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Introduction
Seagrasses are widely distributed in shallow coastal 
areas throughout the world with over 60 described 
species, 12 genera and four families (Short et al., 2007; 
Orth et al., 2006). Seagrasses have been traditionally 
used for roof covering, as medicine, fertilisers, and 
their seeds as a food source (de la Torre-Castro and 
Rönnbäck, 2004). They provide shelter for breed-
ing, nursery and feeding grounds for herbivorous 
fish, dugongs and turtles (Björk et al., 2008). They 
also support a diverse assemblage of plant and ani-
mal species which include macroalgae that grow 
as epiphytes on the stems and leaves of the sea-
grasses (Uku, 2005), and invertebrates that include 
sea cucumbers, sea urchins, shrimps and lobsters 

(Ochieng and Erftemeijer, 2003). Due to these attrib-
utes they function as an important food source and 
support the livelihoods of local communities. Sea-
grass beds are important in sediment stabilization, 
nutrient cycling, shoreline protection, enhancement 
of water transparency, biological system support and 
carbon sequestration because of their slow decom-
position rate (Muthama and Uku, 2003; Orth et al., 
2006; Juma et al., 2020). They therefore have a high 
economic value (Costanza et al., 1997; Björk et al., 
2008) which is further elaborated by Mtwana Nor-
lund et al. (2016) who highlighted ecosystem services 
and values associated with water purification, provi-
sion of cultural artefacts, coastal protection, fertilizer 
and pharmaceutical uses.

Abstract
The degradation of seagrasses is becoming prevalent in the Western Indian Ocean (WIO) region due to anchor 

damage, sea urchin herbivory, extreme events such as cyclones and floods and anthropogenic factors such as 

pollution and sediment inflows. Consequently, there have been numerous efforts to advance the restoration of 

degraded seagrass beds in several countries in the region. In Kenya, experimental restoration efforts were started 

in 2007 in response to seagrass habitat degradation due to sea urchin herbivory. Although the initial efforts expe-

rienced challenges, there were lessons learned which provided insights into subsequent restoration work using dif-

ferent techniques. In this paper, insights are provided into three types of restoration techniques; the sod technique, 

the seagrass mimic technique, and the Hessian bag technique. In the case of the sod technique, Thalassodendron  

ciliatum showed a decline from 20 ± 1.7 shoots sod-1 in the first three weeks to 7 ± 4.4 shoots sod-1 at the end of the 

experimental period of the study, while Thalassia hemprichii sods showed an increase from 28 ± 3.4 shoots sod-1 

to 32 ± 2.7 shoots sod-1 over the same period. For the Hessian bag method, the expectation was that the pilot site 

would be filled with the transplanted seagrass species, Thalassia hemprichii, but the findings showed that different 

species including Halodule uninervis, Syringodium isoetifolium, Halophila stipulacea, Cymodocea rotundata, and Cymo-

docea serrulata colonized the area. This indicated that it was not possible to restore the area to its original status, 

but that the area could be rehabilitated. The costs of restoration have also been assessed as well as community 

participation in such initiatives. These findings provide insights for restoration efforts in Kenya and provide a 

baseline for future work. 
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In recent years, seagrass beds have been altered due 
to frequent anthropogenic and natural disturbances 
(Waycott et al., 2009; Paulo et al. 2019). Anthropogenic 
threats that have led to the decline of seagrasses glob-
ally include pollution, dredging, destructive fishing 
activities, aquaculture, invasive species introduction 
and overfishing of predators, among others (Waycott 
et al., 2009). Climate change effects include rising 
sea levels, increase in sea temperature and flooding, 
leading to a rate of seagrass loss of approximately  
7 % per year and this places seagrasses at the same 
level as mangroves and corals as the most threatened 
ecosystems on earth (Waycott et al., 2009). In Kenya,  
the loss of seagrasses over time has been docu-
mented to be from 0.29 % yr-1 in 2000 to 1.59 % yr-1 
in 2016, which is lower than the global rate of loss  
(Harcourt et al., 2018), but has the potential to increase 
due to the increasing threats in these systems. These 
threats affect seagrass beds and their ability to pro-
vide ecosystem services including their ability to 
sequester carbon. 

