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Aegina citrea – Case Study  

Kramp (1961) synonymized	


Aegina rosea Eschscholtz, 1829 
Aegina rhodina Haeckel, 1879 
Aegina eschscholtzii Haeckel, 1879 
Aegina lactea Vanhöffen, 1908 
Aegina brunnea Vanhöffen, 1908 
Aegina alternans Bigelow, 1909 
Aegina pentanema Kishinouye, 1910 
Cunarcha aeginoides Haeckel, 1879 
 
	


Basically,	
  any	
  narcomedusa	
  
with	
  4-­‐6	
  tentacles,	
  8-­‐12	
  
stomach	
  pouches	
  and	
  a	
  
peripheral	
  canal	
  system	
  were	
  
all	
  relegated	
  to	
  this	
  one	
  species	


Narcomedusae	
  
Aeginidae	


Treated as a single species for the last >50 years 

1
2
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Aegina	
  citrea	


Aegina citrea (Year 2050 range) 
	


Aegina citrea: A Poster Child 
for determining environmental niches and  
assessing the effects of climate change 

What data is in OBIS?	


Suitable	
  habitat	
  for	
  A.	
  citrea	
  based	
  on	
  	
  
current	
  biogeographic	
  data	




the	
  small, transparent	
  morphotype	
  with	
  longer	
  tentacles	

occurred	
  mainly	
  in	
  subducted	
  sub-­‐polar	
  water	
  masses	


三陸沖	


surely	
  a	
  different	
  species...	




Dhugal	
  Lindsay	


combined	
  16S,	
  SSU,	
  and	
  LSU	
  data	


We	
  pointed	
  out	
  in	
  this	
  2008	
  
paper	
  that	
  Aegina	
  citrea	
  and	
  A.	
  
rosea	
  were	
  geneLcally	
  different	
  
enough	
  to	
  be	
  put	
  in	
  2	
  separate	
  

families	


Sargasso	
  Sea	


N-­‐E	
  Pacific	


our	
  “A.	
  rosea”	
 our	
  “A.	
  citrea”	




	
  
Aegina	
  rosea	
  small	
  subunit	
  18S	
  ribosomal	
  RNA	
  gene,	
  parLal	
  sequence	
  
	
  
GenBank:	
  EU247813.1	
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  small	
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  ribosomal	
  RNA	
  gene	


somehow	
  our	
  Aegina	
  rosea	
  sequence	
  
has	
  been	
  labelled	
  Aegina	
  citrea,	
  
even	
  though	
  our	
  paper	
  described	
  
family	
  level	
  differences	
  and	
  we	
  
registered	
  it	
  as	
  Aegina	
  rosea!!!	


However	
  to	
  our	
  dismay...	




Two	
  main	
  taxonomic	
  
databases	
  that	
  GenBank	
  
refers	
  to	
  for	
  its	
  own	
  
taxonomic	
  database	




3	
  valid	
  species!	


in	
  ITIS	
  Aegina	
  contains	
  3	
  valid	
  species	


“Aegina	
  rosea”	
  of	
  Collins	
  et	
  al	
  2008	


Aegina	
  citrea	
  from	
  type	
  locality	
  	
  
(off	
  Japan)	


following	
  Bigelow,	
  1913	


ITIS	
  taxonomy	
  is	
  based	
  on	
  the	
  NODC	
  Taxonomic	
  Code	


last	
  updated	
  on	
  13	
  June	
  1996	
  (and	
  not	
  reviewed	
  since...)	
  



Aegina属は	
  
一種だけ	
  
となっている	


GenBank	
  must	
  
follow	
  this	


A.	
  rosea	
  treated	
  as	
  a	
  synonym	
  of	
  A.	
  citrea	




Suitable	
  habitat	
  for	
  A.	
  citrea	
  based	
  on	
  	
  
current	
  biogeographic	
  data	


Biogeography	
  of	
  Aegina	
  citrea	
  according	
  to	
  the	
  two	
  biggest	
  biogeographic	
  databases	


WoRMS	


OK.	
  We	
  all	
  know	
  GenBank	
  contains	
  mistakes..	
  	
  
What	
  about	
  biogeographic	
  databases?	


