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Abstract: Histological investigations for the reproductive conditions of Acropora hemperchii and Pocillopora verrucosa in the onshore 

reefs at site 1, which impacted by oil pollution, and site 2 which , impacted by phosphate shipping, and those in the offshore ones at sites 

3 and 4 at, respectively; each was impacted by diving activities, were studied. Both of the given species was found to be hermaphrodite 

broadcast spawners annually. The gonads of P. verrucosa were found on stalks arising from the column wall; but in A. hemperchii, the 

gonads fill the entire mesenteries. Moreover, there are pronounced differences in the timing and length of gametogenesis and spawning 

of A. hemperchii and P. verrucosa between different geographic regions. A. hemperchii showed the least productivity at the effected with 

oil pollution at site 1, represented by: 55 % of mature oocytes and an additional 38 % of immature oocytes. P. verrucosa declined to 46 

%of mature oocytes and 50% of immature oocytes. The highest productivity of A. hemperchii was represented by 90% matures,3 % 

immatures and 7% empty and for Pocillopora verrucosa increased to 92% matures, 2% immature, and 5 % empty at the offshore site 2, 

the site impacted by eutrophication as a result of phosphate shipment. The spawning season of A. hemperchii in the northern Red Sea at 

site 1, is two months later than in the southern site 2, where A. hemperchii starts spawning in May and extended to July. However, P. 

verrucosa begins one month early than A. hemperchii at the same site, and extends for three months also from April to June. Moreover, 

spawning of P. verrucosa at site 2 is one month early than at its spawning at site 1. While, P. verrucosa at sites 3&4 starts spawning at 

April and extended for two months only.  
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1. Introduction 
 
Studying of coral reproductive cycles is an important part 
of our understanding base on the ecological processes of 
coral reefs and, by itself, is essential for their management 
and conservation. Successful coral reproduction is 
necessary for getting new colonies to a reef and the 
recovery of destroyed sites by natural or anthropogenic 
turbulence (Al-Hammady 2011).An understanding of coral 
reproductive cycles and the impact of environmental 
factors on reproduction is for that reason vital in 
comprehending the potential of this important part of the 
life cycle. That's why it important to conduct some regular 
monitoring and surveys for coral reefs reproduction, 
recruitment, ecosystem etc… to understand their behavior 
and what the main threats are. 
 
Scleractinian corals reef sexual reproduction is important 
for monitoring and maintaining coral populations (Lirman 

et al. 2010; Al-Hammady 2011and Larson et al. 2014). 
However, knowledge of scleractinian coral reproduction 
has progressively grown in the last 15 years, as 
reproductive data of 40% of known species from the 
tropical Pacific and 30% of Caribbean coral species were 
available (Richmond and Hunter 1990 and Styan & Rosser 
2012). Reproduction of Red Sea coral species is still gap, 
where 6% were only investigated (Shlesinger and 
Loya1998). 
 

The ongoing global renaissance in coral reproduction research 
is providing a wealth of new information on this topic, and has 
almost doubled the global database on coral reproductive 
patterns during the past two decades (Harrison 2011). 
Reproductive mode may be externally controlled by coral's 
morphological traits such as colony size, polyp size, oocyte 
diameter and gonad location (Rinkevich and Loya 1979a; 
Szmant 1986 and Van Veghel & Kahmann 1994), by 
environmental factors such as different zoogeographic 
regions(Szmant 1986; Van Woesik 1995& Tanner 1996), 
phylogenetic constraints (Harrison 1985), and also temperature 
(Al-Hammady, 2011).  
 
In the Red Sea, most coral species were found to be 
hermaphrodite broadcast spawners, and only a few were 
hermaphrodite brooders or gonochoric broadcast spawners 
(Shlesinger and Loya 1985;Shlesingeret al. 1998;Baird et al. 
2009). This is in accordance with the overall Indo-Pacific 
pattern (except Eastern Pacific; Baird et al., 2009; Baird et al. 
2011; Stoddartet al. 2012), although intraspecific variability of 
reproduction modes was found, for example, in the coral 
Pocillopora verrucosa, which is a broadcast spawner in the 
Red Sea (Shlesinger andLoya 1985; Harrison 2011;Sawall& 
Al-Sofyani 2015), but a brooder in the central Pacific 
(Richmond and Hunter 1990).  
 
