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The present study is the first comprehensive report on the occurrence of the el-
egant feather star Tropiometra carinata with eighteen different morphs from the in-
tertidal area of the Gujarat, India. Tropiometra carinata was discovered for the first
time on the Gujarat coast. The species shows variation in its colour pattern such as
fully brown to reddish brown, yellow with dark stripes to dark brown, some
specimens have brown-yellow doted, brown-white patches, blotches, brown-yel-
low stripes, brown-white stripes, whole white, whole pale whitish yellow. The
present study aims to prevent researchers to be misled by the coloration and misi-

dentify the species.
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Introduction

Feather stars are a member of the phylum Echino-
dermata and belong to order Comatulida, a most
abundant group of living crinoids (Messing 1997).
Their habitat ranges from the intertidal zone to
the abyssal depth (Belyaev 1966, Oji et al. 2009).
Tropiometra carinata is the widely occurring species
of the elegant feather star family Tropiometridae. A
total of four species of Tropiometridae are known
worldwide. The detailed taxonomy of the Crinoidea
from the Indian subcontinent was described by Clark
(1912). In India, T. carinata is reported from the
Gulf of Munnar and Palk Bay (Venkatraman et al.
2013), Goa, Kerala, Karnataka, Tamil Nadu (Chan-
drasekar et al. 2019), Andhra Pradesh and Tamil
Nadu (Sastry et al. 2012), Andaman and Nicobar
(Nigam & Raghunathan 2015). The Echinoderms
have been sparsely studied from Gujarat coast. Some

years ago, 37 species of echinoderms were reported,
among them four species of Crinoidea (Comanthus
wahlbergii, Lamprometra palmata, Stephanomentra in-
dica and Euantedon sp.) from Gujarat (Sastry 2004).
In addition, there are recent studies at the species
level considering diversity and ecological aspects
of echinoderms (Baroliya & Kundu 2022, Baroliya
et al. 2022, Baroliya et al. 2023). Some abnormal
forms of echinoderms species are also noted from
Gujarat (Baroliya & Kundu 2021a). There are also
interesting findings on feather stars from the inter-
tidal ecosystem of the Saurashtra coast, supported
by photographs (Baroliya & Kundu 2021b). In the
available literature, there is still little information on
the colour variation of T. carinata. Thus, the present
study describes the occurrence of Tropiometra carinata
and its colour-pattern morphs from the intertidal
zone of Saurashtra coastline, Gujarat, India.
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Materials and methods

Fort St. Anthony of Simbor (20°45'N, 71°09'E) is a small
islet located at the mouth of the Sahil River in the bay
of Simbor, 25 km east to the Diu, India. Simbor has
sandy-rocky coast characteristics. The qualitative assess-
ment of the intertidal feather star T. carinata and its di-
versity was done from January 2021 to April 2021,
during this period sampling site was surveyed at
monthly intervals. A direct handpicking method was
used for collection of the specimens. Sometimes ham-
mer (for turning rock) soft brushes, blunt needle, blunt
forceps, and scalpel were used. All the variants of
T. carinata were observed from the diverse habitat range
present in 350 m area of sampling site. Field photo-
graphs were taken to check the colour and pattern
variants (Figs 2 and 3). Alive samples were carried to
the laboratory. The samples were examined under a
Carl-Zeiss Stemi DV4 stereomicroscope fitted with high
resolution CMOS camera and Lawrence & Mayo Image
(Model: ISH300) microscopes for identification and
morphological study. Species were identified using their
taxonomic features with standard references. After
identification the collected sample was preserved in 4 %
formalin. A representative specimen of each morph was
submitted to the museum of the Department of Bio-
sciences, Saurashtra University, Rajkot, Gujarat, India.
Total count of each morph and relative frequency
graphs were created. Relative frequency for each
morph was calculated.

Results

Order Comatulida
Family Tropiometridae A. H. Clark, 1908
Genus Tropiometra A. H. Clark, 1907

Tropiometra carinata (Lamarck, 1816)

Material examined: More than 50 samples were ob-
served at Fort St. Anthony of Simbor. Representative
specimens of each morph were collected and identified.
The museum ID of each morph is given in Table 1.
Taxonomic details of characters are represented by
specimens TC-6 (ZEC21(8)1H4) of Tropiometra carinata.

Colour variation. The species shows 18 different
morphs varying in colour: yellow with dark stripes
to dark brown, some specimens are brown-yellow
doted, have brown-white patches, blotches, brown-
yellow stripes, brown-white stripes, are whole white
or whole pale whitish yellow (Table 1, Figs 2 and 3).

Description

A total of 10 arms are present. Mouth and anus, both
are sub-centric, anal papilla long and upper portion
of the papilla is mostly contracted (Fig. 1A). 17-25
pinnulars present in pinnules. Pinnules slender
form the proximal part. P1 arises from br (3+4).
Distal pinnules longer than all other pinnules. First

Table 1. Information about variants of Tropiometra carinata denoted as TC, describes their colour-pattern and mu-

seum ID.

