Microstructures on the Surfaces of Some Spider Species
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INTRODUCTION

Spiders have been paid attention from the standpoints of such their important roles as pre-
dators in both agricultual and forestry practices in Japan and as an indispensable factor in the food
chains of natural or agricultual ecosystem. Yaginumag) highly evaluated the predatory ability
of spiders in fields, stating that in the flow of energy within a ecosystem, spiders occupy their
positions as a secondary consummer, so the sorts and numbers of spiders in a local area may be a
kind of indicator of energy abundance in the area.

In the field of morphological and physiological studies on spiders, some reports have been pub-

lished recently as follows: Studies on structures of simple eye of spiders4)
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, and some observations
on spiders through a scanning-electron microscope™ . This paper deals with the surface microstructure
of some spicies of spider observed by a scanning electron microscope. The author hopes the pictures

of micro structure will become a mile stone in spider research.

MATERIALS AND METHODS

Spiders observed in this report are as follows and all of them were sampled at Ami-machi,
Ibaragi:
Myrmarachne japonica (KARSCH),
Menemerus confusus BOES. et STR.,
Araneus ventricosus (L. KOCH),
Argiope bruennichii (SCOPLI),
Agelena limbata THORELL,
Plexippus setipes KARSCH,
Araneus cornutus CLERCK, and
Nepbhila clabata L. KOCH.
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Sampled spiders were washed by physiological salt solution soon after sampling, immersed and
fixed in cold 1% glutaraldehyde solution in 0.1M phospate buffer at PH7.3 for about 24 hours,

washed again by salt solution, then dissected into pieces for microscopic observations. The sample
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pieces were dehydrated through a series of 50, 70, 80, 90, 95, and 100% ethanol for 5 to 15 minutes,
immersed into 100% iso-amyl acetate, dried by the critical-point drying method in HCP-1 type dryer,
and then coated by the Au-ion-spatter coating method.

Observations and taking pictures were carried out with a scanning electron microscope, MINI-

SEM, at an accelerating voltage of 15kv and at maximum resolving power of 20004

RESULTS AND DISCUSSION

Myrvmarachne japonica (Salticidae) is similar to ants in morhological appearances. We can hard-
ly recognize it until it comes down from a plant leaf spinning its thread”. It seems to have fairly
good visual sense because their cornea may be able to focus into an image. However, as shown in
Fig. 1 and 2, their anterior median eyes are ocellus of head light type, the cornea of which are cover-
ed with 2 number of fine wrinkled ribs, and therefore the surface structures of it are so full of varie-
ties that it is not considered their visual images are so simple6). The surface of anterior lateral eyes
have a few wrinkles, just like the surface of the earth, and it is easy for it to focus an image (Fig. 1-3).

Menewmerus confusus (Salticidae) has a big and welldeveloped anterior median eye, the cornea

3 reported some pictures on which

surface of which is smooth and lens type. Matsumoto
several images of a human hand through an anterior median eye of Marpissa romer STRAND were
simulated. In addition to above, it should be noted that this species has well developed brush type
tentacles (Fig. 4).

Plexippus setipes (Salticidae). 1t is pointed as one of characteristics of the species that fleecy
suckers, which can produce a vacuum space instantly at their contact surface,are developed at the end
of walking legs, so that it may walk vertically even on such smooth surfaces as window glass and go
around to and fro with agility and without any threads (Fig. 5).

Araneus ventricosus has such a pecuriar habit that it weaves its web in the morning and shut
up in the evening. It has much developed spinning organs and is a representative among spider
species making their web. The thread is considered as some excretion discharged from spider body.
The spiders make use of the threads very ingeniously in many cases. This species has three pairs of
spinneret. There is a pair of big spigot tubules at the anterior spinneret from which radius, scaffold
threads and frame threads are spun and they are several ten times as thick as the threads spun from
spool spinning tubule. The states, in which insect vorous mucous thread was being spun, were ob-
served clearly through the images of the electron scanning microscope. A number of groups of spin-
ning gland caecum were observed at the inner backwards of abdomen and from each gland a thread
was introduced to a exit of spinneret through a thin membrane pipe6) (Fig. 6 and 8-11).

