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ABSTRACT: C o p e p o d s  an d  b a c te r ia  a re  fu n d a m e n ta l c o m p o n en ts  of th e  p e la g ic  food w e b  an d  
p la y  a m a jo r ro le  in  b io g e o ch e m ic a l cycles. M arin e  b a c te r ia  h a v e  a fre e -liv in g  or p a rtic le -  
a t ta c h e d  lifesty le , b u t as m e m b e rs  of th e  m ic ro b ia l food w eb , th e  on ly  b io tic  in te ra c tio n  of b a c ­
te r ia  is com m only  a ssu m e d  to b e  w ith  th e ir  p re d a to rs  (pro tists a n d /o r  v iru ses). H ow ever, a 
co p e p o d 's  b o d y  is h ig h ly  e n r ic h e d  in  o rg an ic  m a tte r  a n d  h a rb o rs  a la rg e  a n d  co m p lex  b a c te r ia l 
com m unity . T h e  aim  of th is s tu d y  w as  to co m p are  th e  com position  of th e  fre e -liv in g  b a c te r ia l 
co m m u n ity  of th e  o p en  A tlan tic  to  th a t  a s so c ia te d  w ith  co p ep o d s. W e u se d  454 h ig h - 
th ro u g h p u t se q u e n c in g  of th e  16S rR N A  g e n e  to d e c ip h e r  th e  b a c te r ia l co m m u n ity  com position  
a sso c ia te d  w ith  th is  Z oop lank ton  g ro u p  a n d  th e  a m b ie n t w a te r. S ig n ifican t d iffe ren ce s  w ere  
fo u n d  b e tw e e n  th e  b a c te ria l co m m u n ities  a sso c ia te d  w ith  th e  d o m in a n t c o p e p o d  fam ilies 
(C alano ida : C e n tro p a g id a e  a n d  C lau so c a la n id a e ; C yclopo ida : C o ry ca e id ae , O n c a e id a e , an d  
L ub b o ck iid ae) a n d  th e  a m b ie n t w ate r. B acilli a n d  A c tin o b a c te r ia  d o m in a te d  th e  co p ep o d - 
a s so c ia te d  co m m u n ity  an d  A lp h a p ro te o b a c ter ia , D eltapro teobacteria , a n d  S y n e c h o c o c c u s  d o m ­
in a te d  th e  fre e -liv in g  com m unity . H ow ever, th e  p re se n c e  of s h a re d  b a c te ria l o p e ra tio n a l ta x o ­
n om ic u n its  (OTUs) b e tw e e n  th e se  2 d is tin c t h a b ita ts  su g g e s ts  a d y n am ic  e x c h a n g e  of b a c te ria  
b e tw e e n  se a w a te r  a n d  cop ep o d s. T a k e n  to g e th e r , ou r re su lts  su p p o rt th e  h y p o th e s is  th a t  th e  
in te rio r  a n d  ex te rio r su rfa ce s  of co p e p o d s  p ro v id e  a  specific  n ic h e  w ith  a s tro n g  se lec tiv e  p r e s ­
su re  for b ac te ria .

KEY W ORDS: M icro b es • Z o o p la n k to n  • O p e n  o ce an  • 454 p y ro se q u e n c in g
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INTRODUCTION

P ro k a ry o te s  c o n s titu te  th e  la rg e s t frac tio n  of liv ­
in g  b io m ass in  m a rin e  eco sy stem s a n d  a re  th e  
m a in  fo rce  d riv in g  b io g e o ch e m ic a l cycles (Azam  e t 
al. 1983). In th e  o cean ic  w a te r  co lum n, th e  m ajo rity  
of th e  p ro k a ry o te s  a re  fre e -liv in g , w ith  com m only  
less th a n  5 %  of to ta l p ro k a ry o tic  cells a s so c ia te d  
w ith  a g g re g a te s  (Bell & A lb rig h t 1982, U n a n u e  e t 
al. 1992). H ow ever, se v e ra l s tu d ie s  h a v e  re p o r te d

b a c te r ia l  a b u n d a n c e s  a s so c ia te d  w ith  v a rio u s  
m ic ro h a b ita ts  su c h  as p a rtic le s , a g g re g a te s , feca l 
p e lle ts , a n d  Z oop lank ton  e x c e e d in g  th o se  of fre e - 
liv in g  b a c te r ia  (S im on e t al. 2002, T an g  e t al. 
2010). A lso, a t ta c h e d  b a c te r ia  com m only  ex h ib it 
h ig h  g ro w th  ra te s  a n d  en z y m a tic  ac tiv itie s  (K arner 
& H ern d l 1992, G ro s sa r t e t al. 2006). T h e  m ic ro ­
h a b ita ts  of th e se  a t ta c h e d  b a c te r ia  a re  f re q u e n tly  
c h a ra c te r iz e d  b y  co n c e n tra tio n s  of o rg a n ic  m a tte r  
a n d  in o rg a n ic  n u tr ie n ts  th a t  a re  o rd e rs  of m a g n i-
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tu d e  h ig h e r  th a n  in  th e  su rro u n d in g  w a te r  (Boch- 
d a n sk y  & H e rn d l 1992, A lld re d g e  2000, G ro s sa r t & 
T an g  2010, T an g  e t al. 2010). T h ese  d is tin c tly  d if­
fe re n t m ic ro h a b ita ts  m a y  favo r b io g e o ch e m ic a l 
re a c tio n s  th a t  o th e rw ise  w o u ld  n o t occu r in  th e  
o ce an ic  w a te r  co lu m n  (G ro ssa rt & T an g  2010). T he 
anox ic  a n d  h y p o x ic  co n d itio n s fo u n d  in  som e 
p e la g ic  a g g re g a te s , an im a l gu ts, a n d  feca l p e lle ts  
favo r a n a e ro b ic  re a c tio n s  n o t o cc u rrin g  in  th e  su r ­
ro u n d in g  o x y g e n a te d  w a te r  (A lld red g e  & C o h e n  
1987, D ea n g e lis  & Lee 1994, G ro s sa r t & T an g  
2010, T an g  e t al. 2011). F u rth e rm o re , se v e ra l s tu d ­
ies h a v e  sh o w n  th a t  th e  in te ra c tio n s  b e tw e e n  
p ro k a ry o te s  a n d  p re d a to rs  su ch  as p ro tis ts  a n d  
v iru se s  a re  su b s ta n tia lly  d if fe re n t in  th e se  m ic ro ­
h a b ita ts  as c o m p a re d  to th e  a m b ie n t se a w a te r  
(C aron  1987, R iem an n  & G ro ssa r t 2008, G ro s sa r t & 
T an g  2010).

