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ABSTRACT 

Variations in reef-associated fish communities in response to different benthic states in the 

east central Red Sea 

George Short 

 

 

Coral reefs are priority habitats which are vulnerable to natural and anthropogenic 

disturbances. These can cause phase shifts from coral habitat to degraded algal-dominated 

states – and consequent changes in the distribution, abundance and activity of associated 

fish species. In the eastern Red Sea, human-induced reef degradation is likely to increase 

with planned development of the Saudi Arabian coast and the changing climate. The present 

study therefore investigates the ecological effects of coral-algal phase shifts in reef-

associated fish communities, using naturally occurring within-reef benthic zones as proxies 

for levels of habitat health - with a focus on how these responses differ temporally. These 

zones were dominated by: hard coral (coral zone), coral and turf algae (transition zone), and 

macroalgal canopies (algal zone). Six inshore reef areas, were studied in periods with low 

and high densities of Sargassum in the algal zones (May and November respectively). 

Community composition was assessed via visual census and predation activity predicted 

using two proxies: in situ experiments and biomass of carnivores. In both periods, we 

observed distinct fish communities in each zone - with reduced species richness, Shannon-
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Wiener diversity and predation intensity, from the coral to the algal zones. Decreases in the 

abundance and biomass of fish also occurred from the coral to algal zones in May but a 

spike, as well as a shift in community composition, occurred in the algal zone in November. 

This shift is attributed to the vast increases in grazer biomass, predominantly Siganus 

luridus, associated with the November bloom of Sargassum canopies. The present study 

established, the composition and functioning of Red Sea fish communities is spatially and 

temporally affected by increased macroalgal dominance. This finding supports the need for 

herbivorous fish to be made a conservation priority in the management and conservation of 

reef systems in order to prevent phase shifts to algal dominated states. We conclude that if 

Red Sea reefs are allowed to shift to alternate states, depending on the density of 

macroalgal canopies, reefs may support high biomass and abundance of fish but the 

functioning of the fish community will be altered and the diversity lost. 
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1. Introduction 

Coral reefs are in a global state of decline due to the direct and indirect effects of natural 

and anthropogenic disturbances (Bellwood et al. 2004). These disturbances may be caused 

by local stressors such as increased sedimentation (Williams et al. 2002; Mcculloch et al. 

2003), nutrient enrichment (Williams et al. 2002), fishing pressure (Jackson et al. 2001; 

Pandolfi et al. 2003) and pollution, or result from global pressures, such as the increases in 

water temperature and acidity associated with climate change (Wilkinson 2002; Gardener et 

al. 2003; Hughes et al. 2003). The combination of these multiple disturbances may induce 

coral bleaching or the prevalence of coral disease and, potentially, subsequent die-off, 

causing a reduction in hard coral cover on reefs (Harvell et al. 2002). This bare substrate is 

often colonised by algal species, which competitively outcompete the coral larvae and 

become the dominant benthic group (Bak & Engel 1979; Sammarco 1991). Settlement of 

new coral recruits can then be reduced or prevented by the succession of algal organisms 

due to lack of available substrate and accumulation of sediments within the turf (Birkeland 

1977; Birrell et al. 2005). Algal species have the ability to supress the recruitment, fecundity 

and survival of corals thus limiting the likelihood of recovery to a healthy, coral-dominated 

state (Hughes et al. 2007). Ultimately, this phase shift results in the reduction in hard-coral, 

and an increase in turf and macroalgae, which is associated with poor reef health. Thus, the 

shift from coral to algal dominance represents a gradient of habitat degradation with 

consequences for the reef-associated community (Wilson et al. 2008).  

Changes in benthic composition can alter the distribution and abundances of reef associated 

species and, therefore, affect the structure of reef communities. Phase shifts on coral reefs 

have been shown to decrease fish biomass, diversity and richness on reefs in other regions 
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(Luckhurst & Luckhurst 1978; Jones et al. 2004; Munday 2004). This can occur due to 

changes in habitat complexity inherent of the shift from coral to algal dominance (Hixon & 

Beets 2014; Rogers et al. 2014). The high structural complexity, characteristic of hard coral 

dominated habitat, provides important refuges from predators for small fish and benthic 

invertebrate species (Friedlander & Parrish 1998). Thus, reduction in fish biomass may be 

attributed to reduced food availability. This can be either due to the direct decrease in coral 

tissue, for corallivores, or indirectly, for carnivores, via a decrease in prey able to inhabit an 

area (Rogers et al. 2014). For both functional groups, this may cause increased intra and 

interspecific competition. Indeed, changes in the dominant functional groups have been 

observed with reductions in coral-associated species in alternate benthic states (Bellwood et 

al. 2006; Wilson et al. 2008). Evidence for changes in herbivorous fish populations are 

equivocal, with both increases (due to higher availability of their algal food source) and 

decreases (in areas of higher predation intensity) observed. 

Coral reefs are habitats considered a conservation priority due to supporting a diversity of 

fauna and providing essential ecosystem goods and services (Moberg & Folke 1999). Red 

Sea reefs, in particular, are biodiversity hotspots with high levels of endemism (13.9% of 

shallow water fish species; DiBattista et al. 2016). Red Sea corals are globally significant 

through their described role as thermal refugia (Fine et al. 2013). Their high thermal 

tolerances may enable these species future uses in reseeding disturbed reefs in other 

regions - as oceans continue to warm. This makes Red Sea reefs a significant conservation 

priority, and the interactive effects of benthic species and reef associated fish, of vital 

importance to study. The eastern Red Sea is of particular relevance as human-induced reef 

degradation is likely to increase with planned coastal development and aquaculture facilities 
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along the Saudi Arabian coastline as populations and the demand for seafood continue to 

increase (Public Investment Fund: Saudi Arabia 2017).  

There is a multitude of evidence supporting the concept that changes in fish community 

structure are associated with the shift from coral to algal dominance, as a result of 

degradation, on reef systems in other tropical regions (Jones et al. 2004; Munday 2004). In 

the Red Sea, this area of research along with evidence of species distributions and 

abundances in different Red Sea habitats, are lacking - particularly when compared to other 

regions (Berumen et al. 2013). Thus whether the expected trends of decreased abundances, 

species richness, diversity and predation intensity are seen along the degradation gradient 

to algal dominated states, requires investigation. It is, therefore, relevant to investigate how 

the fish communities, which naturally thrive in harsh environments of high temperature and 

salinity, may respond to changes in benthic habitats on Red Sea reefs. Whether the 

dominant species within coral-dominated habitat are still present, and in sufficient numbers 

to reseed the population, in degraded habitats has not yet been established. Herbivorous 

fish species, in particular, play a vital role in degraded reef systems’ abilities to return to 

coral dominance after disturbance events (Bellwood et al. 2004). Whether these fish 

populations exist at lower numbers in degraded areas, or whether they would rely on 

recruits from other reef populations to return to higher abundances, remains unclear.  

Moreover, in situ observations in nearshore reefs in the central Red Sea have indicated a 

clear temporal pattern in macroalgal canopy formation. Sargassum canopy growth begins in 

March/April, when sea surface temperature starts to increase, and climaxes in late 

October/early November. By January, these dense areas of Sargassum break off and are 

swept off the reef to form floating canopies. Very limited information is available in the Red 
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Sea regarding temporal changes in reef fish associated communities and, no published 

studies specifically address the responses of fish communities to habitat changes combining 

spatial and temporal dimensions in this context. 

