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ABSTRACT: U sing g lobal physical an d  biological da tase ts , w e  te s ted  oceanog raph ic  re ten tio n  (fac­
to ring  out effects of seam oun t d ep th  an d  age) as one possib le m echan ism  structu ring  seam oun t ben - 
thic d ecap o d  an d  gas tro p o d  com m unities. W e first d e te rm in e d  th e  re la tive  oceanog raph ic  re ten tive  
po ten tia l (such as from  Taylor caps or colum ns) for ind iv idual seam ounts b ased  on steady -sta te  th e ­
ory. This w as th e n  sep ara te ly  com pared  to d ecap o d  an d  gas tro p o d  taxonom ic d istinctness, our m e t­
ric for th e  com m unity 's response  to oceanograph ic  re ten tion . Taxonom ic d istinctness is a m etric 
b ased  on  p hy logenetic  re la ted n ess  b e tw e en  species. T herefore, b e tw een -seam o u n t variab ility  in  ta x ­
onom ic d istinctness m ay reflect th e  effects of long -te rm  oceanograph ic  re ten tio n  at th e  seam ount 
spa tia l scale. Taxonom ic d istinctness an d  re ten tio n  p o ten tia l v aried  b e tw e en  seam ounts, bu t re te n ­
tion d id  not exp lain  varia tion  in  taxonom ic d istinctness. A m ong d ecap o d  com m unities, varia tion  in 
taxonom ic d istinctness w as partly  ex p la in ed  by  seam ount sum m it dep th . W ith resp ec t to p reviously  
su g g ested  causa l re la tionsh ips b e tw e en  seam oun t re ten tio n  an d  b iogeograph ic  p a tte rn s  (d ivergent 
seam ount com m unities, h ig h  ra tes  of endem ism , an d  in ferred  spécia tion  at th e  scale of the  
seam ount), w e concluded  th a t seam oun t-sca led  oceanograph ic  re ten tio n  is w ea k  co m p ared  to o ther 
ecological drivers of com m unity  diversity  on  seam ounts. A lte rna tive processes (such as those re la ted  
to depth), or a lte rna tive  spa tia l scales (w ithin ea ch  seam oun t or b e tw e en  seam ount g roups an d  
chains) m ust be considered  to exp la in  d iv e rg en t p a tte rn s  am ong  seam ounts for th ese  taxa.

KEY WORDS: S eam ount • Taxonom ic d istinctness • Isolation • G astropod  • D ecapod  • Taylor cap  • 
Taylor colum n • R etention  • D ata in teg ration

----------------------------------Resale or republication not permitted without written consent of the publisher----------------------------------

INTRODUCTION

T he p rocesses driv ing  m arine  b iogeograph ic  p a t­
te rn s  a re  poorly understood . C on tem porary  m arine 
b iogeograph ic  p a tte rn s  a re  th o u g h t to be, in  part, co n ­
stra ined  by physical barrie rs  or p rocesses lim iting d is ­
persal, sim ilar to te rres tria l system s (e.g. Ricklefs 
2004). H ow ever, physical b arrie rs  an d /o r d ispersal 
p a thw ays in  m arine system s are  not w ell perce ived  
(Vermeij 2004) an d  som etim es defy  p red ic tion  (e.g. 
Lessios e t al. 1998, W ares e t al. 2001). Furtherm ore, 
desp ite  rec en t ev idence  show ing  th a t m arine  p o p u la ­
tions a re  less 'o p en ' th a n  prev iously  th o u g h t (Sw earer 
et al. 2002), difficulties in  defin ing  processes, and  
align ing  the ir spa tio -tem pora l scales w ith  biological

pa tte rn s , still exist (C ow en e t al. 2006). T heoretica l 
m odels such as is land  b io g eography  (M acA rthur & 
W ilson 1967), m etacom m unity  dynam ics (Leibold e t al.
2004), an d  neu tra l theo ry  (H ubbell 2001), sup p o rted  
by em pirical ev idence, have  show n a re la tionsh ip  b e ­
tw een  com m unity  iso lation /connectiv ity  an d  b io g eo - 
g raph ic  pa tte rn s, con tribu ting  to th e  im proved  des ig n  
of conservation  netw orks an d  th e  m a n ag e m en t of f ra g ­
m en ted  landscapes.

T he role of isolation in  s truc tu ring  seam oun t com m u­
nities has b ee n  w idely  d eb a ted . S eam ounts h av e  b ee n  
concep tua lized  as h ab ita t 'is lands ' in  th e  d e e p -sea  
b ecau se  of the ir e lev a ted  topog raph ies an d  h ig h  b io ­
m ass an d  biodiversity  co m p ared  to su rro u n d in g  ben- 
thic an d  pelag ic hab ita ts  (see M cC lain  2007 for
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review ). They have also b e e n  p ro p o sed  as 's tepp ing - 
stones' (Ham ilton 1956) of su itab le  h ab ita t facilita ting  
th e  ex tension  of a  species ra n g e  (e.g. G ad  & Schm inke 
2004 for m eiofauna, Rogers e t al. 2006 for fish). This 
concep t im plies m ore connectiv ity  b e tw e en  seam ounts 
th a n  th e  island  m odel assum es.

F ind ings of h ig h  levels of endem ism  an d  a h ig h  ra te  
of d iscovery  of n ew  species on  m any  seam ounts (Parin 
et al. 1997, R icher d e  F orges e t al. 2000, Stocks & H art 
2007), ex p la in ed  as local spécia tion  d u e  to isolation- 
re la ted  processes sim ilar to te rres tria l islands (W hit­
ta k e r  1998), suppo rt the  iso lated , 'is land ' v iew  of 
seam ounts. R ecent studies, how ever, have q ues tioned  
th e  p rev a len ce  of endem ism  on seam ounts (M cClain 
2007). A rev iew  by  Stocks & H art (2007) show  th a t 
rep o rted  levels of endem ism  on seam ounts h av e  a 
w ide range , w ith  low  or no endem ism  found  as w ell as 
h igh  endem ism . S am adi e t al. (2006) suggest th a t 
g en e tic  ex ch an g e  b e tw e en  seam ounts is m ore f re ­
q u en t th a n  prev iously  assum ed, an d  m ay b e  re la ted  to 
th e  species ' d ispersa l capabilities. H all-S pencer e t al. 
(2007) rep o rted  th a t <3 % of coral g roups stud ied  from  
seam ounts in  th e  w arm  NE A tlantic a re  endem ic. In 
addition , th e  gen era lly  poor taxonom y an d  vast u n d e r­
sam pling  of d e e p -se a  species m ake  for low  confidence 
w h en  estim ating  th e  tru e  ran g e  an d  endem ic s ta tus of 
m ost seam oun t species (Stocks & H art 2007).

O ne process th a t has  b e e n  p ro p o sed  to isolate 
seam ount com m unities is rec ircu la ting  re ten tio n  cells. 
W hen g e n e ra te d  u n d e r s teady  am b ien t flow, a  re te n ­
tion cell is also know n as a Taylor cap, or Taylor co l­
um n  if the  w a te r  is unstratified . A lternatively, the 
residua l m ean  cu rren ts  of tidal flow  over th e  seam ount 
can  also g e n e ra te  re ten tio n  (i.e. tidal rectification), 
p re se n tin g  oceanog raph ic  characteristics th a t a re  o u t­
w ard ly  sim ilar to Taylor caps/co lum ns w ith  resp ec t to 
possib le isolation effects.

O ceanograph ic re ten tion  is one appropria te ly  scaled  
process for po ten tia lly  iso lating  seam ount com m unities 
(i.e. lim iting d ispersal b e tw een  seam ounts) and, if stable 
over long tim escales, m ay result in ecological and/or evo­
lu tionary  com m unity d ivergence b e tw e en  seam ounts. 
R etention cells have b ee n  found on m any  seam ounts 
(Booth 1988, F reeland  1994, M ullineaux  & Mills 1997, 
M ohn & B eckm ann 2002, rev iew  in W hite et al. 2007).

S eam ount re ten tio n  is not a b in a ry  response; it will 
vary  spatia lly  an d  tem porally  accord ing  to variability  
in  th e  local oceanic env ironm ent, as w ell as far-field 
influences. T herefore, it is likely th a t the  po ten tia l for 
re ten tio n  will vary  b e tw e en  seam ounts such th a t th e re  
m ay b e  a m e asu rab le  effect on the  seam oun t com m u­
nity  along  a g rad ien t of reten tion .

