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Abstract

In this study the morphology, life history, and the effect of honey, mating and temperature on the population growth rate of
the leafminer, Liriomyza huidobrensis (Blanchard), were studied in the laboratory with field bean, Phaseolus vulgaris var. communis
Aeschers, as the host plant. The results indicated that emergence, mating, oviposition and feeding of adults as well as larvae
emerging from leaves all took place primarily in the morning. Males and females mated more than once, and the mating rate
reached 5.7, 68.9, 23.6 and 1.9% on the 1st, 2nd, 3rd and 4th day, respectively. At 250C, unmated females fed with honey could lay
29 infertile eggs, while mated females without honey supply had significant lower values of longevity, fecundity and number of
feeding stipples than those fed with honey. Females had a significant preference for laying their eggs and feeding on cotyeldons
leaf to plumule leaf of field bean. The number of third instars within the mesophyll can be used to estimate the oviposition of the
leafminer between 15-250C. The lower developmental threshold was estimated to be 7.60C for the development from egg to
pupal stage. L. huidobrensis requires 42 ~ 110 - 139 and 278 degree-days, respectively, to complete the egg, larval, pupal and total
immature stages. The maximum intrinsic rate of L. huidobrensis was observed at 250C (rm = 0.1999/day) when honey was
provided. The maximal net reproductive rate was observed at 200C (RO = 152.0 viable female eggs). Optimal oviposition condition
was obtained by using two-day-old and older mated females that were fed daily on honey, and were provided with field bean
seedlings without plumule leaf, about 15-20 cm in height, for one day at 200C. The oviposited seedlings were then transferred to
250C with a photoperiod of 14:10 (L:D) and 65~85% RH.
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Fig. 1. Growth stage of Liriomyza huidobrensis and its serpentine mine. A: Adult; B: Egg and oviposition site; C:
Feeding puncture; D: The third instar; E: Pupa; F: Serpentine mine of larva.
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Table 1. Body size ( X + SEM) of various stages of Liriomyza huidobrensis at 25°C

Stage Ce;’l}{‘;le"t‘(’)};ag‘;g)eal Body length (mm) Body width (mm)
Egg 30 0.28 + 0.00 0.16 + 0.00
Larva
Ist 20 0.11 % 0.00
Early 20 0.48 + 0.00 0.14 + 0.00
Late 20 0.73 + 0.00 0.19 + 0.00
2nd 20 0.22 + 0.00
Early 20 0.84 + 0.00 0.29 + 0.00
Late 20 1.48 + 0.01 0.45 + 0.00
3rd 20 0.33 +0.00
Early 20 1.74 % 0.02 0.62 £ 0.01
Late 20 2.63 £ 0.03 0.93 + 0.00
Pupa 20 2.07 £ 0.02 0.97 £ 0.02
Adult
Female 20 2.21 £ 0.04 0.84 £0.02
Male 20 1.65 = 0.03 0.73 + 0.02
r.}u e P bgﬁ%&f SLEET [ PR Rz E
o R *‘I w&a A= 180° PIF™ = P[5 e gt A2 | Eﬁfﬂ"/

@@’%&HFJ[ IR SR
m’&ﬁzﬁ%%*ﬂ”*%ikfﬁwﬁ
(spongy mesophyll) f[15V &4 el = o =
BV B M T A LR e
(palisade mesophyll) I[T\[ﬂ'f SIS
Q@V?Fﬁ o BY EAUERAENT ﬁ@UE'/‘L » =Y
W G > AR O - H A
o BB 1€+ i SONBER T
MY RSP (e -0 862
ﬁéﬁz?‘i‘ﬁffﬂiﬂ TEEAIL V?‘:W aRg FFI R G
SRR LA iV B '—ikbf‘/? F LR of Y
o SR IR R R 2
TR RS (0] > DREH A [ 7 oh
{0 - 97.9% VY= EyE E G BT b
= 10 BT E  a Hifr-T 6 g#‘
= 9p a%f?ﬁ",i?{i 86.5% (n = 149)- {~tj
tEh 1.4 +0.1 ’J‘E\JJ‘? (n =33) - [yt %
Byt o EREETRE r o

106 & QAT

i
ey
StHk
[l

huy

KB!

#E WEH R (ptilinum) VRS
AR SFRR S %‘4%’7 6.8 =
0.8 53 (n=30) > FIPI[~HYHL A 1% - K
"R R S AptE W'ﬂgiﬁ\ fuo
135+ 1.2 53 (n=30) i [iZHE -
JAE 341+ 2.8 534 (n = 30) » FHEPI [~
CRRETE - T 11 IR SR
fT 5 pE T3 E::ﬁy RNIER e S G
S RS BT OB E’!‘} 11 EhRET - Y
[~ f3E 96.3% (n = 270) = 976%(n—
217) (= ) - 28 S8 D {5147 0.55:0.45 (n
= 487) .

