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The encrusting cyanobacteriosponge Terpios hoshinota Riitzler & Muzik, 1993 has caused severe and often irreversible
damage to coral reefs and associated benthic communities in the Indo-Pacific region. Despite its ecological significance, the
distribution patterns of 7. hoshinota in Indian reefs is poorly understood except for limited reports. Hence, a comprehensive
investigation was conducted between September 2018 and August 2019 to assess the range extent of T. hoshinota across
21 islands within the Gulf of Mannar Marine Biosphere Reserve (GoMMBR), located along the southeast coast of
Tamil Nadu, India. Utilising coral video transect methodology, a notable outbreak of T. hoshinota primarily on Montipora
digitata reefs in Thalaiyari and Valai Islands was documented, where approximately 42.8 % and 45 % of M. digitata coral
cover were killed. Furthermore, mild to moderate infestations of 7. hoshinota were observed on Porites corals in seven
additional islands within the GoOMMBR. There were no other factors except 7. hoshinota that caused the corals to die
(no polyps on the corals). The rapid spread of T. hoshinota from infested corals to other healthy corals was evidently

accelerated by coral-coral interactions.
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Introduction

Coral reef ecosystems are tropical rainforests of the
seas that harbour thousands of species belonging to
multiple taxa. They provide a wide range of benefits
to the environment and society'. Approximately 26 %
of coastlines in reef nations are protected, and these
reefs provide crucial safeguards for 5.3 million people
and generate economic benefits valued at $109 billion
per decade’. In recent decades, reefs around the
globe have been severely damaged by numerous
invasive reef sponges’. The ubiquitous coral-killing
cyanobacteriosponge, Terpios hoshinota Riitzler &
Muzik, 1993, is one of the most threatening sponges
widespread in tropical reefs and damaged reefs
extensively”'’. The rapid proliferation of T. hoshinota
has been linked to significant coral reef degradation,
with studies indicating that it can overgrow and kill
coral colonies, contributing to more than fifty percent’
and 75 % coral cover decline in affected regions''.

Terpios hoshinota is a photoautotrophic encrusting
sponge, with a thin size (< 1 mm)®, and appears in
grayish to blackish colour (greenish in ethanol' or
pink in 1 % HCl-methanol"). Terpios hoshinota
invasion on reefs was first recorded from Guam®
and subsequently reported from other geographical
regions. It is not an exclusive coral ectoparasite,
because it also overgrew plastic tags'®, solid
substrates, rubbles'’, and other marine flora and
fauna®>'>'°. It overgrows corals rapidly under
favourable conditions and kills corals partly
(fragments) or patch-wise (a few colonies) or
completely (an entire reef patch). It releases
pseudoblastula  larvae'’, previously known as
parenchymella larvae", from the osculum during June
to December, midnightslg, full moon time'™'"",
reaching maximum larval release within three days'
and preferably settles on dead corals than live
corals'®. Laboratory observations revealed that it
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overgrew live Acropora coral by the seventh day after
forming lobed tylostyle spicules and oscula'.

The rapid spread of 7. hoshinota on dead coral
reefs inhibits larval settlement or delays the reef
recruitment process or leads to mortality in the case of
live corals®’. Corals are extensively invaded by
T. hoshinota because it arrests light and nutrient
availability to corals. The experimental observations
showed that the chemicals produced by 7. hoshinota
displayed a toxic effect on corals when propagating
on corals’. Studies also showed that Terpios is known
to outcompete corals and crustose coralline algae for
space rather than nutrients’*’.

The Gulf of Mannar Biosphere Reserve
(GoMMBR) is one of the rich biodiversity hotspots in
Southeast Asian countries that comprises 21 islands
surrounded by patchy fringing reefs with rich corals
and associated diversity’'. In recent decades, reefs in
these islands are experiencing potential threats from
frequent bleaching events due to elevated sea surface
temperatureszz'zs, sedimentation®®?’,  diseases®™™!,
algal invasions®”*****  sponge invasion™’, and
destructive fishing activities™. In India, 564 sponge
species have been reported™, of which T. hoshinota
has gained increased attention due to its destructive
nature on coral reefs”. The first occurrence of
T. hoshinota as a major reef threat was observed in
India from Palk Bay*’ and the Gulf of Mannar
(Vaan Island under Tuticorin) regions™. A previous
study suggested that 7. hoshinota might have likely
dispersed from Vaan Island and invaded reefs in other
islands between Palk Bay and Tuticorin regions™.
However, after the 2015 s‘rudy3 % no extensive studies
were conducted to understand its range extension in
the Gulf of Mannar islands. Hence, this study
conducted intensive reef surveys from the GoMMBR
and found its widespread occurrence in 10 out of 21
islands. This study aimed to report the outbreak of
T. hoshinota on Montipora digitata reefs and its
occurrence on other coral forms in the islands of
GoMMBR.

