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Population Parameters of the Oriental Fruit Fly (Diptera: Tephritidae)
Reared on Four Host Plants

Y. B. Huang" % Hsin Chi?

! Applied Zoology Division, Taiwan Agricultural Research Institute, Wufeng, Taichung
41362, Taiwan; e-mail: ybhuang@tari.gov.tw
2 Department of Entomology, National Chung Hsing University, Taichung, 40998
Taiwan

The oriental fruit fly Bactrocera dorsalis Hendel), one of the most destructive
pests in the Asia-Pacific area and the most impbgaarantine pest for many
countries, attacks more than 150 cultivated and filits in Taiwan. To establish an
ecological database, vatudied the development, survival and fecunditi.aforsalis
reared on four host plants, i.guava Psidiumguajava L.), Indian jujube izyphus
mauritiana L.), wax apple $yzygium samarangense Merr. & Perry) and pomelo
(Citrus grandis Osbeck), a25+1°C, R.H. 7G¢10%, and a photoperiod of 12: 12 (L:
D). The life history raw data were analyzed basethe age-stage, two-sex life
table. The intrinsic rate of increas¢ Was 0.1311, 0.1168, 0.1058 and 0.1168 on
guava, Indian jujube, wax apple, and pomelo, respdg. The net reproductive
rate Ry) was 453.7, 689.9, 303.8, and 408.5 on guavaatngijube, wax apple, and
pomelo , respectively.

Key words: Oriental fruit fly, Host plant, Population parameter

Aluja, M. and mangan, R. L, 2008. Fruit fly (DipgefMephritidae) host status
determination: critical conceptual, methodologieaid regulatory
considerations. Ann. Rev. Entomol. 53: 473-502.

Chi, H. 1988. Life-table analysis incorporating lbeexes and variable development
rates among individuals. Environ. Entomol. 17: 26-3



Population Parameters of the Oriental
Fruit Fly (Diptera: Tephritidae) Reared
on Four Host Plants

,‘:-

Y. B. Huang!-? and Hsin Chi?

1. Apphed Zoology Division, Tamwan Agricultural Research Institute, Wufeng,
Taichung 41362, Taiwan. E-mail: ybhuang(@tari.gov.tw
2. Department of Entomology, National Chung Hsing University,
Taichung 40227, Taiwan

"t

Wax appl e. (Syzyeivun samarangense
Merz. & Perry)

Pomelo (Citrus grandis L.) Indian jujube (Ziziplues mcuiritiana Lam)

10



Materials and Methods

Egg inoculation

Paired male and female on rearing Rinse out eggs
container '

Count eggs under binocular
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Raw Data Analysis

= The life history raw data were analyzed based on
the age-stage, two-sex life table. The means and
standard errors of the life table parameters were
estimated by using the Jackknife method.

= The population parameters include intrinsic rate
of increase (). finite rate of increase (2.), gross
reproductive rate (GRR). net reproductive rate
(R,). and mean gencration time (7).

Net reproductive rate: RO = Z [ /s

Intrinsic rate of

- —r(x+1) -
population increase: Ze mex =1
= Finite rate of increase : A=e"
= Mean Generation time: T In R,
r

(Cited by Goodman , 1982)

12



TWOSEX program

= A computer program TWOSEX-MSChart for the

8
o«
a5
=
=
s
=
5]

age-stage, two-sex life table analysis for
Windows system is available at
http://140.120.197.173/Ecology/prod02 . htm
(Chung Hsing University, Taichung, Taiwan)
and http://nhsbig.inhs uiuc.edu/wes/chi. html
(Illinois Natural History Survey).

Guava Wax apple

Survival Rate

Bafiiclo Indian jujube

Fig. 3. Age-stage survivalrate of oriental fruit fly reared on four host plants.
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Tablel. Means, standard errors, and sample sizes (in parentheses) of adult
preoviposition period (APOP), total preoviposition period (TPOP), adult
longevity, and fecundity of oriental fruit fly reared on four host plants

APOP TPOP Fecundity Adultlongevity (d)
Host Plant :
(eggs/female) Female Male
Indian 11.840.39a%  34.140.60a 113294139552 138.9%6.41a 131.9%6.73a |
jujube 22) 22) 22) 22) (18)
Wax Apple  1207081a 32000690 346298208) 92556040 726719
ax Apple a8) 18) (18) a8) (19)
Gus 11940470 31.94032b  4262+1023ab  8$12+43b  68.2+4.65b
uava (18) (18) (18) (18) (19)
P I 12340.61a 32340470 610.6*165.56a  88.4+7.07h  81.3+7.81h
omelo (17) ) 17 a7 (18)

APOP: Adult preovipositionperiod. TPOP: Total preoviposition period. *: Means
tollowed by the same letter within each column are not significantly difterent
(P<0.05, Fisher’s protected L.SD test. )

Guava W ax apple

Z
&
e
=
s
=
f
=
7]

Pomelo

0 50 100 150 20
0 50 100 150
Fig.4. Age-specific survival rate (1), female fecundity f{i,female), age-specific
fecundity (m,), and age-specific maternity (/z2,) of oriental fruit fly reared on four

host plants.
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Table2. Population parameters (7; mtrinsic rate of increase:; 2, finite rate;
R,. net reproductive rate: 7, mean generation time; and GRR, gross
reproductive rate.

