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                    Abstract
Two new species of Chrysogorgia Duchassaing & Michelotti, 1864 collected from the Caroline seamounts in the tropical Western Pacific Ocean are described. Chrysogorgia pinniformis sp. nov. belongs to Versluys’ group C (Squamosae typicae) with only scales in polyp body wall and tentacles. C. pinniformis sp. nov. is characterized by large branches pinnately branched and forming multiple fans with its small branches regularly and quasi-dichotomous branched, and scales and rods present in the polyp mouth area. It is most similar to C. pinnata Cairns, 2007 by the pinnate trait, but differs from the latter by its group C pattern (vs. group A, Spiculosae) and having sclerites present in the polyp mouth area (vs. absent). Chrysogorgia varians sp. nov. belongs to the Chrysogorgia group A (Spiculosae) with rods distributed in the polyp body wall and tentacles. It is characterized by warty rods and elongated scales in the tentacles, many warts and ridges on the scales, conspicuously toothed margins at the rounded ends in the pinnules, and small rods with ridge-like warts in the polyp mouth area. This species was frequent and abundant in the Caroline seamounts during our cruises and its morphological variability in growth period was obvious. The phylogenetic analyses based on mtMutS and 28S rDNA regions supported the assignment of the new species to the genus Chrysogorgia. However, the mtMutS marker showed very limited usefulness for species delimitation and inner relationship inference of Chrysogorgia. In contrast, the 28S rDNA showed much higher level of genetic variation, and it may be a potential barcode for this genus. In the 28S rDNA trees, the two new species clustered together. Additionally, compilation of our data showed that 42 of 78 (ca. 54%) Chrysogorgia species were found in the Indo-West Pacific convergent region, indicating that this area may be a hotspot of deep-water Chrysogorgia species.
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                    Data Availability Statement

              
              The specimens described in this study are available at the Marine Biological Museum of Chinese Academy of Sciences (MBMCAS) at Institute of Oceanology, Qingdao, China. Voucher IDs: Chrysogorgia pinniformis sp. nov.: MBM286504; Chrysogorgia varians sp. nov.: MBM286438, MBM286439, MBM286440, MBM286441, MBM286502, MBM286503, MBM286505, MBM286506, MBM286507. The mtMutS sequences that support the findings of this study have been deposited in NCBI GenBank with the accession codes MW085090 (Chrysogorgia pinniformis), MW085091, MW418365, MW418366, MW418367, MW418368, MW418369, MW418370, MW418371, MW418364 (Chrysogorgia varians sp. nov.) and MW418361, MW418362, MW418363 (Chrysogorgia carolinensis Xu, Zhan & Xu, 2020). The 28S rDNA sequences that support the findings of this study have been deposited in NCBI GenBank with the accession codes MW418372 (C. pinniformis sp. nov.), MW418381, MW418377, MW418379, MW418378, MW418380, MW418383, MW418385, MW418382, MW418384 (C. varians sp. nov.) and MW418373, MW418374, MW418375, MW418376 (C. carolinensis).

              The new species registration of Chrysogorgia pinniformis sp. nov. and Chrysogorgia varians sp. nov. in Zoobank with LSID: urn:lsid:zoobank. org:act:74FE8B57-1038-49CC-83E2-CF05BB27C544 and urn:lsid:zoobank.org:act:96111211-8D7B-40EFBFF4-1A2D78DE5247, respectively. The publication LSID: urn:lsid:zoobank.org:pub:5C0EA878-ACF4-453A-9918-F4872AFA73E1.

            

References
	Alfaro M E, Zoller S, Lutzoni F. 2003. Bayes or Bootstrap? A simulation study comparing the performance of Bayesian Markov chain Monte Carlo sampling and bootstrapping in assessing phylogenetic confidence. Molecular Biology and Evolution, 20(2): 255–266, https://doi.org/10.1093/molbev/msg028.
Article 
    
                    Google Scholar 
                

	Bayer F M, Grasshoff M, Verseveldt J. 1983. Illustrated Trilingual Glossary of Morphological and Anatomical Terms Applied to Octocorallia. E. J. Brill/Dr. W. Backhuys, Leiden. p.75.

