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ABSTRACT

Overgrazing by herbivores has been postulated as a potential threat to seagrass in Kenya.
Indirectly, fishing may result in increase in sea urchin population caused by removal of
sea urchin predators. This study determined the spatial and temporal distribution of sea
urchins and seagrass along Diani lagoonal reefs.The objectives of this study were (i) To
determine seasonal abundance and diversity of sea urchins and seagrass in Diani Beach
(ii) To determine spatial variation of density of sea urchins in healthy and degraded
seabeds in Diani Beach (iii) To evaluate the influence of sea urchin abundance on benthic
seagrass cover in Diani beach. Three sites of Mvuleni, Chale, and Mwaepe, and three
seasons of northeast monsoon, intermonsoon, and southeast monsoon were
selected.Healthy and degraded sections were identified in each of the selected sites and
40 samples were obtained from each study site and for each season using one-meter
square quadrats (N = 360). Seagrass cover was computed using percentages, density of
sea urchins was calculated using frequencies, and the diversities of both were determined
using Simpson’s diversity index. In the analysis of data, the study used t-test, two-way
analysis of variance and post hoc test in comparing differences among sites and seasons.
Ultimately, Pearson’s correlation and regression analysis were used to establish the
nature of relationships and the influence of sea urchins on seagrass cover. Research
findings indicated that the abundance and diversity of sea urchins and seagrass varied
according to seasons. The density of sea urchins was highest during northeast monsoon
and lowest during southeast monsoon.Correlation outcome demonstrated that the density
of sea urchins was statistically significant negative predictor (r = -0.699) of the
proportion of seagrass cover and accounted for 48.8% of variation. Canonical
Correspondence Analysis suggests that seasons, study sites, and sea urchins influence
distribution of seagrass species and nature of seabed because they account for 7.87% in
the first dimension and 86.9% in the second dimension. However, other studies are
necessary to establish the role of other biotic factors and abiotic factors in the growth of
seagrass in seabed. This study recommends sustainable use of ocean resources for
economic growth,improved livelihoods and jobs while preserving the health of ocean
ecosystem.
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CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

Plant-herbivore interactions comprise an important biotic factor that determines

composition, distribution, functioning, and ecological processes in the marine ecosystem

(Wallner-Hahn et al., 2022). Sea urchins are one of the herbivores in marine ecosystem

which graze on seagrass and algae, and they belong to an ancient group of marine

invertebrates, the Echinoderms (Rivers & Short, 2007; Hamad et al., 2022). They are

globular and spiny animals belonging to the class of Echinoidea in the sub-Phylum

Echinozoa, the Phylum of Echinodermata and the Kingdom of Animalia (Maina et al.,

2008; Dennis-Cornelius et al., 2022). Sea urchins are dominant grazers in a wide range of

intertidal and sub-tidal habitats worldwide within coral reefs, seagrass beds, and kelp

forests (Short et al, 2007; Miller et al., 2021). Despite the fact that sea urchins mainly

feed on algae, they also feed on seagrass in coastal regions where they are dominant.

Sean urchins have adaptive features that enable them feed on seagrass and other

vegetation on seabed. They have specialized jaws with strong calcified teeth that they use

in grazing (Ruppert et al., 2004; Klaoudatos et al., 2022). Sea urchins use their mouths

and teeth in scavenging, scuffing, and eroding sea surfaces such as coral reef substrate

(Macinnis-Ng & Ralph, 2004; Yaguchi & Yaguchi, 2022). There are about 1000 species

of accepted sea urchins worldwide, and 64 are described from the Philippines (Appeltans

et al., 2012). The distribution of sea urchins shows that they are common in temperate

and tropical regions (Ohgaki et al., 2019; Zhang et al., 2022). As the density of sea
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urchins influences the distribution of seagrass, the understanding of their seasonal and

spatial distribution is necessary in modelling their interactions in the marine ecosystem.

As producers in the marine ecosystem, seagrasses are categorized angiosperms, which

contribute significantly in the productive marine systems (Island, 2009; Uku et al.,

2021a). Seagrasses grow in coastal regions of marine environments of various continents

except the cold regions of Antarctica (Short et al., 2007). Seagrass grow in costal beds

where they are the major primary produces of energy in the tropical marine ecosystems

(Philips & Milchakova, 2003; Bastos et al., 2022). Seagrass beds are important because

they act as habitats for sea urchins where they shelter, feed, and breed (Jeyabaskaran et

al., 2018; Yahya et al., 2020). It also creates habitats for fish breeding and endangered

marine species such as green turtle, dudong, sea horses, and manatee (Harris, 2020).

Seagrass photosynthetic activity releases oxygen (Lee et al., 2020) and stabilizes

sediments that prevent coastal erosion (James et al., 2019; Twomey et al., 2021).

Seagrass meadows also provide food for a range of organisms (Jinks et al., 2019). In

addition, seagrasses can filter toxic compounds from the water column (Crump et al.,

2018; Harris, 2020; Bastos et al., 2022) and absorb nutrients, which potentially reduces

eutrophication and phytoplankton blooms (Burkholder et al., 2007; Crump et al., 2018;

Hasegawa & Nakaoka, 2021; Bastos et al., 2022). Essentially, seagrass has immense

benefits to marine ecosystem as primary producer and mediator of pollution effects.

Despite their economic importance worldwide, populations of seagrasses have been

declining consistently due to increasing anthropogenic activities for example overfishing

and release of harmful substances to the ocean coupled with biotic factors like
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overgrazing by aquatic fauna in coastal areas (Waycott et al., 2009; Iacarella et al., 2018;

Dunic et al., 2021; Dahl et al., 2022). In developed coastal areas, surface runoff carries

and deposits sediment particles, nutrients, and pesticides into estuaries, leading to the

pollution of marine environment (Freeman et al. 2019). The accumulation of pollutants in

the coastal areas affects the growth of seagrass or limitation of available food for

herbivores (Bonanno & Orlando-Bonaca, 2020). Increasing population and human

activities threaten the existence of seagrass and herbivores that rely on them.

Seagrass have an important role in the environment because they act as carbon sinks in

the marine ecosystem. Globally, seagrass accounts for 10 percent of the ocean’s carbon

storage capacity despite only covering 0.2% of the sea floor (Duarte, 2017). These

findings suggest that the seagrass cover should have a cover of over 10% for them to

contribute significantly in reversing trends of global warming by reducing the amount of

carbon dioxide in the sea. Additionally, seagrass play a significant role in marine

ecosystem because they form a symbiotic relationship with microbes called holobiont

(Conte et al., 2021). The formation of holobiont enables seagrass to interact with

microbes and respond to changing environmental units. Conte et al. (2021) explain that

seagrass provides substrates for microbes to attach, grow, and fix nitrogen, while

microbes supply nutrients after degrading debris material for the growth of seagrass.

Hence, by acting as carbon sink and creating holobiont, seagrass are integral in the

marine ecosystem.

In Kenyan coast sea urchins have exhibited dominance and population explosions owing

to the reduction in predation by triggerfish, wrasse, and puffer fish due to overfishing in



4

Diani-Chale reefs (Githaiga et al., 2019; Juma, 2019; Steneck, 2020; Uku et al., 2021a).

In their study, Alcoverro and Mariani, (2002), established that sea urchin grazed on

seagrass (Thallasodendron ciliatum) beds of a Kenyan lagoon with T. gratilla accounting

for 39% and over 70% of seagrass left as dead shoots. Seasonal changes in weather

patterns are also significant factors that influence the distribution of sea uchins and the

growth of seagrass (Rahman et al., 2009). Juma (2019 found out that the diversity of

seagrass in western and eastern creeks of Gazi bay accounts for role in maintaining

ecosystems and stabilizing seagrass meadows. Therefore this study was undertaken to

evaluate the spatial and temporal distributions of sea urchins and their effect of grazing

on seagrass along Diani-Chale lagoonal reefs in the Indian Ocean basin, for sustainable

development in Kenya.

1.2 Statement of the Problem

Seagrass plays a major role in coastal ecosystems as one of the producers that determines

energy flow in the marine ecosystems and exists as a biotic factor that influences the

abundance and diversity of other species (Juma, 2019; Nadiarti et al., 2021). However, in

the 21st Century, the decline in seagrass has occurred worldwide due to anthropogenic

activities, as well as biotic and abiotic factors (Eklof et al., 2008; Uku et al., 2021b).

Overgrazing by herbivores has been postulated as a potential threat to seagrass since they

disturb the structure of the seagrass habitat by removing a large amount of plant biomass

(Juma 2019; Carnell et al., 2020). Fishing may result in sea urchin population increase,

caused by removal of sea urchin predators (Juma, 2019; Norderhaug et al., 2021). Sea

urchins are voracious feeders and large urchin density is known to bring about significant



5

changes in benthic community structure through grazing of seagrass, algae and

bioerosion of calcified substrate (Glynn & Manzello, 2015; Carnell et al., 2020; Miller et

al., 2021). These significant changes threaten to destabilize the benthic ecosystems and

cause extinction of important fauna and flora in the marine environment.

Although most studies center on fishing as an indirect factor that influence seagrass

(Hughes et al., 2009; Heck et al., 2021; Valentine & Heck, 2021), increasing findings

indicate that sea urchins and fish are major seagrass grazers (Uku et al., 2021) ,(Yaguchi

& Yaguchi, 2022). A specific case of the decline in seagrass is evident in the persistent

overgrazing at the Kenyan coastal areas by T. gratilla (Uku et al., 2021a). A mediating

factor is the predators of sea urchins such as the triggerfish, Balistapus undulate,

influence the abundance and distribution of seagrass in the coastal regions of Kenya

(Ditzel et al., 2021; Sevillano-González et al., 2022). Owing to the influence of sea

urchin predators, researchers have proposed that their removal in coastal regions would

lead to overgrazing of seagrass. In their study, Amus et al. (2022) indicated that the

abundance of T. gratilla in fished areas tripled those of protected areas with intact

seagrass beds. Even though the absence of predators offers an explanation of overgrazing,

new findings shows that none-fishing zones in Mombasa with sea urchin predators

experience overgrazing in Watamu and Chumbe Marine Parks (Uku et al., 2021a). These

findings suggest that sea urchins are also significant contributors of overgrazing even in

the presence of predators to control their abundance in marine environment.

Adult sea urchins have a critical role in reef ecology due to their grazing behavior

(Williams, 2022); they reduce the reefs biomass, especially that of seagrass.
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Consequently, the abundance of sea urchins rise on a reef, the reef and seagrass

community decrease due to their grazing habits. Certainly, additional studies are

necessary to confirm the influence of predators on sea urchins and their cascading effects

on seagrasses in various coastal environments. Therefore, there is need for a study to

evaluate the abundance of sea urchin and seagrass in Diani-Chale lagoonal reefs. Studies

have been done on the diversity of sea urchins in Watamu and none has been done in

Diani-Chale lagoons. This study is necessary to determine spatial-temporal occurrence of

sea urchins and their grazing along diani-chale lagoonal reefs as it contributes to our

understanding of Kenya’s important marine resources.

1.3 Justification

There is declining population of seagrass in coastal areas due to anthropogenic activities

and imbalances in marine ecosystems. Previous studies performed in coastal reefs in

Kenya has shown that overfishing has led to the removal of sea urchin predators,

resulting in negative effects of overgrazing on seagrass in unprotected regions (Uku et al.,

2021a; Ditzel et al., 2022). Current studies have identified triggerfish as a major predator

of sea urchins with high abundance of seagrass on coastal areas. Excessive fishing cause

decline of fish populations and, as fish are the main predators of sea urchins, can in turn

cause problems like overpopulation of sea urchins (Lapointe et al., 2004; Uku et al.,

2021a; Whitfield et al., 2022). Therefore, overpopulation of sea urchins in coastal regions

has led to the emergence of the problem of overgrazing and diminishing abundance of

seagrass.
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Much marine research and management in the tropics target coral reefs, whereas other

habitats in the seascape may be equally or even more important for delivering ecosystem

services (Kadagi et al., 2020; Wilson et al., 2022). The ecosystem of seagrass in marine

environment has obtained limited attention (Gerstenbacher et al., 2022), in spite of

producing economically important finfish and shellfish, sequester carbon, stabilize

sediment and protect coast-lines worldwide (Kadagi et al., 2020; Uku et al., 2021a).

Together, their importance emphasize the significance of research and management.

Therefore, this research is important in obtaining baseline information on the abundance

and distribution of both seagrass and sea urchins for conservation purposes by the

government via the Ministry of Environment, Water, and Natural Resource.

The absence of documentation regarding the effectiveness and efficiency of various

conservation measures complicates the addressing of the problem of overgrazing of

seagrass by sea urchins. Hence, there is need to understand relationship between sea

urchins and seagrass in relation to the evaluation of major interventions that are

appropriate in the conservation of environment for sustainable marine ecosystems. For

example, conservationists need to understand how to apply short and long-term removal

of urchins or addition of their predators and undertake accurate monitoring and

evaluation of any interventions deployed. No fishing has been a common strategy

employed in the conservation of marine ecosystem, but it has led to increased

overgrazing of seagrass on coral reefs (Schuster et al., 2022). The overgrazing of seagrass

is also common in marine parks where there are significant predations of sea urchins

(Carnell et al., 2020). Moreover, the demarcation of marine protected areas without
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public support is not effective because it creates resource-user conflicts by limiting

fishing activities of the local communities (Kadagi et al., 2020). In this view, it is critical

to assess societal costs that marine protected areas have on the extent of seagrass

overgrazing.

The intrinsic complexity of marine ecosystems in the aspects of seasons, time, and

interactions indicates that overgrazing management requires the use of adaptive

framework premised on the precautionary principle (McKenzie, 2008; Narvaez, 2018).

As diverse mechanisms and factors account for overgrazing, customization of

intervention is necessary for effective and efficient management of diverse habitats in the

marine ecosystem that contributes to the blue economy.

1.4 Objectives

1.4.1 Main Objective

The main focus of this study is to determine spatial and temporal distribution of sea

urchins and seagrass along Diani-Chale lagoonal reefs in Mombasa.

1.4.2 Specific Objectives

The following are the specific objectives of the study:

i) To determine seasonal abundance and diversity of sea urchins and seagrass in

Diani beach

ii) Determine spatial temporal variation of density of sea urchins in healthy and

degraded seabed in Diani beach
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iii) To evaluate the influence of sea urchin abundance on benthic seagrass cover

in Diani beach

1.5 Hypothesis

i. The seasonal abundance and diversity of sea urchins along Diani-Chale lagoons are

low in Diani beach

ii. The difference in the density of sea urchins in healthy and degraded seagrass is

significant.

iii. The influence of sea urchin abundance on benthic seagrass cover is significant.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Sea Urchins:

2.1.1 Evolution and Adaptive Radiation.

The need for fish and aquatic materials for nutrition has gone up all over the world. So

often, natural fisheries are overwhelmed by human activities failing to satisfy the very

expanding market. Many countries have supported high value product establishment by

coming up with plans to expand the marine aquaculture. Sea urchins find their way into

this plan as they are found in all latitudes and oceans (Lessios et al., 2012). The value of

sea urchins increased tremendously in Japan as this was the country ready to embrace

them. However, the sea urchin supply did not meet the ever-rising demand of the

domestic needs. Therefore, Japan had to rely on North America where sea urchins were

already eradicated to protect other ecosystems like the kelp beds and lobster fisheries. In

that capacity, sea urchin production increased in the southern part of America. In Europe,

fish stocks are reducing but aquaculture systems are coming up (Tegner & Dayton, 2000).

Since the 19th century, sea urchins have been very outstandingly important for the

development of research and high capacity laboratory systems. This is particularly in

preservation of broodstock found in majority of universities (Matranga, 2005). Sea

urchins present very unusual aquaculture candidature as they are usually harvested for

their gonads. The gonads for both genders are a delicacy, when uncooked while others

get salted, pickled and converted into consumable paste. Upon processing, the sea urchins

are the key valuable sea food product rated at over US $100 per kg at the wholesale
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avenue. The major market demands come from Asia, Europe, and North and South

America continents. Factors of consideration during the valuation of the sea urchins

include, the appropriate color, size, texture and taste (Raposo et al., 2019). One of the

reasons people breed sea urchins is to expand the aquaculture family that is the primary

significance among many. It is also a source of new product into the existing market.

Additionally, it is an opportunity of employment to people (McBride, 2005).

To develop a well-structured sea urchin environment, it needs proper enhancement of

wildlife population with keen research on the organisms. Likewise, nutrition,

reproduction and appropriate culture systems must be of great consideration (Briefing,

2022). In 1968, Japan began the initial sea urchin production and is part of the bigger

market for the national food program for sea foods. Japan’s water systems are well

protected with a clear framework of support from the Japan government (McBride, 2005).

However,focusing on the Eastern part of Africa, a well-structured way of protecting

water bodies has not been developed.

