
Page 1/16

Diversity of Mangrove Flora of Marau, Solomon Islands
Kevin Sese 

University of South the Pacific https://orcid.org/0009-0009-0205-7864
Stephen Galvin 

University of South the Pacific https://orcid.org/0000-0003-2235-1947
Gilianne Brodie 

University of the South Pacific https://orcid.org/0000-0002-6896-4696
Eric Katovai 

Solomon Islands National University https://orcid.org/0000-0002-9828-0682
Sarah Pene 

University of the South Pacific https://orcid.org/0000-0003-1824-0822
Myknee Sirikolo 

Solomon Islands National Herbarium

Research Article

Keywords: Ecosystem, diversity, mangrove, Rhizophoraceae, Solomon Islands

Posted Date: May 8th, 2025

DOI: https://doi.org/10.21203/rs.3.rs-6608285/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Additional Declarations: The authors declare no competing interests.

https://doi.org/10.21203/rs.3.rs-6608285/v1
https://doi.org/10.21203/rs.3.rs-6608285/v1
https://orcid.org/0009-0009-0205-7864
https://orcid.org/0000-0003-2235-1947
https://orcid.org/0000-0002-6896-4696
https://orcid.org/0000-0002-9828-0682
https://orcid.org/0000-0003-1824-0822
https://doi.org/10.21203/rs.3.rs-6608285/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Mangrove ecosystems have attracted increasing global attention for their vital ecosystem services and exceptional carbon storage
capacity. This study assessed and updated the species composition and population structure of two mangrove forests in the Marau
Sound region of Guadalcanal, Solomon Islands. Circular plots (7 m radius) were established at 25-meter intervals along transects
running from the seaward to the landward edge of the forests to capture representative ecological data. The primary aim was to
determine the current diversity of true mangrove species in the region. A total of 12 true mangrove species were recorded within the
study plots, though observations outside the plots suggest the number could reach up to 26. The Rhizophoraceaefamily was found to
be the most dominant, with Bruguiera gymnorrhiza and Rhizophora apiculataidentified as the most ecologically significant species.
Notably, the study confirmed the presence of Sonneratia alba and Heritiera littoralis, two species not previously documented in
Marau, thus contributing a valuable update to the regional mangrove inventory. These findings highlight Marau as a critical mangrove
habitat with species that offer significant potential for blue carbon sequestration, emphasizing the need for continued research and
conservation efforts in the region.

1. Introduction
Mangroves are coastal forests that inhabit the narrow intertidal zone between the ocean and dry land. They thrive in warm tropical
and subtropical regions, particularly in sheltered waters such as river mouths and lagoons (Amarasinghe & Perera, 2017; Tomlinson,
2016), which allow sediment to accumulate and provide anchorage for mangroves (Irawan et al., 2021; Robert et al., 2015). The
mangrove vegetation includes trees, shrubs, a palm and a ground fern (N. C. Duke et al., 1998). There are only an estimated 70
species of true mangroves from 27 diverse genera (N. C. Duke et al., 1998; A. M. Ellison et al., 1999), which share a number of
convergent adaptations such as aerial roots, thick leathery leaves, viviparous seedlings etc., (N. C. Duke et al., 1998; A. M. Ellison et
al., 1999; Srikanth et al., 2016). Another class of mangrove plants is known as mangrove associates. These are also found in mangal
areas but can also be found in other environments such as non- mangrove coastal (Mitra, 2019). Mangrove forests also exhibit a
commonly recognized coastward-landward spatial distribution or zonation of mangrove species (Chowdhury et al., 2019; Irawan et
al., 2021) which is related to the existence of salinity gradients in the intertidal zone (Castañeda-Moya et al., 2013; Kathiresan &
Bingham, 2001).

Mangroves are found in many countries of the tropical and subtropical regions of the Earth (D. Alongi, 2002; Chandra et al., 2010;
Ricklefs & Latham, 1993) with many studies pointing to the Indo-west Pacific (IWP) as the point of origin of the greater number of
mangrove species as opposed to the Atlantic east Pacific (AEP)(N. Duke, 2017; Ricklefs & Latham, 1993). Much of the colonization
by mangroves of Papua New Guinea and the Western Pacific seems to have originated from the Indo-west Pacific (IWP) (N. Duke,
2017; Ricklefs & Latham, 1993; Saenger et al., 2019a). The largest and most biodiverse mangrove forests in the Pacific are
concentrated in Papua New Guinea, Solomon Islands, Vanuatu, New Caledonia, Fiji and Micronesia (Allen et al., 2001; Avtar et al.,
2021; Woodroffe, 1987a). Some of the commonly shared mangrove genera between these Pacific regions and the southeast Asia
and Indian Ocean include members of the Rhizophora, Bruguiera Avicennia, Sonneratia, Xylocarpus, and Lumnitzera (N. C. Duke et al.,
2012; Woodroffe, 1987b) .

1.1 Mangroves in Solomon Islands
Solomon Islands is known for its high biodiversity and endemism, being situated within the Indo-West Pacific, the most
biogeographically diverse region in the world and a major biodiversity hotspot (D. Alongi, 2002; Amarasinghe & Perera, 2017; N. C.
Duke et al., 1998; Saenger et al., 2019b). The islands are located between 5° and 12° south latitude and from 155° and 169° east
longitude. The mangrove biota of Solomon Islands benefits from, and closely reflects, the mangrove biota of South East Asia and
Papua New Guinea, due to its closeness to these two regions(N. C. Duke et al., 2012). Additionally, the low latitude, consistently high
temperatures and abundance of islands in this region create ideal conditions for the colonization and growth of mangrove forests (N.
Duke, 2017).

