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Abstract The rice water weevil, Lissorhoptrus oryzophilus Kuschel, has long been an impor-
tant pest of rice in the U.S. and has recently emerged as a pest of rice in Asia. A systematic study
of the life history and population dynamics of this insect was conducted during the 2002 growing
season at the Louisiana State University Rice Research Station, Crowley, Acadia Parish, LA, an
area where it is a particularly severe pest. By monitoring weevil populations using collections
from overwintering sites, from plots of rice planted throughout the growing season, and from light
traps, and by dissecting collected weevils to assess the conditions of their fat bodies, flight
muscles and ovaries, we concluded that a portion of the weevil population in Louisiana is
univoltine, another portion is bivoltine, and another portion may pass through multiple genera-
tions if young rice is continually available. However, only one generation of weevils developed
in a single rice field. Adult weevils invaded rice fields in apparently large numbers prior to
flooding. Weevils possessing both well-developed ovaries and well-developed flight muscles
were found in both light traps and rice plots, suggesting that adults were capable of seeking new
habitats by flying if rice plants were not suitable for oviposition. Weevils were able to complete
a generation on ratoon-crop rice. The emergence of overwintered weevils started in late March,
with peak emergence occurring during April and May. Return to overwintering sites began in
early June and continued until October. Weevils appeared to move among overwintering habi-
tats. A comparison of weevil population dynamics in rice plots planted on different dates sup-
ported the use of early planting as a management strategy.

Key Words  Lissorhoptrus oryzophilus, Oryza sativa, population dynamics, ovarian develop-
ment, flight muscles, fat bodies

The rice water weevil, Lissorhoptrus oryzophilis Kuschel (Coleoptera: Curculioni-
dae), is the most widely distributed and destructive insect pest of rice, Oryza satival.,
in the U.S. (Bowling 1980, Way 1990). The insect is native to the eastern U.S. and
was introduced into rice-producing areas of California in the late 1950’s (Lance and
Grigarick 1959). Populations in rice in the southeastern U.S. reproduce sexually, but
the population found in California is parthenogenetic (Lange and Grigarick 1959).
L. oryzophilus attained greater global significance after a parthenogenetic population
invaded Japan In 1976 (lwata 1976), then spread to North and South Korea (Goh and
Choi 1993) and China in subsequent decades (Shang et al. 1998). Estimates of yield
losses caused by this insect differ from region to region (Way 1990). In Louisiana,
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where this insect is a particularly severe pest, yield losses typically exceed 10%
(Smith 1983) and can approach 70% or more (Anonymous 1994).

Aspects of the life history of L. oryzophilus have been described by several au-
thors, with the most recent detailed account given by Muda et al. (1981). Adult weevils
fly to overwintering sites in summer (Smith 1983) where they presumably enter a true
diapause (Knabke 1973, Nilakhe 1977). Overwintering habitats are various, including
Spanish moss, leaf litter, bunch grasses, grass clumps and plant debris in and around
rice fields or uncultivated areas (Webb 1914, Isely and Schwardt 1934, Grigarick and
Beards 1965, Gifford and Trahan 1967). The indirect flight muscles of aduits are
greatly reduced during the winter. Muscle regeneration occurs in spring shortly before
the adults leave overwintering sites (Muda et al. 1981, Haizlip and Tugwell 1983,
Morgan et al. 1984). The emergence period in Louisiana was observed by Webb
(1914) to fall between 25 March and 26 June; whereas, in Arkansas emergence was
reported in late April (Isely and Schwardt 1934). Flight activity of the weevil is influ-
enced by air temperature (Gifford and Trahan 1966). According to Isely and Schwardt
(1934) and Muda et al. (1981), the seasonal history of the rice water weevil in a rice
field begins after flooding. Few eggs are deposited in fields prior to flooding (Webb
1914). Adults are thought to invade fields in large numbers within a week of flooding,
but their numbers soon decline (Isely and Schwardt 1934, Sooksai 1976, Muda et al.
1981). Isely and Schwardt (1934) indicated that the decline may be due to mortality
or to migration to other fields with younger rice, but they believed the latter to be most
important. Muda et al. (1981) reported that indirect flight muscles degenerate once
the adult females establish themselves in a flooded rice field and oviposition begins.
Approximately 4 to 5 wks are required for development from egg to adult (Smith
1983). Newly-eclosed weevils can be found in rice fields 5 to 6 wks after flooding
(Isely and Schwardt 1934).

The importance of L. oryzophilus in areas where it is established and the continu-
ing spread of this insect to major rice-producing regions necessitate a full under-
standing of its life history and population dynamics. Moreover, L. oryzophilus biology
may differ sufficiently among rice-producing regions that methods for management
used in one region may not be applicable in another, and an understanding of regional
differences in the biology of this insect is needed to predict the behavior of this insect
in areas threatened by weevil invasion. For these reasons, a systematic study of the
life history and population dynamics of this insect was conducted during the 2002
growing season in Louisiana.

Materials and Methods

Major events in the seasonal history of L. oryzophilus were observed by monitoring
weevil populations using collections from overwintering sites, from plots of rice
planted throughout the growing season, and from light traps. Weevils were dissected
to assess the conditions of fat bodies, flight muscles and ovaries. Use of these
methods yielded information on the initiation of seasonal activity, number of genera-
tions, timing of peak abundance, return to overwintering sites, and other aspects of
the life history of this pest needed to formulate effective management and contain-
ment programs.

