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ABSTRACT

The wandering spider, Pardosa astrigera, had four pairs of ocelli that arranged in three rows on the cephalo-

thorax. Along the anterior margin lay a pair of small anterior median (AM) eye flanked on each side by anterior

lateral (AL) eye. Two large posterior median (PM) eye was situated on the clypeus behind the anterior row and

still more posteriorly was a pair of posterior lateral (PL) eye. The visual cell of retina consisted of cell body,

rhabdome, and intermediate segment. Bipolar neuron was found in anterior median eye (principal eye) and

unipolar neuron in others (secondary eye). Rhabdome showed that arranged in PMeye and PLeye. But
rhabdomes of AMeye and ALeye were irregular in retina. Except AMeye, incontinuous tapetum found in
Aleye, PMeye, PLeye. Anterior median eye was similar to anterior lateral eye in length and posterior median

eye similar to posterior lateral eye. Component size of eye were similar to 4 pairs eye in cornea. Size of lens,

cell body, and rhabdome was similar not only anterior median eye and anterior lateral eye but also posterior

median eye and posterior lateral eye. Vitreous body was large posterior median eye than others.
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o2 DAz ¥35e] 3l=th(Bakin, 1982).

Au) A7 A TR U 449 9
2 XYz glor}(Blest and Price, 1984), Hv]&& X
A Helg A drEe] AFA Av|EL Adud
T 4% 38 Ase 9E3ka v (Eberhard,
1977; William, 1977). 28{u}, W34 Am= o]g|
X3, Foll, Aoz NE|Y =3 F ZE YPF& A7
o] 2]&3}31 ¢} (Jackson, 1977; Blest, 1978; Moffett,
1991). 2822, 53] AlZe) &j&3le] Holg =3I 3]
E ol Wi Avle AFA Avld] uvle) A%
o] A wld=o] gl (Forster, 1982; Opell & Ware,
1987), AlZ718] Fz= vi§ E3Eo] glgo] By
% v} glc} Blest et al., 1980).

=g} Wi 3A Anlel] &3l= 71A Av] g} (Ageleni-
dae), #) A 1] #} (Thomisidae), 18] 3 737 v] 2} (Salti-
cidae) 59 Anj HFE AA|se] 54 A& <4
&b (Blest & Land, 1977), 53] 7Z%Av]3te] #n|&
o] 7hal wbee Wt} 471%] o] whubA|
22 NEFe] 4 FA e mite| dary 2y
o] qloh(Blest & Price, 1984). ]38t AFLEL o
ByBo| 7%7|n]3}(Salticidae)E hAro. 2wt AT
9]0 mf (Blest & Price, 1984; Blest & Sigmund, 1984),
FellME 2 Habsed osiA S A n = (Lycosi-
dae)®] A1Z7] Fz7} wad v} 9o} (Jeong & Moon,
1993, 1997).

Aule] AR wbg FASE whebA £
s A 4854 (Blest & Land, 1977), 34} (princi-
pal eyes)9] @M= Hgl(secondary eyes)¥} v]i
gl HelA Ko7t EAFE Aoz muFHgY
(Eakin & Brandenburger, 1971). wje2px] & dF+= =+
Well MAee w34 Ao daAel Fql 5HA
u)3} HudqAn]e] Feta} Bk Py, 7 Wt
< A A Ee] gulA Alejs) MEzAE
fHF2H TEn Mo RN, 1 AHE
olu] By¥ FE wlastd WxhAn HAz
9 FeA AL FPsAH.

>

2 3 Uy

Agel AR Wl FA Anle FAA 7HE el

MA s W Av] (Pardosa astrigera)24 =)
S 39 AN 9~ 109F AAsd NS
& 79 glo] Aol Ahgsse

Bekanly 9 55} gAY BRE AT Am
= 095% Ae)4g 4ol FF2e) sholujol 91
3t 4249 wolE-g A Esled 2.5% paraformaldehyde
~glutaraldehyde (4°C, pH 7.4)l] 2A|17F ATAZ =
0.1 M phosphate bufferg& pH 742 94 3498
108 74 ez 33] HAHs)e] 1% osmium tetroxideo]]
A 2A1Zb A s o] & A f4doz 23
A A8 o, ethanol 55 A4 £M 2 g4slg]en,
propylene oxideZ X|3t3}ed Epon E§tofo| =ojsl
o A Az BelA 60°CeollA 48A)7F Fks-
At 2o® 2212 w2 LKB-V3 ultramicro-
tome2 2 lum F7 9] ARE ghEe] 1% boraxel] =
9l 1% toluidine blue 2 hot plate (60°C) ArollA] &4 5t
7& Aetgngos B olojHl, LKB-VY
ultramicrotome .2 Z¥tA L A ztsle] JEM 100
CX-11% AAEn A o2 80kVelA s

