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3. Coral Taxonomy: Lobophylliidae Dai and Horng 2009 
Chris Aslett 
We hitherto explored the history of taxonomy, why it is so important, the rudiments of hard coral skeletons upon which their 
evolutionary trajectories were founded, and the early- to mid-2010s’ attempts to definitively rank the family Lobophylliidae into 
monophyletic clades comprising all the descendants from a common ancestor, after molecular studies had emphasised the polyphyly 
of most extant scleractinian classifications. The discovery of ancient deep-water Basal and the dichotomy of Complexa and Robusta 
deepened the uncertainty, where molecular analyses would one day unearth delineating simple pure character attributes (sPu) that 
would enhance resolution when combined with DNA sequence analyses. Classifications remain in flux and thus all historic 
nomenclature is associated with a year, whereas unfamiliar terms are clarified in Appendix I. Herein the seminal studies of Arrigoni 
and collaborators from 2016 and 2019 bring us up to speed with contemporary phylogenetically-discriminating molecular, 
macromorphological, and microstructural analyses, while parts 1. and 2. remain indispensable background.  
 

 
Fig 0. A diagram illustrating some common skeletal features courtesy of Zhao et al. 2021 and The Creative Commons Attribution Licence 4.0. 
Keywords: clade, coral, macromorphology, micromorphology, microstructure, phylogenetic tree, Scleractinia, taxonomy. 
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Fig 1a. Living colonies of four 
Lobophylliidae and their skeletal 
coralla featuring their corallites: 
[A] Japanese Micromussa 
amakusensis; [B] tentatively 
Micromussa cf. amakusensis 
elevated to the new species 
Micromussa indiana from 
Yemen’s Gulf of Aden; [C] 
Australia’s Acanthastrea 
lordhowensis, and [D] Malaysia’s 
Micromussa multipunctata 
(formerly: Montastraea 
multipunctata). Photography 
courtesy of Arrigoni et al. 2016 
and the Creative Commons 
Attribution Licence 4.0. 
 

The family 
Lobophylliidae comprises 
large polyp Scleractinia that 
are ecologically and 
economically significant in the 
Indo-Pacific yet their 
congeners extend to the Red 
Sea and from French 
Polynesia to eastern Africa. 
With 12 extant genera and 52 
species in 2016 (Arrigoni et al. 
2016), sequence analyses of 
nuclear and mitochondrial 
genes recommended 
reclassifications into the 
monophyletic clades A to J 
that contradicted established 
ranks discerned using merely 
fossil and skeletal attributes 
(Arrigoni et al. 2012; Arrigoni 
et al. 2014a). Hence the 
polyphyly of the lobophylliid 
genera Acanthastrea, 
Echinophyllia, Lobophyllia, 
Micromussa, Oxypora, and 
Symphyllia were highlighted in 
2014 (Arrigoni et al. 2014a). 
Furthermore, molecular 
informatics had yet to be 
generated for the genera 
Echinomorpha and 
Homophyllia (Budd et al. 
2012) while Huang and allies ranked Moseleya in clades XIX+XX by 2011.  

 

Traditional and contemporary taxonomy have advanced side-by-side insofar as molecular and morphological congruency 
appears mandatory for definitive phylogenetic trees (Budd et al. 2010). For example, microstructures like septal tooth height, shape, 
distribution, adjoining topologies (interareas), and their granulose surfaces (Budd & Stolarski 2009; Budd & Stolarski 2011) are now 
considered phylogenetically-discriminating (Budd & Stolarski 2009; Budd & Stolarski 2011; Budd et al. 2012; Arrigoni et al. 2014b; 
Arrigoni et al. 2015). So were the Australomussa and Parascolymia revisions of Arrigoni and collaborators in 2014(b) and 2015, while 
ancestral commonalities were identified amongst the postulated monophyletic lobophylliid clades A and B (Arrigoni et al. 2014b).  

 

Clade A included Micromussa amakusensis and Montastraea multipunctata which was absorbed by Lobophylliidae despite its 
non-affinity with Montastraea cavernosa (Huang et al. 2011; Arrigoni et al. 2014a) whilst its micromorphology remained undetermined. 
M. amakusensis type species are an epitome of clade A, whilst they remain common throughout the Indo-Pacific (Fig 1a.; Arrigoni et 
al. 2016). 

 

Japanese  Micromussa amakusensis  and  Acanthastrea lordhowensis  appear somewhat  alike in situ  yet the former has larger  
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Fig 1b. Skeletal coralla featuring 
their corallites and living 
polyps/colonies of four 
Lobophylliidae: [E] the new 
species, Micromussa pacifica 
formerly New Caledonia’s 
Homophyllia cf. australis; [F] 
Homophyllia australis from New 
Caledonia; [G] New Caledonian 
Homophyllia bowerbanki, 
previously Acanthastrea 
bowerbanki, and [H] Australian 
Homophyllia bowerbanki, 
hitherto Acanthastrea hillae. 
Photography courtesy of Arrigoni 
et al. 2016 and the Creative 
Commons Attribution Licence 
4.0. 

 

less evenly arranged corallites 
while the latter has fewer 
septa. Nevertheless, the 
genus Micromussa was 
erected to nest all previously 
ascribed species of 
Acanthastrea with sub-5-mm 
corallites to the exclusion of A. 
lordhowensis in 2000 (Fig 
1a.). To this end, 
Acanthastrea minuta was 
absorbed into Micromussa as 
M. minuta and the new Sri 
Lankan species M. diminuta 
was described (Veron 2000). 

 

Clade B comprises 
Acanthastrea bowerbanki and 
A. hillae where molecular 
analyses indicate they are 
distinct from the pre-2014 
species type, A. echinata 
which was reclassified in 
clade E (Arrigoni et al. 2014a), 
and thus a new species type 
and genus was advocated for 
clade B in 2016. Primarily 
central Pacific but more 
common at higher latitudes, A. 
bowerbanki and A. hillae 
(Veron 1992; Veron 1993; Veron 2000; Wallace et al. 2009) are remarkably morphologically alike (Arrigoni et al. 2016) with almost 
identical corallum configurations, growth, and corallite budding (Chevalier 1975, cited in Arrigoni et al. 2016; Veron 1992; Veron 2000; 
Wallace et al. 2009) which were amongst the largest polyps of all Acanthastrea-assigned corals in 2016 (Fig 1b.; Arrigoni et al. 2016). 
Acanthastrea hillae may have been spotted in the western Indian Ocean (Veron 2000) while samples from micromorphologically 
assigned Yemeni A. hillae were included in the morpho-molecular analyses of Arrigoni and colleagues from 2016. 

 

The taxonomic history of Homophyllia has renounced several synonyms. Previously a junior affiliate of Lobophyllia (Matthai 
1928, cited in Arrigoni et al. 2016; Vaughan & Wells 1943, cited in Arrigoni et al. 2016) and Scolymia (Veron 2000); Homophyllia was 
resurrected by Budd and colleagues in 2012 following Budd & Stolarski’s morphological study from 2009. Corallum micro-morphology 
and -structure clearly discerned Homophyllia australis from its tentative congeners: Scolymia lacera and Parascolymia vitiensis (Fig 
1b.; Budd & Stolarski 2009; Budd et al. 2012; Arrigoni et al. 2014b), whilst molecular analyses had yet to be carried out on H. australis 
in 2016. Hence an extensive range of morphological and molecular analyses were exploited to elucidate the ancestry of this species 
(Arrigoni et al. 2016).  
 

 

Largely temperate Australia’s Symphyllia wilsoni were assigned this genus by virtue of their deep coralla and wandering valleys 
(Arrigoni et al. 2016), yet Veron had highlighted uncharacteristically small skeletal features and septa more akin to those of 
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Acanthastrea in 2000 (Fig 1c.). Molecular analyses had positioned several members of this genus in clade I (Arrigoni et al. 2014a) 
while hitherto unexamined S. wilsoni was subjected to extensive morpho-molecular studies in 2016 (Arrigoni et al. 2016). 

 

Such approaches were exploited to delineate the lobophylliid genera Acanthastrea, Echinophyllia, Lobophyllia, Micromussa, 
Oxypora, and Symphyllia from their known geographic limits. Analyses of their mitochondrial DNA markers encoding their 580-base 
pair (bp) subunits of cytochrome c oxidase I (COI) and their 1,608-bp non-coding intergenic spacer regions (IGR) between COI and 
their large ribosomal RNA subunits, were combined with their 1,041-bp intranuclear sequences of ribosomal internally transcribed 
spacers 1 and 2 (ITS1 and ITS2) and 318-bp oligomers from their histone H3 genes. Macro- and micro-skeletal topologies were 
examined from each species including coralla from regional types but investigations of Montastraea multipunctata were restricted to 
samples from Borneo (Fig 1a.; Arrigoni et al. 2016). 

 

Corallum macromorphology was evaluated using brightfield microscopy whereas a scanning electron microscope (SEM) 
facilitated microstructural analyses of fragments mounted and sputter-coated with a conductive gold film. Arrigoni and allies’ sequence 
data for 11 Lobophylliidae were aligned with those of previous studies to discern 50 putative species. Plesiastrea versipora’s 
significant divergence from the lobophylliid families Diploastraeidae, Merulinidae, and Montastraeidae made for a comparative and 
corroborating outgroup (Fukami et al. 2008; Benzoni et al. 2011; Huang et al. 2011; Budd et al. 2012). Molecular analyses affirmed 
the monophyly of the families Lobophylliidae and Merulinidae which concurred with all previous studies where Arrigoni and 
collaborators had differentiated nine genera in 2014(a; Arrigoni et al. 2016). The study resolved the sister clades A and B where the 
former comprised tentative and dichotomous Micromussa amakusensis accompanied by monophyletic Montastraea cf. multipunctata 
and Acanthastrea cf. lordhowensis. Japanese Micromussa amakusensis was grouped with all but one isolate of Montastraea 
multipunctata while Yemeni M. cf. amakusensis belonged to a Japanese-congenic monophyletic clade. Genotyping indicated clade 
A comprised a major lineage of Homophyllia cf. australis while traditional morphological studies placed dissimilar H. australis  in  
clade  B   with  strong   ties  with  their   sister taxa   Acanthastrea   bowerbanki  and   A.  hillae   (Fig  2.;  Arrigoni  et  al.  2016).  This 
 

Fig 1c. Skeletal coralla featuring 
their corallites and in situ living 
colonies of the lobophylliids: 
Australian Australophyllia 
wilsoni, formerly Symphyllia 
wilsoni [I] and Acanthastrea cf. 
hemprichii (synonym: 
Acanthastrea cf. hillae) [J] 
sampled from the Gulf of Aden. 
Photography courtesy of Arrigoni 
et al. 2016 and the Creative 
Commons Attribution Licence 
4.0. 
 

lends credence to the view 
that colonies have evolved 
independently to become 
geographically, geno-, and 
pheno-typically distinct 
(Veron 1995, cited in Arrigoni 
et al. 2016; Ramirez-Portilla 
et al. 2022).  

