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they are not previously known to overlap. Neverthe-
less, further field observations and genetic studies are 
required to verify the proposed identification of the 
putative hybrid and test the presented scenarios.
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The Gulf of Tadjoura is an extension of the Gulf of 
Aden that penetrates 20 km into the Horn of Africa 
via Ghoubet-Al-Kharab Bay in Djibouti (Fig.  1), 
which is a semi-enclosed bay separated from the rest 
of the Gulf of Tadjoura by a narrow pass (Moussa 
Omar et al. 2016). Located at the crossroads between 
the Red Sea and the Indian Ocean, the Gulf of Tad-
joura harbors significant biodiversity (Boldroc-
chi et  al. 2018), including species endemic to the 
Red Sea, Gulf of Aden, and Arabian Sea (Lips et al. 
2016). Since 1998, Djibouti has undertaken several 
surveys to update and refine the inventory of their 
ichthyological fauna.

In September 2014, M. A. Samoilys observed a 
grouper with an unusual color pattern (Fig. 1) while 
surveying reef fishes at Vierge Rouge in Ghoubet-
Al-Kharab Bay in Djibouti (Cowburn et  al. 2019). 
On March 4, 2020, we observed a similar individual 
almost 20 km west of Veirge Rouge at a depth of less 
than 15 m on top of “The Crack” at Afar Triple Junc-
tion in Ghoubet-Al-Kharab Bay (latitude N11.58430, 
longitude E43.53760), which is the meeting point 

Abstract We observed groupers with an unusual 
color pattern in Ghoubet-Al-Kharab Bay, Djibouti, on 
two occasions in 2014 and 2020. It matches the field 
observation of a juvenile Cephalopholis formosa in 
India in 1980. If this is the case, our observation rep-
resents a major range extension for C. formosa. Alter-
natively, based on the intermediate coloration of the 
specimens and sightings, we propose that they may 
be hybrids of C. formosa and C. oligosticta. We pre-
sent two possible scenarios that may have facilitated 
hybridization: rarity and overlapping ranges in Dji-
bouti with self-recruitment or rarity and overlapping 
ranges in another location (e.g., Socotra or the Ara-
bian Sea) with long-distance larval dispersal to Dji-
bouti. This hybridization is possible given the genetic 
similarity between the two putative parent species 
and because similar hybridization cases have been 
recorded within this genus and family elsewhere. 
However, both of these scenarios would require a 
range extension for one or both parent species as 
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of the Arabian, Somali, and Nubian tectonic plates. 
Given slight differences in the color patterns (Figs. 1 
and 2), these appear to be two different individuals, 
both of which appeared to be adults or large sub-
adults (approximately 30 cm in length).

The coloration of the observed fish in the cur-
rent study matches a sample archived in the Bishop 
Museum (sample ID BPBM 27,656 – 5) (Fig. 2). This 
45-mm-long (standard length) museum specimen is 
labeled as a juvenile Cephalopholis formosa. It was 

Fig. 1  We observed groupers with an unusual color pattern in 
Ghoubet-Al-Kharab Bay in Djibouti during underwater surveys 
conducted at Vierge Rouge in September 2014 and at “The 
Crack” in March 2020, which may be hybrids of Cephalop-
holis formosa and C. oligosticta. The putative hybrid images 

have color balanced due to the poor quality of the original pho-
tos, taken using underwater cameras without independent light 
sources. Fish photo credits to M. A. Samoilys (2014 sighting) 
and A. L. Green (2020 sighting)

Fig. 2  Color pattern comparisons among the putative hybrid 
grouper Cephalopholis oligosticta X C. formosa observed 
in Djibouti (credits to M. A. Samoilys, 2014 sighting and A. 
L. Green, 2020 sighting) and potential purebred parent spe-
cies (C. formosa, C. oligosticta, C. miniata, C. sonnerati, and 
C. argus; photo credits to J. E. Randall and R. F. Myers). A 
juvenile C. formosa held in the Bishop Museum (Hawaii, 