In suppo rt of th is idea, P arker & Tunnicliffe (1994) 
found  a p rev a len ce  of species w ith  a short-lived  or no 
free larval stage  on C obb S eam ount. T hey  h y p o th e ­

sized th a t th e  local Taylor cap  m ay serve to re ta in  
short-lived  la rvae  over th e  seam ount, allow ing  them  to 
rese ttle  locally, b u t th a t longer-lived  la rvae  w ou ld  be 
m ore likely to b e  ad v ec ted  off the  seam ount. 
M ullineaux  & M ills (1997) found  th a t sam pled  larval 
concen tra tions above an d  a ro u n d  F ieberling  G uyot 
w ere  consisten t w ith  m ode led  tidally  rectified  rec irc u ­
lation  over th e  seam ount.

H ere, w e test th e  role of topograph ically  in d u ced  
vertical an d  horizontal closed-circu lation  re ten tio n  
cells on  ben th ic  d ecap o d  an d  gas tro p o d  taxonom ic d is ­
tinctness. W e chose taxonom ic d istinctness (sensu 
W arw ick & C larke 2001) as our m etric for th e  com m u­
nity 's resp o n se  to long-term , seam oun t-scaled  iso la­
tion. Taxonom ic d istinctness m easu res  the  p a th  len g th  
se p ara tin g  species pairs along  the  taxonom ic h ie ra rchy  
of genus, family, order, etc. In o the r w ords, it es tim ates 
the  phy logenetic  d iv e rg en ce  b e tw e en  species im plied  
from  L innaean  taxonom y. T he con tem porary  p h y lo g e­
netic  s truc tu re  of the  com m unity  is tim e-in teg ra ted  by 
n a tu re  and , as such, carries w ith in  it th e  historical 
reco rd  of ecological p rocesses across local (com peti­
tion, p redation) to reg ional (dispersal) spa tia l scales 
(W ebb et al. 2002, W iens & D onoghue 2004). T h e re ­
fore, taxonom ic d istinctness ch an g es in  response  to the  
com m unity 's ecological history.

A phy logenetic  ap p ro ach  to com m unity  ecology has 
b e e n  co nsidered  in  the  past, w h e re  'taxonom ic d iv e r­
sity' (sensu Sim berloff 1970) has b e e n  exp lo red  u sing  
species-to -genus ratios, particu larly  on islands (see 
W ebb e t al. 2002 for review ), th e  expecta tion  b e in g  
th a t du e  to th e ir  isolation, islands w ill have an  o v erd is­
persion  of species p e r  g en u s  com pared  to m ain land  
populations, d esp ite  low er overall species richness 
(Sim berloff 1970). T he species-to -genus ratio  has b ee n  
a fu n d am en ta l tool of b io g eo g rap h ers  (Järv inen  1982); 
how ever, it has b e e n  co nsidered  to b e  'a  c ru d e  tool at 
b es t' (H arvey e t al. 1983). Taxonom ic d istinctness (or 
sim ilar m etrics rev iew ed  in  W ebb e t al. 2002) advances 
our u n d e rs ta n d in g  of ecological p rocesses by b e tte r  
quan tify ing  th e  com m unity 's phy logenetic  structu re  
an d  h igh ligh ting  bo th  the  sim ilarities an d  d ifferences 
of co-occurring  species in  the  com m unity  (W ebb e t al. 
2002). W ith resp ec t to th e  p rese n t study, analysis of 
taxonom ic d istinctness b e tw e en  seam ount com m uni­
ties m ay rev ea l d iffe rences in  the ir ecological histories, 
inc lud ing  the  effects of reten tion .

Taxonom ic d istinctness is a re la tive ly  n ew  m etric 
an d  is not w ell te s ted  in  the  d eep -sea , w h ere  m any 
species a re  considered  to b e  ra re  (Levin e t al. 2001), 
an d  sm all d iffe rences in  sam pling  effort as w ell as 
m ethod  can  eq u a te  to la rg e  d iffe rences in  diversity. 
H ow ever, a  g row ing  nu m b er of stud ies h av e  u se d  it, 
p articu larly  for exam in ing  w ide-scale  d iffe rences in 
ben th ic  com m unities on  con tinen ta l shelves, slopes,
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an d  oceanic ridges (e.g. Som erfield  e t al. 1997, Row- 
d en  e t al. 2004), an d  d irec t analysis of p rocesses over 
evo lu tionary  tim e scales (e.g. Poulin & M ouillot 2003). 
A ny m etric of taxonom ic d istinctness th a t is b ased  on 
L innaean  taxonom y assum es prim arily  th a t th e  h ie ra r­
chy is a good  rep re se n ta tio n  of the  tru e  continuous 
phy togeny  w h ere  all p a th -len g th s  a re  know n. H ow ­
ever, b ecau se  this is not likely to b e  th e  case  at p re ­
sent, taxonom ic d istinctness m ay d ep e n d  on inconsis­
ten t or variab le  taxonom ic h iera rch ical ranks and  
p a th -len g th s  (Ellingsen et al. 2005) ra th e r  th a n  rea l 
responses to biotic or abiotic in teractions. H ow ever, 
C larke & W arw ick (1999) show  th a t th e  taxonom ic 
d istinctness m etrics u se d  h e re  a re  insensitive to v a r ia ­
tions in  h iera rch ical b ran ch  lengths; therefo re , in ­
consistencies in  h iera rch ical partitions in  th e  p rese n t 
study  m ay h av e  little in fluence. Im portantly, tax o ­
nom ic d istinctness has  the  rep o rted  ad v a n ta g e  of 
b e in g  u n b ia sed  to sam ple size or m ethod  (C lark & 
W arw ick 1998, M ag u rran  2003) an d  is w ell su ited  for 
ana lyz ing  historical da tase ts , m ak in g  this m etric p a r ­
ticularly  usefu l for exam in ing  accum ula ted  seam ount 
species inven to ries such as those  ava ilab le  on Sea- 
m oun tsO nline h ttp ://p ac ific .sd sc .ed u /seam o u n ts /.

Two com ponen ts of taxonom ic d istinctness a re  used, 
av erag e  taxonom ic d istinctness (AvTD) an d  varia tion  
in  taxonom ic d istinctness (VarTD). AvTD is lik en ed  to 
th e  'spec ies b re a d th ' of the  com m unity, an d  VarTD 
m easu res  how  those species a re  d is trib u ted  am ong 
h ig h e r taxonom ic levels (W arwick & C larke 2001).

W e te s te d  th e  hypothesis th a t isolation v ia o cean o ­
g raph ic  re ten tio n  has a n eg a tiv e  effect on AvTD (i.e. 
red u c ed  species b re a d th  w ith  in c re ase d  isolation) and  
a positive effect on  VarTD (i.e. c lu ste ring  of species 
w ith in  h ig h e r ranks w ith  in c re ase d  isolation). In te rre s ­
tria l system s, isolation (either con tem porary  or h isto ri­
cal) is often  m an ifested  in  th e  com m unity  as e lev a ted  
ra tes of spéciation , po ten tia lly  lead in g  to u n iq u e  sp e ­
cies assem blages w ith in  th e  reg ion  an d  h ig h  f re q u e n ­
cies of locally endem ic species (e.g. Ricklefs 2004). O ur 
ap p ro ach  assum ed  th a t (1) th e  p rocess is p rim arily  c o n ­
stra ined  to ind iv idual seam ounts an d  not seam ount 
chains or g roupings, an d  (2) th a t this p rocess is stab le 
over tim e such th a t a m easu rab le  effect in  the  com m u­
nity  is likely.

In th e  p re se n t study, ben th ic  m obile D ecapoda and  
G astropoda w ere  exam ined  separate ly . T hey  r e p re ­
sen t 2 a reas  of taxonom ic s tren g th  in  our resource  
for seam ount species data , S eam ountsO nline  (Stocks
2005), and, in  addition , m ay reflect d iffe ren t d ispersal 
capab ilities  (based  on  lim ited  larval life history  d a ta  
p rov ided  by  G ran tham  e t al. 2003). B ecause the  d isp e r­
sal p o ten tia l of species w ith in  an  assem blage  varies 
w idely  (G rantham  e t al. 2003), partition ing  the  a ssem ­
b lage  b ased  on d ispersal po ten tia l is useful to b e tte r

u n d e rs ta n d  how  th e  effects of re ten tio n  vary  along  the  
con tinuum  of poor to good d ispersers.

