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The compound eye of the fungus beetle Scaphidium japonum Reitter was investigated using both light 
and electron microscopy techniques. The external appearance of the eye is found to be oval in shape and 
compromising 1400-1500 ommatidia. Each ommatida has dioptric apparatus and a layer of retinula cells. 
Dioptric apparatus include the cornea, corneal processes, and a crystalline cone. The retinula cells form 
the photoreceptor organ which is known as the rhabdom. The rhabdom is long, and wide at the distal 
region, which then becomes narrow at the most proximal region. Banded arrangement is observed in the 
rhabdom. The microvilli are parallel to each other in a rhabdomere.  Seven retinular cells reach upto the 
cone level to form the fused rhabdom. The eighth retinular cell joins to the rhabdom at the proximal 
region of the ommatidia. Only one retinula cell nucleus appears at the most proximal regions of the 
ommatidia while the rest appear at the distal one third of the ommatidia.  The eye ultrastructure of the 
Scaphidiidae depicts the adaptation towards a fungus habitat. 
Keyword: Compound Eye, Vision, Closed Rhabdom, Banded Arrangement, Staphylinidae, Scaphidiidae, Fungus 
Beetles. 
 
1. Introduction  
Scaphidiidae, a subfamily of rove beetles 
(Staphylinidae), which while seldom observed 
[22], are abundant inhabitants of many forest floor 
ecosystems. Most species are associated with a 
variety of decomposing materials, classifying 
them as mycophagus (feeding on fungi) and 
myxomycophagus (feeding on slime moulds)[23]. 
Scaphidiidae is a member of the Staphylinidae of 
oxyteline group [21] . Like most members of the 
Oxyteline group, Scaphidiidae are box-like and 
highly convex, with the elytra covering the 
abdomen. However they are lacking of flexible 
staphylinoid body form, which is present in most 
members of the Oxyteline group, and the majority 
of Staphylinidae. Because of this variation, the 
Scaphidiidae were regarded as a separate family 

for many years. Based on larval characters, 
Kasule first recognized the Scaphidiidae as a 
subfamily of Staphylinidae [16,41]. More recent 
studies regarding the larval structures, male 
genitalia and other characters recommended 
Scaphidiidae to be within the Staphylinidae [40].  
Eye ultrastructure plays an important role in 
determining the essential and familial characters 
[36,37] that has been neglected for many years for 
Scaphididae. The current study deals with the eye 
ultrastructure of a member of this subfamily  
Scaphidium japonum. The genus Scaphidium is 
plesiomorphic for Scaphidiidae and is associated 
with saprophagy and general mycophagy [42]. The 
present study of the eye will not only help the 
phylogenetist but the functional anatomist will 
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also get an idea about the mycophagus adaptation 
of Scaphidiidae. 
 

 
Fig. 1. General appearance of the compound eye of S. 
japonum. A. Scanning electron micrograph of the whole 
eye showing a low relief of facets that are not aligned in 
well defined rows. B. Scanning electron micrograph of 
facets in the central region of the eye showing more or less 
hexagonal shape. Interommatidial hairs (ioh) are found 
randomly between facets which are indicated by the arrow. 
C. Scanning electron micrograph of an ommatidium 
showing the inter ommatidial hair (ioh) and rough cornea. 
D. Light micrograph of the whole eye showing retinal 
structures between the distal cornea (co) and the proximal 
basement membrane (bm).  
 
