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FOREWORD 

 

Students who participated in the Independent Field Research Project for Biology and Ecology 

Field Studies were given the opportunity to showcase their research in the student journal 

Barna: Journal of Student Initiated Research. This course was part of a semester program that 

took place at Perth and Ningaloo Reef in Western Australia. Lectures and weekly meetings 

with each student allowed for the formulation of project ideas and project design, and students 

assisted each other in the field at Ningaloo Reef which meant they received exposure to a 

number of different research topics and research methods different from their own. 

 

Ningaloo Reef is the longest fringing coral reef in the world, spanning 300 km, and was listed 

as a World Heritage site in 2011 due to its rich biodiversity. More than 250 species of coral 

and more than 500 species of fish have been documented from the reef. The town of Coral Bay 

is situated right next to the reef and provided an ideal study location for students to undertake 

their research. The marine environment included rocky and sandy intertidal shores through to 

densely populated coral reefs less than a few meters swim from shore. 

 

Since 1947, CIEE has helped thousands of students gain the knowledge and skills necessary to 

live and work in a globally interdependent and culturally diverse world by offering the most 

comprehensive, relevant, and valuable exchange programs available. This particular Biology 

and Ecology Field Studies course has equipped students with knowledge on how to design and 

conduct an independent research project, how to problem solve and adapt to changing 

conditions in the field, and how to write a scientific publication. 

 

Thank you to the students and staff for participating in the program and creating a successful 

and enjoyable experience. To the students, best of luck on your journey through research and 

discovery and we hope you had a unique and memorable experience in Australia! 

 

Dr Kate Rodger   
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Dr Kate Rodger 

With a background in wildlife conservation Kate’s research areas of interest 

looks at the social aspects of biodiversity conservation including governance 

and protected area planning and management. Past projects include human-

wildlife interactions in the marine and terrestrial environment, identifying and 

minimising visitor impacts through visitor management techniques in 

protected areas, improving links between science and policy, and integrating 

ecological and social sciences in nature-based tourism research. A key focus 

of her work now focuses on exploring human values, perceptions and attitudes, 

all of which are of particular importance to the sustainable management of our 

natural areas.  

 

Dr Alicia Sutton 

Alicia is a marine scientist specialising in zooplankton and biological 

oceanography. Alicia's research has been conducted primarily throughout the 

Leeuwin Current system and she has an in depth understanding of the marine 

environment and physical processes off the Western Australian coast and the 

wider Indian Ocean. Alicia has worked on a diverse range of projects 

involving zooplankton, seagrasses, fishes and cetacean communities, and is an 

experienced field scientist having collected a variety of biological and 

oceanographic data from tropical and temperate environments. She also has a 

keen interest in citizen science not-for-profit organisations that have a focus 

on conserving marine biodiversity.  
 

Dani Bandt 

Dani completed her Honours degree in marine science specialising in the 

intertidal environment along the Ningaloo Reef coastline and, in particular, 

Giant Clams. Since completing her studies, Dani has worked with CIEE 

students around Exmouth and Coral Bay in a field supervisor role, bringing a 

wealth of local knowledge to the program and projects. Dani is about to 

undertake her PhD continuing on with research into Giant Clams and the 

surrounding intertidal communities around Ningaloo. 
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Coral on the Move: An Evaluation of Factors Influencing Fungiidae Distribution Across 

Ningaloo Marine Park, Western Australia 

Anna Tracey, University of Colorado – Boulder - annatracey306@gmail.com 

 

Abstract 

Fungiidae corals are free-living corals that 

have the ability to move and actively select 

their environments. This study aimed to 

assess factors that influence Fungiidae 

distribution and further understand their 

preferred habitats in Ningaloo Marine Park, 

Western Australia. This project focused on 

population variation between sites, variation 

in distribution across the reef gradient, and 

fungiid substrate preference using belt 

transect methods. This study found significant 

variation in population density of fungiids 

among sites. Yet distance to reef edge had no 

correlation to fungiid abundance. In addition, 

a significant preference for a rubble substrate 

was found which diverges from other research 

that dictates sand is the predominant 

preference.  

Knowledge on free-living coral distribution 

can elucidate relationships between coral 

reefs their habitats and anthropogenic factors 

and may aid conservation efforts focused on 

reef restoration.  

Introduction 

Coral reefs cover only 0.2% of the ocean 

floor, though they are home to a third of the 

ocean’s animals making them one of the most 

diverse and productive ecosystems in the 

world (Veron et al., 2009). Coral-bleaching 

has caused 19% of earth’s coral reefs to die 

and 35% have become seriously threatened 

(Veron et al., 2009). Apart from this, other 

anthropogenic threats such as pollution, algal 

blooms, oil and gas exploration, physical 

damage and other forms of damage are 

endangering coral reefs. It will take millions 

of years to re-establish reefs (Veron et al., 

2009). Most corals are anchored in place, at 

risk to changes in their environment, free-

living coral are not.    

The Fungiidae family is the only group of 

coral actively able to select their habitats. The 

Fungiidae family or ‘mushroom corals’ 

consists of 41 species and thirty-six of these 

species are free-living, or able to move freely. 

Free-living corals begin their life anchored to 

a hard substrate and upon reaching adulthood, 

they detach from their home and are able to 

move about the ocean. A mucus layer 

provides buoyancy while tentacles and 

constriction of tissues enable them to migrate 

up to 6 cm d-1 (Chadwick-Furman, 1992). 

Fungiids inhabit various types of habitats in 

the tropical Indo-Pacific including sheltered 

coasts, deep waters, reef flats, and sand bases 

(Furby et al., 2014).  

An abundance of research has been done on  

Fungiidae habitat preferences and shed light 

on the habits of these mobile corals.  Fungiids 

have been observed to move and avoid 

harmful competition and migrate downslope 

to avoid bleaching (Chadwick-Furman, 1992; 

Hoeksema and Bongaerts, 2016). In addition 

to avoiding particular factors, they have been 

found to prefer certain habitat types. 

Hoeksema and Bongaers (2016) found that 

three natural gradients effect Fungiidae 

distribution; reef distance to shore, depth, and 

wind direction in comparison to varying sites 

around the reef. They found that fungiids 

prefer mid-shelf reef areas with high wave 

action. Further, multiple studies have found 

that adult fungiids migrate to soft substrates 

after detachment (Chadwick-Furman, 1992; 

Furby et al., 2014). Habitat preferences could 

shed light on healthy habitats for coral reefs 

the anthropogenic factors that harm reefs. 

RESEARCH PAPER 
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Figure 1. Location of the six sites (yellow lines) in this study along the coast in Coral Bay, Western Australia 

(Google Earth).  

The aim of this study was to investigate the 

distribution of Fungiidae across coral reef 

habitat variation Coral Bay, Ningaloo Marine 

Park, Western Australia. We seek to 

understand factors that aid and harm fungiid 

growth. Thus, we posed the following 

questions (a) do Fungiidae populations vary 

among sites in the reef? (b) does distance 

from reef edge effect Fungiidae distribution 

and (c) do Fungiidae prefer sandy stratums to 

other types?  

Methods 
 

Sample Site 

Sampling took place in Ningaloo Marine Park 

near Coral Bay, WA from May 6th to the 

11th, 2019. Six sites were distributed across a 

stretch of 2.67 km of coastline (Figure 1). The 

sample area stretched from the southern tip of 

Skeleton Bay down through Bill's Bay to 

Paradise Bay near the boat jetty. Sites 

encompassed areas from the edge of the reef 

into denser central sections of the reef. Two 

genera of the family Fungiidae are found in 

coral bay; Herpolitha and Fungia (Figure 2).   

Data Collection 

For each of the six sites, five transects were 

sampled at 10 meters apart. Transects began 

at the first signs of reef and stretched 

perpendicularly away from shore. Each 

transect was sampled with two belt transects, 

one meter on either side of the center line. The 

belt transects were thoroughly surveyed for  

 
Figure 2. Fungiidae genera found in Coral Bay, 

Western Australia.  

all Fungiidae corals present. When a free-

living coral was located, the distance along 

the transect and substrate type was noted, and 

a photo was taken.  

Data Analysis 

The variation in populations of Fungiidae 

corals among sites was assessed using an 

ANOVA test. Next, to asses free-living corals 

preference for location along the reef 

gradient, a linear regression was performed 

between distance to reef edge and the number 

of Fungiidae coral found at each distance 

along the transect. Zero meters correlated to 

the reef edge closest to shore. Fungiidae 

corals preference for certain substrates were 

assessed using a chi-squared Goodness of Fit 

test, and substrate categories included sand, 

rubble and upper reef.  

Results 

Over the course of this study, a total of 147 
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fungiids were sampled; eight were Herpolitha 

and 139 were Fungia. ANOVA analysis 

showed that Fungiidae populations 

significantly varied among sites (p = 

0.039068), (Table 3). Site three had the 

highest number of total fungiids with 55 while 

site two had the lowest with 4. On average a 

total of 24.5 fungiids were found at each site.  

 

Table 3. Results of ANOVA test for each site. Shows 

sample size, total Fungiidae observed, average 

Fungiidae and the variance for the ANOVA test.  

Groups Count Sum Average Variance 

Site 1 5 12 2.4 4.8 

Site 2 5 4 0.8 0.7 

Site 3 5 55 11 76 

Site 4  5 24 4.8 7.2 

Site 5 5 29 5.8 19.2 

Site 6  5 23 4.6 22.8 

 

A linear regression revealed distance along 

transect did not have a significant effect on 

Fungiidae numbers (p = 0.941782), (Figure 

4).  

There were 29 free-living coral that inhabited 

sand, 95 inhabited rubble, and 23 inhabited 

the upper reef.  A chi-squared Goodness of Fit 

test found substrate had a significant impact 

on solitary coral habitat preferences (p < 

0.00001), (Figure 5). 

Discussion 

The study sites in this research varied in biotic 

and abiotic factors despite being concentrated 

to a small area of 2.67 km in length. Paradise 

Bay is significantly shallower than Bill’s Bay 

and sites also ranged from sheltered bays to 

areas exposed to waves and wind. These 

Figure 4. The number of Fungiidae spotted at distances 

from shore. Distance correlates to section of the reef 

with 0 m marking the start of the reef and the transect 

extending directly towards the center of the reef.  

 

 

Figure 5. The number of Fungiidae observed on each 

substrate. There were 29 Fungiidae observed on sand, 

95 on rubble, and 23 on the upper reef.  

factors may have resulted in the significant 

population differences in Fungiidae coral 

between sites. Distance from shore, position 

of sites related to wind direction, and depth all 

impact fungiid distribution (Hoeksema and 

Bongaerts, 2016). In addition, fungiids have 

been observed moving away from harmful 

competition and downslope to avoid 

bleaching (Chadwick-Furman, 1992; 

Hoeksema and Bongaerts, 2016). Despite 

their slow-moving nature, fungiids are able to 

migrate from unsuitable habitats and 

congregate in preferred zones. The results of 

this study demonstrate Fungiidae coral 
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populations vary from habitat to habitat. 

Knowledge of ideal habitat conditions is 

necessary for Fungiidae conservation.  

The present study did not uncover a 

significant relationship between fungiid 

numbers and distance from reef edge. 

Hoeksema (2012) also found no relationship 

between distance from shore and 

concentrations of Fungiidae coral in a study in 

Spermonde Shelf, in southern Makassar 

Strait. Coral reef habitats have the greatest 

species richness in the mid-shelf (Hoeksema, 

2015). Pollution, sediments, and nutrients 

damage corals close to shoreline while 

detrimental waves strike the outer reef. 

