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ABSTRACT 

Biogeographic Patterns of Reef Fish Communities in the Saudi Arabian Red Sea 

May Roberts 

 

As a region renowned for high biodiversity, endemism and extreme temperature 

and salinity levels, the Red Sea is of high ecological interest. Despite this, there is 

relatively little literature on basic broad scale characteristics of the biodiversity or overall 

reef fish communities and how they change across latitude. We conducted visual 

transects recording the abundance of over 200 species of fish from 45 reefs spanning over 

1000 km of Saudi Arabian coastline and used hierarchical cluster analysis to find that for 

combined depths from 0m-10m across this geographical range, the reef fish communities 

are relatively similar. However we find some interesting patterns both at the community 

level across depth and latitude as well as in endemic community distributions. We find 

that the communities, much like the environmental factors, shift gradually along latitude 

but do not show distinct clusters within the range we surveyed (from Al-Wajh in the 

north to the Farasan Banks in the south). Numbers of endemic species tend to be higher 

in the Thuwal region and further south. This type of baseline data on reef fish distribution 

and possible factors that may influence their ranges in the Red Sea are critical for future 

scientific studies as well as effective monitoring and in the face of the persistent 

anthropogenic influences such as coastal development, overfishing and climate change.  
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SECTION 1: INTRODUCTION 

Biogeography is the study of spatially distinct assemblages of flora and fauna 

across local, regional, and global scales and in the simplest sense asks, “How and why 

does biological diversity vary over the surface of the Earth?”(Limolino 2010). This 

discipline was famously pioneered by Charles Darwin and his contemporary, Alfred 

Wallace. Both of these men noticed the changing of fauna along spatial scales and 

varying habitats and used these observations to support their pivotal ideas about evolution 

and ecology (Wallace 1876, Sheppard and Sheppard 1991). Biogeographers seek to 

understand and define the patterns in biodiversity and distributions of communities across 

varying environmental gradients and boundaries.  

Studies on the biogeography of marine fauna gained momentum in the 1850s 

when Henry Forbes published his delineations of the marine world into “homozoic belts” 

which he divided by latitude and depth (Forbes 1859). Since then, studies have separated 

the coastal shelf regions of the world into a series of hierarchical and nested regions 

based on a mix of different criteria (Briggs 1974, Spalding et al. 2007, Briggs 2012). 

John Briggs’ (1974) reclassification of the regions based on his 10% endemicity rule was 

particularly influential and established a standardized methodology for biogeographic 

delineation. By this rule, a “region,” in the biogeographic sense, encompasses an area that 

is characterized by having at least 10% of all known species within, classified as unique 

(endemic) to the area. Although this value is somewhat arbitrary and may leave important 

gaps, it provides a quantitative definition on which these regions can be defined. As 

phylogeographic and evolutionary relationships become clearer and more information is 

emerging from underexplored regions, some of these boundaries are being revised. In a 

recent, widely accepted version, over 200 fine-scale marine ecoregions are nested within 
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62 provinces, which are in turn grouped by 12 realms based on levels of endemism and 

homogeneity of species composition (Spalding et al. 2007). These regions are further 

defined by criteria such as degree of historical isolation and distinct abiotic factors (i.e., 

temperature, nutrient levels) that form their boundaries (Spalding et al. 2007). 

Oftentimes, large-scale barriers are geophysical, as is the case with oceanic or isolated 

islands, recent land bridges like the Central American barrier between the Pacific and 

Atlantic Oceans, and large areas of open ocean such as the eastern Pacific, where the 

sheer lack of habitat over great distances between the Hawaiian Islands and the North 

American plate results in western Pacific reef systems more similar to Indian Ocean reefs 

than to eastern Pacific systems. Semi-enclosed basins, such as the Mediterranean and Red 

Seas, also harbor their own unique faunal communities (Bianchi and Morri 2000, 

Spalding et al. 2007, Bowen 2013). Other known barriers are caused by upwelling zones 

(Wing 1998), currents (Gaither et al. 2010), climate (Fischer 1960), and historical 

isolations (DiBattista et al. 2013). 

 Delineating regions defined by unique fauna and endemism is extremely 

informative to other topics in marine biology such as mechanisms of evolution, 

speciation, phylogeography, and connectivity as well as conservation and management. 

Understanding how species are distributed through space gives researchers insight into 

what areas harbor endemics or are sources of new species (Bowen 2013) and informs 

resource managers where threatened and economically important species are 

concentrated.  

