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Colour preference and light sensitivity in trilobite larvae of mangrove horseshoe
crab, Carcinoscopius rotundicauda (Latreille, 1802)
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The trilobite larvae of C. rotundicauda were tested to determine their colour preference and light sensitivity until their
first moulting (25 days post hatching) under laboratory conditions. Maximum congregation size of the trilobite larvae was
found in the white zone respectively where (n= 12) followed by yellow (n= 8) and orange (n= 8), which showed the larval
preference for lighter zones. Morisita’s index calculation showed a clumped/aggregated distribution (yellow, blue, orange
and white) and uniform/hyper dispersed distribution (green, red and black) for various colours tested. Trilobite larvae
showed least preference for brighter regions while tested in the experiment [black; (n=4) and red; (n=5)]. Experiments done
to determine the light sensitivity of trilobite larvae showed that the larvae had more preference towards ultraviolet lights.
The maximum congregation size of 38.8 and 40.7% of the larvae was encountered under ultraviolet light, when the light
sources were kept horizontal and vertical, respectively. Overall, results suggested that the trilobite larvae of C.
rotundicauda, preferred light source of shorter wavelengths (UV light) and colours of lighter zone (white, yellow, orange),
which might be due to their adaptation to their natural habitat for predator avoidance, prey selection and water quality.
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Vision is one of the most important biological
activities which help organisms to identify the shape,
size and location of any object including colour'. All
biologically relevant information (orientation or
navigation, reproduction, foraging, object recognition,
signal detection and discrimination, contrast
enhancement and camouflage breaking) used in vision
is based on the perception of light and colour. Both,
these factors exist in parallel and are strictly species
specific®. Sensitivity to light or chromatic factor in
animals is adjusted constantly by adaptations to the
ambient stimulus® and varies accordingly along the
dimension, direction, intensity, wavelength and
polarization®. Thus, the behaviour of an animal is
strongly influenced by the visual information
available for processing. The capacity to discriminate
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colours varies among species, due to different
behaviours, life style and habitat, which imposes
different visual tasks®. This ultimately affects their
survival, growth, reproductive success and also the
fitness in an evolutionary sense’. Thus, vision has a
topography which depends on the structure of the
environment and on the life stage of the animal®''.
Indeed, the advantages of visual systems are often
employed by marine arthropods, especially in
crustaceans for various purposes like; orientation,
predator avoidance, shelter and habitat location, prey
selection and con-specific identification'”. Horseshoe
crabs are one such marine arthropod which has
efficiently utilized its compound eye for various life
activities' .

Adult horseshoe crabs Limulus polyphemus, have
long served as an admirable model for vision research
and has provided excellent information's on the
physiological and behavioural mediated mechanism in
vision'. Many behavioural studies have shown that
vision plays an important role in their mating, where
studies have shown that the male use vision
underwater to locate and attach to females'>'”"". In
contrast to the extensive number of studies on the
visual system of adult horseshoe crabs, however, there
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is a scarcity of information on the behavioural
responses of horseshoe crabs to visual stimuli in early
life history stages.

Though a few reports are available for the role of
the lateral and median eyes of horseshoe crabs in
visual guidance, almost all these studies were
basically focused on only L. polyphemus™**. Previous
laboratory observations have revealed that the newly
hatched larvae of Limulus were positively
phototacticB'24 whereas, older larvae tend to be
negatively phototactic***°. Wolf and Zerrahn-Wolf*’
showed that the young Limulus larvae were attracted
to flickering lights and the attractiveness showed a
positive increase depending on the size of the field
and with the frequency of flickers. When Limulus
larvae were stimulated by 2 lights, they swim in the
direction such that light intensities at the 2 lateral eyes
are equal®’. Young Limulus larvae were found to walk
in circles under bright light, when one of their eyes
was covered with black paint®. The lateral eyes and
dorsal ocelli in Limulus were found effective in visual
orientation, where median ocellus showed a positive
photo tactic response for U.V. light”. Rudloe®,
observed a lunar rhythm of responsiveness to light by
Limulus larvae under laboratory studies. A recent
study has reported the visual orientation in early life
history (larvae and juvenile) of L. polyphemus'* and
they have suggested that the visual orientation
changes upon exposure to habitat and predator cues.
They have also observed that the direction of the
response undergoes an ontogenetic shift following
metamorphosis.

