaks off, preventing the male from mating
again. In Dysdera secretions from the palpal gland at the base of the palpal
bulb force sperm out of the palpus. That it is an endocrine factor controlling the

secretions can be demonstrated by injecting hemolymph from copuiating males
into males not mating.

¢ “j— accessory gland
0 ':2\\

seminal receptacle
connecting duct

——=~opening of epigynum

onopore I
8 fertilization duct
oviduCt e vagina
ovary

Fig. 11-15. Female genital systern of a spider; cleared preparation in ventral view.
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After copulation, the males of many species hurry off. In other species they
die soon after or during mating, and may even be killed and eaten by females
(Argiope lobata, Cyrtophora citricola; but this is the exception in the black
widow, Latrodectus mactans).

The sperm remains in the seminal receptacles (spermathecae) of the fernale

until the eggs are laid, at which time it passes into the fertilization ducts which

open into the female genital atrium (Fig. 11-13). Most species enclose their
eggs in a silken sac, often made of thick layers of various types of silk that may
differ in color. The egg sac may be hung up by tube-dwelling spiders or by
those having orb webs. Huntsman spiders, Heteropodidae, and nursery web
spiders, Pisauridae, carry it in their chelicerae, while the wolf spiders, Lycosidae,
attach it to the spinnerets and expose it to sun at regular intervals. Many
species guard their eggs or young.

The European theridiid Achaearanea saxatile (=Theridion saxatile) keeps its
eggs in a thimble-shaped retreat hung in the middle of the web. At temperatures
of 30-35°C the female carries the eggs outside into the cooler web. On cooling
they are placed back into the retreat. That temperature is the controlling fac-
tor and that the spider does not sun the eggs has been demonstrated in the labo-
ratory using an incubator with dim light. A female wolf spider, Pardosa, if her
egg sac is removed, will make searching movements. Failing to recover the egg
sac, she will pick up a similar or heavier object in its place. Wolf spiders, like
scorpions, carry their young for a short period on their backs, while the voung
of some cobweb spiders, Theridion, and the agelenid, Coelotes, live with the
mother and may share her prey. The voung of Coelotes, after their mother dies
of old age, feed on her body. In many species the young leave the egg sac in
spring, long after the mother has died.

Females of the wolf spider Pirata piraticus, which inhabit sphagnum moss
and have a temperature preference of 18-24°C, change their temperature pref-
erence to 26-32°C when carrying egg sacs, bringing their temperature preference
close to their thermal death point of 35°C. ‘

It has been observed that female wolf spiders of the genus Trochosa must
bite the egg sac open to permit the young to escape, whereupon they climb up
her legs and are carried on her back. The female judges when the sac is ready
to open from the time elapsed since the egg sac was made, not from signals
inside the egg sac. That is, if the experimenter replaces an egg sac with an
older or a vounger one, the female opens it on the same date, though in the
older egg sac the young will have died and in the younger one the eggs fall out.
The femaie constructs a silken retreat before opening the egg sac and afterward
attaches the egg sac to her spinnerets, preventing young from getting lost. A
juvenile female of Trochosa stands sHll when young climb on her back; the
climbing up inhibits movement. With young on the back, the female is also
inhibited from feeding: she will readily kill flies but not feed on them. Young
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climbing anteriorly over the eyes are brushed “back. Expérimentally young
climbed on a dead female or one smeared with butyric acid or cadaverine, and
when the female was removed, they climbed on a dead bumblebee. If the
mother’s abdomen is covered with a nylon or velvet skirt, the voung will con-
gregate on the head or uncovered portion. Apparently contact with sclerotized
setae is necessary. The female removes the empty egg sac from her spinnerets
on the stimulus of the young crawling up. After a week to 10 days the young
will leave the mother.

Theotima (Ochyroceratidae) s parthenogenetic and Steatoda
(Theridiidae) may be; otherwise parthenogenesis is unknown in spiders.

triangulosa

i Development

The germ disc at first consists of the cephalic lobe, some segments, the pos-
terior budding area] and the pygidium (Fig. 11-19a). Teloblastic divisions pro-
duce more segments between those already present and the prgidium, thus
moving the pygidium farther from the head. While in most spiders the germ
disc remains on the surface, in Mesothelae and some other primitive families the
posterior part may be raised from the €gg as in scorpion embryos (Figs. 4-11,
11-19b to f). Mesothelae and primitive Dysderidae have 18 segments as do
In other spiders such as Pisauridae, Agelenidae
and Araneidae, there are usually fewer. Mesothelae have appendage primordia
on segments I to XII; in other families usually only segments I to VI and
VI to XI. The first six become prosomal appendages, VIII and IX give rise to
the respiratory system, while the appendages themselves remain vestigial, X and
XI become the spinnerets, while VII and XII are lost (Fig. 8-11). The voung
spiderling has to molt 5 to 12 times before maturing, males often undergoing
fewer molts. Females of Nephila madagascarensis molt 11 times, the males 46
times. In the American bolas spider, Mastophora (Araneidae), the males hatch
mature at 1.5-2 mm, and the females grow to be 9.5-12 mm. Orthognatha
females (and perhaps females of some baplogyne families) molt after maturity,
but this is not true of most spider families.

members of the order Uropygi.

The number of molts and instars is the same regardless of amount of food in
Linyphia triangulosa (Linyphiidae) and Agelenopsis  potteri (Agelenidae).
But more prey resulted in faster growth. The number of molts is variable in
Latrodectus (Theridiidae), Nephila and Cupicnnius (Ctenidae).
Poorly fed Cupiennius undergo fewer molts. For molting the spider mav hang
itself up by the appendages (Fig. 11-20). Large theraphosids molt while lving
on one side or on the back. Most spiders do not feed immediately before or

{ Araneidae),

after a molt.
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22 Fluctuations of “secretion trom NEUTOSECretory cetls or
' ganglion coincide with molting processes, indicating that the molting is con-

" normal level,

Ule  SRDUSLUMg Car

trolled by hormones. Direct evidence is provided by experiments on frst instar
Coclotes terrestris with the abdomen’ ligatured off. If ligatured within 15 hours
after climbing out of the egg sac they did not develop further; if ligatured after
28-35 hours, 807, continued their development and setae of new integurnent

well supplied with yolk do not have to feed.) Destruction of protocerebral
neurosecretory cells by a beam of ultraviolet light within 15 hours after hatch-
ing reduced the number developing normally to only 22%, If the destruction of

the cells occurred 40435 hours after hatching, all developed normally through ..

the molt. Heteroplastic transplantation of integument from Tegenaria into the
cephalothorax of Coelotes was “molted” by the host, indicating that whatever
hormones exist are not species specific. It is interesting that destruction of large
areas of the brain did not afect gametogenesis in the first instars. Apparently
arachnid molt, like that of Crustacea and insects, is controlled by hormones.

It has beer. demonstrated in Tegenaria that as molting commences the normal
blood pressure of the prosoma doubles, to 260 mm Hg. As the chelicerae are
bent, the integument breaks around the carapace, continuing on the abdomen.
The blood pressure is increased by increased number and volume of heart beats,
Previous to molting the endocuticle is partly digested by the enzvmes of the
molting fluid, reducing the tear resistance of the exoskeleton to one-third its
Molting is a complicated process involving, among other changes,
rapid cell multiplication and differential changes in numbers of blood corpuscles.

RELATIONSHIPS. The numerous structural similarities between spiders and
amblypygids are discussed under the latter order. Amblypygids, of course, lack

_silk glands and use a spermatophore for mating.

HABITS. Spiders are found in all terrestrial niches, in the Arctic as well as in
tropics (none have yet been found in the Antarctic), and on marine and fresh-
water shores. Argyroneta aquatica, the Eurasian water spider, though air breath-
ing, is entirely aquatic. It has few morphological adaptations other than dense
body hair and abundant tracheae, the Signiﬁcance of which is uncertain. Other
species (e.g., Dolomedes) hunt over the surface of pools and streams frequently
diving beneath the surface to catch aquatic organisms or to escape predators.
Numerous species of different families live on ocean shores below the high tide
line. The European Halorates reprobus (Linyphiidae) presumably hides in air
pockets under rocks at high tide. Some Lycosidae and the large Desis (Agclen-
idae) of the southern hemisphere run on wet beaches. Amaurobioides maritima
of subantarctic islands, South Africa, Tasmania and New Zealand lives beween
tide zones and is believed distributed over the oceans.

could be seen under the old. '(First instar spiderlings were used, as spiderlings -
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morph spiders, and some Dysderidae and others make a silk-lined tube in the
ground or between rocks or under loose bark (Fig. 11-23). The trapdoor spiders
may close the tube with 4 door and camouflage it with dirt and moss. Many web
spiders connect a retreat with the web that snares prey. The retreat probably
also protects jts inhabitant against desiccation, water logging and predators.
LOCOMOTION. Almost 3] spiders use all § legs for running. In slow walking,
the first legs may be used as feelers to test the surroundings. The proximity of
legs and mouthparts o the prosoma and the spread of legs on each side result
in the alternate use of each pair. For instance, if we vse Arabijc numbers for

those moving forward and Roman numbers for those on the ground, they are
1 i
I 2

moved-in the following sequence: right 1, left 2, right 3, Jeft 4. o

The
n 4
legs on the ground pull (L, II) or push (1L, IV) the body forward. This rhythm
is generally kept in climbing a thread and also in swimming of Argyroneta, the
water spider.
Many spiders can move rapidly for short periods of time. A fleeing wolf
spider, Pardosa amentata, 8 mm long, ran 90 em in 3 seconds. A European

house spider, Tegeneria atrica, 1.1 em Jong, ran 150 em in S seconds.

Fig. 11-18. Red widow, Latrodecrus bishopi, mating, hanging in web; female white,
male black: female 8.3 mm. (After Levi.) -

-

Lo g

todhliag 1 gt

SRR
.

4

=

Fedfedi s

-

# b, Ry ey

s el ) g

fateral margin of (
abdomen \

lateral border of germ bancg

{
{
4l dorsum of ‘
;-‘_?\ i abdomen
) ceohalic e
. : lobe 7 P i teloblastic
hatic lobe /‘ 4
cepnaln fJ (.;(:// = VI &rowth zone
i Lteloblastic (q/(/ j feg 4
o V1 &rowth zone
(a) (b)
groove forming
brain r dorsum of prosoma
2ppenagage, IX
yolk 7\/’\
¥,
L TN e XI
cephalic lobe main N i
: > ceonaic 5 3 K\ apoendage, XII
chelicera -—J looe : dorsum of
cnelicera XIV  abgomen
TTleg 4
growth zone pedipaip
(c) (d)
lateral germ bangd bordger
appendage, II labrum

/—lateral eyes

lateral
germ band
borger

4 appendage,
v -

yoik

dorsum of prosoma
cephalic lobe‘\/\/‘l‘—"

lateral borders
of abdomen

A

appencage,
VII

Fig. 11-19. Development of scgmented spider Heptathelq kimurae, about 1.1 mm
long; Roman numerals refer to segments. (After Yoshikura.) (a) Cephalic lobes and

ing, having produced metameres VII to [X; the protoma has appendage primordia; (c) the
abdomen has lengthened with ‘additional segments; (d) the abdomen pushes between the
prosomal appendages: abdomen shoiws appendage primordia: (e) yolk has shified from
Prosoma 1o sbdomen, enlarging it cephalic Jobe has folded dor<ally on the sinterior of
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extensor muscles. A dragline is always attached before jumping, preventing a
fall if the target is missed. '

Many spiders, including large mygalomorphs, can walk on smooth leaves or
glass. At the tip of the tarsus there is a scopula, a cluster of spatula-shaped
hairs with 800-1000 minute extensions on the distal surface. In the -*banana-
spider,” Heteropoda, there are 1300 scopula hairs on each leg, providing nu-
merous (10%) points of attachment on each tarsus. That adhesion depends on the
surface tension of the water film covering most surfaces can be tested by using
a quartz surface; as quartz has little surface water, it is slippery to many spiders.
The scopulae slip off glass if the water film is temporarily removed by silicone
grease. Normally adhesion is so strong that a hanging 3 g Heteropoda might
support a 70 g weight. The number of scopula hairs varies with the size of the
spider. Three-clawed web spiders (including three-clawed mygalomorphs) lack
these hairs but can walk on a vertical glass surface by slowly backing up, using
silk spots attached to the glass surface by the spinnerets.

Numerous wolf spiders, nursery web spiders (Pisauridae), and others can run
on the surface of water. The ventral side of the tarsus has numerous dense hairs
which do not become wet. Therefore the tip of the tarsus rests on the surface
and makes a concave dent on the water surface film. In wolf spiders locomotion
depends upon the second and third legs; the fourth legs are barely moved but
just support the body, while the first are used as feelers.

Many spiders balloon, especially the voung in summer, fall, or spring. They
are carried aloft on air currents by their silk threads. Small adult Linyphiidae

Fig. 11-20. Nursery wzb spider, Dolomedes, moliing; about 12 mm long. (From
Bristowe after Bonnet, courtesy Collins, Lid.)

)

L)

]

4

Pl

Lo W

S

fab 48

O L

Order Araneac 1

become aeronautic during late autimn in England. Ouly the mygalomorphs ar
some of the haplogynes are believed unable to use air currents for dispersio
To balloon, the spider ascends an elevated object and, as it raises its abdome
somehow threads are produced that are caught by the wind. The wind th
draws silk from the spider and when the pull is sufficient the spider lets go ar
floats off, often hooking its hind legs into the ballooning mass of threads. Tt

masses of threads seen in spring and fall are called gossamer. Hanging onto tf

threads, the spiders may be carried many miles and have been collected fro
altitudes of several thousand feet (few thousand meters) in aerial planktc
traps. Spiders have landed on ships more than 100 km from the coast. Th
method of transportation is of great importance in distribution of spider speci
and may be a regular part of the life cycle. It is of interest that the primiti
groups of spiders that do not balloon have only a limited distribution and ha-
only few (often widespread) species compared to the enormous number ¢
ballooning spider species.

senses. Touch is the most important sense, and there are numerous tacti
setae. Males of the cross spider, or garden spider, Areneus diadematus, ce
distinguish females of their own species from those of another by touching tk.
web. The males can tell from the threads whether the female is mature ¢
juvenile, even if a juvenile has been placed in the web of a mature individual ¢
vice versa. Males of Lvcosidae, Pisauridae, and Thomisidae become sexually e:
cited if placed in a glass dish that has previously contained a mature female
the same species. Probably draglines produced by the running female provic
the stimuiation. Also, the males tested become sexually stimulated upon toucr
ing the leg of a female, the tip of her abdomen, or only her autotomized lec
Washing the leg in ether removed the cause of stimulation, indicating that 1
nature is chemical rather than mechanical, but the stimulating substance re
apgears (in Dolomedes) in the glass dish after the ether in which the leg we
washed has evaporated. ~ o

But other chemical stimulations can be picked up by the tarsi and apperdage:
Thus salticids notice crushed flies undemeath moist filter paper. Other spider
can differentiatae pure water from salt, sugar and quinine solutions with th
tips of their tarsi but the receptors are not completely known. They may be cer
tain cupélmshaped, innervated invaginations, the so-called tarsal organs.

A sense of taste in the mouth region has been demonstrated in the orb weaver
Araneus diadematus, by Ravoring flies with quinine; the spider also rejects elde
pith but not elder pith saturated with broth or internal organs of flies. It is be
lieved that the sensory cells are pores on the periphery of glund openings on th
anterior of the endites of the pedipalpi.

A sense of gravity has been demonstrated in the cross spider, Asuncus dic
dematus. The method used was to train the spider by throwing Hies into th-
upper parts of the orb web for several days. The spider had to climb to retriev:
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) tho;a fly and descend with it. Then, if the web frame were turned i80° when the
stder reached the fly, the spider would descend with the prey rather than retumn
to the middle of the web.

The funnel weaver, Agelena, can sense the tension of the web. The spider
madea horizontal weh (Fig. 11-22) in a frame (30 x 30 X 10 cm) with hinged

_ corners. When a fiy was thrown into the web, the spider would Jeave its tube,

‘capture the fly and return with it. This was also done by those spiders blinded
with black lacquer. After several weeks the frame was deformed slightly while
the spider killed the fly, and instead of retuming to its retreat, the spider fol-
loive‘d that diagonal of the frame having the greatest tension.

Receprors specific to tension or gravity have not been located. 1t is possible
that the lvriform organs account for sensitivity to both. Awelena can orient
kinesthetically on its web in optically uniform surroundings (dark room, illu-
mination vertically from above), the web surrounded by a high cardboard cvl-
inder. If first attracted to a fiy tied down, permitted to feed for a short whiv]e,
then chased into its funnnel by blowing, the spider makes searching movements

- and returns by the shortest route to her prev (which had since been removed).

Even if first attracted to the fly via a detour, using a tuning fork, the spider after
being chased away into its funnel will return by the shortest way. After being
lifted and placed in the opposite corner of the web or into 2 strange web, the
spider still makes searching movements into the learned direction (excluding the
possibility that the spider orients knowing the tensions of his web). Such evi-
dence suggests that the spider probably finds its way by memory of its own
movements.

A sense of vibration that attracts spiders to prey caught in webs has been
located in sensory slits at the ends of the metatarsi of walking legs (Araneus,
Zygiella, Teaenaria, and Amaurobius) and it has been examined clectrophysio-
logically in autotomized legs. Web spiders can sense irregular vibrations and
vibrations at different frequencics. thus the strugzling of a potential prev or the
web plucking of a mzle. ‘

Araneus diadematus can be trained to discriminate between the vibrations of
C and C’ tuning forks by association with acceptable and distasteful (quinine-
soaked) flies. Learning was complete after 15 trials and learned behavior could
be elicited after an interval of several weeks.

Low notes of sound up to Y000 Hz (cps) are probably sensed by vibrations
of the web. Teienaria atrica responds to imregular waves at 10 Hz_and higher
frequencies to 100 Hz. “ )
Particular lyriform organs onthe distal ends of metatarsi of the house cobweb
spider, Achacaranca te;)id'arioru_m, have been found sensitive to high frequencies,
and could be tuned by flexing the lee The method used was to insert tunesten
electrodes into the nerve of a separated leg preparation. Sensitivity to airl;ome
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sounds must be considered separately from sensitivity to sounds transmitted =
through the web. ‘ (
Vision is important in jumping spiders, wolf spiders, crab spiders and for the (
funnel weaver, Agelena. In most other spiders the importance of the eyes is
unknown; often, probably, they are relatively unimportant. The morphology of '
eyes is illustrated in Fig. 11-6. Agelena orients by seeing large light and dark (
areas in ber surroundings. If one places a black screen on the right side of her
horizontal web and a white screen on the left side, then feeds the spider for a
week, exchanging the two screens will cause the spider to become disoriented

(

in returning to her retreat.

—~

Some spiders are able to orient themselves astronomically. That is, they recog-

nize a particular direction on the basis of the position of the sun or of polarized
light of the sky. The percentage of polarized light from the blue sky increases
to 80~707; at an angle of 90° (or: as the angle from the sun approaches 90°)
from the sun then is reduced again at greater angles. If we could perceive the
direction of vibration and the intensity (percentage) of polarization we would

see in the sky a complicated pattern that moves in unison with the sun.

Orientation by sun position and by polarized light has been particularly stud-
ied in Italy in the wolf spider, Arctosa variana, which lives on a stream bank.
The spiders can run on the water surface and, if chased away from the bank,
will return by the shortest route. They retain this direction even if transplanted,
so if taken from their bank to the opposite bank and put on the water they do
not go to the closest bank but out across the stream. However, the flight direc-
Hon is not innate; on the new bank within §-10 days they will learn the new
direction. If the spiders view toward the sun is shielded and the sunlight is
reflected with a mirror from different azimuths, the flight direction of the spider
can be changed at will. If the spider is placed in the shade so that it cannot
see the sun, its direction of flight is retained: if a polaroid sheet held above the
spider is turncd, the flight direction changes. ‘ : ' :

This mechanism of_ orientation is based on a circadian clock (or diurnal
physiological thythm). The spiders compensate the apparent movement of the-
sun, varying the angle of orientation accordingly. The course of this endogenous
thythm is controlled by the daily alternation of light and darkness, but it persists
in the dark within certain time limits. By subjecting the animals to a day arti-

direction of flight are obtained.
If Italian Arctosa cincrea are brought into the polar regions of Finland where'

(
ficially shifted with respect to the normal day, predictable deviations in the (
(
(

the sun is continuously visible for the whole month of July, they are confused at"
night, in contrast to native individuals of Arctosa cinerea and Pardosa fluviatilis
which are capable of orientation_throughout the 24 hours.

If Arctosa is placed for several hours in the refrigerator at 4-3°C it will orient
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when released in the way that would have been correct several hours earlier;
thus the internal clock was slowed.

If Agelena, as it arrives at the prey:,—i; covered by a polaroid filter that tums
the plane of polarized light, in 279, of the experiments the spider becomes con-
fused in returning to the retreat. In another experiment, a spider is accustomed
to controlled light conditions; that is, a polaroid filter under a 40 W lamp. If
the flter is turned 90° after the prey has been bitten, the spider fails to return
by the shortest route in 709, of the experiments. Other means -of orientation
seem to be secondary.

By gluing small tubes over the eyes of the spider, it can be shown that the
orientation stimuli come from sky light and not from light reflected from the
webs. The perception of the polarized light, then, is intraccular. Selective
shielding of the eyes shows that the anterior median eyes are of paramount im-
portance in orientation by polarized light. In Arctosa the electroretinogram of
the anterior and posterior median eves stimulated by polarized light changes in
amplitude if the plane of polarized light is turned. .

“The eyes are of importance in the predatory activity of the diurnal hunting
spiders. As a crab spider in ambush on a flowerhead follows passing insects with
its anterior median eyes, an observer can easily see the back portion of the eye
shift, the dark eye pigment being visible through the light integument. The
spider slowly lifts the anterior legs when a butterfly is within 20 ¢m or when a
bumblebee passes within 5 cm. Of course. as in most other arthropods, this is
probably not recognition of the shape of the inscct but awareness of movement.

The eves of most spiders (with the exception of the Salticidae and Dinopidae)
are so small that the image on the retina is minute. The small number of retinal
cells divide the picture into a screen of dots, at best 1°, usually 3° to 7° apart
with the result that resolution is poor. (The cones of the human fovea centralis
are 25” to 40” apart; retinal cells number about 80 million). In the eye of
Pardosa there are about 5000 retinal cells, in the eye of Tegenaria, only about
400. N '

Jumping spider (Salticidae) eves differ. Besides the lateral eves with short
focal points there is one pair of very large and long anterior median eves (Fig.
11-8). Because of their size and long focal length, they produce a large picture

“and an image of high resolution. The small ficld of vision of such a system is

compensated by muscles that move the retina. Also the spider can tum the
prosoma toward moving objects that appear in the other eyes, which have a
large combined field of vision. The main eyes might be said to correspond to
the fovea centralis of the human eve, the lateral eyes to the periphery of the
human retina.

Thus in strange surroundings a jumping spider behaves more like a visual
bird than like a tvpical arthropod. In a new container it does not run over the
surface, testing the walls and floors. but stays in onc place lifting and moving
the prosoma around, scanning the surroundings with the main cyes.

N
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Of 2 3 mm long jumping spider the diameter of the lens is 0.29 mm, the
focal distance 077 mm, the visual angle of the rhabdoms-in the middle, 12"
The cotresponding figures for the anterior lateral eyes are 0.11 mm, 0.33 mm and
357, and for a posterior lateral eye, 0.11 mm, 0.24 mm, and 2°

The picture of a fiy sitting 8 ¢cm away covers as many visual cells in the main
eyes of a jumping spider as the picture of a fly 100 cm away from the human
fovea centralis. There is no accommodation. As a result of the small aperture
the picture is almost always in focus: thus the infinity focus will also give clear
pictures of objects close to the eye. Also the angle of the rhabdoms is too
coarse to show details of the picture.

A jumping spider becomes aware of a moving object 20 ¢m away through the
side eyes, brings the moving insect into the visual field of the main ecyes, ap-
proaches slowly, and jumps on the prey from a distance of 1.5 to 5 cm. A fly that
is not moving may be stalked. That the senses are mainly visual can be demon-
strated by using picture of silhouettes. Presented with a moving sithouette of a
female of the same species. 964, of Evarcha males respond with display, while
only 99, react to a black disc with a diagonal line.

The functional relationship of anterior median and other eyes of jumping
spiders was examined in alleylike surroundings.. When one wall had vertical
stripes of equal width at regular intervals and the opposing wall was plain
white or colored, the salticid turned to the striped wall and jumped up. If the
striped wall was then moved along the alley. movement of the main eyes could
be seen. This happened cven if the main eyes were covered. the stimulation
resulting from information received from the lateral eves via the protocerebrum.
1€ all walls of the alley have stripes but onc wall is moving, the spider will jump
on a resting wall. The spider can separate images of the external shifts of the
surroundings from the sensory input signals from the animal’s own movements.
The neural messages from the own movements are presumably integrated with
the image shifts of the lateral eves caused by messages from the environment.

Knowing the spider will jump onto the patterned wall, one can test color
vision by a similar setup.s An even colored wall was opposed by one with
orange stripes on a gray background. The orange color was alternated with 26
different shades of gray in 1300 experiments. In 82-100%, of the trials, Evarcha
climbed the striped wall. Therefore the stripes must have been recognized as
different colors and not just as differcnces in brightness. Similar experiments
using vertical blue stripes gave similar results.

sunTinG. All spiders are predators. most feeding on insects; some, as the
\fimetidae and Archaeidae, arc specialized for feeding on other spiders. Nursery
web spiders have been observed to catch small fish and tadpoles in addition to

inscets; large mygalomorph spiders (Orthognatha) feed on large insects and
occasionally on nestling birds or other vertebrates. Many spiders may occasionally
catch small vertebrates, although none feeds mainly on vertebrates. Dwarf
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-spiders, Erigone sp. (Micryphantinae), of European ocean coasts appear to
feed mainly on oligochaete worms. The prey species of Linyphia triangularis
show a constant change over the season, new and unfamiliar species being at
first rejected, but later accepted as they become more frequently captured.

Prey is found by nocturnal hunting spiders (most large mygalomorphs,
Clubionidae and Gnaphosidae) by direct touch of tarsi and is rapidly caught
with chelicerae and probably sometimes also the legs. Crab spiders ambush
insects, first noticed visually and then caught with the large first legs and
chelicerae, while jumping spiders stalk flies and jump on them. Wolf spiders
running on the ground plunge at prey or may jump on it.