Materials and Methods

Between September 2018 and August 2019, a total
of 21 islands, including Thalaiyari and Valai Islands,
were surveyed. Notably, an outbreak of 7. hoshinota
was specifically recorded from reefs in Thalaiyari and
Valai Islands in May 2019. Underwater field surveys
were carried out one time during May 2019 (Fig. 1)
from the fringing reefs of Thalaiyari (09°11°103” N,
078° 55’968 E) and Valai Islands (09°11°246” N,

078°56°375” E) distributed in the Keelakarai region
under GoMMBR, Southeast coast of Tamil Nadu,
India. Reef monitoring of live and dead coral cover as
well as benthic cover in both Islands was surveyed
using the Coral Video Transect method*' along a
50 m belt transect. A 50 m belt transect was laid
perpendicular and parallel to the shore (this is due to
the reef distribution pattern) at the northern sides
of Thalaiyari Island (1.5 m depth) and Valai Island
(2 m depth), respectively. These two study sites are
primarily dominated by Montipora digitata reef
patches and scattered Porites colonies. Triplicate
transect data were not obtained as the incident was
observed only from specific Montipora digitata reef
patches in both study sites. The underwater
photographs of 7. hoshinota invading reefs and its
interactions with other corals were photographed
using a Nikon Coolpix camera. The percentage of
area damaged was analysed in Microsoft Excel.

Surface tissues of 7. hoshinota found on coral
fragments were collected using a scrapper. This tissue
was crushed into a fine solution in filtered sterile
seawater and observed under a Lynx microscope
at 40X magnification to identify associated
cyanobacteria. Spicules morphology was confirmed
according to Aini & Yamashiro®. Seawater quality
parameters were measured in situ using Eureka water
probes-Manta+Water Quality Sonde CTD analyser.
Corals were identified using standard taxonomic
keys (www.coralsoftheworld.org/) as well as the
GoMMBR regional database®'.

Results and Discussion

The outbreak of Terpios hoshinota was
documented from two islands under the GoMMBR. It
has distinct characteristics such as black-brownish
texture, tylostyle spicules, encrusting nature, and
endosymbiotic cyanobacteria. Its occurrence was
recorded on a few coral colonies, but its presence was
limited to just a few islands (Table 1). This incident
was recorded during a massive bleaching event that
occurred in GoMMBR during the summer of 2019.
The percentage of M. digitata reef damaged by
T. hoshinota was 42.8 % and 45 % in Thalaiyari and
Valai Islands, respectively. The reported percentages
reflect the actual coral cover of M. digitata at both
locations, with the same proportion of coral cover
being affected by 7. hoshinota infestation. The
percentage of other benthic forms observed along the
video transect in Thalaiyari Island includes Acropora
Branching (ACB) 18 %, Dead Coral with Algae
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Fig. 1 — Map showing study locations (yellow circles) Thalaiyari and Valai Islands in GoMMBR

Table 1 — Environmental parameters recorded during the outbreak of 7. hoshinota from four regions. Occurrence of 7. hoshinota in the
GoMMBR as Mild: 3 — 50 cm (n = 18); Moderate: > 50 cm — 2 m (n = 8); Outbreak: > 2 m — several meters (n = 2). KI: Krusadai Island;
MI: Manoli Island; HI: Hare Island; MUI: Mulli Island; VI: Valai Island; TI: Thalaiyari Island; PVI: Puluvinichalli Island;

