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INTRODUCTION  

Coral reefs and their associated seagrass beds and mangrove ecosystems sustain the 

world's highest marine biodiversity. Worldwide, more than 500 million people depend on 

them for food, storm protection, employment, and recreation. Although they occupy less 

than one percent of the surface of the earth, their wealth and services are valued at $375 

billion annually. 
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This study aims to evaluate the resilience status of the coral reef ecosystem in Wadi 
El-Gemal-Hamata National park, Southern Red Sea. Six resilience drivers (coral 
diversity, coral diseases, anthropogenic impacts, herbivores biomass, recruitment, 
and algae) have been chosen to be assessed in the different sites. Data were 
collected seasonally in the period from August 2015 to July 2016 using SCUBA 
diving from three inshore and two offshore reef sites. Offshore sites, Wadi El-Gemal 
and Suyul Islands recorded higher coral cover, higher fish abundance, and biomass, 
fewer algae, than inshore sites. Coral cover recorded 82.3% in the exposed sites 
compared to 63% in the sheltered sites. The average abundance of hard and soft 

corals was higher in the exposed sites with 91 and 5.4 colonies/125m
2
, 

respectively. Massive corals were more abundant in the exposed sites (67) than in 
the sheltered sites (15). On contrary, branched corals had a higher number in 

sheltered sites (34 colonies/ 125m
2
) than the exposed sites (23 colonies/125m

2
). 

The average biomass of grazer, browser, and excavator fishes was higher in the 

exposed sites than in the sheltered sites with 9581g, 4601g, and 1029g/250m
2
, 

respectively. Whereas the average biomass of scrapers was higher in sheltered sites 

(902g/250m
2
) than in exposed sites (678g/250m

2
). The new coral colonies of 

different sizes had almost the same density in both exposed and sheltered sites. 
The analysis of variance (ANOVA) showed that resilience factors varied significantly 
among sites. Based on resilience factors evaluation in this study, offshore sites are 
more resilient than onshore sites. 
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Climate change is now regarded as one of the world's greatest threats to the coral reefs. 

While a changing climate poses many challenges to coral reefs, one of the most 

immediate and serious threats is bleaching from coral mass combined with exceptionally 

high temperatures at sea. Coral bleaching has resulted in substantial damage to coral reefs 

on a global scale (16% of reefs alone suffered sustained damage in 1998), with some 

areas losing 50-90% of their coral cover (Wilkinson 2000). Further loss is predicted: 

extreme coral bleaching events, also under optimistic climate conditions, maybe an 

annual phenomenon by the mid-century (Hoegh-Guldberg 1999, Hughes et al. 2003). 

Two general properties determine coral communities' ability to persist in the face of 

rising temperatures: their sensitivity and their potential for recovery. Sensitivity is linked 

to the capacity of individual corals to undergo unbleached light, and how they bleach to 

survive. Potential for recovery relates to the capacity of the ecosystem to preserve or 

restore its structure and function given coral mortality. These properties are called 

'resistance' and 'resilience' respectively at the coral colony and coral community level 

(West and Salm 2003, Obura 2005, Grimsditch and Salm 2006). Together they 

determine coral communities' resilience to temperatures rise at sea. Ecologically, 

resilience can be divided into resistance – when exposed to high temperatures and other 

mitigating factors, the capacity of individual corals to withstand bleaching, and when 

bleached to survive, resilience – following coral mortality, the capacity of the reef 

population to sustain or restore stability and work and remain in an equivalent 'process' as 

before coral mortality (Obura et al. 2006). 

Resilience is a system's capacity to withstand (i.e., restrict effects) and recover from a 

disruption (              N         et al. 2000). In ecology, resilience is the degree of 

change (resistance) or rate of return of a population or group to a specific pre-disturbance 

condition (recovery). The application of resilience theory to coral-reef conservation was 

developed and reviewed in several articles (Bellwood et al. 2004, Hughes et al. 2010, 

Mumby and   e ec        N         et al. 2008, Roberts et al. 2017, West and Salm 

2003). In practical terms, resistance is measured as a change in ecological condition (e.g., 

coral cover) in an experiment or monitoring study before and immediately after a 

disturbance (the smaller the change, the higher the resistance), and recovery is measured 

as a rate or absolute time to return to the pre-disturbance state (the faster the rate, the 

greater the recovery). 

