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ABSTRACT

Here we demonstrate the fine structural characteristics of the spigots on the cribellum and its peculiar sieve-like stru-
cture at the aspects of the functional significance. The surface of the cribellum is covered by hundred of tiny spigots which
producing numerous cribellate silk fibrils. It has been known that the cribellar silk is considered as a quite different sort
of catching silk with dry-adhesive properties. By our fine structural observation using the field emission scanning electron
microscopy (FESEM), the titanoecid spiders have a specialized sieve-like plate just in front of the anterior spinnerets. The
other types of the silk spigots were identified as follows. ampullate, pyriform and aciniform glands. Two pairs of major
ampullate glands send secretory ductules to the anterior spinnerets, and another 1~ 2 pairs of minor ampullate glands sup-
ply the median spinnerets. In addition, the pyriform glands send ductules to the anterior spinnerets, and the aciniform
glands feed silk into the median and the posterior spinnerets, respectively. Characteristically, 2 distinct types (A & B types)
of the aciniform spigots were identified in this spider, and the spigots of the aciniform B type are always detected at the
posterior spinneret, however sexual dimorphism for spigot is unlikely to be exhibited in this species of spider.
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7n]e] AT WA= B ol et Bl 9|3}
3 glor], 9%z E28 PHEY)Y 237 R o 2
Fol Arpd oz o]Folz glth(Denny, 1976; Foelix, 1996).
AA A Axe] FRE 2 Pl webd HAAA
(ampullate gland), =4+ (aciniform gland), o] A (pyri-

o] A7 20089 W eka ekl e AYoE AT

form gland), AHA (tubuliform gland), A (flagelliform
gland), 444 (aggregate gland), 5 2+A1 (cribellate gland) =
oz FREAEL & HAA mE FF AA ] HAH
B AL o3, Ao BFFeld A Sl wet AAR
o] 29} 47} vekat Aoz ®yE gl (Tillinghast &
Townley, 1987).

Anle] WA Es)E wE o] s (pimee) = T
o] glevt(Fodix, 1996), A el &3l #nlE2 A
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T (cribellum)olet= Br7pE el WPAAA S 7FA 3 glge]
o2z glok (Kovoor, 1990; Opell, 1995). A|Ztolat #n]e]
5w gl Rl wHso s, Ao mde =
=" Y = A Jje uAE EARReME BE
(wool)3} fAKgE Am|Eo] AAET 7|A FHljd =
uAEt s Aol §lE ZxdE AFEL Helrt HE &
9] A 9E FIATIE 2EAEA S AFE ATl B
aEe] glok(Nentwig & Heimer, 1987; Peters 1987; Opell
1995, 1999).

Aoz A7 n|e}E (Araneomorphae) e Aw| &2
Ao f-5ol wet ARqel FARFE FEEE, A
7ol AulEe] AdHoz XA FRTer FAHT
o)} (Eberhard & Pereira, 1993). Z8|v}, A #59} FA| 35
o] An7} FLF EFl A &3 AdE Av= T
7% 7] well (Lehtinen, 1967), =& 1A A0 771 L A
T 7P A sl ot AlEtel] o3 U Fo] Algto] 4Al
Hodvhs A7 A5He 43 sl AA o] (Coddington
& Levy, 1991).

A7 m) 7} (Titanoecidag)= AM| Al - o2 5719 43} 46
Mol Fol W% ofulelzh, ebrlotel AH WA FEshw
UE Aoz el glo(Lentinen, 1967). £ Aol ARg-
¥ AR AE] (Nurscia albofasciata)= & W22 73,
=7)% 5~8mmel v g] Sshe ARF Avlz G
=, 5=, 438, ik g A]otel] Rxsb g, A v Yl
7kl & BellA MAsE Aoz e a 9l=(Namkung,
2001).