FAL Az g 4 Alse §ydv)s
sloll A Axtyl FFRE 2.5% paraformaldehyde-
glutaraldehyde (4°C, pH 7.4)2} 1% osmium tetroxide 2.
Zvz A, & 7A319 T, ethanol B & ALsoz B
3153} o] A] isoamyl acetate 2 %] %3t F, CO, <)
AH Azxr|g AzAZ] oL, Polaron Sputter Coater
2 gold plasmag 3] 2-3le] JEOL 840 A FA} AAS
Aoz 15kVelr #AsgH.

2 o

FERY o]l (clypeus)F
EF 392 xstn g M 4 A 1Y
5k #+e] A Z<k (anterior median eyes), 7 &
gt 9] A 2ok (anterior lateral eyes), A 2ol &= T
¢l (posterior median eyes) 18] 1 A 3Qe) = F2<q}
(posterior lateral eyes)o] &= ¢t} (Plate 1-1). Z}
qte) F 2= FEAHo=w 7z}l (cornea), W= (lens), =
A} (vitreous body), 3} (retina) 5 7| 4742] Fo
2 8= 9d) (Fig. 1; Plate 1-2, 3,4, 5).
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Fig. 1. Diagrams of retinal cells and retina in the spider eyes Pardosa astrigera. )
A, The morphological difference of retinal cells in the principal and secondary retina, B, Organization of the cells in retina of

secondary eye.

24 7F 9AE A A 2AAE o] F= AlEe
< F3oln, 7| A Hol X8t Yol dHT dA-
ol et A Z2A e AALEE o2 HZE ¥
& wlmA gk y, HMlE Av]He) i nefslglct
(Fig. 1; Plate 1-2). 224 ool 2|3} mhtel| A
= A=A, 77}, intermediate segment® o] F0]Z] A
M 27} EA o] FRE S (Fig. 1).

At Wakg P AN EE F 1Y AAE
718 71 A3PAA )54 4174 Z (bipolar neuron)
ol om, Uy &4 & F5¢, F35U49 AA
Fx k32X A 7A] L (unipolar neuron)2 &<l = ¢}
(Fig. 1; Table 1).

A AE Fh7ke) AR A=A $A s
usem, 1 elefoll Zhzhe] R} 2 HApd
=7} vlmd dglem, Alzale] AAe wlEe Z
"L AUz s (Plate 1-3, 6). o|FA 4172 A
ZAZE Az o} F Rl HAFHA T, oA AA
o] R oz AxlE U3 el I F FHLAME
zAAZA 9 43¥AGE gde) A $29 vEE
=2jo} Fo| TAF] T} (Plate 1-4).

Table 1. The characteristics of principal and secondary eyes in
Pardosa astrigera

Eye type Principal Secondary
Eye AMeye Aleye PMeye  Pleye

Component
Neuron type B U U U
Rhabdom pattern Ir Ir R R
Location of cell
body UR OR OR OR
Tapetum - + + +

B, bipolar neuron; U, unipolar neuron; Ir, irregular pattern; R, regular
pattern; UR, cell body situated under the rhabdome; OR, cell body

situated over the rhabdome; —, eye does not have the tapetum; -+, eye

has the tapetum
AMeye, anterior median eye; AlLeye, anterior lateral eye; PMeye,
posterior medianeye; PLeye, posterior lateral eye

Arre AN gl 4gAne] gzt
A gRe olFel Az Hel AUglew, ul4
F2E A9 RolE Wetd AEYgos A4
Ho} A (Plate 1-5, 6). 2245 F3b 7]
Faoe 2 483 £718 B2 r sz}
A=) slglen), AR AAYET §e A3
o W7 0.5pmal AATHe] FHeo} AN, s
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Table 2. Mean eye parameters in Pardosa astrigera!

