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ABSTRACT 

Mangrove restoration has been practiced around the world, but restoration of mangrove is relatively new in Guyana. A 
preview of the literature showed few studies on assessment of growth and structural of restoration sites, indicating 
paucity in knowledge and understanding of mangrove systems under restoration. This study was conducted to 
investigate similarities in vegetative structure of naturally regenerated mangroves stands and replanted mangrove 
stands along the coastline of Guyana.  We hypothesized that replanted sites were comparable in vegetative structures of 
naturally regenerated sites of same age. To test our hypothesis, forest structure of two replanted mangrove stands were 
compared with two reference sites (naturally regenerated mangrove stands of same age as replanted mangrove stands. 
Structural attributes presented significant differences when comparing replanted and reference stands for trees. 
Avencianna germinans (black mangroves) was the both the dominant tree and seedling species at all sites, followed by 
Laguncularia racemosa (white mangroves). There was marked absence of Rhizoophora mangle (red mangroves at 
specific sites).  This shows that lower level structural complexities exist at both sites. This dominating characteristic of 
black mangroves follows the pattern of dominance found along the coastline of South American countries, but not 
globally. Five years after replanting, a factorial anova showed restored sites had significantly higher density of 
Avencianna germinans (p<0.05) compared to naturally regenerated sites. Height of black mangroves trees in the 
replanted sites was significantly lower compared to those in the naturally regenerated sites, as was diameter. Trees of 
restored sites did not meet previously projected height attainment. Recruitment differences were site specific, but not 
condition related as patterns of similarities were exhibited at replanted and naturally regenerated sites. A Pearson 
product moment correlation coefficient determined the relationship between diameter and height of seedlings as strong, 
positive relationship.  
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INTRODUCTION 
An exploratory study was carried out of the structure of mangrove forests in replanted and natural 
coastal mangrove stands..  Although this report is a preliminary analysis, these findings are relevant given 
that there are no previous publications of structure of these stands other than a general description of 
zonation along the coast. Results provided by this can be used to carry out further related research in this 
stand and comparisons with more extensive analyses. Is there a difference in plant attributes between 
restored and naturally regenerated mangrove fringes, and are plant communities of restoration sites 
becoming more like those of naturally regenerated fringes? 
Mangrove forests on the coastal line of Guyana occur in more or less continuous bands of forests, 
representing an estimated 1% of land covered by forests.  The impact of natural processes working 
alongside anthropogenic pressures has resulted in a 75 % decline in Guyana’s mangrove forest area over 
the last three decades [1]. Impacts of these pressures have changed the equilibrium state of these 
ecosystems, making natural recovery problematic, if not difficult [2]. Mangrove forests aids in protecting 
Guyana’s low lying coastal plain where majority of the population reside and practice agriculture.  Given 
the importance of mangrove forests to coastal protection, fisheries and livelihoods, the protected and 
restored of mangrove where possible makes much sense. Projections of annual flood related loss in 
Guyana has indicates that these losses can reach US$150 million by 2030 [3, 4]. Thus, this even makes a 
stronger case for mangrove interventions. 
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In recognition of the role mangroves play in protecting Guyana’s vulnerable coastlines, The Government 
of Guyana proposed restoration and protection of mangroves as a low‐cost strategy to augment the 
existing sea defences and strengthen the country’s adaptive capacity to the predicted effects of climate 
change [5]. The advantages of integrating mangroves into sea defences has been discussed, as to risk 
reduction in almost every coastal setting, ranging from rural to urban and from natural to heavily 
degraded landscapes  [6]. 
The importance of mangroves in our coastal protection has been outlined in the Sea and River Defense 
Policy of 2009 which [2]. The Guyana Mangrove Restoration Project (GMRP) began in 2009, with funding 
from the Government of Guyana and the European Union (EU) under the EU’s Global Climate Change 
Alliance began. The mangrove restoration component of the project began in 2010 and ended in 2012. At 
the end of the project, 421,599 A. germinans seedlings were planted across 12 sites along coastal Guyana. 
Seedlings were planted on approximately 1 m centers with a total of 10,000 seedlings planted per ha. A 
total of 35 ha of mangroves across 12 sites were restored.  A. germinans was selected as the species suited 
for replanting, since it is the dominate species along the coast of Guyana. Preliminary assessments of five 
of young restored mangroves sites in Guyana reported an overall mean survivorship of 58.7 % of the 
421,599 planted Avicennia germinans seedlings, with mixed results at individual sites [1] 
Guyana’s coastline is contiguous with neighbouring Brazil, Venezuela and Surinam in the Continent of 
South America. In Guyana, three species dominate; Avencianna germinans (black mangroves), Rhizophora 
mangle (red mangrove) and Laguncularia racemosa (white mangroves), as is typical along the coastal 
mangrove belts of the Americas.  Avencianna dominates stands at the seaward edge, being the first 
species to colonize mudflats [7, 8, 9]. The dominating behavior of A. germinans was highlighted, showing 
greater potential to survive when interspersed with other species such as L. racemosa [10]. Research in 
French Guiana reported A. germinans dominating, interspersed with L. racemosa and Rhizophora [8].  
Densities in young stands were generally high, but exhibited smaller diameters (dbh<5 cm). Studies 
conditioned in Suriname found Avicennia seedlings to dominate in the seaward areas with an average of 
1270 seedlings per hectare [11]. Seedling and sapling densities of >5000/ha‐1 were reported for A. 
germinans, L. racemosa and R. mangle in South Florida [12]. Densities of seedlings and saplings of A. 
germinans were greater than the other species recorded. Mean seedling densities ranged from 0‐9 per m2. 
No significant differences were found between seedling densities of the three species.  In Costa Rica, on 
the other hand, low tree densities/ha‐1, with mean tree heights of A. germinans ranging between 8.9 ‐ 11.2 
m and mean diameters ranging from 14.8 ‐ 14.8 cm were reported [13]. 
This dominating feature of Avencianna has not been reported extensively in the Caribbean Regions or 
elsewhere in the world. No conclusive reasons exist as to why Avencianna behaves this way in these 
regions. However, general conclusions of studies elsewhere suggest many possible reasons for dominance 
such as mass dispersal of propagules and the pioneering ability of the species [14, 10, 8, 15] ability to 
respond to natural environmental stressors and subsequent self succession (16,17, 18], tidal 
inundation and hydrodynamics on seedling dispersal and establishment, seed and propagule buoyancy 
[19,10], available space, proximity of site to seed sources, site exposure, and rate of mortality of 
established seedlings [20], natural disturbances changing succession processes [12]. The role of 
deposition of large amounts of sediments, and tidal regimes and fluvial energies has not been downplayed 
as a contributory factor [21].  Closer spacing is used to enhance the ability of the propagules or seedlings 
to withstand wave impact [22, 23, 24, 25, 26]. It has been proven that higher planting density significantly 
