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Abstract
Mangrove forests are reported to be invaded by invasive alien species (IAS). This study was therefore 

aimed at studying the level of distribution of the IAS, Acacia auriculiformis A. Cunn. ex Benth. in mangrove 
ecosystems in the southern coast of Sri Lanka and assessing the risk to periphery of mangrove forest by 
considering the Rekawa mangrove forest as a model site. Growth performances of two mangrove species; 
Rhizophora mucronata and Avicennia marina in the presence of Acacia plants were also tested under three 
different competition levels; low, moderate and high. According to the results, infestation of Acacia plants 
was significant in the southern coast of Sri Lanka, particularly in Matara and Hambantota districts (p<0.05). 
Species diversity determined as the Simpson diversity index was high (0.77) in the periphery of the Rekawa 
mangrove forest. Four true mangroves and two associates co-occurring with A. auriculiformis in the periphery 
could be observed during the field validation experiment. The highest seedling (15.4±2.2 m-2) and sapling 
(11.2±2.8 m-2) densities were reported for A. auriculiformis plants. Dominance, calculated as the importance 
value index of different species in the mangrove periphery varied from 18.0-120.6 and the latter highest was 
recorded for Acacia which has the highest relative density (42.1%) and the relative dominance (52.5%). The 
total leaf area of the Rhizophora plants grown in the high-competition level was significantly lower than that 
of the control plants while the dry weights at three different competition levels; were significantly higher 
(p<0.05) than the control. This could be due to the higher root biomass allocation. In Avicennia plants, cu-
mulative shoot height, total leaf area and dry weight of the plants grown at the high-competition level were 
significantly lower than that of the control plants (p<0.05). A. auriculiformis plants grown with these true 
mangrove species better performed and did not show any significant deviation from the respective control 
plants. The level of survival of Acacia was significantly reduced at 25 psu (p<0.05). Early intervention and 
serious scrutiny are much needed to reverse the possible impacts of IAS on mangrove forests and the need 
for forest conservation is emphasized.

Keywords: Inter-specific competition, mangrove periphery, invasion, relative dominance, relative density, 
Important Value Index (IVI), threats 

DOI: 10.35885/1996-1499-15-4-102-105
Full text of the paper is published in Russian Journal of Biological Invasions. DOI: 10.31857/ 

S207511172104XXXYYY

References
Alejandro, A.A. and Lohengrin, A.C., The presence of a 

showy invasive plant disrupts pollinator service and 
reproductive output in native alpine species only at high 
densities, J. Ecol., 2008, vol. 3, no. 96, pp. 459-467. 

Ameen, M., Development of guiding principles for the pre-
vention of impacts of alien species, 1999, Paper presented 
at a consultative workshop in advance of the 4th meeting 
of SBSTTA to the CBD organized by IUCN Bangladesh 
at Dhaka on May 25, 1999. 

Bhuyan, P., Khan, M.L., and Tripathi, R.S., Tree diver-
sity and population structure in undisturbed and hu-
man-impacted stands of tropical wet evergreen forest in 
Arunachal Pradesh, Eastern Himalayas, India. Biodivers. 
Conserv., 2003, vol. 12, pp. 1753–1773. 

Biswas, S.R., Biswas, P.L., Limon, S.H., Rong Yan, E., Shan 
Xu, M., and Khan, S.I., Plant invasion in mangrove forests 
worldwide, For. Ecol. Manag., 2018, vol. 429, pp. 480-492. 

Biswas, S.R., Choudhury, J.K., Nishat, A., and Rahman, M., 
Do invasive plants threaten the Sundarbans mangrove 



103РОССИЙСКИЙ ЖУРНАЛ БИОЛОГИЧЕСКИХ ИНВАЗИЙ № 4, 2022

forest of Bangladesh?, For. Ecol. Manag., 2007, vol. 
1–3, no. 245, pp. 1-9. 

Caffrey, J.M., Baars, J.R., Barbour, J.H., Boets, P., Boon, 
P., Davenport, K., Dick, J.T.A., Early, J., Edsman, L., 
Gallagher, C., Gross, J., Heinimaa, P., Horrill, C., Hudin, 
S., and Macissac, H.J., Tackling invasive alien species 
in Europe: The top 20 issues, Manag. Biol. Invasions., 
2014, vol. 1, no. 5, pp. 1-20. 

Curtis, J.T., The Vegetation of Wisconsin: An Ordination 
of Plant Communities, 1959, University of Wisconsin, 
Madison, 657.