Aegina citrea (extrapolated Year 2050 range) 
	


ITIS	




Aegina	
  rosea	


Aegina	
  citrea	
  
(incl.	
  synonymized	
  Aegina	
  rosea)	


ITIS	


ITIS	

our	
  A.	
  rosea	
  was	
  from	
  here	




small	
  downward-­‐poinLng	
  tentacle	
  roots	
  
no	
  peripheral	
  canal	
  system	
  
vesLgial	
  secondary	
  tentacle	
  bulbs	


Solmundaeginidae	
  Lindsay,	
  Bentlage	
  &	
  Collins,	
  2017	
  	
  
Solmundaegina	
  Lindsay,	
  2017	
  
Solmundaegina	
  nematophora	
  Lindsay,	
  2017	


NEW	
  SPECIES,	
  GENUS	
  &	
  FAMILY!!	


Photos	
  courtesy	
  of	
  Peter	
  Schuchert	




The	
  REAL	
  Aegina	
  citrea!	


Lindsay,	
  D.J.,	
  Grossmann,	
  M.M.,	
  Bentlage,	
  B.,	
  Collins,	
  A.G.,	
  Minemizu,	
  
R.,	
  HopcroJ,	
  R.R.,	
  Miyake,	
  H.,	
  Hidaka-­‐Umetsu,	
  M.	
  and	
  Nishikawa,	
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(2017)	
  The	
  perils	
  of	
  online	
  biogeographic	
  databases:	
  A	
  case	
  study	
  
with	
  the	
  “monospecific”	
  genus	
  Aegina	
  (Cnidaria,	
  Hydrozoa,	
  
Narcomedusae).	
  Marine	
  Biology	
  Research	
  13(5):	
  494-­‐512.	
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  upward-­‐poinLng	
  tentacle	
  roots	
  
peripheral	
  canal	
  system	
  

no	
  vesLgial	
  secondary	
  tentacle	
  bulbs	
  
deep	
  apical	
  grooves	


from	
  near	
  the	
  Type	
  Locality	
  off	
  eastern	
  Japan	
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Cunina frugifera
Cunina octonaria

Pseudaegina rhodina

Solmissus albescens
Sigiweddellia sp.

Aeginura grimaldii 1
Aeginura grimaldii 2

Solmissus marshalli

Solmissus incisa 2
Solmissus incisa 1

Aeginona brunnea
Aegina citrea 1

Aegina citrea 6
Aegina citrea 5
Aegina citrea 4
Aegina citrea 3
Aegina citrea 2

Tetraplatia volitans

Solmundaegina nematophora 1

Tetraplatia chuni 1
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Solmundella bitentaculata 2
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Aeginopsis laurentii 1
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Aglaura hemistoma 1
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Rhopalonema velatum
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Na
rco
me
du
sa
e

Tra
ch
ym
ed
us
ae

large	
  upward-­‐poinLng	
  tentacle	
  roots	
  
peripheral	
  canal	
  system	
  
no	
  vesLgial	
  secondary	
  tentacle	
  bulbs	
  
deep	
  apical	
  grooves	


small	
  downward-­‐poinLng	
  tentacle	
  roots	
  
no	
  peripheral	
  canal	
  system	
  
vesLgial	
  secondary	
  tentacle	
  bulbs	
  
shallow	
  apical	
  grooves	


The	
  Collins	
  et	
  al	
  2008	
  sequence	
  of	
  “Aegina	
  citrea”	
  is	
  actually	
  the	
  species	
  
Solmundaegina	
  nematophora	
  (in	
  a	
  different	
  family)!	
  	
  Sorry....	
  

(ML	
  topology	
  based	
  on	
  combined	
  18S,	
  16S	
  and	
  COI	
  data)	


	
  
What	
  about	
  the	
  “Aegina	
  rosea”	
  of	
  Collins	
  et	
  al	
  2008?	
  
	




Pseudaegina	
  rhodina	
  (Haeckel,	
  1879)	
  Pseudaeginidae	
  Lindsay,	
  Bentlage	
  &	
  Collins,	
  2017	
  	
  
Pseudaegina	
  Lindsay,	
  2017	


One	
  of	
  the	
  Aegina	
  
citrea	
  sequences	
  
in	
  GenBank	
  	
  
(the	
  A.	
  rosea	
  of	
  
Collins	
  et	
  al	
  2008)	
  
is	
  actually	
  this	
  
species.	


NEW	
  GENUS	
  
	
  &	
  FAMILY!!	


small	
  downward-­‐poinLng	
  
tentacle	
  roots	
  
no	
  apical	
  grooves	
  
peripheral	
  canal	
  system	
  
nematocysts	
  only	
  on	
  
upper	
  surface	
  of	
  tentacles	
  
orally	
  bulging	
  mesoglea	
  



The	
  REAL	
  Aegina	
  rosea!	


Not	
  this!	