increased the survival of seedlings at high and low tidal sites and enhanced sediment accretion and 
elevation at low tidal sites [27]. However, planting at a higher density has opportunity costs of increased 
competition for resources, leading to reduced growth potential of plants.  
Mangrove replanting 
Restoration of degraded mangrove forests is not new. Many restoration activities are aimed at achieving 
single or multiple objectives such as coastal protection [28], increasing the provision of ecosystem 
services as well as reversing biodiversity losses [29]. Restoration should return the structure and 
function of ecosystems as closely as possible to pre‐disturbance conditions and functions, and to a more 
or less comparable state to unstressed surrounding are [30]   
Most of the studies on mangrove forest structure and regeneration have focused on natural stands, but 
very little emphasis has been given to replanted mangrove stands.   Despite an increase in replanting of 
mangroves, very little emphasis has been placed on assessing structure in these stands. Up to about a 
decade ago, very little was known about structural development of replanted mangroves. Even today, this 
may still ring true, as the ratio of publish data on natural mangrove forests outnumber that of restored 
stands. This is especially so in the case of South America. Mangrove restoration projects around the world 
have seen varying levels of success, often measured by survivability of seedlings after a number of years, 
density, compositions, diversity, height and diameter (growth potential). 
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Measurement of the success of restoration requires detailed and long term evaluation, which may not be 
possible because of financial implications; hence, key criteria such as similarities in diversity and 
community structure have been used for comparison with reference sites [31, 32]. Ideally, these 
reference zones should occur in the same life zone, close to the restoration project, and be exposed to 
similar natural disturbances [33, 34]. The number of reference sites for comparison is equally important, 
with a recommended two sites for effective comparisons [35, 34]. Vegetation structure is another 
measure for assessing restoration success and predicting the direction of plant succession. Vegetation 
Structure includes woody plant density, biomass, or vegetation profiles [36, 37, 38, 39].  A good measure 
of restoration success is the  achievement of similarities in structural attributes such plant cover similar 
to that of adjacent, but relatively undisturbed and mature mangrove ecosystem, which can be easily 
measured [40,41]. For example, structural changes observed in South Florida were due to catastrophic 
events such as storms, creating conditions for late succesional species like Rhizophora mangle to become 
dominating [42]. 
Planting a large number of native species in restorations was reported to have an influence in increasing 
the similarity of restored wetlands to reference wetlands sites. This may contribute to initial patterns of 
convergence of species composition where the same restoration techniques and species are used across 
sites, regardless of the suitability of the species to site conditions. This may not always be the case, as it is 
a common occurrence in restored sites whereby replanted species are replaced by other species late 
successional species, often referred to as divergence [43, 44,45]. This was observed in Brazil, where 
specific site conditions contributed to proliferation of L. racemosa, where large scale plantings of 
Avencianna was carried out [46, 47].  
However, when comparing naturally regenerated mangrove stand structures to replanted stands, 
literature on whether these restored sites are similar in structure seem to be no closer to a definite 
conclusion on the ability of restored stands to attain ideal levels.  Similarities in structure between 
naturally regenerated and replanted mangroves appear to be country and context specific. The review 
below presents varied results reported on mangrove restoration success.  
Around the world replanting success has been variable, with very little success in some parts. For 
example, in India a 1.52% success rate of restored sites was reported by [48].  Plant survival in large scale 
planting in the Philippines varied from 0 to 66 % [49,50].  Extensive replanting of mangroves has been 
achieved only in Pakistan, Cuba and Bangladesh [6]. In a review of studies on the assessment of  
restoration success,  [34] found out of >200 studies 68 evaluated restoration success after seeding or 
planting, but only 4% were from South America. Density and height accounted for 58% and 39% of 
studies of vegetation structure.   
It has been argued that planted mangroves can reportedly take up to 20‐25 years to attain the structure 
and productivity of natural forests [51, 52, 53], while data from the plantations in the Phillippines 
suggested that it may take up to 50 year.  In Brazilian mangrove fringes single species restoration was 
reported to be ineffective as the restored sites showed hindered succession patterns [47]. Despite large 
planting of Avenciana propagules, after a decade the author reported persistence of lower level of 
structural complexity with L. racemosa dominating. The author hypothesized that on restoration sites 
planted with single mangrove species may be compromised by residual stressors, which levels off the 
ecosystem’s structural complexity and functioning at lower stages, resulting in differences in structure of 
planted mangroves. In addition, this may hamper regeneration potential of these sites. The conclusions of 
this study was further supported by the findings of [54] who reported a decrease in ssurvival and plant 
development of transplanted Avencianna seedlings decreased with age.  This may not always be the case 
as reported by  [55] who found young mangrove stands of 17‐18 years to have the capability to reach 
near natural conditions. In the Phillippines, where stem density and canopy cover of reforested and/ or 
afforested mangroves did not significantly differ from those of existing natural stands [56] or even 
surpassed naturally regenerated mangrove stands as in the case of Africa [57, 58]. Many propositions for 
explaining success rates and stand conditions have been put forward. For example, [59] posited that as 
mangrove forests aged, tree diameter and height increased logarithmically, tree density would decrease. 
This is in response to competition for resources such as space and light for tree growth, as this becomes 
less available resulting in slowed growth rates. In other cases, rapid decline in tree density in young 
plantations were attributed to high mortality rates, due to plants not being able to withstand 
environmental stressors, a common occurrence in most mangrove planting projects [60].   
However, despite the varied results, there seems to be no clear conclusion on what is expected of 
replanted mangroves, as human introduced variables such as intensity of planting can influence 
mangrove structural characteristics. In addition, mangrove planting success appears to be highly 
dependent on site specific conditions.  
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MATERIAL AND METHODS 
Study Sites 
For comparison of secondary succession in same age replanted, natural stands of same age were selected 
as reference sites. 
Four samples areas were randomly selected; two representative areas of replanted mangrove sites and 
two representative areas of naturally regenerated mangrove sites. The areas selected were along the 
southwestern coast of Guyana in Administrative Region #4 (Hope Lowland, Bee’s Hive) and 
Administrative Region # 5 (Woodley Park, Willemstaad) (Figures 1 & 2). 
The study areas were  located along the South Eastern Coastal Guyana in Regions # 4 and 5. Sites were 
selected randomly for two conditions; areas where natural regeneration occurred, and sites which were 
replanted with A. germinans. Sites were replicated. Study areas coordinates are presented in Table 1 
below. 
 

