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Ultrastructure of the Eyes of Menemerus fulvus (Araneae: Salticidae)

Kim, Joo-Pil and Jung-Kyun Kwon
(Dept. of Biology, College of Natural Science. Dongguk Universiry)

ABSTRACT

Spiders usually have poor vision but not the jumping spiders. Their eight eyes are located on its distinctive box-
shaped head and relatively well developed. The Spiders were fixated with 3% glutaraldehyde and thin section was
performed with ultra-microtome. The specimens were observed with light microscopy, transmission and scanning
electron microscopy. Eye area of jumping spider is composed of three rows. The first eye row comprise four eyes.
Among them, two anterior median eyes are the largest and two anterior lateral eyes are relatively small. The former
are main-eyes and have excellent vision. The second row, which has the two smallest eyes. is located about midway
between the first and third rows. The third row is about half-way back on the thorax and eyes of which are middle
size. To investigate ultrastructure of salticid spiders’ eye, Menemerus fulvus was chosen. All of Menemerus fulvus’s
eyes are composed of cornea, lens, vitreous body and retina in histologically. Cornea layer, linked to exocuticle of

exoskeleton. is regular layer structure without any cell type. Lenses are biconvex type.

Retinas comprise well

developed microvilli-shape rhabdomeres, unpigmented supporting cells, and pigmented cell. Retinas of anterior
median eyes are surrounded by circular cylinder-shaped vitreous body, photoreceptor, i.e. thabdomeres, of it is

irregularly arranged compared to the other eyes.

Key words : Araneae, Salticidae, Menemerus fulvus, eyes, ultrastructure.
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1.% &
2 AYeA AR Ase 1998 84 20 2E] 1999
8% 25Y7kA] A E Fel=elM AT A7 SF
HU] (Menemerus fulvus) QAR & Ap&sts]ch.

2. db &

1) ENMARS0IY R

spdnAstel s 4972375 FErE YA
o)=l e A A3 F 41435) 3% glutaradehyde (0.1 M Millonig’s
phophate beffer, pH 7.3) A oA 4°CE H-X3} 3A]7H
AxA vk 543 GF4Hoz AHAZ o, 1%
osmium tetroxide (0.1 M Millonig’s phosphate buffer, pH 7.3)
F3A fYo A ohA] 1A]7F 208 Bt F A F
dst gz gf oz AT ARZF ethanol B= A5 ¢
Z ®4=A]7) 2, propylene oxide 2 X grslgc). H9 Eoj &
blocke 5] ultramicrotome o2 1um 5742 Hu&
A2+ 1% toluidine blue 2. 3 M 3te] Fat3n|Hd oz FHabs)
Aok BEE BETA A1Z7] § Hag HEe A9
T 2% A A}, 28k 7] (ultramicrotome, MT2-B) & 50-
70nm =79 2PAH-& A 2bsle] copper grid (200 mesh)
o] BRAF ) B2 AHEFE 2% uranyl acetate2} lead
cittate 2 °o]F FAste] ZzA7|n FpAAEA (H-
600, 80 kV)o = FAslydot.

2) FARHALSEOE BHE

Aas FRAAAnAg U8 whoer AH, 1A,
Al 2 ekpdledn). X3 iso amyl autate 2 33 AlA]E}
olA A 7 27] (critical point dryer, HCP-2)= Hz 7]
2 vge AJ8E AEY (stubeyol] EAAIZG FE 2
2. jon sputter (E-1010)& A-&-8bed 2k 20nm FH = &
Aw ez £3F F FARAED] 7 (S-2380N) o2 7h&3
ob 20 kVell A sk

S A
2
2,
o},

l}i

2 =

Asre) A3 FaAAEn oz AR Ag 25
A%ARE A% 6-10 mm Y wolm FEyE AR AP
goz 4 wiee) ofe) b "ol vp WAHe
sAg wx ook Bre 5% We e mepolddt
QeABFARIe o e wol 39z FARC AU
o3 WA ol 442 g 2 wel WE Pk 3
o), F2he) AFHAME)o] 714 & 520560 ume) 9%
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A7 g Vel g1, AFte] oF Foll X3t A& (ALE)
£ 310-350 umgdeh. F HA ol w$ e FF
(PME)e] H3&qtzt F3qte] F7tof| Slx, 1 Z7le B
27 o] 110 umeh. Al WA Fell 260 um 2719 F241
(PLEyo] F&82 F7o $A3lx sl & #x v
Zhake] R = wj sl F A el HAT FEe
Jasty MxE] Wd= 3] 295 o = F2
Ao EA= wlefsiet. wate] Her )L ot w4
459 Sof uMAAANE Dl YadEe e of
F A 9lvt (Figs. 1,2).

sl pdEAu] AZ7)E 4%e] el (ocelli or simple
eye)o 24 I 7|EF27} 7 (cornea), A A (lens), f-2]
A (vitreous body) 1232 el (retina) 208 o] Foix] 4}
oo} (Figs. 2,3, 4).