2. Methods 
Scaphidium japonum Reitter (1877), a shiny 
black with orange pattern beetle of 5-7 mm long 
species were obtained from Japan. All of the 
specimens studied were light adapted. The heads 
were fixed in a mixture of 2% paraformaldehyde 
and 2.5% glutaraldehyde, in 0.1M cacodylate 
buffer (pH 7.4) for one day, and postfixed in 2% 
OsO4 solution in 0.1M cacodylate buffer (pH 7.4) 
for one hour. After the fixation was completed, 
the samples were rinsed three times in the same 
buffer and twice in distilled water. The eyes were 
passed through a graded series of ethanol 
followed by acetone/Epon mixture for one day. 
The specimens were finally embedded in Epon-

812 resin and hardened at 60 0C for three days. 
For light microscopy experiments, semithin 
sections were cut with a glass knife on an 
Ultramicrotome (RMC) and stained with a 0.5% 
aqueous solution of toluidine blue on a hotplate. 
Ultrathin sections were prepared either with a 
glass or diamond knife and picked up with an 
uncoated copper grid. The ultrathin sections were 
stained with Reynold’s lead citrate for twenty 
minutes and 2% aqueous uranyl acetate for 
fifteen minutes and finally observed under a Zeiss 
EM 10 transmission electron microscope (TEM), 
operated at 60KV. 
For observation by scanning electron microscopy 
(SEM), the eyes were dehydrated in a graded 
series of acetone, coated with gold by sputter 
coater (EMI Tech, K550X) and observed under a 
JSM-5900 scanning electron microscope (Jeol), 
operated at 20 KV. 
 
3. Results 
3.1 General Organization 
The compound eye is present on the dorsal side 
of the head and widely separated, kidney shaped, 
(Fig, 1A) with a diameter of approximately 750 
µm. Each eye has about 1400-1500 
ommatidia/facets. Ommatidia are typically 
hexagonal in shape (Fig, 1B) and measures about 
20-30 µm throughout the eye. The surface of the 
cornea appears to be rough at higher 
magnification images (Fig. 1C). Interommatidial 
hairs are present over the eye and the shape is 
similar to other Staphylinidae (Meyer-Rochow, 
1972).   Dorso-ventral variation is not observed 
for S. japonum (Fig. 1D). Length and diameter of 
an ommatidium near the center of the eye are ca. 
390 µm and 25µm respectively.  Each 
ommatidium posses a corneal lens, an eucone 
assembly of four cone cells surrounded by two 
primary pigment cells, eight retinula (i.e. 
photosensitive) cells, and six secondary pigment 
cells (Fig. 2). The retinula cells reunite to form 
the axon and exit through holes in the basement 
membrane.  
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Fig. 2. Fine structures of the retina in S. japonum. 
Schematic drawing of an ommatidium (centre) with 
photographs of transverse (A-G) and longitudinal (H,I) 
sections at representative levels. The dioptric apparatus of 
the ommatidium consists of the prominent corneal facet (C) 
crystalline cone (CC) (A-D). The crystalline cone is 
surrounded by two primary pigment cells (PPC) and twelve 
secondary pigment cells (SPC). Eight retinular cells (RC) 
build up the fused rhabdom (Rh). Four crystalline cone 
extensions (CCE) reach from the crystalline cone to the 
proximal retina. At the proximal level CCE reunite to form 
crystalline cone extension processes (CCEP) which 
surround the proximal rhabdom before the retinula cells 
pass the basement membrane (BM) in the form of an axon. 
 
3.2 Dioptric and other supporting structures 
3.2.1Cornea 
The diameter of a cornea varies between 20 and 
30 µm. The outer radius of curvature of the 
cornea is almost equal to the radius of curvature 
of the eye while the inner radius of curvature 
varies from 19-24µm. Corneal thickness varies 
from 60 to 70 µm. The cornea appears laminated 
(Fig.2a and 3A) due to the well-documented 
orientation of cucticular micelles [3]. In the 
longitudinal sections, the lamination between 
parabolas (Fig. 3A) varies ca. 8 µm at the distal 
region and 2 µm at the proximal region. In 
transverse sections, the laminations form a spiral 

with progressively tighter spacing towards the 
outer side (Fig. 2A). Laminations are also found 
in the interommatidial space of the cornea with a 
distance measure in the range of 3-4µm (Fig. 
3A). The dark staining material of the 
interommatidial space as found in N. leiwisi [34] is 
absent for this fungus beetle.    
 