Table 1. Sample sites by condition and location 
Sample Site Coordinates Condition Administrative Region 
Hope Lowland ‐East Demerara  6.44’46.92”N 

57.57’18.71”W  
Replanted 4 

Bee Hive‐ East Demerara  6.44’11.19”N 
57.56’41.90”W 

Natural Regeneration 4 

Willemstaad – West Berbice  6.19’40.18”N 
57.34’15.83”W 

Replanted  5 

Woodley Park – West Berbice  6.21’10.91”N 
57.34’15.83”W 

Natural Regeneration 5 

 
A nested plot design was used to set up PSP at each site. At each site, one hectare blocks (100m x 100 m) 
were demarcated, and divided into 100 subplots of 10m x 10m. Five subplots were selected for sampling. 
At the right hand corner of each of the five subplots, a 1m x 1m seedling plots were established. In the 
seedling plots, a mangrove seedling all seedlings were identified by species and counted. Seedlings in this 
research were considered to be less than 30cm height and less than 2cm diameter. For each seedling, 
height measurement was taken at the highest of the point of the apical shoot with a 100cm measuring 
rule. Diameter measurement was taken at the root collar of the seedlings using a calliper. All seedlings 
counted tagged with aluminium tags, and assigned a number for future monitoring.  

 
Figure 1. The Coastline of Guyana covering Regions 4 & 5 where sites were sampled (Google, 2017) 
 
Statistical Analysis 
Field data was entered into Microsoft Excel Spreadsheets, and subjected to a Factorial ANOVA to test for 
significant differences. LSD All‐Pairwise Comparisons Tests were used to compare variables such as 
density, height and diameter between conditions, and species. A Pearson product moment correlation 
coefficient was conducted to determine the relationship between diameter and height of seedlings. All 
statistical analyses were done in Statistix 10 software package. Graphs presented were outputs of the 
Statistic 10 software package. Mean plot density data was extrapolated to ha‐1 prior to analyses.  
 
RESULTS 
Density 
Trees 
Overall, black mangroves trees accounted for the highest density of the three species with a mean density 
of 2020 trees/ha, followed by white mangroves at 1000 trees/ha (Figure 4). Red mangroves had the 
lowest density per hectare at 160 trees/ha. The Factorial AOV test for species indicated a significant 
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difference (P values<0.05). Densities for all three species were significantly different. Black mangroves 
were significantly higher than red mangroves. 

 
Figure2. Overall density of Trees/ha by species 

Replanted sites had greater density of trees compared to naturally regenerated sites (Fig 2 ).  Total 
densities were significantly different between the two conditions (p<0.05).  

 
                    Figure 3. Density of Trees/ha by condition 

A comparison of species density/ha is presented in Figure 3. Replanted sites had a significantly higher 
density/ha of black mangroves than natural sites with a p value<0.05.   Under both conditions black 
mangrove dominated the other two species.  