Seagrass beds have been degraded in Kenya due to 
sea urchin herbivory (Eklof et al., 2008) and this has 
implications on the functionality of these important 
critical habitats. Further to this, some of the seagrass 
species within the coastline of Kenya fall among those 
that are considered threatened on a global scale, such 
as Zostera capensis (Short et al., 2011). The loss in these 
critical habitats threaten critical ecosystem functions 
such as nutrient cycling, photosynthesis, carbon 
sequestration, sediment stabilization and key fisheries 
and biodiversity that are supported by these ecosys-
tems (Irving et al., 2014). In Kenya and Mozambique, 
loss of seagrass cover has been documented to lead to 
a loss of fauna, and decreased sediment stabilization 
leading to erosion exposure in degraded areas (Eklof 
et al., 2008; Amone-Mabuto et al., 2017).

Seagrass meadows take several years for natural 
recovery from disturbances, with some species like 
Posidonia spp. taking up to 100 years to cover a cleared 
substratum (Kirkman and Kuo, 1990). Therefore, in an 
attempt to enhance recovery times, various restora-
tion methods have been developed (Irving et al., 2014, 
Paulo et al., 2019). Two approaches can be under-
taken to restore ecosystem services. This can be done 
through (i) the reduction of the threats facing these 
ecosystems, or (ii) by physically restoring the ecosys-
tems through harvesting seagrasses from a donor site 
and transplanting these plants in the degraded area. 
Physical restoration efforts have been undertaken 

worldwide with some successes and failures reported 
(Paling et al., 2009; Bayraktarov et al., 2016). 

Conservation and restoration of seagrass beds can be 
enhanced by transplantation of plants from natural 
seagrass beds (Paling et al., 2001). Their restoration, 
usually conducted in areas affected by eutrophication, 
coastal construction and mechanical damage from 
boat propellers and fishing nets (van Katwijk et al., 
2016), is expected to lead to recolonization and crea-
tion of new meadows (Paling et al., 2007; van Katwijk 
et al., 2016). Restoration has been undertaken in sev-
eral parts of the world with the most successful work 
being undertaken in Australia by Murdock University 
(van Keulen et al., 2003; Paling et al., 2003,) using the 
species Posidonia spp. and Amphibolis griffithii (Black, 
den Hartog) (Paling et al., 2001). Seagrass transplan-
tation has also been conducted on a large scale using 
mechanically transplanted sods with the help of spe-
cially designed underwater seagrass harvesting and 
planting machines with a capacity of planting of up 
to 18 sods day−1 (Paling et al., 2001). Such restoration 
efforts have been performed world-wide to compen-
sate or mitigate seagrass losses and have been shown 
to enhance the associated ecosystem services (Orth et 
al., 2020; Tan et al., 2020; UNEP, 2020). 

Several lagoons in Kenya including the Diani – Chale 
lagoon have been affected by seagrass degradation. 
The area is dominated by tourist activities and the 
seagrass beds form artisanal fishing grounds. Avail-
able information shows extensive seagrass decline 
especially for the dominant species, Thalasodendron 
ciliatum Forskal den Hartog (Uku et al., 2005). This 
decline was attributed to the proliferation of the sea 
urchin, Tripneustes gratilla (L.) (Eklof et al., 2008). The 
rapidly increasing rate of seagrass degradation com-
pared to the low rate of natural recovery has increased 
the demand for seagrass restoration in Kenya.  
This widespread seagrass loss led to the experimental 
trials of restoration using different methods with var-
ying measures of success. 

In this paper the prospects of seagrass restoration 
efforts in Kenya are described through the evalua-
tion of trials of seagrass restoration in the country, 
and recommendations are made on the methods that 
are suitable for restoration. Experiences are shared in 
seagarass restoration experiments conducted on the 
south coast of Kenya, in Diani and Wasini, from 2007 
to 2015. It was attempted to determine the following 
aspects of restoration in these experiments: (i) which 
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species of the 11 seagrasses found in the degraded 
areas could be used for restoration; (ii) which time of 
the year is best suited for seagrass restoration; and (iii) 
which restoration method yields the best outcome. 
Over this period, areas were worked in that were 
impacted by natural degradation caused by sea urchin 
herbivory and an area that was impacted by anthro-
pogenic degradation caused by boat anchorage and 
trampling. 