Observations were made during the 2002 growing season at the Louisiana State
University Agricultural Center Rice Research Station, near Crowley, Acadia Parish,
LA. The soil at this site is a silt loam (fine, montmorillonitic, thermic Typic Albaqualf).
The rice variety “Cocodrie” was used for all observations. Weevil populations were
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monitored in small plots that bordered larger experiments not described here. Plots
were cultivated following standard agronomic practices for Southwest Louisiana, ex-
cept that no insecticides or fungicides were applied to plots (except in the ratoon rice
field as described below).

First-crop rice, early- and mid-season observations. Population densities of L.
oryzophilus eggs, immature stages, and adults were systematically surveyed in plots
of rice planted on three dates. Plots in each field were 6.1 m in length by 7 rows with
rice plants spaced 18 cm apart. The first set of plots (field 1) was drill-seeded on 24
April, the second set (field 2) on 3 May, and the third set (field 3) on 28 May. Plots
were irrigated as necessary until permanent flood was established on 16 May, 31 May
and 18 June for fields 1, 2, and 3, respectively. Rice plants possessed 3 to 4 fully-
expanded leaves when permanent flood was applied. Fields remained flooded until
they were drained for harvest.

Sampling for all life stages of weevils was conducted from three plots in field 1 and
from four plots in fields 2 and 3. Feeding scars were monitored every 3 to 5 days from
emergence of rice until all of the plants in plots showed feeding scars. Adult densities
were estimated at intervals of 3 to 4 days after planting early in the season, then at
weekly intervals through harvest. Densities of eggs in plots were estimated from 5 to
10 plants from each plot. Plants for egg counts were taken on the same dates as
adults were sampled. Densities of immature weevils (larvae and pupae) were deter-
mined by taking root/soil core samples weekly beginning 2 wks after flood or earlier.
On each sampling date, 5 core samples were collected from each plot.

Ratoon rice field, late-season observations. A survey of weevil populations was
conducted in second (ratoon)-crop rice following the observation, on 2 August, of a
number of gravid females in the ratoon field. The survey was conducted in plots of rice
bordering another experiment designed to investigate the relationship between plant-
ing date and rice yield. Plots in this field measured 4.9 m in length and 1.4 m in width.
The ratoon-crop field was water-seeded on 24 April and flooded on 10 May. The first
crop in this field was harvested on 15 August. Additional nitrogen was applied to the
field and the field was re-flooded immediately after harvest. The ratoon crop was
harvested on 31 October. Karate® (0.03 kg ha™", lambda-cyhalothrin, Syngenta Crop
Protection, Greensboro, NC) was sprayed to control an infestation of rice stink bug,
Oebalus pugnax (F.), on 2 August and 17 September. Five core samples were taken
weekly from 27 August until harvest from 8 plots. Egg samples were taken only twice
from the ratoon field because rice plants in this field were too large and tough to
accurately determine egg densities. At least 15 adults were collected weekly for
determination of sex ratio and reproductive status of weevils.

Sampling methods. Feeding of adult weevils in fields was monitored by noting the
proportion of leaves on plants with feeding scars. Densities of adult rice water weevils
in flooded fields were estimated with the aid of a sampling device consisting of a
30-mesh metal kitchen strainer, 20 cm in diam, to which was attached a 50 x 30 cm
rectangular section of 20-mesh wire screening. Adults were sampled by striking
plants over the sampling device and counting the number of adults falling into the
strainer portion of the device. One sample consisted of weevils collected from an
entire 6.1 m row of rice plants. This method is similar to that used in Asia to estimate
densities of the brown planthopper (Dyck et al. 1979). Adult weevils also were cap-
tured in two CDC Miniature light traps (BioQuip products, Gardena, CA), one with a
UV light source (4 watt) and one with an incandescent light source. Light traps were
positioned on levees near experimental plots. Each trap was programmed to switch
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on at 1730 and off at 0530 the next morning. Light traps were connected to collection
bottle rotators (BioQuip products, Gardena, CA) with 8 plastic collecting jars pro-
grammed to rotate every 24 h, when lights switched on. Sampling was terminated on
21 August after light traps were destroyed by a hurricane.

Densities of adults from an overwintering site were estimated following the meth-
ods of Gifford and Trahan (1969a). Samples were taken near the boundary of a
pasture and a wooded area on the grounds of the LSU Rice Research Station. This
area is a known overwintering site for weevils (M.J.S., unpubl. data). Samples were
taken 3 to 4 times a month from August 2001 until December 2002. Typically, two
samples were taken from leaf litter in the wooded area and two samples were taken
from pasture grasses within 3 m of the wooded area; however, between 23 April and
23 September 2002, four samples were taken exclusively from pasture grasses. A
metal square measuring 50 cm? was used to define an area of grass or leaf litter, and
a shovel was used to collect grass or litter and approximately 1 cm of soil into a plastic
bag. The contents of plastic bags were emptied into garbage cans and covered with
trash-can lids with a single hole drilled into the center of the lid. Garbage cans were
then filled to the level of the lid with warm water, causing adults to surface through the
hole in the lid (Gifford and Trahan 1969a). Adults were counted over a 4-h period and
dissected or sexed.

Densities of weevil eggs were estimated following the methods of Gifford and
Trahan (1969b). Individual plants were pulled from rice fields, labeled, washed free of
soil, trimmed of excess root and leaf material, and placed in 95% alcohol. After plants
were bleached, eggs were counted by carefully dissecting the leaf sheaths of plants
under a dissecting scope (10x to 25x magnification). Egg densities are expressed as
number of eggs per plant.