The crab spider, Misumena vatia, § mm long with chelicerae 14 mm and
fangs 0.6 mm long. frequently takes honevbees at the thorax and holds the
fighting prey for 2 minutes until the poison siows the bee down.

venom. With the exception of the Uloboridae. all spiders have poison glands.
The venom of many spiders is letha! to insect prey, and that of 2 few may also
affect vertebrates and man. Different protein fractions of black widow (Latro-
dectus mactans) poison, separated by electrophoresis, are lethal to insects and
neurotoxic to mammals. The abundance of mimics of Latrodectus found in the
Mediterranean area would suggest that the poison is of selective advantage in
defense against visual vertebrate predators, probably lizards.

The best known poisonous spiders are the widows or malmignatte (Latro-
dectus); species are found in most parts of the world except for centr»” Europe
and northern Eurasia. The neurotoxin is extremely painful, rarely lethal to man.
The bite often goes unnoticed and its symptoms can be confused with those of
appendicitis. The Mediterranean Steatode paykulliana is slightly poisonous to
laboratory mammals. Another genus with poisonous members widespread in the
Americas is the brown spider Loxosceles, the bite of which produces z necrotic
lesion; bites of the large South American L. lacta may be very serious. The
ctenid Phoneutria fera is feared in southeastern Brazil. - The bite of the Austialian
diplurid funnel weaver Atrax is dangerous. Species of Chiracanthium (Clubion-
idae) found in all parts of the world may be poisonous. Most large Orthognatha,
called “tarantula” in North America. are not poisonous; some species in other
parts of the world may be. The hairs of many, however, are urticating.

" Members of the family Sc_\'tddidae squirt the secretion of their poison glands
at prospective prey. Scytodes closes in to a distance of about 1 cm from a fy,
lifts the prosoma slightly, vibrates the cheliccrae and the fiy suddenly appears
to be stuck. It has been glued to the substrate by zigzag threads squirted over
it (Fig. 11-21). Unlike other spiders, Scytodes has the opening of the poison
gland in the middle on the convex side of the short fang. The glands are large,

Fig. 11-21. The spitting spider, Scrtodes thoracica, body 4.3 mm. (After Bristowe.)

filling the characteristically domed prosoma. The spraying takes less than %5 of
a second.

wess. Silk from glands-associated with the spinnerets is commonly used to

* capture prey. The Gnaphosidae simply run rapidly around their prey, pulling a

wide web of silk strands over the prey’s legs. Tropical Hersiliidae wait in am-
bush, head down, appressed against the bark of trees or walls of houses, their
long legs spread out. They jump over prospective prey, pinning it down with

the silk from their long spinnerets, then circle around the prey, facing away,

while the spinnerets cover it with silk. Oecobiids have been observed to make

similar attacks. In these examples the silk is used only in the process of catching

prey, but most web spiders construct a trap for prospective prey.

The simplest traps are those of spiders that live in tubes with threads radiat-
ing from the opening ( Mesothelae, trapdoor spiders, Ariadna, Segestria, F ilistatd)
(Fig. 11~23). Passing insects stumble over the radiating threads and the vibra-
tion alerts the spider in the silken tube and helps it orient toward prey. The
more complicated sheet web, a funnel web widened at the mouth of the tube
(Fig. 11-22), is made by the grass funnel weavers, Agelenopsis and Agelene. In
Agelena some lines just above the sheet trip insects and prevent them from
walking over the web. Such webs evolved convergently in both the funnel
weavers, Agelenidae, and the funnel web mygalomorphs, Dipluridae.

The production of sticky threads that cling to the prey is more refined. An
ant running against a viscous thread of the theridiid spider Achaearanec saxatile
may stick to it, in struggling break it, and by its elasticity be pulled up into
the center of the web. Sometimes sticky silk is used to subdue prey as in the
theridiids that, from some distance, cover insects caught in the web with a
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:=~  sheet of sticky silk threads pulled out of the spinnercts with their last legs. A
6 mm Theridion can easily wrap a large struggling bluebottle fiy.
While hunting spiders often have only two claws, web spiders have three
(Fig. 11-23a) at the tip of each leg. The median one is usually smooth. All
three claws can pivot backward and forward on 2 terminal sclerite, the pretarsus
(Fig. 11-25a). On the distal end of the last tarsal segment in the Araneoidea are
a set of strong, flexible, toothed setae (the accessory claws). Together the median
claw and these toothed setae manipulate silk. When the pretarsus is moved
forward, the median claw hooks over the silk and firmly holds it against the
tooth setae (Fig. 11-25b). The grip is relaxed by raising the median claw, |
which has to be moved back to free the silk. -
Usually the sticky threads are used as part of the web. There are two kinds,
true viscid threads of the Araneidae, Linyphiidae and Theridiidae (Fig. 11-28),
and cribellate threads. The viscid threads consist of two threads covered with
glue that balls into rows of minute droplets. Cribellate or hackled threads, pro-
duced by Cribellatae (Fig. 11-24), consist of several threads ccvered by a broad
band of minute curled threads, 10-20 pm thick, the true nature of which was
revealed by the electron microscope: The fine threads entangle the setae of
insects when only lightly touched and each movement entangles further. This
thread is produced by numerous spigots of the cribellum (Fig. 11-11). The
spider, moving slowly, puts down a two-strand baseline while holding the meta-
tarsus of one last leg across the cribellum, supporting its tarsus on the other
last leg. Moving the metatarsus forward. several times each second. the spider
lifts the cribellate threads with a row of curved metatarsal setae (the cala-
mistrum) and brushes them onto the double base line (Fig. 11-25¢). Many of
the cribellate Dictynidae pull long threads from their retreats to plants and con-
! nect these with radii or bridges covered with cribeilate threads (Fig. 11-26).
: Thus a trap is built near the spider’s retreat. possibly an intermediate stage in
the evolution toward an orb web. It is of interest that these complicated orb
webs are made by members of two unrelated families, the Araneidae and the
cribellate Uloboridae. The orb weavers, Araneidae, cover their spiral threads
“with glue condensed into minute droplets, while the cribellate Uloboridae cover
their spiral threads with fine cribellate threads. The webs catch flying insects

Fig. 11-22. Funnel web of Agelenopsis, 40 em wide.

that cannot see the trap. )

In building its orb web Araneus first establishes a bridge between twigs or
stems. The bridge may start with an aimless thread carried by wind undl it
catches; it is tightened and second or third threads are added. From the middle
of the bridge the spider drops on a thread and tightens it, forming a “Y.” Frame
threads are constructed, and to make the radii (spokes) the spider starts from
-3 the center, walks up a spoke, lets herself down a frame thread, tightens and
- fastens the thread she carries. The radii are laid in approximately alternate
“3 Fig. 11-23. Filiszata insidiatrix web, natural size. (After Wiehle.) - directions. The spider, sitting in the middle, probably can sense the angle be-
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Fig. 11-24. Amaurobius fenestralis laying down a cribellute thread; spider 0.7 cm

long. (Afier Nielsen.)

. pretarsus levator

faterai claw

/

memprane (mostly cut off)

pretarsus aeoressor L—middie ctaw

joint membrane of laterai claw

a)

® ‘ (©
Fig. 11-25. (a) Leg claws of Zygiella, onc lateral claw removed: 0.3 mm long (from
Frnnk);‘ (b) leg claws of Araneus. left open, rizht holding xilk (onec claw and one
wceensory claw removed) (afier Wilson): (c) calamistrum of Amaurobius Icr.nx; the
tursus, sbout 5 mm long. has 7 trichobothrix. (Afier Wichlc.)

. Order Arancae "7 =

tween two adjacent radii by gripping each with the first legs. Gaps in the web

are probably sensed by probing with the first Jegs. Other characteristics of the

strands (elasticity, tension) may or may not be sensed. The temporary spiral

(Fig. 11-27) is laid as the spider moves from the center outward in ever larger

circles, connecting the spokes in a temporary spiral scaffolding. The spiral of

viscid thread is then laid down from the outside inward. The viscid threads are

much more closely spaced than the scaffolding, which is removed as the viseid

spiral is laid. Because the sticky droplets on the viscid silk dry in one or two days -
the spiral thread must be renewed at frequent intervals. Most of the frame

threads are used again, and the old thread is eaten by the spider or is hung up. -
Most species immediately repair spokes torn during the day.

Under favorable conditions a web may be rebuilt every day. The silk from the
old web is eaten. By using labeled (radicactive) materials, it could be de-
termined that proteins from the silk that was eaten were in the lumen of the
silk glands within a day. -

The building of an orb web is not learned behavior. Araneid spiderlings spin

“complete orbs immediately upon hatching. In some species the webs change as

the spiders mature.

Lacquering the eyes does not influence web building. The webs are normally
built late at night or early morning before dawn. By varying light and tempera-
ture, one controlling factor was found: Zygiella x-notata prefers to build at the
minimum temperature. Rise in temperature and heavy feeding -inhibit web
building. Hungry spiders build more frequently and build larger webs with
more widely spaced spirals. A starving spider whose web was removed daily

Fig. 11-26. Web of Dictyna grundinagcea, radii 56 cm. (After Wichle.)
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Fig. 11-27. th web, dingrummatic, dizumeter 30 em. (After Wiehle.)

built a web of about the same size for 6 days: after 10 days, smaller wehs were
built while the spider’s body weight decreased. After feeding, the webs stayed
small for 10 days while the spider gained weight.

Both depressant drugs and stimulants fed to the spider will change the struc-
ture of the web in characteristic ways.

In an orb web the angies of the radii in the upper part of the web are larger
than those in the lower part; the spiral turns are more widely spaced above than
below. If the web is turned 90° as it is being built (radii being added) in a
frame in the laboratory, the spider will make additional spirals at the new bot-
tom part. The spider in un orb web can sense insects on the web more than 30
cm away. The female spider responds to the male’s plucking signal on his

Weim irang,
G /
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approach. She will also react to airborne sounds. (Most of these experiments
were made with the spiders Araneus diadematus and Zygiella x-notata, both
Araneidae.) )

Moths and butterflies are beautifully adapted to avoid capture. Their wing
scales stick to the viscid threads while the insect escapes. In a study of prey of
Argiope argentata about 50% of Lepidoptera escaped. Those that did not were
handled very differently from other insects: they were given a long bite before
being wrapped in silk; other insects are swathed in silk first. Judging by various
experiments the spider seems to recognize moths and butterflies by texture. (M.
Robinson, personal communication.)

Cobweb spiders (Theridiidae) such as Steatode make a loose horizontal web
with vertical threads above and below (Fig. 11-28). The vertical threads are
strung under high tension and thus break and centract when an insect runs
against them. These sticky threads which are around the web have sticky drop-
lets on them which adhere to the struggling insect. Further struggling just
breaks more entangling threads before the spider comes and wraps the prey in
silk. The house spider Achaearanea tepidariorum selects web sites at random;
if the sites do not produce prey they are abandoned and 2 new site is chosen.
The spider will remain at a site where prey is sufficiently abundant.

The sheet web weavers, Linyphiidae, make a horizontal or cupola-shaped
sneet (Fig. 11-29) with dense vertical threads above and fewer below; some

Fig. 11-28. Web of Steatoda castanea (=Teutana castanea) (rom the side, 3 em m;:h.
(After Wiehle.)

Fig. 11-29.  Sheet web of Linyphia. 20 cm long. (After Kaestner.)
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threads below are covered by sticky droplets. Insects flying against the threads
above fall on the horizontal part and the few threads there permit the spider to
run on the underside of the sheet and bite through it if an insect gets entangled.

Some spiders can rapidly tichten and loosen their webs. The triangle spider
Hyptiotes (Uloboridae ) makes a triangular web with only 3 sectors. A long sig-
nal thread held by the spider’s claws of the first leg (Fig. 11-30) is attached to
the point of meeting of the 4 radii. The spider attaches its spinnerets to a branch
by a thread which is held by the 4th leg. The spider always bridges a gap.
When an insect flies into the web, the spider immediately lets out silk from its
spinnerets. reducing the tension on the “signal line” and therefore on the whole
web. This increases the chances of the prey becoming entangled. Theridiosoma
uses a spring trap of similar design.

The tropical Miagrammopes stretches a single horizontal thread 1 m. or some-
tmes 2-3 m long, the center of which is covered with cribellate silk. When
loosened in the same wayv as Hyptiotes it can entangle a bluebottle fiv. The
small Phoroncidia (=Ulesanis) uses a similar thread but on a reduced scale,

Ogre-faced spiders, Dinopidac. prey in a different wayv. They spin 2 small
rectangle covered with cribellate threads (Fig. 11-31). The 4 anterior legs hold

Fig. 11-30. ‘eb of Hyptiotes paradorus. spider at left at end of thresd: length 30
cm. (After Wichle.)

Orda- Aranege - "

the comers. If an insect approaches, the spider spreads the web 56 times its
width and moves toward the insect, entangling it.

The dinopid web is made below a bridge (Fig. 11-31a. heavy lines) between
the branches of a shrub. The first frame thread goes from A to C, the second
from B to D. Threads 3 and 4 are attached about 2 cm below the previous
threads. Last. threads 7 and § are made. While facing upward, the spider
tightens the web with cross strands. Then the array of cribellate threads is laid
(Fig. 11-31b, ¢). This all takes about 7 minutes. The spider now breaks vertical
threads, 1 below A. thus freeing the elastic threads from all vertical lines (d).
Now the spider backs up. holding threads 3,4, 5 and 6 with the first and second
legs, stretching the snare to several times its original size. While hanging at an
angle of 457, the spider holds the snare loosely, the third legs resting on threads
L'and 2. At the closé approach of a fiving insect, signalied by vibration or air-
current, the spider stretches the web several times. Small drosophila-sized in-
sects are taken from the web directly with palpi; large captives are wrapped
with swathing silk and what remains of the snare. At daybreak the spider
abandons the web or eats it, and retumns to its resting place along a branch,
appressed parallel to the branch. (After Theuer, unpubl.)

A very reduced web, consisting of a single thread, is constructed by certain
orb weavers, the bolas spiders, including Mastophora in America, Dicrostichus in
Australia, and Cladomelea in Africa. The spiders hang at night on a horizontal
thread to which is attached a pendulant thread with a droplet of glue at the
free end. African and Australian bolas spiders swing the bolas intermittently in
a circle before taking off the insects stuck to jt. Mestophora waits, motionless,
until a moth passes, then swings the bolas in the direction of the moth.

Theridiid spiders of the genus Argyrodes live as symbionts in the webs of orb
weavers, other theridiids, linyphiids, or pholcids. Argyrodes connects its own
minute web to that of the host, and takes small insects caught in the periphery
of the host’s web or may join the host and feed at the other end of the captured
prey. Argyrodes argyrodes cannot be raised without the web of a host. Some
individuals have been observed from hatching until egg sac constructicn in the
web of the host, Cyrtophora. - ’

FEEDING AND DIGESTION. While hunting spiders feed immediately after ca-.
turing prey, orb weavers and some others may wrap their prey first in silk. Diges-
tive juice from the midgut (and also probably poison glands) penetrate into the
wounds, rapidly digesting proteins which are then pumped in before new diges-
tive juices emerge. The endites prevent the juice from running over the sternum,
its setae and spines and those of the labrum prevent large particles from entering
the gut. A second filter is in the pharynx, the anterior wall of which has a series
of transverse ribs that sereen out particles.

All species lacking teeth on the chelicerae suck up liquid nutrient only and
the empty exoskeleton of the prey is dropped or hung up in perfect condition.
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Fig. 11-31.

Counstruction of a Dinopis spinosus web: (a) guy lines; distance between
branches, 25 ¢m; (b) tightening of guy lines; (c) beginning of cribellate strands; (d)
finished web; (e) spider holding snare; spider 2

thesis, courtesy of Prof. H. K. Wallace.)

2 cm long. (After Theuer, nnpubl.

Many (Pholcus, Latrodectus, Filistata, Eresus) simply bite into the leg of the
‘prey and through it pump digestive juice into the body; the digested soft parts
are then sucked out again. Latrodectus may suck out June beetles (Scarabidae)
several times its size. Spiders with cheliceral teeth opposite the fang (Fig. 11-
Ib) chew up the prey until the exoskeleton- is completely mangled. Most
Theraphosidae, orb weavers, agelenid funnel weavers, and wolf spiders chew

their prey. Sometimes the chewed up ball is dipped into water before being

discarded, and captive spiders often discard it in the water container.

The flattened pharynx and pumping stomach pump rhythmically at certain in-
tervals. In Tegenaria domestica each pumping period lasts 1--2 minutes; the con-
sumption of a whole fly takes almost 3 hours. In transparent spiders it can be
seen that the ceca of the abdomen contract rhythmically, producing additional
suction. The epithelium of the ceca servus both for further digestion and for

179
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absorption. Glandular cells secrete into the lumen of the cecum while nutrient
cells take up food mash and digest it intraceliularly.

1In extracts of prosomal and abdominal ceca of Theraphosidae there are pro-
teinases, amylases and lipases. The food material is transported into the cellular
cunnective tissue which surrounds all ceca and is stored there. Fecal material
accumulates at the tips of nutrient cells which constrict, break of and. with the
excretory material. fall into the lumen and pass via the midgut to the cloaca to be
sorted with excretory material from the Malpighian tubules until finally deposited.

Many spiders regularly drink water.

RESPIRATION. The spiracles in most spiders are marrow slits that can be
closed. a protection against transpiration. They are opened if touched by a
stream of CO. or a drop of water. The CO. concentration within the atrium
conwols the spiracle opening. Plugging the book lung spiracies of Tescnaria
domestica with vaseline immobilized the spider in 6 minutes: the heart stopped
beating after 100 minutes. Presence of hemocyanin has been demonstrated in
the hemolymph of several spiders.

CIRCULATION AND MOVEMENT. In spiders and probablyv other chelicerates
the circulatory svstem serves the additional function of extending the legs.
While flexor muscles are present, extensors are absent in most joints. The re-
markably high blood pressure of 130 mm Hg (and increases are common) has
been measured by cutiing a leg of the funnel weaver Tesenaria agrestis, catch-
ing the biood on filter paper. and weighing it to calculate the blood loss per
minute. Then another Jeg was removed and known pressures applied to obtain
similar flow. The pressure necessan: to break the exoskeleton of a spider about
to molt was calculated to be 260 mm Hg by this method, by applving pressure
to an anesthetized spider, and by finding the tearing strength. Similar pressure
readings were obtained for the funnel weaver Tewcnaria atrica by sealing the
leg into a sleeve and applying known pressures until toe joint membrane col-
lapsed. The pressures measured 50 to 110 mm Hg. but reached 240430 mm Hg
for short periods when the spider was stimulated. Evidence that extensor mus-
cles really are lacking and have not been overlooked is that thirsty spiders,
spiders that have had the carapace punctured. and dving spiders hold the legs
in flexed position. This is not true in arthropods that have extensor muscles; a
wasp with the abdomen removed may still be able to walk about.

" Classification

In the past it was thought that the families of spiders could be sorted on
the basis of presence or absence of a cribellum. The research of Homann on
spider cyes and Forster’s studies of New Zealand spiders showed thar this is
wrong and that eves and other structures are more useful characters, the
cribellum having been lost several times. It is expected that there will be
further changes in the arrangement presented here. '
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Spider nomenclature starts with C. Clerck, 1757. Aranei Suedici, rather than with
Linnacus' 10th edition cf Regnum Animale Systema Naturae, 1758.*

The spellings for gencric names here follow accustomed usage as in Bonnet's Bibli-
ographia Araneorumt (rather than the scidom used speliings' of Roewer's Katalog der
Araneae), in kecping with the spirit “to promote stability and universality of scientific
names of animals,” expressed in the Preamble of the Internarional Code of Zoological
Nomenclature. : i

In casc two or more names for 2 family are in use, the name adopted here is the one
correct according to the International Code on Zoological Nomenclature (196 1)

SUBORDER MESOTHELAE

Although the prosoma is covered by a carapacs, the abdomen is clearly segmented
dorsally from VII (pedicel) to XVIIL The spinnerets are in the middle of the venter
(Fig. 11-1). Thec chelicerae are orthognath (paraxial) and the pedipalpal coxae lack
endites. The fused prosomal ganglia number 18, bur are morc distinct than in higher
spiders. The heart has 5 pairs of ostia, located in metameres VIII to XII. There are 2
pairs of book lungs. The nine Recent species, from 1-3.5 cm long, occur in southeastern
Asia to southern Japan, and live in trapdoor tubes.

Liphistiidae+ is the only family. Liphistius,* 10 3.5 cm long, inkabits a tube as decp as
60 cm, widened at the end to form a chambpe:. From the opening of the tube there
are 6-8 radial threads tha: may serve 1o trip poiential prev. The spider sits underncath
the wapdoor, holding it shut with its chelicerae. The egg sac, 3.2 cm in diameter, is
made of silk encrusted with earth. Heprathela (Fig. 11-1) has horizontal silk-lined tubes,
penctrating 10-13 cm into embankments.

SUBORDER ORTHOGNATHA, MYGALOMORPH SPIDERS

The chelicerae are paraxial or orthognath; that is, they arc attached anterior to the
carapace and move parallel to the long axis of body. The coxac of the pedipalpi are
similar to those of the legs, except in Atypidae. There are 2 pairs of book lungs, usually
4, rarcly 3 pairs of heart ostia. The bulb of the maic pedipalp is simple and pear-shaped
(Fig. 11-14). There is no cpigynum. Neither cribellum nor calamistrurm is present.
Segments XIII to XVIII have. lost their sternites. The spinnerets are at or near the
posterior end of the body. Ganglia XIII to XVIII have disappcared, the others are
closely concentrated. The abdomen always has fewer than 4 pairs of dorsoventral
muscles and has a pair of dorsal longirudinal rauscles, at least in young spiders. Most
species arc large, long-lived, and most occur in warm countrics; about one-third of

**This exception is in accord with a provision to the Internatonal Code on Zoological Nomen-
clature, Arddle 26, passed by the International Commission on Zoological Nomenclature, 1948, and
the Inw -natonal Zoclogical Congress, and published in the Bull Zool Nomencl 4(10-12):315-319.
After the International Congress of Zoology in London in 1958 adopted a new code, Clerck’s work
was placed on the Official List of Works by Direction 104 of the Internatonal Commission on Zoo-
logical Nomendlature (1959, 8wl Zool Nomenel 17(3-5):89-91).

TAn excepton is the generic name, Thaeridion, the curcent spelling of which was placed on the
Official List of Gcncr?c Names in Zoology by Opinion 517 of the Intemational Commission in 1958.

sThe names Liphistiidae and Lipaistius arc on the Official List of Famiiy and Generic Names in
Zoology.
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the schics are found in the. Americas, from Alaska as far south as Tierra del Fuego.

Crenizidae, Trapdoor Spiders. The wapdoor spiders have 3 tarsal claws. Their che-
licerae have a rastellum or rake (Fig. 11-32), a row of spines used for digging. The labium
and sternum are scparated. The eyes are closely grouped. The abdomen lacks sclerites and
is not hairy. Most species are 3 cm long or larger. The spider constructs a silk-lined tube
in the ground, its entrance covered with a hinged silk lid, camouflaged outside and held
shut by the spider, which preys on passing insects or woodlice. The tube is enlarged as the
spider grows. NVemesia is found in southern Europe; its tube has blind lateral branches,
sometmes separated from the main tube by a door. Cyclocosmia, found in the south-
castern United States and China, has a truncate, heavily sclerotized and sculptured abdo-
men, which plugs the bottom of the tube and protects the soft prosoma should the tube
be invaded. Ummidia and Myrmeciophila are common in the southeastern states, Bothrio-
¢yrum in California. In an Auswalian Aganippe burrow, the remains of 13 frogs more
than half the size of the spider were once found, the spider apparcﬁdy having had an acci-
denzal vertebrate food source. Aporoprychus is found in Santa Cruz, southern Argentina,

Anmodiaeridae. There are $ tarsal claws. The chelicerae have a rasteilum, the abdomen
has tergites and is not very hairy, and the anal tubercle is scparated from the $-6 spinnerets
by a considerable distance. The door of the burrow is usually a low collar or turret that is
collapsed inward when closed. Anmodiaetus, the aduit female of which measures 15 to
25 mm, occurs from eastern New York to the Pacific Coast and north to Alaska, and
south to the Gulf States.

Actinopodidae, Trapdoor Sp;derx_ The leg tarsi bear 3 claws. The chelicerac have a
rastellum, and the labium is fused to the sternum. Unlike Ctenizidae, Actinopodidae have
the cye region extending across the width of the carapace anteriorly. Actinopus occurs

In Argentina, ocher genera in Africa and Australia.

Diplunidae. Funneiwep Mygalomorphs. The leg tarsi bear 3 claws. The chelicerae lack
a rastellum. The carapace is flat; there are 4 or 6 spinnerets, the posterior (lateral) spin-
nerets being very long with 3 segments of cqual length. The body is hairy. The funnelweb
is similar to that of the Agelenidae. Diplure, Hexathele, Evagrus and the much-feared
Ausualian Azrax belong to this familyt Trechona of South America is potsonous but
rarcly comes into contact with man. dccolz is another genus. The North American
Microhexura is only 3 mm long.

Mecicobothriidae, Funnelweb Mygalomorphs. The legs have 3 tarsal claws. The che-

:licerae lack a rastellum. The carapace is flat, the abdomen always has sclerites indicating

the border of segments. There are 6 spinnerets, 2 pairs short and 1 long; the anal tubercle
is scparated from the verv long posterior spinnercts. They live among leaves or under
logs. where they consuwuct a funnel web. Hexura, 12 mm long, occurs along the North
American Pacific coast to Washington.

Migidae, Funnelweb Mygalomorphs. There are 3 tarsal claws. Chelicerae lack a rastel-
lum; the labium is fused to the sternum (as in acypids). There are only 4 spinnerets. All
ocaur in the southern hemisphere. Calathotarsus is known from Chile.

Atypidae, Purseweb Spiders. There are 3 tarsal leg claws. The coxae have endites, un-
like those of other Orthognatha; there are six spinnerets. The few species all are less than
3 cm long. Afypus is found in eastern United States, northern Europe, Burma, Java and
Japan. It constructs an open silk wbe that extends ints a hole and up the ouwside of a
tree trunk in American species or along the ground in European species. When an insect
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rastellum

Fig. 11-32. Left chelicera of Bothriocyrtum (Ctenidae)

] inside view, about 2
diameter, ' s

settles en the above-ground portion of the tube t
tube and pulls the prey inside.