Therefore	
  neither	
  of	
  the	
  Collins	
  
et	
  al	
  2008	
  sequences	
  of	
  
(according	
  to	
  GenBank)	
  “Aegina	
  
citrea”	
  are	
  actually	
  that	
  
species.	
  Furthermore,	
  the	
  
species	
  we	
  labelled	
  A.	
  rosea	
  
actually	
  belongs	
  to	
  a	
  different	
  
family...	
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Aeginona	
  brunnea	
  (Vanhöffen,	
  1908)	

Aeginona	
  Lindsay,	
  2017	
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no	
  apical	
  grooves	
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Solmundaeginidae	
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(ML	
  topology	
  based	
  on	
  combined	
  18S,	
  16S	
  and	
  COI	
  data)	
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overlooked	
  morphological	
  characters	
  actually	
  most	
  important!	
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Summary　(Part	
  1)	


•  Aegina	
  citrea	
  was	
  split	
  into	
  6	
  separate	
  species	
  
•  Two	
  new	
  families,	
  3	
  new	
  genera	
  and	
  1	
  new	
  
species	
  was	
  described	
  

•  All	
  Aegina	
  citrea	
  sequences	
  in	
  GenBank	
  
actually	
  belonged	
  to	
  different	
  species	
  in	
  
different	
  families	
  to	
  the	
  real	
  Aegina	
  citrea	
  

•  >90%	
  of	
  records	
  in	
  biogeographic	
  databases	
  
are	
  wrong	




Summary　(Part	
  1)	

•  The	
  data	
  compromised	
  by	
  not	
  having	
  good	
  taxonomy	
  and	
  

systemaLcs	
  was	
  not	
  only	
  biogeographic	
  in	
  nature,	
  but	
  also	
  led	
  
to	
  erroneous	
  data	
  on	
  predator–prey	
  interacLons	
  (e.g.	
  Mills	
  &	
  
Miller	
  1984,	
  Choy	
  et	
  al.	
  2017),	
  parasite–host	
  associaLons	
  (e.g.	
  
Gasca	
  et	
  al.	
  2007),	
  behaviour	
  and	
  life	
  history	
  strategies	
  (e.g.	
  
Larson	
  et	
  al.	
  1989),	
  verLcal	
  distribuLons	
  (e.g.	
  Arai	
  &	
  Mason	
  
1982),	
  environmental	
  factors	
  driving	
  distribuLons	
  (e.g.	
  Luo	
  et	
  
al.	
  2014)	
  and	
  DNA	
  barcode	
  sequences	
  (e.g.	
  Collins	
  et	
  al.	
  
2008).	
  This	
  case	
  clearly	
  illustrates	
  how	
  systemaLcs	
  and	
  
taxonomy	
  provide	
  the	
  foundaLon	
  upon	
  which	
  all	
  other	
  
biological	
  science	
  is	
  built.	




RecommendaLons	


•  Archive	
  original	
  data	
  tables	
  on	
  biogeographic	
  
database	
  servers	
  with	
  digital	
  object	
  idenLfiers	
  
(DOIs)	
  to	
  ensure	
  data	
  traceability	
  because	
  we	
  
were	
  unable	
  to	
  verify	
  most	
  of	
  the	
  data	
  in	
  OBIS	
  

•  Always	
  keep	
  a	
  voucher	
  specimen	
  of	
  whatever	
  
you	
  sequence.	




Solmundaegina	


Pseudaegina	


Too	
  many	
  images	
  for	
  a	
  human	
  to	
  work	
  through...	
  	
  
Can	
  a	
  Deep-­‐Learning	
  Machine	
  Vision	
  AI	
  approach	
  be	
  used?	
  	
  

What	
  are	
  their	
  REAL	
  distribuLons?	


Possible	
  to	
  use	
  photos	
  from	
  SCUBA	
  
divers	
  and	
  ROV	
  videos	
  to	
  assess?	


How	
  to	
  check	
  and	
  fix	
  biogeographic	
  database	
  
species	
  IDs	
  in	
  light	
  of	
  Access	
  and	
  Benefit	
  
Sharing	
  (ABS)	
  policy/legal	
  uncertainty?	




NVIDIA	
  Deep	
  Learning	
  GPU	
  Training	
  System	
  	
  
(DIGITS)	
  with	
  CAFFE	
  framework	


Choice	
  of	
  network?	
  
	
  

GoogleNet	
  [22	
  layers]	
  
gave	
  beher	
  results	
  

than	
  	
  
AlexNet	
  [8	
  layers]	
  
(but	
  sLll	
  not	
  great..)	