Carcinoscorpius rotundicauda—is one of the four
species of horseshoe crab which is found in the
inshore waters of the Indo-West Pacific region. This
is the only species among the four other species which
is associated with the mangrove mudflat ecosystem®.
The Singapore red data book, released in November
2008, has reported this species as vulnerable®. For
spawning, adult C. rotundicauda migrates from the
offshore continental shelf to intertidal sandy mud
beaches and mangrove area during full and new
moon phases’’. The eggs of C. rotundicauda in
their breeding ground hatches approximately after
5-6 weeks and the time may vary depending on the
ambient temperature and other environmental
factors™. After hatching the larvae live in the silty
mudflat of the mangroves® before commencing their
benthic life*. The larval and juvenile phases of the
horseshoe crab life cycle is of equal interest. While,

juvenile and adult horseshoe crabs are
morphologically similar, the larval (post hatching)
instar is morphologically more specialized and unlike
than all other subsequent stages®.

The newly hatched larvae of horseshoe crabs
encounter numerous risks during their journey from
the nest, which is located supratidally and beneath the
surface of the sand/mud, to the water. Once this
transition is achieved the animal changes vastly both
behaviourally and morphologically from the larval
stage. In fact, all the early stages of horseshoe crab
until their juvenile stages are important predators of
the sandy intertidal community in areas adjacent to
adult breeding beaches®®”. Information regarding the
behaviour or the phototactic response of any other
species of horseshoe crabs other than L. polyphemus
in their larval form has not been well documented. In
the present study the focus is to render a clear outline
of the colour preference and light sensitivity in the
larval stages of C. rotundicauda, which unlike other
species of the horseshoe crabs, hatches out in mud
flats. An understanding of the biology and behaviour
of this species is important in developing strategies
for its conservation.

Material and Methods

Animal  husbandry—The present experiment
was carried out with an aim to ascertain the
colour and light preferences by the trilobite larvae of
C. rotundicauda. The fertilized eggs of the Malaysian
horseshoe crab (C. rotundicauda) were collected
directly from the nest made on the breeding ground of
Setiu at Terengganu (Eastern coast of Peninsular
Malaysia; Lat 5°42'60"N; Long 102°42'0"E*. All the
experiments were carried out in the marine hatchery
unit of University Malaysia Terengganu. The
fertilized eggs collected from the nest were kept for
incubation at a constant temperature of 27+1 °C, were
hatching of the trilobite larvae occurred between
42 and 45 days during the incubation®’.

Soon after hatching, actively swimming trilobite
larvae were selected for the colours and light
preference experiments. A total of 50 individuals
were considered for each experiment and the average
weight of these larvae was 0.076 g/larva. The larvae
of both the groups were kept separately in two
aquarium tanks of 120 L capacity provided with
seawater of 20+2 ppt salinity and 27+1 °C
temperature. The temperature of the aquarium
tanks was controlled thermostatically. Except the
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experimental period, all the larvae were kept under
a 15h:9h light: dark regime®™. Larvae were
fed with newly hatched Artemia nauplii
(20-25 artemia/day/larvae) once a day, soon after the
end of each day experiment. Since, previous studies
have shown that the horseshoe crab larvae were more
active at night than during the day time®™, all the
experiments were conducted at night (11.00 hrs).
Moreover, visual sensitivity of horseshoe crabs is
known to increase at night due to the action of the
circadian rhythm™.

Colour preference by the trilobite larvae—Colour
preference by the trilobite larvae of C. rotundicauda
was determined using a specially designed circular
fiberglass tank (diameter: 120 cm). The bottom of the
circular fiberglass tank was divided into seven equal
zones and each zone was painted in the respective
order; black, yellow, red, green, blue, white and
orange colours using non-hazardous biological grade
epoxy paints. The inner wall of the circular fiberglass
tank was also painted with similar colours
corresponding to each respective zones up to the
height of 0.25m.