Theraphosidae (Aviculariidae). There are only 2
tulas” in the United States, these are very large, ha

he spider bites through the silk, tears the

tarsal claws. Usually called “taran.

: iry, non-social nocturnal spiders with
claw tufts, 4 spinnerers, and 8 eyes closely grouped. M

feed on large insccts or occasionally on amphibians, reptiles or nestling birds. They rear
up defensively when disturbed, raising the chelicerae, pedipalpi and first legs. Some
produce noise at the same time by suidulation. Few if any ;pcci:s in the Americas are
dangerously poisonous to man. The hairs of many specics are urticating; gradually lost
from the dorsum of the abdomen, they are replaced’ at the next molt. Some, when
disturbed, will actively rub the hairs off with the last legs; the irritating light hairs fioating
.in the air, probably discouraging potential vertebrate predators. The large species mature
in about 3-10 vears; the males may live less than a year after becoming mature, Females

. 0 . . . .
live from 15-20Q vears (in capdivity). Nocth American species live in deep oburrows. The
members of the subfamily Aviculariinae

fost are found in the tropics and

is common in south cenrral United States. Pamphobereus is included here.

Pycnothelidae. There are only 2 tarsal claws
scopulac; the labium-is fused to the sternum but has a seam. The cyes are on a tubercle:
there are 4 spinnerecs. This family is found only from Brazil to Patagonia. ’

Paratropidae, Funneliveb Mygalomorphs. These have
ciaw hair tufts; there is neither rascellum (rake)
to the sternum, which is wider than long. There
family make a funnel web and ace found in the

Barychelidae. There are only 2 tarsal claws, but the chelicerae have 2 rastellum (rake)
like that of the rapdoor spiders. They dig in soil or live

‘ on trees under bark, where they
construct tubes. Representatives are found in South America Australia, Africa and
India_ ' '

» but no claw hair tufrs. The tarsi have

only 2 tarsal claws, but have
nor palpal endites. The labium is fused
arc 24 spinnerets. The members of this
Amazon region only.
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SUBORDER LABIDOGNATHA, ARANEOMORPH SPIDERS

The chelicerac are labidognath (diaxial) and work like plicrs against cach other {Fig.
11-53}). They arc attached below the carapace. The pedipalpal coxae are modified as
endites. There usually is only 1 pair of book lungs, somcrimes replaced by trachcae,
and in the 9th segment, 1 pair of lateral tracheae and usually also a pair of median tracheac
derived from hollow apodemes. Both pairs open through a single median spiracle. The
hearthas 4, 3, sometimes only 2, pairs of ostja. Neither cribellum nor calamistrum is present.
Scgments X1 to XVIII have lost their siernites and the spinnerets are usually at the
postcrior end of - the abdomen. Ganglia XIII to XVIII arc lacking, the others closely
bunched. The abdomen aiways has fewer than 4 pairs of dorsoventral muscics, and has
a pair of dorsal longitudinal muscles, at least in young spiders. The smallest species are

only 0.7 mm long.

Secrion I. Eves of special type (Homann. 1971) examined only in Hypochiiidzs.
HYPOCHILOIDEA

Fouwr large respiratory slits: book lungs anterior, lungs or tracheac posterior on middie
of venter; with or without cribellum; chelicerae diagonal; no cpigynum: cuticlz over
sccondary cyes not forming lens; 4 pairs cardiac ostia; pedipalpal coxace form lzrge endires.

Hypochiiidae. Cribellum -on short cone; double row calamistrum: 2 pairs of book
lungs; labium fused to sternum or free; 2 pairs seminal receptacles. Hipochitus, 0.8 cm,
has 5 tergites {metameres VIII to XII), Posteriorly 4 arcas are separat=d by foids which
corrzspond to scgments of longitudinal muscle. Dorsum of abdomsn, inciuding anal
tubercle, therefore has tergites VIII to XV, while the undivided part has tergites X VI to
XVIIL. The iegs are very long. There are 4 species in North America. The spider constructs
a lampshade-like web under overhanging cliffs and hangs in the center surounded by
web. Flies circling up arc entangled in cribellate threads. Eczatosticta david: is found in
China.

Hickmaniidae. Cribellum on short cone; single row calamistrum; 2 pairs book lungs;
labium fused to sternum; 2 pairs seminal receptacles; posterior spinnerets shorw. Hickmania
rroglodyies of Tasmania. )

Thaididge. Cribcllum on short conc; single row calamistrum; 1 pair book lungs, pair of

* trachcace posterior; labium fused to sternum; 1 pair seminal recepracies; posterior spin-

nerets long. Thaida pecuiiaris is found in logs and hollow trees. lt¢ makes a funnel web.

Gradungulidae. Found only in Australia and New Zealand. members of this family
have 3 claws, 2 pairs of book lungs, 4 pairs of heart ostia, 6 spinnerets, ané a colulus.
The chelicerae are intermediate berween orthognath and labidognath placement and
project forward. The noctumal Gradungula hunt in moist forests and supcrficially resem-
ble wolf spiders. The tarsi of legs onc and two have the anterior claw muck longer than

the posicrior. The spiders make little use of silk. -

Secrion 2. Primitive type tapetum in sccondary cyes; rnabdoms enter through holes
in tapetum.
DYSDEROIDEA

Four spiracles and trachecac well deveioped extending into prosoma; cheiicerae scpa-

rate, somcumes with denticles; 0 to 6 eves, anterior medians always lost; no cpigynum,

o

il

At
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" single median seminal recepracie; palpus simple, no conductor; no cribellum, colulus

somectimes lost; 2 pairs cardiac ostia. ) ,

Dysderidge. Tracheal spiracle behind and paraliel that of book lungs. 2 or 3 leg claws.
Dysdera,” 1.4 cm long, makes a retreat between stones or at grass roots; nocturnal
hunters, they feed on woodlice. Segestria lives under bark or in hollow trees. The wide
end of the tube in which the spider lives continues as about 12 radially diverging threads
over which potential prey stumbles. The other end of the funnel is open, providing an
emergency exit. At night Segestria waits near the enwmance. Arigdng has similar habits.,
Both rest holding 3 pairs of legs forward, the last pair back.

Oonopidae. These minute, mostly 6-eyed spiders, less than $ mm long. have relatively
short legs. They often lack lungs and have tracheal tubes extending into the prosoma.
Spiracies in transverse furrow; 4 to 6 eyes, closcly grouped; no colulus. Many have sclera
on the abdomen. They live in leaf litter. Oonops and Orchesting are included here.,

Telemidae. These are minute cave spiders with 2 posterior spiracles between genital
groove and spinnerets; no eyes, colulus, 3 leg claws.

CAPONIOIDEA

Four spiracles; no book lungs. Two or rarely § cyes but anterior median eyes always
present; no cpigynum, single median seminal receptacle, palpus simple, no conductor;
labium longe: than wide, fused to sternum; 3 or 2 leg claws; no cribellum, no colulus;
2 pairs cardiac ostia.

Caponiidas. Found in warm climate on ground.

SCYTODOIDEA

Two anterior spiracles and a median posterior spiracle, posterior tracheal svsiem
reduced or lost; chelicerae joined at basc by mecmbrane; 6 or 8 eyes, if 6, in 3 diads
and anterior medians lost. Clypeus high; no cpigynum; palpus simple; cribellum present
(Filistatidac) or lost; large colulus if no cribellum; 3 pairs cardiac ostia.

Filistaridae. The eyes are closcly grouped and the legs have 3 tarsal claws. The very
large poison giands are branched. The cribellum may be rudimentary or perhaps absent.
Filistata, 1.5-2 .<m, builds a silken tube in a crevice with radianng trip threads at the
opening. It is found in wanmer parts of North America and Europe. ¢

Scytodidae, Spirting Spiders. The 6 eyes are arranged in 3 groups. The high domed
carapace slopes forward; it accommodates the large poison and salivary glands. Scvrodes
thoracica, 5 mm iong, is found in buildings of northern latitudes; other species arc tropi-
cal. All spit at their prey or at potential encmics (Fig. 11-12). The sccretion consists of
a thread combined with a viscous substance, and may overpower or slow down larger
animals. Panwropical Scyrodes fusca occupies 2 web; other species hunt at night, moving
slowly.

Loxoscelidae, Brown Spiders. These spiders have 6 cyes in 3 groups, as in Scytodidac,
but have a low carapace and do not spit. They overpower their prey with poison after
it becomes entangled in the irregular sheet web. The bite of all species of Loxosceles
appears to be poisonous to mammals, causing an ulcerous growth in serious cases. Almost
all bites reported arc from the Americas. The brown recluse, L. reclusa, the North Ameri-
@an species causing most accidents, is found from Georgia to central Indiana and west

*The name Dysdera is on the Official List of Generic Names in Zoology.
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to castern Texas. L. laeta is feared in some parts of South America. An individual of
Loxosceles laeta lived more than 5 years in a terrarium {R. Wheeler. private communica-
tion}; it was presumably adult when collected. .

Sicartidae. Six-eyed crab spiders arc limited to the southern hemisphere except in
America, where they are found as far north as Costa Rica. They have § cyesin 3 groups
and hold the legs in a crablike positior, laterigrade. They inhabit sandy or dusty sites.
South African and perhaps American species make sounds. American species of Sicarius
bury themselves under the surface of the sand.

Digueridae. The 6 cyes are arranged in 3 groups. The long carapace and abdomen are
covered with short hairs, giving them 2 colorful appearance. The spider lives in or under-
neath a vertical silk tube suspended in the center of a sheet of threads in shrubs. A loose
mesh sheet extends nearly horizontally from the lower end of the tube. Diguetia are
known only from the North American southwest and Argentina.

Plectreuridae. The 8 eyes arc arranged in 2 rows and the legs are heavy. They are
found in the dry American southwest and eastern Mexico, hanging upside down in 2
loose web under stones. ‘

Temrablemmidae. Chelicerae free; 2 to 6 eyes; lungs reduced or lost, posterior respira-
tory organs lost; abdomen armored; 2 seminal receptacles. Less than 4 mm long, in tropi-
cal licter and soil. . .

Pacullidae. Chelicerae free; 6 eyes in 3 diads; lungs developed, posterior respuratory
system lost; abdomen armored; 2 seminal receptacles. Found in tropical litter, south.

castern Asia to New Guinea

PHOLCOIDEA

Two anterior spiracles and a median posterior spiracle; posterior respiratory svstem
lost or present; chelicerac joined at base; 6 or 8 eyes. if 6 anterior medians lost. Legs
long, tarsi may have false articulations; epigynum sometimes present; male palpus with
hematodocha and tibia with apophyses; colulus.

Pholcidae, Daddy Longlegs Spiders. The tarsi of the long legs have many false articu-
ladions. All species lack tracheae. A swelling is present in the genital region of the female,
but the entrance to the’ receptacles is in the vagina. They may make a loose cobweb.
Pholcus, the cellar spider, to 1 cm long, shakes its-web rapidly when disturbed; blurring
the spider. A fly in the web is wound up in silk by the long fourth legs before it is bicten.
Spermophora is the short bodied cellar spider.

Lepronetidae. Cheliceral margins toothed; 6 eyes, 4 touching in a recurved row, 2 side
by side more posterior.

Ochyroceratidae. Chelicerae with lamella, § eyes touching, anterior respiratory system
are tracheae. Often in caves. Theonima is parthenogenectic.

Secrion 3. At present uncertain placement; families (superfamilies) not related to each
other.

Nicodamidae. Low carapace: 8 eyes, no tapetum; colulus or may have cribellum;

posterior spinncrets slender and longer than anterior; terminal article longer than basal;
male palpus with large tibial apophyses; no paracymbium; epigynum; 3 leg claws. Aus
tralia, New Zealand. found under back or stones near ground.

PN
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DINQPOIDEA

Cribellum entire; no tapetum: 3 claws; 3 pairs cardiac ostia; make orb-webs or derivative
of orb.

{Nloboridae. These lack poison glands. Uloborus, the feather-legged spider, 0.6 cm long,
makes nearly horizontal orb webs resembling those of Arancidae except that the spiral
threads are cribellate. Social species of Uloborus make webs in'dense colonies. Svbora
makes a vertical orb web having cribellate radii and plain temporary spiral threads. The
center ‘does not float free but is attached by a thread to a branch above. Like Uloborus.
the spider sits in the center of the web. Miagrammopes, to 1.2 cm long, has only a single
thread as snare. Hyptiores, the triangle spider, to 0.6 cm long, makes a triangular web
and holds taut a single thread attached to the hub (Fig. 11-30).

Dinopidae, Ogre-jaced Spiders. These have eves in 3 rows. Dinopis, to 2 cm long, has
its huge anterior eyes directed forward; their adaptational significance is not known. Iz
occurs in tropics around the world and sits in shrubs holding its web (Fig. 11-31). Mennzus
has smaugr eyes, but constructs a similar web. '

ERESOIDEA

Divided cribellum, rarely lost; heavy massive carapace; 8 small eyes far apart in 3 rows,
no tapetum; 3 claws; 4 simple tracheae; 3 pairs cardiac ostia.

Eresidae. Found in the Old World only; they make 2 funnel-like web. The hairy body
superfictally resembles that of theraphosids. Stegodyphus is colonial; it occurs in Africa
and the Orient. Eresus niger of Europe has males with a bright red abdomen; females are
black. The eyes are relatively small and probably vision is neither acute nor tmportant
in recognition of the sexual partner.

Secrion 4. Canoc tapetum in eyes, rarely sccondarily lost.

PALPIMANOIDEA

Posterior spinnerets reduced or lost; tarsus may have trichobothria; 3 (rarely 2) claws;
no crivellum; no colulus; epigynum present or absent.

Zodartidae. Members of this very heterogencous family have 2, 4, or 6 spinnercts;
some have only 2 claws. Most hunt on the ground. Zodarion and Cryprothele beiong here.

Palpimanidae. Most have very strong front legs, which are held up in walking; there are
usually only 2 spinnerets. They occur in warm climates.

Stenochilidae. Strong legs one and two with small veneral scopulae on metatarsi; 2
large anterior spinnerets and 4 minute posterior; 8 eyes; no epigynum. A few species in
warm climates.

Mecysmaucheniidae. Legs equally stout; 6 or 8 eyes; if 8 anterior medians small, tape-
tum lost; head region elevated and chelicerac long; no epigynum. Several species in Chile.

« Archaeidge. Head very high, cheliczrac atrached high up below cyes, elongated indepen-
dent of cach other; no cribellum, colulus; 6 eyes, no tapetum; § spinnerets; no epigynum,
median seminal receptacle; 3 leg ciaws. Small spiders mostly of Madagascar, species also
in Africa, Australia and New Zealand; these hunt spiders and immobilize prey by poison
or impale on fang. Placement in Palpimanoidea is doubdful.
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ARANEOIDEA

These have 3 leg claws. They arc web spiders with anterior and posterior spinnercts
short and conical, covering the smaller middle pair and forming a circle with the anal
tubercle. Our commonest spiders are included in this superfamily. The males of many
species have very complex palpi (Fig. 11-14b). Tarsi lack trichobothria.

Theridiidae, * Cobwed Weavers or Comb-footed Spiders. The ventral comb of serrated
bristles, usualiy found on the tarsi of the fourth legs, is used to throw threads over prey
caught in the web. Therc arc more than 1300 species, 0.1-1.5 cm long. Theridion has
many species. 2 few with 2 dome- or thimble-shaped retreat. Achaearanea tepidariorum
is the house spider of America. Tidarren has minute males that remove onc of their huge
palpi by twisting it off after the penultimate mol. Argyrodes (=Conopistha) lives as 2
svmbiont in webs of other species. Strearoda (= Teutana. Lithyphantes) lives under bark or
siones, sometimes in houses. Phoroncidiz (= Ulesanis), 2 mm Jong, like Hyprores holds
2 horizonta! sticky line that may have 1-3 vertical threads. Larrodecius maciars is the
black widow or maimignatte, poisonous to mammals. .

Nesricidae. These possess a comb of serrated bristies on leg 4. Most species are light
in coior. They have tceth on the chelicerae. A large colulus is present. 2s in only a few
Theridiidae and all Linyphiigac. They make a cobweb and carry their egg sacs attached
1o the spinnercts. Some live in caves or ccllars. Vesrcus is widespread.

Lmyp-hlia'ae, Sheerweb Weagvers. Unlike most theridiids, linyphiids have many teeth on
the chelicerae and chew their prey. The legs have many strong setac. Linyphia is a wide-
spread genus. Micryphantinae, the dwarf spiders. include many species of the northern
hemisphere and Artic. most of them about }-2.5 mm long. They arc among the most common
and abundant spiders in the northern hemisphere. £rigone and Holorates ars included.

Araneidae {Argiopidae), Orb Weavers.
the chelicerac have many teeth. Most species make an orb web. More than 2500 species

The legs have many suong sciac (“spines”™),

arc known. Araneus (=Araneg, Epeira) is the largest spider genus. Some members sit in
the center of the web at night and in the reweat, a rolled-up leaf, during the day. Araneus
diadematus, the garden or cross spider (Fig. 11-33), originally European, has been intro-
duced into North America; females reach 1.7 cm in length. The spider rests in the center
of the web, and the vibratons of the prey in the web are transmitted through the spokes
to the spide:’s legs. The spider turns to face the prey, and plucks at the threads. Experi-
ments show that the spider can tell whether the prey has been caught and its approximate
weight. It approaches large prey more slowly than small, and touches the prey with the
palpi The prey is then wrapped in silk by turning it rapidly on its longitudinal axis with
the third leg while the fourth pulls out silk for wrapping. The prey is birten, cut out of
the web, and carried to the retreat. If the prey is active it is immediately bitten before
wrapping. Small prey is carried in the cheiicerac; large prey by spinnerets or fourth legs.
Chemical stimuli are of importance in determining responsc to prey. Courtship consists
of piucking web strands by the male and suoking the female. Copulation lasts only 10-20
seconds. . The eggs arc deposited in fall, enclosed in several fluffy, spherical. silk cocoons.
After making the last cocoon the spider is exhausted and dics. The eggs overwinter.

=The name Theridiidae is on the Official List of Family Group Names in Zoology. The names
Enoplognatha, . Theridion, Latrodecrus are on the Official List of Generic Names in Zoology. The
name Theridium has been suppressed. Placing the names Argvrodes, Robertus, and Treonoe on the
List 1s unde: consideraton by the Internat. Comm. Zool. Nomenclature. R
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Fiz. 11-33. Adraneus diadematus:, 1.6 cm long.

Some important genera are Zygiella, Meta. Argiope. ™ Argiope trifasciarc. the cormmon
American banded zrgiope, is cosmopolitan but absent from Europe; A aurania is the
Amercan black and vellow argiope; botn always hang head down in the center of the
web. Gasteracantha (Fig. 11-34) and Micrethena are heavily sclerotized and have abdom-
inal spines; they hang in the middle of the web. The frames of their webs are decorated
with tufts of silk. Many orb weaver species have dwarfl males, different in appearance
from the females. Nephila females may rcach 6 cm in length, while the males are minute.
The voung of Nephila make complete orb webs; the adults make only the lower half,
filling the center with loose mesh. The males are found in the webs of the females.
Cyriophora and Mecvnogea (=Allepeira) make horizontal dome-shaped orbs lacking a
viscid spiral, but sucky threads are used in a mass of threads above the web. The bolas
spiders. Cladomelea, Dicrostichus and Mastophora, make no orb webs, but usc a viscous
drop of silk at the end of a line to catch insects, which are attracted by the spider
mimicking the insect’s p_hcrorﬁonc. :

Mimeridae. Predators on other spiders, mimetids do not construct a web. They have
a characteristic row of large sctac pn the first pair of legs. £ro, 0.4 cm long. hangs under
leaves with legs flexed and catches passing spiders by suddenly extending the long legs.
Others enter the webs of spiders and overpower the inhabitant. Females of £ro furcata
have been observed to imitate the courting behavior of the male of Mera segmentara of
Europe before attacking the female. ’

Terragnathidae. The males have very long chelicerae, with which they hold the female
during mating. The epigynum is sccondarily absent. Orb webs are constructed. Terragnatha,
to 1.5 cm long, has a narrow, clongated abdomen. Some species build a horizontal orb.
often over water. The spider may be very inconspicuous, appressed to a twig and holding
the anicrior legs forward, the posterior legs straight back. Pachygnatha does not make
an orb.

*The genus Argiope an the Ofiicial List of Generic Names in Zoology.
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Fig. 11-34. Gasreracantha cancriformis, 1.3 cm wide.

Mysmenidae. Minute spiders with-

high carapace; abdomen spaerical to higher than
long.

Males have spur on first legs. Found in leaf litter, world-wide.

Anapidae. Minute spiders ha
chelicerae; mostly tropical; orb-w
Symph viognathidae.

ving an anterior spur projecting from labium between
cb weavers.

Minute spiders having chelicerae fused at base; anterior median
balp a lobe or absent. Some make small orb-webs.

The area below the cves is large, the chelicerae lack the boss

dae, and the legs lack strong setae. Theridiosoma gemmosum, 2.8

ical orb from the center of which a horizontal thread goes to a grass
blade. The spider sits on the horizoncal thread, holding it taut wich the front legs, de-
forming the ocb inco 2 funnel with loops of ioose thread bencath the spider’s prosoma.

the spider releases the tension, the funnci-shaped orb
w close. The egg sac has a long stalk.
adae. Minute spiders having pegs and cheliceral teeth.

characteristic of Aranei
mm, makes a very

flattens. and the sticky threads dra
/Wicropholcomma

AGELENOQIDEA

Six sDinnerets; trichobothria on tarsi, 3 tarsal claws; 4 slender unbranched tracheae
limited t0 abdomen, Usually 8 eyes in 2 rows; cribellum present or absent; colulus present |
ot absent; male palpi with tibial apophyses. Spiders run on webs. Four families: Agelenidae
and Amaurobiidae world-wide, Amphinectidac and Neolanidae found in New Zecaland
and probably Australia,

Agelenidae, Funnel Weavers. Most species make 2 funnel-shaped retreat at the edge of
a fiat web (Fig. 11-292). The anterior (lateral) spinnerets often arc long. The grass spider
of Europe is Agelena, of North America, dgelencpsis. Tegenaria, the European house
spider, includes Some species that live under logs. Coelotes™ feeds ig_s voung.

Amauropiidae. These (particularly Titanoeca) resemble Agclenidae, but the spinnecrets
differ. Amauropipys> (Fig. 11-24) makes an irregular funnel bewween logs and stones

*The name Amaurobius is on the Oof

fcial List of Generic Names in Zoology and the name Cinifto
has been suppressed.
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with irregular cribellate threads near its

entrance. There are 3 claws and 2 or 3 rows of
trichobothria.

DICTYNOIDEA

Six spinnerets; trichobothria on tarsi, 3 tarsal claws (except Anyphacnidea); usually

8 cyes in 2 rows; strongly branched tracheac; cribellum present or absent; colulus present
or absent; male palpal tibia with apophyses.
Dictynidae. Cribellum entire:

tracheal spiracle near spinnerets. Dictyna is at most 0.4
cm-long. Some species live in for

ks of twigs in low vegetation (Fig. 11-26), others build

a web underneath leaves, a cobweb of cribellate threads. Mallos, somewhat larger, may
make a tube in crevices of cliffs. '

Hahniidae. Usually 6 spinnerets in a transve
in advance of spinnerets. Make small sheet web

Anyphaenidae. No cribellum, no colulus, tracheal spiracle midway between spin-

nerets and genital groove. Two pairs cardiac ostia; 2 tarsal claws. Medium sized spiders

fse row; no cribellum; tracheal spiracle
s in depressions or in moss.

in South Africa, Tasmania, New Zealand and Sub-
zones. The spider constructs a nest, 3-¢ cm long,
it feeds on marine crustaceans. [t is believed to be

Desidae. No cribellum except Matachia;

in a rock crevice sprayed by salt water;
distributed over the ocean.

colulus ‘present; tracheal spiracle siightly
cts close together, posterior without distaf
feeds at low tide on small crustaceans; at high tide

anterior; 3 pairs cardiac ostia; anterior spinner
article. Desis of Australia, 1.6 cm iong,
it retreats into mollusk shells or rock cr
silk cover.

Argyronetidae. No cribellum: no colulus
nerets and genital groove

evices and seals openings with a water impermeable

3 tracheal spiracle midway between spin-
¢ 2 pairs cardiac ostia; no scopuiae. Argyroneta aquanca, the
Eurasian waterspider, 2 cm long, has a large pair of sieve tracheac. Underwater a thin
silvery ~nvelope of air adheres to the feather-like hairs of the spider. At some points
longer hairs, like pillars, hold the air envelope surface at some distance from the body.
From time to time the spider surfaces and thrusts the abdomen and spinnerets through

» there being a constant §as exchange between the spider and
its surroundings. Usually the spider

surfaces once or several times a day, or more often
when it is building an underwater air

ell that is to be filled withrair. First a loose horizontal
web is made, then the spinnerets, surrounded by air, swengthen it, at the same tume

incorporating bubbles. The spider swokes its abdornen with the last legs and so deposits
a bubble, making the web dome-shaped. Within
2 2 cm long bell, open below, is buile, Argyron
threads and swims ventral side up. The legs are h
The spider feeds mostly on 1sopods, which arc e
occur within the bell and special bells are const,
has two levels, the lower for the female;
with 30-90 cggs. The mother does naot fee
hzr abdomen under, she supplics fresh
fourth molt, when they are well covered

% to 1% hours, as more air is collected,
€fa runs under water on plants and silk
airy but have no adaptations for paddling.
aten under the bell. Courtship and mating
ructed for sperm web and cggs. The egg bell
above there are as many as four ¢gg sacs, each
d but, by lifting the side of the bell and bending

air. The young stay in the nest undl after the
with sctae.
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CLUBIONOIDEA

Six spinnerets; leg tarsi with 2 claws and claw tufts; no cribelium; no colulus; § eyes in
wo rows cxcept Prodidominac (Guapbosidac); 4 slender unbranched tracheae from
posterior spiracle {(except Ammoxenidac); 3 pairs cardiac ostia except 2 in Prodidominac
{Gnaphosidac) and Ammoxenidae.

Gnaphosidae (Drassodidae). The anterior (lateral) spinnerets are cyiindrical and
scparatcd. Nocturnal hunters, they rest at davtime under stones, moss or bark; some
may enclose themscives in 2 densc web. Gnaphosa, Drassodes and Zelotes arc repre-
senzatves. Micaria are ant mimics.