USA, specimen ID BPBM 27,656–5) exhibited similar colora-
tion patterns as the putative hybrids. The observation dates are 
labeled next to each putative hybrid photo (note that photos 
from March 2020 are of the same individual), and the white-
dashed circles indicate the color patterns that are similar 
among the putative hybrids and parent species
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collected in India, Kerala State, Kovalam, rocky point 
off Raja Hotel (about 300  m north of lighthouse), 
around 7 m depth with rotenone by J. E. Randall and 
W. F. Smith-Vaniz on February 11, 1980. Our sight-
ings in Djibouti could represent a range extension of 
Cephalopholis formosa from the Arabian Gulf to the 
west side of the Gulf of Aden. The limited records of 
such an unusual color pattern in Djibouti indicate that 
such individuals may be waifs, a biogeographic term 
used to describe the occasional individual occurring 
outside of their species distribution (Backus 1986). 
Unfortunately, we cannot extract DNA to confirm the 
identification using genetic methods due to the forma-
lin fixation performed on the Bishop Museum sample.

Individuals with intermediate color patterns can 
be hybrids (DiBattista et al. 2015; He et al. 2017; He 
et  al. 2020; He et  al. 2019; Hobbs and Allen 2014; 
Tea et al. 2020). Based on the intermediate color pat-
terns of the individuals we observed in Djibouti, they 
may be hybrids of Cephalopholis formosa and C. oli-
gosticta (Fig.  2). Key features that these individuals 
share with the putative parent species include a large 
black spot on the rear of the operculum, blue longitu-
dinal lines and spots on a brown body, blue dots and 

bars on the snout in front of the eyes, a blue dotted 
pattern on the rear of the second dorsal fin, and blue 
stripes on the pelvic fin rays (Fig. 2). Other alterna-
tive candidates for putative parents (e.g., C. argus, C. 
miniata, and C. sonnerati) seem less likely because 
they do not share this combination of unique traits 
with the putative hybrid (Fig. 2).

Both putative parent species are rare or not previ-
ously recorded in Djibouti, although they are known 
to occur elsewhere in the West Indo-Pacific (Fig. 3). 
Cephalopholis oligosticta is an endemic species of 
the Red Sea and Gulf of Aden (Bogorodsky and Ran-
dall 2019; Golani and Fricke 2018). Lips et al. (2016) 
noted that this species is rare in Djibouti, having seen 
it twice while diving in Ghoubet-Al-Kharab Bay and 
for sale in the fishing port. We observed one or two 
C. oligosticta while surveying reef fishes in Ghoubet-
Al-Kharab Bay in September 2014 and March 2020. 
Cephalopholis formosa has a recorded distribution 
ranging from Arabian Gulf, India, and Sri Lanka 
to Western Australia (Allen et  al. 2012; Barik et  al. 
2018; Humann et al. 2015; Taquet and Diringer 2012; 
Tavakoli-Kolour et al. 2015). Cephalopholis formosa 
has not been recorded in the Gulf of Aden (Lips et al. 

Fig. 3  Two scenarios that may explain the existence of the 
observed putative Cephalopholis hybrid (photo credit to A. 
L. Green) in Ghoubet-Al-Kharab Bay in Djibouti, where the 
recorded distribution ranges of Cephalopholis oligosticta 
(photo credit to R. F. Myers) and Cephalopholis formosa in 
the West Indian Ocean (photo credit to J. E. Randall) are rep-
resented by shaded red and blue colors, respectively. Please 
note that the putative hybrid images have not been color bal-
anced (see Fig. 1). Scenarios include a hybridization may have 
occurred in Djibouti with local self-recruitment. This would 
require a major range extension for Cephalopholis formosa 

(see blue-dashed line arrow). The dashed black circle indicates 
self-recruitment after hybridization in Djibouti. b Hybridiza-
tion may have occurred in another location (e.g., Socotra) fol-
lowed by long-distance larval dispersal to Djibouti. The dashed 
red/blue lines indicate the range extensions that would be 
required for both putative parent species and the dashed black 
circle indicates the possible hybridization zone. The black-
dashed line with an arrow indicates the possible long-distance 
larval dispersal of the hybrid to Djibouti after hybridization via 
seasonal sea surface currents in the Gulf of Aden (described in 
Vitale et al. (2017)
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2016 present five species of Cephalopholis, but not 
C. formosa). The most recent published version of a 
database of the region’s reef fish distributions, main-
tained by R. F. Myers, does not report the presence 
of C. formosa in Djibouti (see Table S2 in DiBattista 
et  al. 2016). Both C. formosa and C. oligosticta are 
known to occur in barren, shallow (< 15  m), silty, 
and sheltered reefs, which are conditions typical of 
Ghoubet-Al-Kharab Bay. Here we propose two poten-
tial scenarios to explain the existence of the observed 
putative Cephalopholis hybrid:

Scenario 1: Purebred C. formosa and C. oligos-
ticta hybridized at Ghoubet-Al-Kharab Bay and 
the hybrid offspring were the result of local self-
recruitment (Fig. 3a).

This scenario would require both parent species 
occurring in Ghoubet-Al-Kharab Bay, which includes 
suitable habitats for these species. Cephalopholis oligos-
ticta are rare but known to occur in Ghoubet-Al-Kharab 
Bay. However, the presence of C. formosa in Ghoubet-
Al-Kharab Bay may require a major extension to its 
known distribution since the closest published occur-
rence records of this species is in the Arabian Gulf. 
Therefore, this scenario would require one or a few C. 
formosa waifs, traveling via ocean currents (Franklin 
et al. 2019) as pelagic larvae, westwards across the Ara-
bian Sea and settling in Ghoubet-Al-Kharab Bay.

Scenario 2: Purebred C. formosa and C. oligosticta 
hybridized at another location (e.g., Socotra) and 
the hybrid offspring in Ghoubet-Al-Kharab Bay 
result from long-distance larval dispersal (Fig. 3b).

Ghoubet-Al-Kharab Bay is approximately 1000 km 
west of the well-known hybridization hotspot at 
Socotra, which is considered a suture zone of multiple 
biogeographic providences (DiBattista et  al. 2015). 
However, despite extensive surveys, neither of these 
two species has been recorded in Socotra (Zajonz et al. 
2019). The known distribution range of C. oligosticta 
in the Gulf of Aden is limited to Djibouti, while the 
closest published distribution record of C. formosa to 
Socotra is in the Arabian Gulf. However, it is possible 
that a few waifs of these two species may have scattered 
beyond the edge of their known distribution to Socotra 
by larval transport via seasonal sea surface currents in 
the adjacent area (Vitale et al. 2017).

Given the extensive nature of surveys conducted in 
Socotra (Zajonz et  al. 2019), if the putative parents 
are there, they must be very rare or in habitats not 
well surveyed to date (e.g., in deep water). Like other 
marine fish hybridization cases in Socotra, the rar-
ity of at least one of the putative parent species may 
promote the formation of interspecific breeding pairs 
(Hobbs and Allen 2014), such as C. oligosticta and C. 
formosa, if they co-occur.

After parental spawning, the putative hybrid off-
spring could have traveled westwards via long-dis-
tance larval dispersal across deep water in the Gulf 
of Aden by the seasonal sea surface currents (Vitale 
et al. 2017) and settled in suitable habitat in Ghoubet-
Al-Kharab Bay. Similar long-distance larval dispersal 
has been inferred to have occurred in coastal areas of 
Oman (Simpson et al. 2014).

Another possibility is that one or more C. oli-
gosticta waifs may occur in another location within 
C. formosa’s range (e.g., in the Arabian Sea), being 
transported there by long-distance larval disper-
sal from the Gulf of Aden. Once the parent species 
hybridized, the hybrid offspring may have dispersed 
all the way back to Djibouti. However, this seems 
less likely given that this scenario would require rare 
long-distance dispersal of larvae in two directions, 
although it may be possible given variations in sea-
sonal currents in the region (Vitale et al. 2017). Fur-
thermore, if this were the case, hybrids would likely 
be more widespread than in a remote corner of Dji-
bouti. This could even be a possible explanation for 
the aforementioned sample in the Bishop Museum; it 
may be an unidentified hybrid individual.

Since we believe that we observed two individu-
als with similar color patterns in Djibouti, scenario 1 
seems more likely than scenario 2 because scenario 
1 would require only a single waif C. formosa to 
produce multiple hybrid offspring that are retained 
within Djibouti, while scenario 2 would require mul-
tiple hybrid offspring to be produced in another loca-
tion and undergo long-distance dispersal all the way 
to the same far-flung corner of Djibouti.