M arin e  co p ep o d s p ro v id e  a com plex  m ic ro h ab ita t 
in  m a rin e  ecosystem s, w ith  th e ir  com plex  b o d y  s tru c ­
tu re  a n d  ex ten s iv e  su rface  p o te n tia lly  av a ilab le  for 
m ic rob ia l co lon iza tion  (Tang e t al. 2010). F u r th e r ­
m ore, co p ep o d s co n trib u te  to th e  m ic rob ial food w eb  
th ro u g h  th e  re le a se  of b io log ica lly  av a ilab le  d is ­
so lved  o rg an ic  m a tte r  a n d  n u tr ie n ts  d u rin g  th e  d ig e s ­
tive p ro cesses  (Azam  e t al. 1983, M öller e t al. 2003, 
T an g  2005, M oller 2007, T an g  e t al. 2010). In co n trast 
to d e trita l p artic le s , co p ep o d s can  co llect o rg an ic  
com p o u n d s a n d  cells th ro u g h  th e  in g e s tio n  of food, 
th e re b y  allow ing  a co n tin u o u s p ro d u c tio n  a n d  r e ­
le a se  of p ro k a ry o te s  th ro u g h  th e ir  fecal p e lle ts  (Tang 
2005). M oreover, m a n y  Z oop lank ton  species  perfo rm  
v ertica l m ig ra tio n  (Kobari & Ik ed a  2001). This m ig ra ­
tion  in  s tra tif ied  w a te rs  favors th e  d isp e rsa l an d  
acq u isitio n  of m ic robes from  d iffe ren t w a te r  layers 
an d  allow s th e m  to cross ph y sica l b a rrie rs , such  as 
pycn o c lin es  (G rossa rt e t al. 2010). S ev era l a b u n d a n t 
o p e n -o c e a n  co p ep o d s ex h ib it d ie l v e rtica l m ig ra tio n  
p o te n tia lly  favo ring  d isp e rsa l of co p e p o d -asso c ia ted  
b a c te ria  over th e  eu p h o tic  to m id -m e so p e lag ic  layers 
(S te in b e rg  e t al. 2000, G ro ssa rt e t al. 2010, T an g  e t al. 
2010 ) .

T he aim  of th is s tu d y  w as to co m p are  th e  p h y lo g e ­
n e tic  com position  of th e  b a c te ria l com m un ity  asso c i­
a te d  w ith  co p ep o d s co llec ted  in  th e  N o rth  A tlan tic  
O ce an  to th a t of th e  am b ie n t w a te r  u s in g  454 py ro se- 
q u en c in g . Specifically , w e h y p o th e s iz ed  th a t  a v a r i­
a b le  tra n s ie n t b ac te ria l com m un ity  is p re se n t in  th e  
c o p ep o d s in  ad d itio n  to a s ta b le  re s id e n t com m unity . 
T h e  tra n s ie n t com m un ity  re flec ts  th e  com position  of 
th e  am b ie n t w ater, w h ile  th e  re s id e n t com m un ity  is 
specifically  a d a p te d  to th e  m ic ro en v iro n m e n ta l c o n ­
d itions in  th e  copepods.

MATERIALS AND METHODS 

Sampling of ambient water

W ate r sam p les  w e re  co llec ted  d u rin g  th e  M ED EA- 
I c ru ise  (O ctober 2011) on b o a rd  RV 'P e lag ia ' a t 4 s ta ­
tions a lo n g  a la titu d in a l tra n se c t in  th e  N o rth  A tlan tic  
from  24° 40' N, 3 4 °5 6 'W  to 3 0 °2 7 'N , 2 4 °3 2 'W  (See 
Fig. S I in  th e  S u p p le m e n t a t w w w .in t-re s .co m / 
a rtic le s /su p p l/a 0 7 2 p 2 15_supp.pdf).

S e a w a te r  sam p les  w ere  co llec ted  w ith  a S eab ird  
c o n d u c tiv ity -te m p e ra tu re -d e p th  (CTD) ro se tte  sa m ­
p le r e q u ip p e d  w ith  18 N isk in  b o ttle s  (25 1 each). To 
d e te rm in e  th e  b a c te ria l com m un ity  com position  of 
th e  am b ie n t seaw ate r, 10 1 of w a te r  w e re  sam p led  
from  th e  lo w er eu p h o tic  zo n e  (abou t 100 m  dep th ) 
an d  from  -7 5 0  m d ep th .

T he se a w a te r  w as filte re d  th ro u g h  a 0.2 pm  GTTP 
m e m b ra n e  filte r (M illipore) a n d  su b seq u en tly , th e  fil­
te rs  w e re  s to red  a t -8 0 °C  un til fu rth e r  p ro ce ss in g  in  
th e  labora to ry . A lth o u g h  th e se  sam p les  in c lu d e  som e 
p a r tic le -a tta c h e d  b ac te ria , th e  free-liv in g  com m unity  
is d o m in a n t (B ochdansky  e t al. 2010). T hus, w e re fe r 
to th e  am b ie n t se a w a te r  b a c te ria l com m unity  as th e  
free-liv in g  com m unity .

Sampling of Zooplankton

Z o o p lan k to n  w e re  co llec ted  a t th e  sam e sta tions as 
th e  am b ie n t w a te r  u s in g  v ertica l p la n k to n  tow s 
(200 pm  m e sh  size, h o is ted  a t 30 m m in -1) from  750 m 
to th e  su rface . W ate r sam p les  w e re  co llec ted  a t th e  2 
d e p th  layers  (-100 , -7 5 0  m) w ith in  w h ich  th e  c o p e ­
po d s m ig ra te  d u rin g  th e  d ie l cycles (S te in b e rg  e t al. 
2000, T an g  e t al. 2010), to co m p are  th e  com position  
of th e  free-liv in g  b a c te ria l com m unity  w ith  th e  zoo- 
p la n k to n -a sso c ia te d  b a c te ria l com m un ity  o b ta in ed  
from  th e  in te g ra te d  n e t tow s.

T he c o n ten t of th e  cod e n d  of th e  p la n k to n  n e t  w as 
tra n s fe rre d  in to  a  p la n k to n  sp litte r  an d  th e n  c o n c e n ­
tra te d  over a 70 pm  m e sh  N itex  sc reen . T he Zoo­
p la n k to n  sam p les  w e re  th e n  tra n s fe rre d  in to  2 m l 
E p p en d o rf  tu b e s  a n d  s to red  a t -8 0 °C  u n til sorting . In 
th e  labo ra to ry , th e  Z oop lank ton  w e re  th a w e d  to room  
te m p e ra tu re , tra n s fe rre d  to a Petri d ish  filled  w ith  
0.2 pm  filte red  s e a w a te r  for so rting  of th e  d o m in a n t 
c o p e p o d  ta x a  (C alanoida: C e n tro p a g id a e  a n d  C la u ­
so ca lan id ae ; C yclopoida: C o ry cae id ae , O n ca e id a e , 
a n d  L ubbock iidae). To ev a lu a te  th e  g u t-a sso c ia ted  
b a c te ria  of d iffe ren t copepods, 10 in d iv id u als  of ea ch  
ta x o n  w e re  co llec ted  a n d  w a sh e d  3 tim es w ith  M illi- 
Q  w a te r  to rem o v e  b a c te ria l cells asso c ia te d  w ith  th e
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e x te rn a l su rface  of th e  copepods. S u b seq u en tly , the  
c o p ep o d s w e re  tra n s fe rre d  in to  s te rile  E p p en d o rf  
tu b e s  for n u c le ic  ac id  ex traction .