Ningaloo reef can be as wide as two miles 

which allows for great variety in the 

influences of these factors across the reef 

stratum. However, the transects in this study 

only covered thirty meters of fringe reef near 

shore. The factors previously discussed may 

be influencing the distribution of Fungiidae 

across the reefs at Coral Bay. Longer transects 

would cover a greater habitat gradient to 

provide more evidence on whether Fungiidae 

populations differ with distance from shore.   

This study found Fungiidae corals 

significantly preferred certain substrate types, 

as rubble was significantly the most common 

substrate that fungiids resided on. Other 

studies have contradicted this and found that 

fungiids predominantly inhabit soft-

substrates, specifically sandy areas 

(Bongaerts et al., 2012; Chadwick-Furman, 

1992). A dominant amount of research has 

found that soft substrates provide habitats free 

of competition for fungiids and in addition 

may motivate increased reproduction. 

Mushroom corals are the only corals that can 

inhabit soft substrates because they don’t 

need to anchor to a hard surface, so they are 

protected from harmful competition with 

Scleractinia corals, while fungiid to fungiid 

contact is not damaging (Chadwick-Furman, 

1992). Fungiidae corals unique ability of 

locomotion enables them to be tolerant to 

sedimentation because they can propel 

themselves above substratum even when 

completely covered (Erftemeijer et al. 2012; 

Furby et al., 2014; Hoeksema and Bongaerts, 

2016).  Stress from threats of being buried 

motivates fungiids to asexually reproduce, 

new buds provide higher chance of survival 

incase parent coral is buried. This results in 

high concentrations of fungiids in areas with 

soft substrates (Erftemeijer et al. 2012). 

Despite being resistant to sedimentation 

fungiids express stress in soft substrates 

which could explain a preference for harder 

rubble sediments. Our research conflicted 

with other data through finding rubble was the 

predominant substratum fungiids resided on. 

However, since our study site was 

predominantly coral reef soft stratums were 

less common. In addition, any present soft 

stratums could also be covered in coral rubble 

from the dominant reef. This fact may have 

skewed our data to vary from the findings of 

other research. However, our research may be 

the one of the first to discover new 

relationships between fungiids and their 

environment. More research should be done 

to shed light on the variance in research 

because Fungiidae stratum preferences could 

lead to new coral reef conservation methods. 

High production of fungiids on soft substrates 

can benefit the entire coral reef. Research has 

shown dead fungiids provide hard substrates 

for sclertinia coral to anchor to, to allow new 

species to colonize previously inhospitable 

areas (Hoeksema and Bongaerts, 2016). 

Range expansion of fungiids can then expand 

the surface area of the entire reef.  

Conclusion 

This study analyzed the ability of Fungiidae 

coral to expand across reef habitats and the 

factors that influence their distribution. We 

found that habitat variance across sites does 

influence populations densities. In addition, 

we found that contradicting to other research 

Fungiidae significantly prefer a rubble 

substrate. Thirty meter transects covered only 

a small portion of the reef gradient and factors 

may not have varied drastically enough to 

uncover clear variation. Longer transects 

would have been better to illustrate the 

relationship between populations of 

Fungiidae coral and location along the 
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gradient of the reef and elucidate factors that 

restrict free-living coral distribution. 

Increased knowledge on Fungiidae habitat 

preference could lead to an innovative new 

technique in conserving the coral reef 

ecosystem entirely, through transplanting of 

Fungiidae species as a revival technique of 

reefs. Not only will free-living coral provide 

anchor points for new reefs in areas 

previously uninhabitable, but they can also 

spread on their own without human help. 

Conservation methods such as this may be 

vital to protecting this essential endangered 

habitat. 
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Distribution and variation among macroinvertebrates of the rocky intertidal zone, 

Coral Bay, Western Australia 

Sasha Ferrari - Oakland University - sferrari@oakland.edu  

Abstract 

Marine biodiversity is influenced by a number 

of biotic and abiotic factors. In the last few 

centuries, many of these have been influenced 

by human-driven impact. This impact was 

examined at the rocky intertidal zone of Coral 

Bay, Western Australia by evaluating if, and 

to what degree, boat traffic was affecting the 

macroinvertebrates of the intertidal zone near 

the boat ramp. Data was collected on the north 

and south sides of the ramp because boat 

docking and use occurred mostly on the north 

end of the jetty. Samples were taken using a 

systematic approach and all 

macroinvertebrates were counted and 

identified from quadrats at each site. 

Significantly more organisms were found on 

the south side of the boat ramp. Of the 

organisms found on the north side, the 

majority occupied the supratidal zone of 0-4m 

from the high tide mark. Diversity did not 

vary significantly across sites, which may be 

due to other factors. Overall, these findings 

suggest that human impact at the boat ramp 

does have an effect on the macroinvertebrates 

of the intertidal zone.  

Introduction 

Our planet’s biodiversity is becoming 

increasingly threatened as climate change and 

anthropogenic effects take their toll. 

Ecosystems rely on healthy competition and 

biodiversity to thrive. In some ecosystems, 

competition and biodiversity are more 

important than in others. For example, coastal 

ecosystems are one of the most endangered 

habitats in the marine world (Sousa et. al., 

2017), and each habitat is unique, including 

the unique aspects of the intertidal zone. This 

environment is already stressful and difficult 

to live in, as organisms face numerous biotic 

and abiotic factors without the pressure of 

human-driven factors as well, such as 

trampling, boating and fishing. These 

stressors directly influence species 

distribution, abundance, and diversity. 

In a recent study, researchers found that 

tolerance of temperature fluctuations was a 

crucial factor for gastropods in the intertidal 

zone (Stickle et. al., 2016). The location of the 

gastropods varied with respect to temperature 

at different zonations within the intertidal 

zone. Other studies have shown the effects of 

human-driven change as it relates to the 

location chosen by species, (Stevcic et. al., 

2017). In one study it was discovered that 

people were negatively impacting over half of 

the rocks that invertebrates occupy in the 

intertidal zone. In their study, they surveyed 

two beaches across a year’s time, and found 

that when people were not present the crabs 

Eriphia verrucosa and Xantho poressa 

reappeared. Ningaloo Marine Park in Western 

Australia has patches of intertidal reef and 

even though these locations are relatively 

remote, the Park is a popular tourist 

destination which may have an impact on the 

intertidal zones.  

In this study, human impact on the intertidal 

zone was assessed at Coral Bay, Ningaloo 

Marine Park, (Figure 1). This study aims to 

address the consequences of boat traffic 

specifically by focusing on the boat ramp at 

Paradise Bay. The research questions are 1) is 

there a correlation between abundance of 

organisms and relative distance to the boat 

ramp dock and 2) is there an anthropogenic 

impact on species variation and distribution in 

the rocky intertidal zone. 
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Methods 

Sampling was conducted from May 5th - 11th 

2019 in Coral Bay, Western Australia (Figure 

1). Data collection took place in the rocky 

intertidal zone at low tide, (or as close to low 

tide as possible). Sampling sites were 

determined based on proximity to the boat 

ramp located in Paradise Bay. Samples were 

taken from both sides of the boat ramp and 

sites were designated as boat ramp north and 

boat ramp south. Sampling began right next to 

the boat ramp for each site (Figure 2). At each 

site, 20 line transects of varying lengths were 

run from the high tide line to the end of the 

rocky platform. Transect tapes were spaced 

10 meters apart to cover roughly 200 meters 

of length at each site. Along each transect a ½ 

m² metal quadrat was placed at 4 meter 

intervals. In each quadrat, macroinvertebrate 

organisms were identified and counted and 

substrate type was noted. In instances where 

sampling occurred near mid tide a bathyscope 

was used to count and identify species and 

substrate cover. Data was compiled in 

Microsoft Excel and a paired t-test was run to 

analyze the overall difference in abundance of 

macroinvertebrates between sites. A 

Shannon-Wiener index, (H = ∑ - (Pi * ln Pi) 

was also calculated to determine differences 

in diversity across sites. Finally, ANOVAs 

were performed to elucidate the variability in 

species across distance for both sites.  

Results  

 Overall, this study found 5,377 

individual macroinvertebrates spanning 33 

taxa. In terms of abundance, there were three 

times less as many macroinvertebrates found 

on the north side of the boat ramp versus the 

south side (Table 1).  

Of the species found on the north side of the 

boat ramp, the majority occupied the 0-4m 

range closer to the high tide mark. An overall 

comparison of abundance was done across the 

20 transects of each site using a paired two-

sample t-test, which showed a significant 

difference in abundance across the two 

locations (p = 0.008).  

 

Figure 1: Map of study location at Coral Bay, Western 

Australia (Jianhong Xia, 2011). 

 

Figure 2: Image of the boat ramp in Paradise Bay 

displaying the north end in the top of the picture, 

(Google Earth).  

An ANOVA was run to determine diversity 

across each transect for each site. There was a 

significant source of variation between 

species found per transect at boat ramp south, 

(p < 0.000) as well as boat ramp north, (p < 

0.000). The overall diversity between boat 

ramp north and boat ramp south was not 

significant (p = 0.148). Boat ramp north had a 

species diversity index of 2.1324  and boat 

ramp south had a species diversity index of 

1.5564. Furthermore, transects were run 

against Shannon index variables generated 

per zonation range. This test revealed that 

there was a slight, but not significant 

difference in diversity across zonation, (p = 

0.0741). 
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Figure 3: Proportion of species abundance for Boat Ramp North (A) and Boat Ramp South (B). The category 

“other” includes all species that were found to have five or fewer individuals present across the site. 

 

Figure 4: Total macroinvertebrate abundance per 

transect across the intertidal platform for both sites, 

with distance groupings indicated. Boat Ramp North 

transect length goes to 36 meters (A), and Boat Ramp 

South transect length goes to 40 meters (B), due to a 

difference in the length of the rocky platform. 

Discussion  

Abundance 

More macroinvertebrates were found on the 

south side of the boat ramp which experienced 

less boat traffic and docking, (Figure 3). This 

implies that the jetty has an influence over 

macroinvertebrate counts and that this human 

disturbance may play a role in this ecosystem. 

When the organisms counted on the north side 

were grouped by zonation, another 

relationship surfaced. Of the organisms 

present on the north side, the majority were 

found in the high tide zone. This could be due 

to the boat jetty location so close to the rocky 

platform. With boats coming in and out 

almost every day, the water and sediment gets 

stirred up and is often turbid. During sampling 

it was noted that the sediment on the north 

side was more silty and appeared to be a less 

healthy environment the further you were 

from the high tide line. These findings could 

suggest that the boat ramp plays a role not 

only in overall macroinvertebrate abundance, 

but in zonation of species as well. This is key 

as zonation plays a main role in distribution 

patterns of some species (Chappuis et. al., 

2014; Good, 2004). For example, in Chappuis 

et. al., researchers concluded that the most 

significant variation in species occurred 

across a vertical gradient in the rocky 

intertidal zone off the Catalan coast. They 

found both biotic and abiotic factors to play a 

role, but the height of the species’ 

environment showed the strongest correlation 

with species distribution. Therefore, the 

species that prefer the lower zone of the 

intertidal platform where they are fully 

submerged would be exposed to a larger 

disturbance from boat traffic versus the south 

side which had no boat traffic near the 

platform. 

Relative Abundance 

While there was a significant difference in 

overall abundance, there was also a change in 
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Table 1: Species identified in both boat ramp north site and south site. Overall count for the site per organism. 