Almost half a century ago, Solomon Islands had an estimated total mangrove coverage of 64,200 hectares (Hansell et al., 1976).
Mangrove forests are found on most of the large islands (Pillai & Sirikolo, 2001a), covering 2 to 3 percent (Pillai & Sirikolo, 2001b) of
the total land area in Solomon Islands. A more recent estimate by Bhattarai (2011) using Landsat imagery puts this figure at around
47,099 hectares (Bhattarai, 2011). The total mangrove coverage may have changed due to anthropogenic pressure, extreme weather
and tsunami events (Bhattarai, 2011).
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In spite of the extensive mangrove presence, the exact number of mangrove species present in Solomon Islands is still a matter of
debate. For example, Woodroffe (1987) and Ellison (2018) identified 19 species (J. C. Ellison, 2018; Woodroffe, 1987b), while Pillai
and Sirikolo (2001) recognized 26 true mangrove species from 13 families (Pillai & Sirikolo, 2001a). Duke et al (2012) suggest that
there are 31 Solomon Islands mangrove species with eight additional ones (N. C. Duke et al., 2012). Such variability in the number of
species may be due to differences in the definition of mangroves and, more particularly, a lack of extensive, in-depth study into the
mangrove biota of Solomon Islands (Woodroffe, 1987a).

1.2 Mangroves of Guadalcanal
The island of Guadalcanal lies in an east-south-east to west-north-west direction. This orientation exposes the southern coastline
and mangrove dominated Marau Sound on the south-eastern tip directly to the south-easterly trade winds. The constant battering by
high-energy waves along the southern coast prevents mangrove colonization (Pillai & Sirikolo, 2001a). However, despite Marau
Sound’s exposure, the south-eastern tip of the island is protected by numerous small islets and stretches of barrier reef systems,
creating sheltered coastlines where mangroves can thrive. Marau Sound stands as the primary mangrove region on Guadalcanal.

Pillai and Sirikolo (2001) inventoried mangroves of Solomons archipelago in the early 2000s and their mangrove inventory is still
being used as an important reference material for mangrove studies in Solomon Islands. However, in their 2001 survey of Marau
Sound, Pillai and Sirikolo only documented 11 species of true mangroves; R. stylosa, R. apiculata, B. gymnorrhiza, L. littorea, R.
mucronata, Bruguiera parviflora, Ceriops tagal, Sonneratia ovata, Excoecaria agallocha, Xylocarpus granatum, and Scyphiphora
hydrophyllacea, (Pillai & Sirikolo, 2001a). Pillai and Sirikolo surveyed three islets and two sites on the mainland of Marau, one of
which (Savekau) was also surveyed in this study. However, their mangrove inventory of Guadalcanal was limited to the northern side
of Marau Sound and did not capture the mangrove flora on the southern side of that region.

This study aims to investigate the diversity of mangrove flora of Marau Sound and to update the local mangrove species inventory of
that region of Guadalcanal by including the previously unsurveyed Kopiu mangrove forest.

2. Materials and Methods

2.1 Study sites
This study was carried out in Marau Sound on the Island of Guadalcanal (Fig. 1) in the Solomon Islands group, which is located
between the latitudes of 11o 44’ and 6o 57’ S and the longitudes of 167o 3’ and 155o 43’ E. The two study sites, namely Kopiu and
Savekau were selected to represent two geographically distinct sides of the island. The first site, Kopiu, is located on the southern
coast (9o 53’ S, 160o 46’ E) and faces south towards the open sea. The second site, Savekau, is located on the northern coast (11o

44’S, 155o 43’ E), and is more sheltered with smaller islets guarding it. The two sites are approximately 10.5 km apart and separated
by a mountain range that rises to over 300 m steeply above Kopiu and gradually sloping down toward Savekau on the other side.

2.2 Sampling and data collection
Following Ellison (2012), prior to the field survey, the two study sites were identified using Google Earth(J. Ellison, 2012) (Google
Earth, 2023) and copies of the maps of the sites made. A Google Earth detectable stream each were identified in both study sites.
The streams became the landmarks for easy identification of the study sites and the placement of the starting points of our
transects. With the help of local guides, and the GPS, the starting and end points for the transects were located on the ground to
ensure that the transects are parallel. Since the streams run approximately perpendicular to the coastline, and at about the center of
each study site, we used the streams as convenient reference points for guiding our first transects, following Ellison (2012). The
other transects were sequentially added to the left and right of the first, separated by a 50-meter interval (as accurately as the
situation allows) (J. Ellison, 2012; Kauffman & Donato, 2012) and numbered 1–4 from the left to the right, facing landward. The last
mangrove plant at the seaward edge of the forest became the starting point for each transect (J. Ellison, 2012).

The design and layout of our plots, as much as possible, followed Kauffman and Donato (2012) while also acknowledging that
Kauffman and Donato (2012) mentioned that plot designs could be modified with the prime objective of accurately describing the
forest while at the same time ensuring safety (Kauffman & Donato, 2012). Thus, our transect lines were drawn, using a 100-meter
tape, from the seaward edge of the mangrove forests to the uplands (Kauffman & Donato, 2012). Circular sampling plots were laid
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out along each transect at 25-meter intervals. Each circular plot had a radius of seven meters (Kauffman & Donato, 2012) (area = 
153.9 m²), with the number of plots varying between 9 and 16, depending on the length of the transects. All mangroves and
mangrove associates within the circular plots were counted, identified to the species level. Mangrove species spotted outside of the
transects and survey plots were identified but not counted. During the survey, 50 plots (total area = 7695m2) were surveyed in the
Kopiu mangrove forest and 46 plots (total area = 7,079m2) in Savekau.

2.3 Mangrove Species Identification
Mangrove flora in the Kopiu and Savekau study sites were identified to the species level on site using mangrove manual ‘Mangroves
of Solomon Islands’, by Pillai and Sirikolo, 2001, and the expertise of forestry officer and co-author of the afore mentioned mangrove
inventory, Myknee Sirikolo.

2.4 Species Composition and Importance Value
Following Vijayan (2015), mangrove species were identified counted and measured (DBH and height) in the study plots in the two
study sites. The data gathered was used to investigate the pattern of distribution and population structure among the mangroves by
establishing a quantitative relationship among plant species using the following indexes: relative frequency (RF), relative density
(RD), relative dominance (RDom), abundance (A), abundance to frequency ratio (A/F ratio) and importance value index (IVI)
(Hondappanavar et al., 2024). The sum of RF, RDom and RD is the IVI (Hondappanavar et al., 2024; Vijayan, 2015).

IVI = relative density (RD) + relative frequency (RF) + relative dominance (RDom)

These indices were calculated using Microsoft Excel version 2018.

