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Abstract

Mangrove forests are a diverse assemblage of trees and shrubs that are adapted to a saline 

and tidally inundated environment. The global spread of mangrove species is affected by 

climate, with most confined to areas that are warmer and moist. At a global scale, temperature 

limits the distribution of mangrove forests but on a regional scale and local scale, rainfall, river 

flow and tidal exchange have a strong effect on the distribution and biomass of mangrove 

forests. Other factors that play a role in limiting growth and distribution of mangroves include 

accessibility of suitable habitats for growth and also conditions that are suitable for propagule 

dispersal. The objectives of this study were to review the distribution of mangroves in South 

Africa and determine the number of extreme temperature events that may limit further 

distribution and secondly to measure growth rates of mangrove species at Mngazana and 

Nahoon Estuary and the nutrient pools in the sediment of these forests. In 1982, Ward and 

Steinke published a list of estuaries where mangroves were present. The current study 

sampled the population structure, microclimate and level of expansion in two estuaries within 

and outside of the published range. The minimum, maximum temperature and number of 

extreme temperature events were measured using iButtons. Mangrove expansion will be 

limited by minimum temperatures (1.1 ° C) and an increase in extreme temperature events 

(830) (< 5 ° C and 5- 10 ° C) at the latitudinal limits. Expansion of A. marina at Kwelera and 

Tyolomnqa Estuary was evident but sapling survival was low. Mangroves have expanded 

within and outside the range proposed by Ward and Steinke (1982), but are limited by physical 

factors, restricted by the presence of saltmarsh and other estuarine macrophytes and natural 

disturbance regimes.

An increase in population growth was recorded over the years at both Mngazana and Nahoon 

Estuary. Nutrients, (ammonium, nitrates + nitrites and soluble reactive phosphorus) varied 

amongst sites and were related to seasonality. Nitrogen in both estuaries was available in the 

form of ammonium (NH4) and its concentration was generally higher (1.3-76.2 pm) than other 

forms of nitrogen (0.07-6.3 pm). Soluble reactive phosphorus (SRP) was higher during the
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wet seasons in both estuaries. An increase in porewater salinity since 2007 (41.3 practical 

salinity unit (PSU)) was measured at Mngazana and this is a result of freshwater abstraction 

and low rainfall. A. marina saplings and adults grew significantly faster at Nahoon Estuary (the 

distributional limit) (11.1 ± 1.1 cm year-1) compared to Mngazana Estuary (5.3 ± 1.8 cm year - 

1). Different mangrove species and forests respond differently to environmental factors and 

changes in mangrove distribution is expected in South Africa but changes are expected to 

happen slowly and opportunistically.

Keywords: Mangroves, climate change, expansion, porewater characteristics and growth
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The term ‘mangrove’ describes either an individual or the entire ecosystem (Tomlinson 1986). 

Mangroves are a group of taxonomically diverse flowering plants that are salt-tolerant and 

grow predominantly in sub-tropical and tropical regions of the world (Ellison and Stodart 1991). 

Ellison (2008) states that mangroves have fossil records that date back to the Cretaceous era, 

that is, at least around 69 million years ago, and their evolution coincides with that of the 

Angiosperms when the southern super-continent of Gondwana broke apart.

Mangrove forests are a diverse collection of woody plants and trees that have been adapted 

to a saline and tidally-inundated environment (Wilkie et al. 2003). Kristensen et al. (2008) 

states that these mangroves trees are the only halophytes that are found along the tropical 

and subtropical coasts. Sharma et al. (2012) and Saintilan et al. (2014) state that mangroves 

are exclusively tropical, but there are some outliers stretching into temperate zones, 

particularly in Australia and southern Japan, South Africa and southern Florida. Mangroves 

generally grow in mud and in environmental settings that are harsh and variable such as high 

temperature, high sedimentation, high salinity and extreme tides. In order for them to cope in 

their environment, they evolved a variety of morphological and physiological adaptations 

(Lugo 1998). Mangroves spread in the intertidal region between the land and sea at the sub­

tropical and tropical areas of the world between about 30°N and 30°S (Giri et al. 2011). In the 

subtropical and tropical regions, they are considered areas that are important biologically, and 

play a role in providing food and protection for a diversity of organisms (Duke et al. 2007).

Duke (1998) stated that mangrove distribution can be based on four geographical scales, 

namely: their occurrence worldwide, their coastal range within each region, their upstream 

location within an estuary and their position along the intertidal view. The global distribution of 

mangroves is affected by climatic factors such as rainfall and temperature (Duke 1992). The 

spread of mangroves is affected by climate, with most confined to areas that are warmer and 

moist. Air and water temperature are the main factors that limit the expansion and the growth 

of mangrove trees, and substantial variation can be found between mangroves species in their 

vulnerability to changes in temperature (Field 1995, Alongi 2009, Godoy and De Lacerda 

2015). However, water temperature in comparison seems to be the most important since some 

mangrove forests have developed in temperate areas, but only where warm ocean currents 

are found (Berjak et al. 1977).

Generally, temperature limits the distribution of mangroves, however, on a regional and local 

scale, rainfall, river flow and tidal exchange have a strong influence on the distribution and 

biomass of mangrove forests (Alongi 2009). Low temperatures limit latitudinal range of

Chapter 1: General introduction
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different species, while areas that have high rainfall ranges and high runoff from riverine 

catchments have greater number of species (Duke et al. 1998).

The spatial distribution of mangroves is typically influenced by the physiological tolerance of 

each species to salinity. Avicennia marina (Forrsk. Vierh). is usually located at the estuary 

mouth of most estuaries and it reaches the upstream tidal limits. On a local scale, mangrove 

trees that are closer seaward become larger and their productivity higher than those in the 

middle of the forest. According to de Lange and de Lange (1994), accessibility of suitable 

habitats for growth and conditions that are suitable for propagule dispersal determine the 

distribution of mangroves. Soares et al. (2012) states that another factor limiting mangrove 

distribution is the cold current that is found in lower latitudes; it limits the dispersal of 

propagules since propagules cannot endure low temperatures. This is exemplified by the 

limited expansion of mangroves forests on the west coast of Africa, Oceania and South 

America.

Ward and Steinke (1982) and Hoope-Speer (2015) presented Nahoon Estuary (33° S) as the 

southern limit of mangrove forests in South Africa. The three mangrove species (Avicennia 

marina, Rhizophora mucronata Lam and Bruguiera gymnorrhiza (L.) Lam.) found in this 

estuary were transplanted from Durban Bay (29°53'22'' S, 31°00'43'' E) by Professor Steinke 

in 1969 and various saltmarsh species (Triglochin spp., Sporobolus spp., Sarcoconia spp., 

and Juncus spp.) also occur here naturally. Of the three mangrove species transplanted, Only 

A. marina expanded significantly within the estuary (Saintilan et al. 2014). Rhizophora 

mucronata and Bruguiera gymnorhiza species also expanded but only a few trees are found 

in the forest.

Maintaining a long-term monitoring dataset for the growth of mangrove is of importance in 

mangrove ecology. A long-term dataset of growth rate data assists in predicting changes in 

growth rates as climate parameters such as minimum and maximum temperature and rainfall 

begin to change.

We proposed a working hypothesis that expansion is determined by; climate, increases in 

atmospheric carbon dioxide concentrations, propagule production and suitable habitat while 

growth is expected to be related to nutrient dynamics (i.e. nutrient availability and 

concentrations). Therefore this study aims to review mangrove expansion in South African 

estuaries (Gonubie - Keiskamma Estuary) and describe the importance and occurrence of 

mangrove expansion as well as investigate the correlation between growth rates and the likely 

drivers for growth of mangrove trees in the temperate and subtropical regions (Mngazana 

Estuary and Nahoon Estuary), of South Africa.
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The objectives for the review and description of mangrove expansion in South Africa are:

1. To determine changes in the microclimate of two mangrove forests in South Africa and 

to relate this to biological characteristics.

2. To revise the distribution of mangroves in South Africa.

3. Determine how the spatial and temporal distribution of mangroves has changed 

overtime

4. To determine and compare propagule weight (maternal investment) at mangrove 

forests along a latitudinal range.

The objectives for the investigation into the correlation between growth rates and the likely 

drivers for growth of mangrove trees in South Africa are:

5. To compare the growth rates of mangroves at two forests within the current distribution 

range and at the edge of the range.

6. To determine the nutrient pool in the pore water of mangroves and to identify the main 

driver of growth for the mangroves at Mngazana and Nahoon Estuary.

Layout of Thesis

Chapter 2, is the literature review section, a broad description of estuaries is discussed and 

estuaries in South Africa will be classified according to Whitfield (1992) and the importance of 

freshwater in estuaries will be described and explained. Hydrological regimes are discussed 

together with the distribution of mangroves as well as the important drivers for growth in 

mangroves. Without this understanding, we cannot predict how mangroves will respond to 

changes.

Chapter 3, re-evaluates the distribution of mangroves in South Africa and explains the causes 

and limitations of mangrove spread. Four study sites were used in this chapter in conjunction 

with temperature measurements to describe the influence of this factor on mangrove 

expansion.

Chapter 4, describes the growth and mortality rates of mangroves at two estuaries in South 

Africa. The availability of nutrients (ammonium, nitrates + nitrites and soluble reactive 

phosphorus) and other porewater characteristics such as salinity, pH and temperature are 

also assessed.

3



Chapter 5, the final chapter, discusses the final outcomes of the research and provides an 

explanation of how nutrients, climate and other factors influence the growth, productivity and 

spread of mangroves in South Africa.

d
Chapter 1: General Introduction

Chapter 2: Literature Review

Chapter 3: Distribution of mangroves in 
South Africa

The distribution of mangroves was last evaluated by 
Ward and Steinke in 1982, Hoppe - Speer (2013) 
visited the mangroves listed in that paper but no new 
estuaries were sampled. This chapter contributes to 
our understanding of mangroves nationally but also 
within the Western Indian Ocean region.

Chapter 4 : Growth rates and nutrient 
dynamics in Mngazana and Nahoon Estuary.

W

Measuring growth rates and porewater characteristics 
are of importance so as to manage and describe 
changes that occur in mangrove forests. This chapter 
contributes in understanding the nutrient dynamics 
occuring in both estuaries and helps monitor growth 
rates in these forests.

Chapter 5: General discussion and conclusion

w

Changes in global climate will continue to have an 
effect on the worlds flora and fauna and an increase in 
human population will continue playing a role in global 
climate and these will have an affect on mangrove 
expansion, productivity and growth.
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2.1 Estuaries

According to Miththapala and Sriyanie (2013) estuaries are where rivers and the sea meet 

and Barrett (1992) states that they are the most biologically productive ecosystem. The word, 

estuary, is derived from the Latin word aestuarium which means ‘tidal inlet of the sea’.

Estuaries form a transition zone between river and maritime environments (McLusky and 

Elliott 2004) and Wolanski et al. (2013) states that an estuary in never found in a steady state 

as the bathymetry of these ecosystems are ever changing. Estuaries are typically classified 

based on their geomorphology, stratification and water balance (Valle-Levinson 2010 and 

Wolanski et al. 2013).

2.1.1 Geomorphology

Estuaries can be classified based on their geomorphological features (Valle- Levinson 2010): 

Coastal plain/Estuarine Lakes

These types of estuaries are formed when sea levels rise and fill an existing river valley. These 

are common in areas with temperate climates. Examples of the estuaries are Chesapeake 

Bay, Tampa Bay, Hudson River, Swart Vlei and St Lucia Estuary (Kuneke and Palik 1984).

Bar built estuary/Temporarily open/closed estuaries

These are found in areas where there is a smaller watershed, and where deposition of 

sediment has occurred. They are shallow and are separated from the sea by sand bars (Heady 

et al. 2015). Bar built estuaries are mostly found along the Atlantic and Gulf coasts of the 

United States in areas where active coastal deposition occurs and where tidal ranges are less 

than 4m (NOAA 2010). In South Africa, TOCEs have a low to moderate tidal prism or in some 

cases no tidal prism; examples of these kinds of estuaries are Kasouga, Old Woman’s and 

Mtati Estuaries (Colloty et al. 2002).

Fjord type estuary: These estuaries are those that are created by glaciers. These moving 

glaciers cut deep valleys and thus form these estuaries. These estuaries are shallow at the 

mouth where glacier rocks obstruct water flow and they are limited to higher latitudes where 

glaciers are found. Fjord estuaries can be found along the coasts of Iceland, Alaska, and 

Eastern Canada amongst others (Perillo 1995).

Chapter 2: Literature review
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Tectonically-caused estuary

These are estuaries that are created by tectonic processes which include volcanic eruptions, 

earthquakes, faulting etc. that result in the shifting and drifting of the earth’s crust. Very few of 

these estuaries are found; an exampled of one can be found in San Francisco Bay. (Kampf 

2010).

2.1.2 Stratification

Classification by stratification makes use of the competition between buoyancy, i.e. forcing 

from river discharge, and mixing from tidal forcing to define estuaries. A salt wedge estuary, 

for example, is highly stratified and large freshwater inputs are observed. Comparatively, 

strongly stratified estuaries have a clear stratification of fresh and salt water; the flow of 

freshwater is stronger than the influx of saltwater. Weakly/vertically-stratified estuaries have 

strong tides, weak to moderate freshwater discharge and saltwater and freshwater are 

completely mixed (Valle-Levinson 2010). Salinity structure differs along the estuary and that 

results in different water columns and stratification. Under some conditions the Orange River 

(South Africa) has a blocked connection to the sea by sandbars, therefore it is not considered 

a true estuary but rather a river mouth (SAWCP 2009), therefore the river usually dominates 

the estuarine physical processes, sea water seldom penetrates upstream areas.

2.1.3 Water balance

Estuary classification is based on the balance between volume inputs (river discharge and 

precipitation) and river outputs (evaporation and freezing). Water balance is classified into: 

positive estuaries, negative or inverse estuaries.

Estuaries with positive water balance are those with high river discharge that exceeds 

evaporation. Those with inverse water balance are found in arid regions; loss of freshwater by 

evaporation is greater than freshwater addition by precipitation and low or no river discharges 

occurs in these estuaries (Wolanski 1986; Nunes and Lennon 1986). Estuaries with low inflow, 

i.e. negative estuaries, are typically found in regions where there is high evaporation and low 

river discharge; high and dry temperatures may result in high salinity ranges.

2.2. South African estuaries

The coastline of South Africa expands from the mouth of the Orange River (west coast) (29° 

35’ S, 16 °29’ E, to the Kosi Bay (east coast) 26°54'13'' S ,32°52'25'' E (Figure 1b). According 

to Teske et al. (2006), it can be divided into biogeographical provinces that are distinguished 

by dissimilar hydrological conditions and species assemblages. The three main regions are 

the temperate cool west coast, the temperate warm south coast and the subtropical east coast. 

Many estuaries, which are found along the coastline of the temperate region in South Africa,
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are microtidal and as stated by Allanson (2001) they usually have an entrance channel that is 

shallow and small and it leads into a large basin. They also have sand bars that usually form 

at their mouths and this block the exchange of water between the estuary and the ocean.

Estuaries are bodies of waters where freshwater from rivers and streams combine with sea 

water, their environments are diverse with different types of fauna and flora. Elliot and Whitfield 

(2011) define an estuary as a body of water that can be connected to the sea either 

permanently or partially, or it can be disconnected from the sea by a sandbar, thus resulting 

in lakes or lagoons. Estuaries have different salinity ranges, which depend on freshwater 

inflow and factors like tidal mixing. During flood events, an estuary becomes a river mouth due 

to high freshwater flow rate that blocks the flow of sea water. Estuaries are important and 

essential systems, they provide favourable conditions for recreation, provide habitat and food 

resources for economically and ecologically important fish (Yoskowitz et al. 2010). There are 

300 functional estuaries in South Africa and they make up ~70 000 ha of one of South Africa’s 

habitats that are most productive (Turpie et al. 2002 and NBA 2011). They have been 

estimated to be worth R153 000 per hectare (ha) annually, R3 500 per ha in food production, 

R2 550 per ha in recreation and R141 000 per ha in nutrient cycling (Lamberth et al. 2003). At 

Mngazana, the third largest estuary in South Africa, the lowest minimum value of mangroves 

was evaluated to be about R1.1 million and the highest minimum value was evaluated to be 

about R13.6 million (De Wet 2004).

The future health of estuaries in South Africa depends on two principal components: their 

immediate management, quality and the quantity of freshwater (Turpie et al. 2002). The overall 

estuarine health rating for Mngazana was 7 out of 9 and was described as being in moderately 

good condition based on the diverse flora and fauna present in the estuary that makes it 

possible for ecological processes to take place (Harrison et al. 1996). Mngazana Estuary might 

be exposed to environmental distress and other factors if it is not properly managed. These 

can be as a result of nutrient loading that can occur due to agricultural practises, hydrological 

modification and changes to land use. The effects of this distress often result in harmful 

changes in the structure of the ecosystem and this may alter or compromise the goods and 

services that it provides. The overall health status of Nahoon Estuary was considered to be 

fair and it had a very good hydrodynamics, but water quality was rated as being moderate to 

poor (Cotiyane 2016).

The rising impact of human activities in estuarine and marine environments on a global scale, 

led to the need to assess, manage and monitor estuarine quality and health (Karr 1999) so as 

to improve and, ultimately, keep it functioning well (Borja et al. 2008a). Valiela et al. (2001)
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mentions how the deterioration of estuarine and coastal ecosystems as a result of human 

activities is increasing; 29% of sea grasses, 30% of coral reefs, 35% of mangroves and 50% 

of salt marshes are degraded or lost worldwide. This worldwide decrease in mangroves is 

known to have effects on important ecosystem services (Worm et al. 2006), since they serve 

as nursery habitats, and areas of filtration and detoxification increasing water quality. In South 

Africa, human impacts on ecosystems have been documented by the Department of 

Environmental Affairs where hydrological patterns are altered by human activities and an 

increase in land use and waste disposal has been recorded.

a)

b)

Figure 1 a) Location of South Africa on a world map b) the location and abundance of estuaries 
found in this country (source: Department of Water Affairs and Forestry).

2.2.1 Classification of South African estuaries

Whitfield (1992) classified estuaries of South Africa into five categories based on the 

catchment area, tidal prisms, salinity gradient and mixing processes (Table 1). Three hundred 

estuaries were identified in South Africa by Whitfield (1992), but Turpie et al (2002) identified
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255 functional estuaries, therefore system that did not function as stuaries were not 

considered.

Table 1: Physical parameters used to classify estuaries in South Africa by Whitfield (1992)1 
and Turpie et al. (2002)2.

Type Number of this Mixing process1 
type of estuary 
in South 
Africa2

Average 
salinity1 *

Estuarine Bay 4 Tidal 20-35

Permanently open 47 Tidal/riverine 10- >35

River mouth 12 Riverine <10

Estuarine Lake 8 Wind 1- > 35

Temporarily 184 Wind 1->35
closed

* Total amount of dissolved solids in water in parts per thousand by weight (seawater = ~35) 

Permanently open estuary

Hyper saline conditions in this type of system occur in the upper reaches when there is 

drought. Water temperature is managed by the ocean during periods of regular conditions and 

by river input during flood conditions. Saltmarshes together with other macrophytes are 

prevalent e.g Mngazana and Nahoon Estuary (EC).

Temporarily open estuary

Within these systems, periodic formation of sandbar (berm) occurs across the mouth, which 

is strongly linked to rainfall patterns. Hyper saline conditions tend to prevail in these systems 

during periods where there is drought. The tidal and riverine loads manage water temperature 

during open mouth conditions, but are self-supporting when the mouth is closed. E.g Mhlanga 

and Mdloti Estuary (KZN).

Estuarine lake

These systems can either be permanently or temporarily connected to the ocean, their salinity 

can be extremely variable. They have small tidal prism and the river input has little influence 

on the water temperature. Organism found depends on the salinity condition of the system 

e.g. St Lucia (KZN).
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Estuarine Bays

These systems are similar to permanently open systems except with a greater marine 

influence. Hyper saline conditions are not frequent in this system and water temperature is 

capable of being influenced by the ocean. Organism can occur here and substantial mangrove 

swamps and wetlands occur e.g. Kosi Bay (KZN).

River mouth

In these systems, the estuarine entrance is normally open and they have a small tidal prism 

and a strong riverine outflow that blocks marine intrusion. Oligohaline conditions and shallow 

mouths conditions as a result of heavy silt loads often occur. The water temperature is 

influenced by river inflow e.g. Orange River Mouth (EC).

2.2.2 Freshwater requirements of estuaries in South Africa

Freshwater in estuaries is an essential component in order for the system to function properly. 

Jezenski and Roberts (1986) estimated that the total South African freshwater required by 

estuaries is 2160*106m3 per annum, which represents approximately 4% of mean annual 

runoff (MAR). Costanza et al. (1993) stated that the primary factor that determines the degree 

to which estuaries are vertically stratified with the lighter freshwater near the surface and the 

salty denser water near the bottom is the amount and flow rate of freshwater entering the 

system.

Once there is a decrease in the flow of freshwater into the estuary, extensive changes may 

occur; at times, they may even be disastrous. The modification of freshwater inflow can result 

in the change of the hydrodynamics of the system. The reduction in discharge can result in an 

increased effect of the tide on the kind of circulation, such that a stratified system with well- 

advanced gravitational distribution can change to a well-mixed system where tidal change 

increase is of significance (Alber 2002). Freshwater supply abstraction occurs in St Lucia 

Estuary, there is no tidal exchange and low water level has been recorded. Recently, about 

90 % of the water area disappeared in the estuary and that will obviously have an effect on 

the flora and fauna of that estuary (Whitfield and Taylor 2009). Another consequence of 

changes in the input of freshwater is that salty water can trespass further upstream and this 

causes an increase in salinity along the estuarine gradient. In instances where there is 

increased evaporation taking place and low precipitation, the estuary can become hyper saline 

as shown by Whitfield and Woolridge (1994) in the Kariega Estuary. There was drought for 

more than a year and this resulted in no fresh water inputs in the estuary. There was more 

than 40 PSU salinity recorded in the uppermost range of the estuary. Lengthening of an 

estuary can also occur where a decrease in outflow leads to the enlargement of the transition
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zone from zero salinity to full sea water (Alber 2002). A decrease in freshwater flow in the 

mangrove system may lead to an increase in salinity and this has an effect on the growth and 

productivity of mangroves. Castaneda-Moya et al. (2006) stated that the distribution of 

mangroves in a forest is regulated by dry saline soils.

2.3 Factors influencing mangrove distribution and growth

Generally, species occupy a distinctive geographical range. Some have geographical ranges 

that are large and stretch over various continents, while other species exhibit more restricted 

ranges. Abeli et al. (2014) noted the effects of marginality on the performance of plant 

populations and stated that plants found at the edge of their distribution tend to be smaller as 

compared to those found in central populations and their success in completing the life cycle 

may be lower. Plant distribution around the world has been believed to be controlled primarily 

by climate and soil and as a result changes in climate should guide changes in plant 

distribution (Richardson and Bond 1989). Pressey et al. (2006) speculated that climate change 

will be one of the vital drivers of biodiversity patterns in the near future. Species seem to be 

shifting their ranges in both altitude and latitude as a reaction to changes in climate 

(Parmersain and Yohe 2003, Bellard et al. 2012, Beale et al. 2013 and Hoppe-Speer et al. 

2015). An example of this is the northward expansion of pine forests in Europe due to changes 

in climate (Huntley and Birks 1983). Similarly, Kruger et al. (1986) also showed how changes 

in climate had an effect on limiting the distribution of Pinus radiatia (D. Don) over the impact 

of pathogenic activity in the northern parts of South Africa. Various authors (Hilbish et al. 2010, 

Lenoir et al. 2010 and Groom 2012) stated that it is of importance to understand how species 

ranges will change due to variations in climate.

Mangroves are found throughout the tropical, subtropical and temperate regions of the world, 

with diversity peaking at about 90 species. The determinants of their distribution are complex 

and varied and they act over a range of spatial and temporal scales (Manson et al. 2003). 

Duke et al (2002) stated that there is absence of mangroves where cold waters are forced 

towards the equator by western continent current and ocean circulation patterns. Conversely, 

warm currents on the eastern continental shorelines allow mangrove populations to expand 

into sub-tropical latitudes. Temperature appears to be what is limiting the overall distribution 

of mangroves (Saintilan et al. 2014). According to Saenger and Moverly (1985); Hutchings 

and Saenger (1987) nearly all mangrove species, with the exception of A. marina, generate 

maximal shoot density when the mean air temperature increases to 25 °C and they cease to 

produce leaves when the mean air temperature decreases to 15 °C. Some mangrove species 

may show a reduction in leaf formation rate. In subtropical areas, especially those that are 

near the latitudinal limit of mangrove distribution, cold temperatures that are less than 5 °C
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(freezes/frost) may result in damage or even kill mangroves trees (Liu et al. 2014) e.g. 

Mangroves have been sporadically damaged and killed in Texas, Louisiana and Florida as 

shown by Ross et al. (2006), and Steven et al. (2006). According to Stevens et al. (2006) 

Avicennia germinans (Author) in North America has a distribution that can be expanded during 

periods where it is not freezing or when salt marsh vegetation is killed. A study by Cavanaugh 

et al. (2013) at the east coast of Florida from 25 °N to 30 °N showed that mangroves expanded 

poleward across the east coast of North America. This expansion was related to global 

warming and it was not due to increases in mean air temperatures, but it was caused by 

decreasing frequency of individual cold events.

Plant distribution is determined by a variety of complex environmental factors. Many of these 

factors are known to have an effect on mangrove distributional patterns and growth (Perera et 

al. 2013). Connolly and Lee (2007) and Macintosh (2002) mentioned the key factors that have 

an effect on mangrove growth and distribution, and these include temperature, salinity, fresh 

water supply and soil type. Smith (1992) stated that animals also play a role in influencing 

mangrove distribution, that is to say, they complicate distribution patterns. A study by McKee 

et al. (2002) together with a subsequent study by Lovelock et al. (2004) reported on the effect 

low nutrient values, which are caused by a decrease or no tidal flushing, have on mangrove 

growth. Saintilan et al. (2014) also mentioned various factors that hinder mangrove distribution 

and these include mouth closure, hard rock coastlines, unfavourable ocean currents, and the 

absence of estuaries with depositional environments suitable for growth.

There are two elements in mangroves; mangrove forests and water bodies associated with it 

(Selvan and Karunagaran 2004). Mangroves have exceptional physiological adaptations that 

make it possible for them to survive in their environment (Goudkamp and Chin 2006). 

Mangroves differ in their tolerance depending on the adaptation of that species (Ball 1998).

2.3.1 Temperature
Temperature changes may have an effect on mangrove phenology and productivity especially 

at subtropical latitude (Dahdouh-Guebas and Satyanarayana 2012). It is unknown whether 

small changes in temperature or the occurrence of extreme temperature events have a greater 

effect on mangrove productivity. Mangroves show significant difference in their 

responsiveness to temperature, but most generate maximum shoot growth when the average 

air temperature is at 25 °C. Avicennia marina is the only species that continues to produce 

leaves even when the availability of air temperature falls lower than 15 °C (Field 1995).

Mangrove growth can be inhibited by temperatures of about 5 °C (Tomlinson 1986). Ellis et al. 

(2006) stated that early death of leaves of Laguncularia racemosa (L.) C.F. Gaertn can occur 

as a result of frost. Stuart et al. (2007) in their study also revealed that frost causes embolism
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in the secondary xylem, and thus, can cause the death of mangrove trees. Mangroves that 

are found from Florida to Texas are exposed to recurrent frost. A limit in mangrove 

establishment, diebacks in mangrove stands and changes in aerial cover between saltmarsh 

species and mangroves can be caused by frost (Lugo 1996).

According to Deurwaerder (2012) the most favourable temperatures are not only restricted by 

cold temperatures, but also by high temperatures. Photosynthetic productivity of mangroves 

can be altered by an increase in temperatures, improving it in colder climates. Higher 

temperatures can also cause a decrease in net CO2 assimilation in climates that are warm 

(Okimoto et al. 2007). They also may hinder the tree seedlings and result in seedling mortality. 

High climates may lead to events which include droughts which are more probable to have 

considerable effect on mangroves than gradual changes in average conditions.

There are mangrove forests that are found at the edge of their distribution (Figure 2). In 

Louisiana mangroves merge with temperate salt marsh species. Avicennia germinans 

populations disperse across the deltaic plain (29°N latitude) and they dominate creek banks. 

Mangrove in this area are sporadically damaged by freezes since mangroves are tropical 

species and likely to be affected by cold temperatures (Markley et al. 1982). There are other 

factors that may lead to the damage and death of mangroves, e.g. in a study by McKee et al. 

(2004) in the USA, a combination of events which include drought, low river outflow and low 

sea level led to the widespread dieback of salt marsh Spartina alterniflora Loisel.. One 

mangrove species A. germinas and a saltmarsh species, Juncus roemerianus Scheele. were 

not affected during the events as they were drought tolerant and this generated an opportunity 

for A. germinans to expand. In this case the events that took place were favourable for 

mangrove expansion. This may not be the case in other mangrove species that are sensitive 

to drought and salinity. Alongi (2008) clearly expressed that the observed data suggested an 

increase in photosynthetic rates in areas of high rainfall and river inputs such as Southeast 

Asia and there was a decline in photosynthesis of mangroves in regions that were arid such 

as parts of northern Australia.

Mangroves in New Zealand are also found at the southern edge of their range, but still their 

distribution is quickly expanding (Ellis et al. 2004). These temperate mangroves are found in 

estuaries, harbours and creeks north of 38°C. Lovelock et al. (2010) stated that mangrove 

growth occurred in estuaries that previously had coarse sand sediments and had no 

vegetation, and this was a result of increased sedimentation which is caused by land use 

change that is related to agricultural development and urbanization. Extensive mangrove 

forests that had developed at the southern latitude (Firth of Thames) were linked to changes
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in wind and wave energy (Lovelock et al. 2010). According to Gladstone-Gallagher et al. 

(2014) New Zealand has a single species, A. marina subspecies australasica, and they are 

stunted in stature. With its capacity to reproduce and grow in various climatic, tidal and edaphic 

conditions, A. marina tends to be found in diverse ranges of littoral habitats and they show 

considerable fluctuation of growth form (Duke et al. 1998). This species can be found in 

estuaries ranging from Ohiwa Harbour to Northland. Mangrove populations expands near 

pole-ward limits (Saintilan et al. 2014).

New Zealand

Figure 2: Mangrove populations at the latitudinal extremes of their distribution (USGS, NWRC

2004)

2.3.2 Atmospheric CO 2 Concentrations
According to the IPCC AR4 (2007), atmospheric CO2 and other greenhouse gases are 

increasing due to human activities. This is as a result of the nature of CO2 in the atmosphere. 