Species Boat ramp north Boat ramp south 

Ostreidae 172 352 

Brachidontes ustulatus 413 440 

Planaxis sulcata 354 Less than 5 - grouped in other 

Limpets 353 76 

Petaloconchus 54 87 

Clyptemorus batillaraeformis 0 66 

Cerithium tenellum 145 122 

Cerithium zonatum 109 Less than 5 - grouped in other 

Nodilittorina nodosa 89 2143 

Chitonidae 6 Less than 5 - grouped in other 

Cerithium tenellum 145 122 

Balanidae 20 67 

Coenobitidae Less than 5 - grouped in other 78 

Granta imbricata 20 76 

Littorina Less than 5 - grouped in other 18 

Favia 37 Less than 5 - grouped in other 

Other 30 50 

SUM 1802 3575 

regards to relative abundance per site. In boat 

ramp north, the most commonly found 

species were bivalves, gastropods, and a 

variation of limpets (Figure 3A). This differed 

from the overarching species found at boat 

ramp south, which were gastropods, and more 

specifically the species Nodilittorina nodosa 

(Figure 3B). This species was found in much 

greater numbers than any other species in boat 

ramp south. This is interesting because 

gastropods are often used as indicator species 

for intertidal ecosystems (Sousa et. al., 2017). 

These species are used as keystone species for 

rocky intertidal zones because of their unique 

eco-biological features. Factors such as 

reduced mobility, and widespread distribution 

and abundance make it easy to use them for 

sampling. They have been used in various 

studies such as looking at regional water 

quality, and global climate surveys of 

intertidal regions (Sousa et. al., 2017). While 

both sites in this study had gastropods present, 

there were significantly more located on the 

south side of the boat ramp. This could be due 

to a number of environmental factors such as 

differences in wave energy due to boats 

docking, or level of competition among 

species. Sessile species such as these 

gastropods are often found in greater 

quantities in harsher environments than 

mobile taxa (Good, 2004). However 

anthropomorphic factors such as trampling, 

organism collection, and rock-overturning 

also play a role in areas where human 

populations are present (Stevcic et. al., 2016). 

In this study the human disturbance comes 

mostly from the jetty and the high levels of 

boat traffic present in this location. These 
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findings suggest that the south side of the 

intertidal platform away from boat traffic 

provides a better habitat for these species.  

Diversity 

While there was no significant difference in 

species diversity across the two sites, there 

was still slightly more diversity on the north 

side of the boat ramp (Figure 3A). This 

variation mostly occurred throughout the 0-

4m range. This finding could be due to a 

number factors, and competition is likely one 

of them (Harley, 2011). If the site north of the 

jetty provides a harsher environment further 

from shore, then most organisms would prefer 

to live as close to shore as possible. If a 

number of species try to occupy the same 

zone, they will be forced to compete for 

space, and only those that can survive in the 

supratidal zone will thrive and reproduce 

(Harley, 2011). Over time, organisms will 

evolve to survive in these conditions or risk 

extinction (Harley, 2011). This could be why 

there is more variation near the high tide mark 

on the north side. 

Limitations 

This study was conducted with limited time 

and resources. Due to the time constraints of 

only a week to collect data, the amount of data 

gathered was limited. This could have been 

improved with not only more time, but more 

volunteers. For any given day, one to three 

research volunteers aided in sampling; 

however, they were not well versed in the 

kinds of species present. If these volunteers 

had more training ahead of time, multiple 

transects could have been worked 

simultaneously instead of needing the lead 

researcher to identify all species. Another 

factor that may have influenced the results 

was time of collection. Samples were all taken 

either at low tide or as close as possible, but 

on some occasions a bathyscope was used to 

count and identify macroinvertebrates. This 

could have been a problem because it is less 

clear to visualize species through a 

bathyscope than when exposed on the 

intertidal zone with the naked eye. Another 

factor was time of year. The beginning of May 

is much cooler than it is in December, and 

different organisms may be present due to 

different seasons. 

Conclusions 

Activity at the boat ramp in Paradise Bay 

appears to play a role in overall species 

richness and distribution. The organisms 

closer to the boat ramp were found in smaller 

quantities and at higher zones. Significantly 

more organisms were found on the south side 

of the jetty away from where boats docked. 

This suggests that boats are having an impact 

on the abundance of macroinvertebrates in 

this ecosystem. Further research should be 

done to determine the degree of harm that the 

jetty has to this environment and the local 

government should take action to protect this 

area if needed.  
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Abstract 

Some of the most common morphologies of 

coral found along Ningaloo Reef include 

plating, branching, massive, meandering, 

solitary and encrusting coral. However, the 

differences in abundance across the reef is 

still widely unknown. The aim of this study 

was to determine the abundance in five sites 

across Paradise Bay, Bill’s Bay, and Skeleton 

Bay. To do this, quadrat photos were taken 

one meter above the coral canopy every five 

meters along a 50 meter transect. Photos were 

later analyzed in Coral Point Count (CPCe) 

which generated percent cover by assigning 

50 randomized points to each photo. After 

running an ANOVA assuming unequal 

variances in Microsoft Excel, it was 

concluded that plating coral was significantly 

greater among all five sites and was most 

abundant in site 1 in Paradise Bay. There was 

also a near significant result for branching 

coral in two out of five sites surveyed. The 

reasoning of why plating coral was found 

most abundantly vary, however they may be 

equipped with mechanisms which aid their 

survival under stressful circumstances. 

Introduction 

Coral reefs are the most biologically diverse 

shallow water marine ecosystems per unit 

area in the ocean (Roberts et al., 2002). 

Ningaloo Reef, located on the northwest coast 

of Western Australia, is one of the largest 

fringing reefs in the world and serves as a 

habitat and biodiversity hotspot for over 250 

species of coral. Coral is made up of 

individual polyps that differ between each 

species. They can then be further categorized 

into several different morphologies. Some of 

the most commonly found along Ningaloo 

reef are plating, branching, massive, 

meandering, solitary and encrusting coral. 

Coral requires a unique set of circumstances 

so that it can thrive in its environment.  These 

include substrate type to attach to, water 

depth, location, sunlight, etc. It is important 

that each species of coral is met with the 

specific conditions it needs to thrive, or else 

it can cease to exist among a reef. (Chappell, 

1980). Presence of algae is most commonly 

overlooked, however, it is one of the strongest 

determining factors in whether or not a coral 

colony will be exposed to enough sunlight to 

survive and reproduce (McCook et al., 2001). 

This directly affects the symbiotic 

relationship that coral has with zooxanthellae. 

Zooxanthellae are photosynthetic organisms 

that provide food and live within coral 

polyps. In exchange, the coral supplies an 

adequate and safe habitat for the 

zooxanthellae to reside (Jones et al., 1998). 

The survival of zooxanthellae, and coral as a 

whole, is strongly associated with exposure to 

the sun. It is specific circumstances like these 

that ultimately determine how productive a 

coral reef and the life that it sustains is.  

Location and anthropogenic interaction are 

important aspects to consider when looking at 

how coral morphology changes along a reef 

(Hughes et al., 2003). So far, 11% of the 

world’s reefs have been lost due to a 

multitude of human impacts such as nutrient 

pollution and overexploitation (Wilkinson, 

2000). Ningaloo Marine Park recognizes this 

and has implemented several policies in an 

effort to conserve the reef to the best of their 

ability. This includes defining no-take zones 

and limiting how much of the reef is exposed 

to tourism and other anthropogenic impacts. 

Ningaloo Reef extends throughout several 

bays, all of which have varying levels of 

human interaction and disturbance. This 
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study looked at three bays ranging along the 

coast (Figure 1). Paradise Bay has low human 

activity, however it contains a boat ramp 

which can be disruptive to the ecosystem. 

Bill’s Bay has a lot of daily human activity 

such as snorkeling and fishing. Finally, 

Skeleton Bay had low levels of human 

activity. Human activity could be a large 

defining factor in the diversity found at each 

site as not every morphology of coral is 

equipped to deal with the increasingly 

different changes to its environment.  

The aim of this study was to see how coral 

morphology changes across a fringing reef. In 

particular, the research question was does 

plating and branching coral abundance 

significantly differ among sites along a 

stretch of reef? The hypothesis was that there 

would be more of both plating and branching 

coral evenly distributed among the five sites 

and that these would be more abundant than 

the other four morphologies. 

Methods 

Data was collected from five sites across 

Paradise Bay, Bill’s Bay and Skeleton Bay in 

Coral Bay, Western Australia between May 6 

- 11th. Each site was ~300 meters apart, and 

all data was recorded during high tide (Figure 

1). Five 50 meter transects were sampled, ~15 

meters apart at each site. Photo quadrats were 

taken one meter above the coral canopy every 

five meters along each transect. Photos were 

later analyzed in Coral Point Count (CPCe) 

which generated percent cover by assigning 

50 randomized points to each photo. Each 

coral was identified to a morphological level. 

Climatic conditions were noted, but data 

collection was not contingent upon changes. 

ANOVAs were performed to determine if 

there was a difference in abundance of the 

morphological types most abundantly found 

across each of the five sites. This was done 

assuming unequal variances and interpreted 

using Microsoft Excel. 

Results: 

ANOVA tests showed that there was a 

significant difference in percent cover found 

 
Figure 1: Map of sampling sites along Ningaloo Reef, 

WA (Google Earth). 

among all five sites (p < 0.00001). Further, 

there was significantly more plating coral 

found at site 1 than at site 3 (p < 0.00001) or 

site 5 (p < 0.00001) (Figures 2 and 3, 

respectively). There was no significant 

difference between site 3 and 5 (p = 0.20106). 

Site 1 had the highest abundance of plating 

coral Acropora. ANOVA analysis on 

branching coral showed that there was a near 

significant difference in abundance between 

site 1 and site 5 (p = 0.05595) (Figures 4 and 

5, respectively). There were several 

morphologies found among Ningaloo reef, 

including branching, meandering, massive, 

plate, solitary, and encrusting. The tests ran 

were completed utilizing the two most 

abundant morphologies found among the 

entire study site which were plating Acropora 

spp. and branching Acropora spp. The 

presence of both morphologies differed along 

the coast in that they were found most 

frequently among Paradise Bay. 

Discussion: 

There are a number of coral morphologies 

that inhabit Ningaloo Reef and serve as a 

habitat for a multitude of species. Essentially, 

it is the variety of coral species that aid in  
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Figure 2: Frequency of percent cover of plating 

coral at site 1. 

 

Figure 3: Frequency of percent cover of plating 

coral at site 5. 

 

Figure 4: Frequency of percent cover of branching 

coral at site 1. 

 

Figure 5: Frequency of percent cover of branching 

coral at site 5. 

 

making Ningaloo Marine Park a globally 

recognized biodiversity hotspot (Welcome to 

the Shirt of Exmouth). While dominant 

species among the reef are still widely 

unknown, it was apparent during this study 

that plating Acropora was the most prominent 

among the sites surveyed. The percent cover 

of all six morphologies found at each site 

could have been influenced by numerous 

biotic and abiotic factors such as temperature, 

light level, and human presence.  

In collecting and analyzing data, it is evident 

that out of all three bays surveyed, plating 

coral is found most abundantly in site 1 in 

Paradise Bay .While there were several 

plating species present, Acropora spp. was 

the most abundant. This could be because it 

has a better ability to grow in disturbed areas 

and withstand anthropogenic changes than 

other species (Hughes et al. 2003). All 

morphologies of coral are subject to life-

threatening issues such as coral disease and 

bleaching, especially after a stressor becomes 

increasingly prevalent (Hoegh-Guldberg, 

1999). However, previous studies have 

shown that bleaching prevalence among 

Acropora is relatively low (Williams et al. 

2011). If there was a rise in temperatures 

strong enough to have caused a small 

bleaching event at Ningaloo Reef, plating 

Acropora could be one of the few species that 

is not severely impacted. This might be why 

it has regenerated abundantly across the reef. 

Additionally, branching coral had a near 

significant difference in percent cover 

between site 1 and site 5. Similar to the 

plating coral, the branching coral was found 

in higher abundance towards Paradise Bay. 

The reasoning for this could be similar to that 

of the plating coral, in that it is potentially 

able to regenerate faster in the face of 

stressors (Hughes et al., 2003). 