0

oo

u

o PR > s e
i’ﬁf‘ﬂ*ﬁ‘%‘}d[ﬂ“'w » PG P BT
M A S b )
BB SRS T [ B S
BE O W 5L EHRT 12.1£0.7 5
M (n=48)-F1f FT 6 E’!‘**J 5 E,JJ‘:!H



30 A

25 B Female (n = 270)
] [ Male (n=217)
9 ]
g 207
(¢
o ]
g ]
> 15 ]
-
= ]
'3} _
o i
5} -
g 197
5 —
O i T T T | T /L
0 4 8 12 16 24
Time of day

Z 25°C TrRaEBUEMZ B LS o
Fig. 2. Daily emergence rhythm of Liriomyza huidobrensis at 25°C.

25 A
20
o i
= 15 4
© i
S i
= i
() -
o
5 10
e i
5_
0 — A
0 4 8 12 16 24
Time of day

= 25°C TrRERBlE—RE_H# HREMHL -
Fig. 3. Daily mating rhythm of one-day-old and two-day-old Liriomyza huidobrensis at 25°C.

b



/,
100 X

Percent mating
g 3 3
2 e

sof /
o M
101/

(e
—_—

1

i
el
o O
Emergence
at time of day (hrs)

v r—TrT07 T T r——rrri T T T

T T T ] LI} T | L Y

13 16 1922 1 4 7 101316 19 22 1 4 7 10 1316 19 22 1 4 7 10 13

1st 2nd

3rd 4th

Mating at time of day (hrs)

FEIERE — N R LI BRI LR Z 2 RER -

Fig. 4. The relationship between the time of emergence and the time of first mating for Liriomyza huidobrensis. 1st,

2nd, 3rd and 4th represent the days of emergence.

L i (E 69.0% I IS pohe b
6 K= 12 BT (n = 438) (=) - i
—- &R 1 R o ?‘id@‘i*[/ﬂ\&:‘ﬁfjHEﬁEjEi Bp
(e R QP - Jire Rl 6 RiE 10 B
HIP [ ;l/ﬁf‘a‘ HH6.1% FEEE T 2 B
= 5 BT LR 8.0 = 0.0 1
(n=99) &k 93.9% % 100% ' 10 B
=05 BRI H R AT 8T
:METTD“'E' ‘/ 6 R *J 5 Rl T 5v
HY B &'ﬁjﬂﬂf £ 25.0+0.3-48.1+ 0.4
¥ 73.0 £ 0.0 [ o #ACEEFEL D
9V~ BT WAL o RV ST
5.7-68.9-23.6 ¥ 1.9% (n = 106) -

AN EE R R EE IR 99.3%
JIFEATRE] B 0.7% VIR AR (n =
270) - [l A foffie v B >
wAH VRN 6.1+ 1.3 ¥ 0.2 £
0.1 # » Py B RpREF = B (TRISERA ¢ Ak
SRSt = 4.492, df = 26, p < 0.01) % ]

108 GEEHF T/ \EFE M

PRI 7 AT ol ok T 0 B
2 1#%ET%A+IJ%LM=2m°§Wﬁ
YHEETE L5 BT 9 B [LE ) B
5%gﬂj‘5%mm@%’g§ﬁ@mgy
87.8% (n = T54) (/=0 » JHTE ik - i Jf
F' mﬁ%ﬁ%’x% > E9H R AR (R
B)> = 0.49 = 0.01 mm - i 0.20 = 0.00 mm
(n = 30)
JVA L RYEIR IV AR Y > 100%
R I A R AL e
#ﬂéﬂ&’wﬁjﬂﬁa’ﬁﬂﬂﬁkﬁ
S ~ O > TV A AR AR
itk (n = 20) > 75% ’l/i%*;ﬁ“a‘iﬁ ARzl
“Wﬁgﬁww&014mi”tj@%
riﬂ%ﬁ TRV IV A PN AR A
86.3 = 1.3% éﬁff—ﬁrjrjy;ﬁ%f“ﬁ« 100% filE
REEF B CHE Rd ¢ e S
SHEF Mt =19.471,df = 3, p < 0.01) = 71 %
PP AR R PV R



30 300
] Il Egg i .
25 [ Feeding stipple [~ 250 %
] ] [ £
s ] .8

© 1 L
£ 20 - 200 2
o ] i a
R -
T 15 - 150 &
8 - =
o i r o
0 4 L =
g _ B n
@ 10 - 100 2
o ] C ?
z ] 2
5 - 50 ©
] ’_‘ - z
O 1 1 1 1 1 O

[y
[¢)]
[Ce]