FelME dAZEA] ARF AvlE HWYe= 3 A=
287 A7t wuigt AR AR Fxel 7|4
FHlEE 23] A 7]l gt d7AT=
Al ge AA et metd el AAaEe AlRFe] A
ajel AZAZAu S APAaz st o] F{H2 Aurt

3 FRAQ AR} 579 wAF2E
Agu| 7oz FFEE, o] EH R A|AF{ v
HIAAE B38| 22t & A5 sk

ofy ot

=

fo
lo
ME R >

i

S ERT

AAE= AsA &5 Ao FakilE FAE R
A 3YRE 647HA] AT AR R AR AR AN b
NAE AFAR &4 AN o2, 27 A 2] (Tene-
brio molitor) 7] §%& o2 AlS3slm A=z Alg
< AAET

AbZ\ 2172271 1] (Nurscia albofasciata)e] 4= AAlE A4
ste] ojAbstetaz wiHslel SAYAIZ F S LEEA Sl
A BE-E 7191E ARSEte] Bt AAlE 5o RN E

2elalgieh S5 Ae] Al $x1817] Sskd Avle)
AE]Aled Lo (spider Ringer's solution: 160 mM NaCl, 7.5
mM KCl, 4mM CaCl,, 1mM MgCl,, 4mM NaHCO,, 20mM
glucose, pH 7.4) (Groome et al., 1991)-& A}-£-3} ).

FARAALEN 7 e 913 Al8+% 0.1M phosphate buf-
fer (4°C, pH 7.4) = 2431171 2% paraformaldehydes} 2.5%
glutaraldehyde &3+-8-4-& A x3}e] 113 (prefixation) ]
U8 ¥ 5d 93800z 33 sk 2 B
A]&% 0.1 M phosphate buffer (4°C, pH 7.4) 2 $1=A|7] 1%
osmium tetroxide g2 © 2 & 317 (postfixation) gt =, =
3-8l e AMgshe] 388 Al stelet.

A o] Tt A B: ethanol 5% Al 4= (30%, 50%, 70%,
90%, 95%, 100%) .2 x]2]sle] sty om, el Tt
A&+ hexamethyldisilazane (HMDS) £ o 2 *g]s} 1,
Aol A Az M slsich F0)E ARE stubel YA
sputter coater E-1030 (Hitachi Co., Tokyo, Japan)E A}-£-3}
o] o 15nm T/ & W3 =33+ & Hitachi-4300 (Hitachi
Co., Tokyo, Japan) FA}3 Ax}3ln|7d (FESEM)©.2 5~15
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T2 24 Aol g,

2

>

}71 21727 u] (Nurscia albofasciata)e] A= w}AApx] =
B 9As, Algw 259 WAET|e 38 A
o] A& (cribellum) ez ooz SIleh W &7
AAe] A, F, FAHETL AFE Y 4 o E
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AR BR S B dAE dsieh A 9 FabA
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7l xRS o] A A (Fig. 1A, B).
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Fig. 1. Scanning electron micrographs of the silk apparatus in N. albofasciata. A, B: The silk spinning apparatuses are composed of three pairs
of spinnerets and a spinning plate termed the cribellum (CB). C-F: The surface of the cribellum is covered by hundreds of elongate spigots which

producing numerous cribellate silk fibrils. AS: anterior spinneret, MS: middle spinneret, PS: posterior spinneret. Scale bars indicate 100 um (A,
B), 50um(C, D), 5um (E) and 1 um (F), respectively.
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Fig. 2. Scanning electron micrographs of the spinneret in N. albofasciata. A-C: The anterior spinnerets(AS) comprise a pair of ampullate spigots
(Am) and numerous pairs of pyriform spools(Py). Another 1~ 2 pairs of ampullate spigots and several pairs of aciniform spools(Ac) are connect-
ed on the middle spinnerets(MS). In addition, posterior spinnerets(PS) comprise only the spools of aciniforms. E-F: Distal surfaces of the anterior
spinnerets. Scale barsindicate 50um (A, B), 25um (C, D) and 5um (E, F), respectively.