The non-woody mangrove fern Acrostichum speciosum was excluded from basal area measurement because it has no measurable
basal area at the required height of 1.3 m (Snedaker & Snedaker, 1984). Thus, its IVI is the sum of its relative frequency and relative
density only.

2.5 Species Diversity
Alpha (α) diversity between the two mangrove forests was assessed using species evenness (Pielou’s evenness index), richness
(Margalef’s richness index) and heterogeneity (Shannon-Weiner and Simpson’s indexes (1-D) (Hondappanavar et al., 2024). Rank-
abundance curves were generated for both forests using relative abundance data to visualize patterns of species richness and
evenness across the two sites (Kiernan, 2014). To evaluate compositional similarity or beta diversity, both the Jaccard index and
Bray-Curtis dissimilarity indexes were also calculated (Kiernan, 2014).

Pielou’s evenness index: 

Where H’ is the Shannon-Weiner index and S is the total number of species.

Margalef’s richness index: 

Where S is the total number of species or species richness and N is the total number of individuals (I) the sample.

Shannon-Weiner index: 

Where H’ is the species diversity index, s is the number of species, pi is the number of individuals of each species, and ln pi is the
natural log of pi.

Simpson’s index (1-D):

RD = (Total number of individuals of species i) / (Total number all individuals of all species ) x 100

RF = (frequency of species i ) / (Sum of frequencies of all species) x 100

Rdom = (Total basal area ofspecies i) / (Basal area of all species ) x 100

J′ = H′ /(ln(S ))

R = (S − 1)/ln〖 (N) 〗

H ′ = −∑ s
i=1(pi ∗ lnpi)

D = 1 − (Σ n(n − 1 )) / (N(N − 1 ))
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Where n is the number of all the members of one species, and N is the number of members of all the species in the area.

Bray-Curtis Similarity Index: 

Where:

BCij = Bray - Curtis index

Cij = Sum of the minimum values of each species' abundance between the two samples

Si = Total abundance of all species in sample i

Sj = Total abundance of all species in sample j

(Apacible Tc & Pereda Lt, 2015; Baleta & Casalamitao, 2016; Hondappanavar et al., 2024)

Jaccard Index

SJ = c / (a + b + c)

Where:

SJ = similarity index,

c = number of shared species between the two sites

a and b are the number of species unique to each site.

3. Results

3.1 Composition of Mangrove flora
Twelve mangrove species, both true and associates, from eight families and ten genera (Table 1) were recorded in the study plots in
the two forests of Savekau and Kopiu. Other mangroves and associates were also sighted in the surrounding areas outside of the
survey plots, (Table 1). Kopiu exhibited the highest number of mangrove species observed in the survey plots with 11 species (10
true mangroves and one associate). Savekau showed only six true mangrove species and no associates. The species Bruguiera
gymnorrhiza, Bruguiera parviflora, Ceriops tagal, Rhizophora apiculata and Rhizophora stylosa occurred in both Kopiu and Savekau.

Rhizophoraceae was the largest mangrove family with five representative species. When considering all the mangrove plants sighted
in the survey plots, the Rhizophoraceae family accounted for approximately 81.6% of the sightings.

The mangrove assemblages and the substrate observed at the two study locations are outlined thus:

Study site 1 – Kopiu

The Kopiu forest begins with the mangrove species Sonneratia alba growing on the seaward edge of the coral and sand bed, within
the intertidal zone, and extends landward until it meets a narrow zone of Rhizophora apiculata. After the Rhysophora zone the forest
transitions into a mixed to nearly pure stands of B. gymnorrhiza. The most landward zone in Kopiu is characterized by the presence
of Heritiera littoralis. The only mangrove palm, Nipa fruticans was seen growing at the edge of a pool, at the landward edge of the
forest. The mangrove fern Acrostichum speciosum was also observed in one study plot where some mangroves had been cleared.

The substrate in this forest is varied beginning with dead coral, with mixed sand and silt in the midsection of the forest. Large pieces
of dead coral are also observed in many places within the forest. In areas close to the small stream which supplies fresh water to the
mangroves, the substrate is almost purely silt and, in some places, may be more than a meter deep. The top soil is also covered by a
layer of dead leaves and branches.

BCij = 1 − 2 (Cij) /(Si + Sj)
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Table 1
True mangroves and associates of Kopiu and Savekau study sites and the surrounding vicinity.

  Scientific name Plant status Location

Kopiu Savekau

Mangroves sighted within study plots only

1. Acrostichum speciosum Fern +  

2. Bruguiera gymnorrhiza Tree + +

3. Bruguiera parviflora Tree + +

4. Ceriops tagal Tree + +

5. Dolichandrone spathacea Tree +  

6. Heritiera littoralis Tree + +

7. Inocarpus fagifer* Tree +  

8. Lumnitzera littorea Tree +  

9. Rhizophora apiculata Tree + +

10. Rhizophora stylosa Tree   +

11. Sonneratia alba Tree +  

12. Xylocarpus granatum Tree +  

Mangroves sighted in the general vicinity of the Marau Sound region apart from study plots.

13. Acanthus ebracteatus Shrub + +

14. Aegicerus corniculatum Shrub + +

15. Avicennia marina Tree + +

16. Barringtonia racemosa Tree + +

17. Clerodendrum inerme* Shrub   +

18. Cynometra ramiflora* Tree   +

19. Excoecaria agallocha Tree + +

20. Hibiscus tiliaceus* Tree + +

21. Myristica hollrungii* Tree   +

22. Nypa fruticans Palm + +

23. Rhizophora x lamarckii** Tree + +

24. Samadera (Quassia) indica* Tree   +

25. Scyphiphora hydrophyllacea Shrub + +

26. Sonneratia caseolaris Tree   +

* Mangrove associates; **Mangrove hybrid.

Study site 2 - Savekau

The Savekau forest starts with a Rhizophora zone, the most seaward zone in Savekau reaches up to about 200 meters inland from
the edge of the ocean in some places. The Rhizophora stand forms an impenetrable barrier at the edge of the mangrove with its
dense network of stilt roots. This then transitions into the Bruguiera gymnorrhiza zone. A few H. littoralis specimen mark the
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landward edge of the forest. The Savekau mangrove forest is dominated by two species, Rhizophora apiculata and Bruguiera
gymnorrhiza.