Atmospheric CO2 has increased from 280 parts per million by volume (ppmv) in 1880 to almost 

370 ppmv in 2000. An increase in atmospheric CO2 by 2 ppmv yr-1 was observed by Conway 

and Tans (2012), and they recorded an annual global mean of 391 ppmv in 2011. Currently, 

the CDIAC (2016) measured an atmospheric CO2 of 399.5 ppmv. Hunt et al. (1991) stated 

that plants that are exposed to high atmospheric CO2 levels tend to be larger than plants that 

are grown in medium CO2 concentrations. The consequences of growth stimulation depend 

on sink strength, phenotypic plasticity, photosynthetic pathways and life history strategies. 

Elevated CO2 levels may result in increased productivity of mangroves (Field 1995), alter 

phenological systems, enlarge mangrove ranges into higher latitudes where lower 

temperatures would not allow that to occur (Ellison 2000). The metabolic reaction of 

mangroves to increased atmospheric CO2 quantity are also likely to increase growth rates. A 

study by McKee and Rooth (2008) in the northern Gulf of Mexico showed that Avicennia 

germinans increased in growth and biomass production under elevate CO2 treatments. CO2
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does not influence mangrove growth if salinity is also high, as species need to facilitate the 

uptake of water to ensure growth. According to Snedaker and Araujo (1998) increases in CO2 

globally may lead to a competitive advantage of mangroves in arid regions. This is caused by 

their capacity to reduce water use throughout the periods where there is water stress while 

keeping elevated rates of CO2 uptake. Gilman et al. (2008) stated that the consequences of 

increased CO2 on mangroves are poorly understood and there is a need for further research 

in this area.

2.3.3 Changes in rainfall patterns and salinity
Solomon et al. (2007) predicted that rainfall increases in higher latitudes and decreases in 

areas that are closer to the equator, therefore leading to subtropical regions experiencing low 

rainfall. Adjustment in rainfall patterns are expected to have an effect on the growth and spatial 

distribution of mangroves (Ellison 2001). When precipitation decreases it results in low 

mangrove productivity, mangrove growth and endurance of seedlings and may shift species 

composition favouring more salt tolerant plants (Ellison 2004). Duke et al. (1998) stated that 

high rainfall shorelines support more diverse and taller mangroves in Australia.

A decrease in rainfall might result in increased salinity which in turn affects the growth of 

mangrove trees. Sea level rise will also play a role in increasing salinity in mangrove forest. 

Krauss et al. (2008) states that mangroves function better between 5 and 75 PSU. Most 

mangrove species attain their maximal growth potential under brackish surroundings (modest 

salinity) between 10 and 20 PSU (Doyle 2003). Salt tolerance appears to vary between 

species, in a review Clough (1992) showed that A. marina, Bruguiera gymnorrhiza and 

Rhizophora mucronata are salt tolerant, but the latter is less tolerant compared to the other 

two mangrove species. A. marina has an optimal growth rate that occurs at a salinity of 0-30 

PSU and has a maximum porewater salinity of 85 PSU; R. mucronata can endure a maximal 

salinity of 40 PSU but maximum growth occurs between 8-33 PSU. The maximal porewater 

salinity of B. gymnorrhiza is 50 PSU and maximum growth occurs between 8-34 PSU 

(Robertson and Alongi 1992).

2.3.4 Nutrient availability
Nitrogen and phosphorus are the macronutrients identified as those that may limit primary 

productivity of mangroves. Most studies have focused on them (Reef et al. 2010) (Table 2). 

Nutrient availability in mangrove forests is administered by a variety of factors (abiotic and 

biotic) which include soil type, tidal inundation, redox status, elevation in the tidal frame, plant 

species, litter production and decomposition (Feller et al. 2003). Many mangrove soils have
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exceptionally low nutrient availability. A study by Dangremond and Feller (2014) showed that 

trees had a mean N concentration of 1.51% and 1.37% in the Caribbean and Pacific 

respectively, they also had P concentrations of 0.10% and 0.11% in the Caribbean and Pacific. 

Nutrient availability differs highly between mangroves and in mangrove stands. The deficiency 

of phosphorus has been set out to be a considerable factor that limits mangrove growth in 

forests that are dwarfed (Feller 1995). In Australia, mangrove sediments are phosphorus and 

nitrogen deficient and this has a negative effect on mangroves (Beadle 1953).

The availability of nutrients in mangrove forests is often associated with sedimentation (Alongi 

2005). Tilman (1988) states that plant growth is increased by the enrichment of nutrients and 

this is achieved by lowering the distribution to roots comparable to aboveground tissues. An 

escalation in nutrient accessibility results in rapid growth rates which are related with an 

increase in allocation to leaf area respective to roots, also with a collection of changes in 

physiology that consist of increased hydraulic conductivity and photosynthetic rates, and 

decreased capability in nutrient resorption and benefit (Krauss 2008). However, autotrophic 

production can be activated by nutrient enrichment while plant growth can be negatively 

influenced by supplementing with fine sediments. In a study by Chiu et al. (1996) in Taiwan 

the nitrogen content measured was between 0.82 - 5.98 mg kg-1 soil in Chuwei Tidal 

compared to Kuanto and Pali (1.68 to 17.10 mg kg-1 soil; 1.44 - 8.91 mg kg-1 soil), respectively. 

It was noted to limited growth of A. marina in New Zealand and South Africa. In the tropics, 

phosphorus limited plant growth in high intertidal forest (Lovelock et al. 2007, Naidoo 2009).

It is vital to measure the dynamics of the early stages in the life cycles of mangroves to predict 

the species composition, distribution and structure of mangrove forests (Ha et al. 2003). 

Tomlinson (1994) stated that mangroves spread by sexual reproduction, so the conservation 

and the recovery of mangrove forests depend on the production of propagules, their dispersal, 

establishment and the recruitment of seedlings. Population growth of mangrove forest is driven 

by seedling recruitment and survivorship, and this regulates the quality of the crop and forest 

stand production (Srivasta and Ball 1984, Burns 1985). If trees producing propagules are 

continuously being harvested, then that will lead to low propagule outputs, which in turn will 

lead to low population structure and low seedlings. Various spatial and temporal processes 

influence mangrove establishment and growth, and these include tidal activity, hydroperiod 

(flood duration, frequency and depth), sediment characteristics, and stability of landform / 

geomorphology (Twilley and Day 1999; Krauss et al. 2006).

Mangrove forests that have more frequent tides and river inundation tend to be productive as 

compared to forests that are not (Twilley et al. 1997). Study by Milbrant et al. (2006) and Harris
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et al. 2008 also showed how tides had an effect on mangrove forests; their results showed 

that seedling and litter fall were higher in tidally unrestricted areas. Twilley (1986) and Delgado 

et al. (2006) have also documented mangrove growth and productivity due to hydroperiods. 

Study by Krauss et al. (2006) also showed how sediment characteristics (soil fertility) and 

hyrdoperiods had an effect on mangrove growth.

2.4 Hydrological aspects of mangrove ecosystems

Mangroves are found on the intertidal zone between low and high tide, in a broad spectrum of 

hydrological settings. Hydrology refers to factors that include tidal current, tidal circulation and 

water exchange and has an influence on abiotic (salinity, availability of nutrients, soil moisture) 

and biotic factors (propagule dispersal) (Dunham 2014; Loon et al. 2016). It is known to be 

the key factor in species distribution (Hughes et al. 1998). Knowing the hydrological regime of 

a mangrove ecosystem is critical to understanding its functioning, protection and maintenance 

(Calderon et al. 2014). Saenger (1982) stated that factors like river inflow, frequency and tidal 

flushing are important factors in the hydrology of mangroves forests. The exchange of water 

between the mangrove system and the near shore modifies nutrient and salinity 

concentrations, while the degree of water mixing and exchange is determined by the flow rate 

of incoming freshwater (Ngesi 2010).

According to Tan Le (2008) flooding frequency is the most important tidal factor that affects 

mangrove growth, less mixing of water results in high salinity levels in the estuary and thus 

affects growth and productivity of mangroves, by decreasing water uptake and reducing 

photosynthesis and transpiration (Parida and Jha 2010). Long periods of inundation of 

mangroves also lead to anaerobic conditions that influence the root system (Mbense et al. 

2016).
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Table 2: A summary of porewater nutrient concentrations from various estuaries where 

mangroves are present.

Estuary Nitrogen Phosphorus Annotation Reference

Shark River
Estuary,
Florida

NO2 &
NO3 = < 
1pm and < 
0.5 U m 
respectivel
y

PO2 = <2 pm 
at all the 
sites

Nitrogen 
concentrations 
were lower as 
compared to 
other studies

Chen and 
Twilley (1999)

Gazi Bay, 
Kenya

NH4 - 3 to 
390 pm

NH3 - 1 to 
50 pm

NH2 - < 
0.1 to 2.3 
pm

PO4 - <0.05 
to 1 pm

Mangrove 
sediments were 
nitrogen rich

Middelburg et 
al. (1996)

Mapopwe
Creek,
Chwaka
Bay

NH4 - 50 & 
180 pm

NO2 - 0 & 
2.2. pm

PO4 - 40 and 
90 pm

Mangrove 
sediments are 
the source of 
ammonium and 
sink for soluble 
reactive 
phosphorus

Mohammed
and
Johnstone
(2002)

Mangrove 
Forest of 
Everglades 
National 
park, South 
Florida

NO2- & 
NO3- < 0.5 
pm across 
all
seasons 
and years

SRP was 
higher during 
the wet 
season (1.2 
±0.1 pm) 
compared to 
the dry 
season (0.8 ± 
0.3 pm).

Different nutrient 
concentration 
occurred over 
the seasons

Castaneda- 
Moya et al. 
(2013)

Tauranga 
Harbor,Ne 
w Zealand 
(site Te 
Puna and 
Waikareao)

NH4 - 2-9 
pm

NH3

increased 
from 3 pm 
at high 
tide to 74 
pm at low 
tide in 
Waikareao

PO4 ranged 
between 0.3­
1.0 pm

Ammonium was 
the main form of 
nitrogen at 
Waikareao and 
nitrate was the 
main form of 
nitrogen at Te 
Puna

Santos et al. 
2014

Firth of 
Thames, 
New 
Zealand

High
concentrati 
on of 
NH4+

N present 
as
ammoniu 
m with low 
concentrat 
ions of 
nitrate

Low PO2 Low nutrient 
concentration 
due to demand 
by plants and 
microbial 
community

Lovelock et 
al. (2010)
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Watson (1928) mentions how mangroves are classified hydrologically, where species are 

classified based on tidal regime, flooding frequency and elevation. Different mangrove species 

occupy different zones. Watson (1928) and Loon et al. (2016) stated that class 1 is too often 

inundated and that results in in lack of vegetation in that area. In class 2 only pioneer species 

are able to survive and these include Avicennia spp. and Sonneratia spp. as they are suitably 

adapted to hydrological conditions. Class 3 has favourable hydrological conditions for 

mangrove growth and various species are able to survive there, e.g. Bruguiera spp., 

Rhizophora spp. and Ceriops spp. Class 4 is rarely inundated by the tides, therefore species 

of the genera Bruguiera and Lumnitzera, which possess features suited for these conditions, 

are able to survive. Class 5 is never inundated, therefore is species like Phoenix paludosa 

Roxb. are able to thrive there due to their ability to withstand various environmental conditions 

(frost, moist soils, sunny positions etc). (Table 3). Smith et al. (2002) mentions how zonation 

is allocated to various environmental parameters which include salinity, nutrient content, soil 

chemistry and type, predation, competition and physiological tolerances.

Table 3: Hydrological classification by Watson (1928).

Class Flooded by Height above datum 

(m)

Flooding frequency 

(days)

1 All high tide 2.44 56-62

2 Medium high tides 3.35 45-59

3 Normal high tides 3.96 20-45

4 Spring high tides 4.57 2-20

5 Abnormal tides 15 2

Four types of mangrove forests based on their hydrological regimes are classified by Lugo 

(1989), namely riverine mangrove, basin mangrove, scrub mangrove and fringe mangrove.

2.4.1 Riverine mangrove
These types of mangroves are flooded by river water as well as sea water. Salinity decreases 

during the summer season. They are influenced by large amount of freshwater entering the 

forests together with fluvial nutrients. Mangroves may reach a height of 18 to 20 m (Odum et 

al. 1982).

2.4.2 Basin mangrove
These forests occur inland and have a stunted growth. Their location channels the terrestrial 

runoff to move towards the coast, with a slow velocity water flow. Mangroves of this type may
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reach a height of 15 m (Odum et al. 1982) and species of the genera Avicennia and 

Rhizophora dominate here.

2.4.3 Scrub mangrove
These types of mangroves occur in areas where there is low nutrient availability, freshwater 

and inundation by tides is limited (Gilmore and Snedaker 1993). Individual mangroves rarely 

exceed 1.5 m in height (Odum et al. 1982). Species of the genera Avicennia, Rhizophora etc. 

are found.

2.4.4 Fringe mangrove
These types of mangroves receive a brunt of tides which are often full-strength seawater 

(Saenger 2013), they grow as a thin fringe along the coast and so are directly exposed to 

seawater. The maximum recorded height of these mangroves, which are dominated by 

Rhizophora species, is about 10 m (Odum et al. 1982).

2.5 Mangrove sediment as sinks of nutrients

Smith et al. (2012) describe an estuary as an open, compound system that undergoes various 

processes such as inputs of inorganic nutrients and organic matter that are deposited from 

land. The chemical composition, formation and physical properties of mangrove sediments 

are substantially controlled by long term geochemical, geomorphic and primary production 

(Chen and Twilley 1999).

Mangrove sediments have been regarded as important sinks for land acquired contaminants 

(heavy metals), carbon and nutrient sinks. They have been used to distinguish sources of 

pollution (Tam et al. 1995). According to Robertson and Alongi (1992), mangroves have the 

ability to absorb nutrients directly from the sediment and they accumulate the nutrients as 

biomass. The absorption level of nutrients in the sediment is substantially determined by 

microbial activities (Prasad and Ramanathan (2008). Various factors have been identified to 

play a role in determining the capacity of mangroves as sinks, these factors include rainfall 

and geomorphology settings. The latter includes physical forces that react on the edge of the 

water body and they also control processes. Prasad and Ramanathan (2008) further states 

that in riverine systems there is nutrient inflow and a strong out-welling which results in the 

system being the source of nutrients, while in tidal systems there is small-scale export thus 

resulting in the system being a sink of nutrients. Adame and Lovelock (2008) hypothesized 

that rain will increase the ability of mangrove forests to be sinks of nutrients and their results 

showed that the ability of mangroves to be sinks was increased during periods of rainfall.

Mangrove sediments have been found to be sinks for ammonium and Si and PO4-3. The latter 

was believed to be as a result of utilization by benthic microalgae and mangrove trees (Kaiser
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et al. 2015). Another study in Red River Estuary, Vietnam supported the fact that mangroves 

were sinks of nutrients. This was as a result of their study showing that mangroves were the 

net consumer of nitrogen and phosphorus (Wosten et al. 2003).

2.6 Keystone species influencing mangrove forests

Keystone species are defined as those species associated with activities taking place in a 

mangrove forest and they have a major influence on the ecosystem level parameters (Naiman 

et al. 1986). Crabs are known to be the most important organisms that have an impact on a 

mangrove forest, after microbial processes. The well-being of mangrove ecosystems is stated 

to be directly dependent on microbial function and dynamics (Bashan et al. 2000).

According to Sahoo and Dhal (2009), there are various types of bacteria found in mangrove 

forests whereby each has its own role in mangrove sediments. These include methanogenic 

bacteria, phosphate-solubilising bacteria, and enzyme producing bacteria, photosynthetic 

anoxygenic bacteria and nitrogen fixing bacteria. Nitrogen fixation is defined as the process of 

changing nitrogen into integrated arrangement, e.g. ammonium and organic nitrogen. Nitrogen 

fixation in mangrove forests is correlated with decomposing leaves and other litter fall (Sjoling 

et al. 2005). Restrictions by energy sources can have an effect on nitrogen fixation and the 

main factors that can limit nitrogen fixation are light intensity and water temperature (Sahoo 

and Dhal 2009).

In mangrove ecosystems, litter from trees (twigs, leaves and propagules) are the main source 

of nutrients and carbon (Rajkaran and Adams 2007; Reef et al. 2010). They become deposited 

on the forest floor (Alongi 2008) and crabs will utilize some of this litter and the other litter will 

be stored in crab burrows for further degradation. Moreover, this in turn leads to conserving 

nutrients within the mangrove forests. Processing of leaves by the crabs increases the rate 

of nutrient cycling since crabs can break down litter 75 times more than the rate of microbial 

decay. By that, high rates of productivity will be promoted (Robertson and Daniel 1989a). 

Other litter is exported from the mangrove ecosystem by tidal currents to other coastal areas. 

Bioturbation by crabs is also stated to lead to changes in soil chemistry and texture, changes 

in degree of anoxia and affects surface topography (Alongi 2009).

The absence of crabs in a mangrove forest lead to nutrient deficiency in the forest and thus 

affecting mangrove productivity and the life supporting capacity of the ecosystem. According 

to Youssef and Saenger, (1996) the presence of crab burrows in the forest helps in the 

aeration of the soil and this leads to the establishment of seedling in a less stressful 

environment than the normal mangrove soil that is anaerobic.
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2.7 Factors affecting the population structure of mangroves and production in 

Mangrove forests

There are various factors that influence the functioning and structure of mangrove forests and 

they vary in correlation to global, regional and local scales over different time scales (Alongi 

2002). Rajkaran (2011) stated that an understanding of the population structure of mangroves 

is essential and knowing the relationship with the current environmental characteristics is 

necessary to ensure conservation. Mangrove productivity is higher at latitudes that are low, 

areas of high temperature and high annual rainfall. As a result, high productivity might result 

in high qualities of material that is available to be exported (Adame and Lovelock 2011). Reef 

et al. (2010) stated that mangroves are highly productive in the world in terms of gross primary 

productivity (GPP). They store and fix notable amounts of carbon. Even though mangrove 

forests are carbon rich, they are also nutrient poor. The main portion of the GPP stored in 

mangroves is the net primary productivity (NPP) and it constitutes the portion of the GPP that 

remained after carbon loss by respiration is accumulated and deducted as biomass primarily 

in wood, leaves (above ground NPP) and roots (below- ground NPP) (Amarasinghe and 

Balasubramaniam 1992).

About one-third of primary production in mangrove forests is represented mainly by plant litter 

and this is usually exported to adjacent waters through creeks (Ngesi 2010). The mangrove 

ecosystem is said to be highly productive and they contribute through their litter fall 

(Hernandez et al. 2011). They have a gross primary production that is estimated at 3-24g 

C/m-2 day -1 and net production that is estimated at 1-12gC/m-2 day -1 (Lugo et al. 1976). 

Mngazana Estuary plays a great part in the production of organic carbon and it is an important 

source of mangrove litter and also POC for the adjoining marine environment. There is little or 

no DOC that is exported from it. In their study, leaf litter production was 2.4 ± 0.2 g m -2 d -1 in 

summer and it was 0.3 ± 0.1 g m -2 d -1 (Rajkaran and Adams 2007).

2.8 Importance of mangroves and the influence of mangroves on soil stability

Mangroves usually grow on muddy, waterlogged soil (Northland Regional Council 2005), they 

play a role in assisting resistance against soil erosion, and this is done in two ways through 

consolidation and increasing soil rigidity through underground roots. Mangroves are able to 

colonize recently deposited sediment, by so doing they help consolidate this sediment and 

this may encourage further sedimentation (Blasco et al. 1996). The capacity for further 

consolidation seems to differ from mangrove to mangrove. Consolidation is better under 

Sonneratia and Avicennia species as compared to Rhizophora species. This is due to the fact 

that the roots of Avicennia and Sonneratia species grow rapidly and thicker. According to
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Blasco et al. (1996), mangroves do not stop erosion, but their roots are able to slow that 

process down greatly.

Taylor et al. (2003) stated that there is an increase in the attention that mangroves receive 

from various organizations which include government and nongovernment. This is due to the 

ecological and environmental services that they provide, and also their ecological importance. 

Mangrove forests are important ecologically and socioeconomically (Jia et al. 2014). 

Economically, mangroves play a role as the main source of important products of livelihoods 

in coastal areas. These include wood, dye tannins etc. They also play a role in the stabilization 

and protection of coastal areas (Lee et al. 2014), water quality conservation, storm protection, 

habitat protection and biodiversity and ground water discharge and restoration (Giri et al. 

2015). According to Abrantes et al. (2015), mangroves are important contributors to estuarine 

food webs. In systems where extensive mangrove forests are present, mangrove derived 

carbon can be the main source of nutrients supporting food webs.

2.9 Mangroves and their dynamics

2.9.1 Mangroves distribution in South Africa
Steinke (1995) in his review stated that mangroves in South Africa are only found in estuaries 

and bays that are usually located between mean sea level and mean high water spring tides 

since wave energy is regularly high around the coast. Only 0.05% (1631.7 ha) of the African 

continent’s entire mangrove area is found in South Africa, the majority of the continents 

mangroves are found in Nigeria (Giri et al. 2011). Mangroves are only found on the east coast 

of South Africa and are larger in the north (26°S), becoming smaller in southern estuaries 

(33°S). Mangroves exist along the east coast of South Africa; they are found in 37 estuaries 

and they cover nearly 1688 ha which is about 0.05% of the African continent’s total (Adams et 

al. 2004). They expand from Kosi Bay found in the north to Nahoon Estuary. They established 

large stands in Kobonqaba, Nqabara, Xora and Bulunga Estuary. The mangroves covered 

larger areas on the Xhora Estuary (16 ha) than the Mbashe and Nxaxo which covered 12.5 

ha and 14 ha respectively (Saintilan et al. 2014). Steinke (1986) documented the colonization 

of Avicennia marina - in Kwelera Estuary; it was thought to be as a result of mangrove stands 

in Kobonqaba Estuary which is found 60 km north of Kwelera. Mangroves also colonised Kei 

River (17 km away) and Gonubie River (70 km away), their source is believed to be also 

Kobonqaba Estuary (Steinke 1986). These estuaries have not been sampled since that study. 

At Nahoon Estuary, Steinke and others planted mangroves (Avicennia marina, Rhizophora 

mucronata and Bruguiera gymnorrhiza) at the mouth of the estuary, the forest later spread as 

a result of natural distribution of propagules, but only A. marina managed to spread extensively
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in the forest (Steinke 1995). Mangroves were also believed to have been planted in Tyolomnqa 

Estuary.

Mangroves usually show a zonation pattern, for example Watson (1929) showed that in 

Southeast Asia a Sonneratia or Avicennia stand is often found on the sea front and Rhizophora 

and Bruguiera stands are distributed more inland. In South Africa, since there is low species 

diversity, zonation patterns are entirely variable. Avicennia marina in some of the estuaries is 

the only mangrove that occurs in this region. It is usually found on the seaward and also on 

the landward edge of the forests with B. gymnorrhiza and Ceriops tagal Perr. inland. 

Rhizophora mucronata. in Mngazana and Kosi Bay is found at the edges of channels and 

Lumnitzera racemosa Willd. is mostly common at the landward margin of the forest (FAO 

2005).

Von Maltitz et al. (2003) states that mangroves are considered to be most threatened and the 

rarest forest types in South Africa. There are six species of mangrove found in South Africa 

and two associate species (Steinke 1995). Avicennia marina is the widest spread compared 

to the other six species found in South Africa. It is commonly known as the white mangrove 

as a result of its greyish-white under surface of the closely packed leaves. This species is 

considered to be a pioneer species and it can grow in both muddy and sandy soil. It has small 

buoyant propagules that are dispersed by ocean water. Avicennia marina is found in a number 

of estuaries (24), from Kosi Bay (KwaZulu Natal) to Nahoon Estuary (Eastern Cape) (Rajkaran 

2011). Bruguiera gymnorrhiza is another common species found in South Africa occurring in 

33 estuaries. It is sparse south of Mbashe River and its natural distribution ends at Wavecrest 

32° 35’ S, 28° 31’E. Trees of this species can reach a height of up to 15 m (Steinke 1995). In 

southern estuaries, the largest trees do not exceed 5m (Steinke 1995). Rhizophora mucronata 

is native to Africa, and is not as common as A. marina and the B. gymnorrhiza. It is found in 

12 estuaries of KwaZulu Natal and Eastern Cape. Ceriops tagal is the least common species 

in South Africa, trees of this species do not reach a height that is above 2 m to 3 m. Lumnitzera 

racemosa is found in the Kosi system where trees reach heights of 2 m to 3 m. Xylocarpus 

granatum Koen. is also only found in the Kosi system and only one individual is present (Ward 

and Steinke 1982). Kosi Bay is the only system that has all six mangrove species. Two other 

species are found in South Africa, associate mangrove Hibiscus tiliaceus L. and a mangrove 

fern Acrostichum aureum L. (Rajkaran 2011/

The mangrove forest at Mngazana Estuary is the third largest in the country (Rajkaran 2011). 

According to Rajkaran and Adams (2012) there are three species found at Mngazana, A. 

marina, R. mucronata and B. gymnorrhiza. Avicennia marina is foremost along the main 

channel and has seedlings that colonised the intertidal areas at the fore of the adult trees.

24



Rhizophora mucronata is dense along Creek 2 where sediment moisture content and organic 

content was the highest. Bruguiera gymnorrhiza is mostly found in landward edge of Creek 1 

and most of its sites are inundated only during spring tide.

All the mangrove species at Mngazana have undergone disturbance by cutting. The three 

local communities surrounding Mngazana Estuary use the forest for products manufactured 

out of wood. The main stems of B. gymnorrhiza and R. mucronata have been cut and 

collected. From A. marina the branches were cut instead of the main stem (Traynor and Hill 

2008). Bruguiera gymnorrhiza and R. mucronata was used by 70% of the homesteads for 

building and 3% of the homes used them for other construction purposes. Therefore, these 

two species were the most preferred for building and A. marina was used for firewood. 

Traditional houses, which are structures, huts etc. that are built up from natural material, are 

the primary kind of housing structures utilized by 94% of the community living at Mngazana 

(Traynor and Hill 2008)

Rajkaran et al. (2004) observed that people who harvest these mangroves have particular 

points of entry where the removal of the bundle of poles is proper and suitable for them. 

Harvesting of trees was concentrated in two prime areas in Creek 1 and Creek 2. Both of these 

Creeks had stump densities of approximately 3240 ha-1. The third area that was harvested 

was characterised by 2400 stump ha-1. Harvesters selected adult trees that were above 2.5 m 

in height. Mangrove loss was estimated at one hectare a year (Rajkaran and Adams 2010) 

and some of these patches are now bare ground indicating that harvesting resulted in changes 

in environmental conditions. Rajkaran (2011) stated that a decline in mangrove cover in this 

forest was noticed on the southern bank which is at the lower reaches near the houses and at 

the northern bank that is beyond Creek 1.

The next chapter will focus on the distribution of mangroves in South Africa, to determine 

changes in the microclimate within the mangrove forests and to relate these to biological 

factors. The weight of propagules produced in a forest is considered to be one of the 

determinants of mangrove distribution, therefore mangrove distribution and expansion is 

dependent on the ability of mangrove trees to produce propagules, transport of propagules 

and also on the number of propagules produced.
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Chapter 3 -D istribu tion of mangroves in South Africa

Generally, mangrove species occupy a distinctive geographical range. Some have 

geographical ranges that are large (Avicennia marina) and stretch over various continents 

while other species exhibit more restricted ranges (Rhizophora mucronata). Abeli et al. (2014) 

noted the effects of marginality on the performance of plant populations and stated that plants 

found at the edge of their distribution tend to be smaller as compared to those found in central 

populations and their success in completing their life cycle may be lower.

Various factors have been documented to influence mangrove distribution. Changes in rainfall 

and temperature patterns influence mangrove distribution and growth. Increased sediment, 

nutrient supplies, reduced salinity (less than 30 PSU) and a decrease in sulphates may be 

caused by high rainfall. These can lead to an increase in growth rates and productivity of 

mangroves. Rainfalls that are low increases salinity which in turn decreases productivity, 

growth, diversity and seedling survival (Eslami-Andargoli et al. 2009). In Australia, mangroves 

grow taller (30 m high), are more productive and more diverse in areas where there is high 

rainfall. According to Saenger and Moverly (1985); Hutchings and Saenger (1987) nearly all 

mangrove species with the exception of A. marina generate maximal shoots density when 

daily mean air temperature increases to 25 °C and they cease to produce leaves when the 

mean air temperature decreases to 15 °C. Some mangrove species may show a reduction in 

leaf formation rate. In subtropical areas, especially those that are near the latitudinal limit of 

mangrove distribution, cold temperatures that are less than 5 °C (freezes/frost) may result in 

damage or even kill mangroves trees (Liu et al. 2014). For example, mangroves have been 

sporadically damaged and killed in Texas, Louisiana and Florida and this is shown by (Ross 

et al. (2006), and Steven et al. (2006)). According to Stevens et al. (2006) Avicennia 

germinans in North America have a distribution that can be expanded during periods where it 

is not freezing or when salt marsh vegetation is killed. A study by Cavanaugh et al. (2013) at 

the east coast of Florida from 25 °N to 30 °N showed that mangroves expanded pole ward 

across the east coast of North America. This expansion was related to global warming and it 

was not due to increases in mean air temperatures but it was caused by decreasing frequency 

of individual cold events.

Mcleod and Salm (2006) stated that as a result of climate change, mangroves will be 

influenced by sea level rise. Mangrove distribution and growth changes when sea level rises; 

mangroves move landward and those found at or near the sea margin die due to stress caused 

by increased water levels (Gilman 2008). Increased CO2 levels linked to climate change may 

result in an increase in growth and productivity of some mangroves species, and these are 

most significant when salinity is low (Field 1995; Gilman 2008). Saintilan and Rogers (2015)
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document the importance of CO2 enrichment together with other environmental drivers. 

Increases in atmospheric CO2 concentration helps improve soil moisture conditions, therefore 

resulting in seedling survival, maintains water loss by lowering leaf conductance, increase 

mangrove growth rates and sapling recruitment that is facilitated by floods that occur 

frequently.

Coastal development has also been recognized as a factor that is of importance to the 

expansion of mangroves on the east coast of Australia (Saintilan and Wilton 2001). The 

dredging operations are thought to increase nutrient and sediment loads in estuaries and the 

succeeding fertilisation of areas with saltmarsh facilitating colonization of mangroves. Some 

species of mangroves migrate to higher latitudes where range extension is limited by 

temperature; therefore, cold events are more likely to limit mangrove distribution into higher 

latitudes (Snedaker 1995).