Of the analysed strains 
of Acanthastrea echinata, all 
grouped within clade E along with A. cf. hillae from the Indian Ocean and A. cf. hemprichii, A. rotundoflora, and A. subechinata ranked 
using the sequence data from previous studies hence species boundaries were ill-defined. Remarkably, the five strains of Symphyllia 
wilsoni had to be revised into the new monophyletic clade J that diverged before the clade A and B split, which are pheno- and geno-
typically distant from other Symphyllia species and the genera Lobophyllia and Parascolymia that make up more ancient clade I (Fig 
2.; Arrigoni et al. 2016).  

 

The scale bars of phylogenetic trees reveal genetic distance expressed as the number of bp substitutions which are natural 
mutations that assist demarcation of species and higher classifications. Haplotype network analyses of the mitochondrial DNA IGR 
locus suggested no fewer than eight bp separated A. lordhowensis and Japanese M. amakusensis while two strains of this species 
from the same region differed by only three bp. The haplotypic variation between two Yemeni M. amakusensis, two M. multipunctata, 
and two other A. lordhowensis was as little as one substitution. Moreover, there was nil genetic distance between all isolates of H. 
cf. australis, whereas disparities of 35 to 39 bps separated the haplotypes of M. cf. amakusensis from Japan and Yemen. 

 

Corallite configurations and diameters are extensively divergent within species of Lobophylliidae. Figure 1. features photographs 
of this family’s in situ wild colonies/polyps and skeletons. Micromussa multipunctata’s coralla are unique insofar as they manifest as 
disorganised non-boundary-sharing plocoid corallites (Fig 1a. D), whereas those of non-colonial (solitary) Homophyllia australis and 
Micromussa pacifica contrast with massive or encrusting Symphyllia wilsoni, Homophyllia bowerbanki (synonym: A. bowerbanki), 
Homophyllia bowerbanki (synonym: A. hillae), Micromussa amakusensis, M. indiana, M. lordhowensis, and M. multipunctata (Fig 1b. 
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Table 1. The manifestations of skeletal macromorphological and microstructural features of lobophylliid clade A. Former names are bracketed as 
synonyms (Syn) where A. and M. refer to Acanthastrea and Montastraea. “New” describes a clade, species, or genus erected in the study of 
Arrigoni and collaborators from 2016, while “cf.” was used as a tentative classification to describe in situ wild colonies whose species was refuted 
or substantiated. See figure 20. of Part 1. Corallum phenotypes consistent with Budd et al. 2012 and adapted from data presented by Arrigoni et 
al. 2016. 
 

 
Table 2. The skeletal macromorphological and microstructural features of lobophylliid clade B. Former names are bracketed as synonyms (Syn) 
where A. and H. refer to Acanthastrea and Homophyllia. “New” describes a clade, species, or genus erected in the study of Arrigoni and 
collaborators from 2016, while “cf.” was used as a tentative classification to describe in situ wild colonies whose species was refuted or 
substantiated. Corallum phenotypes consistent with Budd et al. 2012 and adapted from data presented by Arrigoni et al. 2016. 
 

E & F).  
Tables 1. to 3. summarise the species-delineating skeletal traits of the family Lobophylliidae that expedited revisions, and the 

erection of two new species, one genus, and one clade in combination with molecular analyses, whilst figures 2., 3., and 4. illustrate 
a definitive phylogenetic tree featuring micrographs of each group’s epitomising macromorphological and microstructural phenotypes, 
SEMs of the septal teeth of each species, and a graphic representation of the findings of Arrigoni and colleagues from 2016.  

Micromussa amakusensis, M. indiana, and M. lordhowensis have wall-sharing cercoid corallites whereas Austalophyllia wilsoni’s 
remain discontinuously uni-, bi-, or multi-serial and meandroid, whilst intermediate corallites manifest in the coralla of both strains of 
Homophyllia bowerbanki (Fig 1b. G & H; Fig 1c. I). All studied lobophylliid corallites undergo intra- and extra-calicular budding; 
however, the coralla of Homophyllia australis and Micromussa pacifica are prone to polystomatism where solitary corals develop 
more than one mouth which is more prevalent in the latter. A lamellar linkage is formed between columella during the polystomatous 
intracalicular budding of these two species (Fig 5.). Circumoral budding was not observed in any of the examined lobophylliids yet a 
conspicuous quasi-central enlarged corallite was formed in both examples of Homophyllia bowerbanki akin to Acanthastrea cf. 

T able 1. Lobophylliidae                                                Clade A

M acromorpholog ical A ttribute/P eculiarity M icromussa New M icromussa M icromussa M icromussa
amakusensis indiana (S yn: M . lordhowensis multipunctata

cf. amakusensis ) (S yn: A . lordhowensis ) (S yn: M . multipunctata )

Corallite B udding  from within Calice (Intercalicular) + + + +
Corallite B udding  from O utside of Calice (E xtracalicular) + + + +
B udding  from Locality  of M outh R esulting  in V arious P olyp F orms - - - -
(C ircumoral) 
Integ ration of Corallite in C orallum D iscrete D iscrete D iscrete D iscrete
W idth of C alice or V alley M edium M edium M edium S mall to M edium
S epta per C orallite E xpressed in Cycles 4 3 to 4 3 to 4 3 to 4
A utonomous S epta Irreg ular Irregular Irregular Irregular
S epta per 5 millimetres of Corallite C ircumference (S pacing ) 6 to 11 6 to 11 6 to 11 6 to 11
S epta (s) and/or Corallite W all (C) T hickness (Costoseptal) U nequal to Q uasi-U nequal U nequal U nequal to Q uasi-U nequal U nequal
M easured as Cs1 and C s2 versus C s3 C ycles
Central S eptal and Columella C onfluence - - - -
S tructure of Columella T rabeculate &  S pong y T rabeculate &  S pongy T rabeculate &  S pongy T rabeculate &  S pongy
Comparative C olumella to C alice D iameter >1 / 4 <1 / 4 <1 / 4 >1 / 4

M icrostructural A ttribute/P eculiarity

M id-S eptal T ooth B ase E lliptical to P arallel E lliptical to P arallel E lliptical to P arallel E lliptical to  P arallel
T ooth T ips Irreg ular Irregular Irregular Irregular
T ooth Heig ht (S 1) M edium M edium M edium M edium
T ooth S pacing (S 1) M edium M edium M edium M edium
G ranule S hape and A rrangement D efined, P ointy, & D efined, P ointy, & D efined, P ointy, & D efined, P ointy, &

S cattered S cattered S cattered S cattered
T he S tructure of S eptum B etween T eeth (Interarea) S mooth S mooth S mooth S mooth
S hape of T eeth E xpressed as Cs3 ÷ C s1 E qual E qual E qual E qual

T able 2. Lobophylliidae                                                     Clade B

M acromorpholog ical A ttribute/P eculiarity Homophyllia Homophyllia Homophyllia New M icromussa
australis bowerbanki (S yn: A . bowerbanki pacifica

bowerbanki ) (S yn: A . hillae ) (H. cf. australis )

Corallite B udding  from within Calice (Intercalicular) + P olycentric Corallum + + + P olycentric Corallum
Corallite B udding  from O utside of C alice (E xtracalicular) + P olycentric Corallum + + + P olycentric Corallum
B udding  from Locality  of M outh R esulting  in V arious P olyp F orms - - - -
(C ircumoral) 
Integ ration of Corallite in C orallum D iscrete D iscrete D iscrete D iscrete
W idth of C alice or V alley Large Large Large Large
S epta per C orallite E xpressed in Cycles >4 >4 >4 >4
A utonomous S epta Irreg ular Irreg ular Irregular Irregular
S epta per 5 millimetres of C orallite C ircumference (S pacing) 6 to  11 6 to  11 6 to 11 6 to 11
S epta (s) and/or C orallite W all (C) T hickness (Costoseptal) U nequal U nequal to Q uasi-U nequal U nequal U nequal to  Q uasi-U nequal
M easured as Cs1 and C s2 versus C s3 Cycles
Central S eptal and Columella C onfluence - - - -
S tructure of Columella T rabeculate & S pong y T rabeculate &  S pong y T rabeculate & S pongy T rabeculate & S pongy
Comparative C olumella to  C alice D iameter <1 / 4 <1 / 4  <1 / 4 U niserial C orallite <1 / 4

M icrostructural A ttribute/P eculiarity

M id-S eptal T ooth B ase E lliptical to P arallel E lliptical to P arallel E lliptical to P arallel E lliptical to  P arallel
T ooth T ips Irreg ular Irreg ular Irregular Irregular
T ooth Heig ht (S 1) Hig h Hig h Hig h Hig h
T ooth S pacing  (S 1) W ide W ide W ide M edium
G ranule S hape and A rrangement S lig ht, O blique, & S lig ht, O blique, & S lig ht, O blique, & D efined, P ointy, &

U niform U niform U niform S cattered
T he S tructure of S eptum B etween T eeth (Interarea) S mooth S mooth S mooth S mooth
S hape of T eeth E xpressed as Cs3 ÷ Cs1 E qual E qual E qual E qual
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hemprichii (Fig 1c. J; Arrigoni et al. 2016).  
 

The profoundly meandroid coralla of Austalophyllia wilsoni are unique amongst this study’s Lobophylliidae insofar as each valley 
was formed from the centres of multiple corallites whose columellae were adjoined and appeared to be divided by peculiar wide 
lamellar processes that conferred bilateral symmetry (Fig 6. A & C). Species of Hydnophora of the family Merulinidae and Pavona 
varians of the family Agariciidae form hydnophores akin to Austalophyllia wilsoni’s monticules which are conical peaks arising from 
abutting corallite walls as indicated by the white arrow in plate A, and the SEMs of E to G of figure 6. (Arrigoni et al. 2016). 

A theca is a corallite- or corallum-enveloping sheath, while corallite walls are formed by several means that safeguard the 
contiguity of the posterio-septal margin.  The rear of each  septum may be linked by dissepiments in  parathecal; septa  thicken and  
 

Table 3. The skeletal macromorphological and 
microstructural features of clades E and J of 
Lobophylliidae. Former names are bracketed as 
synonyms (Syn) where A. and S. refer to 
Acanthastrea and Symphyllia. “New” describes 
a clade, species, or genus erected in the study 
of Arrigoni and collaborators from 2016, whilst 
“cf.” was used as a tentative classification to 
describe in situ wild colonies whose species was 
refuted or substantiated. Corallum phenotypes 
consistent with Budd et al. 2012 and adapted 
from data presented in Arrigoni et al. 2016. 
 

fuse in septothecal; costosepta are adjoined 
by perpendicular bridging remnants of the 
original marginothecal corallite wall in 
trabeculothecal, or septa are interwoven by 
perpendicular synapticulate rods in 
synapticulothecal (Fig 0.; Budd & Storlarski 
2011).   

