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Abstract

Mangroves are among the most productive and biologically complex ecosystems on Earth.
Invasive species have significantly spread in the mangrove ecosystem over the past few
decades. However, little consideration has been given to how plant invasions contribute to the
destruction of mangrove forests. The current study aimed to document the invasive species
present, as well as their rate of invasion (RI) and their ecological impacts on mangrove plant
species distributed in the selected study sites of Kannur district. The study stations include
Kuppam (S1), Kuttikkol (S2), Mullool (S3) and Vellikkeel (S4). Sampling of plant species were
done through quadrat study. Quadrats sizes of 10 × 10 m2 were set after every 15m distance.
Mangrove species were identified and described by using Tomlinson (1986). A total of 40
plant species including 9 true mangroves and 14 invasives were documented from the study.
Climbers such as Volkameria inermis, Derris trifoliata, Ipomoea cairica, Mikania scandens,
and Camonea vitifolia have been found to be highly invasive. Acacia mangium, Annona
glabra, Gliricidia sepium and Lantana camara are exotic invasives. Derris trifoliata, Annona
glabra, and Mikania scandens are some of the most significant invasives with a high RI
value. True mangroves such as Avicennia marina, A. officinalis, and Sonneratia caseolaris
were completely invaded and encircled by woody lianas such as D. trifoliata. The recorded
invasive species compete with indigenous plants for nutrients and light, cause physical
damage to the native species and their natural regeneration is hampered. Besides the
mentioned facts, the invasives with allelopathic effects accumulate toxins, affecting
germination of mangrove seedlings, biota and poisoning animals. The uncontrolled spread of
invasives may lead to reduction in mangrove biomass production and alter the natural balance
of the ecosystem. Invasive plants and their ecological impacts must be studied in depth and
this fragile wetland ecosystem should be continuously monitored. Proper policy formulation
and management interventions are also required to control the invasive plants on mangrove
wetlands for its conservation.

Keywords: Invasive species, Invasion, Mangroves, Wetland1

Swedha Madhavan, M., Sreeja, P., and Chandramohanan, K T. 2023. Ecological impacts of invasive species on
true mangroves: A case study from selected mangrove rich sites of Kannur district, Kerala. In: Biological
Invasions: Issues in Biodiversity Conservation and Management. Proceedings of a National Conference,
Bioinvasions, Trends, Threats and Management held from 3rd to 4th December, 2022 at Thiruvananthapuram.
Kerala State Biodiversity Board, Thiruvananthapuram, pp. 424-432.

 424 



Introduction

The spread of invasive species continues to be one of the major threats to natural ecosystems
and their species diversity.  Mangroves are among the most productive and biologically
complex ecosystems on Earth. Mangrove wetlands are the most vulnerable ecosystems
worldwide and are immediately affected by plant invasion. However, it is usually assumed
that mangrove forests are resilient to plant invasion since mangrove species are largely found
in the salty and intertidal environments. However, several salt-tolerant aquatic, terrestrial, and
epiphytic plants have been observed to invade mangrove forests. But little is known about the
functional features of these invasive species, invasion patterns and their ecological impacts
(Biswas et al., 2018). Invasive species have significantly spread in the mangrove ecosystem
over the past few decades. However, little consideration has been given to how plant
invasions affect the productivity and how it contributes to the destruction of mangrove forests.
The current study aimed to document the invasive species present, as well as their rate of
invasion (RI) and their ecological impacts on mangrove plant species in the selected
mangrove rich sites of Kannur district.

Methodology

The selected biodiversity rich study stations from Kannur district include Kuppam (S1),
Kuttikkol (S2), Mullool (S3) and Vellikkeel (S4). Satellite google map images of study stations
were given in figure 1.1. Sampling of plant species were done through quadrat study.
Quadrats sizes of 10 × 10 m2 were set after every 15m distance. The processes were replicated
for all study stations. A total of 60 quadrants were studied from the Four study stations.
Special plots were taken in those stations criss-crossed by water bodies. Mangrove species
were identified and described by using Tomlinson (1986). Mangrove associates and invasive
species were counted and identified (Gamble, 1936). Density, frequency and abundance were
calculated and the vegetation data analyses were done by using Raunkiaer (1934) method.
Intensity of invasiveness, ecological association and their impacts were also studied by direct
observation. is calculated by

Rate of invasion using the following equation:

RI = ⅀│Db - Dm│/ d
n

Db = Density of invasive species at the border of the forest
Dm = Density of invasive species at the middle of the forest
d = distance between initial and end plot in meters
n = number of sample lines covered

The results were analyzed and found out the intensity and rate of invasion.
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(a)                                                                (b)

(c) (d)

Fig. I: Satellite google map images of study stations (a) Kuppam S1 (b) Kuttikkol S2

(c) Mullool S3 (d) Vellikkeel S4

Results

From the selected four study stations a total of 9 species of true mangroves and 20 mangrove
associates were recorded. The complete list of plant species identified and recorded, Life
form, family and their status were given in the Table 1. Among these, 14 species were
identified as invasive belonging to 14 genera and 8 families. The major 3 families in which
the invasive species reported from the study area belongs to Fabaceae, Asteraceae and
Convolvulaceae. The list of invasive species and their rate of invasion (RI) were given in
Table 2.

Table 1: List of plant species, life form, family and status

Sl
No:

Plant species Life form Family Status

1 Acanthus ilicifolius L. Shrub Acanthaceae T
2 Acacia mangium Willd. Tree Fabaceae E, I
3 Acrostichum aureum L. Herb Pteridaceae I

(a)                                                                (b)

(c) (d)

Fig. I: Satellite google map images of study stations (a) Kuppam S1 (b) Kuttikkol S2

(c) Mullool S3 (d) Vellikkeel S4

Results

From the selected four study stations a total of 9 species of true mangroves and 20 mangrove
associates were recorded. The complete list of plant species identified and recorded, Life
form, family and their status were given in the Table 1. Among these, 14 species were
identified as invasive belonging to 14 genera and 8 families. The major 3 families in which
the invasive species reported from the study area belongs to Fabaceae, Asteraceae and
Convolvulaceae. The list of invasive species and their rate of invasion (RI) were given in
Table 2.

Table 1: List of plant species, life form, family and status

Sl
No:

Plant species Life form Family Status

1 Acanthus ilicifolius L. Shrub Acanthaceae T
2 Acacia mangium Willd. Tree Fabaceae E, I
3 Acrostichum aureum L. Herb Pteridaceae I

(a)                                                                (b)

(c) (d)

Fig. I: Satellite google map images of study stations (a) Kuppam S1 (b) Kuttikkol S2

(c) Mullool S3 (d) Vellikkeel S4

Results

From the selected four study stations a total of 9 species of true mangroves and 20 mangrove
associates were recorded. The complete list of plant species identified and recorded, Life
form, family and their status were given in the Table 1. Among these, 14 species were
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Table 1: List of plant species, life form, family and status

Sl
No:

Plant species Life form Family Status

1 Acanthus ilicifolius L. Shrub Acanthaceae T
2 Acacia mangium Willd. Tree Fabaceae E, I
3 Acrostichum aureum L. Herb Pteridaceae I
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4 Aegiceras corniculatum (L.) Blanco Tree Primulaceae T
5 Annona glabra L. Tree Annonaceae E, I
6 Avicennia marina (Forssk.) Vierh. Shrub Acanthaceae T
7 Avicennia officinalis L. Tree Acanthaceae T
8 Bruguiera cylindrica (L.) Blume Tree Rhizophoraceae T
9 Carallia brachiata (Lour.) Merr. Tree Rhizophoraceae FM
10 Caryota urens L. Tree Arecaceae A

11
Chromolaena odorata (L.) R.M.King
& H.Rob.

Shrub Asteraceae I

12 Volkameria inermis L. Shrub Lamiaceae A, I
13 Cocos nucifera L. Tree Arecaceae A

14
Cosmostigma cordatum (Poir.)
M.R.Almeida

Herb Apocynaceae A

15 Derris trifoliata Lour. Shrub Fabaceae I
16 Exoecaria agallocha L. Tree Euphorbiaceae T
17 Ficus hispida L.f. Shrub Moraceae A
18 Gliricidia sepium (Jacq.) Kunth Tree Fabaceae A, E, I
19 Hibiscus surattensis L. Herb Malvaceae A
20 Ipomoea cairica (L.) Sweet Climber Convolvulaceae I
21 Ixora coccinea L. Shrub Rubiaceae A
22 Kandelia candel (L.) Druce Shrub Rhizophoraceae T
23 Lantana camara L. Shrub Verbanaceae E, I
24 Macaranga indica Wight Tree Euphorbiaceae A
25 Melastoma malabathricum L. Shrub Melostomataceae A
26 Mikania scandens (L.) Willd. Climber Asteraceae I