3.2.2 Cone cells 
The cone cells contain crystalline materials with 
eucone characteristics [10], which can be divided 
into: (a) a strongly widened distal part, (b) a 
median zone of insertion of the distal cone cell 
processes and (c) a proximal region. The cone is 
in physical contact with the corneal cuticle and 
thus, shows obvious cytoplasmic difference from 
the cornea (Fig. 3A). The length of the cone 
measures from 42-45 µm. From cross-sectional 
view, the cone is made up of four cone cells and 
is not circular in cross section (Fig. 3B).  The 
cone cell has a diameter of 10 µm distally and 8 
µm proximally (Fig. 3C). The crystalline material 
appears at the proximal level and are recognised 
as -glycogen [43], with the conclusion that the 
cone glycogen is non-metabolic with only an 
optical function, contributing to the refractive 
index.  
The cone cells are enclosed by two primary 
pigment cells. At the most distal region, primary 
pigment cell do not contain pigment granules 
(Fig.3A and B), however, pigments appear at the 
proximal level (Fig.3D). The nuclei of the 
primary pigment cell appear at the level of 
pigment granule.  The size of the pigment 
granules varies from 0.5 to 1.2 µm. Surrounding 
the primary pigments, twelve units of secondary 
pigment cells are found (Fig. 3C).   Structurally, 
the secondary pigment is smaller than the primary 
pigments and their size varies between 0.31 and 
0.75 µm. But, under an electron microscope, both 
primary and secondary pigments look equally 
electron dense. 
 
3.2.3 Retinula cells and Rhabdom 
The rhabdom stretches from the proximal tip of 
the crystalline cone to basement membrane. 
Rhabdom is surrounded by the cytoplasm of the 
retinula cell bodies and the four cone cell 
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processes. The positions of the four cone cell 
extensions among the retinula cells do not vary as 
in Panulirus longiceps eye [30].  
Distally the group of seven retinula cells 
measures ca.17 µm in diameter. All the seven 
cells contribute their rhabdomeres for the 
formation of fused rhabdom column that 
measures about 155-175 µm in length. The 
overall shape of the rhabdom appears more or 
less circular in the transverse section. The distal 
rhabdom measures around 2.5 µm in diameter. 
The rhabdom is surrounded by a less electron 
dense cytoplasm in the retinula cell, which 
measures ca. 0.95 µm (Fig.4A). This less electron 
dense structure is present throughout the length of 
the rhabdom. In the distal rhabdom,  the 
microvilli are arranged in two directions. 
Microvilli of each rhabdomere are parallel to 
each other within the rhabdomere and 
perpendicular to the adjacent rhabdomere (Fig. 
4B). The longest microvilli measures 0.8 µm and 
have a diameter of 60nm.   
The eighth retinula cell contributes its 
rhabdomere at the proximal part of the retina near 
the basement membrane (Figs. 4C, D). The 
diameter of the retinula cell and rhabdom 
measures ca. 10.5 µm and 2.5 µm respectively. In 
an oblique section, rhabdom shows banded 
arrangement of microvilli (Fig. 5A). Both 
horizontal and vertical bands have an average 
thickness of 0.8 µm. Although banded 
arrangement can be identifiable under light 
microscope due to the small microvilli and small 
alternate banded arrangement, it is not 
identifiable in the case of S. japonum.  The nuclei 
of the seven retinula cells found within the distal 
half of the ommatidium.  However, the eighth 
(basal) retinular cell and it's nucleus appear at the 
proximal one third of the ommatidium (Fig. 4C).  
Just above the basement membrane, the 
extensions of the four cone cells reunite (Fig.5B). 
At this level some trachea and numerous amounts 
of other cell organelles are found (Fig.5C). 
Retinular cells are arranged in the form of axon 
and penetrate the basement membrane (Fig.5D). 
The axon contains mitochondria of 0.3-0.7 µm, 
apart from usual microtubules.  
 