Eye
AMeye Aleye PLeye PMeye
Component
Cornea 1.04 1.9 2.6 2.5
Lens(biconvex) 73 73 167 173
(diameter) 333 30 290 210
Vitreous body 325 1.9 190 250
Rhabdome 5 9 60 40
Cell body 75 16 70 45
Intermediate seg. 30 25 110 90

! All measurements are in micrometers.
AMeye, anterior median eye; ALeye, anterior lateral eye; PMeye,
posterior median eye; PLeye, posterior lateral eye

o AR FP) FAYoR ALAZ §A7h RIS
T 9)gdc}(Plate 2-1, 2; Table 1). '

A} HAEQ A ZY 3L Flo A
27} 22 A X (glia cel)} MAMZd] o] T
Sl Qgled, A Wl BE Aol 04
um¢l multivesicular body~} o} T2E 1, 7L
EFAA 225k 9gIcH (Plate 2-3, 4; Table 1).

WA} (fapetum)2 AJH 2] 737k} intermediate
segmentAlolol| A $|X]3l= BdLHHe Fxz
e, AFgLedM e FRFHA ghstoh (Plate 2-5).
EE cielellA #AE Az wedR9)<ql interme-
diate segment FWlol] MMz E7]9) AAYws}
¥ IAZ 717 4 ExHe] gigen, rE
ool 93AT FH Mzl FAse} g
Q3L A ZA YRole 2HRAZAE AT 2 &
71RE-E HEHA 4=t (Plate 2-6).

2 AgeA #FH W AFga) A<}
J=ln 3k} F3&qke =7 A4 nlsslele
= (Table 2), Tt& FA3H= 4 2282 FAEL
71 Aol 449 FolA EF v, A=,
A ZA, ZA7be A5 A5l F5U3 F24ko]
74zt wlgslgl e, 2L F81te] 7R =T o
oA, F&<t AF, A& oz WFFHAG
(Table 2).

o #

w34 Anle FEEe 392 widR 4] el

€% Az ¢Jev (Eakin & Brandenburger, 1971;
Williams & MclIntyre, 1980), A 1ol A Fqlto] 9%
3o 2,39 F35qt F&qle] BxEo] giddy B
IR, 7+ o e Fuid A4 vada
a4ex QJo} (Opell & Ware, 1987; Opell, 1988). 73
7 u) 3} (Salticidae)oll A 71 & &2 | 19l $X]3}
= AFtoz ¥ 11Eg) ov (Blest et al.,, 1980), ¥
AR o] WgdE 19 22 =7)9) A<k A=
gte] 2|3tx 24l Z7)7F HAFA & F34 3
dell F5<te] BxFo] AN 222, 449 G
B F FHAF FEle] AFAT A&}t vid)
A5 2 e sAARTS] 351 EAYE
& 4 Q4.

B AgelA #A3 HedAnY = 849 o
oz olfold siglen, 2YT ze sl
o7 Zbot A= 224, 283 Bt Sog o]
A Adgel FARGEH, 22 w3A AR 72EA
u]ge] FelM=E FUs wide] Bay wt 9ot
(Blest, 1978; Blest & Sigmund, 1985b). =3 332
9] X (Rhode, 1991), &2F (Goldsmith, 1962), 747+
F (Land, 1969), =5 (Snyder & Miller, 1978), Z=-8-5
(Schaeffer & Raviola, 1978; Stanka et al., 1981), S-¢J|
AE $A e AUn Y gez owe of
g3 724 B4 GxAu) Ads 4 o
Qaprle) Bede Fre 2F YL Aee ¢
% s1s+.

AulEe] AU @k ZA F<l(principal eye)
7 ¥k (secondary eye)o= pHH, o] 5 A=z @
A71¥e] 21 25w (Homann, 1971). St
< T 3302 A w|FEH] WA, B

il

-]

re Edo] T YUPoz YYTT: 44
o

o
> FEFE 23 A6 wet St A
F2q F2¢gez JUE 4 e, o FdA F
2 mlabe A AN 2 MEACL Nz 2

| 9H5m kel RE AXsT Yx o34
AAN Eo] 31, BFe AN ZA|7} 7718 YZel] 93
e A AlAA E=E g uhElA, B AgAlse]
AR 9] AFere Foloz Tujm Ymx] A
, Tqk, £291e Beboz gelEgin
FAn)ale] b A oG2S FA e
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A7be Fuel mAMES Andza s 9l
L] B 31=E¢l= (Blest & Land, 1977), o] &-& E9)
gt wjd-& o]%3 9o} (Bakin & Brandenburger, 1971;
Blest & Sigmund, 1985a). =8 o] ulz} 7}7ke] w)
de] g4 FHAE Jepdgdn 2aHEY
(Blest et al., 1980; Blest & Sigmund, 1984), & Al3] o)
A BZT YA AFA AEelME =
AMxe) AzAE7)7} Hy¥9 wAdgeuer) 37}
FH BFAsA d=He AT T3 31&
M A7 FHE FAAZEZ7L AR Q)

o, Zkz 4709} 6708 MAMEE7)7t Eae
S5 e o]F3 U, o8 g Je=
< oAz FHA 5 Aoz FAEY,
7)o M= oz AL HErt Yad A
o7 Alggd