27
Camonea vitifolia (Burm.f.)
A.R.Simoes & Staples

Shrub Convolvulaceae I

28 Mimosa pudica L. Shrub Fabaceae A, I
29 Physalis angulata L. Herb Solanaceae A
30 Pongamia pinnata (L.) Pierre Tree Fabaceae A
31 Pothos scandens L. Epiphyte Araceae A
32 Premna serratifolia L. Tree Lamiaceae A
33 Rhizophora mucronata Lam. Tree Rhizophoraceae T

34 Salvinia molesta D.Mitch.
Aquatic
fern

Salviniaceae I

35 Sonneratia caseolaris (L.) Engl. Tree Lythraceae T
36 Terminalia catappa L. Tree Combretaceae A
37 Thespesia populnea (L.) Sol. ex Correa Tree Malvaceae A
38 Wattakaka volubilis (L.f.) Stapf Climber Apocynaceae A
39 Sphagneticola trilobata (L.) Pruski Herb Asteraceae A, I
40 Ziziphus oenoplia (L.) Miller Shrub Rhamnaceae A

The true mangroves present in the study area includes Aegiceras corniculatum (L.) Blanco,
Acanthus ilicifolius L., Avicennia marina (Forssk.) Vierh., A. officinalis L., Bruguiera
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cylindrica (L.) Blume, Exoecaria agallocha L., Kandelia candel (L.) Druce, Rhizophora
mucronata Lam. and Sonneratia caseolaris (L.) A. Engl.

S. caseolaris and A. ilicifolius are the most abundant mangrove species in S1 and S2.

Mangrove species diversity was highest in S3, A. ilicifolius and R. mucronata are the most
abundant species.

Discussion

In S1, 10 species of invasives were reported. A. aureum, C. odorata and D. trifoliata was
found to be the most abundant. A. aureum, A. glabra and D. trifoliata are the most abundant
invasive in S2 and S4. Out of the 5 invasive reported in S3, A. aureum was the most abundant
species. % Frequency, Density and Abundance of Invasive plants recorded from S1, S2, S3 and
S4 were given in Figure 3.

Climbers are found to be highly invasive including V. inermis, D. trifoliata, I. cairica, M.
scandens and C. vitifolia. Out of the 14 species of invasive recorded, A. mangium, A. glabra,
G. sepium and L. camara are exotic invasives. Density of the species like climbers was high
in border of the forest followed by A. aureum. Woody lianas like D. trifoliata completely
invaded and encircled the true mangroves like A. marina, A. officinalis and S. caseolaris. In
the case of D. trifoliata invasion was observed in the canopy of the mangroves. But in M.
scandens invasion was observed in border and canopy. S. molesta was another recorded
invasive from the study station Kuppam, which was spread over the ground floor of forest
near the river and also found to associated on the stilt roots of R. mucronata. S. molesta cause
physical damage and affects the natural regeneration of the mangrove seedlings. A. aureum is
widely spread in all the study stations and this is an indicator species of disturbed area. The
intensity of invasiveness and physical damage to mangroves caused by invasive plant species
were shown in the Fig 2.

Table 2: Rate of Invasion (RI) of invasive plant species in S1, S2, S3 and S4

SI
NO:

Invasive Species
Rate of Invasion (RI)

S1 S2 S3 S4

1 Acacia mangium Willd. 0 0 0 1.7×10-3

2 Acrostichum aureum L. 6×10-3 1.68×10-2 4.5×10-3 1.5×10-3

3 Annona glabra L. 0 8.8×10-3 3.4×10-4 7.6×10-3

4
Camonea vitifolia (Burm.f.)
A.R.Simoes & Staples

0 0.01 0 0

5
Chromolaena odorata (L.)
R.M.King & H.Rob.

3.6×10-3 0 0 0

6 Derris trifoliata Lour. 4.9×10-3 7.2×10-3 2.4×10-3 1.9×10-4

7
Gliricidia sepium (Jacq.)
Kunth

1.8×10-4 1.4×10-2 0 3.8×10-4

8 Ipomoea cairica (L.) Sweet 5.1×10-5 2.9×10-3 2.4×10-3 0
9 Lantana camara L. 0 6.6×10-4 0 0
10 Mikania scandens (L.) Willd. 4.6×10-4 6×10-3 0 0
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11 Mimosa pudica L. 4.6×10-4 1.12×10-2 0 0
12 Salvinia molesta D.Mitch. 0 0 0 0

