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A  B  S  T  R  A  C  T 

Semiautonomous  imag  ing  technolog  ies  are  increasingly  being  used  to  character  ize  zooplankton  communities,  al  beit  w  ith  limited  compar  i  son
 to  traditional  techniques.  Here  we  compared  copepod  communit  y  compositions  obtained  using  a  Flow  Cam  Macro  w  ith  those  obtained  using  a
 stereomicroscope  for  the  same  set  of  samples.  Broad-level  communit  y  compositions  obtained  v  ia  the  Flow  Cam  Macro  were  simi  lar  to  those  using
 the  microscope,  although  the  microscope  was  able  to  achieve  greater  ta  xonomic  resolution  (e.g.  genus/spec  ies  level).  Our  data  suppor  t  the  use
 of  the  Flow  Cam  Macro  as  an  alter  native  to  time-  and  labour-intensive  microscopy  for  broad-level  ta  xonomic  classi  fication  of  mesozooplankton
 samples.
 

K  E  Y  W  O  R  D  S: plankton  imag  ing  ;  zooplankton;  stereomicroscopy  

I  N  T  R  O  D  U  C  T  I  O  N  
R  ecent  years  have  seen  a  grow  ing  trend  toward  s  the  dig  italizat  ion
 of  the  ocean,  w  ith  quant  itat  ive  oceanographic  imag  ing  dev  ices
 generat  ing  unprecedented  volumes  of  data  (  L  ombard  et  al.,
2019).  O  pt  ical  bench-top  instr  uments,  such  as  the  Flow  Cam
 Macro  (Yokogawa  Fluid  Imag  ing  Technolog  y),  involv  ing  flow
 imag  ing  c  y  tometr  y,  are  now  w  idely  used  to  process  and
 image  zooplankton  net  samples,  al  low  ing  for  faster  processing
 compared  to  tradit  ional  microscopic  analysi  s  (  Detmer  et  al.,
2019;  Cor  ni  l  s  et  al.,  2022).  Thi  s  technolog  y  enables  researchers
 to  semiautonomously  ex  tract  a  w  ide  range  of  infor  mat  ion  f  rom
 imaged  plankton,  including  mor  pholog  ical  size,  ta  xonomic  iden-
 t  it  y  and  abundance.  To  f  ul  ly  capitalize  on  the  potent  ial  of  image-

 der  ived  data  ,  however,  it  i  s  cr  uc  ial  to  evaluate  how  thi  s  approach
 compares  w  ith  convent  ional  microscopic  analyses.  Here  we  use
 stereomicroscopy  and  the  Flow  Cam  Macro  to  compare  copepod
 communit  y  composit  ion,  w  hich  dominates  mesozooplankton
 composit  ion  (>70%)  at  al  l  depths  in  the  mesopelag  ic  (  Steinberg
et  al.,  2008;  Stefanoudi  s  et  al.,  2019;  Cook  et  al.,  2023).
 

M  E  T  H  O  D  S  
Z  ooplankton  samples  were  col  lected  aboard  the  R  R  S  Discover  y
 dur  ing  research  cr  ui  se  DY086  to  the  Scot  ia  Sea  in  the  Souther  n
 