This paper is aimed at sharing some of the lessons 
learnt in the seagrass restoration pilot studies carried 
out in Kenya whose methodologies could potentially 
be used in other areas of the WIO Region. 

Methods
Data has been compiled in this paper from three 
restoration trials conducted in Kenya between 2007 
and 2015. All the trials occurred on the south coast 
of Kenya, which had been greatly impacted by sea 
urchin herbivory. By the time the trials were being 
undertaken the seagrass herbivory had halted and the 
sea urchin numbers had declined. The trials consisted 
of different planting techniques, in shallow subtidal 
areas, and different monitoring frequencies. The fre-
quency of monitoring for the different techniques was 
varied and in some cases the only data available was 
for the initial planting effort versus the final monitor-
ing of the transplanted seagrasses. 

To test for success of the rehabilitation technique, 
the survival rate was determined, as explained in 
the different transplantation techniques, and also 
documented colonization by other seagrass species.  
In most of the restoration work, regular monitoring 
was not possible due to financing gaps and the meas-
ure of restoration success was based on the site assess-
ments at the start and end of the experimental period 
that varied with the different methods used. 

Seagrass transplantation using  
the sod technique
The experimental work using the sod technique was 
conducted in 2007 in Diani. Three experimental 
seagrass plots of 10 m2 within the Diani lagoon were 
established. The plots were separated by 20 meters 
from each another. The three plots of 10 m2 were 
planted with seagrass making a total area of 300 m2 
(0.03 ha). The sod/plug technique was used follow-
ing a protocol developed by van Keulen et al. (2003). 
Although the initial intention was to establish equal 
replicates of Thalassodendron ciliatum and Thalassia 

hemprichii plots, the final work yielded two plots of 
planted Thalassodendron ciliatum sods and one plot of 
Thalassia hemprichii sods, therefore covering a final 
area of 0.03 ha. 

The two species were selected due to their previous 
occurrence in the study site. Each sod/plug consisted 
of bundles of viable shoots, with attached rhizomes, 
which were collected from healthy beds and trans-
ported to the recipient sites to be transplanted within 
2 hours. The sods were collected using a corer of 18 
cm diameter and planted by carefully fitting them 
into prepared holes. The sods were planted 1m apart 
and there were approximately 20 shoots per sod. 
The planted sods were initially monitored weekly for 
shoot density, canopy height and the number of sods 
remaining during each visit (Fig. 1). Recovery suc-
cess was measured in terms of percentage survival of Plate 1 

A	

B	

Plate 1 

A	

B	

Fig. 1. (a) A sod retrieved from a healthy area and (b) sods planted 

within the degraded area.

A

B
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transplanted sods by counting the number of remain-
ing sods during every field visit. The initial monitor-
ing was conducted over three weeks during the North 
East Monsoon (NEM) which is represented by calmer 
sea conditions, while the rest of the monitoring was 
conducted within the South East Monsoon (SEM) sea-
son which is represented by rough sea conditions. 

Restoration using plastic seagrass mimics 
Plastic seagrass mimics resembling Thalassia hemprichii 
were set up in the Diani lagoon in 2008 to undertake 
a three-week experiment on colonization of degraded 
areas by epiphytic meiofauna (Daudi et al, 2013).  
The mimics had an average plant surface area of 146.8 
cm2 (SE ± 17.3). The mimics were anchored into the 
sediment using stay rods with an oval eye and cable 
ties were used to secure them to the rods (Fig. 2).  
A total of six mimics were set in each plot providing 
a total 18 mimics in the experimental restoration site 
of 0.03 ha. Although the seagrass mimics were set up 
for the assessment of colonization by epiphytic mei-
ofauna, they yielded results that enhanced under-
standing of the potential for the use of artificial sea-
grasses in the rehabilitation process (Tuya et al., 2017).  
The mimics were harvested after 21 days to collect 
associated epiphytic meiofauna and the findings of 
this work have been published in Daudi et al. (2013).