Seedlings are the key factor for mangrove distribution. Seedling establishment and growth 

expands the distribution of mangroves (Hastuti et al. 2012). The capacity for vegetative 

propagation in mangroves is diminished and only a few species are capable of this, hence 

they are dependent on seedlings for forest expansion and regeneration. They reveal two 

reproductive strategies that are unique: vivipary and hydrochory. Vivipary increases the 

chances of successful establishment in an environment that is unpredictable (Feller and Sitnik 

2002). Saintilan et al. (2014) mention that most species of mangroves are hydrochorus and 

consequently are likely to disperse to new localities by sea and estuarine currents, driven by 

wind, tides, waves and ocean circulation. Mangrove species are dispersed by propagules that 

are buoyant, the ability of these propagules to disperse across the water have limits that are 

determinable and these are species specific (Duke 1995).

3.1.1 Distribution and drivers of mangrove expansion in South Africa

Mangroves in South Africa expand from Kosi Bay in the north in the province of KwaZulu Natal 

(KZN) to Nahoon Estuary in the Eastern Cape (EC) (Ward and Steinke 1982). The southern 

limit of mangroves was previously stated to be at Kobonqaba Estuary which is found north­

east of Nahoon Estuary (Table 4) (Hoppe-Speer et al. 2015). Mangroves have established 

large stands in Kobonqaba, Nqabara, Xora (16 ha) and Bulunga Estuary and they covered 

larger areas on the Xhora Estuary than the Mbashe (12.5 ha) and Nxaxo (14 ha) Saintilan et 

al. (2014). At Nahoon Estuary, Steinke and Carl Vernon planted mangroves in 1969 (Avicennia 

marina, Bruguiera gymnorrhiza and Rhizophora mucronata) at the mouth of the estuary, the 

forest later spread as a result of natural distribution of propagules, but only A. marina managed 

to spread extensively in the forest (Steinke 1972 and Steinke 1995).
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T a b le  4: T h e  c u rre n t d is tr ib u tio n  o f m a n g ro ve  s p e c ie s  and  c o ve ra g e  o f m a n g ro ve  fo re s ts  in 
S ou th  A frica . A m  = Avicennia marina, Bg= Bruguiera gymnorrhiza, R m = Rhizophora 
mucronata, C t=  Ceriops tagal, Lr= Lumnitzera racemose. E s tua rie s  w ith  * in d ica te  loss  o f 
m a n g ro ve s  as re co rd ed  by R a jka ra n  et al. (2009).

Estuary with 
mangroves

Species present Cover (ha) (Ward 
and Steinke 1982)

Cover (ha) Hoppe- 
Speer et al. (2015)

K osi B ay A m ,B g ,R m ,C t,L r 5 9 .0 ND
M g o b e ze le n i Bg 2 .5 ND
S t Luc ia A m ,B g 160 .0 ND
M fo loz i A m ,B g 2 6 .0 ND
R ich a rd s  B ay A m ,B g ,R m 4 2 7 .5 ND
M la laz i A m ,B g ,R m 30 ND
M h la n g a Bg 0 .5 ND
M gen i A m ,B g ,R m 4 4 .0 ND
D u rban  B ay A m ,B g ,R m 15.0 ND
S ip in g o A m ,B g ,R m 12.5 ND
L ittle  M a n z im to ti Bg 0 .5 ND
Lovu A m ,B g ,R m 2 .0 ND
M s im ba z i A m ,B g 0 .5 ND
*M g a b a b a Bg 0 .5 ND
*N g a n e Bg 0 .5 ND
M ko m a z i A m ,B g .R m 2 .0 ND
*M a h lo n g w a Bg 1.0 ND
*K o n g w e n i Bg <0 .5 ND
*B ila n h lo lo Bg 0 .5 ND
*M h la n g a n k u lu Bg <0 .5 ND
*K h a n d a n d lo v u Bg <0 .5 ND
M ta m vu n a Bg 1.0 1
M za m b a Bg 1.0 0 .3
M n ya m e n i A m ,B g 3 .0 5
M ten tu Bg 1.0 0 .6
M z in tla va Bg 1.5 1.7
M n ta fu fu A m ,B g ,R m 10.0 12
M z im vub u A m ,B g 1.0 0 .03
M n g a za n a A m ,B g ,R m 150.0 118
M ta ka tye A m ,B g ,R m 7.5 10
M dum b i A m 1.0 5
M ta ta A m ,B g ,R m 3 4 .0 31
B u lu n g u la A m ,B g ,R m 3.5 0 .0 1 4
X o ra A m ,B g 16.0 2 5 .5
M b a sh e A m ,B g 12.5 9 .2
N q a ba ra A m 9.0 11.8
N xa n xo /N g q u s i A m ,B g 14.0 9 .5
K ob o n q a b a A m 6 .0 0
K w e le ra A m <0 .5 ND
G o n u b ie A m <0 .5 ND
N ahoon A m 0.5 1.6

ND= No data

H o p p e -S p e e r et al (2015 ) s ta te d  th a t m a n g ro ve s  e xp a n d e d  and  sp re ad  in th a t a re a  even  

th o u g h  th e y  w e re  o u t o f th e ir  lim it and  w e re  a t h ig h e r la titudes . T h e y  sp e cu la te d  th a t th e se
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mangroves expanded as a result of changes in precipitation and temperature and these 

changes were brought about by the changes in sea level rise and climate. They concluded 

that as temperature increases so will the south ward expansion of mangroves. Steinke and 

Ward (2003) used drift cards as indicators of mangrove propagule dispersal and they 

recovered cards south of East London and implied that these sites were suitable propagule 

dispersal.

3.1.2 Objectives and aims

Many factors influence mangrove expansion, but for this study we focussed on air 

temperature. The aim of this study was to revise the distribution limits of mangroves in South 

Africa, assess temperature limits and spatial changes in mangrove development at Kwelera 

and Tyolomnqa Estuary and compare propagule weight of mangroves from different locations. 

The limit of these forests was expected to be at Nahoon Estuary as presented by Ward and 

Steinke in 1982 and Hoppe-Speer (2015) and that no forests existed further south of this 

location due to environmental constraints.

3.1.3 Study site description

The length of the Eastern Cape coastline is approximately 815 km (Figure 3); it extends from 

the mouth of Blaauwkrantz River to the Umtumvuna River (at the border of KZN). It consists 

of bays, sandy beaches, rocky shores, sharp cliffs and wave cut platforms. From East London 

lies the wild coast that is found in the former Transkei, is described as undulatory, and very 

rough (Breetzke et al. 2013). Further south of East London lies the Sunshine coast that is less 

undulating as compared to the wild coast. The coastline in the Eastern Cape is considered to 

be the least spoilt when compared to other parts of coastlines in the country.

In the Eastern Cape coastline, 139 estuaries are found, 17 of which are permanently open to 

the sea. The volume of water in permanently open estuaries is large, permitting tidal activity, 

which maintains open mouth conditions (Whitfield and Bate 2007). These estuaries differ in 

size, mouth status, salinity, mixing process and ecological importance. According to Grange 

and Allanson (1995) estuaries differ in salinity ranges, some have less freshwater coming into 

the estuary which in turn lead to high salinity ranges and others have average to low salinity 

ranges. This is as a result of semi-arid temperatures and also irregular catchments.

Eastern Cape estuaries are considered to be in good health (29 % excellent, 25 % good, 14 

% fair and 6 % poor) (Berliner and Desmet 2007). Wild coast estuaries are stated to be 

healthier than the others. DEAET (2004a) recorded Mngazana, Mbashe and Keiskamma 

estuaries as having great botanical importance. Some of these estuaries have mangrove 

forests that have various importance which include storm wave protection, provide fuel and
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building materials, maintaining water quality etc. (Adams et al. 2004). A study by Adams et al. 

(2004) showed that there are 14 estuaries that have mangrove forests in them. Some forests 

were lost as a result of various factors which include mouth closure, changes in salinity and 

also floods (Hoppe-Speer et al. 2015). What follows is a description of estuaries north and 

south of Nahoon Estuary -  the current limit of mangroves. These estuaries were selected for 

sampling.

Figure 3:The location of the Eastern Cape province and the estuaries sampled and mentioned 
in this study (closed circle-Tyolomnqa Estuary, open circle- Kwelera Estuary) (Rajkaran 2011).
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Kwelera Estuary

The Kwelera Estuary is 4.9 km long and situated 32°55'26.5"S 28°04'35.8"E (Figure 3) (Plate 

2 A). It is a permanently open estuary that is close to East London, South Africa (Figure 3, 

Figure 4). This estuary has a tidal inlet which is 20 m wide and 2 to 3 m deep during high tide 

conditions (du Preez and Hosking 2010) It has a catchment size of approximately 391 km2 

and a tidal prism of 5.2 *105 m3 and a mean annual runoff (MAR) of 42*106 m3 (Talbot et al. 

1990). A reduction in water inflow was recorded to have increased by 67 % in this estuary (du 

Preez and Hosking 2010). Halophila ovalis (R. Brown) has been found in Kwelera Estuary, 

this species is stated to be very sensitive to competition with Zostera capensis (Setchell) and 

environmental changes. A study by Talbot et al. (1990) showed that floods that occurred 

frequently for 15-years in this estuary completely removed Z. capensis beds.

Figure 4: Map of Kwelera Estuary, from Areena riverside resort to the mouth (Google map).
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Gonubie Estuary

The Gonubie Estuary also known as Gqunube Estuary is a permanently open estuary that is 

found in the warm temperate region. It is situated at 32°55'59"S; 28°01'59"E (Figure 3). It has 

a catchment area of approximately 665 km2 and the length of the estuary is approximately 109 

km. According to Campbell et al. (1991), this estuary has a significant freshwater inflow and a 

large tidal inlet. There are a number of tributaries in its catchment. The largest tributary is the 

Tanga River which enters the Gqunube from the north. The Ngwevana, Ntena, Qolora, 

Ncweba and Mtyana tributaries enter the Gqunube River in its lower reaches. The intertidal 

area of Gqunube Estuary is characterised by various plant communities including perennial 

herb (Juncus krausii Hochst.), submerged macrophytes (Zostera capensis) and saltmarsh 

species (Sarcoconia spp., Triglochlin spp. etc.) (Coetzee et al. 1996).

Tyolomnqa Estuary

The Tyolomnqa Estuary is a large, permanently open estuary that is situated approximately 

38 km southwest of East London and it forms the northern border of the Ciskei coast of the 

Eastern Cape. It is located 33°13’32” S; 27°35’01” (Figure 3, Figure 5). It has a river that is 

about 78 km long with a catchment area of 441 km2. James and Harrison (2011) describe the 

estuary as being narrow (approximately 32 m) and is channel-like in the upper reaches and 

only widens towards the mouth (200-300 m) (Figure 5). According to Bowd et al. (2012) 

Tyolomnqa Estuary has a large and complex social system and it encompasses important 

local and provincial governmental bodies, non-governmental agencies and general service 

users e.g. local and visiting fishermen. Along the estuary and around the catchment, 

subsistence farming occurs. The estuary is stated to be attractive and has a natural heritage 

that has been maintained (Maponya and Ngulube 2007). Reeds, sedges and supratidal 

saltmarsh are found in this estuary and the total current saltmarsh is 19.4 (Table 5) (Mucina 

et al. 2006). The estuary is known for its irregular commercial fishing and poaching by people 

from other communities. Offshore of this estuary is where the first coelacanth (which was 

believed to be extinct) was captured and numerous memorial statues was erected by Captain 

Hendrik Goosen in 1938.
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Figure 5: Map of Tyolomnqa Estuary, from furthest mangroves to the mouth (Google map).

Keiskamma Estuary

The Keiskamma Estuary is a large permanently open estuary that is situated at the small town 

of Hamburg that is approximately 62 km northeast of Port Alfred and 51 km southwest of East 

London. It is located at 33°16'45"S; 27°29'50"E. This system has a large catchment that is 

2745 km2 and a MAR of 142.7 * 106. The estuary is narrow in the upper reaches (30 m) and 

widens towards the mouth (James and Harrison 2011) and it has a length of approximately 12 

km and an area of 197 ha. Keiskamma Estuary has the highest density of endemic gobiids 

and it is a fresh water rich estuary (Strydom and Neira 2006). Saltmarsh species Sarcoconia 

tegetaria S. Steffen, Mucina & G. Kadereit was also recorded by Steffen et al. (2009). 

According to Mhangara and Kakembo (2012), the average annual rainfall and temperature in 

Keiskamma were 1 900 mm and 11° C for the escarpment zone and 600 mm and 18° for the 

coastal plateau. Its salinity ranges between 0.00-26.38 PSU, temperature ranged between 

15.71-26.36° C and water transparency was indicated by secchi disk depth that ranged 

between 0.01-0.0 m (Strydom et al. 2002).
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3.2 Materials and methods

To revise the distribution of mangroves in South Africa sampling took place at Kwelera, 

Gonubie, Tyolomnqa and Keiskamma. However, data was only collected from Kwelera and 

Tyolomnqa as only one tree was found at Gonubie and no trees were found at Keiskamma. 

Sampling occurred in 2014 and 2015, and first sampling took place in May 2014, and the 

second sampling occurred in April 2015. Mapping was done using Google Earth Pro to 

determine the temporal and spatial changes of the mangroves at Kwelera and Tyolomnqa 

Estuary. Aerial photos were examined for Kwelera (2002, 2012 and 2016) and Tyolomnqa 

(2000, 2011 and 2016) estuaries. Mangrove units were mapped using the polygon feature, 

where possible and the aerial extent was measured in hectares.

Physical and biological characteristics were measured where mangroves were located. At two 

estuaries (Kwelera, Tyolomnqa Estuary) temperature was measured hourly using iButtons 

(Plate 1) (from May 2014 to June 2015). To assess sediment and porewater characteristics, 

sediment was collected at low tide during May (Kwelera and Tyolomnqa - Site 1 and 2) and 

September 2014 (Tyolomnqa - Site 3 and 4) using three replicate holes at three zones; it was 

collected from the upper 30 cm. Porewater salinity, temperature, conductivity and pH was 

measured from pooled water with a handheld YSI meter.

Plate 1: An iButton recording temperature hourly on an A. marina tree at Kwelera Estuary.
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Table 5: Site description of the two estuaries sampled.

Name of 
Estuary

Site Distance 
from mouth
(k m !

Distance from
channel
(m)

Tidal regime Associated
vegetation

Kwelera 1 1 <5 Inundated by every tide Phragmites australis 
(Cav.)Trin.

2 <5 Inundated by every tide Spartina maritima 
(Curtis) Fernald

Tyolomnqa 1 5.5 5.6 Inundated by every tide Bassia diffusa 
(Thunb.) Kuntze , 
Sarcocornia spp.

2 5.6 Inundated by every tide

3 1.5 16.1 Inundated by normal 
and spring tides

Spartina maritima 
(Curtis) Fernald

4 47.3 Inundated by every tide

Sediment Analysis

Redox potential was measured within 12 hrs of sediment collection. Samples were then 

transported back to the lab where pH, moisture content, organic content and conductivity was 

measured according to Gee et al. (1986).

Redox potential

Redox potential was measured using an oxidation-reduction platinum electrode attached to a 

pH/ redox meter. Readings were done by placing the probe in the sediment and taking 

readings every 6 minutes.

Moisture content (Black 1965)

Moisture content (%) of the sediment was measured by weighing 10 g sediment samples in 

crucibles and drying them to constant weight in an oven at 100° C for 48 hours. The samples 

were then re-weighed and the difference in weight before and after drying recorded.

(wet m ass- dry mass)
x 100%

wet mass

Organic content (Briggs 1977; Sanders et al 2012)

To measure the organic matter content (%) of the sediment, sediment that was re-weighed 

after measuring moisture content was placed in an ashing at 550° C for 5 hours. Readings 

were then taken before and after ashing, and the organic matter content calculated.

(initial dry m ass- mass after ashinq)
x 100%

initial dry mass
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pH

Sediment pH was measured using a multiprobe by weighing 5 g of sediment and 50 ml of 

distilled water added to this and carefully stirred. The probe was then inserted into the solution 

and the readings recorded.

Conductivity

To measure conductivity, a 250 g of air-dried sediment samples were placed in beakers. The 

distilled water was added to the sediment until a paste-like consistency was achieved. The 

samples were filtered using a Buchman filter and Whatman No. 40 filter paper after being left 

to stand for an hour. A conductivity meter was used to measure the conductivity of the 

sediment samples.

Grain Size

Grain size was measured using Mastersizer 2000 which uses a laser diffraction technique. 

The samples were analysed with a wet analysis using a Hydro S dispersion unit (capacity 100­

150 ml). The Mastersizer 2000 had a grain size distribution range of 0.02-2000 ^m. When 

measuring, water was used as a dispersant and each sample was made wet with a small 

amount of water and it was then added to the Hydro S dispersion unit.

Biological characteristics

Population characteristics were measured to determine if the mangrove populations were 

regenerating and to attempt to age the trees. To determine the population structure of 

mangroves, quadrats of 3 m x 3 m were constructed and replicated 5 times in each site (or as 

many times as the mangrove population allows). The forest at Kwelera is 1 km from the mouth 

of the estuary and was divided into two sites while four sites (Site 1 and Site 2 -  5.5 km from 

the mouth, Site 3 and Site 4 -  1.5 km from the mouth) were set out at Tyolomnqa (Table 4). 

Individual trees were measured (height, circumference at breast height - CBH). CBH was 

converted to diameter at breast height (DBH). Aspects of phenology were recorded in terms 

of flowering and propagule production. Propagules were also collected, dried at 70° C for 24 

hours and measured to determine if the investment into propagules was lower compared to 

other mangrove forests. Trees were shaken to retrieve propagules that were about to drop, 

10 propagules were collected from 5 different trees at each estuary.
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A B

Plate 2: View of Kwelera mangrove forest (A) and the singular B. gymnorrhiza sapling found 
in the estuary (B).

C D

Plate 3: View of Site 3 and 4 at Tyolomnqa mangrove forest (C) and (D).
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3.2.1 Data Analysis

Data was analysed using STATISTICA (12 64 -bit). Normality was tested with Shapiro Wilk’s 

test to test if the data were normal at p>0.05. If data was found to be non-normal, then non­

parametric a Kruskal-Wallis ANOVA was used to compare more than two sets of data for 

significant differences. If data was found to be normally distributed, then One Way ANOVA 

tests was used. Correlation matrices were used to determine the relationships between 

porewater and sediment salinity conductivity and also to determine a relationship between 

moisture content, organic content and redox potential.
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3.3 Results

Spatial and temporal changes have been occurring both at Kwelera (Figure 6) and Tyolomnqa 

Estuaries (Figure 7 and Figure 8). An increase in mangrove cover was recorded in both 

estuaries and it occurred continuously. At Kwelera Estuary, mangrove cover increased by 0.3 

ha in 2016, while mangrove cover at Tyolomnqa Estuary increased by 0.12 ha from 2012­

2016 (Table 6).

In 2002, a few mangroves trees were found growing at Kwelera Estuary, in a subsequent 

assessment between 2012-2016 the mangrove stand was thicker as compared to the previous 

years. Google Earth images for the year 2000 at Tyolomnqa Estuary were not clear to record, 

but mangroves were present in that estuary. The highest increase in mangrove cover was 

recorded in Site 1 at Tyolomnqa Estuary (0.07 ha) from 2012-2016 (Figure 7). Total mangrove 

area at Tyolomnqa was higher than that of Kwelera Estuary.

Seaward expansion was recorded at Kwelera Estuary. An increase in mangrove cover at Site 

1 and Site 2 at Tyolomnqa Estuary occured along the shore and a landward expansion 

occurred in Site 3 and Site 4.

Table 6: Changes in mangrove cover (ha) at two estuaries

Year 2002 2012 2016

Kwelera 0.1 0.3 0.4

Year 2000 2011 2016

Tyolomnqa Not clear to map 0.55 0.67

Air temperature at Kwelera averaged between 14.54 °C to 21.66 °C. Maximum temperature 

was 30 °C (during summer months) and minimum temperature was 4.5 °C (June 2014 and 

2015) (Table 7). At Tyolomnqa, temperature ranged between 13.87 to 22.46 °C. Maximum 

temperature was 34 °C (summer months) and minimum temperature was 1.1 °C recorded in 

June and July 2014 (Figure 9). Extreme temperature events were defined when temperatures 

were < 5 °C (Table 7). Low temperatures mostly occurred at night or during the early mornings. 

An increase in the number of extreme events was recorded as you move further south. 

Temperature data from Mngazana and Nahoon are included for comparison.
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Figure 6: Development of the mangrove stand (white circle) at Site 1 and 2 at Kwelera. A) 
2002, B) 2012 and C) 2016.
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Figure 7: Development of the mangrove stand (white circle) at Site 1 and 2 at Tyolomnqa. A) 
2000, B) 2011 and C) 2016.
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Figure 8: Development of the mangrove stand (white circles) at Site 1 and 2 at Tyolomnqa. A) 
2000, B) 2011 and C) 2016.
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Table 7: A summary of air temperature and extreme temperature events at four estuaries in 
South Africa

Estuary Coordinates Minimum
temperature
(°C)

Maximum
temperature
(°C)

Number
of
extreme 
events (5­
10 (°C)

Number of
extreme
events(<5°C)

Mngazana 31 °S 5.9 34.7 338 -
Kwelera 32 °S 4.5 30 542 3
Nahoon 33 °S 5.3 31.4 130 15
Tyolomnqa 33 °S 1.1 34 758 72

■  Mngazana ■  Kwelera ■ Nahoon Tyolomnqa

Figure 9: Average monthly air temperature variations at Mngazana, Kwelera, Nahoon and 
Tyolomnqa.

Sediment characteristics

Moisture content of the sediment was similar between the two estuaries (F (1:38) = 0.0, p>0.05) 

and ranged from 25.8-47.6 % at Kwelera and 5.6 - 47.02 % at Tyolomnqa. Organic content 

was significantly lower at Tyolomnqa (1.53 % ± 0.19) (F (1,38) = 6.4, p<0.05) and ranged from

0.2 -  6.7 %. (Table 8).

Redox potential (mV) of the sediment ranged from 8.8 to 12.4 (mV) at Kwelera and at 

Tyolomnqa it ranged between -4.2 to 12.5 (mV). Redox at Tyolomnqa was significantly lower 

than redox at Kwelera (F (1, 18) = 4.28, p< 0.05,). Redox potential was higher for the surface
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samples at Kwelera compared to Tyolomnqa. Sediment pH at Kwelera and Tyolomnqa was 

acidic to being neutral. The pH ranged from 2.3-7.17 at Kwelera and, 2.22 -7.09 at Tyolomnqa 

(Table 8). Mean pH for Kwelera and Tyolomnqa was 4.5 ± 2.17 and 5.78 ± 1.78 respectively. 

There was no significant difference between the two estuaries (F (1,38) = 4.9), p > 0.05).

Average sediment conductivity was similar between the two estuaries (55.3 ± 3.5 mS; 54.1 ±

2.4 mS) and it ranged from 40.7-78.8 mS at Kwelera and 36.4-80.1 mS at Tyolomnqa. 

Conductivity was not significantly different between sites (p> 0.05) and estuaries (F (1, 34) = 

0.30, p> 0.05). Table (8)

There was a positive correlation between organic and moisture content at Kwelera Estuary 

(R=0.9, p<0.05). No correlation was found between organic and moisture content at 

Tyolomnqa Estuary (R= 0.4, p>0.05) and similarly no correlation was found between moisture 

content and redox potential at Kwelera and Tyolomnqa (R=0.6, p>0.05; R=-0.8, p>0.05 

respectively).

Porewater characteristics

Porewater salinity ranged from 27.4- 31.3 PSU at Kwelera and 21.1-38.8 PSU at Tyolomnqa 

where it was significantly higher (F (1, 5) = 5.77, p< 0.05) (Table 8). Porewater salinity was 

similar between sites at Kwelera Estuary (F (1, 3) = 1.6, p>0. At Tyolomnqa porewater salinity 

differed among sites, Site 1 had higher porewater salinity as compared to Site 3 (F (1, 3) =

244.2, p< 0.05) and Site 2 had higher porewater salinity as compared to Site 3 and 4 (F (1,4) = 

5.1, p < 0.05). Porewater conductivity was similar in both estuaries. Conductivity ranged from 

45.7 ± 0.9 mS at Kwelera and 43.9 ± 2.7 mS at Tyolomnqa. There was no significant difference 

in conductivity between Kwelera and Tyolomnqa (F (1, 15) = 3.3, p>0.05). Porewater 

temperature was similar and ranged between 16.5-23.3°C for Kwelera and Tyolomnqa (F (1, 

15) = 3.3, p> 0.05). Porewater pH at both Kwelera and Tyolomnqa was less than 7 with an 

exception of two sites at Tyolomnqa (Site 2 and Site 4). Overall pH was significantly higher at 

Tyolomnqa (F (1, 15) = 1.5, p < 0.05). (Table 8).
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Table 8: Sediment and porewater characteristics for all sites (average ± SE, N=3).

E s tu a ry S ite M o is tu re  
c o n te n t (% )

O rg a n ic
c o n te n t

(% )

S e d im e n t
R e d o x
P o te n t ia l
(m V )

S e d im e n t
pH

S e d im e n t
c o n d u c tiv ity
(m S )

P o re w a te r
S a lin ity
(P S U )

P o re w a te r
C o n d u c tiv ity
(m S )

P o re w a te r
pH

P o re w a te r  
T e m p e ra tu re  (°  C )

K w elera 1 33.0  ± 1.9 2 .6  ± 0.3 10.8 ±0.5 4.7  ±0. 60.2  ±4. 29.6  ± 1.1 45.7  ± 1.3 6 .3  ± 0.2 20.96  ± 0.7

2 37.0  ± 3.6 3.9 ± 1.1 9.8 ± 0.2 4 .5  ±0.9 50.4 ± 4. 28 .0  ± 0.6 43.3  ± 0.7 6 .4  ± 0.1 20.35  ± 0.4

T yo lom nqa 1 39.0  ± 2.8 0.9 ± 0.2 -3.1 ± 0.4 4 .7  ±0.8 47.1 ± 2.5 26.0  ± 4.8 25.2  ± 21.7 6.5  ± 0.2 22.2  ± 1.1

2 39.6  ±1.8 0.9 ±0.2 2.1 ± 0.2 4 .6  ± 1.0 46 .39  ± 3.2 23.8  ± 2.4 37.5  ± 3.3 7.1 ± 0.1 21.6  ± 0.4

3 34.9  ± 4.5 2 .2  ± 0.5 3.6 ± 0.5 6 .6  ± 0.1 57 .04±  2.0 37.9  ± 0.5 56.7  ± 0.5 6 .7  ± 0.2 17.7 ± 0.1

4 38.5  ±2.4 1.7 ±0.3 6.8 ± 1.4 6 .7  ± 0.2 6 5 .9 ±  3.5 34.3  ± 1.5 51.7  ± 2.5 7.4 ± 0.2 18.4 ± 1.3
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Sediment grain size

The sediment at Kwelera and Tyolomnqa was mostly composed of silt, while sand and clay 

was found in small proportions in both estuaries (Figure 10). Grain size ranges for each 

component of the sediment were designated as follows: sand (2 mm-64 mm), silt (smaller than 

0.0625 mm down to 0.004 mm) and clay (< 0.002 mm).

Kwelera - Site 1 Site 2

Tyolomnqa - Site 1 Site 2
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Site 3 Site4

Sand Silt Clay
Sediment type Sediment type

Figure 10: Sediment composition of Kwelera and Tyolomnqa Estuary
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Population structure of mangroves

One tree was found at Gonubie Estuary, it was 235 cm in height and DBH of 3.3 cm. It had 

flowers but no propagules were found. Tree height at Kwelera ranged from 12-800 cm. Twelve 

of the mangrove trees were classed as seedlings (0-50 cm). DBH ranged from 2.4 - 16.49 cm, 

five trees were flowering but none had propagules. Tree height at Tyolomnqa ranged between 

3- 593 cm, 82 trees were seedlings (Table 9). DBH ranged from 0.4 to 10.3 cm, 24 trees were 

flowering and 8 trees had propagules on them. Total number of trees at Kwelera Estuary and 

Tyolomnqa were 37 and 164 respectively. The density of individuals was 0.9 trees per m2 at 

Kwelera (Plate 2 A) and 1.2 trees per m2 at Tyolomnqa. The population at both Kwelera and 

Tyolomnqa Estuary showed a J shape curve and the population found there mostly belonged 

to the Regeneration size class less than 50 cm (Figure 11). At Kwelera no trees were found 

in Size class 250-350 cm.

During June 2015, the maximum height at Kwelera was still 800 cm and at Tyolomnqa it was 

620 cm. The Bruguiera gymorrhiza tree that was recorded in 2012 was still there and it had a 

height of 88 cm (Table 9). Populations found in both estuaries mostly belonged to the 

regeneration class size less than 50 cm. When looking at phenology, no trees were flowering 

at Kwelera, while 23 trees were flowering at Tyolomnqa (Table 10) and no trees had 

propagules in them at both Kwelera and Tyolomnqa.
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Figure 11: Average number of trees found in each size class. Regeneration size classes (RC1- 
<50 cm), (RC2 50.5-150 cm), (RC3 151 -  250 cm). Size classes (S4 251-350 cm) and (S5 
>350 cm).
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Table 9: Population characteristics in 2014 for all the sites (Average ± SE).

Estuary Site Density 
(per m2)

Maximum
height
(cm)

Average
Height
(cm)

Maximum 
DBH (cm)

Average 
DBH (cm)

Adult:
seedling
ratio

Trees with 
flowering 
(%)

Trees with 
propagules 
(%)
(Summer 
2014 and 
2015)

Kwelera 1 0.9 ± 0.2 800 192 ± 30.8 16.5 2.2 ± 0.9 1:16 0.3 ± 0.3 -
2 0.8 ± 0.1 240 48.5 ± 16 2.4 0.2 ± 0.2 1:13 - -

Tyolomnqa 1 1.3 ±0.4 593 202.1 ± 21 8.3 2.9 ± 0.3 1:4 0.3 ± 0.2 -
2 0.7 ±0.3 457 168.3± 4.4 6.3 2.08 ± 0.6 1:7 1.2 ± 0.1 1.6 ± 0.1
3 1.3 ± 0.2 521 211.3 ± 32 8.2 2.08± 0.57 1:2 0.2 ± 0.2 -
4 1.4 ± 0.5 420 71.8 ± 15 10.3 1.07 ± 0.2 1:5 - -

Table 10: Population characteristics in 2015 for all the sites (Average ± SE).