Fiatoridae. The piatorid crab spiders include fewer than a dozen Asian and tropical
Amcrican species. The front spinnerets are scparated and the middic spinnerets are long.
The body is flat. the sternum wider than jong. .

Ammoxenidge. The arrangement of the spinnerets is simiiar to that of Urocteidae.
with the anterior pair far apart. The chelicerace are fused ncar the base and lack teeth. The
legs are thin. tarsi longer than metatarsi, and the palpus s very simpie. These are red
spiders that run rapidiy on the ground. The few species arc all found in Adfrica.

Homalonychidae. This includes = few species. found under stones in the southwestern

United States, that do not fit well into other families. They keep the length of their legs

in contact with stones or substrate when resting.

Cithaeronidae. Antcrior spinnerets on sockets, middle and posterior longer; chelicerae
strong; no tceth; fang long; endites concave; clypeus high. To this family bclong a few
mecdium sized, diurnal spiders from Africa to India.

Clubionidae, Sac Spiders. Anterior spinnerets conical, touching: cheliceral margins
with teeth; endites never concave; legs with macrosetae and scopulae. Ciubiona with
many species in northern hemisphere. The bite of Chiracanthium may be venomous to
man.

Secnon 5. Eves sccondarily specialized, somctimes canoe tapetum; posterior spinnerets
with long posterior articic and spigots along inner edge; large anal tubercle; high clypeus.

OECOBIOIDEA

Cribellum present or absent: 3 claws; epigynum; 3 pairs cardiac ostia.

Hersiliidae. The posterior (latcral) spinnerets and legs are very long. These tropical
spiders sit appressed to bark or walls, head down. Hersilia becomes 1-1.8 cm iong.

Qecobiidae. Short legs; cribellum present or absent, no colulus; anal tubercie large
with fringe sctac. Urocrea is Old World, lacks a cribellum, medium sized, and Oecobius

with cribellum 1s minute, world-wide in warm climates, under stones or in houses.

Secrion 6. Eves usually in more than 2 rows; sccondary cyes, at least one pair, with grate
tapctum (Toxopidac intermediate). The two superfamilies may not belong together; cach
however is monophvyletic.

LYCOSOIDEA

Legs subequal length, 2 or 3 tarsal claws. Posterior median cyes iend to replace anterior
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medians as the Vla.rgcst, with tapctum somectimes lost in diurnal Lycosidae. Ecribellates
have notch on trochanter. Lung covers have pores (Homann, 1971). Spiracle in front of
spinnercts and four simple ‘tracheae (Pisauridac, Senoculidac, Lycosidae, Oxvopidae};
branched tracheae in Toxopidac; 3 pairs of cardiac ostia, 2 in Senoculus. Hunting spiders.

Stiphidiidae. Divided cribellum or ecribellates with colulus; 3 claws; eye rows straight
to recurved, lateral eyes with canoe, only posterior medians with grate tapetum. Found
in New Zcaland, Australia. . :

Acanthocrenidae. Divided or entire cribcllum; legs long, 2 claws; eye arrangement
2.4.2 anterior laterals reduced, -post;:rior cyes with grate tapetum. Thesc are wropical
spiders.

Zoropsidae. Small divided cribellum; thick legs with scopulae, 2 claws, young with 3;
cves in 2 rows. Several species of Zoropsis in Mediterranean countries.

Psechridae. Cribelium divided; long legs with 3 claws, scopulac on metatarsi and tarsi;
eyes in 2 rows, all with grate tapetum. Found in southeast Asia. New Zealand, New
Guinea These large spiders live in humid areas and some make funnel or orb-like webs.

Lycosidae, Wolf Spiders. No cribellum, no coluius; 3 claws; eves in 3 rows 42-2_4
anteriors small. These hunting spiders carry their egg cocoons attached to the spinnerets,
their young on the abdomen. Numerous species of Pardosa live in northern latitudes,
particularly in mountains and in the Arctic. Some species of Lycosz (and members of
some other genera) dig into soil and build tubes (Fig. 11-35). Such burrowers include
L. tarentula, the large tarantula of-southern Europe {not to be confused with the bairy
mygalomorphs commonly called tarantula in North Amecrica). Pirata are small wolf
spiders, found mostly near shores of ponds. Trochosz may make short tubes into the
ground; Geolvcosa may dig as decp as one meter into sand. Sosippus makes funnel webs.

Arcrosa is another genus.

(After Bristowe.)
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194 11. ARTHROPODA: CLASS ARACHNIDA

Pi:auridae,lz\/'urxerXQWeb Spiders. kN»o cribellum; no colulus; 3 claws; eyes in 2 rows,
anterior row 4 smaller cyes. The female carries the egg sac in her chelicerae. Pisaura of
Europe and Pisguring are common in grass. The giant fishing spiders, Dolomedes, 2-3 cm
long, are among the largest of northern spiders; they usually live near ponds and may
catch small fish. .

Crenidae, Wandering Spiders. No cribellum; no colulus; young with 3, adult 2 claws;
cyes in rows 2-4-2. The tibiac and metatarsi of the first legs-have ventral pairs of strong
setac, “spines.” The histology of the eye structure places the family close to the Lycosidae,
but in many characters they strongly resemble the Clubionidae. The distribution is mainty
wopical. Crenus is sometimes imported with bananas. The aggressive Phoneurria, to 4 cm,
is one of the most poisonous spiders of South America. Cupiennius is found in Central
America: Zora is European and North American. '

Senocutidae. No cribellum, no colulus; 3 claws; anterior median eves far anterior of
others; anterior laterals reduced: posterior spinnerets longer than anterior. A few South
American species that hune by moving rapidly over vegeration.

Toxopidae. No cribellum, colulus; 3 claws; anterior lareral eves small and behind
anterior medians and adjaéent to large posterior laterals, structure intermediate; grate-like
rhabdom rows, no tapetum; 2 tracheae with lateral branches. These are hunting spiders,
found in forests and shrubs of Auscralia and New Zealand. The egg-sacs are fastened
under stones and logs. Genera are Toxops and Toxopsiella.

Oxyopidae, Lynx Spidess. Mo swibellum, no colulus; 3 claws; high clypeus, secondary
eyes in BCXagon arrangement,

no tapetum. They live among vegeration and jump on
t‘llclr prey. The egg-

sac is attached to vegeration and is guarded by the female. Oxyopes,
“/iva and Peucetia are inciuded.

THOMISOIDE A
than 3 ana . o
, rhabdoms arranged in rows;
ceneer of retina, within it rhabdoms arran
rnabdom surrounded by a number

Legs 1 and 2 much longar i
- € =candarv eves with tanetum (not casy to ca-
In decp eves) anterior median eyes with pigment body in
ged as rods, in middle a long club-shaped
of short rhabdoms (Homann, 1971)
colulus present: abundant branched tracheae; 3 pairs card

Thomisidae, Crap Spiders. Labium, endites not modifi
coiored white or vellow,

; no cribellum,
iac ostia.
ed. Misumena varig (Fig. 11.36),

s and can change its color to match the back-
eyes are covered bv black

is found on flower
ground. If more than half the 8 lacquer, white spiders on

Fig. 11-36.

Crab spider. Hisumena vatia. 6 mm long. (After Planet.)
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yellow flowers cannot change. The yellow pigment is a l}quid in the hypodermis cells.
On white flowers the pigment is transferred to the inside and the white guanin pigment
shows. Females prefer yellow and white flowers in experiments, usually sclecting the
color matching them. Xysricus has numerous species in the northern hemisphere.

Aphantochilidae. long, narrow lance-shaped labium surrounded by long endites;
sternum short. A few species of South American ant-mimics.

Section 7. Neither canoe nor grate tapetum.

PHILODROMOIDEA

A pigment ring around secondary cyes above cye cup pigment; no cribellum. no
colulus; 3 pairs cardiac ostia; a few simple tracheae branched near posterior spiracle.

Heteropodidae [Sparassidae, Eusparassidae ), Hunesman Spiders. Thin tapetum, 2 tooth
rows on chelicerae. These lack the strong setae of ctenids. The legs are held sideways
like those of crabs; the large, oiten flattened spiders run rapidly, often sideways, and
catch insects encountered. Most are noctumnal and live in tropics. Heteropoda venaroria
(H. regia), the huntsman spider, pantroprical in houses, is ofien imported on bananas.
Micrommata virescens, 1o 1.3 c¢m long, is found in Europe on vezztation.

Philodromidae, Philodromid Crab Spiders. No tapetum; chelicerae with one ancerior
tooth; leg scopulae with spoon-shaped hairs. Philodromus and Tivellus are common
genera in temperate areas.

Selenopidae, Selenopid Crab Spiders. Ancerior cye row with § eves, 2 larger posterior
median eves to side and behind; car:lioa.cc wider than long. Very flat tropical spiders,
found in crevices under bark, move sideways.

Cyclocienidae. Eves in 3 rows; anterior lateral eyes smaller than anterior medians.
placed behind level of anterior medians and adjacent to posterior laterals; carapace nigh.
Found in New Zealand and Australia.

Secn'én 8.

SALTICOIDEA

Anterior median eyes large, posterior laterals reduced. no tapetum; 2 claws.
Salticidae, Jumping Spiders. These nave the dest eyes among the spiders.
largest famiiy, it includes close to 3000 soecies, most of them
Ous representatives in the northern temperate and arctic regions.
The visual courtship and threat dispiay of jum
mentally for a number of Venezuelan species by J

By far the
wropical, but with numer-

ping spiders has been studied experi-

- Crane (Fig. 11-17). Distance chemo-
reception was found to be an important factor, second only to visio

given off by young adult females, and males recognize recent resting
Display in response to visual stimuli does not occur if the anterio
covered. Experiments with Corythalia xanthopa showed that the model size has to be
appropriate, less than double the size and maore than half the size of the fe
shape has to be broader than high, with horizontal stripes and coloration of
Young adult females painted as males are courted. The white anterior band o

n. Pheromones are
places of females.

r median ecyes are

male; the
the female.

f the abdo-
men appears to be a directional signal for copulation. Threat display may change to court-

ship and vice versa. The courtship display serves several functions: mutual recognition,
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sclf protection, and not least important. an isolating mechanism between spedes. Threat
‘isplxyt discourages ﬁgi)(ixxg. and cannibalism is raré. The ornamentation that develops

the final instar is most proncunced in males It is of adapuve value in making the bearer
~onspicuous in"display, as arc the long chelicerae of males.

Evarcha is inciuded here. The zebra spider, Salticus scenicus (Fig. 8-1), found on walls
and windows, was probably originally a cliff dweller. Numerous jumping spiders are
ant mlmlCS

Lyssomanidae. Eves (unlike Salticidac) in 4 rows 2-2-2-2-: tracheac limited o abdo-

men. A few species of tropical jumping spiders belong here.

References*

and Baez E. C. 1963 Spermatic transmission i spiders. Psyche 70:157-207.
1966. The excrea of spiders.: Comyp. Biochem. Phusiel. 17:973-982.. i
Barth. F. C. 1960 Emzelzellablclmm_ von. ~einem - Spahsinoesorgan.

Naturwissenschapten 33:413-41

Abales, J. W

Anderson, J. F.

Autrum. H. and

Baceetti, G. and Bedini, C 1984 )hcmscopic and ultramicroscopic structure of the eves of
a lvcosid spider. Arch. Italiennes Biol, 102:97-122.

Barth, F. C. 1967, Spaisinnesorzan auf dem Spinnentarsus. Z. Vergi. Physiol. 53:407-448

Barth, R. 1962. Estudos histologicos sdbre las glandulas peconhentxs da Latrodectus. Mem. Inst.
Oswaldo Cruz 60:273-292

Bavs. S. M. 1962, Traininz possibilities of Arancus diedematus. Experientic 1§:493.

Bnatnazar, R D S, and Rempel, J. G 1962
orzans. Canadian ] Zool 40:465-310.

Postembryonic development of the copulatory

Billaudellz. H. 1957. Biologie der Mauerspinne Dictuna civice. 7. Angew. Entomol. 41:474-512.

Sonnet. P, 1943-193¢ Toulouse

—. 1966. Le nombre des especes d'Araienées. Senckenberviane Biol. 47:5-4,

Borght, O. van der. 1966. Perimophic membranes in arachnida, Nature 210:751-752.

Boyd. W. C. 1937, Cross-reactivity of various hemocyanins. Biol, Bull. 72:131-183.

Braunitzer. .G. and Wolfl. D. 1935. Chemische Untersuchungen iiber die Fibroine von
Bomoyx und Nephila. Z. Naturiorsch. 106:404-408.

Breed. A. L. et al. 1964. Fate of the intact orb web of Araneus. Behaviour 23:43-60.

Bristowe, W. S. 1935-1941. The Comity of Spiders. Ray Soc. London.

__ 1938. The World of Spiders Collirs, London. “

Browning, H. C. 1942. Intezument and moult cvcle of Tegemaric. Proc. Roy. Soc. London
(B} 131:65-86.

Bucherl, W. 1962,
Verlag, Wittenberg Lutherstadt.

Bibtiwzraphic Araneorum, 7 vols.

Siidamerikanische Vogclspinnen. Neuve Brehm Bicherei 302, A. Ziemsen

Predation on vertehrates by myvgaiomorph spiders.

Butler. W. H. and Main. B. Y. 1961
West. Australian Natural. 7:32.

Cloudslev-Thompson. J. L. 1938, Spiders, Scorpions. Centipedes and Mites. Perzamon,
London. .

Clyne, D. 1967. Construction of net and spermi-web of Dinopis subrufus. Australian Zool.
14:189-197.

Cooke, J. A. L. 1965. Spider genus Dysdera. Nature 203:1077-1028.
I 1985. Bioiogy of British Dysdera. Oikos 16:20-23.
* See also References in Chapters 6 and 8.

X
~

" N

Y

U

- Order Araneae - 197

1966. Genitalia in Dysdera crocata. Senckenbergiana Biol. 47:3543. -
Crane, ].-1948-1950. Comparative biology of salticid spiders. Zoologica, New ‘AorL, 33:1-38,
139-145; 34:159-214; 35:253-926]1.
Crome, W. 1951. Dic Wasserspinne. Die Neue Brehm Biicherei 44, Akad. Verlagsges., Leipzig.
1953. Respirations und Circulationsorgane der Argyroneta. Wiss. Z. Humboldt
Unic. Berdin 2:33-83.
1955, Bezichungen zwischen dem dorsalen Zeichenmuster und der Metamerie des
Spinnen Abdomens. Zool. Juhrb. Abt. Anat. 74:189-338; Zool. Juhrh. Abt. Syst.
85:541-638. ) -
— 19536. Kokonbau und Eiablage einiger Araneus. Deutsche Eatomol. Z. (N.F.}
3:26-53.
-———— 1963. Embryonalentwicklung ohne Umrollung bei Vogelspinnen. Ibid. 10:83-93.
— and Crome, 1. 1961. Wachstum ohne Hiutung. Ibid. 8:443-464,
1961. Paarung und Eiblage bei Ammyope.. Mitt. Zool. Mus. Berlin 37:189-252.
Czaika, X{. 1963 ‘Unknown facts of the biology of the spider Ero furcata. Polskic Pismo
Entomo!. (Bull. Entomol: Pologae » 33(2):995-231.
Dabelow, S. 1958 Biologie der Leimschleuderspinpe Semtodes. Zook Jarrb. Abt. Susi. 86:85-126.
Davies, M. E. and Edney, E. B. 1952,
29:571-382.
Deevey. G. B. 1941 Blood cells of the Haitian tarantula and their relation to the moulting
cwele. J. Morphol. 68:437-487.
———— 1949, The devclopmental history of Latrodectus at ifereqnt rates of feeding.
Amer. Midlend Natur. 42:189-719.
Dillon, L. S. 1952. Myology of the araneid lea. J. Morphol. 90:467-480.
Dondale, C. D. 1967. Sexual behavior and classincanon of thé Fhilodromus rufus complev
Canadiun J. Zool. 45:433-439
Duftey, E. 1936. Aerial dispersal in a known spider population. ]
Dumitresco, M. A 1941, 1942 Anatomie et cytologie de_T'~-

-34Q.
An. Acad. Romanra, Bucwresti (3) 16:773-870 - muom349
Dzimirsski, 1. 1959, Bewegungssciroa uuu Uptomotorik bet -Sprmgspinnen. Z. Tiermycnod:

16:385-402.

Eason, R. R. 1964. Maternal care by wolf spiders. Proc. Ariansesacnd.~Set. T8:15-19.
and Whitcomb, W. H, 1963. Life history of Lycose punctulata. Ibid. 19:11-20.

Eberhard, W 1967. Attack behavior of diruetid spiders and the origin of prey wrapping.

Psyche 74:173-181.
Eckert, M. 1953. Hiutungsphysiologie der Spinnen. Naturwissenschaften 59:665.
— 1967. Hiutungsphysialogie bei Spinnen. Zool. Jahrb. Abt. Physiol. 73:49-101.
Ehlers, M. 1839. Formen aktiver Lokomotion bei Spinnen. Zool. Jahrb. Abt. Syst. 72:373-499.
Ehn, A. 1964. Determination in the spider embrve. Acta Unic. Upsaliensis 31:1-20.
1964. Adhesiveness of spider silk. Science 148:1038-1061.
1964. Mitteleuropiische Trochosa. Z. Morphol. Okol. 34:219-392.
19635. Mating procedure of Peucetia viridans. Florida

o 20:85-111L
Ani= o
waagene des araignées—

Eisner, T. et al.

Engelthardt, W,

Exline, H. aud Whitcomb, W. H.
Entomol. 45:169-171.

Firstman, B. 1954. Central nervous system:, musculature and segmentation of the cephalo
thorax of a tarantula Eurypelma. Microentomoiogy 19:14-43.

Fischer, F. C. and Brander, J. 1960. Analyse der Cespinste der Kreuzspinne.
Chem. 320:92-102.

Forster, R. R. 1933. New family of spiders, Gradungulidae. Pacific Sci. 9:277-285.

1959. The spiders -of the family Symphyvtognathidae. Trans. Roy. Soc. New

Zealund 86:269-3°29.

Z. Physiol.

Evaporation of water from spiderc 1..Exp. -Bol "

—— e i

ks -
3
8
z
RE




bl it

13

;
§

il

4
%

i a8 ko Mortssbbbalion )

EITR I

11. ARTHROPODA: CLASS ARACHNIDA

————— 1967. The spiders of New Zesland 1. Bull Otago Mus. 1:1-124.
Frank, H. 1957 Funktionelle Anatom

Zool. Jahrb. Abt. Anat. 76:493-460.

Frings, H. and Frings, M. 1966. Reactions of orb-weaving spiders { Argiopidae) to airborne
sounds. Ecology 47(4):578-388. - .

Freisling, J. 1961. Netz und Netzbauinstinkte bet Theridium. Z. Wiss Zool. 165:396-421,

Frontali, N. and Grasso, A. 1964 Three toxicologically different components from the venom
of Latrodectus. Arch. Biochem. Biophys. 106:213-218. )

Gardner, B. T. 1964, Hunger and sequential respounses in the hunting behavior of salticid
spidess. J. Comp. Physiol. Psychol. 58:167-173.

— 1965. Observations on three species of jumping spiders. Psyche 72:133-147.

1966. Characteristics of the prey in the hunting behavior of salticid spiders.

J. Comp. Physiol. Psychol. 62:475-478.

Gerhardt, U. and Kaestner, A. 1937. Araneas in Kikenthal, Handbuch der Zoologie, De

~ Cruyter, Berlin 3(2):394-656.

Gering, R. L. 1953. Structure and function of
Misc. Coll. 121(4):1-84,

Gersch, M. and Althaus, B. 1959 Herzanregende Faktoren aus dem Nervensystem von
Spinnen. Monatsber. Deutschen Akad. Wiss. Berlin 1:1-3.

Gertsch, W. J. 1947, Spiders that lasso their prey. Natur. Hist. 56(4):152-158, 189.

—————1948. American Spiders. Van Nostrand, New York.

—-——— 1953. North American bolas spiders. Bull. Amer. Mus. Natur. Hist. 106:221-254.

—————— 1958. Spider family Hypochilidae. Amer. Mus. Novitates 1912:1-28.

— 1964, Genus Hypochilus. Ibid. 2203:1-14.

Giulio, L. 1962, Optische Lokalisation der Beute bei
Physiol. 45:376-389.

genitalia in some agelenid spiders. Smithsonian

der Kreuzspinne Arancus. Z. Vergl.

1962. Stimoli ottici e localizzazione della preda in Areneus. Boll. Soc. Italiana
Biol. Sperim, 38:301-302,

~————— 1962, L’elettroretinogramma ocellare in Tegenaria. 1bid. 38:910-915.

Clatz, L. 1967, Biologie und Morphologie von Oecobius annulipes. Z. Morphol. Tiere
61:185-214.

Cormer P. 1958. Optische und kinisthetisch

e Orientierung der Trichterspinne Agelena. Z. Vergl.
Physiol. 41:111-153.

1962. Orientierung der Trichterspinne nach polarisiertem Licht. Ipid. 45:307-314.

1S65. Menrfach innervierte Machanorezeptoren bei Spinnen. Naturwissenschaften
52:437.

19€6. Koppelune der optischen und kinisthetischen Orientierung bei Agelena.
Z. Veral. Physiol. 53:253-276.

Gossel, P. 1935, Hautsinnesorgane und Hautdriisen der Cheliceraten. Z. Morphol. (3kol.
30:177-205.

Hackmann, W. 1948, Chromosomenstudien an Araneen. Acta Zool. Fennica 34:1~101.

Helsdingen, P. ]. van, 1963, Sexual behavior of Lepthyphantes leprosus with notes on the
fuxjctx‘on of the genital organs. Zool Med. 41:15-42.

Holm, A. 1952, Entwicklung und Entwicklun
Uppsala 29:293-494.

1954. Development of an orthognath spider [schnothele. Ibid. 30:199~99].

Homann, H. 1947 Der Lichtsinn von Aranea. Biol. Zentralbl, 66:251-281.

— 1949, Wachstum und die mechanischen Vorginge bei der Hiutung von Tegenaria.

gsphysiologie des Spinnenembryos. Zool. Bidr.

Z. Vergl. Physiol. 31:413-440.

ie der lokomotorischen Extremitifen von Zygiells.

E

3 o ' Order Aranecae o

199
1949, Blutdruck und Hiutung bei Spinnen. Natumimenscixaften 36:21-24.
- _ 1950, 1952. Nebenaugen der Araneen. Zool. Jahrb. Abt. Arar. T1:56~144;
T2:345-364.
—— 1933, 1956. Entwicklung der
75:416~421.
1957. Haften Spinnen an einer Wasserhaut. Naturwissenschaften 44:318-319.
———— 1961 Entwicklung der Nebenaugen bei den Araneen. Zool. Jahrb. Abt. Anat.
79:347-370.

Kaestner, A. 1929. Bau und Funkion der Fichertrache
Okol. 13:463-338. R
——-—— 1950. Reaktion der Salticidae auf unbewe

Zool. Beitr. Berlin (N.F.) 1:12-30.

Nebenaugen der Spinnen. Biol. Zentralbl, T2:373-385;

en einiger Spinnen. Z. Morphol.

gte, fardlose und farbige Gesichtsreize,

~————— 1950, Farbsinn der Spinnen. Naturwiss. Rundschau (8), 357-360.

— 1952-1953. Mundwerkzeuge der Spinnen. Zool. Jahrb. Abt. Anat. 72:101-1486;
73:3-34. Mirt. Zool. Mus. Berlin 29:1-74.

Kaston, B. J. 1938. Family names in Araneae. Amer. Midland Natur. 19:638-646.

1948. Spiders of Connecticut. Bull. State Geol. Natur. Hist. Surv. Hartford
70:1-874.

———— 1964. Evolution of spider webs. Amer. Zool. 4:191-207.
————— 1865, Aspects of spider behavior. Amer. Midland Natur. 73:336-356.
and Kaston, E. 1953. How to Know the Spiders. W. C. Brown Co., Dubuque,

Towa.
Klingel, H. 1967. Beobachtungen an Liphistius batuensis. Verh. Deutschen Zool. Ges.
30:246-253,

Kraus, Q. 1963, Hypochilus. Natur Mus. 93:130~162.
Kiihne, H. 1959. Neurosekretorische Zellen und der re
von Spinnen. Zool. Jahrb. Abt. Ange. TT:327-600.
Kullmann, E. 1938. Newmhay und Biologie von Cyrtophora. Zool Jahrd. Abt. Syst. 86:181-216.
1959, Verhal}ten der theridiide Conopistha. Mitt. Zool. Mus. Berlin 35:275-299,
————— 1961. Eierkokonbaa von Cyrtophora. Zool. Jahrp. Abt. Syst. 89:369-406.
1664. Netzbau und Sexualverhalten einiger Spinnenarten. Z. Zool. Syst. Evolutions-
forsch. 2:41-129,
Lagerspetz, K. and Jaynis, E. 1939. Behavioural regulation of w
Ana. Entomol. Fennici 25:210-223.
Legendre, R. 1933,

2:305-333.

trocerebrale neuro-endokrine Komplex

ater coutent of Linyphia.

Les glandes prosomatiques des araignées. Ann. Uniy, Saraviensiz

————— 1959, Systéme nerveux des aranéides. Ann,

Sci. Natur. Zool. 12.:339-473.
. Mém. Inst. Scien. Madagascar (A)13:67-79.
la capture des proies et la prise de nourriture. Bull. Soc. Zool.

———— 1939, La periode larvaire (Archaea)
- 1961. Archaea,
France 86:316-319.

- 1963. L’audition et I'emission de sons chez les Aranéides. Ann. Biol. 2:371-390.
—————— 1963, Morphologie et développement des Aranéides. Fortschr. Zool. 17:238-271.

1965. Anatomie musculaire du prosoma (Archaea). Ann. Sci. Nat. Zool. Biol. Anim.
(12) 7:397-412.

Le Guelte, 1. 1966. Apprentissa
262:68%-691.

1966. La toile de Zygiella z-

dAraignée pendant Lz construction

ge chez Zygiella z-notata. Compt. Rend. Acad. Sci. Paris

notata et facteurs qui régissent le comportement de
de la toile. Public. Unio. Nancy Fac. Sci. Theses.