The present study, therefore, investigates the ecological effects of coral-algal phase shifts in 

reef-associated fish communities, using reef zones with different benthic compositions, as 

proxies for potential stages of habitat degradation. We also explore the role of temporal 

changes in benthic habitat on the associated fish communities. The aim was to identify 

changes in fish community composition and predation intensity with alternate benthic 

states on reefs in the east central Red Sea using accepted measures of reef assemblage 

change, in order to evidence whether accepted paradigms of fish communities in coral-algal 

phase shifts are also observed in this region. We  hypothesise changes in fish community 

composition, with reduced diversity and abundances of organisms in algal dominated 

habitats, as well as potential shifts in the dominance of species and functional trophic 

groups, due to changes in available food sources. We further hypothesise that the reduction 

in habitat complexity, with decreased coral cover, will reflect a decrease in the intensity of 

predation in the reef habitat. 
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2. Methods 

2.1 Study site and sampling design 

The study was conducted in the east-central Red Sea, off the coast of Thuwal, Saudi Arabia 

(22°15N, 39°3 E). Six sites were selected on inshore reefs, all approximately 2.8km offshore 

(Figure 1).  Data was collected in two sampling periods in 2018 to investigate how the time 

of year affected the relationship between benthic habitat and fish community composition 

both in terms of taxonomy and trophic functions, as well as predation activity. All six sites 

displayed benthic zonation of the reef flat (1m depth). Zones were categorised into habitat 

types, which emulate the benthic cover found at three levels of reef health: the coral zone, 

the transition zone and the algal zone. These zone designations were based on the relative 

cover of hard coral, bare substrate (rubble, sand and pavement), turf and macroalgae. This 

within-reef zonation provided a unique opportunity to compare habitats with benthic covers 

representative of different levels of degradation, while excluding differences in 

environmental parameters often associated with spatially- or temporally-separated study 

reefs.  

In order to target the initial stage of macroalgal dominance, the first sampling was 

conducted in May (Saudi Arabian summer months), followed by a second sampling period in 

November when canopies were at maximum height and density. In the second period, the 

algal canopy had already broken off in Site 3 when surveys were conducted. Thus, the lack 

of macroalgal cover prevented this site to be included in the analysis of the second sampling 

period, as it did not fit the established sampling design. 
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Figure 1. Map of the Red Sea showing the six study sites (black fish symbols) in the east central region (inset 

map) with the specific study area indicated by the hashed box. From north to south, sites were numbered as 

follows: 1, 2, 3, 4, 5 & 6. Maps were created by Ute Langner using the ArcGIS software (ArcMap 10.3.1) by 

ESRI, Inc. (ESRI.com), GEBCO, DeLorme, US Geological Survey (USGS) and the National Oceanic and 

Atmospheric Administration (NOAA) photo library. 

 

 

 

 

Thuwal 
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Figure 2. Benthic zonation of the reef flat: a) the coral zone b) transition zone and c) algal zone. Categorised 

based on the dominant benthic groups in each zone as identified by PIT surveys.  

 

Fig 3. Design, deployment and assessment of the squidpop feeding assays used to assess predation intensity. 

a) Assembled squidpops ready for deployment. b) An observer carrying out a bait check to ascertain how much 

bait has been consumed. Squidpops deployed in a 5x5m grid arrangement – here shown in the transition zone. 

a b c 

a b 

c 
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2.2 Sampling approach 

2.2.1 Quantification of benthic composition 

Quantification of relative cover of the main benthic categories in each zone was obtained 

via the point intercept method (PIT) (Choat & Bellwood 1985, Hill et al. 2004). Benthic cover 

was identified into fine categories (Table 1), with hard corals and macroalgae identified to 

the genus level, at 50cm intervals. Benthic surveys were conducted along triplicate 50m 

transects. Thus, for each reef site, there were a total of nine transects (three per zone) used 

to quantify benthic cover in each sampling period.  

2.2.2 Fish visual census  

To assess reef fish communities, visual censuses were conducted in each of the three zones 

(coral, transition and algal) at all six study sites. An observer conducted three 2m-wide belt 

transects of 50m per zone, totalling nine transects per site. Along each transect, all 

individuals were counted, identified, and total length estimated to the nearest 5cm. Fish 

biomass values were then estimated from the total length using allometric relationships as 

follows: W = a × Lb, where W is the weight of the fish in grams, L is the total length of the 

fish (TL) in cm, and a and b are species-specific constants acquired from FishBase 

(Friedlander & DeMartini 2002; Khalil et al. 2017). 
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Table 1. Fine benthic categories used in Point Intercept Transect (PIT) surveys to quantify relative cover of 

main benthic categories composing zones within the reef flat. 
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2.2.3 Predation intensity experiments 

Levels of predatory activity were assessed using feeding assays in each of the three habitat 

zones and in all reef sites. The squidpop technique protocol was followed, with one assay 

deployed per zone (Duffy et al. 2015). Assays comprised twenty five 13mm-diameter dried 

squid discs, attached to the upper end of steel plant stakes, which were fixed to the 

substrate in a 5x5m grid arrangement. Snorkelers deployed the assays, and counted the 

number of bait discs remaining after one hour and again after twenty-four hours. This was 

converted to a bait loss percentage, which is assumed to act as a proxy for the habitat’s 

predation intensity. In the first sampling period, observers were prevented from accessing 

reef site 6 to conduct feeding experiments in May, due to reef closures resulting from VIP 

presence in the area. The experiment in this site was instead conducted later in the period 

of low Sargassum density – in early August. In the second sampling period, adverse weather 

conditions meant twenty-four hour bait counts were only conducted at three out of the five 

sites (Sites 4, 5, and 6). 

2.3 Data analysis 

2.3.1 Measures of reef assemblage change and community composition  

The following well-established measures of evaluating reef fish assemblage change with 

different benthic states were used to assess the differences between habitat zones: species 

richness, diversity (Shannon-Wiener) and total abundance (Sano 2000, Halford et al. 2004, 

Jones et al. 2004, Bellwood et al. 2006). Along with these measures, total biomass per 

transect (tonnes per hectare) was also analysed using one-way Analysis of Variance 

(ANOVA) to investigate significant differences between factors site (random, six levels) and 

zone (fixed, three levels) for each sampling period separately. The factor time was not 
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considered in the analysis as the focus of the study was not the interactive effects of the 

different zones and sampling periods. However, it was considered of importance to test 

temporal differences within each zone, and in this case, the factor season was used in 

multivariate analyses to represent the temporal aspect. Preliminary analysis showed that 

factor site was not significant and, therefore, data was pooled and reanalysed as a single 

factor, i.e. zone (for each time separately) or time (for each zone separately). The 

assumption of homogeneity of variances was tested using Levene’s test. When this 

assumption was not met, data was log10+0.001 transformed. In the case of significant results 

from main tests, Tukey post-hoc test identified the specific groups contributing to 

significance.  

To elucidate the statistical significance of the differences in the benthic composition of 

zones within the study design, benthic data was subjected to square root transformation, 

and a Permutational Multivariate Analysis of Variance (PERMANOVA) carried out - using 

Euclidean distances. Changes in the fish community composition were explored using non-

metric dimensional scaling (nMDS) plots based on species level abundance data for each 

transect conducted. Analyses were based on a square root transformed matrix, which was 

used to calculate Bray-Curtis similarity indices and followed the ANOVA design described 

above. A PERMANOVA was performed on abundance data to identify the significance of the 

period sampled and the habitat zone on fish community composition. This established 

significant differences in communities between the first and second sampling periods and 

resulted in the analysis being split into specific sampling periods. Pairwise analyses 

elucidated significant differences between the communities occupying different habitat 

zones at specific sites within each sampling period. SIMPER analysis was also conducted, to 
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ascertain the dissimilarity of fish communities between zones across sampling periods. 

