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Ultrastructure of chemical sensilla on the antennae and mouthparts of
the larvae of Tomicus minor ( Coleoptera. Curculionidae: Scolytinae)
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Abstract: [ Aim] To investigate the type, number, and distribution of chemical sensilla on the antennae and mouthparts of the lar-
vae of Tomicus minor ( Coleoptera: Curculionidae: Scolytinae). [ Method] Chemical sensilla on the larval head of the last instar T.
minor was examined using scanning electron microscopy. [ Result] The larval antennae of T. minor have only one segment that bears
six types of sensilla, including sensilla basiconica 1-2 and sensilla twig basiconica 1-4. Both the maxillary and labial palps consist
of two segments with five sensory organ types. These were identified as sensilla basiconica 3, sensilla digiformia, and sensilla twig
basiconica 2, 4, and 5. Sensilla basiconica 1-3 with multiple surface pores may play a typical role in odor sensing of chemicals in
the larval gallery. Sensilla twig basiconica with tip pores should be interpreted as having a gustatory function. Sensilla digitiformia
with a smooth and nonporous surface were presumed to be sensible to sound production in Scolytinae because only one sensilla digi-
formia was found on the lateral view of the maxillary palp. [ Conclusion] Chemical sensilla on the larval head of the last instar of T.
minor exhibited a low abundance, a simple distribution pattern, and an unchanged concentration on the tips of the antennae, maxil-
lary, and labial palp. The findings of this study are expected to provide further scientific data for a deeper understanding of the feed-
ing and related behaviors of the larvae of T. minor under bark.
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K& YT VRS /N8% Tomicus minor Hartig S J& T 45
W H Coleoptera 22 HiE} Curculionidae /Ng% W F} Sco-
Iytinae YIRS/ NEE & Tomicus , £ %4345 F RV K i,
G A DN T AL SR AR, U H A 2 T 754
2R Pinus sylvestris LRI EHN P. nigra J. F. Ar-
nold , & B T P 5 A A= A A2 B 2K (Vega & Hof-
stetter,2015) , 7EF [ P4 g M X, B30 UIRS /N 5
VMG /NEE T. yunnanensis Kirkendall & Faccoli
WEBYVIRS/NEE T. brevipilosus (Eggers) [ &% =
M P yunnanensis Franch. , I EAT AL 2 3 s
(H#E, 20115 Liu et al.,2019), BNEG4EH9 4 AT
H—5 H ) BESTOIRS /N a0 R 2 il 22T K E)
QRIS ORI | i B RS R T, AP S
BRSSO B, AR AR B R AR AR W
11 A T A—284E 4 7R AR g d ) 2 il 2 i
AR (EET)  IT 67780 Bh A0, X —id i
B PR X | AR TR S A, R H B B R SR B
STCIE M RS ) B DA I G 5 A A S S
(I REE, 20125 MHRE,2011) , REBT YIRS /NEE IR
FHUE AR BUEIR K 8 ~20 em, HE AL UK BN
PEAEEYUE B LR PN, B2y 14~ 21 d B AT
1k, A0 5 4l T A 5 FE b0 1 A — Mk AT
7B SR E R T HUE, FUUE S BEE 4
HUR A A 1 R T B W T, 9221 0.5~1.0 4
HURH 2B 7Tl R i, P4k il d 5
THOEHT B AR 6 SR BA (R, 2011) AT L, FEEEAS
REERET, BTSN & 5O IR AR BT, (035 Al
HuANgIy 50 R AR A AR Y B AR
AT B 5 2 NG5 /D ek iR EE LR
AT (I AE O 2078 ) A C (Vega & Hof-
stetter,2015; Werle et al.,2019; Wu et al.,2019) ,
XA/ e RO AR BRI 5T B A S A
RGBS (06, 2020) 5 11 5 2 ) 7 5 N
FRE A2 ERE R A A 5 W 5T, R 3R IBCE
FIFTERWL R AL E (Vega & Hofstetter,2015) , {H
FHECT AL, 423k JC R BL A B R B RE A A2, N
ZAEGUIE A TE FIBCE A s )4 B R A HE 0 4
ST 25 FhAE B T R A A AR
FEARC AR B D RIAT g, A B R e I e E 4 B
AR, XWRRRMEERITTUIN /N5 h
B A% T AN AT sk B BT (I, 20205 Vega &
Hofstetter ,2015)

