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Abstract

It is essential to restore degraded seagrass habitats as they are 
among the major blue carbon ecosystems undergoing degradation 
at alarming proportions throughout the globe. As our earlier 
attempts at seagrass transplanting trials ended up in grazing by 
herbivores, fresh trials in enclosed rafts were initiated which resulted 
in an 80% survival rate. The results indicated the magnitude of 
overgrazing on seagrass shoots and the height of transplants after 
37 days in the enclosed rafts was 105 mm registering a net height 
of 71.05±9.1mm, while in the exposed rafts the leaves of the 
transplants were found grazed and the final mean height was only 
13.3 mm registering a net height of shoots far below its initial 
height. Any initiative to restore seagrass meadows in the degraded 
areas must be taken up under protected mode or the existing 
seagrass meadows should be allowed to recover on their own by 
preventing overgrazing and checking man-made interferences.

Keywords: Cymodocea serrulata, seagrass meadows, blue carbon, 
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Introduction

Seagrass meadows provide shelter, breeding ground and food 
for fish species and thus support coastal fisheries through 
recruitment and sustainability. These meadows are one of the 
components of the blue carbon ecosystem that can absorb 
and bury more carbon per unit area than terrestrial forests. 
Throughout the world, seagrass habitats face severe decline 
due to herbivory (Lal et al., 2010; Kaladharan et al., 2013; 
D’Souza et al., 2015), habitat destruction (Thayer et al., 1975; 
Hastings et al., 1995; Orth et al., 2006) and climate change 
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(Duarte, 2002; Waycott et al., 2009) that has become faster in 
the current decade. The magnitude of the decline in seagrass 
cover is also known from Lakshadweep (Kaladharan et al., 
2013; Nobi et al., 2013; Kaladharan and Anasukoya, 2019).

It has become essential to restore degraded seagrass habitats 
to sustain coastal fishery (Zhang et al., 2018), check ocean 
acidification (Kennedy et al., 2010; Waldbusser and Salisbury, 
2014) and prevent coastal degradations (Evans et al., 2019). 
Restoration of seagrass meadows worldwide aims to bring 
back the degraded ecosystem so close to its original conditions 
along with its associated flora, fauna and its beneficiaries of 
ecosystem services (Weins and Hobbs, 2015). Restoration 
of seagrass habitats can lead to rapid recovery of coastal 
ecosystem services (Greiner et al., 2013; Orth et al., 2020). 
Several restoration methods of seagrass are being followed 
in different parts of the world such as the hand broad-cast 
method (Phillips, 1974), the Staple method (Paling et al., 
2000; Liu et al., 2015), the Framework (TERFS) method (Short 
et al., 2002). Balaji et al. (2020) compared the establishment 
of Cymodocea serrulata sprigs in three types of rafts made of 
PVC pipes, bamboo frames and coconut fibre ropes as well as 
its cost benefits in the Palk Bay region. An extensive review on 
seagrass restoration has been attempted by Tan et al. (2020) 
taking lessons from Australia and New Zealand.

The success of seagrass transplantation depends on many 
factors. Park and Lee (2007) have found that transplanting time 
has a decisive role in the establishment of transplanted Zostera 
marina plants. Sediment quality of the transplanting site (van 
Keulen et al., 2003) and the unit size of the transplanting unit 
(Zhou et al., 2014) also have direct binding on the success of 
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seagrass transplanting. As the seagrass transplanting trials we 
attempted earlier in Kavaratti Lagoon, U.T. of Lakshadweep 
ended up in grazing by herbivores, a fresh trial was initiated 
in enclosed rafts to offer protection to the transplants and 
hence this communication to highlight the variability in growth 
patterns of transplants in enclosed and exposed sites and the 
impact of grazing.