Results of the resilience assessment may then be considered to inform management 

decision-making in the communication sense. Connectivity data can explicitly be used to 

assess where management activities are most required to maintain larvae supply and are 

less likely to be successful due to low larvae supplies.  
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The last 20 years have seen a radical progression in human activities along the Egyptian 

Red Sea coast, relying directly on the tourism industry, followed by rapid urbanization 

and subsequently high construction levels along the entire Egyptian Red Sea coastline. 

These activities are accompanied by many stresses on the marine environment, such as 

coastal landfilling, which is one of the most significant environmental problems 

associated with the existing human activities on the coast. It affects the physical and 

chemical characteristics of marine organisms, water, and sediment along the coast. The 

crushing coral reefs will cause physical damage to the coral reefs by boat anchors (Dar, 

2002). 

The aim of this study is to evaluate the resilience indicators in some coral reef sites in the 

Egyptian coast of the Red Sea and to describe a detailed and adaptable process that can 

guide the implementation of assessments of ecological resilience in coral reef areas and 

combine resilience assessments with information on connectivity.  

MATERIALS AND METHODS  

1.1. Study area 

This study was carried out in Wadi El Gemal – Hamata Protected Area (WGHPA) in the 

southern Egyptian Red Sea, as an example of Marine Protected Areas (MPA). Wadi El 

Gemal – Hamata Protected Area (WGHPA) is situated in the Red Sea Governorate 

approximately 50 km south of Marsa Alam. It has a total area of 7,450 km
2
 (land portion: 

5,850 km
2
; sea portion: 1,600 km

2
, covering 305,57 km

2
 in three No-Take Zones (Baha 

El Din, 1998, 2003; Herman, 2003; Mansour, 2003; NCS, 2009). Three on-shore sites, 

Gorgonia Beach, Shams Alam and Lahmy Azur resorts, and two off-shore sites, Suyul 

Island and Wadi EL Gemal Island were surveyed (Fig 1).  

1.2. Data collection 

The temperature variability rated was based on the field measurement records and 

readings from the satellites.  The following data were collected seasonally in the period 

from August 2015 to July 2016from two depths (5m and 10m) at each site using SCUBA 

diving throughout a year.  

 

1.2.1. Benthic and algal cover 

Benthic cover and algal cover data have been collected using Point Intercept Transect 

(PIT) (English et al., 1997). The transect was laid on selected starting points on the reef 

slopes along the contour of the proposed depths (5m and 10m). The tenderness benthic 

assemblages were recorded and numbered at each 1 m interval. 
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1.2.2. Coral community  

Abundance of hard and soft corals was estimated at each site along a 25 m long and 5 m 

wide belt transect. The same transect was used to record bleached corals, broken corals, 

coral fragments, new coral recruitment, fragment size, and signs of recovery. For colonies 

larger than 10 cm, a belt transect 25 m long and 5 m wide was used to record the number 

of colonies of the target genera. Also, colonies whose centers are within the transect are 

counted.  

The occurrence of threats such as eroding sea urchins, thorn crown, Drupella, bleaching 

and mortality, diseases, and other risks was examined for all colonies using the same belt 

transect.   

1.2.3. Recruitment 

At each site, Belt Line Transect (BLT) with a 25m length and 5 m width was applied at 

two depths 0-5 m and 5-10 m. The number of recruited colonies was counted at each BLT 

and defined as colonial no./ 125m
2
. Based on the size of the colony, the new colonies 

were divided into three class sizes: 0-2 cm, 3-5 cm, and 6-10 cm.   

1.2.4. Herbivorous fish 

Abundance and biomass of herbivorous fish in each site were determined. Herbivores 

were categorized into four functional groups: grazers, browsers, scrapers and excavators 

according to feeding strategy.  

The fish population was assessed using 50 m length and 5 m width BLT lines at two 

depth 0-5 m and 5-10 m with three replicates at each depth. Species were known for all 

herbivorous fish and all other fish larger than 8 cm in body length, and their length was 

measured at the nearest cm. Using traditional weight-length relationships, the weight of 

each fish in grams was then calculated. The used coefficients were extracted from the 

Coral Reef Ecosystem Division of NOAA (Weijerman et al., 2013). Species have been 

listed as herbivores using IUCN classifications and were grouped as: 1) browsers, 2) 

grazers/detritivores, and 3) scrapers/excavators (Green et al., 2009). 