Estuary Site Density 
(per m2)

Maximum
height
(cm)

Average
Height
(cm)

Maximum 
DBH (cm)

Average 
DBH (cm)

Adult:
seedling
ratio

Trees with 
flowering 
(%)

Trees with 
propagules 
(%) (summer 
2014 and 
2015)

Kwelera 1 0.3 ± 0.1 800 643 ± 64. 5 16.7 9.6 ± 1.6 - - -
2 1.4 ± 0.1 88 28.7 ± 2.3 - - - - -

Tyolomnqa 1 1.3 ± 0.9 580 226.2±24.6 12.7 4.3 ± 0.5 1:3 - -
2 0.2 ± 0.1 470 419.3±18.8 12.7 7.3±0.9 1:0 0.9 ± 0 -
3 1.3 ± 0.6 550 132.9±18.9 9.7 2.8 ± 0.2 1:1 0.5 ± 0.4 -
4 1.1 ± 0.3 620 185.6±21.3 10.5 1.8 ± 0.3 1:2 0.2 ± 0.2 -
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Table 11: Propagule weight of Avicennia marina in estuaries of the Eastern Cape (Average
±SE)

Estuary Propagule weight before 
drying (g)

Propagule weight after 
drying (g)

Mngazana 3.9 ± 0.2 1.4 ± 0.1

Kwelera 5.4 ± 0.2 2.5 ± 0.1

Tyolomnqa 5.1 ± 0.2 3.8 ± 0.1

3.4 Discussion

The objective of this study was to re-evaluate the distribution of mangroves in South Africa. 

Nahoon Estuary was expected to be the limit of these forests as presented by Ward and 

Steinke in 1982 and Hoppe-Speer et al. (2015) and moreover, that no forests existed further 

south of this location due to environmental constraints.

Various factors have been documented to have an effect on mangrove expansion, Eslami -  

Andargoli et al. (2009) mentioned that changes in rainfall patterns have played a role in 

landward mangrove expansion. Gilman et al. (2008) also documented how changes in rainfall 

patterns will have an effect on mangrove distribution and growth. Other factors like sea level 

rise, extreme high water events, temperature and CO2 also have an effect on mangrove 

expansion (Gilman et al. 2008) but the last two factors may play a synergist role. Authors, 

which include Seppa and Birks (2002); Sekhwela and Yates (2007); Saintilan et al. (2014) 

document how temperature has an effect on the expansion of the world’s flora. Changes in 

temperature due to global warming result in these trees growing in areas that are favourable 

for their growth and productivity. E.g Rhizophora spp. now dominates the Richmond River, 

Australia as compared to the previous decades. Thermal modelling also suggests that 

expansion of mangroves will still be seen occurring at the Gulf coast with increasing 

temperatures, subsequently replacing saltmarsh (Osland et al. 2013; Saintilan and Rogers 

2015).

Changes in atmospheric CO2 overtime improves soil water connections and facilitates 

propagule/ sapling recruitment. Increases in atmospheric CO2 maintains water loss therefore 

decreasing leaf conductance, which leads to low evapotranspiration. It also improves moisture 

content, which in turn induces better percolation, therefore allowing seedling survival (Saintilan 

and Roger 2015).

The study identified four estuaries to determine if changes had occurred in the distribution of 

mangroves. Kwelera and Tyolomnqa Estuaries were the only two of the four that showed signs
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of a regenerating forest. Changes in mangrove cover (ha) from 2000-2016 were observed at 

Kwelera and Tyolomnqa Estuary with both estuaries exhibiting increasing changes in 

mangrove cover on a spatio-temporal scale. Various mangrove forests have been monitored 

using spatio-temporal dynamics, an increase in mangrove cover and distribution was recorded 

by Cuc et al. (2008), where mangroves increased from 3 936 ha in 1999 to 5 436 ha in 2006. 

Eslami-Andargoli et al. (2009) also documented an increase in mangove cover and landward 

expansion of mangroves at Moretons Bay subtropical estuaries, this landward expansion was 

associated with changes in rainfall patterns. Study by Hoope-Speer (2013) at Nahoon Estuary 

also documented increase in mangrove cover, where mangrove expansion was occurring 

toward the where colonisation first occurred on the sides of the wider creek. Hoope- Speer 

(2013) further studied other estuaries in South Africa where an increase in mangrove cover 

was occurring, past cover (ha) at Mntafufu in 1982 was 10 ha and in 2012, the cover increased 

to 12 ha. Mzintlava Estuary increased by 0.2 ha from 1982 to 2012.

Hutchings and Saenger (1987) states that nearly all mangrove species with the exception of 

A. marina generate maximal shoots density when the mean air temperature increases to 25°C 

and they cease to produce leaves when the mean air temperature decreases to 15° C. In 

temperate areas, especially those that are near the latitudinal limit of mangrove distribution, 

cold temperatures that are less than 5 °C (freezes/frost) may result in damage or even kill 

mangroves trees. Some species are either more or less sensitive to freezing temperatures 

than the others e.g. A. germimans is less sensitive to cold temperatures than R. mangle L. 

(Krauss et al. 2008 and Liu et al. 2014). Avicennia marina is able to tolerate cold temperatures 

as low as (<5 °C). Quisthoudt et al. (2012) states that A. marina was able to cope better in 

colder environments where the mean monthly temperature may drop to 8.1 °C in comparison 

to the other species assessed. If temperatures drop more than 10 °C within a short period of 

time or if they are exposed to freezing A. marina becomes damaged. Low temperatures lead 

to a decrease in photosynthetic rates and affects leaf membranes (Kao et al. 2006). Once 

temperatures become cold and freezing, A. marina may have dead branches, leaf fall and 

defoliation of the whole tree. Since A. marina species is known to be a pioneer species, once 

temperatures improve to their normal state these mangrove trees may recover and survive. 

As one moves further south down the coastline of South Africa the minimum air temperatures 

decrease and the number of extreme temperature events increase. This is expected to 

decrease the survival of mangrove species as their distribution is limited by temperature. This 

study has shown that the two estuaries do not experience the lethal minimum temperature 

recorded for A. marina and therefore the expansion of mangroves is probably further south 

than Tyolomnqa and is taking place. During this study a surviving individual of Bruguiera
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gymnorrhiza was found at Kariega Estuary (33° 41'S; 26 °44' E) which is ~143 km south of 

Nahoon.

Two mangrove species were found at Kwelera (A. marina and B. gymnorrhiza -  the latter 

respresented by one individual, only) (Plate 2 A and B) and only A. marina was found at 

Tyolomnqa. The Bruguiera gymnorrhiza tree found at Kwelera was the same one encountered 

in 2012, that is, no new B. gymnorrhiza seedlings were found in the course of this study. 

Expectations of low genetic diversity as mentioned by De Ryck et al. (2016) may occur at 

these peripheral forests. Adult trees found there were approximately the same heights. 

Recruitment does occur, but the transition from seedling to sapling is almost zero. Tyolomnqa 

Estuary had a larger population size and greater distribution along the estuary (Plate 3 C and 

D) when compared to Kwelera where mangroves are restricted to one area less than 0.5 ha 

approximately 1 km from the mouth of the estuary. The Northland Regional Council (2015) 

mention that in some cases mangroves that occupy small estuaries may have their spread 

being restricted and that results in small scale changes in distribution as mangroves are 

unable to grow there and having their growth along their landward side being limited by 

elevation. At Kwelera Estuary, sea grass and saltmarsh species were found on the adjacent 

bank. Environmental stress affects the balance between species facilitation and competition 

(Zhang and Shao 2013). A study by Stevens et al. (2006) shows how the presence of 

saltmarsh and other species facilitates mangrove colonization and growth by trapping 

mangrove propagules. The presence of saltmarsh and Spartina at Kwelera and Tyolomnqa 

may lead to a further colonization of mangroves in those estuaries. Once the mangrove 

propagules become established and successful they will expand and grow in the area and 

saltmarsh will be replaced by mangroves as it cannot grow under the shade of a mangrove 

tree. This colonisation process has been observed at Harbor Island, Texas where A. 

germinans increased in density and subsequently replaced the saltmarsh species present 

(Montagna et al. 2011 and Raabe et al. 2012).

The starter population at Tyolomnqa was planted by Duncan Brown sometime in the 1990s, 

and it has since expanded. Mangrove seedlings are extremely vulnerable and under trying 

conditions have a high mortality rate. Balke (2013) stated that high tide (currents and waves) 

can prevent seedlings from becoming established. If establishment does occur they can still 

be deficient as a result of being buried under the sediment, erosion can also play a role in 

seedlings not growing and surviving. It is also possible that this is as a result of unfavourable 

topographical elevations and hydrological patterns that prevent seedlings from establishing 

there. Another factor that may lead to seedlings being deficient is temperature. Steinke (1975) 

and Steinke and Charles (1986) stated that low temperatures may limit the early growth of A. 

marina seedlings and temperatures of about 17° C result in slow growth of seedlings. Trees
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found at both Kwelera and Tyolomnqa had propagules on them during the 2014 and 2015 

sampling dates. An increase in average propagule weight was observed as you move further 

south. Propagules in both estuaries were mostly found in mangrove trees that were exposed 

to the sun. A study by Steinke (1988) at Mngeni Estuary recorded similar observations namely 

shoots exposed to the sun had more propagules than those in the shade. A study by Delgado 

et al. (2001) found that average weight before drying for Laguncularia was 0.35 g and for A. 

germinans was 1.90 g. Another study by Saifullah et al. (2007) at a Pakistan Indus Delta 

showed that A. marina species had a fresh propagule weight of less than 2.0 g, but an increase 

in propagule weight was observed after September. The average propagule weight of both of 

the above-mentioned studies were lower as compared to average propagule weight of 

propagules in our study (Table 11).

A majority of mangroves are hermaphroditic and their germination takes place while the 

embryo is still attached to the parent tree (Hoff et al. 2010). These propagules are dispersal 

elements of propagules. Once fully developed, these propagules drop from the parent tree 

and float away to mature somewhere, if conditions are favourable for these propagules they 

will then establish and grow successfully. Factors such as sediment characteristics, presence 

of nutrients and porewater characteristics play a role in the establishment and growth of these 

propagules. According to Steinke and Ward (2003) in South Africa, A. marina propagules from 

many estuaries tend to remain afloat and this suggests that the dispersal range may be large. 

Studies and distinctive observations by Steinke (1986) showed that A. marina propagules tend 

to travel less than 200 maritime miles before they die. They further state that Clarke (1993) 

shows how A. marina propagules are limited to a range of up to 10 km in Australia; these 

propagules establish themselves near the parent tree. Steinke (1995) therefore suggested 

that temperature is not really the most important factor that limits the distribution of mangroves 

in the southern areas of South Africa. It may be possible for these propagules to be 

transported to other sites and estuaries, therefore facilitating the expansion and distribution of 

mangroves. A mangrove propagule can grow close to its parent tree or it may float kilometres 

away from it. This was proved by mangroves that were able to colonise Kei River (17 km away) 

and Gonubie River (70 km away), and their source is believed to be Kobonqaba Estuary. No 

trees were found in Keiskamma, this may be as a result of inability of propagules to establish 

and grow there in competition with already established vegetation.

Mangrove ecosystems are specialised and as a result any imbalance in the hydrological 

regimes may lead to notable mortality events. These ecosystems do experience tree mortality 

that is caused by various human or natural disturbances. All developmental stages 

(Propagules, seedlings, sapling and trees) are influenced by mortality although mangroves 

that are in premature stages of development undergo higher mortality rates and mortality is
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density dependant. The early mortality of seedlings in definite conditions can determine the 

density of adult plants. Mangrove seedlings that grow from propagules that are small (1 g or 

less fresh weight) experience greater mortality compared to that that grow from large 

propagules (more than 10 g fresh weight) (Sousa et al. 2003). Our data showed that the 

average propagule weight at Kwelera was 5.4 g and at Tyolomnqa it was 5.1 g (Table 11), 

therefore the seedlings have a lower chance of success due to a lack of available resources 

from the propagule Sousa et al. (2003) but interestingly the mass of propagules was greater 

at the edge of range compared to that at Mngazana.

When comparing between the two estuaries, Kwelera had a higher moisture content and 

organic content compared to Tyolomnqa. Therefore, it is possible that as you move further 

south, physical properties of the soil changes. Higher organic content was measured in 2012 

as compared to 2014. Higher moisture content may be as a result of tides coming into the 

mangrove forests from the sea. The amount of organic content found in these estuaries show 

that these are still young forests. In a study by Rajkaran and Adams (2011), the amount of 

high organic content that was found at Mhlathuze Estuary was associated with mangrove 

stands that were older. Mangroves are able to tolerate pH ranging from 6 to 8.5 (Duke 2006). 

Sediment pH is stated to be a characteristic that plays the principal role in nutrient recycling 

between the sediment and the water in an estuary (Shaikh and Tiwari 2012). Sediment pH at 

Kwelera and Tyolomnqa varied with depth, but was within the considered range, therefore 

sediment pH may not affect establishment of new species. Joshi and Ghose (2003) stated that 

pH notably influences plant growth and this is as a result of a change in the availability of vital 

and non-vital element. The growth and physiology of mangroves are affected by salinity. 

Avicennia marina is able to survive and tolerate high levels of salinity as compared to other 

mangrove species. Since porewater salinity was not greater than 38 PSU, it is not expected 

to affect the growth and expansion of mangroves. The importance of freshwater flowing into 

estuaries is highlighted as range. Mangroves require permanently open estuaries to grow 

successfully. Between Kwelera and Kariega Estuary, there are 6 permanently open estuaries, 

mangroves occur in 5 of them including Kwelera and Kariega (Table 12). Sediment that builds 

up in estuaries enabled the spread of mangroves into the intertidal areas. However, the 

establishment may be restricted by surround vegetation such as intertidal and supratidal salt 

marsh.
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Table 12: Evidence of mangrove expansion and human disturbance in various estuaries in the 

Eastern Cape within (shaded in grey) and outside of the range of mangroves as per Ward and 

Steinke (1982).

Name of 
estuary

Evidence of
mangrove
expansion

Observations of
surrounding
vegetation

Evidence of human 
disturbance

Kwelera No Phragmites australis 
around mangroves 
and salt marsh on 
adjacent bank. 
Spartina maritima 
present

Houses with 
launching facilities 
near the mangroves

Gonubie No Mostly salt marsh None
Nahoon Yes Mangrove and 

saltmarsh species 
present

Present, plastic 
pollution

Tyolomnqa Yes Spartina maritima 
present

Present, removal of 
mangrove seedlings

Keiskamma No Saltmarsh present Present and they lead 
to increased 
freshwater 
abstraction

Great Fish No None
Kowie No Macrophytes and 

saltmarsh present
Present in lower 
reaches

Kariega Yes (1 
individual)

Spartina maritima 
present

Present, urban and 
agricultural demands 
leading to reduced 
freshwater inputs.

3.5 Conclusion

Quisthoudt et al. (2013) stated that mangroves in South Africa (namely, A. marina & B. 

gymnorrhiza) will colonize sites further than their recorded distribution as a result of global 

warming associated with climate change. An expansion in the distribution of mangroves 

forests has been observed in South Africa. Ward and Steinke (1982) noted that the planted 

mangrove forests at Nahoon was the previous limit of mangroves but this study shows that 

the successful planting of mangroves at Tyolomnqa and the natural dispersion and 

establishment of a Bruguiera propagule to Kariega Estuary has expanded the range by 141 

km and further expansion is possible as the climate continues to change. This chapter agrees 

with the work done by De Ryck et al. (2016) that shows that A. marina has the ability to extend 

beyond their current distributional limit. Propagule supply and ocean currents are the main 

drivers for propagule dispersal. Changes in ocean currents have been observed and it is

54



s ta te d  th a t th e y  m a y  h ave  an  e ffe c t on m a n g ro ve  p ro p a g u le  d isp e rsa l and a lso  on m a n g ro ve  

g e n e tic  s tru c tu re  (L o v e lo c k  and  E llison  2 00 7 ). O cea n  cu rre n ts  h ave  a key  ro le  in d e te rm in in g  

w h e re  e s ta b lis h m e n t and  su cce ss fu l g ro w th  w ill occur. T w o  ocea n  cu rre n ts  b ound  the  co a s t 

o f S o u th e rn  A frica , th e  co ld  B e n g u e la  c u rre n t is fo u n d  on th e  w e s t coast, th e  w a rm  A g u lh a s  

c u rre n t fo u n d  on th e  e a s t c o a s t o f S ou th  A frica , and  it m o ve s  sou th  fro m  th e  tro p ics . A  s tro n g e r 

A g u lh a s  c u rre n t has been  fo re se e n  due  to  g loba l w a rm in g  (L u tje h a rm s  and  de  R u itje r 1996) 

and  it w ill h ave  an e ffe c t on  fa c to rs  such  as ra in fa ll, c h a n g e s  in e s tu a rin e  fu n c tio n in g  and  the  

m o v e m e n t o f sp e c ie s  from  tro p ica l re g io n s  to  a re a s  th a t a re  m o re  te m p e ra te .
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Chapter 4 - Growth rates and nutrient dynamics of mangroves at Mngazana and Nahoon 
Estuary

4.1 Introduction

Mangrove forests are found in tropical and subtropical regions of the world, within 30° north 

and south of the equator (Spalding et al. 2010). Like all plants, the growth and productivity of 

mangroves is restricted by the supply and availability of essential nutrients (Alongi 2011). The 

availability of nutrients, high primary productivity and shallow waters in mangrove forests make 

these areas ideal for supporting food webs (Simard et al. 2008). Similar to other ecosystems, 

mangroves are subject to various disruptions that vary in nature (Alongi 2008). Tidal forces, 

freshwater runoff, rates of sedimentation and changes in sea level tend to influence the growth 

and survival of mangroves and changes to these factors may result in mangrove tree mortality 

(Jimenez and Lugo 1985).

Mangroves reproduce by sexual reproduction (Tomlinson 1994). Propagules of mangrove 

trees float after they have been released and ocean currents allow for their dispersal to various 

places. In their life cycle, propagule dispersal, establishment and recruitment to the sapling 

stages are the most critical stages (Padilla et al. 2004). This determines their ability to colonize 

new habitats and ultimately maintains the population. Before establishment takes place, 

processes such as dispersal and predation affects the patterns of distribution and abundance 

(McKee 1995). Tomlinson (1986) supported the self-planting theory where propagules fall 

from the parent plant and establish themselves just under the parent tree. After establishment 

occurs competition and other related factors are able to limit species to a section of the actual 

range in an estuary. Harper (1977) states that it is a very small quantity, of dispersed 

propagules, that survive to establish as seedlings and many of the propagules die soon after 

establishing. According to Padilla et al. (2004) and Alongi (2011), the survival and growth of 

mangrove seedlings that are recruited to the sapling stage are determined by light and nutrient 

availability. They also depend on factors like salinity, redox potential, tidal position, sediment 

disturbance (burial by sedimentation or erosion) and wave exposure. Chen and Ye (2014) also 

mentioned that the growth and survival of various mangrove species can be influenced by 

small changes to salinity (e.g. in Excoecaria agallocha, Acanthus ilicifolius spp.).

Ukpong (1997) states that the availability of nutrients is one of the three ruling components 

that determine the performance and productivity of mangroves. As nutrient availability 

increases in mangrove forests, plant growth also increases as a result of plants investing less 

in their roots and more on the above ground parts (Lovelock et al. 2009). Ukpong (1997) 

further state that plants exposed to high nutrients may be more sensitive to environmental 

stressors. In low nutrient environments, some species are more competitive because they
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have nutrient conservation mechanisms. According to Prasad and Ramanathan (2008), 

nutrient concentration levels in the sediment of mangrove forests are largely influenced by 

microbial activities.

An increase in temperature has been predicted with climate change and may lead to increases 

in growth of mangroves at their limits (southern) through increased photosynthetic rates over 

extended growing seasons and may also increase productivity. Growth rates of mangroves 

differ according to locations, species composition and the physical-chemical factors that drive 

mangrove ecosystems (e.g. salinity, light, nutrient availability etc.). According to Duke et al. 

(1998) mangroves may have stunted growth where salinity is greater than its tolerance range, 

and while equatorial and wet tropical mangroves are tall and dense this is as a result of high 

rainfall (1 500 mm), therefore salinity is low to moderate (< sea water).

A primary role of fresh water inflow is the dilution of sea water so as to create brackish 

conditions (<20 PSU). It also supplies external organic and inorganic materials into the 

estuaries and thus provides nutrients to the system. This leads to an enrichment and in turn 

leads to an increase in primary and secondary production. The importance of freshwater 

inflow is most obvious when there is decreased inflow as this leads to decreased rates of both 

primary and secondary production. Sediment is also delivered to estuaries from streams and 

rivers by freshwater inflow and this helps to build and stabilize tidal flats and wetlands (Whitall 

et al. 2007).

Natural tree mortalities have been documented by various authors including Pegg et al. 

(1980); Chapman (1976), Breen and Hill (1969) as a consequence of changes in the natural 

functioning of mangrove ecosystems. Jimenez and Lugo (1985) stated that temperatures 

between -3 to -11° C resulted in heavy defoliation and death in many areas of New Zealand, 

Australia and south eastern United states. In Gambia, mangroves died between January and 

March as a result of change in hydrological regimes (flooding) that resulted in mangrove 

hydrological regimes being modified (minor less than 5 cm, 6 weeks rapidly) and that led to 

mangrove inundation (Blasco 1983). Mangrove mortality (about 117 ha lost) was also recorded 

in Rufiji Delta (Tanzania), where El Nino floods occurred and inundated mangroves forest in 

that area (Erftemeauer and Hamerlyck 2005). Mbense et al. (2016) documented mangrove 

mortality at Kobonqaba Estuary (South Africa), whre inundation occurred for long perionds of 

time and thus lead to mortality. Cardona and Botero (1998) documented that mangrove tree 

mortality and biomass was associated with soil factors along the Caribbean coast of Colombia. 

Various soil properties were measured and their results showed that redox potentials were 

irregular and correlated with the amount of water and organic matter present in the soil; pH 

was within its normal range for mangrove soils (~6.5). There were sites that had dead and
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d w a rfe d  m a n g ro ve  tre e s  and  th e y  had  an a ve ra g e  sa lin ity  o f 75  PSU  (m in -5 2  PSU , m a x-1 0 0  

PSU ). N a tu ra lly , m a n g ro ve s  h ave  a p h ys io lo g ica l to le ra n c e  m e ch a n ism  w h e n  s a lin ity  is h igh. 

J u s t like  o th e r h a lop h y te s , th e ir  o s m o tic  and  w a te r p o te n tia ls  d e c re a se  so  as to  co n se rve  le a f 

tu rg o r and  e x c e s s iv e  sa lt c o n ce n tra tio n s  (N a id o o  1987). A n  in te ra c tio n  b e tw e e n  n u trien ts  

(n itro g en  and  p o ta ss iu m ) w a s  s tu d ie d  by N a idoo  (1987 ) and  th e  re su lts  s h o w e d  th a t w h e n  

sa lin ity  is h igh, p o ta ss iu m  and  n itrogen  co n c e n tra tio n s  in roo ts  and  sh o o ts  o f A. marina 

d ecrea se s . W h e n  sa lin ity  in c re ase s , d e c re a se d  c o n d u c ta n c e  o ccu rs  and  th is  in d ica te s  th a t 

w a te r f lu x  th ro u g h  th e  p la n t is m in im ize d  and  th e  lo w  o s m o tic  p o te n tia ls  o f h igh  w a te r sa lin ity  

m a ke s  it n e ce ssa ry  fo r  in te rna l o s m o tic  a d a p ta tio n  (N a id o o  1985; 1986).

M a n g ro ve s  th a t h ave  been  e xp o se d  to  h igh  c o n c e n tra tio n s  o f n u trien ts  (e sp e c ia lly  n itrogen ) 

ten d  to  s u ffe r h igh  m o rta lity  ra tes  d u ring  p e riod s  o f d ro ug h t. T h e s e  c o n c e n tra tio n s  a re  tho se  

th a t lead  to  e u tro p h ica tio n  and  lo w  o xyg e n  in th e  se d im en t. T h is  is show n  by L o ve lo ck  et al. 
(2009 ) w h e re  n u trie n ts  p ro m p te d  m o rta lity  in s ites  th a t had p e riod s  o f low  h um id ity , low  ra in fa ll 

and  h igh  s e d im e n t sa lin ity . D ise a ses  (fung i) can  a lso  lead  to  a d ie b a c k  o r m o rta lity  o f 

m a n g ro ve s  and  the  firs t re p o rte d  in c id e n t w a s  in P ue rto  R ico  in 1920  on  R. mangle (S teve n s  

1920). T h is  is d o c u m e n te d  by W ie r et al. (2000 ) w h e re  th e y  d id  a s tu d y  a t S o u th w e s t P ue rto  

R ico. A  h igh  fre q u e n c y  o f d ie b a c k  and  m o rta lity  w a s  fou n d  in R. mangle, 33%  m o rta lity  in the  

fie ld  w a s  re co rd e d  and 50%  m o rta lity  in g re e n h o u s e s  w a s  a lso  reco rded . Cytospora 

rhizophorae Kohlm . &  E. K oh lm  w a s  a sso c ia te d  w ith  th e  m o rta lity  o f m a n g ro ve s  in th a t a re a  

and  G ilb e rt et al. (2008 ) a lso  fo u n d  b u tt and  h e a rtw o o d  in fe c tio n s  on m a n g ro ve  sp e c ie s  o f 

se ve ra l reg ions .

A c c o rd in g  to  M o h a m m e d  and  J o h n s to n e  (2002 ), s e d im e n ts  a re  know n  to  be  ke y  s ites  fo r  the  

co lle c tio n  o f o rg a n ic  m atte r, su c c e s s iv e  re m in e ra lisa tio n  and  a lso  n u tr ie n t re cyc ling . T h e y  

h ave  a lso  been  re p o rte d  by A lo n g i (1994 ) to  be s inks  fo r  nu trien ts . N o t all m a n g ro ve  

e co s y s te m s  a c t the  sa m e  w ay, co n s id e rin g  n u trien ts . M a n g ro ve s  a re  re g a rd e d  to  be  g e n e ra lly  

o lig o tro p h ic  e co sys te m s  and  so  the  sp e c ie s  th a t g ro w  th e re  a re  co n s id e re d  to  be  a d jus te d  to  

lo w  n u tr ie n t c o n d itio n s  (L u go  1989), b u t n u tr ie n t a v a ila b ility  d iffe rs  s u b s ta n tia lly  b e tw een  

m a n g ro ve  s ta n d s  (F e lle r et al. 2003 ). F e lle r et al. (1999 ) s ta te  th a t p la n t sp e c ie s  th a t have  

been  a cc lim a te d  to  co n d itio n s  o f lo w  n u tr ie n t a v a ila b ility  in tro p ica l and  te m p e ra te  la titudes , 

h ave  n u tr ie n t co n se rva tio n  th a t is w e ll a d va n ce d  w h ich  a lso  ob ta in , use  and  re u se  n u trien ts  

p ro du c tive ly .

Ilam i et al. in (2002 ) a t H a rn ey  R iver, E ve rg lad e  N a tu ra l P a rk  s h o w e d  th a t p o re w a te r n u trien ts  

w e re  co n ce n tra te d  a t a d ep th  o f 30  cm . P ho sp ho ru s , n itra te s  + n itr ite s  had  a h ig h e r 

c o n c e n tra tio n  in s u m m e r than  in w in te r  (0 .05  -0 .1 5  m g /L  fo r  T O xN  and  0 .0 2 -0 .0 4  m g /L  fo r  P), 

w h ile  th e  o p p o s ite  tre n d  w a s  re co rd ed  fo r  p o re w a te r a m m o n iu m . M agn i and  M o n ta n i (2006 )
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in S W  Ja p a n  s h o w e d  th a t a m m o n iu m  ran ge d  b e tw e e n  75.1 and  908  |jm , p h o sp h o ru s  (0 .9  and

3 6 .9  jm )  and  n itra te s  + n itr ite s  b e tw e e n  0 .2  and  21.1 jm .  A m m o n iu m  had  a h ig h e r 

c o n c e n tra tio n  as c o m p a re d  to  o th e r n u trien ts  s tud ie d  and  both  a m m o n iu m  and  p h o sp h o ru s  

w e re  lo w e r in w in te r in the  u p p e rm o s t la ye rs  and  th e ir  co n ce n tra tio n  in c re a se d  in sum m er.

T h e  s tu d y  by P e n h a -L o p e s  (2009 ) on E as t A fr ica n  m a n g ro ve s  sh ow ed  the  e ffe c ts  o f d o m e s tic  

s e w a g e  on th e  c h a ra c te ris tic s  o f m a n g rove s , h igh  d o m e s tic  w a s te  le a d s  to  h igh  n u tr ie n t 

c o n c e n tra tio n s  and  d is tu rb s  top  se d im en t. V a ip h a s a  et al. (2007 ) sh ow ed  th e  e ffe c t o f sh rim p  

d e rive d  w a s te  on the  g ro w th  o f m a n g ro ve s  in T h a ilan d . L o w e r m ean  m o n th ly  g ro w th  ra tes  (~ 

0 .3 5  cm ) w e re  re co rd ed  fo r  A. marina in the  a ffe c te d  a reas. S a lt pans in T a n z a n ia  h ave  been  

re co rd ed  to  e le va te  loca l so il sa lin ity  th e re fo re  re su lting  in h yp e rsa lin e  co n d itio n s  and  th is  

a ffe c ts  g ro w th  and  p ro d u c tiv ity  o f m a n g ro ve s  (F ak i 2003 ). A n o th e r s tu d y  by H w ang  and  C hen  

(2001 ), e xa m in e d  th e  g ro w th  re sp o n se s  o f Kandelia candel (L .) D ru ce  to  v a ria tio n s  in n itrogen , 

p h o sp h o ru s  and s a lin ity  s h o w e d  th a t bo th  sa lin ity  and  th e  n u trie n ts  had  an e ffe c t on  th e  g ro w th  

o f K. candel and  th a t sa lin ity  > 20  PSU  re d uce d  g row th . R a jka ra n  (2010 ) fou n d  th a t th e  g ro w th  

ra te  o f sp e c ie s  a t M n g a za n a  E stua ry , S o u th  A fr ic a  d iffe re d  fro m  o ne  sp e c ie s  to  th e  o ther. T he  

g ro w th  ra te  o f A. marina in c re a se d  from  re g e n e ra tio n  s ize  c la ss  1 (R C 1) (< 5 0  cm ) to  s ize  c lass  

5 (S 5) (> 3 5 0  cm ) in he igh t, g ro w th  ra te  o f R. mucronata w a s  th e  h ig h e s t in R C 3  (1 5 1 -2 5 0  cm ) 

and  the  g ro w th  ra te  o f B. gymnorrhiza s to p p e d  ch a n g in g  a t a h e ig h t o f 151 cm . D BH  g ro w th  

ra tes  ran ge d  be tw e e n  0 .7 -2 .3  y r-1. No c o rre la tio n  b e tw e e n  g ro w th  and  n u trie n ts  w a s  done  

s in ce  n u tr ie n t le ve ls  in th e  s e d im e n t w e re  n o t m e a su red . G ro w th  ra tes  o f h e ig h t and  DBH 

w e re  re co rd e d  a t N a hoon  E stua ry , S ou th  A fr ic a  by G e ld e n h u ys  (2013 ) and  th e y  w e re  h ig h e r 

tha n  th a t m e a su re d  by R a jka ra n  (2011 ). S a p lin g s  o f Avicennia marina w e re  g ro w in g  a t a ra te  

o f 14.4  cm  y r-1. N u trie n t d e fic ie n c y  and  po re  w a te r c h a ra c te ris tic s  (low  te m p e ra tu re , h igh  

sa lin ity  and  h igh  pH) w e re  n e g a tiv e ly  a ffe c tin g  th e  g ro w th  o f m a n g ro ve s  in th is  fo res t. A p a rt 

from  G e ld e n h u ys  (2013 ) no o th e r s tu d ie s  d o n e  in S ou th  A fr ic a  h ave  in ve s tig a te d  the  

re la tio n sh ip  b e tw e e n  n u trie n ts  and  g ro w th  ra tes.