The putative hybridization we observed between 
C. formosa and C. oligosticta is possible since similar 
natural hybridization cases have been observed within 
the genus Cephalopholis in the Christmas-Cocos 
Islands hybridization hotspot (Payet et  al. 2016). 
Also, at the family level, both natural hybridization 
and artificial hybridization attempts for aquaculture 
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have been recorded for other genera in the Serranidae 
(Ching et al. 2018; He et al. 2018; Qu et al. 2018; van 
Herwerden et al. 2002). Furthermore, from a genetic 
point of view, the similarity (p-distance, based on 
GenBank COI sequences) between C. formosa and 
C. oligosticta is ~ 0.14, which falls within the range 
of p-distances for documented grouper hybridization 
cases in aquaculture and in the wild (0.00 ~ 0.17). 
Although C. formosa and C. oligosticta are not genet-
ically similar enough to be considered sister species 
(Ma and Craig 2018), the p-distance value suggests 
that crossbreeding is possible.

Further studies are now required to determine the 
validity of the putative hybrid and the potential sce-
narios to explain their existence. Genetic investiga-
tions should be performed using non-lethal tissue 
samples from putative hybrids to confirm the parent 
species. Field studies are also required to determine if 
the ranges of C. oligosticta and C. formosa overlap in 
the Gulf of Aden, Socotra, or other locations (e.g., the 
Arabian Sea). Additional field surveys should also be 
conducted in Djibouti to determine the rarity or oth-
erwise of the putative hybrids with similar intermedi-
ate coloration patterns.

Acknowledgements We thank Arnold Suzumoto, Bishop 
Museum, Honolulu, for helping us to examine the archived 
specimens. We also thank anonymous reviewers for their con-
structive comments.

Funding The financial support was provided by KAUST 
baseline research funds (BAS/1/1010–01-01) to M.L.B.

The corresponding author states that there is no conflict of 
interest on behalf of all authors. Ethical approval is obtained 
from the Institutional Animal Care and Use Committee of King 
Abdullah University of Science and Technology. There is no 
additional data associated with the manuscript.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Allen GR et al (2012) Reef fishes of the East Indies. Tropical 
Reef Research, Perth, Australia

Barik T, Swain S, Sahu B, Tripathy B, Acharya U (2018) The 
first record of Cephalopholis formosa (Perciformes: Ser-
ranidae) from the marine waters of Odisha coast, Bay of 
Bengal. India J Ichthyol 58(5):751–753

Bogorodsky SV, Randall JE (2019) Endemic fishes of the Red 
Sea Oceanographic and Biological Aspects of the Red 
Sea. Springer, Cham, Germany, pp 239–265

Boldrocchi G, Moussa Omar Y, Rowat D, Bettinetti R (2018) 
First results on zooplankton community composition 
and contamination by some persistent organic pollut-
ants in the Gulf of Tadjoura (Djibouti). Sci Total Environ 
627:812–821

Ching FF, Othman N, Anuar A, Shapawi R, Senoo S (2018) 
Natural spawning, embryonic and larval development 
of F2 hybrid grouper, tiger grouper Epinephelus fusco-
guttatus × giant grouper E. lanceolatus. Int Aquat Res 
10(4):391–402

Cowburn B et al (2019) Healthy and diverse coral reefs in Dji-
bouti–a resilient reef system or few anthropogenic threats? 
Mar Pollut Bull 148:182–193

DiBattista JD et  al (2015) When biogeographical provinces 
collide: hybridization of reef fishes at the crossroads of 
marine biogeographical provinces in the Arabian Sea. J 
Biogeogr 42:1601–1614

DiBattista JD et al (2016) A review of contemporary patterns 
of endemism for shallow water reef fauna in the Red Sea. 
J Biogeogr 43(3):423–439

Golani D, Fricke R (2018) Checklist of the Red Sea fishes with 
delineation of the Gulf of Suez, Gulf of Aqaba, endemism 
and Lessepsian migrants. Zootaxa 4509(1):1–215

