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Abstract 

The maxillary palp of the soldier and worker of the termite species H. jepsoni were examined by scanning 

electron microscopy to elucidate the sensory structures present on the palpal segments. We observed six different 

types of sensilla viz., sensillum chaetica (subtypes- SC-I, II, III, IV and V), sensillum trichodea (ST), sensillum 

trichodea curvata (STC), sensillum campaniformia (SCa), glandular pores (GP), basiconic capitates peg sensilla 

(BCPS) along with nano scale pores on the surface of the palpal segments. Morphological features of these 

palpal sensilla indicate that they may putatively function as gustatory, mechanosenory, olfactory, 

thermosensitive and proprioceptive mechanosensory. 
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Introduction 

Insects possess various sensory structures called sensilla that perceive taste, smell, vibration, touch, vision, 

proprioception, thermoreception and hygroreception (Shields, 2011) [1]. These sensilla are located on different 

body parts of insects such as antennae, mouth parts, wings, legs, ovipositors etc. According to Zacharuk and 

Shields (1991) [2], different body parts of insects contains various chemosensory sensilla, of which the olfactory 

sensilla are mostly present on the antennae whereas the gustatory sensilla are mostly present on mouth parts, 

legs, and ovipositor. Existence of olfactory sensilla is also known in the maxillary palp (Zhang et al,. 2011) [3]. 

Among all the body parts of insects, the antennae and maxillary palps are the major sensory organs that contain 

various types of sensilla for detecting chemical and mechanical stimuli from the surrounding environment (Keil, 

1997) [4]. Antennae and maxillary palps are involved in various behaviors of adult insects and the sensilla present 

on these organs play an important role in their adaptation according to their habitat (Chapman, 1982) [5].  

Maxillary palps are generally involved in the feeding behavior of insects. Maxillary palp of the mosquito species 

Culex quinquefaciatus has a proposed biological and ecological role in the detection of the plant and nectar 

based sources (Sayed and Leal, 2007) [6]. Sensory system in maxillay palp is complementary to the antennal 

sensory system of insects. They can detect odors in concentrated form primarily over short ranges whereas the 

antennal sensory system that works over longer ranges (Wasserman and Itagaki, 2003; Dweck et al., 2016) [7, 8]. 

In many species of Dipteran flies, presence of several olfactory sensilla has been found on their maxillary palps 

(Isberg et al., 2013; Zhang et al., 2013; Bohbot et al., 2014; Omondi et al., 2015; Pezzi et al., 2016) [9, 10, 11, 12, 13]. 

Olfactory sensilla in flies develop distinct features according to different ecological niches (Zhang et al. 2012) 
[14]. The German Cockroah, Blatella germanica perform their courtship behavior following the pheromones 

which they detect by the sensory structures present on the antennae, labial palp and maxillary palp (Ramaswamy 

and Gupta, 1981) [15].  

In case of eusocial insects, communication is the basis for all the social activities and behaviors. In termites too, 

all their behaviors are based on the complex network of chemical signals which are complemented by vibration-

based signals as the role of visual cues is negligible because of the dark environments where they live and the 

blind members of their colonies (Costa-Leonardo and Haifig 2014; Bagnères and Hanus 2015) [16,17].To 

understand their complex communication system, several studies have been done and they were primarily on the 

antennal sensory systems of termites (Prestage et al., 1963; Tarumingkeng et al., 1976; Deng et al,. 2006; 

Ishikawa et al., 2007; Yanagawa et al., 2009; Yanagawa et al., 2010; Huang et al., 2012; Fu et al., 2020) [18, 19, 20, 

21, 22, 23, 24, 25]. But, information on the sensory system of maxillary palp of termites is rare. Therefore, in this 

study, we aimed to elucidate in details the external morphology of the sensory structures present on the maxillary 

palp of the termite species Hospitalitermes jepsoni. 