 

Budd and colleagues categorised the 
diameters of calices into large, medium, and medium to small which corresponded to >15, 8 to 15, and 9 to 3 mm respectively (Budd 
et al. 2012) ,where those of Acanthastrea cf. hemprichii, Homophyllia australis, the two H. bowerbanki, and Micromussa pacifica were 
large, while the calices of Austalophyllia wilsoni, Micromussa amakusensis, M. indiana, and M. lordhowensis were medium, and 
Micromussa multipunctata’s were medium to small (Arrigoni et al. 2016). 

 

The largest calice dimensions of the colonial lobophylliids in this study bud from within the coralla of Homophyllia australis whilst 
the medium calices of Micromussa amakusensis were larger than their respective putative congeners: H. cf. australis and M. cf. 
amakusensis, which assisted their reclassification to Micromussa pacifica and M. indiana (Fig 1a. A; Fig 7.). However, corallite contour 
and diameter are highly variable in M. indiana sometimes manifesting as larger and more even configurations that resemble M. 
amakusensis, whereas these dimensions in Micromussa lordhowensis can exceed those of both. Such corallites may be elongate, 
form irregular polygons, or be more conventional, whilst comparatively consistent small irregular, larger round, or oval plocoid 
corallites develop in the coralla of Micromussa multipunctata (Arrigoni et al. 2016). 

Septal growth is cyclic where those from successive rounds are twice as many and thinner (Cairns 2001) while the ends of 
delicate “free” septa that fall short of the centre are sometimes evident between substantial costa- and upper columella-adjoining 
costosepta (Appendix I; Figs 7. & 8.; Cairns 2001; Budd & Storlarski 2011). 3 to 4 cycles form the septa of Micromussa indiana’s, M. 
lordhowensis’, and M. multipunctata’s corallites which contrast with the 4 of M. amakusensis. More than 4 cycles were observed in 
all other examined lobophylliids while septal spacing ranged from 6 to 12 for every 5 mm of corallite circumference, whereas free 
irregular septa were present in all (Arrigoni et al. 2016). 

 

Costoseptal thicknesses were unequal and fell midway between the combined first and second cycles and the third in 
Acanthastrea cf. hemprichii, Australophyllia wilsoni, Homophyllia australis, H. bowerbanki (Syn: Acanthastrea hillae), Micromussa 
indiana, and M. multipunctata, while these features remained mismatched or marginally-mismatched in the other H. bowerbanki, M. 
amakusensis, M. lordhowensis, and M. pacifica. However, conspecific widths continued to differ where H. bowerbanki’s (Syn: 
Acanthastrea bowerbanki’s) were somewhat the same yet were conspicuously variate amongst the strains of H. bowerbanki (Syn: A. 
hillae) and meandroid Australophyllia wilsoni, where a series of valley-constrained corallites are separated by prominent fused 
dividing septa unified with centre-coalescing lamellar processes, while the inner extremities of such septa became saddle-like (Fig 6. 
A, C, & H to F; Arrigoni et al. 2016). 

 

Spongy trabeculate columellae of less than a quarter of calice diameters manifest in all investigated lobophylliids except 
Micromussa multipunctata and M. amakusensis where they were consistently wider. Nevertheless, the columellae of Australophyllia 
wilsoni were reduced in their meandroid valleys but were larger in their sporadic monocentric corallites (Fig 6. B; Arrigoni et al. 2016). 

 

The microstructures shared amongst the examined Lobophylliidae are numerous yet included elliptical mid-septum tooth bases 
and their variable tips. The height of septal teeth decreases with each successive cycle. Homophyllia australis, H. bowerbanki (Syn: 
Acanthastrea bowerbanki), H. bowerbanki (Syn: Acanthastrea hillae), and Micromussa pacifica had elevated septal tooth heights of 
0.6 mm,   where  those   of  Australophyllia  wilsoni,   Micromussa  amakusensis, M.  indiana,  M.  lordhowensis,   and   M. multipunctata 

T able 3. Lobophylliidae Clade E New Clade J

M acromorpholog ical A ttribute/P eculiarity A canthastrea New G enus  A ustralophyllia
cf. hemprichii wilsoni
(A .  cf. hillae) (S yn: S . wilsoni )

Corallite B udding  from within Calice (Intercalicular) + +
Corallite B udding  from O utside of C alice (E xtracalicular) + +
B udding  from Locality  of M outh R esulting  in V arious P olyp F orms - -
(Circumoral) 
Integ ration of Corallite in C orallum D iscrete D iscrete
W idth of Calice or V alley Larg e S mall to M edium
S epta per C orallite E xpressed in C ycles >4 >4
A utonomous S epta Irreg ular Irreg ular
S epta per 5 millimetres of C orallite Circumference (S pacing ) 6 to  11 6 to 11
S epta (s) and/or Corallite W all (C) T hickness (Costoseptal) U nequal U nequal
M easured as Cs1 and Cs2 versus Cs3 Cycles
Central S eptal and Columella Confluence - Intermittent
S tructure of Columella T rabeculate & S pong y T rabeculate & S pong y
Comparative Columella to Calice D iameter <1 / 4 <1 / 4

M icrostructural A ttribute/P eculiarity

M id-S eptal T ooth B ase E lliptical to  P arallel E lliptical to P arallel
T ooth T ips Irreg ular Irreg ular
T ooth Heig ht (S 1) M edium to Hig h M edium
T ooth S pacing  (S 1) M edium to W ide M edium
G ranule S hape and A rrang ement S lig ht, O blique, A rising S lig ht, O blique, &
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Fig 2. The revised phylogenetic tree of each species type in the family Lobophylliidae constructed by Arrigoni and allies and published in 2016. 
Discerned using combined sequence analyses of the DNA markers: mitochondrial cytochrome c oxidase subunit I (COI) and the non-coding 
intergenic spacer region (IGR) between COI and the large ribosomal RNA subunit, together with intranuclear ribosomal internally transcribed 
spacers 1 and 2 (ITS) and the histone H3 gene. The current study’s reclassifications are highlighted in green, whilst strain identifiers are 
emboldened. Comprises phylogenetically discerning group type corallite macromorphology and septal tooth microstructures, whereas Arabic clade 
descriptors remain consistent with those of Arrigoni and collaborators from 2014a. Nodes supported by Bayesian posterior probabilities 
(>0.8)/maximum likelihood SH-like support (>0.7)/maximum parsimony bootstrap support (>50 percent of 1,000). For scale bar consult: Appendix 
I. Adapted from the tree and analyses of Arrigoni et al. 2016 courtesy of the Creative Commons Attribution Licence 4.0. 
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Fig 3. Scanning electron micrographs (SEMs) of the microstructures of the septal teeth of the investigated lobophylliids where those beneath are 
magnifications of those above, and borders differentiate clade A; clade B; clade E, and clade J: [A & F]  Micromussa amakusensis; [B & G] the 
new species Micromussa indiana frequently described herein as Micromussa cf. amakusensis; [C & H] Acanthastrea lordhowensis reclassified as 
Micromussa lordhowensis; [D & I] revised Micromussa multipunctata previously Montastraea multipunctata; [E & J] the new species Micromussa 
pacifica ascending from corals formerly referred to as Homophyllia cf. australis; [P & K] Homophyllia australis; [L & Q] reclassified Homophyllia 
bowerbanki hitherto Acanthastrea bowerbanki; [M & R] Acanthastrea hillae revised to Homophyllia bowerbanki; [N & S] teeth of the new genus 
Australophyllia wilsoni that absorbed Symphyllia wilsoni, and [O & T] Acanthastrea cf. hillae redesignated Acanthastrea cf. hemprichii (Fig 4.). 
Micrographs and analyses courtesy of Arrigoni et al. 2016 and the Creative Commons Attribution Licence 4.0. 
 

ranged from 0.3 to 0.6 mm. Chevalier (1975, cited in Arrigoni et al. 2016) remarked that the septal tooth height of H. bowerbanki 
(Syn: Acanthastrea hillae) increased towards the columella but was comparatively diminished at septal extremities which concurred 
with Wells observations from 1955. An identical trend was noted by Arrigoni and collaborators in primary and secondary septa which 
was lacking in the haplotype H. bowerbanki (Syn: Acanthastrea bowerbanki) where septa are relatively thinner. Analogous variances 
in septal teeth occurred in solitary Homophyllia australis but not in Micromussa pacifica where the teeth on primary and secondary 
septa were tallest above the corallite periphery and decreased towards the centre (Figs 8. & 9.). The septal teeth of Micromussa 
lordhowensis remained comparatively even although conspecific prominence varied (Arrigoni et al. 2016).  

Septal tooth interareas were smooth, and their shapes were consistent amongst all studied lobophylliids excluding Acanthastrea 
cf. hemprichii and Homophyllia australis whose primary septa were adorned with paliform lobes (Fig 9. H). Tooth spacing exceeded 
1 mm in Homophyllia australis, H. bowerbanki (Syn: Acanthastrea hillae), and H. bowerbanki (Syn: Acanthastrea bowerbanki), yet 
ranged from 0.3 to 1.0 mm in the other Lobophylliidae. Lateral septal granulations were slight, rounded, and uniformly distributed in 
Homophyllia australis, H. bowerbanki (Syn: Acanthastrea hillae), and H. bowerbanki (Syn: Acanthastrea bowerbanki), while they 
were slight, rounded, and scattered in Australophyllia wilsoni, but they were ill-defined, oblique, and arose from thickened deposits 
in Acanthastrea cf. hemprichii (Fig 3.). Irrespective, the septal granulations of Micromussa amakusensis, M. indiana, M. lordhowensis, 
M. multipunctata, and M. pacifica were prominent, pointed, and scattered. The fused and enlarged corallite-dividing septa that formed 
saddle-shaped structures on their inner extremities appeared peculiar to the series of corallites found in the valleys of meandroid 
Australophyllia wilsoni (Fig 6.; Arrigoni et al. 2016). 

Micromussa minuta was reclassified as Acanthastrea minuta and ranked within clade E, whereas M. diminuta was absorbed 
into the outgroup genus, Goniopora as G. diminuta in addition to the conspicuous revisions and erections of tables 1. to 3. (Fig 4.). 
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Fig 4. The revised classifications of Lobophylliidae corroborated by the morpho-molecular analyses of Arrigoni and colleagues from 2016 where 
upheld species are connected with a solid black line, absorption into a different genus is expressed by a dotted black line, accepted synonyms are 
linked with a solid blue line, and grey lines indicate the species to which the nucleic acid markers were previously assigned now attributed to a 
different species. Consult table 3. of Part 1. Analyses courtesy of Arrigoni et al. 2016 and the Creative Commons Attribution Licence 4.0.  