In Japan,Sea urchin aquaculture kicked off with management of fishery resources that

had bigger animals evacuated to the other fisheries that were more favorable. This

method made sea urchin development plan to flourish. The activities were seen in,

Kyushu, Tohoku, and Hokkaido (Agatsuma, 2020b). The stated regions are grounds for

sea urchin production. The major aim was to improve gonad productions that are very

nutritious supplying high nutrients to human. It was believed that the gonads were able to

increase the living age of a normal human. However, around 1967, the fisheries began to

show signs of exhaustion due to uncontrolled harvesting activities. Thus, efforts were put
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up to culture sea urchins to supplement the populations running into extinction (Baião et

al., 2019). So, the Japanese government provided extra support for basic and applied

research on the sea urchins, more specifically in the investigations of the feeding habits,

reproductive phases, and environmental conditions (Dvoretsky & Dvoretsky, 2020). Thus,

research expanded into culture systems. At least, 55 prefectural hatches have given out

small sea urchins for cooperative units. The production laboratories have taken up the

role of supplying sea urchins to cooperative societies. The cooperative associations have

teamed up to control land based nursery units together with the restocking programs in

essential coastal habitats (McBride, 2005). The coastal areas are managed via predator

removal, algal addition and habitat improvement up to the point of harvesting. Some

cultured sea urchins are raised in cage systems at high populations and fed on cultured

sea weed till they attain the market demand size (Agatsuma, 2020b). However, in japan,

large scale harvest of cultured sea urchins is not common; usually cultured juveniles are

released into water bodies. In 1980s, Japan saw the biggest sea urchin demand and the

domestic production was able to supply at least one-1/2 of the demand by consumer

population (Ohgaki et al., 2019). This had led to development and expansion of sea

urchin fisheries into the North and South of America continents. Aquaculture research

was elevated upon early warning of fish depletions or decline from expert fisher men and

aquaculture managers. Therefore, aquaculture research became the target in many other

countries. This led to development of diets and methods to increase gonad production. It

included holding sea urchins in cages or sea food and transplanting urchins to habitats

with more natural food in form of algae (Agatsuma, 2020b). To date, sea urchin research
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utilizes urchins collected from the ocean to be elaborately used in the standard scientific

laboratory. Notably, sea urchin history takes the same shape as that of Japan (Agatsuma,

2020b). ). Some of the sea urchin species reported in Watamu are: D.setossum, D.

savingyi, E. diadema, T. gratilla, E. calamaris, Echinometre mathaei, and

Echinostrephus molaris (Cowburn et al., 2018).

2.1.2 Sea Urchin Morphology

Commercially significant sea urchins are spherical with a slight modification having

flattened and movable spines. Each spine is well fitting into socket joint which aids in the

horizontal and vertical movement of the urchin. Tubular feet or podia are seen in rows,

parallel with the spines with well-structured suckers for positional attachment (Smith et

al., 2019). Podia are also very sensitive to chemicals and any form of touch. They take in

oxygen, prey on drifting algae and keeping the body clean. Spines are controlled by

muscles and are a reason for self-protection. Equally, spines capture, hold food and aid

movement. They also possess, Pedicellarias, small, stalked, appendages for defense,

preying and cleaning the body surface. Generally, in close examination of the body of a

sea urchin body is radically symmetrical (Andilala et al., 2020). Externally, sea urchins

are noticeably colorful due to skin pigmentation. At points, they can be seen to be pale-

yellow, green, pink, purple, red, or black. Internally, there exist colorful gonads. This is

due to the carotenoid pigments (Fox, 2020). The desirable gonad colors are yellow and

orange while the undesirable gonads are white, tan, brown, black, or green. The body of

sea urchin has an oral at the bottom while aboral at the top surface. The aboral consist of

the anus where excretory wastes are eliminated, gametes are released from this part and
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the control of the water vascular done. The spherical body surface is well covered with

flexible spines comprising of 50% of the sea urchin body weight. The oral surface is; the

mouth having membranes that allow movement, short spines and podia. The mouth tears

algae or seagrass into manageable digestible pieces. The mouth is connected to tubular

digestive system. It has also been noted to contain teeth and five calcareous plates

controlled by muscles (Brewster et al., 2018; Tappero, 2021). Therefore, the connection

leads to five gonads, by mesenteries and heme strands. Structures of the water vascular

system come in between the five gonads. The gonads must present 10-14% of the sea

urchin body weight for significant processing and marketing (Tappero, 2021). In a

nutshell, reproduction in sea urchins is generally very complex process. It involves

nutrient accumulation, the gonads, transfer of the nutrients to gametogenic cells, keeping

of the gametes and spawning via release of dribs of massive spawns at a given time

(Tappero, 2021).

2.1.3:Ecology of sea urchins

Sea urchins belong to the Phylum Echinodermata.Most of them are consumed and are

well adapted on hard, benthic surfaces. They greatly live in areas having high

concentration of algae, which is their source of food. Shallow waters are their preferred

living habitat. Parameters include, about 50m water depth (Andilala et al., 2020).

The maritime organisms and consequent pelagic propagules have been indicated to

experience oceans presenting elevated temperatures and decrease in PH due to

anthropogenic carbon IV oxide (CO2) productions. The existing atmospheric carbon IV.

Oxide amounts read approximately thirty (30) percent, which is higher than the past two
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(2) million years. Ocean acidification is illustrious with the obtainable carbonate minerals.

So, as a result, there will occur the adverse consequences on skeletogenesis and altered

metabolism. The degree of acidification and warming keeps on changing every time of

the year both locally and regionally as a result of the rotational nature of the ocean, Geo-

spatial heat variation, pH, carbonate environments and many more. The rise in ambient

temperatures will intensify updraft stress against the coastal shallow water biota, with

straight worries that temperature rise may surpass the bearable limits. Some areas such as

Australia and the Antarctic Peninsula receive quicker warming air heats than the global

normal (Karelitz et al., 2017).

The sea urchin larvae towards acidification is affected by the locale type, and sometimes,

species specific suggesting that portions of spp. are more strong towards ocean alteration

stressors than others. For instance, most sea urchin spp. like T. gratilla, consist of

extensive tropical–temperate spreading, while some at the temperate level, like the

Centrostephanus rodgersii, have their northern limit in the subtropical locations. Insights

will be made by analysis of the responses of the larvae of wide-range species in regard to

their tropical–temperate distribution. In spite of the inescapable consequence of

temperature on development, ocean warming is seldom considered for climate change

studies in relation to marine larvae. Both warming and acidification possess negative

impressions on sea urchin advancement. Increased temperatures kill the initial

developmental (pre-larval) phase of the larvae. Additionally, it is a bigger stressor for

majority of echinoderms like T. gratilla, larvae for the coral and Crustacea and

subsequent algae food (Birkeland, 1989; Pagano et al., 2001; Przeslawski et al., 2008).
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Notwithstanding, there exists very few information pertaining responses of species

throughout the entire life cycle of marine invertebrates.

2.1.4:Reproductive ecology

Sea urchins reproduce by means of gonads.At a growing stage, the gonads have got

majorly non-germinal nutritive cells with glycogen, lipid and protein. They are preferable

with desirable color and larger unlike at the matured level when the gonads tend to fall

apart (Brink, 2020). The maturity of the sea urchins goes up to 6 months depending on

marine temperature, available food, light and the density distribution of the urchins. So,

gonad production is usually measured by gonad index (Mos & Dworjanyn, 2019).

More innovative formulae have been put up for mass reproduction of sea urchins. For

instance, intermediate stages of the urchins are transplanted in Japan. Whereby adults and

juveniles get transplanted. With this method, sea urchins were harvested at least every

three months. The main species that went through this process include; Pseudocentrotus

depressus and Strongylocentrotus pulcherrimus in southern Japan and S. intermedius and

S. nudus towards the North (Murata et al., 2020). At least 1-2% mortality rate was

witnessed which can be categorized as low, with a 20 metric tons of transplant. So,

transplanting has been an exceptional method of sea urchin management.

Diet largely affects sea urchin establishment in such a manner that, it influences

reproduction. So, it affects the size of gonads rather than gametogenesis. Sea urchins

improve the size of gonads with the availability of food. This results in more food

ingestion. High feeding rates leads to extended gametogenesis and spawning in

laboratory and wild populations. Somatic growth in wild and laboratory populations is
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inversely proportional to reproductive development. In the event of lack of food or

scarcity of food, natural populations appear to allocate less resources to somatic growth

than reproduction (Brink-Hull et al., 2022). Rationing of food on laboratory sea urchins,

has resulted in lower gonadal indices, notwithstanding same productive development. Sea

urchins have been noted to shrink or reduce in size when starved. Their gonads decrease

in size too. So, as long as diet seems to not influence gametogenesis, it has been shown to

extend the mature stage. So, the realignment in size of the gonadal apparatus leads to

reshuffle of nutrient supplies in the body wall and gonad (Brink-Hull et al., 2022).

Seasonal variation of sea water temperatures influence annual reproductive cycles.

Nonetheless, there is always little or no relationship between temperature and spawning

among many spp.In areas such as Antarctic or deep-sea, where there appears to be little

or no changes in temperatures, annual reproductive cycles are presented in sea urchins.

Studies conducted both in the field and laboratory illustrates that, seawater temperature

has had little effect on gametogenesis of S. purpuratus. At sometimes, sea water

temperature may cause gametogenesis out of season like in the laboratory systems and in

areas where there is a strong variation in sea water temperatures (Schuh et al., 2020).

Importantly, gametogenesis has succeeded under certain temperatures using,

Hemicentrotus pulcherrimus, Pseudocentrotus depressus and Anthocidaris crassispina

(Agatsuma, 2020a). In 1958, Giese et al mentioned photoperiodic control of annual

reproductive cycles. Illustratively, S. purpuratus was used to demonstrate the effect

within 18 months of laboratory assays. Practically, the species were kept in a

photoperiodic regime six months out of the stage with laboratory and field samples at the
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most ambient photoperiod (Giese, 1959). Ideally, S. purpuratus developed a gametogenic

cycle, 6 months out of phase. Individual S. purpuratus showed continuous gametogenesis

upon exposure to light less than 12h per day for a year.

2.1.5 Diseases and Parasites

Sea urchins accommodate a number of pathogens, roughly 100. Bacteria and fungi are

the main causers of diseases in the sea urchin. Protozoans, mostly cause protozoan

diseases. Reports have demonstrated lesions and mass mortalities against the sea urchins.

Injury of the body of the urchin is enough reason to cause body lesions. In the gut,

facultative symbionts, turbellarians, of the gut may be found. Sea urchins are vectors

carrying trematodes which affect fish (Wang et al., 2013).

Larva contamination may take place during culture work. Sometimes the larva may get to

be less robust and arms lets regress. Bacterial diseases also infect infantile sea urchins in

Japanese culture systems. At temperatures above 20°c, mass mortalities of sea urchins are

seen (Wang et al., 2013).

2.1.6 Economic Importance of Sea Urchins

Sea urchins are globular and spiny animals that live in the sea and belong to the class of

Echinoidea. Across the world, there are about 950 species of sea urchins inhabiting

oceans, especially on the seabed (De Ridder & Saucède, 2020). Sea urchins are important

animals to biology because researchers have used their embryos in studying

developmental biology and ecosystems. Sea urchins influence seagrass ecosystems as

they feed on them when they forage for algae and macrophytes. In essence, the
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distribution, density, and abundance of seagrass are dependent on the population of sea

urchins in various ecosystems in benthic ecosystems (Chen et al., 2021). Globally, sea

Urchins have been considered a source of food, especially in Japan. For instance, the

gonads are edible. They are also used as experimental model organism and for

toxicological studies (Sato et al., 2019).

The family is made up of uneven Echinoids having no effect on reef corrossion.

Additionally, regular urchins can be seen on coral reefs and they are significant

bioeroders. The mandibular formula of sea urchins is well established which is

commonly known as, ‘highly evolved jaw apparatus’ involving 5 calcium carbonate teeth

that are considered to have a self-sharpening capacity. So, they use their dental formula to

scrap, and erode hard substrate from the reef; bak (Stock, 2014). Therefore, this is the

concrete reason for the over-grazing momentum of the sea urchins against the coral reefs.

However, the sea urchins can erode coral reefs circuitously using spines, destroying the

strength of the reef that leads to expansion of cracks. Sea urchins nourish themselves with

pieces of algal turf, scrapped material sourced from the coral surface and the rubble.

Specifically, it has been evident that, few types of urchins dig dipper crevices to allow

them hide from predators and subsequent traps thereof. The grazing of these creatures is

paramount and of essence as it controls macro algae establishment in terms of population

density. Notably, accumulation of macro algae results into death of corals (Cohen-

Rengifo et al., 2018). Therefore, from the discussed significant effects of sea urchins, i.e.

via bio erosion, there is need to understand the distribution of urchins and economic

impact on coral reefs.
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2.2 Seagrass

2.2.1 Seagrass Characteristics

Seagrasses are of the order Alismatale in Magnoliophyta division, made up of almost

sixty species. There exists five families of seagrass in the world, namely; Ruppiaceae,

Cymodocea, Hydrocharitaceae, Posidoniaceae, and Zosteraceae (Kuo & Den Hartog,

2001). They are monocotyledonous highly specialized aquatic flowering plants inhabiting

the coastline and estuarine parts of the globe. As all other flowering plants, seagrass have

above and below ground parts. Above ground tissues are organized as shoots, in which

several leaves surround (and protect) the apical meristem. The leaves are the site of

primary production through photosynthesis (Kuo & Den Hartog, 2001). All seagrass have

prostrate stems buried in sand or mud. The below-ground tissues are composed of

rhizomes and roots. They provide anchoring for mechanical support, are responsible for

(part of) the nutrient uptake, and constitute reserve tissues, especially in annual species in

temperate climates which survive winter, based on these reserves (Beerling, 2019).

Seagrass reproduce sexually by pollination and complete entire life cycle underwater,

pollination is hydrophilic, and pollen grains are elongated into filamentous shape

(Tongkok et al., 2020).

Evolutionary studies are a phenomenon that cannot be ignored in regards to the study of

the seagrass. Going forward, the seagrass has reestablished itself within a specific time,

increased in numbers, affecting the levels of the sea water and subsequent modification of

the coastlines for over 100 million years. Hence, the initial Hydrocharitaceae occurred

about ninety million years ago, Cymodoceae occurred 80 million years ago, and
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Zosteraceae occurred thirty million years ago. This evolutionary process is reflected in

different morphological adaptations to the environment, e.g. in leaves and roots, but also

in reproductive organs (Kuo & Den Hartog, 2001). The high diversity of the latter

suggests that seagrass did not evolve from a common ancestor and that parallel evolution

lines have taken place in different geological periods. Seagrasses have been well known

to be found all over the planet Earth. However, they possess much less diversity that is,

sixty species globally (Waycott et al., 2018). This data is incomparable with the rough

estimate of 250,000 terrestrial angiosperms that have been evidence in the world.

2.2.2 Seagrass Distribution in East Africa

Seagrasses are well distributed in East Africa, forming a rich and productive marine and

coastal ecosystems. The coastlines, i.e Tanzanian (800 km) and Kenyan (600 km) have

relatively narrow and shallow continental shelf that neighbors Indian Ocean (Nordlund et

al., 2010). They are well characterized by comprehensive fringing coral reefs, many

shelter creeks and bays, forests of the mangroves, beaches and sand dunes. The tidal

amplitude runs up to 4m near Mombasa. Therefore, there exists a fairly distributed

intertidal zone in between the coastal lining and the coral reefs. The substrate in the zone

has sands coming about from carbonate material from the eroding reef. On that note, the

seagrasses and microalgae determine the productivity of the intertidal areas. The

seagrasses do well where there are low tides with shallow depressions. Back-reef lagoons

house the most extensive seagrass meadows. This is usually amidst, beaches or cliffs and

fringing reefs that are adjacent. During low tides, narrow channels connect the lagoons

with the sea but high-tide water pass over the reef crest into the lagoon. Some fish live
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there while others feed from the lagoon (McKenzie et al., 2020). During high tides they

swim deeper to run away from the strong tides. These lagoons are very common in the

following places in the East African coast; at Mida, Kilifi, Mtwapa, Tudor, Gazi and

Funzi in Kenya, while in Tanzania, at Tanga, Bagamoyo, Mohoro, Kilwa and Mtwara in

Tanzania. These are regions where mangroves strive very well. Seagrass meadow and

coral reefs additionally do well. See grasses are also common in creeks, and channels

housing mangroves. They likely function as traps and reduce the extent of the fluxes of

particulate matter and nutrients between the mangroves and the ocean. In Gazi Bay, one

is likely to see that the water is very clear at the top but covered by healthy grown

seagrasses in a luxurious rest. However, at the delta points like Tana River, Kenya and

Rufiji River in Tanzania, showcase very minimal seagrass growth (Painter, 2020).

2.2.3 Biogeography of Seagrass

Several studies in Kenya and Tanzania have revealed the existence of the following

twelve seagrasses,: Halodule uninervis, Zostera capensis, T. hemprichii , H. wrightii, C.

rotundata, C. serrulata, T.ciliatum, Enhalus acoroides, S. isoetifolium , S. isoetifolium ,

Halophila minor, H. ovalis (Erftemeijer, 2003). Both countries have been discovered to

have a fairly equal distribution of the mentioned species. However, some species like

Zostera capensis, S. isoetifolium and Halophila minor have received limited observation.

The seagrass do not purely exist as individual breeds, they live in a community having

two or more species, forming a mixed society. Surprisingly, one species outstands this

odd, T.ciliatum is a sole “stander” forming big biomass with a pure breed. Additionally, 3

more species of seagrass have been noted, that is, Halodule pinifolia, Halophila beccarii
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and Halophila ovata. Some researchers have classified H. wrightii in East Africa based

on leaf and tip morphology but the species appear to be very controversial (Short et al.,

2007). However, a study carried out in Florida show that the leaf tips in Halodule spp.

contrast widely with bicuspidate and tridentate on the respective shoots.

Cultures of the species indicate that the leaf tips of Halodule are environmentally

inconstant, in regard to nutrient variability or tidal zone. Additionally, analysis of

isozyme of various collections all over the tropical western Atlantic and indo pacific

show genetic diversity between the dual ocean systems with clear genetic uniformity

within each of the two ocean systems. Regarding this findings, all plants from indo

pacific having this kind of morphology will be named as Halodule uninervis while H.

wrightii for those in the tropical western Atlantic (Ochieng & Erftemeijer, 2003). All the

same, H. wrightii continues to be mentioned in literature despite all the reports from field,

culture and isozyme analysis. Suggestively, there must be deeper analysis for the

chromosomal differences and physiological studies to distinctively isolate the Halodule

species. The seagrass beds in East Africa, anchor a diverse array of associated plant and

animal species; above fifty species of microalgae and eighteen species of algal epiphytes,

approximately 75 species of benthic invertebrates specifically bivalves and gastropods,

many species of cucumbers, precisely 7 species of sea urchin, countless shrimp, crab and

lobster species, and finally at least 100 species of fish depend on the seagrass (Otero et al.,

2013). Thus, the study may not conclude that seagrass is consumed by only sea urchin

but significantly, seagrass is the stable food for the urchins. The assumption of the study

is that the sea urchins are the major seagrass grazers in the coastline lagoon and this is
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consistent with the many research aspects that have been carried out before elsewhere in

the world. This clearly puts the seagrass meadows on the forefront that it is indeed an

important source of biodiversity.