To quantify  re ten tion , w e d erived  a syn thetic  m e a ­
su re  of re ten tio n  po ten tia l of ind iv idual seam ounts 
b ased  on steady -sta te  Taylor co lum n/cap  theory. H ere, 
re ten tio n  po ten tia l is u sed  in  the  con tex t of a  possib le 
d river of isolation over periods long  en o u g h  to induce 
an  observab le  ecological response  in  th e  b en th ic  com ­
m unity. If long-te rm  stability  in  o ceanog raph ic  re te n ­
tion is n e e d e d  for com m unity  d iv e rg en ce  b e tw e en  
seam ounts to occur, th e n  a stead y -sta te  ap p ro ach  is 
m ost ap p ro p ria te  for p red ic tin g  such  a p a tte rn . R e ten ­
tion po ten tia l is d erived  from  m ultip le  globally  accessi­
b le  sources of seam oun t topog raph ical an d  o cean o ­
g raph ic  data.

W e p artia lled  out th e  ro le of 2 o the r p o ten tia l factors 
(proxies) structu ring  seam ount com m unities: ag e  an d  
dep th . B ecause seam ounts vary  in  age, com m unities 
m ay also vary  accord ing  to the  tim e sp an  over w hich  
they  have developed . In o the r m arine  an d  te rres tria l 
system s, age  of th e  com m unity  has b e e n  im plica ted  
in  exp lain ing  m uch  of the  con tem porary  com m unity  
s truc tu re  (e.g. M ouquet e t al. 2003). W e p artia lled  out 
the  effect of seam ount sum m it d ep th  as a proxy for fac­
tors th a t v ary  th ro u g h o u t th e  w a te r  colum n. It is w idely  
know n th a t the  d ee p  sea  is stratified  in  bo th  physical 
an d  biological p ro p erties  (Levin et al. 2001); factors 
causing  vertical zonation  on seam ounts m ay also p lay  
a  role in  d e te rm in in g  com m unity  taxonom ic d istinc t­
ness.

To conduct our analysis, w e u se d  a d a ta  in teg ration  
en g in e  (a m ediator) ca lled  C arte l (Stocks e t al. in  press) 
an d  a scientific w orkflow  system  ca lled  K epler (Lud- 
äscher e t al. 2006). C arte l has  th e  ability  to c rea te  new  
d a tase ts  by com bin ing  in form ation  from  m ultip le  types 
of d a ta  sources (e.g. raste r im ages, re la tiona l d a ta ­
bases) th a t can  e ith e r b e  local or online. U sing the  C a r­
tel in teg ra tion  eng ine , w e dynam ically  co llected  the  
d a ta  n e e d e d  for com parative analysis. Kepler, the  
w orkflow  eng ine , is a reu sa b le  n e tw ork  of d a ta  acqu isi­
tion an d  com putation  m odules d e fin ed  w ith in  a sc ien ­
tific w orkflow  env ironm ent. K epler in te ro p era te s  w ith  
C arte l to collect the  n ecessary  d a ta se ts  an d  th e n  uses R 
(R D evelopm ent C ore Team  2007) to perform  statistical 
ana lyses — it au tom ates m ulti-step  d a ta  ex traction , r e ­
form atting , an d  p rocessing  tasks. To our know ledge, 
this is the  first study  to ta k e  ad v an tag e  of th is em erg en t 
d a ta  in teg ra tion  technology  in  th is dom ain.

MATERIALS AND METHODS

Taxonom ic distinctness. All seam oun t species d a ta  
w ere  co llected  from  S eam ountsO nline  (Stocks 2005), 
an  on line d a tab a se  of species d istribu tions on se a ­
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m ounts. S eam ountsO nline  is com piled  from  the  lite ra ­
tu re  an d  the  d a ta  ho ld ings of ind iv idual resea rch e rs  
an d  institu tions. At p resen t, S eam ountsO nline  r e p re ­
sents the  m ost com prehensive  single source of s e a ­
m ount b iodiversity  data . AvTD an d  VarTD w ere  ca lc u ­
la ted  b ased  on species p re se n c e -a b se n c e  data .

S elec tin g  seam ounts: S eam ounts exam ined  in  the 
p rese n t study, h e re in  re fe rre d  to as 'o b serv ed  se a ­
m ounts ' (Fig. 1), w e re  se lec ted  b a se d  on quan tity  
(num ber of species identifications) an d  quality  (defini­
tive species) of availab le species occu rrence  data . The 
D ecapoda an d  G astropoda m et our criteria  across 37 
an d  29 seam ounts, respectively , w ith  16 seam ounts in 
com m on b e tw e en  th e  2 taxonom ic groups. A ctively 
v en tin g  seam ounts w ere  not inc luded . T asm anian  
seam ounts (data rep o rted  by Koslow e t al. 2001) w ere  
not inc luded  in  the  p rese n t study, d esp ite  ex tensive 
species records from  th ese  seam ounts, d u e  to h igh  
u n certa in ties  in  nu m ero u s physical a ttrib u tes  n ee d e d  
for re ten tio n  m odel deve lopm en t an d  poor estim ates of 
com m unity  ag e  for reg ressio n  analysis (see below).

S elec tin g  sp ec ie s  data: T he final species list co n ­
ta in ed  only m obile ben th ic  species (or po ten tia lly  
m obile ben th ic  species b ased  on the ir fam ily ch a ra c ­
teristics) as d e te rm in e d  from  p u b lish ed  sources and  
taxonom ic au thorities (Brusca & B rusca 1990, B auer

2004, B. M arshal pers. com m ., J. M artin  pers. comm.). 
T entative species iden tifications w ere  u sed  only w h en  
no o ther species in  th a t g en u s  w ere  reco rd ed  on a 
g iven  seam ount. This criterion  m ay h av e  led  to a som e­
w h at conservative  n u m b er of species u se d  in  the  p re ­
sen t study. All species nam es in  S eam ountsO nline 
w ere  co m p ared  to th e  C ata log  of Life: 2006 A nnual 
C hecklist (CoL) (w w w .catalogueoflife .o rg) or M arBEF 
(2004) for co rrec t spe lling  an d  detec tion  of synonym s. 
For th e  p u rpose  of our study, if th e  species w as not 
found  in  e ith e r d a ta  source, th e n  th e  nam e w as 
assum ed  to b e  correct. T herefore, som e species syn ­
onym s m ay not h av e  b ee n  e lim inated , possibly o v eres­
tim ating  the  n u m b er of species in  th e  final species list.

C on stru ctin g  taxon om ic h ierarch ies: M ultip le  
sources of pub lished  species taxonom ies w ere  u sed  in 
o rder to ob ta in  full taxonom ic h ierarch ies for decapods 
an d  gastropods: CoL, M arBEF (2004), System a N atu rae  
2000 (Brands 2006) an d  the  peer-rev iew ed  literature. 
Taxonom ic levels u sed  for D ecapoda w ere: order, su b ­
order, infraorder, superfam ily, family, genus, an d  sp e ­
cies. Levels u sed  for G astropoda w ere: class, subclass, 
order, superfam ily, family, genus, an d  species. S teps 
b e tw e en  taxonom ic levels w ere  equally  w eigh ted , an d  
the  m axim um  p a th  len g th  b e tw e en  species w as set 
to 100.

