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Abstract
The Gulf of Kachchh (GoK) is diversified with various marine habitats, influenced by semi-diurnal tidal amplitude and 
heavy sedimentation. Seagrass is one of the key habitats in GoK with the predominant diversity of Halophila ovalis, Hal-
odule uninervis, and Thalassia hemprichii. The seagrass is subjected to be at risk than any other habitats due to natural and 
human impacts. Strategies need to be developed to conserve seagrass patches of inhospitable environments like GoK, which 
demands the present feasibility study on seagrass restoration. In the present study, the seagrass habitats of the GoK were 
assessed in Pirotan, Narara, and Mithapur reef areas. Halophila ovalis showed the most extensive coverage in all the studied 
sites during the study period (62.11 ± 5.60/m2 in Pirotan; 60.70 ± 7.24/m2 in Mithapur and 59.32 ± 5.45/m2 in Narara sites). 
Likewise, Thalassia hemprichii showed the least cover in all the three studied sites (25 ± 6.28/m2 at Narara; 28.93 ± 3.54/
m2 in Pirotan and 31.78 ± 4.16/m2 in Mithapur sites). Site-specific strategies have been attempted to develop a successful 
seagrass restoration nursery for Ha. ovalis and H. uninervis in the GoK region. To restore the seagrass species, vegetative 
sprigs were planted using the staple method. To increase the stability, the sprigs were later planted by attaching them within 
the iron frame (1 m x 1 m size) with the support of metallic mesh. The water quality and physical property of the restoration 
sites were documented. Two potential seagrass meadows were also identified along the Marine National Park (MNP) which 
can act as donor sites for restoration along the GoK in future.
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Introduction

Gulf of Kachchh (GoK) located on the northwest coast of 
India represents some of the extreme northerly distribution 
limits of reef habitat in the Indo-Pacific region (Satyanaray-
ana and Ramakrishna 2009). Their isolation in a sub-tropical 
location, possessing an arid climate with semi-diurnal tidal 
amplitude, and heavy sedimentation rate are the factors that 
make the Gulf a ‘hyper-normal’ environment for the inhab-
iting biota (Michael et al. 2009). The southern margin of 
the Gulf is fringed by a diverse assemblage of coral reefs, 

mangroves, seagrass, seaweeds, and it is one of the most pro-
ductive and diversified habitats along the north-west coast 
of India (Nair 2002). Comprehending the importance of pre-
serving these ecosystems in the Gulf, Govt. of India declared 
this area as Marine National Park & Sanctuary (MNP&S) 
and it is conserved under CRZ Category-I protected area 
(Nair 2002; Singh 2003; Adhavan et al. 2014).

The seagrass ecosystem is one of the key components of 
the Gulf of Kachchh region. Although seagrasses are among 
the most productive ecosystem in the world, they are the 
least studied critical component of the marine habitats in 
the Gulf of Kachchh region (Kamboj 2014). Seagrass shel-
ters coastal waters and perform an array of vital ecological 
functions in marine ecosystems. The seagrass beds serve 
as an important feeding and nursery ground for a variety of 
commercial fishes, they act as a food source for threatened 
fauna like sea turtles and dugong (Johnstone 1978; Lanyon 
et al. 1989), and as a source of nutrients to the coastal com-
munity through detrital food chains. The seagrass ecosystem 
in the Gulf of Kachchh is reported to be under threat than 
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any other marine habitat, due to stronger anthropogenic pres-
sure and climate change (Nobi et al. 2011; Thangaradjou 
and Bhatt 2018). The common seagrass species recorded in 
the Gulf are Halophila ovalis, H. beccarii, Halodule unin-
ervis, Thalassia hemprichii and Zostera marina (SAC 2010). 
Among them, species like Halophila ovalis, Halodule unin-
ervis, and Thalassia hemprichii were recorded to be more 
predominant in the Gulf of the Kachchh region. Thangarad-
jou and Bhatt (2018), reported eight species of seagrass from 
the Gujarat coast which stands next to Lakshadweep that 
harbours ten species. In this regard, a recent study reveals 
the occurrence of Halophila decipiens as scattered mead-
ows from Beyt Dwarka and Bhaidar reefs area (WII 2019). 
However, Singh et al. (2004) recorded sparse distribution 
of seagrass at Paga Reef, Chandri Reef, Noru Reef, Bhural 
Chank Reef, Kalubhar Reef, Narara Reef, Boria Reef, Man-
gunda Reef, Goose Reef and Pirotan Island, and low-density 
seagrass meadows around Meetha Chusna Island, Bhaidar 
Island, Chank Island, Ajad Island, Jindra Island, Chhad 
Island and Poshitra Reef.