The Red Sea is located in the northwest periphery of the Indian Ocean, and has 

long been widely recognized as its own biogeographic region and a hotspot for 

biodiversity with high levels of endemism (Briggs 1974, Spalding et al. 2007, Briggs 
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2012, Bowen 2013, Kulbicki et al. 2013). However, with the exception of the Gulf of 

Aqaba in the northern Red Sea, there has been relatively little research done in the Red 

Sea compared to other major tropical reef systems due to its location in a region 

historically difficult to access by scientists (Berumen et al. 2013). 

In addition to the Red Sea’s noted reputation for its unique set of fauna, it is also 

recognized as home to some of the most extreme physical environments known to harbor 

coral reef systems (Sheppard et al. 1992).  Sea surface temperatures (SST), salinity, and 

nutrient concentrations also form gradients across latitude and fluctuate with the seasons 

(Acker et al. 2008, Ngugi et al. 2012, Raitsos et al. 2013). Winter temperatures range 

from 20-28°C while average summer SST span 26-32 ° C, with temperatures gradually 

increasing southward. The low rainfall and freshwater influx in this hot, arid region and 

pronounced evaporation rates result in strikingly high salinity levels. These values also 

exhibit change across a latitudinal gradient, with high salinity in the north (~41psu) 

decreasing to 35psu in the far south (Ngugi et al. 2012). In other coral reef systems such 

as the Great Barrier Reef in Australia, coral bleaching becomes widespread at 31°C and 

salinities peak at 35psu (McKinnon et al. 2013). Nutrient levels in the Red Sea also 

increase from north to south, with the most oligotrophic northern waters characterized by 

extremely clear visibility and chlorophyll-a levels of only 0.03 [mg /m3]. In contrast, 

concentrations in the more turbid southern Red Sea waters can reach around 10 [mg /m3] 

in isolated areas.  

In addition to climate, these gradients are all heavily influenced by the physical 

geography, particularly its long and narrow shape. The Red Sea’s only connection to the 

Indian Ocean is through the Strait of Bab al Mandab, a modest opening only 18 

kilometers wide and 130 meters deep. Through this passage, the nutrient rich, cool, and 
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less saline waters of the Gulf of Aden flow intermittently into the Red Sea basin based on 

seasonal cycles of changing wind patterns controlled by the fluctuating north Indian 

Ocean monsoon (Patzert 1974 , Murray and Johns 1997, Kemp 2000). 

According to (Spalding et al. 2007), the Red Sea currently contains two 

ecoregions, separated in the central Red Sea. Though the exact methods used to derive 

this conclusion are unclear, the limited literature on the biology of this region (Sheppard 

et al. 1992, Berumen et al. 2013), indicates that a few trends corroborate this regional 

delineation. Species richness and abundance of butterflyfishes (Chaetodontidae) both 

peak in the Central Red Sea at around 20o latitude, where the species assemblages within 

the taxa also shift (Roberts 1992, Righton et al. 1996). Coral communities also change by 

increasing the relief and physical structure of the reef surface in the central region 

(Sheppard et al. 1992). 

In this study, we examine a robust data set of reef fish community abundances 

covering shallow reefs along more than 1100 kilometers of Saudi Arabian coastline and 

multiple physical gradients from 26.8° to 18.6° degrees latitude. Although other similar 

studies have been published (Roberts 1992, Sawall 2014), none have considered so many 

taxa or specifically controlled for confounding effects of the position of study site on the 

Arabian shelf. We intend to elucidate whether there are fine scale regions with discrete 

reef fish assemblages occurring along this stretch of coastline.  As is the nature of 

biogeography, this is largely an exploratory investigation without experiments or 

manipulations of treatment and instead employs statistical tools designed for ecological 

studies of communities.  

Taking into account the considerable gradients that span the Red Sea, we expect 

to find some delineation of communities as well as trends in general species richness and 
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abundance, particularly at near 20° latitude where the previous studies found 

differentiation (Roberts 1992, DeVantier 2000). We also attempt to identify regions 

within our study area that may harbor more endemic species. We expect to find more 

endemic species in the northern zone, where the high salinity levels and extreme 

oligotrophy might present a unique environment that requires specialization. These harsh 

conditions may also act as a barrier preventing widespread species from establishing a 

permanent presence.  However, it is also possible that the high persistent temperatures 

and turbidity of the southern regions instead foster higher endemism.   

