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Abstract

Keratose sponges (Keratosa Grant, 1861) of India have not been studied much in detail. The present investigation is part
of exploratory sponge taxonomy studies conducted at several localities in the Andaman and Nicobar Islands during
2015-2018.Three keratose sponges distributed among three different families are reported herein for the first time from
the Andaman and Nicobar Islands: Dysidea granulosa Bergquist, 1965 (Dysideidae Gray, 1867); Dictyodendrilla cavernosa
(Lendenfeld, 1888) (Dictyodendrillidae Bergquist, 1980), Phyllospongia papyracea (Esper, 1806) (Thorectidae Bergquist,
1978). Among these, D. cavernosa is a new record to India. Taxonomic descriptions of all the three species are provided
and their distribution within the Andaman and Nicobar Islands vis-a-vis Indo-Pacific is discussed.
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1 Introduction

Keratose sponges (Keratosa Grant, 1861) have recently been recognized as an important contributor to reefs [1]. These
sponges have constituted an informal taxonomic group of non-spicular demospongiae [2] that are characterized by
skeletal structures of organic collagenous material, or spongin fibers [1, 3, 4]. However, Keratosa has been genetically
and phylogenetically accepted and is currently represented by two orders; viz., Dendroceratida Minchin, 1900 and Dic-
tyoceratida Minchin, 1900 [5, 6].

Keratose sponges of India have not been studied much in detail. Knowledge of taxonomy and diversity of keratose
sponges in India mainly stems from the works of Carter [7, 8], Dendy [9, 10], Burton [11], Rao [12], Thomas [13] and
Sivaleela [14] in the east coast of India and from Lendenfeld [15], Dendy [16] and Subba Rao and Sastry [17] in the west
coast of India. Contributions from the island ecosystems of India include Thomas [18, 19], Prabhakaran [20] and Gopi
and Kumar [21] in the Lakshadweep and from Dam Roy et al. [22], Immanuel et al. [23] and Das et al. [24] in the Andaman
and Nicobar Islands. More recently, George et al. [25] provided a checklist of marine sponges including keratosa from
the peninsular coasts of India. Altogether, a total of 46 keratosa sponges (37 dictyoceratids and nine dendroceratids)
distributed among 12 families and 24 genera are reported to be present in India so far.

This report is a part of exploratory sponge taxonomy studies conducted at several localities in the Andaman and Nico-
bar Islands during 2015-2018. Three keratose sponges distributed among three different families are reported herein
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for the first time from the Andaman and Nicobar Islands: Dysidea granulosa Bergquist, 1965 (Dysideidae Gray, 1867);
Dictyodendrilla cavernosa (Lendenfeld, 1888) (Dictyodendrillidae Bergquist, 1980), Phyllospongia papyracea (Esper, 1806)
(Thorectidae Bergquist, 1978). Among these, D. cavernosa is a new record to India. Taxonomic descriptions of all the three
species are provided and their distribution within the Andaman and Nicobar Islands vis-a-vis Indo-Pacific according to
the marine ecoregions defined by Spalding et al. [26] is discussed.

2 Material and methods
2.1 Keratose sponges reported to be present in India in earlier studies

Scientific literature dealing with records of these sponges from India were critically reviewed from present-day taxonomic,
nomenclatural and distribution aspects. All keratose sponges recorded from India were reviewed in consultation with
the World Porifera Database [6] and classified into three categories, viz., verified, unverified and inaccurate (Table 1).

2.2 Studyarea

Andaman and Nicobar Islands (06° 45'-13° 41’ N; 92° 12'-93° 57" E) (Fig. 1, map indicating the position of the Andaman
and Nicobar Islands in the Indian Ocean on top left was prepared using SimpleMappr [27]; Table 2) are the emergent
peaks of long ridge that extends from the Arakan-Yoma range of Myanmar to Sumatra of Indonesia in a sub-linear
north-south direction [28]. The Andaman Island group and the Nicobar Island group are separated by the Ten Degree
Channel, which is about 160 km wide [29]. Marine Protected Areas in these Islands comprise nine National Parks and 96
island sanctuaries [30].