There were various factors that limited the 

range of this study, one of the most prominent 

being time for data collection. If this study 

were to be replicated, it would be beneficial 

to increase the amount of time out in the field 

to complete additional sites to get a better 

understanding of how morphology changes 



Barna Volume II Spring 2019 

 

15 
 

on a broader, in depth scale. Another limiting 

factor of this study was the use of Coral Point 

Count. While it gave a good indication as to 

the morphologies of coral found in each site, 

the randomized points were not able to ensure 

that every morphology was accounted for in a 

given quadrat. 

Conclusion: 

The structure of a reef and all of the factors 

that influence the abundance of each 

morphology is still widely unknown. In 

regard to future research, there is still a lot 

that can be studied to help form a better 

understanding of why coral reefs are 

structured the way they are. Future studies 

like these can give a better understanding as 

to why certain species are more dominant in 

certain areas, and if there are any biotic or 

abiotic factors that directly contribute to the 

way they thrive in a competitive ecosystem. 

Ensuring that conservation efforts are in place 

will be helping to ensure resilience and 

survival  of coral across the world, 

specifically up at Ningaloo Reef. Overall, 

plating and branching coral may become 

increasingly more abundant across Ningaloo 

Reef in coming years as human destruction 

becomes more common. It is important to 

make conservation efforts in order to ensure 

that each morphology has an equal chance at 

survival to ensure that biodiversity is not lost 

or diminished. 

Overall, plating and branching coral may 

become increasingly more abundant across 

Ningaloo Reef in coming years as human 

destruction becomes more common. It is 

important to make conservation efforts in 

order to ensure that each morphology has an 

equal chance at survival to ensure that 

biodiversity is not lost or diminished. 

Acknowledgements:  

Thank you to Paul Hollick and CIEE for 

making this research opportunity possible and 

for providing all necessary equipment. Thank 

you to Sasha Ferrari for assisting in the field 

and Alicia Sutton and Dani Brandt for 

advising me through the whole research 

process. 

References: 

Chappell, J. 1980. Coral morphology, diversity 

and reef growth. Nature, 286, 249. 

Hoegh-Guldberg, O. 1999. Climate change, 

coral bleaching and the future of the world's 

coral reefs. Marine and Freshwater Research, 

50, 839-866. 

Hughes, T., A. Baird, D. Bellwood, M. Card, S. 

Connolly, C. Folke, R. Grosberg, O. Hoegh-

Guldberg, J. Jackson, J. Kleypas, J. Lough, P. 

Marshall, M. Nystroem, S. Palumbi, J. 

Pandolfi, B. Rosen, J. Roughbarden. 2003. 

Climate change, human impacts, and the 

resilience of coral reefs. Science, 301, 929-933. 

Jones, R., O. Hoegh-Guldberg, A. Larkum, U. 

Schreiber. 1998. Temperature induced 

bleaching of corals begins with impairment of 

the CO2 fixation mechanism in zooxanthellae. 

Plant, Cell & Environment, 21, 1219-1230. 

McCook, L., J. Jompa, and G. Diaz-Pulido. 

2001. Competition between corals and algae on 

coral reefs: a review of evidence and 

mechanisms. Coral Reefs 19, 400-417. 

Roberts, C., C. McClean, J. Vernon, J. 

Hawkins, G. Allen, D. McAllister, C. 

Mittermeier, F. Schueler, F. Spalding, F. Wells, 

C. Vynee, T. Werner. 2002. Marine 

biodiversity hotspots and conservation 

priorities for tropical reefs. Science, 295, 1280-

1284 

“Welcome to the Shirt of Exmouth” Ningaloo 

Marine Park » Shire of Exmouth, WA. 

www.exmouth.wa.gov.au/ningaloo-marine-

park.apsx 

Wilkinson, Clive. 2000. Status of coral reefs of 

the world: 2000. 

Williams, G., I. Knapp, T. Work, E. Conklin. 

2011. Outbreak of Acropora white syndrome 

following a mild bleaching event at Palmyra 

Atoll, Northern Line Islands, Central Pacific. 

Coral Reefs, 30, 621-621. 

 

http://www.exmouth.wa.gov.au/ningaloo-marine-park.apsx
http://www.exmouth.wa.gov.au/ningaloo-marine-park.apsx
http://www.exmouth.wa.gov.au/ningaloo-marine-park.apsx
http://www.exmouth.wa.gov.au/ningaloo-marine-park.apsx


Barna Volume II Spring 2019 

 

16 
 

  

Impact of human disturbance on coral species diversity in Coral Bay, Ningaloo Marine 
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Abstract 

Coral reefs dominate large portions of the 

Ningaloo Marine Park, and so consequently 

they are an important part of the Park’s 

ecosystem. Additionally, the Park is 

comprised of numerous areas for recreational 

use, commercial use, and tourism, such as 

Coral Bay which is a popular destination for 

vacation. Here we address the relationships 

between coral diversity and varying levels of 

anthropogenic influences across the lagoon 

areas in Coral Bay. Photo quadrat data were 

collected across 20 transects in two sites and 

analyzed for coral species abundance. We 

found no observed significant differences in 

diversity between Paradise Bay (less human 

disturbance) and Bill’s Bay (more human 

disturbance). Overall diversity did not 

correlate with distance from shore in both 

sites, however inshore areas differed in 

diversity from farshore areas in Bill’s Bay 

only.  This study adds to the body of 

knowledge surrounding anthropogenic 

impacts on coral species diversity. 

Introduction 

As coral reefs diminish globally, it becomes 

increasingly important to investigate and 

understand the factors influencing their 

decline. Australia’s longest fringing reef, 

Ningaloo Reef, at 260 km in length, is 

situated on the Northwestern coast of 

Australia (Cassata & Collins 2008). It is 

contained within the 300 km of coast that is 

the Ningaloo Marine Park (Smallwood et al. 

2013). This fringing reef crest extends off the 

coast and creates a sheltered lagoon, 

facilitating coral reef development nearby to 

the beaches which, in turn, allows for easy 

commercial use, tourism, and recreation to 

occur (Smallwood et al. 2011). As a 

consequence, this World Heritage site attracts 

200,000 visitors a year to see the wide variety 

of fish, megafauna (manta rays & whale 

sharks), and coral reefs (CALM & MPRA 

2005, Jones et al. 2010). 

Human activities such as commerce, 

recreation, and tourism provide both an 

opportunity and a threat for the Ningaloo 

Marine Park. On one hand, the economic 

benefits reaped from the Ningaloo Reef are a 

valuable resource to the community. On the 

other hand, the potential impacts on the reef 

health, in particular on the coral communities, 

are threatening to this ecosystem. More 

recently, it has been shown across five 

archipelagos in the Pacific that the impacts of 

human presence on island benthic reef 

communities has resulted in a lack of reef-

building organisms on inhabited islands in 

comparison to uninhabited islands (Smith et 

al. 2016). Additionally, previous risk and 

management assessment research has 

demonstrated that the areas of coral reefs 

requiring the most attention are those closer 

to areas of high human density (Magris et al. 

2018). It has been demonstrated on reefs 

around the world that snorkeling, trampling, 

boating, scuba diving, and other 

anthropogenic activities have had negative 

impacts on coral structural health and 

abundance (Woodland & Hooper 1977; 

Tilmant & Schmahl 1981; Kay & Liddle 

1984; Kelleher & Dutton 1985; Salvat 1987; 

Rogers et al. 1988; Kay & Liddle 1989; 

Hawkins & Roberts 1993; Allison 1996; 

Harriott et al. 1997). However, the 

anthropogenic impacts on coral diversity 

specifically have not been well documented. 

RESEARCH PAPER 



Barna Volume II Spring 2019 

 

17 
 

Coral Bay is a popular destination for 

vacation in the Ningaloo Marine Park of 

Northwestern Australia. However, despite the 

high levels of human activity in Bill’s Bay, 

the premier beach area in Coral Bay, there are 

still swaths of coast that experience less 

human disturbance, such as Paradise Bay 

south of Bill’s Bay This spatial distribution of 

diametrically opposed levels of human 

disturbance in close proximity provides 

researchers an opportunity to investigate 

potential relationships between varying 

degrees of human activity and the diversity of 

coral species on the reefs of Coral Bay. 

In this study, the aim is to elucidate the 

relationships between coral diversity and 

varying levels of anthropogenic influences 

across the lagoon areas in Coral Bay, 

Ningaloo Marine Park. We predict varying 

levels of coral diversity across the two study 

sites, with diversity being lowest at the more 

anthropogenically impacted site. 

Furthermore, assuming that humans may 

have less impact on coral communities 

further from shore because they are not as 

easy to reach, we expect to find coral 

diversity to increase as distance from the 

shore increases. In particular, this trend is 

expected in Bill’s Bay, an area of high human 

activity on the shore. 

Methodology 

Field Collection 

Field data were collected from two sites 

across the lagoon of Coral Bay over the 

course of seven days during the month of May 

2019. Bill’s Bay (S 23.14228˚, E 113.76833˚) 

was considered to have high human 

disturbance from snorkeling, swimming, 

trampling, and boating tourism and Paradise 

Bay (S 23.15293˚, E 113.76859˚) was 

considered to have less human disturbance 

(Figure 1). Each study area was 500 meters in 

length situated along the coastline of Coral 

Bay. Ten transects were survey at each site, 

placed perpendicular to the shore, 50 meters 

apart. Each transect extended 60 meters out 

from the start of the coral reef, with data 

collection every three meters. This data 

 
Figure 1: Study site location with respect to the country 

of Australia & map of individual sites within Coral 

Bay (Google Earth). 

collection consisted of photographs taken one 

meter above the coral canopy, resulting in 

photographic quadrats able to be analyzed. 

Coral species abundance and morphological 

type (i.e. branching, plate, meandering, 

mound, crusting, solitary, etc.) were recorded 

from quadrat data and used for later analysis. 

Statistical Analyses 

The aim was to evaluate the relationships 

between various levels of human disturbance 

and coral species diversity. Diversity was 

quantified using the Shannon-Wiener 

Diversity Index (H). Differences were 

examined using unequal variance t-tests to 

compare diversity between and within sites. 

Linear regression models were used to test the 

correlations between diversity and distance 

from shore. All statistical analyses were 

performed using the program Microsoft Excel 

2019 (v.16.25). 

Results 

Morphological counts and species 

abundances of coral species differed across 

both study sites (Table 1). A total of 46 

different coral species were recorded across 

all sites, with only 37 of these found in Bill’s 

Bay. Of the nine species that differed between 

both sites, one was branching, one was plate, 

three were meandering, and four were 

mound. A combined 712 and 747 species 

counts were found in Paradise Bay and Bill’s 

Bay respectively. In Paradise Bay the most 

abundant species was of the plate 

morphology (118 individuals recorded) 

N
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whereas in Bill’s Bay this was an encrusting 

morphology (110 individuals recorded). 

Table 1: Overview of coral species count based on 

coral morphology. The differences in coral species 

count between study sites are shown.  

 

However, a comparison of coral species 

diversity between Paradise Bay (less human 

disturbance) and Bill’s Bay (high human 

disturbance) did not suggest a significant 

difference between the two sites; a Shannon-

Wiener Diversity Index of each site 

respectively: 2.936, 2.966 (p = 0.253, Figure 

2). 

 

Figure 2: Comparison of coral species diversity 

between Paradise Bay and Bill’s Bay (p = 0.253). 

Standard error bars are shown. 

In examining the relationship between the 

diversity within these two sites as distance 

from shore increased, results were very 

similar. A linear regression between Paradise 

Bay coral species diversity and distance from 

shore resulted in p < 0.00001, however with 

an R2 = 0.0116 (Figure 3a). Similarly, results 

of a linear regression from Bill’s Bay given 

the same metrics also produced a p < 0.00001, 

but again with an R2 = 0.0290 (Figure 3b).  

