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ABSTRACT—In the crab, Hemigrapsus sanguineus, increase in body size follows an isometric growth
pattern. All parameters such as eye stalk length, number of ommatidia, diameters of ommatidial facets,
length and width of compound eye, rhabdom lengths, and chromophore content exhibit a linear
relationship with carapace width ranging from approximately 5-31 mm. Eye width increases at a greater
rate than eye length. The compound eye growth is accompanied by a narrowing of interommatidial
angles, which is likely to lead to a foveal region and improves resolution in the eye of bigger specimens.
The volume of retina per a compound eye increases rather exponentially than linearly. The circadian
change in rhabdom occupation ratio, the diameter of microvilli as well as the intramembranous particle
density are all independent of crab body size. Calculations of the amounts of visual pigment show that in
larger crabs extra-rhabdomeric chromophore levels are higher than in smaller crabs. The precise
location and the function of the extra-rhabdomeric chromophore remain enigmatic. A study on regional
morphological differences in ommatidial organization indicated that the medial region where the facets
are the smallest may be the most probable site of the development of new ommatidia with each moult.
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INTRODUCTION

In a series of papers dealing with the structure
and function of the compound eye of the crab,
Hemigrapsus sanguineus, we have already com-
municated two findings: 1) structure, function and
rhodopsin content change in a daily rhythm show-
ing an approximately eightfold increase in rhab-
dom volume at night over that of daytime which is
paralleled by electrophysiological and biochemical
parameters [1]. 2) The reported changes in rhab-
dom size and rhodopsin content are circadian in
nature and governed by an internal clock, con-
tinuing under the condition of continuous darkness
[2].

All experiments mentioned above were carried
out on adult crabs with carapace widths of 20-25
mm. On the other hand, age-related structural

Accepted June 27, 1988
Received December 16, 1987

changes in the eye of decapod crustaceans have
been reported [3-5], and it is felt that for a deeper
understanding of the significance of vision in H.
sanguineus an appreciation of growth-related phe-
nomena is of considerable importance.
Therefore, in this paper, we report data on
biometrical investigations of the growth of the
compound eye based on measurements of external
and internal eye dimensions such as diameter,
number of facets, length of retinula layer etc in
relation to the crab’s body growth. Reference is
also made to regional morphological differences of
ommatidia in the compound eye. Parallel to the
biometrical study a quantitative analysis of visual
pigments, measured by HPLC, is also presented.
To date, only a few papers have addressed the
question of relative growth of the compound eyes
of arthropods (Limulus: [6], crayfish: [7-10], in-
sects: [11-13]), and to the best of our knowledge
no paper as yet has dealt with the growth of the eye
of brachyuran crabs. Since daily changes in rhab-
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dom volume and function—at least in the adult
have been reported from brachyura other than H.
sanguineus, as well [14-16], this paper is intended
to provide a basis for future comparative studies
on growth and age-related phenomena.

MATERIALS AND METHODS

Animals

Hemigrapsus sanguineus crabs of both sexes
(carapace width 3-35 mm) were collected at the
sea shore in Nojima Park, Yokohama City, Japan.
Following collection or maintenance in the labora-
tory at 10°C under a light dark regime of 12 LD (L
=9:00-21:00 at 2000 lux) the measutements de-
scribed below were carried out.

Measurements

The parts of the crab’s body and the compound
eye used in the measurements, are diagrammati-
cally illustrated in Figure 1. They are 1) carapace
length, 2) carapace width, 3) body thickness, 4)
eye stalk length, 5) eye stalk width, 6) compound
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eye length, 7) compound eye width, 8) number or
ommatidia. 9) diameter of ommatidial facet (four
different regions per eye), 10) rhabdom length, 11)
the volume of retina in a compound eye, 12) the
ratio (%) of rhabdom volume to volume of retinu-
la per ommatidium (=rhabdom occupation ratio,
ROR), 13) the volume of thabdom in a compound
eye, 14) amount (pmol) of visual pigment chro-
mophore as determined by high pressure liquid-
chromatography, 15) interommatidial angle.

1) to 3) were measured with a caliper while 4) to
7) were measured with an ocular micrometer
attached to a dissecting binocular microscope.

For counting the number of ommatidia, the
compound eye including eye stalk was fixed for 2—
3 days at 4°C in 2.0% glutaraldehyde 2.0% para-
formaldehyde buffered to a pH of 7.3 with 0.1 M
cacodylate solution. After washing with the same
buffer solution, the eye preparation was decal-
cified with 5% acetic acid in 70% ethanol for 1 day.
The softened eye preparation was then treated
with a 1% chlorinated lime solution to dissove all
tissue other than the cornea and the exo-cuticle.
After washing with water, the preparation was cut
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FiG. 1._ Measured parts of the crab body and eye: a) carapace length (1), carapace width (CW)(2) and body
th}ckness (3, not shown). b) eye stalk length (4), eye stalk width (5), compound eye length (6) and compound eye
width (7). c) The four regions in which the facet sizes were measured are indicated by medial, lateral, top and

ventral designations.
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into several smaller pieces and mounted on a slide
glass.