2.3 Sampling

The studied material came from 15 sub-tidal localities. The habitats were coral reef with various substrates, viz., rocky,
sandy and muddy bottoms. Depths of the surveyed localities ranged from 4 to 18 m. Sponges were collected using
snorkeling and SCUBA and specimens were fixed and preserved in 70% ethanol and brought to the laboratory.

Histological sections were prepared by serially dehydrating sponge fragments in 70% and by 100% ethanol for 1-2 h
and immersing in xylene for 24 h. The fragments were later immersed in paraffin-xylene for 24 h and embedded in
paraffin wax. Sections were made using a razor blade and followed by immersion in xylene for dewaxing. Permanent
slides were prepared by mounting the sections and spicules using DPX [31, 32]. The sections were then observed and
photographed using a stereo-zoom microscope (Make: Leica; Model: M205A) and a compound microscope (Make: Omax;
Model: XM82ESC02).

The specimens were identified using the classification scheme of World Porifera Database and Systema Porifera [6, 33].
Original descriptions were used for comparison and establishing the identity of the reported species. The specimens
were registered and deposited at the National Zoological Collections at Zoological Survey of India, Andaman Nicobar
Regional Centre (ZSI/ANRC), Port Blair.

3 Results
3.1 Systematics
Order Dictyoceratida Minchin, 1900

Definition. Dictyoderatid sponges possess a skeleton made up of spongin fibers, which makes up a significant propor-
tion of the body volume. In a few cases, the sponge may include foreign particles [34].
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Family Dysideidae Gray, 1867

Definition. Dysideids are uniquely characterized by the presence of eurypylous choanocyte chambers. They also have
concentrically laminated and pithed skeletal fibers (to varying degrees), cored fibers and some species have a sand-
armoured surface [34].

Genus Dysidea Johnston, 1842

Definition. Sponges with marked conulose surface in which fibers are filled with detritus [34].
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Table 2 Geographic coordinates of the survey localities (n=15) where sponge species occurrences were recorded

No. Survey localities GPS coordinates Depth (m) Sponge species occurrences
Latitude (N) Longitude (E)
Andaman Island Group Dysidea Dictyodendrilla  Phyllo-
granulosa cavernosa spongia

papyracea

North Andaman (5 locations)

1 West Island 13°34.491' 92°53.452' 18

2 Thornhill Island 13°31.820’ 92° 54.305’ 13

3 Paget Island 13°26.608’ 92°50.738’ 10

4 Point Island 13°24.395’ 92°49.159’ 9

5 Ross Island 13°17.907 93°04.190 13

Middle Andaman (1 location)

6 Roper Point, Sound Island 12°56.469’ 92°57.660' 5

Ritchie’s Archipelago (2 locations)

7 Natural Bridge 11°49.507' 93°00.394' 12

8 Sir Hugh Ross Island 11°47.339’ 93°04.796' 13
Sir Hugh Ross Island (site II) 11°46.975' 93°04.566’ 13

South Andaman (4 locations)

9 North Bay 11°43.006’ 92°45.465' 5

10 Ross Island 11°40.483’ 92° 45.883'

1 Rifleman Island 11°38.765’ 92°35.837' 7

12 Rutland Island 11°29.030’ 92°40.313' 10

Little Andaman (2 locations)

13 South Brother Island 10°56.343’ 92°36.915' 7

14 Light House 10°30.615’ 92°29.143' 10

Nicobar Island Group
Great Nicobar (1 location)
15 Pigeon Island 07° 04.669’ 93°54.249’ 6

The locations are arranged from north to south (see Fig. 1)
The black circle denotes presence of the species

3.1.1 Dysidea granulosa Bergquist, 1965

Synonymy: Dysidea granulosa in Bergquist (1965: 144, Fig. 9).