17 21

[y

Time of day

Bf AEEBUEBHEE 25°C EYCEN 14L:10D (B4 5 BETF 7 BRMBY) T2 HENEMAEZ -
Fig. 5. Daily oviposition and feeding trends of female Liriomyza huidobrensis at 25°C andl4hrs of photophase set

from 5:00 a.m. to 19:00 p.m. in a growth chamber.
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Table 2. Survival rate (X = SEM) (%) of each immature stage of Liriomyza huidobrensis at various constant

temperatures”
Temp. Larva

(°C) Feg 1st 2nd 3rd Total Pupa Egg-pupa

5 0 : i i i - 0

8 2.7+0.5 494 +19.6 41.7+25.0 0 0 - 0
10 499 +2.7 80.6 +0.4 92.0 +2.2 849 +0.2 62.7+1.0 120+ 1.6 3.8+0.5
15 92.1+3.7 98.1+1.1 99.2+0.9 942 +4.0 91.8+5.0 742+ 1.6 62.4 + 2.6
20 974+ 1.9 96.3+24 100 985+ 1.5 94.8 + 3.2 79.1+1.8 73.6 £4.2
25 98.3+1.7 959+19 100 100 959+19 79.6 £2.9 75.9+3.1
28 61.8+1.6 100 99.2 +0.8 979+ 0.5 97.1+0.1 42.7+ 2.6 25.0 0.7

30 679+1.2 98.8 +0.8 99.1+0.5 88.6 +1.5 86.7+24 0 0

35 0 - 0

U With 30 eggs per treatment for 15-30°C, the others with 50 eggs per treatment, four or six replicates.

R= TRER FTEENERARABZEETAH

Table 3. Duration (days) of each immature stage of Liriomyza huidobrensis at various constant temperatures

Larva
Temp. Egg 1st 2nd 3rd Total Pupa Egg-pupa
(C) n X+SEM n X+SEM n X+SEM n X+SEM n X+SEM »n X+SEM n X<+SEM
8 24 383+01 6 109+04 3 11.5+03 - - - - - - - -
10 223 145401 180 11.1+03 165 88%02 165 94+02 140 293402 17 557405 17 995+05
15 52 7401 47 69401 47 47401 44 52101 44 168102 35 221+02 35 46.3:02
200 30 32+00 29 25+00 29 17+00 29 25£0.0 29 6.7+01 23 11.1£01 23 21.0+0.1
25 44 21+00 43 20:x00 43 15+00 43 22£01 43 57+£01 34 81£01 34 159+0.1
28 37 21+00 23 16+00 23 14+00 23 20£0.0 23 50£00 22 69£01 22 140+0.1
30 50 19+00 34 16+00 34 14+x00 34 20£01 30 50£0.0 30 - 30
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Table 4. Linear regression equations (y = developmental rate, x = temperature), Lower developmental thresholds
(°C), and thermal summation degree-day for different life stages of Liriomyza huidobrensis

Temp. range

Stage 0) Regression equation” R? T2 (x+SEM) DD?(X + SEM)
Egg 8-30 y =-0.1772 + 0.0240x 0.9776 74405 42+3
Larva 10-30 y = -0.0568 + 0.0091x 0.9515 6.2+0.8 110 £ 12
Pupa 10-28 y =-0.0572 + 0.0072x 0.9954 11.0+0.3 139+7
Egg to pupa 10-28 y =-0.0274 + 0.0036x 0.9859 76+0.3 278 + 14

D Regression equation for relationships where p < 0.01.
? Estimated according to Campbell et al. (1974).
R Coefficient of determination. T, : The lower developmental threshold. DD: Thermal summation in degree-day.

KA 7 25°C THEHRSEHBEENERSS « £ - MRS R TR 02
Table 5. Effect of honey and mating of female Liriomyza huidobrensis on the longevity, fecundity, feeding and
proportion of female progeny (X + SEM) at 25°C

Longevity (d) No. p‘rogeny produced/female No. feeding  Viable egg/
Treatment . Female Male Egg Vlabl)e Adult Femalle stipple  feeding stipple
egg2 proportion

Honey + mating 11 14.2+23YAa 12.7+13Aa - 214£37a 140£25a 0.54+0.02a 3142+500a 0.0710.01a
(control)

Honey + without 11 14.8+19a - 29+ 11 0b Ob 0b 1092 £195b  0.02+0.01b
mating

Without honey + 9  4.0£0.2Ab 4.0+ 0.3Ab - 15+3b 7+1b 059+0.03a 182%33b 0.07+0.01a
mating

U Means of longevity followed by the same uppercase letter denote that there are no significant differences
between sexes (p < 0.05, ¢-test). Means within each column followed by the same lowercase letter are not
significantly different (p < 0.05, LSD).