Material and methods

Seagrass transplantation trails in enclosed rafts were attempted in 
Kavaratti Lagoon during August- September 2020. A metal frame 
of 0.36 m2 (60 x 60 cm) area was made with 0.5 inches square 
GI pipes and the four corners were fitted with 0.6 m long pipes 
of the same specifications, leaving 25 cm below to serve as pegs 
and the remaining length above to hold the transplants attached 
on jute ropes and cage made of weldmesh (size 0.6 x 0.6 x0.5 m, 
Fig. 1) to cover the rafts above the sediment level to prevent the 
entry of herbivores. Close to the enclosed rafts, a 0.36 m2 area 
marked with wooden pegs and jute ropes without weld mesh 
enclosure was left exposed and marked as control plots (Fig. 2).

Intact sprigs of C. serrulata (R. Br.) Asch. & Magnus bearing 
rhizome, roots and shoot collected from beach-cast samples or 
the same lagoon were tied to thin jute ropes to hold a sprig at 
10 cm interspace so that each frame had 25 sprigs and been 
assigned a serial number from left to right side to determine the 
final shoot length and the net height achieved by the particular 
sprig. The rafts tied with transplanted ropes were taken to the 
lagoon during the ebb tide and the legs of enclosed rafts were 
fixed 25 cm deep into the sediment so that the rhizome and roots 
could be buried in the sediment which was achieved by forking 
the sediment (Fig. 3). The transplantation trial in enclosed and 
exposed rafts started on 21-8-2020 were monitored weekly 
for the stability and to remove any epiphytes, dead leaves or 
debris deposited over the weld mesh enclosures in the protected 
plots and the boundaries of the control plots. The final length 
of the shoots from both plots was measured on 26.09.2020.

Results and discussion

The mean value of the initial height of sprigs in the enclosed 
rafts was 33.9 mm, while that of the exposed rafts was 34.6 
mm. The height of transplants after 37 days in the enclosed 
rafts was 105 mm registering a net height of 71.05± 9.1 mm 
(Table 1), while in the exposed rafts the leaves of the transplants 
were found grazed and the final mean height was only 13.3 
mm registering a net height of shoots below zero, a negative 
value (-21.3 ± 9.91 mm, Table 2). Although the success rate 
of transplanting C. serrulata sprigs in the Kavaratti Lagoon was 
80%, the net height achieved by the transplanted sprigs in 
the enclosed rafts was 71.05± 9.1 mm (Table 1), while in the 
exposed rafts was (-) 21.3 ± 9.91 mm (Table 2) was possible 
in enclosed rafts which were protected from herbivores most 
likely turtles, while in the exposed, transplants failed to achieve 
height as they were exposed to the herbivores. According to  
Liu et al. (2015), the survival rate of eelgrass transplants 
(Z. marina) exhibits a seasonal difference in survival rates 
than those planted during spring ranging from 76.5 to 90.4% 

Fig. 3. View of seagrass transplantation trial in Kavaratti LagoonFig. 2. View of enclosed and exposed rafts in one site

Fig. 1. Photograph showing the enclosed raft. Sprigs tied on thin jute 
ropes can be attached on  the lower frame
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improve the blue carbon storage in its habitats (Greiner et al., 
2013; Mazarrasa et al., 2021). Hence large-scale restoration 
programmes have to be undertaken in all the lagoons of 
Lakshadweep Atolls. Nobi et al. (2013) have identified 21.48 
ha in Kavaratti Lagoon using IRS P6 data and GIS tools that 
can be restored with seagrass transplants. Natural recovery 
of turtle grass meadows without human intervention after 
massive die-offs due to hypersalinity has been reported from 
Florida Bay (Hall et al., 2021) as well as from Australia and 
New Zealand (Tan et al., 2020).

