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ABSTRACT 

Distribution, diversity, and anemonefish associations of host sea anemones 

(Actiniaria) in the eastern Red Sea 

Morgan Bennett-Smith 

 

The relationship between clownfish and sea anemones is a beloved and iconic 

example of marine symbiosis. However, ecological information in the eastern 

Red Sea about the endemic Red Sea clownfish, Amphiprion bicinctus, and its 

host sea anemones remains relatively incomplete. For example, previous studies 

report that A. bicinctus forms mutualistic relationships with three to five host 

anemone species in the Red Sea. But the reported number and combination of 

host anemone species varies substantially among sources and little is known 

about host anemone distributions at different scales on the eastern coastline. To 

better understand the ecology of A. bicinctus and its host sea anemones, we 

conducted 70 surveys in three regions of Saudi Arabia and one region in Djibouti. 

We then analyzed distribution patterns for all anemone species observed in 

these regions, to attain deeper knowledge of anemone habitat usage and relative 

abundance. We recorded six host sea anemone species associated with A. 

bicinctus in the Red Sea, one of which represents a new case of symbiosis, and 

we identified differences in species composition and abundance across different 

reef scales. We noted patterns of decreasing anemone diversity with increasing 

latitude, beginning at 20° N, and greater overall anemone abundance in the 

central Red Sea. We also used field and laboratory observations to examine 
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anemonefish abundance, survival, and fecundity on different species of 

anemones at different life history stages. In sum, this thesis collectively identifies 

eastern Red Sea anemone hosts for A. bicinctus, evaluates their regional and 

fine-scale distributions, and assesses how different anemone species impact 

their anemonefish occupants on different levels.  
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1 Introduction 

1.1 Host sea anemones: habitats within habitats 

Understanding how marine habitats are composed, distributed, and utilized by 

different species is a critical component of coral reef ecology and monitoring, 

particularly as climatic stressors continuously reshape coral reef communities 

across the world (Komyakova et al., 2019, Pisapia et al., 2019). Most coral reef 

habitats are based around limestone coral structures, which can be considered 

the “building blocks” of the reef. These diverse, three-dimensional frameworks 

provide shelter, refuge, and foraging grounds for hundreds of thousands of 

species (Caley et al., 2014, Rogers et al., 2018,  Zgliczynski et al., 2019). Many 

resident species occupy a narrow range of habitat types or associate with certain 

species of coral, intrinsically linking species with their living habitat (Wilson et al., 

2010). While stony corals make up the foundation of the reef, other benthic 

organisms also play important roles as habitat for fish and invertebrates. Giant 

sea anemones of the order Actiniaria are one group of anthozoans on coral reefs 

that directly serve as habitat for other organisms, including the most iconic 

pomacentrid, the anemonefish.  

Giant sea anemones and their mutualistic anemonefish are ecologically 

important constituents of coral reefs from the Indian to Western Pacific Oceans 

(Dunn 1981). Host sea anemones protect anemonefish and their eggs from 

predators via nematocyst-laden tentacles, and in return, the anemonefish provide 

the host anemone with waste products, oxygenation, and protection from 

actinivores (Modi et al., 2008, Szczebak 2011, Buston 2003, Porat and 
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Chadwick, 2004). While the mutualism between anemonefish and sea anemones 

is a popular case study for coral reef symbiosis, giant sea anemones also host a 

variety of other organisms at different life history stages, from crustaceans to 

algal endosymbionts. Many of the organisms that rely on giant sea anemones for 

protection and habitat are obligate in their use of anemone species and also 

provide important services on the reef, such as parasite removal by anemone-

dwelling cleaner shrimp (Huebner et al., 2012). All together, these examples 

highlight the importance of sea anemones as habitats on coral reefs.  

1.2 Host sea anemone habitat quality 

Habitat quality is a key component in the fitness of residents for a range of 

marine species (Piercy et al., 2014). Habitat quality can have both direct (lethal) 

and indirect (sublethal) impacts on residents (Pratchett et al., 2004, Coker et al., 

2009). For example, damselfish that associate with certain species of branching 

corals were shown to avoid predation better in healthy coral colonies than in 

bleached or dead corals (Coker et al., 2009). Other species, such as butterflyfish, 

may experience sublethal impacts in degraded habitats, including a decrease in 

hepatocyte vacuolation (a proxy for levels of lipid stores) in individuals on 

bleached coral reefs (Pratchett et al., 2004).  

The physical differences between giant sea anemone species and their 

fine-scale spatial distributions may represent variations in habitat quality for the 

organisms that reside within their tentacles and may drive habitat partitioning, 

differences in survivorship, and fecundity for inhabitants (Chadwick and 

Arvedlund, 2005). Amphiprion bicinctus, for example, uses a smaller, sparser 
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anemone species, Heteractis crispa, as habitat at juvenile stages and other 

larger species such as Entacmaea quadricolor or Heteractis magnifica as adults 

(Chadwick and Arvedlund, 2005, Dixon et al., 2017, personal observations). This 

partitioning is likely due to different qualities of protection that the anemones 

provide. Younger, smaller anemonefish are suitably protected in the shorter 

tentacles of H. crispa. But as they age, these fish “outgrow” this species of 

anemone and may move to larger species such as H. magnifica. The differences 

in morphology between different species of sea anemones may confer benefits 

or disadvantages to tenant species, as do differences in the overall health of 

members of the same species.  

1.3 Diversity of host sea anemones 

Globally, there are ten known host species of giant sea anemones. These occur 

in three subfamilies within Anthozoa: Actiniidae, Stichodactyla, and 

Thalassianthidae (Rodríguez et al., 2014). Unlike stony corals, sea anemones 

lack hard skeletons and rely on internal musculature and hydrostatic pressure for 

structural support (Dunn 1981). Host sea anemones are typically solitary, as 

opposed to most other colonial Anthozoans.  

Sea anemones are relatively simple in form. They consist of a tube-

shaped body closed on each end. The bottom end (the “foot” or “pedal disc” of 

the animal) may be pointed for burrowing into sediments, or broad and adapted 

for anchoring onto hard substrates. Most host giant sea anemones have a broad, 

muscular pedal disc. The opposite end of the body column terminates in the oral 

disc, which is usually much wider than the column. In the center of the oral disc is 



15 

the mouth, through which they ingest food and also excrete wastes. The oral disc 

is covered in nematocyst-containing tentacles, which help capture prey and pass 

food to the mouth. The tentacles and oral disc also contain algal endosymbionts, 

as in most stony coral species. Through this symbiosis, anemones derive most of 

their energy, although they also rely on heterotrophic inputs (Bachar et al., 2007). 

While all giant sea anemones share the same core morphological 

characteristics, they may differ in physical size, tentacle structure, color, and 

reproductive strategy (Fautin and Allen, 1992). Several features are used as 

diagnostics in identifying giant sea anemones in the field (Figure 1). One is the 

number, shape, and arrangement of tentacles. Tentacles can be short (less than 

3 cm) or long (more than 10 cm), and their length may vary in different parts of 

the oral disc. This is useful to distinguish among the three different carpet 

anemones (Stichodactyla spp.). Tentacle morphology is also important, as 

tentacles can be blunt, pointed, bulbous, forked, or other shapes. Some species 

have plastic tentacle morphologies and should not be identified solely on this 

basis. Another useful diagnostic for distinguishing among giant sea anemone 

genera is the presence and prevalence of warty projections on the column, called 

verrucae. Verrucae adhere to pieces of sediment and in some species help hold 

the oral disc open. Other factors for distinguishing among genera include habitat 

preference, color pattern, response to disturbance, and the symbionts that they 

host. However, intraspecific differences in external morphology can complicate  
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Figure 1 Diagram of external morphology of a common Red Sea host anemone, Stichodactyla 
mertensii (created by Justine Braguy and Morgan Bennett-Smith). 

 

field identifications, especially if plastic morphological characteristics are 

compared. For example, coloration or tentacle shape may be unique to some 

species but highly variable and ineffective as a diagnostic in others (Dunn 1981). 

Physical differences in host sea anemones may help drive differences in the 

behavior and fitness of their resident symbionts.  

1.4 Distributions of host sea anemones 

Anemonefish-hosting giant sea anemones live throughout the tropics and 

collectively host 30 species of anemonefish (Figure 2, Litsios et al., 2012). In 

some regions, including parts of the coral triangle, all ten species of host 

anemone overlap, providing anemonefish with a variety of habitat (Fautin and 

Allen 1992). In other areas, including the Gulf of Aqaba, there are as few as two 

species of host anemone offering habitat to anemonefish (Huebner et al., 2012). 
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These geographic differences in anemone species diversity may be an important 

factor in the host specificity of anemonefish.  

Host anemones may exercise some degree of control over their fine-scale 

distributions. Sea anemones are generally motile and can move with slow 

contractive movements of their pedal discs. Much is unknown about sea 

anemone movements; some anemone species may be able to move in unusual 

ways, such as one species that releases its hold on the substrate in unfavorable 

conditions and lets oceanic currents move it (Izumi et al., 2016). Host anemones 

partition habitats by species to some degree, and their relative mobility 

(compared to sessile corals, for example) may play a role in this partitioning 

(Fautin and Allen, 1992). Fine-scale anemone distributions may be important for 

the settlement and dispersal processes of their symbiont inhabitants; by 

recognizing these distribution patterns researchers can better use predictive 

models to anticipate changes in response to environmental fluctuations (Almany 

et al., 2017, Azzellino et al., 2012, Garza-Pérez et al., 2004). 
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Figure 2 Global distribution of all ten extant host sea anemones (red points represent reported 
sampling sites for all species). Ocean Biogeographic Information System, 2020.  