Fig. 1. M ap  of seam o u n ts  ex am in ed  in  th e  p re se n t study. 1: V em a Seam ount; 2: E rror Seam ount; 3: T aupo  Seam ount; 4: C ap el 
Seam ount; 5: A rgo Seam ount; 6 : N ova Bank; 7: K aim on M aru  Seam ount; 8 : Sponge  Seam ount; 9: Ju m e a u  E. Seam ount; 
10: Ju m e a u  W. Seam ount; 11: S ty laster G uyot; 12: A n tigon ia  Seam ount; 13: M u ltip eak  Seam ount; 14: K im m ei an d  Koko 
Seam ount; 15: K am m u Seam ount; 16: T ow nsend  C rom w ell Seam ount; 17: N ero  Seam ount; 18: L add  Seam ount; 19: Salm on Bank; 
20: B ank  8 ; 21: N o rth am p to n  Seam ount; 22: R aita  Bank; 23: H orizon T ablem ount; 24: Twin Banks; 25: M ag e llan  Rise; 26: C obb 
Seam ount; 27: S eam oun t 350; 28: D ow d Guyot; 29: Rock Seam ount; 30: Ichthyologists Seam ount; 31: C upole  Seam ount; 32: M ay ­
day Seam ount; 33: Pearl Seam ount; 34: A m ber Seam ount; 35: B aral Guyot; 36: G rea t B ol'shaya Seam ount; 37: N ew  (SE Pacific) 
Seam ount; 38: Ich th y an d r Seam ount; 39: Professor M esyatzev  Seam ount; 40: Ecliptic Seam ount; 41: A tlan tis Seam ount; 42: Plato 
Seam ount; 43: H y eres Seam ount; 44: G rea t M eteo r T ab lem ount; 45: C ru iser T ablem ount; 46: Jo sep h in e  Seam ount; 47: Seine 

Seam ount; 48: A m p ere  Seam ount; 49: G e tty sb u rg  Seam ount; 50: O rom onde S eam oun t

http://www.catalogueoflife.org
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Seam ount retention m odel. A d iag ram  sum m arizing 
the  d im ensional pa ram ete rs  u se d  in  th e  p re se n t study 
is show n in Fig. 2. D im ensional an d  non-d im ensional 
param eters, an d  the ir form ulae, a re  lis ted  in  T able 1. 
S eam ount topograph ical d a ta  w ere  co llected  from

S eam ount C ata log  (w w w .earth re f.o rg ), w h e re  m u lti­
b eam  bath y m etry  d a ta  (w here the  sound ing  w as 
track ed  over th e  seam ount sum m it) or d a ta  from  p u b ­
lished  sources w ere  available . If no p u b lish ed  d a ta  
could  b e  found, w e  deriv ed  seam ount h e igh ts  from  the

ASea surface

Coriolis parameter (ƒ)
Density
gradient (dp/dz)

I_
External water 
depth (D)

Depth-averaged horizontal flow 
magnitude (Umag)

Seamount base 
(1 “slope angle) Seamount height

' i

Width (W)
Fig. 2. D iag ram  of p a ram e te riz ed  factors u se d  in  de riv in g  re te n tio n  p o ten tia l of seam oun ts

T able  1. Sum m ary  of ra w  d im ensiona l d a ta  a n d  de riv ed  non-d im en sio n a l nu m b ers , an d  th e ir  fo rm ulae, u se d  for d e te rm in in g
seam o u n t re te n tio n  p o ten tia l

V ariab le  n am e V ariab le  sym bol Units Form ula

Raw dim ensional data
Seam oun t la titu d e /lo n g itu d e Lat /  Lon D ec d eg rees
E x te rn al w a te r  d e p th D m
Seam oun t h e ig h t H m
Seam oun t sum m it d e p th d m D - H
Seam oun t w id th W m
Surface a n d  sum m it density po, ps k g  r r r 3 UN ESCO  (1983)
Zonal a n d  m erid io n al flow Uu, Uv m  s - 1

Constants
G rav ita tiona l accelera tion g

_ 2m  s 9.8
R eference  density P-0 k g  r r r 3 1 0 0 0

E arth 's  an g u la r velocity a rad s s- 1 7.27 X IO"5

D erived d im ensional data
D ensity  g rad ien t dp /dz k g  rm 4 (po -  ps) /  d
B runt-V äisälä  freq u en cy N s - 1 [-(g /P -0) X (dp /dz ) ] 1 /2

H orizontal flow m ag n itu d e U m ag m  s“ 1 (Uu2 + Uv2 ) 1 /2

Coriolis p a ram ete r f s - 1 2 X  n X  sin(Lat)
D erived non-dim ensional num bers
Frac tional h e ig h t ho H / D
Rossby n u m b er Ro U m ag /  (ƒ x W)
B urger n u m b er B (N X  H) /  (ƒ X  W)
R-S frac tional h e ig h t ho  Ro- 1 ho  /  Ro

http://www.earthref.org
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re la tionsh ip  of seam ount h e igh t versus rad iu s in  the 
style of Sm ith (1988). For th is analysis, w e u se d  p u b ­
lished  d a ta  from  Sm ith (1988) an d  seam ount rad ii m e a ­
su red  from  ETOPO-2 v.2 ba th y m etry  (US D epartm en t 
of C om m erce 2006) (view ed in  ESRI A rcM ap v9.1), 
w h ere  seam oun t rad ii w e re  m e asu red  from  the  isobath  
m ark ing  a seam ount slope ang le  of <1° at th e  s e a ­
m ount base . This analysis p ro d u ced  th e  binom ial 
exp ression  y  = - 4  x l(T 6x 2 + 0 .2 6 0 7 x -  60.152 (n = 143, 
r2 = 0.89), w h ere  y  rep re se n ts  seam ount h e ig h t an d  x is  
th e  seam ount radius, reflec ting  th e  tru n ca ted  shape  of 
m any  of the  la rg e r seam ounts (Smith 1988).

T em p era tu re  an d  salinity  d a ta  at th e  sea  surface and  
th e  d ep th  at th e  seam ount sum m it w ere  co llected  from  
th e  W orld O cean  A tlas o n e-q u a rte r  d e g re e  annua l 
m ean  d a ta se t (Boyer e t al. 2006). T he tem poral and  
spatia l reso lu tion  of th ese  d a ta  w ere  th o u g h t to be 
su itab le  for exam in ing  physical an d  biological p ro ­
cesses at the  scale of th e  seam ounts chosen. S eaw ater 
density  w as d erived  from  tem p era tu re , salinity, and  
d ep th  u sing  UNESCO (1983) rou tines. D ep th -av er­
ag e d  (n = 40 depths) an d  tim e-av e rag ed  (n = 60 mo) 
m erid ional an d  zonal flow d a ta  w ere  co llected  from  
A sia-Pacific D ata-R esearch  C en te r's  SODA-POP 
V I.4.3 m odel for the  one-ha lf d eg re e  spa tia l reso lu tion  
d a tase t (C arton e t al. 2005). B ecause the  SODA-POP 
m odel assim ilates availab le te m p era tu re  an d  salinity 
observations an d  b ecau se  w e  subseq u en tly  av e rag ed  
th e  SODA-POP data , th e  ne t effects of bo th  steady  
im ping ing  flow (Taylor caps/colum ns), as w ell as the 
circu lation  du e  to tim e-vary ing  flows (e.g. tides, 
m esoscale edd ies, etc.), a re  po ten tia lly  com bined  in 
these  flow estim ates. H ow ever, it is likely th a t only the 
la rge-scale, low -frequency  flow  field is reso lved  at the 
space /tim e scales of th e  W orld O cean  Atlas.

To visually  ev a lu a te  th e  re ten tio n  po ten tia l at in d i­
v idual seam ounts, w e p lo tted  th e  non-d im ensional 
B urger n u m b er (B) an d  R ossby-scaled  (R-S) fractional 
he ig h t in  the  style of H u p p ert (1975). B an d  R-S r e p re ­
sen t the  com peting  vertical an d  horizontal forces, 
respectively , d riv ing  the  form ation  of seam oun t re te n ­
tion cells. For a  G au ss ian -sh ap ed  structu re , H u p p ert 
(1975) dem onstra tes  th a t th e  critical value  of scaled  
he ig h t is <4 for w eak ly  stratified  flows (B < 1) and  
d ec reases  exponen tia lly  w ith  in c reasin g  stratification  
(B > 1). Initial exam ination  of th is plot (Fig. 3) show ed 
that, in  g en era l, va lues for R-S fractional h e ig h t at 
o bse rved  seam ounts w ere  la rg e  co m p ared  to H up- 
p e rt's  (1975) critical conditions. T herefore, w e u sed  R- 
S fractional h e ig h t as the  p red ic to r variab le  for w hich  
re ten tio n  po ten tia l a t o bse rved  seam ounts can  be 
defined.