The substrate in this zone consists mainly of mud, with minimal sand content, and is saturated with organic matter. It appears to be
deeper here than in Kopiu and is heavy with the characteristic sulfurous odor of the typical of mangrove swamps. Leaf litter forms
the surface layer.

Vegetation Structure and Importance Value

Study site 1 – Kopiu

A total of 276 mangrove plants, from eleven species were recorded in the survey plots at Kopiu (Table 2). B. gymnorrhiza was the
most frequently encountered species in the Kopiu mangrove forest, occurring in 33.72% of all plots surveyed. It also exhibited the
highest density (30.43%) and was the most dominant mangrove species, accounting for 81.6% of the total basal area. The low
abundance-to-frequency (A/F) ratio of 0.1 indicates that B. gymnorrhiza is evenly distributed across the forest. Its Importance Value
Index (IVI) of 145.84 shows that it is the most important mangrove flora in Kopiu.

The second most important species was R. apiculata, with an IVI of 56.62. This species also showed an even distribution across the
survey area, as evidenced by its low A/F ratio of 0.12.

Sonneratia alba ranked third, with a relative density of 18.48% and an IVI of 31.17. Unlike B. gymnorrhiza and R. apiculata, however, S.
alba and most of the other mangrove species recorded A/F ratios equal to or greater than 0.5, suggesting a clumped distribution
pattern, rather than even distribution within the forest.

The three species, A. speciosum, L. littorea and I. fagifer all exhibited the lowest relative frequency (1.16), with each species detected
only in one study plot, indicating a very restricted distribution with in the mangrove forest. I. fagifer is classified as a mangrove
associate.

Table 2
The community composition and structure of Kopiu mangrove forest.

Kopiu
Mangrove
Species

Frequency Relative
Frequency

Population
Density

Relative
Density
(%)

Dominance Relative
Dominance

Abundance A/F IVI

B.
gymnorrhiza

29 33.72 124.02 30.43 26.92 81.68 2.90 0.10 145.84

R. apiculata 23 26.74 97.44 23.91 1.96 5.96 2.87 0.12 56.62

S. alba 9 10.47 75.30 18.48 0.73 2.23 5.67 0.63 31.17

D.
spathacea

4 4.65 22.15 5.43 2.02 6.14 3.75 0.94 16.23

B. parviflora 8 9.30 23.62 5.80 0.21 0.63 2.00 0.25 15.73

H. littoralis 5 5.81 14.76 3.62 0.64 1.94 2.00 0.40 11.37

A.
speciosum

1 1.16 31.00 7.61 0.00* 0.00* 21.00 21.00 8.77

C. tagal 3 3.49 7.38 1.81 0.17 0.50 1.67 0.56 5.80

X. granatum 2 2.33 2.95 0.72 0.10 0.29 1.00 0.50 3.34

L. littorea 1 1.16 7.38 1.81 0.03 0.10 5.00 5.00 3.08

I. fagifer 1 1.16 1.48 0.36 0.17 0.53 1.00 1.00 2.05

Total 86 100 407.48 100 32.96 100     300

*For A. speciosum, the values for Dominance and Relative Dominance = 0 because there is no measurable basal area at 1.3 m (DBH).
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Study Site 2 – Savekau

A total of 304 mangrove plants were recorded across the 46 plots surveyed in the Savekau forest. These individuals belong to six
mangrove species, as shown in Table 3. From our results, B. gymnorrhiza was the most important species followed by R. apiculata
with IVI values of 145.74 and 107.48 respectively. R. stylosa, C. tagal and B. parviflora followed with comparable IVIs of 14.43, 14.36
and 12.61. H. littoralis had the lowest IVI of 5.37.

B. gymnorrhiza was also the most dominant species in this forest (relative dominance = 57.92), although R. apiculata, R. stylosa and
C. tagal had higher abundance values, 4.41, 5.25 and 4.00 respectively. B. gymnorrhiza, R. apiculata and C. tagal exhibited low
abundance-to-frequency ratios (A/F < 0.5) while R. stylosa, C. tagal and H. littoralis showed higher A/F values of over 0.5.

Table 3
The community composition and structure of the Savekau mangrove forest.

Savekau
Mangrove
Species

Frequency Relative
Frequency

Population
Density

Relative
Density
(%)

Dominance Relative
Dominance

Abundance A/F IVI

B.
gymnorrhiza

34 44.74 185.00 43.09 12.20 57.92 3.85 0.11 145.74

R. apiculata 27 35.53 168.05 39.14 6.91 32.81 4.41 0.16 107.48

R. stylosa 4 5.26 29.66 6.91 0.48 2.26 5.25 1.31 14.43

C. tagal 5 6.58 28.24 6.58 0.25 1.20 4.00 0.80 14.36

B. parviflora 5 6.58 15.53 3.62 0.51 2.41 2.20 0.44 12.61

H. littoralis 1 1.32 2.82 0.66 0.72 3.40 2.00 2.00 5.37

Total 76 100 429.30 100 21.06 100     300

3.2 Alpha (α) Diversity
Our evaluation of alpha diversity between the two forests showed Kopiu having higher diversity across all metrics. It had a Margalef’s
richness index of 1.78, compared to 0.87 in Savekau. Kopiu also exhibited higher Shannon-Wiener diversity (H’ = I.86) and Simpson’s
index (1-D = 0.8) than Savekau (H’ = 1.25, 1-D = 0.65). Species evenness was also higher in Kopiu (Pielou’s J = 0.77) than in Savekau
(Pielou’s J = 0.696).

Table 4
Alpha diversity indexes of Kopiu and Savekau. Kopiu shows a diversity across all metrices.

  Shannon-Weiner diversity
index

Simpson's index of Diversity (1-
D)

H
max

Pielou's
evenness

(J)

Margalef's
index

Kopiu 1.86 0.80 2.40 0.77 1.78

Savekau 1.25 0.65 1.79 0.70 0.87

3.3 Rank-Abundance Patterns
Rank-abundance plots were also constructed for the two forests. The values on the Y axis were transformed (log 10) to magnify the
differences among less abundant species (Curran-Everett, 2018). The curve for Kopiu was longer and had a gentler slope in contrast
to the curve for Savekau which was shorter and steeper.