T h e  a im  o f th is  c h a p te r is to  d e te rm in e  th e  g ro w th  ra tes  and  e n v iro n m e n ta l c o n d itio n s  o f 

m a n g ro ve s  a t M n g a za n a  and  N a hoon  E stua ry . By a ch ie v in g  th is  a im , w e  w ill fu r th e r d e ve lo p  

and  co n tin u e  to  m a in ta in  a long  te rm  d a ta s e t o f g ro w th  ra tes  o f m a n g ro v e s  in S o u th  A frica . A  

lo n g -te rm  d a ta s e t o f g ro w th  ra te  d a ta  w ill a s s is t in p re d ic tin g  c h a n g e s  in g ro w th  ra tes  as 

c lim a te  p a ra m e te rs  such  as m in im um  and  m a x im u m  te m p e ra tu re  and  ra in fa ll beg in  to  change .

Objectives of this chapter are:

1. T o  m e a su re  th e  p o re w a te r c h a ra c te ris tic s  (sa lin ity , te m p e ra tu re  and  e le c tr ica l 

c o n d u c tiv ity  and  n u tr ie n t poo l) in the  tw o  m a n g ro ve  fo res ts .
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2. To determine the growth rates of different sizes classes of Avicennia marina, Bruguiera 

gymnorrhiza and Rhizophora mucronata at Mngazana Estuary, the third largest 

mangrove forest in South Africa and that of Avicennia marina at Nahoon Estuary, a 

planted mangrove forest near the distributional limit of mangroves.

3. To determine if porewater characteristics are the main drivers of growth for the 

mangroves at Mngazana and Nahoon Estuary.

4.1.2 Study site descriptions 

Mngazana Estuary

The Mngazana Estuary is situated at 31°41'29" S; 29°25'24" E, close to the town of Port St 

Johns. It is found along the Wild coast of the Eastern Cape Province South Africa, close to the 

biogeographic boundary between the warm temperate and sub-tropical zones (Figure 12). It 

is a permanently open estuary that is approximately 5.3 km in length that has a river that flows 

through 275 km2 of catchment for 150 km, before discharging to the ocean (Rajkaran and 

Adams 2012). The estuary has large sand banks in the lower reaches and mouth region, as a 

result of a large tidal prism the mouth is kept permanently open to the sea (Mbande et al. 

2002). Three species of mangroves B. gymnorrhiza, A. marina and R. mucronata are found 

in Mngazana Estuary. (Adams et al. 2004). It is the third largest area of mangroves in South 

Africa covering an area of 118 ha (Rajkaran 2011). In the middle and the lower reaches (1 085 

m, 300 m from the mouth), two creeks are found (Rajkaran and Adams 2007) and they provide 

additional sources of fresh water to the estuary and provide additional habitat for flora. It is the 

largest stand of Rhizophora mucronata in the country.

Steinke (1999) stated that it is one of the great southerly mangrove systems in South Africa 

which bears a diverse marine flora and fauna; it also has a high conservation priority ranking. 

During winter, water temperatures decrease from the mouth to the head and during summer, 

water temperatures increase distinctly from the mouth to the head (furthest point of tidal 

influence). This estuary has a salinity range similar to that of sea water (30-35 % PSU) (de 

Wet, 2004). According to Sgwabe et al. (2004), the estuary is free from pollution, has good 

water quality and is well oxygenated. In 2005, nine sites where set up in various parts of the 

estuary to measure the growth rates of the three species (Figure 12).

Weather data (1950 to 2015) was obtained from a weather station near Port St Johns (Figure 

13).
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F igu re  12: M ap  o f M n g a za n a  E s tua ry  s h o w in g  s ite s  s tud ie d  (ta ken  fro m  G o o g le  E arth ). S ites  
2 ,3 ,5 ,8  a re  s itu a te d  on  C re e k  1, S ite  1, 2 and  4  on  C re e k  2 and  S ites  6  and  7 a re  s itu a te d  on 
the  M a in  C h a nn e l
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F igu re  13: A v e ra g e  ra in fa ll p e r m on th  o v e r th e  ye a rs  and  a ve ra g e  a nn u a l ra in fa ll (± S E ) a t 
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Nahoon Estuary

Nahoon Estuary is a warm temperate estuary which is permanently open to the sea, situated 

at 27°57'05" E, 32°59'05" S (Figure 14). It is found on the southeast coast of South Africa, 

which is wave dominated and surrounded by the metropolitan area between East London and 

Beacon Bay. Waves occur mainly from the southwest and result in long shore sediment 

movement in a north-easterly direction (Bursey and Wooldridge 2002). It has a catchment 

area of approximately 547 km2 and a tidal prism of 6.3 x 10 m3 (Copper 2002). The estuary 

measures approximately 4 km in length with an average depth of 4 km. The estuary has a 

warm temperate climate that has annual temperature ranging from 13 to 25 °C. Maximum 

temperatures are 31 °C and minimum temperatures in winter are 5.3 °C. The average annual 

rainfall is 76.10 mm (Figure 15).

Nahoon Estuary receives its freshwater supply from the Nahoon Dam. A decrease in 

freshwater supply has been recorded in the literatures and it has been attributed to various 

features e.g. Bridges built, Abbotsford causeway that narrows flow of water downstream 

(Wiseman et al. 1993). Reddering (1988) classified Nahoon as being microtidal (tidal range < 

2 m), and has an average tidal range of 0.76 m and a coastal spring tide range of 1.6 m. 

Decreased freshwater inflow and close residential proximity have an impact on the estuary; 

and as a result, plant communities cover small areas and are fragmented (Coetzee et al. 

1996). The estuary is used for recreational activities which include fishing, canoeing etc. 

(Talbot et al. 1985).

Mangrove and saltmarsh species are found at Nahoon Estuary. The mangrove forest was 

planted by Prof Trevor Steinke in 1969; the reason behind this was to determine if the trees 

would be able to survive at higher latitudes. Three species from Durban Bay were planted but 

only two species survived and were able to spread and colonize the area, the third species, 

Rhizophora mucronata is constrained to less than 20 individuals. Later, Prof Steinke 

hypothesized that the stand further up the estuary may have established due to natural 

dispersal of propagules and by 1982, an increase in the population size was seen and 25 trees 

were recorded near the mouth (Morris 1986).

In a study by Hoppe-Speer et al. (2015), an interaction between saltmarsh species and 

mangroves was documented, climate and habitat were the main cause of the interaction. 

Mangroves were found to be occupying areas with saltmarsh and it was expected that the 

presence of mangroves in those areas might lead to a decrease in saltmarsh as previous 

studies have delivered compelling evidence on the inability of saltmarsh to grow under the 

shade of mangroves. A comparison of climatic measurements is summarised in Table 13, 

summer rainfalls are higher than winter rainfalls, which is similar to Mngazana Estuary.
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Table 13: Climate data of Mngazana and Nahoon Estuary

E stua ry M in im um
ye a rly
te m p e ra tu re  
(° C)

M a x im u m
ye a rly
te m p e ra tu re
(°C )

A v e ra g e
ye a rly
te m p e ra tu re
(°C )

A v e ra g e  
y e a rly  ra in fa ll 
(m m )

M n g a za n a 1 1 . 1 2 8 .4 19.8 8 1 .7
N ahoon 9 .9 2 6 .2 18.1 76 .2

T o  a ch ie ve  th e  o b je c tive s  o f th is  chap te r, e ig h t s ites  a t M n g a za n a  and  fo u r s ites  a t N ahoon  

w e re  used  to  d e te rm in e  th e  n u tr ie n t a v a ila b ility  and  g ro w th  o f th e  m a n g rove s . T h e s e  s ites  

w e re  se t up  in 2 0 0 5  fo r  M n g a za n a  and  2011 fo r  N a hoon  (P la te  4, 5, 6 ). T a b le  14: su m m a rise s  

the  c h a ra c te ris tic s  o f th e se  s ites.

T a b le  14: S u m m a ry  o f m a n g ro ve  c h a ra c te ris tic s  o f M n g a za n a  and  N a hoon  E s tua ry

E s tua ry S ite D o m in a n t sp e c ie s D is ta n ce  to  
n e a re s t body 
o f w a te r 
(m a in  
ch a n n e l o r 
c reek) (m )

T id a l re g im e L oca tio n  a long  
th e  c re e k  o r 
e s tu a ry

M n g a za n a
E stua ry

1 Rhizophora
mucronata

24 Inu n d a te d  by 
e ve ry  tide

C re e k  2 - 
U p p e r

2 Bruguiera
gymnorrhiza

223 Inu n d a te d  by 
n o rm a l/sp rin g  
tid e

C re e k  1 - 
U p p e r

3 Bruguiera
gymnorrhiza

1 2 2 Inu n d a te d  by 
n o rm a l/sp rin g  
tid e

C re e k  1 - 
M idd le

4 Avicennia marina 125 Inu n d a te d  by 
n o rm a l/sp rin g  
tid e

C re e k  2 - 
U p p e r

5 A ll sp e c ie s  p re se n t 71 Inu n d a te d  by 
e ve ry  tide

C re e k  1 - 
M idd le

6 Avicennia marina 67 Inu n d a te d  by 
e ve ry  tide

M a in  ch an n e l - 
M idd le

7 Avicennia marina 49 Inu n d a te d  by 
e ve ry  tide

M a in  ch an n e l - 
L ow e r

8 Bruguiera
gymnorrhiza

86 Inu n d a te d  by 
e ve ry  tide

C re e k  1 - 
L ow e r

N ahoon
E stua ry

1 Avicennia marina 46 Inu n d a te d  by 
sp rin g  tide

M a in  ch an n e l - 
L ow e r

2 Avicennia marina 105 Inu n d a te d  by 
sp rin g  tide

M a in  ch an n e l -  
U p p e r

3 Avicennia marina 63 Inu n d a te d  by 
sp rin g  tide

M a in  ch an n e l -  
M idd le

4 Avicennia marina 47 Inu n d a te d  by 
sp rin g  tide

M a in  ch an n e l -  
L ow e r
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P la te  4: V ie w  o f S ite  7 and  S ite  8 a t M n g a za n a  E s tua ry

C D

P la te  5: V ie w  o f S ite  3 and  5 a t M n g a za n a  E s tua ry
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E F

Plate 6: Showing dead A. marina trees and propagules at Nahoon Estuary

4.2 Materials and Methods

Sampling was undertaken in summer and winter in 2014 and 2015. Growth was measured 

once a year while nutrients were collected on all sampling trips.

Porewater and nutrient analysis

Porewater characteristics were measured in triplicate in augured holes at each site. The water 

was allowed to fill the augured holes so that temperature, salinity and conductivity could be 

measured using a YSI multimeter or a refractometer and a thermometer. Porewater samples 

were collected using syringes, filtered with cellulose acetate sterile membrane 0.45 pm pore 

size syringe filters, they were then frozen and stored <0 °C. They were transported to the lab 

so as to analyse the concentration of ammonium, nitrates + nitrites and phosphorus nutrients. 

Ammonium and soluble reactive phosphorus was analysed using standard 

spectrophotometric methods by Parsons et al. (1984) and nitrites and nitrates were analysed 

using a reduced copper cadmium method by Bates & Heelas (1975). A dataset of sediment 

characteristics for Mngazana (2010) and Nahoon (2012) already exists and it was not 

expected to change overtime, these collections were not repeated (Rajkaran, 2011; Hoppe- 

Speer, 2012).

Growth and mortality rates

To determine the growth and mortality rates of mangroves a number of quadrats (2-3) were 

set up, trees were tagged with a number plate and cable tie. These were repeatedly measured 

for vertical growth (height) and DBH for trees > 130 cm. Each site at Nahoon has three 

quadrats and only A. marina is found there. Measurements took place in February 2014 and 

February 2015. Data from 2011 to 2012 was obtained (Hoppe-Speer, 2012, Geldenhuys,
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2013). To determine the mortality in both estuaries, dead tagged trees were counted and 

recorded (Plate 6E). This did not include lost tags or those that were found lying around or 

buried in the sediment. Site 1 at Nahoon had a lot of dead trees due to deposition that 

occurred, new quadrats were created and trees were tagged and measured. The data 

collected was divided into the following size classes; RC 1 (<50 cm), RC2 (51-150 cm), RC3 

(151-250 cm), S4 (251-350 cm) and S5 (>350 cm). Individuals that had a height of > 130 cm 

were divided into the following size classes to monitor DBH: 0-0.9 cm, 1-1.9 cm, 2-2.9 cm, 3­

3.9 cm and >4 cm.

Data Analysis

Data was analysed using STATISTICA (12 64-bit). Normality was tested by looking at the 

skewness and kurtosis and significance difference was determined at p< 0.05. If data was 

normally distributed One-Way ANOVA was used and if data was not normally distributed, a 

Kruskal-Wallis ANOVA (H(df,N)) and Wilcoxon T test (T-stat=) was used to determine 

differences while a multiple comparison of mean rank was used to further test between 

individual means. Correlation analysis was also measured using correlation matrices.
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4.3 Results

Porewater salinity varied between seasons (summer and winter) and years. Porewater salinity 

at Mngazana Estuary ranged from 18.4 to 45 PSU and was significantly higher in 2015 than 

in 2014 (F (11,36) =3.9, p<0.05). Overall average porewater salinity at Mngazana Estuary was

35.2 ± 0.4 PSU. Variations in salinity within sites across dates were evident and seasonal 

differences are summarised in Table 15 and Table A1. Salinity at Nahoon Estuary ranged 

from 16 - 41 PSU, salinity was similar between seasons (summer 33.5 ± 1.3 PSU; winter (31.9 

± 1.4 PSU) (H (10, n=24) =9.5, p> 0.05), years (H (10, n=24 =11.7, p>0.05) and within sites (p>0.05) 

(Table 16). Salinity was similar between the two estuaries in 2014, but was significantly higher 

at Mngazana in 2015 (H (19, n=48) =25.4, p<0.05).

Porewater temperature at Mngazana ranged from 7 -  30 °C. When comparing between 

seasons, temperature was higher in summer (23.2 ± 0.3 °C) than winter (16.8 ± 0.4 °C) (T=1.5, 

p<0.05) (Table 15). As expected average porewater temperature at Mngazana Estuary was 

significantly higher than Nahoon Estuary (H (9 , n=48) =36, p<0.05). Seasonal changes in 

temperature was also noted and recorded in Table 15 and Table A2. Porewater temperature 

at Nahoon was similar between the years (p> 0.05) and it ranged between 15- 26 °C. Seasonal 

changes were noted and recorded in Table 16 and Table A4. Temperature was similar in 

summer 2014 and 2015 in all the sites studied.

Porewater conductivity at Mngazana Estuary ranged between 25.3 - 66.2 mS, conductivity in 

winter and was significantly higher than summer (T=178.5, p< 0.05). Seasonal variations in 

conductivity was noted, Site 1-8 conductivity was higher in winter 2015 compared to summer 

2014. Other seasonal changes and differences are recorded in Table 15 and Table A3. 

Porewater conductivity at Nahoon Estuary ranged between 24- 61 mS, it was higher in 2014 

than in 2015 (F (1, 46) =2.4, p<0.05 and was similar between the seasons (p>0.05). Seasonal 

changes in porewater conductivity was mostly recorded in Site 1 and Site 3 (Table A5) and no 

seasonal variations were recorded in summer 2014 and 2015 in all the sites studied (Table 16 

and Table A5).
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T a b le  15: P o re w a te r c h a ra c te ris tic s  m e a su re d  in 8 s ites  a t M n g a za n a  E s tua ry  o v e r tw o  se a so n s  in 2 0 1 4  and  2 0 1 5  (M ean  ± SE, N=3).

Site Salinity (PSU) Temperature (°C) Conductivity (mS)

Feb 2014 Jun 2014 Mar 2015 Jun 2015 Feb 2014 Jun 2014 Mar 2015 Jun 2015 Feb 2014 Jun 2014 Mar 2015
Jun201

5
1 2 9 .6 ± 2 .7 3 3 5 .5 ± 0 .4 7 4 1 .3 ± 2 .3 0 3 9 .3 ± 0 .7 2 4± 0 16 .9±0 .86 2 2 .9 ± 0 .0 6 17± 0 .6 4 5 .8 ± 3 .8 5 3 .4 ± 0 .7 5 6 .1 ± 0 .0 5 8 .8 ± 0 .9

2 2 8 .6 ± 1 .8 6 3 4 .1 ± 0 .5 3 3 4 .6 ± 0 .3 8 3 9 .3 ± 0 .7 2 5 .3 ± 0 .3 3 18 .7±0 .43 2 2 .7 ± 0 .3 8 16±0.2 4 4 .4 ± 2 .6 54.6±0 .1 53 .1 ±0 .2 5 8 .8 ± 0 .9

3 3 3 .3 ± 1 .4 5 3 7 .3 ± 0 .3 7 37 .4±0 .71 39±1 2 4 ± 0 .5 8 19.1±0.31 2 2 .1 ± 0 .3 17 .5±0 .3 5 0 .8 ± 1 .9 5 5 .9 ± 0 .5 5 7 .5 ± 0 .5 5 8 .4 ± 1 .3

4 2 8 .3 ± 1 .6 7 3 6 .3 ± 0 .4 8 3 9 .6 ± 0 .4 2 3 9 .3 ± 1 .7 2 4 .5 ± 0 .2 9 16 .9±0 .55 23 .4±0 .21 17±0 .6 4 3 .9 ± 2 .3 5 4 .5 ± 0 .8 5 9± 0 .5 5 8 .8 ± 2 .2

5 3 2 .6 ± 0 .3 3 3 5 .6 ± 0 .7 5 3 5 .6 ± 0 .4 5 3 7 .7 ± 0 .3 2 4 .6 ± 0 .4 4 18 .3±0 .13 18 .4 ±0 .23 18 .7±0 .4 4 8 .9 ± 0 .0 3 5 4 .6 ± 0 .4 54 .6 ±0 .2 5 6 .6 ± 0 .4

6 3 0 .3 ± 0 .3 3 3 5 .9 ± 0 .1 5 3 7 .7 ± 0 .3 5 3 7 .7 ± 1 .3 2 6 .6 ± 0 .3 3 18 .7±0 .58 2 2 .2 ± 0 .0 6 18±0 .6 4 6 .7 ± 0 .5 4 7 .7 ± 0 .6 56 .6 ±0 .2 5 6 .6 ± 1 .8

7 31±0 3 5 .9 ± 1 .2 3 35.8±0 .1 3 8 .3 ± 0 .3 2 6 .7 ± 0 .3 18.7±0.1 2 2 .1 ± 0 .0 6 18 .7±0 .7 4 7 .6 ± 0 4 6 .1 ± 9 .9 54±0.1 5 7 .5 ± 0 .4

8 3 0 .6 ± 0 .6 7 2 9 .4 ± 5 .5 2 3 3 .7 ± 1 .0 0 4 0 .3 ± 0 .3 2 5 .3 ± 0 .3 3 11.03±4.1 25 .2±2 .21 19 .1±0 .6 4 7 .1 ± 0 .9 3 9 .0 3 ± 6 .9 5 3 .5 ± 0 .3 6 0 .2 ± 0 .4

T a b le  16: P o re w a te r c h a ra c te ris tic s  m e a su re d  o v e r tw o  se a so n s  a t N a hoon  E s tu a ry  in 2 0 1 4  and  2 0 1 5  (M ea n ±S E ).

Site Salinity (PSU) Temperature (°C) Conductivity (mS)

Feb 2014 Jun 2014 Mar 2015 Jun 2015 Feb 2014 Jun 2014 Mar 2015 Jun 2015 Feb 2014 Jun
2014

Mar
2015

Jun
2015

1 3 6 .0 ± 1 .3 40 .1±0 .1 3 8 .4 ± 0 .9 2 7 .6 ± 1 .7 2 3 .3 ± 0 .3 17 .6±0 .7 2 2 .1 ± 6 .4 15 .8±  0 .2 5 1 .3 ± 1 .8 59.8±0 .1 5 4 .4 ± 1 .7
4 2 .8±2 .

3

2 2 9 .6 ± 6 .9 2 2 .2 ± 0 .0 3 2 0 .3 ± 6 .4 2 7 .6 ± 1 .3 2 3 .3 ± 0 .3 20.4±1 22.3±0 .1 15 .1±  0.1 4 5 .4 ± 9 .7 35.0±0 .1
3 9 .5 ± 1 .3 4 2 .7±2 .

0

3 36±2.1 40 .1±0 .1 37.8±1.1 2 7 .1 ± 1 .5 2 2 ± 0.6 17 .3±0 .3 2 1 .8 ± 0 .4 15 .5±  0 .4 5 4 .4 ± 2 .8 59.8±0 .1 5 3 .6 ±0
4 2 .2±1 .

9

4 3 4± 2 .5 4 1 .6 ± 1 .7 30 .7 ±2 .2 3 1 .0  ±0 .4 2 3 .6 ± 1 .2 17±0 .6 2 3 .4 ± 1 .2 16 .0±  0 .1 5 1 .6 ± 3 .4 5 9 .7 ± 5 .0 44.7±0 .1
4 5 .1±1. 

4
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Nutrients

A m m o n iu m  co n ce n tra tio n  w a s  h ig h e r a t N a hoon  E s tu a ry  c o m p a re d  to  M n g a za n a  E s tu a ry  in 

2 0 1 4  (T = 23 .0 , p< 0 .05 ), b u t w e re  s im ila r in 2 0 1 5  (p > 0 .05 ). O ve ra ll c o n c e n tra tio n  a t N ahoon  

E s tua ry  w a s  10.1 ± 1.7 jm  c o m p a re d  to  M n g a za n a  E s tua ry  (6 .9  ± 0 .7  jm ) .  S ta tis tica l a na lys is  

(F -tes t), b e tw e e n  th e  tw o  e s tu a rie s , s h o w  th a t th e  o ve ra ll a m m o n iu m  c o n c e n tra tio n  w a s  s im ila r 

(p > 0 .0 5 ) (F igu re  16).

T O xN  c o n c e n tra tio n  a t M n g a za n a  and  N a hoon  E s tu a ry  in 2 0 1 4  ra n ge d  b e tw e e n  0.1 - 5 .0  jm  

and  0 .2  - 8 .5  |jm , re s p e c tiv e ly  and  c o n c e n tra tio n  leve ls  w e re  s im ila r b e tw e e n  th e  tw o  e s tu a rie s  

in 2 0 1 4  and  2 0 1 5  (p>  0 .05). O ve ra ll c o n c e n tra tio n s  a ve ra g e d  1.3 ± 0.1 jm  a t M n g a za n a  and

1.6 ± 0 .2  jm  a t N a hoon  E stuary .

P h o sp h o ru s  co n ce n tra tio n  a t M n g a za n a  E s tua ry  ra n ge d  b e tw e e n  0 - 9 .4  jm  and  0 .4  - 8 .5  jm  

fo r  N a hoon  E stua ry . S o lu b le  re a c tive  p h o sp h o ru s  c o n c e n tra tio n  in 2 0 0 4  and  2 0 1 5  be tw e e n  

the  tw o  e s tu a rie s  w a s  s im ila r (p>  0 .05). O ve ra ll S R P  c o n c e n tra tio n s  a t M n g a za n a  and  N ahoon  

E s tua ry  a ve ra g e d  1.3 ± 2.1 and  1.7 ± 2.1 jm  re sp ec tive ly . O th e r se a so n a l c h a n g e s  in 

c o n c e n tra tio n s  a re  re co rd e d  in F ig u re  17(a ),(b ) and  (c) fo r  M n g a za n a  and  F igu re  1 8 (a ),(b ) and 

(c) fo r  N ahoon .
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Mngazana

Ammonium ranged from 2.4 -  19.6 jm  across all sites (Figure 17a). Ammonium 

concentrations were similar in winter 2014 and 2015 (p> 0.05). Seasonal changes in 

concentration were recorded only in Site 2, Site 5 and Site 6  (Table A6 ). Overall ammonium 

concentration was similar in all the sites (H(8 ,n = 1 2 ) = 1 0 .2 , p> 0.05). When comparing between 

sites, Site 5 had the highest NH4 concentration in summer 2014 and 2015 compared to the 

other sites (Figure 17a).

Porewater TOxN ranged between 0.2 -  4.1 |jm in all the sites. Average TOxN in summer 2014 

was siginificantly higher (3.3 ± 0.1 jm  ) than summer 2015 (0.5 jm ) (Figure 17b, Table A7). 

TOxN concentrations were similar in winter 2014/2015 (Table A7). Site 5 had the highest 

concentration in summer 2014 and 2015 as compared to the other sites (Figure 17b).

Porewater SRP concentration was higher in summer as compared to winter, and concentration 

were similar between winter sampling times (Figure 17c, Table A8 ). No seasonal variations 

were noted in Site 1, Site 3, Site 7 and Site 8  between the sites, and are excluded from Table 

A8 . Site 5 had a higher concentration in winter 2014 and 2015 as compared to the other sites 

(Table A8 ).
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Nahoon

O vera ll a m m o n iu m  c o n c e n tra tio n s  a t N a hoon  w e re  h ig h e r in 2 0 1 4  c o m p a re d  to  2015 . H ig h es t 

c o n c e n tra tio n s  b e tw e e n  se a so n s  w a s  re co rd ed  in w in te r  2 0 1 4  (1 7 .3 9  pm ) and  g e n e ra lly  

c o n c e n tra tio n s  w e re  h ig h e r in w in te r  (12.1 ± 3 .2  pm ) as c o m p a re d  to  s u m m e r (8.1 ± 0 .9  pm ). 

A  K ru ska l-W a llis  te s t sh ow ed  th a t N H 4 c o n c e n tra tio n s  w e re  s im ila r b e tw e e n  s u m m e r 2 01 4  

(1 0 .3  ± 1.5  pm ) and  s u m m e r 2 0 1 5  (5 .9  ± 0 .9  pm ) (H (7,n=22)= 8 .6 , p > 0 .05 ) and  be tw e e n  w in te r

2 0 1 4  and  w in te r  2 0 1 5  fo r  a ll s ites  (H (6,n=12)=5 .0 ,p > 0 .05 ) (F ig u re  18). O ve ra ll N H 4 co n ce n tra tio n  

in S ite  1 w a s  s ig n ific a n ly  h ig h e r th a n  S ite  4  (T = 9 .5 4 ,p <  0 .05), and  c o n c e n tra tio n  be tw e e n  o th e r 

s ites  w a s  s im ila r (p> 0 .05 ).

P o re w a te r T O xN  ran ge d  b e tw e e n  0 .2 3  -  3 .25  pm  and  w e re  h ig h e r in 2 0 1 4  as c o m p a re d  to

2 0 1 5  a t N a hoon  (T = 5 8 .5 ,p <  0 .0 5 ). T O X N  co n c e n tra tio n s  in s u m m e r 2 0 1 4  w a s  h ig h e r than  

s u m m e r 2 0 1 5  (T =0 .0 , p< 0 .0 5 ) and  w a s  s im ila r in w in te r  2 0 1 4  and  2 0 1 5  (H (4,n=12)= 9 , p> 0 .05 ) 

(F ig u re  18). No s ite  d iffe re n ce s  w e re  re co rd ed  (p> 0 .05 ).

P o re w a te r p h o sp h o ru s  ra n ge d  b e tw e e n  0 .2 -5 .6  pm  a t N a hoon  and  th e  c o n c e n tra tio n  w a s  

h ig h e r in 2 0 1 4  (2 .3  ± 0 .4  pm ) c o m p a re d  to  2 0 1 5  (0 .9  ± 0 .3  pm ). S R P  in s u m m e r 2 0 1 4  had a 

h ig h e r co n ce n tra tio n  th a n  s u m m e r 2 0 1 5  fo r  a ll s ites  (T =1 .0 , p< 0 .0 5 ) (F igu e  18). T h e re  w a s  

no s ig n ific a n t d iffe re n ce  o f S R P  c o n c e n tra tio n  in w in te r  2 0 1 4  and  w in te r 2 0 1 5  (p > 0 .05 ) bu t 

S ite  2 had  th e  h ig h e s t co n ce n tra tio n  as c o m p a re d  to  o th e r s ites.
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Tree growth (Height and DBH)

A n  in c re a se  in a ve ra g e  ve rtica l and  h o rizon ta l g ro w th  ra te  (cm  yr. -1) o ccu rre d  a t a ll s ite s  in 

the  s tu d y  a re a s  (T a b le  17). A v e ra g e  ve rtica l g ro w th  d iffe re d  b e tw e e n  e s tu a rie s  and  b e tw e e n  

s ites . O ve ra ll a ve ra g e  ve rtica l g ro w th  ra te  o f RC1 (A. marina) b e tw e e n  M n g a za n a  and  N ahoon  

E s tua ry  w a s  s im ila r (p>  0 .05 ), w h ile  th e  o ve ra ll g ro w th  ra te  o f A. marina fo r  the  o th e r s ize  

c la sse s  (R C 2, RC3, S 4  and  S 5) a t N a hoon  w a s  h ig h e r as c o m p a re d  to  M n g a za n a  E s tua ry  (p< 

0 .05 ) (T a b le  19). T h e re  w a s  a s ig n ific a n t d iffe re n c e  in o ve ra ll a ve ra g e  ve rtica l g ro w th  ra te  

b e tw e e n  sp e c ie s  a t M n g aza n a . R C 3 had  a h ig h e r g ro w th  ra te  c o m p a re d  to  R C 1, R C 2, S 4  and 

S 5  (H (14, n=55) = 12.8, p < 0 .05 ) fo r  all th e  sp e c ie s  s tud ied . A v e ra g e  h o rizon ta l g ro w th  (cm  y r-1) 

w a s  s im ila r b e tw e e n  the  s ize  c la sse s  (p> 0 .05 ).