Ocean  (12/11/2017–19/12/2017,  52.40  S,  40.06  W  ).  A  MO  C  -
 NESS  (Mult  iple  O  pening  and  Closing  Net  and  Env  ironmental
 Sampling  System,  1  m  2  rectang  ular  opening  ,  330  μ m  mesh
 nets)  was  used  to  sample  the  mesozooplankton  communit  y
 at  8-depth-di  screte  inter  val  s  of  62.5  m,  f  rom  500  to  0  m  and
 preser  ved  in  4%  bora  x-bu  ffered  for  maldehyde  (  protocol  in
 Cook  et  al.,  2023).  Mesozooplankton  copepod  communit  y
 composit  ion  was  invest  igated  for  the  32  net  samples  using  both
 stereomicroscopy  and  a  Flow  Cam  Macro.  Stereomicroscopic
 ident  i  ficat  ion  and  enumerat  ion  took  place  at  the  Nat  ional  Mar  ine
 Fi  sher  ies  Inst  itute  (NMFR  I)  Plankton  Sor  t  ing  and  Ident  i  ficat  ion
 Centre,  Poland  ,  fol  low  ing  the  standard  protocol  and  a  target
 enumerat  ion  >500  indiv  idual  s  per  aliquot  (  Postel  et  al.,  2000).
 A  target  of  2000  par  t  icles  per  aliquot  was  imaged  w  ith  the
 Flow  Cam  Macro,  fol  low  ing  the  standard  protocol  (  Cook  et  al.,
2023).  Due  to  high  zooplankton  biomass  in  the  samples,  both
 analysi  s  method  s  involved  subsampling  aliquots  (  Table  S1)
 for  ta  xonomic  analysi  s  and  enumerat  ion,  w  ith  abundances  in
 the  subsample  being  mult  iplied  by  the  split  f  ract  ion  sampled
 to  get  the  total  abundances  in  the  sample.  A  liquot  var  iabi  lit  y
 may  introduce  di  fferences  in  communit  y  composit  ion,  such
 as  v  ia  the  “nugget  effect”  ( Hatté  et  al.,  2026),  w  here  smal  ler
 aliquots  potent  ial  ly  result  in  a  less  accurate  representat  ion  of
 ta  xonomic  diversit  y  and  rarer  spec  ies  in  a  subsample  compared
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Fig.  1.  Ver  tical  di  str  i  bution  of  copepod  ta  xonomic  relative  communit  y  compositions  dur  ing  v  i  sits  P3B  (top)  and  P3C  (  bottom)  in  the  Scotia
 Sea  analysed  using  microscopy  (  left)  or  the  Flow  Cam  Macro  (r  ight).  Moon/Sun  sy  mbol  s  represent  night/day  samples.  E  x  ample  images  for
 each  classi  fication  can  be  found  in  Table  S2.  

to  larger  aliquots.  However,  no  relat  ionship  was  found  bet  ween
 the  aliquot  split  f  ract  ion  and  the  number  of  ta  x  a  ident  i  fied
 (F  =  1.58

 1,62  ,  P  =  0.214,  R  2  =  0.009).  Flow  Cam  Macro  images
 were  processed  using  Vi  sual  Spread  sheet  soft  ware  (version
 4.3.55).  Copepod  s  were  classi  fied  into  nine  broad  ta  xonomic
 groups  ( Table  S2).  The  copepod  images  obtained  f  rom  the
 Flow  Cam  Macro  were  mainly  classi  fied  to  order/fami  ly  level
 (except  for  Calanoides  acutus  and  R  hincalanus  g  igas,  w  hich  were
 ident  i  fied  to  spec  ies  level),  w  hereas  the  microscopic  analysi  s
 ident  i  fied  to  the  genus  and  spec  ies  level  s  (  Table  S2).  To  compare
 relat  ive  communit  y  composit  ions  in  a  simi  lar  manner  bet  ween
 the  t  wo  method  s,  we  reclassi  fied  the  microscopic  analysi  s  to
 the  same  ta  xonomical  level  as  the  Flow  Cam  Macro  (detai  led
 classi  ficat  ion  protocol  in  Table  S2).
 

To  assess  di  fferences  in  the  copepod  communit  y  composit  ion
 bet  ween  the  t  wo  method  s,  per  mutat  ional  mult  ivar  iate  analysi  s  of
 var  iance  (PER  M  A  NOVA)  and  simi  lar  ity  percentage  (SI  MPER)
 analyses,  both  based  on  Bray  –Cur  t  is  di  ssimi  lar  it  ies,  were
 conducted  using  the  vegan  pack  age  version  2.6.4  (  Ok  sanen
et  al.,  2022)  in  R  version  4.2.3  ( R  Core  Team,  2023).  PER-

 M  A  NOVA  tested  the  nul  l  hy  pothesi  s  that  the  communit  y
 composit  ions  bet  ween  the  t  wo  method  s  do  not  di  ffer,  w  ith
 a  P-value  <  0.05  reject  ing  the  nul  l  hy  pothesi  s.  Communit  y
 composit  ion  data  were  ex  pressed  as  a  propor  t  ion  of  total
 abundance  (i  .e.  relat  ive  communit  y  composit  ion).  To  account
 for  the  fact  that  each  sample  was  analysed  using  both  method  s,
 per  mutat  ions  were  strat  i  fied  (constrained)  by  sample  I  D.  The
 signi  ficance  of  the  test  was  evaluated  using  999  per  mutat  ions.
 Cumulat  ive  contr  i  but  ions  were  used  to  highlight  the  domi-
 nant  ta  x  a  dr  iv  ing  composit  ional  di  fferences.  Two  -dimensional
 

nonmetr  ic  mult  idimensional  scaling  (NMDS)  ordinat  ion  plots
 were  generated  to  v  i  sualize  the  simi  lar  it  ies  and  di  fferences  in
 communit  y  composit  ion  bet  ween  the  t  wo  method  s.
 