The seagrass population has also supported two forms of endangered species, such as the

green turtle Chelonia mydas (30-33) and the dugong dugong (Ochieng & Erftemeijer,

2003). In 1994, a total of four hundred and forty three sea turtles was documented along

the Kenyan coast, with the green turtle predominantly appearing.

2.2.4 Impact of Climatic Conditions and Seasons on Distribution and Diversity

The growth of seagrass and sea urchins are subject to climatic conditions and seasons

because they exist in the marine ecosystem and exhibit holobiont coexistence. According

to Conte et al. (2021), seagrass provides substrates for microbes to attach, grow, and fix

nitrogen, while microbes supply nutrients after degrading debris material for the growth

of seagrass. In tropical regions such as Kenya coastline, the optimal temperatures for the

growth of seagrass range from 23 °C to 32 °C (Lee et al., 2007). Seagrass growth show

seasonal trends in which there are high growth rates in summer and spring, but low

growth rates in winter and fall. Moreover, monsoon patterns also influence seasonal

growth of seagrass by affecting temperatures and availability of nutrients. Seagrass are

sensitive to climatic changes as global warming causes more than 7% decline in seagrass

cover (Brodie & N’Yeurt, 2018). Due to the coexistence of sea urchins and seagrass as

holobiont, their distribution follows seasonal and climatic conditions of tropical regions,

as well as trends of monsoon winds.
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2.2.5 Seagrass Ecosystem Services and Functions

Seagrass meadows are one of a number of valuable natural habitat types that occur in our

coastal waters. It provides important ecosystem services in the marine environment, such

as: provision of physical structure enhancing and sustaining the biodiversity for other

marine species, as well as the provision of nursery functions for fish establishment and

aftermath support to coastal fortification that will accumulate nutrients and sequestration

of carbon (Unsworth & Butterworth, 2021). Seagrass are edible, providing incredible

amount of organic carbon, that way, are a source of considerable number of herbivores

like dugongs (Dugong dugong), manatees (Trichecus manatus) and green turtles

(Chelonia mydas) (Marsh et al., 2018). These plants need oxygen to be tapped to their

roots and rhizomes, thus, the sole source is via catchment of increased levels of light.

This can also help in supporting big amounts of non-photosynthetic tissue. Oxygen is

required as the seagrass inhabits sediments containing toxic sulfide potential. These high

light requirements imply that seagrasses mainly occur in very clear water and at places

with high solar fluxes; further away from the equator they must live in more shallow

water, thus exposing them more to frost, which is a source of stress. On the other hand,

despite the less diversification, seagrass has been shown to distribute widely at the

evolution point and physiological avenue in many polar seas. Some seagrass thrive in

temperate climates and survive severe winters by shedding their leaves in autumn and

surviving as below-ground tissue or by annual regeneration from seeds (Van Dam et al.,

2021).
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Seagrass add up as most fertile germinating and foraging grounds that provide

environment for fish-hiding from obvious predators. Other invertebrates have also

benefited from this aspect. Additionally, there pops up the benefit of subsistence,

commercial and recreational fisheries. The seagrass creates a strong leaf canopy as it

contains very firm root network that stabilizes sediments serving as hydrodynamic

barriers. The hydrodynamic from the complex architecture of the leaf canopy in

combination with the dense network of roots and rhizomes seagrass meadows may

stabilize bottom sediments and serve as effective hydrodynamiathe coastline (Asmus et

al., 2022). Further, seagrass fields are a reason for accumulation of big portions of

nutrients and organic matter at the lowest points of the sediment. Seagrass biomass find

their way into the food web via marine microbial decomposition as detritus, supporting

productivity through carbon and nutrient recycles (Unsworth & Butterworth, 2021).

In Kenya, seagrasses find shallow water to be the most comfortable environment to

survive. Majorly, they do well at the inshore ecosystems of lagoons. Most of the lagoons

are arranged parallel to an endless fringing coral reef platform. The fringing reef stand is

well-known to halt strong waves, in that way, soothing seawaters at the back of the reef

lagoons, which support seagrass establishment and development (Harcourt et al., 2018;

Musembi et al., 2019). All over the world, more specifically in East Africa, seagrass

fields provide keen preservation status in the coastline and oceanic environments. They

anchor ecological resources around the coastal environments. They produce gradual

carbon in the waters (sequesters of carbon iv. oxide); elevation of biological connections

(for instance, effect of grazing, detritus creation and epiphyte assembly) and accordingly
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backing up much biodiversity, as well as supporting dual rare species in Eastern Africa,

i.e. the green turtle, the dugong. Seagrass beds similarly offer protection of the coastal

environs from storm flows (vertical stems are breakwaters), so, offering normal coast line

shield/calming (Himes-Cornell et al., 2018).

A better understanding has been reached on the significance of seagrass of ecosystems in

Tanzania and Kenya. However, there are effects that have been considered to be limiting

factors to seagrass. The leaf productivity of T.ciliatum ranges right from 4.9 to 9.5 g/m2

each day (Ochieng & Erftemeijer, 2003). The growth of the named species vertically is

standing at forty two internodes, in that 42 leaves per day. These are among the fastest

growing species of seagrass within the population that is thriving well in Kenya. Its

horizontal growth capability runs up to 16cm each year, now this makes it fall among the

slowest growing species. The rejuvenation of shoots in the meadows of seagrass along

the coastal regions of Kenya and Zanzibar have always been either similar or slightly

varying from the mortality rates. This suggests that the environmental parameters for this

region support the growth of the seagrass. Herein, we re-report factors that have already

been discussed elsewhere; i.e. that temperature and light are the biggest motivators of

growth. The conditions are genuinely constant all-through the year. Notwithstanding, the

composition of the oceanic water and the amount of freshwater which enters the coastal

areas are influenced by varying factors. Sometimes, the coastal lining receives

differential levels of water seepage, which results to brackish water on the seagrass

(Ochieng & Erftemeijer, 2003).
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Importantly, the stable isotope nitrogen signatures have determined that the abundance

and diversity of T.ciliatum is influenced largely than in areas having T. hemprichii that

sees little effect on the seagrass. Studies that have been carried out in Zanzibar, of carbon

IV. Oxide; this is because of the change of the global climate. The following species, H.

ovalis and C. rotundata have been demonstrated to possess high carbon dioxide intake

due to overexposure in the intertidal zones. This must have been due to the maximum

intake of carbonate quantities directly. Additionally, these seagrass were determined to be

very sensitive in desiccation when compared to subtidal seagrass. However, in this case,

S. isoetifolium stands out. In this matter, the tolerance level of desiccation may not

surreal become an equatorial determinant of vertical growth among seagrass but still

plays an important role in the tropics (Ochieng & Erftemeijer, 2003). The capability to

stand high capacities of irradiances, high nutrient inputs right at the shore, means that

shallow species will occupy the topmost intertidal zone. The cast materials against the

seagrass can contribute significantly to the stability of the beach, as indicated by a study

done in the coastal part of Kenya. There has been shown that the Gazi region of Kenya,

has received constant carbon out welling via the mangroves to the neighboring seagrass

meadows, plus, a reverse flux of the organic materials at the zone of the seagrass into the

mangroves. The surrounding coral reefs exist in a state of isolation in relation to

existence of particulate matter (Ochieng & Erftemeijer, 2003).

The carbon isotope and the 15N Delta studies have discovered the relationship existing in

seagrass beds and the fish life. So, the fish in Gazi Bay live ideally dependent on the

growth of the seagrass (Dromard et al., 2017). Illustratively, Calotomus carolinus
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(Scaridae), amongst the most appearing fish in Watamu Marine National Park, like the

seagrass species that are short-lived to the long-lived seagrass. The study also

demonstrated the role of fish on seagrass overgrazing. Taking note that at this point, the

sea urchins are amongst the subjects of the study. Interestingly, the sea urchins bring in

the completive progress of the diverse seagrass and fish species both abundance and

distribution-wise. According to their study, sea urchins are able to decrease the grazing

rates of some fish whereas, increase of sea urchins will lead to high fishing pressure on

the herbivorous fish (Erftemeijer, 2003). T. gratilla, for instance, can graze up to 1.8

shoots of seagrass within a day per metres square and this occurs at the fronts that support

the growth of the sea urchins, at growth rate of 10.4 individual per day per meters square.

It appears that the composition of the seagrass in reef environment is partly affected by

predation of the dominant grazers. Parrotfishes and the sea urchin E. diadema seem to

support seagrass beds subjugated by T.ciliatum, whereas some sea urchin species like D.

setosum, E. mathaei and D. savignyi support regions having T. hemprichii (Johannsen,

2019).

A previous research carrying out survey on the human utilization of seagrass, has shown

very anecdotal report that may not be conclusive. There is little or no direct utilization of

the seagrasses in East Africa except for the seagrass leaves from Enhalus acoroides that

have been used for mat-weaving and thatching of huts. Additionally, though minimally,

the residents of Lamu use seagrass to harvest rhizomes, that is later on dried and ground

for consumption. However, no matter how little the information comes in, there is still

pain in losing the seagrass due to overgrazing as it is used by the people of the specific
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localities in Kenya and elsewhere in East Africa (Ochieng & Erftemeijer, 2003). Seagrass

seems to be endangered species so as the sea urchin in the lagoon reefs.

2.2.6 Natural and Anthropogenic Impacts on Seagrass Populations

Seagrasses are threatened by both anthropogenic and natural factors. The biggest losses

of the seagrass have been noted due to prevalence of storms, deadly plant diseases and

herbivores. Additionally, human activities have been a reason for the influence of loss of

seagrasses. The activities encompass eutrophication and land reclamation. The activities

have led to stoppage of penetration of light into the column of water; which turns out to

be the biggest threat to ever exist upon seagrass survival (Joseph et al., 2019). However,

the human activities mostly affecting seagrass equally mess up the water quality and/or

clarity. Likewise, affect sedimentation and nutrient development from runoff. Sewage

dumping, dredging and filling, contamination, high ground growth, and negative fishing

practices add up the list (Newton et al., 2020).

2.2.6.1 Natural Impact

Natural disturbance of habitats is one of the factors that threaten the growth and

establishment of seagrass in marine environment. The most common macro grazers of

seagrass are the sea urchins in the system. Sometimes their grazing frequencies surpass

seagrass growth rates, an occurrence occasionally known as overgrazing. Seagrass hyper-

grazing is irrefutably the toughest outcome of the interface between seagrasses and

grazers. Factors influencing grazing include, intensity of grazing, population and species-

specific sensitivity to grazing, the existence of additional conflicts such as shading, and

seasonal variations in light and temperature. It has been established that, overgrazing is a
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threat to tropical and subtropical seagrasses by majority of authors. This is due to

concurrent loss of seagrass (Eklöf et al., 2008; Ling et al., 2015). Sixteen identified cases

of overgrazing on urchin at the tropical cost showcase that it is indeed a global problem

that is yet to be solved. In the phenomenon, eleven seagrass and seven urchin species are

encompassed, that is; in East Africa; T.ciliatum, in the Americas; Thalassia testudinum

and Syringodium filiforme, in the Mediterranean; Posidonia oceanica, and in Australia;

Posidonia sinuosa (Eklöf et al., 2008; Hartog & Kuo, 2007; Short et al., 2007). This is

because, the zones stated above are the major subtidal and meadow forming spp. of all

time respectively. Therefore, they are impacted averagely by increased levels of

generalist grazers like the sea urchins.

It has been evaluated that in a case of T. ciliatum in East Africa, the most sensitive

grazing activity emanates from it. This exists among all the meadow forming species in

the area. This can explain the reason why it is affected by grazing. Overgrazing has a

much far reaching indirect effects e.g. the loss of the linked fauna and reduced

stabilization of the sediment (Eklöf et al., 2008). However, majority of the overgrazing

occasions appear to affect areas of less than 0.5 km2 with a recovery of few years. The

key suggestion for the overgrazing ordeal encompass, bottom-up (enrichment of nutrient),

top-down (control of predation events such as overfishing), "side-in" mechanisms

(variation of water temperature) and natural inhabitants variations (Bernal-Ibáñez et al.,

2021).

2.2.6.2 Anthropogenic Impact
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The existence of seagrass communities in marine ecosystem is also dependent on

frequent disturbances caused by anthropogenic activities. According to Mutisia (2009),

eutrophication, mechanical damage, shoreline construction, and over fishing are major

anthropogenic activities that threaten the existence of seagrass in Kenyan coastline and

across the world. Economic activities in the agricultural and industrial sector are harmful

to environment because they release poisonous chemical and pollute ecosystems (Uku et

al., 2021a). Eutrophication of marine water by chemicals from farms and industries

causes overgrowth of algae and other aquatic flora, resulting in excessive competition,

increased turbidity of water, low oxygen levels, and decreased growth of seagrass

(Mutisia, 2009; Bastos et al., 2022). Since some fishes feed on sea urchins, overfishing

causes the removal of important predators of sea urchins, making their numbers grow

exponentially and hasten the process of seagrass overgrazing.

As per the previous researches, there is a very tight support for the top-down and bottom-

up hypotheses. However, many potential factors often co-exist and interrelate,

particularly in areas with high anthropogenic pressure, meaning, multiple disturbances

concurrently reduce predation control, improve urchin conscription and reduce the

resistance of seagrasses which could make way for overgrazing. The main control for

overgrazing is to remove urchins. However, there is less or no knowledge of direct and

indirect effects this method may portray especially in terms of applicability and

sustainability. There is a knowledge gap, which severely limits seagrass management

(Bernal-Ibáñez et al., 2021). Based on the wide knowledge gaps, which sternly limits

management, we suggest that keen future research should be carried out. Some authors
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have suggested that over-fishing, nutrient enrichment and abiotic factors such as changes

in water temperature resulting from El Niño Southern Oscillation (ENSO) events are

among the lead causes. Grounded on the overall food-web method in the community

ecology, the major causes are top-down (predation loss), bottom-up (nutrient enrichment),

and temperature changeability due to human activities (Eklöf et al., 2008).

2.2.7 Effects of Overgrazing

The straightforward consequence of sea-grass-overgrazing is complete loss of the

biomass of seagrass. There are many latest and wide-ranging reviews on circumstance of

seagrass grazing. However, the seagrasses are known as “founder” and or “engineering”

spp. among the ecosystem (Björk et al., 2008). Overgrazing, has affected processes but

not limited to seagrass. Originally, overgrazing was as a result of loss of habitat and a

source of food i.e. leaves of seagrass and organisms of epiphytic nature. Ideally, all the

species depending on seagrass for survival, are expected to experience the biggest

aftermath as a result of overgrazing on the seagrass (Björk et al., 2008).

Importantly, elsewhere, it has been realized that Florida Bay experienced profound nature

of overgrazing which translated into 84% decrease of invertebrate; epifauna. The

invertebrate; epifauna, has the biggest economic implications that influence food

availability for commercially significant predacious crustaceans (Rose, 2004). However,

lack of well dedicated studies limit the exact hypothesis of evaluation. Additionally,

sketchy findings of overgrazing result in the decrease of viable land used for subsistence

fish catchment in Tanzania and Kenya, which are yet to be supported by the ecological

studies.
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It is dire probable that overgrazing may affect the stabilization of sedimentation and

attenuation of water. This usually occurs as a result of loss of the seagrass due to in-

seagrass cover threshold. Getting back to Florida Bay incidence, overgrazing has eroded

the seabed, improving the cases of turbidity (Rose, 2004). Consequently, a process called

“feedback loop” that is considered to be self-escalating will pop up with the continuous

loss of the seagrass due to reduction of light penetration. Nonetheless, there is no

explanation for the mechanism of loss of seagrass as pertained to overgrazing (Eklöf et

al., 2008). In an event of seabed establishment, structures of the underground, for

instance, rhizomes and roots get exposed to natural disturbances like the effect of grazing

and wave action. Anthropogenic disturbances like crushing, boat quays, and propeller

scoring are major contributors too (Roberts et al., 2010). Species with rhizomes growing

into shallow depths such as T.ciliatum are more vulnerable to such ancillary effects than

those with deeper developing rhizomes (Belshe et al., 2018). Rhizomes and roots have a

significant part to play on the seagrass existence whereby they support the plant in

regards to the substrate, securing fine sediments towards the bottom-line, and have great

section of seagrass energy reserves that appear to be conceivable. Notwithstanding, they

have not yet been confirmed which could be a reason to the loss of biomass leading to

long term aftermaths (Belshe et al., 2018).

2.2.8 Local Ecosystem

The people in the locality carry out fishing, tourism and agriculture as a method of

survival, to run their families, both extended and nuclear. All these activities are

dependent on rainfall to coexist. Waters that are not deeper than 20m inshore to the
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external portions of the reef, support maximum fishing activities (Yokota & Lessa, 2006).

Two registered Beach units of management exist at Mwaepe and Kinondo-Chale.

Importantly, Diani-Chale coral reefs are categorized under low coral cover, smaller fish

abundance and great abundance of the sea urchins (Mbaru, 2012).

This study site showed a rich ground for the Kenyan seagrass species-wide, having eight

species reported in the previous studies. This is quite a good number in consideration

with the already existing twelve species at the regional level. T.ciliatum is the most

prevailing seagrass species that gets affiliated to both soft and hard substrates (Eggertsen

et al., 2019). Elaborately, the structure of seagrass mentioned above offers home for

trivial and juvenile fish and invertebrates. Thus, this way, seagrass beds are significant

environment for majority of species of the coral reef. Investigations done in the lagoon

area; Diani-Chale, have previously shown that there is a fifty (50) percentage loss of

seagrass with a multiplication of fractions of sand at the specific lagoon (Maina et al.,

2008).