The marine habitats of the Gulf are always under pres-
sure due to heavy water current, macrotidal regimes, unsta-
ble substrate, and increased sedimentation rate due to the 
flow of the Indus River and other water channels (Roger 
1990; Ramaswamy et al. 2007; Nayruti et al 2011; Chat-
terjee and Ray 2017). Moreover, industrialization, pollu-
tion, coastal development, unsustainable fishing practices, 
elevated sea surface temperature and sea-level rise are the 
other factors that affect the ecosystem structure and func-
tion in the GoK (Dixit et al. 2010; Adhavan et al. 2014). 
Nearly, 65% of seagrass cover loss was recorded since 
2008 in the GoK due to increased sedimentation owing to 
coastal development, alteration, and natural pressure. This 
led to substantial concern about the health of the seagrass 
ecosystem (Bjork et al. 2008). Loss of seagrass habitat 
and evidence of ecological imbalance was the impetus for 
investigating the restoration of seagrass habitat in the Gulf 
of Kachchh region. The primary objective of this work 
is to develop a nursery to restore the seagrass habitats 
in the GoK area by following suitable technologies. The 
seagrass restoration process and nursery development are 
challenging in the GoK area due to its dynamicity and 
unstable substrate. The seagrass restoration in India is still 
in the emerging stage, there are only very few experimen-
tal activities have been attempted (Edward et al. 2019). 
Globally, several techniques have been attempted to facili-
tate the restoration and recovery of seagrass meadows at 
the sites where they were recently disturbed (Paling et al. 
2009; Cunha et al. 2012). However, the success rate var-
ies at different locations (Fonseca 1992; Gordon 1996; 
Seddon 2004). Transplanting vegetative rhizome is the 
commonly used approach to establish seagrass at former 
sites or at new sites to balance losses associated with 

recommended activities (Fonseca et al. 1998; Matheson 
et al. 2016). There was a reasonably extensive seagrass 
cover at the GoK MNP area, but a significant percentage 
of seagrass cover has been lost due to coastal development 
and pollution (Bjork et al. 2008; Kamboj 2014). On other 
hand, natural threats such as climate change, sea surface 
temperature (SST), increased intensity and frequency of 
storms and extreme weather events, and freshwater intru-
sion have also pushed the seagrass meadows to further risk 
(IUCN 2007). These unprecedented threats have neces-
sitated the need for seagrass restoration as a management 
tool in the GoK area. The present study describes a site-
specific, modified methodology, adapted to develop a suc-
cessful seagrass restoration nursery for sedimented and 
current impacted marine habitats like the Gulf of Kachchh.

Materials and method

Ecological monitoring of seagrass

Seagrass species distribution was studied along the Gulf of 
Kachchh coast at Pirotan (22°35′36.91 N 069°57′40.15E), 
Narara (22° 28′ 35.69" N 069°43′ 12.90" E) and Mith-
apur (22°27′26.53  N 069°01′24.12E) as a part of the 
Integrated Coastal Zone Management Project (ICZMP) 
during 2013–2016 and Rufford’s small grant seagrass 
restoration project 2017–2018. The seagrass distribution 
was classified as sparse, medium dense and highly dense 
based on their density. The seagrass diversity was esti-
mated using the random quadrant method (English et al. 
1997) at all classified sites owing to irregularities of the 
topography. Water quality was assessed at all three sites 
using Hydrolab-ES5, multi parameters kit during 2017 to 
understand the correlations of water quality parameters 
and seagrass species distribution (Fig. 1).