Conclusion

Results of the present study indicated the problem of overgrazing 
existing in Kavaratti Lagoon in particular and Lakshadweep 
in general and any attempts at seagrass restoration should 
consider tackling the overgrazing menace. It can be inferred 
from this experiment that restoration of any degraded seagrass 
meadows will become successful if the ecosystem modifiers like 
the green turtle population are kept away from the reach of 
transplanted sites at least for a period of initial three months 
as well as minimising any sort of human interferences

Table 1. The initial height of sprigs and the final height of transplants under enclosed rafts

No. Initial height of 
sprig (mm)

Height of transplant in an 
enclosed plot after 37 
days (mm)

Length gained under 
the protection (mm) 

1 56 115 56

2 58 118 60

3 40 112 72

4 38 108 70

5 28 84 56

6 27 108 81

7 44 122 78

8 27 108 81

9 39 98 59

10 22 96 74

11 25 84 59

12 31 98 67

13 30 110 80

14 30 103 73

15 32 116 84

16 20 104 84

17 18 84 66

18 15 83 68

19 60 135 75

20 38 116 78

Mean 33.9 105.1  71.05

SD 12.54 13.77 9.1

Table 2. The initial height of sprigs and the final height of transplants under exposed rafts

No. Initial height of 
sprig (mm)

Height of transplant in 
exposed plot after 37 
days (mm) 

Length lost without 
protection (mm)

1 38 10 28

2 38 15 23

3 30 14 16

4 30 13 17

5 38 10 28

6 31 13 18

7 19 11 8

8 34 14 20

9 44 17 27

10 30 15 15

11 25 12 13

12 22 14 8

13 29 12 17

14 32 13 19

15 55 13 42

16 52 18 34

17 41 16 25

18 24 12 12

19 22 10 12

20 58 14 44

Mean 34.6 13.3 (- ) 21.3

SD 10.75 2.17 9.91

with the minimum value in April; whereas the survival rate of 
transplants planted during summer was 100%. 

The results also indicated the magnitude of overgrazing on 
seagrass shoots in Kavaratti in particular and in the lagoons 
of Lakshadweep in general. The specific growth rate of 
transplanted sprigs was 1.92 mm per day in the absence of 
herbivores. Whereas the unprotected sprigs that were exposed 
to herbivores could not register a growth of shoots and result 
in negative growth rates. When overgrazing was checked by 
protection, our results (1.92 mm/day) on C. serrulata from 
Kavaratti Lagoon were comparable with that of Z. marina 
(2.22 mm/day) reported from Chuado Island, PR of China 
(Gao et al., 2020). However, the transplantation trial involving 
Posidonia oceanica in a marina expansion site was found to 
be not feasible (Sanchez-Lizaso et al., 2009).

Recent studies on the capture and burial of carbon (Kaladharan 
et al., 2022) in six islands of Lakshadweep Atolls indicated poor 
rates when compared with that of the Indian Archipelago. This 
is considered mainly due to degraded seagrass patches. It has 
been well established that seagrass restoration can greatly 



Journal of the Marine Biological Association of India Vol. 64, No.2, Jul-Dec 2022

P. Kaladharan et al.

66

Acknowledgements

The authors thank the Director, CMFRI, Cochin for encouragement and 
facilities and the ICAR, New Delhi for the financial assistance received.

References
Balaji, V., V. Sekar and G. Murugesan. 2020. Comparison of seagrass restoration 

methods adopted in Palk Bay, India. J. Mar. Biol. Ass. India, 62 (1): 95-99.
D’Souza, E., V. Patankar, R. Arthur, N. Marba and T. Alcoverro. 2015. Seagrass 

herbivory levels sustain site-fidelity in a remnant Dugong population. PLoS ONE, 
10 (10): e0141224.

Duarte, C. M. 2002. The future of seagrass meadows. Environ. Conserv., 29: 192-206.
Evans, S. M., K. J. Griffin, R. A. J. Blick, A. G. B. Poore and A. Verges. 2019. Seagrass 

on the brink: Decline of threatened seagrass Posidonia australis continues 
following protection. PLoS ONE, 14 (4): e0216107.