Host plant N GRR Ro T 1 2
India 40 689.9a* ' 622.8a 55.2a 0.1168a 1.1239a
Jujube (127.9) (58.5) (1.5) (0.0047) (0.0053)
Wax Apple i 303.8a 168.4b 48.7a 0.1058a 1.1115a
(88.2) (60.6) (1.1) (0.0087) (0.0097)
Guava 37 453.7a 207.3b 53.8a 0.1000a 1.1052a
(168.5) (60.6) (1.1) 0.0055) (0.0061)
Pomelo 37 408.5a 280.6b 48.7a 0.1168a 1.1239a
(138.5) (90.4) (1.1 (0.0091) (0.0102)

*: Means followed by the same letter within each column are not
significantly different (P<10.05, Fisher’s protected LSD test.)
Z: Standard error 18 estimated by using Jackknife method.

— r)".J * v o ¥l "
v (Nf N)*Fecundity
= N:the total mumber of eggs used for the life table at the
beginning. N : the number of female adults emergence.

Host plant ¥ - o s
(Fecundity) Net reproductive rate
Wax Apple (?1, ;‘/53% 168.4
Guava (:?3?3%/) 207.3
Pomelo (?;?3(;) 280.6
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Reprodustive velus

Reptoductive value

G 200
) — —
i Guava = 150 ) -
wo | Waxapple Tarva
140 — Fupm
— Fomla 2w —Popa
120 o
: 120 — Fomale
>
100 § -
) ‘é -
g
& -
o 40
» 2
" ) ]
’ © " At (harz) o 0 e 0 40 %0 120 160 00
Age (days)
e 200
™1 Pomelo e w | Tndia Jujube —B=
160 Larva 180 -
150 s Z 10
— Famale = — Fum
Lo :m
= — Fomula
100 ‘5 100
0 §, n
& 1]
u 40
0 mn
o o k
0 a0 80 120 160 20 0 20 0 17 19 m
Age( s} Age(hyd

Fig. 5. Age-stage reproductive value(v,) of B. dorsalis reared on four host plants.

Conclusion

Based on the age-stage. two sex life table, the oriental
fruit tlies reared on guava. wax apple. pomelo. and
Indian jujube, have similar ecological potential increase
rate.

The age-stage. two-sex life table gives a correct and
comprehensive description of the life history. The
ecological database of life tables and others will be
useful in the future for the population prediction and
management of the fruit fly.
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Using the Two-Sex Life Table for Assessing the Sex Ratio, Density and Discard Strategy
in Lemnia biplagiata (Coleoptera: Coccinellidae) Adult Group Culture Program

J. Z.Yu!, H. Chi?, and B. H. Che#

! Applied Zoology Division, Taiwan Agricultural Research Institute, Wufeng 41301,
Taichung, Taiwan, Republic of China. e-mail: jzyu@tari.gov.tw

2 Laboratory of Theoretical Ecology, Department of Entomology, National Chung
Hsing University, Taichung 40298, Taiwan, Republic of China.

% Counselor of Council of Agriculture, Taipei, Taiwan, Republic of China

Lemnia biplagiata (Swartz) is one of the most common ladybeetle ispein
Taiwan. Because both larvae and adults can patntitilize many species of
aphids as prey, it has great potential as biolbgicatrol agent. The effects of
varying sex ratios and density on mass rearind..dbiplagiata on cotton aphids
(Aphis gossypii Glover) as prey were studied using the age-stageséex life table.
The cohort life tables of five sex ratios (1:1,,211, 6:1 and 8:1 [female: male]) were
collected in the laboratory using 12 liter cagesrewing containers.. Our results
showed that the net reproductive ratg)(Ras 390.5, 601.9, 727.1, 798.7 and 684.4,
respectively, for the above sex ratios. The tveatments of 4 and 6 females paired
with 1 male produced the highd® values. The intrinsic rate of increasg d¢f the
“4:1” ratio, 0.2102, was higher than the 0.2006ueafound in the “6:1” ratio. The
apparent “optimal” sex ratio of 4:1 (female: mahgs then used in the density study
using a 12 liter cage. The net reproductive rRi Was 727.1, 729.9, 723.7, 691.1,
and 574.3 for densities of 4 x 1, 8 x 2, 16 x 4x28 and 32 x 8 (females x males),
respectively. The optimal density per cage wasdow be 16 x 4 (females x males)
in respect to space and labor. For determiningidkal discard age, the ratio of
production rate/cost was used as the major criteridA cumulative productive rate
up to discard age 88 d was 635.5 for the density 4@female x male). Our results
demonstrated that life tables, sex ratios, and itlessshould be taken into
consideration when initiating a cost-efficient masaring program.