Notwithstanding the unique divergent growth form, polyp outline, and plocoid corallites of Micromussa multipunctata, the 
molecular and microstructural analyses firmly positioned this species alongside its Micromussa congeners in an A subclade (Fig 1a. 
D; Fig 3. D & I). Homophyllia australis and Micromussa pacifica are solitary and superficially alike, geographically proximal, and share 
ancestral lineage (sympatric); however, the findings of extensive morphological and molecular evaluations advocated the creation of 
the latter in clade A (Arrigoni et al. 2016) and refuted the relation of definitive H. australis with Parascolymia vitiensis and positioned 
this species within clade B (Budd et al. 2012). Acanthastrea hillae was formally reclassified as Homophyllia hillae as a junior synonym 
of Homophyllia bowerbanki of clade B. These two latter revisions are noteworthy insofar as they unequivocally rank a solitary and 
colonial species in one genus (Arrigoni et al. 2016). Additionally, intracalicular mono- or poly-stomatous budding is no longer regarded 
as phylogenetically-discriminating and thus cannot impede cladistics (Gittenberger et al. 2011; Benzoni et al. 2012). 

All of the wild in situ specimens identified as Acanthastrea hillae from the Indian Ocean appeared to be misidentifications of 
Acanthastrea cf. hemprichii (Veron 2000) and thus A. hillae may not grow in this region which would constrain species of Homophyllia 
to the temperate, sub-, and -tropical environs of the western Pacific (Arrigoni et al. 2016). Both species are comparatively rare, yet 
occur more frequently in Japan’s, New Caledonia’s, and south-western Australia’s subtropics (Veron & Marsh 1988; Veron 1993; 
Veron 2000; Wallace et al. 2009). 

A surprising development was the erection of monospecific clade J that comprises the new genus Australophyllia as A. wilsoni 
whose strains diverged before their sister genera Homophyllia and Micromussa (Arrigoni et al. 2016). This species tends to be limited 
to the kelp forests and rocky outcrops of temperate south-eastern and -western Australia (Veron 1985; Veron 1993; Veron 2000; 
Veron & Marsh 1988) alongside species of the genus Coscinaraea (Veron & Pichon 1980; Veron & Marsh 1988; Veron 1993; Veron 
2000). 

Exhaustive morphological studies that excluded molecular data suggested that neither Micromussa diminuta nor M. minuta were 
members of Micromussa where one strain of the former was most likely Goniopora somaliensis while M. diminuta was repositioned 
within Goniopora. Equally, Acanthastrea minuta was resurrected from Micromussa minuta (Arrigoni et al. 2016).  

Strains assumed to be Acanthastrea cf. hillae were discerned from their tentative congeners Homophyllia bowerbanki by their 
lateral septal granulation that was slight, oblique, and arose from thickened deposits, which were putatively recovered in Acanthastrea 
of clade E as A. cf. hemprichii (Fig 3. O & T). Such corals cannot be definitively ranked without corroborating molecular evidence.  
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Fig 5. Two kinds of polystomatous budding in Homophyllia australis and Micromussa pacifica where solitary corals develop more than one mouth. 
Red dotted arrows highlight lamellae linkages. Images courtesy of Arrigoni et al. 2016 and the Creative Commons Attribution Licence 4.0.  

This research emphasised the indispensability of rigorous macro- and micro-morphological and -structural analyses that 
enhance the precision of molecular techniques (Budd et al. 2012; Kitahara et al. 2012b; Huang et al. 2014a; Arrigoni et al. 2014b; 
Janiszewska et al. 2015) and the inclusion of conspecific specimens from geographically distant reefs as they may unearth cryptic 
and sympatric speciation, and obviate misidentifications derived from phenotypic plasticity (Arrigoni et al. 2016).  

Distinct species of coral can be visually indistinguishable (cryptic) and even divers with decades of experience find in situ 
identification beset with uncertainty, which is only intensified by epigenetic variation. Paraechinophyllia variabilis is a cryptic 
lobophylliid that grows in the Red Sea, the reefs of Mayotte Island and Madagascar in the Indian Ocean, Yemeni’s Gulf of Aden, and 
Australian, New Caledonian, and Papua New Guinean waters that appears identical to Echinophyllia aspera or E. orpheensis, which 
was first unearthed and classified by Arrogoni and collaborators in 2019 by analysing the fossil record and six concatenated genetic 
markers. Strains of Paraechinophyllia variabilis arose in the Pliocene three million years ago (MYA), yet their ancestors deeply 
diverged from Echinophyllia and Oxypora in the early Miocene 21.5 MYA which split some eight MY later. The original divergence of 
P. variabilis was untangled by molecular evaluation and merely calice relief which exemplifies how a single morphological attribute 
can be phylogenetically-discriminating and that merely nominal  phenotypic  variance may  transpire  over  millions  of years (Fig 10.; 
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Fig 6. [A] the extensively meandroid corallite configuration of Austalophyllia wilsoni featuring conical mounds of monticules formed on the boundary 
of corallite walls highlighted with a white arrow; [B & C] illustrating a multicorallite valley whose integral walls form thickened lamellae indicated by 
black arrows; [D] exemplifying a columella-nestling deep valley; [E to F] SEMs of monticules with septal granulation [G]; [H] magnified columella 
with the extremities of thickened lamellar processes to its rear; [I] columella-separating saddle-like junction of thickened lamellae, and granulation 
[J]. Photography and micrographs courtesy of Arrigoni et al. 2016 and the Creative Commons Attribution Licence 4.0.  
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Fig 7. [A] the calices of Micromussa pacifica featuring septal cycles 1 to 4; [D] the smaller calices of M. Indiana; [B & E] SEMs of the septa on their 
calice boundaries, and [C & F] overhead SEMs of their respective columellae. Consult figure 20. of Part 1. Images courtesy of Arrigoni et al. 2016 
and the Creative Commons Attribution Licence 4.0.    
 

 
Fig 8. The skeletal macromorphologies of the solitary corallites of Homophyllia australis [A to C] and Micromussa pacifica [D to F]. [B & C] larger 
inner septal teeth of Homophyllia australis; [B & E] septal cycle. Images courtesy of Arrigoni et al. 2016 and the Creative Commons Attribution 
Licence 4.0.    
 

Arrigoni et al. 2019).  
Conspecific  morphological variations  nullify  the  objectivity  of  traditional  taxonomy  and  blur  species  boundaries  (Veron & 
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Fig 9. Solitary corallites of Homophyllia 
australis exemplifying the prominent 
septal teeth of the first cycle, increments 
in tooth height towards the upper 
columella, and first and second order 
paliform septal teeth/lobes marked with 
black circles [H]. Images courtesy of, 
and adapted from, Arrigoni et al. 2016 
and the Creative Commons Attribution 
Licence 4.0.    
 

Pichon 1976) which is exacerbated 
by introgressive hybridisation 
whereby genetic material is 
bidirectionally shared between 
species which creates viable and 
fertile crosses even amongst reef 
teleosts (Combosch & Vollmer 2015; 
Suzuki et al. 2016; Harrison et al. 
2017). Cryptic speciation appears 
rife amongst the genera Acropora 
(Ladner 2012; Richards et al. 2016), 
Pocillopora (Souter 2010; Pinzon et 
al. 2013, cited in Arrigoni et al. 2019; 
Schmidt-Roach et al. 2013; Gelin et 
al. 2017), Seriatopora (Bongaerts et 
al. 2010; Warner et al. 2015), and 
Stylophora (Flot et al. 2011; Stefani 
et al. 2011). 

 

The family Lobophylliidae 
sustained major taxonomic 
reshuffling throughout the early to 
mid-2010s (Arrigoni et al. 2019). The 
genera Australomussa and 
Parascolymia were absorbed by 
Lobophyllia (Arrigoni et al. 2014) and 
Sclerophyllia was resurrected 
(Arrigoni et al. 2015). Homophyllia 
and Micromussa acquired recruits 
while the new genus Australophyllia 
was positioned within novel clade J, 
and Micromussa indiana and M. 
pacifica were first described (Arrigoni 
et al. 2016). Nevertheless, sequence 
analyses of COI, ITS, histone H3 and 
the observation of 46 corallite and subcorallite morphologies facilitated the revision of the entire family in 2016. However, there was 
insufficient data to define Echinophyllia and Oxypora (Huang et al. 2016), while a subsequent morpho-molecular study erected a 
nascent lobophylliid genus and uncovered Echinophyllia gallii and E. bulbosa in the Indian Ocean whose bulb-like ornamentation 
adorns its primary septa (Arrigoni et al. 2016a). 

 

Numerous field samples including one of each of the 54 extant lobophylliid species together with yet to be genotyped 
Echinophyllia patula, Lobophyllia hataii, L. hassi, and Oxypora crassispinosa were collected from the Red Sea, the southern and 
western Indian Ocean, and the northwestern Gulf of Aden. Concatenations of six molecular markers from their nuclear and 
mitochondrial genomes were evaluated for single nucleotide substitutions, while 46 skeleto-morphological traits assisted the 
elucidation of ancestries of the family Lobophylliidae on a comprehensive phylogenetic tree (Fig 10.; Arrigoni et al. 2019). 
 

The study amplified, sequenced, and aligned [1] the barcoding sequences of the mitochondrial cytochrome oxidase subunit I 
gene (COI); [2] the encoding region of the 12 svedberg (S) mitochondrial ribosomal ribonucleic acid (rRNA) gene; [3] the 3 prime (’) 
end of the adenosine triphosphate (ATP) synthase (ATPase) subunit 6 gene along with the 5’ end of the nicotinamide adenine 
dinucleotide hydrogen (NADH) dehydrogenase subunit 4 gene (ATP6-NAD4); [4] the 3’ end of the NADH dehydrogenase subunit 3 
gene combined with the 5’ end of the NADH dehydrogenase subunit 5 gene (NAD3-NAD5); [5] the histone H3 gene; and [6] the 
collective sequences of the 3’ end of the 18S rRNA gene; the entire internally transcribed spacer 1 gene (ITS1), the 5.8S rDNA-
integral ITS2 segment, and the 5’ end of the 28S rRNA gene’s internally transcribed spacer (ITS; Arrigoni et al. 2019). 
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Fig 10. The phylogenetic tree of Arrigoni and allies from 2019 featuring a palaeontological timeline and the definitive clade and species ranks of 
the family Lobophylliidae like nascent Paraechinophyllia variabilis of novel clade K, where “I” encircled by violet represents Lobophyllia’s 
emergence some 19 to 31 MYA. Colours consistent with clades A to J as defined by Arrigoni and allies in 2014(a) and Huang and collaborators 
in 2016. (a) phylogeny inferred from the analyses of the six concatenated molecular markers and the fossil record; (b) ancestral lineages derived 
from skeletomorphological studies. Analyses and tree courtesy of Arrigoni et al. 2019 and the Creative Commons Attribution Licence 4.0. 