  

Materials and Methods 

The termite species, Hospitalitermes jepsoni were collected from the Nongkhyllem reserve forest, Lailad, 

Ribhoi, Meghalaya, Inida and brought to the laboratory for further processing for Scanning electron microscopy 

(SEM). We collected and processed both soldier (n=5) and worker (n=5) individuals of H. jepsoni. Samples were 
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cleaned with distiled water first and then dissected the head of both soldier and worker along with the maxillary 

palp. For scannig electron microscopy we followed the method of Dey et al., (1989) [26]. Samples were fixed in 

2.5% Glutaraldehyde for 24 hours prepared in 0.1 M Sodium Cacodylate at 4 ̊ C. Then the samples were 

dehydrated in ascending grades of acetone (30%, 50%, 70%, 80%, 90%, 95% and 100%), keeping in each grades 

twice for 15 minutes which were perforemd twice in each grade. After dehydration, samples were dried in Tetra 

methyle saline for 5-10 minutes twice. Then the gold coated specimens were viewed under SEM (Jeol- JSM 

6390). Classification of sensilla were done based on their external morphology following Schneider (1964) [27], 

Zacharuk (1985) [28], Yanagawa et al., (2009) [23] and Fu et al., (2020) [25].  

 

Results 

The maxillary palp (Fig 1) of H. jepsoni is five segmented in both the soldier and worker. It is approximately 

1117.16±84 µm and 1210.17±99 µm in length respectively in soldiers (n=5) and workers (n=5). The longest and 

widest segment is segment-V which is 351.48±3 µm and 372.47±0.9 µm in length 89.55±16 µm and 90.04±23 

µm in width respectively in soldier and worker. In soldier, the shortest segment is segment-I which is 92.48±1.1 

µm in length and the narrowest is segment-II which is 79.7±14 µm in width. In worker, it is segment-I which is 

94.38±0.8 µm in length and 77.21± 7 µm in width.  

  

 
 

Fig 1: Maxillary palp of Hospitalitermes jepsoni. (a) Soldier caste (b) Worker caste (c) Worker caste (SEM) SI= 

Segment I, SII= Segment II, SIII= Segment III, SIV=Segment IV, SV=Segment V. 

 

Palpal segments contain five different subtypes of sensillum chaetica (SC) viz., SC-I, SC-II, SC-III, SC-IV and 

SC-V (Fig 2). SC-I is 55.27-83.95 µm in length, 3.10-4.26 µm in basal diameter and 0.40-1.04 µm in distal 

diameter. In appearance, it is straight with a slight curve near the tip towards the antennal surface. It has a 

flexible socket, longitudinal grooves on the wall and a terminal pore. SC-II also shares the same characteristics 

with SC-I except SC-II become gradually slender and there is no curve near the tip. SC-II I is 51.63-80.30 µm in 

length, 3.24-4.11µm in basal diameter and 0.22-0.42 µm in distal diameter. SC-III is shorter than SC-I and II. Its 

length is 35.46-36.71 µm, basal diameter is 3.53 µm and distal diameter is 0.43-0.50 µm. It has a flexible socket, 

longitudinal grooves on the wall and a blunt tip. SC-III sharply bends towards the antennal surface from the 

distal one third of its length. SC-IV has similarity in its length with SC-III. The length is 29.14-35.52 µm, basal 

diameter is 2.58-3.22 µm and distal diameter is 0.20-0.50 µm. The sensilla arise from a flexible socket and 

gradually become tapered towards the distal end with a pointed tip. Longitudinal grooves are present on its wall. 

SC-V is the shortest among all the subtypes of SC. It is 9.62-18.37 µm in length, 1.70- 2.42 µm in basal diameter 

and 0.21-0.33 µm in distal diameter. It arises from a comparatively wider flexible socket with longitudinal 

grooves on the side walls. Tip is blunt and without any pore. All the subtypes of SC are distributed on all the 

palpal segments of both worker and soldier of H. jepsoni.  
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Fig 2: Shows sensilla chaetica (SC) and Basiconic capitates peg sensilla (BCPS) (a) Complete SC-I (b) Tip of 

SC-I (c) Complete SC-II (d) Tip of SC-II (e) Complete SC-III (f) Tip of SC-III (g) Showing SC-IV (red, black 

and white arrowed) and BCPS (yellow arrowed) (h) Tip of SC-IV (i) Complete SC-V. Red arrow shows tip, 

black arrow shows longitudinal lines on the side wall and white arrow shows socket. 
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Sensillum trichodea (ST), on the palpal segments of H. jepsoni, observed as straight sensilla in appearance with a 

protuberant base, shallow longitudinal lines on the side wall and a terminal pore (Fig 3 a-b). It is 17.50-24.48 µm 

in length, 1.80-2.26 µm in basal diameter and 0.44 µm in distal diameter. On the other hand, sensillum trichodea 

curvata (STC) is 10.31-11.44 µm in length, 1.81-1.97 µm in basal diameter and 0.25-0.51 µm in distal diameter 

(Fig 3c-d). STC curves towards the antennal surface and has a circular protuberant base and a terminal pore. Side 

wall has shallow longitudinal lines which arise from the proximal one third of its length. Both the ST and STC 

were observed predominantly on the tip area of the terminal palpal segment of both the soldier and worker 

castes. 