Nursery sites

A pilot study was carried out to select suitable donor 
and nursery (recipient) sites for seagrass restoration. An 
intensive survey was carried out at three spatially distinct 
sites i.e., Pirotan, Narara and Mithapur during the eco-
logical monitoring surveys. Finally, the Mithapur area was 
selected for the experimental purpose owing to the recent 
disturbance caused to the seagrass ecosystem by anthro-
pogenic and natural pressures. The sites were selected 
near a massive reef structure and dense seagrass patches. 
The sites were shallow, and the intensity of the water cur-
rent was found to be reduced due to the shading effect of 
nearby reef structures.
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Restoration technique

Seagrass nursery activities were carried out in the selected 
sites during the period between 2017–2018. Vegetative 
rhizomes from the nearby donor sites were extracted by 
fanning overlying silts to expose the rhizomes. Initially, 
plantation experimentation was performed to ascertain 
the most feasible technique in the GoK area, including 
the staple method as described by Fonseca et al. 1998. 
The vegetative parts of the seagrass were manually col-
lected in a mesh bag at a depth of 3 to 4 m by SCUBA 
diving. Then the plants were attached to a metallic staple 
by inserting the root-rhizome portion under the silt. The 
clip was secured around the plants at the basal meristem 
so that the leaves can extend from under the string up into 
the water column when planted. A total of 200 seagrass 
sprigs were transplanted at each mesh frame (1 m X 1 m 
sized). After two weeks of the plantation, the stability 
of planted seagrass was assessed. The in-situ experiment 
was carried out in triplicate.

Seagrass nursery

The number of planting methods has been adapted at differ-
ent regions for seagrass restoration including seeding, sta-
pling, use of anchored and unanchored sprigs, plugs, peat 
pots, and transplantation of individual mature plants as sug-
gested by Phillips (1980), Fonseca (1994), and Fonseca et al. 
(1998), the fertilization of transplants to accelerate growth 
and bed coalescence is described by Fonseca et al. (1987, 
1998) and Kenworthy and Fonseca (1992). Traditional sea-
grass restoration guideline recommends careful site selec-
tion, i.e., a sheltered location with an adequate light environ-
ment. In the present study, the methodology was developed 
based on the bottom topography, seagrass distribution and 
environmental parameters of the Mithapur region. The sea 
surface temperature (SST) varied from 22.5 (Jan) to 29.4 °C 
(June) during the restoration activities carried out and this 
is the optimum temperature for the seagrass ecosystem 
(Mc Millan 1984). Likewise, the salinity of the site varied 
from 30.6 to 37.7ppt. Light availability is one of the most 

Fig. 1  Map showing restoration and survey sites
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important determinants of seagrass bed health. Generally, 
seagrass requires 15 to 25 per cent of light availability at 
the water's surface. During the present study, turbidity at the 
restoration site was recorded from 0.375 to 0.427 V.

The depth of the selected sites for the nursery activities 
was 2.5 m to 1.25 m during high-tides and low-tides, respec-
tively. To sow the vegetative seagrass sprigs firmly, we have 
modified the staple method with iron frames. In this method, 
three frames (1 m x 1 m) with mesh and boulders at the four 
corners (Fig. 2a) were designed. To increase the stability, 
collected sprigs were planted by attaching with the help of a 
metallic pin hook within the iron frame (1 m x 1 m size) with 
the support of metallic mesh. The plantation was carried 
out on consecutive days for a week during low tide. All the 
plots were acclimatized overnight and monitored regularly 
in successive weeks.

Result & discussion

The seagrass covers of the studied sites in the Gulf of 
Kachchh is represented by Halophila ovalis, Halodule unin-
ervis, and Thalassia hemprichii. The species diversity of 
seagrass is generally found to be predominant during the 
post-monsoon season (November to February). The per-
centage cover of the species, Halophila ovalis was observed 
healthy and dominant in all the studied sites during the study 
period (Fig. 3). Whereas Holodule uninervis and Thalassia 

hemprichii were found to be disturbed and completely van-
ished in some places during the pre-monsoon season.