UI: Upputhanni Island; and VNI: Vaan Island

Region Island Temperature (°C) Salinity
KI 31.17£1.08 35.38+1.16
Mandapam MI 30.13+0.58 35.36+1.13
HI 31.384+0.85 35.17+1.33
MUI 31.94+0.51 34.68+0.16
Keelakarai VI 32.88+0.58 34.78+0.11
TI 32.20+0.48 33.78+0.08
Vembar PVI 31.44+1.06 36.51+0.59
Ul 31.38+0.08 36.83+0.08
Tuticorin VNI 32.234+0.74 35.21+0.39

pH DO Depth Infestation level
7.54+0.08 6.13+0.44 1.7840.45 Mild
7.64+0.31 6.38+1.52 1.67+0.82 Mild
7.93+0.29 6.54+0.73 1.29+0.54 Moderate
7.55+0.16 6.66+0.82 2.72+0.99 Mild
7.51+0.12 6.69+0.15 2.70+0.22 Outbreak
7.56+0.14 6.54+0.24 1.84+0.37 Outbreak
7.67+0.01 6.26+0.59 3.14+0.05 Mild
7.66+0.03 6.91+0.21 2.62+0.54  Moderate
7.54+0.16 6.34+0.84 1.57+£0.12 Moderate

(DCA) 8.4 %, and Rubbles (R) 30.8 %. In Valai
Island, ACB 3 %, DCA 12 %, and R 40 % were
observed (Fig. 2). This T. hoshinota outbreak data
will help us compare future live coral cover data with
the current reef patches invaded by T. hoshinota.
Terpios hoshinota invasion was observed on
Montipora foliosa, Porites, Favites, Acropora, and
other encrusting corals. Partial damage to Galaxea
coral was also observed from Krusadai Island.
Terpios hoshinota overgrowing Halimeda sp. was

observed in reefs at Manoliputti Island. A study from
Mauritius observed that coral Acropora austera
as primary substrate preference of 7. hoshinota
over other corals'®. Nevertheless, numerous studies
reported Acroporidae, Merulinidae, and Poritidae
corals as the main coral groups invaded by
T. hoshinota®™®. These observations indicate that
T. hoshinota has no host-specific attack on any of the
observed coral forms, suggesting that T. hoshinota is
a space competitor rather than a nutrient miner, which
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Fig. 2 — Outbreak of 7. hoshinota that invaded live M. digitata
reef in Thalaiyari and Valai Islands. CKT: Coral-killing
Terpios hoshinota; ACB: Acropora branching; DCA: Dead coral
with algae; R: rubble. Note: There is no live coral cover in both
study sites because of 7. hoshinota invasion on the entire reef.
Hence, the percentage data of healthy colonies is not given. Other
coral morphs found in the study areas were not within the transect,
hence, data for other coral morphs is not included in the figure.
Colony counts data of other coral forms mentioned in the results
were obtained from areas where reef patch (surveyed in this
study) has ended in both the study sites
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is concurrent with the earlier studies™. These coral
species were observed to have no chemical defense to
display antagonism against 7. hoshinota progression.
Although it seems hard to believe that the sponge
spread is tens of meters only in one direction, the
linear propagation of 7. hoshinota was observed up to
a distance between ~10 —> 50 m. Peripheral spread of
T. hoshinota was found between the distance range
of 1.5 — 3 m. The monthly progression rate of
T. hoshinota on these coral forms was not studied due
to reef surveys in other islands. A total of 22.4 m” of
reef area in Thalaiyari Island and 10.5 m® in Valai
Island have been affected as observed along a 50 m
line transect and video transect. Other coral colonies,
which were located outside the transects and affected
with T. hoshinota in Thalaiyari Island, were Porites
(n = 4 out of 84), Platygyra (n = 1 out of 2),
Favites (n = 1 out of 24), Favia (n = 1), and digitate,
encrusting Montipora sp. (n = 1 out of 12). However,
reef patches of these coral species neither experienced
an outbreak nor displayed any defense action against
T. hoshinota. Significantly, Montipora digitata reef
alone was completely invaded by 7. hoshinota
(Figs. 2 & 3). Like black band disease*, T. hoshinota

