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ABSTRACT: The marine water-strider Halobates hayanus is prevalent in tropical and subtropical marine habitats.
Although the ecology and the morphology of this insect are widely accepted, some histological data remain limited.
In this study, we determined new data on the organ histological development for specific performance of H. hayanus,
locally collected with respect to its total length (TL) from Libong Island, Thailand. Our observation revealed that the
TL of this insect could be divided into three groups: (1) Small, 0.1–0.2 cm; (2) Medium, 0.3–0.4 cm; and (3) Large,
0.5–0.6 cm. Histologically, subsequent microscopic development of eyes, Malphigian tubules, midgut, and gonads
of H. hayanus were found in Group (3), 0.5–0.6 cm in TL. Surprisingly, the distinctive structure of pigment cells,
with strong pigment granules and crystalline cones, was also found in the 0.5–0.6 cm group. Clear mature testes
with the presence of sperms were evident in the 0.1–0.2 cm group, and the sampled females from the 0.5–0.6 cm
group had mature ovaries with the presence of the vitellogenic stage. The results obtained from this study expanded
the histological data of H. hayanus from natural environments, contributing to further determination of the insect’s
development stages and physiology.
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INTRODUCTION

Critical parameters in the distribution of body size
influencing community and ecosystem structure in
aquatic invertebrates have been reported [1, 2]. Al-
though it is simple to notice how the body size de-
termination can result in significant organization of
structure and histological features under the growth
performance and the metabolic rate in various inver-
tebrates [2–4], the development process of organs and
cells of insects has been limited. A few detailed obser-
vations showing the body size was associated with the
midgut development and the process of symbiont col-
onization in the brown-winged green stinkbug Plautia
stali (Hemiptera: Pentatomidae) [5], and for the larvae
and adults of the green lacewing Chrysoperla externa
(Neuroptera, Chrysopidae) [6]. The larval midgut of
C. externa appeared as an enlarged sac-like organ and
a diverticulum connected with large tracheal trunks in
adults.

The marine water-strider Halobates hayanus, be-
longing to the family Gerridae of the order Hemiptera,
is an abundant species commonly found in coastal
habitats of Thailand as well as other tropical and

subtropical marine habitats [7]. H. hayanus disperses
and colonizes effectively, with passive migration aided
by ocean currents and wind allowing it to inhabit a
significantly broad geographical range [7–9]. Data
from oceanic H. hayanus have been published in great
taxonomy, phylogenetic systematics, ecology, and zoo-
geography [10, 11] throughout the metal and lipid
composition [11]. While the histological structures
of various insects, including their integumentary, ner-
vous, digestive, excretory, and reproductive systems,
have been extensively described [12–15], the basic
histology of H. hayanus has also been comprehen-
sively documented [9]. However, the development
of its organs remains largely unexplored. Therefore,
the objective of this research was to use histological
methods to characterize the organ development of
H. hayanus during its complete length distribution as
a novel insight into academic data to support future
observations.

MATERIALS AND METHODS

Thirty active samples of H. hayanus were collected
from the shallow coastal waters at the Dugong Tourism
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by Drones site (7°13′20.6′′N 99°24′08.3′′E, Libong
Island, Thailand. The samples were austerely col-
lected following the recommendations of the Animal
Care and Use Committee of Rajamangala University
of Technology Srivijaya (Protocol Review No. IAC 13-
03-64). The H. hayanus individuals were euthanized
by rapid cooling shock [16]. The total length (TL)
from the head to the tip of abdomen of all samples
was measured using a digital vernier caliper (Series:
500–150–30, Mitutoyo, Japan). Then, the specimens
were immediately fixed with Davidson’s fixative for
24 h at ambient temperature. Their whole bodies
were prepared for histological evaluation following
the method of Kongthong et al [17]. The paraffin
blocks were sectioned at 4 µm thickness in both frontal
and longitudinal plans with a rotary microtome and,
then, specially stained with PAS (Periodic Acid Schiff)
staining protocol to observe the structural organiza-
tions including eye, midgut, malphigian tubule, and
gonads. All histological slides were visualized and
scanned with PANNORAMIC Digital Slide Scanners
(3DHISTECH Ltd., Budapest, Hungary).

