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a b s t r a c t
The morphological structures that permit Oryzophagus oryzae aquatic activities and swimming behavior
were studied and compared with various weevils and other relevant species. The use of scanning electron microscopy facilitated the recognition of three different hydrofuge scales and sensilla. Based on the
microscopic observations of behavior, morphological evidence, and comparisons with other curculionid
species, it was supported that the gas exchange in O. oryzae adults relies on a subelytral air store maintained by hydrofuge scales and a ribbed margin on the adult elytra. The plastron structure is identical to
Lissorhoptrus oryzophilus supporting the application of similar control measures for both species.
© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

2. Materials and methods

The curculionid Oryzophagus oryzae (Lima, 1936) is an aquatic
pest of irrigated rice plantations in Southern Brazil, with both adults
and larvae found underwater. Larvae feed on rice roots, damaging the plant and causing losses in production (Grutzmacher et al.,
2008). Adults hibernate during the cold months in dry environments close to the rice plantations on the base of other Gramineae
species (Mielitz et al., 1996).
Although Prando (1999) studied certain biological aspects of
O. oryzae, life habits data are scarce, and control measures are
mainly based on chemical treatments. Relevant information concerning the morphological structures that document O. oryzae
aquatic activity and swimming behavior can provide support for
control measures. Based on this idea, the objective of this study
was to examine O. oryzae with scanning electron micrographs, to
support the existence of a plastron and compare it with Lissorhoptrus oryzophilus Kuschel, 1952 (Coleoptera, Curculionidae), a closely
related rice pest species with tested control methods, and various
weevils and relevant species.

2.1. Insect collection and swimming assay
Weevils examined in this study were obtained from the Empresa
de Pesquisa Agropecuária e Extensão Rural de Santa Catarina (EPAGRI) in the city of Itajaí, in Santa Catarina State (Brazil), in October
2009 and were maintained in plastic containers with rice plants
and separated for the swimming and microscopy studies.
Twenty-ﬁve and ten adults were ﬁlmed in dorsal and ventral
views, respectively, in a graduated Petri dish, and ten adults were
ﬁlmed in lateral view in a glass container. The insects were ﬁlmed
swimming for 5 min each. Twenty adults were examined, and the
four longest periods of swimming (at least 5 cm was traveled in
each case) were selected for each adult and used to calculate the
medium velocity and the number of cycles per minute. A Cannon
A2000 camera was used.
During ﬁlming, the insects were analyzed by focusing on
any particular aquatic behavior related with the capture and
maitainance of a plastron. Later, the insects were examined under
a Quimis microscope (Model 9714ZT1) to observe morphological
aspects that contribute to underwater permanence.