Dahdouh-Guebas, F., Hugé, J., Abuchahla, G.M.O., Cannicci, 
S., Jayatissa, L.P., Kairo, J.G., Kodikara, K.A.S., Koedam, 
N., Mafaziya Nijamdeen, T.W.G.F., Mukherjee, N., Poti, 
M., Prabakaran, N., Ratsimbazafy, H.A., Satyanarayana, 
B., Thavanayagam, M., Velde, K.V., and Wodehouse, A., 
Reconciling nature, people and policy in the mangrove 
social-ecological system through the adaptive cycle heu-
ristic, Estuar. Coast. Shelf Sci., 2021, pp. 106942. 

Dahdouh-Guebas, F., Jayatissa, L.P., Di Nitto, D., Bosire, 
J.O., Lo Seen, D., Koedam, N. How effective were man-
groves as a defence against the recent tsunami?, Curr. 
Biol, 2005, vol. 15, no. 12, pp. 443-447. 

Dahdouh-Guebas, F. and Koedam, N., A synthesis of 
existent and potential mangrove vegetation structure 
dynamics from Kenyan, Sri Lankan and Mauritanian 
case-studies. Bull. Séanc. Acad. R. Sci. Outre-Mer - 
Meded. Zitt. K. Acad. Kolon, 2002, vol. 48, no. 4, pp. 
487-511.

Dahdouh‐Guebas, F., Van Hiel, E., C.W. Chan, J., Jayatissa, 
L.P., and Koedam, N., Qualitative distinction of conge-
neric and introgressive mangrove species in mixed patchy 
forest assemblages using high spatial resolution remotely 
sensed imagery (IKONOS), System. Biodivers., 2004, 
vol. 2, no. 2, pp. 113-119. 

De Costa, W. A. J. M. and Suranga, H. R., Estimation of 
carbon stocks in the forest plantations of Sri Lanka, J 
Natl Sci Found., 2012, vol. 40, no. 1.

De Moura, C. J. R., Attias, N., and de Godoy Bergallo, H., 
The Risk of Invasions When Using Acacia spp. in Forest-
ry. In Mixed Plantations of Eucalyptus and Leguminous 
Trees, 2020, Springer, Cham, pp. 221-240. 

De Silva, K.H.G.M. and De Silva, P.K., Status, diversity 
and conservation of the mangrove forests of Sri Lanka, 
J. South Asian Nat. Hist., 1998, vol. 3, no. 1, pp. 79 -102. 

Dissanayake, N.P., Madarasinghe, S.K., Kodikara, 
K.A.S., Jayatissa, L.P., Perera, A.J.D., Koedam, N. and 
Dahdouh-Guebas, F., Preliminary study on the propa-
gule dependency of Rhizophora seedlings, Journal of 
the Department of Wildlife Conservation., 2014, vol. 2, 
no.1, pp. 141-151.

Dissanayake, N.P., Kodikara, K.A.S., Premachandra, S., 
and Jayatissa, L.P., Structural and functional responses 
of xylem in Rhizophora mucronata Lam. seedlings under 
drought and hypersaline conditions, Ruhuna J. Sci., 2018, 
vol. 9, no. 1, pp. 13-31. 

Donato, D.C., Kauffman, J.B., Murdiuarso, D., Kurnianto, 
S., Stidham, M., and Kanninen, M., Mangroves among 
the most carbon-rich forests in the tropics, Nat. Geosci., 
2011, vol. 4, pp. 293–297. 

Donnelly, A., Jones, M.B., O’Mahoney, T., and Byrne, G., 
Selecting environmental indicators for use in strategic 
environmental assessment, Environ. Impact Assess., 
2007, vol. 27, pp. 161–175.

Fox, M.D. and Fox, J.B., The susceptibility of natural 
communities to invasion. In: Groves, R.H., Burdon, J.J. 
(Eds.), Biol. Invasions., 1986, Cambridge University 
Press, Cambridge, England, pp. 57–66.

Friess, D., Yando, E.S., Abuchahla, G.M.O., Adams, J.B., 
Cannicci, S., Canty, S.W.J., Cavanaugh, K.C., Connolly, 
R.D., Cormier, N., Dahdouh-Guebas, F., Diele, K., Feller, 
I.C., Fratini, S., Jennerjahn, T.C., Lee, S.Y., Ogurcak, 
D.E., Ouyang, X., Rogers, K., Rowntree, J.K., Sharma, 
S., Sloey, T.M., and Wee A.K.S., Mangroves give cause 
for conservation optimism, for now, Curr. Biol., 2020, 
vol. 30, pp. 135-158. 