? Number of eggs that survived to third instar.
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Table 6. Longevity, fecundity and feeding stipples ( X + SEM) of Liriomyza huidobrensis at various temperatures

Temp. 0 Longevity (d) Fecundity Fomal No. feeding  Viable egg/
(°C) Female Male  Viable egg? No.adult o stipple  feeding stipple
proportion
10 19 29.2+3.0Ab" 17.8+1.9Ba 0d 0d - 22 + 5¢ Oc

15 8 393:+48Aa 17.8+2.0Ba 263+49ab 164+29b 0.51+0.0la 2818 +452a 0.10+0.01lab
20 6 23.3+1.3Abc 18.8+14Ba 338+68a 220+4b5a 0.48+0.02a 2991+403a 0.11+0.03a
25 9 142+23Ad 11.6+0.7Ab 220+ 44bc 145+28b 0.54+0.03a 2735+430a 0.08+0.01b
28 17 11.8+11Ade 6.8+0.7Bed 0.1+0.1d 0.1+0.1d 0.50+0.50a 828+99b  0.00£0.01c
25-30Y 7 14.3+18Acd 10.1+1.8Abc 167+37c 80+15c 0.56+0.05a 2152+431a 0.09 +0.01b
25-357 11 5.3+0.5Ae 48+05Ad 0.8£0.8d 0.5+0.5d 0.58+0.58a 175+71c  0.00+0.01lc

U Means of longevity followed by the same uppercase letter denote that there are no significant differences
between sexes (p < 0.05, ¢-test). Means within each column followed by the same lowercase letter are not

significantly different (p < 0.05, LSD).
2 Number of eggs that survived to third instar.

9 Reared and emerged at 25°C, then transferred to 30 or 35°C for oviposition and feeding.
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Fig. 6. Daily viable egg and feeding stipple patterns of female Liriomyza huidobrensis at various constant
temperatures (viable eggs: the number of eggs that survived to third instar).
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Table 7. Population parametersl'z) of Liriomyza huidobrensis at various constant temperatures

Temp. (°C) n T'm A Ry T
15 8 0.0747 1.078 93.8 60.8
20 6 0.1618 1.176 152.0 31.1
25 9 0.1999 1.221 96.1 22.8
28 17 - 0.1665 0.847 0.049 18.1

U p., intrinsic rate of increase (d™); /1, finite rate of increase (d); Ry, net reproductive rate (viable female

eggs/ ¢ ); T, mean generation time (d).

2 For the calculation of population parameters, the number of eggs that survived to third instar was used as the

age-specific fecundity.
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Fig. 7. Age-specific survival rate (lx), fecundity (my) and net maternity value (vx= lxmy) of Liriomyza huidobrensis at

various constant temperatures.
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Morphology, Life History and Life Table of Liriomyza
huidobrensis (Diptera: Agromyzidae)

Ching-Chin Chien'* and Shu-Chen Chang'

! Division of Applied Zoology, Taiwan Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan

ABSTRACT

In this study the morphology, life history, and the effect of honey, mating
and temperature on the population growth rate of the leafminer, Liriomyza
huidobrensis (Blanchard), were studied in the laboratory with field bean,
Phaseolus vulgaris var. communis Aeschers, as the host plant. The results
indicated that emergence, mating, oviposition and feeding of adults as well as
larvae emerging from leaves all took place primarily in the morning. Males and
females mated more than once, and the mating rate reached 5.7, 68.9, 23.6 and
1.9% on the 1st, 2nd, 3rd and 4th day, respectively. At 25°C, unmated females
fed with honey could lay 29 infertile eggs, while mated females without honey
supply had significant lower values of longevity, fecundity and number of
feeding stipples than those fed with honey. Females had a significant
preference for laying their eggs and feeding on cotyeldons leaf to plumule leaf
of field bean. The number of third instars within the mesophyll can be used to
estimate the oviposition of the leafminer between 15-25°C. The lower
developmental threshold was estimated to be 7.6°C for the development from
egg to pupal stage. L. huidobrensis requires 42 ~ 110 ~ 139 and 278 degree-days,
respectively, to complete the egg, larval, pupal and total immature stages. The
maximum intrinsic rate of L. huidobrensis was observed at 25°C (r,, =
0.1999/day) when honey was provided. The maximal net reproductive rate was
observed at 20°C (Ry = 152.0 viable female eggs). Optimal oviposition condition
was obtained by using two-day-old and older mated females that were fed daily
on honey, and were provided with field bean seedlings without plumule leaf,
about 15-20 em in height, for one day at 20°C. The oviposited seedlings were
then transferred to 25°C with a photoperiod of 14:10 (L:D) and 65~85% RH.

Key words: Liriomyza huidobrensis, life history, life table, field bean,
temperature
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