Fish biomass was estimated using the length (L)—weight (M) equation: M = aL
b
. 

Constants (a, b) for the most common species according to Froese and Pauly (2003). 

The length of each species was obtained from the average length recorded at Lieske and 

Myers (1994) and Fish Base (Froese and Pauly 2003), and the fish biomass expressed as 

g/250 m
2
.  



Resilience drivers in some coral reef sites in Wadi El-Gemal marine protected area 
 

 

703 

Fish were identified underwater using Randall (1986) waterproof version. Most censuses 

were conducted at midday between 12:00 PM and 3:00 PM.  

1.2.5. Anthropogenic impacts  

Belt transect with a 25 m long and 5 m wide belt transect at each site was used to count 

the bleached corals, broken corals, and coral fragments to represent the impact of human.  

1.2.6. Key Resilience Indicators 

In this study, six resilience drivers (coral diversity, coral disease, anthropogenic impacts, 

herbivore biomass, recruitment, and algae) were used to assess the studied sites. To 

measure the resilience scores for a given reef, a 5-point Likert scale rating (0-none; 5-

highest possible) was given to each of the 6 factors to quantify its degree of operation and 

then weighted by its evidence score for resilience (McClanahan et al., 2012).  

We measured the highest value of positive factors (resistance organisms, temperature 

variability, coral diversity, herbivores biomass, recruitments) and gave it 5 points and the 

other sites evaluated according to the value of each factor at each venue. The highest 

value of negative factors (coral disease, anthropogenic impacts, and algae) was given 1 

minus anchored score results in the final score so, the highest values are given a zero or 

the worst possible score for those variables. 

Normalizing at all sites, and the other sites were calculated according to the value of each 

factor at each site. Anchored resilience scores of 0.8 to 1 represent high (relative) 

resilience potential, 0.6-0.79 medium, and <0.6 low.  

1.3. Data analysis  

The data were analyzed using Microsoft Excel and SPSS (V. 23.0.0). Analysis of 

variance (ANOVA) was applied to test significant differences between the coral 

coverage, algae, recruitments, and herbivores fish data at different sheltering condition, 

human impacts, and different sites. All maps were created using QGIS (V 3.0) and all 

graphs were illustrated using GraphPad Prism 8.  

 

RESULTS  

3.1 Temperature  

The sea surface temperature (SST) showed very slight variation among different sites. 

Seasonally, temperature varied from the minimum in winter in Gorgonia (22.15°C) to the 

maximum in summer in Lahmi resort (30.01°C) (Fig.2).  
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3.2 Coral and benthic cover 

The highest cover (88 %) of live coral had been recorded in WGI whereas, the lowest 

cover (52%) was recorded in LAH. On the other hand, the highest dead coral was found 

in LAH with 39% and lowest dead coral cover (11%) was found in in WGI. Regarding 

the algal cover, the highest cover of 9.5% had been recorded in LAH, whereas the lowest 

cover had been recorded in WGI (0.7%) (Fig 3). Conditions in the sheltered sites (GOR, 

SHA and LAH) were significantly different from those in the exposed sites (SUI and 

WGI). The percentage of coral cover recorded in the exposed sites was 82.3% compared 

to (63%) in the sheltered sites.  On contrary, algal cover was higher in sheltered sites 

(6.4%) than in the exposed sites (1%). The coral cover and algal cover varied 

significantly among sites (P<0.05) but were insignificantly different at the different depth 

or season (Fig.3).  

3.3 Coral community 

The highest coral colonies number /125m
2 

had been recorded in WGI where (112) 

colonies were found. Whereas the lowest number of coral colonies were recorded in LAH 

(37) colonies (Fig. 4)  In additions, the highest hard coral colonies had been recorded in 

WGI (109 colonies/125m
2
) and the lowest was found in LAH (34). Moreover, soft corals 

were most abundant in GOR than other sites with (7) colonies. They were less abundant 

in SUI where only two soft coral colonies were recorded (Fig. 4). Massive corals were 

more abundant in WGI (81 colonies) whereas the branched corals were found in GOR 

and SHA with 45 and 34 colonies respectively (Fig.4).  

