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The Effects of Light and Dark Adaptation upon the
Compound Eye of Nilaparvata lugens
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ABSTRACT The eyes of Nilaparvata lugens were examined for ultrastructural changes m the light and dark
adapted states. Inspection of lighl microscope sections taken at similar levels of compound eyes
from nsects kept in hght or darkness for periods up to 72 hours revealed some differences between
light and dark adapted eyes. Using the electronmicroscope, in light adapted eyes the palisade laver
was narrower than that in dark adapted eyes The pigment granules sill formed a nng around
the palisade layer in the dark adapted eye but, they did not form a tight arele around the rhabdom.
No constant difference was found between the diameters of the microvilli in light and dark adapted
eyes. The pigment movements at the junction of the cone and the rhabdom tock the effect on
vatying the pigment aperture at the tp of the cone in front of the rhabdom hp
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Ultrastructural  studies have shown that insects
exhibit a wide range of anatomical adaptations du-
nng light-dark adaptaton (Walcott 1975), These
adaptations included the formation of a palisade
around the rhabdom in the dark adapted state for-
med from sacks of endoplasmic reticulum and the
cisternae. The vesicles of the palisade may be quite
large. occupying up to 1/3 of the width of the cell
Pigment granules in the cell may be displaced radia-
lly (Homidge and Bamard 1965, Tunstall and Horn-
dge 1967). In the light adapted state the palisade
was reduced in extent and displaced radially, and
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pigment granules in some eyes then moved to le
close against the rhabdom, There was great varation
ameongst insects displaying this type of adaptation.
For example, pigment granule movements were not
seent in the locust although there were extensive
palisade changes, however, mitochendra migrated
instead (Homidge and Barmard 1965). In Formica,
the palisade in the proximal half of the retina moved
only slightly and so a narrower palisade remained
in the light adapted state (Menzel and Lange 1971,
Menzel 1972). Pigment granules occurred in the di-
stal part of the cell, and most of the pigment granule
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movement occuired here (Menzel 1972). The pre-
sence or absence of the palisade and the movement
of pigment granules or mitochondria altered the effi-
ciency of the rhabdom as a light guide and hence
the amount of light that is absorbed by the visual
pigment in the rhabdom. The rhabdom has a higher
refractive index than the surrounding regions of the
retinula cell and so behaves as a light guide, When
pigment granules or mitochondra are near the rha-
bdom in the light state, the refractive index of the
region around the rhabdom is increased so that
some light escapes and is absorbed by the pigment
granules in the cell (Walcott 1975, Nilsson 1985h),
In the dark adapted state, a palisade of lower refrac-
tive index surrounds the rhabdom and light 1s better
retained wittun the rhabdom.

Other ultrastructural changes include longitudinal
pigment movement in eyes such as lepidopteran su-
perpaosition eyes where rhabdoms can be screened
from each other in the light adapted condition but
light from one facet is allowed to pass to maore than
one thabdom in the dark adapted condition (Homi-
dge 1971)

Photoreceptor membrane tumover in the rhab-
dom has been shown to be influenced by the light
regime. Light causes a breakdown in membrane and
a decrease in rhabdom size. Darkness favours syn-
thesis and leads to an increase in rhabdom size
{Schwemmer 1989). In many cases the mechanisms
of adaptation in the retina have been shown to be
endogenous and controlled by circadian oscillators
{Aschoff 1981, Barlow et a! 1989). This is particu-
larly true of the movements of screening pigments
and may also apply te photopigment membrane
tum owver.

The brown'planthopper, Nilaparvate lugens, may
be attracted to light traps however litle is known
about the role of vision, if any, in host plant selec-
tion. The eye of Niaparvata lugens was examined
for ulirastructural changes in the light and dark ada-
pted states in order to provide the basis for further
physiological studies of the response characteristics
of the eye.

MATERIALS AND METHCDS
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The fine structure of compound eye retinula cells
dunng the course of Jight and dark adaptation was
examined using 1-2 days old female adults which
had been kept in culture in the insect room m a
16:8 (L:D) light regime at 25+ 1°C. The brown
planthoppers were caught at 9 o'clock i the mor-
ning and separated into two groups. One group of
insects were kept in the dark with rce plants in
a double covered box in a dark room for 24 hours
Following the dark adaptation. the nsects were ex-
posed conbinuously to 300 lux light using a tungsten
lamp (100 W, Philips). Sample insects were taken
from this group for examnation at intervals of 1,
2,4, 12 24, 48 and 72 hours. This group, in which
the course of light adaptation is followed, were refe-
rred to “L” group After removal, they were fixed
in 3% glutaraldehyde under the same lighting condi-
tions for 2 hours. This was followed by two hours
post fixation in 1% OsQ.. dehydration in senal etha-
nal and embedding in TAAB resin as described in
Youn (1992 1995)