Comparative sequence analyses of the COI, histone H3, ITS1, and ITS2 genes have revealed the evolutionary relationships of 
Lobophylliidae (Arrigoni et al. 2014a; Arrigoni et al. 2014; Arrigoni et al. 2015; Arrigoni et al. 2016), and the nucleic acid markers 
ATP6-NAD4 have delineated the species boundaries of the genera Echinophyllia and Oxypora (Arrigoni et al. 2016); notwithstanding, 
this study was the first to phylogenetically compare the sequences of the genes of 12S rRNA and NAD3-NAD5. 207 alignments of 
the six concatenated molecular biomarkers were combined with those of 123 published sequences (Arrigoni et al. 2019).   

20 macromorphological, 13 micromorphological, and 13 microstructural features of Echinophyllia aspera, Oxypora lacera, and 
other tentative species of cf. Echinophyllia were examined for the discerning skeletal topographies established by Budd and 
collaborators in their study of Mussidae published in 2012, and implemented in Huang and colleagues’ revisions of and 
Diploastraeidae, Merulinidae, and Montastraeidae in 2014, while the same attributes were used in the above and the current study 
to affirm Lobophylliidae’s canonical taxa in 2016 and 2019 (Arrigoni et al. 2016; Arrigoni et al. 2019). These 46 morphological 
characters could not at first discern the newly discovered and established cryptic genus Paraechinophyllia until the experimenters 
searched for clade-pervasive simple pure character attributes (sPu) which are not present in other clades (Arrigoni et al. 2019).  

Orbicella annularis was used as a phylogenetically corroborating outgroup (Arrigoni et al. 2019) while the genus Symphyllia 
remains a junior synonym of Lobophyllia (Huang et al. 2016). The present-day wealth of bioinformatics coupled to the sophistication 
of statistical and gene sequence analyses account for variables too numerous to include, yet they generate conclusive outcomes 
with unparalleled likelihoods.  

Each molecular marker inferred dissimilar evolutionary trajectories yet consistently ranked species into the same clade, albeit 
remarkably, 13 samples from putative species of Echinophyllia were not retrieved in clade E but were assigned novel 
Paraechinophyllia variabilis and clustered into the new monospecific clade K. However, this clade’s sister taxa were more challenging 
to delineate insofar as the trees generated from ITS1/2 or histone H3 markers inferred Moseleya, whereas those of COI or NAD3-
NAD5 endorsed Australophyllia, Homophyllia, and Micromussa. Nevertheless, Paraechinophyllia was separated from Moseleya and 
Homophyllia  by  respective  pairwise  intergenic  distances  of  2.35  and 4.63  that  robustly  overlapped  with  all  other  lobophylliids 
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Fig 11. Strains of novel Paraechinophyllia variabilis of 
relatively newly established clade K from the Indian 
Ocean, the Red Sea, and Yemen, exhibiting 
extraordinary phenotypic plasticity (Fig 12.). Images 
courtesy of Arrigoni et al. 2019 and the Creative 
Commons Attribution Licence 4.0.  
 

(Appendix I). Samples from strains of 
Paraechinophyllia variabilis collected off Mayotte 
Island were distinct, yet were sisters of those from 
nearby Madagascar, Yemen, and the Red Sea.  

 

The lineages discerned using a combination 
of molecular markers and the fossil-record are 
featured to the left of figure 10. (a). Combined 
molecular analyses of 21 key nucleotide 
alignments suggested strains of P. variabilis were 
distinct from the genera Echinophyllia and 
Oxypora that emerged three to five MYA, and 
Moseleya and Sclerophyllia which is the youngest 
lobophylliid genus at less than one MY old. 
Nonetheless, Lobophyllia is the most ancient yet 
barely exceeds eight (Arrigoni et al. 2019).  

 

The morphological reconstruction of figure 
10. (b) largely reflects the molecular and fossil 
ancestries supporting seven out of the 11 clades 
with at least moderate likelihood for Micromussa of 
clade A, Homophyllia of clade B, and Lobophyllia 
of clade I, yet Paraechinophyllia of clade K, 
Echinophyllia of F, and clade G’s Oxypora were of 
mutual monophyletic descent with 92 percent 
confidence (Arrigoni et al. 2019).  

 

Acanthastrea rotundoflora diverged before its 
congeners of clade E which were sister taxa to 
morphologically alike Echinophyllia, Oxypora, and 
Paraechinophyllia which were epitomised by 
extensive coenosteum composed of spinose 
costae (Nothdurft & Webb 2007), organically 
unified corallites, a lack of epitheca, and 
columellae that were equal to or more than ¼ of the diameters of their calices. Merely three skeletal features varied amongst clades 
F, G, and K where calice relief was small (<3 mm) in the former two and medium (3 to 6 mm) in the latter. Trabeculate compact 
columellae composed of one to three aragonite threads and distinct paliform teeth manifest in Oxypora, whereas spongy trabeculate 
columellae and ill-defined paliform lobes form in Echinophyllia and Paraechinophyllia (Fig 9.; Arrigoni et al. 2019). 

 

Several previously recognised lobophylliid micro-textures and -structures were observed in Paraechinophyllia (Huang et al. 
2016) like trabeculate bundles of fibres that form broadening bands of aragonite (Figs 13. & 14.; Frankowiak et al. 2016). Rapid 
accretion deposits (RADs) are analogous in the skeletal frameworks of Echinophyllia, Oxypora, and Paraechinophyllia which form 
clustered projections extending into the latero-septal façades of lower cycle septa of consolidated morphotypes, that may reflect 
septal tooth development, whereas mid-septum waves or straight sections of RADs occur in the primary and secondary cycles of 
delicate corallites (Fig 13.; Arrigoni et al. 2019).  

 

Echinophyllia aspera, E. orpheensis, and Paraechinophyllia variabilis are sympatric inasmuch as they are mutually photically, 
bathymetrically, and reef zone-adapted, while strains of Oxypora lacera were absorbed into Echinophyllia by virtue of their 44 
nucleotide alignments. Even so, E. lacera and P. variabilis share compact trabeculate columellae consisting of one to three threads. 
The current study’s molecular analyses endorsed the reclassification of Echinophyllia echinata to Oxypora echinata with the aim of 
attaining monophyly in clades F and G (Fig 10. Arrigoni et al. 2019). 

Visual alikeness makes for a poor estimate of speciation insofar as outward transformation is not a prerequisite for the genetic 
mutations that create new species, and homoplasy whereby unrelated organisms acquire identical features is not uncommon 
amongst corals. Species cannot interbreed due to geographic separation, physical variances that preclude mating, sperm/egg 
incompatibility or genotypic disparities that lead to non-productive crosses (Knowlton 1993; Palumbi 1994). Nebulousness pervades 
the latter two in several classified species including those of corals, whereas simultaneous morphological stability and molecular 
speciation may be particularly advantageous for extremophiles (Schonrogge et al. 2002, cited in Arrigoni et al. 2019). Moreover, 
evolution remains driven by ecological niche diversification (Rissler & Apodaca 2007, cited in Arrigoni et al. 2019). 

Echinophyllia aspera, E. glabra, E. lacera, E. orpheensis, and  Oxypora crassispinosa are gonochoric broadcasters (Baird et al.  
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Fig 12. The corallites of various strains of novel 
Paraechinophyllia variabilis of comparatively newly 
formed clade K from the Indian Ocean, the Red Sea, and 
Yemen, exemplifying skeletomorphological plasticity. 
Images courtesy of Arrigoni et al. 2019 and the Creative 
Commons Attribution Licence 4.0. 
 

2009, cited in Arrigoni et al. 2019; Bouwmeester et 
al. 2019, cited in Arrigoni et al. 2019), where precise 
procreative windows (Vize et al. 2005; Levitan et al. 
2011) and temporal gamete viability prohibit 
interspecific hybridisation (Levitan et al. 2011).  

 

Examinations of histological mounts that 
preserve flesh in a lifelike form remain absent from 
the coral taxonomist’s toolbox, but they have been 
exploited to phylogenetically rank other members of 
the phylum Cnidaria (Fautin 2009). Studies of 
embryogenesis profess that distinct blastula to 
gastrula metamorphoses appear familiarly and 
generically discriminating (Okubo 2016), whereas 
spawning windows have exposed covert species of 
Acropora (Rosser 2015) and Pocillopora (Pinzon et 
al. 2013, cited in Arrigoni et al. 2019; Schmidt-
Roach et al. 2013). Furthermore, habitat-attuned 
interspecific strains and their zooxanthellae are 
genotypically divergent in the genera Seriatopora 
(Bongaerts et al. 2010; Warner et al. 2015) and 
Pocillopora (Schmidt-Roach et al. 2013).  

 

Their competency at cohabiting alongside their 
visually indistinguishable peers may have 
longstanding ecological implications insofar as the 
phenotypic inertia of cryptic species may spell 
maladaptation to environmental change (Arrigoni et 
al. 2019). The numerous niches offered by each 
reef zone where organisms compete fiercely for 
space, are hotbeds of natural selection (Bickford et 
al. 2007), whilst molecular approaches continue to 
unearth inconspicuous coral taxa (Kitahara et al. 
2016, cited in Arrigoni et al. 2019).  

The phenotypic commonalities of Echinophyllia aspera, E. orpheensis, and Paraechinophyllia variabilis may be extraordinary 
synapomorphy, where ancestral traits are retained and shared amongst the descendants of a common ancestor, yet such attributes 
are often modified, whereas evolutionary stasis is commonplace in organisms that become optimally niche-adapted. The 
microstructures and biomineralization patterns in some species of Acropora have not changed for 48 MY (Stolarski et al. 2016) whilst 
extinct corals were very different to their modern-day counterparts (Wallace 1999, cited in Arrigoni et al. 2019; Wallace & Rosen 
2006; Santodomingo et al. 2015). Strains of Paraechinophyllia variabilis from Mayotte Island and Madagascar were more akin to 
Echinophyllia orpheensis, while Gulf of Aden examples looked like E. aspera. Nevertheless, those from the Red Sea retain common 
elements of both, which is redolent of genotypic and ecological impacts, whilst the skeletal accretion patterns of these three species 
appear to have been conserved (Arrigoni et al. 2019), since they diverged over 20 MYA.  