Gaertner, M., Breeyen, A., Hui, C., and Richardson, D., 
Impacts of alien plant invasions on species richness 
in Mediterranean-type ecosystems: a meta-analysis, 
Progress in Physical Geography, 2009, vol. 33, no. 3, 
pp. 319-338.

Goldberg, L., Lagomasino, D., Thomas, N., and Fatoyinbo, 
T., Global declines in human‐driven mangrove loss, Glob. 
Change Biol., 2020, vol. 26, no. 10, pp. 5844-5855. 

Hamdan, O., Aziz, H. K., and Hasmadi, I. M., L-band ALOS 
PALSAR for biomass estimation of Matang mangroves, 
Malaysia, Remote Sens. Environ., 2014, vol. 155, pp. 
69–78. 

Hejda, M., Pysek, P., and Jarosik, V., Impact of invasive 
plants on the species richness, diversity and composition 
of invaded communities, J. Ecol., 2009, vol. 97, no. 3, 
pp. 393-403.

Heringer, G., Bueno, M.L., Meira-Neto, J.A.A., Matos, 
F.A.R., and Neri, A.V., Can Acacia mangium and Acacia 
auriculiformis hinder restoration efforts in the Brazilian 
Atlantic Forest under current and future climate condi-
tions, Biol. Invasions., 2019a, vol. 21, pp. 2949–2962. 

Heringer, G., Thiele, J., Do Amaral, C.H., Meira-Neto, 
J.A.A., Matos, F.A.R., Lehmann, J.R.K., Buttschardt, 
T.K., and Neri, A.V., Acacia invasion is facilitated by 
landscape permeability: The role of habitat degradation 
and road networks, Appl. Veg. Sci., 2020, vol. 23, no. 
4, pp. 598-609. 

Hilmi, E., Vikaliana, R., Kusmana, C., and Sari, L. K., The 
carbon conservation of mangrove ecosystem applied 
REDD program, Reg. Stud. Mar. Sci., 2017, vol. 16, 
pp. 152-161. 

Hossain, M.K., Alien invasive plant species and their effects 
on hill forest ecosystems of Bangladesh, Invasive Plants 
and Forest Ecosystems., 2008, pp. 133-142.

Huston, M. and Smith, T., Plant succession: life history and 
competition, Am. Nat., 1987, vol. 130, no. 2, pp. 168-198. 

Islam M.M., Borgqvist H., and Kumar L., Monitoring 
Mangrove forest land cover changes in the coastline of 
Bangladesh from 1976 to 2015, Geocarto Int., 2019, vol. 
13, no. 34, pp. 1458-1476. 

Jayatissa, L.P., Dahdouh-Guebas, F., and Koedam, N., 
A review of the floral composition and distribution of 
mangroves in Sri Lanka, J. Linn. So., Bot., 2002, vol. 
138, pp. 29–43. 



РОССИЙСКИЙ ЖУРНАЛ БИОЛОГИЧЕСКИХ ИНВАЗИЙ № 4, 2022104

Jayatissa, L.P., Present Status of Mangroves in Sri Lanka. In: 
The National Red List 2012 of Sri Lanka; Conservation 
Status of the Fauna and Flora. Weerakoon, D.K. and S. 
Wijesundara Eds., Ministry of Environment, Colombo, 
Sri Lanka, 2012, pp. 197 -199. 

Jayatissa, L.P., Wickramasinghe, W.A.A.D.L., Dahdouh-Gue-
bas F., and Huxham M., Interspecific variations in respons-
es of mangrove seedlings to two contrasting salinities, Int. 
Rev. Hydrobiol., 2008, vol. 93, pp. 700-710. 

Joker, D., Seed leaflet: Acacia auriculiformis Cunn ex. 
Benth. Danida, Forest Seed Center, Humlebaek., 2000.

Kariyawasam, C.S., Kumar, L., and Ratnayake, S.S., Inva-
sive Plants Distribution Modeling: A Tool for Tropical 
Biodiversity Conservation with Special Reference to 
Sri Lanka, Trop. Conserv. Sci., 2019, vol. 12, pp. 1–12. 

Kodikara, K.A.S., Jayatissa, L.P., Huxham, M., 
Dahdouh-Guebas, F., and Koedam, N., The effects of 
salinity on growth and survival of mangrove seedlings 
changes with age. Acta bot. bras., 2017b, vol. 30, no. 4, 
pp. 521-531. 