 

 
 

Fig 3: Shows sensilla trichodea (ST) and sensilla trichodea curvata (STC). (a) Complete ST (white asterisk) (b) 

Shows side wall and tip of ST (c) Complete STC (white asterisk) (d) shows side wall and tip pore of STC. Red 

arrows shows tip, black arrow shows side wall and white arrow shows socket. 

 

Sensillum Campaniformia (SCa) (Fig 4a) is a shallow dome shaped sensilla surrounded with a discoid collar 

which is oval in shape in parallel to the longitudinal axis of the antenna. It is 6.24-7.90 µm in diameter. SCa is 

distributed on the distal end of the palpal segments including the tip of the first palpal segment. Glandular pores 

(Fig 4b) is small, circular openings mostly present on the shallow cavities formed bordering the markings on the 

antennal surface. It is 0.33-0.55 µm in diameter. They present on all the palpal segments of workers and soldiers. 

Basiconic capitates peg sensilla (Fig 2g; 4a; 5a) are small structures that occur specifically on the segmental 

junctions of all the palp in circular manner. It has a broad protuberant base that gives raise a short finger like peg 

with a blunt tip. All the palpal segments also possess numerous porous structures (Fig 5B) on the scale surface 

which are approximately 0.09-0.36 in diameter. 

 

 
 

Fig 4: (a) White arrow shows sensilla Campaniformia (SCa), Red arrow shows sensilla ampullaceal (SA), black 

arrow shows BCPS (b) Red arrow shows SA. 



International Journal of Entomology Research   www.entomologyjournals.com 

175 

 
 

Fig 5: (a) Arrows show basiconicum capitates peg sensilla (BCPS) (b) Arrows show nanoscale porous structures 

on the surface of palpal segments 

 

Discussion 

In termites, intra and inter specific communications are very complex and depend on their various sensory 

systems for its accomplishment. Most of the earlier studies were focused primarily on the antenna of termites in 

order to understand the function of their sensory systems (Prestage et al., 1963; Tarumingkeng et al., 1976; Deng 

et al., 2006; Ishikawa et al., 2007; Yanagawa et al., 2009; Yanagawa et al., 2010; Huang et al., 2012; Fu et al., 

2020) [18, 19, 20, 21, 22, 23, 24, 25]. Like the antenna of termites, maxillary palp also contains sensory structures on its 

palpal segments and can act as an important sensory organ perceiving a range on external cues. In external 

morphology, maxillary palps of soldiers and workers of H. jepsoni are similar except in their length which is 

slightly more in workers than the soldiers. 

The maxillary palp of soldiers and workers of H. jepsoni were found to possess six different types of sensilla 

viz., SC (SC-I, II, III, IV & V), ST, STC, SCa, GP and BCPS. Numerous tiny pores were also observed on the 

surface of the papal segments. In case of SC, five different subtypes were observed. SC-I & II were very similar 

in morphological features except their profile. Both the sensilla have a terminal pore and longitudinal ridges on 

their wall with a flexible socket. Sensilla with these kinds of features were considered as gustatory sensilla or 

contact chemosenislla (Altner and Prillinger, 1980; Ozaki and Tominaga, 1999) [29, 30]. Earlier studies on the 

antennae of termites were also reported single pore sensilla chaetica with gustatory function (Tarumingkeng et 

al., 1976; Yanagawa et al., 2009; Fu et al., 2020) [19, 22, 25]. On the other hand, SC-III, IV & V found to be non-

porous with longitudinal grooves on the wall and wide flexible socket and sensilla with these kind of features 

were reported as mechanosensory sensilla (McIver, 1975; Yanagawa et al., 2009; Fu et al., 2020) [31, 22, 25]. In 

termite colonies, vibrational cues are important and can provide information of conspecific alarm signals or 

arrival of predators (Kirchner et al., 2010; Oberst et al., 2017) [32, 33], which they perceive with the help 

mechanoreceptors. In H. jepsoni too, SC-I and II may function as gustatory and SC-III, IV and V may function 

as mechanosensory sensilla. The ST on the palpal segments of H. jepsoni, possesses a single terminal pore with 