Prior to the commencement of the experiment, the
fiber glass circular tank was filled up to the height
of 0.50 m with well oxygenated filtered seawater
(< 22 um). The trilobite larvae (n = 50) were then
transferred slowly at the center of the tank and they
were left undisturbed for an hour. The top of the tank
was then covered by a dark circular plastic lid and the
bottom of the lid was provided with a light source.
The stimulus light was a circular fluorescent lamp
(Phillips model TLE 32W/54), which delivered an
intensity of 4.5 x 10" photons cm™s™ at the bottom of
the fiberglass tank. Reflective light intensity was
measured using an International Light IL 1700
radiometer and a calibrated Ocean Optics S2000
spectrometer. All these tests were conducted in a
room, where the only light came from the light
stimulus. The plastic lid was removed slowly after
1 hr and the number of larvae congregated in each
colour zone of the circular fiberglass tank was
recorded. For larvae observed along colour zone
margins, the colours surrounding greater than 50% of
the organism was selected. After larvae were counted,
they were returned to the rearing aquarium tank. The
observation was taken very carefully to avoid any bias
counting and in sufficiently large number so that the
resulting data could be summarized to give valid
results on the colour preference by the trilobite larvae.

The present study was repeated for 25 times (until the
first molting) following the similar above mentioned
procedure.

Since, the colour preference choice of trilobite
larvae were considered until the first moulting stage,
the data collected were pooled and their percentage of
preference for a particular colour was calculated using
Graphpad Prism 5 software. The Standardized
Morisita index (I,), was considered the best measure
of dispersion being independent of the sample size.
To calculate this index, the Morisita's index of
dispersion (I3) and two critical values, the uniform
index (M,) and the clumped index (M. were

calculated as follows>*°:

Id=ng29§-2x/<2x)2-2x]
Mu=x R —n+zx

(Xx) -1
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where n is the number of observations, x is the
number of larvae congregated in a particular colour
zone, and are the values of the chi-squared with (n-1)
degrees of freedom that have 97.5% or 2.5% of the
area to the right. The Standardized Morisita index (Ip)
was then calculated by one of the four following
formulae:

(a) When, ;> M.>1,
Ip=0.5+0.5[1d—Mc/n-Mc]
(b) When, M.> 13> 1,
Ip=05[Id-1/Mu-1]

(c) When, 1 >1;> M,
Ip=-05[1d-1/Mu-1]

(d) When, 1 >M, > 1
Ip=-05+4+05[1d -~ Mu/Mu]

The Standardized Morisita index (Ip) ranges from -1
to +1. The random patterns give a value of zero,
clumped (aggregated) patterns above zero and uniform
(hyper dispersed) patterns below zero.

Light preference by the trilobite larvae—The
experiment on the preference of infrared (IR) and/or
ultraviolet (UV) lights by the trilobite larvae was
conducted in a specially designed rectangular glass
tank (120x50x50 cm). The inside of the rectangular
tank was divided into 3 equal sections by a 50x50 cm
glass plate, fixed vertically with silicon glue and
painted black. This glass plate helped in avoiding the
mixing of IR and UV light inside the rectangular
tank. All sides of the rectangular tank were
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painted with mat black paint on all internal surfaces in
order to minimize reflections. Two small circular
(5 mm diameter) windows were left free of paint on
the opposite sides of the tank, to allow penetration of
the IR and UV light. The third section was devoid of
any light and was considered as a control to determine
the aggregation of larvae in the absence of light.