                    Google Scholar 
                

	Cairns S D. 2001. Studies on western Atlantic Octocorallia (Coelenterata: Anthozoa) part 1: the genus Chrysogorgia Duchassaing & Michelotti, 1864. Proceedings of the Biological Society of Washington, 114(3): 746–787.

                    Google Scholar 
                

	Cairns S D. 2007. Calcaxonian Octocorals (Cnidaria: Anthozoa) from the Eastern Pacific seamounts. Proceedings of the California Academy of Sciences, 58(25): 511–541.

                    Google Scholar 
                

	Cairns S D. 2018. Deep-water octocorals (Cnidaria, Anthozoa) from the Galápagos and Cocos Islands. Part 1: suborder Calcaxonia. ZooKeys, 729: 1–46, https://doi.org/10.3897/zookeys.729.21779.
Article 
    
                    Google Scholar 
                

	Cordeiro R T S, Castro C B, Pérez C D. 2015. Deep-water octocorals (Cnidaria: Octocorallia) from Brazil: family Chrysogorgiidae Verrill, 1883. Zootaxa, 4058(1): 81–100, https://doi.org/10.11646/zootaxa.4058.1.4.
Article 
    
                    Google Scholar 
                

	Darriba D, Taboada G L, Doallo R, Posada D. 2012. jModelTest 2: more models, new heuristics and parallel computing. Nature Methods, 9(8): 772, https://doi.org/10.1038/nmeth.2109.
Article 
    
                    Google Scholar 
                

	Duchassaing P, Michelotti J. 1864. Supplément au mémoire sur les coralliaires des Antilles. Mémoires de l’Académie des Sciences de Turin, 2(23): 97–206.

                    Google Scholar 
                

	Ehrenberg C G. 1834. Beiträge zur physiologischen Kenntniss der Corallenthiere im allgemeinen, und besonders des rothen Meeres, nebst einem Versuche zur physiologischen Systematik derselben. Abhandlungen der Königlichen Akademie der Wissenschaften zu Berlin, 1: 225–380.

                    Google Scholar 
                

	Grasshoff M. 1999. The shallow water gorgonians of New Caledonia and adjacent islands (Coelenterata: Octocorallia). Senckenbergiana Biologica, 78: 1–245.

                    Google Scholar 
                

	Guindon S, Dufayard J F, Lefort V, Anisimova M, Hordijk W, Gascuel O. 2010. New algorithms and methods to estimate maximum-likelihood phylogenies: assessing the performance of PhyML 3.0. Systematic Biology, 59(3): 307–321, https://doi.org/10.1093/sysbio/syq010.
Article 
    
                    Google Scholar 
                

	Haeckel E. 1866. Generelle morphologie der Organismen, vol. 2. Verlag von Georg Reimer, Berlin.
Book 
    
                    Google Scholar 
                

	Hall T A. 1999. BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series, 41: 95–98.

                    Google Scholar 
                

	Herrera S, Baco A, Sánchez J A. 2010. Molecular systematics of the bubblegum coral genera (Paragorgiidae, Octocorallia) and description of a new deep-sea species. Molecular Phylogenetics and Evolution, 55(1): 123–135, https://doi.org/10.1016/j.ympev.2009.12.007.
Article 
    
                    Google Scholar 
                

	Hillis D M, Bull J J. 1993. An empirical test of bootstrapping as a method for assessing confidence in phylogenetic analysis. Systematic Biology, 42(2): 182–192, https://doi.org/10.1093/sysbio/42.2.182.
Article 
    
                    Google Scholar 
                

	Katoh K, Standley D M. 2013. MAFFT Multiple Sequence Alignment Software version 7: improvements in performance and usability. Molecular Biology and Evolution, 30(4): 772–780, https://doi.org/10.1093/molbev/mst010.
Article 
    
                    Google Scholar 
                

	Kinoshita K. 1913. Studien über einige Chrysogorgiiden Japans. Journal of the College of Science, Tokyo Imperial University, 33(2): 47.

                    Google Scholar 
                

	Kükenthal W. 1919. Gorgonaria. Wissenschaftliche Ergennisse der Deutschen Tiefsee-Expedition auf dem Dampfer “Valdivia” 1898–1899, 13(2): 946.