200 11. ARTHROPODA: CLASS ARACHNIDA

Lehmensick. R. and Kullman, E. 1957. Feinbau der Fiden éiniger Spinnen. Verh. Deutschen
Zool. Ces. 20:123-129.
Levi, H. W. 1961. Paipal sclerites in the Theridiidae. J. Morphol. 108:1-9.
— 1965. An unusual case of mimicry. Ecolution 19:261-262.
- 1967. Adaptations of respiratory systems in spiders. Ibid. 21:371-383.
1968. The spider genera Argiope and Gee (Araneidae) in North America. Bull.
Mus. Comp. Zool. 136:319-332.
1968. The spider family Hadrotursidae. Trans. Amer. Microscop. Soc. 87:141-145.
—~——— 1968. Behavior of the spider Sicarius. Psyche. 74:320-330.
— and Levi, L. R. 1968. Spiders and Their Kin. Golden Press, New York.
Liesenfeld. F. J. 1956. Netz und Erschitterungssinn von Zygielle. Z. Verzl. Physiol.
38:383-392.
o 1961, Leistung und Sitz des Erschiitterungssinnes von Netzspinnen. Biol. Zentralbl.
8G:455-473.
Locket G. K and Millidge, A. F. 1951-1933. British Spiders. Ray Soc., London.
Lucas, F. 195<. Spiders and their silks. Discovery 1-7. .
- _ et al 1960. Comparative studies of foroins. J. Molecul. Biol. 2:335-348.
Magni, F. et al. 1962, Electroretinographic responses to polarized light in the wolf spide:.
zpenentic 16:311.
1964. The role of different pairs of eyes in astronomical odentation of a lveesid
spider. Arch. Italiennes Biol. 102:123-136.
1685. Electroretinographic responses to polarized light. Ibid. 103:146-138.
Manton, S. M. 1958 Hydrostatic pressure and leg extension in arthropods. Ann. Mac. Natur.
Hist. {13) 1:151-182
Marples, B. J. 1962. Spiders of the family Uloboridae. Ann. Zoof., Agra 4:1-11.
1957 The spinnerets and epiandrous glands of spiders. J. Linnean Soc. London
46:208-222
Maretié. Z. 1966. Latrodectism. Jugoslavenska Akad. Znan. Umiet. Bull. Internct. 17:63-87.
and Jelasi¢, F. 1935. -Einfluss des Toxins der Spinne Larrodectus auf das Nerven-
system. Acte Trop. 10:209-224.
—— et al. 1964. Theridiid spider Steatods paykulligne, poisonous to mammals. Toxicon
9:14%-134.
Maver, G. 1953. Herstellung und Struktur des Radpnetzes von Aranea und Zille. Z. Tierpsy-
chol. 9:337-362.
McAlistez, W. H. 1961. Spitting habit of Scytodes intricata. Texas J. Sci. 12-13:17-20.
McCrone, J. D. and Netzlofi, M. L. 1963. An immunological and eiectrophoretical comparison
of Latrodectus venoms. Toxicon 3:107-110.
Melchers. M. 1963. Biologie und Verhalten von Cupiennus salei, einer amerikanischen
Ctenide. Zool. Jahrb. Abt. System. 91:1-90.
_ 1964. Zur Biologie der Vogelspinnen. Z. Morphol. Okol. 53:517-536.
.. 1967. Der Beutefanz von Cupiennus salei. 1bid. 58:321~346.
Millot, J. 1549. Aranéides in Grassé, Traité de Zoologic, Masson et Cie, Paris, 6:389-743.
Nemenz, H. 1934, Der Wasserhaushalt einiger Spinnen. Osterreichische Zool. Z. 5:125-138.
Neri, L., Bettini, S. and Frank, M. 1963, The efiect of Latrodectus venom on Periplancta
nerve cord. Toxicon 3:93-99.
Norgaard. E. 1951. The ecolozy of two lycosid spiders from a sphagnum bog. Oikos 3:1-21.
1856. Behavior of Theridion saxatile. 1bid. 7:139-192.
Papi, F. 1933. Astronomische Orientierung bei der Wollspinne Arctosa. Z. Vergl. Physiol.
37:230-233.

-

Order Araneae PO ‘ 201

1959. Sull’orientamento astronomico in specie del gen. Arctosa. Tbid. 41:481-489.
1959. Sull'orientamento sastronomico” di Arclose.  Pubbl Sta=. Zool. Napoli
27:76-103. C _ ’
Papi, F. and Serretti, L. 1835. Sull'orientamento e il senso nel tempo in Arctosa. Mem. Soc.
Toscana Sci. Natur. Pisa 67(B):95-104. ]
- and Symamiki, ]J. 1963. Sun-orientation rhythm  of wolf spiders at different
latitudes. Arch. lialiano Biol. 101:39-77.
__ and Tongiorgi, P. 1963. Innate and learned components in the astronomical orienta-
tion of wolf spiders. Ergebn. Biol. 26:259-280.
Parry, D. A. 1957, Spider leg muscles and autotomy mechanism. Quart. J. Microscop. Sci.
98:331-340. .
. 1960. Spider hydraulics. Endeacour 19:156-162.
1965. The signal generated by an insect in a spider’s weh. J. Exp. Biol. 43:185-192.
and Brown, R. H. J. 1959, Hycdraulic mechanism of the spider leg. Ibid. 36:425~433.
Peakall, D. B. 1964. Origin of silk fibroins. J. Exp. Zool. 156:345-351.

fibroins. Comp. Biochem. Physiol. 12:463-470.
1964. Composition and function of silk fibroin of the spider Araneus:diadematus.
J. Exp. Zool. 156:345-352.
— ————_. 1963 Differences in regulation in the silk glands of the spider. Nature 207:102-103.
1965. Regulation of ‘the synthesis of silk fibroins at the slandular level Comp.
Biochem. Physiol. 15:509-513.
1966. Regulation of protein production in the silk clands of spiders. Ibid.
19:233-238.
Peters, H. M. 1933. Ethologie und Okologie tropischer Webespinnen. Z. Morphol. Ckol.
42:278-306. ’
. __ 1935 Spinnapparat von Nephila. Z. Naturjorscii. 10b:395-404.
Peters, R. 1967 Bau und Funktion der Spinnwarzen und Spinnwarzenmuskulatuz.  Zool.
Beitr. N.F. 13:1-119. :
Petrusewiczowa, E. 1938. Bau des Netzes der Kreuzspinne. Prace Towarz Przy. Naeuk Wilna
13:1-24.
Pickford, C. E. 1942. Digestive enzvmes of spiders. Trans. Connecticut Acad. Sci. 33:33-37.

~ Pikelin, B. S. G. and Schiapelli, R. D. 1963. Lkwe para la determinaciéon de familias de

aranas argentinas. Physis 24:43-72, )

Pross, A. 1966. Die Entwicklung von Pardosa hortensis. Z. Morphol. Gkol. 58:38-108.

Rabaey, M. and Verriest, C. 1958. Lhémolyvmiphe de 35 espéces d’Araignées. Ann. Soc. Roy.
Zool. Belgique 88:373-383.

Rasmont. R.© 1932, - Myologie abdominale d'une theraphosiGe et d'une dipluride. Ibid.
83:225~242,

Rathmayer, W. 1967. Elektrophy~iologische Untersuchungen an Proprioreceptoren im Bein
einer Vogelspinne. Z, Vergl. Physiol . 534:438-4354.

Reiskind, ]J. 1963. Self-burving behavior in Sicarius. Psuciic 72:218-224.

Rempel, J. G 1957, Embrvology of the black-widow. Canadian J. Zool. 35:35-74.

Richter, (.
Radnetzspinnen. Naturwissenschaften 43:23.

Roberts, N: L. 1955, The Anstmulian wetting spider Dcinopis. Proc. Roy. Zool. Soc. New
Sauth Wales 1933-54:24-33.

Roewer, C. F. 1842-1935. Kataloz der Arancac. Bremen and Brussels. 2 vols.

Rovner, J. S. 1966, Courtship without sperm induction. Science 132(3721):543-544.

Ot or g e T T T T Gy I T TR T T

A St R

P Bl ok,

T T e W I R S T S Tres S L AT e

1964. Effects of cholinergic and anticholinerzic drugs on the synthesis of silk’

1936. Struktur und Funktion der Klchefiiden in den Fanggeweben Ecribellater

carmeriega g g

[

(
(
{

NG N

d
i

e

P

H

B

7 O

s
7

h
@"f

S e

p

o~

.

'y

A% R,

o4 o)., K
ﬁ&@m ‘13 e SshsanRs A1 s

cgiatd

AN N N N N N N N N



T

fdtie s it dmabivsan s

RIER

Higs

m,mnﬁl\m“

s

:'!«‘“‘»,‘. BRI,

LR at4
R CRMR

A bk

11. ARTHROPODA: CLASS ARACHNIDA

AT

ﬁ.x_'__..._... 1967. Copulation and spera induction by normal and palpless male linyphiid
spiders. Ibid. 157:835. -

—- 1967. Acoustic communication in Lycosa rabida. Anim. Behaviour 15:273-281.

Savery, T. H. 1952, The Spider's Web. Warne, London. .

Shear, W. A. 1967. Palpi of male spiders. Breviora, -Mus. Comp. Zool. 239:1-27.

Smith, D. S. and Russell, F. E. 1967. Structure of the venom gland of the black widow
spider Latrodectus mactans in Rossell, F. E. and Saunders, P. R. Animal Toxins.
Pergamon Press, Oxford. :

Steinbach, G. 1933 Chelicerenmuskulatur -einiger “Araneen. Wiss, Z. Humboldt Univ,
Berlin 2:25-33.

Stradal-Schuster, H.
90-91:83~128.

Streble, H. 1968. Das hormonale S
T2:157-234.

1944, Aussenverdauung bei Spinnen. Verh. Zool. Bot. Ces. Wien

ystem der Spinnentiere. Zool. Jehrb. Abe. Physiol.

Szlep, R. 19653, Web-spinning process and web structure of Latrodectus. Proc. Zool. Soc.
London 145:75-88,

Tambs-Lyche, H. 1964. Semi-marine spider Halorates. Sarsia 17:17-19.

Theuer, B. 1954, Life-history of Deino
Florida, Gainesville (unpubl.)

Tilquin, A. 1949, 7 4 Toile géomer

Tongiorgi, P.

pis spinosis. Master of Science thesis, Univ. of

rique des Araignées. Presses Univ. France, Paris.
1939. Reversal of the thythm of nycthemeral illumination on astronomical
orentation and diurnal activity in Arctosa. Arch. Italiennes Biol. 97:251-263.
Tretzel, E. 1954. Reife und Fortpfanzungszeit bei Spinnen. Z. Morphol. $kol. 42:634-691.
- 1955, Intragenerische Isolation und interspezifische Konkurrenz bei Spionen. Ibid.
44:45-162,

1961. Biologie, Gkologie und Brutpflege von Coelotes terrestris. Ibid. 49:638~745;
. 50:375-342. -

Tumbull, A. L. 1960 Prey of Linypaia triangularis. Canadian J. Zool. 38:853-873.

1964. Search of prey by a web-building Achaearanea tepidariorum. Canadian

Entomol. 96:568-573.

- 1965. Prey abundance and development of Agelenopsis pocteri. Ibid. 97:141-147.

1968. Population of spiders and their potential prey. Canadian . Zool. 44:357-383.

Tuzet. O. and Manier, J. F. 1959, La spermiogenése des araignées. Ann. Sci. Natur. Zoel.
Paris (12) 1:91-103.

Vachon, M. 1957-1953. Développement post-embryonnaire des araignées. Bull. Soc. Zool.
France 82:337-354; 83:429-461. )

Vicari, G. et al. 1963.  Action of Lazrodectus venom and fractions of cells cultivated in vitro,
Tozicon 3:101-106.

Walcott, C. and Kloot, W. G. van der.
J. Exp. Zool. 141:191-244,

Weigel, G. 1941. Farbwechsel der Krabbens

Whitcomb, W. H. and Eason, R.
“Set. 19:21-27.

————— 1865. Mating behavior of Peucetia viridans. Florida Entomal. 48:163~167.

et al. 1966. Life history of Peucetia viridans. J. Kansas Entomol. Soc. 39:959-267.

Whitehead, W. F. and Rempel, J. G. 1959. Musculature of the black-widow. Canadian ]
Zool. 37:831-870.

Wichle, H. 1931-1954. Spinnen, in Dahl, Die Tierwelt Deutschlands, G. Fischer, Verlag,
23, 33, 42, 44, 47, 49.

1958. Physiology of the spider vibration receptor.

pinne Misumena. Z. Vergl. Physiol. 29:195-248.
1965. Rearing wolf and lynx spiders. Proc. Arkansas Acad.

Order Aranece 203

— 1949, Vom Fanggewebe einheimischer Spinnen. "Die Neue Brehm Bicherei 12,
Akad. Verlagsges., Leipzig, :

~ 1954, Aus dem Spinnenleben wirmerer Lénder. Die Neue Brehm Bichere: 138,
Akad. Verlagsges., Leipzig.

Wilson, R. S. 1962. Drazline control valves in the garden spider. Quart. J. Microscop. Sci.
103:349-371.
1865. The pedicel of Heteropoda venatoria.. I. Zool. 147:38-45.
1967. Heartbeat of Heteropoda. J. Insect Physiol. 13:1309-1326.
Winkler, D. 19535. Das Tracheensvstem der Dysderiden. Mitt. Zool. Mus. Berlin 31:25-43.
Witt, 7 1956. Die Wirkung von Substanzen auf den Netzbau der Spinne dls biologischer
Test. Springer, Berlin.
1963. Environment in relation to behavior of spiders. Arch Encironm. Hedlth
T:4-12.
-etal. 1964. Laser lesions and spider web construction, Nature 201:150-152.
--and Reed, C. F. 1963. Spider web-building. Science 149:1190~1197.
Yoshikura, M. 1954~1953. Embrvological studies on the liphistiid spider Heptathela. Kumamota
J. Sci. 1B:37-40; 2B:1-86.
1938. Development of a purse-web spider Atypus. Ibid. 9B; 3(2):73-86.
Zapfe, H. 1953. Filogenia v funcién en Austrochilus. Trab. Lab. Zool., Univ. Chile 2:1-34,

Brought up to date January 1679, ‘

Forszer, R. R. 1967, The spiders of New Zealand 1. Sull. Otago Mus. 1.

1970. The spiders of New Zealand 2. Bull Otago Mus. 2.
Forster, R. R.and C. L Wilton. 1973. The spiders of New Zealand 4. Bull Qtago Mus. 4,
Homann, H. 1971. Die Augen der Araneae. Z Morphol Tiere 69: 201-272.




O ARTORADAN . o T =
o . e

}

PN e e————————— S

12

Orders Ricinulei, Ricinuleids;
Pseudoscorpidnes, Pseudoscorpions;
and Solifugae, W indscorpions

ORDER Rl CINULEL, RICINULEIDS

The Ricinulei include about 25 described species; the largest is Ricinoides
aizelii, 1 cm long.

Ricinuleids are heavily sclerotized arachnids characterized by a flap {cuculius),
on the anterior edge of the carapace, that hangs down over the mouthparts,
The abdomen appears broadiy joined to the uniform prosoma, and the pos}.en'or
sezments of the abdomen are so reduced as to be barely visible, The pedipalpi
are small and legiike: their coxal endites fuse to form a trough.

Anatomy

Only rarely found. ricinuleids are readily recognized by the cucullus and the
heavy exoskeleton. The abdomen consists of 10 segments, the first © beins very
short and tucked under the carapace and last leg coxae. Because the gor;ooore
is on the posteror border of the small, most anterior sternite, it is assumed .that
this is sternite VIII and that sternite VII has been lost. The large tergites and
sternites therefore must.be X to XIII (Fig. 12-1). They are followed by four
narrow, movable, telescoping rings (segments NIV to XVII), resembling the little
tail of the Schizomida. The leg coxae completely cover the venter of the pro-
soma. The chelicerae are small, two-segmented and chelate (F 1g. 12-2}; they are
inserted into the frontal area of the prosoma with a long collarlike atticulating
membrane that probably permits them to extend forward. The pedipaipi are
lezlike and ventral. The internal skeleton consists of small ectodermal apodemes;
there is no endosternite.
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Fig. 12-1.  Cryptocellus simonis. male, 5 mm long. (After Hansen and Sérensen. from
Dahl.)

NERVOUS sYsTEM. The only sensory organs in evidence are hairs; trichobo-
thria and eyes are lacking. All ganglia have shifted to the prosomz, where they
form a compact brain.

DICESTIVE SYSTEM. Behind the cucullus (Fig 12-3) is the preoral cavity, its
floor and ‘walls formed by the lateral walls of the fused pedipalpal coxae (as in
Fig. 8-9), its roof by the chelicerae and prosoma. There is a precerebral pump-
ing stomach. Only a few tube-shaped ceca extend from the prosomal midgut,
along the long axis of the body, and £l the posterior part of the prosoma as well
as the abdomen with loops; details of their number and structure are unknown.

EXCRETORY sYSTEM. There is a pair of Malpighian tubules. Coxal glands
open on the posterior border of the third coxa.

RESPIRATORY AND CIRCULATORY SYSTEMS. The respiratory organs are paired
sieve tracheae; their atria lie in the prosoma with hundreds of tracheae going
directly to the organs. The spiracles, protected by thorn-like and branched pro-
jections, lie laterally on the posterior wall of the prosoma in a deep groove above
the last pair of coxae. The circulatory system consists of the heart, lying partly
in the prosoma, partly in the abdomen, and surrounded by the pericardial sinus.
Only one pair of ostia and anterior and posterior aortae are present.

REPRODUCTIVE SYSTEM. The gonads are paired. The atrum of the femaie
has a posterior gland and a large median gland.

Reproduction
Tarsal and metatarsal articles of the third legs of the male are modified for
sperm transfer. (Fig. 12d). The male, on encountering a female, strokes and
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— :;psfhex;lwith his long second pair of legs.” After 2 to 5 minutes the male mounts : B Development

= a ;;I‘]/eeéi:::egnu;(:}: alsame dlrectxorzlmgh the edges of his cucullus we.dged in Nothing is known of the embryonic development. The youngest instar, a
. tapping i . prosoma anc a domen of the female. Stroking and 6-legged larva, molts to become an 8-legged nymph. The last pair of legs is
- mﬁ;pmgthsc r;:: tt;n;;jdmii; Ia bout 5 ;m nutz; The male t.hen lifts his.abdomen feeble; probably it is the last pair that the larva lacks. Molting occurs in bur-

< . of sperm, its surface sli ghd%,;aiz;ej u}r;eer;eahth a;d pxcksdup arw}ute sphere rows, in which young spend most of their time, and has not yet been observed. .
. mass to the female gemtalyopenmg movmgr h; ;: ?nw;lnzno applies the sperm Ricinuleids have been kept captive for 3% years, and are probably long-lived.

! g ut for 15 minutes.

7\ “Amplexus” lasts for another hour. , Habits

\ 1 f;rr;;l:;s zirzr;.f:fncan species have. oee-n observe{i with eggs. The female, The animals are very secretive, and freeze on sensing the slightest air move-

" single egg, 2 mm in diameter, with her cucullus and pedi-

: palps. If disturbed, the female may eat the egg. ments or light. Therefore they can be observed only at low light intensities.
o . =< Ricinuleids have been found in forest litter, under logs, and in caves. Rici-
N noides afzelii is a dull orange color when alive, others are grayish or brownish.
- They seem very sensitive to desiccation and probably move into the soil during

v dry periods. Some captives that died were believed unable to excrete surplus

water. Two species of Ricinoides have been found together under one log in

5 Africa. In South America some have also been found in the lower axils of leaf
' \ bases of coconut palms growing in a swamp. They probably are more common
Y than is suspected and could be collected more frequently by using Tullgren

. funnels or sifting litter.

) ip::‘ FEEDING. Cryptocellus osorioi, found in Mexican caves, has been observed to
N ; feed on the larvae of dipterous parasites of bats. Ricinoides readily feeds on
g - - v termites. Cryptocellus from Guyana fed on small termites, spider embryos and
: ; young mygalomorph spiders of the genus Accola. In the laboratory they fed on

Drosophila larvae. Termites are captured by the head, cucullus and palpi and if
are turned so that the soft abdomen can be reached by the chelicerae.

> —— s et

s - &
: B pisTRIBUTION. The animals occur in the equatorial region of West Africa and
N .‘ metatarsal process in tropical America as far north as Texas. Fossil Ricinulei are known from the
o tarsal process —metatarsus northern hemisphere. -

- . “Classification
Ricinoididae. There is only one family. Ricinoides (=Cryptostemma) is found in West
Africa, Cryptecellus in America. _ :

0y 1 lamina cyathiformis-

ORDER PSEUDOSCORPIONES, PSEUDOSCORPIONS

tarsus Pseudoscorpiones, also called Chelonethi, include 2,000 species, the largest
being Garypus titaneus, 12 mm long.
Pseudoscorpions are usually flattened and have the oval opisthosoma clearly

Do o @ segmented and broadly attached to the prosoma. The chelicerae are usually

Fig. 12-2. Crrptocellus lampeli (courtesy J. A. L. Cooke and Zool. Soc. London): (a)

cucullus of female, 1 mm wide; (b) right male pedipalp, distal segment 1.5 mm long;
(c) right male chelicera, anterior view after cucullus is lifted. 0.8 mm long; (d) modxﬁcd
right third leg of male, metatarsuos 0.8 mm long.

large, sometimes small, the pedipalpi large and chelate, like those of scorpious.
The pedipalpal endites form part of the preoral cavity. Two pairs of respiratory
tracheae are present.
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Fig. 12~ Chelifer cancroides, ventral view of male, 3 mm long; S — numbers refer

to abdominal sternites, (After Beier.)

Anatomy

The little pseudoscorpions, usually only 24 mm long, are readily distinguished
from true scorpions bv the uniform abdomen, lack of a stinger, and by the
different structure of the preoral cavity. Most species are black or brown, some
olive-colored.

In the Monosphyronida only the dorsum of the prosoma has one or two trans-
verse grooves (Fig. 12-3); their relationship to the segmentation is not known.
The abdomen has distinct tergites VII to XVII and a posterior apal plate, pos-
sibly belonging to metamere XVIII (Fig. 8-2). On the anterior of the venter
there is a plate with the gonopores at its posterior edge; the plate, then, must
be sternite VIII. Pregenital sternite VII s suppressed (Fig. 12-3).

APPENDACES. The chelicerae, two-articled and chelate, project forward
(Fig. 12-4). Their fingers, toothed distally, bear serrulae, soft membranes with
toothed border used for grooming. Silk glands open near the tip of the movable
finger on 2 hump (Diplosphyronida) or on a branched galea. At the distal ends
of the pedipaipi are the long, toothed fingers of the chelae. The pincer con-
tains a poison gland that opens through the distal tooth;.ra:ely there is a poison
gland and openings in both fingers (Cheliferidae). The gland §lls either finger
or sometimes both and may reach to the proximal end of the chela. The anterior
edges of the pedipalpal coxae are enlarged mesally and, with the chelicerae,
form the preoral cavity (Fig. 12-5). The walking leg tarsus bears two claws
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and an attachment organ, the arolium, on a short pretarsus. The short endo-
sternite lies behind the subesophageal ganglion.

NERVOUs SYSTEM. - All ganglia are concentrated in the prosoma as a brain
(Fig. 12-5). As in many other small forms, the brain is relatively large. There
is a central body and a protocerebral bridge, probably the vestige of the paired
globulus (association organ). No optic centers are differentiated.

There are simple sensory hairs, trichobothria on the palpal fingers, slit sense
organs, and usually one or two pairs of lateral eyes. There are about 20 retina
cells, the rhabdoms of which face a tapetum. :

DIGESTIVE SYSTEM. The mouth is at the base of a projection, of which the
dorsal part forms the labrum, while the grooved venter encloses the labjum
(Fig. 12-5). Both labrum and labium lie within a narrow space laterally en-
closed by the pedipalpal coxae. The whole projection extends into a preoral
cavity formed by the long parallel pedipalpal endites (Fig. 12-3). The sclero-
tized pharynx bas an X-shaped lumen and serves as 2 pump. The long esoph-
agus passes through the brain and widens into a midgut having nine uobranched
ceca on each side. The first pair lies in the prosoma and opens directly into
the gut while the others lie between the dorsoventral muscles of the abdomen
(Fig. 12-5). As in scorpions, the posterior four to five have a common duct
opening into the gut lumen. Also there is an unpaired ventral cecum in the
anterior of the abdomen. In the region of segment XI the midgut narrows and
loops, but widens posteriorly in an endodermal rectal pocket which opens
through a short ectodermal hindgut.

EXCRETORY SYSTEM. The excretory organs are prosomal nephrocytes and
coxal glands; these open on the posterior wall of the third coxa. Malpighian
tubules are absent, but the epithelium of the gut ceca, and possibly the silk
glands, are excretory in function. The silk glands lie in a compact mass of tubes
anterior in the prosoma, sometimes extending into the abdomen; they are some-
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Himes reduced in adult males. Their ducts open in the tip of the movable finger
of the chelicera (Figs. 124, 12-5).

RESPIRATORY SYSTEM. There are two pairs of txacheae with spiracles on the
posterior borders or membranes of sternites IX and X. Many species have sieve
tracheae, the atria of which project into the region of the third leg coxae. In
the Dithidae the anterior tracheae branch along their entire length into tracheal
capillaries.

CIRCULATORY sYsTEM. The tracheae deliver oxygen directly to the tissues.
Correspondingly the arterial system is absent, and the heart, located in the
abdomen (under tergites VII to XI), has only an anterior artery and a pair of
posterior ostia (Fig. 12-5).

REPRODUCTIVE SYSTEM. The sexes differ little in structure. The testis is an
unpaired ventral sac with paired diverticula that fuse laterally in some species.
The paired vas deferens opens into a mesodermal atrium, and that in turn into
a glandular ectodermal portion that produces the complicated spermatophore and
stalk, The ovary also is unpaired, sometimes branched; anteriorly the ecto-
dermal atrium has a pair of seminal receptacles. In chernetids there is a median
seminal receptacle.

Reproduction

As in scorpions, the female picks up the sperm from the stalked sperma-
topheres previously deposited by 2 male. In the more primitive families be-
longing to the orders Heterosphyronida and Diplosphyronida and in Cheir-
diidae, the femnale is assumed to find the spermatophore chemotactically. How-
ever, members of the Cherneddae and Cheliferidae court and the male leads the
female to the spermatophore.