DNA extraction

T he D N A  of th e  a m b ie n t-w a te r  sam p les  w as 
e x tra c te d  u s in g  an  U ltrac lean  Soil D N A  iso la tion  Kit 
(MoBIO L aborato ries). T h e  D N A  from  th e  co p ep o d  
sam p les  w as e x tra c te d  u s in g  a p h en o l-ch lo ro fo rm  
ex trac tio n  p ro toco l (W einbauer e t al. 2002), p re c e d e d  
b y  a b e a d -b e a t in g  s tep  to fac ilita te  lysis of th e  c o p e ­
pods. To c h e ck  th e  q u a lity  of th e  D N A  follow ing 
ex traction , a N anoD rop  N D -1000 sp e c tro p h o to m e te r  
(N anoD rop T echnologies) w as used .

Pyrosequencing of the 16S rDNA 
bacterial community

T he 16S rRN A  g e n e s  (16S rDNA) of th e  Z ooplankton 
a n d  a m b ien t-w a te r  sam p les w ere  PCR am plified  w ith  
th e  b ac te ria l p rim ers 341f (5 '-C C T A C G G G A  G G C  
AG C A G -3') a n d  907r (5 '-C C G  TC A  ATT C M T TTG 
A G T TT-3') (M uyzer e t al. 1998, G ro ssart e t al. 2009). 
T he PCR am plification  of th e  16S rRN A  g e n e  of the  
sam p les  w as ca rried  out in  a  50 p i reac tio n  vo lum e u s ­
in g  F erm en tas  T ag  po ly m erase  (Therm o Scientific) in 
a M astercy c le r (Eppendorf) w ith  th e  fo llow ing p a ra m ­
eters: in itia l d én a tu ra tio n  a t 94°C for 3 m in, follow ed 
b y  30 cycles of d é n a tu ra tio n  a t 94°C for 1 m in, a n ­
n e a lin g  a t 55°C for 1 m in, an d  ex tension  a t 72°C for 
1 m in, w ith  a  final ex ten sio n  a t 72°C for 7 m in. T he 
PCR p ro d u c ts  w ere  ad d itiona lly  pu rified  w ith  a PCR 
pu rifica tion  k it (5-Prim e). T he quality  of th e  PCR 
p ro d u c t w as ch e ck e d  on 2%  ag a ro se  gel. T he 16S 
rD N A  am plicons w ere  su b se q u en tly  se q u e n c e d  in  a 
Roche 454 GS Ju n io r  n ex t g e n e ra tio n  se q u en c in g  
p la tfo rm  b a se d  on th e  T itan ium  ch em is try  b y  IM G M  
L aborato ries G m bH  (M artinsried , G erm any). All sa m ­
p les w ere  b a rc o d e d  u sin g  m u ltip lex  iden tifie rs an d  
se q u e n c e d  to g e th e r  in  1 run . T he re su ltin g  se q u en c es  
w ere  d iv ided  into 4 g roups: 2 o rd ers  of copepods 
(C alano ida a n d  C yclopoida) a n d  2 w a te r  layers (Deep, 
co rresp o n d in g  to -7 5 0  m; a n d  Surface, co rresp o n d in g  
to 100 m; see  T able S I in  th e  S upp lem ent).

Bioinformatic analysis and phylogenetic classification

T he b io in fo rm atic  ana ly sis  of th e  16S rD N A  s e ­
q u e n c e s  la rg e ly  fo llow ed th e  s ta n d a rd  o p e ra tin g  p ro ­

c e d u re  p ip e lin e  of M o th u r so ftw are , v ers io n  1.31 
(Schloss 2009). T he 16S rD N A  p y ro tag s  w e re  so rted  
a c co rd in g  to th e ir  re sp e c tiv e  b a rc o d e  in to  th e  d iffe r­
e n t sam p les. T he ra w  se q u e n c e  re a d s  w e re  filte red , 
trim m ed , a n d  q u a lity  ch e ck e d , an d  se q u e n c e s  
sm alle r th a n  200 b p  w e re  d isc a rd ed . S u b seq u en tly , 
th e  se q u e n c e s  w e re  a lig n e d  w ith  th e  SILVA d a ta ­
b ase , an d  th e  p a irw ise  d is tan ce  m atrix  w as ca lc u ­
la ted . T he 16S rD N A  se q u e n c e s  w ith  a 97%  s e ­
q u e n c e  sim ilarity  w ere  c lu s te re d  in to  o p e ra tio n a l 
taxonom ic  u n its  (OTUs). T axonom ic a s s ig n m e n t w as 
p e rfo rm e d  u s in g  QIIM E (C aporaso  e t al. 2010), a n d  
all u n c lassified  b a c te r ia  a t th e  ph y lu m  leve l w e re  d is ­
ca rd ed . A dditionally , M E G A N  (H uson e t al. 2007) 
w as u se d  to b u ild  th e  h ie ra rc h ic a l p h y lo g e n e tic  tre e  
of th e  b ac te ria l com m u n ity  as an  a l te rn a tiv e  to 
QIIM E for taxonom ic  iden tifica tion . T he M EG A N  
an a ly sis  w as b a s e d  on  BLAST resu lts  (A ltschul et 
al. 1997) a g a in s t SILVA an d  G re e n g e n e s  d a ta b a se s  
(data  n o t show n) fo llow ing  th e  NCBI tax o n o m y  (Say­
ers e t al. 2012). R arefaction  cu rves, C h a o i,  ACE r ic h ­
ness, a n d  th e  S h an n o n  in d e x  of d ive rsity  w e re  ca lc u ­
la te d  w ith  M o th u r (Schloss 2009).