CHAPTER THREE

MATERIALS AND METHODS

3.1 Research Design

Cross-sectional research design was employed to determine spatial and temporal

occurrence of sea urchins and seagrass in Diani beach. The design was used to capture

trends and pattern of sea urchins and seagrass at one point in time but at different seasons,

specifically northeast monsoon (December and January), intermonsoon (March and
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April), and southeast monsoon (July and August). The data was collected from three

study sites in Diani beach. This research design is appropriate because it allows

determination of causal-effects and generates valid preliminary data for case control

studies (Kothari & Garg, 2019). The data collected in each season formed the basis of

determining the influence of seasons and sites on seagrass and sea urchins.

3.2 Study Area

The study was conducted in Kwale County, which borders Kilifi County to the North,

Taita Taveta to the West, Tanzanian border to the South, the Indian Ocean to the East and

Mombasa County to the North East. The area experiences variable climatic conditions

and weather patterns. Inter-Tropical Convergence Zone (ITCZ) and the seasonal

monsoon cycle are drivers of weather patterns and climatic conditions of the study site.

Long-term Indian Ocean Dipole (IOD) is a new phenomenon influencing the weather and

climatic conditions of coastal regions. The effect of the IOD monsoons have an inverse

relationship with El Nino, which has a direct relationship with Monsoon rainfall.

The southeast and northeast are the two forms of Monsoons on Kenya reefs that are

predictable and emenate from the movement of the Inter-Tropical Convergence Zone, but

are not subject to the occurrence of tropical or hurricanes cyclones (Jacobs et al., 2021).

These two forms of monsoons account for local differences in chemical, biological, and

physical conditions of coastal waters. During the northeastern monsoon (NEM) season

(October through April), the currents migrate southwards and drive water to offshore

sites (Kebacho, 2022). This season is characterized by high levels of radiation, low level

of cloud cover, low degree of wind energy, leading to high productivity.
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During southeast monsoon (SEM), the movement of coastal currents directs water to

onshore sites as they move northwards along the coastline, leading to high sedimentation

rate from surface run-offs, decreased water temperatures, and enhanced river discharge.

Consequently, southeast monsoon affect coastal waters by decreasing productivity in

coastal area and enhancing abundance of benthic algae (Tarimo et al., 2022). Seasonal

variation happen in water circulation patterns and tidal cycles, which exist between

monsoon events, and have major effects on fauna (Swaleh et al., 2022).

3.3 Human activities

The main human activities within the study area include farming, fishing, mining, and

other commercial businesses.

3.4 Study sites

The study was done in Diani-Chale area, located at latitude 04º22'S to 04º44'S and

39º54'E to 39º61E in the south coast region, Msambweni constituency, Kwale County

(Figure 3.1). Three sites were sampled, Mvuleni (04˚21´24.3˝S and 39˚43´97.8˝E),

Mwaepe (04˚36´32.9˝S and 39˚56'68.5''E) and Chale (04˚22'07.6''S and 39˚33'90.2''E).

The distance between Mwaepe to Mvuleni is about 8 km, while that from Mvuleni to

Chale is approximately 10 km. The three sampling sites are spatially located along the

coastal region in the range of 30 m to 80 m from the coastline. The study site comprises

semi-diurnal variations with two high tides and two low tides with asymmetric changes in

current cycles and sea levels (Kosore et al., 2022). The lowest tides are common in

northeast monsoon because the dominant wind pattern drive coastal waters to offshore
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sites. Moreover, the lowest tides are common during daytime in the northeast monsoon

and at night in southeast monsoon, implying that desiccation stress varies according to

times and seasons (Kosore et al., 2022; Swaleh et al., 2022). Other studies have also

demonstrated that spring and neap tides, which drive the circulation of water in coastal

area, are two forms of tides that exhibit monsoon variations (Okuku et al., 2022; Dzeha et

al., 2022). The seasonal changes and effects of monsoon winds and tides are determinants

of seagrass growth and development.

The study sites host diverse species of seagrass, namely S. isoetifolium , C. rotundata,

T.ciliatum, Zostera capensis, Enhalus acoroides, T. hemprichii , H. ovalis , C. serrulata,

Halodule uninervis, S. isoetifolium , H. wrightii, and Halophila minor (Githaiga et al.,

2019). The most common sea urchins are E. mathaei , T. gratilla, D.setossum, E.

diadema , Salmacis bicolor, and T. pileolus , D. savignyi and T. pileolus (Eklof et al.,

2008, Uku et al., 2021a).
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Figure 3.1: Map of Kwale County showing the study sites Inset: Map of Kenya

3.5 Sampling Procedure

The sampling of sea urchins and seagrass was performed simultaneously using 1 m2

quadrat by SCUBA diver (Nakanishi et al., 2006; Bularz et al., 2022). This was done in

three different seasons: Southeast Monsoon (wet season), inter-monsoon (transitional
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season) and North-East Monsoon (dry season), between December 2016 and August

2017. Two months were selected in each season for sampling, that is, December and

January (NE monsoon), March and April (inter-monsoon), July and August (SE

monsoon). Quadrats were placed in both healthy and degraded sea-beds in consultation

with locals and SCUBA divers who have knowledge on condition of seagrass beds in the

study sites.

Sea urchins were sampled twice a month for two months in each season. In each

sampling occasion, ten quadrats were placed randomly, giving a total of forty quadrats

per season per study site (N=360). In each quadrat, sea urchin species were identified,

number of individuals per species counted and recorded. Identification of the species was

done using established criteria (Richmond, 2011).

The Simpson’s Diversity Index was used to calculate the diversity of sea urchins in the

different study sites in each season as follows (Roff, 2013)

Simpson’s Diversity Index (1-D) = 1-
∑�(�−1)
∑�(�−1)

………….………………… (Equation 1)

Where:

D = Simpson’s index

n = total number of organisms of a particular species

N = the total number of organisms of all species

The species relative abundance was determined by dividing total number of individual

species (Isi) by total number of species population (∑ Nsi) multiply by one hundred. .
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Relative Abundance (%) = Isi/∑Nsi X 100………………………………… (Equation 2)

Where:

Isi = total number of individuals of one species;

∑ Nsi = total number of individuals of all species.

The density of sea urchins was calculated as follows:

Density (m2) = Total number of individuals of each sea urchin species……. (Equation 3)

Total area sampled

Seagrass sampling was done simultaneously with that of sea urchins in healthy and

degraded seabed in the study sites. Seagrass cover was assessed subjectively using a 1m2

quadrat. In each quadrat,sea grass species were identified,number of individuals per

species counted and recorded. Identification of the species was done using established

criteria (Richmond, 2011).

The density of seagrass was calculated as follows:

Density (m2) = Total number of individuals of each seagrass species ……... (Equation 4)

Total area sampled

The Simpson’s Diversity Index was used to calculate the diversity of seagrass in the

different study sites in each season as shown in Equation 1 (Roff, 2013).

3.6 Data Analysis

Data analysis was performed using Microsoft Excel 2016, Statistical Package for Social

Sciences (SPSS version 26) and Statistical Analysis System Version. Data on seasonal

abundance and diversity of sea urchins and seagrass in Diani beach was analyzed using
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two-way ANOVA with Tukey test for post-hoc analysis for multiple comparison

(Oliveira, et al., 1997; Camps-Castella et al., 2020). The nature of relationships in Diani

beach was examined using Pearson’s correlation (Field, 2018). Data on density of sea

urchins was also analyzed using independent t-test to compare their differences in healthy

and degraded seabed.Correlation and Linear regression analysis was used to calculate the

influence of sea urchin abundance on benthic seagrass cover by examining coefficient of

determination and linear equation (Field, 2018). Canonical Correspondence Analysis

(CCA) was used to analyze how seasons, study sites and sea urchins influence

distribution of seagrass species and nature of seabed. All analyses were performed at

significance level of P < 0.05.
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CHAPTER FOUR

RESULTS

4.1 Seasonal Abundance and Diversity of Sea Urchins and Seagrass Cover

4.1.1 Relative Abundance of Sea Urchins in Northeast Monsoon

There was a significant difference (P < 0.05) in the relative abundance of sea urchins

among the three study sites (Table 4.1). The most abundant species in Mwaepe was

Echinometra mathaei (34.7%) which was significantly different (P < 0.05) from that

obtained for most of the other species. This was followed by Tripneustes gratilla (28.8%),

whereas Salmacis bicolor (2.5%), and T. pileolus (2.5%) were the least abundant species.

In Mvuleni, the relative abundance of T. gratilla, (48.7%), was significantly higher (P <

0.05) than that of all the other species. Diadema savignyi had the second highest relative

abundance of 22.4% while S. bicolor and Toxopneustes. pileolus had the lowest, 1.9%

and 1.3% respectively. Comparatively, the relative abundance of sea urchins was

significantly different (P < 0.05) for all species in Chale. T. gratilla had the highest value

of 38.4% followed by E. mathaei (23.9%), while S. bicolor (0.6%), and T. pileolus

(1.9%) had the lowest.
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Table 4.1: Relative abundance of sea urchins in the season of northeast monsoon

Study Sites

Species Mwaepe Mvuleni Chale

Tripneustes gratilla 28.8%a 48.7%b 38.4%c

Diadema savignyi 6.8%a 22.4%b 18.2%b

Diadema setossum 16.9%a 10.9%b 14.5%a

Echinometra mathaei 34.7%a 11.5%b 23.9%c

Echinothrix diadema 7.6%a 3.2%b 2.5%b

Salmacis bicolor 2.5%a 1.9%a 0.6%b

Toxopneustes pileolus 2.5%a 1.3%b 1.9%a

4.1.2 Relative Abundance of Sea Urchins in Intermonsoon Season.

There was a significant difference (P < 0.05) in the relative abundance of sea urchins in

the three study sites (Table 4.2). The most abundant species in Mwaepe was E. mathaei

(31.7%) which was significantly different (P < 0.05) from that obtained for all the other

species. This was followed by D. setossum (28.8%), whereas S. bicolor (0.0%) and A.

radiata (0.0%) were the least abundant species. In Mvuleni, the relative abundance of E.

diadema (44.8%), was significantly higher (P < 0.05) than that of all the other species. T.

gratilla had the second highest relative abundance of 21.0% while A. radiata and T.

pileolus had the lowest, 1.4% and 1.4% respectively. Comparatively, the relative

abundance of sea urchins was significantly different (P < 0.05) for all species in Chale. E.

mathaei had the highest value of 71.8% followed by D. setossum (11.5%), while A.

radiata (0.0%) and T. pileolus (1.0%) had the lowest.
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Table 4.2: Relative abundances of sea urchins in the intermonsoon season

Study Sites

Species Mwaepe Mvuleni Chale

Tripneustes gratilla 20.1%a 21.0%a 9.1%b

Diadema savignyi 16.5%a 5.6%b 3.3%b

Diadema setossum 28.8%a 17.5%b 11.5%c

Echinometra mathaei 31.7%a 6.3%b 71.8%c

Echinothrix diadema 2.2%a 44.8%b 1.4%a

Salmacis bicolor 0.0%a 2.1%a 1.9%a

Toxopneustes pileolus 0.7%a 1.4%a 1.0%a

Astropyga radiata 0.0%a 1.4%a 0.0%a

4.1.3 Abundance of Sea Urchins in Southeast monsoon season.

The most abundant species in Mwaepe was E. mathaei (59.2%) and it was significantly

different (P < 0.05) from that obtained for all the other species (Table 4.3). This was

followed by T. gratilla (37.9%), and E. diadema (2.9%) was the least abundant species.

In Mvuleni, the relative abundance of D. setossum (40.5%), was significantly higher (P <

0.05) than that of all the other species. T. gratilla had the second highest relative

abundance of 36.0% followed by D. savigyni (21.6%). E. diadema had the lowest relative

abundance of 1.8%. The relative abundance of sea urchins was significantly different (P

< 0.05) for all species in Chale. E. mathaei had the highest value of 97.1% followed by D.

setossum (11.5%) (Table 4.3).
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Table 4.3: Relative abundance of sea urchins in the southeast monsoon

Study Sites
Species Mwaepe Mvuleni Chale
Tripneustes gratilla 37.9%a 36.0%a 2.9%b

Diadema savingyi 0.0%a 21.6%b 0.0%a

Diadema setossum 0.0%a 40.5%b 0.0%a

Echinometra mathaei 59.2%a 0.0%b 97.1%c

Echinotrix diadema 2.9% 1.8% 0.0%

4.1.4 Diversity of sea urchins

The diversity of sea urchins varied according to study sites and seasons (Table 4.4).

Mwaepe (0.672±0.077) and Mvuleni (0.657±0.061) had amost the same overall diversity

of sea urchins, while Chale (0.612±0.113) had sgnifficanty lower diversity. Moreover,

data shows that seasonal changes in sea urchin diversity are statistically significant as

shown by SEM (0.588±0.085), IM (0.625±0.070), and NEM (0.727±0.042). Two-way

ANOVA indicated that study sites and seasons have significant effects on sea urchin

diversity (p = 0.000), while their interaction effects were also statistically significant (p =

0.000) (Figure 4.1). Appendix I displays additional analyses for seasonal and spatial

variations of sea urchins.

Table 4.4. Diversity indices for sea urchins in different seasons and study sites.

Study Sites
Mwaepe Mvuleni Chale Means of Seasons

Southeast monsoon 0.610±0.056a 0.646±0.028a 0.510±0.028a 0.855±0.085a
Seasons Intermonsoon 0.671±0.067a 0.619±0.071a 0.585±0.071a 0.625±0.070b

Northeast monsoon 0.736±0.049b 0.706±0.036b 0.741±0.029b 0.727±0.090c

Means of Sites 0.672±0.077a 0.657±0.061a 0.612±0.113b

Study Sites Study Sites Seasons Interactions
F Values (2,351) 38.819 204.226 27.892
P Values 0.000 0.000 0.000
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1

Figure 4.1: Interaction effects of seasons and study sites on diversity of sea urchins

4.1.5 Abundance of seagrass

The overall seagrass cover varied significantly from one study site to another, depending

on conditions of seabed. Healthy seabeds recorded (73.41%) significantly higher cover in

all study sites as compared to the degraded ones (40.81%), F(1,358) = 1366.101, p =

0.000 (Table 4.5). The abundance of seagrass exhibited significant dfferences in study

sites (P = 0.000) and seasons (P = 0.000) (Table 4.6). Two-way ANOVA indicated that

the interaction effects of seasons and study sites have statistically significant effects on

study sites, F (4,351) = 167.979, p = 0.000. Figure 4.2 depicts the interaction effects of

seasons and study sites on influencing the abundance of seagrass cover.
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Table 4.5: Differences in Abundance of Seagrass in Seabeds

Mean
Std.

Deviation df F P value
Healthy Seabed 73.41 8.956 (1,358) 1366.101 0.000
Degraded Seabed 40.81 7.734
Total 57.11 18.337

The percent cover of specific seagrass species in different sites and seabed conditions

shows that S. isoetifolium (58%) and T. hemprichii (27.5%) were the dominant species in

healthy seabed, whereas S. isoetifolium (20%) were dominant in degraded seabed in

Mvuleni. In Chale, S. isoetifolium (79%) and H. ovalis (25%) were dominant in healthy

and degraded seabed, respectively. T. ciliatum (24%), C. rotundata (14%), and H.

wrightii (16%) are dominant in healthy seabed, whereas H. ovalis (25%), S. isoetifolium

(12%), and H. wrightii (11%) were predominant in degraded seabed in Mwaepe (Table

4.6).

Table 4.6: Percent cover of seagrass species

Mvuleni Chale Mwaepe

Seagrass Species Healthy Degraded Healthy Degraded Healthy Degraded

T. ciliatum 1% 0% 0% 0% 24% 0%

S. isoetifolium 58% 20% 79% 0% 8% 0%

S. isoetifolium 4% 7% 3% 10% 6% 12%

H. ovalis 0% 0.5% 0% 25% 9% 25%

C. serrutata 0% 7% 0% 0% 7% 0%

T. hemprichii 27.5% 0% 5.5% 0% 0% 0%

C. rotundata 1.5% 6% 0% 0% 14% 0%

H. wrightii 0% 0% 0% 4% 16% 11%
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The diversity of seagrass cover varied significantly from one study site to another

depending on the state of the seabed. Seagrass diversity for healthy seabeds was

significantly higher in Mwaepe (0.73) followed by Mvuleni (0.51) and was least recorded

in Chale (0.18). Degraded seabeds recorded significantly higher diversity in Mvuleni

(0.67) compared to all other study sites, which are Chale (0.40) and Mwaepe (0.35)

(Figure 4.2).

Figure 4.2: Diversity of seagrass in healthy and degraded sites

Northeast monsoon recorded significantly higher overall diversity of seagrass

(0.698±0.716) compared to all the other seasons. Analysis of spatial changes in seagrass

diversity (Table 4.3) indicates that Mwaepe (0.661±0.118) and Mvuleni (0.662±0.071)

had the same level of diversity, while Chale had significantly lower level of diversity

level (0.476±0.131). Spatial and seasonal diversity indices of seagrass were statistically
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significant (p≤0.05). Moreover, the interaction effects of study sites and seasons is

statistically significant (p = 0.000) (Table 4.7 and Figure 4.3). Appendix I provides

additional analyses for seasonal and spatial variations of sea urchins.

Table 4.7: Simpson’s diversity indices for seagrass in different seasons and study
sites

Study Sites

Mwaepe Mvuleni Chale Means of Seasons

Southeast monsoon 0.543±0.098a 0.630±0.043a 0.357±0.052a 0.510±0.133a

Seasons Intermonsoon 0.692±0.077b 0.647±0.090a 0.432±0.049a 0.590±0.136b

Northeast monsoon 0.746±0.066c 0.710±0.044b 0.639±0.058b 0.698±0.072c

Mean of Sites 0.661±0.118a 0.662±0.071a 0.476±0.131b

Study Sites Study Sites Seasons Interactions

F Values 307.510 239.853 32.925

P Values 0.000 0.000 0.000

Figure 4.3: Interaction effects seasons and study sites on seagrass diversity
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4.2 Overall Density of Sea Urchins in Healthy and Degraded Seabeds

The overall density of sea urchins was significantly higher (p≤0.05) in degraded seabed

(7.88±1.507) as compared to that of healthy seabed (5.94±1.586) (Table 4.8). In healthy

seabed, the density of sea urchins ranged from 2 to 14/m2 while the density of sea

urchins in degraded seabed ranged from 5 to 22/m2.