Moreover, SIMPER was used to identify species of typically high abundance and frequency 

in each zone in both sampling periods (those contributing the most to within-group 

similarity), as well as the species contributing the most to differences observed in 

communities across sampling periods for each zone (i.e. between group dissimilarity). In 

both cases, species contributing to the top 70% of community composition change were 

identified.  

2.3.2 Functional groups  

To examine whether benthic habitat composition and sampling period influence feeding 

ecology in Red Sea reef fish, all species identified in visual census were assigned to one of 

the following 14 functional feeding groups as classified by FishBase (Froese & Pauly 2018): 

Corallivores, Diurnal piscivores, Ectoparasite feeders, Generalist carnivores, Invertivores, 

Nocturnal piscivores, Detritivores, Browsers, Excavators, Grazers, Scrapers, Benthic 

omnivores, Pelagic omnivores and Planktivores. Biomass values for species within each 

feeding guild were then summed to give the overall biomass of each functional group 

observed within benthic zones. All functional group biomass data was then subjected to 

square root transformation and a resemblance matrix was formed using the Bray-Curtis 

similarity index. Total biomass of fine functional groups was explored using Principal 

Coordinates Analysis (PCO) followed by PERMANOVA to investigate significant differences in 

community in terms of biomass of trophic groups. Again, SIMPER analysis was performed to 

calculate the level of dissimilarity between the functional groups occupying habitat zones in 

each time period. These analyses were conducted with maximum number of permutations 

999. Where an insufficient number of permutations occurred, the Monte Carlo significance 
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value was interpreted. The dominant functional group, based on biomass in each zone per 

sampling period, was identified. Where shifts occurred in dominant groups, the total 

biomass of individual feeding groups were subjected to one-way ANOVAs to establish 

differences in their biomass across zones. In the case of significant results from main tests, 

Tukey’s post-hoc test identified the specific groups contributing to significance. Again, 

Levene’s test was used to assess homogeneity of variances and data was transformed using 

log10+0.001, when these assumptions were not met. If this assumption was not met after 

transformation, the Kruskal-Wallis test was carried out in place of the one-way ANOVA, 

followed by the Wilcoxon post-hoc test.  

2.3.3 Predation intensity  

To assess predation intensity, percentage bait loss values were pooled within habitat zones, 

for each sampling period, and subjected to one-way ANOVAs for the one and twenty-four 

hours bait counts. Biomass values of generalist carnivores, diurnal and nocturnal piscivores, 

from visual census, were pooled to act as an alternate proxy for predation intensity. These 

values were also analysed using one-way ANOVAs. Levene’s test was used to assess 

homogeneity of variances and data was transformed using log10+0.001 when these 

assumptions were not met. In the case of significant results from main tests, Tukey’s post-

hoc test identified the specific zones contributing to significance. All univariate statistical 

analyses were undertaken in R (version 3.5.1. Feather Spray) and using SPSS statistics 

(version 25), whereas multivariate analyses were conducted in PRIMER v7. In all analyses, 

the following factors were used as standard: reef, site, zone and, were necessary, 

season/sampling period. The factor ‘reef’ was found not to be significantly different in 
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either the benthic or the fish communities and was thus excluded from analyses thereafter. 

P<0.05 determined significance in all statistical tests. 

 

3. Results 

3.1 Characterisation of benthic habitats across zones 

A principal component analysis (PCA) of the benthic data from each habitat zone, in both 

sampling periods, was conducted (Figure 4). This shows that, in both periods, the coral zone 

is dominated by hard coral and turf algae. The transition zone was predominantly 

characterised by turf algae and bare substrate types (rubble, pavement and sand). 

Macroalgae dominated the algal zone in both sampling periods, with this dominance 

increasing in November, along with a decrease in the relative cover of bare substrate.  
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Figure 4. Principal component analysis plot of benthic composition of three habitat zones (coral zone, 

transition zone and algal zones) in two seasonal sampling periods (May and November). The relative influence 

of main benthic categories is overlaid. Filled symbols refer to the first sampling in May, whereas open symbols 

are related to data from the second sampling period in November. Colours denote the different zones, as 

indicated in the figure legend. 

Mean percent cover of each of the main benthic categories across sites, for the two 

sampling periods, are given in Tables 2 and 3, respectively – along with the minimum and 

maximum values recorded per zone. The most notable differences in benthic composition 

across the three zones, was the decrease in hard coral cover and turf algae from the coral to 

algal zones - as well as an increase in macroalgae along the same gradient. Highest mean 

hard coral cover was found in the coral zone in both sampling periods (32% and 22% 

respectively), followed by the transition zone (11% and 12%) and decreased further still in 

the algal zone (2% and 0%). Turf algal cover was also highest in the coral zone (55% and 

59%) and decreased in the transition (53% and 34%) and algal zones (31% and 7%) in both 

sampling periods. Macroalgal cover was low in both the coral (0% in both sampling periods) 

and transition zones (3% and 6%) but increased substantially in the algal zone (37% and 

68%). Benthic composition stayed relatively stable in both the coral and transition zones 

across sampling periods, but a notable shift occurred in the algal zone. This shift can be 

attributed to the 31% mean increase in macroalgal cover in the November sampling period.  
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Table 2. First sampling period - May. Mean, minimum and maximum relative cover values for main benthic 

categories (hard coral, turf algae, macroalgae and bare substrate) in the three habitat zones: coral dominated, 

transition and algal dominated. 

 

 

Table 3. Second sampling period – November. Mean, minimum and maximum relative cover values for main 

benthic categories (hard coral, turf algae, macroalgae and bare substrate) in the three habitat zones: coral 

dominated, transition and algal dominated.  
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3.2 Measures of reef assemblage change and community composition 

Throughout the course of the study, we observed 21045 individual fish which correspond to 

109 species from 25 families. The most represented families in terms of abundance were 

Pomacentridae (31%), Laridae (20%) and Siganidae (13%) – contributing to 64% of total 

abundance. The most speciose families were Labridae (20%), Pomacentridae (15%) and 

Scaridae (11%).  

Species richness (i.e. number of species) and diversity (Shannon-Wiener) values decreased 

from the coral to algal habitat zones in both sampling periods (Figure 5). One-way ANOVAs 

yielded differences between zones, for both measures, in each period (p<0.001). Tukey 

post-hoc tests revealed that species richness values among the three zones were 

significantly different in May (p<0.001) and November (coral vs algal; coral vs transition, 

p<0.001; transition vs. algal, p<0.01). Significant differences in Shannon-Wiener diversity 
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were also observed between all pairs of zones in May and November. The most striking 

differences were observed between the coral and algal zones (p<0.001).  

In May, the patterns of decreasing values from coral to transition, and further decreases 

towards the algal zone, hold true for total fish abundance and biomass (Figure 5). For total 

abundance, differences in zones (p<0.001) were attributed to the contrast between values 

from the coral (5503 individuals) and algal (2614 individuals) zones (p<0.001) and between 

the coral and transition (3452 individuals) (p<0.01).  Total biomass also differed between all 

zones (p<0.001) – ranging from 0.24 to 1.67 kg per hectare.  
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Figure 5. Variation in species richness, Shannon-Wiener diversity, total abundance and total biomass across 

habitat zones (coral dominated, transition and algae dominated) in the first (May) and second (November) 

sampling periods. Box and whisker plots show median (thick horizontal line), quartiles (box), 95% percentiles 

(whiskers) and outliers. 



