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Abstract A
This study documents the occurrence of the hermatypic coral Hydnophora exesa (Pallas, 1766) from Holocene
coral-bearing deposits exposed within Narara Marine National Park (NMNP), Jamnagar District, Gujarat,
western India. The investigation integrates field observations, specimen-level documentation, macromorpho-
logical and microstructural analyses, and stratigraphic relationships of coral-bearing horizons resting un-
conformably over Deccan Trap basalts. A total of three specimens were collected and catalogued with unique
identifiers and geospatial coordinates. Selected samples were processed for petrographic thin sections, and
all specimens are curated in the repository of the Geological Survey of India (GSI), Central Headquarters.
Although direct radiometric dating of H. exesa was not undertaken, previously published radiocarbon ages
from associated coral taxa (Acropora humilis, Porites spp.) constrain reef development in the study area to the
early to mid-Holocene. The fossil colonies exhibit massive to encrusting morphologies consistent with shallow,
reef-flat to subtidal environments under warm, normal marine conditions. However, palaeoenvironmental and
relative sea-level interpretations remain qualitative, as they are based on stratigraphic context and ecological
analogues rather than direct geochemical proxies. This study establishes a well-constrained taxonomic and
stratigraphic dataset for H. exesa from NMNP and provides a baseline framework for future investigations
incorporating absolute dating, geochemical proxies, and high-resolution stratigraphic analyses.
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Introduction

Scleractinian coral reefs are highly sensitive to variations in
water depth, temperature, substrate stability, and hydrodynamic
energy, making fossil coral assemblages valuable indicators of
past shallow-marine environments. During the Quaternary pe-
riod, fluctuations in global sea level and climate exerted strong
controls on reef initiation, growth, and abandonment, particu-
larly along tectonically stable continental margins. The western
coast of India, especially the Saurashtra Peninsula of Gujarat,
preserves extensive Quaternary coastal deposits, including fos-
sil coral reefs commonly referred to as the “Dead Coral Reefs”
of the Okha—Mandal region. These reefal deposits occur strati-
graphically above Deccan Trap basalts and record phases of ma-
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rine transgression during the Holocene. Although previous stud-
ies have documented coral diversity and general stratigraphic
relationships in this region, detailed taxonomic documentation
of individual coral species from protected coastal sectors such
as Narara Marine National Park remains limited.

Hydnophora exesa is a widely distributed Indo-Pacific
reef-building coral characterized by prominent hydnophores and
considerable morphological variability. Owing to its relatively
narrow ecological tolerance, the species has significant potential
as a qualitative indicator of shallow reefal environments. The
present study aims to document fossil occurrences of H. exesa
from Narara Marine National Park and to evaluate their strati-
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graphic context and palacoenvironmental significance based on
morphological characteristics, field relationships, and compari-
son with modern ecological analogues [1].

Study Area

The study was conducted in Narara Marine National Park, locat-
ed along the southern coast of the Gulf of Kachchh, Gujarat. The
park extends approximately between latitudes 22°27-22°35' N
and longitudes 69°57'—70°05" E and represents one of the most
ecologically significant coral reef ecosystems along the western
Indian coastline (Figure 1). It forms part of a designated Marine

Protected Area (MPA) network and is characterized by extensive
intertidal reef flats, rocky platforms, sandy patches, and shallow
subtidal zones. Geologically, the area is underlain by Deccan
Trap basalts of Late Cretaceous to early Paleogene age, which
form the basement for overlying Quaternary sediments (Figure
2). These basalts are unconformably overlain by unconsolidated
sand, clay, and mud facies representing nearshore to intertidal
depositional environments. Holocene coral-bearing horizons oc-
cur above these sediments and are exposed within the intertidal
zone during low tide.

Figure 1: Location map of the study area (map not in scale)
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Figure 2: Geological map of the study area.

The region experiences a semi-arid tropical climate with pro-
nounced seasonal variability. Sea surface temperatures range be-
tween approximately 20°C and 32°C, while salinity remains rel-
atively high due to limited freshwater input and high evaporation
rates. The area is strongly influenced by macrotidal conditions,
with tidal amplitudes exceeding 6 m, resulting in prolonged ex-
posure of intertidal reef areas. These environmental conditions
exert significant control on coral distribution, morphology, and
stress tolerance. Hydnophora exesa occurs in scattered patches
within intertidal and shallow subtidal zones, typically on stable
rocky substrates and reef flats with moderate water circulation.
The species exhibits tolerance to high turbidity, sedimentation,
and periodic aerial exposure, making the study area an important
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natural setting for investigating coral adaptation in marginal reef
environments. Field nvestigations were conducted following es-
tablished protocols and with appropriate permissions from the
concerned authorities to ensure minimal ecological disturbance.