For morphometric and statistical observations, all
investigations including cornea lens lengths (µm),
crystalline cone lengths (µm), retinula cell lengths
(µm), and midgut epithelium thickness (µm) in the
female samples were completed using 30 replicates.
Using ImageJ software and with slight modifications
of the method described by Reinstein et al [18], we
captured digital images at 100x magnification and took
measurements at 10 points per field of view (FOV).
GraphPad Prism Software Inc. (San Diego, CA, USA)
was employed to perform statistical analysis on the raw
data to determine significant differences in the results.
Multiple comparisons through groups, were performed
using a one-way analysis of variance (ANOVA) with
Tukey-Kramer post hoc. All results were expressed as
mean±SEM and were considered significant at p ⩽
0.05.

RESULTS AND DISCUSSION

Overall histology

The H. hayanus samples were categorized into three
groups based on total length (TL, from head to tip
of abdomen): small, S (0.1–0.2 cm, n = 5 female);
medium, M (0.3–0.4 cm, n = 5 female); and large, L
(0.5–0.6 cm, n = 7 male and n = 13 female). Fig. 1
shows that all groups shared histological characteris-
tics. As noted in H. hayanus [9], the examined or-
gans included the integument, muscle, frontal ganglia,
subesophageal ganglion, eye, midgut, hindgut, and
gonads (ovary and testis).

Eye development

The frontal sections of the paired compound eyes of the
apposition (photopic) type of H. hayanus in all groups
displayed comparable patterns (Fig. 2). Several om-

Fig. 1 Overall histological observation in the frontal plans
in H. hayanus female and male of different total lengths. A,
0.1–0.2 cm female; B, 0.3–0.4 cm female; C, 0.5–0.6 cm fe-
male; D, 0.5–0.6 cm male. Abbreviation: Ig, integument; Ms,
muscle; Fg, frontal ganglion; Sg, subesorphageal ganglion;
Ey, eye; Mg, midgut; Hg, hindgut; Ov, ovary; and Ts, testis.

matidia from the 0.1–0.2 cm TL group showed closely
packed hexagonal facets, with each ommatidium hav-
ing a regular and elongated shape (Fig. 2A). Each
ommatidium was divided into two distinct zones, outer
and inner, and possessed a transparent bi-convex lens
with a slight pinkness in the cytoplasm of the eye in the
outer zone (Fig. 2B). Multiple cell types were detected
in the inner zone, including crystalline cone, primary
pigment cell with few pigment granules, and photore-
ceptor cell (or retinular cell) (Fig. 2C), which were
also found from the 0.3–0.4 cm TL group (Fig. 2C,D).
Meanwhile, well-developed crystalline cones and pri-
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Table 1 Morphometric parameters (corneal lens length, crystalline cone length, retinula cell length, muscle area, and
epithelium thickness) of female H. hayanus at different body sizes.

Size of female

Parameter n= 5 n= 5 n= 7

0.1–0.2 cm 0.3–0.4 cm 0.5–0.6 cm

Cornea lens lengths (µm) 6.17±0.18a 10.67±0.30b 19.91±0.23c

Crystalline cone lengths (µm) 27.88±0.89a 28.43±0.40a 39.36±0.73b

Retinula cell lengths (µm) 101.15±3.49a 111.42±3.18b 122.02±1.58c

Midgut epithelium thickness (µm) 8.63±0.09c 8.19±0.10b 5.61±0.06a

Data are expressed as mean±SEM. Different letters (a, b, c) indicate significant differences (p < 0.05) between groups
based on post-hoc tests following one-way ANOVA.