 
Figure 4. Comparing species tree density/ha by condition 
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There was no significant difference found between densities of white mangrove for the two conditions.  
Red mangroves densities were not significantly different between the two conditions, but significantly 
lower than both black and white mangroves for both conditions (Fig 4). The relative densities of species 
are presented in Table 2 below. Black mangroves had the highest relative density followed by red 
mangroves. 

Table 2.    Relative Density of species 
Species Species Density/ha-1 Relative density 

 NR                           R NR                  R 

Black 1560 2480 61.9            64.6 

Red  200 120 7.9                 3.1 

White 760 1240 30.2            32.3 

 
Tree Height and Diameter 
Tree height varied by species and condition (Figures 5 & 6). Red mangroves had significantly taller trees 
(p<0.05) compared with the other species for both of the conditions (Mean restored = 8.7 m, mean 
natural= 7.9m). However, in the naturally regenerated sites, height of black and red mangroves were not 
significantly different (p>0.05). Height of black mangroves trees in the replanted sites was significantly 
lower compared to those in the naturally regenerated sites (Fig 5).  The trend for diameter of white 
mangroves was similar to that of black mangroves. Overall mean for both conditions, red had significantly 
higher trees heights than black and white mangroves. By condition (Fig 6), overall mean height was 
significantly higher at the naturally regenerated sites (mean=7.2 m) compared to the replanted sites 
(mean=4.5m). 
 

 
Figure 5. Mean species height by condition               

 
Figure 6. Mean tree height by condition 

Diameter 
As with height, diameter varied among species and condition (Figures 7 & 8). Black mangroves had 
significantly greater mean diameter in the naturally regenerated sites (mean=12.5 cm) compared to 
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restored sites (mean=6.3 cm).  Red mangroves had significantly greater diameter than white mangroves 
in either condition, but only for black mangroves in the replanted sites.  
 

 
Figure 7. Mean diameter by species 

 

 
Figure 8. Mean diameter by condition 

 
A comparison of mean diameter among species showed that red had significantly greater diameters than 
both black and red mangroves. Black and red mangroves diameter did not differ significantly.  The 
naturally regenerated sites (mean=12.5 cm) had significantly greater mean diameter than the restored 
sites (9.0 cm). 
Seedlings 
Density for seedling 
Black mangrove seedling had a mean total of 10,375 seedlings/ha‐1, while white and red mangroves had a 
mean total of 5625 seedlings/ha‐1, and 875 seedlings/ha‐1 respectively (Figure 9). Overall mean seedling 
density of natural regenerated area was 5750 seedlings/ha‐1, and replanted area was 5500 seedling/ha‐1. 
No significant difference in density of total mean seedlings between the replanted and naturally 
regenerated sites was found (p>0.05), but significant differences were found between species (p<0.05). 
Black mangrove had the significantly highest seedling density per hectare than both white and red 
mangroves. White mangrove seedling density was significantly higher than red mangrove. A Factorial 
Anova was conducted to determine the significance of influence condition had on species density. The 
results showed that the influence of condition on species density was not statistically significant at a 0.5 
significance level.  
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Figure 9. Total Mean density/ha‐1 of mangrove species   Figure 10.  Total Mean density/ha‐1 of mangrove 
species by site       
 
There were no significant differences in density of the same species between replanted and naturally 
regenerated areas (Figure 10).  In the replanted sites versus the naturally regenerated sites (Figure 9), 
seedling density/ha‐1 by species were; black natural (10,000), black replanted (10,750), white natural 
(6,000), white replanted (5250), red natural (1250), red replanted (500). 
Seedling density varied at each site, however, the naturally regenerated site at Woodley Park had the 
highest total mean seedlings (Mean = 5833) compared to the naturally regenerated site at Bee Hive 
(Mean=5666), the replanted site at Hope Lowland (Mean= 5500) and the replanted site at Willemstaad 
(Mean 5500) (Table 3). However, that difference was not statistically higher. 
                         

Table 3. Descriptive Statistics of Density/ha‐1 of seedlings by Location 
Location Mean SD SE Mean 
Bee Hive (Natural) 5666.7 4060.6 1048.4   

Woodley Park (Natural) 5833.3 4693.0 1211.7   

Hope Lowland (Replanted) 5500.0 4648.3 1200.2   

Willemstaad (Replanted) 5500.0 5991.1 1546.9   

 
In a breakdown of seedling density/ha‐1 by species at each site, black mangrove seedlings were dominant 
at all the sites (Table 4). White mangrove seedlings were present at all sites, and accounted for second 
highest of the three species. Red mangrove seedlings were absent at the replanted site at Willemstaad, 
and the naturally regenerated site at Woodley Park. Willemstaad had the highest number of black 
seedlings (11,500), followed by Beehive (10,500), Hope Lowland (10,000) and Woodley Park (9,500). 
White mangrove seedlings were greater at Woodely Park than at the other sites. Of the two sites where 
red mangrove seedlings were present, Bee Hive replanted site accounted for the higher number of red 
mangrove seedlings.  
                 