Araneus cornutus is a typical spider living in the northern part of Japan and usually found to
the north from the isothermal line of —3.5°C of the lowest year temperature. This spider has a well
arranged spinning organg) (Fig. 7).
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Argiope bruennichii and the other spiders can walk freely on the threads of web. Yaginuma
8) stated that some oil substances secreted from the leg and body might keep their legs from
sticking to the web thread. In addition to this, he®) wrote that a kind of web-making spider
selected and bit its food into pieces, cleaned tentacles and walking legs, and smeared oil on
the body with the lower jaw. However, this statement does not explain completely how to smear oil
all over their body, though some possibilities of existence of other kinds of oil glands on the body
surface were pointed out. Some observations were executed in detail on the surface of body.
According to our observations, all surface structures of the body, legs, claws, and bundles of hair are
not smooth. The body surface of Agelena limbata is delicately waved and the head surface of
Myrmarachne japonica is rich in seales. Some fine ditches runs on the surface of claw and a number of
vertical ditches are observed on the surface of hair on the tarsus and metatarsus. So it is guessed that
these ditches make the area contacted to sticky substances so narrow that the friction resistance of
the organs mentioned above is extremely decreased, and they offer some sites to diffuse and store oil
substances (Fig.13, 14 and 16).

Agelena limbata weaves such a infundibular web as a shelf net among trees or heges.” It has
a long posterior spinneret as a feature of this spider. Especially, the surface of body is beautifully full
of variations.

It seems to depend on the structure of body surface with numerous ditches that this spider can
walk quickly and nimbly even on the complicate web (Fig. 12).
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Summary

The micro structures of body surface of spiders were compared with each other by means of a

scanning electron microscope.
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1) Myrmarachne japonica (Salticidae) has well developed anterior eyes, the micro surface structure
of the corner of which is covered with a number of creases. It is suggested that a visual image through
such complicate cornea is not so simple.

2)  Both Menemerus confusus and Myrmarachne japonica have smooth corneas, which seem to
have a good ability enough to focus a clear images.

3)  In Araneus ventricosus well developed spinning organs have been observed and the real state,
where web threads was spun from a thin pipe of spinning gland at the rear abdomen, were shown on
pictures.

4)  In addition to above, such a physical microstructures on the body surface as creases and
ditches were observed. It is concluded that they may be useful in order to decrease the friction re-

sistance of contact surface between legs and threads of web.

Titles of photographs

Fig. 1 Front face of M. japonica (KARSCH) x100.

Fig. 2 Surface of anterior median eye lens of M, japonica (KARSCH), %2000,

Fig. 3 Surface of anterior lateral eye lens of M. japonica (KARSCH), x2000.

Fig. 4 Surface of anterior median eye lens of M. confusus BOES. et STR., %600,

Fig. 5 Tarsus and two claws of P. setipes KARSCH, x1400.

Fig. 6 Spool spinneret and spinning state of A. veniricosus (L, KOCH), x1000,

Hig. 7 Threads being spun from left and right big spigots of A. cornutus CLERCK, x1400.

Fig. B Anterior spinneret and spigot of A. ventricosus (L. KOCH), x1400.

Fig. 9 Spinning glands of A. ventricosus (L. KOCH), x500.

Fig. 10 Leading thread from each spinning gland to spinnerets of A. wemiricosus (L. KOCH),
x2000.

Hig. 11 Leading thread from each spinning gland to spinnerets of A, vensricosus (L. KOCH),
x2500.

Fig. 12 Surface structure of A, limbata THORELL, x700.

Fig. 13 Surface structure of N. clabata L. KOCH, x2000.

Fig. 14 Surface structure of head of M. japownica (KARSCH), x2000.

Fig. 15 Tip part of fang and poison opening of A. ventricosus (L. KOCH), x500.
Fig. 16 A claw of A, bruennichii (SCOPLI), x800.
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