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ABSTRACT: The E u ro p ean  R egister of M arine  Species (ERMS) pro jec t has  com piled  a list of m arine 
species in  E urope an d  a b ib liog raphy  of m arine  species iden tification  gu ides. ERMS h as also su r­
v ey ed  species iden tification  an d  taxonom ic expertise , an d  th e  sta te  of m arine  species collections in 
E urope. A total of 29 713 species-level ta x a  w ere  ca ta lo g u ed  from  E u ro p ean  seas. O verall, 90%  of the 
taxon  checklists w ere  satisfactory, b u t n o n -ha lacarid  A carina, diatom s, lichens an d  cyanobac te ria  
w ere  not included , an d  g eog raph ica l coverage of th e  E u ro p ean  seas w as incom plete for Rotifera an d  
B rachiopoda. Lists th a t w ou ld  benefit from  fu rth er inpu t inc lude (1) those  th a t h av e  not yet b ee n  
ch eck ed  by  an  e x p e rt on  E u ro p ean  fauna, nam ely  lists of th e  non -ep icarid  Isopoda, C ephalocho rdata , 
A ppend icu laria , H em ichordata , H irud inea, G nathostom ulida, C ten o p h o ra  an d  Placozoa; (2) p re lim i­
nary  lists, inc lud ing  som e of th e  above an d  lists of protists; an d  (3) lists w ith  m any  species b u t w hich  
h av e  b e e n  rev iew ed  by only a few  experts. T hese gaps a re  now  b e in g  a d d re ssed  in  an  on line version  
of ERMS (w w w .m arb e f.o rg /d a ta /e rm s.p h p ). T he b ib liography  of 842 iden tification  gu ides show s th a t 
th e re  a re  few er gu ides for so u th ern  E u ro p ean  seas, a lthough  th ey  con tain  m ore species, th a n  for 
those in  n o rth e rn  E urope. A d eq u a te  gu id es for all of E u rope 's  seas exist only for fishes. N ew  gu ides 
a re  especially  n e e d e d  for th e  species-rich , b u t sm all-sized  taxa, such  as po lychaete, o ligochaete  an d  
tu rb e lla rian  w orm s, an d  harpactico id  copepods. A d a ta b a se  of >600 experts  (individuals w ho sta ted  
them selves to b e  experts) an d  a subse t of th ese  recogn ised  by the ir p ee rs  as b e in g  taxonom ic experts  
w as es tab lished . W hile th e re  w ere  gen era lly  m ore experts  for tax a  w ith  a la rg e  n u m b er of species, 
th e re  w as no corre la tion  b e tw e en  the  n u m b er of taxonom ists an d  the  n u m b er of species p e r  taxon; 
som e tax a  w ith  th o u san d s of species a re  s tud ied  by rela tively  few  taxonom ists. S uch g ap s  in  m arine 
b iod iversity  k now ledge  an d  resou rces m ust be ad d re ssed  by  fu nd ing  the  p roduction  of additional 
species iden tification  guides.
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INTRODUCTION

T he u n p re c e d e n te d  ra te  at w h ich  h u m an  activities 
a ro u n d  the  w orld  a re  causing  species extinction  
is a la rm ing  (World C onservation  M onitoring  C en tre  
1992, K irchner & W eil 2000). T he p a tte rn s  in  th e  ex tinc­
tion  of la rg e  p red a to ry  species on  lan d  are  now  occu r­
ring  in  oceans (C arlton 1993, M alakoff 1997, C asey  & 
M yers 1998, C arlton  e t al. 1999, R oberts & H aw kins