In the present study, two different positions of the
light sources were examined to minimize the
sampling error. In the first experiment, the lights were
introduced horizontally by fixing the lights on the side
of the tank and the thickness of the aquarium tank was
1 cm. For infrared light source, an infra-red bulb
(1000W halogen bulb, Phillips) and for ultraviolet
light source, an ultraviolet tube (150W Xenon arc
lamp) was used. In the Infra-red light source, an IR
filter unit was attached. The light was first passed
through a chamber where the running water absorbed
most of the heat radiance beyond the IR part of the
spectrum. The light was then passed through IR filters
(2 glass filter and 1 gelatin filter) which only
permitted a minimal amount of light of wavelength
shorter than ~ 780 nm to pass the aquarium*'. The UV
stimulus = 480 nm was passed through a band pass
filter (CWL 480 nm)***. The light rays emitted from
each source were passed through a PVC pipe (diam.:
190 mm, length: 10 cm). Anterior ends of both the
PVC pipes were closed by end caps, which were
provided with small apertures (5 mm diam.). This
small aperture helped in introducing only a narrow
beam of the light, preventing the scattering of light
inside the rectangular tank. The top of the rectangular
tank was covered by a plastic sheet and the
experiment was conducted in a dark room, where all
external light sources were excluded. Similarly, in the
second set of experiments, the same light assemblies
were fixed at the top of the rectangular tank to
introduce light vertically. The light source was
positioned exactly 1cm above the water level inside
the tank, so as to maintain an uniform pattern of light
distribution as in the first experiment.

At first, the experimental tank was filled with
filtered well aerated seawater (< 22 um) up to the
height of 25 cm. A total of 50 larvae was then slowly
introduced into the tank for the experiment.
The larvae were introduced into the tank from the
opposite side of the light source. Soon, after the
release of larvae the light sources were switched on
for next 30 min, followed by recording the number of
larvae congregated in each light source. Larvae which
entered the respective partitions (IR, UV and control)

only were recorded. The larvae congregated away
from the light source where no influence of any light
observed (50 cm) was considered as zero zone
assemblage. After, recording the number of larval
congregations in each zone, they were transferred to
the rearing aquarium tanks. The same procedure was
repeated for 25 times (until the first molting) to
collect maximum data on congregation size of the
larvae with respect to infrared and ultraviolet lights.

Statistical analysis—The trilobite larvae are free
swimming animals and they move spontaneously and
independently in an environment. Since the same
larvae were followed during the 25 day experiment,
the data obtained were not treated as independent.
Therefore, to determine whether there was a
significant effect on colour preference and light
choice in the trilobite larvae, a Repeated measures
analysis of variance (RM-ANOVA) was conducted
using ‘IBM SPSS Statistics 20° software. To study the
specific pattern of movement of the trilobite larvae
with respect to preference of particular colour during
the 25 days of the experiment under controlled
conditions, cluster analysis of ward’s with the help of
Square Euclidean Distance SPSS software was used
to show whether the congregation size was natural or
random. The cluster was also used to demonstrate the
homogeneity in groups congregated in different
colour zones. Data were analyzed using Graphpad
Prism 5 software to confirm the preference of lights
by the trilobite larvae.

Results
Colour preference by the trilobite larvae—
Average congregation size of trilobite larvae during
the course of the experiment in different colour zones
of the fiberglass tank are presented in Fig. 1.
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Fig. 1—Average congregation size of trilobite larvae in different
colour zones
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The maximum average congregation size of the
trilobites was in white (n= 12) followed by yellow
(n= 8) and orange (n= 8). The minimum average
congregation was observed in the dark zones; black
(n=4) and red (n=5). The maximum percent
congregation size was calculated in the white zone
(23.84%), whereas, the minimum (8.48%) in the black
color zone (Table 1). The congregation size at the
25% percentile, in white zone was 9 individual
whereas at the 75% percentile it was 14, which were
the maximum among all groups (Table 1). On the
contrary, in the black zone, it was only 3 at the 25%
percentile and 6 at the 75% percentile (Table 1).
Similarly, at 95% confidence limit, the maximum
range was between 10.37 and 13.47 for white zone
that was again the highest as compared to black zone
(3.24-5.23) with lowest values (Table 1). The analysis
of repeated measures of ANOVA for larval
congregations under different colours results showed
that Mauchly's test of sphericity has not been violated
[x2(20)=28.842, P = 0.094]. Hence, the "Mauchly's
test of sphericity output was corrected using an
ANOVA with repeated measures with sphericity
assumed correction. The mean larval congregation
under different colours were found statistically
significant under this [F(6, 144)=15.067, P < 0.05];
The Morisita’s index values range from -1 to +1.
The Morisita index value for each colour tested
was -1.0065 for black, yellow (0.9931), red (-1.0045),
green (-1.0025), blue (0.997), orange (0.996) and
white (0.977) (Table 1). The result showed that three
colours were having values less that O (black, red and
green), which showed a uniform (hyper dispersed)
pattern of larval congregation. However, other colours
tested showed (blue, orange, yellow and white) a
value above 0 and thus forming a clumped
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distribution. This revealed that the larvae's were
congregated more in these zones. To test the
possibility of the maximum congregation size of
trilobite larvae in different colour zones and similarity
in their congregation size pattern, the data collected
for all groups were superimposed on the Dendrogram.
The results clearly showed six clear -clusters
superimposing on each other (Fig. 2). The least
preferred cluster was between red and green colour
whereas the maximum at white zone and yellow
colour.