Deep	
  Learning	
  AI	
 2,4,6	
  tentacles	
  at	
  a	
  variety	
  of	
  angles	
  
as	
  would	
  occur	
  in	
  plankton	
  net	
  samples	


22回繰り返し学習でも
精度はイマイチ	


70-­‐80%	
  accuracy	




tentacle	
  
integrity	
  only	
  
up	
  to	
  second	
  
convoluLon	
  

	
  
Not-­‐so-­‐Deep	
  
Learning	
  
beher?	




59%	
  correct	




Made	
  an	
  in	
  situ	
  image	
  training	
  set	
  for	
  2-­‐6	
  tentacle	
  Narcomedusae	
  
using	
  framegrabs	
  from	
  JAMSTEC	
  ROV	
  &	
  HOV	
  videos	


convert	
  videos	
  to	
  sLll	
  frame	
  series,	
  extract	
  jellies	
  manually	
  with	
  proprietary	
  soJware,	
  	
  
flip	
  and	
  rotate	
  images	
  to	
  increase	
  number	
  of	
  images	
  in	
  training	
  set	


500-­‐700	
  images	
  per	
  species	




for	
  humans	
  line	
  drawings	
  
	
  look	
  more	
  like	
  jellyfish	


for	
  Deep	
  Learning	
  this	
  worked	
  beher!	


only	
  11	
  training	
  
iteraLons	
  for	
  100%	
  
accuracy	


aJer	
  22	
  training	
  iteraLons	
  
sLll	
  low	
  accuracy	




Tried	
  with	
  “real”	
  Aegina	
  citrea	
  framegrabs.	
  	
  
Classified	
  image	
  from	
  internet	
  with	
  99.9%	
  accuracy!!	
  

	
  

When	
  alive	
  is	
  yellow,	
  always	
  has	
  tentacles	
  forward	
  and	
  not	
  touching	
  each	
  other,	
  	
  
tentacles	
  same	
  length	
  vs	
  bell	
  height.	
  

	


ツヅミクラゲモドキ	




Aeginura	
  grimaldii	
  also	
  99.9%	
  accuracy!!	
  
	
  

When	
  alive	
  is	
  brown-­‐red	
  and	
  tentacles	
  always	
  sideways	
  or	
  down.	
  

ハッポウクラゲ	




When	
  the	
  2-­‐tentacled	
  Solmundella	
  bitentaculata	
  was	
  not	
  in	
  the	
  training	
  
set	
  it	
  was	
  misidenLfied	
  as	
  Solmundaegina	
  nematophora	
  (same	
  family)	
  

at	
  94%	
  certainty	
  level.	
  
Need	
  to	
  ensure	
  training	
  set	
  contains	
  all	
  species!!!	
  

ヤジロベエクラゲ	




Solmundaegina	
  nematophora	
  was	
  correctly	
  idenLfed	
  to	
  86%	
  certainty	
  (9%	
  A.	
  citrea).	
  	
  
	
  

Images	
  do	
  seem	
  useful	
  for	
  automaLc	
  generaLon	
  of	
  species	
  occurrence	
  data	
  from	
  SCUBA	
  photos	
  or	
  ROV	
  
images	
  as	
  a	
  result	
  of	
  this	
  taxonomic	
  work	


Quality	
  Control	
  of	
  training	
  set	
  
of	
  utmost	
  importance!	


Training	
  set	
  image	
  resoluLon	
  256x256	
  pixels	
  (cheap	
  computer...).	
  Beher	
  with	
  512x512	
  pixels?	
  	




Summary	


（caveat:	
  only	
  tested	
  with	
  Narcomedusae	
  so	
  far）	


If	
  a	
  “set”	
  of	
  in	
  situ	
  imagery	
  and	
  prisLne	
  
specimens	
  is	
  collected	
  for	
  taxonomic	
  work	
  on	
  
similar-­‐looking	
  species,	
  it	
  appears	
  that	
  Deep	
  
Learning	
  techniques	
  will	
  allow	
  highly	
  accurate	
  
classificaLon	
  of	
  that	
  taxonomic	
  group	
  from	
  in	
  

situ	
  video	
  imagery.	
  	

accurate	
  biogeographic	
  data	
  	
  

may	
  be	
  in	
  our	
  sights!	


As	
  with	
  GenBank:	
  Rubbish	
  in	
  à	
  Rubbish	
  out	
  
	
  

We	
  all	
  know	
  eDNA	
  needs	
  more	
  Groundtruthing	
  	
  
but	
  so	
  do	
  Deep	
  Learning	
  approaches	
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   I am not a 
jellyfish! 

Viva!  
good taxonomy 
& Quality Control 



QuesLons?	