Densities of immature stages of the rice water weevil were estimated by counting
the number of larvae and pupae contained in a root-soil core sample. The cylindrical
core sampler used had a diameter of 9.2 cm and a depth of 7.6 cm. Soil, larvae, and
debris in core samples were washed from roots into a 40-mesh screen sieve bucket
that retained the larvae. When the bucket was submerged in salt water, the larvae and
pupae floated to the surface and were counted.

Reproductive and flight status of weevils. Adults collected from light traps,
overwintering sites, and rice fields were dissected to monitor the development status
of flight muscles, fat bodies and ovaries. Adult weevils collected from rice fields, light
traps, and overwintering sites were dissected immediately under a dissecting micro-
scope at 25x to 45x magnification or stored frozen at —18°C for later dissection. The
weevils were held and fixed with a pair of surgical forceps while another pair of
forceps was used to remove the elytra and thoracic tergum for assessment of flight
muscles (Haizlip and Tugwell 1983). Sternite VII of the abdomen was then gently
pulled away from the abdomen to expose ovaries and gut. Ovaries were examined,
and their condition and number of eggs recorded. Only mature egg= were counted.
Fat bodies were categorized as poorly developed (few fat bodies), partially developed
(scattered particle and droplet fat bodies) and well-developed (full, white or yellowish,
spongy, hypertrophic, fat bodies) (Zhai et al. 1999b). Flight muscles were categorized
as degenerate (very weak or no visible flight muscles), partially developed (less
compact and fragile bundles, narrow flight muscles), and fully developed (firm, com-
pact and strong flight muscles) (Zhai et al. 1999a). Ovaries were classified according
to the following scale: 0, no oocytes; I, previtellogenic; 1, gravid (vitellogenic to cho-
rionated oocytes); lll, ovipositing (chorionated eggs stored in the egg calyxes); IV, late
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ovipositing; V, empty ovarioles (enlarged egg calyxes and with corpus luteum at base
of oviducts) (Zhai et al. 1999a).

Typically, 30 individuals were collected and dissected on each sampling date, but
sometimes, depending on availability, more or fewer weevils were dissected. Weevils
were sexed following the methods of Everett and Newsom (1964).

Results

Early- and mid-season rice. Feeding scars were found on plants prior to flooding.
Rice planted later in the season sustained more feeding damage at comparable time
points than plants in fields planted earlier in the season. For example, only 5.5% of
rice in plots planted on 24 April (field 1) showed feeding scars on the day of flooding,
whereas 100% of the plants in fields planted on 28 May (field 3) showed feeding scars
on the day of flooding.

Densities of rice water weevil adults, eggs and immatures in fields 1, 2, and 3 are
shown in Figure 1. Adults were found on most sampling dates, from the day of
flooding until harvest. Maximal densities of adults were found sooner after flooding in
plots planted late in the season than in plots planted earlier in the season. There were
two distinct peaks of adult densities in field 1, the first occurring 12 to 19 d after
flooding and the second 41 to 47 d after flooding. In field 2, there were also two
periods of high adult densities, the first 4 to 11 d after flooding, the second 33 to 46
d after flooding. In field 3, peaks of adult densities were less distinct than in the first
two fields. The highest density of adults was observed on the day of flooding (1 h after
flooding). Weevil densities in this field exceeded 8 adults per row for 42 d after
flooding, with peaks of adults at 14 d and 28 d after flooding.

There were distinct peaks of eggs in the two fields planted on 24 April and 3 May,
but no apparent peak in the late-planted field of 28 May (Fig. 2). In field 1, eggs were
first found 4 d after flooding. Egg density increased gradually to a maximum of 14.5
eggs per plant 19 d after flooding and decreased thereafter until no eggs were found
29 d after flooding. In field 2, high numbers of eggs were found 4 d after flooding, and
densities peaked 11 d after flooding. Egg densities decreased thereafter, and no eggs
were found 32 d after flooding. In field 3, a few eggs were found before flooding, and
low densities of eggs were found throughout the surveillance period.

There was generally only a single major, distinct peak of immature densities in
plots (Fig. 1). In field 1, maximum densities of immature weevils were found 38 d after
flooding, and densities were above 20 per core from 27 to 49 d after flooding. In field
2 larval densities were highest 18 d after flooding and declined thereafter, although
densities remained above 20 immatures per core until 54 d after flooding. In the third
field, highest densities were reached 28 d after flooding then decreased gradually.

Over half the weevils collected immediately after flooding in field 1 had mature
eggs in their ovaries, with an average of 3.8 eggs found per female (Table 1). The
percentage of gravid females in this field remained above 65% over the next 4 wks.
More than a third of the weevils collected during this period also had well-developed
flight muscles, but the fat bodies on these weevils were poorly-developed. Females
with undeveloped ovaries and well-developed fat bodies began to appear in high
frequencies 5 wks after flooding, and weevils with undeveloped ovaries represented
over half the weevils collected in the 6th wk after flooding. Most of the weevils
collected later in the season in this field had poorly developed ovaries and well-
developed flight muscles and fat bodies. Sex ratios were biased toward females,
particularly for weevils collected 4 or more weeks after flooding, (Table 1).
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Fig. 1. Mean densities (+SE) of rice water weevil eggs (eggs plant™'), adults (adults
row™"), and immatures (larvae and pupae core™") over time in fields 1, 2, and
3, Rice Research Station, Crowley, LA, 2002.

