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Abstract Chemoreceptors play an important role for insects behavior in detecting their defined tar-

gets for feeding or mating. This study revealed the presence of different forms of receptors sensillae

occurred on the legs and anal cerci of Anisolabis maritima using SEM. Leg surface contains three

types of trichoid, one type basiconica sensillae. Generally, sensillae distribution is fewer on the femur

than tibia and tarsus. Anal cerci also contained three types of trichoid, three types of basiconic, one

type of coeloconica sensillae, and campaniform sensillae on the terminal end of females only.
ª 2009 King Saud University. All rights reserved.
1. Introduction

Anisolabis maritima is a cosmopolitan insects world wide in dis-
tribution (Arnell, 1993). Most stages have been found through
out the year, males seemed more prevalent from late spring

through autumn. Eggs were found during the warmer months
June, July, and were guarded by the females (Nishida, 2002).
Zimmerman (2001) stated that A. maritima is found only along

the seashore, It is endemic species in orderDermaptera that rep-
resents an adaptive radiation from a marine littoral ancestor
4794.
m

ity. All rights reserved. Peer-

d University.

lsevier
which is indigenous to Hawaii, A. maritima frequent in winter

beneath piles of seaweed, boards, and debris just above high
tide of Jacksonville for key west on east coast (Brindle, 1981).
Receptors are the main tools of insect chemical communica-
tions and are mainly located on the legs. Receptors tune feeding

preferences (De Boer, 2006), recognize host plant odors (Skiri
et al., 2005), and play important roles in insect survival and
environmental adaptation. Multiple receptors offer many func-

tional advantages to an insects ability to perceive and respond
to environmental signals by facilitating the detection of sensory
stimuli (Debry and Steullet, 2001). This research is the first to

describe the legs and anal cerci sensillae in female and male
A. maritima using scanning electron microscopy (SEM). Our
objectives were to establish the theoretic foundation to describe

the functions of receptors, explore the relationships between
structure and behavior. A. maritimamay be used as a beneficial
predator for the eggs of Rhynchophorus ferrugineus in future as
a Toole in integrated pest management program (IPM), be-

cause it was recorded in KSA as a predator for the egg of the
red palm weevil ( , 2002).
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2. Materials and methods

Experimental adults males and females of A. maritima were
obtained from the Ministry of Agriculture and Water in El-

Kharj, Riyadh, KSA. Structure and location of different sens-
illae distributed on the legs and anal cerci were identified using
the scanning electron microscopy. The insect soaked in 70%

ethanolic for 24 h, then the legs and anal cerci were separated
from the insect body. The specimens were rinsed thoroughly in
distilled water and fixed in 4% glutraldehyde for 24 h at 5 �C,
these were then dehydrated in conceding series concentration

of acetone, for each case 1 h, and air dried. The specimens were
individually mounted on stubs then coated with gold and
examination was made under scanning electron microscopy

(SEM) (JEOL-JSM b36 OLV), observation were obtained
and recorded from four males and four females.
Figure 1 Steroscan micrograph showing legs of A. maritima. (A) Cuti

(Hl).
3. Results

3.1. The legs

The three pairs of legs for male and female are ambulatory
type and their cuticle is characterized by irregular lines

(Fig. 1A). Each leg consists linear series of segments as follows,
(1) short coxa by which the leg is articulated with the thorax,
(2) a small trochanter fused to a stout (3) femur which is the

strongest part of the leg, (4) a slender tibia with a length nearly
equal to the femur and (5) finally the tarsus, consisted of short
three segment of movable tarsomeres. The length of 1st and
3rd tarsomeres are the same and the 2nd tarsomeres is a very

small, the terminal end has claws (Fig. 1B–D). Each leg is Z-
shaped. All parts of the three pairs of legs bear numerous num-
ber of different sensillae detected as follows.
cle surface of legs. (B) Fore leg (Fl), (C) Med leg (Ml), (D) Hind leg
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3.1.1. Sensillae trichoidea

Sensilla trichoidea were the most abundant sensilla type found

on the legs of A. maritima. These are densely distributed on the
all parts of legs except the femur consists a fewer number of
sensillae. Three types of trichoidea were identified.

3.1.1.1. Trichoid sensillae I (ST1). These are few number on
the femur of the fore leg and located between other hairs. This

sensilla is short with swelling apex. Multi-porous can be seen
on the walls of ST1 occurring at a density (Fig. 2A).