P airw ise  U niF rac  d is tan c e  a n d  p rin c ip a l co o rd in a te  
an a ly sis  (PCoA) (Lozupone & K n igh t 2005) w e re  u se d  
to co m p are  th e  b ac te ria l com m un ity  com position  in 
th e  d iffe ren t sam p les  (im p lem en ted  in  QIIM E). T he 
e s ta b lish e d  p h y lo g e n e tic  tre e  w as b u ilt w ith  M othu r 
(Schloss 2009), a n d  th e  U nifrac d is tan ce  m a trix  w as 
ca lc u la ted  w ith  F astU nifrac  (Lozupone & K night 
2005). T he U nifrac d is tan ce  m a trix  w as ca lc u la ted  
u n w e ig h te d  u sin g  on ly  p re s e n c e -a b s e n c e  in fo rm a­
tion  of b ac te ria l OTUs, or w e ig h te d  a n d  th u s  ta k in g  
th e  re la tiv e  p ro p o rtio n  of e a c h  b ac te ria l O TU  to th e  
to ta l b ac te ria l com m un ity  in to  accoun t. A  f-test (im ­
p le m e n te d  in  S igm a Plot v . l l )  w as u se d  to te s t for th e  
s ta tis tica l d iffe ren ce  b e tw e e n  sam ples.

RESULTS 

Analysis of the pyrosequencing library

T he 454 p y ro se q u e n c in g  ana lysis  w as p e rfo rm ed  to 
in v e s tig a te  th e  d iffe ren ces b e tw e e n  th e  b ac te ria l 
com m u n ity  com position  asso c ia te d  w ith  2 o rd ers  of 
co p ep o d s (C yclopoida a n d  C a lan o id a) a n d  th e  b ac te -  
r io p la n k to n  com m unity  co llec ted  from  th e  2 b o u n d ­
a ry  d e p th  lay ers  (-750  a n d  100 m  dep ths) a t th e  sam e 
location  as th e  co p ep o d s w ere  co llec ted . In to tal, w e 
o b ta in e d  65 855 re a d s  for th e  en tire  se t of sam p les  
w ith  a n  a v e ra g e  le n g th  of 450 bp . T he tr im m in g  of 
lo w -q u a lity  re a d s  re su lte d  in  25 101 se q u e n c e s  w ith
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a n  a v e ra g e  le n g th  of 307 b p  u se d  for 
fu rth e r  an a ly ses  (Table S I in  th e  S u p ­
p lem en t). F rom  th e  to ta l n u m b e r  of 
tr im m ed  se q u en c es , 3970 a n d  12 978 
re a d s  w e re  c a te g o riz ed  as u n iq u e  at 
th e  97%  a n d  100%  sim ilarity  level, 
respectively .

OTU richness in ambient water 
and copepods

T he ra re fac tio n  ana ly sis  sh o w ed  
d iffe ren t tre n d s  for th e  2 se ts of sa m ­
p le s  (Fig. 1). W hile th e  ra re fac tio n  
cu rv es for th e  co p ep o d  sam p les  
a p p ro a c h e d  a p la tea u , th e  ra re fac tio n  
cu rv es of th e  am b ie n t w a te r  sam p les  
d id  n o t leve l off (Fig. 1). H ence , th e  
se q u e n c in g  effo rt w as su ffic ien t to 
sam p le  m ost m e m b ers  of th e  b ac te ria l 
com m un ity  asso c ia te d  w ith  th e  c o p e ­
pods, w h ile  it w as n o t su ffic ien t for 
th e  am b ie n t w a te r  sam p les. M o re ­
over, th e se  re su lts  in d ic a te  a lo w er d iversity  in  the  
co p e p o d -asso c ia ted  b ac te ria l com m unity  as co m ­
p a re d  to th e  a m b ie n t-w a te r  com m unity  (Table 1). 
T h e  C hao  rich n ess  in d e x  e s tim a ted , on av e rag e , 
231 ± 57 (av erag e  ± SD) O TUs (ran g in g  from  1 2 0 - 
306, N  = 9) for th e  c o p e p o d -asso c ia ted  b a c te ria l com ­
m u n itie s  a n d  1870 ± 693 OTUs (rang ing  from  7 9 1 -  
3026, N  = 7) for th e  am b ie n t w a te r  (Table 1). S im ilar 
re su lts  w e re  o b ta in e d  w ith  th e  A CE rich n ess  in d e x  
(Table 1). S h an n o n  a n d  S im pson  d ivers ity  ind ices

400

Table 1. Total number of operational taxonomic units (OTUs; cutoff 97 % simi­
larity), Chao and Ace species richness, and Shannon and Simpson diversity 
indices obtained from 16S rDNA sequence libraries from ambient-water and 

copepod-associated bacteria

Sample OTUs
observed

Chao Ace Shannon Simpson
(1-D)

Calanoida
St.l 196 258 276 4.18 0.97
St.l 151 231 215 3.88 0.95

Cyclopoida 
St. 2 162 276 275 4.18 0.97
St. 2 153 206 206 4.12 0.97
St. 3 132 181 170 4.14 0.97
St. 3 189 306 346 4.36 0.97
St.4 193 279 341 4.40 0.98
St.4 65 120 210 3.25 0.91
St.4 116 226 386 3.86 0.95

Water samples 
Stn 1_750 m 486 2268 3707 5.33 0.98
Stn 1_100 m 358 1740 3755 4.65 0.96
Stn 2_900 m 470 3026 7600 5.30 0.98
Stn 2_100 m 292 1507 3115 4.30 0.94
Stn 3_100 m 258 791 1303 4.15 0.94
Stn 4_750 m 493 2081 4830 5.28 0.98
Stn 4_100 m 346 1683 2716 4.50 0.95
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Fig. 1. Rarefaction curves obtained for the 16S rDNA se­
quences of calanoid and cyclopoid copepod-associated and 
ambient-water bacterial communities. Operational taxo­
nomic units (OTUs) were defined at 97 % sequence identity

w ere  co m p u ted  for ea ch  sam p le  u s in g  th e  97 % sim i­
la rity  th resh o ld . T h ese  in d ices  also in d ic a te d  a h ig h e r  
d iversity  in  th e  b a c te ria l com m unity  of th e  a m b ien t 
w a te r  as co m p ared  to th e  c o p e p o d -asso c ia ted  com ­
m u n ity  (Table 1). Two of th e  3 sam p les  of th e  C yclo- 
p o id a -a sso c ia te d  b a c te ria l com m u n ity  co llec ted  at 
S tn  4 e x h ib ite d  sign ifican tly  lo w er (i-test, p < 0.01) 
d iversity  th a n  th e  o th e r  co p ep o d  sam p les. T h ese  2 
sam p les  of C yc lopo ida h a d  th e  lo w est n u m b e r  of 
OTUs (i-test, p < 0.01) a n d  th e  lo w est S h an n o n  (i-test, 
p = 0.01) a n d  S im pson  in d ices  (i-test, p < 0.01) of th e  
en tire  d a ta se t (Table 1).