1999, Baum  e t al. 2003, M yers & W orm 2003, 2005, 
Baum  & M yers 2004). In addition, m arine h ab ita t d e g ra ­
dation  is red u c in g  availab le living space an d  could  lead  
to th e  ex tinction  of o ther species. T hat ex tinctions are 
occurring  befo re  ev e n  half of th e  w orld 's species have 
b e e n  describ ed  (May 1992, B arnes 1998, G ordon  2001) 
or n am ed  is ev id en ce  of a g lobal in form ation  crisis. 
S uch a g ap  in  our know ledge of th e  w orld 's b iodiversity  
is thus a critical w eak n ess  in  th e  w orld 's 'know ledge
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econom y'. T he g lobal econom y is d irec tly  (e.g. food, 
m aterials) an d  ind irectly  (ecosystem  services) d e p e n ­
d en t on  b iodiversity  (C ostanza e t al. 1997, Costello 
2000a, 2001). C onsidering  th a t fisheries have never 
b e e n  so heavily  h arv e s ted  an d  th a t aq u acu ltu re  is 
rap id ly  grow ing , one m ay expect concom itan t g row th  
in  u n d ers ta n d in g  w hat biodiversity  exists in  the  oceans. 
H ow ever, th e re  is no ev idence of in c reased  resou rces to 
identify  an d  inventory  m arine  biodiversity. Indeed, 
m em bers of the  scientific com m unity  h ave asse rted  tha t 
expertise  in  the  form  of taxonom ists ab le  to identify, 
describe  an d  classify species is dec lin ing  (e.g. Boero 
2001, G ian g ran d e  2003). H ow ever, th ese  assertions are 
an ecd o ta l an d  u n su b stan tia ted . W here d a ta  h av e  b ee n  
provided , such as for C hile (Sim onetti 1997), South 
Africa (G ibbons e t al. 1999), th e  USA (W inston 1988) 
an d  g lobally  (Diversitas 2000), th ey  show  th a t m ore 
taxonom ists a re  n e e d e d  to ad d ress  the  m ism atch  b e ­
tw ee n  the  n u m b er of species in  ce rta in  tax a  an d  the 
co rresp o n d in g  n u m b er of taxonom ists, b u t do not 
dem o n stra te  a  dec line  in  the  n u m b er of taxonom ists. 
O n the  contrary, in  Latin A m erica, no tab ly  in  Brazil, 
th e re  h as  b e e n  in c reased  em ploym ent an d  tra in ing  in 
taxonom y since the  1980s (C arvalho e t al. 2005).

Clearly, th e re  h av e  b ee n  insufficient taxonom ic 
resou rces to describe  th e  ea rth 's  p rese n t species, but 
th e re  is no q u an tita tiv e  ev idence  of a dec line  in  these  
resou rces in  th e  availab le litera tu re . Indeed , p u b lica ­
tions on  m arine  b iodiversity  have  b ee n  inc reasing  in 
rec en t d ecad es  (M oustakas & K arakassis 2005). 
B ecause a taxonom ist's rep u ta tio n  will g row  d u ring  
h is /h e r  lifetim e, th e  fact th a t som e taxonom ic experts  
m ay b e  re tire d  or n ea rin g  re tirem en t m ay b e  m ore of a 
reflection  of the  fact th a t th ey  h av e  m ade  lifetim e co n ­
tribu tions to th e  science th a n  of the  ab sen ce  of succes­
sors; y ounger scientists h av e  not h a d  th e  tim e to bu ild  
up  a w idely  recogn ised  rep u ta tio n  an d  th u s m ay be 
overlooked  w h en  considering  taxonom ic expertise . 
W inston (1988) cites a study  of taxonom ists in  th e  USA, 
w hich  d e te rm in ed  an  av erag e  ag e  of 44 yr, b u t felt it 
w as b ia sed  by  inc lud ing  studen ts. H er 'im pression ' 
w as th a t the  av e rag e  ag e  w as closer to 54 yr.

In add ition  to th e  ag e  an d  n u m b er of taxonom ic 
experts, o th e r m easu res  of taxonom ic resou rces in ­
c lude the  availability  of o rg an ised  species inventories, 
th e  cu rrency  of species iden tification  gu ides an d  the 
condition  of specim en  collections. F u n d am en ta l to the 
m a n ag e m en t of any  resou rce  is an  inven to ry  of its 
p a rts  an d  th e ir  ab u n d an ce . The inven to ry  of all species 
occurring  in  E u ro p ean  seas (Costello e t al. 2001) is the 
la rg est all-taxon  m arine  species inven to ry  available. 
This 'E u ro p ean  R egister of M arine  Species ' (ERMS) 
prov ides a m eans to ind icate  in  w hich  tax a  m ost n ew  
species rem a in  to be d iscovered; th ese  findings m ay 
also b e  app licab le  globally. In the  p rese n t paper, w e

com pare  the  n u m b er of species p e r  taxon  in  ERMS 
(Costello et al. 2001) to th e  availab le expertise .

T he m ost basic req u irem en t for p eop le  s tudy ing  and  
w ork ing  on aspec ts  of b iodiversity  is th e  availability  of 
species iden tification  gu ides. W ithout such  gu ides it is 
im practical for m ost peop le  to know  or study  a g roup  of 
species an d  co nsequen tly  the  biology, ecology an d  p o ­
ten tia l econom ic v a lue  of th ese  species will rem ain  u n ­
know n. P eople n e e d  rap id  access to species iden tifica­
tion  gu ides, an d  fund ing  agencies an d  pub lishers m ust 
know  w hich  gu id es a re  m ost u rg en tly  n e e d e d  to fill 
taxonom ic an d  g eog raph ic  gaps. Thus, w e ana ly sed  the 
taxonom ic an d  geog raph ic  coverage of iden tification  
g u ides  for m arine species in  E urope from  a checklist w e 
h a d  prev iously  com piled  (Bouchet & M arm ayou  2001).