1.5 Red Sea host sea anemones 

Published information on giant sea anemone hosts for the only endemic Red Sea 

anemonefish, A. bicinctus, is largely conflicting, inconsistent, and hard to find. By 

limiting research access, Middle Eastern geopolitics often complicates our ability 

to confirm the identities and distributions of many Red Sea species, thus 

hampering efforts to better understand their ecology. More than 50% of all 

publications from the Red Sea come from the northern Gulf of Aqaba or Sinai 

Peninsula, but this region constitutes less than 2% of the total Red Sea 

(Berumen et al., 2013). The comparatively smaller pool of publications directly 

investigating Red Sea sea anemones is even more biased towards this region, 

with around 80% of research published on this topic from the Sinai Peninsula 

(based on an ISI Web of Knowledge review, further discussed in section 2.1). 
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Studies from the Red Sea typically list three to five species of giant sea 

anemones as hosts for A. bicinctus. These anemone species, depending on the 

publication, typically include a combination of Entacmaea quadricolor, Heteractis 

magnifica, Stichodactyla mertensii, Heteractis crispa, Stichodactyla gigantea, and 

Heteractis aurora (Fishelson 1970, Fautin and Allen, 1992, Chadwick and 

Arvedlund, 2005, Nanninga et al., 2012, Emms et al., 2019, Figure 4). The 

terminology used to describe sea anemone associations can also be confusing—

some studies mention sea anemones that do associate with certain clownfish, 

but only in captivity and not within the host and occupant’s natural range 

(Delbeek and Sprung, 2002).  

Red Sea sea anemones are subject to unique environmental conditions, 

including extreme temperature and salinity stress. Oceanographic conditions in 

the Red Sea typically cause cooler, more saline water in the north and warmer, 

fresher waters in the south. These conditions may be responsible for distribution 

patterns that follow a north-south gradient.  

1.6 Primary objectives 

This thesis has three main objectives. First, it identifies all host sea anemone 

species surveyed across three regions of the Saudi Arabian Red Sea and one in 

Djibouti, spanning ~1,750 kilometers. With that information, the thesis establishes 

a comprehensive “resident species” baseline for this region. Second, it 

investigates how the distribution and abundance of host anemone species vary 

within reefs, among reefs, and among regions of the Red Sea. Third, using a 

laboratory breeding colony, field data, and a preliminary predation study, this 
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study investigates how anemonefish abundance, survival, and fecundity vary 

among host anemone species. Analyzing how different anemone habitats affect 

their resident anemonefish helps us better understand why anemonefish choose 

one anemone species over another. It also may allow us to predict the 

downstream impacts of changing sea anemone distributions, since those critical 

changes, stemming from climate stressors, can influence entire anthozoan 

communities. 
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2 Materials and Methods 

2.1 Literature review: anemone hosts for A. bicinctus in the Red Sea 

To determine the total number of host anemone species for A. bicinctus, 

published records of giant sea anemones in the Red Sea were examined. This 

was first accomplished by querying the Ocean Biogeographic Information System 

(OBIS) for published observational records of sea anemones in the Red Sea. 

Taxon ID 1360 (Actiniaria) was used to search for Red Sea records using the 

following database layer areas: 40033, 10248, 10249, 121, 63, and 34264. 

Further, an ISI Web of Knowledge review was conducted for other publications 

that may not have directly produced in situ database records. This was done 

using the Web of Science Core Collection, using search terms “Red Sea”, “giant 

sea anemones”, “host sea anemones”, “Actiniaria”, and “Amphiprion bicinctus”, 

filtering results from 1900-2020. 

 2.2 Field surveys 

To determine the diversity of host anemone species and describe their spatial 

distribution, visual SCUBA surveys were conducted on reefs in the southern, 

central, and northern regions of the Saudi Arabian Red Sea, and one region in 

Djibouti. All anemones encountered on surveys were photographed and 

identified to species. Most anemones were photographed with an Olympus OMD 

EM1 Mark II mirrorless camera inside a Nauticam underwater housing with Sea 

and Sea YSD2-J strobes. Other photographs were taken on Canon G7X 

cameras inside Meikon underwater housings or a Canon 5DIV inside a Nauticam 



22 

underwater housing. In habitat assessments, patches of anemones separated by 

less than one meter were treated as a group. To estimate the size of these 

groups, all anemones were counted and up to five anemone pedal disc 

diameters were measured. This was almost exclusively relevant to H. magnifica, 

which can form aggregations in some areas. Entacmaea quadricolor occasionally 

forms small groups usually not exceeding two anemones, but this is rare.  

 

Southern Saudi Reefs  

SCUBA surveys were conducted at 29 different sites in the Farasan Banks in 

February 2019 and January-February 2020. Surveyed reef latitude and longitude 

coordinates spanned from 19.7895 40.1456 to 19.7933 40.3990. Roving 

transects were conducted by survey teams of 2-3 people for ~one hour periods, 

and all anemones encountered were identified and photographed. 

  

Central Reefs 

Twenty visual SCUBA surveys were conducted at central Red Sea sites from 

June-December 2019. Survey locations were distributed on a N-S gradient from 

22.5078 38.9503 to 22.2614 39.0525, spanning about twenty-eight kilometers. 

Surveys consisted of front reef and back reef roving SCUBA transects, with a 

duration of approximately one hour each. Survey teams consisted of two to three 

divers; team members photographed, recorded observational data, and GPS-

marked each anemone. Anemone size (maximum oral disc diameter), number of 

anemonefish, number of other damselfish (e.g., Dascyllus trimaculatus), depth, 
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substrate type, and anemonefish egg presence were all recorded for every group 

encountered. Survey tracks were imported using the software Garmin HomePort 

(Garmin Ltd, Lenexa, Kansas) at the end of each day. 

 

Northern Reefs 

Observations were made on 11 different reefs in the Al Wajh lagoon in February 

2020. Reefs were located from 25.8845 36.5862 to 25.5734 36.6936. Roving 

SCUBA dives of 30-60 minutes were conducted and all sea anemones 

encountered were photographed. 

 

Djibouti 

SCUBA surveys were conducted for 60–90 minutes at each of 13 different 

Djibouti reef sites, from 11.9586 43.3131 to 11.5102 42.6716. Roving transects 

followed zigzag paths swimming from a depth of 30 meters (or the bottom of the 

slope if that was less than 30 meters) to shallow water < 1m deep if possible 

(depending on weather conditions).  

 

Morphology 

To identify different sea anemone species in the field, individual anemones 

encountered on SCUBA surveys were first carefully photographed. External 

morphological characteristics (e.g. coloration pattern, size, column, verrucae, 

tentacle structure) were assessed in the field and cross-checked with 

dichotomous keys (Dunn 1981, Fautin and Allen, 1992). Representative 
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specimens of opportunistically-sampled species were transferred alive to the 

laboratory, where they were kept in flow-through aquaria in SeaLABS on the 

campus of the King Abdullah University of Science and Technology. These 

specimens allowed more careful examination of structures difficult to assess in 

the field, such as the prevalence of verrucae towards the pedal disc. Lab 

specimens were used to confirm field identifications and photographs. 

2.3 Laboratory breeding program 

To investigate variation in habitat quality among anemone species, an A. 

bicinctus breeding population was established at the King Abdullah University of 

Science and Technology (KAUST) in the SeaLABS facility.  

 
Collection procedure 

Sea anemones and anemonefish pairs were collected from local Thuwal, Saudi 

Arabia reefs on SCUBA, in accordance with approved KAUST Animal Study Plan 

(ASP) 18IACUC13. Sea anemones are very susceptible to pedal disc damage 

from collection, and appropriate care was taken to remove the rock or other 

substrates to which the collected specimens adhered. Anemones were size 

matched across all species, between 25-35 cm in diameter. Once removed from 

rockwork, the sea anemones were kept submerged in bucket containers and 

transported back to the aquarium facility in coolers. Anemonefish were kept with 

the sea anemones they were found in, and collected with hand nets and clove oil 

also in accordance with the approved IACUC plan. They were similarly stored in 

aerated coolers during transport.  
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Once in SeaLABS, anemonefish pairs and sea anemones were kept 

together and randomized in flow-through aquaria (Figure 3). Anemones were 

temperature and salinity acclimated by partial water changes in temporary 

containers, until the temperature and salinity approximately matched aquarium 

levels (~28 °C and ~40 ppt). All introduced animals were allowed to acclimate in 

the dark for 24 hours before the first feeding and lighting schedules began.  

 

Breeding facility 

To investigate the effects of habitat quality on early-stage anemonefish, a 

breeding population of A. bicinctus and different local sea anemone species was 

established within the SeaLABS facility. The adult anemonefish colony consisted 

of six 600-liter aquarium cabinets, divided into two separate aquariums per 

cabinet that received constant flow-through seawater filtered through several 

layers of sand and mechanical filtration. Anemonefish pairs were provided with 

either a S. mertensii, E. quadricolor, H. magnifica, or a clay pot (i.e., control). 

Anemones and controls were established in triplicate for a total of 12 breeding 

pairs (Figure 3). Lighting, which is critical for sea anemones, was provided by 

Ecotech Radion XR15 or XR30 LED aquarium lights run on a custom Ecotech 

EcoSmartLive lighting schedule and tested for appropriate PAR and LUX levels 

(Ecotech Marine, Allentown PA). Light schedules ramped from 0% intensity to 60 

% intensity over a 12-hour period. Maxspect Gyre aquarium pumps were 

installed in all aquariums with sea anemones and set to oscillating flow patterns. 

Neptune Systems ApexEL units were used to monitor temperature, pH, and other 
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system components in the adult breeding colony, as well as control temperature 

and lighting in larval breeding aquaria.  

To culture larvae for predation experiments, a separate larval rearing 

system was established. Within three hours of hatching, larvae were transferred 

from their parents’ aquarium to a 100-liter rearing tank which was pre-filled with a 

mix of 50% seawater from the parent tank and 50% clean filtered seawater. 