In light of the increasing pressures of coastal development, climate change, 

overfishing, and pollution in this already extreme environment, more baseline 

information on the Red Sea is necessary. Studies on coral communities in the Red Sea 

already detected shifts that have occurred within the past two decades (Riegl 2012, 

Sawall 2014). Our study provides useful baseline data while identifying and 

characterizing regions of interest for monitoring, conservation, and management. We also 

lay the foundation for further studies on individual or narrower taxonomic groups that 

can enhance our understanding of the forces driving distributional boundaries.  

  



16 
 

SECTION 2: METHODS 

2.1 - Rapid Ecological Survey (RES) data collection:  

Forty-five reefs across 1100 km of Saudi Arabian coastline between 26.8° and 

18.6° latitude (Figure 1) were selected to reduce the confounding effects on marine 

communities of reef type, reef slope, and location of transects. These reefs were chosen 

based on their location at the edge of the Arabian shelf and near deep drop offs, with 

survey sites located consistently on the outer reef slope of the leeward (typically 

southern) side of the reef. Our reef sites varied between 7 and 81km from shore, however, 

the continental shelf in the Red Sea widens drastically from around 25km in the northern 

half of Saudi Arabian waters to over 100km offshore in the far south (Figure 1). The lack 

of any significant rainfall and freshwater runoff from shore in the region as well as the 

low coastal development (especially in the north) greatly reduces the confounding effects 

of reef distance from shore (See Table 2).  
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Figure 1. Reef sites surveyed in the Red Sea for the Rapid Ecological Surveys (RES) with 
northern (pink), central (brown), and southern (blue), regional groupings of survey sites. 
Reefs were numbered (shown next to reefs on map) in order of latitude and these 
correspond to the numbers in Table 2. Bathymetry showing the widening of the continental 
shelf in the South and location of sites at the edge (Raitsos et al. 2013).
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In most cases, there were four reefs per region with a total of 10 regions. These 

ranged from Al Wajh in northern Saudi Arabia to Ablo, located 400 kilometers south of 

Jeddah (Table 2). The exceptions were in the Thuwal and Al Lith regions, where five and 

eight reefs were sampled, respectively. Surveys were conducted with SCUBA or by 

snorkeling over the course of three periods in the early summer months of 2008, 2009, 

and 2011. 

Reef fish communities were surveyed and abundance recorded for 219 species of 

fish from 31 families. At each reef, four replicate transects were laid at four depths: the 

reef crest (~0m), 2m, 6m, and 10m for a total of 16 transects per reef. All fishes were 

counted on 50m x 4m belt transects with the exception of the damselfishes and 

clownfishes (family Pomacentridae), surveyed within 2m of the transects and the gobies 

(family Gobidae), blennies (family Blennidae) and pseudochromis (family 

Pseudochromidae), which were surveyed within 1m of the transects. Prior to other 

analyses, count densities were standardized (i.e., converted to the same “per area” 

format). For each transect, three divers (MIM, PLM, and either GPJ or MLB- see page 7 

for names of surveyors) observed and recorded their specific groups of fish based on the 

expertise of the diver. The species counts collected within the 200m2 belts will hereafter 

be referred to as “abundance”. 

2.2 - Fish Community Analysis: by reef and depth 

Statistical analyses were based off the methods of Burt et al. 2011, Sales et al. 2012, and 

suggested best practices within Kreft and Jetz (2010). The mean fish density per transect 

area (200m2) per reef was calculated for each species and used for community 

dissimilarity analysis.  
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Non-metric multi-dimensional scaling (NMDS; Kruskal and Wish 1978) using the 

Bray-Curtis similarity (Bray & Curtis 1957) index was conducted for ordination on the 

square root transformed and Wisconsin double standardized (Oksanen 1983, Legendre 

and Gallagher 2001) fish mean abundance data. Dissimilarity indices (or ordination 

distances) were calculated and plotted using the vegdist function in the vegan package of 

R. These indices quantify the difference between communities and are commonly used 

by marine researchers to identify geographic break zones (Burt et al. 2011, Sales et al. 

