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Effects of physical leaf features of host plants on leaf-mining insects

DAI Xiaohua'”* ,ZHU Chaodong®, XU Jiasheng', LIU Renlin'*, WANG Xuexiong'
1 School of Chemistry and Life Science, GanNan Normal University, Ganzhou 341000, China

2 Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China

3 Jiangwi Provincial Research Center of Navel-Orange Engineering and Technology, Ganzhou 341000, China

Abstract: Leaf-mining insects, belonging to Lepidoptera, Diptera, Coleoptera, or Hymenoptera, have larvae that live and
forage inside leaves. The mines remain visible for a long time and the life time of most leafmining larvae is spent inside the
mine. Ecologists and even paleontologists can without much difficulty reconstruct the living conditions of these insects and
evaluate their influences on host plants. Most leafminers are monophagous or oligophagous and many leaf mines are species-
specific. Therefore, leafminers are often used as model organisms to study plant-insect-natural enemy interactions and co-
evolution. Although leafminer outbreaks do not occur often in natural habitats, some leafminers are prevalent pests in
agriculture and forestry. Due to their small body size, short life history, high reproductive ability and endophagous habit,
leafmining pests are not easily discovered during their early stages of development. Once they break out, they damage the
leaves and thus degrade photosynthesis and production.

Compared to ectophagous insects, endophagous leafminers should depend more on leaf characteristics. There are many
reports on relationship between leaf miners and chemical composition of host plant leaves, whereas few reviews on physical
leaf features. Thence we summarize the effects of physical leaf properties on the feeding, survival, distribution,
reproduction and behavior of leafminers. For example, the location, directional poisition, size, color and trichome of leaves
have direct impacts on feeding behavior and oviposition site selection of adult leafminers; and therefore also on where larva
live and quality of their food. Some physical features of the leaves also act directly on the feeding behavior, parasitism and
development of leafmining larvae.

(1) Leaf location and direction; The oviposition and feeding of adults are generally located at the middle to lower parts

of plant individuals and thus the eggs and larvae often occur in the same parts. The light conditions of leaves in different
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positions vary and this will indirectly affect the development, survival and parasitism of leafmining larvae via leaf features,
nutrient contents, secondary compounds and mine temperatures. However, some leafmining larvae can avoid adverse light
effects through selective foraging. (2) Leaf size: Leaf size has a positive relationship with optimal oviposition choices for
adults and the developmental success of larvae. (3) Leaf thickness: There is no distinct relationship between leaf thickness
and leaf mining. (4) Leaf color: The influence of leaf color on leafmining varies with insect species. (5) Leaf trichomes
Leaf trichomes can disturb the oviposition and feeding of leafminers, but some leafminers select leaves with more densed
trichomes since trichomes can also disturb the searching behavior of paristic wasps and reduce the feeding competition of
ectophagous insects. (6) Leaf veins; Many leafminers avoid indigestible vascular bundles while some specialized leafminers
prefer leaf veins because leaf veins can provide shelter against natural enemies.

Combining both physical and chemical information of leaves leafminers can form identifying patterns on host plants.
The oviposition choices of leafminer adults determine larvae location and thus have a large influence on leafminer population
dynamics. However, if polyphagous leafminers oviposite eggs on non-host plants and if they manage to complete their life
history their host range can be extended. Studies on the defenses of leaf physical structure and the adaptations of leafminers
to these structural defenses are helpful in understanding the co-evolution between leafminers and their host plants. Physical
characteristics of plant leaves can be altered by environmental factors and genetic breeding. In this way, leaves can become

resistant and the sustainable ecological control of leafmining pests may be achieved.