34 
 

In November, however, similar abundance and biomass values were observed in both coral 

(3401 individuals & 0.60 kg per hectare) and algal (3952 & 0.64kg per hectare) zones (Figure 

5). This is reflected in the statistical significance of zones in November, in which significant 

differences were only detected between the transition zone and the other two zones. The 

transition zone had lower abundance than both the coral (p<0.05) and the algal (p<0.001) 

zones. Total biomass in the transition zone was lower than the other zones at a level of 

p<0.001. Throughout the study, the largest number of individuals observed across the 

zones, were associated with the coral zone in May (5503 individuals) (Figure 5).  

The number of exclusive species was highest in the coral zone (24 and 25) and decreased 

rapidly in the transition (4 and 5) and algal zones (2 and 5) in both periods (Figure 6). There 

was, however, a high number of species shared between all three habitats (31 in May; 24 

November), representing 34% and 28% of the total number of species observed in each 

sampling period. The highest number of shared species between zones, in both time points, 

was observed in the coral and transition zones, with 19 and 23 species in common in May 

and November, respectively.   

Differences in fish community composition were observed between the three habitat zones 

in both seasons. The nMDS of fish abundance data collected in May revealed three 

differently composed fish communities in the coral, transition and algal habitat zones – with 

transition and algal fish communities more similar in composition than the community 

inhabiting the coral area (Figure 7). This was evidenced by the PERMANOVA, in which fish 

communities were significantly different between zones (p<0.01). Pairwise analysis revealed 

that in all sites coral and algal fish communities were the most different from one another, 
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followed by coral and transitional communities (p<0.01 and p<0.05 respectively). The 

transition and algal zones were significantly different in all sites (p>0.05) except site 1. 

The nMDS of November fish abundance data showed a similar pattern with three different 

fish communities in the three habitat zones. In this case, coral and transition communities 

were more similar than the community inhabiting the algal area (Figure 8). This was 

demonstrated by the PERMANOVA, in which fish communities were significantly different 

between zones (p<0.01). Pairwise analysis revealed that in all sites coral and algal fish 

communities were the most different from one another (p<0.01). All other zones differed at 

the level of p<0.05.  

SIMPER dissimilarity analysis, highlighted the algal zone in May and the transition zone in 

November to have the highest average dissimilarity to communities inhabiting other zones 

(53.60% and 54.26% in turn) (Table 4). In both sampling periods there were also significant 

differences between the fish communities observed at different sites (p<0.01).  

 

Table 4. SIMPER percentage dissimilarity values between fish communities in habitat zones (coral, transition 

and algal) across two 2018 survey seasons, based on square-root transformed abundance data.  

 Coral Transition Algal 

May 41.45 45.17 53.60 

November 46.67 54.26 46.92 
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Figure 6. Three-set Euler diagrams showing number of exclusive and shared species between habitats 

sampled: the coral zone (C), the transition zone (T) and the algal zone (A) in May 2018 (top) and 

November 2018 (bottom).  
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Figure 7. Non-metric multidimensional scaling plot based on Bray-Curtis similarities showing fish community 

composition in the different habitat zones (coral, transition and algal) at six inshore reef sites in May 2018 – 

based on square-root transformed fish abundance data. Colours denote the different zones, as indicated in the 

figure legend. 

 

 Figure 8. Non-metric multidimensional scaling plot based on Bray-Curtis similarities showing fish community 

composition in the different habitat zones (coral, transition and algal) at six inshore reef sites in November 

2018 – based on square-root transformed fish abundance data. Colours denote the different zones, as 

indicated in the figure legend. 
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Fish communities exhibited a shift in composition from May to November. PERMANOVA 

identified significant differences between the communities in each sampling period – as well 

as the interactive effects of sampling period on site and zone (p<0.01). The coral zone 

associated community is observed to be the most stable across seasons, but this stability 

decreased in the transition and, further still, in the algal zone (Figure 9). This pattern is 

evidenced in the SIMPER analysis comparing the fish communities associated with individual 

zones, in May and November (Table 5). The coral zone had the lowest average dissimilarity 

from one season to another (46.77%) followed by the transition (63.01%). The greatest shift 

in fish community composition across seasons was observed in the algal zone (71.29%). 

SIMPER analysis also identified the typifying species, for each zone, based on their 

percentage contributions to within-group similarity. In the first sampling period, typifying 

species of each zone were as follows: Stegastes nigricans (16.87%) in the coral zone, 

Chrysiptera unimaculata (19.06%) in the transition zone and Halichoeres scapularis (28.21%) 

in the algal zone (Table 6 and Figure 10). In the second sampling period, the most typical 

species of the coral zone stayed consistent - Stegastes nigricans (12.6%). In the transition 

zone the highest contributing species to within-group similarity was Halichoeres scapularis 

(17.74%) and in the algal zone it was Siganus luridus (20.99%) (Table 7 and Figure 11). Those 

species whose change in abundance contributed most to dissimilarity between sampling 

periods, in each zone, are as follows. The decrease in abundance of Stegastes nigricans 

(4.73%) in the coral zone (Table 8 and Figure 10) and Chrysiptera unimaculata in the 

transition zone (10.59%) (Table 9 and Figure 10) were the highest contributors to 

community change through time. In the algal zone, the increase in Siganus luridus 

abundance accounted for 12.99% of difference in community composition (Table 10 and 

Figure 11). 



39 
 

 Figure 9. Non-metric multidimensional scaling plot based on Bray-Curtis similarities showing fish community 

composition in the different habitat zones (coral, transition and algal) at six inshore reef sites in 2018 – based 

on square-root transformed fish abundance data. Filled symbols refer to the first sampling in May, whereas 

open symbols are related to data from the second sampling period in November. Colours denote the different 

zones, as indicated in the figure legend. 

 

Table 5. SIMPER percentage dissimilarity values between the fish communities of individual habitat zones 

across two 2018 survey seasons – based on square-root transformed abundance data.  

 May 

Coral Transition Algal 

N
ov

em
be

r 

Coral 46.77   

Transition  63.01  

Algal   71.29 
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Table 6. Mean abundance of typifying species (highest contributors to within-zone similarity) in fish 

assemblages associated with three habitat zones in the first sampling period - identified using SIMPER analysis. 

Species  Coral  Transition  Algal  
Stegastes nigricans  16.87 6.64 - 
Acanthurus nigrofuscus  8 - - 
Chlorurus sordidus  7.62 - - 
Acanthurus sohal 6.28 4.71 - 
Pomacentrus sulfureus 5.56 - - 
Gomphosus caeruleus 5.11 4.9 - 
Lutjanus ehrenbergii  5.09 - - 
Thalassoma rueppellii  4.06 8.37 - 
Scarus ferrugineus 3.17 - - 
Ctenochaetus striatus  3.06 - - 
Chaetodon fasciatus  2.89 - - 
Hipposcarus harid  2.54 - - 
Chrysiptera unimaculata  - 19.06 20.48 
Halichoeres scapularis  - 13.47 28.21 
Stethojulis albovittata  - 5 9.69 
Cheilinus abudjubbe  - 4.1 - 
Scarus sp. Juv - 3.89 - 
Rhinecanthus assasi - - 7.74 
Lethrinus harak - - 5.2 

 

Figure 10.  Typifying species (highest contributors to within-zone similarity) in fish assemblages associated with 

three habitat zones in the first sampling period - identified using SIMPER analysis. a) Stegastes nigricans 

contributed most to similarity within the fish community inhabiting the coral zone (16.87%), b) Chrysiptera 

unimaculata in the transition zone (19.06%) and c) Halichoeres scapularis in the algal zone (28.21%). 

 

a b c 
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Table 7. Mean abundance of typifying species (highest contributors to within-zone similarity) in fish 

assemblages associated with three habitat zones in the second sampling period - identified using SIMPER 

analysis. 