AZFAME)E A7718) 29 7doen Hue ot
3 Q3 e 9y BT PuE y_om,»ﬂﬂ 7
ael A waksba) Gote) oo WA A 9l B4
Zhatol| A whel AlM| AR Q] Zolx H 590 umz w4
Ao WyAAE s A £AvE ¢ A FEY
of e wpe Axse Fig 3.

77t (comnea)& FE1Z (cuticle) 2 o} Fo}A) i)
4% ez EAstgen, gdsty Fdg 2302 120
nm A 20 dAHF FAE A

A (lens)= ofHo] EB=23F E-=Z9 = (biconvex lens)
Helzd AfA Zo] WiRFgoz vs vFd FAT
Z% Yepligeh = £AAE o|Fx AFEY ARl
UAZ 2gTolE olF AT wgFoz HHUFHe §)
arh AZeke] 7Hg vl FE 4AA L] FAE 380um At

S} (vitreous body) XA e} watalelz =3 7)
475 2okl UFHHE (cone cel)2 o] FolA glom,
A EE VARIUEARE (V-type radially) 2.2 o] f-0}2) 953
Aze] d-2 bt A3 UAGZ M ZA Holl & o RE
} AA-e-A (fibers)® v} M #=] (fine granul)e] &) &l &
FHol Agkel uiEzZeelol, YA Y 121 vjHHT
3} A% A To) ehdeh (Figs. 3.4,5).

abuk (retina)-& A s Va3 felde] detrgiel AX
o ¥91% s glen), 290 2ol FARN N
oz AN dlov ALl Fre e el A7
Jo} & 724 xo]F: Rrt.

AZH S 7tz Aodwo| A eld3 o] v)A§-= (micro-
vill)7} 247228 veE B3k 2oy Ao (Fig.
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mented cell), 28] 7 217 A = (glial cel)2 o] Fo1x )
sich AZ<re] <k (eye cup) AFel Qe WHR-HAde
7vE 28 (muscle) el filament2 o] F oz FFRE-o
veht g, PRl e R el A A3 (melanin
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pigment granules)& 7}3 AN Ee) AL w7} e A
2HFA 27t A Jebsdot (Figs. 3,6, 7).

kel Hed9l B9 == AME v]E (intermediate
segment)ell = A7 wA E (glial cell)&} E7)5o] &3l
3, B vEZ= et ANS = A|417 (optic nerve) &
Ealed X415 S ¥ (brain)2 ARstE FAE B

r

£ o] F = IF A (cone cell)o)m H]Eéﬂ]

EFzE] AR 41 MEA LB Eﬂ%?ﬂr—:
22 ¥ (small granuls)Eo] A3, 92 7]2] 3 (basal
portion)ol] 2|-9-3 Slgiet. hul & o) Agke] uiMA
o] Z2) 89k (Figs. 2, 4).

aabell =z whgy] w42 2174A) (thabdomeres)”} ¢
o, A7 E F FHo2 o]l vlAgE (microvilli)7}
50-60742) FAFz2 vl b 71 vl g 2
9ol HAFH 2 Helt: 1Sumelx @z Z4ps
Ztotzlet. mAl g o] FWolE vl A XM Z (unpig-
mented surpporting cell: Sc)2} HFA 7o) 0.6 um=7]2] A
Aoz o]Fe)x M A E (pigmented cel)7} AlH &
A3 9)slv} (Figs. 9, 10, 11). = 2<ko] £19] X (distal
portion)el AJME uw]Hef= ulAl§w e E7] (process)7}

o )
@ 7% 728 2T 2L FUAE 48 =
3
7]

Welgle FHoz Madgst e v EF e o} (mito-
chondria)7} A ZEwh-g olalba] &z}]s}gjc} A} 2] 32 2}
A2 A M Z27F wehe] A9 Rgdle glew. AJAlA

(optic nerves)H| £ = Bt} (Fig. 12).
U

4742 HEE Av]fe 3500009 Felv 1063 3100
Folvt He AnlF F 2E70 A of 4904 4500F 0
2 F3 F w7 b w2 Avlegta 19974 54 A RS
skl vt (Platnick 1997). 714 @& 43 258 712wl
FAvE AAA Az ARl weag Alds)
I FoEtm, wle] & WAAskH A AgEx g Ald R
Zd w97t 3 Ay E #HoA Aed o] mE 3A
& A7) elEgh 3 ahgvt (Forster 1982). 3142937437
ue} #2 Atdz = o]yt o) wig-L o w)
gozE Yus AFT + AvH A3} & Aoz o
AR = wER A7lel olEae guerilon W
g Aoz A,