$S9008 931} BIA Z0-20-GZ0Z e /woo Aiooeignd-pold-swid-yiewlaiem-jpd-awiid//:sdiy wouy papeojumoq



629

Rice Water Weevil Population Dynamics

SHANG et al.:

Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-07-02 via free access

ooy O00OF 002 002 00 008 tvLF¥ZZ 00 00 OOr 00 00 009 - g 86-¢6  <¢c9l/8

P9€ 9¢9 00 SS¥ 00 G¥S G0F80 <c¢cc LILL 22 00 00 +vvyr 0S¥ LE 16-98  G1-6/8

009 ooF 00 00c 00O 008 00F00 00 OO0 00 00 00 000k - S ¥8-8. 8/8-¢/8

499 8/ 9% 00 9§ ¢v¥6e 90F80 00 00 G2L 00 00 S/8 008 8 LL-VL V/8-9¢/L

'8 961 €9 90y L€ €99 00 00 00 00 00 00 000} Occ (4 0L-¥9 Ge-6l/L

0L G¢L Gcl 00 +te 69y <C0Fc0 V2L 00 9¢ 00 €vL 06. 004 4 €9-L.G  8l-cl/L

00 '8 6t¢c <CIlE G¢k €95 €0FS0 00 O00F OO0 00 00 008 O00€ 214 95-0S }4-G0O/L

Ge¢8 0O0FL G§.Z 00€ S¢ GS/29 SO0OFL'+ 00 00 ¢S+ 00 V9 88L (VA4 oy 6v-€v  ¥/.-8¢/9

00S 66 <Zvk 291 88 0GL GO0FZtH 06+ G6 6L 00 ¥vec LS o't 89 cr-9¢  Lc-Le/9

¢HL G9L €¢L <CLL 6¢F 09, 90F8¢ 06 06 6§/L& 00 00 g<cb 091 cs ge-6¢ 0cv1/9

00 Leg €09 08y SZ S¥Yr 60F1L'9 L9 L9 008 00 00 29 640 89 8¢-cc  €1-L0/9

00 88c L. 6FvE <28F 0Ly 80F89 '8 +v8F €99 v v 00 88¢ 99 Le-GlL  9/9-1E/S

00 9v¢ 96, PEyr 8€ 8¢9 60F08 O0¢€ 6 88 t€ t9 00 S9'tL €9 v1-8 0e-ve/S doio

00 L0l €68 6¢€€ €8 L09 90F8¢ L¢ L2 6F%9 vS 9G€L 80L G6'L 9S Ll €c-LHS L pRld s
Il | 0 1] | 0 }sfbe A Al HI Il | 0 W4 pejosssip  pooj} sojep pIay adA

painyepy onel "ON Joye Bundwes jooN  doip
1% juswdojpnep 19, wawdojorsp % uswdojansp UeLEBAQ X63 skeq

Apoq re4

sajosnuw Jybi4

»2002 ‘¥1 ‘Aoimou) ‘uonels
yoJeasay aoly ‘sjojd 9911 WoI) PAJOD||0 S|IASIM J3JBM D11 U] SIIPOQ Je) pue ‘sajosnwi Jybiyy ‘saleno jo yuawdojenaq | d|qel



J. Entomol. Sci. Vol. 39, No. 4 (2004)

630

Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-07-02 via free access

000L 00 00 O00F 00 009 00 00 00 00 00 00 000F 00t S 86-c6 9/6-1€/8
009 00c 00c 00c 00 008 00 00 00 00 00 002 008 - S 16-68  0€-v¢/8
499 00 ¢€¢€e€ 00 00 000l 00 gee 00 00 00 00 299 - € ¥8-8L €¢-L1/8
000k 00 00 00 00 000} 00 00 00 00 00 00 000 - L L/-4L  91-0L/8
004 00 00 00c 00 008 00 00 00 00 00 00 000F 006 ol 04-¥9 6-€/8
908 +v6L 00 06¢ ¢¢ /9 FOFL0 00 00 €¥ 00 €v €16 88¢ Le €9-/G ¢/8-Lc/L
o€ G'IS L2k 169 V9 gve GO0FvlL 00 002 002 00 00 009 ¢¢9'I €e 95-06  92-0¢/L
€€9 €¢eg €€ L9€ 00 €€9 GO0FO0L 00 00 6ZL 00 00 128 00Vl 0g 6v-€Y 61-El/L
6cy LOL Y9y €€€ 00 L99 <20F€0 88L 00 G<¢t 00 00 889 V61 €9 er-9¢  21-9/L
6ckt GG 91§ /18 00 €19 90Fve 6 ¢€Pvk 6¢cv 8y €vL €vL O0l¢ L€ GE-6¢ G/L-62/9
0’8 0cc 009 62 8le L6y LO0F6C vS 9le 2y v 29I 1'8 (394 €9 L2-G1 LS-S1/9
74 P'G6G 90F 229 S6 P¥8 LOFPE 00 68 €€5 <¢ LI G oS’ v. vi-8 ¥1-8/9
9L €28 91S S§¥9 00 9GS CHFLY 00 €€l L9y L9 L9 L9 V60 Le Lo} L-1/9 doio
6'S ¥28 8Lk G9L 6S 9/ZL <20¥F€0 80 00 LZL t¥SL 808 tvSk GC€ L1 0 L€/S ¢ pRld 1sild
1 [ 0 I [ 0 6B A AL Il [ 0 W4 pejosssip  pool}  ajep plBYy  adA
painjep onel "'ON leye  Bungdwes jo oN  doip
1% wawdopnrsp 19 juswdojprap % Wawdojarap ueleA) Xog skeq

Apog ye4

sajosnw 614

‘penunuoy ‘| 9jqel



631

Rice Water Weevil Population Dynamics

SHANG et al.:

Downloaded from https://prime-pdf-watermark.prime-prod.pubfactory.com/ at 2025-07-02 via free access

taquisides /2| pue jsnbny g uo ajerey yim pakelds piey aou uoojey §
‘padojonap |jam || :padojensp Ajjened | ‘pererousbap 1o padojarap Aprood @ :salpoq iey pue sejosnw by jo sebels [ejuswdojpasq t

‘38 F suesy |

'sajoleao Aldwa A Bunisodino aie) Al (sexAles BbHa
ay) ul palos are sbba pajeuoloyd Jo Jaqunu ) Bumsodiao || (814000 pareuouoyo o oluabo|aia) piaesb §f ‘otuabojanasid | 814000 ou ‘g :sateao jo sebels jeluswdoleaeq ..