Table 4.8: Density of sea urchins

State of seabed Density/m2 F

Healthy Seabed 5.94± 1.586a F(1,358) = 142.167

Degraded Seabed 7.88± 1.507b p = 0.000

Table 4.9 shows that the density of sea urchins increases with seasons from SEM, IM,

and NEM across the year. In each site, Mwaepe had mean densities of sea urchins in

SEM (5.13±1.381), IM(5.90±1.381), and NEM (7.20 ±1.436) with statistically significant

differences across seasons. In Mvuleni, the mean densities of sea urchins in SEM

(5.35±1.292), IM(7.40±1.932), and NEM (7.75±1.256) had statistically significant

differences across seasons (p<0.05). In Chale, the mean densities of sea urchins in SEM

(8.25±1.214), IM(8.25±1.214), and NEM (8.45±1.552) had statistically significant

differences across seasons (p<0.05). The interaction effects between seasons and sites

had statistically significant differences (p<0.05) (Figure 4.4).
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Table 4.9: Density of sea urchins in different seasons and study sites

Study Sites

Mwaepe Mvuleni Chale
Means of
Seasons

Southeast monsoon 5.13±1.381a 5.35±1.292a 8.25±1.214a 6.24±1.923a
Seasons Intermonsoon 5.90±1.374b 7.40±1.932b 6.77±1.349b 6.69±1.679a

Northeast monsoon 7.20 ±1.436c 7.75±1.256b 8.45±1.552c 7.80±1.498a
Mean 6.07±1.6230a 6.83±1.849b 7.83±1.559c
Study Sites Study Sites Seasons Interactions
F Values 44.871 37.475 16.385
P Values 0.000 0.000 0.000

Figure 4.4: Interaction effects of seasons and study sites on density of sea urchins
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4.3 Density of Seagrass and Sea Urchins in theThree Seasons

4.3.1 Seasonal Density of Seagrass

The overall density of seagrass cover differed significantly, F (2,537) = 14.165, p =

0.000, in the entire three seasons (Table 4.10), Appendix 1. It was highest in northeast

monsoon (73.15±5.528). and lowest in southeast monsoon (61.15±6.115). The trends of

sea grass cover increased from southeast monsoon, intermonsoon, and northeast monsoon

(Appendices 1 and II).

Table 4.10: Density of seagrass

State of seabed Density/m2 F

Southeast monsoon 61.15±6.115a F(2,357) = 14.165

Intermonsoon 66.90±8.032b p = 0.000

Northeast monsoon 73.15±5.528c

4.3.2 Seasonal Density of Sea Urchins

The overall density of sea urchins differed significantly (P≤0.05) in all the three seasons

(Table 4.11).The Northeast monsoon recorded the highest overall density of 7.83±1.559

while the Southeast monsoon recorded the least (6.07±1.630) with statistically significant

differences, F(2,357) = 32.592, p = 0.000.

Table 4.11: Density of sea urchins

Season Density/m2 F
Southeast monsoon 6.07±1.630a F(2,357) = 32.592

Intermonsoon 6.83±1.849b p = 0.000

Northeast monsoon 7.83±1.559c
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4.4 Influence of Sea urchin on Seagrass Cover

4.4.1: Relationship between sea urchins density and vegetation cover

Correlation analysis demonstrated that sea urchins and vegetation cover have a negative

relationship , which is statistically significant (r = - 0.699, p < 0.05). Figure 4.5 shows

that there is a linear relationship between seagrass cover and sea urchins density.

Figure 4.5: Correlation between sea urchins and seagrass cover
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The regression model (Table 4.12) indicates that there is a strong relationship between

the density of sea urchins on seagrass cover in Diani beach (R = 0.699). In prediction, the

regression model indicates that the density of sea urchins accounts for 48.8% of the

variation in the proportion of seagrass cover (R2 = 0.488). The adjusted R-square predicts

that the density of sea urchins explains 47.9% of the variation in the seagrass cover

(Ajusted R2= 0.479).

Table 4.12: Regression model summary sea urchins predicting seagrass cover

Model R R Square Adjusted R Square Std. Error of the

Estimate

1 .699a .488 .479 9.036

a. Predictors: (Constant), Density of Sea Urchins

The ANOVA (Table 4.13) shows that the regression model is statistically significant in

predicting the influence of the density of sea urchin on the proportions of seagrass cover,

F(1,358) = 55.275, p = 0.000 (Appendix IV). Regression coefficients (Table 4.9)

confirms that the density of sea urchins is a statistically significant predictor of the

proportion of seagrass cover (β = -1.713, t = -7.435, p = 0.000). Based on 95%

confidence interval, the critical values of constant (t = 30.998, CI: 79.405, 90.368) and

sea urchins (t = -7.435, CI: -2.175, -1.252) fall on the rejection regions. These findings

shows that a unit increase in sea urchin density causes the seagrass cover to decrease by

1.713 in a significant way.
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Table 4.13: Regression coefficients of density of sea urchins in predicting seagrass
cover

Model Unstandardized
Coefficients

Standardized
Coefficients

t Sig. 95.0% Confidence
Interval for B

B Std.
Error

Beta Lower
Bound

Upper
Bound

1

(Constant) 84.886 2.738 30.998 .000 79.405 90.368
Density of
Sea
Urchins

-1.713 .230 -.699 -7.435 .000 -2.175 -1.252

a. Dependent Variable: Seagrass Cover
Regression equation

The proportion of seagrass cover = -1.71 (Density of Sea Urchins) + 84.89 (Appendix IV)

4.5 Correspondence Analysis

Canonical Correspondence Analysis (CCA) revealed that seasons, study sites, and sea

urchins influence distribution of seagrass species and nature of seabed (Figure 4.6). The

first dimension of CCA, which are mainly study sites, sea urchins, and seasons, account

for 86.9% of variation in the nature of seabed and seagrass species. The second

dimension of CCA, which are seasons and study sites, account for 7.87% of variation in

the condition of seabed thus sea urchins has a greater effect on seagrass cover. The

eigenvalues shows that three factors are significant predictors because they are 0.1 or

greater and account for cumulative 83.944% (Appendix V).
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Figure 4.6: Canonical Correspondence Analysis (CCA) shows how study sites,
seasons, and sea urchin species contribute to the nature of seabed and seagrass
species.
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CHAPTER FIVE

DISCUSSION

5.1 Relative Abundance of Sea Urchins

The relative abundance of sea urchins in the marine environment is influenced by several

factors. There was a significant variation in sea urchin species relative abundance

between different sites in Diani beach. Chale had the highest overall abundance of sea

urchins whereas Mwaepe had the least.This is because Chale is relatively less protected

compared to Mwaepe and Mvuleni. Interference by human activities like fishing removes

sea urchin predators that lead to increase in sea urchins population. Several species were

abundant in the three sites during the three seasons. These included E. mathaei ,and T.

gratilla. Researchers have shown that T. gratilla and E. mathaei are dominant in Indo-

Pacific Sea because they are adaptable to various habitats and have the ability to breed all

year round (Rahman et al., 2009; Nadiarti et al., 2021). This probably explains why their

distributions remained relatively constant during northeast monsoon, intermonsoon, and

southeast monsoon seasons and in the three study sites. The abundance of Diadema

species was variable because they are sensitive to changes in environmental conditions

and seasons (Muthiga & McClanahan, 2007; Ditzel et al., 2022). However, E. diadema ,

Salmacis bicolor, and T. pileolus species were less common in all habitats in Diani

Beach. Barret et al. (2019) established that the abundance of T. pileolus does not relate

to the distribution of seagrass but they prefer to thrive where there are large pieces of

debris (cover material). The abundance of sea urchins varied significantly across the three

seasons.Results show that there was overall higher abundance during the Northeast
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Monsoon compared to all other seasons. This variation was probably due to seasonal

ecological changes that influence their growth and development. During the northeastern

monsoon season (October through April), the currents migrate southwards and drive

water to offshore sites (Kebacho, 2022). These conditions are favorable due to high levels

of radiation, low level of cloud cover, low degree of wind energy, leading to high

productivity of seagrass, which is a source of food for sea urchins. This leads to increase

in sea urchin abundance.

During southeast monsoon (SEM), the movement of coastal currents directs water to

onshore sites as they move northwards along the coastline, leading to high sedimentation

rate from surface run-offs, decreased water temperatures, and enhanced river discharge.

Consequently, southeast monsoon affect coastal waters by decreasing productivity in

coastal area and enhancing abundance of benthic algae (Tarimo et al., 2022).This

decreases the abundance of sea urchins since the seagrass, which is their source of food,

is decreased. Additional findings indicated that E. mathaei and D.setossum are sensitive

to changes in weather conditions as reflected by monsoon trends (Nadiarti et al., 2021). T,

gratilla is a dominant grazer in coastal areas that has adapted different niches and seasons

(Li et al., 2022b).

5.2 Diversity of Sea Urchins

Based on Simpson’s diversity index (Roff, 2013), the most diverse study site was

Mwaepe,followed by Mvuleni and Chale recorded the least overall diversity. This is

because Mwaepe and Mvuleni are protected areas and Chale is least protected.Human

activities for instance discharge of harmful substances into the water causes death of
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some sea urchin species leading to low diversity. The diversity of sea urchins was highest

in the three study sites during northeast monsoon. The trend follows the weather patterns

because northeast monsoon provides favorable environment for the growth of most

seagrass species, and therefore, sea urchins from the months of November through

February (Msuya et al., 2022; Tarimo et al., 2022). These findings show that diversity

varied from one site to another and season influenced variation in diversity. During

intermonsoon, conditions were less favorable for the growth of seagrass thus; less

diversity of sea urchins. Southeast monsoon had the least diversity due to unfavorable

conditions for example more cloud cover and less transparency in the water.This resulted

to lower seagrass cover compared to that in northeast monsoon.

5.3 Seagrass Cover

Healthy and degraded seabed had significant differences in seagrass cover. While healthy

seabed had over 68% of seagrass cover, degraded seabed had less than 41% of seagrass

cover. The differences in the seagrass cover reflect trends of degradation of habitats in

Diani beach. There was a general low seagrass cover in degraded seabed indicating that it

was being actively grazed on by the sea urchins. The distribution of seagrass shows that S.

isoetifolium and H. wrightii were dominant in both healthy and degraded seabed,

suggesting that sea urchins do not feed on them. H. ovalis were common in degraded

seabed, and could be an indication that it is less palatable and not preferred by sea urchins.

A study by Juma (2019) reported dominance of S. isoetifolium species of in Diani

beach,and this infers that it is not preferred by sea urchins.
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Comparison of diversity of seagrass indicates that the diversity in healthy seabed is

higher than that in degraded seabed. There was generally lower diversity of seagrass in

Chale compared to Mwaepe and Mvuleni. In a previous study, Aboud, and Kannah (2017)

established that the abundance and diversity of seagrass species along the Kenyan

coastline is high in protected sites than in unprotected areas where there are extensive

disturbance and fishing activities. Govindasamy et al. (2013) noted that the abundance of

herbivores and predators of fishes and sea urchins determine the growth of seagrass in

marine environment. Removal of sea urchin predators through overfishing leads to

increase in sea urchin population, which in turn decrease seagrass cover.These studies

establish that Mvuleni and Mwaepe are relatively protected when compared to Chale

because they exhibited a higher level of diversity. Human activities such as fishing,

tourism, agriculture, and mining contribute significantly to degradation of habitats in

Diani beach and influence the distribution of seagrass and sea urchins.

5.4 Density of Sea Urchins in Healthy and Degraded Seabed

The mean density of sea urchins in degraded seabed was significantly higher than that in

healthy seabed. These findings indicates that the condition of the seabed associates with

the density of sea urchins. Eklof et al. (2008) assert that sea urchins are macro-grazers

that contribute significantly to overgrazing of seagrass systems. The higher densities of

sea urchins in degraded seabed than healthy seabed reflect the degree of overgrazing.The

significance confirms that sea urchins overgraze on seagrass and therefore is one of the

causes of degradation of habitats. In their study, Eklof et al. (2008) established that
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overgrazing is a global phenomenon caused by seven species of sea urchins feeding on 11

species of seagrass.

5.5 Seasonal Variation in of Seagrass Cover

Seasons have some influence on the proportion of seagrass cover. The proportion of

seagrass cover was significantly different in the three seasons. It was lowest in southeast

monsoon, moderate in inter-monsoon, and highest in northeast monsoon. During the

northeastern monsoon season, the currents migrate southwards and drive water to

offshore sites (Kebacho, 2022). These conditions are favorable due to high levels of

radiation, low salinity, low level of cloud cover and low degree of wind energy, leading

to high productivity. During southeast monsoon, the movement of coastal currents directs

water to onshore sites as they move northwards along the coastline, leading to high

sedimentation rate from surface run-offs, decreased water temperatures, and enhanced

river discharge. This leads to lower productivity. The inter-monsoon is a transition season

whereby there are changes in conditions thus there was moderate productivity. These

findings indicated that northeast monsoon and inter-monsoon had favorable biotic and

abiotic conditions, while southeast monsoon had high rainfall and sedimentation that

were unfavorable for the growth of seagrass.

5.6 Seasonal Variation in density of Sea Urchins

There were significant seasonal variations in the density of sea urchins in Diani beach.

The density decreases from northeast monsoon to inter-monsoon to southeast monsoon.

This variation probably indicates that densities of sea urchins follow the seasonal

distribution pattern of seagrass cover. Temperature, pH, and availability of food are some
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of the factors that influence seasonal variation in the distribution of sea urchins (Eklof et

al., 2008; Blake & Duffy, 2010; Harianto et al., 2021). The findings from this study

indicate that the northeast monsoon had favorable conditions that led to higher density of

sea urchins, compared to the southeast monsoon and the inter-monsoon (Harianto et al.,

2021.

5.7 Influence of Sea urchin on Seagrass Cover

Correlation analysis indicated that the density of sea urchins influences the proportion of

seagrass cover in Diani Beach. The regression model showed that there is a strong

negative relationship between the density of sea urchins and the proportions of seagrass

cover in Diani beach (r = -0.699). A study by (Mamboya et al., 2009) in Tanzanian

beaches, revealed that seagrass biomass and sea urchin abundance have statistically

significant negative relationship. In prediction, the regression model indicated that the

density of sea urchins accounts for 48.8% of the variation in the proportion of seagrass

cover. These findings are in tandem with earlier studies, which demonstrated that sea

urchins are major macro-grazers that influence the growth of seagrass (Eklof et al., 2008;

Scott et al., 2018; Uku et al., 2021a). In October 1997, Mombasa Marine National Park

(MNP) while monitoring seagrass meadows in the Mombasa lagoon, frequently

witnessed the incidence of several grazing sea urchins, which were localized with

densities of 137 in each area of 10 m2 within seagrass beds. In a study done by Alcoverro

and Mariani (2002), the findings shows that sea urchins heavily grazed on 39% of the

seagrass cover and caused over 75% dead shoots, moderately grazed on 23.4% seagrass

cover and made 50% dead shoots, and highly grazed on 38.5% seagrass cover and
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produced 19.8% dead shoots. These findings show that sea urchins caused overgrazing of

seagrass beds and hence cause shoreline erosion and decreased sediment stabilization

(Rose et al. 1999; Peterson et al. 2002). Moreover, regression coefficient confirmed that

the density of sea urchins is a statistically significant negative predictor of the proportion

of seagrass cover. The coefficient implies that a unit increase in density of sea urchins

causes the proportions of seagrass cover to decline by 1.713. These findings concur with

those of Heck et al. (2021) who reported that abundance and distribution of seagrass are

subject to herbivory trends in marine environment. Canonical Correspondence Analysis

(CCA) proved that season, study sites, and sea urchins influence distribution of seagrass

species and nature of seabed because they account for 7.87% in the first dimension and

86.9% in the second dimension.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

The study examined spatial-temporal occurrence of sea urchins and their grazing habits

along the Diani Beach in Mombasa, Kenya. Results of the study indicated that relative

abundance and diversity of sea urchins varied according to seasons and study sites.

Moreover, seagrass cover also varied according to the seasons and study sites.

The relative abundance of sea urchins was highest in northeast monsoon due to low

rainfall,low sedimentation and increased transparency in the water.There was lower

relative abundance in the southeast monsoon due to higher rainfall,high sedimentation

and decreased water transparency. Degraded habitats recorded higher relative abundance

of sea urchins than in healthy ones.This is because the sea urchins fed on seagrasses

causing their depletion. The abundance of sea urchins varies between different habitats in

Diani Beach. The study site with highest sea urchin species diversity was Mwaepe,

followed by Mvuleni, and Chale, with most diversity. The season that exhibited highest

seagrass diversity was northeast monsoon followed by inter-monsoon and southeast

monsoon had the least diversity.

The abundance of sea urchins is a statistically significant predictor of seagrass cover in

Diani beach. Therefore, the study concludes that sea urchins are major macro-grazers that

contribute to overgrazing and degradation of seabed, and that sea grass is a more

palatable food preferred by sea urchins.



66

6.2 Recommendation

 Given that the study indicated that seasons have marked influence on the

abundance and diversity of sea urchins and seagrass in Diani beach, further

studies are necessary to identify specific biotic and abiotic factors that affect their

distributions.

 Since the study demonstrated that sea urchins density associates with degraded

seabed, conservation measures to be put in place to secure the integrity of marine

resources that contribute to blue economy.

 As the relative abundance of sea urchins have significant influence on seagrass

cover in Diani beach, extension of protected areas to be done to reduce the effect

of human activities for example overfishing that indirectly leads to high

population of sea urchins that degrades seabed.



67

REFERENCES

Aboud, S. A., & Kannah, J. F. (2017). Abundance, Distribution and Diversity of Seagrass

Species in Lagoonal Reefs on the Kenyan Coast. American Academic Scientific

Research Journal for Engineering, Technology, and Sciences, 37(1), 52-67.