Seagrass transplantation of seedlings  
using the modified Hessian bag method
The use of the Hessian bag technique was undertaken 
on the south coast at Wasini Island in 2015. The sea-
grass seedlings were harvested using a PVC corer from 
healthy T. hemprichii meadows in Mkwiro (Nyuma ya 
maji), approximately 8 km from the restoration site. 
The harvested sods were carefully transported to the 
restoration site within two hours of harvest to avoid 
desiccation. The sods were further processed by sepa-
rating them into individual T. hemprichii seedlings.

The method used was a modification to the biode-
gradable Hessian bag protocol by Irving et al. (2014). 
In the original method, the Hessian bags were filled 
with sand and placed on the substrate to provide an 
anchorage for recruits of Amphibolis antarctica (Labill.) 
Asch. In the present study, the Hessian bags ( jute 
bags), which were 1 m wide and 1.2 m long, were cut 
open lengthwise on one side and the bottom and 
flattened out before the planting process. They were 
punched with small holes using dive knives and the 
seedlings were planted in these holes. The bags were 
anchored in the restoration site using mangrove poles 
and 50 bags were joined to make an area of approx-
imately 0.012 ha. A spacing interval of 20 cm for 
the seedlings was used. Each plant unit consisted of 
approximately three shoots with attached rhizomes 
grouped together as a cluster. Fifty jute sack bags were 
used with each sack having approximately 40 planted 
seedlings (Fig. 3). This resulted in approximately 2000 
seedlings over a surface area of 0.012 ha. 

Community engagement in the seagrass 
restoration work
Members of the fishing community from the nearby 
Beach Management Units (BMU) were included in 
the survey and establishment of the transplantation 
plots in all the seagrass restoration work. In Wasini, 
as the restoration effort was within their co-manage-
ment area (CMA), more effort was made to involve the 
BMU members fully. The project design was disclosed 
to the community members at the onset of the work.  
The members selected the restoration site. As a follow up, 
30 community members from the Beach Management 
Unit were trained in the establishment and monitoring 
of the experimental site. They also had the responsibil-
ity of safeguarding the site from other threats. As the 
technical team was unable to visit the site as envisioned, 
the community members from the BMU were expected 
to provide an in-kind contribution by monitoring the 
site and providing feedback on what they saw. 

Plate 2 

A	

B	

Plate 2 

A	

B	

A

B

Fig. 2. (a) Seagrass mimics anchored with an oval eyed metal rod and 

(b) Halophila ovalis observed around the seagrass mimics.
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Results
The survival of seagrasses using  
the sod technique in Diani
The survival of the entire sod was estimated in Diani. 
The sod survival of T. ciliatum ranged between 26 
± 0.9 sods plot-1 to 5 ± 2.9 sods plot-1 while that of  
T. hemprichii ranged from 22 sods plot-1 to 15 sods 
plot-1 during the monitoring period which was in the 
first three weeks after transplantation, and later in 
the 32nd week after transplantation, Sod survival in 
the first three weeks was significantly higher than the 
last six weeks of monitoring for both species (Mann 
Whitney U=0.00; p<0.05 (Fig. 4). T. ciliatum experi-
enced a high rate of loss of sods at 81 % whereas for  
T. hemprichii the loss was much lower from the first 
week to the 37th week of the experiment. Significant 
differences were observed between shoots per sod 
for the two species with a decrease in the number of 
shoots per sod for T. ciliatum, from 20 ± 1.7 shoots 
sod-1 in the first three weeks to 7 ± 4.4 shoots sod-1  
at the end of the experimental period (Fig. 5). Mon-
itoring from week 32 however showed a general 
switch between the two species with an increase in 
the number of shoots per sod for T. hemprichii and a 

decline of the same for T. ciliatum (Fig. 5). T. hemprichii 
increased from 28 ± 3.4 shoots sod-1at the start of the 
experiment to 32 ± 2.7 shoots sod-1.

The canopy heights were highest for T. ciliatum (17 cm) 
at the beginning of the experiment but reduced con-
tinuously over time up to approximately 7 cm at the 
end of the monitoring period, showing a reduction 
of about 60 % (Fig. 6). Contrary to this, T. hemprichii, 
which recorded initial canopy of approximately  
7 cm, showed an increase in canopy height of 8 cm 
at the end of the experiment. Significant differences 
were observed for canopy height between both spe-
cies as well as between the different monitoring peri-
ods (Mann-Whitney U=5050 for differences between 
species and U=1791.5, U=433.5 for T. ciliatum and  
T. hemprichii, respectively). 