The spermatophores consist of a stalk and a sperm mass that, in most species,
is enclosed in a sperm package. The stalk stands straight up in the forms that
do not court, but is inclined in most chermetids and cheliferids. The sperm
package is emptied by swelling until it bursts. The spermatophores of the
chernetids and cheliferids bear, under the sperm package, a drop of fluid that
helps to trigger the swelling mechanism in sperm transfer. B

The males of Chthonius, Neobisium and some cheiridiids deposit sperma-
tophores even in the absence of females. The females, possibly led by chemical
senses, search for the spermatophores. As the fernale, her body held high, walks
over a spermatophore, a drop of fuid from her gomopore triggers the swelling
mechanism, and the sperm is sprayed into the gonopore. Chthonius and Chei-
ridium regularly destroy their old unused spermatophores and replace them.

The male Serianus (Olpiidae) deposits spermatophares only in the presence
of fernales, minutes after he has encountered one. Then he marks a2 way to the
spematophore with a row of silken threads on both sides, attached in a zig-zag
line between the ground and something above. This path leads the female to
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the spermatophore. The silk used for this purpose is produced not in the pro-
somal silk glands but in the rectal pocket, differentiated in the male of this
species into a silk gland. As in chthoniids and cheiridiids, old spermatophores
and their paths are replaced.

Courting chernetids grasp one or both pedipalpal hands of the female and,
holding on throughout mating, pull her back and forth (Fig. 12-6). The male
may display with the free hand or, in some species, with his first pair of legs.
Finally, beads almost touching, the male deposits the spermatophore. Then as he
pulls the female over it she picks up the sperm package with her opened gono-
pore. The pair may remain together for 2-3 hours, the male depositing a
spermatophore every 8-10 minutes. In the chemetid, Lamprochernes, the fe-
male tends to initiate mating. Males of Lasiochernes and Lamprochernes will
take the pedipalp of any male or female of the same species and trv to force
the partoer to walk back and forth. -

Some cheliferids, at the posterior wall of the ectodermal genital atrium, have a
pair of soft cylindrical tubes, the “ram’s homn organs,™ which can be everted by
blood pressure so far that they may touch the anterior of the prosoma (Fig. 12—
3). The male of Dactylochelifer latreillei initiates courtship by - grasping both
female pedipalpi and walking back and forth. But he releases his grasp and
continues to dance. As the female approaches him, the male signals with his
palps for her to walk backward and be steps forward. Then he steps backward
again. dances and waits until she approaches closely. This stepping forward

spermatophore
(@)

spermatophore
. ()] .
Fiz. 12-6. Mating of Dendrochernes cyrncus, male left, lateral view; each animal 4
mm long (after Kew): (a) male deposits spermatophore; (b) male pulls female over
spermatophore.
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and backward is repéated several times, without contact between mates. The
ram’s horn organs are pulled in and out. Finally the male deposits a sper-
matophore and steps back over it. Then as the female moves forward and
touches it, the male quickly moves forward, pushes his prosoma under the
female’s coxae, hooks the large tarsal claws of his first legs into her genital open-
ing, and pulls her over the spermatophore. The male of Chelifer cancroides
“dances” about 1 cm from the female, making lateral pedipalpal movements
and vibrating the raised abdomen with the ram’s horn organs evaginated, before
depositing the spermatophore. Then the male moves back and while the female
moves forward he grasps her palpal femora with both chelae, pushes his prosoma
underneath her and, with both first legs touching the female genitalia, shakes
the female 8§-10 times in 3—4 minutes. It is assumed that the female follows the
movements of her partner chemotactically or perhaps visually (only those with
eyes break physical contact) or with trichobothria. Males of Chelifer cancroides
may dance toward other males of the same species. but deposit a spermatophore
only in the presence of a receptive female. Chelifer males display only in a
territory, presumably marked with scent secreted by the coxal sacs; the male
has been observed to rub the ground with its venter.

Development

Several weeks after mating, in many species, the female retires to a silken nest
where she remains during the egg-laving and early development of her young.
Before egg-laying, a brood pouch is secreted. Two projections of the ecto-
dermal genital atrium are evaginated by blood pressure and are covered by a
secretion of the large glands. The secretion hardens to produce a ventral pouch.
Into this sac the eggs are deposited one after another, 7-40 in Chelifer can-
croides, 2-5 or 6 in Cheiridium museorum. The eggs stay at the periphery of
the sac, stretching its walls (Fig. 12-7). After producing eggs, the ovary wall
becomes glandular and the female secretes into the pouch a nutrient “milk” on
which the embryos feed. .

The embryos take up the fluid by means of two embryonic organs. At first,
during cleavage and gastrulation, a syncytial layer forms under the egg shell.
This layer absorbs and stores the nutritive fluid secreted into the brood pouch
by the female. Later the embryo develops a complicated pumping organ, con-
sisting of a large muscular upper lip, a platelike lower lip, and a small preoral
chamber formed by pedipalpal coxae; with this pumping organ the svncytial
layer with the stored nutrient is consumed. Now the embryo molts and ruptures
the egg shell. In this second stage the embrvos lie free but closely packed in the
brood sac, and feed on the much larger quantity of nutritive Buid now being
secreted into the brood pouch. After that they complete organogenesis and
finally, by means of a hatching tooth, rupture their cuticula and the brood sac
membrane to emerge as protonymphs.
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Fig. 12-7. Female Pselaphochernes scorpioides with Lrood sac (from Weygoldt):
(a) sac with eggs: (b) sac with embryvos afier first feeding: (c) after molting and
breaking ‘of egg membrane; (d) voung emerging from brood sac.

The various families and genera display considerable difference in develop-
ment. The primitive Chthonius does not have a complete brood sac. First the
eggs are carried in a drop of fluid attached to the gonopore. Later, material is
secreted that glues the eggs together and imbeds the embryos. The pumping
organ of Chthonius persists and functions nearly until the end of the embryonic
development; after that it is transformed directly into the mouthparts of the
protonymph. The “milk” is not completely used up by the embryos, and the
protonymphs remain attached by their chelicerae to the secretions around the
female gonopore and continue for some days to pump fuid. Young C. tetro-
chelatus stay with their mother undl reaching the deutonymph stage. Unlike
other species, the female Chthonius feeds ... the remains of the secretions and
membranes. '

In Neobisium too the pumping organ works over a long period, but not
through the entire embryonic development. During metamorphosis of the
pumping organ into the mouthparts, most of its muscles degenerate, only a few
remaining ones being incorporated into the upper lip. The development takes
about 45 weeks. .

In Cheiridium, Chernes, and Chelifer feeding in the second embryonic stage
is much shorter, a few hours or, in some cheliferids, only seconds. This takes
place in an early stage of development, before the rapid organogenesis begins,
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and results in a sudden increase n volume, three to four times, of the embryos.
After that the pumping organ degenerates, only a small part remaining to con-
tribute later to formation of the wmouthparts. Chelifer, while molting to begin
the second embryonic stage, also ruptures the brood sac membrane, the embryo’s
back protruding out of the brood sac.

Females of most of these forms, too, carry the brood sac until emergence of
the protonymphs, but the presence of the mother is no longer necessary after
the embryos have absorbed all the nutritive fuid. The females of Cheiridium
and Apocheiridium, however, drop the brood sac at this time, the embryos com-
pleting their development in the nest abandoned by the mother. Serianus
females also drop the brood sac, but remain in the nest with it until after the
protonymphs hatch (Weygoldt, personal communication).

The protonymph, in most cases, leaves the mother some days after hatching,
molts to become 2 deutonympkh, then a tritonymph, and finally an adult, which
does not molt again. The nymphs are smaller than adults and have fewer palpal
trichobothria. Jn laboratory cultures of Chelifer cancroides, the embryo stage
takes 5-18 days, the second embryonic stage 16-25 days (the time in the brood
sac 16-41 days). The nymph stage takes 10 to 24 months. The adult females
live 3% to 5 years, maturing in 1-2 years.

Molting takes place in 2 silken chamber. The nymph rests for several days,
unable to move. In a few days, strong contraction of the abdomen presses fuids
into the prosoma and inflates it, tearing the anterior edge of the dorsal cover.
The chelicerae move out of the tear, free from the old cuticle. Strong move-
ments tear the dorsal prosomal cover loose to the base of the abdomen on each
side. Within 8 hours the old skin slowly moves posteriorly, freeing the animal
within. As they are freed, the new appendages slowly flex. The whole process
of molting, including the previous quiescent period, takes 1-2 weeks.

Relationships
In form, pseudoscorpions resemble scorpions. In structure of the abdomen and
preoral cavity, they resemble more the Amblypygi, while in the gut structure
they resemble the Uropygi; in brood sac and genital atrium they resemble both.

Habits

Psendoscorpions live in crevices; most species prefer somewhat humid condi-
tions under bark and in plant litter. The cosmopolitan Chelifer cancroides lives
in houses, where it hunts booklice, small insects and bedbug nymphs; only
rarely is it found outside, under bark. The cosmopolitan Cheiridium museorum
lives in barns and buildings.

Chthoniidae and Neobisiidae live in moist habitats: in leaf litter, moss, under
stones and a few under bark. The Olpiinae prefer dry areas, even deserts. Some
species, especially Neobisiidae, are found in caves, adapted to their babitat by
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the long appendages, long sensory setae, and lack of coloration commonly seen
among other cave arthropods. The large Garypus lives on ocean shores; the
European Neobisium maritimum inhabits the intertidal area, covered by water
twice daily. In Florida Dinocheirus tumidus and in North Carolina another
Dinocheirus live in the- driftline, covered by water twice a day The nests of
small mammals and some birds support 2 fauna of a pseudoscorpions, mostly
Monosphyronida, that prey on the larvae of beetles, flies, fleas, and mites. Ant
and bee nests are inhabited by chernetids and cheliferids.

Phoresy is often observed; mature fernales, rarely males but never juveniles,
attach themselves to legs or flies or sometimes other insects, and are transported-—
an important means of dispersal for some species, originating presumably from
attacking prey too large to handle.

NEST BUILDING. Pseudoscorpions are protected by their silken pests, made
before each molt, for overwintering, and for oviposition. The nests, 2 to 10 mm,
are usually about twice the length of the inhabitant. The inside is a papery silk
wall, while the outside generally is covered by particles of wood, pebbles, sand
grains and food remains. First, Dendrochernes and Chelifer build a circle of these
particles, picked up with the pedipalpi and arranged with the chelicerae. Then
the animal, moving to and fro, spins the material together. With each forward
movement the galeae touch a particle with silk and connect it to 2 neighboring
one. Presently the pseudoscorpion turns to weave the next section. When the
nest is almost complete, the pseudoscorpion may move outside to collect more
particles, and possibly to build a cupola. The whole task takes 10-12 hours.
Then the inner wall and Hoor are gnished. The 6 threads coming from each galea
do not stick to each other, so about 10-12 threads are made with each move-
ment. The finished nest protects its inhabitant from predators, excess moisture,
and desiccation. After molting, the pseudoscorpion may tear the wall with
pedipalpi and chelicerae, and abandon the nest.

LocomoTION. Pseudoscorpions walk rapidly with all 8 legs, sometimes faster
backward than forward, permitting them to retreat into a crevice while brandish-
ing the pedipalpi. Some species ( Chthonius) may make small jumps, probably
propelled by their strong fourth femora.

sensEs. Touch and vibration are no doubt the most important senses. Chem-
ical senses are also important in feeding and sperm transfer behavior. All species
project their pedipalpi when running and presumably receive distant stimuli
through their trichobothria- Chelifer cancroides notices prey 1-4 cm distant, but
Chelifer will also respond to 2 tuning fork by pedipalpal movement. The struc-
ture of the eyes precludes pictorial vision. They probably recognize movement
of objects close by. If a piece of paper is moved toward Chelifer, it will retract
the pedipalpi when the paper is about 5 mm distant, before extending them
toward the paper. In experimental dishes. Chelifer cancroides does mot avoid
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light or darkness when moving about but prefers to rest in the dark and on
rough surfaces.

FEEDING. Chthoniidae and Neobisiidae tear food with their large chelicerae.
Chthonius, with its large chelicerae, may use them for attack rather than the
pedipalpi. The chelicerae may open up the prey and chew it. A 4 mm Dro-
sophila larva will be chewed into a little ball, 1 mm in diameter, in 1-2 hours.
Garypids, olpiids, and all Monosphyronida take prey with the pedipalpi and
move it to the small chelicerae, which bite the hole in the prey. Once the
chelicerae have a good hold, after some handling, the pedipalpi let go; the
immovable cheliceral finger is in the prey, the movable one holds on. Digestive
juice is pumped into the prey, and predigested fluid is sucked in. The pedipalpi
may take the prey back to facilitate insertion of chelicerae at another point. It
takes 15-20 minutes to feed on a small caterpillar. The injection of digestive
juice can be recognized by the swelling of the caterpillar; later it collapses as it
is sucked out.

Food preferences, expressed by dropping certain prey already in the cheli-
cerae, have been observed in only a few species. Neobisium muscorum, living
in litter, prefers Collembola and Blothrus feeds on beetles. Chelifer cancroides
prefers booklice, also preys on bedbugs, rejects mites, and takes Collembola
only exceptionally. In captivity they will take plant lice, larvae and adults of
small Lepidoptera, Drosophila and fleas.

sociar. HaAsITS. Chthonius and Neobisium may spend a lot of time groom-
ing. Chthonius washes with a drop of liquid from the oral cavity. Many pseudo-
scorpions are gregarious; some species sit almost on top of each other. When
two individuals of Chelifer meet, one waves the palpus slowly. Similar move-
ments on meeting an individual of the same species have been described for
several species.

Classification

Pseudoscorpions are divided into 3 suborders, which differ by the size of their
chelicerae, their leg tarsi and also in their mating behavior.”

SUBORDER HETEROSPHYRONIDA

Fach first and second leg has 3 articles excluding the coxa, and each third and
fourth leg has 6 articles excluding the coxa. (Legs 1 and 2 have one tarsal article;
legs 3 and 4 have two.) Chelicerae are large and strong. The two families included are
Tridenchthoniidae and Chthoniidae, with the genus Chthonius.

 The names used are those proposed by J. C. Chamberlin, 1929, who first grouped the
pseudoscorpions. The names later proposed by Beier, 1832, which are used in Europe, are
Chthoniinea, Neobisiinea, and Cheliferinea.
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SUTBORDER DISPLOSPHYRONIDA

The tarsus of each leg is divided into metatarsus and telotarsus, so each leg has 6
arficdles excluding the coxa. Usually there are 4 eyes. Seven families are included.
Neobisiidae includes the genera Blothrus, Microcreagris and Neobisium. Neobisium
inhabits leaf litter. The European N. muscorum reproduces only at cool temperatures,
10-15°C. Other families are Svarinidae with Syarinus and Chitrella, Hyidae, 1deo-
roncidae, Menthidae, Olpiidae with Olpium and Serianus, and Garypidae with Garypus.
Garypus is found under stones on ocean shores.

SUBORDER - MONOSPHYRONIDA

The tarsi are not divided, so each leg has 5 articles excluding-coxa. Anteriorly the
prosomal dorsum is tapered or rounded. Usually there are two eyes or fewer. Families
are: Faellidae with Faella; Pseudogarypidae with Pseudogarypus; Cheiridiidae with
Cheiridium and Apocheiridium; Sternophoridae with Garyops; Atemnidae; Chernetidae
with Chernes, Chelanops, Lamprochernes, Hesperocherncs, Dendrochernes, Pselapho-
chernes and Dinocheirus. Lesiochernes, from mammal nests gives off a strong odor;
it readily attaches itself to bristles of a brush. Cheliferidae includes Chelijer cancroides
found in buildings. The topical Eliingsenius lives only in tropical bee colonies and is
transported by bees. Other cheliferid genera are Dactylochelifer and Withius.

ORDER SOLIFUGAE, WINDSCORPIONS

The order Solifugae (also called Solpugida) includes SO0 species, the largest
being Galeodes caspius, 7 cm.

Solifugids are arachnids that have the prosoma divided into a proterosoma
and two free segments. The abdomen is narrowed at the anterior end. The
chelicerae are huge, the pedipalpi leglike. There is a well developed tracheal
system with two Jarge longitudinal trunks and many branches.

propeltidium

leg 1

Fig. 12-8. Aniterior body of Galeodes graecus, lateral view: 2 cm long. (After Kaestner.)
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Windscorpions can direct their huge chélicerge toward an adversary by bend-
ing the domed proterosoma up (Fig. 12-9). The proterosoma is probably con-
nected by a thin membrane to Bexible tergites V and VI (Fig. 12-9) and there
is also a' ventral joint, between the fused coxde, in the shape of a transverse
membrane behind the coxae of the second walking legs (Fig. 8-3). This seg-
mentation, present in the embryo, is probably not secondarily acquired. T%:e
barrel-shaped opisthosoma has distinct tergites and sternites VIII to XVII, while
the plates of metamere VII are reduced to a soft pedicel (Figs. 8-3, 12-8). In
contrast to the hard proterosoma, which provides attachment sites for muscles,
the abdomen has a flexible exoskeleton, which may expand greatly after feeding
or in females carrying eggs.

APPEND,\GES: The huge, projecting chelate chelicerae are two-articled armed
with teeth but not with poison glands. Pedipalpi are leglike, their coxae widened
but otherwise similar to leg coxae (Fig. §-3). The terminal article has an eversible
attachment disc instead of claws. The first walking legs are thin and weak
compared with the others (Fig. 12-9).
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There is no mesodermal endosternite: Instead the strong muscles are attached
to an ectodermal internal skeleton. Flat apodemes extend toward the inside
from the immovably fused coxae. A large median apodeme arises between the
coxae of the first and second walking legs. * Its two parallel ridges extend diag-
onally into the posterior of the prosoma, where they unite into a flat plate.

Separating the prosoma and abdomen is a diaphragm of muscular fibers that
counect the anterior borders of the first abdominal tergite and sternite. The
vestiges of segment VII are thus included in the prosoma. The internal pressure
of the prosoma is independent from that of the abdomen, but the diaphragm is
penetrated by gut, heart, nerves and main tracheae through openings having
circular muscles.

NERVOUS sYsTEM. The nervous system comprises the brain, a subesophageal
ganglion containing ganglia I to XI, and a small ganglion in VIII containing the
five posterior ganglia. The protocerebrum has a central body, a pair of globuli,
and simple optic centers. The most anterior optic ganglia have moved behind
the eyes as in the compound eyes of Crustacea and Insecta.

Long sensory hairs cover the windscorpions (Fig. 12-9). The pedipalpal
tarsus and the tarsus of the first leg contain sensilla ampullacea, special short
sensory hairs within small pits. Ventrally, proximal articles of the last walking

legs bear stalked mallet-shaped structures, the racquet organs or mallesli, con- .

taining sensory nerve endings. There is a pair of large median eyes in which the
rhabdoms face the lens, and at the propeltidium border there may be vestiges
of lateral eves.

DICESTIVE sYSTEM. The mouthparts are simple. The mouth is at the tip of
the projecting rostrum. Above the convex dorsal side of the rostrum is the
labrum, and below it is the labium. Although wide and drawn out, the pedi-
palpal coxae do not border the preoral cavity (Fig. 8-3). The pharvnx is a
pump, which in turn continues into a sclerotized esophagus. The midgut has
four pairs of projecting prosomal forked ceca; the last two reach the coxae of
the third and fourth leg. In the eighth segment originate a pair of much
branched ceca which resemble those of spiders, and fill the abdomen. The
short ectodermal posterior gut is sclerotized and laterally compressed.

EXCRETORY SYSTEM. A pair of Malpighian tubules opens into the gut; there
are nephrocytes in the pericardium, ameboid cells in the blood, and a pair of
coxal glands. The coxal glands are unique in that they have a blind secreting
tube at the beginning of the labyrinth and they empty anterior to the pedipalpal
coxae. .

RESPIRATORY sYSTEM. The much-branched tracheae open on the abdomen,
at the posterior border of stemites IX, X and XI (Fig. 8-3). The anterior two
open as paired spiracles, the posterior opens medially. There are additional
prosomal spiracles posteriorly on the second walking leg (segment IV), unusual
for arachnids. Two main tracheae extend the length of the animal, giving off
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branches, some of which have expanded” airsacs resembling those of insects.
Indeed, the entire tracheal system resembles that of insects more than that of
arachnids. In other arachnids tracheal systems tend to be associated with
vestiges of abdominal appendages. Undoubtedly, it is of secondary origin, not
a primitive character, as is evidenced by the prosomal spiracles.

CIRCULATORY sYsTEM. Corresponding with the complex tracheal system, the
circulatory system is reduced to a short heart having 8 pairs of ostia and extend-
ing from somites V to XII. Two pairs of ostia are prosomal, a condition other-
wise found only in the Holopeltidia (Uropygi). There are unbranched anterior
and posterior aortae, continuations of the heart, but no lateral arteries.

REPRODUCTIVE SYSTEM. Male windscorpions are usually smaller and longer
legged than females. On the fixed cheliceral finger, some males have a spoon-
shaped appendage, the flagellum, derived from one or several modified bristles.
Its function is unknown and removal does not prevent mating. There is no
flagellum in eremobatids. The ovaries are a pair of long tubes. The testes are
2 pairs of coiled canals that continue as four vasa deferentia and fuse into two
ducts that enter the median atrium. The spermatozoa are enclosed in a sper-
matophore cover within the vasa deferentia.

Reproduction.

Mating has been observed in Galeodidae and Eremobatidae. In Galeodes
caspius the male stops when approaching a female, then jumps on her and
grasps her abdomen with his chelicerae. At the same time, the female prosoma
is embraced by the pedipalpi and legs. While the female becomes completely
passive, the smaller male may carry her 2 m, turn her on her back and pinch
her genital region; the female genital pore opens wide. Now the male raises his
abdomen and produces the spermatophore. It is placed on the substrate and
picked up by the chelicerae. Alternately the right and left chelicerae push it
into the female genital pore, which is then closed by the male. Suddenly the
male jumps off and runs away; the female immediately turns upright. Mating
lasts only minutes. Mating of Galeodes arabs and Othoes saharae is very sim-
ilar. Galeodes caspius deposits eggs in a previously dug. pit, as dEp as 20 cm
in the hot, hard ground. Lying on her side, the female deposits about 100
spherical eggs, within which embryos are already well-developed. The eggs
hatch in 1 or 2 days. The larvae remain immobile 2 to 3 weeks, and only after
molting acquire the appearance of the adult and the ability to move.

Although mating of captive individuals of 2 number of American species has
been attempted, only several Eremobates (Eremobatidae) species have mated
in captivity. All have similar behavior. Both male and female.assume attack
position with palpi and first legs elevated (Fig. 12-10a), chelicerae open, and a
rocking motion of the body. From this position both may leave or the male may
jump forward. If the female submits, she closes her chelicerae, relaxes her legs
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Fiz. 12-10. Eremobates sp. mating: each 2.5 em long (from Muma, courtesy Animal”~
Behavior Society.): (a) male approaching female: (b) male right, grasping female,
left; (c) turning female: male left. female right: (d) sperm transfer, male left; female
with abdomen folded upright.

and bends her prosoma back. Once a male was seen to chase a female. The
male takes a female, turns her over, and pushes the fixed cheliceral fingers deep
into her gonopore. Then she is placed back in walking position with her ab-
domen bent up (Fig. 12-10c). The male chews the opercular area, occasionally
lifting the female. Then the male bends the abdomen of the female back over
her prosoma (Fig. 12-10d) and a droplet of seminal fluid is transferred directly
from male to female gonopores. This takes only a second or two. The male
turns and again thrusts the chelicerae into the gonopore for a variable length of
time, possibly forcing the sperm into the receptacles or breaking the mass up
while the female becomes active. Separation varies as did the preliminary en-
counter. Finally the male cleans his chelicerae. Ercmobates durangonus differs
in that the male grasps the free posterior prosomal segments (Fig. 12-10b) of
the female. The mating takes 4-17 minutes. A female that was wounded was
consumed, and once in a while a male is eaten.

In Eremobates durangonus the males become adult in late July and disappear
in September. The females are in evidence from early August to October. Egg
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masses have been found in September. Egg laying occurs 9-14 days after mat-
ing. 'If not mated, the females did nat-produce eggs, or the eggs were sterile.

In captivity, females have laid 1-5 egg masses with 20-164 eggs each, each 1.9

mm in diameter. Egg deposition requires 40-60 minutes, the female lying on
her back or side. The first masses of eggs were all fertile or entirely sterile, later
ones had a high percentage of sterile eggs. At 26°C, 709, relative humidity,
eggs hatched in about 28 days; 15°C seemed near the critical low temperature.
The egg masses were deposited in burrows 5-8 cm deep in the laboratory, prob-
ably deeper under natural conditions. The newly hatched young cannot open
their chelicerae, but the upper finger has an egg tooth. The legs lack tarsi and

claws, but the larvae can wiggle .away. About 7-12 days later at 26°C, prob--

ably closer to two weeks in nature, they molt to become nymphs that resemble
adults. Nymphs of the first instar do not feed and molt again in less than 2
weeks. The second instar nymphs appear on the surface and tend to keep
together. They feed together on their first prey, 2s many as five on 2 termite,
and may feed on each other. There are at least 8, possibly 10, nymphal instars.
Nymphs of early instars bave a reduced number of mallecli. From 3-13 days
prior to molting the animal digs a burrow and becomes quiescent. The second
to fifth instars overwinter, remaining active and feeding at temperatures as low
as 5°C. The galeodid Othoes has a variable number of instars before becom*
ing adult. While Eremobates has a lifespan of less than a year, Othoss is be-
lieved to live two spring reproductive seasons.

Development

The embryology is not well known. There are 16 segments, a head and a
tail lobe. Metameres VIII to XVI have button-shaped appendages that dis-
appear later. Before hatching, the prosoma shows segmentation into an anterio
portion and metameres IV to VI '

Relaiionships
Windscorpions are characterized by a mixture of primitive and specialized
characters. The equal segmentation of body and heart, the leglike pedipalpi and
the simple preoral cavity appear primitive, while the respiratory system with
connected tracheae and the heart reduction are secondary. Solifugids are known
from the Carboniferous.