Larvae were maintained with fine aeration and temperature control. 

 

Figure 3 Diagram of the adult Amphiprion bicinctus breeding colony in the Coastal and Marine 
Resources Core Lab, King Abdullah University of Science and Technology. Blue anemone 
illustrations represent Entacmaea quadricolor, yellow represent Heteractis magnifica, and red 
represent Stichodactyla magnifica. Clay pots were provided as control substrates in aquariums with 
no anemone species. All aquriums had a wild-collected pair of A. bicinctus.   
 

Breeding colony maintenance during 9-month observational period 

Anemonefish were fed a custom diet of frozen and commercial foods, twice per 

day. Aquariums were cleaned once per week, and temperature, pH, and salinity 

were recorded once per day. Anemonefish breeding was recorded daily and egg 

stage and date-of-hatch was documented for each clutch. Adult system 
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monitoring was conducted with Neptune Systems Apex PM1 and PM2 modules, 

which are cloud-controlled water quality control and measurement units that 

provide redundancy to daily manual measurements. Temperatures in the 

SeaLABS fluctuated somewhat based on ambient water temperatures from the 

source; however, summer temperatures were capped at around 28 °C by 

external chiller units, and were generally between 25 °C and 28 °C. Larval tanks 

received greenwater (a standard aquaculture algal-based water tint that helps 

diffuse light evenly in the water column) for the first 4-5 days of rearing to 

encourage successful prey capture, and were fed a diet of live rotifers and 

artemia until large enough to feed on commercially-formulated pellet diets.  

2.4 Predation study 

A preliminary investigation into anemonefish recruit predation on different 

species of anemones was conducted in the SeaLABS facility. Settlement-stage 

anemonefish (15-20 days post-hatch) were settled onto different species of host 

anemones in experimental aquariums. After they were acclimated, predatory reef 

fishes were introduced to the experimental tanks and anemonefish survivorship 

was monitored for three days. 

Sea anemones (an additional three each of E. quadricolor, S. mertensii, 

and H. magnifica) were collected separately for this experiment, following the 

same protocol as in Section 2.3. Sea anemones were acclimated and 

randomized into experimental aquaria, which consisted of six 300-liter 

aquariums, divided in half, for a total of 12 tanks. Individuals of each anemone 

species were placed in separate aquariums before the start of the experiment. 
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Each of the three anemone species treatment groups and one clay pot control 

group was replicated three times (nine tanks with one anemone each, three 

tanks with one clay pot and no anemone). 

Predatory reef fishes (Balistapus undulatus) were collected by hook-and-

line fishing on SCUBA, from local reefs in Thuwal, Saudi Arabia. This species 

was chosen after pilot trials on several generalist reef predators. Predators were 

temporarily housed in mesh catch bags underwater and transported back to 

SeaLABS in aerated coolers (in accordance with a separate IACUC Animal 

Study Plan, 19IACUC09). Before the experiment, predators were acclimated and 

housed in separate aquariums.  

At the start of the experiment, all anemonefish recruits and predators used 

in the experiment were measured and photographed. Anemonefish recruits were 

chosen randomly from a breeding pool and randomized into the 12 aquariums. 

Three recruits were added to each tank, for a total of 36 anemonefish. Predators 

were added at 0900h to two of the three replicates of each treatment type, for a 

total of eight predators (one of each anemone species, and the control was left 

without a predator as an additional control). Surviving anemonefish recruits were 

counted at intervals of 1, 1.5, 2, 3, 6, 9, 24, 27, 30, 33, 48, 51, 54, 57, and 72 

hours after predator introduction. All remaining fish at the end of 72 hours were 

counted and removed from the experiment. The entire experiment was repeated 

three times in December, 2019.  
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2.5 Data analysis 

All statistical testing was conducted in R (RStudio Team (2016). RStudio: 

Integrated Development for R. RStudio, Inc., Boston, MA URL 

http://www.rstudio.com/). This study used Fisher Exact Tests to compare 

anemone distributions across different reef scales (R function: fisher.test, R base 

function with default parameters). In cases where contingency tables exceeded 

2x2 formats, Freeman-Halton extensions were applied to Fisher Exact Tests (R 

function: fisher.test; Fisher-Freeman-Halton is applied automatically for tables 

exceeding 2x2 formats). Anemone depth, abundance, and size distributions were 

tested for normality using Shapiro-Wilk tests and quantile-quantile plots, and, 

depending on normality, ANOVAs or Kruskal-Wallis Tests were used to 

determine whether significant differences exist between species (R functions: 

shapiro.test, ggqqplot, aov, kruskal.test). Two-tailed t-tests (normal distributions) 

or Mann-Whitney Tests (non-normal distributions) were then used to compare 

specific groups where applicable (R functions: pairwise.t.test, 

pairwise.wilcox.test; p-values were corrected for multiple testing using the 

Bonferroni method, p.adjust). Regional data was likewise tested for normality, 

and Student’s t-tests were used to test for significant differences in anemone 

abundance between regions (R function: t.test) A multiple regression analysis of 

anemonefish abundance, with anemone depth and size as independent variables 

of the linear model, was used to investigate the influence of these factors on 

anemonefish group sizes (R function: lm(anemonefish number ~ anemone depth 

+ anemone size). Anemonefish breeding data was analyzed with linear 
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regression and correlation tests to compare clutch production, anemone species, 

and physical parameters (R functions: lm(mean days to hatch ~ mean 

temperature, cor). Anemonefish survivorship with and without predators in 

experimental tanks was plotted for each anemone species to visualize trends in 

preliminary predation trials. 

3 Results 

3.1 Literature review: sea anemones that host Amphiprion bicinctus in the 

Red Sea 

Publications from the Red Sea vary in their descriptions of resident host sea 

anemones for A. bicinctus. A literature review revealed six combinations of host 

sea anemones that reportedly host A. bicinctus (Figure 4). These combinations 

may be repeated by literature sources not included in Figure 4 - for example, 

many publications reference Fautin and Allen (1997) and state, “the five species 

of sea anemones that host Amphiprion bicinctus are Stichodactyla gigantea, 

Heteractis magnifica, Heteractis crispa, Heteractis aurora, and Entacmaea 

quadricolor.”  As this is the most common combination reported in the literature, it 

is repeated once in Figure 4 (Fautin and Allen, 1997; Fishbase 2020).  

The Ocean Biogeographic Information System search criteria produced 

157 results for all anemone species within the defined Red Sea database layers, 

while the Web of Science Core Collection yielded 191 search results. Both of 

these review methods were used to identify these combinations of host sea 

anemones reported for A. bicinctus. No specimens or photographs of S. gigantea 
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in the Red Sea were found in the review, but at least eight observations for this 

species are purported from the Red Sea (Fautin 2013). Sources that listed 

Stichodactyla species as host for A. bicinctus only listed one member of this 

genus, if any were included.  

 

Figure 4 Matrix of selected publications differing in descriptions of anemone hosts for Amphiprion 
bicinctus (blue) and this study’s observations of anemones in association with A. bicinctus (green). 
Chadwick and Arvedlund 2005 and Fishelson 1970 are restricted to the northern Red Sea; all other 
publications summarize hosts in the entire Red Sea. 

3.2 Baseline surveys: identified anemone species  

SCUBA surveys at 60 sites in three regions revealed 250 individuals of the 

following six species of host sea anemones in association with A. bicinctus in the 

Saudi Arabian Red Sea: Stichodactyla haddoni, S. mertensii, E. quadricolor, H. 

crispa, H. magnifica, and H. aurora (Figure 5). One other species of host 

anemone, Cryptodendrum adhaesivum, was found in the central Red Sea but 

was not documented with A. bicinctus. Three anemone host species were 

encountered during comparable surveys at 13 sites in Djibouti: S. mertensii, E. 
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quadricolor, and H. magnifica. The following characteristics were documented in 

observed species and used for identifications. 

 

Figure 5 Representative in situ photographs of all host sea anemones found in association with 
Amphiprion bicinctus in the Saudi Arabian Red Sea. A: Stichodactyla haddoni. B: Stichodactyla 
mertensii. C: Entacmaea quadricolor. D: Heteractis crispa. E: Heteractis magnifica. F: Heteractis 
aurora.   
 

Heteractis magnifica 

Heteractis magnifica in the Red Sea is identifiable by tentacle shape, color 

pattern, and verrucae. In the field, tentacles of this species are blunt or slightly 

bulbous, often with brightly colored tips. Tentacle colors may be bright yellow, 

shades of green, tan, or reddish-brown, and column colors typically range from 

bright reds to purples. In the Saudi Arabian Red Sea, column colors are usually 

red to reddish-brown (Figure 5E). Verrucae are inconspicuous on this species 

and do not have sediments or other material adhered. When disturbed, this 

species retracts its tentacles into the column, forming a distinctive ball shape that 
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reveals the column morphology. H. magnifica was found on reef rockwork, from 

variable depths of one to twenty-four meters. 

 

Similar species: Entacmaea quadricolor. H. magnifica may be confused with E. 

quadricolor in the Red Sea because of their similar color patterning and tentacle 

morphology when E. quadricolor displays elongated tentacles rather than “bubble 

tips”. Column characteristics, tentacle morphology and habitat type differentiate 

these species. When disturbed, E. quadricolor retracts and mostly disappears 

from view into holes in the reef, whereas H. magnifica forms a protective ball 

around its oral disc. 

  

Heteractis crispa 

Heteractis crispa is usually found in the sand at the base of reef rubble or coral 

patches. This species characteristically has long, often curled tentacles (Figure 

5D). Colors range from white and light purple to tan or yellow. The column is 

typically gray and leathery, with conspicuous, starkly contrasting adhesive 

verrucae. 