Name Museum ID  Colour-pattern

TC-1 ZEC21(8)1H1  bright brown

TC-2 ZEC21(8)1H2  light brown — white dotted pattern on arm

TC-3 ZEC21(8)1H3  brown - white dotted pattern on arm and pinnule

TC-4 ZEC21(8)3H1  yellow, brown dotted pattern on ridge of arm

TC-5 ZEC21(8)3H2  yellow, pinnules half brown — half yellow

TC-6 ZEC21(8)1H4  brown-yellow stripes uniform pattern

TC-7 ZEC21(8)1H5  brown-white stripes on arms and pinnules with dotted pattern

TC-8 ZEC21(8)1H6  yellow arm ridge with brown dot at regular interval of 5-6 pinnules

TC-9 ZEC21(8)1H7  white-brown dotted arm ridge, pinnule dotted brown, yellow, some arms part has
stripes pattern

TC-10 ZEC21(8)3H3  white-brown uniform arm pattern, mouth white

TC-11 ZEC21(8)3H4  white-purplish strips pattern and ventral side brown dotted at regular interval
uniform pattern

TC-12 ZEC21(8)3H5  white

TC-13 ZEC21(8)3H6  brown-white strips at basal part of arm, middle part of arm fully brown, tip porti-
on brown but have one white strips of 4-5 pinnules before tip

TC-14 ZEC21(8)3H7  light pinkish white

TC-15 ZEC21(8)1H8  reddish-white dotted pattern on arm

TC-16 ZEC21(8)1H9  dark brown-white dotted pattern on arm

TC-17 ZEC21(8)1H10 basal arm white, middle part has brown followed by pale yellow colour

TC-18 ZEC21(8)3H8  dark brown-white stripes on arms and pinnules
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Fig. 1. Taxonomic characters of Tropiometra carinata. A. Position of mouth and anal papillae; B. dorsal surface of
arm shows carination, arrangement of syzygy and cirri pockets on basal; C. opposing spine and terminal claw of
cirri; D. entire cirri.

syzygy on br 3+4, second on br 9+10 or br 10+11,
third syzygy on around three brachial intervals
after second syzygy (Fig. 1B). Cirri arrange in 2-3
rows on basal portion (Fig. 1B), ranges from 22-28
in number, long and slender with 18-24 cirrus in
the cirri, terminal claw sharp and long, opposing
spine present but exceedingly small and sometimes
absent (Fig. 1C and D).

Habitat. In the intertidal belt individuals are found
from varied microhabitats such as rock pools, rock
caves/crevices, underneath of rock, emergent on
rock, attached with rock and shallow sediment pools.

Geographic distribution. From shallow water of
Colombia, Barbados, Tobago, St. Vincent, Dominica
(Meyer 1973). From the 0-55 m depth of St. Lucia,
Trinidad & Tobago and Venezuela to Brazil, St. He-
lena, False Bay, Cape of Good Hope, South Africa,
N to the Red Sea and E to Sri Lanka and SW India,
Seychelles, Farquhar Atoll, Mauritius, Madagascar,
Réunion, and Cargados Carajos Shoals (Clark 1947).
SE Arabia, W India, Pakistan, Ceylon, Bay of Bengal
and East Indies (Clark & Rowe 1971).
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Fig. 2. Colour-pattern morphs of Tropiometra carinata (TC-1 to TC-9).

Discussion

Wide colour polymorphism or variations in body
coloration is a frequent phenomenon in marine
invertebrates. Colour variations in any species lead
to misidentification which results in reporting it as
a new species or as a different species. Like many
echinoderms, T. carinata has a variety of colour
morphs. T. carinata differs from the other three
species of genus Tropiometra (T. afra, T. macrodiscus,
T. magnifica) by having a carination on the dorsal
surface of the arms. They all have a smooth dorsal
surface of the arms without a median carination.
In the present study, all the observed individuals
have median carination on the dorsal surface of the
arms (see Fig. 1b). Thus, they belong to T. carinata. A
century ago, Clark (1921) listed colour variations in
Tropiometra genus (some identified as T. picta, which
is a junior synonym of T. carinata) in the second
and fourth part of his monograph. Individuals in
the Caribbean were dark purple to reddish-brown
with varying degrees of striping, individuals from
Brazil were solid black and black with white stripes,
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individuals from Indian Ocean were bright orange
and yellow with dark stripes (Clark 1917, Lanterbecq
et al. 2003, Torrence et al. 2012). Many studies sug-
gest that variations in colour may be related to light
or wave exposure, to diet, to age or to behavioural
patterns (Cuvier & Valenciennes 1828, Medioni et al.
2001, Stoletzki & Schierwater 2005, Tlusty & Hyland
2005, Calderon et al. 2010). In the present study,
T. carinata was first time reported from Gujarat. A
baseline database of the pattern and colour variants
of T. carinata from this geographical area was cre-
ated from this study. It is possible that to survive
and reproduce, colour variations are advantageous,
like the use of camouflage to avoid predation (Bond
2007). TC-1 was the most occurring form of T. carinata
at Simbor (Fig. 4). The frequency of occurrence of
TC-1 (RF=13.87%, n=106) was relatively highest
followed by TC-2 (RF=11.78%, n=90) and TC-3
(RF=11.52 %, n=88) compared to all morphs and TC-
18 (RF=0.26 %, n=2) was relatively lowest compared
to all morphs (Fig. 4 and 5). Highest occurrence of the
brown coloured morphs and brown-white-yellow
stripped or doted pattern appearances due to the



Fig. 3. Colour-pattern morphs of Tropiometra carinata (TC-10 to TC-18).
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Fig. 4. Total count of each morph of Tropiometra carinata recorded during January-March 2021.
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Fig. 5. Relative frequency of the colour-pattern morphs of Tropiometra carinata.

coastal qualities, substratum type and their presence
in cosmopolitan macro/microhabitats in intertidal
areas of Simbor (Baroliya & Kundu 2021b).The study
might indicate that the unique variability of the
T. carinata is favorable for survival in the intertidal
area and environment. Although the animals in the
present study were considered to be colour morphs
of a single species, further studies using molecular
biology could be interesting. They could provide
insights into (intraspecific) phylogenetic complexity
in relation to colour patterns. In addition, we provide
help to avoid misidentification of this species.
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