2.2. Scanning electron microscopy
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Males and females were examined with scanning electric
microscopy after gold metalization. Insects were dissected between
the pro- and mesothorax, and the head and mesothoracic legs were
removed. They were then mounted on aluminum studs with silver
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paint in a manner to present the structures and were sputter-coated
with gold. Specimens were examined with a Jeol JSM 6360LV scanning electron microscope in the Electronic Microscopy Center of
Universidade Federal do Paraná. Scanning electron micrographs
(SEMs) of O. oryzae were compared with SEMs of the following
species: L. oryzophilus (Hinton, 1976; Hix et al., 2003); the palm
weevil Rhynchophorus palmarum (L.) (Said et al., 2003); the alfalfa
weevil Hypera postica (Gyllenhal) (Bland, 1981); the pecan weevil
Curculio caryae (Horn) (Hatﬁeld et al., 1976); weevils Endalus disgregus Burke (=Notiodes), Eubrychius velatus (Beck), Neochetina bruchi
Hustache and Hydronomus alismatis (Marsham) (=Bagous) (Hinton,
1976); the clover head weevil Hypera meles (F.) (Smith et al., 1976);
and Elmis maugei (Bedel) (Thorpe and Crisp, 1949).
The classiﬁcation of the sensilla found in the SEMs of O. oryzae
was based on Zacharuk (1985), and the nomenclature of scales
and sensilla was based on that reported by Hix et al. (2003);
hydrofuge scales I, II and III – branched, plumose-like, and thinlayered hydrofuge scales, respectively; trichoid sensilla – setiform
sigmoid-shaped sensilla with hocked tips; squamiform sensilla I
and II – spatulate-shaped sensilla.
3. Results
3.1. Swimming assay and aquatic behavior
Adults of O. oryzae are water repellant, and until they are
entirely submerged, they remain suspended by water surface
tension. Weevils usually swim beneath the surface ﬁlm with
a mean velocity (MVel) of 0.96 ± 0.29 (SD) cm/s, with a range
of 0.63–1.66 cm/s, and an average time of swimming cycle of
0.171 ± 0.036 s, equaling 5.85 strokes/s, “with a stroke consisting of
complete protraction and retraction” (Hix et al., 2000). Propulsion
is provided by the mesothoracic legs, which moved synchronously
during protraction and retraction, functioning as a paddle (ﬂattened antero-posteriorly). The prothoracic legs (extended forward)
and metathoracic legs (extended backward) function as stabilizers.
Turning was accomplished identically as L. oryzophilus with “the
mesothoracic leg opposite the direction of the turn completing normal protraction and retraction sequences and the mesothoracic leg
on the turn side employing a shorter protraction and retraction”
(Hix et al., 2000).
3.2. Scanning electron microscopy
The entire bodies of males and females of O. oryzae are covered by scales. Other than body size, no apparent sexual dimorphic
characteristics were observed. Three types of hydrofuge scales (hsI,
hsII, hsIII), two types of squamiform sensilla (ssI, ssII) and one trichoid sensilla (ts) were found. Their locations, densities and sizes
are given in Table 1. Images of scales and sensilla can be observed
in Figs. 1–16.
4. Discussion
According to Chapman (1969) free-swimming insects use their
hind and sometimes their middle legs to swim and they may be
ﬂattened antero-posteriorly, forming a paddle-like structure. The
rice water weevil O. oryzae uses the paddle like middle legs to swim
and the hind and front legs function as stabilizers. The swimming
movements of the aquatic rice pest O. oryzae are identical to those
of the north American rice pest L. oryzophilus (Hix et al., 2003),
with propulsion provided by the mesothoracic legs. Their velocities,
however, are not the same, as L. oryzophilus is faster, with an MVel
of 1.53 cm/s (range of 0.88–2.52 cm/s) and an average strokes per
second of 5.67 (Hix et al., 2000).

Table 1
Localization and measurements of scales, sensilla and cuticular pits in Oryzophagus
oryzae.
Structure

Location

Size range

Trichoid sensilla (ts)
Squamiform sensilla I (ssI)

Club of antenna
Antenna: 1st and 6th funicular
segment
Rostrum, elytra and tibia
Club of antenna
Rostrum, coxae, junction of
pro- and mesonotum, junction
of femur and tibia, tip of
abdomen, head, and junction of
pro- and mesonotum
Antenna: 2nd, 5th and 6th
funicular segment and club
Club of antenna

12–24 m
17.5–27.5 m

Squamiform sensilla II (ssII)
Hydrofuge scale I (hsI)
Hydrofuge scale II (hsII)

Hydrofuge scale III (hsIII)
Cuticular pits (cp)