SRR, 2y R A 2z A R AR
TERFR RS il A T ST T TR0, A& 4 4t 5 4b
R GE AT AR IR B A B HAE ) Ui 2
FAKAT N b HA EEAR N, ka0 R sk ik 4
(Alekseev et al.,2006; Eilers et al.,2012; Morrison
et al.,2019; Vega & Hofstetter, 2015; Zacharuk &
Shields, 1991) , HH[, & T/Na WA #H Z R
Hugly e Sk AT B WS, AU 2 7 AN N )
Ips subelongatus Motschulsky Fll z #2 )\ 15 /Nak 1. ty-
pographus Linnaeus ( Shi et al.,2020) A%+ % Cryp-
torrhynchus lapathi L. (Yang et al.,2019)  JHHES
Eucryptorrhynchus scrobiculatus Motschulsky Fl A& 15
HES E. brandti (Harold) ( Yang et al.,2017) I X E
f5 % W Hypera postica ( Gyllenhal ) ( Bland , 1983 )
&, R XS AR A% Sk MR B A —
SE WY R | (EAEATT A9 4l He Sk R AR AT A7 TR 15 22 22
5o U, Alekseev et al. (2006) & F—Ffiki /Nag Ips
sp. [ 3k #8241 A1 WL 58 HfE (olfactory cone) | B I
i HE R SR R P SR, HL 2 B R T B IR
A BEUE 21 ;500 Shi et al. (2020) kKPR, 7%
WA\ /NEE RN A2 K/ NG 38 03 A A B IR A
HEI I AR HEIE A FAOE A, i AT 88
189 A HARAHHEIL A 3 (0 vs 14) FIA A HEIE
AT 4 (4 vs 18) AU AR, Z &R HTIIAE /N
Y RESTIE TR A AR RS AL, A iz 4 He B
A B ICE AR LR 4, XOnT IO 1) B 3R S il b b )
VERYLTAE X 5 H HTE R 0 /NEE S AR e /N
KRR, T RE S HAEGTIE A R R A5 R
77 A EFYE (Liv et al.,2019; Vega & Hofstetter,
2015) . PRI, A SCR 44 v 7 AR BE UL T
GUUIRS /N AR A Ay R SU0RT R R0 L A
A A AL 2R LUBIA TR B A &)y B B
LA BRBFIHR HERL22Hh
1 MRS
L1 KARFESERE

IR T 2 g A it o T 4R U e LAk
(103°47'44"E,25°39'52"N) , ¥ HiL P4 9 B ST DDA /)
a FEALTR TR R AR AR BRI DA /)
TR LT M, F 2022 4 2—3 ARz EN
A AR rp T B [l S =, AR [ T3 N 7 R )
Hu, AREN RSk ST B GG RE (BRAFBRAE, 2021) KA
SUUIRS/ NEEA 5 3 IR %1 ) 0~0.59 mm, 2
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1% 0.60~0.90 mm,3 # 0.91 ~ 1.28 mm, HEHCK T 5
JERT 0.91 mm B4 AR AR W 4 e B BF5E 0
%GR 4 CUKFRAAT R,
1.2 #mblEsHE

B AR &Iyt PKFE YIRS, T80 7 A I 1 I8 4K
MEEFRILA, 1E A BCAT 2 h, BR R R AR 1Y 44
JB, B BEARTOA 0.1 mol « L™ A BERR 2% il i
(pH7.2~7.4) AT 5 T VR, TE UE 3 I, ik 1
min, £5 H5 VB A 2.5% [ 22 5 P ) 181
H 4 CORFEP R, T BT, BEAT A 16 B2 i 7K
(30% .50% .60% .70% .80% .90% . Je/K L8 ) ,
—BAEE R K — K, R 30 min, FJE, FERILEE T
IRl B, R R B AR i 5 L A A
| Gressington 108 %%(ﬂfﬁﬁ{i(%ﬁ)%ﬁ% 100 s,
F:45 R HEE G Sigma300 HL 494 b 1B (7R =)
FTUREE AR L ER 12 Sk I Ry 7 &V,
1.3 RS2 5HES N