R  E  S  U  L  T  S  A  N  D  D  I  S  C  U  S  S  I  O  N  
The  ver  t  ical  di  str  i  but  ion  of  copepod  ta  xonomic  relat  ive  commu-
 nit  y  composit  ions  i  s  i  l  lustrated  in  Fig.  1.  The  Flow  Cam  Macro
 classi  ficat  ion  clusters  fel  l  predominantly  w  ithin  the  microscopy
 classi  ficat  ion  cluster  ( Fig.  2),  for  ming  par  t  ial  ly  overlapping
 groups,  w  ith  the  microscopy  95%  confidence  el  lipse  hav  ing  a
 greater  range.
 

Both  the  analysi  s  method  and  depth  were  obser  ved  to
 signi  ficantly  influence  the  copepod  communit  y  composit  ion
 (F  =  20.2

 1,63  ,  P  =  0.001,  R  2  =  0.07  and  F  =  28.3
 7,63  ,  P  =  0.001,

 R  2  =  0.72,  respect  ively).  The  interact  ions  bet  ween  the  t  wo  had
 no  signi  ficant  effect  (F  =  1.22

 7,63  ,  P  =  0.173,  R  2  =  0.03).  Depth
 accounted  for  a  greater  propor  t  ion  of  the  ex  plained  var  iance  in
 copepod  composit  ion  (72%)  than  method  (7.4%),  suggest  ing
 that  w  hi  le  stat  ist  ical  ly  signi  ficant  ,  method-related  composit  ional
 di  fferences  were  minor  relat  ive  to  depth-dr  iven  var  iat  ions.
 Moreover,  although  PER  M  A  NOVA  detected  a  signi  ficant  effect
 of  analysi  s  method  ,  the  absolute  magnitude  of  composit  ion
 di  fference  was  smal  l  ,  w  ith  mean  Bray  –Cur  t  is  di  ssimi  lar  it  ies
 bet  ween  method  s  (0.357)  only  marg  inal  ly  greater  than  w  ithin-

 method  di  ssimi  lar  it  ies  (0.322), suggest  ing  both  method  s
 captured  highly  simi  lar  communit  y  composit  ions.  In  contrast  ,
 depth  showed  greater  bet  ween-  group  di  ssimi  lar  ity  (0.357)
 relat  ive  to  w  ithin-  group  di  ssimi  lar  ity  (0.204), indicat  ing  depth
 was  the  pr  imar  y  dr  iver  of  communit  y  str  ucture.  O  veral  l  ,  the  t  wo
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Fig.  2.  NMDS  ordination  of  copepod  relative  communit  y
 compositions  based  on  Bray  –Cur  tis  di  ssimi  lar  ities.  Each  point
 represents  a  Flow  Cam  or  microscopy  classi  fied  sample.  El  lipses
 represent  95%  confidence  inter  val  s  around  group  centroid  s
 (centroid  s  marked  by  “  X”).  Ta  x  a  label  s  indicate  the  position  of
 indiv  idual  ta  x  a  grouping  in  the  ordination  space.
 Calanoides  =  Calanoides  acutus,  R  hincalanus  =  R  hincalanus  g  igas. 

method  s  overlapped  in  communit  y  composit  ion  str  ucture,  w  ith
 the  t  wo  -dimensional  NMDS  solut  ion  hav  ing  a  stress  value  of
 0.11,  below  the  cut-off  of  0.20,  indicat  ing  good  fit  and  represen-
 tat  ion  of  communit  y  di  ssimi  lar  it  ies/simi  lar  it  ies  (  Fig.  2).
 