The average total coral cover (colonies/ 125m
2
) was significantly higher (95 colonies) in 

the in exposed sites (SUI and WGI) than in sheltered sites (54).   Furthermore, abundance 

of hard corals was higher in the exposed sites than the sheltered sites with 91 and 49 

colonies, respectively.  On contrary, soft corals were more abundant in the sheltered sites 

than in the exposed sites (Fig. 4). 

3.4 Coral diversity 

Total of 12 genera of hard corals have been chosen to study in the different sites. The 

most abundant genera were Porites and Acropora. Porites dominated the offshore sites 

and Acropora dominated the inshore sites (Fig. 5).  The highest Simpson's Diversity 

index was found in SUI with the value of 0.35. Whereas the lowest coral diversity index 

(0.17) was found in LAH had been recorded.  

3.5 Coral recruitments 

The highest coral recruitments class size (<2 cm) and (2.5-5 cm) were found in GOR 

(12.87) and (21.5) colonies/125 m
2
. In contrast, class size (5-10 cm) had the highest 

number in WGI (20.5). Suyul Island (SUI) recorded the lowest number of new coral 
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colonies of size class of 2.5-5 cm and 5-10 cm, and Lahmi (LAH) had the lowest number 

of class size (<2 cm) (Fig. 7). 

Sheltered sites had recorded higher number of recruitments colonies for the sizes of 2.5-5 

cm and 5-10 cm, whereas exposed sites had much greater number of the smaller size 

colonies (<2 cm) (Fig. 7). Depths more than 10m had higher recruitment colonies of all 

class sizes than in shallower depths. 

3.6 Herbivorous fish's assemblage 

Wadi El-Gemal Island recorded the highest number of herbivorous fishes with 101 

fish/250m
2
. Grazers and browsers had the highest abundance in WGI with 41 and 28 fish, 

respectively. Grazers were represented by the members of fish families Acanthuridae 

(unicornfishes) and Siganidae (Siganus rivulatus). Browsers were represented by 

members of the families Acanthuridae (surgeons), Ephippidae and Kyphosidae. Examples 

of scrapers include parrotfishes smaller than 35cm while excavators include parrotfishes 

larger than 35 cm. Moreover, the highest biomass of grazers (12839g /250m
2
) and 

browsers (6821g/250m
2
) had been recorded in WGI. The highest abundance for scrapers 

and excavators had been recorded in SUI with 15 and 16 fish/250m
2
, respectively. On the 

other hand, LAH had the lowest abundance of total herbivorous fishes (Fig. 9). 

Abundance of fishes was higher in exposed sites than in sheltered sites. Consequently, 

abundance of herbivores varied significantly among sites (F= 6.8 P<0.05) and between 

exposed and sheltered sites (F=15.9 P<0.05). On the other hand, there was no significant 

differences between depths (F=0.3 P>0.05). and seasons (F=1.6 P>0.05). All feeding 

groups of herbivorous fish varied significantly from site to site except scrapers (F=2.29 

P>0.05).  

Whereas, scrapers and excavators had the highest biomass in SUI with 935.9 and 1033g 

/250m
2
, respectively. The lowest biomass of all herbivorous fishes had been recorded in 

LAH (Fig. 8). All herbivorous fishes were abundant in the exposed sites except scrapers 

(Fig. 9). 
 
 

3.7 Anthropogenic factors: 

Broken corals, bleached corals and dead corals are used as indicators of the human 

impacts on the health of coral reefs. study, the highest number of broken corals had been 

recorded in GOR (12.25 colonies /125 m
2
), and the lowest number was recorded in SUI 

and WGI (7.0 and 7.25 colonies /125 m
2
, respectively). The highest number dead corals 

had been recorded in LAH (22.5 and 36.7 colonies /125 m
2 

for old and recent dead corals 

respectively). Whereas the lowest number of dead corals were recorded in WGI with 5.3 

and 3.1 colonies /125 m
2
 for old and recent dead corals respectively.  The partially 

bleached corals were abundant in GOR and SUI and the totally bleached corals were 
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more abundant in LAH (0.625 colonies /125 m
2
).  Signs of coral diseases were most 

notable in LAH compared to other sites. Sea urchins and and sea stars had the highest 

abundance in Shams Alam resort (SHA) with an average abundance of 2 individuals /125 

m
2
, while the lowest abundance was observed in (SUI) 0.37.   