3.4 Beta diversity between Kopiu and Savekau
The Jaccard index based on shared species presence, which is 5 out of 12, revealed a similarity index of approximately 0.42. The
Bray-Curtis dissimilarity index also yielded a value of approximately 0.42.

4. Discussion
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Mangroves form a limited group of flora (D. M. Alongi, 2008). This low diversity may be indicative of the harshness of the
environmental conditions in which mangroves evolved (N. C. Duke et al., 1998). According to Pillai and Sirikolo (2001), Solomon
Islands has 26 mangrove species which is approximately 43% of the world’s mangroves. This relatively rich mangrove flora may be
due Solomon Islands geographical location within the East Melanesia Biodiversity Hotspot and the IWP, a major global biodiversity
hotspot (D. Alongi, 2002; Amarasinghe & Perera, 2017; N. C. Duke et al., 1998; Saenger et al., 2019b), and center of mangrove
diversity (Goulding & Dayrat, 2023).

The two forests surveyed are situated on opposite sides of the eastern tip of Guadalcanal, also known as Marau Sound, allowing for
a comparative analysis of forest structure and species diversity across this geographical divide. Additionally, the study offers
opportunity to update the mangrove species inventory for the region, building on the earlier work of Pillai and Sirikolo (2001). which
gives this study the opportunity to examine mangrove forests on opposing sides of

4.1 Important Mangrove Families of Marau
Marau region is clearly dominated by the mangrove family Rhizophoraceae, with two of its members, B. gymnorrhiza and R. apiculata
being the two most important species identified by our survey in the Marau Sound region. This confirms their local ecological
dominance and possibly their broader adaptability. B. gymnorrhiza is the most widespread of the mangroves in the Pacific region (N.
C. Duke et al., 1998).

In Marau region, members of the genus Rhizophora form almost impenetrable coastal barriers in many places. The Rhizophora
genus plays key ecological roles in the mangrove and marine ecosystems. Its stilt roots and muddy substrates provide habitat for
meiofauna, which are important food source for fish and crustaceans. The roots also serve as nurseries, offering shelter for juvenile
fish and crustaceans until they migrate to coral reefs or other habitats (Abu El-Regal & Ibrahim, 2014; Laegdsgaard & Johnson, 1995;
Nagelkerken et al., 2008). In addition, Rhizophora species help protect shorelines from erosion through their dense, interwoven root
systems which stabilize banks and trap sediments (D. M. Alongi, 2008; Duke, N.C, 2006; Kathiresan & Bingham, 2001). This sediment
trapping may help mangroves keep pace with sea-level rise (Mackenzie et al., 2013), while retained organics matter supports nutrient
cycling by providing carbon and nitrogen to resident bacteria and algae (Kathiresan & Bingham, 2001).

Sonneratia alba was observed only in the Kopiu mangrove forest, suggesting either a limited local distribution or that environmental
conditions in the Savekau forest are unsuitable for its establishment. Sonneratia species prefer sandy or submerged substrates
(Irawan et al., 2021), a feature notably absent in Savekau. In contrast, S. alba in the Kopiu forest was observed growing on the coral
and sandy platform within the tidal zone. Additionally, its restricted dispersal may be attributed to the limited buoyancy of its
propagules (Wee et al., 2017).

S. alba plays a very important role in protecting the coral and shoreline from the destructive force of high energy incoming waves.
When waves encounter a dense patch of Sonneratia spp., their energy is dissipated (Muliddin et al., 2014), greatly reducing damage
to coral and enhancing shoreline protection. The presence of Sonneratia spp. in Marau intertidal zone is a vital natural form of
coastal defense.

4.2 Mangrove Diversity (β) between Kopiu and Savekau
The observed beta diversity between the two mangrove forests reflects a moderate level of species turnover, an indication that each
site supports a distinct but partially overlapping mangrove community. The Bray-Curtis dissimilarity index revealed notable
differences in species abundances, while the Jaccard index highlighted differences in species composition. These differences likely
result from the different environmental conditions such as local topography, salinity, tide and substrate (Djamaluddin et al., 2024;
1999; Irawan et al., 2021), due to the forests being located in two distinct sides of the Marau Sound. The anthropogenic factor is also
an important one which could also help to explain these differences.

4.3 Update of mangrove species list for Marau Sound
This study was able to identify 10 species of true mangroves in the mangrove forests of Kopiu and Savekau in Marau Sound of
Guadalcanal Island. Of the 10 species, three (H. littoralis, Nypa fruticans, Sonneratia alba) were not previously confirmed or reported
in the 2001 list of mangroves of Marau Sound by Pillai and Sirikolo. They mentioned however, their unspecified presence in parts of
Guadalcanal. With the new confirmations by this study, the number of true mangroves, (not counting mangrove associates), of Marau
Sound now stands at 14 – R. stylosa, R. apiculata, B. gymnorrhiza, L. littorea, Rhizophora mucronata, Bruguiera parviflora, Ceriops
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tagal, Sonneratia ovata, Excoecaria agallocha, X. granatum, Scyphiphora hydrophyllacea, Heritiera littoralis, Acrostichum speciosum
and Sonneratia alba. If, however, the mangroves observed outside of the study plots (see Table 1) were verified and included, this
number could increase.

No endemic mangroves were recorded in the Marau region. However, the 14 confirmed mangrove species highlight Solomon Islands’
rich floral diversity and align with the high biodiversity typical of the Indo-West Pacific region (N. C. Duke et al., 1998). With 14 true
mangrove species identified in Marau- over half of the 26 species reported for the entire Solomon Islands (Pillai and Sirikolo, 2001),
the area stands out as a relatively species-rich and ecologically important mangrove habitat within the national landscape.

4.4 B. gymnorrhiza and Rhizophora: Potential Blue Carbon Mangroves
Species in Marau Sound
The abundance of B. gymnorrhiza and R. apiculata combined with their dense woody structure, could mean that these species are
also important carbon sinks. Approximately 54% of the biomass of B. gymnorrhiza (K. A. R. S. Perera & Amarasinghe, 2013; Rahman
et al., 2021), and 44.1% of R. apiculata (Vinh et al., 2019) is composed of carbon. Given their dominance in the Marau region, these
species likely contribute substantially to carbon sequestration. This highlights a promising avenue for future research in quantifying
mangrove blue carbon stocks in Marau and Solomon Islands.