1snBny G| Uo papool-al Uyl ‘(doid 1suly) 1snbny G| palsaaley pue ‘A 0L

papooy; ‘|udy $g uo papass-iaiem a1om sjo|d doid puooas ay] ‘aunf g pue ‘Aey Lg ‘AR 91 UO papooys pue Aep gz pue ‘Aep € ‘Judy tg U0 Papeas-||up 818m g PUB ‘2 ‘L spiald .

000k 00 00 00 00 000I 00 00 00 00 00 00 000t - (87 0L-%9 G2-6L/01
000 00 00 00 00 o000} 00 L. 00 00 00 00 €26 - ek £9-/9 gL-cL/0l
000L 00 00 00 00 000} 00 00 00 00 00 00 000}k - 8t 98-09 LE-G/0L
000L 00 00 00 00 o000} 00 00 00 00 00 00 o000k - 14 cv-9¢€ 12-1¢c/6
000t 00 00 00 00 oOo0!I 00 00 00 00 00 00 000k - I Ge-6¢ 0c-vi/6
00 8€¢ ¢9. 00 00 000k ZLOF8E LVHL L9L ¢¢L 00 00 00 009 le 8¢-c¢ €1-9/6 (e01g
00 €cy L/LS 8€ 8€ €¢6 LOFGL € 00 296 00 00 OO0 00¢CL 9c le-GL  G/6-0¢/8 uoojey)
6V G8S 99¢ 86 00 ¢06 60F8L L8 ¢ ¢68 00 00 00 G2'6 84 71-8 62-£2/8 doso
0SL 0S¥ 00 OGSk OO0F 0GL GOF6EC €S 8GL 2€9 00 €5 G0L 0061 0c JALS 2c-9L/8 v pIeld puooeg
00 00 00 00 00 00k 00 00 00 00 00 00 004 - b 16-G8 9L-01'6
00k 00 00 00 00 001 00 00 00 00 00 00 00l - 8 €9-/6  0¢-vi/8
9c9 ¢8L 2Z28L SSF 00 SV¥S 00 I'LL 00 00 00 00 688 05t () 95-0S €L-4/8
2€9 89 00 €S 00 Lve 00 /. 00 00 00 00 ¢€26 [Lic 61 6v-ct o-1€/L
Gc9 06 <S¢k ¢vS 00 8S¥ ¥OF0L S0 €S €92 00 00 6.8 08¢ ve cr-9¢ 0€-ve/L
£’9¢ €¢€€ 00€ L9 €¢€ 005 80FZ€ LVLL L9L 00S 00 00 @22 091t (01 Ge-6¢ €c-LV/L
L9¢ L9¢ L9y €¢€S €€ €€y 90F92 L6 L322 8le 00 LZ2 9€L 9l¢ (013 8¢-cc 9L-Li/L
9'8 80c 90L L€y ¢S ¢S 6S0F¥9¢ 9L G¢d 08s 0§ GL g2 ¢cé'c 89 Le-Gl Ob-v/L
0'S 9l €€9 L9 €8 069 60FcYy L'8 9ic L¥S v'S 80t 00 9L 09 vi-8  €1/.-L2/9
8'€E b'eg L'eL §8¢ 8¢ L/LS 60F9E 00 9§ vvr 96 L9L 8/ 021 €e L} 92-61/9
€le 8¢y 0Gc G/8 €9 €9 L'LF9E 00 00 6¢r 00 982 982 810 13 - 4% € PRI
Il | 0 Il | 0 }sbbe A Al " Il f 0 N:d  pajoassip  pool} arep pIaYy adhy
painiey onel ‘ON leye  Buydwes  jo ‘oN doin
1o, wouidojerep 19 Juswdopasp ++% awdo|arep ueueaQ X85 skeq

Apoq 1e4

sajosnw ybi4

"panuiuo) | ajqel



632 J. Entomol. Sci. Vol. 39, No. 4 (2004)

Similar patterns of ovarian, fat body, and flight muscle development were observed
in fields 2 and 3 (Table 1). The ovaries of many of the weevils collected in these fields
within a few days of flooding were categorized as stage I, IV, or V, and their flight
muscles were generally well-developed. Most of the weevils collected during the first
3 wks after flooding had well-developed ovaries and poorly-developed fat bodies, and
the flight muscles of a significant proportion were well-developed. Weevils with un-
developed ovaries and well-developed fat bodies began to increase after 4 wks, and,
as in field 1, weevils with undeveloped ovaries and well-developed flight muscles and
fat bodies represented a majority of collected weevils later in the season. Sex ratios
were biased toward females, particularly later in the season.