The second group of brown planthoppers were
kept in the light for 24 hours with rice planis at
300 lux {provided by a 100 W Philips tungsten bulb
as above) Light measurements were caried out with
a hoht meter {Opto-Meter UDT Model 40X) and
were measured at the surface of the leaf-sheath of
the rice plant. After the 24 hour period of hght,
the insects were placed 1n a double covered dark
box in dark room. Sample insects were removed
at intervals of 1, 2. 4. 12, 24, 48 and 72 hours
They were caught using the red safety light (30 W
with a red filter} since electrophysinlogical investiga-
tions have shown that the compound eye of N lu-
gens is very nsensitive to red right (A. Michell and
L. J. Goodman, personal communication at QMWC).
The whole insect was fited in darkness and was
post fixed and embedded in TAAB resin in the
same way as the group L brown planthoppers,
These brown planthoppers, m which the course of
dark adaptation was followed are referred to group
“D". Eves from all the group L and group D samp-
les were sectioned both for light microscopy and
for TEM.

Full details of insect and plant material specimen
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preparation were given by Youn (1992, 1995). After
curing, thin sections were cut on a Reichert Om
U2 ultramicrotome. The colour of the serial sections
when observed mn reflected light ranged from silver
to gold (80-120 nm thick) When areas of interest
were reached after TEM inspection of these seclions,
thinner sections of gray colour {40-50 nm) were ta-
ken for high magnification examination. Sections
were picked up on 200 and 400 mesh copper grids
and stained with uranyl acetate (3% m 70% alcohol)
(Stempak and Ward 1964), followed by Reynold’s
lead citrate {Reynolds 1963). Light microscope sec-
tions were examined with a Zeiss Photomicroscape
II, where necessary phase contrast was used. TEM
sections were examined using a JEOL JEM-1005
electron mictoscope.

RESULTS

Inspection of light microscope sections taken at
similar levels of compound eyes from msects kept
in light or darkness for periads up to 72 hours re-
vealed some differences between light and dark
adapted eyes. In the two hour hght adapted eye,
the pigment of the primary and accessory pigment
cells appeared to cluster near the base of the cone
while in the two hour dark adapted eye, the pigment
was aligned at the sides of the cone. The palisade
layer seemed larger and the ting of pigment granu-
les within the retinula cells more conspicuous than
that in the light adapted eye. In the four hour light
adapted eye the pigment of the primary and acces-
sory pigment cells appeared to be even more con-
centrated around the base of the crystalline cone
and that of the retinula cells to have dispersed more
peripherally within the cell In the four hour dark
adapted cell, the pigment clustered nearer the center
of the cell, especially in the distal region near the
crystallineg cone

The length of the crystalline cone {ie, the long
axis of the cone between the corneal lens and the
rhabdom) increased with the time spent in the light
regime (Fig. 1) although the increase was not found
to be significant for either length or width {length:
t=0.155, p=0.281; width: t—=0.121, p=0.325: ratio
of length and width: t=0.152 p=0.285, normality
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Figs. 1. Crystalline cone changes in dimension with Ii-
ght-dark adaptation of the compound eye of the brown
planthepper, N. lugens. A: Change of height; B: Change
of radius C: Change in the rato of height and radius
Bar=represents standard error Data from 5 insects x
50 crystalline cone cells n each different light-cark ca-
tegory),

test, df=12).

Examination of TEM sections showed changes in
the fine structure of the retinula cells. In light adap-
ted eyes, the palisade layer was narrower than that
in dark adapted eyes {(Fig. £). The pigment granules
still formed a ring around the palisade layer in the
dark adapted eye, however, they did not form such
a fight circle around the thabdom because of width
of the palisade. In light adapted eves, mitochondria
moved closer to the rhabdom as the palisade layer
was reduced in size. The rhabdoms of light and
dark adapted eyes, were examined for differences
in dimenston, but it was very difficult to obtain suffi-
clent comparable TEM sections taken at the same
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(A) Two hours in the dark

{8} Two hours In the light

Fig. 2. Ultrastructure of retinula cells. (A) kept for 2 hours 1 the dark and (B) kept for 2 hours m the light,
Note the difference in the size of the cisternae and hence in the wadlh of the pabsade surrounding the rhabdom

The ring of pigment granules is present in each case, but 15 further from the thabdom in the dark adapted
eye {A) xH,800; (B x12,780.
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(A) Four hours in the light

B
R
A

Fig. 3. Horizontal sechions of the upper region of one ommatidium in {A} four hour light adapted eve (x14.900)
and {B) four hour dark adapled eye (x14,300}
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(B) Faur hours in the light

