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Abstract: Colleterial glands are female accessory glands occurring in several insect lineages and 

may display different functions. Within Dictyoptera, they synthesize compounds present in the oo-

theca of cockroaches and mantises. However, their morphology and secretory activity in Isoptera 

have been poorly investigated hitherto. Here, we conducted a morphological and histochemical 

analysis on these structures in different-aged females of Coptotermes gestroi. Thus, colleterial glands 

were isolated from 2-d-old (non-egg-laying) and 80-d-old (egg-laying) queens, and photographed 

for posterior description. Isolated abdomens from alate females (non-egg-laying) and 4-yr-old 

queens (egg-laying) were processed for routine histology, and cross-sections of the colleterial glands 

were measured to compare epithelium height. Xilydine-Ponceau and PAS histochemical tests were 

applied for identification of total proteins and polysaccharides, respectively. Colleterial glands are 

composed of anterior and posterior glands, which are distally ramified but discharge in a common 

basal trunk. The anterior gland was always longer than the posterior one, although the latter struc-

ture was thicker than the former. Histological sections showed colleterial glands poorly developed 

in alate females, while they were well-developed in 4-yr-old queens. The epithelium height of both 

glands increased significantly in egg-laying-queens (P<0.0001, t test). Histochemical analysis 

showed that glycoproteinaceous secretion occurred only in the lumen of the posterior gland in 4-

yr-old queens, while it was absent in the lumen of their anterior gland, as well as in the lumen of 

both glands in alate females. Results suggest a chemical modification in the secretion of the collete-

rial glands during the queen life, especially associated with the oviposition process. 
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1. Introduction 

Colleterial glands, also referred to as female accessory glands, are organs associated 

with the reproductive apparatus of female insects. Although these structures are not om-

nipresent among insect taxa [1], they are always of epidermal origin, corresponding to an 

invagination of the oviduct and/or imaginal discs, and are usually paired organs opening 

next to the spermathecal duct [2]. The function of the colleterial glands vary among in-

sects, but they are generally related to the synthesis and secretion of compounds which 

cover insect eggs or fixate them on the substrate [2]. Nevertheless, other exceptional func-

tions have been observed for some groups such as aculeate Hymenoptera, in which these 

glands synthesize nutritional and/or poisonous contents [3]. 

Dictyopera is a monophyletic clade that includes cockroaches, mantids, and termites 

[4,5]. Within Dictyoptera, the colleterial glands are well-understood among cockroaches 
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and mantids, whose glands are laterally-disposed and secrete compounds which are 

mixed and ultimately result in a hardened casing, the ootheca [6,7]. The ootheca, in turn, 

covers the clustered eggs during the oviposition, preventing their desiccation and/or pre-

dation [8]. In termites, the colleterial glands are not-well-understood and even basic in-

formation is lacking for some families. 

The colleterial glands of termites open via a common basal trunk into the genital 

chamber. Such a trunk is involved by circular and longitudinal muscle layers and bifur-

cates into the anterior and posterior glands, which in turn divide into convoluted tubules 

[9,10]. The anterior colleterial gland seems to be longer and well-developed when com-

pared to the posterior one, especially in functional queens [7,11]. Nevertheless, few mor-

phological comparisons were already conducted among termite families, especially con-

cerning the gland opening and structure of the anterior and posterior glands [7]. Chemical 

aspects of the colleterial glands within Isoptera, as well their likely function, are still un-

clear, given that most termite species lay eggs individually, without any covering [7]. 

Coptotermes gestroi (Rhinotermitidae) is a subterranean termite species of particular 

economic importance, whose current distribution concentrates in the equatorial zone 

[12,13]. Colonies of C. gestroi are generally headed by a single royal pair that establishes 

nests after the swarming flight, and reproductive dynamics is based on the high capacity 

of egg-laying in the referred species [14]. Similar to most termite species, C. gestroi queens 

lay individual eggs, but a comprehensive analysis of the colleterial glands related to the 

age and reproductive dynamics of this species has not been conducted hitherto. Moreover, 

basic information concerning these glands in Rhinotermitidae is lacking. Aiming to con-

tribute to the knowledge of the reproduction in this termite species, we conducted mor-

phological and histochemical analyses of the colleterial glands in different-aged females 

of C. gestroi. 

2. Material and Methods 

2.1. Termites 

Alate females and males of Coptotermes gestroi (Wassman, 1896) were collected 

during swarming flights in the city of Rio Claro, SP, Brazil. The individuals were sepa-

rated by sex and randomly paired in 9 cm Petri dishes containing moistened and de-

cayed Pinus sp. sawdust. Non-egg-laying queens were obtained from the swarming 

flights (alate females) and from 2-d-old colonies after pairing. Egg-laying queens were 

obtained from 80-d- and 4-yr-old colonies maintained under laboratory conditions. 