Ratoon rice. Weevils of all life stages were found associated with second crop
rice. An average of 3.7 eggs per plant was found on 23 August, 8 d after harvesting
of the first crop. Feeding scars and adults were found easily. The occurrence of larvae
and pupae in ratoon rice is shown in Figure 2. The initial sampling date was 12 d after
re-flooding. Density of immatures was 2.2 + 0.4 small larvae per core on this first
sampling date. Larval densities reached a maximum 27 d after re-flooding. Pupae
were first found 34 d after flooding, and pupal densities were highest 40 d after
harvesting. The density of immatures decreased sharply 56 d after flooding, but
immatures were still present until harvesting of the second crop. Adult densities were
not estimated until 40 d after flooding. Adult densities were 2.4 to 6.8 per row from 40
d after re-flooding until harvest; the highest density was found 1 wk before harvest.
Similar densities of adults were found at this time in commercial second-crop rice
fields (H.W.S. unpubl. data).
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Fig. 2. Densities of larvae and pupae (larvae or pupae core™' +S.E.) over time in a

ratoon rice field, Rice Research Station, Crowley, LA, 2002. The first crop was
harvested on 15 August; the field was re-flooded on 15 August and the ratoon
crop was harvested on 31 October.
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Dissection results showed that the majority of the adults collected from ratoon rice
in the first 4 wks after re-flooding were gravid (ovaries in stages Ill and V), with an
average of 3.8 to 7.8 mature eggs per female (Table 1). Most of the weevils collected
during this time period also had undeveloped flight muscles and poorly-developed fat
bodies. An application of insecticides was made to this field on 17 September to
manage an infestation of rice stink bugs. Adults collected after this application of
insecticide had undeveloped ovaries and well-developed flight muscles and fat bod-
ies. Few males were found in the second-crop rice, with sex ratios ranging between
6:1 and 9:1 (female:male).

Overwintering sites. Rice water weevil adults were found in overwintering habi-
tats throughout the year (Fig. 3). Densities of weevils in both leaf litter and prairie
samples fluctuated considerably over time. A transient increase in weevil densities in
prairie samples was observed in mid-April and early May, just as weevil flights were
being detected in light traps near experimental plots. A marked increase in weevil
densities in prairie samples was observed beginning in late June. Weevil densities in
this habitat remained high during the summer (leaf litter samples were not taken
during this time), but declined in September. Densities of adults during fall and winter
(October to January) were higher in leaf litter samples than in prairie samples (Fig. 3).

The sex ratio of weevils in overwintering sites varied throughout the season, with
the average ratio biased towards females (1.55 + 0.25:1, range 0.4 to 6.0) (Table 2).
Dissections of over 1,000 weevils from overwintering sites revealed that the ovaries

200
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Number of weevils in sample
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Fig. 3. Occurrence of rice water weevil adults at an overwintering site (no. of weevil
adults +S.E.). Samples were taken from leaf litter in a wooded area or grasses
in a nearby pasture, Rice Research Station, Crowley, LA, August, 2001 to
December, 2002.
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of weevils were undeveloped in summer and winter with the exception of a single
gravid weevil found on 8 July. Ovaries of weevils collected in April and May were
partially developed. The fat bodies of most weevils collected in April and May were
degenerate, with none of the fat bodies categorized “well developed.” The proportion
of well-developed fat bodies increased in June, and almost all weevils had well-
developed fat bodies from 5 July to December. A high proportion (75% or more) of
weevils in spring had developing or well-developed flight muscles. This proportion
decreased to 50 to 60% in mid-June and decreased gradually thereafter, such that
most weevils had degenerated flight muscles after August. A small proportion of the
weevils collected in late September to mid-October had well-developed flight muscles
(Table 2).

Light trap catches. Two light traps were set up near experimental plots in early
spring, before planting. There were two major periods of weevil flight activities, one in
spring and the second in early summer (Fig. 4). The initial catch of weevils in the UV
trap was made on 2 April. The highest catch of weevils in the spring flight period
occurred on 24 April. The initial catch from the incandescent trap was on 14 April, with
the highest catch on 25 April. The period of flight activity in summer lasted about 2.5
months beginning on 6 June and peaking on 25 June. Numbers of weevils captured
in light traps were higher during the summer flight period than during the spring flight
period. Light traps were destroyed on 21 August by a hurricane. Dissection of weevils
collected from both incandescent and UV light traps showed that virtually all weevils
had well-developed flight muscles. Fat bodies of most weevils caught in April and May
were poorly developed, but the proportion of weevils with well-developed fat bodies
increased to 20% in July and August. Unexpectedly, a proportion of weevils caught in
both types of traps from May to August had well-developed ovaries (Table 3).

Discussion

The rice water weevil, L. oryzophilus, has long been an important pest of rice in the
U.S. and has recently emerged as a major pest of rice in Asia (Heinrichs and Quisen-
berry 1999). For example, L. oryzophilus is now an important quarantine pest in
China, and a nation-wide eradication program has been implemented since its inva-
sion in 1988 (Shang and Zhai 1997). Effective management programs for this pest are
needed to control it where it is established and to prevent or retard its spread to new
areas. Development of such strategies depends on a better understanding of the
population dynamics and biology of this pest in different areas. The research reported
here was conducted to characterize the life history and population dynamics of this
insect in an area where it is a particularly severe pest.

Adult weevils overwinter in a state of reproductive diapause (Knabke 1973, Nila-
khe 1977). Weevils collected from overwintering habitats in winter possessed atro-
phied ovaries and well-developed fat bodies. Overwintering weevils appeared, how-
ever, to be very active. Considerable temporal fluctuations in weevil densities were
observed in both the wooded habitat (leaf litter samples) and the prairie habitat.
These temporal and spatial fluctuations in densities of overwintering weevils suggest
that weevils move among overwintering habitats during the course of a year (Gifford
and Trahan 1967).