Park EA & Moon MJ : Sk Apparatusin Cribellate Spider

4

Fig. 3. Scanning electron micrographs of the of middle and posterior spinnerets in N. albofasciata. A-D: Middle spinneret (MS) are single-seg-
mented, and have two types of spigots-ampullates (Am) and type A aciniforms(Ac-A). E-H: The posterior spinnerets (PS) have two subtypes of
aciniform spigots on their spinning surfaces. Spigot of the type B aciniform gland (Ac-B) comprises cylindrical base segment and along terminal
segment with multi-knots. Scale bars indicate 50um (E), 25um (A, B), 10um(C, F, G) and 5um (D, H), respectively.
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Fhete) vl $ede gAel gl Aed Aol
o mHe mel wxse] MM ny Te 4
¢ R Pelaks 2Pz 289 5 e TRl
2= 9]t} (Fig. 1C, D).
A EARE TES] FARAAT AR HAT
At v)AE W 2o EARES olsh o 10umel
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f
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o

fas)

X

FEHow 549 viele oFoldl Holg FElF FEE
sk slsieh & A% w228 2 1Ak
Wbl e] e vhelsh Eo| BHI w3 vier} 92
9 728 w5 ebd A P88 AL 24
#Ee wekpe] ¥ 72 dd EAe] 2ol A4
T 4T FEYE HAY S glglon, AT el
=

EAR vl o] £ el HE= 0 (Fig. 1E, F).
AAZA Y] hg A e WEETe A" EARE
Z1RM oz WA, oA, 2= 5 3FF7F HEFHS
ol Av]e] EARERS dubd oz T Al =7)e] wel
o =AY (spigot) 2 A~=AR (spool) o= FEE=H], o] 7]
Foll wad, WA dEAREE B3l 2 oAl
=AE ARARES B3 AAE S Fdsth
s a7H 2ol Y ExREY] FRE T A
§dE A E7| S ET AN BEEE
A AWAE7 ol ARk
2

0
op[‘ -
jfﬂi

Ak , 183 2=
E7] Ak = o (Fig. 2A-C).

A E7]e| P45 WA o] 72| AnldA 7
A3k 3o BEARS 7RI il AW E7ClE
S mE 244w, A BT WA Adde

gre %

)

olmd, WA wet okzre] 44 wlolg vehlle] 1~
N8 72 A97h S Rpelgish ol HAls] At
Aol Wlal 23 FReA 47} sl WAoo 48~
70 (317, 58~ 76 (4:7)71e] EAbere] ek WA
3} oSl EASRE FEAHoR Y|Anielsl deknieo)
% Rpoz olFelx gle] Wanhe) foddel sHim
2% 7143 15l (Fig. 2D-P).
T w2 o) Reln FUAEYE B WA Ee 1)
S w9 2, mAbge] Wkie] AEEe] glgliw, WA
A5 XA Eabgre] AT AL By =4}
e FHow EeANS &9 =AR T~ 1047 b

wpAE71e] o33 fA1E HelE Aun lgert, A
How zm v, 7|Aukelsl wetukel] wls) A3l
SURe P14 754 $40] 351505 (Fig. 3A-D).

AAE BEAHL J|EHo=w I A
W8l EABO R o Folal UAT, 2 WA T 54
o et FuAEslOA HRFHAD A% AT AY Ex
BUS BUride) T} RoID BY ERAM 5%
#7} assieh ARe] EARe QAR okgbel 44

rE o

o7} 9lAWh BE 10~12(3HA), 7~10 (£A)N7}, 28 x

o
BY =Alwe H@Hoz 2~407h BRI 53] BY
SAHAS) EARRRES Weinhesl A, ERe] 8~ 107 4

]_
dT7z7F Yehte, o] EE3 xZ vt} &)
tod Alde] EAbglAN AN SR wf- AR
F25 AU glgol Bl (Fig. 3E-H).