Material examined: 4 specimens, ZSI/ANRC-23598, August 20, 2016, Point Island, Coll. Sudhanshu Dixit; 2
specimens, ZSI/ANRC-23601, December 26, 2017, Pigeon Island, Coll. M. P. Goutham Bharathi; 2 specimens, ZSI/
ANRC-23607, February 24, 2018, Ross Island, Coll. M.P. Goutham Bharathi; 2 specimens, ZSI/ANRC-23612, Novem-
ber 18, 2015, Light House, Coll. Sudhanshu Dixit; 4 specimens, ZSI/ANRC-23616, June 23, 2016, Ross Island, Coll.
Preeti Pereira; 3 specimens, ZSI/ANRC-23622, August 5, 2016, North Bay, Coll. Sudhanshu Dixit; 2 specimens, ZSI/
ANRC-23625, October 5, 2016, Sir Hugh Ross Island, Coll. Sudhanshu Dixit; 4 specimens, ZSI/ANRC-23627, February
22,2016, Natural Bridge, Coll. Sudhanshu Dixit; 3 specimens, ZSI/ANRC-23630, September 22, 2016, Rifleman Island,
Coll. Tamal Mondal; 2 specimens, ZSI/ANRC-23632, August 22, 2016, Paget Island, Coll. Preeti Pereira; 1 specimen,
ZSI/ANRC-23633, September 9, 2017, West Island, Coll. Preeti Pereira; 1 specimen, ZSI/ANRC-23635, September 15,
2017, Rutland Island, Coll. Seepana Rajendra; 1 specimen, ZSI/ANRC-23640, September 10, 2017, Thornhill Island,
Coll. Seepana Rajendra; 1 specimen, ZSI/ANRC-23642, September 11, 2018, Roper Point, Coll. M.P. Goutham Bharathi.

Description: Slender finger-like branches arising from narrow base, in some cases even grows as a cushion. Sur-
face covered with minute conules, distance between the conules ca. 1 mm. Oscules scattered over the branches in
no apparent pattern. Colour when alive dull gray or white with tinges of purple (Fig. 2A). On preservation, colour
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Fig.2 Dysidea granulosa Bergquist, 1965: A In situ, B Preserved specimen, C Tangential section, D Tangential section, close-up. E Distribu-
tion in the Indo-Pacific: blue closed circle—type locality, red closed circle—subsequent records, green closed circle—present study
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lightens to dull white or beige (Fig. 2B); preservative is stained a faint purple. Detritus and foreign particles visible,
embedded within the body of the sponge and on breaking a fragment of the sponge.

Skeleton: Made up of spongin fibers and foreign bodies (sand particles) (Fig. 2C); both primary and secondary fibers
heavily cored with sand particles, indistinguishable from each other. Fibers arranged in a slightly irregular pattern,
forming circular or oval meshes measuring 70-300 um (Fig. 2D).

Distribution: The present study constitutes the first record of D. granulosa for the Andaman and Nicobar Islands
(Fig. 2E). The type locality of this species is Palau, Micronesia, West Caroline Islands [35]. The species has been
reported earlier from Lakshadweep [25], though without species description.

Remarks: Although species of Dysidea are morphologically difficult to distinguish [35], D. granulosa can be char-
acterized by its growth form and regular surface conules. The species described herein bears a close similarity to
the type material in the morphology (growth form and irregular surface conules) and the structure of spongin
fibres with irregular meshes and indistinguishable, heavily cored primary and secondary fibres. Dysidea granulosa
is found to be widely distributed in the Andaman and Nicobar Islands (Table 2) and often observed to grow over
bivalves as epibionts.

Family Dictyodendrillidae Bergquist, 1980

Definition. Dictyodendrillid sponges are characterized by their reticulate skeleton, with regular to irregular
meshes with strongly laminated fibers and a pronounced pith region [36].

Genus Dictyodendrilla Bergquist, 1980

Definition. Sponges with strongly conulose surface, with anastomosing fibres and thick pith [37].