SI  MPER  analysi  s  found  that  the  main  di  fference  bet  ween
 the  t  wo  method  s  arose  f  rom  the  Flow  Cam  Macro  hav  ing  a
 greater  contr  i  but  ion  of  smal  l  Calanoida  and  microscopy  hav  ing
 a  greater  contr  i  but  ion  of  the  car  nivorous  copepod  R  .  g  igas
 and  large  Calanoida  (P  <  0.01;  Supplementar  y  Table  S3).  We
 suggest  these  di  fferences  resulted  f  rom  juveni  le  stages  of  spec  ies
 categor  ized  as  “L  arge  Calanoida”  by  microscopy  being  classi  fied
 in  the  “Smal  l  Calanoida”  categor  y  of  the  Flow  Cam  Macro  f  rom
 image-based  size  data  .  For  ex  ample,  al  l  the  stages  (excluding  nau-
 plii)  of  Calanus  propinquus  were  classi  fied  as  “L  arge  Calanoida”
 in  the  microscopy  work  ;  however,  in  the  Flow  Cam  Macro
 classi  ficat  ion,  unident  i  fiable  calanoid  copepod  s  were  classi  fied
 as  either  smal  l  (<3000  μ m)  or  large  (>3000  μ m)  Calanoida;
 therefore,  juveni  le  stages  of  large  Calanoida  could  be  classi  fied  as
 smal  l  Calanoida  depending  on  their  size.  SI  MPER  analysi  s  al  so
 found  that  C  .  acutus,  Metr  idinidae  and  “Smal  l  Calanoida”  were
 the  pr  imar  y  contr  i  butors  to  di  ssimi  lar  ity  bet  ween  the  sur  face
 (0–62.5  m)  and  deeper  depths,  account  ing  for  79%  of  cumulat  ive
 di  ssimi  lar  ity.
 

Imag  ing  technolog  ies  are  increasingly  being  used  due  to
 their  abi  lit  y  to  couple  size-based  assessments  w  ith  ta  xonomic
 know  ledge  of  zooplankton  communit  ies.  These  data  can  be
 used  to  der  ive  impor  tant  ecolog  ical  metr  ic  s,  such  as  size  spectra
 f  rom  w  hich  the  slopes  can  be  used  as  a  prox  y  of  trophic  transfer
 effic  ienc  y  through  trophic  level  s  (  Tarling  et  al.,  2012).  In  ter  ms  of
 

t  ime  effic  ienc  y,  microscopy  ta  xonomic  and  size-based  measure-
 ment  sample  processing  may  take  an  ex  per  ienced  pract  it  ioner
 8–16  hours,  w  hereas  processing  v  ia  the  Flow  Cam  Macro  takes
 an  ex  per  ienced  user  1–2  hours,  mak  ing  the  Flow  Cam  Macro
 8–16  t  imes  faster.  A  lthough  the  Flow  Cam  Macro  has  an  init  ial
 operat  ional/investment  cost  ,  it  makes  up  for  it  in  t  ime  and
 labour  costs.  However,  we  suggest  that  the  choice  of  imag  ing
 technolog  ies  i  s  dependent  on  the  research  quest  ion  at  hand  .
 W  hen  interested  in  broad-  scale  communit  y  composit  ion  and
 size  str  ucture,  our  results  indicate  that  the  Flow  Cam  Macro  may
 prov  ide  an  effect  ive  alter  nat  ive  to  t  ime-  and  labour-intensive
 microscopy.  In  contrast  ,  g  iven  the  coarser  ta  xonomic  resolut  ion
 of  the  Flow  Cam  Macro  compared  to  microscopy,  i  f  studies
 require  genus  -  or  spec  ies  -level  ident  i  ficat  ion  or  stage-  or  sex-

 spec  i  fic  infor  mat  ion  then  Flow  Cam  Macro  imag  ing  may  be  less
 appropr  iate.
 

C  O  N  C  L  U  S  I  O  N  
Thi  s  study  prov  ides  a  t  imely  evaluat  ion  and  quant  itat  ive  ev  i-
 dence  of  the  ut  i  lit  y  of  the  Flow  Cam  Macro  for  broad-level  ta  x-
 onomic  composit  ional  analysi  s.  A  lthough  imag  ing  technolog  ies
 can  prov  ide  fast  and  reliable  ta  xonomic  and  mor  phometr  ic  data  ,
 the  lower  ta  xonomic  resolut  ion  of  such  dev  ices  does  highlight
 the  impor  tance  of  retaining  trained  ta  xonomi  sts.
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