Agatsuma, Y. (2020a). Hemicentrotus pulcherrimus, Pseudocentrotus depressus, and

Heliocidaris crassispina. Developments in Aquaculture and Fisheries Science,

43(1), 643–659.

Agatsuma, Y. (2020b). Stock enhancement of regular sea urchins. Developments in

Aquaculture and Fisheries Science, 43(1), 299–313).

Alcoverro, T., & Mariani, S. (2002). Effects of sea urchin grazing on seagrass (T.ciliatum)

beds of a Kenyan lagoon. Marine Ecology Progress Series, 226(2), 255-263.

Ame, E. C., & Ayson, J. P. (2009). Preliminary assessment of the seagrass resources in

the Northern Philippines. Kuroshio Science, 3(1), 55-61.

Andilala, N., Khalallia, F. B. R., Maharani, S. E., Ramadhani, P. H., Huda, A. M., Putri,

A. F., Alda, B., Salsabila, G., Irfan, M., & Ramadhanti, S. R. (2020). The

diversity of echinoderm in Sarangan beach, Gunung Kidul, Yogyakarta. IOP

Conference Series: Earth and Environmental Science, 404(1), 1-12

Asmus, H., Kneer, D., Pogoreutz, C., Blankenhorn, S., Jompa, J., Nurdin, N., &

Priosambodo, D. (2022). Ecology of seagrass beds in Sulawesi: Multifunctional

key habitats at the risk of destruction. Science for the Protection of Indonesian

Coastal Ecosystems (SPICE), 2(1), 201-250.



68

Baião, L. F., Rocha, F., Costa, M., Sá, T., Oliveira, A., Maia, M. R., Fonseca, A. J.,

Pintado, M., & Valente, L. M. (2019). Effect of protein and lipid levels in diets

for adult sea urchin Paracentrotus lividus (Lamarck, 1816). Aquaculture, 506,

127–138.

Barret, G. A., Revell, D., Harding, L., Joricn, A., & Stiefel, K. M. (2019). Tool use by

four species of Indo-Pacific sea urchins. Journal of Marine Science and

Engineering, 7(69), 1-12.

Bastos, R. F., Lippi, D. L., Gaspar, A. L. B., Yogui, G. T., Frédou, T., Garcia, A. M., &

Ferreira, B. P. (2022). Ontogeny drives allochthonous trophic support of snappers:

Seascape connectivity along the mangrove-seagrass-coral reef continuum of a

tropical marine protected area. Estuarine, Coastal and Shelf Science, 264(1), 1-14.

Beerling, D. (2019). Making Eden: How plants transformed a barren planet. Oxford

University Press.

Belshe, E. F., Hoeijmakers, D., Herran, N., Mtolera, M., & Teichberg, M. (2018).

Seagrass community-level controls over organic carbon storage are constrained

by geophysical attributes within meadows of Zanzibar, Tanzania. Biogeosciences,

15(14), 4609–4626.

Bernal-Ibáñez, A., Cacabelos, E., Melo, R., & Gestoso, I. (2021). The Role of Sea-

Urchins in Marine Forests From Azores, Webbnesia, and Cabo Verde: Human

Pressures, Climate-Change Effects and Restoration Opportunities. Frontiers in

Marine Science, 8, 691.



69

Birkeland, C. (1989). The influence of echinoderms on coral-reef communities.

Echinoderm Studies, 3, 1–79.

Björk, M., Short, F., Mcleod, E., & Beer, S. (2008). Managing seagrasses for resilience

to climate change. Cengage Learning.

Blake, R. E., & Duffy, J. E. (2010). Grazer diversity affects resistance to multiple

stressors in an experimental seagrass ecosystem. Oikos, 119(10), 1625-1635.

Bonanno, G., & Orlando-Bonaca, M. (2020). Marine plastics: What risks and policies

exist for seagrass ecosystems in the Plasticene?.Marine Pollution Bulletin, 158(1),

1-15.

Brewster, J., Garama, D., Lamare, M., & Carne, A. (2018). Carotenoid composition of a

New Zealand (Evechinus chloroticus) and an Australian (Heliocidaris

erythrogramma) sea urchin in relation to gonad colour. Aquaculture Research,

49(8), 2751–2762.

Briefing, P. A. R. P. (2022). Fish and Wildlife Commission Presentation Summary Sheet.

Agenda, 4(8), 1-7.

Brink, M. (2020). Genetic studies for sustainable aquaculture of the sea urchin, T. gratilla

[PhD Thesis].

Brink-Hull, M., Cyrus, M. D., Macey, B. M., Rhode, C., Hull, K. L., & Roodt-Wilding, R.

(2022). Dietary effects on the reproductive performance of the sea urchin T.

gratilla l: Implications for broodstock conditioning. Aquaculture, 55(2), 73-78

Brodie, G., & N’Yeurt, A. D. R. (2018). Effects of climate change on seagrasses and

seagrass habitats relevant to the Pacific Islands. Science Review, 112-131.



70

Bularz, B., Fernández, M., Subida, M. D., Wieters, E. A., & Pérez‐Matus, A. (2022).

Effects of harvesting on subtidal kelp forests (Lessonia trabeculata) in central

Chile. Ecosphere, 13(3), 1-13.

Burkholder, J. M., Tomasko, D. A., & Touchette, B. W. (2007). Seagrasses and

eutrophication. Journal of Experimental Marine Biology and Ecology, 350(1), 46-

72.

Camps-Castella, J., Romero, J., & Prado, P. (2020). Trophic plasticity in the sea urchin

Paracentrotus lividus, as a function of resource availability and habitat features.

Marine Ecology Progress Series, 637(1), 71-85.

Carboni, S. (2013). Research and development of hatchery techniques to optimise

juvenile production of the edible Sea Urchin, Paracentrotus lividus. 2(1), 1-9.

Carnell, P. E., Ierodiaconou, D., Atwood, T. B., & Macreadie, P. I. (2020). Overgrazing

of seagrass by sea urchins diminishes blue carbon stocks. Ecosystems, 23(7),

1437-1448.

Conte, C., Rotini, A., Manfra, L., D’Andrea, M. M., Winters, G., & Migliore, L. (2021).

The seagrass holobiont: what we know and what we still need to disclose for its

possible use as an ecological indicator. Water, 13(4), 406.

Crump, B. C., Wojahn, J. M., Tomas, F., & Mueller, R. S. (2018). Metatranscriptomics

and amplicon sequencing reveal mutualisms in seagrass microbiomes. Frontiers

in microbiology, 9(388), 1-11.

Dahl, M., Ismail, R., Braun, S., Masqué, P., Lavery, P. S., Gullström, M., & Björk, M.

(2022). Impacts of land-use change and urban development on carbon



71

sequestration in tropical seagrass meadow sediments. Marine Environmental

Research, 176, 105608.

Dennis-Cornelius, L. N., Williams, M. B., Dawson, J. A., Powell, M. L., & Watts, S. A.

(2022). Effect of diet and body size on fecal pellet morphology in the sea urchin

Lytechinus variegatus. Journal of Shellfish Research, 41(1), 135-144.

Ditzel, P., König, S., Musembi, P., & Peters, M. K. (2022). Correlation between coral

reef condition and the diversity and abundance of fishes and sea urchins on an

East African coral reef. Oceans, 3(1), 1-14.

Dromard, C. R., Vaslet, A., Gautier, F., Bouchon-Navaro, Y., Harmelin-Vivien, M., &

Bouchon, C. (2017). Resource use by three juvenile scarids (Cryptotomus roseus,

Scarus iseri, Sparisoma radians) in Caribbean seagrass beds. Aquatic Botany, 136,

1–8.

Duarte, C., Rotini, A., Manfra, L., D’Andrea, M. M., Winters, G., & Migliore, L. (2021).

The seagrass holobiont: what we know and what we still need to disclose for its

possible use as an ecological indicator. Water, 13(4), 406.

Dunic, J. C., Brown, C. J., Connolly, R. M., Turschwell, M. P., & Côté, I. M. (2021).

Long‐term declines and recovery of meadow area across the world’s seagrass

bioregions. Global Change Biology, 27(17), 4096-4109.

Dvoretsky, A. G., & Dvoretsky, V. G. (2020). Aquaculture of green sea urchin in the

Barents Sea: A brief review of Russian studies. Reviews in Aquaculture, 12(4),

2080–2090.



72

Dzeha, T., Hall, M. J., & Burgess, J. G. (2022). Micrococcin P1 and P2 from Epibiotic

Bacteria Associated with Isolates of Moorea producens from Kenya. Marine

drugs, 20(2), 128-136.

Eggertsen, M., Chacin, D. H., Åkerlund, C., Halling, C., & Berkström, C. (2019).

Contrasting distribution and foraging patterns of herbivorous and detritivorous

fishes across multiple habitats in a tropical seascape. Marine Biology, 166(4), 1–

16.

Eklof, J. S., De la Torre-Castro, M., Gullström, M., Uku, J., Muthiga, N., Lyimo, T., &

Bandeira, S. O. (2008). Sea urchin overgrazing of seagrasses: A review of current

knowledge on causes, consequences, and management. Estuarine, Coastal and

Shelf Science, 79(4), 569–580.

Erftemeijer, P. L. A. (2003). 7 The seagrasses of Kenya and Tanzania. World Atlas of

Seagrasses, 82(1), 1-12.

Field, A. P. (2018). Discovering statistics using IBM SPSS statistics. London, UK: SAGE

Publications

Fox, D. L. (2020). Biochromy. In Biochromy. University of California Press.

Freeman, L. A., Corbett, D. R., Fitzgerald, A. M., Lemley, D. A., Quigg, A., & Steppe, C.

N. (2019). Impacts of urbanization and development on estuarine ecosystems and

water quality. Estuaries and Coasts, 42(7), 1821-1838.

Gerstenbacher, C. M., Finzi, A. C., Rotjan, R. D., & Novak, A. B. (2022). A review of

microplastic impacts on seagrasses, epiphytes, and associated sediment

communities. Environmental Pollution, 11(9), 1-12.



73

Giese, A. C. (1959). Comparative physiology: Annual reproductive cycles of marine

invertebrates. Annual Review of Physiology, 21(1), 547–576.

Githaiga, M. N., Frouws, A. M., Kairo, J. G., & Huxham, M. (2019). Seagrass removal

leads to rapid changes in fauna and loss of carbon. Frontiers in Ecology and

Evolution, 7(62), 1-16.

Glaser, S. M., Hendrix, C. S., Franck, B., Wedig, K., & Kaufman, L. (2019). Armed

conflict and fisheries in the Lake Victoria basin. Ecology and Society, 24(1). 1-11.

Glynn, P. W., & Manzello, D. P. (2015). Bioerosion and coral reef growth: a dynamic

balance. In Coral Reefs in the Anthropocene (pp. 67-97). Springer Netherlands.

Govindasamy, C., Arulpriya, M., Anantharaj, K., Ruban, P., & Srinivasan, R. (2013).

Seasonal variations in seagrass biomass and productivity in Palk Bay, Bay of

Bengal, India. International Journal of Biodiversity and Conservation, 5(7), 408-

417.

Hamad, I. Y., Staehr, P. A. U., Rasmussen, M. B., & Sheikh, M. (2022). Drone-based

characterization of seagrass habitats in the tropical waters of Zanzibar. Remote

Sensing, 14(3), 680-688.

Harcourt, W. D., Briers, R. A., & Huxham, M. (2018). The thin (ning) green line?

Investigating changes in Kenya’s seagrass coverage. Biology Letters, 14(11),

20180227.

Harianto, J., Aldridge, J., Torres Gabarda, S. A., Grainger, R. J., & Byrne, M. (2021).

Impacts of acclimation in warm-low pH conditions on the physiology of the sea



74

urchin Heliocidaris erythrogramma and carryover effects for juvenile offspring.

Frontiers in Marine Science, 7(2), 1-16.

Harris, L. B. (2020). Maritime cultural encounters and consumerism of turtles and

manatees: An environmental history of the Caribbean. International Journal of

Maritime History, 32(4), 789-807.

Hartog, C. D., & Kuo, J. (2007). Taxonomy and biogeography of seagrasses. In

Seagrasses: Biology, ecologyand conservation (pp. 1–23). Springer.

Hasegawa, T., & Nakaoka, M. (2021). Trophic transfer of microplastics from mysids to

fish greatly exceeds direct ingestion from the water column. Environmental

Pollution, 273(1), 1-14.

Heck, K. L., Samsonova, M., Poore, A. G. B., & Hyndes, G. A. (2021). Global patterns in

seagrass herbivory: why, despite existing evidence, there are solid arguments in

favor of latitudinal gradients in seagrass herbivory. Estuaries and Coasts, 44(2),

481-490.

Himes-Cornell, A., Pendleton, L., & Atiyah, P. (2018). Valuing ecosystem services from

blue forests: A systematic review of the valuation of salt marshes, seagrass beds

and mangrove forests. Ecosystem Services, 30, 36–48.

Hughes, A. R., Williams, S. L., Duarte, C. M., Heck, K. L., & Waycott, M. (2009).

Associations of concern: Declining seagrasses and threatened dependent species.

Frontiers in Ecology and the Environment, 7(5), 242-246.



75

Iacarella, J. C., Adamczyk, E., Bowen, D., Chalifour, L., Eger, A., Heath, W., & Baum, J.

K. (2018). Anthropogenic disturbance homogenizes seagrass fish communities.

Global change biology, 24(5), 1904-1918.

Island, B. (2009). Grazing activity of the sea urchin T. gratilla in tropical seagrass beds

of Buton Island, Southeast Sulawesi, Indonesia. Journal of Coastal Development

ISSN, 13(1), 19-27.

Jacobs, Z. L., Yool, A., Jebri, F., Srokosz, M., van Gennip, S., Kelly, S. J., & Popova, E.

(2021). Key climate change stressors of marine ecosystems along the path of the

East African coastal current. Ocean & Coastal Management, 208(2), 1-16.

James, R. K., Silva, R., Van Tussenbroek, B. I., Escudero-Castillo, M., Mariño-Tapia, I.,

Dijkstra, H. A., & Bouma, T. J. (2019). Maintaining tropical beaches with

seagrass and algae: a promising alternative to engineering solutions. BioScience,

69(2), 136-142.

Jeyabaskaran, R., Jayasankar, J., Ambrose, T. V., Vineetha Valsalan, K. C., Divya, N. D.,

Raji, N., & Kripa, V. (2018). Conservation of seagrass beds with special reference

to associated species and fishery resources. Journal of the Marine Biological

Association of India, 60(1), 62-70.

Jinks, K. I., Brown, C. J., Rasheed, M. A., Scott, A. L., Sheaves, M., York, P. H., &

Connolly, R. M. (2019). Habitat complexity influences the structure of food webs

in Great Barrier Reef seagrass meadows. Ecosphere, 10(11), 1-16.



76

Johannsen, T. (2019). Dramatic Increases in the Mushroom Coral Lobactis scutaria

Population in Kāneʻohe Bay, Hawai’i Over the Last 18 Years [PhD Thesis].

University of Hawai’i at Manoa.

Joseph, L., Singh, P., Singh, A. A., Raj, K., & Maharaj, A. (2019). Implications of

seagrass ecosystem degradation on marine resources and people’s livelihood: A

case study from Komave Village, Fiji. Asian Journal of. Fish and Aquatic

Resources, 2(1), 1–13.

Juma, G. A. (2019). Assessment of The Distribution, Abundance and Carbon Stocks in

Seagrass Meadows Within Eastern and Western Creeks of Gazi Bay, Kenya

(Doctoral dissertation, Chuka University).

Kadagi, N. I., Wambiji, N., & Swisher, M. E. (2020). Potential for conflicts in

recreational and artisanal billfish fisheries on the coast of Kenya. Marine Policy,

117, 103960.

Karelitz, S. E., Uthicke, S., Foo, S. A., Barker, M. F., Byrne, M., Pecorino, D., & Lamare,

M. D. (2017). Ocean acidification has little effect on developmental thermal

windows of echinoderms from Antarctica to the tropics. Global Change Biology,

23(2), 657–672.

Kebacho, L. L. (2022). The role of tropical cyclones Idai and Kenneth in modulating

rainfall performance of 2019 long rains over East Africa. Pure and Applied

Geophysics, 2(1), 1-15.

Klaoudatos, D., Tziantziou, L., Lolas, A., Neofitou, N., & Vafidis, D. (2022). Population

characteristics of the upper infralittoral sea urchin Arbacia lixula (Linnaeus, 1758)



77

in Eastern Mediterranean (Central Greece): An indicator species for coastal water

quality. Journal of Marine Science and Engineering, 10(3), 390-395.

Koch, M. S., Johnson, C. R., Madden, C. J., & Pedersen, O. (2022). Irradiance, Water

Column O2, and Tide Drive Internal O2 Dynamics and Meristem H2S Detection

in the Dominant Caribbean-Tropical Atlantic Seagrass, Thalassia testudinum.

Estuaries and Coasts, 1-17.

Kothari, C. R., & Garg, G. (2019). Research methodology: Methods and techniques. New

Delhi, India: New Age International.

Kosore, C. M., Ojwang, L., Maghanga, J., Kamau, J., Shilla, D., Everaert, G., &

Shashoua, Y. (2022). Microplastics in Kenya's marine nearshore surface waters:

Current status. Marine Pollution Bulletin, 179, 1-16.

Kuo, J., & Den Hartog, C. (2001). Seagrass taxonomy and identification key. Global

Seagrass Research Methods, 33, 31–58.

Lapointe, B. E., Barile, P. J., & Matzie, W. R. (2004). Anthropogenic nutrient enrichment

of seagrass and coral reef communities in the Lower Florida Keys: Discrimination

of local versus regional nitrogen sources. Journal of Experimental Marine

Biology and Ecology, 308(1), 23-58.

Lee, K. M., Ballard, M. S., Venegas, G. R., McNeese, A. R., Zeh, M. C., Wilson, P. S., &

Rahman, A. F. (2020). Acoustic propagation in a seagrass meadow over diurnal

and seasonal time scales. The Journal of the Acoustical Society of America,

148(4), 2482-2482.