o &

Au)e] Az WHARE S5l wet wig ohekst |
ol 5 Wo|A|uk, 7]5H 5537t Yoy HH 7|E- oz
WA E7u BARe] 49 e, Tl A0 ) RehE
B4 SollA Amd W] xfEE Aoz AR )
o} (Shear, 1994; Fodlix, 1996; Moon & Tillinghast, 2004). u}
A Au)ie] ASEFels Az WAAR9 e 24}
el 724 B £ BEAS kst Ae] vig- dubHal
HAelmz 7n|e] RfFtol] whE A= wPAkx| o] Wele
g AF7F wel Alsi= gtk (Kovoor, 1987; Nentwig &
Heimer, 1987; Peters & Kovoor, 1991; Moon & An, 2006;
Moon, 2006, 2008; Moon & Park, 2008).

Aule] A=z WAAE 7|Eez 3 AESHY ERHel

21, A} 71u] o} & (Araneomorphag) 2] #u]E2 ATk &
o) ule} AT (cribellate group) el T3 2 (ecribellate
group) 2 FEF ok A gFe] Av)E A2 (cribellum) o]}
3 EEE 549 WARe B 0EE wAEE AA
=& 7IA]3 glo}(Peters, 1987; Peters & Kovoor, 1991). A
e AFe) AnFh AT AW PHEsle] & 53
o2 mye] S i wﬂu e malte] 23]
hzke] mAbERo =¥ ANE 4 b A% mlAA
(fibri = 7ol ¥l BA1S AUz 9loh (Nentwig
& Heimer, 1987; Opell 1995, 1999) T} HolE Apgsl=
B Aw 7ol st 52 1ES Ax AFAAANF
o] A Fiell M A2 E]E}El AL, SR E X7
ozt o} 9l= AlA o]t} (Coddington & Levy, 1991).

A Am|2e] AR A ] (N, albofasciata):= A3 2
A o] 2 BEE] gl A AAF 7|2 (Lehti-
nen, 1967; Eberhard & Pereira, 1993), W} E7]9} 3t %9
AdE FA 7RI Qo] E1E . Al AA=
N o] EAbo 2 BE AAE vlM g AnjE & 7t
o2 FAA Hf, o WHEV|ZEE Ehld Fo 52
AnE A HEH" (wool) 725 A ZIALE A}
A =, o]FA RHEelAl An|EE IRl 2F2] b
o ol 7R (setae)} 7], HE FE Bl 9 o]E9
B Welske wabdel w32 JeE 2T A
o=z FAHH

NI
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Age] EabtozRE Fu|F wHAES HAAE Ad
B o] =golo]l B 2 Fe|EF} 22 A3 o
A 548 AW gled (Opell, 1995, 1999), 71424
o2 F 7k FFE AE 71 e dElA o WA =9
oA HALE Awe] BEH> whA| 3] F2E A W=
2 Az Yy 2HAd 5 ol e AR}
A =, = oz i =ik ¢l (Gorbetal,
2002) 5ol o3l =% A=z FelEa A2e FAsH =
= Aoz odElx glu}(Opel, 1999, 2002). o]z EAXo=z
el AsdellA AAE wAAE Ryt B vl FA)
B e 725 Ad g8 553 £ 2
YA 2= e A7 237 BRas v 9lek(Hawthorn
& Opell, 2002).

ol & AFFe] AvlEx o FARF] An|EH uh
T = 3] WAHE7E 73 e, 1714 28" A
= R s K G B o e I O AR g
o] A, A7 E o TR WA o)Al
of, FWAE7]el WA ZxAAe], 22| FHHET]
of ZxifAde] AAF ] HAX o wA] 357 AAA
ake] FxF o] lgol =