M a n g ro ve  tre e s  a t N a hoon  g re w  fa s te r  in S ite  1 than  in S ite  2 (F (25, 12) = 4 .9 , p< 0 .05), w h ile  

g ro w th  w a s  s im ila r b e tw e e n  S ite  3 and  S ite  4  (F (25, 34) = 1.5, p>0 .05 . G ro w th  ra te  be tw e e n  R C 3 

and  S 5  w a s  s im ila r (F (20, 13) = 1.6, p> 0 .05). S 4  had  a h ig h e r g ro w th  ra te  as c o m p a re d  to  the  

o th e r re g e n e ra tio n  s ize  c lasses , and  it had an  a ve ra g e  g ro w th  ra te  o f 2 3 .4  cm  y r-1. A v e ra g e  

h o rizo n ta l g ro w th  ra te  w a s  s im ila r be tw e e n  th e  s ize  c lasses . A v e ra g e  ve rtica l g ro w th  ra te  w a s  

lo w e r in th e  R e g e n e ra tio n  S ize  C la sse s  (R C 1, R C 2 and  R C 3) as c o m p a re d  to  th e  o th e r s ize  

C la sse s  (T a b le  19). F o r S ite  1 and  S ite  4, S 5  had a lo w e r g ro w th  ra te  p e r year.

Avicennia marina (AM)

A. marina w a s  fo u n d  in S ites  4, 5, 6  and  7. T h e  a ve ra g e  g ro w th  ra te  a t M n g a za n a  d iffe re d  

b e tw e e n  s ites ; S ite  4  (4 .8  cm  y r.-1) had  the  h ig h e s t g ro w th  ra te  as c o m p a re d  to  th e  o th e r s ites. 

In a dd itio n , w h e n  c o m p a rin g  b e tw e e n  th e  s ize  c lasses , S 5  (A ve ra g e  o f A. marina s ites) (7 .2 

cm  y r.-1) had  th e  fa s te s t g ro w th  ra te  as c o m p a re d  to  R C 1, RC2, R C 3  and  S4. O ve ra ll D H B  

g ro w th  w a s  m o s tly  seen  in s ize  c la ss  1 -1 .9  to  >4  cm  (F ig u re  20).

A t N a hoon  E s tua ry  o n ly  A. marina w a s  fo u n d  and  S 4  had  th e  h ig h e s t a ve ra g e  g ro w th  ra te  

(2 3 .4  ± 4 .5  cm  y r-1) as  c o m p a re d  to  o th e r s ize  c la sse s  (F ig u re  19, T a b le  19). W h e n  co m p a rin g  

b e tw e e n  s ites , S ite  2 (1 9 .9  cm  yr. -1) had  th e  h ig h e s t g ro w th  ra te  as c o m p a re d  to  S ite  1, S ite  

3 and  S ite  4  (T a b le  18). T h e  h o rizo n ta l g ro w th  ra te  o f tre e s  (D B H ) a t N a hoon  d id  n o t fo llo w  

a ny  u n ifo rm  rise  o r fa ll, and  a ve ra g e  DBH w a s  d iffe re n t b e tw e e n  s ites . S ite  3 had th e  h ig h e s t 

in c re a se  as c o m p a re d  to  S ite  1, S ite  2 and  S ite  4. In d iv id u a ls  in s ize  c la ss  0 -0 .9  cm  w e re  no t 

fou n d  in S ite  1, bu t o ve ra ll a ve ra g e  DBH g ro w th  in s ize  c lass  0 -0 .9  cm  w a s  s im ila r w ith  s ize  

c la ss  1 -1 .9  cm  (F  (0,82) =3 .9 , p > 01 .05 ) (T a b le  20). A v e ra g e  DBH g ro w th  fo r  s ize  c la ss  0 -0 .9  cm  

w a s  s ig n ific a n tly  h ig h e r th a n  2 -2 .9  and  3 -3 .9  cm  (F (1, 94) =7, 2, p < 0 .05 ) and  a ve ra g e  DBH 

g ro w th  fo r  tre e s  >4  cm  w a s  h ig h e r tha n  s ize  c la ss  0 -0 .9  cm  (F (1,149), = 17  p < 0 .0 5 ) (T a b le  20). 

O ve ra ll DBH g ro w th  w a s  m o s tly  se en  in s ize  c la s s  > 4  (0 .9  ± 0.1 cm ).
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Rhizophora mucronata (RM)

R. mucronata was found in Sites 1 and 5. In Site 1, the individuals in S4 had a similar average 

growth rate as compared to RC1, RC3 and S5 (6.3 ± 9.9 cm yr. -1) and S5 had the slowest 

average growth rate as compared to the other size classes. No significant difference was 

found between them (p> 0.05). Average growth rate was significantly different between the 

size classes (p< 0.05). Average DBH growth in Site 1 and site 5 was similar in all the size 

classes (p> 0.05)

Bruguiera gymnorrhiza (BG)

B. gymnorrhiza was found in Site 2, 3, 5 and 8 (Plate 5). The overall average growth rate of 

B. gymnorrhiza increased from seedlings (2.1 cm yr-1) to adults (6.7 cm yr-1), a decrease in 

average growth rate was seen in S5 (0.1 cm yr-1). Growth rate was similar in RC1 and RC3 (F 

(1,61), =-0.8 p> 0.05). Average DBH growth at Mngazana was similar between size class 1-1.9 

and 3-3.9 cm (F (1,69), =0.5 p> 0.05) and also in size classes 1-1.9 and >4cm (F (1,46), p>0.05). 

B. gymnorrhiza trees in Site 3 were lower than 130 cm; therefore, no DBH was found

Table 17: Changes in height and diameter at breast height for each site over time (2012-2015) 
(Mean ± SE).

Estuary Average height (cm) Average DBH (cm)

Mngazana Site 2012 2014 2015 2012 2014 2015

1 151.6±9.5 159.6±9.8 164.7±10.0 9.3±1.4 9.6±1.3 10.1±1.3
2 187.7±22.1 176.5±19.7 177.8±19.7 20.1±2.5 20.1±2.5 20.6±2.6

3 57.6±1.4 63.1±1.4 64.8±1.4 - - -
4 174.3±22.2 176.6±19.7 183.5±19.7 12.1±2.1 11.9±1.9 11.1±1.9
5 136.2±5.4 144.5±5.8 154.8±6.5 5.7±0.5 5.3±0.4 5.8±0.5
6 256.9±12.3 257.2±12.6 268.6±13.5 4.6±0.3 4.9±0.3 5.6±0.3
7 171.7±8.5 172.3±8.9 183.2±10.2 4.9±0.6 5.5±0.6 6.1±0.7
8 249.1±14.8 252.8±14.9 264.3±15.2 14.1±1.7 13.6±1.6 14.1±1.6

Nahoon 1 197.9±13.8 240.6±13.0 259.7±14.0 5.5 ± 0.6 6.4±0.6 7.1±0.6
2 159.7±11.1 162.7±8.6 183.2±9.7 6.4±0.9 4.7±0.6 5.1±0.5
3 276.3±21.2 313.5±23.6 323.1±23.5 11.7±1.2 12.7±1.3 13.1±1.3

4 124.3±7.7 99.8±6.3 112.1±6.9 4.0±0.5 4.4±0.5 4.9±0.6
ND= No Data
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Table 18: Average growth in height (cm yr-1) between size classes (RC1-S5) in both estuaries (Mean ± SE (N)).

Estuary Site Species RC 1 RC 2 RC 3 S 4 S 5

M n g a za n a 1 RM 5 .9 ±2 .9 (3) 3 .3 ± 0 .3 (85) 5 .9±1 .1  (19) 6 .3 ± 3 .8  (7) 3 .0±1 .1  (11)

2 BG 1 .6±0 .3 (8) 1 .9±0 .4 (29) 3.1 ±1 .5  (5) 9 .8 ± 6 .7  (3) 0 .1±1 .1  (14)

3 BG 2 .2 ± 0 .6 (31) 8 .7 ± 0 .8 (90) - - -

4 AM 7 .6 ±2 .4 (9) 4 .9±1 .1 (40) 4 .1 ± 6 .2  (4) 9 .6 ± 7 .9  (3) -

5 BG - 4 .6 ±1 .2 (9) 11 .8 ± 1 .3  (12) - -

AM 8.3±5.1 (7) 3 .1 ± 0 .7 (112) 1 .4±4 .2  (8) - -

RM - 5 .2 ± 0 .9 (68) 7 .9 ± 8 .3  (31) 6 .9 ± 1 .7  (6) 6 ± 2 .9  (3)

6 AM - 2 .4 ± 1 .7 (8) 6 .9 ± 3 .6  (17) 2.1 ±1 .4  (19) 7 .2 ± 2 .5  (5)

7 AM ND ND ND ND ND

8 BG - 3 .7 ± 1 .4 (17) 3 .9 ± 2 .4  (10) 1 .8±1 .7  (22) 2 .7 ± 1 .6  (9)

N ahoon 1 AM - 2 0 .7 ± 2 .9  (11) 2 2 .6 ± 2 .3  (15) 9 .5 ± 2 .6  (9) 1 3 .8 ±0 .5  (2)

2 AM 10.9±2.1 (10) 1 3 .5±1 .3  (69) 2 0 .8 ± 3 .9  (8) 2 6 .3 ± 2 .7  (10) 2 8 .3 ± 3 .3  (7)

3 AM 11 .2±5 .4 (4)

CNCO+iCOo

(18) 11 .3 ± 1 .7  (9) 2 5 .2 ± 5 .8  (8) 1 9 .0 ±1 .4  (23)

4 AM 11 .2±1 .2 (36) 14.9±1.1 (57) 2 2 .1 ± 2 .2  (18) 3 2 .5 ± 3 .7  (2) 1 5 .9 ±4 .6  (2)
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Table 19: Overall average growth (cm yr-1) (Mean ± SE (N))

Estuary Species RC 1 RC 2 RC 3 S 4 S 5

M n g a za n a BG 2 .1 ± 0 .5  (38) 6 .5 ± 0 .6  (145) 7 .2 ± 1 .3
(27)

2 .8 ± 1 .7  (25) 1.1 ±0 .9  (23)

RM 5 .9 ± 2 .3  (3) 3 .8 ± 0 .4  (119) 9.1 ±1 .2  
(50)

6 .6±2 .1  (13) 3 .7 ± 1 .0  (14)

AM 7 .9 ± 2 .6  (15) 3 .6 ± 0 .6  (161) 5 .0 ± 2 .5
(29)

3.1 ±1 .6  (22) 2 .3 ± 1 .1 (1 5 )

N ahoon AM 11 .1 ±1 .1 (5 0 ) 14 .2 ±0 .8 (1 5 6 ) 2 0 .1 ± 1 .4  

(50)_______

2 3 .4 ± 2 .5 (2 9 ) 1 9 .8±1 .5  
(34)_________

T a b le  20: O ve ra ll a ve ra g e  g ro w th  in d ia m e te r a t b re a s t h e ig h t (cm  y r-1 ) (M ea n  ± S E  (N ))

Estuary Site Species 0-0.9 1-1.9 2-2.9 3-3.9 >4
M n g a za n a 1-8 BG - - - 0±0.1  (8) 0 .1±0

(77)
AM - 0 .2 ±0  (20) 0 .1 ± 0  (17) 0 .1 ± 0  (22) 0 .1±0

(89)
RM - 0 .2±0 .1  (5) 0 .1 ± 0  (13) 0 .1 ± 0  (17) 0 .2±0

(69)
N ahoon 1-4 AM 0.8±0.1 0 .6±0 .1  (6) 0 .5±0.1 0 .5±0.1 0 .9±0.1

(Z8)______ (16)________ (18)________
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Mngazana Nahoon

F igu re  19: A v e ra g e  ve rtica l g ro w th  ra te  (cm  m o n th -1 ) o f A . m a rin a  fo r  all the  s ite s  a t M n g a za n a  
and  N a hoon  E s tu a ry  (M ea n  ± SE).

Mngazana Nahoon

F igu re  20: A v e ra g e  h o rizo n ta l g ro w th  ra te  (cm  m o n th -1 ) fo r  a ll the  s ites  a t M n g a za n a  and 
N a hoon  E s tu a ry  (M ean  ± SE).
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Correlations between growth and porewater characteristics

At Mngazana Estuary, a correlation analysis showed that there were no significant 

relationships between growth and porewater salinity (r=0.6, p>0.05), porewater temperature 

(r=0.1, p> 0.05) or electrical conductivity (r=0.1, p>0.07). No correlation was found between 

porewater characteristics and growth at Nahoon Estuary (p>0.05) either.

Correlation between growth and nutrients

Correlation analysis showed that there was no correlation between porewater nutrients and 

growth at Mngazana Estuary. No correlations were found at Nahoon between S4 and NH4 (r=- 

0.1, p>0.05). A correlation analysis showed that growth of A. marina species at Nahoon 

Estuary was negatively-correlated to the presence of TOXN (r=-0.4, p< 0.05). No correlation 

was found between growth and SRP (r=-0.9, p>0.05) for this species.

Mortality rates

Mangrove death was not uniformly recorded at Mngazana. High mortality was seen in (RC2) 

as compared to the other size classes (H (13, 38) = 26.7, p<0.05) and when comparing between 

sites, mortality was higher in the Mixed (Site 5) and A. marina (Site 7) site (Table 21). During 

the duration of the study, mortality of saplings (RC1) was higher as compared to other 

regeneration size classes (F (1, 34) =17.9, p<0.05) at Nahoon Estuary and more deaths were 

recorded in 2015 (Table 19). Site 4 had the highest mortality as compared to the other sites.

Table 21: Number of dead mangrove individuals found in different size classes

Estuary RC1 RC1 RC2 RC2 RC3 RC3 S4 S4 S5 S5

(I) (F) (I) (F) (I) (F) (I) (F) (I) (F)

Mngazana - 3 4 36 - 5 - 4 1 1

Nahoon - 9 - 2 - - - - - -

I=Initial study period, F=Final study period
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4.4 Discussion

The objectives of this chapter were to measure the porewater characteristics (salinity, 

temperature, electrical conductivity and nutrient pool) and the growth characteristics of 

mangrove forests at Mngazana and Nahoon Estuary, to identify the relationships between 

environmental factors and growth, to determine the growth rates of different sizes classes of 

Avicennia marina, Bruguiera gymnorrhiza and Rhizophora mucronata and lastly, to correlate 

porewater characteristics to the growth for the mangroves.

High salinity ranges were measured at Mngazana Estuary and this may be due to low or no 

fresh water coming into the estuary; the highest salinity measured was 41.6 PSU (2015) and 

it varied between seasons and years. A study done by Rajkaran (2011) recorded salinity 

values ranging from 28.7 ± 3.3 to 38.2 ± 1.7 PSU for all the sites at Mngazana Estuary, this 

was lower than what was measured in this study. An increase in salinity was mostly seen in 

Site 4 where initial (February 2014) salinity was 28.3 PSU and the final (June 2015) salinity 

was 39.1 PSU. This was a result of decreased freshwater coming into the estuary and lower 

rainfall (Figure 13c). Salinity greater than 35 PSU may affect growth, production and leaf 

senescence of mangroves (Naidoo 1990 and Wakushima et a/.1994a). However, species 

differ in their salinity preference, with B. gymnorrhiza favouring salinity ranges that are reduced 

(± 10 PSU but less than 30 PSU), while R. mucronata prefers salinity ranges of 17.5 PSU. In 

some cases, however, the latter species was able to survive in high salinities as was seen at 

Inhaca Island, Mozambique where it survived on salinities of 55 PSU (MacNae 1968). Moore 

et a/. (2015) showed survival of mangroves on salinity over 40 PSU at coastal vegetation of 

United Arab Emirates. A. marina is known to be the most tolerant species as compared to 

other mangroves, it prefers salinity ranges of 5-35 PSU (Naidoo 1987). MacNae (1968) 

showed how it was able to grow in salinities of over 90 PSU, but this affected the growth and 

resulted in a stunted morphology.

According to Whitfield (1994), the eastern coast can be divided into subtropical (from the 

border of Mozambique to Mbashe Estuary) and warm temperate (from south of Mbashe 

Estuary onwards) regions, and this is controlled by water temperature. Rainfall and 

temperatures at Mngazana Estuary are higher as compared to Nahoon Estuary. Average 

rainfall at Mngazana is 81.7 mm and 76.2 mm at Nahoon (Figure 13c and 15c, respectively). 

Changes in rainfall pattern has been observed especially at Mngazana Estuary, this may have 

an effect on mangrove growth and productivity. Species that are found in temperate regions 

are those that have a wide latitudinal distribution (Morrisey et a/. 2010), Nahoon is no different 

from other temperate regions hence it has A. marina growing there. Low temperatures are
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known to limit the productivity and distribution of mangroves, but since A. marina is the most 

tolerant species and is able to grow in diverse ranges of habitats, it has the ability to grow in 

diverse climatic and tidal conditions (Duke et a/. 1998) as well, and so it is able to survive and 

grow at Nahoon Estuary and further south as stated in Chapter 3.

Porewater nutrients found in mangrove sediments differ temporally and spatially and this 

depends on several factors such as redox potential, availability of fresh water, pH and flooding 

frequency (Bernini et a/. 2010). Decomposition of mangrove materials is a major source of 

nutrients in the system. Nitrogen at Mngazana and Nahoon Estuary was available in the form 

of ammonium; it had a higher concentration as compared to the other nutrients as seen in 

Figure 17 and 18, respectively Lovelock et a/. (2010) found a similar trend and recorded higher 

concentrations at both seaward and landward edges. A study by Emmerson (2005) which 

focused on the nutrient status of Mngazana also showed that ammonium was found at higher 

concentrations (153 |jg 1-1) compared to the other nutrients. Middelburg et a/. (1996) recorded 

ammonium concentrations at Gazi Bay in the range of 3 -  390 jm , and in this study ammonium 

concentrations were also greater than 3 jm  but below 390 jm . Porewater concentration of 

ammonium, nitrogen and phosphorus in Gazi Bay was lower as compared to those found in 

temperate regions. Even in this study, ammonium concentration in 2014 was higher at Nahoon 

Estuary (temperate) as compared to Mngazana Estuary (subtropical). As stated by Emmerson 

(2005) the high concentration of ammonium at Mngazana may be due to large populations of 

crabs, which process a substantial quantity of decaying leaf materials. Ammonium 

concentration at Mngazana and Nahoon Estuary during the wet season ranged between 1.4­

27.7 jm  (Figure 17) and 1.6-20.4 jm  (Figure 18), respectively, and these were lower than 

concentrations measured by Geldenhuys (2013) (1.5-35.9 jm ) in similar areas.

SRP concentrations were higher during the wet seasons than the dry seasons in both 

estuaries (Figure 17 and 18, respectively). This is in line with work by Castaneda-Moya et a/. 

(2013) where SRP concentrations were also higher in the wet seasons (1.2 ± 0.1 jm ) than the 

dry seasons (0.8 ± 0.3 jm). The results opposed what Mohammed and Johnstone (2002) 

found in Mapopwe Creek, Zanzibar where SRP was higher in the dry seasons than the wet 

season. SRP was being imported from the ocean by tides, thus leading to seasonal 

component to nutrient flux (Fong and Zedler 2000) where SRP was released in summer and 

taken up in winter, therefore resulting in sediment of that estuary was acting as a sink.

TOxN concentration at Mngazana ranged from 0.1-5.0 jm  and 0.1- 6.3 jm  at Nahoon. It varied 

between seasons, at Mngazana TOxN was higher in wet seasons than in dry seasons and in 

contrary TOxN concentrations at Nahoon were higher in dry seasons (Figure 17 and 18,
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re sp e c tive ly ). A  s tu d y  by G e ld e n h u ys  (2013 ) a t N a hoon  E s tu a ry  sh ow ed  th a t T O xN  

c o n c e n tra tio n s  w e re  s im ila r to  th is  s tu d y  in T ra n s e c t 1 and  2. W o rk  d o n e  by Ilam i et a/. (2002 ) 

on th e  sp a tia l and  te m p o ra l a na lys is  o f so il p o re w a te r n u trie n ts  v e r ify  th a t m o s t n u trie n ts  tend  

to  fo llo w  a tre n d  o f h av ing  h ig h e r c o n c e n tra tio n s  in w e t se a so n s  as c o m p a re d  to  th e  d ry  

se aso n s . T h is  m a y  be b eca u se  o f ra in fa ll p la y ing  a ro le  by w a s h in g  a w a y  n u trie n ts  in to  the  

e s tu a ry  th ro u g h  ru n o ff from  th e  su rro u n d in g  parts . A s  s ta te d  by (S ta th a m  2012 ), th e  s u p p ly  o f 

n u trie n ts  in e s tu a rie s  is s tro n g ly  lin ke d  to  fre s h w a te r in p u t w h ic h  is d rive n  by reg iona l c lim a tic  

fac to rs .

It is im p o rta n t to  m e a su re  p a rtic le  s ize  as th is  w ill d e te rm in e  if n u trie n ts  a re  s to red  in the  

s e d im e n t o r e a s ily  e xp o rte d  o u t o f the  sys tem  re su ltin g  in a m o re  v u ln e ra b le  s itu a tio n  fo r  

re g e n e ra tio n  and  g row th . V an  de  K oppe l et a/. (2001 ) s ta te d  th a t s e d im e n ts  th a t a re  m o s tly  

d o m in a te d  by c la y  o r s ilt a re  a m uch  b e tte r so u rce  o f n u trie n ts  c o m p a re d  to  the  s e d im e n t th a t 

is m o s tly  d o m in a te d  by sand . S tu d y  by R a jka ran  and  A d a m s  (2012 ) a t M n g a za n a  s h o w e d  th a t 

s ites  fo u n d  th a t c la y  co n te n t w a s  s ig n ific a n tly  h ig h e r a t C re e k  2 w h ile  s ilt w a s  s ig n ific a n tly  

h ig h e r in C re e k  1. H ig h e r n u trie n ts  c o n te n ts  a re  fou n d  m o s tly  in s ites  w h e re  c la y  and  s ilt a re  

d om ina n t. T h e  h igh  p e rce n ta g e  o f sand  is o b se rve d  in a s tu d y  by B ern in i et a/. (2010 ) and  th a t 

re su lte d  in a d e c re a se d  ca p a c ity  to  re ta in  nu trien ts . A t N a hoon  E stua ry , sa nd  fo rm e d  the  

la rg e s t co m p o n e n t o f th e  s e d im e n t in all th e  s ites  s tu d ie d  (G e ld e n h u ys  2013 ). T h e  re ten tion  

o f n u trie n ts  in a m a n g ro ve  fo re s t is d e p e n d e n t on th e  p a rtic le  s ize , th e  b ig g e r the  p a rtic le  size, 

the  less  a b ility  o f the  s e d im e n t to  re ta in  nu trien ts .

A c c o rd in g  to  T h o m a s  (2010 ) n u trie n ts  tend  to  be  a v a ila b le  in fo re s ts  w h e n  pH ra n ge s  fro m  6 .5  

to  7 .5  and  th is  range  is c o n s is te n t w ith  p la n t g row th . M o s t n u trie n ts  a re  n o t a ffe c te d  by pH bu t 

p h o sp h o ru s  is th e  n u tr ie n t th a t is m o s tly  a ffe c ted . If pH is a b o ve  7 .5 , th e y  b e co m e  less 

a va ila b le  in the  se d im en t. T h e re fo re , the  lo w  p h o sp h o ru s  c o n c e n tra tio n  in bo th  e s tu a rie s  m ay 

be due  to  the  ra n ge  th a t w a s  m e a su re d  by R a jka ra n  (2011 ) and  G e ld e n h u y s  (2013 ) w h e re  pH 

w a s  g re a te r th a n  6 .9 .

T h e  o rg a n ic  co n te n t fou n d  in th e  m a n g ro ve  fo re s ts  a ffe c ts  the  p re se n ce  o f n u trie n ts  found . 

H igh  c o n c e n tra tio n s  o f o rg a n ic  m a tte r fo u n d  in th e  fo re s t as a re s u lt o f litte r fa ll im p ro ve  

d e n itr if ica tio n  p ro ce sse s  (M o h a m m e d  and  Jo h n s to n e  2002 ). T h e re fo re , h ig h e r o rg a n ic  c o n te n t 

w ill a id  th e  fo re s t in n u tr ie n t re ten tio n  (G e ld e n h u ys  2 01 3 ) and  th is  is fa c ilita te d  by m o is tu re  

c o n te n t w h ic h  p lays  a ro le  in th e  d e co m p o s itio n  o f m a te ria l fo u n d  in th e  m a n g ro ve  fo res t. 

R a jka ra n  (2011 ) re co rd e d  h ig h e r m o is tu re  c o n te n t (4 4 .9  ± 1.1 % ) in S ite  1, as c o m p a re d  to  

the  o th e r s ites . S ites  w h e re  R. mucronata (1 &  5) and  A. marina (4, 5, 6  &  7) w a s  fou n d  had 

s ig n ific a n tly  h ig h e r s e d im e n t m o is tu re  co n te n t and o rg a n ic  m a tte r and  o u r re su lts  s h o w  th a t 

n u tr ie n t c o n c e n tra tio n  w a s  h ig h e r in th e se  s ites . A t N a hoon  E stua ry , m o is tu re  co n te n t ranged
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between 26.4 to 39.3 % and organic content was 2.3 to 4.6 % (Hoope- Speer 2015) and these 

factors also had an influence on nutrient concentrations found there.

The average growth rate of A. marina was higher at Nahoon than Mngazana Estuary, it ranged 

from 9.5 ± 2.6 to 32.5 cm yr-1(Table 18). Growth rate in adult trees was faster than in saplings. 

An increase in average growth rate was seen over the years and a higher growth rate was 

recorded from 2012-2014 as deduced from height changes in Table 17. There were trees that 

experienced a decrease in growth and this was due to breaking of the tree and dead branches, 

other mangrove trees grew by a cm and this was mostly seen in sites where saplings were 

dominant. Duarte et a/. (1998) state that seedlings that grow in sites or areas where there is 

poor nutrient availability or where coarse sands dominate, lower growth rates are recorded. 

According to (Kathiresan and Rajendran 2002) seedlings that are found in areas entirely 

exposed to full sunlight may experience development failure even though other environmental 

elements may be sufficient. Extreme sunlight may decrease mangrove growth and the 

photosynthetic rate. There are other factors that play a role in the growth of seedlings and 

these include nutrient availability, salinity, predation by crabs, tidal position and desiccation, 

wave exposure etc. (McKee 1995, Duarte et a/. 1998 and Padilla et a/. 2004). Beard (2006) 

state that most stands that have a height of 1.5 m tend to have a vertical growth that is less 

than 10 cm yr-1 (because of the physiological limitations of low temperatures experienced at 

this latitude). Rajkaran (2011) measured growth rates of A. marina to be 6.0 cm yr-1, S4 (251­

320 cm) for had the highest growth rates as compared to the other size classes, no increase 

in height was recorded for trees > 350 cm. In this study, the overall average growth rate of A. 

marina was 5.5 cm yr-1 for all the size classes, meaning that a decrease in growth rate was 

observed in this study (Table 19). Avicennia marina’s growth rate was higher in trees > 350 

cm which is not different from what Rajkaran (2011) measured. When comparing A. marina 

DBH in a study by Rajkaran (2011) and this study, it was similar (both 0.1 cm yr-1) (Table 20). 

Overall growth rate at Nahoon Estuary was 17.7 cm yr-1 (Table 18) and this was higher than 

temperate mangroves found in New Zealand where their growth rate was between 3-7.5 cm 

yr-1 and was likely as a result of limitations of low temperatures experienced in those estuaries. 

When comparing between the size classes, growth was similar in RC1 at Mngazana and 

Nahoon Estuary. But growth rates in other size classes were higher at Nahoon Estuary as 

compared to Mngazana Estuary (Table 19). Growth of seedlings rely on various factors which 

include wave exposure, salinity, light availability and nutrient availability.

Mangrove forests found at higher latitudes are expected to have lower tree growth rates 

compared to those at lower latitudes (Morrisey et a/. 2010), but the opposite was found at 

Nahoon Estuary where mangrove trees grew faster as compared to those found at Mngazana
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E stua ry . V a rio u s  s tu d ie s  m e n tio n e d  h o w  a b o ve  g ro un d  n e t p rim a ry  p ro d u c tio n  d e c lin e s  in o ld 

m a n g ro ve  fo re s ts  a fte r th e  fu ll c a n o p y  le a f a re a s  has been  a cco m p lish e d  (B e rg e r et a/. 2004 ). 

Lugo  (1997 ) a lso  m e n tio n e d  th a t o ld  m a n g ro ve  fo re s ts  tend  to  h ave  lo w  n e t p ro d u c tio n , bu t 

n u tr ie n t re cyc lin g  is e ffec tive . P o o r/ low  g ro w th  ra tes  m a y  a lso  be  as a re su lt o f d e n se  tree  

n u m b e rs  fou n d  in fo res ts , w h ic h  leads to  lig h t co m p le tio n  in th e  canopy, th is  has been 

d o c u m e n te d  by O k im o to  et a/ (2013).

T h in n in g  and  re so u rce  a v a ila b ility  m a y  a lso  p lay  a ro le  in m a n g ro ve  g ro w th  ra tes . B e rg e r et a/ 
(2004 ) d id  a s tu d y  on  age  re la ted  d e c lin e  in fo re s t p ro d u c tio n  and  th e ir  re su lts  s h o w e d  th a t 

g ro w th  re d u c tio n  w a s  as a re su lt o f loca l c o m p e titio n  b e tw e e n  sp e c ie s  and  m o rta lity  o f tre es  

re co rd ed  w a s  in flu e n ce d  by se lf-th in n in g . A n y  o f th e se  fac to rs , o r e ven  a co m b in a tio n  o f them , 

cou ld  be  re sp o n s ib le  fo r  th e  lo w e r g ro w th  ra tes  se en  a t M n g a za n a  E s tua ry  in th is  s tudy.