2.2. General morphology of the colleterial glands 

For these analyses, queens from 2-d- and 80-d-old colonies were selected, corre-

sponding to non- and egg-laying queens, respectively. Five females of each group were 

dissected in physiological saline solution under Zeiss Discovery V8 stereomicroscope 

with the aim of forceps. The colleterial glands were isolated, stained with aqueous Eosin, 

and photographed for posterior description.  

2.3. Histology, Histochemistry, and morphometry of the colleterial glands 

Abdomens of at least three alate females and queens from 4-yr-old colonies (egg-

laying queens) were fixed in FAA (absolute alcohol, glacial acetic acid, 40% formaldehyde, 

in the ratio 3:1:1) or alcoholic Bouin for 24 h. The samples were then dehydrated in an 

ethanol series (70–95%), transferred to a Leica®  historesin solution, and kept in a refriger-

ator for 7 days. After, the material was placed in molds, which were filled with Leica®  

historesin plus catalyzer for polymerization. The abdomens were sectioned with a 3μm 

thickness using a Leica RM 2245 microtome. For morphological description, histological 

sections were stained with hematoxylin-eosin (HE). For detection of polysaccharides/gly-

coproteins and total proteins, sections were stained with PAS and xylidine-Ponceau, re-

spectively. Aiming to evaluate morphometrical changes in the colleterial glands, we 
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randomly selected nine cross-sections of each gland in two different females from each 

group (non- and egg-laying females). The epithelium height was measured using the 

“straight tool” of the software (https://imagej.nih.gov/ij), and posteriorly compared using 

the software R [15]. 

3. Results 

Colleterial glands of C. gestroi females are composed of anterior and posterior glands, 

which are distally ramified but join in a common short basal canal located at the 

9th esternite. Thus, the glands open into the genital chamber via a single trunk, next to the 

spermathecal duct. Both glands are bifurcated, constituted of a tubule set and were easily 

distinguished, since the anterior glands were always longer than the posterior ones, alt-

hough the epithelium of the latter structures was thicker.  

Histological sections of the abdomen evidenced that the colleterial glands are less 

developed and restricted to the 9th esternite in alate females, while these structures are 

well-developed in queens from 4-yr-old colonies (egg-laying queens), extending deeply 

into the abdomen (Figure 1a-b). Moreover, the morphology of anterior and posterior 

glands were similar in the histological sections from alate female abdomens. On the other 

hand, egg-laying queens showed an anterior gland with large lumen, whereas the poste-

rior gland was composed of a narrow lumen, but well-developed epithelium, corroborat-

ing morphological and morphometrical data provided here. The morphometrical evalua-

tion showed that epithelium height of both glands increased in egg-laying-queens from 

4-yr-old colonies (P < 0.0001, t test). 

The secretion present in the lumen of the posterior gland distal tubules was weakly 

stained with xylidine-Ponceau in queens from 4-yr-old colonies (Figure 1d). However, the 

same secretion was strongly stained with PAS (Figure 1f). Although differences in staining 

intensity were observed, histochemical tests suggest the occurrence of glycoproteins in 

the lumen of the posterior gland. The lumen of the distal tubules of the anterior gland, in 

turn, did not react to any histochemical test in both females (Figure 1c-e), similar to that 

of posterior gland in alate females (Figure 1c).  
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Figure 1. Histology and histochemistry of the colleterial glands in different-aged females of C. gestroi. (a) General view of 

the colleterial glands in alate female. (b) General view of the colleterial glands in 4-yr-old queen. Stain: Hematoxylin-eosin. 

(c) Detail of the colleterial glands in alate female, showing the lumen of the anterior gland tubule devoid of protein. (d) 

Detail of the colleterial glands in 4-yr-old queen with secretion weakly stained in the lumen of the posterior gland tu-

bule. Stain: xylidine-Ponceau. (e) Anterior and posterior colleterial glands in alate female. (f) Anterior and posterior col-

leterial glands in 4-yr-old queen with secretion strongly stained in the lumen of the posterior gland. Stain: PAS. acg = an-

terior colleterial gland, cgo = colleterial glands opening, dt = digestive tube, Mt = Malpighian tubule, pcg = posterior col-

leterial gland, s = secretion, sp = spermatheca. 