3.1.1.2. Trichoid sensillae II (ST2). These are sharply pointed

structures are inclined and slightly curved toward its outer un-
til apex. ST2 inserts in a flexible socket, which is slightly ele-
vated above the cuticle (Fig. 2B). Sensilla exhibits

longitudinal grooves that spiral slightly around its surface.
The cuticle of this sensillum exhibits a thick, non-porous wall,
and tapering edge. It occurs on external terminal of femur and

there are also fewer (Fig. 2B).

3.1.1.3. Trichoid sensillae III (ST3). It was distribution on

each parts of legs with different length. ST3 inserts in a flexible
socket, which is slightly elevated above the cuticle. Some other,
tapering tip with apical while some other curved apex. This
sensilla is planted and found on ventral view of tarsi of males

and females (Fig. 3A–C). The cuticle of this sensillae exhibits a
thick and multi-porous wall.

3.1.2. Basiconic sensillae (BS)

The density of BS is greater on the ventral side of the tarso-
meres than on the dorsal side, it was short, thick, grooved sur-
face, blunt tipped shafts. The whole cuticular wall of BS
Figure 2 Steroscan micrograph showing: trichoid sensillae on

the femur of males and females of A. maritima. (A) ST1 swelling.

(B) ST2 curved.
sensillae is penetrated by non-porous, and it goes out from
pit of cuticle (Fig. 4C).

3.2. Description of anal cerci of A. maritima

Anal cerci are non-reproductive appendages while connected
with the lateral abdominal segment (10th abdominal segment

in male and 8th abdominal segment in female (Fig. 5A and
B). In earwig the cerci form powerful forceps which are usually
straight and unarmed in the female, but incurved and toothed

in the male (Chapman, 1998). Cerci are articulated on sexes
many sensillae which functional olfaction, gestation or mecha-
nosensitive, and in male may be used in catching with female

copulation. This study showing many sensillae distribution
on anal cerci, there are follow.

3.2.1. Cuticle

Dorsal surface of the cuticle of anal cerci is irregular spines
(Fig. 6A), and side surface is like swelling (Fig. 6B and C).

3.2.2. Sensillae tichoidea

Sensilla trichoidea were the most numerous type found of sens-
illae on the anal cerci of A. maritima. These are densely distrib-
uted over the lateral surface than the dorsal surface, but rarely

found on the proximal part of the ventral surface. Three sub
types of sensilla trichoidea were recorded on the anal cerci of
both sexes: parallel of cuticle (ST1), vertically on the cuticle
(ST2), and thin sensilla trichoidea (ST3). However, only the

parallel sub types occurred on the dorsal surface of both sexes,
but the vertically and thin sub types occurred on the side sur-
face of anal cerci. ST1 has grooved surface, tapering and multi-

porous (Fig. 7A–C), as for vertically trichoidea is similar to
parallel trichoidea but it is different bearing on the cuticle
(Fig. 7D and E). The length is 65.38 lm On the other hand,

thin trichoides is shorter than ST1 and ST2, more straight
and tapering to the tip, their mean length 43.75 lm, they are
distributed between the ST2. The cuticular wall of the ST3 is

thinner than the ST1 and ST2. The whole cuticular wall of
ST3 is non-porous, and it is articulated vertically on the sur-
face of anal cerci (Fig. 7F).

3.2.3. Basiconic sensillae

Three sub types of BS were recorded on the anal cerci of male
and female A. maritima: first type of BS1 was blunt-tip but the
BS2 and BS3 were sharp-tip (Fig. 8A–D). The blunt-tip (BS1)

bears stem-like, blunt tipped shafts, whereas the sharp-tip (BS2
and BS3) gradually tapers to a sharp-tip distally. Generally,
most pegs of these sensilla do not curve. All sub types are

evenly distributed over the dorsal side. The cuticular wall of
the BS3 sharp-tip is slightly thicker than that of the BS1 and
BS2. The pores are uniformly distributed toward the base of

the sensillum in the blunt-tip (SB1), besides the edge sensilla
consists of the pore (Fig. 8A and B). The BS2 of sharp-tip is
non-porous on the surface (Fig. 8C), but the BS3 is multi-por-

ous all the surface and seemed form thick (Fig. 8D).