E=y
|

Fig. 3 — Underwater photographs showing the rapid spread of 7. hoshinota on Montipora reef patch. a) Non-Bleached (NB) and Partially
Bleached (PB) M. digitata colonies being infected by 7. hoshinota in Thalaiyari Island; b) Spread of T. hoshinota on Bleached
(B) M. digitata colony observed in Thalaiyari Island. Circle showing the presence of green-colored cyanobacteria associated with CKT-
affected coral surfaces; c¢) Spread of 7. hoshinota from M. digitata colony to M. foliosa colony via coral-coral interaction observed in
Valai Island. MF: M. foliosa, HMF: Healthy colony of M. foliosa, HMD: Healthy colony of M. digitata, MD-CKT: M. digitata affected
with coral-killing 7. hoshinota, MF-CKT: Coral-killing T. hoshinota propagation onto M. foliosa; and d) Surface view of T. hoshinota

propagation between M. digitata and M. foliosa seen at Valai Island
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showed swift vertical propagation on massive corals
and horizontal propagation on branching corals in
Thalaiyari and Valai Islands.

Both bleached and non-bleached Montipora corals
were greatly affected (Fig. 3a & D). Infected
Montipora coral fragments revealed the presence of
cyanobacteria along with 7. hoshinota tissues
(Fig. 3b). The interaction of M. digitata with
M. foliosa has resulted in the rapid spread of
T. hoshinota to M. foliosa in both Thalaiyari and
Valai Islands, resulting in damage to M. foliosa coral
colonies within weeks (Fig. 3¢ & d). Interaction
between corals was observed to accelerate the spread
of T. hoshinota to other coral species. Rapid
progression of 7. hoshinota to adjacent healthy and
dead Montipora corals was swift from the edges of
infected corals. Terpios hoshinota progression from
M. digitata to M. foliosa colonies was accelerated by
coral-coral interaction (Fig. 3c). Only some of the
adjacent M. digitata colonies that were not interacting
with 7. hoshinota infected coral colonies were found
healthy (Fig. 3d). Massive Porites colonies (n = 7)
away from the Montipora reefs were also infected by
T. hoshinota at Thalaiyari Island, indicating that
T. hoshinota propagation to Porites colonies may be
due to larval dispersal and settlement.

The outbreak of 7. hoshinota was not observed in
any other islands of the GoM, except for mild to
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moderate occurrences of 7. hoshinota in a few islands
(Table 1). However, the prevalence of T. hoshinota
was recorded minimally in Mandapam (Hare, Manoli,
and Krusadai Islands), Keelakarai (Mulli and Anaipar
Islands), Vembar (Puluvinichalli and Upputhanni
Islands) and Tuticorin (Vaan Island) group of islands.
The invasion level of 7. hoshinota was higher (42.8 %
to 45 %) than in previous studies from Vaan Island
(5 %)*® and Palk Bay®. The spread of T. hoshinota to
Valai Island was observed to originate from
Thalaiyari Island. The present report contradicts
the view of earlier studies”** that suggested
anthropogenic stressors as possible factors to trigger
T. hoshinota. Because field observations during the
present study indicated the presence of T. hoshinota in
unpolluted and anthropogenic stress-free reef
environments, which is in accordance with a few
other studies*®*. Also, contrary to a previous study by
van der Ent ef al.®®, the spread of 7. hoshinota was
recorded close to the coast (nearly 4 m away from low
tide) in Hare Island and Thalaiyari Island, indicating
its allogenic and unrestricted spread from the coast to
outer shelf reefs. Terpios hoshinota eating or
propagating vectors were not observed in this study.
Among all the coral forms, Montipora and Acropora
corals were very often devastated by 7. hoshinota in
the Indo-Pacific reefs (Table 2).

Table 2 — The global prevalence of coral-killing cyanobacteriosponge, Terpios hoshinota and its level of damage on tropical reefs

Region Reef site Affected coral

World

American Samoa - -

Australia Lizard Island Acropora

Australia Kimberley Acropora sp.,

Seriatopora hystrix

China Yongxing Island Mainly Montipora sp.