Key words: Lemnia biplagiata, two-sex life table, sex ratio, discard strateggup

culture

Chi, H. 2009. TWOSEX-MSChart: a computer programtt@ age-stage, two-sex
life table analysis.
http://140.120.197.173/Ecology/Download/Twosex-M&@Gkzip

Yu, J. Z., Chi, H. Chen, B.H., 2005. Life table girédation ol.emnia biplagiata
(Coleoptera: Coccinellidae) fed @phis gossypii (Homoptera: Aphididae) with
a proof on relationship among gross reproductio®, reet reproduction rate, and
preadult survivorship. Ann. Entomol. Soc. Am., 885-482.
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Recent Progress of Area-wide Melon Fly (Bactrocera cucurbitae) Control in
Taiwan

C. H. Kad, Y. L. Shiett, M. Y Chiand, and Y. B. Huany
Applied Zoology Division, Taiwan Agricultural Research Institute, Wufeng 41301,
Taichung, Taiwan Republic of China. e-mail: chkao@tari.gov.tw

Melon fly, Bactrocera cucurbitae, is the most import Tephritid fruit fly on
Cucurbitaceae in Taiwan. More than 40,000 ha ecanorops including bitter gourd,
loofah, cucumber, pumpkin, watermelon, cantalouge lrFoneydew melon have been
severely damaged for decades. Cover spray is th& pamvenient and common
control practice for the farmers, but usually owith mediocre control effect.

The area-wide control concept has been introduatedTiaiwan in 2000 for the
oriental fruit fly control program, and was firgsted on melon fly in bitter gourd
during 2006. Field sanitation, male annihilationngscuelure and naled, and food
baiting using GF-120 were the three control tactised for testing. Primitive field
trials in individual bitter gourd orchards of Pesl Township in Chang-Hua County
showed great reduction in melon fly density and agenrate, and had attracted the
interest of growers from other townships in the dastration sessions.

Upon the request of growers from Yu-Chih TownshipNan-Tou County,
area-wide control program was initiated in the Brr-basin covering acreage of 130
ha with 40 ha loofah orchards in 2008. In addititan field sanitation, male
annihilation and food baiting, management of rowsplants and use of torula yeast
are emphasized. Due to the impact of rainfall, fbading using torula yeast pellets in
the MacPhalil trap is well accepted, which can ettbth male and female flies for
one month. A mandatory control program using thevabcontrol tactics has been
organized by Yu-Chih Farmer Association in 200%emsive field tests and fine tune
the application techniques of torula yeast aréatijoing.

Key words: area-wide controBactrocera cucurbitae
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Recent Progress of Area-wide
Melon Fly (Bactrocera cucurbitae)
Control in Taiwan

C. H. Kao, Y. L. Shieh, M. Y Chiang, and Y. B. Huang
Taiwan Agricultural Research Institute, TATWAN

Objectives of AW Melon Fly Control

m Melon fly, Bactrocera cucurbitae Coquillett,
attacks more than 130 host crops belong to
Cucurbitaceae and Solanaceae, which include
watermelon, cantaloupe, pumpkin, cucumber,
bitter gourd, luffa, tomato, eggplant, etc.

= To minimize crop losses combmatlon use of
cultural practices and a C
are tested.
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Bitter gourd yield increase greatly after
adapting AW control practice in 2006
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National Science Council Project, October 2007 ~ September 2008
Basic information of the townships participated in the AW MF control program

Township Crop species Testing periods Total Testing AW  Orchard Intensive No. of
acreage, acreage, control control testing Participant

ha ha
Pei-Tou Bitter gourd  Mar. — Oct. 10 2 e i 7
Pumpkin

Hsi-Lo  Bitter gourd  Mar. — Oct. 20 4 bed 11
Da-Chia RBitter gourd May — Sept. 20 10 bed 12
Yu-Chih Luffa Mar. — Oct. 130 30 pe e 60
Pu-Li Luffa Apr. —Sept. 160 40 xx 20
Tou-Nan Luffa Feb.-Jul-Dee. 100 45 xx 40
Tai-Pao  Cantaloupe  Yearround 60x2 80 bed bed 20
Yi-Chu  Cantaloupe  Sept-Apr. 150x2 300 bed bed 40

Er-Lung Watenmelon  Jan. - May 2000 800 e

Cantaloupe Jul. - Oct. 2000 800 e

Control Tactice for Melon Fly Control

m Farmer education
m Constructing MF density monitoring system
m Enforcing field sanitation
m Testing AW control tactics
= Male annihilation
m Protein bait spray & trap crops
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(Cuelure + ME + Naled)

g
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Food baiting on trap plants

7 G

Canta!oupe production in [EEUSEHSISSIIES
Tai-Pao, 2007.10~ Orchard acreage
~ Participated farm
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Demonstration session for AW MF control
% LA T

sERREHN ﬂmhii.