S R A 1 SN RIE S R AE AT 4328, JFAR I8
Zacharuk (1985) . Yang et al. (2019) ,Shi et al.,
(2020) BT dkam 44 . I Tahdufilsn R SR T &
D53 AT SR R i 2D o0 A R 2% R Y B
I N o AT RO 2o, e K S
FIB G Image J ( Version 1.53¢, hitps: // im-
agej.nih.gov/ij ) AT | BEAP SR 2= DT T 10 IR
Y ER A E R AL B IIFE Adobe Photoshop
CC 2018 HtAT BT A Bl it 5 o Hr 4 6T R 4
4 ( Version 4.2.2  https //cran.r-project.org/) o
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AL LAY TR 2Lk, ELA 5 1 BT 1 450 S R
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H 3T RIS, BRIk 4 4 12 R, T TR
ARy A 12 AR B s, 30 0 K /N | e o7 &
] AN U3 K, b AT e — e 3 Bl WA T S a2
g, BAN kgt rEH ., ES—x, T b
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TR R TR | gk R 1, 2 T ) W R

B R A T8RRI 2 fREDE A, il H
TGN LSRRI MBS R, TSR —XE T
CLEI = 5| B SR - VAN IR NS R o
NES By, NS AN 9~ 11 R aRH: O HOIR
W, TSI 2 Y, i IR AR 0 A A T S R A
HoR e, RA IR EMIEH, FTE—14, 0T
Tz A BT T oA A 0 1 B IR s Al e
JEERAN TGN, FIEA 2 7, Hh Bt R
HHI B AR RS B e, TR A EY
FIFEFE . Hh T B I B R S 340 ol 407 e
FIMLIRIERSS , 5 A SCHIF I8 Y 5 O R AN K, IR AR S
& IR YIR /NS S R B il R AN T B
J R P A3 A AR [RI R RS A~ e
22 #HHMASOF ENLFERES

HR IR 2 1 SR TR 2 B JHE 2% 1 L %) 5 i Aoz
BBl T SRR IS0 A IR o R 3 2
HETE I 4% (sensilla basiconica, Sb) | A& K44k & 2%
(sensilla twig basiconica, Stb) Fll$§JE JE#% ( sensilla
digitiformia, Sdi) (B 1C~E), Hrp filfy b4 2 2%
6 FREES , 2 I A HE I B 1 ~2 FUR RS HE IR I 1
~ 43 N 3285 PR, 4y B HETE s 3 3
TS A R R A RG0S 2 4 5, FIEBAUA 2 24 4
P  AUTRHETE S 3 DL SR RS 4T s 2 .4
5o BULRT UL, KRS AT AR 2 FIR Ry 4 TR IR 28 4
SEfA SRR 2 L A 0 SR A | A Rk
AR GBS A SOEGR TR AN T

HOR IS TR, BT, T 20 e TR B 1
(Sb.1) .2 (Sb.2)F13 (Sb.3), Sh.1 FHEM fili f 52
TAT 6 | FE W IO As | Bl s B2 K 1) v 38 Ak 28 ¥ A8
JIN, FE A A T H B 43 X, B — 43 S T
BORMEIR AR EORDRE | Bl AL K & B L AN
B NG 1 43 WAL, B L AR, — A 11 2] ) 2 Sk 2 5
10, FLAE 2 (32.0+8.4) nm , 73 WA FLIU S BL— 3 ik
NIEAS T, H X INGAR ¥ AT R RE IR 5L 28R A0 43
W, FLAE (156.3+£50.7) nm, % B AL T il £
HruL R, W G T A R R, A — ok o i 2
FH—A(E1C F2A) . Sh.2 i T— AR M
FE DY, DAL 25 o 5 20 T AR A0, Ty X, IR R T
ARG BT — A o3 WAL, AT E FLAR [ (42.8+
8.1) nm] 5 Sh.1 LA ZEL, Wi J5 & [ (404.2
72.0) nm WA Sb.1 19 2.5 155, %48 T Sb.1 1Y
G AU AR TE Ml A B il A — A (1B 1C L
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2B);Sb.3 SME 5 Sh.2 2L, KA, SR HHLRS , FE AT
TG st o Ry B, EL R AL AR 2 BT S AL
FLAE[(28.9+6.7) nm | Fl—A~43 W FL [ (269.0+
74.8) nm], ZEEEAUIL T T SRR 545 iR Y
ey B B — Al A — A~ (B 1ID~E A
2€),