30–105.7 m
18.4 m
20.5–39.6 m

25–32 m
0.8 m

Other than L. oryzophilus, no weevil species had the same swimming technique as O. oryzae. These weevils belong to the same
subfamily Erirhininae which forms a monophyletic group with
Curculioninae (Marvaldi, 1997). The curculionid Ochetina uniformis
Pascoe and Ludovix fasciatus (Gyllenhal) swim with all three pairs
of legs, with the mesothoracic legs being responsible for the main
propulsion in L. fasciatus (Sousa et al., 2007). The mode of swimming
of O. oryzae was also different from those described for Litodactylus leucogaster (Buckingham and Bennett, 1981), Bagous cavifrons
LeConte and Bagous americanus LeConte (O’Brien and Marshall,
1979).
The hydrophobic cuticle of O. oryzae does not have the function
to maintain the weevils in the water surface; these insects do not
walk above water, as occurs in others (e.g., Podura aquatica, Collembola) that can move on or in the ﬁlm at the water surface (Chapman,
1969). These weevils interact and mate underwater and they can
remain there for long periods. Chapman (1969) comments that
permanently submerged insects respire by gills or a plastron, suggesting that the waterproof cuticle has a relation to its respiratory
habits.
Under the microscope, it was possible to observe air bubbles
at the tip of the abdomen that could be released or sucked into
the subelytral region. Weevils also ﬂoated rapidly to the water ﬁlm
after releasing from the rice plant roots, indicating that they were
storing air. Without the rice plant to hold on, weevils could not
persist longer in deeper water.
According to the SEMs, O. oryzae has hydrofuge scales on the
tip of the abdomen (Figs. 1–4), on the coxae (Figs. 5 and 6), on
the junction of the head with the prothorax (Fig. 7), on the junctions of meso- and metathorax (Figs. 9 and 10), and on the head
(Figs. 11, 12, and 14). These scales strategically positioned can
maintain a subelytral plastron connected with the spiracles in a
structure that has already been described for the elmid species
Elmis maugei (Bedel); however, the authors also suggested that
this structure was used for adjusting buoyancy (Thorpe and Crisp,
1949). E. maugei has eight pairs of spiracles, consisting of two thoracic and six abdominal that open into the subelytral space and the
two posterior spiracles are larger than the others and are supplied
by somewhat swollen tracheae. Thus, the maintenance of the plastron in O. oryzae is supported by the ribbed structure of the internal
margin of the elytra (Fig. 8) that permits both sides of the elytra to
join tightly together, preventing the entrance of water. According
to Flynn and Bush (2008), the plastron must be in contact with the
spiracles to guarantee the gas exchange.
Another plastron area, in this case, structured by the body scales
was suggested for L. oryzophilus (Hinton, 1976), a close related rice
pest species. Its plastron scales are supported above the surface of
the body wall cuticle by numerous virtually vertical pillars. Similarly to L. oryzophilus, O. oryzae has a structure supporting its body
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Figs. 1–6. Scanning electron microscopy of Oryzophagus oryzae. (1) Ventral view of female’s abdomen: hydrofuge scale (hsII) and squamiform sensilla (ssII); (2) Hydrofuge
scales (hsII) with long projections inside cuticular walls; (3) Lateral view of male’s abdomen: hydrofuge scale (hsII) and squamiform sensilla (ssII); (4) Hydrofuge scales
(hsII) with long projections inside cuticular groove; (5) Lateral view of the posterior coxa of male: hydrofuge scale (hsII); (6) Close view of the hydrofuge scales (hsII) on the
posterior coxa of male.

scales (Fig. 13). This plastron area on the ventral surface of the
thorax and abdomen could have communication with the subelytral air space across the groove of articulation between the lateral
margins of the elytra and the abdominal sterna and thoracic pleura,
comparable with the plastron of E. maugei that is formed by

the hairs on the ventral surface of its body (Thorpe and Crisp,
1949).
The plastron area under the elytra in O. oryzae has the same patterns of L. oryzophilus, with hydrofuge cuticle and scales repelling
water. However, a more detailed study related to the plastron area

Figs. 7–10. Scanning electron microscopy of Oryzophagus oryzae. (7) Ventral view of female’s head: hydrofuge scale (hsII) with short projections inside a cuticular groove;
(8) Ventral view of the male’s elytra focusing on the margin and its ribbed structure; (9) Ventral view of the female’s junction of the pro and mesonotum: hydrofuge scale
(hsII); (10) Close view of the hydrofuge scale (hsII) with short projections inside a cuticular wall on the female junction of the pro and mesonotum.
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Figs. 11–16. Scanning electron microscopy of Oryzophagus oryzae. (11) Lateral view of the male’s rostrum and antenna: squamiform sensilla (ssI, ssII), hydrofuge scales (hsII,
hsIII), and trichoid sensilla (ts). (12) Approximated view of the scrobe: hydrofuge scales (hsII); (13) Dorsal view of the male’s elytra: cuticular pillars supporting body scales;
(14) Approximated view of the club of the female’s antenna: hydrofuge scales (hsI, hsIII), squamiform sensilla (ssI), and trichoid sensilla (ts). (15) Close view of the club of the
male’s antenna: cuticular pit (cp), hydrofuge scale (hsIII), and trichoid sensilla (ts); (16) Lateral view of the male’s mesotibia and tarsi: hairs and squamiform sensilla (ssII).