Seagrass restoration using mimics in Diani
Follow up observations of the seagrass mimics showed 
that none of the seagrass mimics were uprooted in 
Diani. Observations, though not quantitative, indi-
cated that the mimics were surrounded by the pio-
neer seagrass species Halophila stipulacea (Forsskål) 

Fig. 3. (a) Hessian/Jute bags anchored for planting seedlings, (b) freshly planted T. hemprichii seedlings, (c) healthy growing T. hemprichii  

6 months after establishment of the site, and (d) rehabilitated area colonized by other seagrass species in the restoration site in Wasini.

Plate 3 
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Ascherson towards the end of the three weeks of 
deployment. These observations indicated that the 
mimics were important in stabilizing sediments 
around them thus allowing colonization by the pio-
neer species. 

Seagrass restoration using seedlings  
on Hessian bags in Wasini
Approximately 2000 seedlings of T. hemprichii were 
planted in the study area at Wasini. Due to the dis-
ruption in funding, the site was not monitored as it 
should have been by the technical team. The commu-
nity members reported the recolonization by associ-
ated epiphytes and seagrasses six months after replan-
tation. They also reported instances of herbivory of 
the shoots but did not estimate the quantity of the loss 
of shoots. The community monitoring was irregular 
and not as rigorous as was anticipated.

An assessment conducted three years later in 2018, 
revealed colonization by other seagrass species other 
than the replanted species, T. hemprichii, and seagrass 
cover was documented to be approximately 75 % in the 
area that was previously bare of seagrasses. The new 
colonizing species included Halodule uninervis (For-
skål) Ascherson (29 % cover), Syringodium isoetifolium 
(Ascherson Dandy) (39 % cover) and Halophila stipula-
cea (Forskål) Ascherson (7 % cover). Cymodocea rotundata 
Ehrenberg & Hempr. ex Ascherson and Cymodocea ser-
rulata (R. Br.) Ascherson & Magnus, were also noted at 
the site. The spread of the species around the restored 
area showed a wider expanse of spread of these spe-
cies, though the coverage was not estimated. 

The costs of restoration using the different methods 
Table 1 shows the associated costs of restoration which 
need to be considered when adopting such activities. 
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The costs include the costs of manpower through 
technical expertise from researchers, community par-
ticipation from local fishermen, materials/equipment, 
and the costs of monitoring and evaluation. The cost-
ing does not consider the time spent doing the work 
for the fishers who monitored the sites as part of their 
fishing effort. The highest cost incurred was for the 
Hessian bag method (Table 1).

Discussion
Seagrass restoration using the sod method
Restoration using the sod technique has been docu-
mented to yield higher chances of transplant success 
(van Katwijk et al., 2009) and this was expected from 

this work for the two species used. However, the sods 
were impacted by the effect of seasonality. Planting 
of the sods was carried out during the NEM season 
and this represented the period of stable sod surviv-
al for both T. ciliatum and T. hemprichii. This is a re-
sult of the calm weather conditions that are normally 
associated with this season. On the other hand, the 
SEM season is characterized by rough sea conditions 
that destabilized the planted sods and this was evi-
dent in this study with lower survival of sods in July/
August 2008. Van Katwijk et al. (2009) indicate that 
the outcome of transplantation of seagrasses is de-
pendant on hydrodynamic stressors and disturbanc-
es while Diego et al. (2019) indicate that transplants 
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Table 1. Cost estimates for the seagrass restoration work.