                    Google Scholar 
                

	Lamouroux J V F. 1812. Extrait d’un mémoire sur la classification des polypiers coralligènes non entièrement piérreux. Nouvelle Bulletin de la Societé Philomatique, Paris, 3(63): 181–188.

                    Google Scholar 
                

	McFadden C S, Benayahu Y, Pante E, Thoma J N, Nevarez P A, France S C. 2011. Limitations of mitochondrial gene barcoding in Octocorallia. Molecular Ecology Resources, 11(1): 19–31.
Article 
    
                    Google Scholar 
                

	McFadden C S, Brown A S, Brayton C, Hunt C B, van Ofwegen, L P. 2014. Application of DNA barcoding in biodiversity studies of shallow-water octocorals: molecular proxies agree with morphological estimates of species richness in Palau. Coral Reefs, 33(2): 275–286.

                    Google Scholar 
                

	McFadden C S, van Ofwegen L P. 2013. A second, cryptic species of the soft coral genus Incrustatus (Anthozoa: Octocorallia: Clavulariidae) from Tierra del Fuego, Argentina, revealed by DNA barcoding. Helgoland Marine Research, 67(1): 137–147.
Article 
    
                    Google Scholar 
                

	Nutting C C. 1908. Descriptions of the Alcyonaria collected by the U.S. Bureau of Fisheries steamer Albatross in the vicinity of the Hawaiian Islands in 1902. Proceedings of the United States National Museum, 34: 543–601.
Article 
    
                    Google Scholar 
                

	Nutting C C. 1912. Descriptions of the Alcyonaria collected by the U.S. Fisheries steamer “Albatross”, mainly in Japanese waters, during 1906. Proceedings of the United States National Museum, 43: 104pp.

	Pante E, Watling L. 2012. Chrysogorgia from the New England and Corner Seamounts: Atlantic-Pacific connections. Journal of the Marine Biological Association of the United Kingdom, 92(5): 911–927, https://doi.org/10.1017/S0025315411001354.
Article 
    
                    Google Scholar 
                

	Pérez C D, de Moura Neves B, Cordeiro R T, Williams G C, Cairns S D. 2016. Diversity and distribution of Octocorallia. In: Goffredo S, Dubinsky Z eds. The Cnidaria, Past, Present and Future: the World of Medusa and Her Sisters. Springer, Cham. p.109–123. https://doi.org/10.1007/978-3-319-31305-4_8.
Chapter 
    
                    Google Scholar 
                

	Rambaut A, Drummond A J. 2007. Tracer v1.4. Available from http://beast.bio.ed.ac.uk/Tracer.

	Ronquist F, Huelsenbeck J P. 2003. MrBayes 3: Bayesian phylogenetic inference under mixed models. Bioinformatics, 19(12): 1572–1574, https://doi.org/10.1093/bioinformatics/btg180.
Article 
    
                    Google Scholar 
                

	Sánchez J A, Lasker H R, Taylor D J. 2003. Phylogenetic analyses among octocorals (Cnidaria): mitochondrial and nuclear DNA sequences (lsu-rRNA, 16S and ssu-rRNA, 18S) support two convergent clades of branching gorgonians. Molecular Phylogenetics and Evolution, 29(1): 31–42, https://doi.org/10.1016/S1055-7903(03)00090-3.
Article 
    
                    Google Scholar 
                

	Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 2013. MEGA6: molecular evolutionary genetics analysis version 6.0. Molecular Biology and Evolution, 30(12): 2725–2729, https://doi.org/10.1093/molbev/mst197.
Article 
    
                    Google Scholar 
                

	Untiedt C B, Quattrini A M, McFadden C S, Alderslade P A, Pante E, Burridge C P. 2021. Phylogenetic relationships within Chrysogorgia (Alcyonacea: Octocorallia), a morphologically diverse genus of octocoral, revealed using a target enrichment approach. Frontiers in Marine Science, 7: 599984, https://doi.org/10.3389/fmars.2020.599984.
Article 
    
                    Google Scholar 
                

	Utinomi H. 1961. Noteworthy Octocorals collected off the southwest coast of Kii Peninsula, middle Japan. Part 2, Telestacea, Gorgonacea and Pennatulacea. Publications of the Seto Marine Biological Laboratory, 9(1): 197–228.
Article 
    
                    Google Scholar 
                

	Verrill A E. 1883. Report on the Anthozoa, and on some additional species dredged by the “Blake” in 1877–1879, and by the U.S. Fish Commission steamer “Fish 126 Hawk” in 1880–82. Bulletin of the Museum of Comparative Zoology, 11: 1–72.