 

 

Figure 3: Comparison of coral species diversity as 

distance from shore increases. Fig.3a represents the 

Paradise Bay study site with a linear trendline (p < 

0.00001, R2 = 0.0116). Fig.3b represents the Bill’s Bay 

study site with a linear trendline (p< 0.00001, R2 = 

0.0290).  

The variation of coral species diversity in 

Paradise Bay and Bill’s Bay is similar as 

distance from shore increases (Figure 4). 

Diversity within three-meter intervals, across 

each site, were compared in order to separate 

and determine the varying levels of diversity 

as distance from shore increased.  However, 

examining the diversity in Bill’s Bay between 

nearshore (0-3 meters) and farshore areas 

(57-60 meters) resulted in a significant 

difference (p = 0.0399). Additionally, coral 

species diversity significantly differed 

between nearshore and the intermediate area 
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of our study distance (27-30 meters) in Bill’s 

Bay (p = 0.0018). However, the intermediate 

area of our study distance in Bill’s Bay was 

not significantly different than the farshore 

areas (p = 0.1435). On the other hand, coral 

species diversity did not significantly differ 

between nearshore and farshore, nearshore 

and intermediate, and intermediate and 

farshore areas (respectively: p = 0.9675, p = 

0.0861, p = 0.0547).  

 

Figure 4: Variation of coral species diversity in 

Paradise Bay and Bill’s Bay with respect to distance 

from shore. 

Discussion 

Despite the large variation in human activity 

between Bill’s Bay and Paradise Bay, coral 

species count remained very similar across 

morphology types between the two sites. 

However, Paradise Bay was shown to support 

nine more coral species than Bill’s Bay, 

which lends some support to the initial 

prediction. Investigation of the effects of 

human trampling on coral health on various 

areas of a reef flat at Heron Island, Great 

Barrier Reef suggested that morphology of 

coral species plays a role in the amount of 

breakage they face, i.e. branching coral is at 

the most risk (Kay & Liddle 1989). 

Additionally, the researchers concluded that 

the outer reef flat was around 16 times more 

vulnerable than the reef crest, due to 

increased and larger levels of breakage in the 

presence of trampling (Kay & Liddle 1989). 

Branching coral was the second most 

abundance morphology type present in both 

of our study sites, comprising a large part of 

the diversity observed in Coral Bay. 

Additionally, more branching coral species 

were found and in were in higher abundance 

in Paradise Bay than in Bill’s Bay. However, 

contrary to predicted effects, coral species 

diversity did not significantly differ between 

Paradise Bay and Bill’s Bay. These results 

suggest that human disturbance may not play 

a large role in the processes that influence 

coral species diversity in Coral Bay.  

Other factors not studied here may mask the 

effect human disturbance has in Coral Bay, 

which is possible given the proximity with 

which Paradise Bay and Bill’s Bay are from 

each other (1km). In fact, this masking effect 

may be due to natural processes such as wave 

action and substrate erosion. A study 

conducted in Biscayne National Park in 

Florida, USA investigating coral damage 

from recreation use of reefs, consisted of 

seasonal systematic swims across various 

study sites with damaged and undamaged 

coral counts recorded. In addition to 

demonstrating the adverse impacts of 

recreational use (snorkeling & spearfishing) 

on coral reef health they also concluded that 

natural wave action and substrate erosion had 

larger negative impacts on corals than these 

recreational activities (Tilmant & Schmahl 

1981). This could potentially explain the 

unobserved difference in coral diversity 

between our two study sites. However, 

Paradise Bay and Bill’s Bay are situated 

within the lagoon area of Ningaloo Reef and 

consequently receive low energy wave 

action. Whether or not other physical 

processes are masking the impact human 

disturbances have on coral species diversity, 

our results refute our initial prediction and 

open up inquiry into further potential 

relationships within the lagoon of Coral Bay. 

Analyzing the relationships between coral 

species diversity and distance from shore did 

not reveal any linkages within both study 

sites. Despite a highly significant p-value in 

Paradise Bay and Bill’s Bay (p < 0.00001), 

R2 regression analysis values were far too 

low to make any reasonable claims (R2 = 

0
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0.0116, R2 = 0.0290, respectively). Results 

from this suggest that overall diversity did not 

increase nor decrease within the lagoon area 

of Coral Bay. However, in Bill’s Bay, the 

areas closest to human activity seemed to 

differ in coral species diversity from the areas 

sampled farthest from human disturbances. 

Despite a lack of change in overall diversity 

as distance from shore increased, diversity 

was significantly greater in farshore areas 

than in the nearshore in Bill’s Bay (p = 

0.0399). That is to say that coral species 

diversity was greater at 60 meters away from 

shore than at the start of the reef, where 

human activity was at its highest. These 

findings are supported by previous literature, 

wherein a study examined snorkeler damage 

on coral reefs nearby to a resort in the 

Maldive Islands (Allison 1996). Coral 

breakage of various coral types (branching, 

digitate, tabular, and foliaceous) were 

recorded along 50 meter long transects and 

damage to corals was highest at the most 

accessible areas, those being closer to shore, 

whereas remote areas experienced much less 

coral damage (Allison 1996). Our findings 

have potential implications for the spatial 

distribution of coral diversity with respect to 

human disturbance, as well as contribute to 

the growing body of knowledge investigating 

the damages to corals from tourism. 

Between for sites a total of 46 different coral 

species were found. All 46 of these species 

were present in Paradise Bay compared to 

Bill’s Bay where only 37 of these were 

recorded. Of the nine species that differed 

between both sites, one was branching, one 

was plate, three were meandering, and four 

were mound. Additionally, more mound 

species and branching species were found 

across the reef with 13-17 and 11-12 species, 

respectively, of each morphology type. All 

other species morphology type were found to 

be equal to or less than five. However, the 

most abundant species was of the plate 

morphology (118 individuals recorded) in 

Paradise Bay and of the encrusting 

morphology (110 individuals recorded) in 

Bill’s Bay. The intermediate disturbance 

hypothesis predicts that diversity within an 

ecosystem is highest when disturbance levels 

are at intermediate levels (Aronson & Precht 

1995). This is because at high levels of 

disturbance, only the most resistant species 

survive, and at low levels dominant species 

outcompete most other species. This 

hypothesis has been supported by research in 

the reef habitats of Belize as well as other 

rocky intertidal zones (Aronson & Precht 

1995; McGuinness 1988; Sousa 1979; 

Underwood 2000). Though not conclusive, 

there may be some evidence that potential 

intermediate disturbance hypothesis effects 

from human activity may play a role in the 

coral species diversity observed in Bill’s Bay. 

Examining the change in diversity as distance 

from shore increases in Bill’s Bay appears to 

show a climax in diversity at intermediate 

levels. In the nearshore, where human activity 

is high, coral species are subjected to 

increased levels of disturbance and 

consequently may have lower diversity. In the 

farshore, disturbance is low and so 

competitive dominance between coral species 

may arise. There is a significant difference in 

coral species diversity between the nearshore 

reef and the intermediate area of our study 

distances, at 30 meters (p = 0.0018). 

However, the intermediate area of our study 

distances does not significantly differ with 

the farshore areas, (p = 0.1435). Potentially, 

our study distances were not far enough to 

elucidate the full range of disturbances to lend 

more support to the intermediate disturbance 

hypothesis, but coral species diversity seems 

to be declining in the farshore areas.  

Potential limitations to this study can be seen 

in the difficulty of acquiring photographic 

quadrat data of corals. This complication lies 

in the struggle to accurately take a photograph 

one meter above the coral reef while 

swimming. This was done using a meter stick 

held down to estimate the distance needed, 

but an accurate distance was hard to measure 

on snorkel. Secondly, the town of Coral Bay 

is situated in such a way that Bill’s Bay 

becomes the sole beach with frequent and 

abundance human visitation. This made it 
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impossible to find comparative sites of coral 

reefs subjected to high human disturbance. 

Future studies should aim to increase the 

range of study further North to Exmouth 

Gulf, where there are areas of higher human 

activity. Additionally, data on coral damage 

would be inciteful in understanding its impact 

on coral species diversity. Finally, a longer-

term study collecting data on the physical 

processes that occur in the lagoon of Coral 

Bay, should aid in extrapolating the impacts 

human disturbance has on coral species 

diversity from any potential masking effects. 

In conclusion, most predicted effects on coral 

species diversity were not as initially 

expected. There were no observed significant 

differences in diversity between Paradise Bay 

and Bill’s Bay. Overall diversity did not 

correlate with distance from shore in both 

sites, however nearshore areas differed from 

farshore areas with respect to diversity. 

Finally, potential intermediate disturbance 

hypothesis factors play a role in the coral 

species diversity in Bill’s Bay, which requires 

further study to elucidate this relationship. 

The state of coral reefs around the world 

currently are in jeopardy. Rising 

temperatures, increased ocean acidification, 

pollution, overfishing, unsustainable tourism, 

and many other anthropogenic impacts 

threaten the livelihood of our oceans’ most 

productive ecosystems. Given this, it is 

imperative that we recognize the issues and 

problems we are causing to the Earth and 

make meaningful strides to preserve the coral 

reefs, even on a local scale like Coral Bay. 
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Abstract 

The biodiversity of communities plays a 

crucial role in determining the ecosystems 

resilience and ability to recover from damage. 

Little research has been done to understand 

how key components of the intertidal zone 

work together to impact its biodiversity, as a 

result, the purpose of this study was to 

understand the interaction between 

invertebrate diversity and macroalgae. 

Twenty-two transect surveys were conducted 

on the south side of the boat ramp in Coral 

Bay, Western Australia. Along each transect, 

half meter quadrats were placed three meters 

apart, where the number and species of 

invertebrates and percent algae cover was 

collected. The Shannon-Wiener equation was 

used to calculate invertebrate diversity 

indices, which were then compared to percent 

macroalgae cover among four intertidal 

zones: high tide, mid-high tide, mid tide, and 

low tide. Results concerning how percent 

algae cover correlated with invertebrate 

diversity were overall inconclusive, however 

higher algae cover was found closer to the 

boat ramp, whereas higher invertebrate 

diversity was found farther from the boat 

ramp, suggesting that there are impacts on the 

ecosystem from human disturbance. It is 

suggested that further research be conducted 

to broaden the understanding of how 

intertidal marine flora and fauna diversity 

interact. 

Introduction 

The loss of our planet's biodiversity and 

decline in species population is a growing 

issue and has been extensively studied in a 

variety of settings. Specifically, biodiversity 

in marine communities is a principal 

component in oceanic ecosystem services, 

which humans rely on to produce food, 

subsume waste, protect coasts from storms 

and erosion, and regulate climate (Covich et 

al., 2004). For instance, increased levels of 

carbon dioxide have caused ocean 

acidification, generating slower levels of 

coral calcification all over the world. In the 

coral triangle, upwards of 100 million people 

will soon be impacted by the reduction in 

ecosystem services provided by coral 

communities, which includes rising sea 

levels, declines in food security, and exposure 

of coastal cities to storms and other 

catastrophic events (Mooney et al., 2009). 

Researchers have found that more diverse 

communities provide ecosystems with higher 

productivity and greater resilience, in 

addition to promoting faster recovery and 

reversibility to damage (Sala and Knowlton, 

2006; Palumbi et al., 2009). For example, the 

effect of increased ammonia levels in the 

intertidal zone were found to be less 

substantial when there was an increased 

species richness of invertebrates (Emmerson 

et al., 2001).  

The intertidal zone is especially susceptible to 

human impacts, as these areas are the first to 

be affected by trash and run off pollution, in 

addition to trampling, and collection of 

organisms for souvenirs or aquariums. 