Light preference by the trilobite larvae— The next
attempt to determine the phototaxis preference of
trilobite larvae revealed a positive response and
was found to attract more towards ultraviolet light
(Table 2). The analysis of repeated measures of
ANOVA for larval congregations under UV and
infra-red lights along both horizontal [x2(5)=9.712,
P = 0.094] and vertical position [¥2(5)=6.033,
P = 0.303] showed that Mauchly's test of sphericity
has not been violated. Hence, the Mauchly's test of
sphericity output was corrected using sphericity
assumed correction. The mean larval congregation
under different lights were found statistically

=]
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Fig. 2—Dendrogram with six clusters superimposing on each
other

Table 1—Colour preference of the trilobite larvae

Colours

Parameters

Black Yellow Red Green Blue White Orange
Minimum 0 3 1 1 2 4 3
Maximum 9 18 10 10 13 19 17
Average congregation 4 8 5 6 7 12 8
Percent congregation 8.48 16.48 10.16 11.12 14.8 23.84 15.12
25% Percentile 3 5 3 3 4 9 5
75% Percentile 6 9 7 8 10 14 10
Lower 95% CI of mean 3.24 6.73 4.08 4.46 6.17 10.37 6.21
Upper 95% CI of mean 5.23 9.74 6.07 6.65 8.62 13.47 8.90
Morista Index -1.006 0.993 -1.005 -1.003 0.997 0.977 0.996

CI= Confidence limit
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Table 2—Light preference of the trilobite larvae with respect to different positions of the light sources

Parameters Horizontal Position Vertical position
Infrared Ultraviolet light ~ Control Infrared light Ultraviolet Control
light (no light) light (no light)
Minimum 4 14 6 3 15 2
Maximum 16 25 17 13 30 20
Average 8 19 10 9 20 9
congregation
Percent congregation ~ 15.2 38.08 20.4 16.8 40.7 17.4

significant for both horizontal [F(3, 72)=44.378,
P < 0.0005] and vertical light source [F(3, 72)
= 35.146, P < 0.0005]. However, not much difference
was observed between the groups (vertical and
horizontal light position). About 53-57% larvae were
seen aggregating near to infrared and UV lights when
the light sources were used either horizontally or
vertically in the experimental tank (T2). When
compared to the congregation size between the
infrared and ultraviolet lights, maximum percentage
of the larvae were counted under ultraviolet light i.e.
38.8 and 40.7% horizontally and vertically,
respectively. The percent congregation size under
ultraviolet light was 15.2 and 16.8% for horizontal
and vertical positions of the light sources, respectively
(Table 2). Not much significance was observed for
congregation of larvae, when the infrared light source
was compared with the control (no light source). This
revealed that larvae's were positive phototaxis to low
intensity light (ultraviolet), while larvae were negative
phototaxis to high intensity light (Infrared).