Species Coral  Transition  Algal  
Stegastes nigricans  12.6 6.27 - 
Larabicus quadrilineatus  7.45 4.33 - 
Lutjanus ehrenbergii  7.22 3.81 10.21 
Acanthurus sohal 6.09 4.09 - 
Chlorurus sordidus  5.86 9.84 - 
Acanthurus nigrofuscus  5.77 - - 
Gomphosus caeruleus 4.28 5.34 - 
Pomacentrus sulfureus 3.63 - - 
Abudefduf sexfasciatus  3.62 - - 
Thalassoma rueppellii  3.55 5.33 - 
Ctenochaetus striatus  3.3 - - 
Scarus ferrugineus 2.86 - - 
Chaetodon auriga  2.86 - - 
Chaetodon fasciatus  2.62 - - 
Halichoeres scapularis  - 17.74 13.42 
Pomacentrus trilineatus  - 12.29 - 
Rhinecanthus assasi - 4.34 - 
Siganus luridus  - - 20.99 
Lethrinus harak - - 9.86 
Parupeneus forsskali  - - 8.67 
Siganus rivulatus - - 8.41 
 

 

Figure 11. Typifying species (highest contributors to within-zone similarity) in fish assemblages associated with 

three habitat zones in the second sampling period - identified using SIMPER analysis. a) Stegastes nigricans 

c 
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contributed most to similarity within the fish community inhabiting the coral zone (12.6%), b) Halichoeres 

scapularis in the transition zone (17.74%) and c) Siganus luridus in the algal zone (20.99%). 

 

Table 8. Discriminating species contributing to 70% of dissimilarity between the fish communities inhabiting 

the coral zone in the first and second sampling periods. Average abundances in each species in the first (May) 

and second (November) sampling period are shown along with their percentage contributions to overall 

community change. + or – indicate whether the species increased or decreased in abundance from May to 

November respectively.  

Species Average Abundance Contribution% Trend 

 
May November  

 Stegastes nigricans  8.84 5.85 4.73 - 
Acanthurus nigrofuscus  5.12 3.12 4.06 - 
Chromis viridis  1.27 2.5 3.92 + 
Pomacentrus sulfureus 3.49 2.58 3.26 - 
Ctenochaetus striatus  2.4 2.31 2.98 - 
Acanthurus sohal 3.91 3.3 2.95 - 
Pomacentrus trilineatus  1.59 1.64 2.83 + 
Abudefduf sexfasciatus  1.71 2.22 2.64 + 
Larabicus quadrilineatus  1.67 3.17 2.63 + 
Hipposcarus harid  2.31 1.23 2.6 - 
Siganus luridus  1.18 1.74 2.55 + 
Lutjanus ehrenbergii  3.24 3.46 2.36 + 
Scarus sp. Juv 0.83 1.3 2.35 + 
Chlorurus sordidus  3.83 3.02 2.19 - 
Zebrasoma desjardinii  1.98 1.09 2.16 - 
Thalassoma rueppellii  2.53 1.69 1.94 - 
Pomacentrus sp. 0 1.3 1.86 + 
Siganus rivulatus 0.93 0.85 1.85 - 
Scarus niger  1.69 0.83 1.83 - 
Naso elegans 1.09 1.03 1.82 - 
Mulloidichthys flavolineatus  0.13 1.13 1.64 + 
Neoniphon sammara  0.78 1.14 1.54 + 
Gomphosus caeruleus 2.8 2.03 1.49 - 
Scolopsis ghanam  0.73 0.96 1.48 + 
Naso unicornis 1.08 0.64 1.41 - 
Halichoeres scapularis  0.9 0.39 1.39 - 
Halichoeres hortulanus 1.31 0.74 1.35 - 
Scarus ferrugineus 1.92 1.48 1.32 - 
Parupeneus forsskali  1.18 0.92 1.28 - 
Thalassoma lunare 0.99 0.57 1.27 - 
Rhinecanthus assasi 0.97 0.55 1.23 - 
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Cheilinus abudjubbe  1.02 1.27 1.23 + 
 

 

Table 9. Discriminating species contributing to 70% of dissimilarity between the fish communities inhabiting 

the transition zone in the first and second sampling periods. Average abundances in each species in the first 

(May) and second (November) sampling period are shown along with their percentage contributions to overall 

community change. + or – indicate whether the species increased or decreased in abundance from May to 

November respectively.  

Species Average Abundance Contribution% Trend 

 
May November  

 Chrysiptera unimaculata  6.12 0 10.59 - 
Pomacentrus trilineatus  0.16 3.47 6.03 + 
Chlorurus sordidus  1.9 3.94 5.18 + 
Scarus sp. Juv 2.87 0.3 4.64 - 
Stegastes nigricans  3.39 2.58 4.4 - 
Stethojulis albovittata  2.04 0.15 3.38 - 
Acanthurus sohal 2.57 1.8 3.35 - 
Halichoeres scapularis  4.8 3.93 3.23 - 
Thalassoma rueppellii  3.17 1.59 3.11 - 
Dascyllus aruanus  1.92 1.28 3.02 - 
Pomacentrus sp. 0 1.57 2.79 + 
Chromis viridis  0.5 1.57 2.68 + 
Larabicus quadrilineatus  1.59 1.75 2.49 + 
Stegastes lividus 1.21 0 2.46 - 
Acanthurus nigrofuscus  0.83 1.21 2.3 + 
Lutjanus ehrenbergii  0.21 1.52 2.24 + 
Cheilinus abudjubbe  1.69 0.87 2.01 - 
Ctenochaetus striatus  0.22 1.11 1.85 + 
Gomphosus caeruleus 1.83 1.67 1.64 - 
Chaetodon fasciatus  1.05 0.46 1.58 - 
Thalassoma lunare 1.22 0.76 1.55 - 
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Table 10. Discriminating species contributing to 70% of dissimilarity between the fish communities inhabiting 

the algal zone in the first and second sampling periods. Average abundances in each species in the first (May) 

and second (November) sampling period are shown along with their percentage contributions to overall 

community change. + or – indicate whether the species increased or decreased in abundance from May to 

November respectively.  

Species Average Abundance Contribution % Trend 

 
May November  

 Siganus luridus  0.52 7.48 12.99 + 
Siganus rivulatus 2.87 5.19 8.88 + 
Chrysiptera unimaculata  4.13 0 7.35 - 
Lutjanus ehrenbergii  0 3.92 6.71 + 
Pomacentrus sp. 0 2.92 4.8 + 
Thalassoma rueppellii  1.44 3.61 4.79 + 
Scarus sp. Juv 2.44 0.79 4.56 - 
Stethojulis albovittata  2.65 0 4.43 - 
Halichoeres nebulosus  0.12 2.42 3.95 + 
Halichoeres scapularis  5.34 3.96 3.59 - 
Parupeneus forsskali  0.88 2.69 3.57 + 
Lethrinus harak 1.22 2.63 2.64 + 
Chlorurus sordidus  0.36 1.19 2.53 + 

3.3 Functional groups 

Principal coordinates analysis (PCO) of fourteen fish functional groups revealed a similar 

pattern of distinct biomass values between habitat zones (Figure 12). Again, a stable coral 

zone-associated community across seasons is observed, but less distinct differences in 

transitional communities, from May to November, exist compared to those in the 

abundance data. The biomass of the algal fish community, in November, was distinctly 

different to all other zones. Thus, this zone also experiences the greatest shift in functional 

group biomass with time. The first axis (PCO1) explained 48.1% of the total variability in the 

biomass data – with another 16.4% being explained by PCO2. All May fish communities, 



45 
 

along with those in the November coral and transition zones, were most strongly correlated 

with PCO1. The November algal zone was most strongly correlated with PCO2.  