mary pigment cells with noticeable brown-pigment
granules were discovered from the 0.5–0.6 cm TL
group and within the ommatidium (Fig. 2E,F). How-
ever, the TL of the insect was positively correlated to
several parameters (p ⩽ 0.05), as shown in Table 1,
namely cornea lens lengths, crystalline cone lengths,
retinula cell lengths, and muscle areas. These results
were consistent with previous reports from many insect
groups such as butterflies, bees, ants, and beetles, etc.
Retinula cells create all insect visual pigments and
stored them in the rhabdoms (Rhabmomeres) of the
compound eyes and the ocelli (simple eyes), and the
rhabdoms are linked to the optic lobe of protecere-
brum, with a key role for absorbing color and ultra-
violet (UV) light. It demonstrated that H. hayanus had
an extensive field of eye function. Additionally, size
and arrangement of ommatidia in the compound eyes
could be influenced by body size, as reported by a prior
review [19–23]. Common pigments containing photo-
stable pigment granules, which include ommochromes
and pteridines [24, 25], might block an off-axis light,
a prerequisite to separate visual inputs of neighbor-
ing photoreceptors [26]. Furthermore, insect muscle
tissue was positively correlated with metamorphosis,
with most larval muscles histolyzed during metamor-
phosis and replaced by adult muscles generated from
adult muscle founder cells [27, 28]. The finding could
be used to support physiological observations of insect
eyes and muscles in future investigations.

Malphigian tubule development

The arrangement patterns of malphigian tubules (MTs)
in all groups were identical (Fig. 3A,B), but the cell size
with the prominent apical surface was a driving obser-
vation (Fig. 3B). MTs were lined with simple cuboidal
epithelial cells that could be spotted at the midgut
, similar to those found in the other marine water-
strider, Asclepios annandalei [29]. Tubule size were
98.3±0.5 µm, 112.4±0.76 µm, and 125±0.67 µm
in the S, M and L groups, respectively. It was sug-
gested that the increase of the tubule size was due to
the increased functions of the main excretory organs,
including mucopolysaccharides and protein syntheses,
dietary waste, and a range of nitrogenous materi-

als [30]. Furthermore, it was hypothesized that the
physiological requirement of insects might boost the
excretory load of MTs because insects grow through
consecutive larval instars. As a result, insect MTs
evolve in a couple of ways, such as enlargement by
cell proliferation of a few tubules (formed early in
embryogenesis) or the formation of additional tubules
in accordance with the instar number. Consequently,
adult insects have more tubules than those at juvenile
stages. If there are more than 200 tubules; however,
the tubules are alternatively small [31]. It has been
proposed that MTs can be employed for assessing
biomarkers, detoxification, and innate immunity, as
well as models for human kidney diseases [32]. As a
result, it could be useful for multiple purposes in insect
physiology as well as therapeutic treatment in other
vertebrates.

Midgut epithelium development

Several cell types in the midgut epithelium were de-
scribed and grouped into three cell types (types I, II,
and III), which were the first observation in H. hayanus
(Fig. 3C–E). Type I cells possessed cuboidal cells,
and their cytoplasm was characteristically spongy-like
due to the abundance of unstained vacuoles (Fig. 3C).
The type II cells were similarly found as the previ-
ous cell type, but the rare unstained vacuoles were
also visible (Fig. 3C,D). The rare type III cells had
a triangular shape and an oval nucleus close to the
cell base (Fig. 3C). These findings were in accordance
with those previously reported [33, 34]. We suggested
that type I and type II cells might be secretory cells
containing secretory granules. The midgut epithelium
of H. hayanus may be involved in producing digestive
enzymes that play important roles in digestion, absorp-
tion, secretion, and cell regeneration [35]. The apical
surface, positively stained with PAS (Fig. 3D,E), was
rarely observed in the L group (Fig. 3E), whose epithe-
lial layer was well-lined with a peritrophic membrane.
In addition, the thickness of the midgut epithelium
decreased and was substantially thinner in the adult
stage (p ⩽ 0.05), as demonstrated in Table 1. In
this case, midgut epithelium might degenerate before
each molting till adulthood [36]. The degeneration