Within the Red Sea, however, there production mode of a 
given species seems to be consistent from north to south, 
although sexuality of some species may change between years. 
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This was found during a long-term study on the 
hermaphrodite brooder Stylophora pistillata,where some 
colonies were hermaphrodite in one year and male or even 
sterile in another year (Rinkevich and Loya1987). 
Inconsistencies in reproduction modes might be due to 
energy limitations and/or stress conditions in some years 
(Rinkevich and Loya 1987; Larson et al. 2014), since 
reproduction is major energy expenditure. A substantial 
amount of energy for reproduction is derived from 
photosynthesis (Rinkevich1989;Leuzingeret al. 2012). 
 
The lack of knowledge of the reproductive biology of the 
Red Sea coral species imposes many difficulties on studies 
dealing with the recruitment and distribution of corals, as 
well as on the design of monitoring, management and 
recovery programs of reef environments in Egypt (Al-
Hammady 2011).  
 
The current contribution is the first of a series and deals 
with the reproductive biology of Acropora hemperchii and 
Pocillopora verrucosa. This study offers results on the 
sexuality patterns, modes of reproduction, synchrony and 
spawning periods of these species, which occur 
sympatrically in the studied reefs. 
 
2. Material and Methods 
 
The reproductive condition of 288 colonies from of 
Acropora hemperchii and Pocillopora verrucosa were 
collected by SCUBA diving form two onshore and two 
offshore widely geographically separated areas, extending 
along the Egyptian Red Sea coasts (Fig.1). Moreover these 
sites impacted with different anthropogenic activities. The 
onshore reefs comprised site #1 lies at the General 
Petroleum Company at Ras-Gharib City- Gulf of Suez and 
polluted by oil pollution, and site #2 locates at the Old Al-
Quseir Harbor at Al-Quseir City and impacted by 
eutrophication as a result of phosphate shipment. The other 
two offshore reefs sites(sites # 3& 4) locate at the Small 
Gifton Island and Abo-Ramad Island, respectively; each 
located off Hurghada and impacted by diving activities. 
 
 
Tissue samples from of Acropora hemperchii and 
Pocillopora verrucosa were obtained on a semi-monthly 
basis from June, 2013 to March, 2014. Sampling involved 
breaking off a branch from each colony. Because of the 
relatively small size of Acropora hemperchii and 
Pocillopora verrucosa, it was not possible to sample 
sequentially the same colony, and therefore, ten different 
colonies were sampled on each sampling day at each study 
reef. To reduce as possible within-reef variation in coral 
reproduction synchrony, all of Acropora hemperchii and 
Pocillopora verrucosa colonies collected were at a depth of 
5 m; all coral specimens were of similar size (colony height 
8 to 12 cm). The sampling regime was designed to 
minimize possible effects of natural environmental 
gradients (i.e. depth or wave action), as well as possible 
effects of colony size on the onset of gametogenesis and 
gonad abundance (Szmant- Froelich, 1985).  
 
All coral specimens were fixed in 10% formalin for 24 h 
within a few minutes of collection. To increase the rate of 

decalcification, each branch was split in half with a chisel and 
decalcified in a solution of equal parts of 50% formic acid and 
20% sodium citrate solution according to Pearse (1968) and 
Rinkevich & Loya (1979a), which was changed after 6 h. After 
decalcification, all coral tissue samples were washed in 
running tap water for 6 h and preserved in Bouin's solution 
(Humason, 1972).  