 

Figure 12. Principal coordinates analysis plot based on Bray-Curtis similarities showing biomass of fish 

functional feeding groups in the different habitat zones (coral, transition and algal) at six inshore reef sites in 

2018 – based on square-root transformed fish abundance data. Filled symbols refer to the first sampling in 

May, whereas open symbols are related to data from the second sampling period in November. Colours 

denote the different zones, as indicated in the figure legend. 

PERMANOVA of functional group biomass for both seasons, showed significant differences 

between zones (p<0.01); as well as multivariate interactions of factors sampling period and 

zone (p<0.01) - thereby indicating an effect of benthic habitat on the relative biomass of 

functional groups. Sampling period also effected functional group biomass values (p<0.05). 

In May, pairwise analysis revealed, at all sites, coral and algal areas differ in functional 

composition (p<0.01). Whether significant differences exist between the functional groups 

present in the transition and other zones, was site dependant. In sites 1, 3, 5 and 6 coral and 
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transition zones differed (p<0.05) - but no differences existed between transition and algal 

zone functional groups. The opposite pattern exists in sites 2 and 4, with transition zone 

feeding groups only differing from that of the algal zone (p<0.05). Thus, in four out of six 

sites, the functional groups inhabiting the transition zone were more similar to that of the 

algal habitat. In the remaining two sites, the transition is more comparable to the relative 

biomass of fish functional groups in the coral zone. For the November pairwise analysis, all 

zones had significantly different relative biomass of functional feeding groups from one 

another at a level of p<0.05. 

Table 11. SIMPER percentage dissimilarity values between biomass of fish functional feeding groups in 

different habitat zones in 2018, based on square-root transformed abundance data.  

 Coral Transition Algal 
May 24.63 28.42 37.75 

November 27.09 35.28 27.92 
 

Table 12. SIMPER percentage dissimilarity values between the fish functional feeding group biomass of 

individual habitat zones across two survey seasons in 2018 – based on square-root transformed abundance 

data.  

 May 
Coral Transition Algal 

N
ov

em
be

r Coral 26.78   

Transition  32.98  

Algal   53.64 

 SIMPER was used to determine which seasons’ habitat zones were most dissimilar in their 

biomass of trophic groups. The algal community in May and the transition community in 

November had the highest average dissimilarity to other seasonal zones (Table 11). When 

comparing individual zones across sampling periods, fish biomass in coral, transition and 

algal zones had average dissimilarities of 26.78%, 32.98% and 53.64%, respectively (Table 
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12). Browsers (15.40%) and grazers (14.54%) were the highest contributors to dissimilarity 

in trophic groups between May and November coral zone communities. The higher 

dissimilarity in the transition zone, between sampling periods, is accounted for by changes 

in grazer (19.72%) and excavator (18.74%) biomass. Finally, the most distinct shift in 

communities, observed in the algal zone, can be attributed to a substantial change in grazer 

biomass (39.76%), as well and changes in the biomass of invertivores (19.23%). This pattern 

of increased shifts in the relative biomass of functional groups from the coral to the algal 

zone, can also be observed in the temporal shifts in dominance of functional groups. In both 

sampling periods, grazing herbivores dominate the coral habitat zone (Table 13). However, 

this dominance shifts in the transition zone from grazers in May, to invertivores in 

November. The opposite pattern exists in the algal zone, with initial dominance of 

invertivores moving to grazer dominance in the second survey season. Analyses of the 

biomass of these two prevalent groups (grazers and invertivores), across habitat zone and 

sampling period, revealed several patterns. The recurring trend of decreased biomass from 

coral to algal zones occurred for grazers in May - Kruskal–Wallis and Wilcoxon tests 

established significant differences (p<0.001) between each of the three zones (Figure 13). 

Again, the role of grazers in temporal community shifts is evident in November, as high 

grazer biomass is found in both the coral and algal zones. Thus, differences between zones 

(p<0.001), are attributed to significantly lower values in the transition zone compared to 

coral and algal habitats (p<0.001). 
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Table 13. Biomass of individual fish functional feeding groups in different habitat zones across seasons in 2018 

– based on square-root transformed abundance data. 

 

  

Slight decreases exist in invertivore biomass from the coral to algal zone, in May, but there 

is no distinct trend (Figure 14). This is reflected in the lack of significance between zones 

established by a one-way ANOVA. However, in November, notable changes in invertivore 

biomass occur with generally higher values compared to the May sampling period. The 

largest biomass of invertivores was observed in the algal zone in November. In contrast to 

the previous sampling period, in November, all zones differed significantly from one another 

in terms of their invertivore biomass (p<0.001). Algal zone values were greater than those of 

the coral (p<0.01) and transition zones (p<0.001). Coral zone invertivore biomass was also 

more than that recorded in the transition zone (p<0.05).   
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Figure 13. Variation in grazer biomass in habitat zones in May and November. Box and whisker plots show 

median (thick horizontal line), quartiles (box), 95% percentiles (whiskers) and outliers. 

 

Figure 14. Variation in invertivore biomass in habitat zones in May and November. Box and whisker plots show 

median (thick horizontal line), quartiles (box), 95% percentiles (whiskers) and outliers. 
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3.4 Predation intensity  

3.4.1 Predation intensity experiments  

Bait loss values differed significantly across zones in May – with highest consumption in the 

coral zone and characteristic decreases towards the algal zone after one hour (p<0.001) 

(Figure 15). Tukey tests revealed coral to have higher bait consumption, and assumed 

predation intensity, than both the transition and algal habitat zones (p<0.001 in both cases). 

Predation intensity experiments conducted in November revealed that, after one hour, a 

similar pattern of decreases in consumption with zone existed - but with a markedly 

stochastic range of bait loss values in the transition zone. In this case, there was no 

statistical significance in values between zones.  Of the squid pop assays deployed, 93% 

exhibited 100% consumption at the twenty-four hour bait count. The two assays that did 

not reach 100% bait loss by 24 hours (one in the algal zone in May and one in November), 

were both 96%. Thus, no significant differences were present between zones at the second 

bait count. 

3.4.2 Carnivore biomass 

The second proxy for predation intensity used, summed piscivorous carnivore biomass, 

exhibited a similar trend to the squid-pop proxy in May - with decreases in consumption 

towards the algal habitat (Figure 16). Differences between the three zones (p<0.001) were 

attributed to significantly lower carnivore biomass in the transition zone compared to the 

other two zones (p<0.001). An alternate pattern exists in November with high piscivore 

biomass in the coral and algal areas; when compared to the transition. However, the only 
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statistically meaningful difference in carnivore biomass in November was between the coral 

and transition zones (p<0.05).  

 

Figure 15. Variation in predation (loss of squid baits) across habitat zones in the first (May) and second 

(November) sampling periods after one hour and 24 hours. Box and whisker plots show median (thick 

horizontal line), quartiles (box), 95% percentiles (whiskers) and outliers.  
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Figure 16. Variation in piscivorous carnivore biomass in habitat zones in across the first (May) and second 

(November) sampling seasons. Box and whisker plots show median (thick horizontal line), quartiles (box), 95% 

percentiles (whiskers) and outliers. 

4. Discussion  

Fish communities in the east central Red Sea displayed recurring patterns across the three 

benthic habitat types characterised on inshore reefs: coral, transition and algal zones. The 

most consistent pattern was of decreases in values, of the measures of reef assemblage 

change (species richness, Shannon-Wiener diversity, total abundance and total biomass), 

from the coral to algal zones. Whether these patterns were temporally stable, or exhibited 

shifts with changes in benthic habitat through time, was dependent on the indicator 

analysed.  