Table 4. Descriptive Statistics of Density/ha‐1 of black mangrove seedlings by Location 
 Trees Seedlings 

Condition Location Species Mean SD SE 
Mean 

Relative 
Density 

Species Mean SD SE 
Mean 

Relative 
Density 

            

Replanted Hope  Black 1680 521.54 233.24 61.76 Black 10,000 2500 1118 60.6 

Lowland White 800 282.84 126.49 29.41 White 5,500 4107.9 1837.1 33.3 

Red 240 357.77 160.00 8.82 Red 1,000 1369.3 612.37 6.1 

Willemstaad Black 3280 334.66 149.67 100.00 Black 11,500 4,183.3 1,870.8 69.7 
White 0 0 0 66.13 White 5,000 5,000 2,236.1 30.3 

Red 1680 1110 496.39 0.00 Red 0 0 0 0.0 
Natural Bee Hive Black 1680 334.66 149.67 33.87 Black 10,500 2091.7 935.41 61.8 

White 720 178.89 80.00 0 White 4,000 1369.3 612.37 23.5 
Red 400 282.84 126.49 60.00 Red 2,500 2500 1118 14.7 

Woodley 
Park 

Black 1440 456.07 203.96 25.71 Black 9,500 3259.6 1457.7 54.3 

White 800 282.84 126.49 14.29 White 8,000 1118 500 45.7 
Red 0 0 0 0 Red 0 0 0 0.0 
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Diameter 
Diameters of all seedlings were taken at root collar. Mean diameter of white mangrove seedlings (Mean= 
1.42 cm) was statistically lower than black mangroves (Mean= 1.22 cm) (Figure 11). Black mangrove 
seedlings mean diameter did not differ statistically from that of red mangroves. Red mangroves seedlings 
mean diameter did not differ significantly from that white mangroves mean diameter. 
Mean diameter at the replanted site for all species was 1.39 cm, and naturally regenerated site was 1.32 
cm. There was no statistical difference in mean diameter between the two conditions (Figure 12). 
 

             
          Figure 11.                                  Figure 12.  
 
Height 
Mean height of black mangrove seedlings (Mean=0.18 m) was shown to be significantly higher than white 
(Mean= 0.14m) (Figure 13). Similar to the trend with diameter, red mangrove mean height did not differ 
significantly from that of the mean height of white mangrove seedlings. 
 

 
Figure 13. Mean Total Height of seedlings by condition 
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Figure 14. Mean height of seedlings by species across conditions 

 
There were no statistical difference between height of seedlings between the replanted sites 
(Mean=0.17m) and the naturally regenerated sites (Mean=0.16m) (Figure 14). 
A Pearson product moment correlation coefficient was computed to determine the relationship between 
diameter and height of seedlings. The results are summarized in Figures 15, 16, 17. There was a strong 
correlation between diameter and height of seedlings (P<0.05, r=0.89). Overall, there was a strong, 
positive correlation between diameter and height indicating that height increases were correlated with 
increases in diameter. This was especially so for the black mangroves, which showed a good fit.  

 
Figure 15. Correlation of overall mean diameter and height 

 
Figure 16. Correlation of overall mean diameter and height by condition 
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Figure 17. Correlation of overall mean diameter and height 

 
DISCUSSION 
After 6 years, restored sites had higher overall tree density than the naturally regenerated sites. Restored 
sites had approximately one and a half times density of trees compared to natural sites.   It can be 
assumed that the planting of primarily Avencianna at higher densities had some influence on higher 
density of Avencianna trees in restored sites [27] contributing to an overall higher density over naturally 
regenerated sites. However, despite this was not the case in Brazil for restored sites [47].  Based on the 
results of this study, survival rate of replanted sites were at 24.8%, half the survival rate reported for 
young seedlings at year 2, evidence that mortality continued after that period. The overall structural 
characteristics of the mangrove stands follow the pattern described by Evans [7], black mangroves 
dominating, with white mangroves interspersed in the stands. Red mangroves showed lowest densities of 
the three species, indicating that red mangroves are still unable to establish under the coastal conditions. 
Among species, black mangrove density was statistically higher at the restored site compared to the 
naturally regenerated sites, but this was not so for the two other species.  In terms of structural 
characteristics, mangroves in the replanted sites exhibited lower height and smaller diameter than 
naturally regenerated sites. It was clear, that after five years replanted black mangroves did not meet the 
5 m projected height, as reported by [1].  
Natural mangrove stands in Guyana did not fit the mangrove stand profiles described for French Guiana 
by [8]. The results suggested that, while stand structural values were not in keeping with the category of 
mature coastal mangroves, it may yet represent a transition between young mangrove/pioneer mangrove 
stand, and mature coastal mangroves categories as proposed by the author.   
Seedlings Recruitment 
The results showed the ability of A. germinans seedlings to recruit in large numbers, hence dominating 
both replanted and naturally regenerated mangrove stands. Densities of Avencianna seedlings were much 
higher than that reported for Surinam by [11] but comparable to values reported for South Florida [12]. 
Seedlings of L. racemosa accounted for the second highest density of seedlings, and like A. germinans, 
were present at all sites.  Seedlings of R. mangle were absent at two sites, which contributed to the low 
total mean density/ha‐1 of seedlings of this species. This absence was particular at the two sites located in 
lower south western coast of Guyana, but not specific to a particular condition.  A general conclusion, 
therefore, is that recruitment patterns exhibited differed by site, but not by condition. No significant 
difference between conditions by individual species is indicative of similarities in recruitment. However, 
it is recommended that further and more in‐depth research be conducted to confirm this supposition.   
The fact that no statistical differences were found between individual species between for the two 
conditions indicates that both restored and naturally regenerated sites exhibited similar structural 
characteristics, as in the case of Brazil, where restored mangrove exhibited lower level structural 
complexity [47]. 
In terms of structural features, black mangrove seedlings were performing better in size than both red 
and white mangrove seedlings. Black mangrove seedlings had larger diameters, and were taller than both 
white and red mangroves. White mangrove seedlings had smaller mean diameter than both black and red 
mangrove seedlings, but this difference was statistically significant compared to black mangrove 
seedlings alone.  Black mangrove seedlings were also taller than the two other species. White mangrove 
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seedlings were shorter than red mangroves seedlings.  However, the trend was similar in both 
regenerated and restored stands.   
Comparing height and diameter for species between conditions found no statistical differences. The 
results of the Factorial Anova indicated a strong and positive relationship between height and diameter. It 
is clear that the species exhibited a linear pattern between the two dimensions. This was common for all 
three species. This clearly shows that for an increase in seedling height, there will be an increase in 
diameter. 
 