Key Words: leafminer; host plant; physical leaf features; host selection; insect-plant relationship
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Table 1 The distribution of leafminer adults among different plant layers

R HEH Wt AR £ 2% ik
Leafmining insects Host plants Main distribution layers of adults References
T R RSV TE [13]
LA s e gk Phyllonorycter crataegella SR S [14]
S I R s e Liriomyza sativae FH = [15]
B T [16]
S FLBEE MR Liriomyza trifolii Hhn T2 [15]
T TIE [17]
B R PLVER Liriomyza huidobrensis +5= 2 [18]
JER Pz [19]
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TR P AR T AR 2 4 A%, DRI SR ASOR T AR 1 107 8 DA B KO- e A BE T 52 AFLR: R AR 1 0 i) (7KSF-
T ) X5 | 5 T 56 BRETER R (R A S I R T R R S SRR N (R 22 S AT RE LA A AN
TR R — LB
1.2 7 B A ) o ek B B 4l oA B R

H1 T 2 BRI I B R A L HUZEREL AR R JZ 7 B, DRI B Al o S B e A A X 2 X (R 2) o fHUE,

®2 EMRANSYRETIENERTENS T

Table 2 The distribution of leafminer eggs and larvae among different plant layers

TR REX ] UL by N s T} E= BTN
Leafmining insects Host plants Main distribution layers of eggs or larvae References
ZEFLIK Paraclemensia acerifoliella bl TZ [22]
JREE R Phthorimaea operculella JHE T2 [23]
4k Cameraria hamadryadella ) TZ [24]
8K Lithocolletis ringoniella R TEZ [25]
WS Scaptomyza nigrita KT P2 [26]
FEMBEVEME Liriomyza sativae ZFEY T2z [27]
A LR [16]
{ZA A T2 [28]
Li¥ia T2 [29]
HK iz [30]
T S T Liriomyza huidobrensis A T2 [31]
T R [32]
R TEZ [33]
i TZ [33]
L] T2 [33]
) R 2 RPN BT T AR T2 [34]
I BREBES: Rhynchaenus fagi 1IERE L2 [13]
BRIk Lyonetia clerkella WA = [35]
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TR L L B R P e L TS B A A R R T
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TR 1T HRA T/ A B 1 BRK A B 7 (T 4 A 3220 it RAE AR AR RUBE B e 852 A BT AN [] . Hr 2 i
W HL (Stigmella sp. F1 Stilbosis juvantis ) B AGAR , T 55 2 Fh ( Cameraria sp. M Tischeria sp. ) B E X Ja) BH
AR , SR 11T 30 Fof Qi P B VB o A7 06 23R 22 ) A9 56 2 AT AR I M G | B AR S sl b, TRV I R 28t S
BAEM 5 RE b A — RS FRARBA m M A P, ( Cameraria sp. ) % EEHE FRHmE M H ) FEE, ARAEK
BT KTE ( Cardamine cordifolia) [7) FHAERE I AOUE S8 ( Scaptomyza nigrita) B HL % FE F 4 HUBRCE AR E A
SRTF ARG IR 22700 5 (FUIR ) I V)t o T30 BRI 74 B DR 3 0 S PV oAy 5 40 30 8 80 FF e v R S i 14
BRI 3 FREREE AR OGIRER I GRS LA RN B AS ] T RESE M T WK S I A4 A2 143 R K 55 40 2R
B LA 7= IRAT A, DTSR 3T WK SR SR Ry 22 S

A A s 4yt AT D S R R 1 R R TR OGBS RS i, AN, 2 R 56 455 (Llex opaca ) Y
A TSI ( Phytomyza ilicicola) 221 B A B B AAIG 48 V81 T AR U B S5 20 R B A L, 22
SARNEE B RAT 225 SEUNATT MBI S R, A T A 0 5 7 9 T 4 A2 e o
T2 W] RESE FELAS-VEs 4 e R A LR RIR A 5 77 vk it e R DA S8 30 e b B £ o A= vt (9 980 A ML PR (L 7K 43
PO AR o 4 IR 20 2, SRAT IR A 2L AN Z b 7E TR A AR AR B A
o Ve s AT L e BBCET S 4 1 3 T T A S T P M S O BR T SR TR B SR I LU AR AR
PR AL R A AR T R T e ) PR A% AR AT 22 S, (EL R R 7 ] 1 T o) e v 9 AL PR A B g ) BB 3 R 7 B
S, IS BH I b B 2 VR 1 g )
2 MhRXNM