In th e  am b ie n t w ater, th e  b a c te ria l com m un ity  at 
100 m  d e p th  e x h ib ite d  a lo w er d iversity  (i-test, p = 
0.02), a lo w er n u m b e r  of O TUs (i-test, p = 0.02) a n d  
low er S h an n o n  (i-test, p < 0.01) an d  C hao  (i-test, p = 
0.03) in d ices  th a n  th a t of th e  750 m  layer, a lth o u g h  
th e  ACE in d e x  w as n o t sign ifican tly  d iffe ren t b e ­
tw e e n  th e se  d e p th  lay ers  (i-test, p = 0.86; T ab le  1).

T he m ost a b u n d a n t b ac te ria l O TU  of th e  a m b ien t 
w a te r  c o n trib u ted  on a v e ra g e  25 % to th e  to ta l n u m ­
b e r  of a m b ie n t-w a te r  OTUs, w h ile  th e  m ost a b u n ­
d a n t c o p e p o d -asso c ia ted  b ac te ria l O TU  co n trib u ted  
only  18%  to th e  to ta l c o p e p o d -asso c ia ted  b ac te ria l 
O TUs (see Fig. S2 in  th e  S u p p lem en t). S ing le tons 
(OTUs a p p e a r in g  on ly  once in  th e  en tire  p y ro se ­
q u e n c in g  library) ac co u n ted  for 27 % of th e  to ta l 
n u m b e r  of b ac te ria l O TU s of th e  a m b ie n t w ate r, b u t 
only  8%  of th e  co p ep o d -asso c ia ted  O TUs (Fig. S2).
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T h e b ac te ria l com m unities of th e  am b ie n t w a te r  
w e re  d o m in a te d  b y  a few  v ery  a b u n d a n t OTUs a n d  a 
la rg e  n u m b e r  of ra re  OTUs (Fig. S2). In con trast, 
m e m b ers  of th e  c o p e p o d -asso c ia ted  b ac te ria l com ­
m u n ity  w e re  m ore  ev en ly  d is trib u te d  th a n  th o se  of 
th e  am b ie n t w a te r  w ith  a co m p ara tiv e ly  low  n u m b e r  
of ra re  O TUs (Fig. S2).

Com position of the bacterial community in the

-Ö0)g
(t

CD&

ambient water and in copepods 03 03
tí <2a> ^
t í  r t í

T he p h y lo g e n e tic  ana ly sis  of th e  25 101 se q u e n c e s  sr-g,
lii ®p e rfo rm ed  in  QIIM E u sin g  th e  G re e n g e n e s  d a ta b a se  ^  ^

re v e a le d  a c lea r c lu s te rin g  in to  4 g ro u p s  of b ac te ria l 
com m un ities (am b ien t w a te r  a t 100 m  a n d  750 m an d  
ca lan o id  a n d  cyclopoid  copepods; T ab le  2). Firm i- § ^
c u te s  co n trib u ted  23 % a n d  27 %, A c tin o b a c te ria  22 % 3  B
a n d  19% , a n d  A lp h a p ro teo b a c ter ia  20%  a n d  11 % to -g £
th e  C a la n o id a -  a n d  C y c lo p o id a -asso c ia ted  b ac te ria , 3
respec tive ly . B eta p ro teo b a c teria  c o n trib u ted  1.5%  “ a
a n d  16%  to th e  C a la n o id a -  an d  C yclopo ida-assoc i- 3  °
a te d  b ac te ria , re sp e c tiv e ly  (Fig. 2a). This re la tiv e ly  |  “
h ig h  a b u n d a n c e  of th e  B eta p ro teo b a c teria  in  cyclo- 3  i
p o id  co p ep o d s w as m ain ly  ca u se d  by  2 sam p les  coi- g g
le c te d  a t S tn  4 w h e re  B etapro teobac teria  co n trib u ted  ^ ^
53%  to C y c lo p o id a -asso c ia ted  b a c te ria  (Fig. 2a). 3  3

G enera lly , th e  c o p e p o d -asso c ia ted  com m unity  w as 3  °

- a;

c h a ra c te r iz e d  by  a re la tiv e ly  h ig h  co n trib u tio n  of L &
ch lo rop lasts , p ro b a b ly  d e riv e d  from  in g e s te d  p h y to - .3 I
p la n k to n  (7 ± 8% ; Fig. 2a). J 5 ËO
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(Fig. 2a), specifically  th e  b a c te r ia  asso c ia te d  w ith  th e  g  o*
fam ilies O n c a e id a e  a n d  L u b b o ck iid ae  a t S tn  4,

u Xa lth o u g h  m e m b ers  of th e  O n c a e id a e  w ere  also a s
co llec ted  a t o th e r  sta tions. T h ese  2 sam p les  w ere  3  ^
com p o sed  m ain ly  of B etapro teobac teria  (genus B u rk -  2 75
ho lderia les, 51 %) a n d  F lavobacteria  (genus Flavo- 3  o
bacteria les, 16% ; Fig. 2a,b). ö <8

O
T he b a c te rio p la n k to n  com m u n ity  of th e  100 m  3

d e p th  la y er m a in ly  co n sis ted  of A lp h a p ro te o b a c ter ia  3

(30% ), C yanobacteria  (32% ; m a in ly  co m p o sed  of ^
Syn ech o co cca les , 31% ), an d  A ctin o b a c te r ia  (17% ). 3
T h e  b a c te r ia l co m m u n ity  of th e  750 m la y er w as gj
m a in ly  co m p o sed  of m e m b ers  of D elta p ro teo b a c-  ^
teria  (29% ), A lp h a p ro te o b a c te r ia  (20% ), C hloro flex i  £
(10% ), SAR406 (10% ), a n d  G a m m a p ro teo b a c teria  A
(6% ; Fig. 2a, T ab le  2). I<0H
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sequences obtained from copepod-associated and ambient-water bacterial communities
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To in v e s tig a te  an  a l te rn a tiv e  to th e  QIIM E classifier 
a n d  to d irec tly  v isu a lize  th e  d is trib u tio n  of in d iv id u a l 
b ac te ria l ta x a  am o n g  th e  2 co p ep o d  o rd ers  a n d  th e  2 
d e p th  layers, th e  sam p les  w ere  b la s te d  a g a in s t the  
SILVA a n d  G re e n g e n e s  d a ta b a se  (da ta  n o t show n). 
T h ese  resu lts  w e re  v isu a lized  b y  M E G A N  (H uson a t 
al. 2007) u s in g  th e  BLAST h it-sco re  to a ss ig n  th e  ta x ­
onom y. As in d ic a te d  in  Fig. 3, som e b a c te ria l ta x a  
asso c ia te d  w ith  th e  2 co p ep o d  o rd ers  w e re  n o t p re s ­
e n t in  th e  w a te r  co lum n, in c lu d in g  m e m b ers  of F irm i­
cu tes, F usobacteria les, a n d  m ost of th e  B e ta p ro teo ­
bacteria. A t th e  g en u s  level, b a c te r ia  asso c ia te d  w ith  
co p ep o d s b u t a b s e n t in  th e  am b ie n t w a te r  b e lo n g e d  
to th e  A c tin o m yce ta le s , B ifidobacteria les, B a ctero i­
dales, D ein icoccus, Bacillales, L actobacilla les, C los­
tridiales, F usobacterium , L epto trich ia , C au lobacter­
aceae, N e isseriaceae , a n d  P seu d o m o n a d a le s  (Fig. 3).