Lahmi Resort (LAH) recorded the highest average of totally bleached coral (0.625 

colonies /125 m
2
), recently dead coral (36.75), coral disease (0.75), and dead coral (22.5). 

Gorgonia (GOR), on the other hand, recorded the highest average number of broken 

corals and partially bleached corals (1.875). On contrary, the offshore site Wadi El-

Gemal Island (WGI) recorded the lowest average number for bleached corals and dead 

corals (Fig. 11) and SUI recorded the lowest number of broken corals and coral disease.  

3.8 Resilience ranks 

The exposed site of Wadi El-Gemal Island (WGI)) showed the highest resilience score 

and resilience anchored score with 0.72 and 1:00 respectively. Consequently, this site had 

the highest rank of 1:00. On the other hand, the lowest resilience score and resilience 

anchored score had been recorded in Shams Alam resort with (SHA and LAH) with 0.26 

and 0.36, respectively (Fig.12).  

 

 

Fig (1): The Study Area - Wadi El Gemal – Hamata Protected Area (WGHPA) 
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Fig.2. Seasonal variations of temperature at different sites during the period of study  
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Fig. 3 Percentage contribution of different benthic components at different sites 
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Fig. 4. The average number of coral cover and different forms 
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Fig.5. Abundance of the most abundant coral genera in different sites 
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Fig. 6. The size class of the new colonies at sheltered and exposed sites 
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Fig. 7 Biomass of the total herbivorous and fish different categories 
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Fig. 9. Abundance of fish species in different sites  



Resilience drivers in some coral reef sites in Wadi El-Gemal marine protected area 
 

 

711 

GOR SHA LAH SUI WGI
0

10

20

30

40

50

Human impact indicators

Site

A
v

e
ra

g
e

 n
u

m
b

e
r

Broken coral

Bleached coral

dead coral

Coral disease

offshore exposed sitesinshore sheltered sites

Fig. 10. The human impact factors on the reef ecosystem in different sites 

 

GOR SHA LAH SUI WGI
0.0

0.5

1.0

1.5

0

2

4

6

Sites

R
e

s
il

ie
n

c
e

R
a
n

k

resilience scores

resilience anchored

rank

 

Fig.11.  Resilience score, anchored resilience score and resilience rank at different sites 
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Fig. (12): Resilience scores in different sites 

 

Table (1):  Codes, coordinates, and description of different study sites 

Site Code Coordinates Exposure Marina Activities 

Gorgonia  GOR 24°42'24.1"N 35°05'28.3"E Sheltered Yes Snorkeling 

Diving 

swimming 

Shams Alam SHA 24°41'18.3"N 35°05'07.8"E Sheltered Yes Snorkeling 

Diving 

Swimming 

boat dock 

Lahmy Azur  LAH 24°14'15.5"N 35°24'57.9"E Sheltered Yes Snorkeling 

Diving 

swimming 

Suyul Island SUI 24°22'54.6"N 35°22'59.3"E Exposed No Snorkeling 

Diving 

line fishing 

bird watching 

Wadi El-Gemal Island WGI 24°40'07.3"N 35°09'33.6"E  Exposed  No Snorkeling 

Diving 

line fishing 

bird watching 
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Table 2. Abundance of different herbivore functional groups at seasons and sites; Sp, Spring; Su , Summer; Au, Autumn; Wi, Winter 

Fish  

family 

Feeding 

habit 

Georgenia Shams alam Lahmi Suyul Island 

Wadi El gemal 

Island 

Sp Su Au Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au Wi Sp Su Au Wi 

Acanthuridae  

Surgeonfish   
browser 

37 8 11 20 26 11 8 12 25 5 7 23 78 29 35 49 67 33 40 49 

Acanthuridae  

Unicornfish  
grazing 

60 30 50 108 29 19 30 105 20 15 20 110 58 60 70 123 95 83 70 123 

Scaridae 

(Parrotfish) >35   
excavators 

9 3 5 0 10 22 13 0 6 4 8 19 5 3 4 3 17 10 19 3 

Scaridae 

(Parrotfish) <35   
scrapers 

33 9 15 24 26 16 20 32 28 20 25 50 39 30 40 78 35 30 25 78 

Scaridae 

(Parrotfish) <35  
browser 

22 4 0 0 26 0 0 0 15 0 0 0 57 12 0 0 46 25 30 0 

Ephippidae 

(Batfishes)   
browser 

0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 

Kyphosidae 

(Chub)   
browser 

0 5 0 10 0 5 2 15 2 3 5 15 0 5 9 11 12 11 9 11 

Pomacanthidae 

(angelfish)  
Grazers 

16 25 11 4 16 15 12 0 17 9 11 0 17 3 11 0 28 0 10 0 

Siganidae 

(Rabbitfish)   
Grazers 

30 30 16 22 4 12 16 63 0 5 3 85 0 23 13 42 170 10 20 42 
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DISCUSSION 