Kodikara, KAS., Madarasinghe, S.K., Sripali, D., Ranasing-
he, P., and Jayatissa, L.P., Ethno-botanical approach for 
controlling some selected invasive alien species (IAS) 
in southern coastal area of Sri Lanka: globally worth 
management strategy, WILDLANKA., 2018, vol. 6, no. 
2, pp. 053-065.

Kodikara, K.A.S., Mukherjee, N., Jayatissa, L.P., Dahdouh‐
Guebas, F., and Koedam, N., Have mangrove restoration 
projects worked? An in‐depth study in Sri Lanka, Resto-
ration Ecology., 2017a, vol. 25, no. 5, pp.705-716.

Koedam, N. and Dahdouh-Guebas, F., Ecological quality 
changes precede changes in quantity in mangrove forests, 
sci., 2008.

Kull Christian, A., Tassin, J., Rambeloarisoa, G., and Sar-
railh, J. M., Invasive Australian acacias on western Indian 
Ocean islands: a historical and ecological perspective, Af-
rican Journal of Ecology., 2008, vol. no. 4, pp. 684-689.

Lorenzo, P., Pazos-Malvido, E., Reigosa, M. J., and 
González, L., Differential responses to allelopathic com-
pounds released by the invasive Acacia dealbata Link 
(Mimosaceae) indicate stimulation of its own seed, Aust. 
J. Bot., 2010c, vol. 58, no. 7, pp. 546-553.   

Lucas, R., Otero, V., Van De Kerchove, R., Lagomasino, D., 
Satyanarayana, B., Fatoyinbo, T., and Dahdouh‐Guebas, 
F., Monitoring Matang’s Mangroves in Peninsular Ma-
laysia through Earth observations: A globally relevant 
approach. Land Degradation & Development, 2021, vol. 
32, no. 1, pp. 354-373.

Lucas R., Van De Kerchove R., Otero V., Lagomasino 
D., Fatoyinbo L., Hamden O., Satyanarayana B., and 
Dahdouh-Guebas F., Structural characterisation of 
mangrove forests achieved through combining multiple 
sources of remote sensing data, Remote Sens. Environ., 
2020, pp. 237: 111543. 

Lugo, A.E., Mangrove forests: a tough system to invade but 
an easy one to rehabilitate. Mar. Pollut. Bull., 1999, vol. 
37, no. (8-12), pp. 427-430. 

Madarasinghe, S.K., Kodikara, K.A.S., Dissanayake, N.P., 
and Jayatissa, L.P., Acacia auriculiformis (Fabaceae), a 
threat to mangrove forest in Rekawa lagoon Sri Lanka: A 

case study. In: Proceeding of the 35th Annual Sessions, 28. 
ISSN 2012-8924, Institute of Biology, Sri Lanka. 2015.

Madarasinghe S.K., Yapa K.K.A.S., Satyanarayana B., 
Udayakantha P.M.P., Kodikara K.A.S., and Jayatissa 
L.P., Inland irrigation project causes disappearance of 
coastal lagoon; The trajectory of Kalametiya lagoon, Sri 
Lanka, from 1956 to 2016, Coast Manage., 2020, vol. 
48, no. 3, pp. 188-209. 

Madarasinghe, S.K., Amarasinghe, Y.W.P., Liyanage, 
C.H., Gunathilake, H.M.S.A.T., Jayasingha J.A.I.K., 
Jayasingha, M., Priyankara, W.K.L., Kodikara, K.A.S., 
Koedam, N., and Jayatissa, L.P., Retrospective study on 
changes in Dondra Lagoon (2006-2017) resulting from 
tsunami impact and post-tsunami development, J. Coast. 
Conserv., 2020, vol. 24, no. 58. Pp. 1-11.

Marambe, B., Bambaradeniya, C., Pushpa Kumara, D.K., 
and Pallewatta, N., Human dimensions of invasive alien 
species in Sri Lanka. In: J.A. McNeely (Editor), The 
Great Reshuffling: Human Dimensions of Invasive Alien 
Species, IUCN, Cambridge, 2001, pp. 135-144.

Minteer C.R., Smith M.C., Madeira P., Goosem C., Zon-
neveld R., Makinson J., Wheeler G.S., and Purcell M., 
Is biological control for earleaf acacia (Acacia auriculi-
formis) Feasible in the United States?, BIOCONTROL. 
SCI. TECHN., 2020, vol.12, no. 30, pp. 1275-1299. 