FRAHHEIE B8 - SME U, (H 4 AR i B 2
AR, AT 4l RS A AR AN HE TR 8428 1 (Sth.1) (2
(Stbh.2) .3 (Sth.3) .4 (Sth.4) #1 5 (Sth.5), Stb.1
B AR A 1 (B TR MRS Py J8%s 3% 1 6 T AL,
A TR A — BH 0 MR 116 ot A LA — T FL
TZIRARAN A3 A0 7E fik 3 35, B4R Sb. 1, HLAV T Sh. 1
f9 A (& 1C 8 2D) 5Sth.2 Fib JE 3R TS A B G | ek
R EDGH  TOAL, K EA — BIE ) N EfL, FLJE
G RIZLZAR, /A0 TRl L SR R A
Uil , A AR E W BCGRBCON TE R IR 2 .4
(8 5) 3 (K 1C~E K 2E) ;Sth.3 A7& T—4
W] (%) IR TR P R 2 % 273 A2 ] A A0 56 ol 2
iy, vt A O e L B — UL T i R

UL F i £ 3635, Sb. 19 B AN, g — fish A ) 200 o
fHE N —A (] 1C 8 2F) ; Sth.4 FME L —FL 58 Ak
TEAE— AR I 7L oS vl oAb A — AL, A2
SR — BN AL L 28 3 oL, AR R IR
AR B A A SRATFNI s 200 i 08 1) e SO 1 fie
f b SR F % Sb.3 Sth.2 Sth.4 1 Sth.5, F
TAGE A 14~16 1, FIRAA 14~17 4, & T 5
ZHURIT TR 20U Al L 5 FE e A i 2578 (141 1D ~
E B 2G) ;Sth.5 ZME AL AR, 1H 31 75 58 4K W 4
BRI, H A3 A0 A7 D\ 1) Y 1, 3 R a8 v A V42
FE—L, YRR AL — TR [T o0 SO — B B AT
[UIRE R AR 2 B AR S T SRR T IS A0 g 15
R R RS IS Sh.2 IR, RS
Sh.3, B EM LB EA 3~4 A~ (E ID~E A
2H) .

BICIEES AN U8 T8 sk | 1 B 7 — AT
A ARG N, SRR 1 (26.9£1.5) wm , BEHT5E (2.6
+0.3) wm , {5 5045 S0 08 P9 T g — SR
AHE—(E 1D K 21)

B 1 #EyiisE/NEEsh RS AR AL
Fig.1 Front view of the headand its sensory appendage of the last instar larvae of 7. minor
A SRR B M TS C i D TR B TIBAUNT ., An. il f ; Cls JEFEI4; Cly . JE 3 ; Fsu . HB I ; Li J§ ; Lp: FIBEH;
Lr: BJR s Md: 50 Mp: RS2 Mx: T 55 Sb. 1~ 3 HEJZ RS 1~ 35 Sch: BT RS ; Sdi 48T JRAS ; St BILIRAR ;Stb. 1~ 5 KM HIB ISR 1~5;
HELRAESE XN DX IR A RCR I, HEIR ;A =100 pm; B=10 pm; C~E=5 pm.

A: Front view of the whole head; B: Front view of maxillae and labium; C; Front view of whole antennae; D: Front view of the tip of maxillary

palp; E: Front view of the tip of labium palp; An: Antennae; Cls; Clypeal sulcus; Cly: Clypeus; Fsu: Frontoclypeal sulcus; Li: Labium;
Lp: Labial palp; Lr: Labrum; Md: Mandible; Mp: Maxillary palp; Mx: Maxilla; Sh.1-3; Sensilla baciconica 1-3; Sch: Sensilla chaetica;
Sdi; Sensilla digitiformia; St: Sensilla trichodea; Stbh.1-5: Sensilla twig basiconica 1-5; The dashed boxes show the magnified area

in the labelled letter in the followed figure. Scale bar; A=100 pm; B=10 pm; C-E=5 pm.
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Fig.2 Ultrastructures of the sensilla on the antennae and mouthpart of the last instar larvae of T. minor
AHEIBIERER 1, AL ZRIZALE R ORIE B HEIE B 2 C MBS 3, C1 /R IZAL B AR I D R AR HEIE s 1 E AR RS 2,
F ARSI A 35 G AR A 4 RSB IRS 55 L 3B ; 11 G Skon AR 3R I (1 40U AL , PR Sk R Rl AL
Sh.1~2 HETEIRAR 1~2;Sdi: FTBRAR ;Sth. 1 ~ 4 RKAYHILRAT 1-4, HHIR =1 pum,