Diameter of an ommatidial facet i.e. the longest
diagonal distance (line) on the outer surface of a
facet (an ommatidial cornea), was measured on 10
randomly selected ommatidia in four different
regions (frontal, top, lateral and medial) (Fig. 1c).
The rhabdom length was measured from longitu-
dinal sections of 20 xm in thickness of the frontal
region of the eye. In order to determine the
volume of retina, the area of the retinal layer
(from the proximal end of the crystalline cone to
the basement membrane=rhabdom length) of
each longitudinal section was measured by an
image analyzing system connected to a computer
(NEC 9801E). The retinal areas, thus obtained
from each section, were integrated through the
entire series of sections of one whole eye.

All crabs used for ROR and chromophore
measurements had been kept under the 12LD
environment described above for at least two
weeks prior to experiments. Day (15:00) and night
(3:00) crabs, each 5 individuals of 6 groups accord-
ing to CW sizes were measured. The measure-
ments by HPLC were carried out on individually
isolated compound eyes, and the procedures for

. the quantification of the amount of the visual
pigment chromophore (l1-cis- and all-trans-
retinal) by HPLC were the same as reported
previously [1]. The ROR of individual ommatidial
retinulae was measured from light micrographs
featuring cross sections through 16-20 ommatidia
of the “forward looking” eye region at the nuclear
layer of the retinula cells.

The volume of the rhabdom in a compound eye
was calculated from the data of the ROR and the
volume of retina, and the measurements were
made at 6 points of CW from 7.5-29 mm of 5
individuals each.

The interommatidial angles were measured in
the top region of a compound eye where the
ommatidia are bigger than those in any other
region. The measurements were made on longitu-
dinal sections of compound eyes from a total of 24
individuals of different CW sizes.
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RESULTS

Growth pattern

Generally, animal growth when plotted on the
ordinate against time on the abscissa, fits a sig-
moidal curve. If the shape of the body and the
relative dimensions of any part of the body remain
constant as the animal grows, a linear growth
relationship can be expressed by the equation, y=
ax+b which is termed “isometric function” [17].

If, however, growth affects different parts of the
body at different times, and growth rates are not
constant, then we deal with allometric growth
patterns which can be expressed by the general
equation y=cx*+d [17]. It has to be born in mind
that with regard to the compound eye the two
growth patterns can exist side by side to varying
degrees; eye length, for example, may show a
linear growth relationship, whereas the volume of
retina may not [6].

A total of 285 crabs of various sizes was used in
the present investigation. Strong linear correla-
tions (r>0.99) and, thus, isometric growth pat-
terns were observed between i) carapace width and
carapace length (Fig. 2), ii) carapace width and
body thickness and iii) carapace length and body
thickness. Therefore, all of the following results
were diagrammed against the carapace width
(CW) as a parameter of body size on the abscissa.
No sexual differences were noticed in any of the
measurements and the assumption is made that
increased growth is a reflection of increased age,
though the precise moult stage cannot be deter-
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FiG. 2. Relation between carapace length and CW.
As no sexual difference was apparent, the data
were pooled. The number of measured animal, n
=295; correlation coefficient, r=0.998.
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FiG. 3. Relative growth of the eye stalk length. No

difference was observed between right and left. n
=291; r=0.995.

mined by this method [9].

Eye stalk and the compound eye
Eye stalk length (Fig. 3), eye stalk width and

compound eye length (Fig.4) all show strong
isometric growth correlations (r>>0.99) with the
CW, and compound eye width (Fig. 6) also shows
a high correlation (r>0.98) with CW. The eyes-
talk length (y;) and the compound eye length (y2)
can be approximated by the following isometric
equation (CW=x mm);

y1 (mm)=0.15x+0.77

y2 (mm)=0.03x+0.75
The ratio (r;) of the relative length of the com-
pound eye to the length of eye stalk can be
expressed as the following,

y2  0.03x+0.75

i 05x+0.77

02+ %2

7 0.15x+0.75
From this equation, it is clear that the bigger x
becomes, the more closely the ratio approaches to
0.2, which is seemingly identical to the asymptote
of the curve shown in Figure 5.

The compound eye width (y3) to the CW (x) can
be approximated also by an isometric equation,

y3 (mm)=0.05x+0.54

It is apparent from the comparison of Figures 4
and 6 that at the smaller CW (10.5 mm), the
compound eye length, y,, is longer than the eye
width. As the crab’s body (CW) grows bigger,
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Fi6. 4. Compound eye length to CW. n=293; r=
0.990.
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FiG. 5. Relative length of compound eye length to

eye stalk length.

however, the eye width grows comparatively much
faster than the eye length, and at a CW of 10.5
mm, the eye width reaches the same value (1.0
mm) as that of the eye length; after that eye width
is longer than eye length. This relation is clearly
shown in Figure 7 illustrating the ratio of com-
pound eye width (y3) to compound eye length (y2).
Mathematically the ratio (r;) is expressed as fol-
lows;

ys _ 0.05x+0.54

0.69
0.03x+0.75

=I= =1.

Y2 0.03x+0.75
This means that the ratio is getting closer to 1.7
when x is sufficiently large.

Number and diameter of ommatidial facets

The number of ommatidia was counted in bi-
lateral eyes of 43 crabs of both sexes possessing
CW of 5-33 mm. The ommatidial numbers (ys)
increase linearly with CW (r=0.93), which is
approximated by the equation;





