3.2.4. Coeloconic sensillae (Coe)

Coeloconic sensillae were recorded in deep pits. These are

stumps like pegs with on grooved trunk, nearly as long as wide
with blunt ridged tip (Fig. 9A–C). It was the shortest kind
found, they are scattered irregularly on the anal cerci. The



Figure 3 Steroscan micrograph showing: (A) General view of tibia (T) and part of the 1st tarsomere of A. maritima. (B) Magnification

part of tibia show ST3 different length and tip. (C) Magnification part of ST3 showing pores and planner of surface (arrow).

Figure 4 Steroscan micrograph showing: (A) Ventral view of tarsi of A. maritima. (B) Magnification part of the 1st tarsomere show

many number of BS. (C) Magnification of B show BS.
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Figure 5 Steroscan micrograph showing anal cerci of A. maritima. (A) Male and (B) Female.

Figure 6 Steroscan micrograph showing cuticular surface of anal cerci of A. maritima. (A) Dorsal view (spine arrow), (B) Side view, (C)

Magnification part of B.
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shaft sensilla coeloconicum is longitudinally grooved on ap-

pears to be mad up of closely apposed cuticle linger like
projection.

3.2.5. Campaniform sensillae (Cam) (Fig. 10A and B)

Campaniform sensilla were the most numerous found on the
terminal ending of anal cerci of females only. Sensillae are
shallow round or oval pits (Fig. 10A), and these are distributed

between the coeloconic sensillae, scattered irregularly on the
terminal ending of the anal cerci. Campaniform sensillae were

absent in males (Fig. 10B).

3.2.6. Placoid sensilae (Pla)

Placoid sensilla are plate like structures made up of a round or

oval cuticular plate surrounded by a narrow membranous.
Placoid sensillum or pore plate they are a flattened plate of
fairly thick cuticle surrounded by a very delicate membrane

(pore-plates or sensilla placoidea), there are numerous number



Figure 7 Steroscan micrograph showing: (A) Dorsal view of external surface of anal cerci of A. maritima show distribution ST1. (B)

Magnification part of A show ST1-MP. (C) Magnification part of B show ST1-MP. (D) Side view of anal cerci show many hairs of ST2-

MP. (E) Magnification part of D show ST2-MP. F: ST3-AP and Pla (arrow).
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of small or big round disk generally flat or slightly sunken in
the cuticle, with a central orifice, it distributed all over the out-

er surface of the anal cerci between other hairs (Figs. 9B and 10C).
4. Discussion

The results of the present study, which is the first attempt to
characterize the sensillae on the legs and anal cerci of earwig

A. maritima an important predator on the eggs of R. ferrugin-
eus. The legs consists typically five segments and anal cerci has
one segments, many sensillae were found on these parts in
males and females. Most insects mechanosensitive sensilla on
the abdominal segments, In addition, the appendages of seg-

ments 11 often form a pair of structures called cerci which usu-
ally function as sense organs. Cerci are present and well-
developed in the Apterygota and the hemimetabolous orders

other than the Hemipteroids. In Holometabolous insects, cerci
are present in the adults of Mecoptera and some Deptera; they
are not present in holometabolous larvae. Cerci are present

some different between other orders insects, and sometimes it
differ in two sexes of a species, and they may play a role in cop-
ulation (Chapman, 1998). Campaniform sensillae were found
on the lateral ending of anal cerci for females only. Three main



Figure 8 Steroscan micrograph showing sensilla basiconic: (A) BS1-MP (arrow). (B) Magnifiction part of B show terminal pore of tip

BS1-MP. C: BS2-AP. D: BS3-MP.

Figure 9 (A–C) Stereoscan micrograph showing sensilla coeloconica on the anal cerci A. maritima different longs. Arrow detected

Placoid sensilla (Pla).
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Figure 10 Steroscan micrograph showing: (A) Lateral end of anal cerci of female show campaniform sensillae (Cam). (B) Lateral end of

anal cerci of A. maritima (male). (C) Placoid sensilla (arrow).
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types of sensilla trichoidea were recorded on the legs and three
types of trichoidea on anal cerci. A total of six sub types of
morphologically different sensillae were identified. Sensilla tri-

choidea were the most abundant type observed on the legs and
anal cerci in both of the sexes due to their assumed mechano-
receptors function.