Homann#} Land (1985)e)] 23} 2 2709] o}l el
2] Fak(main eyes)2} H-ot(secondary eyes)e] vt slgd
oho= Fobd g AFdelzta siedvh 2 w34

g FollA sdiAR e F5te] 7HY An A wg

3A =

H e Helw Tk A<t WEEA ZIn
(Jeong & Moon 1996)3t9iv}. 2143743 u]= HEto
Wdsl 2 FEE F3t, A& FEHe IR of
7 AL A7)oln FEPE AR oz Rt diagt §
= eyl (Figs. 1,2,3,4).

53] At sy Fxo R zE nM T2
a3 A S el w)g Seldt JyYE A2 s
ohAelE ol AZHAME)E =31 7) Sobe] Dok
huj (eye cup) s} Zell A wputef] o2 | RF2E A
bohe 348 AZIs Bee) 2ae WAs] e,
AA = ZAT FAE o) F+ UAFH Az =7)(500

m)yE 243 Az #AFHS HE35E AL F
101} A B P AdE FAe el 23 FAHSE o
FE el 298 o] g gt o133 Heje
7tabg BT Yle] AEE whebr] o] FAledel o]2v
el gl 349 AjZhr)ef| wlste] B widg 7}
A MM ETE FA S et dEe] e AFeke) 1
elle A wAgRe 24 F2ES HAAYEs]
w2 AHES 7P Az} depd #Agg vk
A z7k EEe] et & )5 AE Alelel= %
A A EEo] bttt (Fig. 6). ol A o] vl Sojdt Fate
2 AR £ 24E& 2487 A5t AR FA
E A EE 23¢ 23 I8P AFR o2 9
Aoz vepytet

A7) 8 o] 31 Qle 71BFEANA whg e Zhate)
Sjo R FE|EFH dAE IR g Fo| WiE
4 R3E 4 RS 93ty Fds FAE o|F: 9]
o = b W Folls TR 3 (eye cup)ol A7) W
F& B33y v Fh3ele £AAY feiA 2
I A7) FHellE Mol it HRFo e vt
A o i el =S A it d 2 R B e ) [ B |
=7t EA8Hd

A7) A eday BRow A% ouyas ol
A dem wjEgh HeEe uedxA EAe T@EL]' =
qeoz o|feld st ® TUAE AEs BFYolch
olgl¥t ez & of Zhe o] 43 k78 939
QFozHE Hude A¥x FHu Ao (Fig 3). 2y
Eakim#} Brandenburger (1971)e)] )8} Metaphidippus
harforidie} Phidippus johnsoniol Al F3F} Zpate] Arid
°| %% (lamination) +2& Rvty g} g3 A0
oM o Azwjds} Pujx Holx] e FHIT BA
o] FAF2E Ve

FAA (lens)y BFW =z FHRA SHA o 24
TF22 A Edol A mofow elyttl (Fig. 4).
FelAlE AFtelM iy AFH 27 Al)stgon mht
Zog vay FAdE dsled ZHA Wo] 9ot whete
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AlME =477 Adslof sk, 2 FEel A&}
A B7) i e 2 Aol WI=F 1 2AHAr}) I8
el shgdoh (Williams 1980). 71 24 AgE 71 2788
He= 3o} = Al Z}7) = wpabs EAE= /\],qlgﬂ o
5 dAEr} Felxlctx 6}951‘:}(Blest et al. 1985, Land

1969). o]2j&t o] frolli= 7H-& FEp] Brhol %
Fe1o14 W A2 Hasl 1] wsnx 27} dlgw
sholch nEe) AulEe $4A fAAE ton 23

& 4 > ‘3\;1b sgetA wjaiele] hedE e} glA] ¢t =
o) MEE F AMZE BE o] BR2FT A9
T ZJC}(Blest 1985).

aEhvt A59REANe A7IE e 48" 5 3

g Z3 7 dz9 FAE AT el A7
Ao} mAEEIL e 430 wWEkozr ATz r o
A3A A st

A e WA N () ez 7
moyoz %9 Zo|7} 880umelm =y 71 fE| A7} A
&3 sloh (Figs. 3.5). Fo] A=2713d f2ide 4594
zo] & oz XA A A (fiber)t FF
(granules)o] 715 2} Sl feA e} mbebAfelel 7)A|
(basal lamina layer)7} A3} AFeHe 7|x 27} of$-
ST ke vlwA AL 71X EE ey,