Fig. 4. A and B Light microscope sections through comparable regions of the compound eye of brown planthoppers
which had been (a) 2 hrs and (B} 4 hes in the light. Note that the pigment of the pnmary and accessary cells
is concentrated around the base of the aystallne cone and tps of the retmula cells. x6C

level in the retimula cell for measurement Neverthe-
less examination of nurnerous survey pictures sugge-
sted that the rhabdom is somewhat larger in the
dark adapted eye (Fig. 3). No constant difference
was found between the diameter of the rmcrovill
in light and dark adapted eyes. If the insects were
maintained in darkness for long periods, then break-
down of the microvilli comprsing the rhabdom

could be observed (Fig 4.

In the outer zone of the retinula cell a variety
of organelles were present (e.g, mitochondria rough
and smooth endoplasmic reticulum, Galgi comnplex
and pigment granules) Adjacent to the rhabdom,
there was an inner zone which contained vesicular
components of the cytoplasm and the cisternae The
size of the cisternae vaned with the state of adapta-
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tien of the eye (Fig, 2). In the light adapted eye,
they were smaller, but stll always present by forming
a ring around the rhabdom. Sections taken parallel
o the long axis of the rhabdom showed the extent
and regulanty of these cistemae. In the distal region
of the retinula cells where the nuclel were located
immediately beneath the crystalline cone the retinula
cells were at their widest Many pigment granules
were found in this region of the retinula cell The
pigment granules, 0.4-0.6 um in diameter, appeared
as vesicles containing material of variable electron
density. As the medial region of the retinula cell
was approached the number of pigment granules
became fewer In a section perpendicular to the long
axis of the cell 2-4 pigment granules per retinula
cell were commonly found close to the cisternae
As the cisternae were smaller in the hght adapted
eve this meaned that there was a tight ring of pig-
ment granules outside the palisade layer. quite clo-
sed to the rhabdom. Sections pamalel to the long
axis in the rhabdom showed the orderly alignment
of pioment granules adjacent to the cisternae and
rhabdom, Near the basement membrane the rhab-
dom was lost and the retinula cells narrow to form
axons descending through the basement membrane
inte the optic ganglia. Pigment granules were found
within the terminals of the retinula cells and the
axons themselves.

In the pigment cells. the pigment granules appea-
red to mave centrally in both the primary and acce-
ssory cells in such a way that there was a concent-
ration of pigment around the apex of the cone and
the beginning of the rhabdom, this took the effect
of stopping-down the dioptric apparatus In the dark
adapted eye the mgment granules were mainly con-
centrated between the comeal cones {Figs. 4 and
5) along the lateral margins of each cone.

DISCUSSION

The brown planthopper showed differences in its
ultrastructure between the light and dark adapted
state: changes in the size of the palisade layer, mo-
vement of pigment granules n the retinula, primary
pigment and accessory pigment cells, a change in
length of the cone and a change in the width of
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the rhabdom.

In the light adapted eve, the sacs of the palisade
layer were small so that the central rhabdom was
sumaunded by only a thin palisade Jayer This was
present throughout the eye from the distal to the
proximal region of the retinula cell. When the pali-
sade layer was thin, other cell organelles moved
nearer to the rhabdom for example mitochondna,
but principally the pigment granules In each cell
there were one, two or three granules quite near
the palisade layer in each section taken perpendicu-
lar to the rhabdom which showed the pigment gra-
nules lined up adiacent to the palisade throughout
the length of the cell and separated by only 40-50
nm. There was thus a fight ring of pigment granules
around the rhabdom. Pigment movement also cecu-
rred in the distal end of the retinula cell at the level
of the nucleus and abave. Here where the retinula
cells met the crystalline cone, more pigment was
present in the cell and it too moved centrally around
the rhabdom. In light microscope sections taken
fromt eyes kept in the light for one, two or four
hours it could be seen that the pigment of the pri-
mary pigment cells surrounding the cone moved
down around the region where the cone and the
rhabdom met. The accessory pigment cells ran from
the comeal lens to the basement membrane, They
were larger and contained pigment at the level of
the crystalline cone and the distal-most part of the
retinula cells. Their pigment alse appeared to mig-
rate to the area of the proxmal part of ihe cone
and the distal region of the retinula cell.