2012).  To test the significance of how communities clustered, reef sites were first 

assigned to 1 of 3 “zones” based on their locations: northern sites (Al Wajh to Umm Lujj; 

n=12), central sites (Seven Sisters to Jeddah; n=17), and southern sites (Al Lith to Ablo; 

n=16; see Figure 1 and Table 2). Analysis of similarity (ANOSIM; Clark 1993) was 

conducted to test the null hypothesis that reefs from these three regions were randomly 

distributed within the ordination. A pairwise comparison of similarity percentages 

(SIMPER) between the zones was used to determine which species contributed most to 

the Bray-Curtis dissimilarity values.  

 

2.3 - Species Richness, Abundance, Diversity and Evenness: by reef and depth  

To determine whether latitudinal trends in richness and abundance exist, the mean 

species richness and abundance found on each reef was calculated.  A residual analysis 

was conducted to test the fit of the data against our ANOVA model, taking into account 

the factors of depth and latitude.  

Total species richness, or the cumulative number of species observed within a reef 

was also calculated. To calculate diversity and evenness, total abundance was first 
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summed per reef and square root transformed to balance the effect of disproportionately 

abundant species such as Chromis dimidiata and Pseudanthias squamipinnis. Shannon’s 

diversity index (H’) (Shannon-Weaver 1963) was calculated with the equation: 

𝐻′ =   −    (𝑝!(ln𝑝!)
!

!!!

) 

which takes into account both species abundance and the total number of species. 

Shannon’s diversity index (H’) is calculated by taking the sum of the proportion of 

species (i) relative to the total number of species (pi) multiplied by the natural logarithm 

of pi and multiplied by -1.  

Shannon’s equitability (E) for each reef was then calculated using the Shannon 

diversity index (H’) and the species richness (S) for each reef using the equation,  

𝐸 =
𝐻′
𝑙𝑛𝑆 

where the value E lies between 0 and 1 with a value of 1 signifying complete evenness. 

 

2.4 - Endemism  

To determine whether some regions harbor more endemics, a subset of the 32 

species of fish endemic to the Red Sea and Gulf of Aden (DiBattista et al., unpublished 

data) within our data were analyzed. For endemic species richness calculations, 

presence/absence data and the number of endemics within each reef were averaged by 

region. This method cannot address two important descriptive aspects of biogeography: 

1) the total number (i.e., cumulative number) of endemic species found in a zone (north, 
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central, or southern) and 2) the issue of species replacement, i.e., if one species were to 

become absent and another species were to appear, this method would not detect the 

replacement. To address this, an ordered abundance bar plot was created using square 

root transformed abundance data for the endemic species to better visualize the nature of 

the endemic species assemblages across the three previously described zones (north, 

central, south).  
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SECTION 3: RESULTS 

 
3.1 - Trends in Community Composition 

The goodness of fit analysis for the fish community (stress=0.177, R2=0.97) was less then 

0.2, indicating a good fit to the NMDS statistical analysis.  The resulting 2-D ordination 

(NMDS, k=2), which plots the reef sites based on dissimilarity distances between the fish 

communities (Figure 2), revealed a latitudinal gradient of the fish community profiles 

which transitioned from northern to central to southern regions but without obvious 

community breaks. Because sites are plotted based on dissimilarity indices between each 

pair of reefs, the axes have no meaning. In most cases, the reef fish assemblages also  

 

Figure 2. Reef fish community ordination plot of 45 coral reef sites from the Saudi Arabian 
Red Sea using fish abundance data obtained from 16 50x4m visual transects per reef (720 
transects total for 45 reefs) using the Rapid Ecological Survey (RES) approach. Numbers 
correspond to reefs listed in Table 2 (Section 3.2.1) and colors denote geographical 
assignments to one of ten regions. Shapes signify zones: Northern zone sites (1-12, red 
triangles), Central sites (13-29, black circles), Southern sites (30-45, green crosses). 
Distance between sites signify degree of difference between communities. 
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 show strong similarity to other reefs within the same region (e.g. the four reefs (#9-

12)within Umm Lujj).   

The patterns in the ordination are corroborated by the ANOSIM results in which 

the low R values (fish R=0.1501) indicate more of a gradual spectrum in communities 

rather than clear breakdowns (Figure 3). However, this shift is significant in the reef fish 

(P=0.003) inhabiting these three regions. 

 

Figure 3.  Analysis of dissimilarity (ANOSIM) between and within regions from reef fish 
community abundance data obtained from surveys of the three regions in the Red Sea. 
Boxplots show the mean, upper and lower quartiles, and the whiskers indicate the 
maximum and minimum community dissimilarity values found on the reefs within each 
zone. 