C onversely , a  few  ta x a  of th e  b a c te ria  w e re  specific 
to th e  am b ie n t w ate r. A m b ien t w a te r-sp ec ific  b a c te ­
ria  a t th e  g en u s  leve l b e lo n g e d  to th e  A c id im icro ­
biales, F lam m eov irgaceae , C ryom orphaceae, C y sto ­
b acterineae, A lte ro m o n a s, C oxiella, P seudosp irillum , 
Thiothrix, a n d  M a rip ro fu n d u s  (Fig. 3).

M ost of th e  b ac te ria l ta x a  w ere  p re se n t in  b o th  the  
a m b ien t w a te r  an d  asso c ia ted  w ith  copepods; h o w ­
ever, th e ir  con tribu tion  to th e  resp ec tiv e  b ac te ria l 
com m unity  d iffe red  am ong  th e  2 co n tra stin g  e n v iro n ­
m en ts  (Fig. 3). A lth o u g h  our d a ta  w ere  an a ly z ed  w ith  
2 d iffe ren t d a ta b a se s  (SILVA an d  G re en g e n es), the  
p h y lo g en e tic  affilia tion  of th e  b ac te ria l 16S rRN A  
g e n e  o b ta in ed  w ith  bo th  d a ta b a se s  w as com parab le . 
T he resu lts  from  th e  BLAST h it-sco re  u s in g  th e  NCBI 
taxonom y  of th e  2 d iffe ren t d a ta b a se s  (see Fig. S3 in 
th e  S upp lem en t) w ere  sign ifican tly  co rre la te d  (p < 
0.01, r2= 0.94) w ith  a  slope close to unity. T he only r e ­
m a rk a b le  d isc rep an c ie s  b e tw e e n  th e  2 d a tab a ses  
w ere  d e te c te d  for A c tin o m yce ta le s  an d  R ickettsia les, 
p ro b ab ly  d u e  to th e  low er n u m b e r  of se q u e n c e s  from  
th e se  g ro u p s  ava ilab le  in  th e  SILVA d a ta b a se  as com ­
p a re d  to th e  G re e n g e n e s  d a ta b a se  (Fig. S3). T he b a c ­
te ria l com m unity  com position  of th e  a m b ien t w a te r  
a n d  th a t a sso c ia ted  w ith  co p ep o d s w ere  sign ifican tly  
d iffe ren t (Unifrac s ign ificance test, p < 0.001, Bonfer- 
ron i co rrec ted ). T he PC oA  clearly  se p a ra te d  am b ien t- 
w a te r  a n d  co p ep o d -asso c ia ted  b ac te ria l com m unities 
(Fig. 4), w ith  th e  first co o rd ina te  acco u n tin g  for 42.6 % 
an d  th e  second  for 25 .5%  of th e  sam p les ' variance . 
F urthe rm ore , the  b ac te ria l com m unities of th e  am b ien t 
w a te r  c lu s te re d  acco rd in g  to dep th , an d  th e  copepod- 
asso c ia ted  b a c te ria  acco rd in g  to th e  co p ep o d  order, 
b u t w ith  a h ig h e r  variab ility  th a n  th e  a m b ien t-w a te r  
b ac te ria l com m unities (Fig. 4). In particu la r, th e  b a c ­
te ria l com m unities of 2 C yclopo ida sam p les w ere  w ell
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Fig. 4. Principal coordinates analysis (PCoA) of copepod- 
associated and ambient-water bacteria from individual sam­
ples. Bacterial communities from the same group of samples 

are represented by the same color

se p a ra te d  from  th e  re s t of th e  com m unities (Fig. 4) 
a n d  h a d  a low er b ac te ria l d iversity  as co m p ared  to 
th e  o th e r C yclopo ida  sam ples (Table 1). T h ese  2 
C yc lopo ida-assoc ia ted  b ac te ria l com m unities w ere  
sign ifican tly  d iffe ren t from  th e  o ther C yclopo ida- an d  
C a la n o id a-asso c ia ted  com m unities (p < 0.001 Bonfer- 
ron i co rrec ted ), an d  co rresp o n d  to th e  com m unities 
asso c ia ted  w ith  O n ca e id a e  an d  L ubbock iidae  co l­
lec ted  a t S tn  4 as show n in  Fig. 2.

T he n u m b e r  of O TUs sh a re d  b e tw e e n  th e  b ac te ria l 
com m unities of th e  2 d ep th  layers a n d  th e  copepod  
orders is in d ic a ted  in  Fig. 5. T he 2 d iffe ren t copepod  
orders sh a re d  191 (8.3 %) O TUs w hile  th e  2 d e p th  la y ­
ers (100 m  a n d  750 m) sh a re d  only  84 (3.7% ) OTUs. 
T herefo re , th e  n u m b e r  of sh a re d  O TUs w as h ig h e r 
w ith in  th e  co p ep o d -asso c ia ted  th a n  w ith in  am b ien t-  
w a te r  b ac te ria l com m unities. O n ly  33 (1.5% ) OTUs 
w ere  u b iq u ito u sly  p resen t, i.e. in  all 4 sam ple  c a te ­
gories. T h ese  u b iq u ito u sly  p re se n t O TUs consisted  of 
th e  m ost a b u n d a n t a m b ien t-w a te r  OTUs such  as 
S A R II, SAR324, C hloroflexi, D esu lfobactera les, R h o ­
dobacteraceae, a n d  Syn ech o co cco p h yc id ea e . F u r­
th e rm o re , th e  b ac te ria l com m unities from  th e  am b ien t 
w a te r  a n d  C yc lo p o id a-asso c ia ted  sam p les  h a rb o re d  a 
la rg e r  n u m b e r  of u n iq u e  OTUs (510 [22.5% ] OTUs a t 
100 m  dep th , 540 [23.9% ] O TUs a t 750 m dep th , 676 
[29.9% ] O TUs in  C yclopoida) th a n  th e  com m unity  
asso c ia ted  w ith  C a lan o id a  (241 OTUs, 10.6% ).