To ev a lu a te  w h e th e r  the  o bserved  seam ounts r e p re ­
sen t th e  ra n g e  of re ten tio n  p o ten tia l am ong  seam ounts 
in  genera l, w e  com piled  a set of 'n on -observed
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Fig. 3. Plot of o b se rv ed  a n d  n o n -o b se rv ed  seam o u n ts  in  
re te n tio n  space. N ote th a t th e  x-axis h a s  b e e n  tru n c a te d  for 

v isual clarity  (the m ax im um  B urger n u m b er is 117.09)

seam ounts ' for com parative  purposes. W e u sed  loca­
tion an d  size inform ation for 15 000 seam ounts from 
W essel (2001), b u t rem oved  seam ounts w ith in  2 rad ii of 
an o th er seam oun t (because b e tw een -seam o u n t in te r­
fe rence  is not acco u n ted  for in  our re ten tio n  m odel; C. 
M ohn pers. com m.), an d  those w ith in  I o of th e  equator, 
w h ere  geostroph ic  dynam ics b re a k  dow n. A to ta l of 
1235 seam ounts rem a in ed  afte r filtering. T he m ajority 
w ere  d ee p  (m ean b ase  d ep th  = 4243 m), rela tively  
sm all (m ean h e ig h t = 1712 m), an d  occup ied  less th a n  
half of th e  w a te r  co lum n (m ean fractional h e ig h t = 
0.41).

R-S fractional he ig h t an d  B urger nu m b ers  w ere  th e n  
ca lcu la ted  for non -o b serv ed  seam ounts. W essel's 
(2001) p red ic ted  rad ii w ere  g ro u n d -tru th e d  aga inst 
ETOPO-2 V.2 b a thym etry  (view ed in  ESRI A rcM ap 
V9.1). T he p red ic ted  seam oun t location an d  rad ius 
p roved  to b e  su itab ly  accu ra te  for our purposes, b e in g  
w ell a lig n ed  w ith  the  seam oun t b ase  seen  in  ETOPO 
as defin ed  by  a slope of <1°. H ow ever, W essel's p re ­
d ic ted  seam oun t h e ig h ts  v aried  w idely  from  m easu red  
he igh ts  (possibly d u e  to the  G aussian  assum ption  of 
seam ount sh ap e  in  the ir p red ic tion  algorithm ; W essel 
& Lyons 1997). T herefore, the  re la tionsh ip  for se a ­
m ount h e ig h t versus rad iu s deriv ed  above w as also 
u sed  for non -o b serv ed  seam ounts.

Seam ount age and summit depth. A ge estim ates for 
each  seam ount w ere  co llected  from  p u b lish ed  sources. 
W here pu b lish ed  ag e  estim ates could  not b e  found  for 
o bse rved  seam ounts, w e e s tim a ted  the  ag e  from  ava il­
ab le  d a ta  for su rro u n d in g  seam ounts. In th e  case of 
linear ho t-spo t seam ount cha ins th a t h av e  b e e n  w ell- 
s tud ied  (such as th e  H aw aiian /E m pero r Seam ount

a  Observed seamounts 
o Non-observed seamounts
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Chain), linear reg ressio n  analysis of d istance  versus 
age  could  b e  done, an d  the  eq u a tio n  of those  re la tio n ­
ships w as u se d  to estim ate  m issing seam oun t ages 
(W essel 2007). If seam ounts w ere  not p a rt of a w ell- 
s tud ied  chain , th e n  th e  ag e  of th e  un d erly in g  p la te  w as 
u sed  to infer seam oun t ag e  (A. K oppers & A. Davis 
pers. com m.) b ased  on p la te  ag es of A tw ater & Sever- 
ing h au s (1989). P ub lished  seam oun t sum m it dep th s 
w ere  co llec ted  from  Seam ountsO nline .

Statistical analysis and com putational fram ework. 
M ultip le reg ressio n  w as u sed  to d e te rm in e  the  pu re  
effect of seam ount re ten tio n  po ten tia l (R-S fractional 
height) on  AvTD an d  VarTD of each  seam ount, w ith  
seam ount ag e  an d  sum m it d e p th  as partia l factors 
(L egendre & L egendre  1998). All d a ta  w ere  exam ined  
for norm ality  by  v isual exam ina tion  of norm al p ro b a ­
bility plots, an d  statistically  by u sing  th e  Shapiro- 
W ilks' goodness-of-fit test. D ata th a t d id  not m eet n o r­
m ality  criteria  w ere  app rop ria te ly  transfo rm ed  prior to 
m ultip le reg ression . In d ep en d en t variab les show ed no 
correla tions th a t w ou ld  have an  ap p rec iab le  effect on 
variance inflation.

In o rd er to efficiently  collect an d  in teg ra te  biological 
an d  physical d a ta  from  m ultip le  on line sources, w e 
em ployed  C artel, an  in form ation  in teg ra tion  eng ine  
originally  dev e lo p ed  to in teg ra te  re la tiona l d a ta  
sources (Stocks et al. in  press), recen tly  ex ten d e d  to 
h an d le  th e  in teg ra tion  of spa tio -tem pora l inform ation. 
D ata acquisition  an d  p rocessing  w ere  ex e cu ted  in  a 
K epler V 1.0b2 (h ttp ://k ep le r-p ro jec t.o rg ) w orkflow  
env ironm ent (Ludäscher e t al. 2006). All post-da ta  
acquisition  sta tistica l ana ly ses (AvTD, VarTD, re g re s ­
sion, norm ality  tests, correlation) w ere  p ro g ram m ed  in 
R (R D evelopm ent C ore Team  2007). A schem atic d ia ­
g ram  of th e  K epler w orkflow  is ava ilab le  from  th e  co r­
resp o n d in g  author.

RESULTS 

Taxonom ic distinctness

AvTD an d  VarTD of the  seam ounts for D ecapoda 
an d  G astropoda  are  show n in Fig. 4 an d  T able 2. Both 
AvTD an d  VarTD v aried  w idely  b e tw e en  seam ounts, 
hav ing  sim ilar m eans an d  ran g es  b e tw e en  th e  2 tax o ­
nom ic g roups (Fig. 4). S eam ounts hav ing  va lues o u t­
side th e  u p p e r an d  low er 10%  q u an tile  a re  labe led  
accord ing  to Fig. 1. A sta ted  p ro p erty  of taxonom ic d is ­
tinc tness is that, un like  o ther estim ates of diversity, it is 
u n b ia sed  by vary ing  num bers of species obse rved  
(W arwick & C larke 2001). This w as confirm ed here , as 
AvTD an d  V ar TD w ere  not co rre la ted  w ith  th e  n u m ­
b er of species reco rd ed  for ea ch  seam ount (AvTD 
Pearson 's co rrela tion  = 0.204, df = 66, p = 0.10; VarTD

7 0 -

6 0 -

Q  5 0 -  
I -

4 0 -

3 0 -

2 0 -

9 0 0 -

7 0 0 -

H  500 -

3 0 0 -
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0 -

Fig. 4. B ox-and-w hisker p lo ts of: (A) av erag e  taxonom ic d is­
tin c tn ess  (AvTD) a n d  (B) va ria tio n  in  taxonom ic d istinctness 
(VarTD) for decap o d s a n d  gastropods. Boxes: 90%  quantile; 
lines: 10%  quan tile . O verall m ean s a re  also show n  (d ashed  
lines). S eam o u n t outliers a re  n u m b e re d  acco rd in g  to  Fig. 1

P earson 's co rrela tion  = 0.147, df = 66, p = 0.24). It is also 
im portan t to no te  th a t av e rag e  d istance  b e tw e en  sp e ­
cies pairs (i.e. AvTD) v aried  in d e p en d e n tly  of the  v a ri­
ation in  d istance  b e tw e en  species pairs  (i.e. VarTD) 
(Pearson 's co rre la tion  = 0.096, df = 66, p = 0.44).

To exp lo re  th e  im portance of seam oun t-sca led  p ro ­
cesses on  d ecap o d  an d  gas tro p o d  com m unities g e n e r­
ally, w e ca lcu la ted  th e  co rrela tions for d ecap o d  AvTD 
versus gas tro p o d  AvTD an d  d ecap o d  VarTD versus 
gas tro p o d  VarTD for those  seam ounts w h ere  bo th  
decap o d s an d  gastropods w ere  found  (n = 16; T able 2). 
H ere, w e ex p ec ted  a significant co rre la tion  b e tw e en  
the  2 g roups if th e re  w as an  overw helm ing  effect of 
seam oun t-sca led  p rocesses on  th e  seam ount com m u­
nity  on  th e  w hole. U sing transfo rm ed  d a ta  (see 
T able 4), no co rre la tion  w as found  for d ecap o d  versus 
gas tro p o d  AvTD (Pearson 's co rre la tion  = 0.047, df = 14, 
p = 0.86) or VarTD (Pearson 's co rre la tion  = 0.112, df = 
14, p =0.67).
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T able  2. S um m ary  of d a ta  u se d  in  m ultip le  re g re ss io n  analysis for av erag e  taxonom ic d istinctness (AvTD) a n d  va ria tio n  in  taxonom ic 
d istinctness (VarTD) in  decap o d s a n d  gastropods. Also show n  for e ach  seam o u n t is th e  n u m b er of spec ies u se d  in  AvTD a n d  VarTD cal­
culations (S) a n d  th e  B urger n u m b er. A ge  estim ates acco rd ing  to th e  sources show n. S eam ounts a re  n u m b ere d  acco rd ing  to Fig. 1.