The SIMPER test produced a ranked species list in order of influence on the 

ordination distances where the most abundant species, Pseudanthias squamipinnis, 

Chromis dimidiata, and Thalassoma ruepellii, dominated all pairwise comparisons  

(Table 1). 

Table 1. Five most influential species contributing to dissimilarity in each pairwise 
comparison (SIMPER) of zones are shown. The tables show the species relative 
contribution and the cumulative contribution of the top species to zonal dissimilarity.  The 
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mean abundances for each species in each zone are shown for comparison. All other 
species each contributed <4% of differences in communities. 

   

3.2 - Characterization of Species Richness, Abundance, Diversity and Evenness: 

3.2.1 Richness: latitude and depth 

Mean species richness changed significantly across latitude (ANOVA, p<0.001, Figure 4) 

though with no obvious trend. However, regions in the central Red Sea (i.e. Thuwal, 

Jeddah, and Al Lith) show the highest overall richness with surveyed sites in these 

regions regularly represented by over 90 species of reef fish (Table 2). 

  

Figure 4. The total richness of fish species from 45 reefs grouped by the ten regions within 
RES data of the Saudi Arabian Red Sea. Regions are in order of latitude (north to south). 
Boxplots show the mean, upper and lower quartiles, whiskers indicate the maximum and 
minimum total richness values found on the reefs within each region. 

Table 2. Details of 45 Saudi Arabian Red Sea coral reefs surveyed using a Rapid Ecological 
Survey (RES) approach.  Surveys were conducted in three zones of the Red Sea. Ten general 
regions were surveyed, with four to seven reefs. Regions include are assigned a letter code and 

Regions(Compared Species
%(Contribution(to(
Dissimilarity

%(Cumulative(
Contribution

Region(1(mean(
abundance

Region(2(mean(
abundance

North&and&Central Chromis(dimidiata 24.7 24.7 2138 2618
Pseudanthias(squamipinnis 21.7 46.4 519 2260
Pseudochromis(fridmani 12.6 59 610 958
Chromis(flavaxilla 4.2 63.2 236 341

North&and&South Chromis(dimidiata 23.7 23.7 2138 911
Pseudanthias(squamipinnis 18.98 42.68 519 1314
Pseudochromis(fridmani 8.22 50.9 611 244
Chromis(flavaxilla 6.2 57.1 236 293
Eviota(guttata 4.1 61.2 3 273

Central&and&South Chromis(dimidiata 21.5 21.5 2618 911
Pseudanthias(squamipinnis 16.8 38.3 2260 1314
Pseudochromis(fridmani 10.2 48.5 958 244
Chromis(flavaxilla 5.6 54.1 341 293
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reefs are assigned a numerical code, both used in subsequent figures. Longitude and latitude 
indicate exact survey location. Distance from shore is straight-line distance to the nearest point on 
land. Richness is the total number of fish species recorded on 16 belt transects using visual 
surveys. H represents Shannon’s Diversity index and E represents evenness calculated for the fish 
communities.  

 

 

To explore possible patterns in richness found across latitude by depth, average 

richness was also plotted separately for each depth (Figure 5). Here, we observed a 