 

 
 
Fig. 3. Transmission electron micrographs through the 
dioptric apparatus of the eye in S. japonum. A. Longitudinal 
section of an ommatidium showing the cornea (co) and 
cone (cn). The cornea shows the lamellar arrangement 
which differs in the interommatidial region. The cone is 
surrounded by primary pigment cells (PPC).Between two 
ommatidia secondary pigments are found. B. Transverse 
section through the distal region of the cone showing 
irregular contribution of the cone cells surrounded by 
primary pigment cells (PPC) and secondary pigment cells 
(SPCs). The primary pigment cells are less electron dense 
and lack pigment.  C.  Transverse section through the 
proximal region of the cone showing crystalline material. 
Nuclei of the secondary pigment cells appear at this level. 
D. Transverse section of the cone at the level of retinular 
cell. Pigment granules appear in the primary pigment cells 
at the level of nuclei (n). Attachment to the retinular cell 
(indicated by arrow) can be seen at this level. 
 
4. Discussion 
The eye of S. japonum is a eucone and, 
apposition type with closed rhabdom. Closed 
rhabdom has been reported among various beetle 
families [6]. Structurally the rhabdom is 
cylindrical and contains photosensitive microvilli 
with banded arrangement. The banded 
arrangement is found in most of the family 
members of Staphylinoidea [6]. The present study, 
however, provides a description of the compound 
eye of a member of a subfamily, the 
Scaphidiidae, not presented in the earlier studies.  
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Fig. 4: Transmission electron micrographs through retinula 
cells and rhabdom in S. japonum. A. Transverse section 
through the distal region of the rhabdom. Rhabdom is 
surrounded by a less electron dense structure like palisade 
(pa). Numerous mitochondria, endoplasmic reticulum, and 
pigment granules found in the cytoplasm of the retinula 
cell. Retinula cell nuclei (n) are kidney shaped and can be 
seen at this level. B. Higher magnification of the distal 
rhabdom showing the arrangement of the microvilli. Four 
cone cell attachments (indicated by arrow) can be seen. The 
retinula cell is attached by means of adherent junctions.  C. 
Transverse section through the proximal region of the 
retinula cells showing eight retinular cells. The nuclei (n) of 
the eighth retinula cell can be seen. The nucleus is more 
circular. D. Higher magnification of the proximal rhabdom 
showing the arrangement of the microvilli, cone, and 
retinular cell attachment by means of adherent junctions. 
 
 
4.1 Dioptric apparatus and supporting 
structures 
As in other insect species, the cornea is an array 
of colorless and transparent facets, with 
hexagonal shape. S. japonum does not show any 
facet  irregularities, besides eariler report in other 
Staphylinidae [31].  The cornea is laminated due to 
the alternative arrangement of chitin and protein 
[9]. However, it is known that insect cuticle is 
relatively homogenous, being composed of 
oriented chitin microfibrils embedded in a protein 
matrix [39]. When this arrangement is warped into 