Materials and Methods

Coral samples, including dead, semi-fossilized, and fossil speci-
mens, were collected from multiple coastal localities in the Jam-
nagar District, Gujarat, including Narara Bet, Bedi coast, and
Sikha Bet along the northern Saurashtra coast. Field investiga-
tions were carried out during low-tide conditions to facilitate in
situ observation of reefal facies, coral growth forms, and strati-
graphic relationships. Specimens were obtained from coral—al-
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gal reef facies exposed in intertidal to supratidal zones, as well
as from subsurface exposures accessed through coastal sections,
shallow trenches, and dug-well profiles. These occurrences are
lithostratigraphically correlated with Holocene “Dead Coral
Reef” deposits of the Okha—Mandal region. The sampled cor-
al horizons consistently overlie Deccan Trap basaltic basement
and associated Quaternary siliciclastic sediments, providing a
well-constrained stratigraphic framework.

Collected specimens were cleaned, air-dried, and examined us-
ing a stereozoom binocular microscope to document skeletal
morphology and microstructural characteristics. Selected sam-
ples were sectioned using a precision cutting machine for prepa-
ration of standard petrographic thin sections. These were ana-
lysed to examine corallite wall structures, septal arrangement,
and internal skeletal architecture. Morphometric parameters
were measured following established protocols in scleractinian
coral taxonomy. Macroscopic specimen images were captured
using a high-resolution digital camera, while thin-section photo-
micrographs were obtained using optical microscopy. All speci-
mens were assigned unique identifiers and linked to their respec-
tive field locations and stratigraphic positions (see Section 3A).

Radiocarbon (**C) dating was conducted on associated coral taxa
(Acropora humilis) at the Radiocarbon Dating Laboratory, Geo-
chronology and Isotope Geology Division, Geological Survey
of India (Central Headquarters), to provide a regional chrono-
logical framework. However, no direct radiometric dating was
performed on H. exesa specimens. Consequently, chronological
interpretation relies on published radiocarbon ages of co-occur-
ring taxa (e.g., Acropora, Porites) from equivalent stratigraphic
units. This limitation is explicitly acknowledged, and interpreta-
tions are accordingly constrained. Future work will focus on ob-
taining direct chronological control through AMS radiocarbon
or U-Th dating of Hydnophora specimens. Additionally, spatial
data on coral occurrences were compiled to support palacogeo-
graphic interpretation of reef development within the Holocene
coastal evolution of the Jamnagar region.

Stratigraphy and Section Description (Refined)

A representative well section (~5 m depth) near Vadinar—Narara
(Figure 3) reveals the following generalized stratigraphic suc-
cession:

Table 1
Unit Thickness Description
Unit IV 0.5-1.2m Coral debris, fragmented colonies
Unit IIT 1.5-2.0 m Coral limestone (in situ colonies)
Unit II 2.0-3.5m Sandy clay with shell fragments
Unit [ >3.5m Deccan Trap basalt (basement)

Figure 3: A well section of coral debris with Deccan volcanic at the base, Narara area, 3km NE of Vadinar, Jamnagar.

The coral-bearing Unit III represents in situ reef growth, where-
as Unit IV reflects reworked deposits formed under high-energy
conditions, possibly associated with storm events or episodic
reworking processes.

Systematic Palacontology (Revised — Publication Ready)
Class: Anthozoa Ehrenberg, 1834

Subclass: Zoantharia Blainville, 1830

Order: Scleractinia Bourne, 1900

Suborder: Astrocoeniina Vaughan & Wells, 1943

Family: Merulinidae Verrill, 1865 (updated modern classifica-
tion; replaces Acroporidae)

Genus: Hydnophora Fischer de Waldheim, 1807
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Type Species: Hydnophora demidovii Fischer de Waldheim,
1807

Species: Hydnophora exesa (Pallas, 1766)

Plate I, Figures 1-6

Description

The colonies are predominantly massive to submassive, occa-
sionally exhibiting encrusting to partially foliaceous growth
forms. The colony surface is characterized by numerous well-de-
veloped monticules forming conical to pyramidal projections.
Monticules typically measure 3—5 mm in height and 4-5 mm in
diameter, although elongated forms may reach lengths of up to
10-20 mm. Hydnophores are distinct, measuring approximately
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5-8 mm in diameter, and impart a course, irregular texture to the
colony surface. The skeletal structure is highly integrated, with
corallites arranged in series but lacking well-defined, continuous
walls. Septa are fine, closely spaced, and exhibit weak denta-
tion. Colonies commonly develop irregular, thickened, branch-
like projections, particularly in marginal zones. Considerable
intra-colony variability in growth form is observed, reflecting
environmental adaptation.