78

Lee, K. S., Park, S. R., & Kim, Y. K. (2007). Effects of irradiance, temperature, and

nutrients on growth dynamics of seagrasses: a review. Journal of Experimental

Marine Biology and Ecology, 350(1-2), 144-175.

Lessios, H. A., Lockhart, S., Collin, R., Sotil, G., SANCHEZ-JEREZ, P., Zigler, K. S.,

Perez, A. F., Garrido, M. J., Geyer, L. B., & Bernardi, G. (2012). Phylogeography

and bindin evolution in Arbacia, a sea urchin genus with an unusual distribution.

Molecular Ecology, 21(1), 130–144.

Li, C., Feng, Y., Sun, T., & Zhang, X. (2022a). Long Term Indian Ocean Dipole (IOD)

Index Prediction Used Deep Learning by convLSTM. Remote Sensing, 14(3),

523-528.

Li, Q., Jin, R., Ye, Z., Gu, J., Li, D., He, J., & Wu, J. (2022b). Mapping seagrass

meadows in coastal China using GEE. Geocarto International, 1(2), 1-15.

Ling, S. D., Scheibling, R. E., Rassweiler, A., Johnson, C. R., Shears, N., Connell, S. D.,

Salomon, A. K., Norderhaug, K. M., Pérez-Matus, A., & Hernández, J. C. (2015).

Global regime shift dynamics of catastrophic sea urchin overgrazing.

Philosophical Transactions of the Royal Society B: Biological Sciences,

370(1659), 20130269.

Macinnis-Ng, C. M., & Ralph, P. J. (2004). In situ impact of multiple pulses of metal and

herbicide on the seagrass, Zostera capricorni. Aquatic Toxicology, 67(3), 227-237.

Maina, G. W., Obura, D., Alidina, H., & Munywoki, B. (2008). Increasing catch in an

overexploited reef fishery-Diani-Chale, Kenya, from 1998 to 2006. Ten Years



79

after Bleaching–Facing the Consequences of Climate Change in the Indian Ocean.

CORDIO Status Report, 2(3), 309-320.

Mamboya, F., Lugomela, C., Mvungi, E., Hamisi, M., Kamukuru, A. T., & Lyimo, T. J.

(2009). Seagrass-sea urchin interaction in shallow littoral zones of Dar es Salaam,

Tanzania. Aquatic Conservation: Marine and Freshwater Ecosystems, 19(1), 19-

26.

Marsh, H., Grech, A., & McMahon, K. (2018). Dugongs: Seagrass community specialists.

In Seagrasses of Australia (pp. 629–661). Springer.

Matranga, V. (2005). Echinodermata (Vol. 39). Springer Science & Business Media.

Mbaru, E. K. (2012). An Assessment of the Kenyan Coastal Artisanal Fishery and

Implications for the Introduction of FADs. [PhD Thesis]. Rhodes University.

McBride, S. C. (2005). Sea urchin aquaculture. American Fisheries Society Symposium,

46, 179.

McKenzie, L. J., & Campbell, S. J. (2002). Seagrass-Watch: Manual for Community

(Citizen), Monitoring of Seagrass Habitat. Cairns, Australia: Cengage Learning.

Mckenzie, L. (2008). Seagrass educators handbook. Australia, AU: Northern Fisheries

Centre.

McKenzie, L. J., Nordlund, L. M., Jones, B. L., Cullen-Unsworth, L. C., Roelfsema, C.,

& Unsworth, R. K. (2020). The global distribution of seagrass meadows.

Environmental Research Letters, 15(7), 1-15.



80

Miller, P. M., Lamy, T., Page, H. M., & Miller, R. J. (2021). Sea urchin microbiomes

vary with habitat and resource availability. Limnology and Oceanography Letters,

6(3), 119-126.

Mos, B., & Dworjanyn, S. A. (2019). Ready to harvest? Spine colour predicts gonad

index and gonad colour rating of a commercially important sea urchin.

Aquaculture, 505(1), 510–516.

Msuya, F. E., Bolton, J., Pascal, F., Narrain, K., Nyonje, B., & Cottier-Cook, E. J. (2022).

Seaweed farming in Africa: current status and future potential. Journal of Applied

Phycology, 34(2), 985-1005.

Murata, Y., Yoshimura, H., & Unuma, T. (2020). Compositions of extractive components

in the testes and ovaries of various sea urchins: Comparisons among species,

sexes, and maturational status. Fisheries Science, 86(1), 203–213.

Musembi, P., Fulanda, B., Kairo, J., & Githaiga, M. (2019). Species composition,

abundance and fishing methods of small-scale fisheries in the seagrass meadows

of Gazi Bay, Kenya. Journal of the Indian Ocean Region, 15(2), 139–156.

Muthiga, N. A., & McClanahan, T. R. (2007). Ecology of Diadema. Developments in

aquaculture and fisheries science, 37, 205-225.

Mutisia, L. N. D. (2009). Restoration of Kenyan seagrass beds: a functional study of the

associated fauna and flora (Doctoral dissertation, Vrije Universiteit Brussel).

Nadiarti, N., La Nafie, Y. A., Priosambodo, D., Umar, M. T., Rahim, S. W., Inaku, D. F.,

& Moore, A. M. (2021). Restored seagrass beds support macroalgae and sea

urchin communities. Earth and Environmental Science, 860(1), 1-12.



81

Nakanishi, Y., Hosoya, S., Arai, N., Nakanishi, Y., Katsukoshi, K., & Adulyanukosol, K.

(2006). The distribution of seagrass meadows and dugong feeding trails in the dry

season around Talibong Island, Trang Province, Thailand. Proceedings of the 3rd

International Symposium on SEASTAR2000 and Asian Bio-logging, 55-62.

Narvaez, C. (2018). Green urchin demography in a subartic ecosystem: patterns and

processes. [Doctoral thesis, Laval University].

Newton, A., Icely, J., Cristina, S., Perillo, G. M., Turner, R. E., Ashan, D., Cragg, S., Luo,

Y., Tu, C., & Li, Y. (2020). Anthropogenic, direct pressures on coastal wetlands.

Frontiers in Ecology and Evolution, 8, 144.

Norderhaug, K. M., Nedreaas, K., Huserbraten, M., & Moland, E. (2021). Depletion of

coastal predatory fish sub-stocks coincided with the largest sea urchin grazing

event observed in the NE Atlantic. Ambio, 50(1), 163-173.

Nordlund, L., Erlandsson, J., de la Torre-Castro, M., & Jiddawi, N. (2010). Changes in an

East African social-ecological seagrass system: Invertebrate harvesting affecting

species composition and local livelihood. Aquatic Living Resources, 23(4), 399–

416.

Ochieng, C., & Erftemeijer, P. L. A. (2003). The seagrasses of Kenya and Tanzania.

Longhorn, Arusha, Tanzania.

Ohgaki, S. I., Kato, T., Kobayashi, N., Tanase, H., Kumagai, N. H., Ishida, S., Nakano,

T., Wada, Y., & Yusa, Y. (2019). Effects of temperature and red tides on sea

urchin abundance and species richness over 45 years in southern Japan.

Ecological Indicators, 96(1), 684–693.



82

Okuku, E. O., Owato, G., Kiteresi, L. I., Otieno, K., Kombo, M., Wanjeri, V., &

Mwalugha, C. (2022). Are tropical estuaries a source of or a sink for marine litter?

Evidence from Sabaki Estuary, Kenya. Marine Pollution Bulletin, 176(2), 1-122.

Orth, R. J., Carruthers, T. J., Dennison, W. C., Duarte, C. M., Fourqurean, J. W., Heck, K.

L., ... & Short, F. T. (2006). A global crisis for seagrass ecosystems. Bioscience,

56(12), 987-996.

Otero, M., Cebrian, E., Francour, P., Galil, B., & Savini, D. (2013). Monitoring marine

invasive species in Mediterranean marine protected areas (MPAs): A strategy and

practical guide for managers. IUCN, Malaga, 136.

Owino, O. (2019). The Implication of Conflict over Fishing in Lake Victoria on Uganda-

Kenya Relationship (2003-2018) [PhD Thesis]. United States International

University-Africa.

Pagano, G., Korkina, L. G., Iaccarino, M., De Biase, A., Deeva, I. B., Doronin, Y. K.,

Guida, M., Melluso, G., Meriç, S., & Oral, R. (2001). Developmental, cytogenetic

and biochemical effects of spiked or environmentally polluted sediments in sea

urchin bioassays. In Biomarkers in Marine Organisms (pp. 85–129). Elsevier.

Painter, S. C. (2020). The biogeochemistry and oceanography of the East African Coastal

Current. Progress in Oceanography, 186, 10-23.

Philips, R. C., & Milchakova, N. A. (2003). Seagrass ecosystems. Biology and Ecology,

350, 3-20.



83

Przeslawski, R., Ahyong, S., Byrne, M., Woerheide, G., & Hutchings, P. A. T. (2008).

Beyond corals and fish: The effects of climate change on noncoral benthic

invertebrates of tropical reefs. Global Change Biology, 14(12), 2773–2795.

Rahman, M. S., Tsuchiya, M., & Uehara, T. (2009). Effects of Temperature on Gamete

Longevity and Fertilization Success in Two Sea Urchin Species, E. mathaei and

T. gratilla. Zoological Science, 26(1), 1-8.

Raposo, A. I., Ferreira, S. M., Ramos, R., Santos, P. M., Anjos, C., Baptista, T., Tecelão,

C., Costa, J. L., & Pombo, A. (2019). Effect of three diets on the gametogenic

development and fatty acid profile of Paracentrotus lividus (Lamarck, 1816)

gonads. Aquaculture Research, 50(8), 2023–2038.

Richmond, M. (2011). A field guide to the seashores of Eastern Africa and the Western

Indian Ocean Islands. Stockholm, Sweden: SIDA.

Rivers, D. O., & Short, F. T. (2007). Effect of grazing by Canada geese Branta

canadensis on an intertidal eelgrass Zostera marina meadow. Marine Ecology

Progress Series, 333(1), 271-279.

Roberts, C., Smith, C., Tillin, H. M., & Tyler-Walters, H. (2010). Review of existing

approaches to evaluate marine habitat vulnerability to commercial fishing

activities.

Roff, J. (2013). Marine conservation ecology. New York, NY: Cengage Learning.

Rose, C. D. (2004). The role of disturbance and resource availability in structuring plant

communities [PhD Thesis]. Florida International University.



84

Ruppert, E., Fox, S., & Barnes, D. (2004). Invertebrate zoology (7th ed.). New York, NY:

Cengage Learning.

Schuh, N. W., Carrier, T. J., Schrankel, C. S., Reitzel, A. M., Heyland, A., & Rast, J. P.

(2020). Bacterial exposure mediates developmental plasticity and resistance to

lethal Vibrio lentus infection in purple sea urchin (Strongylocentrotus purpuratus)

larvae. Frontiers in Immunology, 10, 30(14), 1-14..

Schuster, J. M., Stuart‐Smith, R. D., Edgar, G. J., & Bates, A. E. (2022). Tropicalization

of temperate reef fish communities facilitated by urchin grazing and diversity of

thermal affinities. Global Ecology and Biogeography, 31(5), 995-1005.

Scott, A. L., York, P. H., Duncan, C., Macreadie, P. I., Connolly, R. M., Ellis, M. T., &

Rasheed, M. A. (2018). The Role of herbivory in structuring tropical seagrass

ecosystem service delivery. Frontiers in Plant Science, 9(127), 1-15.

Sevillano-González, M., González-Sálamo, J., Díaz-Peña, F. J., Hernández-Sánchez, C.,

Torralbo, S. C., Seguí, A. R., & Hernández-Borges, J. (2022). Assessment of

microplastic content in Diadema africanum sea urchin from Tenerife (Canary

Islands, Spain). Marine Pollution Bulletin, 175(1), 1-17.

Short, F., Carruthers, T., Dennison, W., & Waycott, M. (2007). Global seagrass

distribution and diversity: A bioregional model. Journal of Experimental Marine

Biology and Ecology, 350(1), 3-20.

Smith, L. C., Hawley, T. S., Henson, J. H., Majeske, A. J., Oren, M., & Rosental, B.

(2019). Methods for collection, handling, and analysis of sea urchin coelomocytes.

Methods in Cell Biology, 150, 357–389.



85

Steneck, R. S. (2020). Regular sea urchins as drivers of shallow benthic marine

community structure. Developments in Aquaculture and Fisheries Science, 43(2),

255-279.

Sugimoto, K., Hiraoka, K., Ohta, S., Niimura, Y., Terawaki, T., & Okada, M. (2007).

Effects of ulvoid (Ulva spp.) accumulation on the structure and function of

eelgrass (Zostera marina L.) bed. Marine Pollution Bulletin, 54(10), 1582-1585.

Swaleh, M., Abubakar, L., Mwaguni, S., Munga, D., Okuku, E., Dzoga, M., & Fulanda,

A. (2022). Effect of selected environmental factors on microalgae diversity and

abundance in Gazi Bay, south coast Kenya. Journal of Sea Research, 10(1), 1-12.

Tappero, C. M. (2021). The evolution of echinoderms in the Cenozoic era: How irregular

echinoids have evolved in size through time. Whitman, 1-15.

Tarimo, B., Winder, M., Mtolera, M. S., Muhando, C. A., & Gullström, M. (2022).

Seasonal distribution of fish larvae in mangrove-seagrass seascapes of Zanzibar

(Tanzania). Scientific reports, 12(1), 1-13.

Tegner, M. J., & Dayton, P. K. (2000). Ecosystem effects of fishing in kelp forest

communities. ICES Journal of Marine Science, 57(3), 579–589.

Terrados, J., Duarte, C. M., Kamp-Nielsen, L., Agawin, N. S. R., Gacia, E., Lacap, D., ...

& Greve, T. (1999). Are seagrass growth and survival constrained by the reducing

conditions of the sediment?. Aquatic Botany, 65(1), 175-197.

Tongkok, P., Kermanee, P., & Kaewsuralikhit, C. (2020). Reproductive organ

development of tropical seagrass, Enhalus acoroides. Agriculture and Natural

Resources, 54(4), 387–396.



86

Trivedy R.K. and Goel P.K, (1987). Practical methods in ecology and environmental

science, Environmental publications. Karad, India

Twomey, A. J., Saunders, M. I., Callaghan, D. P., Bouma, T. J., Han, Q., & O'Brien, K. R.

(2021). Lateral sediment erosion with and without the non-dense root-mat

forming seagrass Enhalus acoroides. Estuarine, Coastal and Shelf Science, 253,

107316.

Uku, J., Daudi, L., Alati, V., Nzioka, A., & Muthama, C. (2021a). The status of seagrass

beds in the coastal county of Lamu, Kenya. Aquatic Ecosystem Health &

Management, 24(1), 35-42.

Uku, J., Daudi, L., Muthama, C., Alati, V., Kimathi, A., & Ndirangu, S. (2021b).

Seagrass restoration trials in tropical seagrass meadows of Kenya. Western Indian

Ocean Journal of Marine Science, 20(2), 69-79.

Unsworth, R. K., & Butterworth, E. G. (2021). Seagrass meadows provide a significant

resource in support of avifauna. Diversity, 13(8), 363.

Vaïtilingon, D., Rasolofonirina, R., & Jangoux, M. (2003). Feeding preferences, seasonal

gut repletion indices, and diel feeding patterns of the sea urchin T. gratilla

(Echinodermata: Echinoidea) on a coastal habitat off Toliara (Madagascar).

Marine biology, 143(3), 451-458.

Valentine, J. F., & Heck, K. L. (2021). Herbivory in seagrass meadows: an evolving

paradigm. Estuaries and Coasts, 44(2), 491-505.

Van Dam, B. R., Lopes, C. C., Polsenaere, P., Price, R. M., Rutgersson, A., &

Fourqurean, J. W. (2021). Water temperature control on CO2 flux and



87

evaporation over a subtropical seagrass meadow revealed by atmospheric eddy

covariance. Limnology and Oceanography, 66(2), 510–527.

Wallner-Hahn, S., Dahlgren, M., & de la Torre-Castro, M. (2022). Linking seagrass

ecosystem services to food security: The example of southwestern Madagascar’s

small-scale fisheries. Ecosystem Services, 53(1), 1-13.

Walters, J., Maragos, J., Siar, S., & White, A. (1998). Participatory Coastal Resource

Assessment. Walters, JS, J. Maragos, S. Siar and AT Whi A Handbook for

Community Workers and Coastal Resource Managers. Coastal Resource

Management Project and Silliman University. Cebu: Philippines.

Wang, Y. N., Chang, Y. Q., & Lawrence, J. M. (2013). Disease in sea urchins.

Developments in Aquaculture and Fisheries Science, 38(1), 179–186).

Ward, T. J. (1987). Temporal variation of metals in the seagrass Posidonia australis and

its potential as a sentinel accumulator near a lead smelter. Marine Biology, 95(2),

315-321.

Waycott, M., Biffin, E., & Les, D. H. (2018). Systematics and evolution of Australian

seagrasses in a global context. Seagrasses of Australia, 129–154

Waycott, M., Duarte, C. M., Carruthers, T. J., Orth, R. J., Dennison, W. C., Olyarnik, S.,

& Kendrick, G. A. (2009). Accelerating loss of seagrasses across the globe

threatens coastal ecosystems. Proceedings of the National Academy of Sciences,

106(30), 12377-12381.



88

Whitfield, A. K., Able, K. W., Blaber, S. J., Elliott, M., Franco, A., Harrison, T. D., &

Houde, E. D. (2022). Feeding Ecology and Trophic Dynamics. Fish and Fisheries

in Estuaries: A Global Perspective, 1(1), 255-331.

Williams, S. M. (2022). The reduction of harmful algae on Caribbean coral reefs through

the reintroduction of a keystone herbivore, the long‐spined sea urchin Diadema

antillarum. Restoration Ecology, 30(1), 1-11.