Similar species: Heteractis aurora. H. aurora also lives in sandy habitats and can 

be similar in color. H. aurora has fewer tentacles, often with banding or swelling 

patterns on them. 

  

Heteractis aurora 
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Heteractis aurora has brown, grey, or purple tentacles, and its oral disc is the 

same color as its tentacles. Tentacles of this species are shorter than those of H. 

crispa, are banded by white lines, and often have swellings which resemble 

strings of beads (Figure 5F). Verrucae on the column of this species are lighter in 

color and only extend to mid-column.  

Similar species: Heteractis crispa. H. crispa has longer tentacles, often curled, 

and a leathery column. H. crispa does not have H. aurora’s banded and swollen 

tentacles.   

  

Entacmaea quadricolor 

Entacmaea quadricolor usually insert their pedal discs into holes in the reef rock. 

When disturbed, this species often disappears from view by withdrawing into the 

reef structure. Its  tentacles and oral disc range from red or green to brown or tan 

and come in two morphologies: bulbed and elongate. Bulbous tentacles have 

swollen tips, forming round or oval bulbs (Figure 5C). Elongated, blunt-ended 

tentacles more closely resemble H. magnifica. Verrucae are absent in this 

species. 

Similar species: Heteractis magnifica. The smooth and semi-transparent trunk of 

E. quadricolor is unique among host anemone species, but those members with 

elongate tentacles may superficially resemble H. magnifica. Absence of verrucae 

and bulb tips are also unique characteristics of E. quadricolor. 

 

 



35 

Cryptodendrum adhaesivum 

Cryptodendrum adhaesivum was observed in the field but not with anemonefish 

symbionts. It is only known to associate with one anemonefish, Amphiprion 

clarkii. This species possesses short, sticky tentacles, which can vary in color 

from the tips to the base. The mouth of this species is often a different color from 

the tentacles. Tentacles around the mouth branch into five or more projections, 

outer tentacles are simple and bulbous, and its oral disc is usually flat when 

expanded. 

Similar species: Stichodactyla spp. Stichodactyla species may appear similar, as 

they also possess short tentacles. However, Stichodactyla species do not have 

different marginal tentacle morphologies. Tentacles of Stichodactyla sometimes 

rip off when agitated, unlike those of C. adhaesivum. 

 

Stichodactyla mertensii 

Stichodactyla species in the Red Sea (Stichodactyla mertensii, Stichodactyla 

haddoni, and possibly Stichodactyla gigantea) require more careful examination 

of diagnostic features to ensure accurate identification because they are more 

similar in appearance than other species. Stichodactyla mertensii specimens 

observed in the Red Sea are usually tan or pale yellow or brown with short 

tentacles and brightly colored verrucae extending to the underside of the oral 

disc. This species can be very large, exceeding 80 cm in some cases. 

Stichodactyla mertensii tends to have longer tentacles around the mouth, often 
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three to five times as long as tentacles around the margins of the disc, and a 

relatively flat oral disc. 

Similar species: Stichodactyla haddoni, Stichodactyla gigantea. Stichodactyla 

gigantea’s tentacles are uniform in shape and generally longer than the 

peripheral tentacles of S. mertensii. The oral disc of S. gigantea is typically 

deeply folded in numerous places, while S. mertensii tends to be relatively flat 

and continuous. From personal observations, the tentacles of S. gigantea tend to 

be “stickier” and when agitated rip off from the disc more readily than do those of 

S. mertensii. On S. mertensii, verrucae are highly conspicuous, usually starting 

on the upper column in circular shapes and elongating into ovals and eventually 

stretched lines as they progress down the column towards the pedal disc. The 

verrucae of S. gigantea do not follow these characteristic patterns and typically 

end about mid-column. Stichodactyla gigantea and S. haddoni both prefer sandy 

habitats. Stichodactyla haddoni has inconspicuous verrucae and white striping 

around the edges of the oral disc  

 

Stichodactyla haddoni 

Stichodactyla haddoni specimens observed in the field did not possess 

prominent verrucae, which help to distinguish this species from S. gigantea and 

S. mertensii (Figure 6). Stichodactyla haddoni also has different tentacle 

morphology from the other Stichodactyla species, with narrow-stalked tentacles 

leading to more bulbous tips, and usually has distinctive striping around the 
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periphery of the oral disc. These diagnostic characters were all present in 

observed S. haddoni. 

Similar species: Stichodactyla mertensii, Stichodactyla gigantea. Stichodactyla 

haddoni has distinctive color banding around the oral disc margin not present in 

either of the other carpet anemones. The lack of visible verrucae on the column 

is also characteristic of this species.  

 

 
 
Figure 6 Comparison between two commonly misidentified carpet anemones, Stichodactyla 
mertensii (A) and Stichodactyla haddoni (B), showing diagnostic features. Lack of conspicuous 
verrucae help distinguish Stichodactyla mertensii (right A panel) from Stichodactyla haddoni (right B 
panel) in the Red Sea. 
 

3.3 Regional distribution patterns of host sea anemones in Saudi Arabia  

Surveys in all regions confirmed recent records of S. mertensii in the Saudi 

Arabian Red Sea (Figure 7, Gatins et al., 2016, Emms et al., 2019). Anemone 

species diversity and composition differed between northern, central, and 
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southern Saudi Arabian regions of the Red Sea and one region in Djibouti 

(Figure 8). Six species of host anemone were documented in the southern Red 

Sea, five hosts were documented in the central Red Sea (one species was 

documented without anemonefish), and three were documented in the northern 

Red Sea. Three species of host anemones were observed in Djibouti. 

Entacmaea quadricolor was the most prevalent host anemone species 

observed in every region except Djibouti, where S. mertensii was most common. 

Stichodactyla haddoni, which is not a purported A. bicinctus host, was observed 

hosting A. bicinctus in both southern and central regions. Significantly more 

anemones were found per survey in the central Red Sea than in the southern 

Red Sea (Figure 9, central: mean 6.21 anemones/survey, south: mean 2.19 

anemones/survey, Welch Two Sample t-test, t=3.7195, df=29.658, p < 0.001). 

Anemone abundance was even lower in Djibouti, with 0.69 host anemones 

observed per reef across surveys at 13 reefs.  

 
 
Figure 7 Distribution of Stichodactyla mertensii from the Ocean Biogeographic Information System, 
2020 (red points), and observed individuals from this study (yellow points). This study’s findings 
agree with recent reports of S. mertensii in the Red Sea that have not been updated in OBIS or 
similar databases. 
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Figure 8 Proportions of host anemone species encountered during surveys in the northern (13 
sites), central (20 sites), and southern (29 sites) regions of the Saudi Arabian Red Sea and Djibouti 
(13 sites). Black dots represent survey locations; total anemone counts are shown below each pie 
chart. Pie chart colors correspond with the different anemone species observed.  
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Figure 9 Total anemones encountered per reef in central (20 surveys, red) and southern (29 surveys, 
orange) regions. Central box line represents median, upper and lower box hinges represent third 
and first quartiles (75th and 25th percentiles), respectively. Whiskers extend from upper and lower 
hinges to 1.5x the inter-quartile range, points outside whiskers are considered outliers. Points 
represent individual reef surveys (reefs, n=49, anemones, n=288). Significantly more anemones were 
encountered on central reefs (6.2 anemones per reef) than southern reefs (2.1 anemones per reef) 
(Welch Two Sample t-test of means, p < 0.001). 

3.4 Fine-scale host sea anemone distribution and abundance  

Inshore-offshore gradient  
 
The distribution of host sea anemones varied along an inshore-offshore gradient 

(Figures 10, 11). Overall, more anemone species were found on inshore reefs 

(six anemone species) than on mid-shelf (four anemone species) and offshore 

reefs (four anemone species), and anemone abundance was twice as high on 

inshore reefs compared with offshore reefs. The mean proportion of anemone 

species was significantly different between inshore and offshore reefs (Fisher-

Freeman-Halton Exact Test: p=0.01). The most common overall A. bicinctus 
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host, E. quadricolor, was the main driver of species composition differences; E. 

quadricolor constituted a greater proportion of total species on inshore reefs than 

on offshore reefs. Entacmaea quadricolor made up 45 % of total inshore host 

anemones compared; this dropped to 13.3 % on offshore reefs. In terms of 

relative abundance, S. mertensii, H. magnifica, and H. crispa were 1.09, 1.18, 

and 1.25 times more abundant on inshore reefs than on offshore reefs, 

respectively. Entacmaea quadricolor, however, was 6.75 times more abundant 

on inshore reefs than on offshore reefs, and was the only anemone species that 

was significantly more abundant on inshore reefs than on offshore reefs. 

(Student’s t-test, two-sided, p=0.001). Stichodactyla mertensii and H. magnifica 

constituted higher proportions of the total anemones observed on offshore reefs, 

largely because of E. quadricolor’s absence on offshore reefs.  

 

Figure 10 Proportion of total host anemones found on inshore (116 anemones on four reefs), mid-
shelf (28 anemones on three reefs), and offshore reefs (88 anemones on three reefs) in the central 
Saudi Arabian Red Sea. Differences in anemone composition between inshore and offshore reefs 
were significant (Fisher-Freeman-Halton test, p=0.01). 
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Figure 11 Abundance of anemones on inshore (blue) and offshore (green) reefs, separated by 
species. Central box line represents median, upper and lower box hinges represent third and first 
quartiles (75th and 25th percentiles), respectively. Whiskers extend from upper and lower hinges to 
1.5x the inter-quartile range, black dots represent the total number of anemones found on each of 
the replicate reefs (177 anemones across four inshore and three offshore reefs). Differences in mean 
anemone abundance between reef types were not significant for all species except Entacmaea 
quadricolor, which was found in significantly greater abundance on inshore reefs (T-test, p=0.002). 
 