 

Ecological resilience can be characterized as the capacity of an ecosystem to absorb 

repeated disruptions or shocks and adjust to change while maintaining essentially the 

same role and structure (Holling, 1973; Scheffer el al., 2001). Two main components of 

resilience are resistance—defined as the ability of an ecological environment to withstand 

or survive a disturbance—and recovery— defined as the pace an environment takes to 

return to its original state— (Pimm, 1984; West and Salm, 2003). Recovery involves the 

replenishment of coral recruits in denuded areas (Hughes et al., 2010), the existence of 

suitable substrate for coral settlement and survival, (Victor, 2008) and low coverage of 

algae. High algal abundance can directly destroy corals, trap sediment and prevent coral 

settlement (Smith et al., 2006; Mumby et al., 2007). 

Due to the increased anthropogenic disturbances and their interaction with natural 

stressors, coral reefs deteriorated in the last two decades, especially along the Egyptian 

Red Sea coast (Ali et al., 2011). In this study, significant differences in the live coral 

cover between onshore and offshore sites, as well as between the sites themselves were 

recorded.  These differences can be attributed to the degree of anthropogenic impact on 

each site. The highest live cover was recorded at the offshore site (WGI) where human 

impacts on this large island is minimum, just few snorkeling and diving trips operating 

from the onshore SHA or from safari boats, besides few fishing boats for locals. In 

contrast, the least live cover and the highest dead corals were recorded at the onshore site 

of LAH (51.8%), a three stars hotel, which had been reported for many fines from WGHP 

authorities. In addition, there were evidences for prohibited line fishing on live coral 

inside the park.  The fixed marina and speed boats owned by the hotel could also affect 

the coral community in the site. Similarly, Shams Alam, a four stars resort, has a fixed 

marina with almost the same conditions in onshore SHA, they have two big boats, they 

use it to organize snorkeling and diving trips to site 5 (WG island), signs of anchors and 

robs, as well as many broken corals were observed. On contrary, the onshore sites of 

GOR recorded the highest live cover among the entire onshore sites (71.6%). The resort 

is five stars and recorded the least anthropogenic impacts, it has a fixed marina to operate 

snorkeling and diving activities on the house reef. However, they apply restricted 

instructions to conserve the reef house. These results revealed that coastal sites were 

highly impacted by different anthropogenic activities than the exposed sites and this 

agree with Ali et al. (2011) and Mohammed (2012).  

Coral diversity can increase its resistance, but this probably depends on the composition 

of the species, its sensitivity, and the species’disturbance tolerance (Nyström et al., 2008, 

McClanahan et al., 2011). On the other hand, there is insufficient evidence that, after 

disturbance, coral diversity promotes regeneration (Cote and Darling, 2010). Coral 
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diversity varies from site to site and tends to increase in sheltered locations, but the rapid 

rise in coastal growth generally tends to decrease. In this study, we found coral diversity 

in some exposed sites higher than in onshore sites (sector 2) where costal growth and 

activity increases were more than in offshore sites. On other hand, some other onshore 

sites recorded higher diversity more than some offshore sites with minimum human 

impact.  

Massive coral is considered to be the most resistant species and sometimes not affected 

by disturbance, and a high abundance of resistant species confers resistance (Foster et 

al., 2011). In addition, massive species that remain after a disturbance may continue to 

develop and reproduce to encourage recovery, but these are mostly slow-growing species 

and coral recovery may depend more on the recolonization of fast-growing branching and 

plating species (Riegl and Purkis, 2009). In this study, we found massive coral colonies 

in off-shore sites higher than in on-shore sites in live cover which might tend to the long 

term unimpacted on offshore sites or long-term impact on on-shore sites.   