structured under the body scales should be made to conﬁrm this
observation.
Concerning the hydrofuge scales of O. oryzae, the hsI scales
found on the antenna club (Fig. 14), where thin layers of air were
observed, support the hypothesis that they function in forming a
small plastron-like air bubble associated with the club of the weevil (Hix et al., 2003). The hsII scales are plumose-like scales that
can be found inside cuticular grooves (Figs. 4 and 7) and projected
cuticular walls (Figs. 2 and 10), with shorter (Figs. 5–7 and 10)
or longer projections (Figs. 1–4). On the tip of the abdomen,
it was possible to observe hsII scales inside projected cuticular
walls and grooves with longer projections (Figs. 1–4) that reached
more than 39 m. Scales on the articulation of the head and proand mesonotum have smaller projections and are inside cuticular grooves (Figs. 7, 9 and 10). Ventrally between the fore-,
meso-, and metacoxal junctions (Figs. 5 and 6) on the rostrum and scrobe, hsII scales have smaller projections, but they
are not inside any cuticular groove or wall (Figs. 11 and 12).
Scales with a similar structure were found behind the eyes of
Hydronomus alismatis (=Bagous), Bagous limosus, and on the second
and ﬁfth abdominal sternites of Eubrychius velatus and Neochetina brichi, respectively (Hinton, 1976). hsIII are thin-layered
scales, positioned adjacent to each other, that cover the second,
ﬁfth and sixth funicular segments and the club of the antenna
(Figs. 11, 14 and 15).
Squamiform sensilla were found on the last segment of the funicle and pedicel (ssI) on the antenna (Figs. 11 and 14). ssI scales
were not found on other weevil antennae, except for L. oryzophilus
(Hix et al., 2003). Larger squamiform sensilla (ssII) were found on
the elytra (Figs. 1 and 3), rostrum (Fig. 11), and legs (Fig. 16). The
mesotibia also has multiple hairs (Fig. 16) that facilitate swimming
activity. The squamiform sensilla probably function in proprioreception and mechanoreception, indicating the antennal position in
relation to body orientation (ssI) and the swimming speed (ssII)
(Hix et al., 2003).

Although ts are present on the club of the antenna, they are
very different from other weevil sensilla (Bland, 1981; Hatﬁeld
et al., 1976; Smith et al., 1976) that generally have a cylindrical,
broader base and a thinner tip. The biﬁd hair type III found on
R. palmarum antennae (Said et al., 2003) resembles ts because it
can be divided on the base; however, on ts, this division can be
in three or can consist of multiple divisions on its tip, especially
on the ﬁrst row of sensilla (Figs. 14 and 15). On the tip of the
club, ts are shorter, thinner and cylindrical. As they get closer to
the base, the ts do not appear to be cylindrical but instead are
getting longer. Much longer cylindrical ts can be observed on the
abdomen, rostrum and legs. The ts on the antenna are likely to
have olfactory and gustatory functions, but according to Altner and
Prillinger (1980), only with investigation of their internal structure would it be possible to deﬁne concretely the function of the
sensilla.
The hydrofuge scales hsI, hsII, and hsIII, and the squamiform
sensilla ssI and ssII were also found on L. oryzophilus on the same
locations (Hix et al., 2003). The tuft hairs found on the ﬁrst funicular
segment on the antennae of L. oryzophilus were not found on O.
oryzae.
Hix et al. (2000) have suggested that surfactants, microorganisms, and other agents may be used to disrupt the plastron of L.
oryzophilus. Leite et al. (1992) reported that soybean oil or soybean oil mixed with Beauveria bassiana provided up to 100% control
of Lissorhoptrus spp. in Brazil. Because of the similarity in plastron formation of both species, control measures based on plastron
disruption by surfactants could be used on both, O. oryzae and L.
oryzophilus.
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