PCoA -  PC1 vs PC2
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Fig. 5. Venn diagram showing the shared and unique bacte­
rial operational taxonomic units (OTUs; 97 % identity) and 
their relative contribution (in %) in copepods (CALA: Cala­
noida; CYCLO: Cyclopoida) and ambient water (Surface 

and Deep)

DISCUSSION

In th is study, w e u se d  a 454 h ig h - th ro u g h p u t s e ­
q u e n c in g  a p p ro a c h  to c h a rac te rize  th e  b a c te ria l co m ­
m u n ity  asso c ia te d  w ith  2 o rd ers  of co p ep o d s a n d  to 
co m p are  th e m  to th e  b ac te rio p la n k to n  com m unity  of 
th e  a m b ie n t w a te r  co llec ted  a t th e  sam e location. 
G enera lly , th e  b ac te ria l com m un ity  com position  o b ­
ta in e d  in  th is s tu d y  w ith  454 p y ro se q u e n c in g  d iffe red  
from  th o se  re p o r te d  in  o th e r  m a rin e  a n d  fre sh w a te r  
Z oop lank ton  s tu d ies  u s in g  d iffe ren t te c h n iq u e s  such  
as clon ing  a n d  seq u en c in g , a g a r  p la tin g , a n d  CARD- 
FISH (S ochard  e t al. 1979, H a n se n  & Bech 1996, P e te r 
& S o m m aru g a  2008, G ro ssa rt e t al. 2009, T an g  e t al. 
2010, F re ese  & S ch in k  2011). T h ese  d iffe ren ce s  a re  
lik e ly  a ttr ib u ta b le  to th e  d iffe ren t a p p ro a c h e s  u se d  
to in v e s tig a te  th e  b ac te ria l com m un ity  a s so c ia ted  
w ith  th e  Z ooplankton. E arly  s tu d ies  on zo o p lan k to n - 
asso c ia te d  b a c te r ia  u se d  ag a r-p la tin g  a p p ro a c h e s  
an d  c o n seq u e n tly  u n d e re s tim a te d  b ac te ria l d iversity  
(S ochard  e t al. 1979, H a n se n  & B ech 1996). H ow ever, 
th e  b a c te ria l com m u n ity  asso c ia te d  w ith  copepods 
o b ta in e d  w ith  th e  p y ro se q u e n c in g  te c h n iq u e  w as 
co m p arab le  to a s tu d y  c o n d u c te d  on fre sh w a te r  zoo- 
p la n k to n -a sso c ia te d  b a c te ria l com m un ities u sin g  
d e n a tu r in g  g ra d ie n t ge l e lec tro p h o re s is  (DGGE) 
co m b in ed  w ith  s e q u e n c in g  (G rossart e t al. 2009, 
T an g  e t al. 2010). In th e  la tte r  study, th e  b ac te ria l 
com m un ity  asso c ia te d  w ith  T h erm o cyc lo p s o itho ­
n o id e s  (a m a rin e  a n d  b rac k ish  cyclopoid  copepod) 
w as d o m in a te d  by  B etapro teobac teria , B a ctero i­
detes, a n d  A ctinobacteria , fo llow ed b y  A lp h a -, an d

G a m m apro teobac teria  an d  F irm icu tes  (genus B acil­
lus)  in  p a r tia l a g re e m e n t w ith  our find ing , co n s id e r­
in g  th e  lim ited  re so lu tio n  of f in g e rp rin tin g  te c h ­
n iq u e s  such  as D GGE.

T he lim ited  am o u n t of d a ta  av a ilab le  a n d  th e  d if­
fe re n t m e th o d s u se d  to d e te rm in e  th e  zo o p lank ton - 
a s so c ia ted  b ac te ria l com m unity  com position  p rec lu d e  
a th o ro u g h  assessm en t of com positional d iffe rences in  
b ac te ria l com m unities b e tw e e n  Z ooplankton species 
or d iffe ren t ocean ic  p rov inces. H ow ever, th e  ava ilab le  
d a ta  in d ica te  co n s id erab le  in te rspec ific  variab ility  in  
th e  com position  of th e  zo o p lan k to n -asso c ia ted  b a c te r ­
ial com m unity  (Tang e t al. 2010). This m icrob ia l com ­
m u n ity  is m ain ly  asso cia ted  w ith  th e  ex o sk ele to n  an d  
gu t, w h ich  p rov ide  a favo rab le  e n v iro n m en t for b a c te ­
rial a tta c h m e n t a n d  g ro w th  (N ag asaw a & N em oto 
1988, P ruzzo e t al. 1996, C a rm an  & D obbs 1997).

Diversity and taxonomic com position of 
copepod-associated bacteria

P rev ious s tu d ies  in d ic a ted  th a t th e  b ac te ria l com ­
m u n ity  asso c ia te d  w ith  th e  g u t of c ru s ta c e a n  Zoo­
p la n k to n  consists of 2 d iffe ren t b a c te ria l co m m u n i­
ties: th e  re s id e n t b a c te ria  p e rs is ten tly  liv ing  in  th e  
g u t a n d  h e n c e  re p re se n tin g  th e  s tab le  co m p o n en t of 
th e  g u t com m unity , a n d  th e  tra n s ie n t b a c te r ia  r e p r e ­
se n tin g  th e  v a ria b le  g u t com m un ity  ju s t p ass in g  
th ro u g h  th e  d ig estiv e  system  of th e  h o st (H arris 1993, 
T an g  e t al. 2010). In ou r study, som e b ac te ria l phy lo - 
ty p e s  w ere  co n sis ten tly  a n d  a b u n d a n tly  fo u n d  a sso ­
c ia te d  w ith  th e  co p ep o d s an d  a b s e n t or only  p re se n t 
in  low  a b u n d a n c e s  in  th e  su rro u n d in g  w a te r  (Fig. 3). 
H ow ever, som e ta x a  of th e  c o p e p o d -asso c ia ted  b a c ­
te ria  v a rie d  co n s id erab ly  in  a b u n d a n c e  b e tw e e n  th e  
in d iv id u a l c o p e p o d  sam ples, p a rticu la rly  in  2 ou t of 
th e  9 co p ep o d  sam p les  (Fig. 2, T ab le  2). T h ese  2 
C y c lo p o id a -a sso c ia ted  b ac te ria l com m un ities d e v i­
a te d  su b stan tia lly  from  th e  com m unity  com position  
of th e  o th e r 7 sam p les  of c o p e p o d -asso c ia ted  b a c te r ia  
a n d  w e re  ch a ra c te r iz e d  b y  a v e ry  low  a b u n d a n c e  of 
ch lo ro p lasts  (0.5%  of to ta l se q u en c es ; Fig. 2a). This 
m ay  su g g e s t th a t th e  g u t w as em p ty  a t th e  m o m en t 
of th e  ex trac tio n  of th e  sam p le . T h ese  p ro n o u n ce d  
d iffe ren ce s  b e tw e e n  th e  ra th e r  sim ilar b ac te ria l 
com m u n ity  com position  of th e  2 C a la n o id a  a n d  5 
C y c lopo ida  sam ples, on th e  one h an d , a n d  th e  2 
B eta p ro teo b a c te ria -d o m in a te d  com m unities in  the  
o th e r  2 C yc lopo ida sam ples, on th e  o th e r h an d , m ig h t 
re flec t d iffe ren ce s  b e tw e e n  th e  b ac te ria l com m un ity  
com position  w ith  a filled  g u t (re sid en t p lu s  tra n s ie n t 
b a c te ria l com m unity) a n d  a fte r g u t ev a cu a tio n  (resi­
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d e n t b ac te ria ; G ro ssa rt e t al. 2009). A fter g u t e v a c u a ­
tion, on ly  th e  re s id e n t b a c te ria  a d a p te d  to live an d  
p e rs is t in  th e  sh o rt g u t of th e  co p ep o d s a re  d e te c ta b le  
(G rossart e t al. 2009, T an g  e t al. 2010). A n a lte rn a tiv e  
ex p lan a tio n  for th e se  p ro n o u n c e d  d iffe ren ces  in  the  
b ac te ria l com m un ity  com position  b e tw e e n  th e  2 C y ­
clopo ida  sam p les  a n d  th e  o th e r  Z oop lank ton  sam p les  
m ig h t b e  d u e  to d iffe ren ces in  th e  food sources, p h y s ­
io log ical sta te , or e n v iro n m en ta l cond itions to w h ich  
th e  Z oop lank ton  w e re  e x p o sed  p rio r to sam pling .