MYA: m illion  years ago

Sea- S 
m oun t

D ecap o d a  
AvTD VarTD S

G astropoda  
AvTD VarTD

R-S
fractional

h e ig h t

B urger
n u m b er

Sum m it 
d e p th  (m)

S eam oun t Source 
ag e  (MYA)

1 17 70.17 166.48 7 65.99 125.87 58.81 6 . 2 1 8 6 72 G eld m ach er e t at. (2005)
2 1 0 54.92 72.16 20.03 14.59 377 45 Rao (1986)
3 5 40.00 195.92 57.45 2.75 796 1 1 M cD ougall & D un can  (1988)
4 31 64.02 261.62 24 53.31 288.49 124.74 1.41 2 0 0 24
5 6 70.48 230.39 5 65.71 89.80 52.85 3.85 150 27
6 50 63.31 322.96 29 59.25 316.24 69.71 2.96 250 28
7 78 64.83 332.35 59 62.99 321.05 18.23 6.37 2 2 0 24
8 85 64.14 331.68 39 63.79 318.48 1 1 . 6 6 9.88 450 24
9 48 61.96 338.32 14 58.87 326.69 9.95 11.98 250 26
1 0 67 64.35 341.40 59 63.95 359.35 7.77 8.87 2 0 0 26
1 1 47 65.75 307.53 24 62.89 269.42 5.99 2.09 400 26
1 2 6 8 65.13 250.98 57 63.19 332.17 15.14 6.23 55 26
13 8 58.67 325.65 123.16 1.31 1061 60 C lo u ard  & B onneville  (2005)
14 5 55.71 304.08 80.01 1.58 360 40 "
15 14 71.11 260.05 80.23 4.11 335 41 D un can  & C lag u e  (1985)
16 1 2 69.05 232.43 95.00 6.46 607 35 C lo u ard  & B onneville  (2005)
17 7 60.54 192.51 129.61 7.28 62 27
18 5 58.57 385.71 1 1 60.52 2 0 0 . 1 0 177.98 6.79 75 27
19 8 64.29 255.10 106.62 9.34 99 25
2 0 7 63.95 109.21 117.16 6.96 64 2 2

2 1 8 66.84 146.55 65.94 5.09 31 27
2 2 8 64.29 255.10 131.36 3.74 31 17
23 5 64.29 459.18 34.97 2.55 1500 83
24 5 60.00 522.45 70.62 7.57 99 1 0

25 1 0 59.68 655.68 18.48 1.79 3150 49 C lo u ard  & B onneville  (2001)
26 16 69.52 282.09 84.67 4.89 2 0 0 3 C lo u ard  & B onneville  (2005)
27 13 24.73 40.15 29.80 10.31 881 2 0 A tw ater & S ev erin g h au s (1989)
28 7 42.86 758.02 20.23 20.56 478 25 "
29 9 68.65 258.72 57.51 4.31 330 8 C lo u ard  & B onneville  (2005)
30 23 65.44 333.62 7 30.61 83.30 64.09 4.18 330 9 "
31 32 6 6 . 6 8 292.18 1 1 37.66 165.96 104.46 3.80 218 1 1 "
32 7 68.71 381.32 68.53 4.21 545 17 "
33 13 63.92 307.30 95.31 3.65 530 18 "
34 17 60.71 413.42 138.44 4.11 510 15 "
35 9 67.46 517.13 71.14 6.79 370 2 0 "
36 19 6 6 . 0 0 270.07 115.43 3.47 160 2 1 "
37 9 71.43 272.11 6 40.95 186.85 46.28 8.61 270 2 1 "
38 5 55.71 344.90 89.90 5.40 505 23 "
39 5 65.71 171.43 34.32 5.49 320 24 "
40 8 61.22 260.31 150.66 4.55 230 25 "
41 25 58.10 841.27 67.74 2 . 2 2 275 61 T ucholke & Sm oot (1990)
42 1 0 53.97 225.75 55.05 2.92 500 2 0 "
43 32 64.20 674.78 110.13 3.12 380 19 "
44 13 73.08 224.91 2 0 61.65 531.74 168.11 2.64 300 33 "
45 30 65.91 587.90 102.94 1.99 2 1 0 37 "
46 8 73.47 199.92 7 55.78 289.69 144.92 2 . 6 6 148 60 G eld m ach er e t al. (2005)
47 1 0 51.11 285.61 107.54 4.67 165 2 2 "
48 6 57.14 326.53 182.21 2.05 400 31 "
49 6 58.10 312.02 195.75 4.37 1 0 0 6 6 "
50 25 69.95 156.32 121.72 5.32 1 0 0 6 6

Seam ount retention m odel O verla id  is th e  d istribu tion  of B urger n u m b er versus
R-S fractional h e ig h t for non -o b serv ed  seam ounts (i.e. 

B urger num bers versus R-S fractional h e ig h t va lues those seam ounts from  W essel 2001). T he B urger num -
of o bse rved  seam ounts (i.e. those  seam ounts w ith  spe- b e r  ran g e d  from  1.47 to 117.09 (truncated  in  Fig. 3 for
cies observa tions ex am in ed  here) a re  p lo tted  in  Fig. 3. clarity  of display). M ost of the  ob se rv ed  seam ounts h ad
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la rg e r R-S fractional h e igh ts  th a n  the  b ack g ro u n d  p o p ­
u la tion  of non -o b serv ed  seam ounts. H ow ever, the 
ran g es  in  bo th  R-S fractional h e ig h t an d  B urger n u m ­
bers w ere  sim ilar, ind icating  th a t th e  observed  
seam ounts a re  reasonab ly  rep resen ta tiv e  of seam ounts 
in  genera l. N ote th a t all o bse rved  seam ounts ex ceed ed  
th e  m inim um  conditions of R-S fractional he ig h t (ho 
Rcr1) ~ 4 (Table 2) for re ten tio n  cell form ation defined  
by H u p p ert (1975).

A first-order exam ination  of th e  factors con tribu ting  
to the  varia tion  am ong  o bserved  seam ounts (Table 3) 
show s th a t h ig h  B urger n u m b ers  a re  re la ted  prim arily  
to h ig h  buoyancy  (B runt-V äisälä frequency) and, to 
lesser ex ten ts, inversely  re la te d  to seam ount w id th  and  
position  on  the  E arth  (Coriolis param eter). R-S frac­
tional he ig h t is d riven  alm ost equally  by ac tua l frac­
tional h e ig h t of th e  seam ount, Coriolis param ete r, and  
horizontal flow  (inversely). S eam ount w id th  also co n ­
tribu tes to a lesser ex ten t.

M ultiple regression

M odel resu lts  a re  show n in T able 4. For decapods, 
n e ith e r varia tion  of AvTD nor of VarTD w as exp la ined  
by seam ount re ten tio n  poten tia l, after rem oving  the 
effects of sum m it d ep th  an d  age. T here  w as a s ign i­
ficant (p = 0.039) an d  n eg a tiv e  (estim ate = -0 .976 , 
t-value = -2 .16) p u re  effect of sum m it d e p th  on AvTD, 
ind icating  th a t the  species b re a d th  of d ecap o d  com m u­
nities d ec reases  w ith  in c reasin g  seam oun t dep th . The 
factor sum m it d e p th  is th e re fo re  th e  m ain  factor in 
exp lain ing  20%  (m ultiple R2, p = 0.075, not significant) 
of varia tion  in  AvTD in th e  full m odel. V aria tion  in

taxonom ic d istinctness am ong gas tro p o d  com m unities 
w as not w ell ex p la in ed  by  seam oun t re ten tio n  p o te n ­
tial e ith e r (Table 4). Partial factors of sum m it d ep th  an d  
ag e  show ed  no significant exp lana to ry  pow er for 
AvTD or VarTD.