C lim a tic  fa c to rs  m a d e  it p o ss ib le  fo r  th e  g ro w th  and  p ro d u c tiv ity  o f m a n g ro ve s  a t N ahoon  

E stua ry ; w h ile  lo w  te m p e ra tu re s  and  low  ra in fa ll d id  n o t have  an  e ffe c t on th e ir  g row th , 

te m p e ra tu re  e x tre m e s  m ig h t a ffe c t it. P la n t-to -p la n t in te ra c tio n  in th e s e  m a n g ro ve  

co m m u n itie s  m ig h t a lso  p lay  a ro le  in m a n g ro ve  g row th , p ro d u c tiv ity  and  e xpa n s io n . A t 

N a hoon  E stua ry , th e re  is lo w  p o p u la tio n  d e n s ity  o f tre e s  w h ic h  re su lts  in less c o m p e titio n  fo r 

n u trie n ts  and  lig h t be tw e e n  sp e c ie s  and  th a t in tu rn  le a ds  to  h igh  g ro w th  ra tes. T h e  o p p o s ite  

can  be  se en  a t M n g a za n a  w h e re  th e  p o p u la tio n  d e n s ity  is h igh. T h e  co n ce n tra tio n  o f nu trien ts  

fou n d  a t N a hoon  E s tua ry  p lay  a ro le  in th e  in c re a se  in g ro w th  ra tes  and  a lso  th e  sp re a d  o f the  

fo res t. T h is  has been  seen  ta k in g  p la ce  in N ew  Z e a la n d  and  d o c u m e n te d  by Y a te s  et a/. 
(2004 ). M a n g ro ve s  can  a lso  c o e x is t w ith  s a ltm a rsh  s p e c ie s  and  th is  has been  d ocu m e n te d  by 

v a rio u s  a u th o rs  (S te ve n s  2 0 0 6  and  Z h a n g  et a/. 2012 ). T h e  p re se n ce  o f so m e  sa ltm a rsh  

sp e c ie s  can  a c t as a n u rse ry  to  m a n g ro ve  s e e d lin g s  (L e w is  2009 ), b u t can  a lso  re s tr ic t the  

g ro w th  o f m a n g ro ve s  (M cK e e  and  R oo th  2008 ). C lim a te  ch a n g e  has in c re a se d  the  co m p e titive  

a d va n ta g e  o f m a n g ro ve s  and  as such  in c re a se d  th e ir  a b ility  to  o u tg ro w  s a ltm a rsh  sp e c ie s  

re su ltin g  in e s ta b lis h m e n t and  g row th . A c c o rd in g  to  S o a re z  et a/. (2012 ) if m a n g ro ve  sp ec ies  

a re  u n d e r s tress , th e y  n o rm a lly  s h o w  lo w  g row th  ra tes  (h o riz o n ta lly  and ve rtica lly ) and  a h igh 

d e g re e  o f b ra n ch in g  on  trees .

H ig h e r m o rta lity  has been  re co rd e d  in 2 0 1 5  in bo th  e s tu a rie s  as c o m p a re d  to  the  p re v iou s  

ye a rs  s tud ied . J im e n e z  and  Lugo  (1985 ) in th e ir  s tu d y  m e n tio n e d  v a rio u s  fa c to rs  th a t can  lead 

to  h igh  m o rta lity  ra tes  and  a lso  s ta te d  h o w  it can  be ca use d  by n o rm a l in te ra c tio n  b e tw een  

in d iv id u a ls  and  th e ir  e n v iro n m e n t and  a re  a lso  d e n s ity -d e p e n d e n t. M o rta lity  a t M n g a za n a  w a s  

m o s tly  in R C 2 (T a b le  21), th is  has been  d ocu m e n te d  by R a jka ran  (2011 ) and  it is su p p o rte d  

th a t th is  m o rta lity  is a re su lt o f in tra s p e c ific  c o m p e titio n  and  s e lf- th in n in g  ta k in g  p lace  in th is
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es tua ry . A t N ahoon  E stua ry , m o rta lity  w a s  m o s tly  in RC1 and  R C 2 no m o rta lity  w a s  re co rd ed  

in th e  o th e r s ize  c la sse s  (T a b le  21) In bo th  e s tu a rie s , s e e d lin g s  w e re  dy in g  and  th is  m ig h t be 

due  to  va rio u s  reasons . V a rio u s  fa c to rs  m ig h t lead  to  m a n g ro ve  m orta lity , and  th e s e  inc lude  

h e rb ivo ry , c o m p e titio n  b e tw e e n  sp ec ies , and  th e  p re se n ce  o f fung i. Fung i, like  m o s t b io log ica l 

fac to rs , can  like ly  kill o n ly  th o s e  hos ts  w e a k e n e d  th ro u g h  so m e  o th e r c a u se  (J im e n e z  and  

Lugo  1985). A  s tu d y  a t th e  G la d s to n e  c o a s t o f Q u e e ns lan d , A u s tra lia  sh ow ed  th a t th e re  w a s  

an e x te n s ive  m o rta lity  o f A. marina in th a t a rea , w h ic h  w a s  a ttr ib u te d  to  a Phytophthora 

spec ies . O n ly  A. marina w a s  a ffe c te d  in th a t a re a  e ven  th o u g h  th e re  w e re  12 d iffe re n t typ e s  

o f m a n g ro ve  s p e c ie s  (O so rio  et a/. 2014 ).

T h e re  a re  o th e r fa c to rs  th a t m a y  h ave  p la yed  a ro le  in th e  in c re a se d  m o rta lity  ra te  o b se rve d  

a t N a hoon  E stua ry . A c c o rd in g  to  (E llison  1998) s o m e  m a n g ro ve  s p e c ie s  a re  m o re  s u sce p tib le  

c o m p a re d  to  o the rs , th e re fo re  e xce ss ive  ra tes  o f s e d im e n ta tio n  m ay lead  to  m o rta lity . H igh  

ra tes  o f s e d im e n ta tio n  o b s tru c t n u tr ie n t cyc lin g  and  gas e x c h a n g e  as a re s u lt o f rh iz o p h o re ’s 

le n tice ls  and  p n e u m a to p h o re s  be ing  c o ve re d  (O dum  and  Jo h a n n e s  1975). A n d  th a t is the  

ca se  a t N ahoon , as a re su lt o f the  m a n g ro ve  lo ca tio n  th a t is c lo se  to  th e  m ou th  o f the  es tua ry , 

T ra n s e c t 1 su ffe re d  a h igh  m o rta lity  ra te . th is  w a s  as a re su lt o f in c re a se d  s e d im e n ta tio n  in 

th a t a re a  w h ich  re su lte d  in m a n g ro ve  p n e u m a to p h o re s  b e ing  co ve re d  w h ic h  the n  led to  the  

m o rta lity  o f m a n g ro ve s  in th a t a rea. A  s tu d y  d o n e  in N e w  Z e a la n d  by L o ve lo ck  et a/. (2007 ) 

so  as to  u n d e rs ta n d  the  e ffe c t o f s e d im e n ta tio n  and  n u tr ie n t a v a ila b ility  on g ro w th  o f 

m a n g ro ve s  s h o w e d  th e  o p p o s ite  o f w h a t o ccu rre d  a t N ahoon , s e d im e n ta tio n  e n h a n ce d  

m a n g ro ve  g ro w th  and  it a lso  in c re a se d  m ic rob ia l m in e ra liza tio n  o f N w h ic h  in tu rn  led to  

n u tr ie n t lim ita tion .

4.5 Conclusion

T h e  o b je c tive  o f th is  c h a p te r w a s  to  c o m p a re  the  g ro w th  o f m a n g ro ve  s p e c ie s  a t M n g a za n a  

and  N a hoon  E s tu a ry  and  to  d e te rm in e  th e  pore  w a te r n u tr ie n t poo l o f th e s e  e s tu a rie s . C lim a te  

ch a n g e  w ill lead  to  m ig ra tio n  o f m a n g ro ve s  to  h ig h e r la titudes, e x tre m e  co ld  even ts  w ill lim it 

th e ir  e xp a n s io n  and  g ro w th  (G o d o y  and  De L ace rd a  2015 ). D iffe re n t m a n g ro ve  sp e c ie s  and 

fo re s ts  re sp on d  d iffe re n tly  to  v a rio u s  fac to rs . M a n g ro ve  g ro w th  and  p ro d u c tiv ity  is a ffe c te d  by 

v a rio u s  a b io tic  and  b io tic  fac to rs . H igh  o r lo w  te m p e ra tu re s , in c re a se d  s a lin ity  ranges, 

a v a ila b ility  o f n u trien ts , s ilta tio n  and  s e d im e n ta tio n  a re  a m o ng  th e  fa c to rs  a ffe c tin g  th e  g row th  

o f m a n g ro ve s  (N o o r et a/. 2015 ).

B oth  th e  v e rtica l and  the  h o rizon ta l g ro w th  in th is  s tu d y  o ccu rre d  in n o n -id e n tica l ra tes. 

T e m p e ra te  m a n g ro ve s  (N a h oo n  fo res t) w e re  g ro w in g  fa s te r as c o m p a re d  to  su b tro p ica l 

m a n g ro ve s  (M n g a za n a  fo res t). If h igh  s a lin ity  ra n ge s  a t M n g a za n a  E s tua ry  pers is t, th e y  m ig h t 

h ave  an e ffe c t on th e  g ro w th  o f m a n g ro ve s  and  it w ill like ly  be sp e c ie s  sp ec ific . S e d im e n ta tio n
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ta k in g  p la ce  a t N a hoon  E s tua ry  is re su ltin g  in a re as  b e co m in g  u n fa vo u ra b le  fo r  m a n g ro ve  

g ro w th  and  th u s  le a d in g  to  m a n g ro ve  m o rta lity  and  in a b ility  o f m a n g ro ve  p ro p a g u le s  and 

se e d lin g s  to  su rv ive . A c c o rd in g  to  N o o r et a/. (2015 ) h igh  se d im e n ta tio n  te n d s  to  h ave  a 

n e g a tive  e ffe c t on m a n g ro ve  tre es

T h e  p re se n ce  o f n u trie n ts  in th e s e  fo re s ts  is im p o rta n t to  m a in ta in in g  g ro w th  and  p ro d u c tiv ity  

o f m a n g rove s . S o il typ e  p lays  a ro le  in the  a v a ila b ility  o f n u trien ts , th e re fo re  it is an  im p o rta n t 

p a ra m e te r fo r  m a n g ro ve  g ro w th  and  p ro du c tio n . H yd ro lo g ica l re g im e s  m ay  a lso  h ave  an e ffe c t 

on m a n g ro ve  g ro w th  as in u n d a tio n  and  p os ition  n e a r to  th e  sea  p lays  a ro le  in g ro w th  (s ites  

c lo s e r to  the  ch a n n e l had  h ig h e r p o re w a te r s a lin ity  as c o m p a re d  to  th e  o th e r s ites).
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Chapter 5 -  General discussion and conclusion

5.1 General information

A c c o rd in g  to  C h a p m a n  (1977 ) m a n g ro ve s  a re  m a in ly  fou n d  a lo ng  tro p ica l and  su b tro p ica l 

co as tline s . S o m e  sp e c ie s  e xpa n d  and  a re  fou n d  in ra n ge s  th a t a re  c o o le r (w a rm  te m p e ra te ). 

T h e  d is tr ib u tio n  s tru c tu re  o f m a n g ro ve s  is p ro p o rtio n a l to  th e  a v a ila b ility  o f w a rm  and  co ld  

o c e a n ic  p a tte rn s  (S te in ke  1995). M a n g ro ve  d iv e rs ity  d e c re a se s  as you  m ove  fu r th e r sou th  

and  in so m e  ca se s  o n ly  one  s p e c ie s  is ab le  to  e s ta b lish , g ro w  and  b e co m e  rep ro du c tive . 

Avicennia marina is kn ow n  to  be  th e  m o s t co m m o n  sp e c ie s  on th e  A fr ica n  co n tin e n t; it can  

to le ra te  h igh  sa lin itie s , a rid ity , lo w  w a te r te m p e ra tu re s  and  fro s t fre q u e n cy . It is a lso  ab le  to 

su rv ive  in te m p e ra te  re g ion s  (M o rr ise y  et a/. 2010 ). Avicennia marina can  su rv ive  h ab ita ts  

w h e re  s a lin ity  m a y  be 1.5 tim e s  g re a te r than  s e a w a te r o r up  to  70  PSU (M a rtin  et a/. 2 0 1 0  and 

R e e f et a/. 2012 ). O f th e  s ix  m a n g ro ve  s p e c ie s  fou n d  in S ou th  A frica , tw o  sp e c ie s  a re  m o s t 

co m m on , A. marina and  Bruguiera gymnorrhiza (W ard  and  S te in k e  1982).

G lo ba l c lim a te  ch a n g e  w ill h ave  a c o n s id e ra b le  im p a c t on  m a n g ro ve  e cosys te m s , the se  

e ffe c ts  a re  m o s t like ly  to  be  n o tice a b le  in th o s e  re g ion s  w h e re  m a n g ro ve  e co s y s te m s  a re  c lo se  

to  th e ir  lim its  (K je fve  and  M a c in to sh  1997). T h e re  a re  v a rio u s  e le m e n ts  o f c lim a te  ch a n g e  th a t 

h ave  an  e ffe c t on  th e  g ro w th  and  p ro d u c tio n  o f p lan ts  in c lu d in g  m a n g rove s . T h e se  in c lu de ; 

sea  leve l rise, te m p e ra tu re , p re c ip ita tio n , c ircu la tio n  p a tte rns , s to rm s, h igh  w a te r even ts  and  

h o w  h u m a n s  re sp o n d  to  c lim a te  ch a n g e  (G ilm an  et a/. 2008 ). V a rio u s  a u th o rs  h ave  m e n tio n e d  

h o w  e x tre m e  te m p e ra tu re s  (co ld ) m a y  illu s tra te  th e  c u rre n t la titu d in a l lim its  o f m a n g ro ve  

e xp a n s io n , a lth o u g h  th e se  e x tre m e  e ve n ts  a re  c e rta in ly  no t th e  o n ly  fa c to rs  th a t lim it 

m a n g ro ve  e xp a n s io n  to  h ig h e r la titu d e s  (S n e d a k e r 1995  and  S o lo m o n  et a/. 2007 ). A s  

m a n g ro ve  e xp a n s io n  occurs , s a ltm a rsh  sp e c ie s  a re  e xp e c te d  to  be  d isp lace d . S eve ra l a u th o rs  

re p o rt on  th e  e xp a n s io n  o f m a n g ro ve s  w h ic h  o c c u r q u ick ly  as re s u lt o f fa c ilita tio n  by g loba l 

w a rm in g . T h e  ch a n g e  o ccu rr in g  in th e  m a n g ro ve  fo re s t m ig h t have  an e ffe c t on th e se  

e co s y s te m s  s in ce  th e y  a re  e c o lo g ic a lly  and  e c o n o m ic a lly  im p o rta n t (G h o se  2013 ).

5.2 Revising the distribution of mangroves

T h e  lim it o f th e  fo re s ts  w a s  e xp e c te d  to  be  a t N a hoon  E s tua ry  as p re se n te d  by W a rd  and  

S te in ke  in 1982 and  H o p p e -S p e e r (2015 ) and, m o re o ve r, th a t no fo re s ts  e x is te d  fu r th e r sou th  

o f th is  lo ca tion  d u e  to  e n v iro n m e n ta l co ns tra in ts .

M a n g ro ve  re sp o n se  to  c lim a te  ch a n g e  d iffe rs  from  one  fo re s t to  th e  o ther. In th is  s tudy, 

m a n g ro ve s  e xp a n d e d  w ith in  and o u ts id e  th e  range  th a t w a s  p ro p o se d  by W a rd  and  S te in ke  

(1982 ). O n th e  E as t c o a s t o f USA, a p o lew a rd  lim it o f m a n g ro ve  e xp a n s io n  w a s  o b se rve d  as 

a re s u lt o f c h a n g e s  in te m p e ra tu re s  and  g loba l w a rm in g . M a n g ro ve s  w e re  ab le  to  su rv ive  in
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th a t a re a  as a re su lt o f a d e c re a se  in e x tre m e  co ld  e ve n ts  (-4  °C) (G o d o y  and  De L ace rda  

2015 ). E xpa n s io n  o f m a n g ro ve s  in N e w  Z e a la n d  has been  re co rd ed  in s o m e  lo ca tio n s  and  

th is  is b ro u g h t a b o u t by h igh  s e d im e n ta tio n  ra tes  (A lfa ro  201 0 ). H igh  m a n g ro ve  e xp a n s io n  can  

o c c u r p ro v ide d  th a t th e re  is h igh  p ro p a g u le  p ro d u c tio n  ra te  and  lo w  p ro p a g u le  p reda tion . T h is  

o ccu rre d  in e s tu a rie s  in H aw a ii w h e re  R. mang/e w a s  sp re a d in g  e x te n s iv e ly  due  to  h igh 

p ro p a g u le  p ro d u c tio n  (C o x  and  A lle n  1999). N o tab le  c h a n g e s  in m a n g ro ve  c o v e r (ha) have  

been  se en  o ccu rr in g  a t bo th  K w e le ra  and  T y o lo m n q a  E s tu a ry  o v e r th e  yea rs . Avicennia 

marina w a s  the  m o s t d o m in a n t sp e c ie s  in th e se  e s tu a rie s . S pa tia l d is tr ib u tio n  o f m a n g ro ve s  

is m o s tly  in flu e n ce d  by th e  p h ys io lo g ica l to le ra n c e  o f e ach  sp e c ie s  to  sa lin ity . A s  s ta te d  by 

D uke  et a/. (1998 ), A. marina is u su a lly  lo ca te d  a t the  e s tu a ry  m o u th  o f m o s t e s tu a rie s  and  it 

re a ch e s  the  u ps tre a m  tida l lim its ; th is  has been  se en  o ccu rr in g  a t bo th  K w e le ra  and 

T y o lo m n q a  E s tua ries .

L ite ra tu re  m e n tio n e d  th e  n u m b e r o f e x tre m e  e ve n ts  th a t a re  m o re  d e tr im e n ta l to  m a n g ro ve  

g row th . T h e s e  e ve n ts  w e re  d e fin e d  a t <5  °C. T h e  n u m b e r o f e x tre m e  even ts  in th is  s tu d y  

in c re a se d  from  north  to  so u th  w ith  a m a x im u m  n u m b e r o f even ts  re co rd ed  a t T y o lo m n q a  

E stua ry . T h e  o ve ra ll d e n s ity  d id  n o t ch a n g e  b e tw e e n  2 0 1 4  and  2015 . In S ite  2 o f K w e le ra , the  

a ve ra g e  h e ig h t d e c re a se d  in 2 0 1 5  im p ly ing  m o re  s e e d lin g s  had e s ta b lis h e d  and  som e  

c h a n g e s  in ra tio  o f s e e d lin g s  to  a du lts  w e re  no ticed . A t T y o lo m n q a . S ite  1 and  S ite  2 w e re  

d o m in a te d  by a du lts  and  S ite  3 and  S ite  4  had m ore  s e e d lin g s  p resen t. T h e  p re se n ce  o f 

p ro p a g u le s  fou n d  in th e s e  e s tu a rie s  s h o w  th a t m a n g ro ve  tre e s  th e re  a re  p ro d u c tive  and  th is  

in tu rn  m ay lead  to  th e  e xp a n s io n  o f th e  fo res ts . T h e  p ro d u c tio n  o f p ro p a g u le s  d iffe re d  in each  

es tua ry . If th e  e s tu a ry  p ro d u ce s  p ro p a g u le s  th a t a re  m o re  buoyan t, e ith e r in itia lly  o r a fte r 

re flo a tin g  then  th a t m e a ns  d is tr ib u tio n s  w ill be  like ly  to  o c c u r (S te in ke  1986). M a n g ro ve s  a t 

K w e le ra  f irs t e s ta b lish e d  in 1969 fro m  p ro p a g u le s  th a t w e re  b e lie ve d  to  h ave  flo a te d  in to  the  

e s tu a ry  from  fu r th e r sou th . No se e d lin g s  w e re  e s ta b lis h in g  even  th o u g h  th e  tre e s  w e re  

p ro d u c in g  fru it. F rom  1982 s e e d lin g s  w e re  re co rd ed  in th e  es tua ry , th e ir  su rv iva l w a s  lo w  and  

sh ow ed  s ig n s  o f d ie b a c k  o r dam ag e . In th is  s tudy, w e  fo u n d  th a t se e d lin g  su rv iva l w a s  a lso  

lo w  and  s e e d lin g s  w e re  n o t g ro w in g  in to  th e  n e x t re g e n e ra tio n  s ize  c lasses . S eve ra l s tud ie s  

h ave  sh ow n  h o w  m a n g ro ve  s e e d lin g s  m a y  be  o u tco m p e te d  buy  the  p re se n ce  o f o th e r sp e c ie s  

fou n d  in th e  a re a  e .g . M n ta m vu n a  E s tua ry  (R a jka ra n  et a/. 2 00 9 ). A t K w e le ra , the  

e n c ro a c h m e n t o f Phragmites austra/is m ig h t p lay  a ro le  in th e  d ie b a c k  o f s e e d lin g s  in the  

es tua ry .

A  co n ve rsa tio n  th a t w e  had w ith  th e  re s id e n ts  o f T y o lo m n q a  E s tua ry  re ve a le d  th a t a rem ova l 

o f m a n g ro ve  s a p lin g s  w a s  o ccu rr in g  in th e  e s tu a ry  and  m a n g ro ve  e xp a n s io n  w a s  be ing  

re s tric te d  by the  in h ab ita n ts . T h is  has  been  re p o rte d  in o th e r e s tu a rie s , e .g. in N ew  Z e a la n d  

m a n g ro ve s  a re  re m o ve d  le g a lly  and  illega lly . T h e  co m m u n ity /re s id e n ts  b e lie ve  th a t by
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removing them, the sediment that accumulated the banks will be removed and flushed out 

thus preventing further establishment (Stokes et a/. 2010). If mangrove removal at Tyolomnqa 

continues, then the population size at this estuary will be affected.

5.3 Comparison of propagule weight at mangrove forests along a latitudinal range.
Average propagule weight increased as you move further south. Propagule weight after drying 

at Mngazana Estuary was lower as compared to the other two estuaries studied. Propagules 

at Kwelera and Tyolomnqa Estuaries were found mostly in mangrove trees that were exposed 

to the sun.

5.4 Comparing the growth rates of mangroves at two forests within the current 
distribution range and at the edge of the range.

A decrease in population structure overtime was seen in Site 2 at Mngazana Estuary and Site 

4 at Nahoon Estuary. Growth rates also differed from one species to the next. Overall growth 

rates at Nahoon Estuary were higher as compared to Mngazana Estuary. At Mngazana 

Estuary RC3 had the highest overall growth rate (7.6 ± 0.9 cm yr-1) as compared to RC1, RC2, 

S4 and S5 and at Nahoon Estuary S4 had the highest overall growth rate (23.4 ± 2.5 cm yr-1) 

as compared to RC1, RC2, RC3 and S5. No DBH was found in size class 0-0.9 cm at 

Mngazana Estuary and at Nahoon Estuary highest DBH growth rate was found in size class 

>4 (0.9 ± 0.1 cm yr-1).

Mangrove mortality was recorded at both Mngazana and Nahoon Estuary and it was more 

prevalent in RC1 and RC2. There are various factors that may affect seedling growth. E.g. A. 

marina seedlings can be killed by water temperatures that are between 39 °C and 40 °C; this 

excludes seedlings and trees that have already been established. Competition between 

species may also lead to seedling mortality, e.g. competition between Spartina a/ternif/ora 

Loisel. and mangroves was reported by Mckee and Rooth (2008). Physical factors which 

include tidal actions and waves may wash away seedlings (Walsh 1974, Clarke and 

Myerscough 1993), the presence of macro algae in a mangrove forests may also reduce 

seedling establishment, and thus leads to mortality (Clarke and Myerscough 1993). 

Herbivores such as crabs, snails and insects might also affect seedling survival, and silt being 

deposited around mangrove seedlings may also affect their establishment. A study by 

Satumanatpan and Keough (1999) at Rhyll inlet, Phillip Island, Australia showed that the 

presence of mangrove barnacles did not have much impact on mangrove seedling growth and 

survival as hypothesized. They discovered that the high mortality rates in that forest might 

have been as a result of the above-mentioned factors.
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A n  in c re a se  in sa lin ity  re su lted  in d e c re a se d  g ro w th  o f m a n g ro ve s  a t M n g a za n a  E s tu a ry  and  

if th e s e  co n d itio n s  p e rs is t it m a y  re su lt in m a n g ro ve  m orta lity . C lo u g h  (1984 ) sh ow ed  h ow  

sa lin ity  a ffe c t m a n g ro ve  spec ies , s p e c ific a lly  A. marina and  Rhizophora sty/osa G riff.. A v e ra g e  

sa lin ity  s tim u la te s  the  g ro w th  o f th e s e  sp ec ies , b u t o n ce  an  in c re a se  in s a lin ity  occu rs , a 

d e c re a se  in g row th  w ill be  o bse rved .

5.5 Determining the nutrient pool in the pore water of mangroves and to identify the 

main driver of growth for the mangroves at Mngazana and Nahoon Estuary.

G le e so n  et a/. (2013 ) m e n tio n s  h o w  m a n g ro ve s  re m o ve  d isso lve d  n u trie n ts  d u ring  the  

in u n d a tio n  p rocess . M a n g ro ve s  a re  a lso  a b le  to  re se rve  th e s e  n u trien ts  th ro u g h  the  p ro cess  

o f s e d im e n t re ten tion , a b so rp tio n  and  ca rb o n  se q u e s tra tio n . T h e  a b ility  o f th e  m a n g ro ve s  to  

re m o ve  o r re ta in  th e s e  n u trie n ts  is d e p e n d e n t upon  the  sp ee d  o f th e  cu rre n t, to p o g ra p h ic  

e le va tio n  and h o w  fre q u e n t th e s e  m a n g ro ve s  b e co m e  inu nd a te d . M a n g ro ve  fo re s ts  a re  know n  

to  be o lig o tro p h ic , th e re fo re  m a n g ro ve  sp e c ie s  th a t g ro w  th e re  b e co m e  a d a p te d  to  low  

n u trie n ts  a v a ila b ility  (H u tch in g s  and  S a e n g e r 1987). N u trie n ts  can  p lay  a se c o n d a ry  ro le  in 

m a n g ro ve  e xp a n s io n  by in c re a s in g  p la n t g ro w th  (L o v e lo c k  et a/. 2 00 7 ) and  it is a va ila b le  in 

the  sys tem  as a re su lt o f lit te r fa ll in th e  fo res t. V a rio u s  litte r s tu d ie s  h ave  been  d on e  to  sh o w  

th e ir  im p o rta n ce  in th e  sys tem  and  Lugo  and  S n e d a k e r (1974 ) m e n tio n e d  h o w  its p ro d u c tio n  

can  have  a huge  c o n tr ib u tio n  to  th e  n u tr ie n t b u d g e t o f th e  sys tem .

N itro g en  and  p h o sp h o ru s  a re  kn ow n  to  be  th e  m o s t lim itin g  m a c ro -n u tr ie n ts  in a m a n g ro ve  

fo re s t and  th is  is as a re su lt o f g e o ch e m ica l re s tric tio n s . M a n g ro ve  fo re s ts  can  e ith e r be 

n itro ge n  lim ited , p h o sp h o ru s  lim ited  o r a fo re s t can  be bo th  n itro ge n  and  p h o sp h o ru s  lim ited . 

N itro g en  can  be lim itin g  due  to  s lo w  m o d ifica tio n  from  p a rticu la te  to  d isso lve d  fo rm  by b a c te ria  

and  p h o sp h o ru s  m ay  be  lim itin g  due  to  lo w  so lu b ility  and  so rp tio n  o n to  c a rb o n a te s  (A long i 

2010 ). O n ce  w a te r lo g g in g  o ccu rs  in m a n g ro ve  se d im e n ts , c o n d itio n s  b e co m e  a n a e ro b ic  and 

th is  p re ven ts  n itr if ica tio n  fro m  tak ing  p la ce  and  th u s  le a ds  to  lo w  n u tr ie n t a v a ila b ility  (C hen  

and  Y e  2004).

A  re la tio n sh ip  w a s  fo u n d  b e tw e e n  th e  p re se n ce  o f T O xN  and  g ro w th  a t N a hoon  E s tua ry  w h ile  

no co n n e c tio n  w a s  fou n d  on  th e  o th e r n u trie n ts  s tud ied . N e ve rthe le ss , n u trie n ts  a re  fo u n d  to 

p lay  a h ug e  ro le  in m a n g ro ve  p ro d u c tio n  and  g ro w th  and  th e y  have  been  d o c u m e n te d  by 

v a rio u s  a u th o rs  th ro u g h  n u tr ie n t in tro d u c tio n  e xp e rim e n ts . A  s tu d y  a t th e  Ind ian  R iver, F lo rida  

by O n u f et a/. (1977 ) w h e re  th e y  c o m p a re d  tw o  m a n g ro ve  is lands . T h e ir  re su lts  sh o w e d  th a t 

tre e s  had  h ig h e r g ro w th  ra tes  a t th e  h igh  n u tr ie n t s ites  as co m p a re d  to  th e  low  n u trie n ts  site. 

A n o th e r s tu d y  by D u a rte  et a/. (1998 ) on s e e d lin g s  o f Rhizophora apicu/ata B lu m e  sh ow ed  

th a t s e e d lin g s  th a t w e re  g ro w in g  in co a rse  and  n u tr ie n t p o o r s e d im e n ts  had a v e ry  lo w  g ro w th  

ra te  as c o m p a re d  to  se e d lin g s  th a t w e re  g ro w in g  in n u tr ie n t rich  s e d im e n t co m p o se d  o f silt,
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therefore growth was associated with the presence of nitrogen and phosphorus in sediment 

porewater. Another field observation by Clarke and Allaway (1993) proved the importance of 

nutrients on growth of mangroves, in their study the survival of A. marina seedlings was 

enhanced when nutrients were added and after a year the nutrient-added seedlings had a 

higher growth rate as compared to the ones not supplied with nutrients. Other studies focused 

on dwarf mangroves in Australia and they were associated with low nutrient availability in the 

forest. A study on nutrient relations in eastern Puerto Rico concluded that the stunted growth 

of Rhizophora mang/e was likely caused by a combination of P limitation and seasonal water 

stress (Medina et a/. 2010).

The goal of this study was to understand the correlation between growth rates and the drivers 

for growth of mangrove trees in temperate and subtropical regions (Mngazana and Nahoon) 

and to see nutrient conditions affect their growth and productivity. It is also to understand the 

importance of mangrove expansion, factors that lead to their expansion and also what role do 

various characteristics play in mangrove expansion (Gonubie- Keiskamma).

5.6 The following conclusion can be drawn from this study:

• Mangroves have expanded within and outside the range noted by Ward and Steinke 

(1982).

• Localised expansion within estuaries is limited by physical factors such as space in the 

intertidal area.

• Mangrove cover at both Kwelera and Tyolomnqa Estuary increased over the time.

• Mangroves have been seen co-occurring with saltmarsh and Spartina maritima at 

Kwelera Estuary and Tyolomnqa Estuary respectiviely. The presence of these species 

will facilitate mangrove colonization and establishment by trapping mangrove 

propagules, but will result in competition thereafter. Therefore, the presence and 

density of these species and disturbance regimes will determine further expansion in 

these mangrove forests.