4.5 Low presence of Lumnitzera littorea and Xylocarpus granatham
L. littorea is a socio-economically and ecologically important species. L. littorea is widespread in the Indo-Pacific and is highly valued
for its durable timber. Some of its uses include boat building, construction and firewood (P. L. M. M. Perera et al., 2019) and
treatment of various tropical diseases (Madhushanka et al., 2022). Despite its usefulness, the species is often found in small
isolated populations and faces significant conservation challenges.

Declines in the L. littorea populations have been documented throughout its range. For instance, in Fiji it is rare on the smaller islands
of the group (Ellison, J., 2010). In Sri Lanka, it is classified as Critically Endangered (CR) by IUCN due to very low populations
(Madhushanka et al., 2022; P. L. M. M. Perera et al., 2019) and in China, its distribution is limited to Hainan Province, where
populations are also sparse (Su et al., 2007).

Phylogenetics studies (Guo et al., 2021; Su et al., 2007) identified that habitat fragmentation and population isolation are significant
threats to Lumnitzera species. Additionally, factors such as low germination rates, seed dormancy, absent embryos and damage by
Gelechiid moths further endanger L. littorea (P. L. M. M. Perera et al., 2019). Without conservation efforts, the species may risk
extinction in parts of its range (Gunawardana et al., 2023).

In this study L. littorea was recorded only in the Kopiu forest and with very low presence, in contrast to Pillai and Sirikolo’s (2001)
observations, which found it to be one of the more dominant mangrove species in the region. This apparent decline may indicate that
the L. littorea is facing pressures that threaten its population possibly due to overexploitation of its highly valued timber. These
findings underscore the potential vulnerability of this species in Marau and highlight the need for targeted conservation efforts to
support its long-term survival.

X. granatham, was also recorded in very low numbers in the Marau region during this study. Although it is widely distributed across
the Indo West Pacific region (N. Duke, 2017), the species naturally occurs in low densities within mangrove forests (Robertson et al.,
2024), limiting its commercial viability despite the high value of its timber (Robertson et al., 2024). Evidence of past harvesting
activities was observed at both Kopiu and Savekau, suggesting local utilization may be contributing to its reduced presence.

Both X. granatum and L. littorea and other low density mangrove species may have been affected by a combination of natural and
anthropogenic disturbances. The decline or loss of mangrove species, not only reduces biodiversity but also undermines essential
ecosystem functions, which in turn can negatively impact the livelihoods of communities that depend on mangrove ecosystems
(Apacible Tc & Pereda Lt, 2015).

5. Limitations of the study
In this study we identified previously undocumented mangrove species in Kopiu and Savekau mangrove forests in the Marau Sound
region of Guadalcanal and consider that more species may remain to be discovered. As a result of remoteness, time and weather
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constraints during this study, we could not survey a higher number of mangrove sites in Marau Sound. Had this study included more
mangrove sites, the list of mangrove flora of the region might be higher than what we have confirmed and that a truer picture of
mangrove status of Marau region would be constructed.

6. Conclusion
Although the Kopiu and Savekau mangrove forests are relatively close to each other, they exhibit significant differences in forest
structure and composition. Despite the differences, certain individual species, such as B. gymnorrhiza and R. apiculata retain their
high level of ecological importance across the two forests. Additionally, the number of mangrove species in Marau Sound is now
updated and confirmed to be higher than previously reported, with the possibility that more species remain unreported. Also, the
population of at least one species, L. littorea, has reduced over the past 25 years and may be experiencing serious ecological and
anthropogenic pressures. Conversely, the Rhizophoraceae family remains abundant and is likely the most important group for
mangrove ecosystem services in the Marau Sound region, including coastal protection and carbon sequestration. A future study
could investigate the carbon potential of this particular mangrove family in Marau Sound.

References
1. Abu El-Regal MA, Ibrahim NK (2014) Role of mangroves as a nursery ground for juvenile reef fishes in the southern Egyptian Red

Sea. Egypt J Aquat Res 40(1):71–78. https://doi.org/10.1016/j.ejar.2014.01.001

2. Allen JA, Ewel KC, Jack J (2001) Patterns of natural and anthropogenic disturbance of the mangroves on the Pacific Island of
Kosrae

3. Alongi D (2002) Present State and Future of the World’s Mangrove Forests. Environ Conserv 29:331–349.
https://doi.org/10.1017/S0376892902000231

4. Alongi DM (2008) Mangrove forests: Resilience, protection from tsunamis, and responses to global climate change. Estuar
Coast Shelf Sci 76(1):1–13. https://doi.org/10.1016/j.ecss.2007.08.024

5. Amarasinghe M, Perera R (2017) Historical biogeography of Sri Lankan mangroves. Ceylon J Sci 46:111.
https://doi.org/10.4038/cjs.v46i5.7458

6. Apacible Tc AS, Pereda Lt CS (2015) Mangrove Species Diversity and On-site Impact Assessment of Mangal Coastal Areas.
Expert Opin Environ Biology 04(03). https://doi.org/10.4172/2325-9655.1000122

7. Avtar R, Navia M, Sassen J, Fujii M (2021) Impacts of changes in mangrove ecosystems in the Ba and Rewa deltas, Fiji using
multi-temporal Landsat data and social survey. Coastal Eng J 63(3):386–407. https://doi.org/10.1080/21664250.2021.1932332

8. Baleta F, Casalamitao R (2016) Species composition, diversity and abundance of mangroves along the estuarine Area of
Maligaya, Palanan, Isabela, Philippines. Int J Fisheries Aquat Stud 4:303–307

9. Bhattarai B (2011) Assessment of mangrove forests in the Pacific region using Landsat imagery. J Appl Remote Sens 5(1).
Article 1. https://doi.org/10.1117/1.3563584

10. Castañeda-Moya E, Twilley RR, Rivera-Monroy VH (2013) Allocation of biomass and net primary productivity of mangrove forests
along environmental gradients in the Florida Coastal Everglades, USA. For Ecol Manag 307:226–241.
https://doi.org/10.1016/j.foreco.2013.07.011