Furthermore, the intertidal zone exhibits 

bottom-up impacts on pelagic and benthic 

ecosystems by way of algal and 

phytoplankton abundance, availability of 

particulate food, flow of nutrients, and 

recruitment. These factors have substantial 

impacts on oceanic food webs and population 

dynamics in terms of consumer growth, 

impact on prey, secondary consumer 
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Figure 1. Map of Coral Bay boat ramp and study site (Google Earth) 

production, along with prey abundance and 

growth (Menge, 2000). Thus, it is 

exceedingly important that we make efforts to 

conserve biodiversity in intertidal zones, 

which will result in less drastic impacts to the 

open ocean and the ecosystem services on 

which humans rely.  

The intertidal zone has historically been a 

natural stage for understanding zonation, 

competition between organisms, human 

impacts, and ecological succession, however, 

much less research has been done on how 

biotic and abiotic factors in intertidal 

ecosystems impact the biodiversity 

specifically. Experiments conducted in the 

United States found that above-ground plant 

biomass is correlated with invertebrate 

species richness in seagrass meadows (Heck 

& Wetstone, 1977; Parker et al., 2001). 

However, it was found that seagrass and algae 

richness did not impact invertebrate richness, 

yet it did significantly impact invertebrate 

abundance and biomass (Parker et al., 2001). 

From these results, it is presumed that this 

trend is consistent among most ecosystems 

which invertebrates inhabit, as vegetation 

provides food and cover for many 

invertebrate species, allowing them to grow 

larger and reproduce more offspring with less 

risk of predation. 

The northwest coast of Western Australia is 

known for its shallow water tropical marine 

ecosystems and a diverse array of organisms. 

Specifically, Coral Bay along the Ningaloo 

Reef is known to have large patches of reef, 

shallow lagoon areas, and rocky intertidal 

platforms which support an assortment of 

intertidal communities (Keulen and Langdon, 

2011). Much research has been done in Coral 

Bay with regard to coral and megafauna 

species, however, minimal research has been 

done on how marine flora diversity impacts 

fauna diversity, especially in the intertidal 

zone. Therefore, the aim of this study was to 

examine the relationship between macroalgae 

and invertebrates in the intertidal zone, with 

the hypothesis being that areas with higher 

vegetation diversity and coverage will lead to 

higher invertebrate species diversity. 

Methods 

Data was collected in April 2019, on the south 

side of the Coral Bay boat ramp in Coral Bay, 

Western Australia (Figure 1). Sampling was 

conducted at low and mid tide using a 

bathyscope and a measuring tape. Transects 

were placed five meters apart, starting at 
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coordinates -23.15787, 113.76556, and 

ending at -23.15731, 113.76639, spanning a 

total of 110 meters with 22 transects. Transect 

lengths varied from 18 m to 45 m, as did 

number of quadrats per site, as data was 

collected following the length of the rocky 

intertidal zone. Half meter quadrats were 

placed every three meters along each transect, 

beginning at the high tide zone, where percent 

cover for algae species and abundance and 

species of invertebrates was noted. Data was 

analyzed using Microsoft Excel 2019 

(V.16.25). Transect lengths were separated 

into four length intervals: high tide zone (0-9 

m), mid-high tide zone (12-21 m), mid tide 

zone (24-33 m), and low tide zone (36-45 m), 

as these nine meter intervals help distinguish 

vertical zonation distributions of organisms. 

Diversity of invertebrates was calculated 

using Shannon-Wiener diversity index where 

𝐻 = − ∑𝑟
𝑖=1 𝑝𝑖 𝑙𝑛 𝑝𝑖.  To get an estimate of 

the percent cover of macroalgae for each of 

the four intervals, percentage cover was 

summed for each quadrat, and divided by 400 

(as four quadrats composed each intertidal 

length interval) and multiplied by 100. 

ANOVAs were conducted to determine the 

significance of differences in invertebrate 

diversity indices between intertidal intervals, 

and to determine the significance of 

differences in percent algae cover between 

intertidal intervals. In identifying invertebrate 

species, all organisms were at least identified 

to family level. With respect to algae 

identification, turfing and encrusting algae 

were labeled by their color, while 

unidentifiable species were categorized by 

their color and given a number (Figure 2).   

Results 

A total of 33 invertebrate species 

(Nodilittorina nodosa, Ostreidae, Littorinids, 

Chitonidae, Chelidonia sandrana, 

Petaloconchus, Conidae, Granta imbricata, 

Ascidiacea, Strombus mutabilis, 

Balanomorpha, Turbo haynesi, Cronia 

avellana, Echinolittorina australia, Morula 

nodicostata, Paguroidea, Cerithium zonatum, 

Tridacna, Echinometra mathaei, Nerita 

undata, Pocillopora, Cypraea moneta, 

Figure 2. Count of dominant invertebrate species found 

across all intertidal zones and transects. Others include: 

Petaloconchus, Conidae, Granta imbricata, Ascidiacea, 

Strombus mutabilis, Balanomorpha, Turbo haynesi, Cronia 

avellana, Echinolittorina australia, Morula nodicostata, 

Paguroidea, Cerithium zonatum, Tridacna, Echinometra 

mathaei, Nerita undata, Pocillopora, Cypraea moneta, 

Acropora, Holothuria, Palaeoheterodonta, Zoantharia, 

Echinopora, Cerithium tenellum, Mitra scutulata, Podabacia, 

Pyrene testudinaria, and Cerithium novaehollandiae. 

 
Figure 3. Algae species found and their percent cover 

of the study area across all transects and intertidal 

zones. 

Acropora, Holothuria, Palaeoheterodonta 

Zoantharia, Echinopora, Cerithium tenellum, 

Mitra scutulata, Podabacia, Pyrene 

testudinaria, and Cerithium 

novaehollandiae) and 5449 individuals were 

found, with the dominant species being 

Nodilittorina nodosa, 3961 individuals and 

Ostreidae, at 825 individuals (Figure 2). A 

total of nine algae species were found 

(Sargassum spp, Red turfing, Turbinaria 

ornata, Padina gymnospora, Red algae 1, 

Red algae 2, Green turfing, Green algae 1), 

with Sargassum and red turfing algae being 

the most prominent vegetation found across 

all transects (Figure 3).Across all transects, 

there was a significant difference in species 

diversity between the four intertidal zones 

with all transects 
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Figure 4. Diversity indices of invertebrates in intertidal length intervals across each transect. 

 

Figure5. Percent of macroalgae cover in intertidal zones across each transect. Variation was statistically 

significant among transects (p=0.0008) and intertidal zones (p=0.00002). 

 

combined (p < 0.00001) (Figure 4). The low 

tide zone had little diversity with an average 

index of 0.031, while the high tide zone had 

the highest diversity, with an average index of 

0.686. Further, the difference in the percent 

cover of macroalgae in each intertidal zone 

was also highly statistically significant (p = 

0.000021). The highest amounts of algae 

were found in the mid-high tide zone, with 

average percent cover being 19.7% (SD = 

0.208), while the lowest amounts were found 

in the low tide zone, with average percent 

cover being 2.44% (SD = 0.054) (Figure 5). 

The linear relationship between percent cover 

of macroalgae and diversity of invertebrates 

was extremely low in the high tide zone (R2 = 

0.01; p = 0.000027), the mid-high tide zone 

(R2 = 0.036; p = 0.15), and the mid tide zone 

(R2 = 0.07; p = 0.81), while it was moderate 

in the low tide zone (R2 = 0.4; p = 0.65) 

(Figure 6). 

Discussion 

Comparing results among tidal zones 

revealed that the high tide zone had the 

highest average diversity index while the low 

tide zone had the lowest average diversity 

index among invertebrates. Most other 

intertidal studies have shown opposing 

results, where diversity and richness tends to 

increase from high to low tide zones. This 

phenomenon has been attributed to the fact 

that most intertidal organisms are of marine 

origin, as opposed to terrestrial origin 

(Stephenson and Stephenson, 1949). 

Additionally, the high percentage cover of 

algae in the mid-high tide zone might be 

explained by the intermediate disturbance  
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Figure 6. Regression analysis of the relationship between invertebrate diversity and percent macroalgae cover for 

each intertidal zone: a. high tide (0-9m), b. mid- high tide (12-21m), c. mid tide (24-33m), d. low tide (36-45m). 

hypothesis, where mid-disturbance sites are 

more diverse because environmental factors 

reduce diversity at either extreme of the 

gradient (Connell, 1961). With respect to the 

relationship between macroalgae cover and 

invertebrate diversity, the weak linear 

relationship and insignificant correlation 

between percent macroalgae cover and 

diversity indices indicates that amount of 

vegetation cover does not influence diversity 

of invertebrates in zones past the high 

intertidal zone. Further, with regard to the 

correlation between percent cover of 

macroalgae and diversity of invertebrates in 

the high tide zone, although the relationship 

was significant, the low R2 indicates that 

algae coverage does not explain the 

variability in diversity indices. Thus, 

invertebrate diversity in the high tide zone is 

likely attributed to another factor. Thus, 

invertebrate diversity in the high tide zone is 

likely attributed to another factor. 

Conclusively, the results of this study cannot 

explicitly deduce that areas with higher 

vegetation diversity leads to higher levels of 

invertebrate diversity in the intertidal zone, as 

the relationship between the two factors was 

weak overall. With respect to patterns across 

transects, samples which were taken farthest 

from the boat ramp had a higher invertebrate 

diversity index in the high tide zone when 

compared to samples taken closer to the boat 

ramp (Figure 4). Further, higher percentages 

of algae cover were found in samples taken 

closer to the boat ramp in the mid-high tide 

and mid tide zones (Figure 5). This is likely 

due to human impact on the ecosystem, with 

increased nutrient levels causing excess algae 

growth, sunlight is unable to penetrate the 

surface of the water, decreasing the potential 

for photosynthesis by phytoplankton, which 

marine invertebrates rely on for food. 

However, this is not to say that vegetation 

does not impact species diversity in other 

ways, as flora is vital in providing food and 

cover for organisms within an ecosystem. For 

example, grazers such as molluscs eat 

bacteria off algae. Additionally, experiments 

along the California coast found that more 

diverse algal communities hosted more large 

and small invertebrate species than 

communities where only one species of algae 

was present (Best et al., 2014). This finding 

was attributed to the cover algae provides 

against the harsh conditions and predation 

present in the intertidal zone. This pattern was 

B A 

C D 
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somewhat consistent with the results 

presented in this study, where a higher 

diversity index of invertebrates was found in 

the mid-high tide area with higher 

percentages of algae cover (Figure 5).  

The research presented here is subject to 

several limitations, the first being that 

although sample sizes were large enough to 

represent the population and analyze 

relationships, few species were collected in 

the low tide zone, rendering most of the 

diversity indices to be zero. Further, only a 

small representation of invertebrates living in 

the submerged mid tide and low tide areas 

was found, as invertebrates tend to be uplifted 

and tossed by tides, consequently burying 

themselves in sand prior to emerging once the 

tide has retreated. Sampling in these 

submerged areas only consisted of what was 

in sight, while turning up the substrate might 

have yielded more species. With the 

understanding that intertidal ecosystems tend 

to be highly diverse, future research should be 

conducted with the aim of discerning what 

impacts this biodiversity, such as abiotic 

factors including water depth and temperature 

and type of benthic substrate, as these factors 

may provide further understanding as to how 

intertidal invertebrate diversity is related to 

abiotic habitat components. Further, I suggest 

increasing sample sizes to obtain a proper 

representation of the algae and invertebrate 

species present, along with more precise and 

significant relationships between the existing 

species in the intertidal zone at Coral bay. 