 
Front vs. back side reef anemone composition  
 
Anemone abundance was 11% higher on the sheltered backside than on the 

exposed front side of reefs. Anemone compositions were significantly different 

between reef exposures (Figure 12, Fisher Exact Test, p=0.007. Entacmaea 

quadricolor was the dominant anemone species on the back sides of reefs (48% 

of total anemones) but not on the front sides (24% of total anemones). 

Stichodactyla mertensii was dominant on the front sides of reefs, constituting 

40% of the total species.  
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Figure 12 Anemone species composition on back (B) and front (F) side reef surveys in the central 
Red Sea. Proportion of total anemones is colored by species (10 back-side reef surveys, 10 front-
side reef surveys, total front-side anemones: 83, total back-side anemones: 94). Entacmaea 
quadricolor was the most abundant species on back-side reef environments, Stichodactyla mertensii 
was the most abundant on front-side reef environments; anemone species composition differed 
significantly between reef sides (Fisher-Freeman-Halton test, p=0.007). 
 

Anemone distributions by reef type 

Some anemone species showed strong preferences for specific reef habitats in 

the Saudi Arabian Red Sea. Species distributions were compared and found to 

be significantly different between habitats (Figure 13, Fisher-Freeman-Halton 

Exact Test, p=0.002). Entacmaea quadricolor was found in significantly greater 

abundance on reef slopes than on reef crests and was one of only two anemone 

species found in patch reef habitats. Stichodactyla mertensii and H. magnifica 

were evenly distributed throughout all habitats except patch reefs; S. haddoni 

and C. adhaesivum were only observed on sandy slopes. 
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Figure 13 Abundance of all encountered sea anemone species in different reef areas (crest, patch 
reef, slope, and wall). Horizontal bars indicate number of anemones found in each reef area, colored 
by species (total anemones= 177). Entacmaea quadricolor was dominant on slopes and patch reefs, 
but rare in reef crest environments; Stichodactyla mertensii and Heteractis magnifica were similarly 
distributed across all reef types. Stichodactyla haddoni and Cryptodendrum adhaesivum were only 
found on gentle sandy slopes.  
 
 
Anemone distributions at depth  
 
Anemone species did not significantly differ in depth distribution (Figure 14, one-

way ANOVA p=0.08). A non-significant visual trend suggests that H. crispa 

occurs deeper than other species (Figure 14). 
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Figure 14 Anemone depth distribution by species. Each point represents an individual anemone (232 
anemones sampled across 10 different reefs in the central Red Sea). Central box line represents 
median, upper and lower box hinges represent third and first quartiles (75th and 25th percentiles), 
respectively. Whiskers extend from upper and lower hinges to 1.5x the inter-quartile range, points 
outside whiskers are outliers. Distribution of host sea anemones did not vary significantly with 
depth (one-way ANOVA p=0.080), across all reef zones and types. 
  

3.5 Host sea anemones as diverse habitats 

Anemone size  

Anemones in the central Red Sea differed significantly in mean size (Kruskal-

Wallis, p < 0.001, Figure 15) and anemonefish abundance (ANOVA, p < 0.001, 

Figure 16). The largest observed species was S. mertensii, with an average 

diameter of 36.2 cm (± 2.16 S.E.). Heteractis magnifica was not significantly 

different in size, with an average diameter of 35.7 cm (± 0.90 S.E.). Entacmaea 

quadricolor was smaller than both, with an average of 26.9 cm (± 1.34 S.E.). The 

smallest observed species was H. crispa, with an average diameter of 16.2 cm (± 

1.74 S.E.). 
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Figure 15 Anemone size (diameter, in cm) of observed host anemone species encountered in the 
central Red Sea. Central box line represents median, upper and lower box hinges represent third and 
first quartiles (75th and 25th percentiles), respectively. Whiskers extend from upper and lower hinges 
to 1.5x the inter-quartile range, points outside whiskers are outliers (n=177 anemones). Anemone 
size differed significantly between species, Kruskal-Wallis p < 0.001. Stichodactyla mertensii is the 
largest common Red Sea anemone species, followed by Heteractis magnifica, Entacmaea 
quadricolor, and Heteractis crispa.  
 
 
Anemonefish abundance 

Anemonefish abundances were highest on S. mertensii (2.84 anemonefish per 

anemone), followed by E. quadricolor (1.6 anemonefish per anemone) and H. 

magnifica (1.55 anemonefish per anemone). Abundances between S. mertensii 

and all other anemone species were significantly different; abundance between 

species other than S. mertensii were not significantly different (Appendix Table 

A2). Damselfish (Dascyllus trimaculatus) abundance was not significantly 

different between anemone species (Appendix Table A3).  
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Figure 16 Abundance of clownfish (Amphiprion bicinctus, right) and damselfish (Dascyllus 
trimaculatus, left) on anemone species encountered in the central Red Sea. Central box line 
represents median, upper and lower box hinges represent third and first quartiles (75th and 25th 
percentiles), respectively. Whiskers extend from upper and lower hinges to 1.5x the inter-quartile 
range, points outside whiskers are outliers. Anemonefish abundance was greatest on Stichodactyla 
mertensii (Student’s Two-sided t-test, p < 0.001).  
 

A multiple regression analysis using anemone depth and size as predictors of 

anemonefish abundance (using anemonefish data pooled across all anemone 

species) revealed a significant association between some of these variables (R-

squared = 0.09572, p < 0.001). The coefficients of each predictor variable in the 

model (Table 1) show that both anemone size and depth are significant 

predictors of anemonefish abundance, or the number of individual anemonefish 

on a single anemone. On average, a one meter increase in anemone depth 

would reduce anemonefish abundance by 0.18 individuals, controlling for 

anemone size. On the other hand, a one centimeter increase in anemone 

diameter would increase anemonefish abundance by 0.06 individuals, when 

anemone depth is held constant. 
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Coefficient Estimate Standard error T-value P-value 

Anemone depth 
(m) 

-0.18039 0.03232 -5.581 < 0.001 

Anemone 
diameter 

0.06073 0.01838 3.305 0.001 

 
Table 1. Summary of a multiple regression model evaluating the association between anemone 
depth and diameter with anemonefish abundance.  
 

3.6 Laboratory breeding colony and predation trials 

The length of time it took anemonefish in the lab breeding colony to begin 

breeding appeared to be related to which species of anemone they inhabited 

(Figure 17). All breeding pairs took at least five weeks to begin breeding, at 

which point breeding pairs on E. quadricolor produced their first clutch. All pairs 

of A. bicinctus on E. quadricolor (n=3) began breeding before any pairs on S. 

mertensii (n=3), H. magnifica (n=3), or the control (i.e., without anemones, n=3) 

began breeding. Pairs on S. mertensii began breeding approximately 11 weeks 

after introduction to the aquarium system and six weeks after E. quadricolor, with 

two pairs of A. bicinctus producing clutches with S. mertensii before any pairs on 

H. magnifica. Heteractis magnifica anemonefish pairs were last to breed, 

approximately 19 weeks after introduction to the aquaria.  

 

Egg clutches  

Anemonefish on E. quadricolor produced more clutches than any other treatment 

(Figure 17, 61 clutches). Stichodactyla mertensii pairs produced ~33% fewer 

clutches (Figure 17, 41 clutches), and H. magnifica produced ~62% fewer 

clutches (Figure 17, 23 clutches) over the 39 weeks that data was recorded. 
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Mean egg development time (i.e., number of days from laying to hatching) did not 

vary significantly between anemone species (Figure 18). However, water 

temperature strongly influenced development time: across all anemone species, 

clutches hatched significantly faster when tank temperatures were higher than 

when they were lower (Figures 18, 19, Pearson correlation p < 0.001).   

 

Figure 17 Cumulative clutches through time laid by Amphiprion bicinctus breeding pairs on three 
different species of host sea anemones. Bars represent cumulative clutches of breeding pairs on 
different anemone species at weekly time points (Entacmaea quadricolor, blue, Stichodactyla 
mertensii, red, Heteractis magnifica, yellow). Bars of the different species are stacked, not layered, 
ie., there are no blue bars behind red or yellow bars in the figure. Anemonefish graphics represent 
time points at which the first clutch was laid by a breeding pair on the first species of host anemone. 
Total clutches at week 39: E. quadricolor: 61, S. mertensii: 38, H. magnifica: 19.  
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Figure 18 a: mean water temperature (°C) in A. bicinctus breeding colony; measurements taken from 
breeding tanks, June 2019-February 2020. Measurements are missing from Sept-Nov 2019 due to 
logger malfunction. b: mean egg clutch development time (days ± SE) for clutches laid from July 
2019 to February 2020 by anemonefish pairs on different species of anemones (indicated by color). 
 

 

Figure 19 Mean egg clutch duration before hatching for all breeding pairs of A. bicinctus correlated 
with aquarium temperature from June 2019 to February 2020, excluding September, October, and 
November (logger malfunction). Clutches hatched 27% faster at 28 °C  than at 25.5 °C across all 
species. Pearson correlation p < 0.001. 
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Preliminary predation trials  
 
Based on preliminary data, the survival of anemonefish recruits was greatest on 

S. mertensii and E. quadricolor when groups of three anemonefish were exposed 

to a predator (Figure 20). Mean anemonefish survivorship after the three-day 

experimental period was greatest on S. mertensii, but greater on E. quadricolor 

during the first 24 hours. Live-predation trials also indicated that aside from 

predators, anemonefish were occasionally directly consumed by anemones 

themselves, at different rates (Figure 20). This kind of direct anemone predation 

was observed most in H. magnifica and S. mertensii. 