Temporally consistent patterns existed in species richness and diversity. Despite shifts in 

benthic state, species richness and Shannon-Wiener diversity were constantly highest in the 

coral zone, decreased in the transition zone, and showed further decreases in algal 

dominated areas - in both low and high Sargassum density sampling periods. The same 

trend was observed with the number of exclusive species. Coral dominated habitat housed 

considerably higher numbers of exclusive species at both time points. These patterns exist 

in the presence of the substantial shifts in habitat complexity, associated with the increased 

density of Sargassum, in the algal area – suggesting species richness and diversity are not 

strongly correlated with complexity and are thus more heavily structured by other variables. 

This finding is synonymous with Roberts and Ormonds 1987 study, also conducted  in the 

east central Red Sea, which found fish species richness did not correlate with the measure 

of topographic complexity used (surface area index). The lack of importance of habitat 

complexity in accounting for spatial variation in reef fish assemblages, has also been more 
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recently evidenced on the Great Barrier Reef (Komyakova et al. 2013). Decreased live coral 

cover has also been suggested as the factor determining decreases in fish species richness 

(Khalaf & Kochzius 2002). However, evidence from the east central Red Sea suggests a lack 

of correlation between fish species richness and live coral cover (Roberts and Ormond 

1987). Instead, Red Sea studies have found the biological diversity of the benthos to be a 

better predictor of fish species richness (Roberts & Ormond 1987; Khalaf & Kochzius 2002). 

This may also be an influential variable in determining the number of fish species (total and 

exclusive), as well as the fish diversity, found in the different reef zones in this study. In both 

seasons, the coral zone was consistently dominated by a diverse range of hard coral genera 

as well as a wealth of turf algae. Such diversity of hard coral species has been documented 

to correlate with high numbers of species in fish communities in other regions, and account 

for up to 63.3% of variation in fish species richness (Komyakova et al. 2013). Although not 

currently well evidenced, this may also be true for algal turfs. Substrate types classified 

generally as ‘algal turfs’ are likely made up of several species of algae which, in the same 

way as factors such as the degree of sediment loading in algal turf (Tebbett et al. 2017), may 

affect the species which feed on the epilithic algal matrix and are therefore present in 

different benthic environments. Although a transformation of the algal habitat was 

observed from May to November, seeing a bloom of Sargassum from short patches to tall 

dense canopies, the main changes in actual composition were: a decrease in the relative 

cover of bare substrata and an increase in macroalgal cover with time. The diversity of 

substrate did not differ greatly from one sampling period to another as the dominant 

benthic category, macroalgae, was comprised predominantly of Sargassum in both seasons. 

These findings are consistent with studies concluding diversity of biotic benthic community 
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is highly correlated with species richness and diversity of coral reef fish (Roberts and 

Ormond 1987; Komyakova et al. 2013).  

The distinctly different composition of fish communities across benthic zones was evident in 

both sampling points. However, a temporal response was also apparent in fish communities 

within the same habitat zones through time. Despite the temporally consistent benthic 

composition of the coral zone, the overall fish community composition of this zone was 

observed to slightly shift. This finding contradicts the temporal stability of reef fish 

communities observed on reef flats in the Gulf of Aqaba (northern Red Sea) (Brokovich et al. 

2006). Along the latitude of the Red Sea, fish communities are known to differ in their 

composition, with particularly distinct communities observed in the Gulf of Aqaba 

(Shepperd et al 1992). It is thus possible that the temporal shifts in fish community 

composition observed in our study, in the absence of benthic community change, are 

characteristic of central Red Sea fish populations. Another possible explanation, is the close 

proximity of the coral zone to the other benthic zones in our study. More pronounced shifts 

where observed through time in the fish and benthic communities of the transition zone in 

our study, and a vast periodic response of both algal zone fish and benthic communities 

were observed. Thus, it is possible that the fish movements, from these shifting zones into 

the coral-dominated zone, account for the apparent temporal shifts in fish communities 

inhabiting coral-dominated habitat in this study. Further study of the stability of fish 

communities inhabiting coral dominated reefs, without significant benthic zonation, is 

required in the central Red Sea to elucidate temporal trends. Here we observe decreased 

stability of fish communities from the coral to algal zones through time, and although slight 

temporal shifts in fish communities may occur even in stable benthic habitats (Sale and 

Douglas 2009), such as we see here in the coral zone, we conclude the extent of shifts in fish 
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communities through time was likely dependent on the extent of shifts in benthic state 

within individual zones.  

Seasonal shifts in fish community can be attributed to the two measures of reef fish 

assemblages which experienced temporal shifts from the May to November sampling 

periods. Namely, total abundance and biomass. These measures reflected the trends of 

decreased species richness and diversity, from the coral to the algal zone, in the first 

sampling period (May). Prior Red Sea research has documented a lack of correlation 

between live coral cover and fish abundance (Roberts and Ormond 1987). Here however, 

we find highest values of fish biomass and abundance were observed in the coral zone and 

decreased, with the decrease in coral species richness and cover, in the transition and algal 

zones. Thus our findings more accurately reflect strong correlations between coral species 

richness and fish abundance found on the Great Barrier Reef, in which, coral cover explained 

17.4% of variation in fish abundance (Komyakova et al. 2013). Drastic increases in the 

abundance and biomass of fish communities inhabiting the algal zone in the second 

sampling period, made them comparable to the expectedly high amounts of fish in the 

coral-dominated areas. Temporal shifts in the algal zone fish abundance and biomass 

mirrored the substantial succession of Sargassum canopies which were observed to increase 

in height and density, increasing the habitat complexity of this zone. Thus, whether the fish 

abundance and biomass supported by disturbed algal-dominated reef areas is decreased, or 

comparable to that of coral-dominated undisturbed habitat, appears to be dependent on 

the height and density of the macroalgal canopy. In our study, the increases in total biomass 

in the algal zone can be attributed to the sixteen-fold increase in grazer biomass from May 

to November sampling periods, which also explains the apparent shift in dominant 

functional group. Increased abundances of congeneric species Siganus luridus and Siganus 
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rivulatus accounted for 20% of the temporal shifts in community composition in the algal 

zone. This is presumably due to the migration of individuals to inshore reefs, in response to 

the availability of Sargassum plants, which have been recorded as contributing to 20% and 

15% of their diets respectively (Lundberg & Golani 1995). Although identified as 

multihabitat users (Sambrook et al 2019), the family Siganidae have also been named as 

major contributors to herbivory on reefs (Cheal et al 2010). Thus, their presence may 

contribute to the recovery and resilience of reef habitats in disturbance events.  

The high biomass of grazers in macroalgal canopies observed here, is consistent with work 

documenting increased grazer biomass on reefs that have undergone phase shifts to 

macroalgal-dominated states, due to the proliferation of their algal food source (Robinson 

et al. 2019). These findings support suggestions to modify fisheries’ target species from 

coral-associated species to grazing herbivores in areas where reefs have undergone 

disturbance and exist in macroalgal dominated states (Woodhead et al. 2019). A 

recommendation reinforced by observations of economically important reef fish families in 

macroalgal beds (Sambrook et al 2019). In the case of cyclic canopies, such as those found in 

the east central Red Sea, this would necessitate season-dependant target species to 

coincide with macroalgal blooms in the autumn period. It is, however, necessary to note 

that such fisheries should be carefully monitored to avoid overexploitation of this functional 

group, in order to ensure the vital role of grazing herbivores within reef systems (Nyström 

& Folke 2001) is preserved. Overconsumption of grazers could lead to decreased grazing 

rates of epilithic algal turfs, and consequent increased establishment of macroalgae, on so 

called ‘healthy’ coral-dominated reefs (Hughes et al. 2007). With regards to grazer biomass, 

it is also important to note the decrease in grazing herbivores exhibited from coral to algal 

zones, prior to the formation of high density Sargassum canopies. This decrease coincides 
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with the decrease in coral cover across zones, a finding synonymous with Roberts and 

Ormond’s study correlating prevalence of herbivores and hard corals on Red Sea reefs 

(Roberts & Ormond 1987). It’s not possible to disentangle the causal effects of whether 

decreases in hard coral cover cause a decrease in herbivore biomass or vice versa from this 

study, but what is reinforced is the close relationship of the two reef components. This 

study emphasises the necessity of both components remaining in balance to ensure reef 

functioning in what is considered a state of good reef health, a conclusion backed by studies 

calling for herbivorous fish to be made a conservation priority in the management and 

maintenance of healthy reefs (Bellwood et al. 2004).  