China Taiping Island -

Indonesia Kalimantan, Montipora sp.
Sulawesi,
Thousand Islands

Indonesia Spermonde Acroporidae,
Archipelago Pocilloporidae

Indonesia Seribu Islands -

Indonesia Riau Islands Acropora, Montipora

Japan Tokunoshima Merulina ampliata
Island

Japan Okinoerabu Island

Japan Ryukyus Acropora, Montipora

Japan - -

Killing rate Year Stimulating factor Reference
- - 7
2010 12
2016 Unclear 49
44 - 2008 & 2010  Possibly environmental 46
19.9% factors
27.4% 2017 - 50
2011 & 2012  Anthropogenic 51
disturbances
~15% 2012 Unknown biotic or 48
abiotic stressors
33.11% 2016-2017 Transitional season 15
(dry to rainy)
2013 & 2015 52
87% 1984-1986 Turbidity 8
50% 2010 53
36% 2009-2011 Turbidity 9
- - - 54

(Contd.)
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Table 2 — The global prevalence of coral-killing cyanobacteriosponge, Terpios hoshinota and its level of damage
on tropical reefs (Contd.)
Region Reef site Affected coral Killing rate Year Stimulating factor Reference
Japan Okinoerabu-jima Branching corals ~24% 2010-2014 Possibly water quality 55
Island change by subtropical
typhoons
Japan Sesoko Island Montipora digitata 66 mm 2019- 2020 Seasonal changes 56
month™
Malaysia Tioman Island Lithophyllon 2013 Sunlight 57
repanda,
Pocillopora
damicornis
Maldives Faafu Atoll Acropora, 2015 43
Cyphastrea,
Montipora,
Pavona, and Porites
Mauritius Anse La Raie lagoon Branching corals 11% 2014 Unclear 14
Papua New Kimbe Island Acropora, 2016 58
Guinea Goniastrea,
Leptoria,
Montipora, and
Pocillopora
Philippines - - - - - 7
Taiwan Green Island Acropora humilis, 30% 2005-2006 59
Montipora
efflorescens
Taiwan Green island - - - - 45
Taiwan Green island 30% 2008 Light availability 60
Thailand - - - - - 7
USA Mariana Islands, Porites lutea 14.5+6.1 mm 1971 Nutrients and substrate 6
Guam d'; avg. 23
mm month™!
USA Mariana Islands, Porites lutea 25-30% 1987 Substrate 7
Guam
USA Pagan Island Porites, volcanic Centuries  Cyanobacterial bloom & 61
boulders old increased volcanic
activity
India
Palk Bay Palk Bay 20.7% Elevated temperature 35
Palk Bay Palk Bay Favites, Porites 31.7% 2014 Anthropogenic activities 40
Palk Bay Palk Bay Acropora 75.29% 2017 NO; and PAR 11
Gulf of Mannar  Shingle Island, Porites Two colonies 2019 Elevated temperature Present study
Mandapam & turbidity
Gulf of Mannar  Hare Island, Acropora Few fragments 2018 Elevated temperature Present study
Mandapam & turbidity
Gulf of Mannar  Krusadai Island, Galaxea One colony 2019 Moderate turbidity Present study
Mandapam
Gulf of Mannar ~ Manoliputti Island,  Halimeda sp. A patch 2018 Elevated temperature Present study
Mandapam & turbidity
Gulf of Mannar ~ Manoli Island, Montipora, A patch 2019 Elevated temperature Present study
Mandapam Echinopora & turbidity
Gulf of Mannar ~ Hare Island, Favites One colony 2019 Elevated temperature Present study
Mandapam & turbidity
Gulf of Mannar  Hare Island, Porites Four colonies 2018-19  Elevated temperature Present study
Mandapam & turbidity
Gulf of Mannar  Thalaiyari and Valai Favites One colony 2019 Elevated temperature Present study
Islands, Keelakarai & turbidity
Gulf of Mannar  Thalaiyari and Valai Montipora digitata 42.8% 2019 Elevated temperature Present study
Islands, Keelakarai & 45% & turbidity