3. Discussion 

 The general morphology of the colleterial glands from C. gestroi females resembles 

those of Kalotermes flavicollis and Cubitermes fungifaber, in which both glands are distally 

ramified but join basally in a common trunk [10-11]. Nevertheless, our observations differ 

from observations performed on Mastotermes darwiniensis, Zootermopsis nevadensis, and 

Pseudacanthotermes spiniger, in which the anterior gland is paired and well-developed, 

while the posterior one is a reduced structure [7]. Despite the differences between the an-

terior and posterior glands, these structures showed some specific morphological features 

in C. gestroi. For example, regardless the reproductive status of the females, the anterior 

gland was thin and extremely extended, whereas the posterior gland was always thicker 

than the anterior one, exhibiting a well-developed epithelium, which seems to be a nov-

elty for the colleterial glands of termites.  

 Variation in the glandular opening has hitherto been reported for some species. The 

colleterial glands of M. darwiniensis, Z. nevadensis, and P. spiniger show a basal trunk each, 

which opens individually into the genital chamber [7]. According to our observations, the 

colleterial glands of C. gestroi also show a trunk prior to the bifurcation of the gland tu-

bules. However, both glands open in a common basal canal into the genital chamber, at 

the 9th esternite, similar to that described for Tenuirostritermes tenuirostris, C. fungifaber, and 

K. flavicollis [9-11].  

 Our current histological and histochemical results in non- and egg-laying-queens ev-

idenced the development and physiological changes of these glands as the queens started 

the oviposition. The anterior and posterior glands did not show histological differences in 

alate females, similar to the observations described by Soltani-Mazouni and Borde-

reau [11] for pseudergates of K. flavicollis. However, in egg-laying queens from 4-yr-old 

colonies, the glands are easily distinguishable, since the anterior gland shows a large lu-

men while the posterior one is narrowed, filled with reticulate secretion, and surrounded 

by a well-developed epithelium. Such morphological features are in accordance with 

those described for mature neotenic reproductives of K. flavicollis [11]. 

 The occurrence of luminar secretion in the posterior colleterial gland of C. gestroi dif-

fers from previous reports on M. darwiniensis, Z. nevadensis, and P. spiniger [7]. According 

to these authors, the posterior glands were less developed in the referred species and de-

void of secretion in the glandular lumen. Nevertheless, our histochemical tests evidenced 

the occurrence of glycoproteinaceous secretion only in the lumen of the posterior gland in 

egg-laying queens, whereas no positive reaction to the histochemical tests was observed 

in the lumen of both glands in non-egg-laying females. Thus, the current results suggest 

that the glands may secrete different compounds, which seems to be associated with the 

oviposition process. According to Courrent et al. [7], the anterior and posterior glands of 

termites are likely to be homologous to the left and right colleterial glands of cockroaches, 

respectively. In these insects, the morphology and size of the glands vary among species 

based on the egg-laying behavior performed by females and ootheca size [6].  

Secretion from different chemical nature may be synthesized by the colleterial glands 

of insects. In Bombyx mori, for example, the colleterial glands secrete a viscous compound 

containing mainly by water, but also proteins and polysaccharides [16]. In other groups 

such as grasshoppers and crickets [17-18], proteins and lipids are secreted by these struc-

tures. The protective function of the colleterial glands also includes the synthesis of the 
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different compounds which ultimately results in the hardened ootheca of some cock-

roaches [6,19] and on the secretion of antibacterial proteins [20-21]. Beyond their function 

in producing compounds responsible for egg protection and fixation, the colleterial glands 

may serve as transport agent of sugar, ions, monoacids, and nucleotides [22], and secrete 

compounds to lubricate the oviducts during the process of oviposition [23]. Further inves-

tigations are necessary to understand the secretion produced by the colleterial glands 

in C. gestroi females and its role in the reproductive biology of these insects. 

4. Conclusions 

 Colleterial glands in C. gestroi females are composed of a narrow and extended ante-

rior gland and a short and thicker posterior one. Both glands are distally ramified but join 

in a common basal trunk, which opens into the genital chamber. Such morphological fea-

tures resemble those reported for T. tenuirostris, C. fungifaber, and K. flavicollis, but differs 

from those described for M. darwiniensis, Z. nevadensis, and P. spiniger. It suggests that the 

morphology of the colleterial glands vary among and within families. Our morphomet-

rical, histological, and histochemical data indicated developmental and physiological 

changes on the colleterial glands of non-egg-laying queens when comparing to those in 

oviposition, especially concerning the glycoproteinaceous secretion synthesized by the 

posterior gland of egg-laying-queens. Further analyses are encouraged to understand the 

secretory activity of the colleterial glands in C. gestroi females and identify other com-

pounds associated with the colleterial glands and the oviposition dynamics in this species. 
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