Table 2: Differential Diagnosis

Remarks

Hydnophora exesa is a morphologically variable species ex-
hibiting significant variation in colony architecture, monticule
development, and skeletal arrangement. This variability has
historically resulted in multiple taxonomic assignments and an
extensive synonymy. Despite this variability, the species can be
reliably identified based on the characteristic size and morphol-
ogy of monticules and hydnophores, along with its submassive
to encrusting growth habit.

Species

Diagnostic Difference

H. microconos

Smaller, closely spaced monticules

H. rigida

More compact colony with less elongate hydnophores

H. grandis

Larger colonies with thicker skeletal framework

Figure 4: Close-up view showing skeletal texture and hydnophores

Specimen Identification Justification

The studied specimens (NAR-CHQ series) are assigned to Hyd-
nophora exesa based on:

*  Monticule size (3—5 mm typical)

*  Submassive to encrusting colony morphology

*  Hydnophores measuring 5-8 mm in diameter

»  Irregular surface texture and skeletal integration

Palaeoenvironmental and Relative Sea-Level Significance

The occurrence of Hydnophora exesa within coral-rich limestone
horizons at Narara Marine National Park indicates deposition
in shallow marine, photic-zone environments under warm-wa-
ter conditions and normal marine salinity. The preservation of
colonies in both in situ reefal frameworks and reworked debris
deposits suggests development within reef-flat to shallow sub-
tidal settings influenced by moderate hydrodynamic energy.
The massive to encrusting growth forms observed in the studied
specimens are consistent with ecological preferences of H. exesa
in relatively stable substrates under variable environmental con-
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ditions, including episodic exposure and sedimentation stress.
However, such morphological attributes are not [2-8].

Stratigraphically, coral-bearing units occur directly above the
Deccan Trap basalts, indicating a significant depositional hiatus
followed by Holocene marine transgression. This transition re-
flects regional shoreline migration associated with post-glacial
sea-level rise. Chronological interpretation relies on previously
published radiocarbon ages from associated coral taxa such as
Acropora humilis and Porites spp., which indicate reef initiation
during the early to mid-Holocene (~10-8 ka BP). These data
provide a regional framework but do not constrain species-spe-
cific ages for H. exesa. The present intertidal exposure of fossil
coral colonies suggests subsequent phases of relative sea-level
stabilization or fall following reef growth .These variations are
consistent with glacio-eustatic controls modulated by local geo-
morphic and tectonic influences along the western Indian mar-
gin. In the absence of direct geochemical proxy data (e.g., stable
isotopes, trace elements), palacoclimatic interpretations remain
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qualitative. Therefore, the present study establishes a baseline
stratigraphic and ecological framework, rather than a quantita-
tive reconstruction [9-16].

Discussion

The documented occurrence of Hydnophora exesa within the
Holocene reef deposits of Narara Marine National Park provides
significant insights into reef development along the northern
Saurashtra coast and contributes to the growing body of evi-
dence for Quaternary reef evolution in western India. The dom-
inance of massive to encrusting colony morphologies observed
in the studied specimens reflects adaptive responses to hydro-
dynamic variability, sedimentation stress, and periodic subaerial
exposure, which are characteristic of macrotidal coastal environ-
ments such as the.

The stratigraphic configuration, wherein coral-bearing hori-
zons unconformably overlie the Deccan Trap basalts, indicates
a pronounced depositional hiatus followed by Holocene marine
transgression. This transition represents a major paleoenviron-
mental shift from subaerial volcanic terrain to shallow marine
carbonate systems, consistent with regional geological evolu-
tion documented across the Saurashtra coast. Such stratigraphic
relationships provide critical constraints on the timing and na-
ture of reef initiation in response to post-glacial sea-level rise.
Comparative analysis with reef systems from the Okha—Mandal
region reveals similar patterns of reef initiation, lateral accre-
tion, and episodic reworking under transgressive conditions.
However, the present study advances existing knowledge by
providing detailed species-level taxonomic documentation of H.
exesa, which has often been underrepresented or generalized in
earlier regional studies. This taxonomic resolution enhances the
reliability of palaeoecological interpretations and contributes to
refining regional reef development models [17-25].