Site Year Planted area Plant material used
Cause of 
degradation

Approximate costs  
of rehabilitation  
(costs in USD for the 
restored area)

Diani
2007 to
2008

0.03 ha
Sods/Plugs
 (Thalassodendron ciliatum, 
Thalassia hemprichii)

Urchin herbivory 
(natural causes)

Technical support = 2,609
Community costs = 862
Equipment costs = 2,529
Costs per ha = 200,000

Diani 2008 0.03 ha Seagrass mimics
Urchin herbivory 
(natural causes)

Technical support = 500
Equipment costs = 360
Costs per ha = 28,667

Wasini 2015 0.012 ha
Seedlings using Hessian/
Jute bags
(Thalassia hemprichii)

Boat propeller 
damage and 
trampling 
(Anthropogenic 
causes)

Technical support = 6,373
Community costs = 760
Equipment costs = 2,667
Costs per ha = 817,000
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did not survive winter conditions and strong storms 
in Marine Park Professor Luiz Saldanha in Portu-
gal. The timing of planting is critical and the NEM 
is most appropriate for planting seagrass rehabilita-
tion meadows in the WIO region which is influenced 
by the monsoonal seasonal variations. Sods must be 
planted at the onset of the low energy NE monsoon 
season when there are no strong winds and waves,  
as the seagrass roots and rhizomes need to have time 
to stabilize in order to ensure success. 

The sod technique in this study showed greater suc-
cess for T. hemprichii suggesting that this species was 
more successful for transplantation using the sod 
method and was more resilient to seasonal environ-
mental changes. The increasing shoots observed for 
T. hemprichii also suggests a more successful vege-
tative reproduction mode for this species than for  
T. ciliatum. In this assessment, the sod method pro-
vided a loose anchorage for T. ciliatum and the shoots 
were carried off easily by wave action. It can only be 
postulated in this paper that the success of T. hemprichii 
could be due to their growth form and adherence 
to sandy substrates on shallow intertidal flats, while  
T. ciliatum favors growth on mixed sandy and rocky or 
hard substrates in deeper infra-littoral zones (Aleem, 
1984; Gullstrom et al., 2002). T. cilatum sods may have 
also required additional anchorage to enable them to 
settle on the substrate as demonstrated by van Katwijk 
(2016). Further to this, the stocking density may also 
have had an influence as more shoots were contained 
in the T. hemprichii sods compared to the T. ciliatum 
sods. T. ciliatum was originally the dominant species 
at the restoration site, and its loss from the areas may 
have led to seabed erosion (Ekloff et al., 2008) and 
altered the sediment to the extent that anchorage by 
this species, which has shallow rhizomes (Ekloff et al., 
2008), was not possible. 

Seagrass restoration using mimics
Although the experiment using the seagrass mimics 
was set up to address a different set of questions, it 
provided insights on the opportunity that the mimics 
can provide for the settlement of sediments in bare 
sand areas. The mimics promoted the settlement of 
pioneer species such as Halophila stipulacea (Forsskål) 
Ascherson. This demonstrates an opportunity for 
use as technique in areas that may be too rough for 
the sod technique and Hessian bag method and yet 
require rehabilitation. It is further recommended 
that instead of metal anchors, biodegradable mate-
rial such as bamboo can be considered as this can 

be bent to provide strong anchors on the substrate 
(Calumpong and Fonseca, 2001). Tuya et al. (2017) also 
demonstrated the usefulness of artificial seagrasses 
in increasing the survival of transplanted seagrass as 
they functioned as a shield against herbivory. In some 
instances, such seagrass mimics can be used to stabi-
lize sediments and allow for the establishment of sea-
grasses through natural recovery (UNEP, 2020). 

Seagrass restoration using  
the Hessian bag technique
Given the success of T. hemprichii restoration using 
the sod technique in 2007, it was decided to use this 
species in the work undertaken using the Hessian 
bag method in Wasini in 2015. Irving et al. (2014) 
developed the Hessian bag method for facilitating 
recruitment of Amphibolis antarctica seedlings in situ, 
where bags were filled with sediment from donor 
beds and deployed in restoration sites. This method 
was modified in the current study to use vegetative 
shoots rather than filling the bags with sand. Since 
the donor bed was further away from the transplan-
tation site, this also ensured that it was not necessary 
to depend on donor meadows as a source of seed as 
was the case in Irving et al. (2014). The Hessian bag 
served as anchoring material for the planted seedlings 
to prevent them from being uprooted due to waves 
and currents. The bag also facilitated the trapping of 
sediments which served as a substrate for root and 
rhizome development. From this study it is recom-
mended that this modified method is adopted as it is 
convenient for transplantation of T. hemprichii seed-
lings in shallow subtidal sites which have a sandy 
substrate and could also be applied to other species 
with similar morphological characteristics. Further, 
the Hessian bag method is environmentally friendly 
as the sisal material disintegrates in the water and the 
mangrove poles are eventually uprooted and disinte-
grate. As the bags and mangrove poles can easily be 
found locally and since they are biodegradable they 
do not harm the environment. Further success in this 
area was achieved through the removal of the threat 
from boat anchor damage and trampling by the intro-
duction of mooring buoys in the area outside of the 
seagrass beds. 