11. Chandra G, Ochieng E, Tieszen L, Zhu Z, Singh A, Loveland T, Masek J, Duke N (2010) Status and distribution of mangrove forest
of the world using earth observation satellite data. Glob Ecol Biogeogr 20:154–159. https://doi.org/10.1111/j.1466-
8238.2010.00584.x

12. Chowdhury R, Sutradhar T, Begam M, Mukherjee C, Chatterjee K, Basak S, Ray K (2019) Effects of nutrient limitation, salinity
increase, and associated stressors on mangrove forest cover, structure, and zonation across Indian Sundarbans. Hydrobiologia,
842. https://doi.org/10.1007/s10750-019-04036-9

13. Curran-Everett D (2018) Explorations in statistics: The log transformation. Adv Physiol Educ 42(2):343–347.
https://doi.org/10.1152/advan.00018.2018

14. Djamaluddin R, Holmes R, Djabar B (2024) Assessing species composition and structural attributes across different habitats to
evaluate changes and management effectiveness of protected mangroves. For Ecol Manag 561:121857.
https://doi.org/10.1016/j.foreco.2024.121857



Page 12/16

15. Duke N (2017) Mangrove Floristics and Biogeography Revisited: Further Deductions from Biodiversity Hot Spots, Ancestral
Discontinuities, and Common Evolutionary Processes. In Mangrove Ecosystems: A Global Biogeographic Perspective: Structure,
Function, and Services (pp. 17–53). https://doi.org/10.1007/978-3-319-62206-4_2

16. Duke NC, Ball MC, Ellison JC (1998) Factors Influencing Biodiversity and Distributional Gradients in Mangroves. Global Ecol
Biogeogr Lett 7(1):27–47. https://doi.org/10.2307/2997695. JSTOR

17. Duke NC, Mackenzie J, Wood A (2012) A revision of mangrove plants of the Solomon Islands, Vanuatu, Fiji, Tonga and Samoa
(No. 12/13; p. 25)

18. Duke NC (2006) Rhizophora apiculata, R. mucronata, R. stylosa, R. × annamalai, R. × lamarckii (Indo–West Pacific stilt
mangroves) (Species Profiles for Pacific Island Agroforestry). Permanent Agriculture Resources (PAR).
http://www.traditionaltree.org

19. Ellison AM, Farnsworth EJ, Merkt RE (1999) Origins of mangrove ecosystems and the mangrove biodiversity anomaly. Glob Ecol
Biogeogr 8(2):95–115. https://doi.org/10.1046/j.1466-822X.1999.00126.x

20. Ellison J (2010) Vulnerability of Fiji’s mangroves and associated coral reefs to climate change. [Review]. WWF South Pacific
Office

21. Ellison J (2012) Manual for mangrove monitoring in the Pacific Islands region. SPREP

22. Ellison JC (2018) Effects of Climate Change on Mangroves Relevant to the Pacific Islands

23. Goulding TC, Dayrat B (2023) The Coral Triangle and Strait of Malacca are two distinct hotspots of mangrove biodiversity. Sci
Rep 13(1):15793. https://doi.org/10.1038/s41598-023-42057-6

24. Gunawardana S, Ranawana K, Prasanna MG (2023) Parasitic pressure from Loranthus spp. And threats faced by critically
endangered mangrove Lumnitzera littorea (Jack) Voigt in Sri Lanka. 11:4–14

25. Guo W, Banerjee AK, Wu H, Ng WL, Feng H, Qiao S, Liu Y, Huang Y (2021) Contrasting Phylogeographic Patterns in Lumnitzera
Mangroves Across the Indo-West Pacific. Front Plant Sci 12:637009. https://doi.org/10.3389/fpls.2021.637009

26. Hansell JRF, Wall JRD, Development M, Surbiton, Div S (1976) Land resources of the Solomon Islands—V. 1: Introduction and
recommendations

27. Hondappanavar A, Bhat S, Verma P (2024) Floristic diversity of mangroves and mangrove associate species of Kali River
Estuary, Karwar, Karnataka, India. J Threatened Taxa 16:25188–25197. https://doi.org/10.11609/jott.8456.16.5.25188-25197

28. Irawan A, Chikmawati T, Sulistijorini S (2021) Diversity and zonation of mangrove flora in Belitung Island, Indonesia. Biodiversitas
J Biol Divers 22:2981–2992. https://doi.org/10.13057/biodiv/d220563

29. Kathiresan K, Bingham BL (2001) Biology of mangroves and mangrove Ecosystems. In Advances in Marine Biology (Vol. 40, pp.
81–251). Elsevier. https://doi.org/10.1016/S0065-2881(01)40003-4

30. Kauffman JB, Donato D (2012) Protocols for the measurement, monitoring and reporting of structure, biomass and carbon
stocks in mangrove forests. Center for International. https://doi.org/10.17528/cifor/003749. Forestry Research (CIFOR)

31. Kiernan DD (2014) Natural Resources Biometrics. Open Suny Textbooks. https://torl.biblioboard.com/content/a526f397-6726-
4445-b2bf-e5375e35ff79

32. Laegdsgaard P, Johnson C (1995) Mangrove habitats as nurseries:unique assemblages of juvenile fish in subtropical mangroves
in eastern Australia. Mar Ecol Prog Ser 126:67–81. https://doi.org/10.3354/meps126067

33. Mackenzie PJ, Duke NC, Wood A (2013) Mangrove Watch assessment of shoreline mangroves in the Solomon Islands (No.
13/52)

34. Madhushanka S, Ranawana KB, Prassanna M (2022) On the critically endangered red teruntum mangrove (Lumnitzera littorea).
TAPROBANICA 11(2):114–118. https://doi.org/10.47605/tapro.v11i2.292

35. Mitra A (2019) Mangrove Associate species. 2249–6807

36. Muliddin, Pudjaprasetya SR, Hadi S, Latief H (2014) Wave energy reduction in Sonneratia sp. Mangrove forest. Appl Math Sci
8:4749–4762. https://doi.org/10.12988/ams.2014.46462

37. Nagelkerken I, Blaber SJM, Bouillon S, Green P, Haywood M, Kirton LG, Meynecke J-O, Pawlik J, Penrose HM, Sasekumar A,
Somerfield PJ (2008) The habitat function of mangroves for terrestrial and marine fauna: A review. Aquat Bot 89(2):155–185.
https://doi.org/10.1016/j.aquabot.2007.12.007