Despite these contributions, certain limitations constrain the
robustness of paleoenvironmental reconstruction. The absence
of direct chronological control through Accelerator Mass Spec-
trometry (AMS) radiocarbon dating or Uranium-Thorium (U—
Th) dating reduces the precision of temporal interpretation and
introduces uncertainty in correlating reef development phases.
Additionally, the lack of high-resolution sedimentological log-
ging limits detailed facies alysis and restricts the reconstruction
of depositional environments at finer spatial and temporal scales.
Furthermore, the absence of geochemical proxy data, including
stable isotopes (8'%0, 6'3C) and trace element ratios (Sr/Ca, Mg/
Ca), constrains the ability to quantitatively reconstruct palaco-
temperature, seawater chemistry, and climatic variability conse-
quently, interpretations of palacoclimate and relative sea-level
changes remain largely inferential and qualitative.

Notwithstanding these limitations, the study establishes an im-
portant baseline for understanding Holocene reef dynamics in
the Narara sector. Future investigations integrating high-resolu-
tion stratigraphy, geochemical proxy analysis, and absolute dat-
ing techniques are essential to refine temporal frameworks and
environmental reconstructions. The application of remote sens-
ing and Geographic Information System (GIS)-based reef map-
ping techniques will further enhance spatial analysis of reef dis-
tribution and geomorphic evolution. Overall, the present work
underscores the importance of combining taxonomic precision
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with stratigraphic and geomorphological context to improve in-
terpretations of reef development and coastal evolution along
the western Indian continental margin [26-36].

Conclusions

The present study provides a systematic taxonomic and strati-
graphic documentation of Hydnophora exesa from Holocene
reef deposits of Narara Marine National Park, thereby contrib-
uting to the broader understanding of Quaternary reef develop-
ment along the Saurashtra coast and the western Indian margin.
The occurrence of coral-bearing horizons unconformably over-
lying the Deccan Trap basalts indicates a significant depositional
hiatus followed by a major marine transgressive phase during
the early Holocene. This transition marks the initiation of reef
growth in the region and is consistent with global sea-level rise
following the Last Glacial Maximum. The presence of well-pre-
served, in situ coral colonies suggests deposition under warm,
shallow marine conditions characterized by normal marine sa-
linity and relatively stable substrate environments. The morpho-
logical characteristics of H. exesa, particularly its massive to
encrusting growth forms, further support interpretation of reef-
flat to shallow subtidal settings under moderate hydrodynamic
energy conditions.

Regional radiocarbon age constraints from associated coral
taxa indicate that reef development occurred during the early
to mid-Holocene, followed by phases of reef exposure and pos-
sible abandonment linked to relative sea-level fluctuations. The
present intertidal exposure of fossil coral colonies reflects sig-
nificant palaecoshoreline displacement, primarily controlled by
glacio-eustatic sea-level changes, with additional influence from
local geomorphic adjustments and possible neotectonic activity

Although the study establishes a robust taxonomic and strati-
graphic framework, the absence of direct chronological control
(e.g., AMS radiocarbon or U-Th dating) and geochemical proxy
data (e.g., stable isotopes and trace elements) limits the precision
of palaeoenvironmental reconstruction. Consequently, the inter-
pretations presented herein should be regarded as qualitative
and form a baseline for future multidisciplinary investigations.
Overall, Hydnophora exesa is confirmed as a reliable qualitative
indicator of shallow marine reef environments. The Narara reef
system represents an important geological archive for recon-
structing Holocene coastal evolution, sea-level dynamics, and
reef development along the western Indian continental margin.

Recommendations

To enhance the scientific robustness and regional applicability

of the study, the following future research directions are recom-

mended:

e Acquisition of absolute chronological data using AMS ra-
diocarbon and U-Th dating

*  Development of high-resolution stratigraphic frameworks

*  Application of stable isotope and trace element geochem-
istry

* Integration of remote sensing, GIS, and drone-based map-
ping techniques

*  Detailed sedimentological and facies analysis of reef depos-
its

These approaches will significantly improve the resolution of

paleoenvironmental and sea-level reconstructions.
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