 
For histological analyses, tissue samples (0.75 to 1.50 cm2) 
were taken from mid-branch according to Rinkevich & Loya 
(1979b). All tissue samples were dehydrated in an ethanol 
series (Humason, 1972), cleared in toluene and embedded in 
Tissue Prep. A number of tissue samples from each reef had 
previously been sectioned to locate the region of the polyp-
containing reproductive material. Thus, two slides with five to 
eight serial cross sections each were prepared from each tissue 
sample. All tissue sections were stained with Harris 
hematoxylin (progressive method; 40 s) and counterstained 
with eosin (3 rain). For the quantitative analyses, two cross 
sections (one from each slide) were chosen randomly. Male 
and female gonads were investigated and all dimensions were 
measured with a calibrated ocular micrometer. 
 
3. Results 
 
The reproductive synchrony of Acropora hemprechii and 
Pocillopora verrucosa at offshore and onshore reefs in respect 
to the environmental impacts is quantify during the present 
study. Gonads were histologically examined every month, for 
approximately 10 months (from June 2013- March 2014). 
However, both of the given species were found to be 
hermaphrodite broadcast spawners annually. Gonad 
arrangement and morphology varied between these studied 
species. Gonads of Pocillopora verrucosa were found on 
stalks arising from the column wall. Ova and sperms are co-
occurring within the same polyp, but were segregated between 
different pairs of mesenteries in body cavity. Acropora 
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hemperchii, has gonads fill the entire mesenteries. Male 
and female gonads were segregated on different 
mesenteries in each polyp, and occupied one row in each 
mesentery (Fig 2). Variation between these species occurs 
in the degree of segregation of testes and ovaries, where 
three levels of segregation were observed. Broadcasting of 
Acropora hemperchii and P.verrucosa had annual 
gametogenic cycles lasting approximately 6 to 7 months. 
However, development of the oocytes and ripening of the 
eggs (oogenesis) starts first, followed by the onset of testis 
development for sperm production (spermatogenesis) 
from1–3months later. 

 

 
 
At the present study, the results in Table (1) indicate that 
site #1, the site impacted by oil pollution, showed the least 
productivity of the studied species, where 55 percent of 
Acropora hemperchii had mature oocytes and an additional 
38 percent of immature oocytes, and 7 % are empty. No 
oocytes were observed in the remaining colonies. In 
Pocillopora verrucosa, 46 percent had mature oocytes, 50 

percent had immature oocytes and only 4 % are empty. On the 
other hand, the highest productivity of Acropora hemperchii 
and Pocillopora verrucosawas observed at site #2;the site 
impacted by eutrophication as a result of phosphate shipment. 
It was represented by 90 % of mature, only 3 % immature 
oocytes and 7 % empty, for Acropora hemperchii and 92 % of 
mature, only 2 % immature oocytes and 5 % empty for 
Pocillopora verrucosa. The productivity was also relatively 
high at sites # 3 and 4 for the two species (Tab. 1). 

 
Table 1: Percentage (%) of Acropora hemperchii and 

Pocillopora verrucosa colonies with mature, immature, and no 
visible oocytes, during broadcast spawning season (from 
March to June) at the studied sites (Number of sampled 

colonies = 12 from each sites). 
Species Acropora hemperchii P.verrucosa 

Sites 

Onshore 
reefs 

Offshore 
reefs 

Onshore 
reefs 

Offshore 
reefs 

Site 
1 

Site 
2 

Site 
3 

Site 
4 

Site 
1 

Site 
2 

Site 
3 

Site 
4 

Mature 
(%) 55 90 86 88 46 92 91 89 

Immature 
(%) 38 3 8 7 50 2 3 5 

Empty 
(%) 7 7 6 5 4 5 6 6 

 
At the current study, there are pronounced differences in the 
timing and length of gametogenesis and spawning of Acropora 

hemperchii and Pocillopora verrucosa between different 
geographic regions (Tab. 2 and Figs 3-4). The month of 
spawning of Acropora hemperchii in the northern site (site #1) 
is two months later than in the southern site (site # 2), where 
Acropora hemperchii tarts its spawning in May and extended 
to July. However ,Pocillopora verrucosa spawning season 
begins one month early than Acropora hemperchii at the same 
site (site #1), and extended for three months from April to 
June. On the other hand, the spawning season of Pocillopora 

verrucosa at site #2 is one month early than at in site #1.While, 
Pocillopora verrucosa at sites# 3&4 started spawning at April 
and extended for two months only. This one or two-month 
offset is not surprising due to the difference in local 
temperature regimes and differences in environmental impact 
observed along the coast of the studied sites. 
 