 

Numerous species of coral appear peculiar to the north and western limits of the Indian Ocean (Obura 2012) which may 
represent a secondary focus of scleractinian heterogeneity akin to that of the Coral Triangle (Hoeksema 2007, cited in Arrigoni et al. 
2019; Huang et al. 2015; Huang et al. 2018), and the northern Mozambique Channel and the Red Sea (Obura 2012; Veron et al. 
2015, cited in Arrigoni et al. 2019) where strains of Paraechinophyllia variabilis are known to reside (Arrigoni et al. 2019). 

 

Besides ancient plate tectonic-derived geological upheavals like the splitting and coalescence of landmasses and the creation 
of shallow water ecosystems ripe for coral inhabitation (Arrigoni et al. 2019), volcanic activity solubilises coral-nutrifying minerals and 
trace elements which likely underpinned primordial scleractinian biodiversity like it does today.  

The experimenters concluded that a lack of morphologically-discriminating features should not forestall species classification 
when corroborated by robust molecular analyses (Arrigoni et al. 2019).  

That concludes our delve into the taxonomic reshuffling of the family Lobophylliidae. Revisions were required in several other 
scleractinian families to accomplish monophylly which are discussed next along with other conspicuous examples, while we expand 
our skillset in this fascinating yet frequently considered “dry” discipline which may at times contradict the most adept at coral 
identification. 
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Fig 13. An ultra-high magnification SEM of two centres of rapid skeletal accretion interspersed with organic phases previously referred to and 
considered trabeculate rods and their associated fibres. Consult figure 2. of Nothdurft and Webb 2007 and Part 1. SEM courtesy of Arrigoni et al. 
2019 and the Creative Commons Attribution Licence 4.0.   
Aslett 2024                     17 



Aslett, C., G. (2024) 3. Coral Taxonomy: Lobophylliidae Dai and Horng 2009. https://www.reefranch.co.uk/  
 

 
Fig 14. The thickening skeletal deposits of Goniastrea stelligera: [A] a corallite from which a thin section was crafted (red box); [B] brightfield 
micrograph of light and dark deposits; [C] SEM of a fibre (white dotted line) where organic layers are deposited at the beginning and end of each 
zone (red H). Photography and micrographs courtesy of Frankowiak et al. 2016 and the Creative Commons Attribution Licence.  
 

 
Fig 15. A SEM of a corallite of novel Paraechinophyllia variabilis, courtesy of Arrigoni et al. 2019 and the Creative Commons Attribution Licence 
4.0.   
 

 
Appendix I Glossary 
Allele refers to different forms of a gene. 
Animal Pole is a surface zone of an egg which marks the most mitotically active yolk-diminished region.  
Bootstrap replicates are equal-sized multiple sequence aligned fictional substitute nucleic acids with confidences proportional to 

percentage identity. 
Canonical, substantiated, acknowledged. 
Cercoid corallites share walls. 
Clade describes a monophyletic group of organisms comprising all the descendants from a common ancestor (Cladistics). 
Coenosteum is the part of the skeleton that adjoins the corallites of colonial species (Fig 0.). 
Congeners refers to close relatives (Congeneric). 
Costa is a radial structure outside the corallite wall which may be autonomous or integral to a costoseptum.   
Costoseptum is a fan-shaped radial element that adjoins an outer costa to a conspicuous inner septum unified with the upper 
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columella. 
Cryptic Speciation has occurred when distinct localised species appear identical.  
The cells of a Diploid organism have a chromosome from each parent (2n), whereas the copy number of Haploid organisms is 1n. 
Eukaryotic DNA is wrapped around histone proteins to prevent tangling, and Epigenetic Modification either acetylates or methylates 

their tails, which either grants or precludes access to the gene which forestalls transcription.  
Fenestrate refers to perforations or transparencies.  
gen nov. is a newly discovered and named genus. 
Haplotype is a conjunction of haploid and genotype that refers to alleles or nucleic acid sequences residing on the same chromosome 

that were inherited simultaneously from one parent. 
Hermatypic and Ahermatypic Corals - the terms hermatypic and ahermatypic have been misused. Irregularities such as sea fans 

possessing rigid skeletons are constructive, but they may or may not contain “algal” symbionts and do not contribute to reef 
substratum. Ahermatypes may have large or small polyps and do not contain zooxanthellae. Scleractinia are “true” reef builders 
but may be azooxanthellate or contain “algal” symbionts. Scleractinia and hermatype are not interchangeable. Hermatypic corals 
contain zooxanthellae and are constructive. Ahermatypes are azooxanthellate and non-constructive. This clear definition also 
applies to non-Scleractinia (Schuhmacher & Zibrowius 1985).  

Heterotrophs cannot utilise inorganic carbon for growth so they must dine on organic plant- or animal-derived nourishment. Their 
sources include glucose, yet several microscopic taxa retain the capacity to transform inorganic compounds which are frequently 
used as substrates for chemical reactions.  

Heterozygous refers to different forms of a gene carried by a diploid (2n) organism usually from each parent on opposing 
chromosomes where each one of an individual’s 1n gametes carry one kind of Allele.  

Eukaryotic DNA is wrapped around Histone proteins to prevent tangling, and Epigenetic Modification either acetylates or 
methylates their tails which either grants or precludes access to the gene which forestalls transcription.  

Homoplasy and Convergent Evolution are synonymous insofar as they refer to the development of similar or identical traits in 
unrelated organisms.  

Homozygous refers to the same form of a gene carried by a diploid (2n) organism usually from each parent on opposing 
chromosomes where each one of an individual’s 1n gametes carry the same kind.  

Intergenic Distance refers to the combined regulatory noncoding DNA between a gene and its up- and down-stream neighbours. 
Interspecific Hybridisation creates a subpopulation with a distinct genotype.  
Introgression facilitates the dissemination of genes between species arising from recurring hybridisation and backcrossing over 

long periods of time. 
Meiocyte is a cell generated by meiosis which is contextually synonymous with Gamete within which diploid chromosome copy 

number is halved (Haploid). 
Multiseriate describes things that are arranged in a series or row. 
Ontogeny/Ontogenesis describes the development of an organism from the moment of fertilisation to a mature adult. 
Ontology is used contextually to describe the intra- and extra-cellular metabolic pathways associated with an organisms day-to-day 

housekeeping, homeostatic, and reproductive processes.  
Paliform septal Lobes are typically hemispherical Exsert upper-margin protuberances that may in some cases crown the upper 

columella. See figure 9. H.  
Paralogues are two copies derived from a single ancestral gene residing at two distal loci in the same genome.  
Paraphyly refers to a group of organisms that evolved from a common ancestor that lacks all descendants. 
Phenetics, Numerical Taxonomy, or Taximetrics classifies organisms according to their physical features irrespective of their 

putative evolutionary trajectories.  
Phenotypic Plasticity foregoes the accepted developmental and evolutionary paradigms and expedites swift morphological 

responses to environmental change.  
Phenotypic traits are an organism’s observable characteristics which include how it interacts with its environment, that originate 

from its epigenotype and genotype.  
Phylogenetic Tree “is a graphic representation of the interrelations and evolutionary history of a group of organisms, indicating the 

relative order of successive divisions of the line of descent, coincident with speciation events” (Wallace et al. 1996). 
Synonymous Plesiomorphy and Symplesiomorphy refer to the sharing of an inherited attribute by all members of a clade which 

does not differentiate that clade from others.  
Plocoid corallites do not share walls which are separated by conspicuous coenosteum.  
Scale Bars of Phylogenetic Trees refer to relative evolutionary distance expressed as the developmental/mutagenic substitutions 

of nucleotides.  
sp. nov. is a newly discovered and named species.  
Svedberg (S) is a sedimentation coefficient that relates to particle-size and settlement-rapidity during centrifugation. 1 svedberg is 

equal to 10-13 seconds (100 femtoseconds) which is a non-SI unit used to describe the size of nucleic acids or proteins (Stryer 
1995). 

Symbiosis is the coexistence of two or more closely associated organisms that acquire mutual benefit. 
Sympatric Speciation is the evolution of a new species from a single ancestor inhabiting the same region. 
Synapomorphies are modified forms of an ancestral attribute that are exclusively shared amongst all descendants.  
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Synapomorphy refers to a phylogenetically-discriminating empirical attribute that differentiates a monophyletic clade (Hennig 1957, 
cited in Arrigoni et al. 2019). 

Synapticulae are perpendicularly coordinated corallite wall-forming rods that interweave the posterio-septal margin. 
Syntenic means “threaded together” and refers to several intrachromosomal genes traced using somatic cell hybridisation (Russell 

1998). 
Trabeculae were thought septum-forming discrete vertical rods associated with radially arranged fibres while they are now known to 

be smooth centres of rapid aragonite deposition that craft numerous skeletal features (Nothdurft & Webb 2007). 
The terms Zooxanthellate and Azooxanthellate refer to organisms with and without Symbiotic “algal”-partners.  
 

References 
Arrigoni, R., Benzoni, F., Huang, D., Fukami, H., Chen, C., A., Berumen, M., L., Hoogenboom, M., Thomson, D., P., Hoeksema, B., W., Budd, A., F., Zayasu, Y., 

Terraneo, T., I., Kitano, Y., F. & Baird, A., H. (2016) When forms meet genes: revision of the scleractinian genera Micromussa and Homophyllia 
(Lobophylliidae) with a description of two new species and one new genus. Contributions to Zoology. 85, 387-422.  

Arrigoni, R., Berumen, M., L., Chen, C., A., Terraneo, T., I., Baird, A., H., Payri, C. & Benzoni, F. (2016a) Species delimitation in the reef coral genera Echinophyllia 
and Oxypora (Scleractinia, Lobophylliidae) with a description of two new species. Mol. Phylogenet. Evol. 105, 146-159. 

Arrigoni, R., Berumen, M., L., Stolarski, J., Terraneo, T., I. & Benzoni, F. (2019) Uncovering hidden coral diversity: a new cryptic lobophylliid scleractinian from the 
Indian Ocean. Cladistics. 35, 301-328.  

Arrigoni, R., Berumen, M., L., Terraneo, T., I., Caragnano, A., Bouwmeester, J. & Benzoni, F. (2015) Forgotten in the taxonomic literature: resurrection of the 
scleractinian coral genus Sclerophyllia (Scleractinia, Lobophylliidae) from the Arabian Peninsula and its phylogenetic relationships. Systematics and 
Biodiversity. 49, 140-163. 

Arrigoni, R., Huang, D., Berumen, M., L., Budd, A., F., Montano, S., Richards, Z., T., Terraneo, T., I. & Benzoni, F. (2021) Integrative systematics of the scleractinian 
coral genera Caulastraea, Erythrastrea and Oulophyllia. Zoologica Scripta. 50, 509-527.  