3.1.2 Dictyodendrilla cavernosa (Lendenfeld, 1888)

Synonymy: Denderilla cavernosa in Lendenfeld (1888: 29-30).

Material examined: 1 specimen, ZSI/ANRC - 23597, March 23, 2018, Sir Hugh Ross Island, Coll. Preeti Pereira.

Description: Grows upright, digitate, branching at the base (Fig. 3A). Branches cylindrical or tubular (hollow),
6-7 cm high and 3 cm wide. Walls thin, measuring 1-3 mm. Surface conulose with thick, sharp conules, 2-4 mm
high; distance between the conules 2-3 mm. Oscules scattered on the surface, usually at the apices, with many
pseudoscula. Colour when alive is dull yellow or olive green and turns dull brownish on preservation (Fig. 3B).

Skeleton: Comprised of thickened spongin fibers that project from the surface giving rise to the conules. Fib-
ers thick, 1000-2000 um, frequently anastomosing and thickest at the base (Fig. 3C). Transverse section of a fiber
shows that the pith thickness is almost half the thickness of the fiber (Fig. 3D). Barnacles were found attached to
the skeletal fibers within the sponge (Fig. 3E).

Distribution: This constitutes the first record of D. cavernosa for India from the Andaman and Nicobar Islands.
Further, it also constitutes a new familial record for Dictyodendrillidae from the Islands. The type species was
described from Port Jackson, SE Australia, Manning-Hawkesbury in the East Central Australian Shelf (Temperate
Australasia) and the only other record was from Port Philips head, South Australia [38]. This is the only second record
of D. cavernosa in the Indo-Pacific since its original description from Australia, highlighting a significant extension
of its distribution range to the western Indo-Pacific realm (Fig. 3F).

Remarks: Dictyodendrilla cavernosa is characterized by the distinct, highly conulose surface, erect branching
growth form and the pith thickness. Material examined from the Andaman and Nicobar Islands bear close resem-
blances to the specimens described by Lendenfeld [38] in habit and internal structure: the upright, digitate growth
form, surface covered in sharp conules and internally hollow sponge.

Our material was found to be inhabited by a large number of barnacles (Fig. 3E). Barnacles are observed to be
camouflaged, probably obtaining food through the canal system of the sponge. Recently, Hosie et al. [39] studied
the diversity of dictyoceratid-inhabiting barnacles and highlighted the importance of extensive sampling from dif-
ferent geographical locations. Preliminary observations of D. cavernosa as a host sponge for the associated barnacles
from the present study might help improve our understanding of sponge-barnacle symbiosis.

Family Thorectidae Bergquist, 1978

Definition. The family encompasses sponges with a wide variety of growth forms from encrusting to massive,
upright and foliose or folio-digitate, in which the spongin fibers making up the finely laminated anastomosing
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Fig. 3 Dictyodendrilla cavernosa (Lendenfeld, 1888): A In situ, B Preserved specimen, C Skeletal fibers, D Transverse section of the fibre showing pith, E Barna-
cles encrusting skeletal fibers, F Distribution in the Indo-Pacific: blue closed circle—type locality, red closed circle—subsequent record, green closed circle—

present study
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skeleton containing a differentiated pith. The pith is not easily distinguished from the spongin fibers. These sponges
lack spicules and their surface is armoured and forms ridges and troughs [34].

Genus Phyllospongia Ehlers, 1870

Definition. Foliose or lamellate sponges with primary and secondary fibres. Primary fibres sometimes armoured
with debris, secondary fibres unarmoured [34].

3.1.3 Phyllospongia papyracea (Esper, 1806)

Synonymy: Spongionella holdsworthiin Bowerbank (1873: 25-32, pls. V-VII), Dendy (1905: 217-218 P1. XIV, Fig. 6), Bergquist
et al. 1988 (304-305, Figs. 13-17) and Bergquist (1995, 9).

Material examined: 1 specimen, ZSI/ANRC-23597, October 10, 2018, South Brother Island, Coll. M.P. Goutham Bharathi.