helicoids, as in the cornea, the 180o repeat pattern 
of the microfibrils in the helicoids appears as one 
lamella [38].   
The cornea is thick, which can be explained with 
multiple explanations. If the resolving power is 
poor, details concerning its behavior in the 
environment cannot be discerned and the insect 
may crash into obstacles. Under such conditions, 
a thicker cornea provides greater protection than 
a thin one. A thicker cornea can also attenuate the 
intensity of the light reaching the receptive 
elements inside the eye and, thus less probability 
for the visual membranes to damage. However, in 
S. japonum, the surface of the eye is strongly 
curved; making it less likely that one part of the 
eye experiences a prolonged exposure to sunlight.  
The ultrastructural arrangement of the interfacetal 
region of the cornea is quite different from the 
fungus beetle N. lewisi [34]. The lamellar 
arrangement, present in the interfacetal region of 
S. japonum helps in filtering out off-axis and 
stray light.  Numerous minor irregularities are 
found on the cornea. Although they are not as 
efficient as corneal nipple, this may help to 
decrease reflections from the cornea, effectively 
camouflaging the animal. The small corneal 
processes further act as an impedance converter, 
by reducing the amount of reflection from the 
corneal surface and increasing the transmission of 
light through the cornea [2].  
Hair like structure, projecting from some corners 
between the facets, termed ommatrichia [50] are 
observed for this beetle. They are often useful 
taxonomic features for the identification of 
species [25,7]. The size of the interommatidial hair 
is found to be similar as reported in other 
Staphylinidae [31]. Although they are commonly 
known for mechanosensory function, there is 
evidence for protection from strong light by 
forming shadow [18].   Due to the small size of 
interommatidial hair the protection from strong 
light is customarily ruled out for S. japonum.  
S. japonum has eucone type of crystalline cone; a 
feature shared by some of the Staphylinoidea 
members [6].  In Staphylinoidea, the eucone type 
of crystalline cone is associated with the 
primitive families. The crystalline cone is of 
much lower protein content (based on histological 
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staining properties) and irregular in shape. The 
distal level of the cone is smaller than the 
proximal cornea. The smaller cone size indicates 
that the light focused by the cornea is not fully 
absorbed. 
 
 

 
 
Fig. 5. Transmission electron micrographs through the 
rhabdom of S. japonum. A. Oblique section of the rhabdom 
showing the banded arrangement. B. Proximal region of the 
rhabdom showing the various organelles and the point 
rhabdom. C. Just above the basement membrane the cone 
cells (cn) reunite and form a cap like structure to the 
rhabdom. Some tracheoles (tr) found at the level of the 
basement membrane (bm) D. Transverse section through 
axon bundles. Axon contains mitochondria (mt) and 
neurotubule.  
 
4.2 Primary pigment cell 
Two primary pigment cells surround the cone 
cell. Primary pigment cells are involved in 
secreting the cornea and contain large pigment 
granules, often participate in adaptational 
phenomena. In S. japonum, the distal most areas 
are pigment free; however, pigments appear at the 
proximal most regions. A similar type of primary 
pigment is also reported in Neuroptera [1] and 
Blattodea. Absence of the pigment granule at the 
distal region of S. japonum may allow the beetle 
to collect more amount of light.  The primary 
pigment granules are larger than other pigment 

granules, and remain stationary or move slower 
than the other smaller granules [26,17]. 
 
4.3 Photoreceptive elements 
Closed rhabdom is observed in S. japonum. A 
rather similar type of rhabdom is reported earlier 
from Staphylinidae family [31,6]. After the cone 
level, the rhabdom is circular in cross section. 
The arrangement of the microvilli of the distal 
rhabdom is as found in honey bee [43] and the 
distal rhabdom of cockroach [4, 33]. According to 
the theoretical calculation by Snyder [47], such 
arrangement of rhabdomere allows a better fit 
between polarization sensitivity and dichroic ratio 
than others.  
In S. Japonum, all microvilli (within a 
rhabdomere) are parallel so that each rhabdomere 
is sensitive to the plane of incident polarization 
light [47]. The microvilli are of 60 nm in size as 
reported for P. ramburi [28]. According to 
Laughlin et al., [20] a narrow microvillus facilitate 
e-vector detection [15]. Moreover, cells with 
parallel microvilli of small diameters not only 
seem to display the highest polarization 
sensitivity but also are most sensitive to UV part 
of the spectrum. The microvilli are arranged in 
more than one direction. According to Shaw [44], a 
unit length of rhabdom is more efficient as a light 
capturer if it contains microvilli orientated in 
more than one direction. It seems that, as in the 
case of acuity and sensitivity, polarization and 
high absolute sensitivity are incompatible.   
 Banded arrangement of rhabdom is present in S. 
japonum. Although banded arrangement is a 
unique phenomena in decapod crustaceans [52, 29, 