shallow lines on the side wall. Similar kinds of STs were also observed in C. formosanus antenna (Yanagawa et 

al., 2009) [22]. STC observed in our study has similarity with STC of C. formosanus which was considered as 

olfactory and thermosensitive in function (Fu et al., 2020) [25]. In leaf cutting ant, Atta volenweideri, these kinds 

of sensilla were also reported as thermosensitive and olfactory (Ruchty et al., 2005) [34]. The H. jepsoni is an 

open air coloum procession termite species which exhibit similar foraging behavior like ants. Thus, we supposed 

that both ST and STC may probably function as olfactory and thermosensitive in H. jepsoni. In case of SCa, we 

observed only one type of SCa unlike the three types described by Fu et al., (2020) [25] on the antenna of C. 

formosanus. On the palpal segments, SCa were observed primarily on the distal ends including the tip of the 

terminal segment (segment-V). In termites, SCa were reported previously as proprioceptive mechanosensory 

sensilla (Leonardo and Soares, 1997; Yanagawa et al., 2009; Fu et al., 2020) [35, 22, 25] and in the maxilla of H. 

jepsoni too, we expect that SCa should function as mechanosensory proprioceptor and perceive the cuticlar 

deformations of the palpal segments. GPs found on the palpal segments of H. jepsoni are circular openings and 

similar structures were also reported on other insects such as- the honey bee, Apis mellifica, ant, Atta sexdens, 

mosquito, Culex quinquefasciatus (Lacher, 1964; Kleineidam et al., 2000; Syed and Leal, 2007) [36, 37, 6] and 

considered as CO2 sensitive. In the termite species C. formasanus too, similar structures were observed and 

considered as sensilla ampullacea and proposed to have putative function as CO2 receptor (Fu et al., 2020). Das 

et al., (2021) [38] also observed similar structures on the antenna of the termite species O. parvidens. In case of 

the termite species, H. jepsoni, we consider these small surface pores as GP function of which can be confirmed 

only after details functional studied of these pores. The BCPS observed on the junction of the palpal segments 

are small sensory peg. Similar sensory structures were also reported earlier on the antenna of Reticulitermes 

chinensis (Huang et al., 2012) [24]. Since the BCPS are located only on the junctional areas of the palpal 

segments, thus they may probably function as proprioceptive perceiving the position of the palpal segment of H. 
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jepsoni. The nanoscale pores that observed on the surface of all palpal segments of H. jepsoni were also 

observed by Fu et al., (2020) [25] on the antennal surface of C. formasanus. The function of these nanoscale pores 

is still unknown which can only be confirmed with further detailed SEM and TEM studies on these pores.  

In H. jepsoni, the maxillary palp possesses variety of sensilla with putative function of gustatory, 

mechanosensory, olfactory, proprioceptory and thermosensitive. Mechanosensory (SC-III, IV, V) and 

proprioceptory (SCa and BCPS) were distributed on all the palpal segments, gustatory (SC-I, II) sensilla were 

distributed on segment-V & IV, whereas the olfactory (ST and STC) and thermosensitive (STC) sensilla were 

primarily distributed on the tip portion of the segment-V. Segment wise, segment-V is the most diverse palpal 

segment with the presence of all the five types of sensilla. The 5th palpal segment of S. longipalpa too, was 

reported as the most diverse segment with the presence of all types of sensilla and actively participates in 

foraging (Prakash et al., 1995) [39]. On the other hand, segment-I and II are the least diverse segments with least 

sensilla types, mostly mechanosensory sensilla (SC-IV and V). 

 

Conclusion 

Based on the present study, we found that the maxillay palp of H. jepsoni bears six different types of sensilla 

viz., sensillum chaetica (subtypes- SC-I, II, III, IV and V), sensillum trichodea (ST), sensillum trichodea curvata 

(STC), sensillum campaniformia (SCa), glandular pores (GP), basiconic capitates peg sensilla (BCPS). Tiny 

nano scale pores were also observed on the surface of the palpal segments. These sensillar types with putative 

function as gustatory, mechanosenory, olfactory, thermosensitive and proprioceptory comoplements the sensory 

systems of the primary sensory organs such as antenna of the species H. jepsoni. This study is the first of its kind 

that describes the sensory structures present on the maxillary palp of the termites and this preliminary 

information on the external morphology of maxillary palp sensilla would serve to take up more related studies to 

understand the sensory structures of maxillary palp and their functional role and involvement in different 

behavioral responses of termites. 
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