In this study, decreases in assumed predation from the coral to algal zones occurred across 

sampling periods in the first proxy for predation intensity: squidpop consumption 

experiments. That is, predation intensity was highest in the coral zone and decreased in the 

transition and algal zones. A discrepancy exists between this proxy, and the use of 

piscivorous carnivore biomass. Carnivore biomass showed the same pattern as consumption 

experiments in May. In November, increases in carnivore biomass were observed in the 

algal zone but were not reflected by an increase in bait consumption. It is hypothesised that 

the difference in predation intensity, evidenced using different proxies, may be due to an 

anomaly in the feeding behaviour of carnivores present in the predation experiments. The 

numbers of carnivores recorded in visual census does not correlate with the predation 

activity observed in consumption experiments. This is thought to be due to adverse weather 

conditions and high wave action on the days which consumption experiments were 

conducted, directly affecting experimental observations in the algal zone in November. Of 

the three sites in which observers were able to conduct twenty-four hour bait counts, all 

were situated closer to the exposed edge of the reef which, at that time, was exposed to 
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high wave intensity. Thus, had this unusual weather event not have occurred during the 

high-Sargassum-density sampling period, it is possible that increased predation rates in the 

algal zone would reflect the carnivorous fish we know to be present. Seasonal changes in 

the abundance of the mesopredators, in line with our documented shifts in carnivore 

biomass, have been observed in other regions (Douglass et al. 2010); as well as a seasonal 

response observed using the squidpop predation assessment methodology (Duffy et al. 

2015). For this reason, we speculate that the carnivorous fish we know to be present within 

the algal canopy, were taking refuge inside the canopy and not feeding during this intense 

weather period. The use of macroalgal habitat by carnivorous reef fishes, shown in this 

study, has also been evidenced in studies from both the tropical Atlantic and Indo-Pacific, in 

which carnivores were the most speciose of all functional groups recorded in this habitat 

type (Sambrook et al 2019). In a recent review, 15% of all carnivorous reef fish recorded in 

non-reef habitats were known to use macroalgal beds (Sambrook et al 2019).  

In the three benthic zones, here emulative of different states of reef health, bait loss was 

virtually always 100% after twenty-four hours. Only 2 out of 27 assays still had bait 

remaining after twenty-four hours – one from each survey season in the algal zone (both 

96% bait loss). Despite the variation in reef habitats tested, the twenty-four hour bait count 

was not indicative of any difference in predation. This can be explained by the relatively high 

overall predation rates on reefs compared to other inshore habitats (Duffy et al. 2015). 

Thus, our findings, along with other studies using this technique in the reef habitat (Duffy et 

al. 2015), lead to our suggestion that the twenty-four hour bait count is uninformative when 

used on coral reefs. It is not necessary to conduct the twenty-four hour bait count when 

comparing within the reef habitat as it gives no additional resolution. Further studies are 

required to evidence a more appropriately timed bait count, for such high-predation 
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habitats, but we make the preliminary suggestion of using a six or eight hour bait count to 

accompany the one hour count on coral reefs. In relation to predatory fish in this region, it is 

also important to note the lack of apex predators in the east central Red Sea due to 

overfishing (Berumen et al 2013; Khalil et al 2017) thus the carnivores recorded in this and 

previous studies on inshore reefs are exclusively mesopredators. 

From this study, it may be suggested that the high number of overlapping fish species 

between zones, particularly between the coral and transition zones, may provide evidence 

for the resilience of reefs experiencing relatively low levels of degradation and consequent 

shifts in their benthic community i.e. shifts to a state of decreased coral cover and increased 

bare substrate types, but prior to the dominance of macroalgae (the state of which the 

transition zone in this study is representative). A high number of fish species found in the 

‘healthy’ coral-dominated zone are also evidenced in the transition zone. If these species 

are able to persist on partially degraded reefs, even if they are present in lower abundances, 

they have the potential to internally reseed the population and facilitate the recovery of fish 

populations to original levels. However, here the discrepancy must be taken with regards to 

this particular study design. It is unclear whether the number of overlapping fish species 

between benthic zones is high because these species are able to inhabit all benthic habitat 

types, and thus would be able to persist in partially disturbed states, or whether they are 

merely found in multiple zones here as a consequence of the close proximity of benthic 

zones within the reef. To elucidate this ambiguity, further investigation of the level of 

potentially relevant factors such as the mobility and territoriality of species (Choat and 

Bellwood 1985) found in each zone could be carried out. In the context of reef resilience, it 

would also be beneficial to investigate the functional roles of overlapping species in order to 

make predictions of these species ability to play a role in the recovery of such reefs. Also, 
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when considering the close proximity of different habitat zones used in this study, further 

investigations may focus on the juvenile- adult ratios of species inhabiting each of the 

benthic zones. This may elucidate whether seasonal macroalgal canopies act as nursery 

habitats for juvenile reef fish; as they are well-documented to in other regions (Chaves et al 

2013; Tano et al 2017; Sambrook et al 2019). Sambrook’s recent review of the use of non-

reef habitats by reef fish species, showed that 45.5% of species, were observed in 

macroalgal beds as juveniles. This suggests that although the research and management of 

nursery habitats generally focus on seagrass and mangroves, the types of nursery habitats 

predominantly used by reef fish may be region-dependant. That is, in the Red Sea, Indian 

Ocean and Tropical Pacific, macroalgal beds had higher species richness of juvenile reef fish, 

compared to mangrove habitats and are thus potentially more essential nursery habitats in 

this region (Sambrook et al 2019). This finding triggered authors to highlight the need for a 

more in-depth understanding of the trends and causal factors of reef fish use of macroalgal 

habitat, and the effect of such use on reef ecological processes. Further investigation of the 

within-reef use of macroalgal beds in our study, thus may form a basis for necessary future 

studies investigating the role of disturbed macroalgal reefs, for juvenile reef fish habitat use 

and whether they are able to contribute to the adult population sizes of fish inhabiting 

coral-dominated ‘healthy’ reef habitats (Edwards et al 2010).  

In conclusion, this study is the first to investigate the role of benthic substrata on fish 

community composition and activity, in relation to the seasonal shifts in benthic 

composition common on inshore reefs of the Red Sea region. We determine that, despite 

the finding that high density macroalgal canopies support high abundances and biomass of 

fish, in the autumn period, the species richness and diversity are still lower than the habitat 

zones which represented healthy or partially disturbed reefs. Meaning that although the 
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abundances of fish may be comparable between coral and macroalgal-dominated reef 

habitats, there are significant differences in the composition of these communities. This has 

potential implications for Red Sea coral reefs if allowed to shift to alternate, so-called 

‘degraded’ stable states. Depending on the density of macroalgal canopies, Red Sea reefs 

may be able to support high biomass and abundance of fish, but the functioning of the fish 

community will be altered and the diversity lost. 
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