 
Table 2: Timing of coral spawning either directly observed or derived from gamete presence/absence in histological sections. 

Sites Species Months 
M A M J J A S O N D 

Site 1 Acropora hemperchii - - √ √ √ - - - - - 
Pocillopora verrucosa - √ √ √ - - - - - - 

Site 2 Acropora hemperchii √ √ - - - - - - - - 
Pocillopora verrucosa √ √ - - - - - - - - 

Site 3 Acropora hemperchii - √ √ - - - - - - - 
Pocillopora verrucosa - √ √ - - - - - - - 

Site 4 Acropora hemperchii - √ √ - - - - - - - 
Pocillopora verrucosa - √ √ - - - - - - - 

Month: January (J) to December (D). 
 
4. Discussion 
 
Examination of the literatures reveals that the present study 
comprised Acropora hemperchii and Pocillopora verrucosa 

is the first investigation of the reproductive biology at the 
Egyptian Red Sea coast. The present study showed that, the 
given species were hermaphrodite broadcast annually 
spawners. Similar findings were reported by Harrison (1985) 
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and Leuzinger et al. (2012). The majority of the coral 
species at Caribbean and Pacific regions were broadcast 
gametes (Shlesinger, et al, 1998). While, only two species, 

Alveopora daedalea and Seriatopora caliendrum brood and 
release their planulae. Stylophora pistillatais the only 
brooding species reported from the Red Sea (Rinkevich and 
Loya 1979a&b;Sawallet al., 2014).Furthermore, recent 
researches demonstrated that mode of reproduction may 
vary in some species. For example, Pocillopora damicornis 
(Ward 1992;Banguera-Hinestrozaet al. 2012) and 
Goniastrea aspera (Sakai 1997) exhibit broadcast 
spawning as well as brooding. The different modes of 
reproduction, brooding versus broadcasting, did not follow 
taxonomic lines. Reproductive mode may be externally 
controlled by environmental factors (Stimson 1978; Van 
Woesik 2010; Baird et al. 2009) suggested that brooding or 
broadcasting patterns are determined by depth. Deep sea 
species are predominantly broadcasters, while species in 
shallow water brood planulae. Further research, however, 
has revealed that both brooding and broadcasting species 
inhabit shallow water (Kojis and Quinn 1982a; Shlesinger 
& Loya 1985; Harrison and Wallace 1990). Reproductive 
differences among species may result from habitat 
conditions in different zoogeographic regions (Szmant 
1986; Van Woesik 1995 and Tanner 1996). 
 
The present investigation found that Acropora hemperchii 
and Pocillopora verrucosa had annual gametogenic cycles 
lasting approximately 6 to 7 months, while oogenesis starts 
first, followed by spermatogenesis, 1–3 months later. These 
results agree with Shlesingeret al. (1998).They also pointed 
to the onset of oogenesis preceded spermatogenesis by 2 to 
4 months 
 