When the eye was kept in darkness for 1, 2 or
4 hours the cisternal sacs became larger so that
the rhabdom was sumounded by a wider palisade
layer, This change took place at all levels of the
retinula cell. The pigment granules in the retinula
cell were displaced laterally by the thickening of the
palisade layer, however, they still remalned in a ring
around the palisade although it was a looser more
dispersed nng Light microscope sections showed
that the pigment of the prmary cells and accessory
pigment cells had moved away from the base of
the cone and was concentrated along the sides of
the cone The pigment in the distal part of the reti-
nula cells appeared to move laterally. Thus in the
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(B) Four hours in the dark

Fig. 5. A and B Light microscope sections through comparable regions of the compound eye of brown planthoppers
which had been {a) 2 hrs and (b} 4 hrs in the dark Note that the pigment is lacated arcund the side walls
of the crystalling cones. The palisade layer is sightly larger n the dark adapted eye. x60.

light adapted eye the pigment granules of the pri-
mary and accessory pigment cells appeared to move
tightly around the base of the cone and the rhab-
dom where it met the cone In the dark adapted
eye, the pigment moved away from this region
In addition to the changes in pigment position,
changes in the shape of the crystallne cone were

observed particularly in its length Although the cha-
nges in length between the extreme dark adapted
and light adapted states examined were found not
tc be statstically significant, yet there 1s steady trend
towards an increase n length of the cone as the
eye becomes more light adapted with a change of
about 10 pm between the cone length after 72
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C. Dark adsptad

A. Light adapted

Fig. 6. A diagremmatic illustration of the diferences
observed between the light and dark adapted states
of N lugens (A) Light adapted. (B) and (C) Two possi-
ble explanations for the measured shortening of the
cone in the dark adapted eve (B} The retinula cells
have moved up arcund the cone and the apex of the
cone is buried more deeply within the rhabdom. {C)
The cone itself has shortened, the pigment granules
of the primary and accessory pigment cells have mugra-
ted away from the base of the cone, as have the distal
retinula cell granules The rhabdom is wider, the pali-
sade layer 15 wider and the granules in the length of
the retinula cell are dispersed laterally. It is suggested
that the cone shape alters to accommodate the wider
rhabdom, the rhabdom moving distally to remamn 1n
contact with the base of the cone.

hours in darkness and 72 hours in light

Fig. 6A, B and C shows in diagrammatic and exa-
ggerated from what may be happening at the junc-
tion of the cone and the rhabdem in this eve during
light and dark adaptation. The pigment movements
in this region took the effect of varying the pigment
aperture at the tip of the cone in front of the rhab-
dom tip This mechanism of stopping-down the pig-
ment ids in the focal plane of the lens m light is
found in some Insects with open rhabdoms and n
some ants and beetles with fused rhabdoms (Nilsson
1989a). It had the effect of reducing the acceptance
angle and thus the apparent sensitivity of the eye.
In dim light the pigment withdrew, mcreasing the
acceptance angle As well as this the cone shortens
slightly, passible rounding o accommedate the inc-
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reased diameter of the rhabdom Horidge et al
{1981) showed that in the locust, widening of the
thabdaom at night contributed to the increase of the
acceptance angle of the ommatidium in dim light,
thus helping to increase the capture of available li-
ght. Williams (1983) alse examined the increase in
sensifivity of the locust retinula cells in response to
an increase in the size of the field stop, or aperture
at the base of the cone caused by pigment migra-
tion, complimented by with an increase in the dia-
meter of the rhabdom. He found that sensitivity to
an extended source increased by at least 1 log unit
during the first 1-3 hows after dark

In additon to these mechanisms, the change in
the medium surmmrounding the rhabdom also helped
to contral the light flux in the receptors The prese-
nce of a well developed palisade, as seen in the
dark adapted eye of N. lugens improved its light
quide proprieties {Milsson 1989b). The difference in
the reflective index between the palisade and the
rhabdom assisted in keeping the light which was
caught by the thabdom tip within the column as
it passes down (Homdge et al, 1981). In the light
adapted eye, with a narrow palisade the ring of pig-
ment granules came close to the narrower rhabdorn.
Work on the optics of the rhabdom showed that
light propagating along a namow waveguide waould
have part of its power outside the diameter of the
waveguide. This light was absorbed by the screening
pigments, helping to attenuate the light flux in the
light adapted eye (Snyder 1979, Van Hateren 19
89). The changes in palisade dimension and hence
radial pigment migration in the retinula cell were
normally faster than the changes m plgment rmigra-
fion in the ndmary and accessory pigment cells and
changes n rhabdom size, and were believed to have
much less effect on the acceptance angle of the
thabdom (Nilsson 1989b),

Further studies are necessary to examine the ti-
ming of events in N, lugens. Pigment migration and
changes in the size of the palsade layer appear to
be largely complete after one hour in light and dark.
Physiclogical expenments ave also necessary to
measure changes in the acceptance angle of the
ommatidum in the light and dark adapted states
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