= Female density
monitoring inside the
orchard

Torula yeast pellets
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MF adults trapped by lorula y

Site B (Bitter Gourd)

Site A (Pumpkin)

Site C (Bitter Gourd)

Fly / trap / X ay

Fly / trap / Sday

Fly / trap / Sday

25th 30th

25th

30th

25th

30th

145148 135+ 6.4
225+ 21 105+ 21
175148 140£11.3

32.0=39.6 61.5+474
675+ 49 60.0=22.6
62.0=-29.7 345z 4.9

66.5= 544 75.0+20.5
900+ 7.1 703+83.7
79.5= 445 48.5+16.3

—

e

Luffa orchards in
Tou-Ser Basin

S8 s LKoo x
& AN

Male annihilatio'n

1.0+ 14
70+ 0.0
55+ 0.7

10.0£ 1.4
380+184
250+ 85

1.0+ 2.8

45.0+ 184
30.0< 9.2
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0.0= 0.0
1.5+ 0.7
0.0z 0.0

1.5+ 0.7
75z 21
4.5z 0.7

1.5= 0.7
9.0+ 2.8
452 0.7

3.0+ 0.0
20+ 14
3.0+ 0.0

32.5+ 35
21.0£11.3
235+ 92

355+ 35
2.0+12.7
265+ 92

85178
14028
50+28

45.0 £41.0
37.0x 57
35.0+283

5354488
51.0+ 85
40.0 £25.5




Luffa culture practice in Yu-Chih

Transplant -
Bloom
Harvest

Male annihilation *

—

Food baiting

“4} Torula "_E'il!::it

GF-120

Luffa Production
in Yu-Chih Township
Total acreage: 130 ha
Luffaorchard: 43 ha

Participated farmers: 60

Mixture of naled,
methyl eugenol

and cuelure in
fiber board

Rt & 6T AR B o i NIRRT S - Sl T
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Mo —e— SiteD Class 7
. Site
B00 1 | ——y— Site2
—ebe— Site3
500 -
400 A
300 4
200 4
100 A
0 SdeBe
V13129 23 31355 33 13393 43 #13 623 55 513555 55 515653 713 713725 69 &1 /3653 83 138
Clate
500 - 700
Mo —— Site d Class 8 No —8— Site 10 Class10
et ggeg .BEIEI i Sta 11
—v— Site 1 e
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500
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—&— 2008-All-Mean
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‘Date

Average melon fly density of the mo
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| Mixture of naled,

| methyl eugenol

and cuelure in
brown bottle

Field sanitation - damage luffa in fertilizer bags

s g
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Field sanitation - damage luffa in plastic can
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Food baiting using McPhail tra
2 torula yeast ptlltt*- per tm]r change monthly

Trial 7-3 July 23
July 9" & Aug. 6™ | 3 2
1 144 | 282
109 | 153
106 | 159
182 | 184
93| 192
163 | 198
166 | 253
141 134
138 | 172
147 | 198
Damage rate 23%
Ck field 50%

O 0| N e RN

-
o
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Table 1. Comparison of B. cucurbitae infestation rate of
small (A) and large (B) luffa sampled from 12
orchards in Yu-Chih Township, 2009

Sampling date Percentage infestationZ* SEM

(No. of days after Torula yeast
first treatmentY) ol yeust el + GF-120 Control

A (<8cm)
July 30 (0)

Aug. 6 (7)

i

29.2£7.1a

L T
S
===

th |oo o0

[ =]
2

w n R

e e | i (2

(T NS A )

-
o

=l e
Lo

Aug. 27 (28
Sept. 3 (35)
B (>8cm)
July 30 (0) 10.4+3.3a
Aug. 6 (7) 13.813.1a
Aug. 27 (28) 7.9 52.5b

Sept. 3 (35) 204x1.1a

L]
=
T
th b2
0

2
|
N

[a—
R e :
w2

14.6 £1.8a
14.3 £1.4ab
22,914 8a

LI
.;‘.

law i e Jhss
h

Lo
(& T

Z: Averaged result of three orchards. 80 small and 80 large luffa were examined per orchard.
¥: Values within each treatment followed by the same letters are not significantly different
according to Fisher protected LSD test at the 0.05 level.
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