13
Sphagneticola trilobata (L.)
Pruski

5.6×10-3 0 0 0

14 Volkameria inermis L. 1.6×10-3 4×10-4 2×10-3 2×10-3

The site selected in Kuttikkol face high risk of invasion, developmental activities and waste
dumping. This wetland is now invaded by A. glabra by replacing native true mangrove
species. About 60% of the area is cleared for construction of road. This is the western part of
Arabian Sea with low salinity and the station supports S. caseolaris, K. candela and E.
agallocha.

S. caseolaris is one of the major mangrove tree species distributed in the station Kuppam and
is highly affected by the invaded climber species. But when we consider Mullool, all true
mangrove species are equally affected. S. caseolaris in all the study stations is associated with
D. trifoliata and M. scandens. V. inermis observed along with B. Cylindrica and E. agallocha.
A. glabra was fast growing and replacing mangrove species in borders and abundant in center
of the forest. A. ilicifolius was less affected by invasive species recorded.

(a)                                         (b)

(c) (d)
Fig 2: (a) S. molesta, rapidly spreading on the forest floor (b) S. molesta, attached to

germinating seedling of R. mucronata (c) Mature seeds of D. trifoliata, which completely
invaded and damage A. officinalis (d) woody D. trifoliata climbing on A. officinalis.
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Fig 1.3: Percentage, Frequency, Density and Abundance of Invasive plants recorded from
S1, S2, S3 and S4.
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Fig. 4 shows major threats to mangroves in the study area. Along with the plant invasions the
mangroves are also threatened by many factors such as construction of road as a part of NH
extension, Anthropogenic disturbances including exploitation for firewood and timber,
dumping of non-biodegradable wastes, land reclamation for urbanisation and industrialisation,
nearby wood factories and other developmental activities.

(a) (b)

(c)

Fig. 4: Threats to mangrove wetland (a) exploitation for firewood and timber (b) mangrove destruction
for the construction of road as a part of NH extension (c) disposal of plastics and other non-

biodegradable wastes

Conclusion

The uncontrolled spread of invasive leads to reduction in mangrove biomass production and
alter the natural balance of the ecosystem. The recorded invasive species compete with
indigenous plants for nutrients and light, cause physical damage to the native species and their
natural regeneration is hampered. Invasive plants and their ecological impacts must be studied
in depth and this fragile wetland ecosystem should be continuously monitored. Proper policy
formulation and management interventions are also required to control the invasive plants on
mangrove wetlands for its conservation.
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formulation and management interventions are also required to control the invasive plants on
mangrove wetlands for its conservation.
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INTRODUCTION 

The relationship between economic growth and labour productivity has 
been important area of debates among the policy makers for the last 
decade. Economic growth is strongly associated with the productivity of 
labour and labour productivity is significantly affected the wages in the 
market. The Neo- classical model suggest that labour demand would 
increase if the productivity per unit of labour input increase at a given 

wage rate. The relationship between wage and productivity has serious 
policy relevance in recent years. Labour productivity is a revealing factor 
of several economic indicator as it offers a dynamic measure of 
economic growth, competitiveness and living standards within the 
economy. The declining wage share in value added in the manufacturing 
sector in India at both aggregated and dis aggregated level points out the 
tilt of power in favour of the capitalists indicating that the bargaining 
power of the working class has not been strong enough in raising the 
wage share, it may have had an impact on changes in the income 
distribution and wage inequality. Therefore the working class movement 
in Indian manufacturing sector is not successful in raising the wage share 
in the manufacturing sector as is evident from the study. 
Keywords: Technology, labour productivity and Economic growth. 

Industrial sector is generally accepted as the vibrant and leading sector 
in an economy that enables economic development by utilizing the 
resources, meets the demand and supply of the materials, augmenting 
international trade and laying an effective path to reach the sustainable 
development. Hence, industrial development is considered as an 
important instrument that drives socio-economic development of a 
nation. The Nobel laureate Simon Kuznets (1966) described that the 
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