The Hessian bags provided settling substrate for col-
onization by pioneer species and other intermediate 
species such as H. uninervis, S. isoetifolium, H. stipulacea, 
C. rotundata and C. serrulata apart from T. hemprichii 
which was the transplantation species. 
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The costs of restoration 
The overall cost of transplantation using the differ-
ent methods in these experiments was within the 
reported costs of seagrass restoration projects of 
USD 630,000 per hectare reported by Calumpong 
and Fonseca (2001), although the Hessian bag tech-
nique was slightly higher. The Hessian bag method 
required a large amount of manpower to establish a 
plot and more work needs to be done to reduce the 
costs of using this method. Further investigations 
using the mimic method, for a longer duration of 
time, may yield a much cheaper and cost-effective 
restoration approach. 

Conclusions
The experimental restoration work showed that there 
are key aspects that need to be considered to ensure the 
success of seagrass restoration projects. These include 
the following:

1.	Seasonal stressors are important as demonstrated 
by the success achieved in the sod establishment 
method during the calmer NEM period;

2.	More work is needed to determine a better 
approach to the restoration of climax species such 
as T. ciliatum in shallow subtidal areas;

3.	Site selection is also critical as it is important that 
sites are sheltered from high wave action to pro-
vide the transplanted seagrass with an opportunity 
for settlement and spread;

4.	Identification and removal of the stressors is impor-
tant and crucial in providing for re-establishment 
of seagrass areas (Katwijk, et al. 2016) that have been 
stabilized, as demonstrated through the Hessian bag 
method where anchoring buoys were introduced, 
and in the sod method where the work was under-
taken when the sea urchin numbers had declined;

5.	Preservation of seagrass beds is critical to ensure 
that there are donor communities from which to 
obtain seed materials; 

6.	There is need to monitor the restored areas over 
long time periods and to share the costs with com-
munities to ensure lower costs of the work. In this 
study the science support covered the technical 
aspects of restoration while the community sup-
port entailed monitoring of the sites. However, this 
work revealed the need for repeated training and 
greater technical oversight in order to ensure that 
monitoring data is correctly documented by com-
munity members; 

7.	Seagrass restoration success can be hindered by 
costly and time consuming methods of restoration, 

absence of a scientific method (such as the use 
of controls) which may affect evaluation of suc-
cess, site selection, bioturbation caused by marine 
organisms, the size of the area targeted, and ele-
vated tidal and wind driven current energy, among 
other factors (Bell, et al., 2008). Controls should be 
set in sites that are similar in nature to the resto-
ration site and should be monitored alongside the 
restoration site; and

8.	In this study, the expectation was that the pilot 
site using the Hessian bag technique would be 
filled with the transplanted seagrass species,  
Thalassia hemprichii, but the findings showed that 
different species colonized the area thus indicat-
ing that it was not possible to restore the area to its 
original status. It was however, still rehabilitated 
with seagrasses. Long term monitoring (beyond 
5 years) is required to monitor the colonization 
process and determine whether the original state 
is ever achieved.

In summary, if scaled up with consideration of the 
lessons learnt, this seagrasss restoration trial using 
successfully tested restoration techniques would con-
tribute to Kenya’s efforts towards the sustainable devel-
opment goal of supporting ecosystem rehabilitation 
efforts where feasible. Globally such efforts contribute 
towards the achievement of SDG 14.2 which indicates 
that by 2020, marine and coastal ecosystems should 
be sustainably managed and protected to avoid sig-
nificant adverse impacts, including by strengthening 
their resilience, and taking action for their restoration 
in order to achieve healthy and productive oceans.  
In light of this global target, the findings of the sea-
grass restoration work in Kenya provide several 
insights into the processes that can be adopted for the 
future in this field.
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