W B RN 5 M P i R IR 7 IR A I AR KR T . — MUk, R B A R
KA A GERUE S B 5 i A 7% s B an, —Fh H 8 ( Coptodisca kalmiella ) 1Y, 32 X 8] ¥t ( Chamaedaphne
calyculata) YW Fy RN AT BEAFAE P N REIE  BORAE IR B 18% HBLIEIE , BUNAET B AT 8% 3L
/N A B AGE 5 ORI R A L, SCERBR /N 5% VR ( Cameraria sp. ) T
G, BRAR FE T, TN SR AR J3E o R U] 2 R AT TR a4y L ) 7375 38 R Mk e /Ry /N RS S o /N AR LR, DR R
BLRTE LI =R ARk i B AE B R 15—25mm A9 BdR 22, i R o K sl i /N s O
FOA RO I R R R I T S PN BV M A SRR A SRR S YN BE TR A B R R A
MR 55 S AR E AR DG B A ARG, R TR O SE DN BT 0 R 7 B R R R
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RIS [ AR B AE 2 B AR I 309% , B T8 38 ( Cameraria: hamadryadella ) Ji SR AERCTE] 7 B3
JIE AT I e T 1 VT P VAT 22 52 o AR 7T 40 U VR I B R 7 B e B e T Al R
KEH LFNZEGRGC AT Wit B U B R i o2 —Fh Al 03 0
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W VR i R gt X S N BT Y W B X B T, SR 7 R e
it IS8 PR (3 B JRR DN Btk 0 B0 AN 3 B 0 2 P 1R RS A D) X i S R Tk R 1) 37 S R g
AR i€ X VB I i O VR T R S 2% o B0, 20 € R AR 375 380 1 LS Y ik 2 22 T L B Rt AR X RT i
SR ERY 256 00 RA %, SR, KA BEREWE T8k ( Phyllonorycter blancardella)) B 3L B 5 75535
ANBR L I LB VS % R AR P B €0 T i e B AR A 0 R € 8 [ A XA A R g 1 7 B AT
L R
5 REE

T TR TR AGF= 00 B A — ik, 36 5 368 B OK AR 08 v B H g i 1
g, S YNBETRMEXT 27 TR PR A B BEE 32 B 7 R BRI 2 5 R B R B R Btk %
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KBRS, B R AR i R B D SE B M R BCRD 7 DR PR R 0 IR 5
GRIREG 2210 B R 36 2 T A 13 K 35 5 S I R i e o) 30 % P i 9 St SR M 26 2 R IR B
8 4 R P B VR MR P JBCAT R B A R IR S A B IR BR i BBV R A
W (Agromyza frontella ) T B WL A T (0 B 78 AR L 7= B0, i 6 2% B X 7 TR G = BB i i K1 L &
FE A (Lycopersicon hirsutum ) BRIG K | Bt 6% BEAIE AN, 7] B8 BUE -+ = He-2- B /K- o3 hn , iiisie 1 %
A ( Tuta absoluta) ARt O) = et

(B WA R BT 2GR TR A0 5, G0, SEPNRER BT A R R 25 A 08 5 B 5
FEREEH CERELLD . BRENARFRRES R B MRS mgm R BEES
— BRI B L (RN Phyllonorycter IR JE Stigmella ) W% 1 5. 35 IEA G R n] g J& 6 i B AR
T2 AR 4 AT R I A L e A B 5 G L BRI B A e 11 2 A 30