Gao, Y., J. Fang, Z. Jiang and J. Fang. 2020. Seagrass transplanting report and 
establishment of improved techniques of replanting seagrass. Online report from 
YSLME. 16 pp.

Greiner, J. T., K. J. McGlathery, J. Gunnell and B. A. McKee. 2013. Seagrass Restoration 
Enhances “Blue Carbon” Sequestration in Coastal Waters. PLoS ONE, 8(8): 
e72469.

Hall, M. O., S. S. Bell, B. T. Furman and M. J. Durako. 2021. Natural recovery of a 
marine foundation species emerges decades after landscape-scale mortality. Sci. 
Rep., 11: 6973.

Hastings, K., P. Hesp and G. A. Kendrick. 1995. Seagrass loss associated with boat moorings 
at Rottenest Island, Western Australia. Ocean Coast. Manag., 26: 225-246.

Kaladharan, P. and A. Anasukoya. 2019. Shrinking seagrass meadows- observations 
from four Lagoons of Laccadive Archipelago. J. Mar. Biol. Ass. India, 61(2): 47-51.

Kaladharan, P., K. P. Saidkoya, V. A. Kunhikoya and A. Ansukoya, 2013. Turtle herbivory 
in the seagrass ecosystems in the Lakshadweep atolls: concerns and need for 
conservation measures. J. Mar. Biol. Ass. India, 55(1): 25-29.

Kaladharan, P., P. U. Zacharia, K. Mohammed Koya, R. Lavanya and A. Anasukoya. 
2022. Organic carbon storage in sediments of seagrass habitats in the lagoons of 
Lakshadweep Archipelago, west coast of India. J. Mar. Biol. Ass. India, 64(1): 
61- 64.

Kennedy, H., J. Beggins, C. M. Duarte, J. W. Fourqurean, M. Holmer, N. Marba and J. 
J. Middelburg. 2010. Seagrass sediments as a global carbon sink: Isotopic 
constraints. Geo Bio Cycle., 24(4): 1-8.

Lal, A., R. Arthur, N. Marba, A.W. T. Lill and T. Alcovera. 2010. Implications of 
conserving an ecosystem modifier: Increasing green turtle (Chelonia mydas) 
densities sustainably alters seagrass meadows. Biol. Conserv., 143: 2370-2378.

Liu,Y. S., D. Guo, P. D. Guo, X. M. Zhang, X. Zeng and Y. Zhang. 2015. Assessing 
establishment success and suitablility analysis of Zostera marina transplants using 
staple method in northern lagoons. Chinese J. Plant Ecol., 39(2): 176-183.

Mazarrasa, I., P. Lavery, C. M. Duarte, A. Lafratta, C. E. Lovelock, P. I. Macreadie, J. S. 
Villarrel, C. Salinas, C. Sanders, S. T. Tackett, M. Yong, A. Steven and O. Serrano. 
2021. Factors determining seagrass blue carbon across bioregions and 
geomorphologies. Global Biogeochem. Cycles. p. 1-17.

Nobi, E. P., E. Dilipan, T. Thangaradjou and P. K. Dinesh Kumar. 2013. Restoration 
scaling of seagrass habitats in the oceanic islands of Lakshadweep, India using 
geospatial technology. Appl. Geomat., 5(2): 167-175.

Orth, R. J., T. J. B. Carruthas, W. C. Dennison, C. M. Duarte, J. W. Fourqurean, K. L. 
Heck, A. R. Hughes, G. A. Kendrick, W. J. Kenworthy, S. Olyarink, F. T. Short, M. 
Waycott and S. L. Willaiams. 2006. A global crisis for seagrass ecosystems. Bio 
Science, 56(12): 987-996.

Orth, R. J., J. S. Lefcheck, K. S. McGlathery, L. Aloki, M. W. Luckenbach, K. A. Moore, M. P. 
J. Oreska, R. Snyder, D. J. Wilcox and Bo Lusk. 2020. Restoration of seagrass habitat 
leads to rapid recovery of coastal ecosystem services. Sci. Adv., 6(41): eabc6434.