Arrigoni, R., Kitano, Y., F., Stolarski, J., Hoeksema, B., W., Fukami, H., Stefani, F., Galli, P., Montano, S., Castoldi, E. & Benzoni, F. (2014b) A phylogeny 
reconstruction of the Dendrophylliidae (Cnidaria, Scleractinia) based on molecular and micromorphological criteria, and its ecological implications. Zoologica 
Scripta. 43, 661-688.  

Arrigoni, R., Richards, Z., T., Chen, C., A., Baird, A., H. & Benzoni, F. (2014) Phylogenetic relationships and taxonomy of the coral genera Australomussa and 
Parascolymia (Scleractinia, Lobophylliidae). Contributions to Zoology. 83, 195-215. 

Arrigoni, R., Stefani, F., Pichon, M., Galli, P. & Benzoni, F. (2012) Molecular phylogeny of the Robust clade (Faviidae, Mussidae, Merulinidae, and Pectiniidae): 
An Indian Ocean perspective. Molecular Phylogenetics and Evolution 65: 183- 193. 

Arrigoni, R., Stolarski, J., Terraneo, T., I., Hoeksema, B., W., Berumen, M., L., Payri, C., Montano, S. & Benzoni, F. (2023) Phylogenetics and taxonomy of the 
scleractinian coral family Euphylliidae. Contributions to Zoology. 92, 130-171 

Arrigoni, R., Terraneo, T., I., Galli, P. & Benzoni, F. (2014a) Lobophylliidae (Cnidaria, Scleractinia) reshuffled: pervasive nonmonophyly at genus level. Molecular 
Phylogenetics and Evolution. 73, 60-64. 

Aslett, C., G. (2024) The Complete Reef Aquarist, for hobbyists, the trade and academics – A Conservation Manual. Aslett, C., G. (ed.). Reef Ranch Publishing 
Ltd, Leeds, West Yorkshire, UK. https://www.reefranch.co.uk/ pp 402-407. 

Benzoni, F., Arrigoni, R., Stefani, F. & Pichon, M. (2011) Phylogeny of the coral genus Plesiastrea (Cnidaria, Scleractinia). Contributions to Zoology. 80, 231-249. 
Benzoni, F., Arrigoni, R., Stefani, F. & Stolarski, J. (2012) Systematics of the coral genus Craterastrea (Cnidaria, Anthozoa, Scleractinia) and description of a new 

family through combined morphological and molecular analyses. Systematics and Biodiversity. 10, 417-433. 
Bickford, D., Lohman, D., J., Sodhi, N., S., Ng, P., K., Meier, R., Winker, K., Ingram, K., K. & Das, I. (2007) Cryptic species as a window on diversity and 

conservation. Trends Ecol. Evol. 22, 148-155. 
Bongaerts, P., Riginos, C., Ridgway, T., Sampayo, E., M., van Oppen, M., J., Englebert, N., Vermeulen, F. & Hoegh-Guldberg, O. (2010) Genetic divergence 

across habitats in the widespread coral Seriatopora hystrix and its associated Symbiodinium. PLoS ONE. 5, 10871. 
Budd, A., F. & Stolarski, J. (2009) Searching for new morphological characters in the systematics of scleractinian reef corals: comparison of septal teeth and 

granules between Atlantic and Pacific Mussidae. Acta Zool. 90, 142-165. 
Budd, A., F. & Stolarski, J: (2011) Corallite wall and septal microstructure in scleractinian reef corals: Comparison of molecular clades within the family Faviidae. 

J Morphol. 272, 66-88. 
Budd, A., F., Fukami., H., Smith, N. & Knowlton, N. (2012) Taxonomic classification of the reef coral family Mussidae (Cnidaria: Anthozoa: Scleractinia). Zoological 

Journal of the Linnean Society. 166, 465-529. 
Budd, A., F., Romano, S., L., Smith, N., D. & Barbeitos, M., S. (2010) Rethinking the phylogeny of scleractinian corals: A review of morphological and molecular 

data. Integr Comp Biol. 50, 411-427. http://www.doi.org/10.1093/icb/icq062. 
Cairns, S., D. (2001) A generic revision and phylogenetic analysis of the Dendrophylliidae (Cnidaria: Scleractinia). Smithson Contrib Zool. 615, 75. 
Chevalier, J., P. (1975) Les Scléractiniaires de la Mélanésie Française (Nouvelle-Calédonie, Iles Chesterfield, Iles Loyauté, Nouvelles Hébrides). Expédition 

Francaise Sur les Récifs Coralliens de la Nouvelle-Calédonie. Deuxieme Partie. 7, 1-407. 
Combosch, D., J., Vollmer, S., V. (2015) Trans-Pacific RAD-Seq population genomics confirms introgressive hybridization in Eastern Pacific Pocillopora corals. 

Mol. Phylogenet. Evol. 88, 154–162. 
Fautin, D., G. (2009) Structural diversity, systematic and evolution of cnidae. Toxicon. 54, 1054-1064. 
Flot, J., F., Blanchot, J., Charpy, L., Cruaud, C., Licuanan, W., Y., Nakano, Y., Payri, C. & Tillier, S. (2011) Incongruence between morphotypes and genetically 

delimited species in the coral genus Stylophora: phenotypic plasticity, morphological convergence, morphological stasis or interspecific hybridization? BMC 
Ecol. 11, 22. 

Frankowiak, K., Kret, S., Mazur, M., Meibom, A., Kitahara, M., V. & Stolarski, J. (2016) Fine-scale skeletal banding can distinguish symbiotic from asymbiotic 
species among modern and fossil scleractinian corals. PLoS ONE. 11, e0147066. 

Gelin, P., Postaire, B., Fauvelot, C. & Magalon, H. (2017) Reevaluating species number, distribution and endemism of the coral genus Pocillopora Lamarck, 1816 
using species delimitation methods and microsatellites. Mol. Phylogenet. Evol. 109, 430-446 

Gittenberger, A., Reijnen, B., T. & Hoeksema, B., W. (2011) A molecularly based phylogeny reconstruction of mushroom corals (Scleractinia: Fungiidae) with 
taxonomic consequences and evolutionary implications for life history traits. Contributions to Zoology. 80, 107-132. 

Harrison, H., B., Berumen, M., L., Saenz-Agudelo, P., Salas, E., Williamson, D., H. & Jones, G., P. (2017) Widespread hybridization and bidirectional introgression 
in sympatric species of coral reef fish. https://doi.org/10.1111/mec.14279 

Hennig, W. (1957) Systematikund Phylogenese. Berichtuber die Hundertjahrfeier der Deutschen Entomologischen Gesellschaft Berlin. Hannemann, H-J. (ed.). 
Akademie Verlag, Berlin. pp 50-71. 

Hoeksema, B., W. (2007) Delineation of the Indo-Malayan centre of maximum marine biodiversity: the Coral Triangle. Biogeography, Time, and Place: Distributions, 
Barriers, and Islands. Renema, W. (ed.). Springer, Berlin, Germany. pp 117-178. 

Huang, D., Arrigoni, R., Benzoni, F., Fukami, H., Knowlton, N., Smith, N., D., Stolarski, J., Chou, L., M. & Budd, A., F. (2016) Taxonomic classification of the reef 



Aslett, C., G. (2024) 3. Coral Taxonomy: Lobophylliidae Dai and Horng 2009. https://www.reefranch.co.uk/  
 

coral family Lobophylliidae (Cnidaria: Anthozoa: Scleractinia). Zoological Journal of the Linnean Society. 178, 436-481. 
Huang, D., Benzoni, F., Fukami, H., Knowlton, N., Smith, N., D. & Budd, A., F. (2014) Taxonomic classification of the reef coral families Merulinidae, 

Montastraeidae, and Diploastraeidae (Cnidaria: Anthozoa: Scleractinia). Zoological Journal of the Linnean Society. 171, 277-355. 
Huang, D., Goldberg, E., E., Chou, L., M. & Roy, K. (2018) The origin and evolution of coral species richness in a marine biodiversity hotspot. Evolution. 72, 288-

302. 
Huang, D., Licuanan, W., Y., Hoeksema, B., W., Chen, C., A., Ang, P., O., Huang, H., Lane, D., J., W., Vo, S., T., Waheed, Z., Amri, A., Y., Yeemin, T. & Chou, 

L., M. (2015) Extraordinary diversity of reef corals in the South China Sea. Mar. Biodivers. 45, 157-168. 
Huang, D., W., Licuanan, W., Y., Baird, A., H. & Fukami, H. (2011) Cleaning up the 'Bigmessidae': Molecular phylogeny of scleractinian corals from Faviidae, 

Merulinidae, Pectiniidae and Trachyphylliidae. BMC Evol Biol. 11, 37. 
Janiszewska, K., Stolarski, J., Kitahara, M., V., Neuser, N., D. & Mazur, M. (2015) Microstructural disparity between basal micrabaciids and other Scleractinia: 

new evidence from Neogene Stephanophyllia. Lethaia. http://www.doi.org/10.1111/let.12119  
Kitahara, M., V, Stolarski, J., Cairns, S., D., Benzoni, F., Stake, J., L. & Miller, D., J. (2012b) The first modern solitary Agariciidae (Anthozoa, Scleractinia) revealed 

by molecular and microstructural analysis. Invertebrate Systematics. 26, 303-315. 
Kitahara, M., V., Cairns, S., D., Stolarski, J., Miller, D., J. (2012a) Deltocyathiidae, an early-diverging family of Robust corals (Anthozoa, Scleractinia). Zoologica 

Scripta. 42, 201-212. 
Kitahara, M., V., Fukami, H., Benzoni, F. & Huang, D. (2016) The new systematics of Scleractinia: Integrating molecular and morphological evidence. The Cnidaria, 

Past, Present and Future: The World of Medusa and her Sisters. Goffredo, S. & Dubinsky, Z. (eds.). Springer, Berlin, Germany. pp 41–59. 
Knowlton, N. (1993) Sibling species in the sea. Annu. Rev. Ecol. Syst. 24, 189-216. 
Ladner, J., T. & Palumbi, S., R. (2012) Extensive sympatry, cryptic diversity and introgression throughout the geographic distribution of two coral species 

complexes. Mol. Ecol. 21, 2224-2238. 
Ladner, J., T. (2012) Hidden Diversity. Corals and Their Endosymbionts. Dissertation Submitted to The Department of Biology and The Committee on Graduate 

Studies of Stanford University in Partial Fulfilment of the requirements for the degree of Doctor of Philosophy.  http://purl.stanford.edu/fd196xx5780  
Levitan, D., R., Fogarty, N., D.,  Jara, J., Lotterhos, K., E. & Knowlton, N. (2011) Genetic, spatial, and temporal components of precise spawning synchrony in reef 

building corals of the Montastraea annularis species complex. Evolution. 65, 1254-1270. 
Levitan, D., R., Fukami, H., Jara, J., Kline, D., McGovern, T., M., McGhee, K., E., Swanson, C., A. & Knowlton, N. (2004) Mechanisms of Reproductive Isolation 

Among Sympatric Broadcast-Spawning Corals of Montastraea annularis species complex. Evolution. 58, 308-323.  
Löser, H., Angel Fernández-Mendiola, P., Pérez-Malo, J., Domínguez Pascual, S. & Cahuzac, B. (2021) Redefinition of the family Rhizangiidae (Scleractinia; 

Cretaceous to Recent) and description of a new genus from the Early Cretaceous of Spain. Neues Jahrbuch für Geologie und Paläontologie – Abhandlungen. 
299, 259-274. 