Algal assemblages, providing food and shelter for higher trophic levels in marine 

habitats, are a very significant part of many marine environments (Bruno and Bertness, 

2001). Although potential factors are generally negative, the effect of algae on resistance 

is not clear. Factors may work to counteract each other. Algae can decrease growth rates, 

for example, and algae transmission of diseases can redirect coral resources (West and 

Salm, 2003; Mumby et al., 2007). Also, Algae is an important factor that restricts coral 

recovery after disturbance by increasing benthic substrate competition by trapping 

sediments that smother coral recruits (Mumby and Steneek, 2011; Hoey and Bellwood, 

2011). In this study, we found in on-shore LAH recorded the highest algae level in this 

study which could connected with the low live cover to figure out how much this site 

impacted. This in agreement with (Mohammed, 2006 and Mohammed, 2012). 

In this study, there was no significant difference between sites themselves for the 

different sizes of recruitment colonies, but recruitment colonies < 2 cm have recorded 

lower number than bigger size of recruitment colonies. However, a significant difference 

between off-shore and on-shore sites was found, where the different sizes of recruitment 

colonies in on-shore sites were higher than in off-shore sites and this might be attributed 

to physical anthropogenic.  Also, a significant effect of depth between sites for juvenile 

(5-10 cm in size) colonies was recorded, where this recruitment size was the highest in 

depth >10 m, which means that this size of recruitments had a better chance to grow up 

and survive at higher depths more than in shallow waters. 

The distribution and abundance of herbivorous reef fish varied between and within reefs 

in geographic areas. Several studies have identified how herbivorous reef fish vary 

between reefs at various locations on the continental shelf (Russ, 1984a, Williams, 1991) 

and between reef areas (Russ, 1984b). Herbivores fish abundance differed between sites. 
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Since the study area is a national park area, fishing pressure is limited. However, other 

variables may effect on the herbivores fish abundance (as, anthropogenic impacts on 

sites). In shelter sites, fishing should be forbidden by divers and the owner of the resorts. 

Exposed areas, on the other hand, are used by local people for coastal fishing.  

In this study, according to the feeding behaviors described in (Green and Bellwood, 

2009), herbivores fish were divided into four functional classes according to their roles in 

coral reef resilience: scrapers, excavators, grazers, and browsers. Green and Bellwood 

(2009) reported that Acanthuridae, Labridae (Tribe Scarini), Siganidae, Kyphosidae, 

Ephippidae and Pomacanthidae were assigned to each of these functional groups based 

on a case study and available scientific literature and expert opinion. Grazers, browsers, 

and scrapers feed on algae (turfs and macro algae), accordingly, they were more abundant 

at shallow areas—with more algal abundance and diversity—than the exposed areas 

(Bellwood and Choat, 1990; Choat, 1991; Fox and Bellwood, 2007; Hoey and 

Bellwood, 2008; Hoey et al., 2011; Alwany, 2011 & 2014).  

In this study, grazers had the most abundant group of herbivores functional groups in all 

study area. On the other hand, the other functional groups—browsers, scrapers, and 

excavators—showed low abundance comparing with the grazer fish and had the same 

general pattern of distribution in the studied area except, excavators which had higher 

abundance at exposed sites than in the sheltered ones.  

In terms of biomass, grazer fish followed by browser fish recorded the highest biomass in 

all areas. Excavators and scrapers recorded the lowest biomass in the practical classes of 

herbivores. 

Generally, all studied sites located in two main clusters; one includes most impacted sites 

(on-shore sites) and other include unimpacted sites (off-shore sites). The result 

thoroughly supports all our previous findings on reef coverage, recruitment, algae, 

herbivorous fish, and the effect of on conditions and human impacts.  
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 العربي الملخص

في بعض مواقع الشعاب المرجانية في محمية وادي الجمال البحرية ، جنوب البحر  المرونه عوامل

 الأحمر المصري
ػجذ اىشحَِ ّصبس

1
،  ٍحَذ إصَبػٍو

1
ٍحَذ أثى اىشجبه  ،

1،2 

1
 ٍصش -ثىسصؼٍذقضٌ ػيىً اىجحبس، ميٍخ اىؼيىً، جبٍؼخ ثىسصؼٍذ، 

2
 اىََينخ اىؼشثٍخ اىضؼىدٌخ –جذح  -جبٍؼخ اىَيل ػجذ اىؼزٌز -ىً اىجحبسميٍخ ػي -الأحٍبء اىجحشٌخ قضٌ