Description: Cup-like with thin walls, 1-2 mm, with a very slender stalk, 1-2 cm in length. Surface smooth and lacks
any grooves or ridges. Colour when alive beige with purple areas and it is retained on preservation (Fig. 4A).

Skeleton: Comprised entirely of anastomosing spongin fibers (Fig. 4B). Primary fibers thick, uncored, interconnected
at right angles. Secondary fibers run parallel to the surface; much thinner than the primary fibers.

Fig.4 Phyllospongia papyracea (Esper, 1806): A Preserved specimen, B Tangential section, C Distribution in the Indo-Pacific: blue closed cir-
cle—type locality, red closed circle—subsequent records, green closed circle—present study
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Distribution: Phyllospongia papyracea is reported for the first time from the Andaman and Nicobar Islands. The species
has previously been reported from Pamban [12] and is common throughout the Indo-Pacific (Fig. 4C). Originally described
from the Great Pearl Bank off Arippu, Sri Lanka [40], P. papyracea is distributed in Madagascar [41], Gulf of Mannar [10]
and Sri Lanka and South India [2].

Phyllospongia papyracea has a widespread distribution ranging from temperate Southern Africa to the temperate Australa-
sia. It has been reported from Cape of Good Hope, Agulhas Bank [41], in the Agulhas Province, New Zealand [15], in Temper-
ate Australasia and Easter Island [42] in the Eastern Indo-Pacific realm. Subsequent records from Central Indo-Pacific include
Indonesia, Sulawesi Sea [43], Zamboanga, Palawan/North Borneo [44], Tetel Island in the Western Coral Triangle, Solomon
Archipelago [45] in the Eastern Coral Triangle, Reef Dolman, New Caledonia [46] in the Tropical SW Pacific, John Brewer Reef,
Great Barrier Reef [2] and Central and Southern Great Barrier Reef [47] in the NE Australian Shelf.

Other records of P. papyracea are from Mozambique Island, East African Coral Coast [48], Abu Latt Island, Southern Red
Sea [49], Red Sea and Gulf of Aden Province, Aldabra Island, Seychelles [50] in the Western Indian Ocean, Tulear, Grand
Récif, Western and Northern Madagascar [51] in the Western Indian Ocean, Hurgada, Northern and Central Red Sea [52]
in the Western Indo-Pacific realm.

Remarks: The genus Phyllospongia is represented by two species in the Andaman and Nicobar Islands viz., P. folisascens
and P. papyracea. Phyllospongia papyracea is morphologically similar to Phyllospongia foliascens, which is abundant in
the Andaman and Nicobar Islands [53]. The differentiating morphological characters between these two similar species
are the smooth surface and the uncored or lightly cored fibers in P. papyracea as opposed to the strongly verrucose sur-
face and the strongly cored fibers of P. foliascens. The material examined from the Andaman and Nicobar Islands were
assigned to P. papyracea on account of the thin and lamellate body appearing like a stalked fan. The skeleton is comprised
of uncored primary and secondary fibres, typical of the genus Phyllospongia [2].

4 Discussion

Among the 46 keratose sponges reported to be present in India, distribution of eight species in India is unverified while
the distribution of a further 13 species is inaccurate (Table 1). Several research works cited in Table 1 are old and require
extensive taxonomic revisions and these species are in critical need of description and characterization.

In the present study, three keratose sponges are reported for the first time from the Andaman and Nicobar Islands:
Dysidea granulosa, Dictyodendrilla cavernosa and Phyllospongia papyracea. Among these, D. granulosa is found to be com-
monly distributed in the Islands while D. cavernosa and P. papyracea are found to be rare (known from single specimens)
and recorded only from Sir Hugh Ross Island and South Brother Island, respectively (Table 2). Future works on keratose
sponges must expand the geographic scope of sampling for authenticating the distribution ranges of these intriguing
taxa in the Indo-Pacific.
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