7EA eI e] el q RS $iw (Bakin & Bran-
denburger, 1971), WALE-E Hud#n|9] Ftel A
FUe AR RAelM= FRHYYL 2B o
T2 WS Avle] Hgte] Az glE FEHA
EAoz AP w3t e 434 AR
o} zhzkotelol HA]8n] (Forster, 1982), Wt &
< W2 dEE F = st ¢Fe X §t
A7tez A Bie A4S 3= Aow w|Rd
(Land, 1972), 7t7ke] M ZA| ¥HZe] e FA A
ZAAZAA Hog Fxold, W& AY AT £
NEF Z7to] AFe] AXT o|FA ANAMZAM
B 4 Aoz Alasd
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vl 3 A A W Aol 44
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A AFdE AT R pelA BRHAG At
I ME<de] Zelm F39U3 F24be =7} 47 v
3ged, dE A 4 AR =7 A
o] 4%e] wolld BT wlgslym, A=, M2, 272
Azt A&l 543} FHeko] zhzt wpdlge
o, 2AAE F5ete] FHE AT oloN, F2qh AF
oh A3y o2 RAFHYH
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FIGURE LEGENDS

Plate 1

1. Scanning electron micrograph of Pardosa astrigera. The large pair of eyes were the posterior median eyes (asterisks),
beneath these were the anterior median pair (arrow), and the anterior lateral eyes (arrow heads) were situated at the two
lateral -ventrally directed protruberances beneath the posterior median eyes. Closed circles indicate posterior lateral eyes.
Scale bar indicates 0.5 mm.

2. Vitreous body comprised simple columna cells and nucleus (N) was situated in the proximal part of the cell. The cytoplasm
was low electron dense and organelles were rarely. Scale bar indicates 4 pm.

3. Upper region of visual cell is cell body that has oval shape nucleus (N) and the cytoplasm has many small vesicles (arrows).
Scale bar indicates 4 pm.

4. In the anterior median eye, nucleus (N) of cell body was found at the level of the middle portion of visual cell. Small
vesicles (arrows) were common in the cytoplasm. Scale bar indicates 3 pm.

5. Middle region of visual cell was thabdome (RH) which consist of numerous microvilli one direction processes. Pigment glia
cells had many pigment granule (arrows) among the visual cells. Scale bar indicates 2 pm.

6. Magnification of microvilli (MV) process was located each side of the visual cell. Scale bar indicates 0.25 um.

Plate 2

1. Part of rhabdome (RH) showed that arranged in posterior lateral eye of Pardosa astrigera. “Starfish” shape in posterior
lateral eye formed by six triangular process of pigment cell (PC) containing pi ginenl granules and two thabdomeres arranged
by 1~ 6 rhabdome. Scale bar indicates 3 pm.

2. A rhabdome consists of two rhabdomeres (arrows). These rhabdomeres takes microvilli structure which is photo sensitive
part of visual cell. This structure appears regular pattern in retina. Scale bar indicates 4 pm.

3. Rhabdome (RH) were irregular in retina and rhabdomere (Rh) was closely contacted the other in anterior median eye.
Rhabdome part were contained a lot of small vesicles. PC, pigment cells. Scale bar indicates 2.5 pm.

4. The microvilli and contents of the visual cell resembled these in posterior median eye. Rhabomes (RH) were irregular
pattern in retina and electron dense pigment granules scattered between the rhabdomes. Glia cell situated at the cell body of
visual cell and glia cell process reached to rhabomere portion. Scale bar indicates 3 um.

5. In secondary eyes, incontinuous tapetum (T, arrows) situated between the rhabdome and intermediate segment (IS). Scale
bar indicates 1.5 um.

6. In the distal end of the visual cell, intermediate segment (IS) was additionally situated in close association with glia cell
process. Mitochondria (arrows) were lined up in a row along the inner side of the plasma membrane. Scale bar indicates 3

um.
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