Emergence of adults from overwintering sites and flight to rice fields in spring is a
protracted process partially controlled by temperature (Muda et al. 1981, Morgan et
al. 1984, Matsui 1985). In our study, weevils were initially caught by light traps near
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Fig. 4. Number of rice water weevils captured in light traps with a UV light source (4
March to 21 August) or an incandescent light source (4 April to 15 October),
Rice Research Station, Crowley, LA, 2002. Bars from April to May represent
10x the actual numbers of weevils caught.

experimental plots on 2 April. Appearance of weevils in light traps in April was pre-
ceded slightly by a decrease in densities of overwintering adults in leaf litter samples
and an increase in densities of overwintering adults in prairie samples. This pattern
undoubtedly reflects movement of weevils to grasses for feeding in preparation for
spring flight. It was impossible to determine with confidence when emergence from
overwintering ended. Data from light traps suggest a cessation of flight activity in
mid-May. However, overwintered weevils, distinguished by the presence of poorly
developed fat bodies, atrophied ovaries, and worn scales, were found in overwinter-
ing habitats until 26 June, suggesting that some weevils may have emerged from
overwintering later than mid-May, if at all (Nilakhe 1977). These observations are
consistent with Webb (1914), who concluded that emergence in Louisiana occurred
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between 25 March and 26 June. Emergence in Arkansas appears to occur slightly
later than in Louisiana (Muda et al. 1981).

Contrary to published observations (Isely and Schwardt 1934, Muda et al. 1981),
adult weevils invaded experimental plots in apparently large numbers prior to flood-
ing. Presence of weevils in unflooded fields was indicated by the presence of feeding
scars on plants and by direct observations of weevils taking refuge in crevices in soil
or feeding on seedlings (H.S and M.J.S, unpubl. observations). The prevalence of
feeding scars in field 3 before flooding indicates that pre-flood populations of adult
weevils were higher in these late-planted plots than in plots planted in March and
April.

Patterns of adult, egg, and immature densities in fields 1 and 2 strongly suggest
that only a single generation of weevils developed in these fields during the growing
season. Initial peaks of adults in fields 1 and 2 were followed by a decline in adult
densities within 2 wks and a second peak of adult densities approximately 4 wks later.
The second peak of adults in these fields consisted primarily of newly-eclosed adults
based on the timing of their appearance, their outward appearance (soft elytra and
absence of worn scales), and on the condition of their ovaries (undeveloped) and fat
bodies (well-developed). However, only single peaks of eggs and immatures were
found in fields, and densities of these life stages did not increase following the ap-
pearance of newly-eclosed adults in fields. Thus, it appears that newly-eclosed adults
only rarely lay eggs in fields in which they developed. Muda et al. (1981) also found
that few, if any, first-generation weevils produced eggs in the plots of rice in which
they developed in Arkansas.

A decline in densities of adult weevils in rice fields within a few weeks of flooding
has been noted by previous authors (Isely and Schwardt 1934, Muda et al. 1981,
Haizlip and Tugwell 1983). This decline has been attributed to mortality of weevils or
to movement of weevils to other fields or habitats (Isely and Schwardt 1934). Mass
mortality of weevils does not seem likely, given that these weevils are very long-lived
when maintained in the laboratory (Nilakhe 1977, H.S. and M.J.S., unpubl. obs.).
Moreover, disappearance of weevils from fields 1 and 2 in early to mid-June in the
current study coincided with an increase in numbers of weevils caught in light traps
and found in other fields (e.g., field 3), a fact consistent with movement of weevils to
other fields. Interestingly, many weevils caught in light traps or collected from fields in
May and June (and throughout the season, for that matter) possessed both well-
developed ovaries and well-developed flight muscles. The strong reciprocal relation-
ship between development of flight muscles and ovaries found in Arkansas and Asia
(Muda 1981, Matsui et al. 1983, Zhai et al, 1999b) was not as evident in the weevils
collected in this study. Thus, some gravid weevils in rice fields in this study were
apparently capable of seeking new habitats by flying if hosts were not suitable for
oviposition. This agrees with Rolston and Rouse’s (1964) observation that the adult
rice water weevil appeared to move among fields, congregating on rice in the most
attractive stage of development.

An influx of adult weevils into overwintering sites (prairie samples) was observed
beginning in early June, with large numbers found beginning in late June. These
weevils possessed undeveloped ovaries and generally well-developed fat bodies,
and the timing of their appearance in overwintering sites corresponded to a period of
elevated flight activity near rice fields that was reflected in light trap catches. Thus,
these weevils were probably recently emerged, first-generation weevils returning to
overwintering sites. This return to overwintering sites was earlier than that found in
Arkansas (Muda et al. 1981, Morgan et al. 1984). Arrival of these newly-emerged
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weevils to overwintering sites began at a time when overwintering weevils from the
previous winter were still present in overwintering habitats.