Luzon, K., S., Lin, M., F., Ablan Lagman, M., C., A., Licuanan, W., R., Y. & Chen, C., A. (2017) Resurrecting a subgenus to genus: molecular phylogeny of Euphyllia 
and Fimbriaphyllia (order Scleractinia; family Euphyllidae; clade V). PeerJ. 5, e4074. 

Matthai, G. (1928) A monograph of the recent meandroid Astraeidae. Catalogue of Madreporarian Corals British Museum (Natural History). 7, 1-288. 
Nothdurft, L. D. & Webb, G., E. (2007) Microstructure of common reef-building coral genera Acropora, Pocillopora, Goniastrea and Porites: constraints on spatial 

resolution in geochemical sampling. Facies. 53, 1-26. http://www.dio.org/10.1007/s10347-006-0090-0  
Obura, D. (2012) The diversity and biogeography of Western Indian Ocean reef-building corals. PLoS ONE. 7, 45013. 
Okubo, N. (2016) Restructuring the traditional suborders in the order Scleractinia based on embryogenetic morphological characteristics. Zool. Sci. 33, 116-123. 
Oxford Reference (2024) Solitary Corallum Definitions for Calceloid, Caratoid, Discoid, Patellate, Scolecoid, and Trochoid. 

https://www.oxfordreference.com/display/10.1093/oi/authority.20110803100517268 
Palumbi, S., R. (1994) Genetic divergence, reproductive isolation, and marine speciation. Annu. Rev. Ecol. Syst. 25, 547-572. 
Pinzon, J., H., Sampayo, E., Cox, E., Chauka, L., J., Chen, C., A., Voolstra, C., R. & LaJeunesse, T., C. (2013) Blind to morphology: genetics identifies several 

widespread ecologically common species and few endemics among Indo-Pacific cauliflower corals (Pocillopora, Scleractinia). J. Biogeogr. 40, 1595–1608. 
Quek, Z., B., R., Jain, S., S., Richards., Z., T., Arrigoni, R., Benzoni, F., Hoeksema, B., W., Carvajal, J., I., Wilson, N., G., Baird, A., H., Kitahara, M., V., Seiblitz, 

I., G., Vaga, C., F. & Huang, D. (2023) A hybrid-capture approach to reconstruct the phylogeny of Scleractinia (Cnidaria: Hexacorallia). Molecular 
Phylogenetics and Evolution. 186, 107867.  

Ramirez-Portilla, C., Baird, A., H., Cowman3, P., F., Quattrini, A., M., Harii, S., Frederic Sinniger, F. & Flot, J-F. (2022) Solving the Coral Species Delimitation 
Conundrum. Syst. Biol. 71(2), 461-475. http://www.dio.org/10.1093/sysbio/syab077  

Richards, Z., T., Berry, O., van Oppen, M., J. (2016) Cryptic genetic divergence within threatened species of Acropora coral from the Indian and Pacific Oceans. 
Conserv. Genet. 17, 577-591. 

Rosser, N., L. (2015) Asynchronous spawning in sympatric populations of a hard coral reveals cryptic species and ancient genetic lineages. Mol. Ecol. 24, 5006-
5019. 

Rowlett, J. (2020) Indo-Pacific Corals. Rowlett (self-published). pp 1-809. 
Russell, P., J. (1998) Genetics Fifth Edition. Russell, P., J., Buck, E & Dhillon, A. (eds.). The Benjamin/Cumming Publishing Company Inc., Melo Park, CA, USA. 

p G 8. 
Russell, P., J. (1998a) Genetics Fifth Edition. Russell, P., J., Buck, E & Dhillon, A. (eds.). The Benjamin/Cumming Publishing Company Inc., Melo Park, CA, USA. 

p 637. 
Santodomingo, N., Wallace, C., C., Johnson, K., G. (2015) Fossils reveal a high diversity of the staghorn coral genera Acropora and Isopora (Scleractinia: 

Acroporidae) in the Neogene of Indonesia. Zool. J. Linn. Soc. 175, 677-763. 
Schmidt-Roach, S., Lundgren, P., Miller, K., J., Gerlach, G., Noreen, A., M., E. & Andreakis, N. (2013) Assessing hidden species diversity in the coral Pocillopora 

damicornis from Eastern Australia. Coral Reefs. 32, 161-172. 
Schonrogge, K., Barr, B., Wardlaw, J., C., Napper, E., Gardner, M., G., Breen, J., Elmes, G., W. & Thomas, J., A. (2002) When rare species become endangered: 

cryptic speciation in myrmecophilous hoverflies. Biol. J. Linn. Soc. 75, 291–300. 
Schuhmacher, H. & Zibrowius, H. (1985) What is hermatypic? Coral Reefs. 4, 1-9. 
Souter, P. (2010) Hidden genetic diversity in a key model species of coral. Mar. Biol. 157, 875-885. 
Stefani, F., Benzoni, F., Yang, S., Y., Pichon, M., Galli, P. & Chen, C., A. (2011) Comparison of morphological and genetic analyses reveals cryptic divergence 

and morphological plasticity in Stylophora (Cnidaria, Scleractinia). Coral Reefs. 30, 1033-1049. 
Stolarski, J., Bosellini, F., R., Wallace, C., C., Gothmann, A., Mazur, M., Domart-Coulon, I., Gutner-Hoch, E., Neuser, R., D., Levy, O., Shemesh, A. & Meibom, A. 

(2016) A unique coral biomineralization pattern has resisted 40 million years of major ocean chemistry change. Sci. Rep. 6, 27579. 
Stryer, L. (1995) Biochemistry 4th Edition. Stryer, L. (ed.). W. H. Freeman and Company, New York. p 46-48; p 121. 
Suzuki, G., Keshavmurthy, S., Hayashibara, T., Wallace, C., C., Shirayama, Y., Chen, C., A., Fukami, H. (2016) Genetic evidence of peripheral isolation and low 

diversity in marginal populations of the Acropora hyacinthus complex. Coral Reefs. 35, 1419–1432. 
Vaughan, T., W. & Wells, J., W. (1943) Revision of the Sub-orders, Families and Genera of the Scleractinia. Geological Society of America Special Papers. 44, 1-

363. 
Veron, J., E., N. & Marsh, L., M. (1988) Hermatypic corals of Western Australia: records and annotated species list. Records of the Western Australian Museum. 



Aslett, C., G. (2024) 3. Coral Taxonomy: Lobophylliidae Dai and Horng 2009. https://www.reefranch.co.uk/  
 

29, 1-136. 
Veron, J., E., N. & Pichon, M. (1976) Scleractinia of Eastern Australia, I: Families Thamnasteriidae, Astrocoeniidae, Pocilloporidae. Monogr. Ser. Aust. Inst. Mar. 

Sci. 1, 1–86. 
Veron, J., E., N. & Pichon, M. (1980) Scleractinia of Eastern Australia, III: Families Agariciidae, Siderastreidae, Fungiidae, Oculinidae, Merulinidae, Mussidae, 

Pectiniidae, Caryophylliidae, Dendrophylliidae. Australian Institute of Marine Science Monograph Series. 4, 1-433. 
Veron, J., E., N. (1985) New Scleractinia from Australian coral reefs. Records of the Western Australian Museum. 12, 147- 183. 
Veron, J., E., N. (1992) Hermatypic corals of Japan. Australian Institute of Marine Science Monograph Series. 9, 1-234. 
Veron, J., E., N. (1993) A biogeographic database of hermatypic corals. Australian Institute of Marine Science Monograph Series. 10, 1-433. 
Veron, J., E., N. (1995) Corals in space and time: the biogeography and evolution of the Scleractinia. New York: Cornell University Press. 
Veron, J., E., N. (2000) Corals of the World. Townsville: Australian Institute of Marine Science. 
Vize, P. D., Embesi, J., A., Nickell, M., Brown, D., P & Hagman, D., K. (2005) Tight temporal consistency of coral mass spawning at the Flower Garden Banks, 

Gulf of Mexico, from 1997-2003. Gulf Mex. Sci. 23, 107-114. 
Vize, P., D. (2009) Transcriptome analysis of the circadian regulatory network in the coral Acropora millepora. Biol Bull. 216(2), 131-137.  
Wallace, C. (1999) Staghorn Corals of the World: A Revision of the Genus Acropora. CSIRO Publishing, Canberra, Australian Capital Territory. 
Wallace, C., C. & Rosen, B., R. (2006) Diverse staghorn corals (Acropora) in high-latitude Eocene assemblages: Implications for the evolution of modern diversity 

patterns of reef corals. Proc. Biol. Sci. 273, 975-982. 
Wallace, C., C., Fellegara, I., Muir, P., R. & Harrison, P., L. (2009) The scleractinian corals of Moreton Bay, eastern Australia: high latitude, marginal assemblages 

with increasing species richness. Memoirs of the Queensland Museum – Nature. 54, 1-118. 
Wallace, R., A., Sanders, G., P. & Ferl, R., J. (1996) Biology: The Science of Life, Fourth Edition, HaperCollins Publishers Inc. New York, USA. G-20.  
Warner, P., A., Oppen, M., J. & Willis, B., L. (2015) Unexpected cryptic species diversity in the widespread coral Seriatopora hystrix masks spatial-genetic patterns 

of connectivity. Mol. Ecol. 24, 2993-3008. 
Zhao, M., Zhang, H., Zhonf, Y., Xu, X., Yan, H., Li, G. & Yan, W. (2021) Microstructural characteristics of the stony coral genus Acropora useful to coral reef 

paleoecology and modern conservation. Ecology & Evolution. 11, 3093-3109. http://www.dio.org/10.1002/ece3.7247  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hashtags: #coralconservation #coralreefconservation #coralreefs #MarineConservation #oceanconservation #reefaquarium #reefconservation #reefrestoration #thecompletereefaquarist 
A marine aquarium, reef tank, and saltwater fish system guide, handcrafted by a coral reef expert.   

 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