Water quality analysis

The water quality analysis reveals the turbidity was fluctu-
ating at all the study areas. The turbidity was less during 
post-monsoon, gradually increasing during summer and pre-
monsoon and reduced during post-monsoon. The increasing 
turbidity would reduce light accessibility to seagrasses. It 
was also revealed that the dissolved oxygen (DO) was higher 
during post-monsoon, gradually decreasing during summer 
and pre-monsoon, and fluctuating during monsoon. This will 
signify the factors controlling the occurrence of seagrasses 
(Table 1). However, compared to Narara and Pirotan, Mith-
apur has less impact of limiting factors for the occurrence 
of seagrass.

Seagrass diversity and ecological relationship

The turbidity and dissolved oxygen were a few of the major 
factors that support the seagrass distribution. The relation-
ship between an environmental factor and seagrass distri-
bution are given in Table 2. Dissolved oxygen revealed a 
positive correlation with all three species of seagrasses while 
turbidity showed a negative correlation with the seagrasses 
from all the sites of the study area. All the seagrass species 
showed a positive correlation with each other, revealing, 
no species is dominant over the other. However, from these 

Fig. 2  a Mesh with the iron 
frame; b-c Planting seagrass 
sprigs within the frame; d stabi-
lized seagrass after restoration
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correlations, turbidity was found to be one of the prime lim-
iting factors for seagrass diversity in the Gulf of Kachchh 
area.

The seagrass species Halodule uninervis was found to 
be stabilized within the frame from the first week onwards. 
The transplants were not washed away by the current and 
water movement due to the firm attachment of the rhizome 
in the mesh with the help of a metallic clip. The nursery site 
has been observed to support diverse fishes augmentation as 
well. Among the planted seagrass species, Halophila ova-
lis showed maximum stability in all the studied sites. This 
is perhaps due to the structural attributes of the seagrass 
species. Ha. ovalis has oval-shaped short leaves and short 
petioles that holds the seagrass close to the ground level 
within the frame, this may help them to escape the inten-
sity of the water current. Whereas Halodule uninervis has 
a wide and longleaf blade with a vertical rhizome, which 
may make them vulnerable to the intensity of the water cur-
rent at the studied site during the experiment period. In the 
experimental frames, loss of seagrass sprigs was observed 
more during the first month of plantation for both the spe-
cies 21.34% for Ha. ovalis and 35.36 for Ho. uninervis. 

Afterwards, the loss % of the sprigs reduced gradually and 
it stabilized successfully during the subsequent months 
(Table 3). In the Gulf of Kachchh, sheltered sites with less 
direct current influence supported a good seagrass cover. 
As a part of the present study to explore such shaded sites, 
Armabada lake (22°26′25.88 N; 069°02′40.59E) and tid-
ally influenced cement tanks constructed and abandoned by 
Gujarat State Fertiliser and Chemical Ltd., (22°25′47.96 N; 
069°49′33.58E), Sikka was identified as potential reserves 
and they can act as natural nurseries for seagrasses along 
the Gulf of Kachchh Marine National Park. These sites 
were observed with a maximum water depth up to 2 m 
and supported a good density of Ha. ovalis seagrass cover 
(avg.127 ± 35 leaf pairs/m2 in the Sikka site and 97 ± 18 leaf 
pairs/m2 in the Arambhada lake site). These sites preserve 
a good and healthy cover of seagrass meadows and can be 
served as donor sites for seagrass restoration activities in the 
Gulf. The present study revealed that careful selection of less 
current influenced, shaded sites may yield a successful res-
toration of seagrass even in the current and heavy sedimen-
tation influenced marginal reefs like the Gulf of Kachchh.

Fig. 3  Distribution of Seagrass 
in GoK area. (NA – Narara, 
PI – Pirotan, MI – Mithapur; 
HO –Halophila ovalis, HU 
–Holodule uninervis, and TH 
–Thalassia hemprichii 
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