5 A& F5k0] el A AM E (visual el
ZA73A 2l miFe] wa M AAAN Ee} HaMT |3

ARBAEE TR oz vepyteh Bteld Z373A 9
oA g7 ol Fx A ellye]|T 438 ol F
A (receptors)7} et T Stgem, w o]E H4AY 5
L 2o weld] ctzuxn vt Metaphidippus aeneolus
L 79478 0|9 Phidippus johnsoni= 90702 lepydohy
3193} (Eakin & Brandenbuger 1971, Land 1985). ¥ Land+
182 Uehh7lE st A5a43Aue] 444 vl
Ageex Fa3 RBelol oeir G £340 e 2
o3} (Figs. 9, 10, 11).

RE AuEe] FglellA HFARA] (tapeturm)7h 12w
I el =) 9 (crystalline deposite) 0. 2. &k} 3
ekl M Yephdeia 3lgj o, o]7lez <ldlted Am|ES
EFAAM shte] BAe] & = Ut &% (Homann
1971). A5A7FAn 2] 44 Ajz7)el WAL (tape-
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Ae Ataled wEAelm AA77h wEe e 2
o) A2ARS} 1T Fol AR F2H AR 2
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du AF4 An AAAY eAFzE $ vz A=
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o 99 e) FEIFA AL dze 2o o fEA
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Legends of figures

Fig. 1. A scanning electron micrograph of eyes of Menemerus fulvus. The jumping spider possessed eight eyes arranged in three rows of
AME (anteromedial eyes), ALE (anterolateral eyes), PME (posteromedial eyes), PLE (posterolateral eyes). Bar = 500 pm.

Fig. 2. A light micrograph of thick frontal section through center of AME (anteromedial eyes), ALE (anterolateral eyes), PLE
(posterolateral eyes). Toluidine blue stain. Bar = 500 pm, X 40.

Fig. 3. A light micrograph of thick frontal section through of AME illustrates the inner structures vitreous body (VB), retina (arrow) and
optic nerve (ON). Longitudinal section passing through the retina of main eye of the Menemerus fulvus. Toluidine blue stain. Bar =
200 um, X 200.

Fig. 4. A light micrograph of thick frontal section showing large PLE which are similar to that of ALE. ALE, PLE are similar in structure.
Biconvexed lens (L), vitereous body (VB) and retina are seen. The nuclei of vitreous body are peripherally situated. Toluidine blue
stain. Bar =200 um, x 200.

Fig. 5. Cross section of cone cells (or columnar cells) in anteromedian eye. The vitreous body (VB) consists of cone cell with a some
polygonal and some irregular in outline. Most of cytoplasmic organelles are contained in the perenuclear region. The body of the
cone cell (Cc) is filled with fibers and fine granules. Bar= 10 um.

Fig. 6. An electron micrograph of retina in main eye showing rhabdomers. Under the vitreous body, there are twin microvilliiMv),
mitochondria (M), and glia process (Gp), in the rhabdome. Bar =3 um.

Fig. 7. An electron micrograph of retina in main eye. There are myofibrils (MF), and pigmented cell (P) filled with electron dense pigment
granules. Bar =2 um.

Fig. 8. An electron micrograph of retina and optic nerve (On) in main eye. The optic nerve fibers extend toward the brain. Two glial cells
are noted. Bar=3 pum.

Fig. 9. Longitudinal section through an antero lateral (secondary) eye of Menemerus fulvus Salticidae). The retina in situated below the
vitreous body. The retina composed of visual cells and rhabdomere. The rhabdomeres (Rh) of the visual cell are surrounded by
pigmented supportive cell (PSc) and non-pigmented supportive cells (NSc). Bar=3 pum.

Fig. 10. Cross section of through on of Menemerus fulvus. Antero lateral eye fored by six triangular processes of pigmented supportive
cells (PSc) which regularly enclose two arm of a non-pigmented supportive cells (NSc) and the latter bearing two rhabdomeres
(Rh). Bar=3 pm.

Fig. 11. Higher magnification of the rhabdomer by transmition electron microscope. The rhabdomeres (Rh) of the visual cell are
surrounded by non-pigmented supportive cell (NSc) and pigmented supportive cell (PSc) filled with pigmented granules. The
larger thabdomeres have 50-60 microvilli in a transverse section. Bar =3 pum.

Fig. 12. An electron micrograph of distal portion of retina in antero lateral eye. A glial cell is present. The rhabdomeres are gradually
disappeared and many mitochondria and electron dense pigment granules are encountered at the distal portion of the retina. Bar =
2 um.
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