RN | 0 2R ) v e g P SRR A B
6 PtBk

I o 2R A SRR IR I T A AR R I B R A TG AR Y SO RS R RS AR 4R AR
HLARZ R4 s (R b Jik 3 2 55 45 4 UK 27 2k AR METS AL AW, TR, 22 5008 i H I ke o 2 4 R
a0, —FP ik ( Stigmella lemniscella) {4 W v BB AIR L Z0TE BURE T8, 2 PF R M 2% 1 45 SR AR o 21 40 5 2880
THIE T Sl 4 sk ke S S ok, (R gl sl 3 sk, T g R Bk 2 (FURk Tk k1) M 4 RO R0 bk 1
BIAEAERP ) 22552 55 T ( Brachys tessellatus ) BT i SR8 KGR ( Quercus laevis ) KA kI 58 T -
! —FhZE LUK ( Perthida glyphopa ) ) B8 23 3 50 ¥ £18% ( Eucalyptus marginata ) ¢ J5 0 - ik A3 iR
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—FPARuk ( Stilbosis quadricustatella ) 4y MU H AN S8 2 FKAE T 2 0 KO R BRE e — £ 7Y () vk 3 5 O HL 22> vk il
HA G ATTE KA [l — 007 LS PR e = 2 7= B S S e 1 A AR R 2R 22 3 v i Lt A
TR RRA Lz )70 BB ( Cameraria ohridella ) YWy 7 M 1E VAT DU bk 7 B, {EL 78 8 30 32 A8 R 2% 0 ik
[T P 2B VR (Agromyza phragmitidis ) K SR = R )30 v , 76 AH SR B9 P 45 ik 22 18] 5 4 s AR 1]
-IRTE AL, 4141 HUAE PR 2% DK T 2 i — 1> Bl ) H T 4t 3o 36 A s ol Ok ) e I A e BB A4 A5 TR 2
il PRI ( Chromatomyia milii 1 C. nigra) R g/ DR KL BCE 1A M3 R B = Tk
T /N J ) 28 25 8 SRR R L SR PR 5 R AT A A R 0 I e R 40 ) I T P
S, SRS I Jk i 7 85 285 DR/ T il 2 B R VB 7= B R A 4 7 WA ( Vismia guianensis ) 1) VS fff- 50 &
IR, R HRE G BRI PR A S AR L B S IR ik v B A TR A2

WA 5T B M Al W8 ok, HEOHR 20 A T T 2 aek S DR B Fe B R B bk , AT B/ B 1 18 43 Sl
g G H ) 2L S0 ( Trypeta zoe) AT ( Phytomyza ramosa 1 P. alpigenae) FIT I (Agromyza
apfelbecki ) #o 2 TE T WG CEE > V522 BEVER MR Tk B st 302 SRk, (A S B PR AR IS 0] 5 T8 il ik, 6
2N S B B, () AN BE T ( Liriomyza strigata ) B TR SRALSY, JUHURIERK D) e i ki B g
1R, 26 Z250AR 2 1] 0 b Jik b ()08, b R ARLT- o] AR LR AL e BRI A v ik e A VAN 5 B R B R
B 10 LI kTR 1 1 7 R R B R 0 2 S R R R o v v B e A R — R R AR
A,
7 INETNRE

M B A I RN B RN 3R R B T M Vs P o B N B R I 3k S B
ARG T VB B U A 0l B BT RE S I A BRI R A MR G S5 i i BRAE
B A5 B e ol DU I p a7 ERUN RS . il TRk s g™ O g s 1 4 B AR v G B A
BTS2 AR SRS . KSR R S5 SR A A5 7 i o nlg e B Ve PR3 B2 EAE P R RE ), AT mT APRIE =
BB IEH AL KR E . B, AR 2 B P n v i Hen HOKs B P AN TS B 2% 3 B 3 il Bh 58 AR 37 52, I ml g
PORIEAF EIET

R I/NJSE T BT RE AL TR A v I R 4y B e )RR E N R DU S e 1 40y R R AT R, LS R
TV I T IR 0 1 A 2 SRR DA T 85 5 SR ) R e Jl 1 TRl i, 49 T 2y 2 R AR Ak, i R
A AN R [k DU 2 MR I ) SR B RO AR ) B e Tl A T g B R, e A AR A
W) R TR VT B R R R T T N VL R G, DA S v R A K R B R I B
KGR FELERRBGNERS,

R3 HAMEERKSEBEHREARNEEXR

Table 3 The relatioship between physical leaf features and leaf-mining insects

PR ERVIOILR - SRORRTRRIOEIE o g KR
. . Main physical features Selection of most X
Scale of selection . Possible causes Related factors
of leaves leafminers
A5 i, e, E-S L fERE
TEIR R AN ] ] FH B o K SRR
. - - OGRS N B
2 A ] R R At A R O i SRR
o L KMHAEREZMO REE R
i M RIEE R (R L NS
it S ik HEFFE ik K E TR XET I R AfpEER
I Py A IR 5 0 B SR O R ANH TR B R W P 21T S T L A2 B A SRS Qo IR S0 K

TSR X SEHP L KA A SRR A OR T WA T SR B S, TR IR I
AR ERPR . A AP BRI A B A A R BRI R B R BV SRR DR AE T TR B R Y T B
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