Discussion

Larval instar stages of horseshoe crabs are
morphologically more specialized than all other
subsequent stages (juveniles and adults)®. This stage
is confronted with the necessity of moving
successfully from a nest buried several centimeters
beneath the sand or mud to the water surface. Once
this transition is achieved, the animal will not re-enter
the upper beach environment until it is a sexually
active adult, where they undergo atleast 16-17 times
moulting®. During this time it will be vastly changed,
both behaviourally and morphologically, from the
larval stage®. Behavioural studies on the adult
horseshoe crabs have shown that their visual systems
have a major role in shaping them to adapt well with
the environment'>'. Horseshoe crab uses their
compound lateral eyes for visual orientation. The
attempt to determine the spectral and light sensitivity

of newly hatched larvae until their first moulting stage
have showed the visual system of horseshoe crab
might be functional from the early stages of its
development. Results, showed that the larvae
preferred white and yellow zone the most, where the
difference in colour preference between white and
yellow was only 7% and also they were attracted
more towards the ultraviolet than infrared light.
Previous studies have shown that trilobite larvae of
L. polyphemus (7-10 days post hatched), possess
numerous ommatidia, which are capable of object
recognition and directional vision®. They also possess
rudimentary photoreceptors which are capable of
perceiving light*. These rudimentary photoreceptors
present in the lateral eye of trilobite larvae might be
able to distinguish colours of different wavelength as
evident from the present study. As the larvae undergo
developmental process, the photosensitivity of their
lateral eyes is believed to increase, as the number of
ommatidia increases from an average of 17 in the late
stages of trilobite larvae to 30 at the first juvenile
stage and 1000 in adults'**>*.

Generally, attraction towards the colour is
encountered for a particular need of the animal and
these animals may change their preference for
colours at different life cycles'’™*. This phenomenon
is clearly observed in horseshoe crabs during their
different developmental stages. Adult males have
shown to identify dark colour carapace of females
for mating as such they preferred darker colours
more as compared to other colours’®'. Another
possible reason for the dark colour preference of the
adult horseshoe crabs is because of the fact that they
totally become benthic and remains in the euphotic
zone of the sea’>. Meanwhile, the juvenile stages of
horseshoe crabs appear to avoid objects with high
visual contrast i.e., black and grey contrasts'>**™,
The young juveniles are pelagic in nature and for
their active feeding they remain in the photic zone of
the sub-tidal sea for the first few years’* and later
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move offshore and live in the bottom of the sea at
deeper zone. This could be one of the reasons for
difference in colour preference than the adults.
Another possibility for the avoidance of dark colour
by the juvenile horseshoe crabs is that animals might
consider the darker object as their potential
predators. This phenomenon of predator avoidance
response has already been reported in other marine
arthropods™. In the present study with C.
rotundicauda, the larvae were found to prefer lighter
zones (white, yellow and orange) than darker zones
(black and red). Previously, Rudloe™ have suggested
that the newly hatched trilobite larvae with their
lunar and circadian activity rhythms, which are
synchronized with the tide level in the water column
may use a positive phototaxis. They avoid dark areas
as an adaptation to emerge from the nests and
disperse towards the surface'>. The present results
suggest that the avoidance of darker zones by the
newly hatched trilobite larvae is more likely to be an
endogenous rhythm. Since larval forms of horseshoe
crabs are known to live in the pelagic environment’’,
the choice of white zone and other lighter colours
might refer to their habitat preference and feed
availability’®>. While colour is very useful in
shallow-water environments, it is an unreliable cue
deeper in water due to the spectral modification of
light as it travels through water of various depths or
of varying optical quality®.

Similar to horseshoe crabs, a number of other
arthropods have also reported to show difference in
colour preference at various stages of their life cycles.
A significant difference has been observed by
Reza and Parween® for the preference of colour
among larvae and adults of red flour beetle
(Tribolium castaneum). The second instar larvae have
been found to be attracted more towards yellow and
pink colours. On the contrary, the fourth instar larvae
of the same species were reported to avoid red or pink
colour. The adults of T. castaneum were attracted
more towards black colour. Similar observations were
made on anthomyiid flies where a shift of colour
choice from pre-reproductive adult was reported by
Jenkins and Roques®'. The immature anthomyiid flies
were attracted towards yellow colour whereas the
mature flies towards purple colour.