• Nitrogen at Mngazana and Nahoon Estuary was available in the form of NH4 and its 

concentration was higher than other nutrients. Ammonium concentration at Nahoon 

Estuary was higher compared to Mngazana Estuary in 2014 sampling dates.

• Mangrove trees in the temperate region grew faster than those found in subtropical 

regions. RC1 growth rate at Nahoon was similar compared to Mngazana Estuary. 

Other size classes grew faster at Nahoon Estuary compared to Mngazana Estuary.

• Mangrove mortality at Mngazana and Nahoon Estuary was mostly in RC1 and RC2, 

no death was recorded in other size classes at Nahoon and No death was recorded in 

S5 at Mngazana, this might be as a result of competition between species.
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5.7 Expectations of mangrove alterations due to the Anthropocene

T h e  in c re a se  in g lo ba l h um an  p o p u la tio n  p lays  a ro le  in the  loss  and  fra g m e n ta tio n  o f h ab ita ts  

a ro un d  th e  w o rld . T h e  m e d ia  and  s c ie n tis ts  h ave  re p o rte d  on the  lo sse s  o f th e se  

e n v iro n m e n ts  as a re s u lt o f c h a n g e s  in c lim a te  and  h um an  in te rve n tio n s  (V a lie la  et a/. 2 001 ) 

and  m a n g ro ve  e co sys te m s  a re  a lso  a ffe c te d  by th e se  a n th ro p o g e n ic  and na tu ra l im pacts . 

C lim a te s  have  ch a n g e d  e x te n s iv e ly  in th e  g e o lo g ica l past, and  it is u n q u e s tio n a b le  th a t th e y  

w ill ch a n g e  a ga in  in th e  fu tu re  (B e rn a l 1991).

T h e  e xp a n s io n  o f m a n g ro ve  to  a re a s  w h e re  th e y  d id  n o t p re v io u s ly  o c c u r h ave  been  

d o c u m e n te d  by v a rio u s  a u th o rs  (P a rm e sa n  and  Y o h e  2 0 0 3  and  S a in tila n  et a/. 2 01 4 ). S ea  

leve l rise  as ca use d  by c lim a te  ch a n g e  and  in c re a se  in te m p e ra tu re  m ay be  th e  d riv in g  fa c to rs  

fo r  a lte ra tio n s . S ea  leve l rise  w ill a ffe c t sa lin ity  and in u n d a tio n  p e riod s  w h e re  m a n g ro ve  fo re s ts  

w ill be  d ro w n e d  and  th is  w ill lead  to  a la n d w a rd  m o v e m e n t o f m a n g ro ve s  (H o p p e -S p e e r 2013 ). 

N a tu ra l d isa s te rs  and  s to rm s  h ave  been  d o c u m e n te d  in v a rio u s  e s tu a rie s  a ro u n d  th e  w o rld , 

and  o n ce  th e  s to rm s  b e co m e  in ten se  and  an in c re a se  in fre q u e n c y  o ccu rs , d a m a g e  in 

m a n g ro ve  fo re s ts  w ill o c c u r w h ich  w ill lead  to  tre e  m o rta lity , so il c o m p re ss io n , so il e ros ion , 

p e a t c o lla p se  etc. (G ilm an  et a/. 2008 ). A t K o b o n q a b a  E stua ry , S ou th  A fr ic a  a s to rm  led to 

m o u th  c lo s u re  and  th a t re su lte d  in in u n d a tio n  o f m a n g ro ve s  w h ich  la tte r ca use d  a m ass 

m o rta lity  o f A. marina. A  h u rr ica n e  in H o n du ra s  w a s  a lso  d ocu m e n te d  by C a h o o n  et a/. (2003 ) 

and  it led  to  a c o lla p s e  o f a peat. U rb a n iza tio n  and  co n s tru c tio n  w ill a ffe c t h yd ro lo g ica l re g im e s  

o f the  e s tu a ry  and  th is  in tu rn  w ill a ffe c t m a n g ro ve s  and  o th e r co as ta l sys te m s  (L u go  et a/. 

2014 ). M a n g ro ve  h a rve s tin g  is se en  o ccu rr in g  w h e re  m a n g ro ve  tre e s  a re  be ing  cu t fo r  va rio u s  

p u rpo se s , th is  has been  d o c u m e n t by R a jka ra n  et a/. (2004 ). C a ttle  g ra z ing  in m a n g ro ve  

fo re s ts  a lso  o ccu rs  and  th is  le a ds  to  s tu n te d  g ro w th  and  loss  o f p ro p a g u le s  (H o p p e -S p e e r et 
a/. 2013 ).

E x trem e  e ve n ts  a re  p re d ic te d  to  in c re a se  o v e r the  ye a rs  (N ich o lls  and  Low e 2 00 4 ) and  S ou th  

A fr ic a  is e xp e c te d  to  h ave  a d e c re a se  in ra in fa ll. A c c o rd in g  to  Q u is th o u d t et a/. (2013 ), if th e re  

is a d e c re a se  in ra in fa ll, an  in c re a se  in e va p o ra tio n  is o b se rve d  and  th is  le a ds  to  d ro u g h t th a t 

w ill o ve ra ll a ffe c t m a n g ro ve  p ro d u c tio n  and  g row th . T h e  e a s te rn  pa rts  a re  e xp e c te d  to  be d rie r 

and  the  m id  pa rts  a re  th e  o n ly  o n e s  th a t w ill be w e tte r  (G e ld e n h u ys  2013 ). R e g ion s  w ith  lo w  

ra in fa ll a re  e xp e c te d  to  h ave  g ro u n d w a te r in p u ts  th a t a re  ve ry  lo w  and  fre s h w a te r su rfa ce  

in p u ts  to  m a n g ro ve  fo re s ts  w ill a lso  be  le sse n e d  and  th u s  in c re a s in g  s a lin ity  in th e  sys tem  

(G ilm an  et a/. 2008 ). S o m e  o f th e s e  e ve n ts  h ave  been  d o cu m e n te d  and  have  a lre a d y  take n  

p la ce  in e s tu a rie s  a ro un d  th e  w o rld  (T a b le  22)
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T a b le  22: E x trem e  e ve n ts  and  th e ir  e ffe c t th a t o ccu rre d  in v a rio u s  e s tu a rie s  g lo b a lly

C o u n try /E s tu a ry Y e a r E x tre m e  e v e n t E ffe c t R e fe re n c e s

Kosi Bay (SA) 1966 C yclone
M ass m orta lity  o f m angroves due  to  erosion  and 

increased  ra in fa lls
G riffiths  1974 and R ajkaran 2011

Florida 1977 E xtrem e  co ld  events
M angrove  m orta lity  due  to  exposure  to freezing  

tem pera tu res .
Lugo and P a tte rson -Zucca  1977

P h ilipp ines 1990 Typhoon Loss o f m angroves due to s truc tu ra l dam age Long et a/. 2014

R ufiji D elta  (Tanzan ia)
1997/
1998

E L  N ino F loods M angrove  m orta lity  due to inundation E rfte m e ije r and H am erlynck2005

H onduras 1998 H urricane  M itch
M ass m angrove  m orta lity  th a t resu lted  in a peat 

co llapse
C ahoon et a/. 2003

M angrove  B ight, 
G uana ja , C entra l 

A m erica
1998 H urricane  M itch

Im pact in se d im e n t dynam ics  w h ich  resu lted  in 
lack o f p ropagu le  estab lishm en t. No m angrove  

recovery  fo r nearly  3 years
A sb ridge  et a/. 2015

M iss iss ipp i R ive r 
D e lta ic

2000 D rough t E xtensive  d ie ba ck  o f sa ltm arsh M cKee et a/ 2004

S t Luc ia  (SA) 2002 D rough t
non-tida l, d ry  and hype rsa line  cond itions in the 

system  resu lted  in decreased  p roductiv ity  o f 
m angroves

H oppe -S pee r et a/. 2013

Asia 2004 Tsunam i M angrove  loss (ha) A long i 2008
N icoba r Islands, 

(C am orta , Katchal, 
N ancow ry  and T rinka t)

2004 Tsunam i
E xtensive  dam ages to  m angrove  

fo res ts  and o the r a qua tic  system s
R am  achandran  et a/. 2005

A ustra lia 2011 Flooding M angrove  m orta lity  and dam age A sb ridge  et a/. 2015

N ortheast coas t o f 
A us tra lia

2011 C yclone  Yasi M angrove  dam age E llison 2000, H op ley and S m ithers  2010

Kobonqaba  (SA) 2012
F looding  tha t led to 

inundation  o f 
m angroves

M angrove  d ieback B re tt 2012; M bense  et a/. 2016

M iss iss ipp i R ive r 
d e lta ic  plain

2014 F reeze events A. germ inans  le a f dam age  and m orta lity O sland e t a/. 2015
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5.8 Knowledge gained from this study and future research

T h is  re se a rch  has im p ro ve d  o u r u n d e rs ta n d in g  on  m a n g ro ve  e xp a n s io n  in S ou th  A frica . 

E v id e n ce  g a th e re d  in th is  s tu d y  sh ow ed  th a t m a n g ro ve s  e xp a n d e d  w ith in  and  o u ts id e  th e ir 

range . It re ve a le d  th a t A. marina has th e  a b ility  to  e x te n d  b eyo n d  its c u rre n t lim it in S ou th  

A frica .

T h e  p o p u la tio n  s tru c tu re  o f m a n g ro ve s  a t K w e le ra  and  T y o lo m n q a  m e a su re d  re ve a le d  1) the  

lo w  g e n e tic  d iv e rs ity  o f m a n g ro ve s  in th e se  fo res ts . O n ly  one  in d iv id ua l o f B. gymnorrhiza w a s  

fou n d  a t K w e le ra  and  no n e w  sp e c ie s  ex is ts . 2) th e  e ffe c ts  o f m a n g ro ve s  be ing  re s tric te d  to 

one  a rea . T h is  w a s  e v id e n t a t K w e le ra  and  it re su lts  in a sm a ll p o p u la tio n  s ize . 3) th e  e ffe c ts  

o f h yd ro lo g ica l re g im e s  le a d in g  to  the  tra n s itio n  o f se e d lin g  to  sa p ling  b e ing  a lm o s t zero . 

S e d im e n t and  p o re w a te r c h a ra c te ris tic s  s h o w  th a t th e se  fo re s ts  a re  still yo u n g  and  pH d id  no t 

a ffe c t a n y  n ew  e s ta b lish m e n ts . D iffe re n t m a n g ro ve  s p e c ie s  re sp o n d  d iffe re n tly  to  va rio u s  

fac to rs , h igh  p o re w a te r s a lin ity  a t M n g a za n a  had  an  e ffe c t on g ro w th  o f m a n g ro ve  in th a t 

fo res ts . S e d im e n ta tio n  a t N a hoon  E s tua ry  w ill c re a te  u n fa vo u ra b le  co n d itio n s  fo r  m a n g ro ve  

g ro w th  and  w ill lead  to  m o rta lity  in th e  n e a r fu tu re  as th e  c lim a te  co n tin u e s  to  change .

T h is  s tu d y  has d ra w n  a tte n tio n  to  th e  need  fo r  fu r th e r re se a rch  in e s tu a rie s  fu r th e r sou th  o f 

N a hoon  E s tua ry  fo cu s in g  on th e ir  s tru c tu ra l ch an g es , sh iftin g  e n v iro n m e n ta l co n d itio n s  and 

the  pe riod ica l m o n ito r in g  o f the  g ro w th  o f m a n g rove s , e s p e c ia lly  s e e d lin g s  and  sa p ling s , s ince  

e xp a n s io n  o f th e se  fo re s ts  is d e p e n d e n t on them . A  lo n g -te rm  m o n ito r in g  fie ld  based  

a s s e s s m e n t o f m a n g ro ve  d is tr ib u tio n  is a lso  o f im p o rta nce , and  can  be  a n o th e r fu tu re  resea rch  

po in t. P la nn in g  o f e d u ca tio n a l w o rk s h o p s  to  te a ch  co m m u n itie s  a b o u t th e  im p o rta n c e  o f 

m a n g ro ve s  is a lso  im po rtan t, s in ce  th e y  (m a n g ro ve s ) a re  re g a rd e d  as b e ing  o f h igh  

co n se rva tio n a l va lu e  and  it is e sse n tia l fo r  c o m m u n itie s  a ro un d  th e s e  e co s y s te m s  to  be 

in fo rm e d  o f th e  va lu e  th e se  e co s y s te m s  p ro v id e  in te rm s  o f e n v iro n m e n ta l se rv ices .

A  s tu d y  by H o p p e -S p e e r (2013 ) in ve s tig a te d  the  e ffe c t o f d ro u g h t on th e  m a n g ro ve s  o f S t 

Luc ia  E stua ry , th e ir  re su lts  sh ow ed  th a t s e d im e n t s a lin ity  w a s  h ig h e r in su rfa ce  and  

s u b s u rfa c e  sa m p le s  and  in  s ites  w h e re  s e d im e n t w a s  dry, th e re  w a s  low  d e n s ity  o f s e e d lin g s  

o r no  se e d lin g s . H igh le a f ca tion  w a s  a lso  o b se rve d  w h ic h  p ro ve s  th a t m a n g ro ve s  a t S t Luc ia  

a re  u n d e r s tress . M a n g ro ve s  had  d ifficu ltie s  su rv iv in g  th e se  harsh , d ry  co n d itio n s . Y e s s o u fo u  

and  S to ffb e rg  (2015 ) s ta te  th a t the  fu tu re  o f m a n g ro ve  fo re s ts  is a t r isk  as a re su lt o f c lim a te  

change , h o w e v e r m a n g ro ve  so u th w a rd  e xp a n s io n  is fa vo u re d  by c lim a te  change . A cco rd in g  

to  M e n e ze s  et a/. (2003 ), ra in fa ll is re g a rde d  as an  im p o rta n t fa c to r  th a t a llo w s  m a n g ro ve  

g ro w th  and  p ro d u c tio n  w h ic h  la te r re su lts  in s a ltm a rsh  sp e c ie s  b e ing  o u tc o m p e te s  and  o ve ra ll 

le a ds  to  m a n g ro ve  e xp a n s io n . T h e  im p a c ts  o f long  te rm  d ro u g h t on S ou th  A fr ic a n  m a n g ro ve s
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nee d s  fu r th e r in ve s tig a tio n  p a rticu la rly  h o w  it w ill a ffe c t re p ro d u c tiv e  o u tp u ts  and  se ed lin g  

m orta lity .

5.9 Mangrove ecosystem management

M a n a g in g  m a n g ro ve  fo re s ts  a re  o f im p o rta n ce  in the  co as ta l ecosys te m . K a iro  et a/ (2004 ) 

m e n tio n s  h o w  th is  m a n a g e m e n t in c re a se s  fis h e r ie s  p ro d u c tio n  and  b io d ive rs ity  in th e  sys tem .

Is lam  (2008 ) m e n tio n e d  h o w  m a n a g e m e n t o f m a n g ro ve  e co s y s te m s  can  p lay  va rio u s  ro les:

1. M a n a g e m e n t can  m in im ise  n e g a tive  im p a c ts  o ccu rr in g  on m a n g ro ve  e cosys te m s .

2. M a n a g e m e n t can  lead  to  a vo id in g  c ris is  m a n a g e m e n t (e co no m ic , soc ia l and  

e co lo g ica l) in m a n g ro ve  ecosys te m s .

3. M a n a g e m e n t can  lead  to  s u s ta in a b le  use  o f n a tu ra l re so u rce s  and  a llo w  natu ra l 

re so u rce  m a n ag e m e n t.

M ism a n a g in g  m a n g ro ve  sys te m s  w ill n o t o n ly  a ffe c t th a t sys tem , b u t a lso  s u rro u n d in g  coas ta l 

sys tem s. M a n g ro ve  fo re s ts  a re  e c o n o m ic a lly  and  e c o lo g ic a lly  va lu ab le ; th e  lo w  ra in fa ll th a t is 

c u rre n tly  re ce ive d  in S ou th  A fr ic a  w ill have  an  e ffe c t on  th e  fu n c tio n in g  o f m a n g ro ve  fo re s ts  

and  o th e r s u rro u n d in g  sys tem s. T h e re fo re , long  te rm  m o n ito r in g  is re q u ired  to  tra c k  p o p u la tion  

and  e co sys te m  leve l c h a n g e s  in th e s e  se n s itive  ecosys te m s .
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Appendices

T a b le  A 1: S u m m a ry  o f s ta tis tica l a n a lyse s  fo r  se a so n a l c h a n g e s  in p o re w a te r s a lin ity  be tw e e n  s ite s  a t M n g a za n a  E stuary .

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8
S u m m e r 2 0 1 4  
vs  S u m m e r 
2 0 1 5

F=3.2 , p<0.05 , 
d f= 4

F=2.9, 
p<0 .05 , d f=  
4

F= 6 .7 , 
p< 0 .05 , 
d f= 4

F=15.5 , 
p< 0 .05 , d f= 4

NS NS

W in te r 2 0 1 4  vs 
W in te r 2 01 5

F = 5 .4 ,p < 0 .0 5 ,
d f= 4

NS NS NS NS NS NS NS

S u m m e r 2 0 1 4  
vs  W in te r 2 0 1 4

NS F = 4 .7
,p<0 .05 ,
d f= 4

F=2.9 , p< 
0 .05 , d f= 4

F=4.7 ,
p< 0 .05 ,
d f= 4

F= 3.2 , p< 
0 .05 , d f=4

F = 1 7 .0 ,p< 0 .05 ,
d f= 4

F= 5 .0  , p< 
0 .05 , d f= 4

NS

S u m m e r 2 0 1 4  
vs  W in te r 2 0 1 5

F= 3.4 , p< 
0 .05 , d f= 4

F= 4.7 , 
p<0 .05 , d f=  
4

F=3.2 , p< 
0 .05 , d f= 4

F= 4.7 , 
p< 0 .05 , 
d f= 4

F= 10.6, p< 
0 .05 , d f=4

F= 5.3 , p< 0 .05 , 
d f= 4

F= 2 2 .0  , p< 
0 .05 , d f= 4

F= 12.9, 
p< 0 .05, 
d f =4

S u m m e r 2 0 1 5  
vs  W in te r 2 0 1 4

NS NS NS F=7.1 ,
p< 0 .05 ,
d f= 4

NS F=5.0 , p<0.05 , 
d f= 4

NS NS

S u m m e r 2 0 1 5  
vs  W in te r 2 0 1 5

NS F=4.22 ,
p<0.05 ,
d f= 4

NS NS F= 6 .7 , p< 
0 .05 , d f=  4

NS F= 7.0 , p< 
0 .05 , d f= 1 4

F=6.0 , p< 
0 .05 , d f= 4

NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d
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Table A2: Summary of statistical analyses for seasonal changes in porewater temperature between sites at Mngazana Estuary.

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

S u m m e r 2 0 1 4  vs 
S u m m e r 2 0 1 5

NS F=5.7,
p<0 .05 , d f= 4

NS NS NS F = 14 .0 ,p< 0 . 
05, d f= 4

F=10.0 , 
p< 0 .05 , d f= 4

NS

W in te r 2 0 1 4  vs 
W in te r 2 01 5

NS F=8.0,
p<0 .05 , d f= 4

F= 4.0 , 
p< 0 .05 , d f= 4

NS NS NS NS NS

S u m m e r 2 0 1 4  vs 
W in te r 2 01 4

F=8.0 , p<0 .05 , 
d f= 4

F = 14 .1 ,p< 0 . 
05, d f= 4

F=8.7,
p< 0 .05 , d f= 4

F = 1 1 .5 ,p< 0 . 
05, d f= 4

F= 10.0, 
p< 0 .05 , d f= 4

F=23,
p< 0 .05 , d f= 4

F=3.6,
p< 0 .05 , d f= 4

F = 1 4 .8 ,p< 0 .05 ,
d f= 4

S u m m e r 2 0 1 4  vs 
W in te r 2 01 5

F=12.1 , 
p< 0 .05 , d f= 4

F=28.0 , 
p<0 .05 , d f= 4

F=9.5 , p< 
0 .05 , d f= 4

F = 1 1 .5 ,p< 0 . 
05, d f= 4

F=7.3 ,
p< 0 .05 , d f= 4

F = 13 .0 ,p< 0 . 
05, d f= 4

F=8.9,
p< 0 .05 , d f= 4

F = 9 .5 ,p < 0 .0 5 ,
d f= 4

S u m m e r 2 0 1 5  vs 
W in te r 2 01 4

F=7.0 , p<0 .05 , 
d f= 4

F=8.5,
p<0 .05 , d f= 4

F=10.0 , 
p< 0 .05 , d f= 4

F = 1 0 .0 ,p< 0 . 
05, d f= 4

F=10.6 , 
p< 0 .05 , d f= 4

NS NS F=2.9 , p<0.05 , 
d f= 4

S u m m e r 2 0 1 5  vs 
W in te r 2 01 5

F=10.4 , 
p< 0 .05 , d f= 4

F=20.0 , 
p<0 .05 , d f= 4

F=9.9,
p < 0 .0 5 ,d f= 4

F = 1 0 .0 ,p< 0 . 
05, d f= 4

F = 6 .5 ,p < 0 .0 5 ,
d f= 4

F=6.9,
p< 0 .05 , d f= 4

F = 5 .0 ,p < 0 .0  
5, d f= 4

NS

NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d

T a b le  A 3: S u m m a ry  o f s ta tis tica l a n a lyse s  fo r  se a so n a l c h a n g e s  in e le c tr ica l c o n d u c tiv ity  b e tw e e n  s ites  a t M n g a za n a  E stuary .

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8
S u m m e r 2 0 1 4  vs 
S u m m e r 2 0 1 5

F=3.3,
p<0.05 ,
d f= 4

F=2.9 ,
p< 0 .05 , d f= 4

F=3.7 ,
p< 0 .05 , d f= 4

F=6.6,
p< 0 .05 , d f= 4

NS F=11.7 ,
p < 0 .0 5 ,d f= 4

NS F=6.3,
p< 0 .05 , d f= 4

W in te r 2 0 1 4  vs  W in te r 
2 0 1 5

NS F=4.1 ,
p< 0 .05 , d f= 4

NS NS F=4.2,
p<0.05 ,
d f= 4

F=5.0,
p< 0 .05 , d f= 4

NS F=3.0,
p< 0 .05 , d f= 4

S u m m e r 2 0 1 4  vs 
W in te r 2 01 4

NS F=3.8 ,
p< 0 .05 , d f= 4

F=3.0 ,
p< 0 .05 , d f= 4

F=4.3,
p< 0 .05 , d f= 4

F=17.0 ,
p<0.05 ,
d f= 4

NS NS NS
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S u m m e r 2 0 1 4  vs 
W in te r 2 01 5

F=2.9,
p<0.05 ,
d f= 4

F=5.0 ,
p< 0 .05 , d f= 4

F=3.6 ,
p< 0 .05 , d f= 4

F=4.5,
p< 0 .05 , d f= 4

F=23.0 ,
p<0.05 ,
d f= 4

F=5.4,
p< 0 .05 , d f= 4

F=28.0 ,
p<0 .05 ,
d f= 4

F=12.6 , 
p< 0 .05 , d f= 4

S u m m e r 2 0 1 5  vs 
W in te r 2 01 4

NS NS NS F=5.3,
p< 0 .05 , d f= 4

F=5.6,
p<0.05 ,
d f= 4

F=15.6 , 
p< 0 .05 , d f= 4

NS NS

S u m m e r 2 0 1 5  vs 
W in te r 2 01 5

NS F=4.2 ,
p< 0 .05 , d f= 4

NS NS F = 7 .2 ,p< 0 . 
05, d f= 4

NS F=10.0 ,
p < 0 .0 5 ,d f=
4

F=14 .1 , 
p< 0 .05 , d f= 4

NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d

T a b le  A 4: S u m m a ry  o f s ta tis tica l a n a lyse s  fo r  se a so n a l c h a n g e s  in p o re w a te r te m p e ra tu re  b e tw e e n  s ites  a t N ahoon  E stuary .

Site 1 Site 2 Site 3 Site 4

W in te r 2 0 1 4  vs  W in te r 2 01 5 NS F=4.0 ,
p< 0 .05 , d f= 4

F=4.2,
p < 0 .0 5 ,d f= 4

NS

S u m m e r 2 0 1 4  vs  W in te r 2 01 4 F= 7.6, 
p< 0 .05 , d f= 4

F=4.1 ,
p< 0 .05 , d f= 4

F=7.0,
p<0 .05 , d f= 4

F=5.0,
p < 0 .0 5 ,d f= 4

S u m m e r 2 0 1 4  vs  W in te r 2 01 5 F=16.3 , 
p< 0 .05 , d f= 4

F=25.0 ,
p < 0 .0 5 ,d f= 4

F=10.0 ,
p < 0 .0 5 ,d f= 4

F=6.4,
p < 0 .0 5 ,d f= 4

S u m m e r 2 0 1 5  vs  W in te r 2 01 4 F=6.1,
p< 0 .05 , d f= 4

F=3.2 ,
p < 0 .0 5 ,d f= 4

F=7.0,
p < 0 .0 5 ,d f= 4

F=5.0,
p < 0 .0 5 ,d f= 4

S u m m e r 2 0 1 5  vs  W in te r 2 01 5 F=8.9,
p< 0 .05 , d f= 4

F=22.0 ,
p < 0 .0 5 ,d f= 4

F=10.0 ,
p < 0 .0 5 ,d f= 4

F=6.4,
p < 0 .0 5 ,d f= 4

NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d

T a b le  A 5: S u m m a ry  o f s ta tis tica l a n a lyse s  fo r  se a so n a l c h a n g e s  in p o re w a te r c o n d u c tiv ity  be tw e e n  s ites  a t N ahoon  E stuary .

Site 1 Site 2 Site 3 Site 4

W in te r 2 0 1 4  vs  W in te r 2 01 5 F=7.4, F=3.8 , F=9.0 , F=8.8 ,
p < 0 .0 5 ,d f= 4 p < 0 .0 5 ,d f= 4 p < 0 .0 5 ,d f= 4 p < 0 .0 5 ,d f= 4
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S u m m e r 2 0 1 4  vs  W in te r 2 01 4 F=5.2,
p < 0 .0 5 ,d f= 4

NS NS NS

S u m m e r 2 0 1 4  vs  W in te r 2 01 5 F=3.0,
p < 0 .0 5 ,d f= 4

NS F=3.5 ,
p < 0 .0 5 ,d f= 4

NS

S u m m e r 2 0 1 5  vs  W in te r 2 01 4 F=3.2,
p < 0 .0 5 ,d f= 4

NS NS NS

S u m m e r 2 0 1 5  vs  W in te r 2 01 5 F=4.2,
p < 0 .0 5 ,d f= 4

NS F=5.5 ,
p < 0 .0 5 ,d f= 4

NS

NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d

T a b le  A 6: S u m m a ry  o f s ta tis tica l a n a lyse s  fo r  se a so n a l c h a n g e s  o f a m m o n iu m  b e tw e e n  s ites  a t M n g a za n a  E stuary .

Site 2 Site 5 Site 6

S u m m e r 2 0 1 4  vs  S u m m e r 2 01 5 NS F=2.8 , p< 0 .05 , d f= 4 NS

W in te r 2 0 1 4  vs  W in te r 2 01 5 NS F=3.7 , p< 0 .05 , d f= 4 NS

S u m m e r 2 0 1 4  vs  W in te r 2 01 4 NS F=2.9 , p< 0 .05 , d f= 4 F=3.2 , p< 0 .05 , d f= 4

S u m m e r 2 0 1 4  vs  W in te r 2 01 5 NS F = 3 .8 ,p < 0 .0 5 ,d f= 4 F=4.4 , p< 0 .05 , d f= 4

S u m m e r 2 0 1 5  vs  W in te r 2 01 4 F= 3.2 , p<0 .05 , d f= 4 NS NS

NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d

T a b le  A 7: S u m m a ry  o f s ta tis tica l a n a lyse s  fo r  se a so n a l c h a n g e s  in n itra te s  and  n itr ite s  b e tw e e n  s ite s  a t M n g a za n a  E stuary .

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8
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S u m m e r 2 0 1 4  vs 
S u m m e r 2 0 1 5

F=20.9 ,
p<0 .05 ,
d f= 4

F = 1 4 .9 ,p<  
0 .05 , d f= 4

F = 9 .2 ,p<
0.05,
d f= 4

F=7.3 ,
p<0 .05 ,
d f= 4

F=7.9,
p<0 .05 , d f= 4

F=5.1 ,
p<0 .05 ,
d f= 4

F=19.6 ,
p<0.05 ,
d f= 4

F=22.9 ,
p<0.05 ,
d f= 4

S u m m e r 2 0 1 4  vs  W in te r F=15.3 , F = 1 6 .6 ,p< 0 .05 , F=10.2 , F=6.6 , F = 4 .5 ,p < 0 .0 5 , F=5.6 , F=8.7 , F=29.8 ,
2 0 1 4 p<0 .05 , d f= 4 p<0.05 , p<0 .05 , d f-4 p<0 .05 , p<0.05 , p<0.05 ,

d f= 4 d f= 4 d f= 4 d f= 4 d f= 4 d f= 4
S u m m e r 2 0 1 4  vs  W in te r F=19.9 , F = 1 3 .9 ,p< 0 .05 , F=7.8 , F=8.8 , F = 7 .2 ,p < 0 .0 5 , F=5.4 , F=17.8 , F=14.9 ,
2 0 1 5 p<0 .05 , d f= 4 p<0.05 , p<0 .05 , d f= 4 p<0 .05 , p<0.05 , p<0.05 ,

d f= 4 d f= 4 d f= 4 d f= 4 d f= 4 d f= 4
NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d
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Table A8: Summary of statistical analyses for seasonal changes in phosphorus between sites at Mngazana Estuary.

Site 2 Site 4 Site 5 Site 6

S u m m e r 2 0 1 4  vs  S u m m e r 
2 0 1 5

F=3.9 , p<0.05 , 
d f= 4

F=4.4 , p<0 .05 , d f= 4 F=20 .5 , p< 0 .05 , d f= 4 F= 8.1 , p< 0 .05 , d f= 4

S u m m e r 2 0 1 4  vs  W in te r 2 01 4 F=4.2 , p<0.05 , 
d f= 4

F=3.9 , p<0 .05 , d f= 4 F=5.7 , p< 0 .05 , d f= 4 F=7.4 , p< 0 .05 , d f= 4

S u m m e r 2 0 1 4  vs  W in te r 2 01 5 F=3.5 , p<0.05 , 
d f= 4

F=3.1 , p<0 .05 , d f= 4 NS F=8.4 , p< 0 .05 , d f= 4

S u m m e r 2 0 1 5  vs  W in te r 2 01 5 NS NS F=3.4 , p< 0 .05 , d f= 4 NS

NS: N o s ig n ific a n t d iffe re n c e  w a s  fou n d
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