 

 
 
Figure 20 Anemonefish survivorship on three different species of host anemones with a predatory 
reef fish (triangles, bottom cluster) and without a predatory reef fish (circles, top cluster), during a 
72-hour experiment period. Anemone species and controls were established in triplicate and the 
experiment was conducted three times. Predators used in this experiment (n=8 per trial) were 
orange-lined triggerfish, Balistapus undulatus. 
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4 Discussion 

4.1 Red Sea host anemone baselines 

New records of S. mertensii and S. haddoni from different regions along the 

coast of Saudi Arabia help to clarify the number of anemone species that host A. 

bicinctus in the Red Sea. Current literature further elucidates the distributions of 

Red Sea host sea anemones (Chadwick and Arvedlund, 2005, Emms et al., 

2019). This thesis presents a multisource list that now includes eight host sea 

anemones in this region. However, one previously documented species, S. 

gigantea, was not documented in this study and was not present in any of the 

direct observation literature sources reviewed. This calls into question previous 

reports of this species occurring in the Red Sea. 

In contrast to most literature sources, recent observations of S. mertensii 

along the Saudi Arabian coastline indicate that the range of this species has 

expanded significantly northward. The next closest observation, according to the 

Ocean Biogeographic Information System, is approximately 2,000 kilometers 

south, near Madagascar (OBIS 2020). Other sources cite East Africa as the 

northwestern boundary of its range (Fautin and Allen, 1992). Some recent 

reports include S. mertensii specimens in the Red Sea (e.g., Emms et al., 2019), 

and our observations agree with these findings. Given its widespread distribution 

and many new sightings along the Saudi Arabian coastline, S. mertensii may 

have been present in the Red Sea for several decades or longer. This is 

particularly interesting given the absence of S. gigantea on surveyed reefs. 

Stichodactyla gigantea is similar in appearance to S. mertensii, which may have 
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led to historical misidentifications between these two carpet anemones. 

Stichodactyla gigantea was so named because of its large size, but S. mertensii 

is actually the largest of all sea anemones, further complicating the subject 

(Fautin and Allen, 1992). In fact, as many as eight publications name 

Stichodactyla mertensii as Stoichactis gigantea, as recently as 1978 (Allen 1978, 

Dunn 1981). According to Dunn (Dunn 1981), “Stichodactyla mertensii is not a 

host for Amphiprion bicinctus in the Red Sea as indicated by Allen (1972, p. ii); 

rather, S. gigantea is”. However, Allen used the name Stoichactis gigantea to 

refer to S. mertensii in multiple prior publications, and surveys in the Red Sea 

have not uncovered any S. gigantea in recent years.  

Confirmed observations of S. gigantea in the Red Sea are difficult to find. 

An OBIS search query for “Stichodactyla gigantea” in the Red Sea (database 

layer areas 40033, 10248, 10249, 121, 63, and 34264) produced only eight 

records (Fautin 2013). No other direct records of S. gigantea in the Red Sea from 

the last 50 years are readily available, and the type specimen collected from the 

Red Sea (Forsskal, 1775) was lost from the Coelenterates Collection at the 

Universitetets Zoologiske Museum in Copenhagen. It is possible that the S. 

gigantea type specimen from Forsskal was actually S. mertensii and that S. 

gigantea does not occur in the Red Sea. As research efforts in the Red Sea have 

been comparatively limited, these historical misidentifications are more likely in 

this region than in other parts of the Indo-Pacific. However, given S. gigantea’s 

preference for shallower, sandier habitats (e.g., Hattori and Kobayashi, 2008), 
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further surveys in a wider variety of habitats in the Red Sea could offer additional 

insights. 

Recent literature generally does not report S. haddoni as hosting A. 

bicinctus in the Red Sea (e.g., Emms et al., 2019). However, this study provides 

positive identification of symbiosis between A. bicinctus and S. haddoni and 

confirms anemone hosting between these two species. As S. haddoni was found 

in both the southern and central Red Sea regions, populations of this species 

may be widespread (albeit not very abundant) in the Red Sea. It is also possible 

that survey efforts in the region may have failed to thoroughly canvas suitable S. 

haddoni habitats; some reports indicate this species prefers sandy-bottom 

habitats in waters as deep as 40 meters, often some distance from heavily 

surveyed reef habitats (Chakkaravathy et al., 2011). Anemonefish on S. haddoni 

have even been observed in habitats entirely devoid of hard substrates; in Japan, 

anemonefish were documented moving bits of detritus and nearby items to their 

host anemones for egg laying surfaces (Moyer and Steene, 1979). It seems likely 

that traditional coral reef surveys would ignore these habitats unless specifically 

targeting host anemones, and to our knowledge, such surveys have not been 

reported in the Saudi Arabian region. 

As in the case of S. mertensii, S. haddoni and S. gigantea look 

superficially similar. It is therefore possible that S. gigantea identified in this 

region were actually S. haddoni, as discussed above in reference to S. mertensii. 

However, as S. mertensii is much more abundant across all surveyed regions 
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along the entire coastline of Saudi Arabia, we consider S. mertensii 

misidentifications much more likely.  

As sea anemones are increasingly threatened by rising sea temperatures 

and subsequent bleaching events, A. bicinctus’s ability to use as many as eight 

sea anemones in diverse habitats may be crucial in helping it adapt to changing 

cnidarian communities (Hobbs et al., 2013). Based on these findings and 

compiled reports, A. bicinctus may be one of the most generalist habitat users of 

all 30 clownfish species, similar to A. clarkii, which associates with all ten host 

anemones (Thanh, 2020). This host flexibility may be beneficial for A. bicinctus in 

the future. If, for example, climatic changes disproportionately impact some 

habitats or species of anemone, A. bicinctus’s ability to switch anemone hosts 

may allow this species to persist in changing environments better than other 

anemonefish species with more restricted host usage. Amphiprion clarkii has 

been observed occupying soft corals for long periods of time in place of host 

anemones, which is likely a beneficial ability in changing coral reef communities 

(Arvedlund and Takemura, 2005). 

4.2 Regional distributions 

Surveys from the Saudi Arabian Red Sea indicate that host sea anemone 

diversity in this region follows a latitudinal gradient. Twice as many species of 

sea anemones (six) were observed hosting A. bicinctus in the southern region 

compared to the northern region, which suggests that host anemone diversity 

increases at lower Red Sea latitudes. It should be noted that survey effort was 

greater in the southern and central regions (29 and 20 sites, respectively) than in 
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the northern region (11 sites). One species that this study did not identify in the 

northern Saudi Arabian region, H. magnifica, has been reported in this region by 

others, usually on offshore reefs (personal correspondence). However, other 

sources confirm this northern reduction in species diversity, particularly in the 

northernmost areas of the Red Sea. For example, in the Gulf of Aqaba, previous 

work identifies E. quadricolor and H. crispa as the main host species for A. 

bicinctus, with H. magnifica observed in some rare cases (Brolund et al., 2004). 

In fact, the vast majority of anemone survey effort in the Red Sea comes from the 

extreme north, representing far more sampling effort in sum than this study. The 

fact that this study found twice as many host anemone species in southern 

regions with comparatively less effort indicates that this pattern of species 

diversity is not simply a result of higher sampling. 

The latitudinal gradient that seems to be driving Red Sea host anemone 

diversity may correlate with water temperature. The most abundant host in the 

northern Red Sea, E. quadricolor, has been documented in abundance at the 

southernmost extent of its range on the west coast of Australia and in other 

cooler sub-tropical and warm-temperate waters, potentially indicating that this 

species is better suited to cooler regions at the edges of host sea anemone 

distributions (Malcolm and Scott, 2017, Richardson et al., 1997). Likewise, E. 

quadricolor seems to be most abundant (or at least constitute the greatest 

proportion of total host anemone species) at the northernmost reaches of its Red 

Sea distribution, where average sea temperatures are significantly cooler than in 

the central and southern Red Sea regions. Entacmaea quadricolor may be able 
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to outcompete other species in these regions, or other species with greater 

southern densities may not be able to withstand these lower temperatures.  

 In general, the diversity of host anemone species in southern and central 

Red Sea regions was greater than expected. One of the core principles of global 

biodiversity affirms that species diversity generally is greatest in equatorial 

latitudes and decreases towards the poles (Hillebrand 2004). This concept, first 

associated with terrestrial biodiversity, has been applied to many marine species 

groups and specifically applied to host sea anemones in past work. Previous 

studies have postulated that the greater their distance from the Philippines-Indo-

Malay (PIM) archipelago - the apex of giant sea anemone diversity - the less 

diverse anemone communities become (Fautin and Allen 1992, Veron 1993). 

However, this study found seven giant sea anemone species between reefs in 

the southern and central Red Sea (as far as 21° N), representing greater species 

richness than on reefs in regions closer to the equator, such as the Northern 

Great Barrier Reef (14° S, 33% closer, Richardson et al., 1997). In comparison to 

reefs of similar latitudinal distance from the PIM, including reefs in regions of 

western Australia, central and southern Red Sea reefs have more than twice as 

many host anemone species (Richardson et al., 1997, Fautin and Allen, 1992). 

This study’s observations more closely align with a pattern observed by Fautin et 

al. (2013), which found actinian species richness peaks (for all 1000+ actinian 

species) at latitudes of 20-40° N and 20-40° S (Fautin et al., 2013). Anemone 

distributions may be another case in which Red Sea fauna offer interesting 
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counter-examples to generalized explanations of tropical biodiversity patterns 

(Bowen et al., 2013). 

Despite the relatively rich species diversity of host anemones in the Red 

Sea, only A. bicinctus occupies hosts in this region. This inhabitant species-host 

ratio contrasts with other areas of high anemone species richness, which can 

have equal or greater numbers of anemonefish species in comparison to host 

anemone species (Camp et al., 2016, Elliot and Mariscal, 2001). Another study 

examined the effects of anemonefish-anemone mutualism on anemonefish 

speciation and concluded that anemonefish “morphological characters are linked 

with ecological niches associated with sea anemones” (Glenn et al., 2012). If you 

consider individual host anemone species as separate niches, the Red Sea 

contains a wealth of potential habitats that could be utilized more frequently than 

in other regions. Perhaps the high diversity of anemone species but low diversity 

of anemonefish in this region is a product of recent (perhaps within the last few 

decades) range expansions by multiple anemone species, although this seems 

unlikely given reported trends in Red Sea colonization for other marine species 

(DiBattista et al., 2013). Alternatively, physical/environmental barriers to 

migration in the Red Sea may impact anemonefish more than they affect 

anemone species (Saenz-Agudelo et al., 2015). 