Usually shallow water living species have much
broader spectral band than the deep living life
forms®. For, reasons mainly concerned with light
availability, many marine animals specialize in the

blue region of the spectrum, where they consist of
numerous visual pigments with more blue sensitive
cones even to shorter wavelengths®. The spectral
sensitivity of many marine organisms for the purpose
of selective feeding also suggests the innate
preference for the particular colour. Bowmaker®
reported that visual pigments of penguin showed
sensitivity to blue-green part of the colour spectrum
which is present in the Antarctic waters. Similarly,
naive moth shows a narrow peak around 450 nm
wavelengths suggesting an innate preference for the
blue colour®. Studies on the photoreceptors in the
compound eyes (lateral and ventral eyes) of adult
horseshoe crabs have reported a spectral sensitivity
range between 520 and 545 nm®®’. However, such
information are lacking in the early stages of
horseshoe crabs. The present study on larval forms of
C. rotundicauda has showed their preference of
colours in the range of 450-620 nm in the visible
spectrum, with white zone (combination of all
wavelengths) being the ideal one. Though the habitat,
food and life stages could be considered as a possible
factor for the variation in the spectral sensitivity
between the adult and early larval stages, however,
the decline in the range of recognition by adults to a
very narrow spectrum lying only within 25 nm is
rather interesting and hence further detail
investigations are warranted.

Exploitation of visual cues in ultraviolet ranges as
communication signals are of considerable significance
in invertebrate behaviour®. The role of ultraviolet
lights for various life activities have already been
demonstrated successfully in various organisms
including butterflies®, jumping spiders’™, birds’""*
and reptiles”. The perception of ultraviolet lights also
plays an important role in predator—prey interactions
of many animals®™ and also in the selection of
hunting sites”. Previous attempts using
electrophysiological and behavioural studies have
shown that these animals are most responsive to the
short wavelength range (360-380 nm) of the sun’s
emission spectrum’®. Electrophysiological observations
have confirmed the presence of a UV detecting
photoreceptor cells in the median ocellus of the
horseshoe crab's eye with a maximal sensitivity at
360 nm™""®. Many invertebrates possess UV
receptors, where they utilize them to detect the plane-
polarized light®"**,

Earlier observations had revealed that the
stimulation of the median ocelli in the horseshoe
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crabs by UV light from the night time sky enhances
the sensitivity of the lateral eyes to visible light*"**™,
The sensitivity of horseshoe crab eyes has also been
found to increase at night by the action of the centrally
located circadian clock®™°, where the sensitivity of the
eyes can increase up to 10° compared to natural
daylight'*®. Barlow™ demonstrated that the ultraviolet
lights from full moon were used by the male
horseshoe crabs for their dim light vision at night to
effectively identify female crabs during their mating.
Thus it could be summarized that the eyes of
horseshoe crabs have clear visions both at day and
night'®. Though not much information’s are available
for the UV light preference in the early stages of the
horseshoe crabs, the present study have shown a clear
sign that the larval forms of horseshoe crabs also rely
well on UV lights for their activities. Nearly 38-41%
of the experimental larvae showed a photo taxis effect
of UV light, irrespective of the position of the light
source. However, further detail investigations are
required to unravel, how UV lights are utilized by the
larvae for its nocturnal activities. At night, circadian
rhythm activities in the brain of Limulus are reported
to activate and transmits neural activities to the lateral
and median eyes®.

Quantitative data on the responses of invertebrate
larvae to environmental stimuli (photo response, light
intensity, wave length, colour preference, dark and
light adaptation) is helpful in understanding the
complex interaction of factors influencing the larval
distribution and movement’’. However, such
quantitative data on response of many arthropod
larvae remain poorly understood including horseshoe
crabs. The information such as how a population of
organism is structured in terms of species composition,
their abundance, their interaction with environments
and population dynamics are invaluable to develop
conservation plans for natural areas or recovery plans
for threatened or endangered species like horseshoe
crabs. It is thus anticipated that the basic biological
and behavioural response of the trilobite larvae
generated from the present study could be beneficial
for further strengthening the conservation plans for
this valuable marine ancestor.
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