Page 13/16

38. Perera KARS, Amarasinghe MD (2013) Carbon Partitioning and Allometric Relationships between Stem Diameter and Total
Organic Carbon (TOC) in Plant Components of Bruguiera gymnorrhiza (L.) Lamk. And Lumnitzera racemosa Willd. In a Microtidal
Basin Estuary in Sri Lanka. International Journal of Marine Science. https://doi.org/10.5376/ijms.2013.03.0009

39. Perera PLMM, Jayasuriya KMGG, Gunaratne AMTA, Karunaratne WAIP, Damunupola JW, Prassanna MGM (2019) Conservation
attempt of critically endangered mangrove Lumnitzera littorea (Jack) Voigt in Madu Ganga Ramsar Site of Sri Lanka; stand
composition and seed germination. Ceylon J Sci 48(3):225. https://doi.org/10.4038/cjs.v48i3.7646

40. Pillai G, Sirikolo MQ (2001a) Mangroves of the Solomon Islands (p. 52) [Technical Report]. University of the South Pacific

41. Pillai G, Sirikolo MQ (2001b) Mangroves of the Solomon Islands (p. 52) [Technical Report]. University of the South Pacific.
http://moana.library.usp.ac.fj/gsdl/collect/kalenchits_m-moanausp/index/assoc/HASH26b6.dir/doc.pdf

42. Rahman MS, Donoghue DNM, Bracken LJ, Mahmood H (2021) Biomass estimation in mangrove forests: A comparison of
allometric models incorporating species and structural information. Environ Res Lett 16(12):124002.
https://doi.org/10.1088/1748-9326/ac31ee

43. Ricklefs R, Latham R (1993) Global patterns of diversity in mangrove floras. In Species diversity in ecological communities (pp.
215–229)

44. Robert EMR, Oste J, Van Der Stocken T, De Ryck DJR, Quisthoudt K, Kairo JG, Dahdouh-Guebas F, Koedam N, Schmitz N (2015)
Viviparous mangrove propagules of Ceriops tagal and Rhizophora mucronata, where both Rhizophoraceae show different
dispersal and establishment strategies. J Exp Mar Biol Ecol 468:45–54. https://doi.org/10.1016/j.jembe.2015.03.014

45. Robertson AI, Zagorskis I, Logan M, Dixon P, Daniel P (2024) Environmental predictors of forest structure, tree growth and wood
production for Xylocarpus granatum in mixed-species mangrove forests. Mar Freshw Res 75(9).
https://doi.org/10.1071/MF23246

46. Saenger P, Pandisamy R, Sheue C-R, López-Portillo J, Yong J, Thangaraj M (2019a) Mangrove Biogeography of the Indo-Pacific
(pp. 379–400). https://doi.org/10.1007/978-3-030-04417-6_23

47. Saenger P, Pandisamy R, Sheue C-R, López-Portillo J, Yong J, Thangaraj M (2019b) Mangrove Biogeography of the Indo-Pacific
(pp. 379–400). https://doi.org/10.1007/978-3-030-04417-6_23

48. Snedaker S, Snedaker JG (1984) Monographs on Oceanographic Methodology (Vol. 8). https://unesdoc.unesco.org

49. Srikanth S, Lum SKY, Chen Z (2016) Mangrove root: Adaptations and ecological importance. Trees 30(2):451–465.
https://doi.org/10.1007/s00468-015-1233-0

50. Su G, Huang Y, Tan F, Ni X, Tang T, Shi S (2007) Conservation genetics of Lumnitzera littorea (Combretaceae), an endangered
mangrove, from the Indo-West Pacific. Mar Biol 150(3):321–328. https://doi.org/10.1007/s00227-006-0357-6

51. Tomlinson PB (ed) (2016) The Botany of Mangroves. In The Botany of Mangroves (2nd ed., pp. i–i). Cambridge University Press;
Cambridge Core. https://www.cambridge.org/core/product/16DEBCBD95D25C7CFE4C1C965CD24FA9

52. Vijayan V, STRUCTURAL DYNAMICS OF MANGROVES IN, THE SOUTHWEST COAST OF KERALA, INDIA (2015) Appl Ecol Environ
Res, 13(4), 1055–1067. https://doi.org/10.15666/aeer/1304_10551067

53. Vinh TV, Marchand C, Linh TVK, Vinh DD, Allenbach M (2019) Allometric models to estimate above-ground biomass and carbon
stocks in Rhizophora apiculata tropical managed mangrove forests (Southern Viet Nam). For Ecol Manag 434:131–141.
https://doi.org/10.1016/j.foreco.2018.12.017

54. Wee A, Teo J, Chua J, Takayama K, Asakawa T, Meenakshisundaram S, Onrizal, Adjie B, Ardli E, Sungkaew S, Suleiman M, Tung N,
Salmo S, Yllano O, Saleh M, Soe K, Tateishi Y, Watano Y, Tsuda Y, Webb E (2017) Vicariance and Oceanic Barriers Drive
Contemporary Genetic Structure of Widespread Mangrove Species Sonneratia alba J. Sm in the Indo-West Pacific. Forests
8(12):483. https://doi.org/10.3390/f8120483

55. Woodroffe CD (1987a) Pacific Island Mangroves: Distribution and Environmental Settings

56. Woodroffe CD (1987b) Pacific Island Mangroves: Distribution and Environmental Settings. Pacific Science, 41

Figures



Page 14/16

Figure 1

Study sites - Kopiu and Savekau in Marau Sound, on the southeastern tip of the island of Guadalcanal, Solomon Islands
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Figure 2

A comparison of importance value indexes of mangrove species in Kopiu. For the IVI values refer to Table 2
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Figure 3

B. gymnorrhiza and R. apiculata strongly dominate the Savekau mangrove forest. For the IVI values see Table 3.

Figure 4

The steep slope of the Savekau graph indicates strong dominance by such species as B. gymnorrhiza and R. apiculata, while the
remaining species occur at much lower abundances. The more gradual slope of the Kopiu graph shows a higher species richness
and greater evenness among the species observed.