Mishra, R., Ecology WorkBook. Oxford and IBH Publishing 
Company, Calcutta, 1968.

Mukherjee, N., Sutherland, W.J., Dicks, L., Hugé, J., 
Koedam, N., and Dahdouh-Guebas, F., Ecosystem 
service valuations of mangrove ecosystems to inform 
decision making and future valuation exercises, PloS 
one, 2014, vol. 9, no. 9, pp. e107706. 

Munasinghe, J. E., Status of forest genetic resources conser-
vation and management in Sri Lanka. In Forest Genetic 
Resources Conservation and Management: Proceedings 
of the Asia Pacific Forest Genetic Resources Programme 
(APFORGEN) Inception Workshop, Kepong, Kuala 
Lumpur, Malaysia, Bioversity International., 2003, pp. 
116.

Numbere, A., The Impact of Oil and Gas Exploration: Inva-
sive Nypa Palm Species and Urbanization on Mangroves 
in the Niger River Delta, Nigeria, Threats to Mangrove 
Forests., 2018, pp. 247-266. 

Okello, J.A., Alati, V.M., Kodikara, K.A.S., Kairo, J., and 
Dahdouh-Guebas, F., The status of Mtwapa Creek man-
groves as perceived by the local communities, WIOJMS, 
2019, vol. 18, no. 1, pp. 67-81.

Pemadasa, M.A., Green mantle of Sri Lanka, 1996, Tha-
rangee Printers, Colombo, Sri Lanka.

Phillips, A.R., The nature of avian species, Journal of the 
J. Arizona-Nevada Acad. Sci., 1959, vol. 1, pp. 22-30. 

Ren H., Lu H., Shen W., Huang C., Guo Q., Li Z., and 
Jian S., Sonneratia apetala Buch.Ham in the mangrove 
ecosystems of China: An invasive species or restoration 
species?. Ecol. Eng., 2009, vol. 8, no. 35, pp. 1243-1248. 

Richards, D.R. and Friess, D.A., Rates and drivers of 
mangrove deforestation in Southeast Asia, 2000–2012, 
PNAS., 2016, vol. 113, no. 2, pp. 344-349. 

Robert, E.M.R., Koedam, N., Beeckman, H., and Schmitz, 
N., A safe hydraulic architecture as wood anatomical 



105РОССИЙСКИЙ ЖУРНАЛ БИОЛОГИЧЕСКИХ ИНВАЗИЙ № 4, 2022

explanation for the difference in distribution of the man-
groves Avicennia and Rhizophora, Funct. Ecol., 2009, 
vol. 23, pp. 649–657. 

Ron, J. and Padilla, J. E., Preservation or conversion? 
Valuation and evaluation of a mangrove forest in the 
Philippines, Enviro. Resour. Econ., 1999, vol. 14, no. 
3, pp. 297-331. 

Satyanarayana B., Koedam N., De Smet K., Di Nitto D., Bau-
wens M., Jayatissa L.P., Stefano C., and Dahdouh-Guebas 
F., Long-term mangrove forest development in Galle-Un-
awatuna (Sri Lanka): testing predictions made 10 years 
ago using very high resolution remote sensing and very 
high resolution ground-truth data, Mar. Ecol. Prog. Ser., 
2011, vol. 443, pp. 51-63. 

Satyanarayana B., Van Der Stocken T., Rans G., Kodikara 
K.A.S., Ronsmans G., Jayatissa L.P., Husain M.L., 
Koedam N., and Dahdouh-Guebas F., Island-wide coastal 
vulnerability assessment of Sri Lanka reveals that sand 
dunes, planted trees and natural vegetation may play a 
role as potential barriers against ocean surges, Glob. Ecol. 
Conserv., 2017, vol. 12, pp. 144-157. 

Souza-Alonso, P., Rodríguez, J., González, L., and Lorenzo, 
P., Here to stay. Recent advances and perspectives about 
Acacia invasion in Mediterranean areas, Ann. For. Sci., 
2017, vol. 74, no. 3, pp. 55. 

Starr, F., Starr, K., and Loope, L., Acacia auriculiform-
is, Plants of Hawaii Reports., 2003. 

Tomlinson, P.B., The Botany of Mangroves, 2016, Cam-
bridge University Press, Cambridge. 