(Contd.)
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Table 2 — The global prevalence of coral-killing cyanobacteriosponge, Terpios hoshinota and its level of damage
on tropical reefs (Contd.)
Region Reef site Affected coral Killing rate Year Stimulating factor Reference
Gulf of Mannar Thalaiyari Island, Porites Four colonies 2019 Elevated temperature ~ Present study
Keelakarai & turbidity
Gulf of Mannar Puluvinichalli Porites One colony 2019 Elevated temperature  Present study
Island, Vembar & turbidity
Gulf of Mannar Upputanni Island, Porites One colony 2019 Elevated temperature ~ Present study
Vembar & turbidity
Gulf of Mannar Vaan Island, Porites One colony 2019 Increased water Present study
Tuticorin turbidity
Gulf of Mannar Vaan Island, Montipora digitata  Small patch 2019 Moderate turbidity Present study
Tuticorin
Gulf of Mannar Vaan Island, Montipora 5% 2015 36
Tuticorin divaricata
Lakshadweep’s Bangaram and Acropora muricata,  30-50 cm 2016 Possibly elevated 47
Thinnakara Cyphastrea sp., approx. SST
Islands Dipsastraea
lizardensis, Isopora
palifera,
and Porites lutea
Andaman and - - - - - Unknown
Nicobar Islands
Gulf of Kutch - - - - - Unknown
Malavan - - - - - Unknown

The elevated sea surface temperature ranges of
32 to 36 °C (avg. 31.63 °C) recorded during massive
bleaching (Porites, Montipora, Acropora, and
Pocillopora) between February and May 2019 were
the possible environmental factors that triggered the
outbreak of 7. hoshinota (Table 1). Although the
NOAA Coral Reef Watch (CRW) SST data for the
Gulf of Mannar between 1985 to 2022, has not even
reached 33 °C, local temperatures obtained on the
field were real-time and higher than the satellite-based
SST. The findings of this study suggest that moderate
turbidity (observed visually underwater as arbitrary
units) and high temperatures may contribute to
the outbreak of 7. hoshinota. However, these
observations require further experimental validation
to confirm their role in triggering the outbreak.
In contrast, low temperatures and moderate turbidity
were found to promote a mild occurrence of
T. hoshinota (Tables 1 & 2). Few reports indicated
that 7. hoshinota spread did not correlate with water
turbidity***’. Contrary to previous reports, this study
infers that 7. hoshinota spread in GoM reefs is
triggered by turbidity, elevated SST, and possibly
unconfirmed nutrient availability but not influenced
by anthropogenic activities.

The rapid settlement
metamorphosis'*"
T. hoshinota larvae to far distances,

(within a day) and
appear to restrict the dispersal of
and thus

dispersion distances of 7. hoshinota larvae were very
short”. Raj et al.*® suggested that T. hoshinota likely
might have dispersed and invaded reefs in other
islands between Palk Bay and Vaan Island. The water
masses and current flow between Palk Bay and
GoMMBR were observed to be very strong due to
depth wvariations. As a result, the dispersion of
T. hoshinota between Palk Bay and the GoMMBR
regions may be possible via water mass movements
and currents. A study also suggested a similar
inference that the current pathway could play a
significant role in transporting 7. hoshinota from one
region to another®*. Further, subtropical typhoons
and storms’® were observed to trigger the appearance
and disappearance of 7. hoshinota outbreak by
limiting light penetration and SST and altering water
quality. The shading effect has been an effective
method to protect corals from 7. hoshinota®®,
indicating light availability as a significant factor in
controlling 7. hoshinota growth and spread.

Conclusion

Terpios hoshinota is widespread in the GoMMBR
islands, and its outbreak under favourable conditions
can damage reefs severely. Therefore, long-term
seasonal monitoring studies are required to
understand the range extension and shift of
T. hoshinota in the GoOMMBR Islands. Additionally,
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the development of non-invasive strategies to control
T. hoshinota spread on coral reefs is needed to protect
reefs in the GOMMBR. Delineating the molecular
taxonomy of the genus Terpios would provide
insights into the species diversity and distribution, and
their ecological impacts on coral reefs of the
GoMMBR. The present study data will assist in
comparative studies to understand future coral cover
changes and shifts that might occur in the islands of
GoMMBR. Terpios hoshinota prevalence on a few
colonies does not seem to be a cause for alarm, but
certainly provides a natural opportunity under
favourable conditions to disperse and invade reefs.
Hence, the level of progression on coral colonies
needs to be monitored seasonally for the long term to
better understand its invasion on reefs.
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