CONCLUSION 
Although a larger time frame may be required to assess rehabilitation success based on vegetation’s 
structural attributes, this research has allowed inferences regarding the fate of structural complexity and 
functioning. After 6‐7 years of planting followed by natural regeneration, with the exception of diameter 
of seedlings, restoration sites exhibited secondary succession patterns that did not differ significantly 
from adjacent reference sites. However, significant differences were noted in structural characteristics of 
trees between restored and natural sites.  While this research provides a preliminary assessment of 
mangroves success, all variable to consider when measuring success of restoration were not assessed. 
Therefore, conclusions were biased towards vegetative achievements. The results nevertheless showed 
that differences in structure of mangroves, is an indication that replanted mangrove sites are yet to 
achieve structural characteristics of naturally regenerated sites along the coast of Guyana.  
 
RECOMMENDATIONS 
Based on the findings of this research, we recommend the GMRP endeavor to continue research in the 
area of assessment of structural characteristics of restored sites, and utilise information about mangroves 
for effective management and the conservation of mangroves in Guyana. 
 
ACKNOWLEDGEMENT 
The authors would like to express their gratitude to Dr. Elroy Charles, PhD for his assistance with 
statistical analysis.  
 
REFERENCES 
1. Machin, J and Lewis, R (2005). An adaptive approach to restoration of a degraded mangrove shoreline in 

Guyana’s challenging coastal environment; evaluation of past efforts and a vision for the future.Academi.edu. 
Accessed September 2, 2017 from, https://jamescook.academia.edu/JamieMachin. 

2. Government of Guyana (2010). National Mangrove Management Action Plan 2010‐2012. Government of Guyana. 
3. Government of Guyana (2010). Low Carbon Development Strategy. 
4. Ackroyd, C., 2010. Final Report of the Mangrove Technical Assistance for Capacity Building and Institutional 

Strengthening of the Sea Defences Sector ‐, EDF 2007 EuropeAid/127405/D/SER/GY. 
5. Government of Guyana (2012). Guyana’s Second National Communication to the United Nations Framework 

Convention on Climate Change. 
6. Spalding, M. D., Ruffo, S., Lacambra, C., Meliane, I., Hale, L. Z., Shepard, C. C., & Beck, M. W (2014). The role of 

ecosystems in coastal protection: adapting to climate change and coastal hazards. Ocean & Coastal 
Management, 90, 50‐57.  

7. Evans, I. J (1998). The restoration of mangrove vegetation along the coastal belt of Guyana. University of 
Aberdeen: Aberdeen, UK. 

8. Fromard, F., Puig, H., Mougin, E., Marty, G., Betoulle, J. L., & Cadamuro, L (1998). Structure, above‐ground biomass 
and dynamics of mangrove ecosystems: new data from French Guiana. Oecologia, 115, 39‐53. 

9. Schaeffer‐Novelli, Y., Cintrón‐Molero, G., Soares, M. L. G., & De‐Rosa, T (2000). Brazilian mangroves. Aquatic 
Ecosystem Health & Management, 3(4), 561‐570. 

10. McKee, K. L (1995). Seedling recruitment patterns in a Belizean mangrove forest: effects of establishment ability 
and physico‐chemical factors. Oecologia, 101(4), 448‐460. 

11. Augustinus, P. G. E. F (1978). The changing shoreline of Suriname (South America) (Doctoral dissertation, 
University Utrecht). 

12. Fourqurean, J. W., Smith, T. J., Possley, J., Collins, T. M., Lee, D., & Namoff, S (2010). Are mangroves in the tropical 
Atlantic ripe for invasion? Exotic mangrove trees in the forests of South Florida. Biological Invasions, 12(8), 2509‐
2522. 

13. Samper‐Villarreal, J., Cortes, J., & Benavides‐Varela, C. (2012). Description of the Panamá and Iguanita mangrove 
stands of Bahía Culebra, North Pacific coast of Costa Rica. Revista de Biología Tropical, 60, 109‐120. 

14. Lugo, A. E (2002). Conserving Latin American and Caribbean mangroves: issues and challenges. Madera y 
Bosques, 8, (ES1), 5‐25. 

15. Kathiresan, K., & Bingham, B. L (2001). Biology of mangroves and mangrove ecosystems. Advances in marine 
biology, 40, 81‐251. 