AR A ZEA] O] Anlel A AR o]dt A= WA
o] AAl= dF A9AH Wel7k ol AR 7o
W24 AR EFe) 2570} (Salticidee)e] 7w (Kovoor,
1987)v} = A m] 3} (Lycosidag)e] Pardosa astrigera(Moon,
1998), AlAm]Z}e] Misumenops tricuspidatus (Moon & An,
2005)2} Oxytate striatipes(Moon & An, 2006), 18] 37 &}
A7 =] 7} (Oxyopidae)2] Oxyopes licenti (Moon, 2006) %
M Bug A= w9 fARE AR SRS A
Y glge] EE AgHet FASRee ASEFE
A Apolol| = BTk o]Eo] FARE WA HHE AYx
UThe AR Az A Au] o] ubAA] 218ke] wieke] A
#Fel AnzRE FARFe] W3R = o]s) g (Cod-
dington & Levy, 1991)2 ul=3}= 7 o|g} Al=¥th

1, AAFANFO] AnES HAAHNc2RE AAEE
A A1 e] FhA] Apale] AFE A s A o,
ZI3AE A s 7Rkl o] 4gte] ke glvt(Cod-
dington & Levi, 1991). AbZlap2An] o] AL = & #AA
Anl el Al M= wie} FAsHA wAAle] EAlgRe]
BN 7P st e] =AM (Tillinghast & Christen-
son, 1984; Tillinghast & Townley, 1987; Moon & Tillinghast,
2004; Moon & Park, 2008)3l¢] &al=|gic}. A FF2] An)
oAl WA L] A&7 715H HelAe] fHEAE diA
o A ez FARRE] WA FARE 75E A
oz AZtEed), Az AR o] ez A Bl F
E7)ol WAAe]l H¥- oz FxFe] FARFAAM 4
2 A= Ak el AA] (Moon, 2006, 2008) 2} 5o

=

g AH"S o] 7 glge] HEFHKAT

gAn A M2 g HHE71E Bl EHEE WY
Ao 735, s A4k AA7E Aelrt il B
(Kovoor, 1972, 1987) S0 2 u|Fo] A Z7Fgl AZAZA
alef|A] 2R £ FF] WA E 715 E3t s A
o2 FAEY d3e] A AQl HolE AlestH =AM
Felu wA 72 A4S 719 Y3 ez IAE,
of7]el s Beh sk AefH o] wIYEofof
& oz AlgE

A H7e Au]< (Mullen, 1969; Tillinghast & Townley,
1987) o]} FedebAu]< (Tillinghast & Christenson, 1984),
8] g B8] AFA An|F (Peters, 1987; Moon & Til-
linghast, 2004; Moon & Kim, 2005)%= 3 7}x] £7/9] =%
A AYE Aoz d8A o, # A7 58 #F
& AR AAABAN AL SolsE F EFe] X
=APe] sels] FUEel Lol Vel Aytos
PGS FHT 5 Aok T FR LeAel 2
A geh= AL olu] Hersiliidaee] Au]eA] Bod v} 9]
=4 (Kovoor, 1984), 71535 Al= AlEo] B&A Zlold 2]
s Agst BYoz TeEgla AGel el A4
g A= AR YAAT SARE B4 A W, B

A

T

o) TR ARY FalBde HPA A &
AR 2488 B4 nelthe Aol nad b glek
(Kovoor, 1972, 1984, 1987)

At oz siAmztE QAR AFAAARES A
w2 A3 o8] Af(sexua dimorphism)e] Zajsl=d]|, &
Aoz o 38S RHE7] A% WA =S W
E7] 918 AR A 5o Aa wnlde] oo
2 7o) Aol FAH = A7 d el n (Peters,
1987; Moon & Kim, 2005). 281} AlT7{el A7 A2A 1]
o] Zgelle el whe o] g¥ydAde] #EEA A%
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g}, ZA|A5el AAv)Ze] £ Z(Moon & An, 2005, 2006)
i} 2@k 7 w| 3} (Oxyopidae)2] 77| (Moon, 2006)] 4
AR v G, 2P 2R AA ) Az PP E

g 4 st

=

f

AAADAR ) A%, Az TS 257 918 F7)
Al AL Agelehe ¥oE T2E Fa Hussl]
ool B4 £HAHE AR AN SRS T
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