While more anemone species were observed in the southern region than 

in any other, many more anemone individuals were spotted in central than in 

southern waters. In the southern region, reefs experienced greater bleaching 

during the 2015 bleaching event, which may help explain this trend (Osman et 
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al., 2017). Reef bleaching events have been shown to impact anemone 

populations in other parts of the world, and the rate at which Red Sea host 

anemones recover from bleaching events has not been thoroughly studied or 

reported, warranting further exploration of this topic (Hobbs et al., 2013).  

4.3 Fine-scale distributions 

Inshore-offshore gradients 

Central Red Sea anemones were more commonly found on inshore reefs than 

offshore, a trend also observed in host anemone species in other parts of the 

world (Hirose 1985, Richardson et al., 1997). Anemone host species were more 

abundant inshore, but fairly evenly distributed on both inshore and offshore reefs. 

A notable exception was E. quadricolor, which was 675% more abundant on 

inshore than on offshore reefs, a phenomenon possibly related to E. 

quadricolor’s physiology. This species of anemone has the thinnest column 

structure of any Red Sea host anemone, making it potentially more susceptible to 

tearing and physical damage; when moved, specimens kept in the lab tore more 

frequently than any other species. The protection afforded by inshore reefs may 

better support E. quadricolor, which seems to be able to proliferate in favorable 

environments faster than other species.  

Curiously, depth was not a significant factor in the fine-scale distribution 

patterns of any central Red Sea host anemone. This was surprising, as E. 

quadricolor’s strong preference for inshore habitats initially indicated a skewed 

distribution towards shallower habitats characteristic of inshore reefs in this 

region, and several literature sources report significant differences in depth 
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distributions and correlated variables for host anemone species (Hattori 2005, 

Dixon et al., 2013, Dunn 1981, Hirose 1985). The size of H. crispa, for example, 

has been shown to influence its depth distribution (Hattori 2006). Entacmaea 

quadricolor also reportedly clusters at various depths according to size, with 

smaller individuals using shallower habitats (Srinivasan et al., 1999). The host 

anemones in this region all occupied similar depth ranges, typically between six 

and 12 meters. 

 

Reef Exposure  

Host anemones were generally more abundant on the protected rather than the 

exposed sides of reefs. As with inshore/offshore distributions, this difference was 

most striking in E. quadricolor. It was almost twice as abundant on protected reef 

sides, possibly due to this species’ susceptibility to damage from wave action or 

storm events. Heteractis magnifica and H. crispa were also more abundant on 

the backsides of reefs, while S. mertensii was the only species more abundant 

on exposed sides. The distributions of host anemones at different exposures may 

also be related to nutrient uptake. Fore-reefs and reef crests have higher net 

production of organic materials and sustain higher nutrient fluxes than back reef 

areas, as there is more roughness or drag on benthic communities (Hearn et al, 

2001). Studies investigating host anemone nutrient uptakes tend to focus on 

nutrients produced by anemonefish wastes, rather than on ambient 

environmental nutrient conditions, which may play an even more important role in 

overall nutrient absorption (Porat and Chadwick-Furman, 2005, Roopin et al., 
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2008). Since sea anemones rely on heterotrophy for some of their overall energy, 

nutrient dynamics in different habitats may play a role in their distribution 

patterns. 

Reef habitat type 

Host anemones were most abundant and speciose on reef slopes and walls in 

the Red Sea. All central Red Sea host anemone species were found on slopes, 

four were found on walls, three species were found on reef crests, and two were 

found in patch reef habitats. Again, E. quadricolor showed the greatest variation 

in habitat preference, strongly preferring reef slopes and avoiding reef crests. 

Clearly this species distributes away from areas where it is more susceptible to 

physical damage from exposure, hence its preference for the comparatively 

greater protection of inshore and back-reef habitats. The other host anemones 

did not significantly differ in habitat preference, distributing evenly across walls, 

slopes, and crest environments. Patch reefs are the sole exception to this trend: 

only E. quadricolor and H. crispa were found on patch reefs in the central Red 

Sea.  

Benthic structure may be an important factor in these distribution patterns, 

as pedal anchorage strategy varies between species of Red Sea host anemones. 

For example, H. crispa, S. haddoni, and H. aurora in the Red Sea all tend to 

anchor in sand, and sandy substrates are not typically available in many reef wall 

or reef crest environments. Substrate complexity may also be important to 

consider. The complexity of the substrate seemed to affect different species’ 

ability to successfully anchor in general – H. magnifica was usually anchored to 
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relatively flat, outward-facing rocky substrates, while E. quadricolor was able to 

anchor onto very complex, dead branching coral substrates. Stichodactyla 

mertensii almost always anchored deep in solid reef rockwork, so assessing the 

substrate to which it was attached was difficult and largely based on field 

collections where rockwork was dismantled in collecting the anemone. Based on 

observations during collections, S. mertensii generally anchored onto smooth 

substrates, but deep in the reef structure. When moving E. quadricolor, S. 

mertensii, and H. magnifica between aquariums in the lab, there were noticeable 

differences in anchorage strength – E. quadricolor was extremely difficult to 

remove even from aquarium glass, and attempting to pry this species of 

anemone off substrate surfaces usually damaged its body column. Heteractis 

magnifica and S. mertensii, in comparison, released substrates more readily and 

were not torn during transfers. This further indicates E. quadricolor’s 

susceptibility to damage in exposed environments; strong waves or storms may 

rip E. quadricolor’s column from the pedal disc before it releases substrates, 

causing this species to gravitate towards protected reef areas. 

 Cnidarian competition may also affect anemone distribution. Competition 

between corals and sea anemones has been shown to drive immediate 

physiological responses in both, including heat shock protein expressions that 

potentially increase cellular repair mechanisms during competitive interactions 

(Rossi and Snyder 2001). Some Red Sea anemone species, such as E. 

quadricolor, readily anchor on coral-dominated substrates, while others do not. 

When fully expanded, E. quadricolor was often observed very close to or even 
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directly touching live coral species, unlike most H. magnifica and the sand-

dwelling host species. Stichodactyla mertensii was occasionally observed in 

close proximity to live coral species, but not as frequently as E. quadricolor. It is 

possible that host anemones do not all tolerate live coral stings in the same way, 

or may be more toxic or aggressive to neighbors; this may help explain E. 

quadricolor’s abundance on coral-dominated reef slopes. Further analysis of 

benthic coral cover surrounding host sea anemones, and toxicity comparisons 

between the major Red Sea host anemone species, may provide additional 

insights into these interactions.  

4.4 Sea anemones as habitat for anemonefish  

Host sea anemones in the Red Sea vary greatly in structure and morphology, 

especially between the three most common host species, E. quadricolor, S. 

mertensii, and H. magnifica. The most obvious difference between these species 

is the length and density of tentacles – those of E. quadricolor are alternately 

long and bulbous, H. magnifica’s are uniformly long and densely packed. In 

contrast, S. mertensii has very short, adhesive tentacles and a large flat oral disc. 

We hypothesized that these or other unknown differences in anemone 

characteristics may impact different aspects of anemonefish fitness and 

behavior, such as abundance rates, breeding success, and recruit survivorship. 

Examining anemonefish abundance rates in the field, we found that while 

E. quadricolor is the most widespread anemone species and H. magnifica the 

most abundant (considering clonal groups), S. mertensii is actually the most 

populated by Red Sea anemonefish. We observed that anemonefish in the Red 
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Sea are not limited by anemone abundance, even though anemone densities 

seem to be much lower than in other regions (Mitchell 2005). Anemonefish 

groups rarely exceeded three individuals per anemone, and mean group sizes 

were less than two fish per anemone for E. quadricolor and H. magnifica. It 

should be noted that quantifying H. magnifica habitat use is much more difficult 

than other species, since H. magnifica often forms large (presumably) clonal 

aggregations populated by one or more groups of anemonefish. In many of our 

analyses, we considered small-scale continuous patches of H. magnifica as 

single habitats occupied by one dominant group. If we treated all H. magnifica 

individuals as single, occupied or unoccupied habitats, the mean number of 

anemonefish per H. magnifica individual would be even smaller than what we 

reported (fewer than one anemonefish per anemone). Surveyors tried to identify 

the number of H. magnifica being used by one group of anemonefish in order to 

more accurately determine which anemones were truly “occupied” or 

“unoccupied”. 

In other regions, smaller mean anemonefish group sizes have been 

reported for other species, and group size consistently correlates with anemone 

size (Mitchell and Dill, 2005). In other words, larger anemones held larger groups 

of anemonefish, with up to six anemonefish per anemone. In the Red Sea, 

anemone size is also a predictor of anemonefish abundance, but average 

maximum abundance was lower than expected. Based on personal observations, 

host sea anemones are very rarely unoccupied by anemonefish in other regions 

of the Indo-Pacific, including Malaysia and Papua New Guinea. But in the Saudi 
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Arabian Red Sea, it was common to find anemones unoccupied. The 

mechanisms promoting higher abundance rates on Red Sea carpet anemone 

species, including S. mertensii and possibly S. haddoni, are currently unclear and 

need further investigation.  