32] it is still reported in some other insect orders 
like thysanura, coleoptera, lepidoptera [29] and is 
well suited to analyze polarized light [47]. Banded 
arrangement helps in enhancing the contrast and 
helps in E-vector discrimination, which is 
involved in orientation task [51]. Surrounding the 
entire length of the rhabdom, a less electron 
dense structure is found which can be compared 
with palisade (Palisades are known to improve 
the light guiding properties of the rhabdoms) [14]. 
Presence of palisade does not allow the pigment 
granule to reach the rhabdom and thus, increases 
the sensitivity at the cost of resolution. As fungus 
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beetles are living inside bark (in a less lighted 
area), presence of palisade-like structure probably 
helps the beetle to capture more amount of light.     
 
4.4 Functional considerations 
A growing body of evidence suggests that a fused 
rhabdom is, in general, formed by rhabdomeres 
with different spectral absorption characteristics. 
Examples include the worker bee [12, 11], the 
cockroach Periplaneta [5, 35] the ant Formica 
polyctena [26] the butterfly Deilephila [13] and the 
crayfish Procambus [8]. One of the advantages of 
such a functional unit is the potential for fine gain 
in colour vision, i.e., for discrimination in a small 
field of view [47]. Since all the retinula cells and 
their associated rhabdomers are jointed together 
in a cylindrical structure, the possibility of 
interaction between the components of the fused 
rhabdom is enhanced [45].  
The rhabdom is long and, wide at the distal end, 
and becomes very narrow at the most proximal 
end. The wide distal rhabdom presumably helps 
in matching the angular diameter of the rhabdom 
with the inter ommatidial angle to provide the 
best compromise between spatial acuity and 
photon capture [46]. Long rhabdom allows the 
receptor to collect more light [14, 19], whereas wide 
distal rhabdom allows more light to be trapped 
within it [49] and thus, corresponds for higher 
sensitivity. On the other hand, narrow rhabdom at 
the proximal end fails to act as “perfect point 
detector” and allows the light to form interference 
patterns within narrow light-guiding structures as 
these patterns are known as wave guide modes 
[48].  
 
4.5 Adaptational Conclusions 
Visual task of the compound eye depends on the 
life style of insects. The ultrastructure of the eye 
of fungus beetle Erotylidae (N. lewisi) has been 
studied [32]. The comparison of the ultrastructure 
of S. Japonum and N. lewisi will give an idea 
towards the adaptation of mycophagy. Like N. 
lewisi, one part of the eye in S. japonum is more 
curved than the other, which does not allow the 
beetle to be a good flier. In both species the 
cornea is thick, which is probably to provide 
better protection to the eye. Both the beetles seem 

to be adaptive towards polarized light. In N. 
lewisi, the polarization is due to parallel 
arrangement of the microvilli in an open rhabdom   
[32] whereas, in S. japonum, the polarization 
sensitivity is achieved due to the banded 
arrangement. Numerous corneal irregularities and 
eucone type of cone makes S. japonum a better 
light absorber than N. lewisi. Interommatidial 
hairs are found in both the fungus beetles. 
Although both beetles found in the similar 
habitat, eye ultrastructure still reflects more 
familial characters.   
 
4.6 Phylogenetic Conclusions 
The subfamily Scaphidiidae contains 
approximately 1300 described species worldwide 
[24] and is unequivocally monophyletic [23], 
although its direct sister relationships are 
uncertain within the Oxyteline Group. Leschen 
and Löbl [23] studied the phylogenetic 
relationships among the Scaphidiidae tribes, and 
the genera contained in Cypariini, Scaphiini, and 
Scaphidiini demonstrating the monophyly of 
Scaphisomatini. Scaphisomatini includes five 
subtribes. The eye of Scaphidiidae has many 
similarities with other Staphylinidae. Not only 
has the external appearance of the eye but the 
ultrastructure also reflected similar character. The 
arrangement of the cone shows its lower 
placement within Staphylinidae. The 
ultrastructure of the eye is in agreement of the 
Scaphidiidae under the subfamily of 
Staphilinydae. 
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