Habits

Most windscorpions are desert dwellers. There are six species in Europe,
some in Indian forests, others in Florida and throughout the West Indies, and
many in western United States, more than 120 species north of Mexico. In the
Andes they have been collected at altitudes over 3000 m. They have not been
found in the Amazon and Congo basins, Australia, and the South Sea Islands.
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Windscorpions are usually crepuscular or nocturnal, often frightening campers
when they come into tents or to campfires. A few are diurnal. If an adversary
" appears, the prosoma is raised and the chelicerae opened. African and Eurasian
species make stridulating sounds by rubbing the median sides of the chelicerae.

LocomoTiON. The rapid movement of these animals has given them the
name “windscorpion.” Like some spiders, they run with great'speed, making
sudden stops. Only the last 3 pairs of legs are used in running, the first and
pedipalpi being held above the substrate. Species with an eversible vesicle on
the palpus tip readily climb smooth stone or vertical glass surfaces. The wind-
scorpions observed run in a straight line but circle objects encountered: racks,
logs, and cow dung. Pitfall traps at the end of halfburied logs will capture
specimens.

American species, on being sprinkled with rain or water, run and rapidly start
burrowing. Although most Solifugae have no specialized morphological struc-
tures for burrowing, most of them dig and may make as many as 40 burrows
during their lifetime. The burrows are used for rest, digestion, molting or
hibernation. The bumows in the laboratory reach 1-23 cm below the surface,
probably going deeper in nature. The burrowing is done by biting, raking and
plowing. Obstructions are bitten free and carried out of the way with the
chehcerae In raking with the dorsolateral macrosetae on the tibiae of legs 2
and 3, sand and clay particles are hurled back several centimeters. When there
is an accumulation. the excavator turns around and pushes it back by lowering
the bodv and pushing like a snow plow. The pile is first pushed out of the
entrance, but later, when the burrow is several body lengths deep, the dirt is
plowed only to the entrance, which is thus closed. The completed chamber is
oval to spherical. In most observations the animal was digging between two
panes of glass. Digging by Calcodes arabs is similar to that of American species,

The animals survive submersion in water, possibly an adaptation to the flash
}f)i;ojzt:.mmon in énd regions. They stop moving completely as soon as covered

seNsSEs. The many sensorv setae are the main receptors for touch, air cur-
rents, and vibration. A chemical sense can be demonstrated; they will stop 2.5
¢m from eucalyptus pieces, and males sense females before actually touching
them. There is no response if the pedipalpi with their sensory setae are ampu-
tated. Experiments with Galeodes demonstrate that if the eves are covered by
black lacquer they are slower in catching prey. Galeodes arabs has been ob-
served to jump at a hand passing on the other side of its glass container, and a
high percentage of dark 5 cm cardboard squares on the other side of the glass
were attacked. The function of the mallet-shaped organs is not known, but
possibly they are- vibration receptors.

FEEDING. Touch and vibration are used to find food. The diumal Hemero-
trecha californica can probably see prey. They mav capture prey by chase or
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ambush, and may congregate in places of high prey density, such as termite
nests where they only have to pick up termites with their palps and place them
in the chelicerae. The prey is manipulated, lacerated, rotated by the chelicerae.
Exoskeletal and setal fragments are found in stomach contents and féces.
Females and juveniles engorge so that the abdomen expands to several times its
normal size. Males do not feed so much. Satiated Ammotrechulz has been ob-
served to kill termites and bury them. However, juveniles can survive for 2
months without food. Large species do not necessarily feed on large prey.
Eremorhaz magnus takes beetles and earthworms; E. striatus takes almost any
insect except termites, the preferred food of most American species. Small
species are limited to small food. Eremobates durangonus accepted a wide
variety of food, but preferred termites. 2040 at a feeding. Ammotrechells
stimpsoni feeds primarily on termites. They will take droplets of water. Feces
are ejected several centimeters beyond the abdomen.

Old world solifuges also have a ravenous appetite. A Galeodes took suc-
cessively four large acridids and fed on flies soon after. The prey is held by the
chelicerae. The chelicerae open and close, cutting the food, and also extend
and pull back. Large beetles are decapitated and eviscerated. Grasshoppers
are held transverse to the main axis of the body, crushed, and chewed until the
remains form a ball. An 18 cm long lizard was eaten up, except for a wad of
remains, within 30 minutes. Large species will bite if carelessiy handled, but
no poison is present.

Classification

The dentition of the chelicerae is used to separate species. Of the 10 families,
only two are found in the Americas: Ammotrechidae and Eremobatidae. All
others are African or Eurasian.

Ammotrechidae. Found from the United States to southern Argentina, these have the
anterior edge of the propeltidium rounded, and they lack claws on the first pair of legs.
Males have a cheliceral flagellum. Ammotrecha is found in the southern United States,
Ammotrechella stimpsoni from Florida, under bark of stumps inhabited by termites.
Ammotrechuls is another genus.

Eremobatidae. North American, these have the anterior edge of the propeltidium
truncate, one or two claws at the tip of the first leg, and on legs 2 and 3, a spine on the
tarsus. Males lack a cheliceral flagellum but do have flagellar bristles. Eremobates is
common in the southwestern United States; Hemerotrecha and Eremorhax are also
included.

Rhagodidae. The anus is ventral (in all others it is daorsal). These occur in Africa
and from the Near East to Tibet

Hexisopodidae. There are no free tergites behind the propeltidium on the prosoma.
Spatulate leg articles are used for digging: the fourth legs lack claws. The distribution is
South and Southwest Africa.




Galeodidae. The tarsal claws are

“to India and China, Othoes in northwest African deserts.
Karschiidee. There are twgq tarsa i

» and from the Near East to Mongolia.

ccur in South and East Africa,

Daesiidae. Tarsal claws are lacking on leg 1; tarsi of legs 2 and 3 have one or two

articies; the cheliceral Bagelium js awl-shaped and can be turned through 180°. They
are found in Africa and Europe to India. ) '

References
RICINULEI

Beck, L. 1968. Aus den Regenwildern des Amazonas. Nat. Museum 98:71-80.

Bolivar Pieltain, C. 194]. Ricinulideo de la Caverna de Cacahuamilpa, México. Rec. Soc.
Mexicane Hist. Natys. 2:197-209.

Cooke, J. A. L. 1967. The biology of Ricinul
Certsch, W. J. and Mulaik, S,
1037:1-5.
Kaestner, A. 1932

3(2):99-116.

ei. J. Zool. 151:31-¢9.
1839. A ricinuleid from Texas. Amer. Mus. Novitates

Ricinulei in Kitkenthal, Hondbuch der Zoologie, D= Gruvter, Berlin

Millot, J. 1945. Sur I'anatomie Interne des Ricinulei. Ann. Sci. Na: Zool. Biol. (11)7:1-29.
——— 1949, Ricinuléides in Crassé, Traité de Zoologie, Masson et Cie, Paris, 6:744-760.

Pollock, J. 1966. Life of the ricinulid. Animals 8(15):402-403.

PSEUDOSCORPIONES

Beier, M. 1932, Pseudoscorpionidey in
3(2):117-192.

1948. Phoresie up

R 1:441-497. A

— 1964. Pseudoscorpionidea in Aguilar, ]. et al. ed. Bestimmungsbiicher =ur Boden-

fauna Europas, Akad. Verl,, Berlin 1:1-313.

Chamberlin, J. 1931. The Arachnid Ord

Kikenthal, Handbuch dey Zoologie, De Gruyter, Berlin

d Phagophilie bej Pseudoscorpionen.  Osterreichische Zool. Z.

er Chelonethida. Publ. Stanford Univ. 7:1-284.

1943. The genus Synsphyronus and sporadic loss of stability in generally constant
morphological characters, Ann. Entomal. Soc. Amer. 36:486-500.

Gabbutt, P. D. 1962. Nests of the marine false scorpion. Nature 196:.87-89.

1966. The silken chambers of the marine pseudoscorpion Neobisium maritimum.
J. Zool. Soc. London 149:337-343.

— and Vachon, M. }gg3.

External morphology and life history of Neobisium
muscorum. Proc. Zool. Soc: London 145:333-358.

Cilbert, 0. 1951. Observations on the feeding of some British false scorpions. Proc. Zool. Soc.
London 121:347-333.

hairy. Galeodes occurs in Africa and from Greece
; tarsi 2 to 4 each have one article,

claws on leg 1; the claws are not hairy. Tarsi of legs

R

L

————— 1952. The histology of the. midgut of the Chelonethi. Quart. J.-Microscop: Sci.
93:3145. - ) ’ .

Hevrtault-Rossd, J. and Jézéquel, J. F. 1985. Observations sur Faellg mirabilis. Bull. Mus.
Nat. Hist. Natur. Paris (2)37:450-461. .

Hoff, C. C. 1949. The pseudoscorpions of Hlinois. Bull, Illinois Nat. Hist. Surp. 24:413-488,

————— 1938, List of the pseudoscorpions of North America north of Mexico. Amer. Mus.
Novitates 1875:1-30.

1959. " Ecology and distribution of the pseudoscorpions of north-central New
. Mexico. Unio. New Mexico Publ. Biol. 8:1-68.

Janetschek, H. 1948. Zur Brutbiologie von Neobisium jugorum. Ann. Naturhist. Mus. Wien
56:309-316.

Kaestner, A. 1927. Pseudoscorpiones in Schulze, Biologie der Tiere Deutschlands, Verl. Gebx.
Bomtraeger, Berlin, 18:1-68.

Levi, H. W. 1948, Notes on the life history of the pseudoscorpion Chelifer cancroides.
Trons. Amer. Microscop. Soc. 67:290-298. }

1933. Observations on two species of pseudoscorpions. Canadian Entomol. 85:55-62,

Roewer, C. F. 1940. Chelonethi in Bronn's Klassen und Ordnungen des Tierreichs, Akad.
Verlagszes., Leipzig, 5(4)6:1~354.

Schlottke, E. 1940. Zur Biologie des Bicherskorpions. Ber. Westpreussichen Bot. Zool. Ver.
62:1-31.

Strebel, O. 1937. Beobachtungen am einheimischen Biicherskorpion Chelifer cancroides.
Beitrag Naturkundl. Forschungsges. Stidwestdeurschlands 9:143-153,

Vachon, M. 1935. Une particularité dans le développement d’un Pseudoscorpion, Cheiridium

muszorum. Bull. Soc. Zool. France 60:330-333.

1938. Recherches anatomiques et biclogiques sur la reproduction et la développe-
ment des Pseudoscorpions. Ann Sci. Natur. Zool. (11):1-207.

— 1940. Remarques sur la phoreésie des Pseudoscorpions. Ann. Soc. Entomol. France
109:1-18. o

— 1947, Nouvelles remarques sur la phorésie des Pseudoscorpions. Bull. Mus. Nat.
Hist. Natur, Paris {2)19:84-87.

1947 Remarques sur l'arthrogenése des appendices. Bull. Biol. France, Belgique
81:177-194. ’
- 1948. Quelques remarques sur le nettovage des pattes machoires et les glands

salivaires. Bull. Mus. Nat. Hist. Natur. Paris (2): 20:162-164, }

- 1949. Pseudoscorpions in Grassé, Traité de Zoologie, Masson et Cie, Paris, 6:437-481.
1951. Les glandes chélicéres des pseudoscorpions. Compt. Rend. Acad. Sci. Paris

233:205-206. - : )
~—————— 1931, Sur les nids et spécialement les nids de ponte chez les Pseudoscorpions.

Bull. Mus. Nat. Hist. Natur. Ptzg‘is (2)25:196-199. v :
Weygoldt, P. 1964. Embryologische Untersuchungen an Pseudoscorpionen. Z. Morphol.

Okol. 54:1-106; Zcol. Beitr. 10:353-368.

1965. Entwicklung von Neobisium. Z. Morphol. (k. 54:321~382.
———— 1965. Spermieniibertragung bei einem Pseudoscorpion. Naturwissenschaften 52:218.
————— 1963, Fortpfianzungsverhalten der Pseudoscorpione. Ibid. 52:436.
~———— 1966. Fortpflanzungsbiologie der Pseudoscorpione. Z. Morphol. kol. 56:39-99.
———— 1966. Die Ausbildung transitorischer Pharynxapparate bei Embryonen. Zool Anx=.

176:147-160. - ’

1966. Mating behavior and spermatophore morphology in the pseudoscorpion

Dinocheirus. ( Chernetidae ). Biol. Bull. 130:469—4G7. L

Ea




; i:lltak&:’é‘;\u‘.l.% oot PP

iy

e dis o wb oo ava g s g AL o

12. ARTHROPODA: CLASS ARACHNIDA

- 1966. Moos - und Biicherskorpione. Neue Brehm Bicherei no. 365, Ziemsen Verd,
Wittenberg Lutherstadt., ) -
-— 1966. Spermatophore web formation in a pseudoscorpion.  Science 153:1647-1649.
SOLIFUGAE ’

Babu, K. S. 1965. Anatomy of the ceatral nervous system of arachnids. Zool Jahrh. Abt.
Anat. 82:1-154.

Cloudsley-Thompson, J. L. 1934. Function of the
Monthly Mag. 50:235-237.

1861. Natural History of the Camel spider, Caleodes. Ibid. 97:145-132.

————— 1961. Some aspects of physiology and behavior of Caleodes arabs. Entomol.
Ezp. Appl. 4:237-283.

Junqua, C. M.

palpal organ of Solifugae. Entomal.

1957. Aspects histolo'giques du systéme nerveux d'un solifuge. Note prélimi-
nawre. Bull. Soc. Zool: France 82:136-138.

1962. La reproduction d'un solifuge, Othoes. Compt. Rend. Acad. Sei. Paris
233:2673-2675.

—~ 1966. Recherches biologiques et histophysiologique sur un solifuge saharien.
Mém. Mus. Nat. Hist, Natur. Paris A 43:1-124.

Kaestner, A. 1933. Solifugae in Kiikenthal, Handbuch der Zoolo
3(2):193-199.

_ 1952,
148:136~168.

gie, De Gruyter, Berlin
Zur Entwicklungsgeschichte des Prosoma der Solifugen.  Zool. An=z.

1952, Uber zwei Entwicklungstadien von Solifugen. Ibid. 149:1-20.
Lawrence, R. F. 1947. Some observations on the eggs and newly hatched embrvos of
Solpuga. Proc. Zool. Sec. London 117:499-434.

1949. Observations on the habits of a female Solifuge. Ann. Transvaal Mus.
21:197-200.

Millot, J. and Vachon, \f

1949, Solifuges, in Gerassé, Traité de Zoologie, Masson et Cie,
Paris, 6:482~319.

Muma, M. H. [951. The arachnid order Solpucida in the United States. Bull. Amer. Mus. Nat.
Hist. 97:33~14].

————— 1962 The arachnid order Solpugida in the United States, Supplement 1. Amer.
Mus. Nocirates 2092 ]~44.

1963. Solpugida of the Nevada test site. Brigham Young Unio. Sci. Bull. Biol.
Ser. 3(2):1-13.

19686.
14:346+350.
1966.
1966.

Mating behavior in the solpugid genus Eremobates. Anim. Behaviour

Feeding behavior of Solpugida. Florida Entomol. 49:199-216.

—_— Egz deposition and incubation in Eremobates. Ibid. 49:23~31.
———— 1966. Life cvcle of Eremobates. Ibid, 49:33%5-243.
1967. Burrowing habhits of Solpugida. Psyche 73:251-260.
ga - 1967. Behavior of North American Solpugida. Florida Entomol. 30:113-123.
o. K. P.

) and Copal:}krishnareddy, T. 1962. Nitrogen excretion in arachnids. Comp.
Biochem. Physiol. T:175-178. .
Roewer. C. F. 1934. Solifuga in Bronn's Klazssen und Ordnungen des Tierreich, Akad.
Verlagspes, Léipzig, 5(4)4:1-773.

Warren. E. 1939. On the genital system of certain Solifugae. Ann. Natal. Mus. 9:139-179.

13.

Order Opiliones, Harvestmen

The harvestmen include 3200 species, the largest being Trogulus torosus with
a body 2.2 cm long, and Mitobates stygnoides with a body 6 mm long, and
posterior legs 16 cm long. The order of harvestmen is sometimes called
Phalangida.

Harvestmen are arachnids that have the prosoma usually divided by two trans-
verse dorsal grooves into a proterosoma and two free segments. The abdomen
(opisthosoma) is distinctly segmented and broadly attached to the prosoma. The
coxae of both the pedipalpi and the first pair of legs have endites enclosing the
preoral cavity. The legs are often immensely long; the tarsi may have many

articles. One pair of tracheae is much-branched. Both a penis and ovipositor
are present and may be very long.

Anatomy

Harvestmen are diverse in appearance: the Cyphophthalmi are small, short-
legged and mitelike (Fig. 13-1); Trogulidae are flattened, their legs about as
long as the body (Figs 13-2, 13-14); Laniatores are heavily sclerotized (Fig.
13-3) and sometimes long-legged; and the Eupnoi are the soft, very long-legged
“daddy longlegs” common in northern latitudes in America and Europe (Fig.
13~13). The dorsum of the prosoma often has one or two transverse grooves,
present in the ‘embrvos of Phalangium, and probably representing the borders
of tergites V and VI (Fig. 13—), judging by the longitudinal muscles and the
embryos of Eupnoi. The abdomen in primitive forms has 10 tergites, belonging
to metameres VII to XVI. In the adult the last two are reduced or split (Figs.
4-7, 13-6). The anterior five tergites are often fused into a scutum (sometimes
only in males) that shows vestiges of segment borders (Figs. 13-2, 13-3).

On the venter sternites IX to XVI are present, the last usually more or less
reduced (Figs. 4-7, 13-6). The anterior sternites have moved between the
coxae of the fourth legs (Fig. 13-7), or in the Eupnoi, between the coxae of the
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Fig. 13-1. Siro duricorius; the dorsal scutum shows borders of metameres V] to XIII;
tergites XIV 10 XVI are ventral: body 2 mm lonz. (After Hunsen and Sérensen. from
Claus., Grobben. Kiithn.)

last three pairs of legs (Fig. 13 6). In many commcn North American and
European species, the part of the abdomen between the coxae has become a
uniform, narrow plate, the genital operculum (Fig. 13-6).

Embryological studies in Phalangiidae show that sternite VII, present earlier,
becomes reduced to two minute lateral plates while sternite VIII fuses to the
prosomal sternites without leaving a seam. Later an ectodermal invagination
arises between the last coxae that afterwards forms the gonopore. In the course
of postembryonic development ap anterior growth covers the gonopore ventrally,
resulting in a secondary gonopore directly behind the labjum. In the other sub-
orders. however, the gonopore is always behind the third leg coxae. Thus in
contrast to other arachnids (except mites) the gonopore is not at the posterior
border of sternite VIII, although it is in the general area of the sternite.

Usually harvestmen are gray, brownish, or black, the brightly colored ones
being mainly tropical species. In the Cosmetidae and in species of Gagrella
there are waxy yellowish -and greenish colors. Lacinius dentiger can change
color during a period of a month to match green or black backgrounds.

APPENDACES. The three-segmented chelicerae are chelate and sometimes
relatively long (Fig. 13-3). The pedipalpi are leglike, but always much shorter
than the legs. leglike in the Cyphophthalmi and Palpatores, strong and armed
with spines in the Laniatores. The anterior three leg coxae almost completely
cover the venter of the prosoma in Laniatores (Fig. 13-7) while in Palpatores
there is space between the lagt 3 pairs for the genital operculum (Fig. 13-8).

times the body length.
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Fig. 13-2. Trogulus, dorsal view; body 10 mm long. (After Dakhl.)

chelicera

coxa 4

xrochan(er.A
Fig. 12.3. Discocrrtus prospicuus, male (Conyleptidae), dorsal view of body; the 8th
abdominal tergite belongs to metamere XIV; 6.5 mm long. (After Kaestner.)
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All long-legged species have the tarsi divided into numerous secondary articles,
as many as 30 in the second leg of Phalangium opilio and Opilio parietinus,
more than 100 in some other species. ¢ i.si3da - T

The ectodermal apodemes are small, but there is a large mesodermal H-shaped
endosternite above the subesophageal ganglion. s -

NERYOUS sYsTem. The nervous systemn has three centers: the brain, a sub-
esophageal ganglion made up of the ganglia of segments IT to X, and in about
the tenth metamere a small paired ganglion from which nerves pass posteriorly
to segments XTI to XIIL. But these parts of the nervous'system have been studied
only in the Eupnoi. The protocerebrum contains the association organs: the
central body and 3 pairs of globuli in. Laniatores, 1 pair in Phalangiidae. The
Phalangiidae have, in addition, a well-developed visual center consisting of two
optic masses, one behind the other, serving the median eves. There are slit sense
organs and many sensory setae on the legs; the endites have sensory cells close to
the mouth. Laniatores and Palpatores have a pair of large median eyes of
complicated structure, usually mounted on each side of a tubercle. The rhab-
doms face the lens (Figs. 13-3, 134, 13-8).

DICESTIVE SYSTEM. The mouthparts become increasingly complex within the
order. Labrum and labium are always widely separated; the space is walled on
the sides by the endites of the pedipalpi and of the first legs. The endites differ
from those of other arachnids in that each originates from the coxal base rather

~then from the distal end, a difference that can be explained by their ventral
transverse position (Fig. 13-7". The coxa projects ventrally, and a soft endite
is formed on the anterior edge of the projection (Fig. 13-7).

A
A\X t.arsus of pedipalp

chelicera

T sgent gland pore

e
prosoema re

cpisthosama

— xav
Fig. 13-4, Phalangium opilio, female, dorsal view of body; 6 mm long. (After
Delessert.)

t - ... 237
Order Opiliones

- * of the base of the
-*+h the external
“positor tube

“he evag-

~sitor
-d

Fig. 13-5. [Ischyropsalis. lateral view with chelicera and pedipalp; body 6 mm long.
(After Dahl.)

Behind the labium there may also be smaller endites, not present in the
Dyspnoi. that originate from the second leg coxae. In the primitive Laniatores
the coxae are continuous with the endites; in others there are seams; in Eupnoi
there is a hinge. In the Phalangiidae the pedipalpal endites consist of 3 jointed
parts (Figs. 13-6, 13-8). The mouth is hidden at the base of the labrum and
leads into 2 pumping pharynx, star-shaped in cross section. The esophagus con-
tinues between the brain and the subesophageal ganglion. The anterior midgut
consists of two egg-shaped chambers, one behind the other: The anterior
chamber has three pairs of ceca on its roof, one in the prosoma, two in the
abdomen. These tubes are slightly branched in the Laniatores ‘and Trogulidae,
while there is increasing branching in the Nemastomatidae and Eupnoi. Phalan-
gium, for instance, has 15 pairs of secondary and tertiarv branches. The ecto-
dermal hindgut is short.

These ceca arise in the embryo of Phalangium, as in other arachnids, by
growth of mesodermal septa from the sides toward the middle of the yolk,
separating five successive, paired compartments; two arise in the prosoma, three

labrum

labium

X

pieura =

Fig. 13-6. Phalanginm opilio, venter, 6 mm long. (After Kaestner.)
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in the abdomen. In the ad‘uli the walls of the anterior three converge medially
so that they open into.the gut through one pore. The cecum of segment VIII
divides into a median and a lateral cecum ( Fig. 13-9, second gut cecumn). The
following one develops the same way and grows finally to the posterior ( Fig.
13-9, third cecum). )

EXCRETORY sYSTEM. The excretory organs are the coxal glands, nephrocytes
and perineural organs. There are no Malpighian tubules. The labyrinthian duct
of the coxal gland and a bladder reach deep into the abdomen; the duct empties
through a pore on the posterior wall of the third coxa. The bladder empties into.
the nephridial canal near its pore. In the Eupnoi the nephridial canal reaches
the pericardium and loops along its side (Fig. 13-9). In the Phalangiidae the
coxal gland develops from the wall of the coelom pouch of the segment belong-
leg 2 g S ing to the first walking leg, where it opens until after hatching. A small homol-

S\ ' ogous primordium of the coelom of the third walking Jeg segment grows into it
and short-circuits it. After the disappearance of the anterior pore, the coxal
gland opens at the third leg coxa. The perineural organs are knotlike accumula-
tions of cells resembling blood cells that take up particles and fluids injected

. ..-.‘.-_—.“——'v bl
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opisthosoma —genitai operculum i 7 i
. ce. 1227, Acanthened . . into the blood. Phalangium has four pairs, one on each of the three nerves and
; Fig. 13-7. canthepedanus armatus (Laniatores), venter of prosoma showing primi- . :
: tive endites; 2 mm wide. (Afier Kaestner.) one on the large connective leading to the abdomen from the subesophageal
: ganglion.
i
chelicera
' cnelicera- /
R coxa of pedipalp - e )
! R Q L
h scent glana pore ’
§
N trochanter 2 beart
i N
transverse branch .
coxal gland > / I (S A of first cecum (

o
—

second midgut cecum

leg 1

trocnanter of pedipaip endite-of leg 1

endite of pedipaip
Fig. 13-8. Platybunus bucephalus, anterior view: appendages are cut off from tro-
chanter; the endites of the palp and first leg articulate with their coxae. The endites
consist of 3 articles, unlike those in Fig. 13--7. Between the pedipaipal coxac is the base
of the lxbrum, below it the conical labrum; 2.6 mm wide. (After Kaestner.)
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RESPIRATORY SYSTEM. The only respiratory organs are b‘acheaga. A pair of
spiracles lies in the deep grooves between the last coxae and abdomen or on
sternite VIIL Spiracles of Cyphophthalmi, Laniatores and Dyspnoi are screened,
those of Eupnoi are open. Large tracheae from the spiracles into the prosoma
branch to the appendages and organs. There is no relationship between the
position of tracheal branches and segmentation (Fig. 13-10). The Eupnoi have
additional small round spiracles, only 0.02-0.04 mm in diameter, at the end of
the tibia of each walking leg. Opilionids are sensitive to lack of oxygen and die
2-135 minutes after complete submersion in water; but, if the accessory spiracles
remain above the water surface they survive for more than an hour.

CIRCULATORY sysTem. Corresponding with the elaborate respiratory system,
the circulatory system is reduced to a short heart with 2 pairs of ostia at the
posterior of the 7th and 8&th tergites in the Phalangiidae (Fig. 13-9). Neither
anterior nor posterior aorta is branched: the anterior opens as a funnel that sur-
rounds the brain. The blood has 10,000-30,000 corpuscles per mm?, lymphocytes
with pseudopods and leucocytes.