                    Google Scholar 
                

	Versluys J. 1902. Die gorgoniden der siboga-expedition. 1. Die chrysogorgiiden. Siboga Expeditie, 13: 1–120.

                    Google Scholar 
                

	Watling L, France S C, Pante E, Simpson A. 2011. Chapter two-biology of deep-water octocorals. Advances in Marine Biology, 60: 41–122, https://doi.org/10.1016/B978-0-12-385529-9.00002-0.
Article 
    
                    Google Scholar 
                

	Wright E P, Studer T. 1889. Report on the Alcyonaria collected by H.M.S. Challenger during the years 1873–76. Report on the Scientific Results of the Voyage of H.M.S. Challenger during the years 1873–76, Zoology, 31(64): 1–314.

                    Google Scholar 
                

	Xu Y, Li Y, Zhan Z F, Xu K D. 2019. Morphology and phylogenetic analysis of two new deep-sea species of Chrysogorgia (Cnidaria, Octocorallia, Chrysogorgiidae) from Kocebu Guyot (Magellan seamounts) in the Pacific Ocean. Zookeys, 881: 91–107, https://doi.org/10.3897/zookeys.881.34759.
Article 
    
                    Google Scholar 
                

	Xu Y, Zhan Z F, Xu K D. 2020a. Morphology and molecular phylogeny of three new deep-sea species of Chrysogorgia (Cnidaria, Octocorallia) from seamounts in the tropical Western Pacific Ocean. Peer J, 8: e8832, https://doi.org/10.7717/peerj.8832.
Article 
    
                    Google Scholar 
                

	Xu Y, Zhan Z F, Xu K D. 2020b. Morphology and phylogenetic analysis of five deep-sea golden gorgonians (Cnidaria, Octocorallia, Chrysogorgiidae) in the Western Pacific Ocean, with the description of a new species. ZooKeys, 989: 1–37, https://doi.org/10.3897/zookeys.989.53104.
Article 
    
                    Google Scholar 
                


Download references




Acknowledgment
We thank assistance of the crew of R/V Kexue (Science in Chinese) and ROV Faxian (Discovery in Chinese) for sample collection. Special thanks go to Mr. Shaoqing WANG for taking the photos onboard.


Author information
Author notes	Yu XU and Zifeng ZHAN contributed equally to this work and should be regarded as co-first authors.


Authors and Affiliations
	Laboratory of Marine Organism Taxonomy and Phylogeny, Shandong Province Key Laboratory of Experimental Marine Biology, Center for Ocean Mega-Science, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071, China
Yu Xu, Zifeng Zhan & Kuidong Xu

	Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai, 519082, China
Zifeng Zhan & Kuidong Xu

	University of Chinese Academy of Sciences, Beijing, 100049, China
Yu Xu & Kuidong Xu


Authors	Yu XuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zifeng ZhanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kuidong XuView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Kuidong Xu.


Additional information
Supported by the Science & Technology Basic Resources Investigation Program of China (No. 2017FY100804), the National Natural Science Foundation of China (No. 41930533), the Strategic Priority Research Program of the Chinese Academy of Sciences (No. XDB42000000), and the Senior User Project of R/V Kexue (No. KEXUE2019GZ04)


Electronic supplementary material

Supplementary material, approximately 377 KB.




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Xu, Y., Zhan, Z. & Xu, K. Morphology and phylogeny of Chrysogorgia pinniformis sp. nov. and C. varians sp. nov., two golden corals from the Caroline seamounts in the tropical Western Pacific Ocean.
                    J. Ocean. Limnol. 39, 1767–1789 (2021). https://doi.org/10.1007/s00343-021-0386-5
Download citation
	Received: 10 October 2020

	Accepted: 15 April 2021

	Published: 12 August 2021

	Issue Date: September 2021

	DOI: https://doi.org/10.1007/s00343-021-0386-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keyword
	Anthozoa
	Octocorallia
	Chrysogorgiidae
	deep sea
	taxonomy








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.92.44.249
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    