A: Sensilla basiconica 1, Al shows themagnified view from the white-dashed box; B: Sensilla basiconica 2; C: Sensilla basiconica 3, C1 shows

the magnified view from the white-dashed box; D Sensilla twig basiconica 1; E: Ssensilla twig basiconica 2; F. Sensilla twig basiconica 3;

G Sensilla twig basiconica 4; H: Sensilla twig basiconica 5; 1. Sensilla digitiformia; The black and white arrowhead shows

the secreted and surface pores on the sensilla surface, respectively. Scale bar=1 pum.

2.3 ZHMAFMONF[BBPNMEES
MU/ VAL S B i A0 D A B4 3259
FhE%s  Sb.1 .Sth.2 Sth.4 Fl Sth.5 fE7E W] WAL
CEBEAE (K 3) . TEflff I, Sh.1 F1 Sth.2 1Y
B g A BAEE , LT AR AR B 1
JEAS ] B0 2 AN TRl Horb Sho1 B v 8 748 1k 55
K, AN L(E 3A) WK 3B) FZ s X (A
3C)3 Fl, =FH MK G R 66.7% .16.7% F1 16.7% ;
Sth.2 [R RN 2x H BRAE XS FR R« V7 R 43 S B8R 5

UL A 12 A RS R R B —B, 5 L 8.3%, TE T
SRR L, Sth.2 Sth.4 F1 Sth.5 BT 2 143
i EILF A AL B = F R AR 3h, A8 5
Y IR IRAE 17~20 .55~65 Fil 14~ 18 >, Fid i & |
25 A HES R Ay K % B D I A g
3A.B.C) . S350, TER — KRBy A AT S
fE 4R |, Sth.2 Sth.4 1 Stb.5 AYEE L AXT R,
WRHME 182 NG H AR (R A X R
E(ERLD),

B3 #ipiihEgRmMAafOfRSnNMER
Fig.3 Individual variations of the sensilla on the antennae and mouthpart of the last instar larvae of T. minor
A~ C il £ B8 S R AR A s D - S0 0 B IR s F - T TR A0 4 B LA s F o o T A AN R SR M OB 2
Sh.1~3 4IRS 1~-3; Sth.1~5. KAYHEIYEDS 1~5;Sdi I ERS . HHIR =2 pum,

A-C; Front view of antennal tip and its sensilla; D: Front view of maxillary palp and its sensilla; E: Front view of labial palp and its sensilla.

Sh.1-3: sensilla basiconica 1-3; Sth.1-5 Sensilla twig basiconica 1-5; Sdi: Sensilla digitiformia. Scale bar=2 pwm.
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Table 1 Types, morphology, andquantity of the sensilla on the antennae and mouthpart of the last instar larvae of T. minor

y iy =N .
R 7= s34 1t L St S
T She Sit Surf Porosit Ti Basal /A~ Length
ypes ape ite urface orosity ip cocket Quantity  /pum

HEIE R 1 HERR, BL i £ Gk ZAL [iF88 AN 2 16.5+2.3
Sensilla Coniform, Antennae Rough Multiparous Bifurcate Unobvious
basiconica 1 straight
HEE%AS 2 HEAR, BT i 4 ikt Z AL il FIE , % 2 9.0+0.7
Sensilla Coniform, Antennae Rough Multiparous Blunt Circular,
basiconica 2 straight shallow
HEIR IS 3 HER, BT VN HLKE ZAL Bl R , i 4 4.2+0.5
Sensilla Coniform, Maxillae, Rough Multiparous Blunt Circular,
basiconica 3 straight labrum wide
RIEHEIB RS 1 R, BT il A bjitic AL LIl BT, & 2 6.1+0.3
Sensilla twig Coniform, Antennae Smooth Uniporous Concave Circular,
basiconica 1 straight wide
ARAHEIE s 2 R, BT fil A S Bitic TiiAL FLRBIMBE AR 19x1 4.5+0.7
Sensilla twig Coniform, NIEi Antennae, Smooth Uniporous Capitate Unobvious
basiconica 2 straight maxillae, labrum concave
RAHHEIE R 3 HERR, Bar il s b/ii1 0 7 AL fifi B , 4 4.5+0.8
Sensilla twig Coniform, Antennae Smooth Uniporous, Blunt Circular,
basiconica 3 straight lateral wide
RIHEIB A 4 HEAR, BT il ff1 L U b/iiz 1 AL BB 111 4 VN 57+4 1.3+0.3
Sensilla twig Coniform, TJBZ Antennae, Smooth Uniporous Circular Unobvious
basiconica 4 straight maxillae, labrum concave
RWHTREESS S R, B UL TR et TiAL YA AW 161 4.30.5
Sensilla twig Coniform, Maxillae, labrum Smooth Uniporous Longitudinal ~ Unobvious
basiconica 5 straight groove
TRIB s B SR, T b1 % 111 5 biRis ek, 98 2 269x15
Sensilla S} Finger or Maxillae, labrum Smooth Concave Smooth Microscler,
digitiformia platelike, flat wide