Although the results of the present study do 

not give sufficient insight as to how 

vegetation diversity impacts invertebrate 

diversity, supplementary research on how 

other environmental factors affect 

invertebrate assemblages would be useful 

knowledge in regards to a better 

understanding of the intertidal zone. Further 

investigation as to how biodiversity fluctuates 

within communities should be investigated in 

all ecosystems, specifically, studies on the 

relationship and biodiversity between flora 

and fauna and how abiotic and human 

impacts affect these associations. Results of 

these studies would be insightful as to the 

steps required to protect the resilience against 

continued degradation and improve rates of 

recovery following destruction. These 

community characteristics are vital for these 

assemblages to continue to provide humans 

with the ecosystem services we depend on.  
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Abstract 

Predation drives and selects for behavior and 

defense mechanisms in every organism. 

Octopuses display preferences when 

choosing their dens. Octopuses were found 

and recorded in dens on the rocky intertidal 

platform in Coral Bay, Western Australia. 

Den preferences were measured based on size 

of the den, distance from the start of the rock 

platform, distance to nearest ocean escape 

route, and the type of coverage around the 

den. Key findings included a preference for 

dens with a shorter distance to an ocean 

escape route (p < 0.00001). Additionally, it 

was observed that of the four cover types, 

octopus showed the highest choice for coral 

and algae as a den covering for camouflage. 

Octopus exhibit preferences for den location 

close to the ocean edge of the rock platform 

and along with a combination of algae and 

coral coverage on the rocky intertidal 

platform at Ningaloo Reef, Western 

Australia.  

Introduction  

Octopuses are highly intelligent creatures. 

They have been reported living at high 

densities on rock outcrops often observed as 

solitary individuals, exhibiting complex 

social behaviors (Scheel et al., 2016). They 

also exhibit the ability to store learned 

information over time (Mather and Kuba, 

2013). Physically, octopuses have a flexible 

muscular system allowing them to move on 

land. Because of this, they are able to move 

freely over rock platforms even when the tide 

is low. Escape routes are trusted paths used 

commonly in terrestrial animals to avoid 

predation. Often, escape routes are stored 

information learned over time (Mather, 

1994).  Dens that are closer to the escape 

route might suggest that octopuses use this 

tactic in addition to their camouflage.   

Octopuses are often found mimicking sea 

floor vegetation and even fish like flounder 

(Hanlon et al., 2008). Octopuses have a skin 

display system of unmatched complexity, 

making them masters of camouflage. 

Therefore, it was hypothesized that their dens 

would also be well hidden. Features specific 

to the intertidal zone include rocky tide pools, 

patches of dense macro algae coverage, and 

plentiful invertebrates adhered to the rock. 

This environment presents an area for 

octopus to seek protective coverage and feed 

on invertebrates living there. However, the 

intertidal zone is controlled by the rise and 

fall of the tides. Octopuses must be able to 

quickly escape their dens when tide is low or 

when potential predators pose threats to 

octopuses. In terrestrial ecology, escape 

routes are well known routes used by prey to 

avoid predation. This theory may play a role 

in average den location chosen by octopuses. 

An environment with little human influence 

is most desirable for observing hole location, 

ensuring that humans are not playing a 

significant role in the characteristics of 

octopuses’ den choice in the intertidal zone.  

A unique environment, Ningaloo Reef, is a 

pristine marine park in Western Australia. 

The marine park has little to no human 

disturbance and therefore is a prime location 

to examine octopus in the intertidal zone. The 

paradox of the intertidal zone a harsh 

environment that is governed by tides, yet it 

also provides shelter to octopus through use 

of holes in the platform as protective dens.  

The aim of this study was to assess size, 

cover, and distance from ocean escape of 

octopus dens in the intertidal zone on 

Ningaloo Reef, Western Australia. It was 
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Figure 1.  Map of study area at Coral Bay in Ningaloo Marine Park, Western Australia. Boat Jetty is shown with 

North and South rock platforms indicated. (map.net.au, google earth)  

hypothesized that octopuses use escape routes 

in order to avoid predation and as a result, 

dens with shorter paths to the ocean escape 

would be preferred over those with a longer 

distance to the edge of the ocean escape. It 

was also hypothesized that octopuses prefer 

dens on the rocky intertidal platform with 

camouflaging coverage like macroalgae.  

Methods  

Study Area 

Located within Ningaloo Marine Park, data 

was collected from 7 May–12 May 2019 at 

two rocky intertidal platforms on either side 

of the boat ramp in Coral Bay, WA( Figure 

1). The two rock platforms were comparable 

in size located in the intertidal zone. The 

North side was more heavily trafficked by 

boats. Additionally, it had significantly less 

algae coverage across the entirety of the 

platform. In comparison, the South side had a 

high overall algae coverage and little to any 

direct boat presence. 

Sampling Method 

Diurnal tides at Coral Bay meant that data 

was collected twice a day during low tide. 

Low tide was essential in order to see the 

octopus and their dens. Volunteers spread out 

in a line perpendicular to the beach and were 

instructed to walk at a slow pace scanning the 

entire rock platform in search of octopuses. 

Once an octopus was located, a tape measure 

was used to measure and record the distances 

from the den to the start of the rock platform, 

followed by distance from the den to the 

nearest path or ‘escape route’ to the ocean. 

This measurement was chosen because of the 

potential of an escape route playing a role in 

octopus den preference. Measurements were 

also taken for den size. Finally, descriptions 

of the den coverage and a photo ID of the den 

was assigned for each octopus found.  

Data Analysis 

Microsoft Excel was used to store data and 

create graphs. Data Analysis tools used in this 

study included a T-test assuming equal 

variances to compare the means of the two 

distance measurement: distance to start of 

rock platform and distance to closest escape 

route. Linear regression was used to see if 

there was any correlation between den size 

and type of cover e.g. coral, algae.  

Results 

The relationship between distance from the 

start of the rock platform and distance to 

ocean escape are not correlated (Figure 2). 

The two lines representing each variable are 

divergent. Therefore, a t-Test was conducted 

to determine how different the means of the 

two distances were. The difference between 

the two means is statistically significant
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Figure 2. Distance (in meters) of den from start of rock platform compared to distance required to ocean escape. 

Diverging lines indicate a divergent relationship trend in the two variables. 

 

Table 1. t-Test assuming equal variances between distance from the start of the rock platform in comparison to 

the distance to ocean escape. (p <0.05) There was a statistically significant difference between the average 

distance from the start of the rock platform and distance to ocean escape. 

 

 

(p < 0.0001) (Table 1), meaning that the two 

distances are statistically different from each 

other. 

A line graph (Figure 2) was used to display 

the two measurements of distance taken for 

every octopus den. Forty-eight total dens 

were observed. With respect to one outlier, 

the relationship between the two distances is 

divergent. Distance from the den to the ocean 

escape on average was shorter than the 

average distance from the den to the start of 

the rock platform.  

A t-Test assuming equal variances was 

performed in order to compare means 

between recorded distance from the start of 

the rock platform and distance to ocean 

escape. The t-Test yielded a significant p-

value (p < 0.00001), demonstrating a 

statistically significant difference between 

the two values of distances.  

Figure 3. Pie chart displaying types of cover 

surrounding dens. Dens were categorized into four 

categories of coverage types.   

A pie chart illustrated how the majority of the 

dens had some type of coverage (Figure 3). 

The most popular form of coverage was a 
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Figure 4. Categories of den coverage. (1) Coral 

surrounding den, (2) algae surrounding den,  (3) coral 

and algae surrounding den, and (4) no cover.  

combination of coral and algae cover (Figure 

4). The least popular form of coverage was no 

coverage at all surrounding the den. 

Average den size was calculated to be 5.6 cm 

(SD +/- 1.75). Dens were categorized into 

groups by their outside coverage. It was 

found that the majority of dens were those 

with coral and algae surrounding the den. 

Whereas, only 6% of the dens that were found 

had no coverage. 

Discussion 

Location of Den and Site Fidelity 

Octopuses favor dens which have short 

distances from the ocean escape. Octopuses 

are also masters of escape. They are able to 

easily adapt, learn, and remember 

information (Boal et al., 2000). This 

exploratory behavior, ability to learn, and 

retention of spatial information, allows them 

to develop a preference for a den that is in a 

safe location. Therefore, it supports the idea 

that dens with a quicker ocean escape would 

be preferred and even remembered by 

octopus. Octopuses are able to determine the 

safety of dens and this suggests that safety 

may play a role in den location choice. Site 

fidelity within octopuses could also confirm a 

preference for den choice. Two dens were 

observed to be occupied over multiple 

sampling periods. This confirmation of two of 

the same dens being recorded as occupied, 

could suggest site fidelity in octopuses on the 

rock platform. Octopus have been known to 

engage in site fidelity as they learn which 

areas are safe (Marco et al., 2015). A high site 

fidelity among rocky substrate areas affirms 

that the rocky intertidal platform at Ningaloo 

Reef would be an ideal habitat for octopuses 

to occupy. 

Den Covering and Size 

Den camouflage was exhibited in almost 

every den. Only six percent of all dens 

observed had no cover for camouflage. The 

most popular den coverage was the 

combination of coral and algae, likely 

because this combination is naturally 

abundant on the rock platform and provides 

camouflage that the octopus can easily 

mimic. Finding pieces of coral covering the 

inside of the den supports the idea that 

octopus actively bring items to camouflage 

their dens. Octopuses choose potentially 

suitable dens and modify them by removing 

rocks and sand and bringing in items partially 

to block the aperture (Mather, 1994), making 

it likely to find octopus in dens covered by 

pieces of dead coral. Often, dead shells and 

other items can be another choice of cover for 

octopuses, particularly when they return to 

their dens with food (Scheel et al., 2017). Den 

size fell anywhere within two centimeters to 

twelve centimeters, with the mean size being 

5.6 centimeters (SD +/- 1.75). Size of den 

could be a factor in terms of predation on 

octopuses. A smaller den could provide a 

favorable barrier against potentially large 

predators like green sea turtles (Caldwell, 

2005). Along with inking, preference for a 

smaller den size could be a defense 

mechanism employed by octopuses in the 

intertidal zone. 

Conclusion  

Octopuses den preference on the rocky 

intertidal platform can be broken down into 

size, type of coverage, and location from 

ocean escape route. Octopuses preferred dens 

with coral and algae cover over all the 

categories of coverage. Only 6 percent of 

dens had no cover at all, suggesting that 

octopus do take camouflage into 

consideration when choosing a den. A longer 
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average distance from the start of the rock 

platform and shorter distance from den to 

ocean escape indicates a preference for dens 

with a short distance to an ocean escape.  

Possible limitations of this study include 

timing of low tide. When the tide was high, it 

was significantly more difficult to view and 

locate octopus. Therefore, in a future study, it 

would be necessary to stick to sampling as 

close to low tide as possible. Another possible 

limitation could be the ability to tell if the 

same octopus was occupying the same den at 

two different sampling times. Since this study 

was not primarily interested in individual 

octopus species or behavior, individual 

octopus were not being identified. It might 

have been helpful to have a GPS to take exact 

den pin points in order to be more accurate in 

determining if the same den was being 

occupied and counted daily. Octopuses have 

complex memories and the abilities to store 

learned information (Boal et al., 2000). A 

future study focusing on site fidelity within 

octopus could be conducted to see if the same 

octopuses return to the same den and perhaps 

determine certain times when they may leave 

their dens. If octopus site fidelity can be 

determined, additional studies exploring 

octopuses’ memory could be helpful in 

understanding our own memories and 

neurological pathways. 
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Abstract 

Human impact has a negative effect on coral 

reefs at the global scale and local scale. It is 

unclear at what scale does human impact 

begin to negatively affect coral and if this 

could be predicted. Areas that have higher 

levels of human activity should experience 

greater amounts of unhealthy coral. To test 

this, data was collected at six sites in Coral 

Bay, Western Australia, each site varying in 

the amounts of human disturbance. At each 

site five 60 m transects were placed vertically 

to the shoreline and photo quadrats were taken 

every 5 m which were later analyzed based on 

percent of unhealthy coral as well as coral 

growth type. Results found that human impact 

showed no significant relationship to coral 

health, both as distance from shore increased 

and at different sites. Data, however, did show 

that foliaceous corals (34.58%) and columnar 

corals (34.51%) had the highest percentage of 

unhealthy coverage potentially inferring that 

these growth types may be more at risk. This 

should not dismiss the idea that humans are 

locally impacting coral health in as small an 

area as a single town. 