In triguingly, w e d id  no t ob ta in  Vibrio  spp. s e q u e n ­
ces in  our c o p e p o d  sam p les, in  co n tra s t to o th e r s tu d ­
ies th a t an a ly z ed  c o p e p o d -asso c ia ted  p a th o g e n s  in 
costa l an d  e s tu a r in e  en v iro n m en ts  (H uq e t al. 1983, 
H e id e lb e rg  e t al. 2002, V ezzulli e t al. 2010). A lth o u g h  
Vibrio  spp. p la y  a n  im p o rta n t ro le  in  th e  m in e ra liz a ­
tion  of ch itin  (H uq e t al. 1983, B assler e t al. 1991, H e i­
d e lb e rg  e t al. 2002) a n d  ac co u n t for a s ign ifican t p ro ­
p o rtio n  of th e  zo o p lan k to n -asso c ia te d  m icrob ial 
com m un ity  (H uq e t al. 1983, H e id e lb e rg  e t al. 2002), 
th e ir  ro le  in  th e  o p en  o ce an  Z ooplankton  rem a in s  
u n k n o w n .

Comparison between the copepod-associated and 
the ambient-water bacterial com m unities

re la te d  to th e  in g e s tio n  a n d  eg e s tio n  of th e  food. 
T h e  d ev e lo p m e n t of th e  re s id e n t co p ep o d -asso c ia ted  
b a c te ria l com m u n ity  is like ly  g o v e rn e d  b y  th e  
specific  m ic ro en v iro n m e n ta l cond itions in  copepods. 
T h e  e x te n t to w h ich  th e  tran s ien t, a n d  p articu la rly  
th e  res id e n t, c o p e p o d -asso c ia ted  b a c te ria l co m m u n i­
ties v a ry  in  th e ir  com position  d u e  to th e  q u a lity  of 
food sou rces  a n d  p erio d ic ity  in  fee d in g  ac tiv ity  r e ­
m ains to b e  show n.

CONCLUSION

W e found  s ign ifican t d iffe ren ces b e tw e e n  b ac te ria l 
com m unities asso c ia ted  w ith  copepods an d  th o se  of 
th e  a m b ien t w ater. H ow ever, our d a ta  su g g e s t a d y ­
nam ic  lin k a g e  b e tw e e n  th e se  2 com m unities. This in ­
te rac tio n  m ost like ly  affects th e  co p ep o d -asso c ia ted  
b ac te ria l activ ity  an d  diversity. M oreover, th e  b ac te ria l 
d iversity  a sso c ia ted  w ith  Z ooplankton  g rea tly  d i­
v e rg e d  in  2 ou t of 9 sam ples, w ith  specific p h y lo g e ­
n e tic  g ro u p s d o m in a tin g  in  th e se  2 sam ples, su g g e s t­
in g  th a t th e  food sou rces an d  fee d in g  s ta tu s  of the  
Z ooplankton  m ig h t in flu en ce  th e  b ac te ria l com m unity  
com position  asso c ia ted  w ith  th e  gu ts of copepods.

G ro ssa rt e t al. (2009) su g g e s te d  th a t th e  d iversity  of 
b a c te ria  as so c ia te d  w ith  Z oop lank ton  is m a in ly  d e ­
p e n d e n t on  h o s t-sy m b io n t in te rac tio n s, food, a n d  the  
am b ie n t b a c te ria l com m unity  to w h ich  th e  ho st is 
ex p o sed . W e c o m p ared  th e  c o p e p o d -asso c ia ted  b a c ­
te ria  to th e  b ac te rio p la n k to n  to d e te rm in e  th e  l in k ­
ag e  b e tw e e n  th e  2 b ac te ria l com m unities. D esp ite  
th e  s ign ifican t d iffe ren ces b e tw e e n  th e  co p ep o d - 
asso c ia te d  an d  th e  a m b ie n t-w a te r  b a c te ria l co m ­
m u n itie s  (Figs. 2 & 3), th e  p re se n c e  of sh a re d  O TUs 
(Fig. 5) b e tw e e n  all th e  sam p les  (1.5%  of th e  to ta l 
OTUs) su g g e s ts  a lim ited  e x c h a n g e  of b a c te ria  b e ­
tw e e n  th e  a m b ie n t w a te r  a n d  th e  copepods.

T he long  ta il of ra re  O TU s o b ta in e d  for th e  am b ien t 
w a te r  in  th e  ra n k -fre q u e n c y  d is trib u tio n  (Fig. S2) 
m ig h t p ro v id e  a se e d -b a n k  of O TUs a d a p te d  to e n v i­
ro n m e n ta l cond itions d iffe ren t from  th o se  p rev a ilin g  
in  th e  am b ie n t w a te r  (Pedros-A lió 2006). H ow ever, 
w e w e re  n o t ab le  to d e te c t O TUs of th e  re s id e n t 
c o p e p o d -asso c ia ted  b a c te ria l com m unity  in  th e  a m ­
b ie n t w ate r, m ost like ly  b e c a u se  of th e  in su ffic ien t 
c o v e rag e  of th e  a m b ie n t-w a te r  com m unity  (Fig. 1).

T ak e n  to g e th er, our f ind ings p o in t to w ard  a d y n a ­
m ic re la tio n sh ip  b e tw e e n  b ac te ria , Z ooplankton , an d  
th e  e n v iro n m en t w h e re  th e  d isp e rsa l of th e  co p ep o d - 
asso c ia te d  tra n s ie n t b ac te ria l com m unity  is m ain ly
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