 

حَبطخ جْىة اىجحش الأحَش. رٌ  -ىْظبً اىجٍئً ىيشؼبة اىَشجبٍّخ فً ٍحٍَخ وادي اىجَبه ا ٍشوّخهزٓ اىذساصخ إىى رقٌٍٍ رهذف 

واىزأثٍشاد اىجششٌخ ، واىنزيخ  اىشؼبة،اض وأٍش اىَشجبٍّخ،ح اىشؼبة ػيى اىصَىد )رْىع اىشؼبة قذس ىقٍبس ػىاٍواخزٍبس صزخ 

ح ، واىطحبىت( ىٍزٌ رقٍٍَهب فً ٍىاقغ ٍخزيفخ. رٌ جَغ اىجٍبّبد ثشنو ٍىصًَ فً اىفزشح ٍِ اىجذٌذ َضزؼَشاداىحٍىٌخ اىؼبشجخ ، واى

اىَىاقغ  . صجيذاىشبطئ ػِ ثؼٍذاُغىص ٍِ ثلاثخ ٍىاقغ ػيى اىشبطئ واثْبُ اىثبصزخذاً  2016إىى ٌىىٍى  2015أغضطش 

ٍقبسّخ  اىطحبىت،أقو ٍِ  ػذدو أػيى،ووفشح أصَبمًب ومزيخ حٍىٌخ  أػيى،ه غطبءً ٍشجبٍّبً بشح صٌٍاىجحشٌخ وادي اىجَبه وجز

وفشح اىشؼبة خ. مبُ ٍزىصط اىقشٌج٪ فً اىَىاقغ 63ح ٍقبثو جؼٍذ٪ فً اىَىاقغ اى82.3ثبىَىاقغ اىضبحيٍخ. وصجو اىغطبء اىَشجبًّ 

ػيى اىزىاىً. مبّذ اىشؼبة اىَشجبٍّخ  2ً  125ٍضزؼَشح /  5.4و 91ح أػيى فً اىَىاقغ اىَنشىفخ شخىخ واىاىَشجبٍّخ اىصيج

مبُ ىيشؼبة اىَشجبٍّخ  رىل،(. ػيى اىؼنش ٍِ 15( ٍْهب فً اىَىاقغ اىضبحيٍخ )67خ أمثش وفشح فً اىَىاقغ اىَنشىفخ )نثٍفاى

 .(2ً  125ٍضزؼَشح /  23( ٍِ اىَىاقغ اىَنشىفخ )2ً  125ؼَشح / ٍضز 34اىَزفشػخ ػذدًا أػيى فً اىَىاقغ اىضبحيٍخ )

 9581اىنزيخ اىحٍىٌخ لأصَبك اىشاػٍخ واىَزصفح واىحفبس أػيى فً اىَىاقغ اىَنشىفخ ػْهب فً اىَىاقغ اىضبحيٍخ ٍغ مبُ ٍزىصط 

ينبشطبد أػيى فً اىَىاقغ اىضبحيٍخ اىنزيخ اىحٍىٌخ ى، ػيى اىزىاىً. ثٍَْب مبُ ٍزىصط 2ً  250جٌ /  1029 جٌ، 4601 جٌ،

(. مبّذ ىيَضزؼَشاد اىَشجبٍّخ اىجذٌذح راد الأحجبً 2ً  250جٌ /  678( ٍقبسّخ ثبىَىاقغ اىَنشىفخ )2ً  250جٌ /  902)

يف أُ ػىاٍو اىَشوّخ رخز (ANOVA) اىَخزيفخ ّفش اىنثبفخ رقشٌجبً فً مو ٍِ اىَىاقغ اىَنشىفخ واىضبحيٍخ. أظهش رحيٍو اىزجبٌِ

 .اخزلافبً مجٍشًا ثٍِ اىَىاقغ.

 أمثش ٍشوّخ ٍِ اىَىاقغ اىضبحيٍخ. اىجؼٍذحرؼزجش اىَىاقغ  اىذساصخ،ثْبءً ػيى رقٌٍٍ ػىاٍو اىَشوّخ فً هزٓ 

 

 

 

 

 

 

 

 