UNEP (United Nations Environmental Programme)., Re-
port of the Subsidiary Body on Scientific, Technical and 
Technological Advice on the work of its tenth meeting, 
2005, Bangkok, 7-11 February. Documentation made 
available for Conference of the Parties to the Convention 
on Biological Diversity, eighth meeting, Curitiba, Brazil, 
20-31 March 2006 as UNEP/CBD/COP/8/2. Available 
at: http://www.cbd.int/ doc/meetings/cop/cop-08/official/
cop-08-02-en.pdf

Valery, L., Fritz, H., Lefeuvre, J., and Simberloff, D., In 
search of a real definition of the biological invasion 
phenomenon itself, Biol. Invasions., 2008, vol. 10, pp. 
1345–1351. 

Vandebroek I., Pieroni A., Stepp J.R., Hanazaki N., Ladio 
A., Nóbrega Alves R.R., Picking D., Delgoda R., Maroyi 
A., Van Andel T., Quave C.L., Paniagua- Zambrana N.Y., 
Bussmann R.W., Odonne G., Abbasi A.M., Albuquerque 
U.P., Baker J., Kutz S., Timsina S., Shigeta M., Oliveira 
T.P.R., Hurrell J.A., Arenas P.M., Puentes J.P., Huge J, 
Yesil Y, Pierre L.J., Olango T.M., and Dahdouh-Guebas 
F., Reshaping the future of ethnobiology research after 

the Covid-19 pandemic, Nat. Plants., 2020, vol. 6, pp. 
723-730. 

Van T.T., Wilson N., Thanh-Tung H., Quisthoudt K., 
Quang-Minh V., Xuan-Tuan L., Dahdouh-Guebas F., and 
Koedam N., Changes in mangrove vegetation area and 
character in a war and land use change affected region 
of Vietnam (Mui Ca Mau) over six decades, Acta Oecol 
(Montrouge)., 2015, vol. 63, pp. 71-81. 

Vélez-Gavilán, J., Acacia auriculiformis (northern black 
wattle), ISC., 2016. 

Vicente, S., Meira-Neto, J., Trindade, H., and Máguas, C., 
The distribution of the invasive Acacia longifolia shows 
an expansion towards southern latitudes in South Amer-
ica, Bioinvasions Rec., 2020, vol. 9, no. 4, pp. 723-729. 

Vijayan, V., Evaluation for allelopathic impact of Acacia 
auriculiformis A. Cunn. ex Benth on Seed germination 
and Seedling growth of Rice (Oryza sativa L), a widely 
cultivated Indian crop species, Res. j. agric. biol. sci., 
2015, vol. 3, no. 1, pp. 1-5. 

Vivekanandan, K., Experience with acacias in Sri Lan-
ka, Acacias for Rural, Industrial, and Environmental 
Development, 1993, vol. 73.

Wagner, V., Antunes, P. M., Irvine, M., and Nelson, C. R., 
Herbicide usage for invasive non-native plant manage-
ment in wildland areas of North America, J. Appl. Ecol., 
2017, vol. 54, pp. 198–204.  

Walters B.B., Rönnbäck P., Kovacs J.M., Crona B., Hus-
sain S.A., Badola R., Primavera J.H., Barbier E., and 
Dahdouh-Guebas F., Ethnobiology, socio-economics 
and management of mangrove forests: A review, Aquat. 
Bot., 2008, vol. 2, no. 89, pp. 220-236. 

Weerawardane, N. D. R., Paper presented at conference on 
developments in forestry and environment management 
in Sri Lanka development of forestry research in the 
forest department, 2008.

Wijesundara, S., Invasive alien plants in Sri Lanka. In: Inva-
sive alien species in Sri Lanka – strengthening capacity to 
control their introduction and spread (Eds) Marambe, B., 
Silva, P., Wijesundara, S., and Atapattu, N., Biodiversity 
Secretariat of the Ministry of Environment, Sri Lanka., 
2010, pp. 27-38.  

Zu Ermgassen P.S.E., Mukherjee N., Worthington T.A., 
Acosta A., Da Rocha Araujo A.R., Beitl C.M., Castel-
lanos-Galindo G.A., Cunha-Lignon M., Dahdouh-Gue-
bas F., Diele K., Parrett C.L., Dwyer P.G., Gair J.R., 
Johnson A.F., Kuguru B., Lobo A.S., Loneragan N.R., 
Longley-Wood K., and Spalding M., Fishers who rely on 
mangroves: Modelling and mapping the global intensity 
of mangrove-associated fisheries, Estuar. Coast. Shelf 
Sci., 2020, vol. 247, pp. 106975. 