Ramdial and Khandi 

 



RJCES Vol 5 [5] October 2017                     25 | P a g e      © 2017 AELS, INDIA 

16. McMillan, C (1971). Environmental factors affecting seedling establishment of the black mangrove on the central 
Texas coast. Ecology, 52, 927‐930. 

17. Cintrón, G., Lugo, A. E., Pool, D. J., & Morris, G (1978). Mangroves of arid environments in Puerto Rico and 
adjacent islands. Biotropica, 10, 110‐121. 

18.  Lugo, A (1980). Mangrove Ecosystems: Successional or Steady State? Biotropica, 12, 65‐72. 
doi:10.2307/2388158. 

19. Pastakia, C.M.R (1991). A Preliminary Study of the Mangroves of Guyana– Aquatic Biological; Consultancy 
Service Ltd. 

20. Jimenez, J. A., Lugo, A. E., & Cintron, G (1985). Tree mortality in mangrove forests. Biotropica, 177‐185. 
21. Schaeffer‐Novelli, Y., Cintrón‐Molero, G., Soares, M. L. G., & De‐Rosa, T (2000). Brazilian mangroves. Aquatic 

Ecosystem Health & Management, 3(4), 561‐570. 
22. Melana, D. M., Atchue III, J., Yao, C. E., Edwards, R., Melana, E. E., & Gonzales, H. I (2000). Mangrove management 

handbook. Department of Environment and Natural Resources, Manila, Philippines through the Coastal Resource 
Management Project, Cebu City, Philippines, 55. 

23. Stubbs, B.J & Saenger, P (2002). 'The application of forestry principles to the design, execution and evaluation of 
mangrove restoration projects', Bois et Foréts des Tropiques, vol. 56, no. 273, pp. 5‐21. 

24. Duke, N. C (2006). Australia's mangroves: the authoritative guide to Australia's mangrove plants. MER. 
25. Duke, N. C., & Allen, J. A (2006). Rhizophora mangle, R. samoensis, R. racemosa, R.× harrisonii (Atlantic–East 

Pacific red mangrove). Traditional trees of Pacific Islands: Their Culture, Environment, and Use. Permanent 
Agriculture Resources (PAR), Holualoa, Hawaii, 623‐640. 

26. Primavera, J. H., Savaris, J. P., Bajoyo, B. E., Coching, J. D., Curnick, D. J., Golbeque, R. L., ... & Koldewey, H. J (2012). 
Manual for community‐based mangrove rehabilitation. London, Zoological Society of London, Mangrove Manual 
Series, (1), 240. 

27. Huxham M, Kumara MP, Jayatissa LP, Krauss KW, Kairo J, Langat J, Kirui B (2010) Intra‐ and interspecific 
facilitation in mangroves may increase resilience to climate change threats. Philos Trans R Soc Lond B Biol 
Sci 365, 2127–2135. 

28. Ren, H., Lu, H., Shen, W., Huang, C., Guo, Q., Li, Z. A., & Jian, S (2009). Sonneratia apetala Buch. Ham in the 
mangrove ecosystems of China: An invasive species or restoration species?. Ecological Engineering, 35, 1243‐
1248.  

29. Bullock, J. M., Aronson, J., Newton, A. C., Pywell, R. F., & Rey‐Benayas, J. M (2011). Restoration of ecosystem 
services and biodiversity: conflicts and opportunities. Trends in ecology & evolution, 26, 541‐549. 

30. Gore, J. A (1985). Restoration of rivers and streams. Butterworth Publishers,Stoneham, MA. USA. 
31. Chapman, M. G., & Underwood, A. J (2010). The need for a practical scientific protocol to measure successful 

restoration. Wetlands Australia Journal, 19, 28‐49. 
32. Purcell, A. H., Friedrich, C., & Resh, V. H (2002). An assessment of a small urban stream restoration project in 

northern California. Restoration Ecology, 10, 685‐694. 
33. Hobbs, R. J., & Harris, J. A (2001). Restoration ecology: repairing the earth's ecosystems in the new 

millennium. Restoration ecology, 9, 239‐246. 
34. Ruiz‐Jaen, M. C., & Mitchell Aide, T (2005). Restoration success: how is it being measured?. Restoration 

ecology, 13, 569‐577. 
35. Hobbs, R. J., & Norton, D. A (1996). Towards a conceptual framework for restoration ecology. Restoration 

ecology, 4, 93‐110. 
36. Salinas, M. J., & Guirado, J (2002). Riparian Plant Restoration in Summer‐Dry Riverbeds of Southeastern 

Spain. Restoration Ecology, 10, 695‐702. 
37. Kruse, B. S., & Groninger, J. W (2003). Vegetative characteristics of recently reforested bottomlands in the lower 

Cache River Watershed, Illinois, USA. Restoration Ecology, 11, 273‐280. 
38. Wilkins, S., Keith, D. A., & Adam, P (2003). Measuring success: evaluating the restoration of a grassy eucalypt 

woodland on the Cumberland Plain, Sydney, Australia. Restoration Ecology, 11, 489‐503. 
39. Satyanarayana, B (2005). Ecobiology and remote sensing based study of Coringa mangroves in the Godavari Delta, 