Zone Region Reef Latitude Longitude
Distance from 

shore (km)
Reef-

Richness- H E
North a'Wajh 1'Pele'1 26.80908 35.89095 16.01 68 2.20 0.52
North a'Wajh 2'Screw'Loose'1 26.62883 36.25481 8.1 95 3.03 0.66
North a'Wajh 3'Screw'Loose'3 26.40832 36.26557 9.56 89 2.85 0.63
North a'Wajh 4'Screw'Loose'2 26.37708 36.25453 9.56 87 2.50 0.56
North b'Wajh'Bank 5'Wajh'Bank'1 25.39082 36.68348 34.3 88 3.13 0.70
North b'Wajh'Bank 6'Wajh'Bank'2 25.27030 36.85697 25.17 81 2.66 0.60
North b'Wajh'Bank 7'Wajh'Bank'3 25.24035 36.93472 19.3 85 2.80 0.63
North b'Wajh'Bank 8'Wajh'Bank'4 25.15465 36.91172 27.5 78 2.61 0.60
North c'Umm'Lujj 9'Marker'7'E'1 24.45313 37.19970 7 88 3.01 0.67
North c'Umm'Lujj 10'Marker'7'E'2 24.44277 37.20667 20.5 86 2.82 0.63
North c'Umm'Lujj 11'Marker'7'E'3 24.43110 37.22140 20.7 73 2.52 0.59
North c'Umm'Lujj 12'Marker'7'E'4 24.43110 37.22140 20.2 84 3.09 0.70
Central d'Seven'sisters 13'Abu'Galawa 23.86382 37.88830 27.9 84 2.49 0.56
Central d'Seven'sisters 14'No'Name 23.83428 37.89798 30.1 80 2.09 0.48
Central d'Seven'sisters 15'Shi'B'Shabarir' 23.78768 37.93590 33.07 83 1.68 0.38
Central d'Seven'sisters 16'Shib'Sufmami' 23.75252 37.96917 33.2 72 1.51 0.35
Central e'Rabigh 17'Maria's'Reef 22.85080 38.72097 16 83 2.18 0.49
Central e'Rabigh 18'Khamsa'2 22.79837 38.61450 28.6 77 1.99 0.46
Central e'Rabigh 19'Noura 22.74988 38.61977 31.2 78 2.09 0.48
Central e'Rabigh 20'Bayeda'long 22.72068 38.79622 17.8 85 2.31 0.52
Central f'Thuwal 21'3'Stick'Reef 22.45928 38.90508 18.2 81 3.22 0.73
Central f'Thuwal 22'No'Name'3 22.42913 38.94718 13.5 97 3.44 0.75
Central f'Thuwal 23'No'Name'4 22.39037 38.91820 16.4 86 3.12 0.70
Central f'Thuwal 24'Shi'b'Nazar 22.37217 38.89715 18.7 90 2.72 0.60
Central f'Thuwal 25'Palace'Reef 22.22472 38.96870 8.1 98 3.41 0.74
Central g'Jeddah 26'Madafi 22.05675 38.76688 17.7 84 2.88 0.65
Central g'Jeddah 27'South'reef 21.93408 38.86485 9.17 98 3.12 0.68
Central g'Jeddah 28'Coral'gardens 21.86748 38.75643 20.9 95 3.12 0.68
Central g'Jeddah 29'Abu'Terr 21.86605 38.85972 12.3 94 2.90 0.64
South h'AlELith' 30'Shi'b'Sulaym 19.89798 40.00652 37 84 2.89 0.65
South h'AlELith 31'Canyon 19.89052 39.96068 41.8 77 2.40 0.55
South h'AlELith 32'Saut'Reef 19.88762 40.15665 27.7 109 3.23 0.69
South h'AlELith 33'Half'2 19.85520 40.21623 28.5 97 3.54 0.77
South h'AlELith 34'Mar'Mar 19.84335 39.93358 47.4 100 2.82 0.61
South h'AlELith 35'Dohra'Island 19.82893 39.89853 51.1 72 1.86 0.43
South h'AlELith 36'AlEJadir 19.78848 39.95683 49.4 86 2.29 0.51
South h'AlELith 37'Long'Reef 19.76643 39.89223 56.2 77 2.17 0.50
South i'AlEQunfidhah 38'AQ4 19.15483 40.30113 71.3 71 2.72 0.64
South i'AlEQunfidhah 39'AQ3 19.10642 40.31775 73.8 89 3.22 0.72
South i'AlEQunfidhah 40'Murabit'1 19.02432 40.31792 77.6 79 2.81 0.64
South i'AlEQunfidhah 41'Petit'Murabit 19.00238 40.28493 81.5 73 2.63 0.61
South j'Ablo 42'Ablo'4 18.70673 40.65362 57 88 2.93 0.65
South j'Ablo 43'Ablo'1 18.67510 40.73922 50.1 85 3.42 0.77
South j'Ablo 44'Ablo'3 18.66772 40.65928 58.9 81 2.59 0.59
South j'Ablo 45'Ablo'2 18.66500 40.81282 41.6 83 3.30 0.75
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marked increase from 10-15 species per transect in the north and central regions to 

between 20-30 species in the southernmost reefs. Richness is otherwise relatively 

Figure 5. The mean reef fish species richness found at the four depths surveyed on 45 reefs 
in the Saudi Arabian Red Sea using RES visual transect data. Values plotted for the 10 
regional clusters of reefs from north to south (left to right). The letters across the x-axis 
refer each of the 10 regions which are defined in Table 2. The numbers at top indicate 
depth. 

similar and constant through all reef sites for depths from 2 to 10 meters. This influence 

of depth on mean richness was also confirmed statistically (ANOVA, p<0.001).  