DISCUSSION

W e ex am in ed  the  contribu tion  of oceanograph ic  
re ten tio n  (e.g. Taylor cones) in  d riv ing  one aspec t of 
diversity, taxonom ic d istinctness, in  seam ount d ecap o d  
an d  gas tro p o d  assem blages. W e hypo thesized  tha t 
h ig h e r re ten tio n  w ould  act to iso late each  assem blage 
and , as hypo thesized  for islands (W hittaker 1998), lead  
to red u c ed  species b re a d th  (AvTD) an d  in c re ase d  c lu s­
te rin g  of species w ith in  h ig h e r ranks (VarTD).

E xam ination  of th e  AvTD an d  VarTD for gastropods 
an d  decap o d s show ed substan tia l varia tion  am ong 
seam ounts (Fig. 4). B ecause taxonom ic d istinctness is a 
ph y lo g en etic -b ased  m etric em body ing  ecological h is ­
tories, th e se  resu lts sug g est th a t seam ount com m uni­
ties a re  likely to vary  in  the ir ecological h istories, c re ­
a ting  d iv erg en ce  in  com m unities bo th  in  te rm s of 
species b re a d th  (i.e. w id th  of the  taxonom ic tree), an d  
d ispersion  of species w ith in  h ig h e r taxonom ic levels 
(e.g. n u m b er of species p e r  genus, g e n e ra  p e r family, 
etc.). It is not feasib le  to com pare  th ese  taxonom ic d is ­
tinc tness va lues to o ther p u b lish ed  studies, b ecau se  
they  a re  sensitive to w hich  an d  how  m any  taxonom ic 
levels a re  considered , how  la rg e  the  taxonom ic g roup  
is th a t is b e in g  co n sid ered  (e.g. a sing le o rd er vs. the  
w hole an im al com m unity), an d  the  n a tu re  an d  scale of 
the  sam pling  m ethods.

T able  3. P earson 's co rre la tion  coefficients (below  diagonals) a n d  sign ificance  (above d iagonals, in  italics) of com ponen t factors 
(n = 50) for calcu la tin g  seam o u n t B urger n u m b er a n d  R-S frac tiona l h e ig h t. P robab ilities in  bold  are  significant

Burger num ber vs. com ponent factors
B urger n u m b er B runt-V äisälä Coriolis p a ram ete r Seam oun t h e ig h t S eam oun t b a se  w id th

B urger n u m b er 1 <0.0001 0.0012 0.2823 0.0056
B runt-V äisälä 0.6815 1 0.0835 0.8059 0.0112
Coriolis p a ram ete r -0 .4441 -0 .2472 1 0.1491 0.1053
S eam oun t h e ig h t 0.155 0.0356 0.207 1 0.1022
S eam oun t b a se  w id th -0 .3863 -0 .3557 -0 .2 3 1 8 0.2338 1

R-S fractional height vs. com ponent factors
R-S fractional F ractional Coriolis p a ram ete r H orizon tal flow S eam oun t b a se  w id th

h e ig h t h e ig h t

R-S frac tiona l h e ig h t 1 0.0003 0.0001 <0.0001 0.1582
Frac tional h e ig h t 0.4938 1 0.0062 0.0127 0.0513
Coriolis p a ram ete r 0.5138 0.3818 1 0.069 0.1053
H orizontal flow -0 .5743 -0 .3 5 -0 .2593 1 0.0023
S eam oun t b a se  w id th 0.2026 -0 .2772 -0 .2 3 1 8 0.4221 1
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T able  4. Full m odel su m m ary  a n d  ANOVA tab le  (factors) of m u ltip le  reg re ss io n  of av erag e  taxonom ic d istinc tness (AvTD) an d  
va ria tio n  in  taxonom ic d istinc tness (VarTD) vs re te n tio n  p o ten tia l (R-S frac tiona l h e igh t) w ith  Sum m it, D ep th  a n d  A ge as

p a rtia l factors. *p < 0.05

Full m odel sum m ary Factor df SS F P

D ecapods
AvTDa R esidual SE 1.109 R-S frac tiona l h e ig h tb 1 0.983 0.799 0.378

M ultip le R2 0.186 Sum m itc 1 5.715 4.645 0.039*
F r 33 2.513 A g ec 1 1.923 1.535 0.224
P 0.075 R esiduals 33 49.886

VarTDb R esidual SE 4.021 R-S frac tiona l h e ig h tb 1 0.019 0 . 0 0 1 0.972
M ultip le R2 0.083 Sum m itc 1 43.904 2.716 0.109
F r 33 0.999 A g ec 1 5.758 0.356 0.555
P 0.405 R esiduals 33 581.949

G astropods
AvTDa R esidual SE 1.239 R-S frac tiona l h e ig h t 1 0.779 0.507 0.483

M ultip le R2 0.118 Sum m it 1 0.038 0.025 0.876
F r 25 1.114 A g eb 1 4.957 3.225 0.085
P 0.362 R esiduals 25 43.566

VarTDb R esidual SE 4.589 R-S frac tiona l h e ig h t 1 1.320 0.063 0.804
M ultip le R2 0.109 Sum m it 1 45.151 2.144 0.156
F r 25 1 . 0 2 0 A g eb 1 28.360 1.346 0.257
P 0.401 R esiduals 25

aS q u are -ro o t tran sfo rm ed  afte r reflection; bsq u a re-ro o t transform ed; clo g 10 tran sfo rm ed

O ur hypothesis w as not su p p o rted  — m ultip le  r e ­
g ression  analysis found  no re la tionsh ip  b e tw e en  p re ­
d ic ted  o ceanog raph ic  re ten tio n  at a seam ount and  
AvTD or VarTD for e ith e r  decap o d s or gastropods 
(Table 4). If our m odel ap p ro ach  w as robust, this su g ­
gests th a t the  process of seam ount re ten tio n  is w ea k  
com pared  to o ther p rocesses in  structu ring  seam ount 
d ecap o d  an d  gas tro p o d  taxonom ic d istinctness. T hese 
resu lts do not support prev iously  su g g e sted  re la tio n ­
ships b e tw e en  seam ount re ten tio n  cells an d  observed  
b iogeograph ic  p a tte rn s  (M ullineaux & M ills 1997, 
P arker & Tunnicliffe 1994), an d  do not support the  co n ­
cep t th a t seam ount com m unities a re  h igh ly  iso la ted  by 
reten tion .

O ur resu lts  a re  consisten t w ith  rec en t ev idence  from  
N ew  C aled o n ian  seam ounts, w h ere  little gen e tic  s tru c ­
tu re  of 2 species of Eumunida  spp. (family C hirosty li­
dae) w as found  b e tw e e n  ne ig h b o rin g  seam ounts 
(Sam adi e t al. 2006). A lthough  our seam ount re ten tio n  
m odel p red ic ts  som e re ten tio n  po ten tia l for the  N ew  
C aledon ian  seam ounts (Kaimon M aru, S ponge, J u ­
m eau  East an d  W est, Stylaster, A ntigonia) (Table 2), 
the ir re ten tio n  p o ten tia l is the  low est of all obse rved  
seam ounts, sug g estin g  re ten tio n  is not sufficient to 
constra in  d ispersa l of the  2 Eumunida  species.

Results in  th e  p re se n t study  are  sim ilar b e tw e en  
g roups w ith  d iffering  d ispersal capab ilities (decapods 
com pared  to g as tro p o d s)— n eith e r show ed a re la tio n ­
ship to re ten tion . C onversely, Sam adi et al. (2006)

found  th a t Nassaria problematica, a  gas tropod  w ith  
lim ited  d ispersal capabilities, show s som e gene tic  
d iv e rg en ce  b e tw e en  seam ounts, as m ight b e  ex p ec ted  
if th e re  w as a  significant effect of isolation. H ow ever, 
in  th e  Sam adi system  an d  in  genera l, a lte rna tive  iso la­
tion m echan ism s bes ides re ten tio n  m ay b e  operating . 
H igh levels of endem ism  found  on  seam ounts have  
b e e n  in te rp re ted  to ind icate  local spécia tion  resu lting  
from  isolation (Wilson & K auffm ann 1987, P arin  e t al. 
1997, R icher d e  F orges e t al. 2000), th o u g h  how  u b iq ­
u itous this endem ism  is has  recen tly  b ee n  q u es tio n ed  
(M cClain 2007, Stocks & H art 2007). Indeed , it m ay be 
th a t o the r oceanograph ic  or behav io ral m echanism s 
h av e  a s tronger in fluence on driv ing  the  se lf-rec ru it­
m en t of seam oun t populations, as h as  b e e n  su g g ested  
for o the r m arine  system s (e.g. W ares e t al. 2001, 
S w earer e t al. 2002); how ever, this has  not yet b ee n  
show n for seam oun t system s.