The decrease of Acropora hemperchii and Pocillopora 

verrucosa productivity of mature oocytes in site #1 is not 
surprisingly, where this site is impacted by oil pollution. 
Al-Hammady (2011) and Al-Hammady and Mahmoud 
(2013) recorded similar results, that northern Red Sea reef, 
impacted by oil pollution, showed lower fertility than reefs 
at the south. Moreover, oiling impaired gonad development 
in both brooding (Peters et al., 1981; Rinkevichand Loya, 
1979a) and spawning corals (Guzmán and Holst, 1993). In 
inverse, the site impacted with phosphate (site #2), 
recorded the highest productivity in mature oocytes of 
Acropora hemperchii and Pocillopora verrucosa. These 
results agree with the finding of Ammar et al.(2012) and 
Sawall et al. (2011).They showed an increase in testes and 
egg numbers in Acropora humilis and Stylophora pistillata, 
and also concluded that phosphorus enrichment seems to be 
considerably less destructive than oil pollution (Ward and 
Harrison2000). Jessen et al. (2013) demonstrated that 
corals exposed to elevated level of phosphorus produced 
more oocytes and spermarise than control colonies. The 
reproductive condition in the Acropora hemperchii and 
P.verrucosa assemblage at sites 3&4 is very similar to that 
estimated in Acropora assemblages on the Egyptian coast 
of the northern Red Sea, where85% of colonies from 12 
species had mature oocytes in Marsa Alam in April 2008 
and 99% of colonies from 17 species have mature oocytes 
in Hurghada in April 2009 (Hanafy et al., 2010). 
 

The preceding spawning of the studied species one or two 
months later in the northern site (site #1) than in the southern 
site (site # 2) is not surprising due to the difference in local 
temperature regimes. The present results confirm the finding 
of Bouwmeester et al.(2014). They reported that Acropora 

species the Gulf of Aqaba were spawning two months later 
compared with those in the northern and central Red Sea. It is 
well known from the previous findings that the breeding 
season of coral reefs differs in both different localities and 
different species (Bairedet al. 2002; Rosser and Gilmour 2008; 
Gilmour et al., 2009; Rosser and Baired 2009). Kojis and 
Quinn (1981&1982) reported that, Acropora sp. spawned over 
a 7 months period extends between October and April. In 
contrast, Mangubhai (2009) and Shlesinger and Loya (1985) 
found that Acropora sp. released gametes from January to 
March. However, most of the species in the Red Sea reproduce 
during the summer months (Shlesinger and Loya 1985). 

 
5. Conclusion 
 
The present study documents the coral spawning in the field 
and reported that it happens in the period extending from 
March to June. Corals at the southern Red Sea begin spawning 
faster. The results of this study can be used as a baseline for 
the coral reproduction studies in the northern Red Sea region. 
These results showed also that, oil pollution at site # 1 reduced 
significantly coral maturity; on contrast, phosphorus at site #2 
increased remarkably coral productivity. 
 
6. Recommendation 
 
The obtained results can be used in: 
1) Helping to select the best time for any marine project or 

coral translocation. 
2) Corals don't have any reproductive spermaries or oocytes 

during summer (June – August) due to hot weather and 
temperature during summer. 

3) Coral reefs can use as bioindicators for pollution and 
eutrophication. 
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Figure 3: Histological investigations of Acroporahemperchii 

 
1- A general structure of the polyp: Histological transverse section of polyp explains:mesentery (M), Actinopharynx (A), 

Ectoderm(EC) and Endoderm. 
2- Extension of male gonads on mesenteries(M), male gonads of Acropora hemperchii (S) and sperms (Sp). 
3- Transverse section in Acropora hemperchii at site # 2, showing: mesentery(M) andfemale gonads (O). 
4-  Ovary containing mature eggs (E) at site #3. 
5- Female gonad (O) with mature eggs (E), and male gonad (S), with sperms (Sp)at site # 4. 
6- Transverse section of Acropora hemperchii at site #1 mesentery (M), male gonads (S) and ectoderm (EC). 
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Figure 4: Histological investigations of Pocilloporaverucosa 

 
1- A general histological structure (T.S.) of the polyp shows: mesentery (M),actinopharynx (A),ectoderm (EC)and 

endoderm (EN). 
2- Extension of male gonads on mesenteries (M),male gonads of P. verucosa(S)and sperms (Sp). 
3- Male gonads of P. verucosaat site #1 with sperms (Sp) and mesenteries (M):. 
4- Female mature gonads (O) of P. verucosaat site #4, ectoderm (EC) and endoderm (EN). 
5- Transverse section of P. verucosa at site #3, male gonads (S) and female gonads(O)on mesenteries (M). 
6- Male gonads (S) with sperms(SP), female gonads (O) with mature eggs (E) at site # 2. 
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