Paling, E. I., M. van Keulen, K. Wheeler and C. Walker. 2000. The effects of depth on 
manual transplantation of the seagrass Amphibolis griffithii (J. M. Black) den 
Hartog on Success Bank, Western Australia. Pac. Conserv. Biol., 5: 314-320.

Park, J. I. and K. S. Lee. 2007. Site-specific success of three transplanting methods and 
the effect of planting time on the establishment of Zostera marina transplants. 
Mar. Pollut. Bull., 54(8): 1238-1248.

Phillips, R. C. 1974. Transplantation of seagrasses, with special emphasis on eelgrass, 
Zostera marina L. Aquaculture, 4: 161-176.

Sanchez-Lizaso, J. L., Y. F. Torquemada and J. M. Gonzalez-Correa. 2009. Evaluation of 
the viability of Posidonia oceanica transplants associated with a marina 
expansion. Bot. Mar., 52: 471- 476.

Short, F., R. C. Davis, B. S. Kopp, C. A. Short and D. M. Burdick. 2002. Site-selection 
model for optimal transplantation of eelgrass Zostera marina in the northeastern 
US. Mar. Ecol. Prog. Ser., 227: 253-267.

Tan, Y. M., O. Dalby, G. A. Kendrick, J. Statton, E. A. Sinclair, M. W. Fraser, P. I. 
Macreadie, C. L. Gillies, R. A. Coleman, M. Waycott, K. van Dijk, A. Vergés, J. D. 
Ross, M. L. Campbell, F. E. Matheson, E. L. Jackson, A. D. Irving, L. L. Govers, R. 
M. Connolly, I. M. McLeod, M. A. Rasheed, H. Kirkman, M. R. Flindt, T. Lange, A. 
D. Miller and C. D. H. Sherman. 2020. Seagrass restoration is possible: Insights 
and lessons from Australia and New Zealand. Front. Mar. Sci., 7: 617.

Thayer, G. W., D. A. Wolf and R. B. Williams. 1975. The impact of man on seagrass  
system, Am. Sociol., 63: 288-296.

van Keulen, M., E. I. Paling and C. J. Walker. 2003. Effect of planting unit size and 
sediment stabilization on seagrass transplants in Western Australia. Restor. Ecol., 
11(1): 50-55.

Waldbusser, G. G. and J. E. Salisbury. 2014. Ocean acidification in the coastal zone 
from an organism’s perspective: Multiple system parameters, frequency domains 
and habitats. Ann. Rev. Mar. Sci., 6: 221-247.

Waycott, M., C. M. Duarte, T. J. B. Carruthas, R. J. Orth, W. C. Dennison, S. Olyarink, 
A. Calladine, J. W. Fourqurean, K. L. Heck, A. R. Hughes, G. A. Kendrick, W. J. 
Kenworthy, F. T. Short and S. L. Willaiams. 2009. Accelerating loss of seagrasses 
across the globe threatens coastal ecosystems. Proc. Nat. Acad. Sci., USA, 
106(30): 12377- 12381.

Wiens, J. A. and R. J. Hobbs. 2015. Integrating conservation and restoration in a 
changing world, Bioscience, 65(3): 302-312.

Zhang, Y. S., W. R. Cioffi, R. Cope, P. Daleo, E. Heywood, C. Hoyt, C. S. Smith and B. 
R. Silliman. 2018. A global synthesis reveals gaps in coastal habitat restoration 
research. Sustain., 10: 1-15.

Zhou, Y., P. Liu, B. Liu, X. Liu, X. Zhang and F. Wang. 2014. Restoring eelgrass (Zostera 
marina L.) habitats using a simple and effective transplanting technique. PLoS 
ONE, 9(4): e92982.