He S, Johansen JL, Hoey AS, Pappas MK, Berumen ML 
(2017) Molecular confirmation of hybridization between 
Dascyllus reticulatus × Dascyllus aruanus from the Great 
Barrier Reef. Mar Biodivers 49(1):395–404

He S, Harrison HB, Berumen ML (2018) Species delineation 
and hybrid identification using diagnostic nuclear markers 
for Plectropomus leopardus and Plectropomus maculatus. 
Fish Res 206:287–291

He S et al (2019) An examination of introgression and incom-
plete lineage sorting among three closely related species 
of chocolate-dipped damselfish (genus: Chromis). Ecol 
Evol 9(9):5468–5478. https:// doi. org/ 10. 1002/ ece3. 5142

He S, Mork J, Larsen WB, Møller PR, Berumen ML (2020) 
Morphology and genetic investigation of flatfish interspe-
cies hybrids (Pleuronectes platessa X Platichthys flesus) 
from the Baltic Sea. Fish Res 225:105498

Hobbs J-P, Allen G (2014) Hybridisation among coral reef 
fishes at Christmas Island and the Cocos (Keeling) 
Islands. Raffles Bull Zool 30:220–226

Humann P, DeLoach N, Allen G, Steene G (2015) Reef fish 
identification: tropical pacific. New World Publications 
Inc., Jacksonville, Florida. U.S.A.

Lips B, Lips J, Roux J-M (2016) Les poissons de Djibouti. Uni-
versité de Djibouti, Djibouti

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/ece3.5142


 Environ Biol Fish

1 3
Vol:. (1234567890)

Ma KY, Craig MT (2018) An inconvenient monophyly: an 
update on the taxonomy of the groupers (Epinephelidae). 
Copeia 106(3):443–456

Moussa Omar Y, Memery L, Carton X, Daher A, Duvielbourg 
E (2016) Effects of monsoon winds and topographical 
features on the vertical thermohaline and biogeochemical 
structure in the Gulf of Tadjourah (Djibouti). Open J Mar 
Sci 6(03):440–455

Payet SD et  al (2016) Hybridisation among groupers (genus 
Cephalopholis) at the eastern Indian Ocean suture zone: 
taxonomic and evolutionary implications. Coral Reefs 
35(4):1157–1169

Qu M, Tang W, Liu Q, Wang D, Ding S (2018) Genetic diver-
sity within grouper species and a method for interspecific 
hybrid identification using DNA barcoding and RYR3 
marker. Mol Phylogen Evol 121:46–51

Simpson SD, Harrison HB, Claereboudt MR, Planes S (2014) 
Long-distance dispersal via ocean currents connects 
Omani clownfish populations throughout entire species 
range. PLoS One 9(9):e107610

Taquet M, Diringer A (2012) Fishes of the Indian Ocean and 
Red Sea, English. Editions Quae, Versailles

Tavakoli-Kolour P, Khatami S, Barkhordari A, Farhadi A 
(2015) First record of Cephalopholis formosa (Shaw, 
1812) (Perciformes: Serranidae) in the Persian Gulf. J 
Appl Ichthyol 31:197–198

Tea Y-K, Hobbs J-PA, Vitelli F, DiBattista JD, Ho SY, Lo 
N (2020) Angels in disguise: sympatric hybridiza-
tion in the marine angelfishes is widespread and occurs 
between deeply divergent lineages. Proc Royal Soc B 
287(1932):20201459

van Herwerden L, Davies C, Choat J (2002) Phylogenetic and 
evolutionary perspectives of the Indo-Pacific grouper 
Plectropomus species on the Great Barrier Reef. Australia 
J Fish Biol 60(6):1591–1596

Vitale SS, DiMarco SF, Seidel HF, Wang Z (2017) Circulation 
analysis in the northwest Indian Ocean using ARGO floats 
and surface drifter observations, and SODA reanalysis 
output. Dyn Atmos Oceans 78:57–70

Zajonz U, Lavergne E, Bogorodsky SV, Saeed FN, Aideed 
MS, Krupp F (2019) Coastal fish diversity of the Socotra 
Archipelago. Yemen Zootaxa 4636(1):1–108

Publisher’s Note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.


	Waif or€hybrid? Observation records of€rare coloration grouper in€Djibouti
	Abstract 
	Acknowledgements 
	References