In the laboratory, using an A. bicinctus breeding colony to examine how 

different host anemone species affect breeding rates, we found differences in 

clutch output and incubation time. Over the course of nine months of data 

collection, anemonefish pairs on E. quadricolor produced the most clutches, 

followed by S. mertensii and H. magnifica. Anemonefish pairs initiated breeding 

earliest on E. quadricolor, followed by S. mertensii, and then H. magnifica. How 

soon pairs began breeding after being introduced was probably the determining 

factor in how many clutches they produced. This pattern needs further 

investigation, but it should be noted that all replicates of breeding pairs on a 

given host species began breeding before pairs on other host species, i.e, all 

breeding pairs on E. quadricolor first spawned before all pairs on S. mertensii 

first spawned, and all pairs on S. mertensii spawned before all pairs of H. 

magnifica spawned. Year-round field observations of anemone breeding on 

different anemone species could help confirm this idea, since many field surveys 

used for analysis took place only in summer or fall and did not include the 

suspected winter breeding season for A. bicinctus (Nanninga et al., 2015).  

During the nine months that breeding colonies were observed, the time it 

took clutches to mature varied considerably according to the season. The only 

variable that changed during this time period, as far as we could tell, was mean 
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seawater temperature, which decreased in the winter by several degrees. As 

temperature decreased in the breeding colony, the development of clutches took 

significantly longer. Many other studies have demonstrated faster development of 

marine fish embryos at higher temperatures (Rombough 1997), but our findings 

may have implications for modeling the distribution of A. bicinctus larvae or 

quantifying reproductive output based on seasonality or region. For example, sea 

temperatures in the northern Red Sea average several degrees cooler year-

round; in our breeding colony, similar temperatures changed the embryonic 

developmental duration significantly. Based on our observations and published 

temperature data, A. bicinctus embryos in the far north of the Red Sea may 

develop faster than southern embryos, affecting overall reproductive output.  

The last question this study sought to address was, “do some kinds of 

anemones protect Red Sea anemonefish better than others?” In order to address 

this question, we attempted to quantify predation by a common reef predator on 

settlement-stage anemonefish in lab live-predation trials. Our results are 

preliminary, as lab and field access towards the end of this study prevented 

sufficient replication. However, we did observe some preliminary trends. Based 

on three rounds of predation experiments, E. quadricolor and S. mertensii better 

protect anemonefish from direct predation than H. magnifica does. We initially 

hypothesized that the longer tentacle morphologies of E. quadricolor and H. 

magnifica would provide more structure for anemonefish to hide in and avoid 

predation, but this does not seem to be true. Instead, S. mertensii anemonefish 

survivorship was higher than H. magnifica survivorship. For anemonefish, 
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protection from predation likely depends upon multiple components of sea 

anemone physiology, including tentacle density, structure, and toxicity, so it is 

difficult to pinpoint the underlying mechanisms for any predation experiment 

trends (Nedosyko et al., 2014). Our studies suggest that tentacle length or 

structural complexity may not be the most important factors in how well sea 

anemones protect various anemonefish species, but the issue deserves further 

study. 

One surprising outcome of the lab predation trials was what appeared to 

be predation by anemones themselves. Anecdotally, sea anemones in home 

aquariums have been seen “eating” anemonefish, but based on personal 

observations and communications, this usually happens to already sick or dying 

fish. We directly observed host anemone predation on settlement-stage 

anemonefish in the lab, and further inferred that anemone predation occurred in 

experiments where anemonefish disappeared even without a predator in the 

tank.  
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5 Conclusions and future directions 

This thesis revises the list of giant sea anemone host species for Red Sea 

clownfish, adding S. haddoni and S. mertensii to previously confirmed species 

including H. magnifica, H. aurora, H. crispa, E. quadricolor and S. gigantea. We 

observed one other host species, C. adhaesivum, in the central Red Sea, but we 

cannot confidently say it was hosting Red Sea anemonefish as we do not have 

definitive data on its occupancy. We also are uncertain about S. gigantea’s 

presence in the Saudi Arabian Red Sea, as intensive sampling along much of the 

Saudi Arabian coast has failed to produce a single confirmed data point for this 

species over the last several years, though it has produced hundreds of 

confirmed data points for similar-looking carpet anemones.  

 This study’s regional and fine-scale distribution analyses for Red Sea 

anemone species identify trends to help inform where, and in what densities, 

different anemonefish hosts may be found in various parts of the Red Sea. At 

regional scales, we identified a latitudinal gradient of decreasing species richness 

in the Red Sea, beginning around N 20°. At lower latitudes in Djibouti (N 11°), 

species diversity also declined. As for overall abundance: we observed the most 

anemones per survey in the central Red Sea, three times more anemones per 

survey were found in the central than in the southern Red Sea, and nine times 

more anemones were found in the central Red Sea than in Djibouti.  

 This study’s fine-scale analyses reveal host anemone species trends for 

local reefs in Thuwal, Saudi Arabia, identifying which species are more likely to 

occur on different reef exposures, locations, and habitat types. We found that E. 
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quadricolor was the most specific in habitat usage, tending towards more 

protected reef environments, while other species were more evenly distributed 

across habitat types. Some habitats were almost exclusively dominated by E. 

quadricolor, which seems better adapted to dominating specific habitats than 

other Red Sea species. 

        Further, this study investigated breeding rates, protection from predation, 

and anemonefish abundance rates on different anemone species in the lab and 

in the field. In our lab breeding colony, anemonefish began breeding faster on E. 

quadricolor than on any other species of anemone, but more data is needed to 

reinforce this. We can safely conclude, however, that one to three degrees of 

seasonal temperature change significantly lengthened the duration of A. bicinctus 

egg development across all anemone species, which raises questions about how 

breeding time and frequency differ in cooler versus warmer regions of the Red 

Sea. Initial results from predation trials indicate that different anemone species 

offer varying degrees of protection for anemonefish and, surprisingly, that 

anemones may occasionally prey directly on settlement-stage anemonefish 

tenants. Finally, this study concludes that more anemonefish inhabit S. mertensii 

than any other anemone in the central Red Sea, and that anemonefish 

abundance and occupancy in the Red Sea is generally lower than in other global 

localities. 
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APPENDIX 

Figures 
 

 
Figure A1  Visual inspection of normality for mean anemones per reef on southern Saudi Arabian 
reefs (29 reef surveys, 56 anemones). Shapiro-Wilk Test p < 0.001. 
 

 
Figure A2 Visual inspection of normality for mean anemones per reef on central Saudi Arabian reefs 
(20 reef surveys, 232 anemones). Shapiro-Wilk Test  p < 0.001. 
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Figure A3. Visual inspection of normality for anemone depth in the central Red Sea (20 reef surveys, 
232 anemones). Shapiro-Wilk test p-value shown in Table 1. 
 

 
Figure A4. Visual inspection of normality for anemone size in the central Red Sea (20 reef surveys, 
232 anemones). Shapiro-Wilk test p-value shown in Table 1. 
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Figure A5 Visual inspection of normality for clownfish abundance on reefs in the central Red Sea (20 
reef surveys). Shapiro-Wilk test p-value shown in Table 1. 
 

 
Figure A6  Visual inspection of normality for damselfish abundance on reefs in the central Red Sea 
(20 reef surveys). Shapiro-Wilk test p-value shown in Table 1. 
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Tables 
 
Table A1  Shapiro-Wilk Test p-values for normality testing of anemone depth (m), anemone diameter 
(cm), clownfish abundance (individual fish), and damselfish abundance (individual fish) in the 
central Red Sea. Anemone depth, clownfish abundance, and damselfish abundance were normally 
distributed, anemone diameter was not normally distributed.  
Variable W P-value 
Anemone Depth (m) 0.92343607 p < 0.001 
Anemone Diameter (cm) 0.99102274 p=0.352 
Clownfish Abundance 0.89763278 p < 0.001 
Damselfish Abundance 0.637855 p < 0.001 
 

Table A2  P-values of pairwise two-sided Student’s T-test for clownfish abundance on different 
species of anemones encountered in the central Red Sea. All p-values were adjusted for multiple 
testing using Bonferroni correction. Anemonefish on Stichodactyla mertensii were most abundant. 

 
Entacmaea 
quadricolor 

Heteractis 
crispa   

Heteractis 
magnifica 

Stichodactyla 
haddoni 

Heteractis crispa p=0.314 - - - 

Heteractis magnifica p=1 p=0.186 - - 

Stichodactyla haddoni p=0.021 p < 0.001 p=0.010 - 

Stichodactyla mertensii p=0.017 p < 0.001 p < 0.001 p=1 

 
Table A3  P-values of pairwise two-sided Student’s T-test for damselfish abundance on different 
species of anemones encountered in the central Red Sea. All p-values were adjusted for multiple 
testing using Bonferroni correction. Results were non-significant for all anemone species; 
damselfish abundance did not differ significantly by anemone species. 

 
Entacmaea 
quadricolor 

Heteractis 
crispa 

Heteractis 
magnifica 

Stichodactyla 
haddoni 

Heteractis crispa p=1 - - - 

Heteractis magnifica p=1 p=1 - - 

Stichodactyla haddoni p=1 p=1 p=1 - 

Stichodactyla mertensii p=0.304 p=0.573 p=1 p=1 

 

Table A4 P-values of pairwise Mann-Whitney Tests for anemone size in the central Red Sea. All p-
values were adjusted for multiple testing using Bonferroni correction. Stichodactlya mertensii was 
the largest observed anemone with a mean diameter of 36.2 cm (± 2.16 S.E.). 

 Entacmaea 
quadricolor 

Heteractis 
crispa 

Heteractis 
magnifica 

Stichodactyla 
haddoni 

Heteractis crispa p < 0.001 - - - 
Heteractis magnifica p < 0.001 p < 0.001 - - 
Stichodactyla haddoni p=0.613 p=0.054 p=0.326 - 

Stichodactyla mertensii p=0.001 p < 0.001 p=0.676 p=0.326 
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