T W BE X R b 22

All values are meantstandard deviation.
3 it K% Sitophilus oryzae ( Linnaeus) ( Speirs et al.,

255 R0 R B i SR W) = (8] 5 Ryl & 1)
—FpE IR X WS R R E AT,
B ZCHRC 70N AR R R IV EHE BTG
PR T HAT HE (K% 20205 Vega & Hofstet-
ter,2015; Visser,1988) ., 57K, L8 E R4 H
FEE A TSR B A R A5 2k
JEERIBRAL 2255 SRz 48 5 4 I S
AT MR R %) ( Zacharuk & Shields, 1991) . Jif
FHAAHE BT AR AR 0B T RS /N Rk AR %
4y ST T PR AT AR, & L4y Sk
AT 3 25 9 P b2z Bds , il i LA TR B 1~2 Al
KA IRAS 1 ~4, T WA HEIE R 3 8RS
FURRYHE AR ES 2 4 A1 S, FIB A HEIE R 3
FIARRHEIE RS 2 4 F1 5, XL RERAY2EAT LS
O3 AT 535 MR 15 /NEE (Shi et al.,2020) | =AZ N\
/NE% (Shi et al.,2020) 1% ( Yang et al.,2019) .

1986) {4 i KR WA [ JEH B R AFERAF A
chinensis (Forster) FA8& K4 Monochamus alternatus
Hope . # 85 K4 M. guerryi Pic . ZK4: Apriona rugi-
collis Chevrolat 5 (008 K4 A. swainsoni ( Hope)
M= BE 25 K24 Batocera lineolata Chevrolat | (1451l
N ,2016; Xu et al.,2017) A HES ( Yang et al.,
2017) RHEHNES (Yang et al.,2017) & fE -4 H
(Bland, 1983) 45 7% £ 5 2 B0 19 1  F RS Hugly o
AR (McKenna et al.,2019) , [ 11778 1 i
ANIE], 4R, Sth.4 FERE ST UIAY /NG 1Y B TR A
12~18 >, i fEA T FOE )R 2 K4 (BFKHN S. th.
6) MR\ /NGEFT A2\ /N (PR S.1.b.
5) BACAH 1~2 4>, HZE, X ToES R m e
T > 1 22 A i B B da g e 8 R ( Giglio
et al.,2003) fU H Bl ( Behan & Ryan, 1978; Rus-
chioni et al.,2019) JCHE(EEUR 4 ,2021) 4B
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Bl (Eilers et al.,2012) Z MG R KA 225, Hilan,
Giglio et al. (2003) ME T 10 % 16 J& 22 F 2L H R}
UG &, A gl S B AUE A 2 R bR,
Gy SRR S FNHE I A | BT AN A A6 T 5
I, WAE T IEAAL 5y A B Bk 1~32 Fo~
61 A 4T AR [ AL 32 43 A 6 WA T JR 4
L BRI 0~106 F1 6~190 4>, #&ASKEFE
BRI 1 L e SR 0 B I B R R o A
B TR B, Ak 2 AR 4R P oA, 3k AT e 5 e A
T AR R R B A DG B W BT IE N A
BRLA JE B0 o) G B B LA DA A S AN ] sl 11
(Yang et al.,2017; Zacharuk & Shields,1991) ,
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