East coast of India (Doctoral dissertation, Ph. D. thesis, Andhra University, Waltair, India). 
40. Lewis, R. R., & Gilmore, R. G (2007). Important considerations to achieve successful mangrove forest restoration 

with optimum fish habitat. Bulletin of Marine Science, 80, 823‐837. 
41. Schmiegelow, J. M. M., & Gianesella, S. M. F (2014). Absence of zonation in a mangrove forest in southeastern 

Brazil. Brazilian journal of oceanography, 62, 117‐131. 
42. Smith, T. J., Robblee, M. B., Wanless, H. R., & Doyle, T. W (1994). Mangroves, hurricanes, and lightning 

strikes. BioScience, 44, 256‐262. 
43. Lepš, J., & Rejmánek, M (1991). Convergence or divergence: what should we expect from vegetation 

succession? Oikos, 261‐264. 
44. Seabloom, E. W., & van der Valk, A. G (2003). Plant diversity, composition, and invasion of restored and natural 

prairie pothole wetlands: implications for restoration. Wetlands, 23, 1‐12.  
45. del Moral, R (2007). Limits to convergence of vegetation during early primary succession. Journal of Vegetation 

Science, 18, 479‐488. 
46. Shafer, D. J., & Roberts, T. H (2008). Long‐term development of tidal mitigation wetlands in Florida. Wetlands 

ecology and management, 16, 23‐3. 

Ramdial and Khandi 

 



RJCES Vol 5 [5] October 2017                     26 | P a g e      © 2017 AELS, INDIA 

47. Rovai, A.S., Soriano‐Sierra, E.J., Pagliosa, P.R., Cintrón, G., Schaeffer‐Novelli, Y., Menghini, R.P., Coelho‐Jr, C., Horta, 
P.A., Lewis, R.R., Simonassi, J.C. and Alves, J.A.A (2012). Secondary succession impairment in restored 
mangroves. Wetlands ecology and management, 20, 447‐459. 

48. Sanyal, P (1998). Rehabilitation of degraded mangrove forests of the Sunderbans of India. In Programme of the 
International Workshop on the Rehabilitation of Degraded Coastal Systems. Phuket Marine Biological Center, 
Phuket, Thailand, January (pp. 19‐24). 

49. Erftemeijer, P. L., & Lewis, R. R (1999). Planting mangroves on intertidal mudflats: habitat restoration or habitat 
conversion. In Proceedings of the ECOTONE VIII seminar enhancing coastal ecosystems restoration for the 21st 
century, Ranong, Thailand (pp. 23‐28). 

50. de Leon, R. O. D., & White, A. T (1999). Mangrove rehabilitation in the Philippines. In An international perspective 
on wetland rehabilitation (pp. 37‐42). Springer Netherlands. 

51. Colonnello, G., & Medina, E (1998). Vegetation changes induced by dam construction in a tropical estuary: the 
case of the Mánamo river, Orinoco Delta (Venezuela). Plant Ecology, 139, 145‐154. 

52. Ewel, K., Twilley, R., & Ong, J. I. N (1998). Different kinds of mangrove forests provide different goods and 
services. Global Ecology & Biogeography Letters, 7, 83‐94. 

53. McKee, K. L., & Faulkner, P. L (2000). Restoration of biogeochemical function in mangrove forests. Restoration 
Ecology, 8, 247‐259. 

54. Toledo, G., Rojas, A., & Bashan, Y (2001). Monitoring of black mangrove restoration with nursery‐reared 
seedlings on an arid coastal lagoon. Hydrobiologia, 444,101‐109. 

55. Salmo, S. G., Lovelock, C., & Duke, N. C (2013). Vegetation and soil characteristics as indicators of restoration 
trajectories in restored mangroves. Hydrobiologia, 720, 1‐18. 

56. Samson M. S. and Rollon,  R. N (2008). Growth Performance of Planted Mangroves in the Philippines: Revisiting 
Forest Management Strategies. AMBIO:  A Journal of the Human Environment, 37, 234‐240.  doi: 10.1579/0044‐
7447. 

57. Bosire, J. O., Dahdouh‐Guebas, F., Kairo, J. G., Wartel, S., Kazungu, J., & Koedam, N. (2006). Success rates of 
recruited tree species and their contribution to the structural development of reforested mangrove 
stands. Marine Ecology Progress Series, 325, 85‐91. 

58. Bosire, J. O., Dahdouh‐Guebas, F., Walton, M., Crona, B. I.,  Lewis,R.R.,  Field,C.,  Kairo, J.G.,  and Koedam, N (2008). 
"Functionality of restored mangroves: a review." Aquatic Botany 89, 251‐259. 

59. Analuddin, K., Suwa, R., & Hagihara, A (2009). The self‐thinning process in mangrove Kandelia obovata 
stands. Journal of plant research, 122, 53‐59. 

60. Primavera, J. H., & Esteban, J. M. A (2008). A review of mangrove rehabilitation in the Philippines: successes, 
failures and future prospects. Wetlands Ecology and Management, 16, 345‐358. 

61. Google Maps (2017). Accessed September 4, 2017 from, https://www.google.gy/maps/@5.038174,‐
54.3400762,2108722m/data=!3m1!1e3. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
CITE THIS ARTICLE  
Donna Ramdial, Ojasvi Khandi. The Mangrove Storey: Assessing structural forest stand characteristics of replanted 
mangroves. Res. J. Chem. Env. Sci. Vol 5 [5] October  2017. 13‐26 

Ramdial and Khandi 

 