Introduction 

Coral reefs are a common recreational area 

throughout the world due to their high levels 

of biodiversity and overall beauty. They are 

often considered hotspots for ecotourism as 

well as commercial and recreational fishing. 

Activities such as these have helped influence 

an overall global decline in coral reef 

ecosystems due to physical and chemical 

damage. Nearly 60% of reefs have already 

been seriously damaged from human impacts, 

and 75% of reefs are at risk when these 

impacts are combined with the influence of 

rising ocean temperatures (Burke et al. 2011). 

Previous studies have estimated that coral 

reefs are at such a high risk that they will not 

be able to survive in the future without 

protection from human exploitation (Pandolfi 

et al. 2003). The global decline in coral health 

will most likely lead to devastating ecological 

impacts as coral reefs are often considered the 

backbone of oceanic ecosystems. Although 

coral reefs occupy less than one percent of the 

ocean’s floor, they are home to more than a 

quarter of all marine species (Cho 2011).  

In order to help prevent the continuation of 

coral health decline, an understanding of coral 

health at the local scale must also be 

considered. Certain reefs are at a higher risk 

than others most likely due to the extent of 

human impact in those areas. For example, 

according to Reef Resilience Network, almost 

95% of coral reefs in Southeast Asia are 

classified as threatened while only about 14% 

of Australia’s coral reefs are threatened. This 

can most likely being accounted to the higher 

population density in Southeast Asia. It is 

understood that factors such as high-water 

temperature can influence effects such as 

coral disease and bleaching. Although water 

temperature is most likely not a local factor on 

coral health, a factor that may have potential 

negative effects on coral health could be the 

amount of recreational activity that occurs 

there with activities such as snorkeling and 

diving. A previous study by Downs et al. 

(2013) showing that chemicals in sunscreen 

can negatively impact several different 

marine species meaning that areas that are 

trafficked by humans will be more affected. 

Coral Bay, Western Australia, is a popular 

tourist area as it is located directly on the 

Ningaloo Reef, the largest fringing reef in the 

world. Recreational activities such as 

snorkeling, diving, and boating occur there 

daily creating high levels of human impact. 

The town’s coastline stretches about 5 km, 
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varying in levels of human impact making the 

site ideal for measuring local effects. This 

study investigates how local human activities 

may be impacting coral health at six sites 

throughout Coral Bay by measuring the health 

as distance from shore increases, comparing 

overall health between areas with different 

levels of human impact, and comparing 

overall health between different coral growth 

types. Because humans spend more time near 

shore, it could be expected that corals that are 

closer to shore will be more unhealthy. 

Similarly, the level of health should be 

expected to decrease as the level of human 

activity increases at each site.  

Methods 

Coral Bay, WA is a highly trafficked tourist 

area which makes it an ideal area to 

investigate human impact. The north and 

south end of three bays surveyed for coral 

health between May 5th-11th 2019, each of 

which having different levels of human 

impact. This allowed the testing of the second 

alternate hypothesis that the level of human 

impact would have no effect on coral health. 

Bill’s Bay, being a common recreational 

beach, was the most trafficked area. Paradise 

Bay, which is the location of the town’s boat 

ramp, was the second most trafficked area 

(Fig. 1). Skeleton Bay, being only accessible 

by nearly a kilometer walk from Bill’s Bay, 

was the least trafficked. In order to test the 

first alternate hypothesis that coral health 

would be neutral as distance from shore 

increased, measurements were made from the 

start of the reef outwards to the open ocean. 

Starting points at each site were randomly 

chosen and five 60 m transects were placed 10 

m apart along the reef, vertical to the 

shoreline. The length of each transect was 

swam with photos quadrats taken every 5 m, 

1 m above the coral. The beginning of each 

transect was at the start of the reef and from 

there extended outward. Photos were 

analyzed and corals were grouped by five 

growth types; laminar, branching, columnar, 

foliaceous, and massive, as well as the site 

they were observed, and the distance from the 

start of the reef. Coral health was visually 

 
Figure 1: An overhead view of Coral Bay, Western 

Australia with sites Skelton Bay, Bill’s Bay, and 

Paradise Bay labeled. (Google Earth) 

assessed depending on if a coral appeared to 

be pale, bleached, diseased, physically 

damaged, or dead. Only corals that were alive 

were counted, discarding any piles of coral 

rubble or debris. Photo quadrats that 

contained no coral were also discarded from 

the data. The overall percentage of unhealthy 

coral in each transect was then estimated 

(Figures 2 & 3). When two or more coral 

growth types were present in the same 

quadrat, each growth type’s health was judged 

based on the overall percentage of the entire 

quadrat. For example, if the entire percentage 

of columnar coral was diseased in a quadrat 

but that coral type only made up 15% of the 

quadrat, 15% diseased would be noted for that 

individual quadrat. 

To determine the relationship between coral 

health and distance from shore, each quadrat 

was grouped across each site based on its 

distance measured from the start of the reef. 

An average of the percentage of quadrat that 

was estimated to be unhealthy was taken for 

Skeleton Bay 

Bill’s Bay 

Skeleton Bay 

Bill’s Bay 

Paradise Bay 
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Figure 2. A laminar coral from Paradise Bay North 

deemed to be unhealthy. The percentage of the coral 

that is discolored was estimated to be 60%.  

 

Figure 3. A foliaceous coral from Bill’s Bay South 

deemed to be healthy. 0% of this coral was estimated 

to be unhealthy.  

each grouping. To compare the relationship  

between distance from shore and coral health, 

a single-factor ANOVA was run. The 

significance of the results was determined 

depending on the P-value that was received 

from the test. A regression analysis was also 

run to determine the direction of the 

relationship between the two variables. Each 

quadrat was subsequently grouped by coral 

growth type in order to determine if certain 

growth types may be more likely to be 

unhealthy. A single-factor ANOVA was used 

to test the significance of this relationship. 

Lastly, in order to observe any differences in 

overall coral health at each site, corals were 

grouped depending on which of the six sites 

they were found in. An overall average 

percentage of unhealthy coral was then 

calculated as well as standard error. 

Results  

Of the 390 quadrats measured, 453 corals 

were recorded. The most common growth 

type found was columnar, which was located 

within quadrats 171 times, while the least 

common growth type was branching which 

was located within quadrats only 45 times 

(Fig. 4). On three occasions an encrusting 

coral was located within quadrats and on one 

occasion a free-living coral was located 

within a quadrat however due to a low sample 

size these results were not considered in 

further analysis. Growth type composition 

varied among. A significant relationship was 

found between coral health as distance from 

the start of the reef increased (P-value = 

0.000139) however an r2 value of 0.3144 

indicates a low association between the trend 

and the slope of -0.1759 (Figure 5).  

Figure 4. The total count of each coral growth type 

across all quadrats.  

 

Figure 5. Average percent cover of diseased coral at 

each distance interval based on data from six study sites 

in Coral Bay, WA. Trendline depicts negative 

correlation as distance increases.  

The highest percentage of unhealthy coral 

was found in Skeleton Bay North where 

45.17% (SE = 2.38) of coral was found to be 

unhealthy. Paradise Bay South was found to 

R² = 0.3144
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have the lowest percentage of unhealthy coral, 

being 23.83% (SE = 2.18) (Figure 6). 

 

 

Figure 6. Percentage of all coral growth types deemed 

to be unhealthy at each study site in Coral Bay, WA. 

Error bars denote standard error. 

Foliaceous corals were found to have the 

highest percentage of unhealthy coverage at 

34.58% (SE = 2.12) with columnar corals 

being nearly identical at 34.51% (SE = 1.58). 

Massive corals were found to have the least 

percentage of unhealthy coverage as 25.40% 

(SE = 2.33) was estimated to be unhealthy 

(Figure 7). A significant difference in the 

percent of unhealthy coral was found between 

coral growth types (P-value = 0.000389).  

 

Figure 7. Percentage of each coral growth type deemed 

to be unhealthy over six study sites in Coral Bay, WA. 

Error bars denote standard error.  

Discussion 

The alternate hypothesis that the percentage 

of unhealthy coral will decrease as distance 

from shore increases was unable to be 

supported due a significant but weak 

correlation (r2 = 0.3144). A similar study by 

Onton et al. (2011) at Ningaloo Reef studied 

the relationship of coral disease and human 

impact. Their results showed that disease 

prevalence had no relationship to human 

impact but was rather caused by natural 

stressors. This may not indicate the lack of 

relationship between coral health and 

localized human impact in this study, 

however, coral disease was one of the factors 

that qualified a coral to be unhealthy.  

The second alternate hypothesis that a higher 

percentage of coral would be healthy at sites 

experiencing a low amount of human activity 

was also not supported. Skeleton Bay North 

had the highest percentage of unhealthy coral 

at 45.17% of all coral. This is opposite of what 

was expected as Skeleton Bay is the least 

human trafficked of the three bays. Similarly, 

Paradise Bay South had the lowest percentage 

of overall unhealthy coral coverage (23.83%) 

although it is the second most human 

trafficked of the three bays. These results 

indicate that overall coral health is not 

significantly different in as small of a scale as 

a 5 km shoreline. This infers that factors 

outside of human impact are influencing a 

decline in coral health. A similar study was 

conducted by Williams et al. (2015) in order 

to assess the human impacts on coral reefs 39 

Pacific islands by measuring biophysical 

relationships among corals. Contrary to my 

findings their results showed human impact 

does directly negatively impact coral on the 

local scale. These results may differ as their 

study was conducted at completely 

unpopulated areas which may truly depict the 

lack of human impact. 

Foliaceous corals had the highest percent 

coverage of unhealthy coral out of the growth 

types indicating that it may be the most prone 

to becoming unhealthy. This may be 

accounted to foliaceous corals growing 

slower than other growth types which allows 

them to be outcompeted (Hughes et al. 1985). 

Contrarily, massive corals showed the lowest 

percent coverage of unhealthy coral out of the 

growth types indicating that they be the least 

prone to becoming unhealthy (Figure 6). A 

study by Cantin et al. (2010) found that 

massive corals are able to recover from 
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natural events which may be why they were 

seen as the least unhealthy. 

The inability to access an area that 

demonstrate the complete lack of human 

impact on a coral reef was a limitation to this 

study. This would allow a more accurate 

comparison between human impacted sights 

and non-human impacted sights. Also, 

because photo quadrats were being used 

directly from above, only the corals on the top 

layer were able to be measured restricting any 

corals beneath them from being counted. A 

major limitation was the distance from shore 

that was able to be measured. Without the 

access of a boat it is difficult to measure a 

larger transect which may show a more 

definitive trend in the relationship between 

coral health and distance from shore. 

Transects of 60 m were chosen due to transect 

tape availability as well as the lack of time 

available. Future studies could include sites 

that show greater variance in amount of 

human impact. 

Conclusion 

Human impact on coral reefs has been 

observed to cause a decline in overall health 

at a global scale. In Coral Bay, WA there was 

no evidence found that human impact 

increases the likelihood of coral being 

diseased both as distance from shore 

increased as well as at sites that varied in 

amounts of human activity. Certain coral 

growth types however were found to be 

unhealthy more often than others, specifically 

foliaceous and columnar. Although no 

significant evidence was found it does not 

dismiss the possibility that humans negatively 

impact coral as locally as in a single town. 
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