Wilson, S. K., Fulton, C. J., Graham, N. A., A Abesamis, R., Berkström, C., Coker, D.

J., ... & Tinkler, P. (2022). The contribution of macroalgae‐associated fishes to

small‐scale tropical reef fisheries. Fish and Fisheries, 1(1), 1-9.

Yaguchi, S., & Yaguchi, J. (2022). Temnopleurus reevesii as a new sea urchin model in

genetics. Development, growth & differentiation, 64(1), 59-66.

Yahya, B. M., Yahya, S. A., Mmochi, A. J., & Jiddawi, N. S. (2020). The trophic

structure of fish in seaweed farms, and adjacent seagrass and coral habitats in

Zanzibar, Tanzania. Western Indian Ocean Journal of Marine Science, 19(2), 17-

27.

Yokota, L., & Lessa, R. P. (2006). A nursery area for sharks and rays in Northeastern

Brazil. Environmental Biology of Fishes, 75(3), 349–360.

Zhang, T., Li, X., Cao, R., Zhang, Q., Qu, Y., Wang, Q., & Zhao, J. (2022). Interactive

effects of ocean acidification, ocean warming, and diurnal temperature cycling on

antioxidant responses and energy budgets in two sea urchins Strongylocentrotus

intermedius and T. gratilla from different latitudes. Science of the Total

Environment, 824, 1-14.



89

Ziegler, A., Faber, C., Mueller, S., & Bartolomaeus, T. (2008). Systematic comparison

and reconstruction of sea urchin (Echinoidea) internal anatomy: a novel approach

using magnetic resonance imaging. BMC Biology, 6(1), 1-15.



90

APPENDICES

Appendix I: Multivariate Outcomes

Diversity of Sea Urchins

Descriptive Statistics

Dependent Variable: Diversity of Sea Urchins

Study Sites Seasons Mean Std. Deviation N

Mwaepe Southeast Monsoon .6100 .05588 40

Intermonsoon .6708 .06746 40

Northeast Monsoon .7358 .04914 40

Total .6722 .07723 120

Mvuleni Southeast Monsoon .6455 .02791 40

Intermonsoon .6193 .07105 40

Northeast Monsoon .7055 .03637 40

Total .6567 .06048 120

Chale Southeast Monsoon .5095 .08898 40

Intermonsoon .5845 .03863 40

Northeast Monsoon .7410 .02916 40

Total .6117 .11288 120

Total Southeast Monsoon .5883 .08496 120

Intermonsoon .6248 .07001 120

Northeast Monsoon .7274 .04184 120

Total .6469 .08986 360
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Tests of Between-Subjects Effects

Dependent Variable: Diversity of Sea Urchins

Source
Type III Sum
of Squares df Mean Square F Sig.

Corrected Model 1.826a 8 .228 74.707 .000

Intercept 150.635 1 150.635 49300.762 .000

StudySites .237 2 .119 38.819 .000

Season 1.248 2 .624 204.226 .000

StudySites * Season .341 4 .085 27.892 .000

Error 1.072 351 .003

Total 153.533 360

Corrected Total 2.899 359

a. R Squared = .630 (Adjusted R Squared = .622)

Estimated Marginal Means

1. Grand Mean

Dependent Variable: Diversity of Sea Urchins

Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

.647 .003 .641 .653

2. Study Sites

Estimates

Dependent Variable: Diversity of Sea Urchins

Study Sites Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Mwaepe .672 .005 .662 .682

Mvuleni .657 .005 .647 .667

Chale .612 .005 .602 .622
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Pairwise Comparisons

Dependent Variable: Diversity of Sea Urchins

(I) Study Sites (J) Study Sites

Mean
Difference (I-
J) Std. Error Sig.b

95% Confidence Interval
for Differenceb

Lower BoundUpper Bound

Mwaepe Mvuleni .015* .007 .031 .001 .029

Chale .060* .007 .000 .046 .075

Mvuleni Mwaepe -.015* .007 .031 -.029 -.001

Chale .045* .007 .000 .031 .059

Chale Mwaepe -.060* .007 .000 -.075 -.046

Mvuleni -.045* .007 .000 -.059 -.031

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no
adjustments).

Univariate Tests

Dependent Variable: Diversity of Sea Urchins

Sum of
Squares df Mean Square F Sig.

Contrast .237 2 .119 38.819 .000

Error 1.072 351 .003

The F tests the effect of Study Sites. This test is based on the linearly
independent pairwise comparisons among the estimated marginal means.
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3. Seasons

Estimates

Dependent Variable: Diversity of Sea Urchins

Seasons Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Southeast Monsoon .588 .005 .578 .598

Intermonsoon .625 .005 .615 .635

Northeast Monsoon .727 .005 .717 .737

Pairwise Comparisons

Dependent Variable: Diversity of Sea Urchins

(I) Seasons (J) Seasons

Mean
Difference
(I-J) Std. Error Sig.b

95% Confidence
Interval for Differenceb

Lower
Bound

Upper
Bound

Southeast Monsoon Intermonsoon -.037* .007 .000 -.051 -.022

Northeast Monsoon -.139* .007 .000 -.153 -.125

Intermonsoon Southeast Monsoon .037* .007 .000 .022 .051

Northeast Monsoon -.103* .007 .000 -.117 -.089

Northeast Monsoon Southeast Monsoon .139* .007 .000 .125 .153

Intermonsoon .103* .007 .000 .089 .117

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no
adjustments).
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Univariate Tests

Dependent Variable: Diversity of Sea Urchins

Sum of
Squares df Mean Square F Sig.

Contrast 1.248 2 .624 204.226 .000

Error 1.072 351 .003

The F tests the effect of Seasons. This test is based on the linearly
independent pairwise comparisons among the estimated marginal means.

4. Study Sites * Seasons

Dependent Variable: Diversity of Sea Urchins

Study Sites Seasons Mean Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Mwaepe Southeast Monsoon .610 .009 .593 .627

Intermonsoon .671 .009 .654 .688

Northeast Monsoon .736 .009 .719 .753

Mvuleni Southeast Monsoon .646 .009 .628 .663

Intermonsoon .619 .009 .602 .636

Northeast Monsoon .706 .009 .688 .723

Chale Southeast Monsoon .510 .009 .492 .527

Intermonsoon .585 .009 .567 .602

Northeast Monsoon .741 .009 .724 .758
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Post Hoc Tests

Study Sites

Multiple Comparisons

Dependent Variable: Diversity of Sea Urchins

Tukey HSD

(I) Study Sites (J) Study Sites

Mean
Difference (I-
J) Std. Error Sig.

95% Confidence Interval

Lower BoundUpper Bound

Mwaepe Mvuleni .0154 .00714 .080 -.0014 .0322

Chale .0605* .00714 .000 .0437 .0773

Mvuleni Mwaepe -.0154 .00714 .080 -.0322 .0014

Chale .0451* .00714 .000 .0283 .0619

Chale Mwaepe -.0605* .00714 .000 -.0773 -.0437

Mvuleni -.0451* .00714 .000 -.0619 -.0283

Based on observed means.

The error term is Mean Square(Error) = .003.

*. The mean difference is significant at the .05 level.

Homogeneous Subsets

Diversity of Sea Urchins

Tukey HSDa,b

Study Sites N

Subset

1 2

Chale 120 .6117

Mvuleni 120 .6567

Mwaepe 120 .6722

Sig. 1.000 .080
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Means for groups in homogeneous subsets are
displayed.

Based on observed means.

The error term is Mean Square(Error) = .003.

a. Uses Harmonic Mean Sample Size =
120.000.

b. Alpha = .05.

Seasons

Multiple Comparisons

Dependent Variable: Diversity of Sea Urchins

Tukey HSD

(I) Seasons (J) Seasons

Mean
Difference
(I-J) Std. Error Sig.

95% Confidence
Interval

Lower
Bound

Upper
Bound

Southeast Monsoon Intermonsoon -.0365* .00714 .000 -.0533 -.0197

Northeast Monsoon -.1391* .00714 .000 -.1559 -.1223

Intermonsoon Southeast Monsoon .0365* .00714 .000 .0197 .0533

Northeast Monsoon -.1026* .00714 .000 -.1194 -.0858

Northeast Monsoon Southeast Monsoon .1391* .00714 .000 .1223 .1559

Intermonsoon .1026* .00714 .000 .0858 .1194

Based on observed means.

The error term is Mean Square(Error) = .003.

*. The mean difference is significant at the .05 level.
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Homogeneous Subsets

Diversity of Sea Urchins

Tukey HSDa,b

Seasons N

Subset

1 2 3

Southeast Monsoon 120 .5883

Intermonsoon 120 .6248

Northeast Monsoon 120 .7274

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = .003.

a. Uses Harmonic Mean Sample Size = 120.000.

b. Alpha = .05.
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Diversity of Seagrass

Descriptive Statistics

Dependent Variable: Diversity of Seagrass

Study Sites Seasons Mean Std. Deviation N

Mwaepe Southeast Monsoon .5433 .09783 40

Intermonsoon .6920 .07737 40

Northeast Monsoon .7463 .06582 40

Total .6605 .11809 120

Mvuleni Southeast Monsoon .6298 .04270 40

Intermonsoon .6465 .09029 40

Northeast Monsoon .7100 .04350 40

Total .6621 .07137 120

Chale Southeast Monsoon .3572 .05213 40

Intermonsoon .4315 .04933 40

Northeast Monsoon .6390 .05773 40

Total .4759 .13085 120

Total Southeast Monsoon .5101 .13291 120

Intermonsoon .5900 .13581 120

Northeast Monsoon .6984 .07164 120

Total .5995 .14016 360
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Tests of Between-Subjects Effects

Dependent Variable: Diversity of Seagrass

Source
Type III Sum
of Squares df Mean Square F Sig.

Corrected Model 5.483a 8 .685 153.303 .000

Intercept 129.382 1 129.382 28937.941 .000

StudySites 2.750 2 1.375 307.510 .000

Season 2.145 2 1.072 239.853 .000

StudySites * Season .589 4 .147 32.925 .000

Error 1.569 351 .004

Total 136.434 360

Corrected Total 7.053 359

a. R Squared = .777 (Adjusted R Squared = .772)

Post Hoc Tests

Study Sites
Multiple Comparisons

Dependent Variable: Diversity of Seagrass

Tukey HSD

(I) Study Sites (J) Study Sites

Mean
Difference (I-
J) Std. Error Sig.

95% Confidence Interval

Lower BoundUpper Bound

Mwaepe Mvuleni -.0016 .00863 .982 -.0219 .0187

Chale .1846* .00863 .000 .1643 .2049

Mvuleni Mwaepe .0016 .00863 .982 -.0187 .0219

Chale .1862* .00863 .000 .1659 .2065

Chale Mwaepe -.1846* .00863 .000 -.2049 -.1643

Mvuleni -.1862* .00863 .000 -.2065 -.1659
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Based on observed means.

The error term is Mean Square(Error) = .004.

*. The mean difference is significant at the .05 level.

Homogeneous Subsets

Diversity of Seagrass

Tukey HSDa,b

Study Sites N

Subset

1 2

Chale 120 .4759

Mwaepe 120 .6605

Mvuleni 120 .6621

Sig. 1.000 .982

Means for groups in homogeneous subsets are
displayed.

Based on observed means.

The error term is Mean Square(Error) = .004.

a. Uses Harmonic Mean Sample Size =
120.000.

b. Alpha = .05.
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Seasons

Multiple Comparisons

Dependent Variable: Diversity of Seagrass

Tukey HSD

(I) Seasons (J) Seasons

Mean
Difference
(I-J) Std. Error Sig.

95% Confidence
Interval

Lower
Bound

Upper
Bound

Southeast Monsoon Intermonsoon -.0799* .00863 .000 -.1003 -.0596

Northeast Monsoon -.1883* .00863 .000 -.2087 -.1680

Intermonsoon Southeast Monsoon .0799* .00863 .000 .0596 .1003

Northeast Monsoon -.1084* .00863 .000 -.1287 -.0881

Northeast Monsoon Southeast Monsoon .1883* .00863 .000 .1680 .2087

Intermonsoon .1084* .00863 .000 .0881 .1287

Based on observed means.

The error term is Mean Square(Error) = .004.

*. The mean difference is significant at the .05 level.

Homogeneous Subsets

Diversity of Seagrass

Tukey HSDa,b

Seasons N

Subset

1 2 3

Southeast Monsoon 120 .5101

Intermonsoon 120 .5900

Northeast Monsoon 120 .6984
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Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = .004.

a. Uses Harmonic Mean Sample Size = 120.000.

b. Alpha = .05.

Density of Sea urchins

Descriptive Statistics

Dependent Variable: Density of Sea Urchins

Study Sites Seasons Mean Std. Deviation N

Mwaepe Southeast Monsoon 5.13 1.381 40

Intermonsoon 5.90 1.374 40

Northeast Monsoon 7.20 1.436 40

Total 6.07 1.630 120

Mvuleni Southeast Monsoon 5.35 1.292 40

Intermonsoon 7.40 1.932 40

Northeast Monsoon 7.75 1.256 40

Total 6.83 1.849 120

Chale Southeast Monsoon 8.25 1.214 40

Intermonsoon 6.77 1.349 40

Northeast Monsoon 8.45 1.552 40

Total 7.83 1.559 120

Total Southeast Monsoon 6.24 1.923 120

Intermonsoon 6.69 1.679 120

Northeast Monsoon 7.80 1.498 120



103

Total 6.91 1.826 360

Tests of Between-Subjects Effects

Dependent Variable: Density of Sea Urchins

Source
Type III Sum
of Squares df Mean Square F Sig.

Corrected Model 474.206a 8 59.276 28.779 .000

Intercept 17194.844 1 17194.844 8348.282 .000

StudySites 184.839 2 92.419 44.871 .000

Season 154.372 2 77.186 37.475 .000

StudySites * Season 134.994 4 33.749 16.385 .000

Error 722.950 351 2.060

Total 18392.000 360

Corrected Total 1197.156 359

a. R Squared = .396 (Adjusted R Squared = .382)

Post Hoc Tests

Study Sites

Multiple Comparisons

Dependent Variable: Density of Sea Urchins

Tukey HSD

(I) Study Sites (J) Study Sites

Mean
Difference (I-
J) Std. Error Sig.

95% Confidence Interval

Lower BoundUpper Bound

Mwaepe Mvuleni -.76* .185 .000 -1.19 -.32

Chale -1.75* .185 .000 -2.19 -1.31

Mvuleni Mwaepe .76* .185 .000 .32 1.19
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Chale -.99* .185 .000 -1.43 -.56

Chale Mwaepe 1.75* .185 .000 1.31 2.19

Mvuleni .99* .185 .000 .56 1.43

Based on observed means.

The error term is Mean Square(Error) = 2.060.

*. The mean difference is significant at the .05 level.

Homogeneous Subsets

Density of Sea Urchins

Tukey HSDa,b

Study Sites N

Subset

1 2 3

Mwaepe 120 6.07

Mvuleni 120 6.83

Chale 120 7.83

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 2.060.

a. Uses Harmonic Mean Sample Size = 120.000.

b. Alpha = .05.

Seasons

Multiple Comparisons

Dependent Variable: Density of Sea Urchins

Tukey HSD

(I) Seasons (J) Seasons Mean
Difference

Std. Error Sig.
95% Confidence
Interval
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(I-J) Lower
Bound

Upper
Bound

Southeast Monsoon Intermonsoon -.45* .185 .041 -.89 -.01

Northeast Monsoon -1.56* .185 .000 -1.99 -1.12

Intermonsoon Southeast Monsoon .45* .185 .041 .01 .89

Northeast Monsoon -1.11* .185 .000 -1.54 -.67

Northeast Monsoon Southeast Monsoon 1.56* .185 .000 1.12 1.99

Intermonsoon 1.11* .185 .000 .67 1.54

Based on observed means.

The error term is Mean Square(Error) = 2.060.

*. The mean difference is significant at the .05 level.

Homogeneous Subsets

Density of Sea Urchins

Tukey HSDa,b

Seasons N

Subset

1 2 3

Southeast Monsoon 120 6.24

Intermonsoon 120 6.69

Northeast Monsoon 120 7.80

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 2.060.

a. Uses Harmonic Mean Sample Size = 120.000.

b. Alpha = .05.
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Appendix II: ANOVA outcomes of sea urchins density

Descriptives

Density of Sea Urchins

N Mean

Std.

Deviation

Std.

Error

95% Confidence

Interval for Mean

Minimu

m

Maximu

m

Lower

Bound

Upper

Bound

Healthy Seabed 180 5.94 1.586 .118 5.71 6.17 2 9

Degraded

Seabed

180 7.88 1.507 .112 7.66 8.10 4 12

Total 360 6.91 1.826 .096 6.72 7.10 2 12

ANOVA

Density of Sea Urchins

Sum of

Squares df Mean Square F Sig.

Between Groups 340.278 1 340.278 142.167 .000

Within Groups 856.878 358 2.394

Total 1197.156 359

Post hoc analysis of seasonal variation in density of sea urchins

(I) Seasons (J) Seasons Mean Std. Error Sig. 95% Confidence Interval
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Difference

(I-J)

Lower

Bound

Upper

Bound

Jan
IM -5.100* 1.326 .000 -7.86 -2.34

SEM -8.850* 1.254 .000 -11.61 -6.09

Intermonsoon
NEM 5.100* 1.144 .000 2.34 7.86

NEM -3.750* 1.188 .005 -6.51 -.99

Northeast

monsoon

SEM 8.850* 1.254 .000 6.09 11.61

IM 3.750* 1.152 .005 .99 6.51

*. The mean difference is significant at the 0.05 level.
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Appendix IV: Significance of regression model

Significance of the regression model of sea urchins predicting seagrass cover

Model Sum of Squares Df Mean Square F Sig.

1

Regression 4513.226 1 4513.226 55.275 .000b

Residual 4735.708 358 81.650

Total 9248.933 359

a. Dependent Variable: Vegetation Cover

b. Predictors: (Constant), Density of Sea Urchins

Appendix V: Eigenvalues
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Appendix VI: Fieldwork Activities
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