3.2.2 - Abundance: latitude and depth 

 Mean abundance for the majority of the reefs were similar however, three groups 

of reefs (Seven Sisters, Rabigh, and four closely positioned offshore reefs in Al Lith) 

showed marked increases in mean abundance as well as wide variances (Figure 6). These 

peaks are caused almost entirely by two species, Pseudanthias squamipinnis and Chromis 

dimidiata, as indicated by the ANOSIM influential species rankings (Figure 3) and 

confirmed by a scan of the data. When the abundance was plotted by depth (Figure 7), a 

few trends became more visible. The first, similar to richness, were the generally low 
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Figure 6. The regional means reef fish average abundances from 45 reefs grouped by the 
ten regions within RES data of the Saudi Arabian Red Sea. Regions are in order of latitude 
(north to south). Boxplots show the mean, upper and lower quartiles, whiskers indicate the 
maximum and minimum abundance values found on the reefs within each region. 

abundances found on the shallowest transects on the reef crest which seemed to increase 

with depth and level off at the 6m and 10m transects. Keeping in mind that the points in 

Figure 9 have been square root transformed, it is also apparent, disregarding the three 

anomalous reef groups, that the abundance increases from north to south, particularly in 

the two shallow depths. In addition, the variance in the abundance supported by each reef 

was greater in the three deeper transects of each reef. A residual analysis was performed 

deeming this data fit for analysis with our ANOVA model and, again, both latitude and 

depth were found to be influential factors (ANOVA, p<0.001) 
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Figure 7. Regional mean abundances separated into panels by depth. The mean reef fish 
abundance found at four depths on the 45 reefs surveyed in the Saudi Arabian Red Sea and 
plotted by the 10 regional clusters of reefs from north to south (left to right). Numbers at the top 
indicate depth. 

3.2.3 - Shannon’s Diversity and Evenness: 

The Shannon equitability values in Figure 8 and Table 2, show that most reefs 

have relatively even communities with values ranging between 0.6-0.8. The reefs 

dominated by P. squamipinnis, C. dimitiata, and T. ruepelli, mirror the reef abundance 

figures and the index drops accordingly. Because Shannon’s diversity and evenness are 

directly related and produce the same figure, only evenness is shown. 

  

Figure 8. Shannon’s Evenness (E) index for reef fish communities each of the 45 reefs 
surveyed  in the Red Sea using RES methods. Values are plotted in order of latitude of reef 
sites from north (left) to south (right).  
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3.3 - Patterns in Endemism across ‘Zones’ 

The average endemic richness per region in Figure 9 shows that regions south of Rabigh 

tend to show higher occurrences of the 32 Red Sea endemic fish. Here, within all three 

zones, there are regions of low endemic richness (15-16) yet the central and southern 

 

 

Figure 9. The mean Red Sea endemic reef fish richness of the 32 total endemic coral reef 
fish species included in our study. Data are from RES visual surveys from 45 reefs in the 
Saudi Arabian Red Sea. Values plotted for the 10 regional groups of reefs from north to 
south (left to right). Boxplots show the mean, upper and lower quartiles, and the whiskers 
indicate the maximum and minimum endemic richness values found on the reefs within 
each region. 

zones also contain regions with much higher rates of endemism. The north’s most 

endemically rich region is Umm Lujj with 19 species represented, compared to Jeddah in 

the central zone (28 species) and Al Lith (26) species. The total richness is replotted by 

zones to show these trends from a broader perspective (Figure 10). 
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Figure 10.Total reef fish richness values for the 45 reefs surveyed in the Red Sea using 
visual fish transects for RES are grouped into the three zones (described in 2.2). Boxplots 
show the mean, upper and lower quartiles, and the whiskers indicate the maximum and 
minimum endemic richness values found on the reefs within each zone. 

The ordered abundance plots organized by the relative abundances within the northern 

zone show the relative abundance of the endemic species that make up each of the three 

zones (Figure 10). The central Red Sea contains the most endemic species (31 of 32) of 

the three zones including three species (Hemigymnus sexfasciatus, Pseudochromis 

dixurus, and Pristosis cyanostigmata ) exclusively recorded on these reefs. The northern 

zone harbors only 22 of the 32 species with no species unique to this zone. The southern 

zone, like the central, is characterized by high endemism with 28 of the species 

represented, with one species (Diploprion drachi) observed only in the south.  
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