REPRODUCTIVE sYsTEm. In the Gonyleptidae, Cosmetidae and Phalangiidae
the males have larger chelicerae, longer appendages, smaller bodies, or are more
sclerotized than the females. The two branches of the ovary are grown together
posteriotly. The ducts unite in the area of the eighth segment into a long in-
termal atrium {uterus). The eggs, before their deposition, il the atrium as well
as the long distal duct leading to the external atrium. This ectodermal atrium is a
complicated ovipositor unique among the arachnids, and consists of 3 parts.
The ovipositor sheath begins an invagination of the epidermis at the genital

Fig. 13-10. Trachese of Opilio parietinus, dorsal view: entire dormum and venter of
posterior part of abdomen removed: 5 mm Jong. (After Kaestner.)
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pore. The tube-shaped duct is produced by an anterior bend of the base of the
sheath. The vagina is a short ectodermal canal open at the tip with the external
atrium at its base. Laniatores and Dyspnoi have an unsegmented ovipositor tube
which, when evaginated from the sheath, becomes the apical part, while the evag-
inated sheath forms the base. The Cyphophthalmi and Eupnoi have the ovipositor
divided into-a number of short sclerotized tubes separated by membranes and
telescoped together when not in use. This tube, when evaginated by internal
pressure (Fig. 13-13), may be several times body length and can be bent by
longitudinal muscles. The ovipositor of Phalangium opilio has about 30 sections
separated by as many membranes.

The male organs correspond to those of the female. The testes are grown
together posteriorly, their ducts opening into the internal atrium. The tube-
shaped internal atrium continues into an external ectodermal atrium, as in the
female. There are 3 parts to the penis: the sheath, the tube, with its ecto-
dermal canal to the internal atrium; the tip, often jointed, bearing the pore. In
the Eupnoi the penis is very long, different in different species, and useful
therefore as a taxonomic character (Fig. 13-11).

. Reproduction
There is no prenuptial display. In Nuncia, the Nemastomatidae and the
Eupnoi, males and females face each other. The male then pushes his penis
between the chelicerae of the female into the gonopore (Fig, 13-12). In the

(2) (b)

Fig. 13-11. Penis of Leiocbununce lineatam; (a) lateral; (b) dorsal; 1.3 mm long.
(After Edgar.)




Trogulidae the male climbs on the back of the female and then climbs laterally
to her venter, holding her dorsum with his legs pressing against-her. The penis
is then inserted and remains 10~20 minutes.

Abdominal pressure due to muscle contraction extends the ovipositor for egg-
laying. Trogulidae, which have a short stiff ovipositor, deposit their eggs in
empty snail shells, carried with their chelicerae to a. suitable place. One to §
eggs are deposited as deep inside the shell as possible and are sealed in with
a lid made of secretion. Six to 23 snail shells are filled. Nemastoma quadri-
punctatum deposits annually 6-33 eggs on the undersides of stones.

Females of Phalangiidae bury their eggs or deposit them under bark of dead
trees. The long ovipositor, moving like an elephant’s proboscis, penetrates be-
tween the soil particles deep into the soil (Fig. 13-13). Mitopus morio deposits
20-80 eggs in fall in plant stems, using holes bored by insects.

Development

Development time of eggs differs. In northem latitudes some eggs deposited in
fali will hatch within four weeks, others the following spring. The embrvology of
Phalangium opilio has been investigated. The body development resembles that
f entelegvne spiders with the difference that appendages do not appear on the
abdomen. The dorsum of the embryo shows 12 segments: the first two, belong-
ing to the prosoma, are tergites \" and VI: the others must be abdominal tergites
VII to XVI. Later, segmented dorsal longitudinal muscies develop. giving fur-
tner evidence of the metameres. The voung opilionids almost resemble adults.
The genital operculum between the coxae has not vet formed; the legs are short,

SRS, W

Fig. 13-12. Mating of lschyropsalis strandi; body of each about 3 mm long. (From
Juberthie.)
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and their se,con&ziry (ség:rr:\ept::étion is AiI;CAO;"l.lleett:. The number of molts differs in
different species: Trogulus has six, Nemastoma quadripunctatum seven. .Mitopus

morio molts after hatching from the egg. After the molt it passes through 5 in-
stars before becoming adult. A laboratory culture fed on mealworms and bananas
matured in 6-8 weeks at 15-20°C. The adult does not molt. While most Eupnoi
die in fall or winter, Trogulus becomes 3, Siro rubens about 9 years old.

Molting brings difficulties in removing the long legs. Molting harvestmen
hang themselves on branches, and pull the legs out of the old skin, first with the
pedipalpi, then with the chelicerae. ‘ ’

Relationships

The Cyphophthalmi (Fig. 13-1) resemble the segmented mites (Notostigmata),
as does the body of the Eupnoi. Other mite-like characters are the broad con-
nection between prosoma and abdomen, the anterior gonopore, the gut ceca,
and the presence of 2 penis. However, mouthparts differ markedly from those
of mites and resemble more the mouthparts of scorpions.

Habits

The Cyphophthalmi live in caves or in shady places in leaf litter or under
stones. Little is known about the life of Laniatores. Dyspnoi live on the soil
surface. Trogulidae are found in debris, moss, or under stones, always in well-
vegetated areas protected against heat. Nemestoma species live below the herb
laver as do young Phalangiidae. With increasing age Phalangiidae climb on
shrubs, and even tree branches. It was observed in England that in July and
August Leiobunuimn rotundum descended from the trees into the he.bs in search
of food every night at 9 pm and returned to the trees in the moming. A direct
relationship between habits and temperature and humidity preferences has been
demonstrated in the laboratory: Nemastoma lugubre and Oligolophus tridens
living on herbs in forests prefer temperatures of 8-11.9°C and humidities of
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64-78% in the laboratory. Their preferred habitats measured 851007, and 70
807, humidity. The tree climbing Oligolophus hanseni and O. agrestis prefer 47—
619, humidity in experiments, 30609, in nature. :

Different species belonging to the same genus, as in other terrestrial animals,
are isolated from each other by temperature and humidity preferences even
though occurring in the same forest. Thus, Oligolophus tridens is found on the
ground and herbs, O. agrestis in shrubs and trees. In-others, young hatch at
different times: Leiobunum blackwalli in England hatch one month later than
L. rotundum. The earlier broods thus are taking larger prey and are in higher
vegetation when the later broods hatch.

Most soil dwellers prefer shade, and many are nocturnal; others are active
during the day. In England, Mitopus morio and Leiobunum rotundum are active
between 9 and 1 o'clock at night. Phalangium opilio likes sunny places.

DEFENSE. Autotomy of legs of Phalangiidae is the main protection against
enemies, the captured leg breaking off between coxa and trochanter. The sepa-
rated appendage many continue to move for 30 minutes while the harvestman
escapes. If the proximal end of the femnur of the separated leg is pressed, move-
ment stops. Thus impulses must come from femoral nerve cells. Opilio parie-
tinus can hold 20 g on a leg without autotomizing, but if narcotized, it holds only
2 g before throwing the leg off. Harvestmen do not regenerate lost legs.

The saclike scent glands, opening on the anterior edge of the prosoma (Figs.
134, 13-8), are also defensive. If a leg of Siro rubens is pinched with forceps,
a droplet appears at the gland. is picked up by another leg, and is thrust at
the forceps. Other opilionids let the droplet evaporate. The South African
triaenonychid, Larifugella, can sprayv a jet upward, posteriorly, or to the side of
the body, about 2.5 cm. The spray has an iodoform odor, and is believed
defensive.

The chemical nature of the secretion of only one opilionid, a Uruguayan
gonyleptid, has been studied. The substances turned out to be quinones, with
strongly antibiotic properties. This might suggest that the secretion is used in
grooming. It has been called gonyleptidine.

Total immobility also provides protection against enemies. Such behavior by
Nemastoma quadripunctatum is released by vibrations. The animal folds its legs
over its body, and Trogulus may remain immobile for 20 minutes (Fig. 13-14).
In addition, Trogulus is disguised with dirt glued on by a secretion that prob-
ably ‘comes from the little warts covering the body. Gonyleptids also “play
dead”™ when disturbed and, despite their bright colors, are- hard to find on the
underside of a rock or log (Fig. 13-14d). Leiobunum rupestre has been ob-
served to sway with grass blades in the wind.

Locomorion. The soil-dwelling Dyspunoi are all slow in contrast to the fast-
moving phalangiids. Soil dwellers generally have shorter legs than inhabitants
of shrubs or trees. The long legs permit climbing between leaves, and the

i
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Fig. 13-14. Resting position: (a) Nemastoma lugubre, 2.3 mm long; (b) Ischyropsalis
dacica, body 6 mm long; (c) Trogulus nepaeformis, body 14 mm long; (d) Acro-
graphinotus sp, body 13 mm long. (a to ¢ from Silhavy.)
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fexible many-segmented tarsi allow'a good.hold (Fig. 13-132). The hold is
facilitated by the structure of the tarsal article, which is far superior to claws
or tufts or hairs.

If a Leiobunum is chased into grass, it will not crawl between the blades but
gropes aimlessly against an obstacle, gets hold of it, climbs rapidly up to the top
and in short “jumps” climbs down again on the other side—a maneuver made
possible by the structure of the tarsi, which spiral like the prehensile tail of a
monkey.

Each article of these tarsi, and there are more than 30 articles on the second
leg. is u'apeioidal in shape, the dorsal side longer than the venter (Fig. 13-15b).
As the dorsal joint membrane is short, the ventral long, they can flex only in a
ventral direction. There are no muscles between the articles but all are tra-
versed by the long tendon of the claw-flexing muscles that lie in the tibia. If
the muscle contracts, the claw and all tarsal articles flex, first into an arc, finally
into a spiral. Thus a harvestman, with one muscle movement, can rapidly grasp
a grass blade or petiole. Standing or walking, the weight rests on the tarsi,
the dorsal edges of the articles supporting each other.

SENSES. As in other arachnids, touch is an important sense. The long second
legs especially are used as antennae to feel the area surrounding the animal.
Opilionids are also vibratior-sensitive, and will immediately become aware of
prey settling nearby. Mitopus morio becomes aware of food if a fly settles 1 cm
in front of it. Nemastoma will move toward prey as soon as it moves. A chemical
sense could be demonstrated in Nemastoma; pure agar cubes were not eaten
but cubes containing glucose were. The threshhold was 0.05%; the optimum,
29,. Removal of appendages indicates that the sense of taste is in the mouth,

(b)

Fig. 13-15. (a) Leiobunum rotundum, tarsus wound around grass blade, diagram-
matic; (b) middle articlies of tarsus, right is proximal; diameter 0.13 mm. (After
Kaestner.)
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chelicerae and endites. Xylol is noticed by Trogulus at 10 cm, and a2 Nemastoma
would not cross a streak of xvlol or benzol on paper.

Experiments show that Nemastoma has sensory structures for temperature
and humidity but the sense organs have not been identified. The eves dis-
tinguish only dark and light and the light direction. All those tested by covering
their eyes with black lacquer behaved normally, suggesting that space orienta-
tion depends upon other senses. As most animals are nocturnal this is not
surprising. They are active during dark periods, or in Jeaf litter and caves. Not
even the eyes of Phalangiidae form an image. The eve of Lacinius, for instance,
has only 588 rhabdoms. :

FEEDINC. Siro in captivity fed on podurid springtails. Nothing is known
about the food of Laniatores. The slow Trogzulidae feed on snails their own
size, catching them with surprising dexterity, pulling pieces out with their
chelicerae. Ischyropsalis, with very large chelicerae, feeds on small snails, hold-
ing the shell vertically in order to reach in with the chelicerae and pull out
pieces of meat. The chelicerae can break the shell to reach a snail that has
withdrawn. The related Taracus probably has similar food habits.

The Nemastomatidae feed mainly on mites and Collembola. Phalangiidae
feed on various live insects but will also take dead ones, fallen apples, and, in
captivity, soft bread and fruit. Platybunus and Leiobunum have been observed
to catch flies, Lacinius a mite. In feeding, the two chelicerae alternate holding
the prev and tearing pieces off, and bringing pieces to the mouth: The endites
separate and a drop of digestive fluid appears in the preoral cavity, into which
the food is stuffed. Closing the endites pushes food into the mouth. The labium
prevents droplets from spilling. There is strong mechanical action, mainly tear-
ing, and some digestion in the preoral cavity. Unlike most other arachnids,
harvestmen swallow some particles, judging by the presence of sclerotized
pieces in the excrement. Nutrient material enters the wide ceca. In captivity,
Phalangiidae drink water.

picEsTIoN. Half an hour after feeding, digested material mixed with pieces
of exoskeleton are found in the midgut and ceca. The cecal epithelium resembles
that of spiders. Its glandular cells have secreted enzymes and the nutrient cells
begin intracellular digestion. As soon as 1% hours later, solid particles are found
in the mid- and hindgut. Twelve hours later the tips of many nutrient cells are
filled with the excretory material and some proteins separate .and fall into the
lumen. The proteins are taken up by the midgut epithelium. The parts contain-
ing excretory material with midgut cells, and all insoluble parts, reach the
hindgut, the eells of which secrete a cover and form a ball of fecal material,
The digestive system may contain gregarines.

» Classification
The opilionids are grouped into 3 suborders.
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SUBORDER CYPHOPHTHAL\II

About 25 specxes are included, all mite-like in’ appeardnce. Legs are 115 Hmes body

length (Fig. 13-1), the leg tarsi one~segmented. The prosoma and first 8 abdominal

tergites are fused dorsally into a hard scutum. The pedipalpi are leglike. The gonopore

lacks an operculum. Uncommon, they are found in north Pacific coastal states, north-
western Florida. Appalachians, and isolated locatidns in Europe.

Sironidac. Siro. Four North American species are known, each of which has at one

time or another been placed in a different genus. Rakaia with many species occurs in
New Zealand.

SUBORDER LANIATORES

About 1500 species are inciuded. The second leg is twice the body length. The
raptorial pedipalpi have a strong claw and strong spines. The leg tarsi usually have
several articles, and tarsi 3 and 4 have 2 claws or 1 trident claw. The gonopore is
covered by an operculum, which separates the fourth coxae. The species, mostly tropical,
are found in southern and western United States and as far nocth as Austria in Europe.

Phalangodidac. These have two claws on the last legs. Many species inhabit caves.
Phalangodes is North American, Acanthepedanus is found in Sumatra.

Triaenonychidac. There is a single trident claw on fourth leg. Representatives are
found in Madagascar, Australia and America. The red Sclerobunus of Colorado moun-
tains is found in logs. Nuncia is found in New Zealand and Australia.

Cosmetidae. There is a small median third claw on the fourth legs and the palpi are
flattened. Members are all ‘American, mostly tropical. Vonones ornata is common in
the southeastern states, other species in California.

Conyleptidae. ‘There is a median third claw on the fourth leg; the palpi are large,
not flattened. Common in the American tropics, the family includes over 600 species,
some of which . are characteristically heavyv-bodied (Figs. 13-3, 13-14) Mitobates,
Mectamitobates, and Acrogrephinotus are included.

Oncopodidae. The pedipalpi are leglike, each with along claw. The first eight tergites
are fused to form a dorsal scutum. The leg tarsi have onc or only a few articles. All are
1—6 mm in length and are-found in southeastern Asia and Indonesia.

Syntheronycnidae. Members of this family lack an eye tubercle and the two eyes are
not 'nca.r the anterior margin, The anterior margin lacks spines. The pedipalpi are long
and slender. Legs 1-and 2 have a long tarsal claw; claws on legs 3 and 4 have a median
plate and lateral branches. Thev are found in New Zealand in moss and forest floor debris.

Assamiidae. A dorsal scutum covers the carapace and first five abdominal segments.
The anterior margin has five teeth above the chelicerae, two on each side. The pedipalpal
fermur is S-shaped with tbia and tarsus flattened, and the carsus has a large claw. The legs
arc long and thin; legs 1 and 2 have simple claws, 3 and 4 have two simple or comblike
claws. The family is represented in Africa and Southeast Asia to Australia.

SUBORDER PALPATORES

More than 1000 species are included. They have the second leg more than onc and
one-half dmes as long as the body (except in Trogulidae). Pedipaipi are palpus-like
(Fig. 13-4). Tarsi of legs 3 and 4 have only one claw. Gonoporc is covered by an oper-
culum which usually separates all the leg coxae (Fig. 13-6).

e e
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Infraorder Dyspnoi

Spiracles are covered by sclerotized screen, and there are no spiracles on legs. Second
leg coxac arc without endites. Pedipalpal tarsus is shorter than tibia. There are about
150 species.. B

Trogulidae. The eyc tubercle projects anteriorly over mouthparts (Figs. 13-2, 13-14),
and 2 scutum covers the prosoma and the first five abdominal tergites. The legs are
relatively short, the tarsi one to three articled. Soil grains encrust the dorsum. Trogulus
of Europe feeds on snails. The head projection 2ppears only after the first moit.

Nemastomaridae. These lack an anterior projection on the prosoma and usually have
the dorsal plate of prosoma and first five abdominal tergites fused to form a scutum.
The leg tarsi have several articles. Nemastoma (Fig. 15-14) inciudes many species that
inhabit caves. Collembola stick to viscid droplets on the setae of the pedipalpi and are
caten. After molting the droplet is missing but reappears soon. V. dasycnemum is found
in eastern United States.

Ischyropsalidae. These lack the anterior prosomal projection, and the plate of the
prosomal dorsum is never fused to the abdominal tergites. The chelicerac are very strong.
Leg tarsi have many segments. Taracus is found in well decayed logs of Colorado moun-

tain forests. Sabacon is widespread. Ischyropsalis of European forest floor feeds on
snails (Figs. 13-3, 13-14).

Infraorder Eupnot

The spiracles are open and lie between the last leg coxae and abdomen. There are
accessory spiracles on the leg tibiae. The second coxa has an endite (Fig. 13-6) and the
pedipalpal tarsus is always longer than the tibia. The legs are very long (Fig. 13-13).
There are about 1000 species.

Phalangiidae, Daddy Longlegs. Mitopus morio, 4.8 mm, has holarctic distribution.
Phalangium opifio, 3.5-9 mm long, holarctic in distribution, is found in gardens,
meadows, felds, on herbs to tops of pines; it prefers sunny mesic areas. The male has
a dorsal projection on the second cheliceral article. Opilio parietinus, 7.5 mm long,
holaretic, is usually found near human dwellings. Caddo, 1.5 mm, in eastern North
America, has large eyes and is sometimes placed in its own family. Homolophus biceps,
6 mm, is common in Rocky Mountains. Leiobunum includes numerous species in North

America and Europe. Gagrella, Oligolophus (Fig. 13-13), Platybunus, and Lacinius are
other genera.
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Order Acari, Mites

About 20,000 species of mites have been described, probably representing
only a small fraction of the total mite fauna. The largest species is the tick,
Amblyomma clypeolatum, females of which may reach a length of 3 cm after
feeding; the males are only 0.6 cm long. The order is also called Acarina.

Acari are small or very small arachnids; almost all have the abdomen unseg-
mented and shortened. The opisthosoma, together with the segments of the last
two walking legs, forms one-tagma, the hysterosoni‘a, which is broadly attached
to the proterosoma. The pedipalpal coxae are fused with one another, with the
vestiges of the sternum, and with a dorsal body ext‘ension to form a gnathosoma.
The heart is usually absent. The respiratory organs in most species are tracheae,
the spiracles of which open (certainly secondarily) in various body regions.
The first juvenile instar, the larva, has only three pairs of legs. The fourth legs
become reduced before hatching from the egg and reappear after later molts.

Mites are dwarf forms, the usual body length being 0.3-2 mm, some only 0.1
mm. Unlike all other arachnids, some feed on plants, detritus, or stored products,
and many are plant or animal parasites; therefore, many are of economic im-
portance. Though mainly terrestrial, about 2800 species of Acari are aquatic,
some of them marine.

Anatomy

- Prosoma and abdomen are fused without constriction; the abdomen is short-

ened. The development of only a few mites has been studied. Behind the fourth
leg there anise six segments at most, indicated by transverse rows of setae in
some mites (Fig. 14-24). The shortening of the body obliterates internally the
border between prosoma and abdomen, and the organs have lost all traces of
segmentation. The position of the internal organs appears to be dictated by lack
of space rather than by ontogeny, but externally also tere are shifts. Ouly fn
the Notostigmata and Parasitiformes do the leg coxae have the usual positiod.
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In other suborders they are no longer equally spaced, one behind another, but
are grouped into two sets of pairs, often separated (Fig. 14-3).

Segmentation is found only in a few species of Notostigmata, in which the
dorsum has grooves separating the twelve segments; the anterior two correspond
to the third and fourth walking legs, and therefore must be derived from seg-
ments V and VI (Fig. 14-2). In other groups, the grooves cannot, with certainty,
be assigned to particular metameres (except those of some Tarsdnemini and
Ixodidae). Even the division between prosoma and abdomen is visible in only
a few Acarina, but the prosoma is often divided by a dorsal and sometimes a
ventral groove in the region behind the secondyleg pair (Fig. 14-1). Thus the
body has a proterosoma (acron plus seémenfs 1 to IV) and a hysterosoma (seg-
ment V to the posterior end). While the proterosoma is an ancestral character,
found in Schizopeltidia, Palpigradi and Solifugae, the uniform hysterosoma is
otherwise unknown in arachnids, although in some scutum-covered Opiliones,
combination of the last two leg-bearing segments with those of the abdomen is
suggested (only dorsally). Another unique character of the Acarina is that the
mouthparts (acron with segments I and II) form a distinct anterior section of
the body, the gnathosoma (Fig. 14-1). '

On the venter an anterior shift of sternite VIII with gonopores can be seen,
a shift also observed among scorpions and harvestmen. This varies in different
genera, so that the gonopores may be between the Arst legs, or between the
second, third or fourth coxae (Fiy. 14-3).

gnathesoma

b proterosotna

propodosoma

hysterosoma

7

Fig. 14-1. Cheyletus eruditus, dorsam showing strong pedipalpi of a predator; 0.3 mm
loug. (After Vitzthum and Homann.)
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B The hair follicle mites, Demodicidae, and the gall mites, Tetrapodili; have be-
- come worm-shaped by elongation of the hysterosoma, probably an adaptation
to their habit of living in narrow burrows (Fig. 14-4).

The exoskeleton of the gall mites, most Acaridei, and some mites of other
groups, is very thin and flexible (Fig. 14-3). In most other mites at least the
area of the first two walking legs is sclerotized, forming a propodosomal scutum

;J that is stiff even in soft-skinned species (Figs. 14-1, 14-20, 14-21). Often this ' 3
i scuturn covers 2 larger area. There may also be ventral sclerotized plates. The i
adult oribatid mites (moss-mites), have a complete, heavily sclerotized exo-
E skeleton (Fig. 14-28), often with wing-like extensions that in some species can
be folded over the legs, protecting the legs and venter.
. Coloration of mites may be due to pigment in the exoskeleton, and depending

Fig. 314-2. Paracarus hexophthalmus. dorsum of sezmented molostigmatic mite: the . . .
first two segments arc metamere 5 and 6: 1.6 mum long, (After’ Redikorzes.) ‘ on its thickness may vary from yellowish to brown. Color patterns are usually

: 3 due to internal organs visible through the integument, but may be obscured by
integumentary pigments. In ticks, especially tropical species, coloration may be
structural; the midgut gland may produce numerous bright iridescent or glossy
colors, the biological significance of which is unknown. More commonly, pig-
ments are present in the hypodermis, such as the bright red of the Prostigmata,
the red, blue, green and yellow of the colorful water mites, and the yellow with
violet spots of the Notostigmata. Many Acaridei are colorless or whitish. In
many transparent mites the coloration of internal organs may show through the
integument. In some plant feeders, such as the Tetranychidae, the coloration
may depend on the food taken in.
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Fig. 144. Hair follicle mite, Demodex ovis of sheep, \;cnlcr; 0.23 mm long. (After
Hirse)
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Fig. 14-3. Malc itch mite, Sarcoptes scabiei, venter; legs 1, 2, 4 with suckers, details
of mouthparts omitted. Anus not visible as it is dorsal; 0.2 mm long. (After Hirst.)
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The chelicerae usually have two or three articles and are chelate, but in
many genera they have transformed into fine, needlelike stylets. This transfor-
mation has evolved numerous times, in various ways. In the Stigmatidae and
Entonyssidae, the two-articled chelicera has two sharp fingers and can be
used to pierce. In some Dermanyssidae the basal article also is narrowed (Fig.
8—4). In others the immovable finger is rudimentary, so that the two-articled
chelicera has only one tip. This evolution may be observed in different stages
in the Trombidiformes. In most Eleutherengona, the Trombidiidae, and the
majority of water mites, the terminal finger is usually a curved finger (Figs.
14-11, 14-12). In the Tarsonemini, the Cheyletidae, Tetranychidae, Hydrach-
nidae and others, the movable finger is needle-shaped (Fig. 14-7). A sim-
ilar transformation is found in gall mites. In some Acaridei, in two genera of
Oribatei (Custavia), and in females of the bird mite, Dermanyssus, the distal
article, which is the movable finger, disappears, and the basal article becomes
needle-shaped (Fig. 8-4).

The distal article of the pedipalp, except in some predacious mites in which
it is raptorial, is smailer than that of the walking legs. In the Acaridei and
Tetrapodili it is shortened to two very thin segments (Fig. 14-3) but the coxae
are large and are part of the gnathosoma.

Almost all adult mites have four pairs of walking legs; larvae lack the last pair,
even though primordia are present in the embryos of Gamasina and Ixodides.
‘Parasitic species from narrow habitats have the legs shortened (e.g., Demo-
dicidae, Sarcoptes and gall mites, Figs. 142, 14-3). Gall mites lack third and
fourth pairs of legs in all stages. An extreme case of leg reduction is seen in the
females of some Podapolipodidae; these become a sac filled with embryos, and
have only one pair of legs. The coxae in Trombidiformes, the Acaridei, and most
Oribatei, are fused with the body and are not separate articles. The lateral
walls extend into the body, forming apodemes. The tarsi bear claws or attach-

_ment discs (Fig. 14-3).

NERVOUS sYSsTEM. Many mites have a mesodermal endosternum above the
subesophageal ganglion. The nervous system is concentrated in the prosoma.
The brain, as in most dwarf forms, has relatively large dimensions, covering
most of the subesophageal ganglion below.

In Trombidium, one of the few forms studied, the simple protocerebrum lacks
globuli but has a central body. In species with eyes, the optic nerve enters the
protocerebral region, and its optical center is connected within the protocerebrum
with its opposite by a long commissure. The subesophageal ganglion in Ixodides
has nine f