Population dynamics of weevils in field 3, which was planted (28 May) and flooded
(18 June) much later than is typical for the region, differed somewhat from population
dynamics of weevils in fields 1 and 2. This field was heavily infested by adults before
flooding, a fact reflected in the high densities of weevils found immediately after
flooding. Most of these adult weevils departed quickly; in fact, numerous weevils were
observed leaving this field and moving to levees on the day of flooding (H.S., pers.
obs.). The ultimate destination of these emigrants is unknown, but movement to
overwintering sites is likely. Adult densities were about half as high at the next sam-
pling date. Dissections of females collected on the first few sampling dates revealed
a mixture of weevils with well-developed and undeveloped ovaries. The weevils with
well-developed ovaries were probably remnants of the overwintering generation, as
adults of this species are known to be long-lived and to oviposit over a long period of
time (Grigarick 1984). The weevils with undeveloped ovaries were probably first
generation weevils, newly emerged from other rice fields. The percentage of weevils
with undeveloped ovaries declined over the next few weeks, suggesting ovarian
development in these first-generation weevils. The immature weevils produced in field
3 were likely the offspring of weevils from both the overwintering generation and the
newly-emerged first generation.

The activities of weevils in second-crop (ratoon) rice had been noted (Isely and
Schwardt 1934, Way and Wallace 1993), but not extensively documented previously.
Adults were found in this field until harvesting of the second crop (31 October). Most
of these adults were probably first generation weevils. As noted above, however,
adults of this species are long-lived, in some cases living 4 months or more beyond
emergence from overwintering, and thus it is possible that some of the adults found
in ratoon-crop rice were members of the overwintering generation. It is also possible
that some of the adult weevils found in ratoon rice were second-generation weevils,
newly emerged from late-planted first-crop rice fields, because sufficient time had
passed for development of a second generation. Densities of immatures in ratoon rice
were substantial, at times exceeding 10 larvae per core sample. Moreover, the ap-
pearance in late September of newly-eclosed weevils in this field indicates that im-
mature weevils were able to complete their development on ratoon-crop rice.

Previous estimates of the number of generations of rice water weevils occurring
during a growing season in Louisiana have varied from one and a partial second
(Webb 1914) to two and a partial third (Gifford and Trahan 1966, Gifford et al. 1973).
Everett (1966) estimated that as many as four generations could develop in Louisiana
rice, but this estimate was based only on the length of the weevil life cycle. Data
obtained in this study indicate that a portion of the weevil population in Louisiana is
univoltine. This is suggested by the development of only one generation of weevils in
a single rice field and by the influx of weevils into overwintering sites as early as June.
Additional data from field 3 and data from the ratoon rice field indicate that another
portion of the weevil population in Louisiana is bivoltine. The existence of a third
generation cannot be completely discounted by the data in this study. However, the
existence of multiple generations in Louisiana probably depends on the continuing
presence of young rice, for which ovipositing weevils show a preference (Isely and
Schwardt 1934, Bang and Tugwell 1976). The seasonal history of weevils in Louisi-
ana resembles the seasonal history of weevils in Southeast China, where most first-
generation adults emigrate from rice fields to overwintering sites, and only a small
proportion of weevils pass through a second generation (Zhai et al. 1997). Muda et al.
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(1981) reported the occurrence of only one complete generation and a partial second
generation in Arkansas. Parthenogenetic populations in California and Asia are
thought to pass through 1 to 3 generations per year, depending on location (Grigarick
1993).

Early planting has been suggested as a cultural strategy for management of the
rice water weevil in Louisiana (Isely and Schwardt 1934, Thompson et al. 1994).
Although none of the rice in this study can be considered early-planted (recom-
mended planting dates for rice in southwest Louisiana are from mid-March through 30
April), a comparison of weevil population dynamics in the plots planted on 24 April
(field 1) with plots planted in May lends support to the use of early planting as a
management strategy. Maximum densities of larvae were lower in field 1 than in fields
2 and 3. Perhaps more importantly, the timings of peak infestations of adults, eggs,
and larvae were delayed in field 1 relative to fields 2 and 3. Thus, early planting may
affect both the timing and severity of weevil infestations. Delays in infestation may be
important (regardless of severity of infestation) because they may allow rice plants to
develop for a longer period of time in the absence of severe infestation, and tolerance
of rice to weevil feeding increases as plants age (Stout et al. 2002).

In contrast to Thompson (1970), who found an overall 1:1 sex ratio, the genders of
weevils dissected in this study were biased toward females. This bias was particularly
extreme in weevils collected in rice fields in August and September and for weevils
collected in light traps. The bias was not as marked for weevils collected from over-
wintering sites. One probable explanation for the bias in sex ratios (particularly in
late-season rice) is the fact that males typically have shorter life spans than females
(Nilakhe 1977). The variability of sex ratios in different habitats and at different times
suggests differences in behavior among the sexes. Also, the scarcity of male weevils
in late-season rice and the presence of immature weevils on rice at these times
suggest the possibility that a portion of female weevils are capable of reproducing
parthenogenetically.

These data represent the most comprehensive study of the life history and biology
of rice water weevil in Louisiana. Most aspects of the life history and population
dynamics were similar to those of this pest in Arkansas and Asia, but a few differ-
ences were found. Some of these differences can be accounted for by climatic dif-
ferences between regions (e.g., possible differences in the numbers of generations
passed by weevils in a growing season, and variation in emergence from and return
to overwintering sites). Other differences may represent real differences between
regions (e.g., the lack of a strong inverse relationship between development of ova-
ries and flight muscles in Louisiana females, the female-biased sex ratio). However,
the cultural practices used in this study do not represent the full range of cultural
practices used in Louisiana, and the small size of experimental plots may have
affected aspects of weevil biology. Moreover, the availability of all stages of rice
throughout the growing season at the Rice Research Station is not representative of
commercial rice production in Louisiana. Additional work on aspects of rice water
weevil biology in rice fields, including movement between fields, habitat choice, and
reproductive capacity (parthenogenetic and sexual) of adults, are needed to develop
more effective management and containment strategies.
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