Many types of trichoid sensillae are multi-porous ST-MP
on these organs, which may have olfaction or contact function
according to (Bleeker et al., 2004; Steinbrecht, 1987, 1997;
Onagbola et al., 2008). Electrophysiological studies have con-
firmed sex pheromone receptor function for the trichoid sen-
silla of Neodiprion sertifer (Hansson et al., 1991). The great

abundance of the ST-MP on the legs of males and female
A. maritima may indicate a probable role in mate location,
possibly for detection of female sex pheromones, as reported

for some other parasitoid (Barline et al., 1981; Bleeker et al.,
2004). Also, in this study we observed sensilla trichoidea swell-
ing on the legs earwig A. maritima which appear multi-porous
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on surface. These sensillae found in many insects species spe-
cific on external genitalia and antennae (Alm and Hall, 1986;
Bland, 1981; Sharaby and Al-Dossary, 2007).

The type sensilla trichoidea a porous structure described in
the current study are similar to trichoidea sensilla described on
the other species (Schmidt and Smith, 1987; Amornska et al.,

1998). These authors proposed that this sensilla type may play
a role proprioceptors (Chapman, 1998).

The basiconic type of sensillae were present on legs and

anal cerci were present in both sexes of A. maritima. These
types of basiconic were previously described as fluted basiconic
sensilla (Norton and Vinson, 1974; Bleeker et al., 2004). These
types of sensilla are similar to which described in the previous

studies were with pores on the tip or on the wall. The basiconic
sensilla on legs were with grooved in the surface and the inner
lumen was surround by a thick non-porous wall (Fig. 4C),

which were similar to that discovered in some other insects
(Ochieng et al., 2000). The wall of BS on anal cerci of A. mari-
tima has pores than that of BS on legs. Sensilla basiconic types

should be a gustative or olfactory function. This results is con-
sistent with that demonstrated in the previous studies (Steinbr-
echt, 1984; van Baaren et al., 1999; Ochieng et al., 2000).

Coeloconic sensillae is the least occurring sensilla type on
A. maritima, and it has been previously described as pit organs
because these are recessed in to deep pits (Wcislo, 1995), and as
coeloconic sensilla type II (Bleeker et al., 2004). However, this

sensillum has been considered to have thermo-hygroreceptive
functions in several non-parasitic species (Altner et al.,
1983). The absence of wall pores on the sensilla coeloconica

of male and female A. maritima suggests that these are unlikely
to function as a chemoreceptors. Using electrophysiologically
bioassays, Schneider and Steinbrecht (1968) and Cuperus

(1983) demonstrated response of sensilla coeloconica on anten-
nae of several insect species to CO2, temperature, and humid-
ity. Our data also suggest the a porous sensilla coeloconica of

A. maritima possibly may function as thermo-hygroreceptors.
The campaniform organ play a role as sound and mechano-

receptor (Romoser and Stoffolano, 1998). These were found in
both sexes. This organ has been observed in many insects in

different parts as a mechanoreceptors between the 9th and
10th segment of flagellum of Conotrachlus nenuphar as propri-
oception (Alm and Hall, 1986). Also Whitehead (1981) re-

corded campaniform organ on the antennae of female of
Dendroctonus ponderosae. Merivee et al. (2003) mentioned this
organ as temperature receptor in Pterostichus aethiops, these

are located at the terminal segment of the antennae of both
males and females. Maher and Thiery (2004) mentioned that
campaniform sensilla at the 5th segment of the tarsus of Lobe-
sia botrana moth for chemoreception for semiochemicals ema-

nating from plants.
Placoid sensillae has been found in various sizes on the

antennae of nearly all parasitic Hymenoptera (Ochieng et al.,

2000; Roux et al., 2005). These were found in numerous num-
ber and size of both sexes of A. maritima. The function of sen-
silla placodea is assumed to be olfactory because they posses a

multiple cuticular pore system, (Stutcliffer and Mitchell, 1980;
Symondson and Williams, 1997) found similar these sensillae
on the maxillary palps of Pterostichus melanarius with a raised

orifice and Pterostichus niger as a flat or sunken orifice, these
are probable chemoreceptors, and may indicate their role in
host location, possibly in the detection of host-related semio-
chemicals (Onagbola and Fadamiro, 2007; Yang et al., 2009).
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