Further, it is possib le  th a t re ten tio n  affects these  
com m unities, b u t th a t our m odel is not appropria te . 
G ro u n d -tru th in g  our re ten tio n  m odel is difficult. F ac­
tors in  the  re ten tio n  m odel can  b e  m e asu red  or 
ex p ressed  in  d iffe ren t w ays, such  as fractional he ig h t 
b e in g  ca lcu la ted  w ith  resp ec t to th e  local therm ocline 
(e.g. W hite & M ohn 2004), th e  position  of local 
upw elling  (e.g. G en in  & B oehleri 1985), or th e  se a ­
m ount b ase  (presen t study), w hich, in  tu rn , signifi­
can tly  affect Rossby num bers an d  R-S fractional he ig h t 
estim ates (Table 3). This m akes com paring  R-S frac-
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tional he igh ts  an d  B urger num bers across stud ies 
p rob lem atic . F urtherm ore , re ten tio n  is not a b inary  
condition; if w e  u se  H u p p ert's  (1975) criteria  as a gu ide 
for se tting  m inim um  lim its on  critical conditions, th en  
at least som e re ten tio n  is p red ic ted  in  all ob se rv ed  and  
n o n -observed  seam ounts by  our m odel. P ub lished  field 
observations th a t h av e  iden tified  Taylor cones over 
ce rta in  seam ounts help  va lida te  our m odel; how ever, 
the ir persis ten ce  an d  frequency  a re  unknow n.

If our m odel is ap p ro p ria te  for estim ating  long-te rm  
av erag e  re ten tion , th e  ques tion  rem ains as to w h a t is 
con tribu ting  to th e  varia tion  in  AvTD an d  VarTD of 
seam ount com m unities m e asu red  here . T he lack  of 
co rre la tion  b e tw e en  d ecap o d  an d  g as tro p o d  AvTD and  
d ecap o d  an d  gas tro p o d  VarTD suggests  th a t the  d r i­
vers of d ecap o d  an d  gas tro p o d  assem blages differ 
w idely, such th a t seam oun t-sca led  p rocesses of any 
kind  are  likely to p lay  a sm all p a rt in  d riv ing  com m u­
nity  pa tte rn s. This im plies th a t a lte rna tive  spa tia l and  
tem poral scales n e e d  to b e  considered . O ur re ten tio n  
m odel is b ased  on  tim e- an d  sp a ce -in teg ra te d  m ean  
values an d  is th e re fo re  su itab ly  m a tch ed  to describe 
species p a tte rn s  d riven  by long  tem poral p rocesses 
(Ricklefs 1987). H ow ever, G aines & D enny (1993) su g ­
g est th a t 'ex trem e  va lues ' in  p rocesses m ay b e  th e  d r i­
vers of m arine popu la tion  dynam ics. In this sense, 
re ten tio n  m ay p lay  a short-term  role in  constra in ing  
d ispersal, b u t the  period ic sh ed d in g  of edd ies form ed 
over seam ounts m ay b e  the  m echan ism  by w hich  
seam ount com m unities m ain ta in  connectiv ity  th ro u g h ­
out the  region, as has  b e e n  su g g e s ted  for F eiberling  
S eam ount (M ullineaux & M ills 1997). T he lack  of 
ex p lana to ry  pow er of re ten tio n  on taxonom ic d is tin c t­
ness suggests th a t low  re ten tio n  or in freq u en t re te n ­
tion m ay b e  e n o u g h  to hom ogen ize  seam ount com m u­
nities th ro u g h o u t a  w id er reg ion . R ichardson (1980) 
repo rts  bottom  trap p in g  of topograph ically  induced  
edd ies  above the  collective C orner Rise Seam ounts. 
A long seam ount chains, flow -topography in teractions 
can  b e  h igh ly  com plex (Roden 1987). T hese  spatially  
an d  tem porally  com plex processes could  b e  b e tte r  
exam ined  w ith  a  m odel th a t partitions th e  rela tive 
effects of steady -sta te  an d  tim e-vary ing  (both periodic 
an d  episodic) even ts  (e.g. G oldner & C h ap m an  1997).

At w ith in -seam oun t spatia l scales, non -re ten tion - 
re la ted  oceanograph ic  p rocesses certa in ly  p lay  a role 
in  structu ring  seam ount com m unities. W e found  a s ig ­
nificant n eg a tiv e  effect of seam ount d ep th  on AvTD in 
decapods, sug g estin g  a d ep th -re la te d  process d riv ing 
d iv e rg en t com m unity  diversity. V ertical stratification  
of seam ount com m unities has  b e e n  rep o rted  in  term s 
of com m unity  com position (Rogers e t al. 2007) and  
g en e tic  d iffe ren tia tion  (e.g. F rance & K ocher 1996, 
C reasey  & Rogers 1999), co n cu rren t w ith  our findings. 
In th e  deep -sea , th e  ba thym etric  s truc tu ring  of species

diversity  an d  biom ass h as b ee n  re la ted  to com plex 
trophic, d ispersal, an d  evo lu tionary  dynam ics th ro u g h ­
out the  en tire  w a te r colum n (e.g. Rex e t al. 2005). Rex 
e t al. (2006) suggest th a t d ec reas in g  body  size w ith  
inc reasing  d e p th  m ay b e  re la te d  to vertical g rad ien ts  
in  food sources. In our study, vertical g rad ien ts  of p ro ­
ductiv ity  m ay be m anifest as ch an g es in  phy logenetic  
s truc tu re  of th e  com m unity  if food becom es a lim iting 
resou rce  at som e poin t along  th e  g rad ien t, le ad in g  to 
com petitive exclusion (H uston 1996) or d iffering  
p re d a to r-p re y  in teractions (e.g. G ran t 2000 for deep - 
sea  soft sed im ent com m unities). If in tra -g en u s co m p e­
tition is high, an  under-d ispersion  of species p e r  g en u s 
in  th e  com m unity  m ay result, reflec ting  d iv e rg en t 
biotic in te ractions at d iffe ren t dep ths. Similarly, m any 
seam ounts a re  tail en o u g h  to cross m ultip le  m id-w ater 
density  an d  oxygen  clines. S uch structu ring  m ay be 
m a in ta in ed  across th e  reg ion  by w ay  of m ultiple , m id ­
ocean  w a te r  m asses, g iv ing  rise to d iffe ren t ra tes of 
connectiv ity  am ong  d ep th  strata. H ere, taxonom ic d is ­
tinc tness m easu res  w ere  ca lcu la ted  p er seam ount; the  
d a ta  w ere  not d en se  en o u g h  to exam ine w ith in- 
seam ount variab ility  w ith  dep th . F u tu re  exam ination  
of seam ount com m unity  d iversity  w ou ld  benefit from  a 
w ith in -seam oun t stratified  approach .

W e have show n th a t seam oun t oceanog raph ic  re te n ­
tion m ay b e  w ea k  co m p ared  to o the r p rocesses s tru c ­
tu ring  seam ount com m unities, an d  th a t a lternative  
spa tia l scales n ee d  to b e  co nsidered  w h en  d e lin ea tin g  
'local' seam oun t com m unity  p a tte rn s  an d  processes. In 
addition , w e d em o n stra ted  th e  effective in teg ra tion  of 
on line b iological an d  physical da tase ts , facilita ted  by 
em erg en t d a ta  in teg ration , w h ich  is c re a tin g  n ew  p o s­
sibilities for exploration  an d  analysis of such d a ta  in 
m arine  an d  o ther ecosystem s. In th e  fu ture , in te g ra te d  
ap p ro ach es to seam ount com m unity  dynam ics should  
focus on im proving  th e  geo g rap h ic  ex ten t of sam pled  
seam ounts u sing  a ta rg e te d  ap p ro ach  to sam pling  se a ­
m ounts w ith  a  w ide  varie ty  of physical characteristics, 
iden tifica tion  of spa tia l subdivision  of seam oun t com ­
m unities across reg iona l scales, an d  a lign ing  th ese  to 
sm all-scale an d  m esoscale p rocesses w ith in  th e  m e ta ­
com m unity. Such an  ap p ro ach  w ould  le ad  to b e tte r  
iden tifica tion  of conservation  an d  m a n ag e m en t a reas  
for seam ounts an d  im p lem en ta tion  of such  policies.
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