www.scienceasia.org

http://www.scienceasia.org/
www.scienceasia.org


4 ScienceAsia 51 (1): 2025: ID 2025002

Fig. 2 Light microscope observation of eye structure in
H. hayanus of different total lengths. A–B, 0.1–0.2 cm;
C–D, 0.3–0.4 cm; and E–F, 0.5–0.6 cm. Elongated shape of
ommatidia is covered the Len (L) and each contained the
crystalline cone (CC), primary pigment cell (arrows) with the
brown-pigment granules (asterisks) and retinula cells (Rc).
The brown-pigment granules (arrows)

referred to as apoptosis, autophagy, or necrosis, and
it was vital to maintain homeostasis by disintegrat-
ing the organelles using vacuoles and/or lysosomes
found in both vertebrates and invertebrates [37, 38].
Autophagy has been observed in the midgut epithe-
lium of the house cricket (Acheta domesticus), where
phagophores encase cytoplasm and organelles like mi-
tochondria, forming autophagosomes that gradually
degrade these components. Similarly, in marine in-
sects, the stomodeal valve at the esophagus’s end in
the metathorax separates the foregut from the midgut.
This valve, formed by the invagination of the esopha-

Fig. 3 Light microscope observation of malphigian tubule
(A–B) and midgut (C–E) in H. hayanus of different total
lengths: A, 0.1–0.2 cm; B–D, 0.3–0.4 cm; and B,E, 0.5–0.6
cm. In A, a small size of Malpighian tubules (asterisk)
was found, when compared with the large size (asterisk).
Midgut epithelium is composed of three cell types (type 1, 2,
and 3) each with different features. Abbreviations: As, apical
surface; **, foamy accumulation; Large arrows, peritoneal
membrane; and small arrow, artifacts.

gus, is associated with Cuénot cells, which may rupture
due to pollutants or environmental changes. In salt
marsh chironomids (Chironomidae), such cell rupture
often indicates physiological stress or damage from
environmental contamination [39].

Gonadal development

Senarat et al [9] reported paired testes in H. hayanus,
which are also observed in other gerrids like Gerris
lacustris [40]. In the S group, the testicular folli-
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Fig. 4 Light microscope observation of male and female
gonad development in H. hayanus of different total lengths:
A–C, 0.1–0.2 cm; D, 0.3–0.4 cm; and E–F, 0.5–0.6 cm. Ab-
breviations: Ep, epithelial layer; H, head; Pc, previtellogenic
stage; Sg, spermatogonia;, Sc, spermatocyte; St, spermatids;
Sz, spermatozoa; Vc, vitellogenic stage; arrows, follicle cell.

cle contained the spermatogonia, spermatocytes, and
spermatids (Fig. 4A). The spermatid showed an oval
shape, basophilic nucleus, and slightly basophilic cyto-
plasm (Fig. 4B). Interestingly, the development of tail
formation at this stage was noted in Fig. 4B and the
development of rare spermatozoa in Fig. 4C. The pre-
vitellogenic stage close to the nurse cell was identified
in the M group (Fig. 4D). When compared with the
L group, the sampled species showed the vitellogenic
stage with the prominent yolk granules (Fig. 4E) and
the observed spermatozoa with association to the ep-
ithelial layer (Fig. 4F).

This study also showed that the development of
male spermatozoa began at 0.1–0.2 cm TL, whereas
female entered the vitellogenic stage when the TL
reaching 0.5–0.6 cm, indicating that the males of
H. hayanus matured more rapidly than the females.

CONCLUSION

Organ development in H. hayanus from Libong Is-
land showing well-developed structures started in the

0.5–0.6 cm TL group. It is noted that the males, with
their visible spermatozoa, exhibited faster develop-
ment than the females, whose reproductive structures
were less developed at the same stage. These findings
are significant for understanding the development and
the physiology of H. hayanus.
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