T he g a th e rin g  of d a ta  in  a s ta n d ard ise d  form at facil­
ita tes gap  analysis (e.g. Kelly & C ostello 1996, M ous­
ta k as  & K arakassis in  press). Thus, in  association  
w ith  p ro d u cin g  ERMS, w e com piled  (1) a d a ta b a se  of 
ex p e rtise  (including ex p e rt's  age), (2) a  ca ta logue 
of m arine  species iden tification  g u ides (Bouchet & 
M arm ayou  2001) an d  (3) a su rvey  of m useum  co llec­
tions (Legakis & Em blow  2003). Results of the  survey 
of m arine species collections h av e  previously  b ee n  
rep o rted  (Legakis & Em blow  2003), bu t key  points are 
also d iscussed  in  th e  p re se n t paper, to p rov ide a m ore 
com prehensive  rev iew  of th e  sta te  of m arine tax o ­
nom ic resou rces in  Europe.

MATERIALS AND METHODS

ERMS w as a 2 yr p ro ject involving 22 organ isa tions 
an d  170 scientists (Costello 2000b). G roups of scientists 
w ith in  the  project ad d ressed  th e  w ork  d escribed  below, 
an d  o thers focused  on  com m unication  w ith  the  sc ien ­
tific com m unity  an d  re la te d  organisa tions, includ ing  
po ten tia l end-users.

Species lists. T he ERMS pro ject inc luded  species o c ­
curring  from  th e  strandline an d  'sp lash  zone ' of the in te r­
tida l (littoral) th ro u g h  th e  sub tidal (sublittoral) to the 
d ee p  sea, inc lud ing  b rack ish  w ate rs  to 0.5 salinity. The 
n o rthern  parts  of the Baltic Sea are m ore freshw ater than  
brackish , an d  it w as left to the  discretion  of list com pilers 
w h e th e r to include these  species. The study area  defined 
b road ly  as 'E u ro p ean  seas ' follow ed th e  d a tab a se  of 
E uropean  M ollusca (CLEMAM) (Fig. 1), and  thus ranged  
from  the  N orth  Pole along  th e  east coast of G reen lan d  to 
Iceland, along the m id-A tlantic ridge, across the  26° p a r ­
allel to th e  coast of Africa, an d  into th e  M ed ite rran ean  
an d  Black Seas. Inclusion of th e  islands of M adeira , 
A zores an d  C anaries b ro u g h t sub-trop ica l species into 
ERMS; these  h ad  generally  b een  excluded  from previous 
rev iew s of E u ro p ean  m arine  fau n a  an d  flora. O nly taxo- 
nom ically nam ed  species, an d  species w hose occurrence
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Fig. 1. G eo g rap h ic  scope  of th e  E u ro p ean  R egister of M arine 
Species (ERMS) pro ject. N um bers of id en tification  gu ides for 
eac h  of th e  3 g eo g rap h ica l a rea s a re  show n. In add ition , 10 
iden tification  gu id es d ea l specifically  w ith  th e  NE A tlantic  

d eep  sea  a rea

in  the  ERMS a re a  h a d  b ee n  previously  pub lished , w ere  
included. Synonym s an d  o ther nam es for a species w ere  
in c lu d ed  in  som e instances. S altm arsh  ang iosperm  
p lan ts w ere  excluded, as these  a re  generally  inc luded  in 
te rres tria l p lan t inventories. B acteria (Eubacteria  an d  
A rchaea) w ere  also exc luded  from  th e  project. W here 
recogn ised , com m ents on the  w ea k n esse s  of lists are 
m ade  in  the  p reface  to th a t list (Costello e t al. 2001). 
T hese  com m ents, an d  criteria  dev e lo p ed  by M. J. 
Costello, w ere  u sed  to score th e  sta tus of each  list. 
T he criteria  w ere  b ased  on the  source of inform ation, 
expertise  of the  list com piler an d  involvem ent of >1 
expertin  com piling th e  list (Table 1).

Identification guides. O ur rev iew  in c lu d ed  iden tifi­
cation  gu id es  w ith  illustrations an d  keys to the  la rg e r

T able  1. C rite ria  u se d  to  in d ica te  th e  quality  of th e  species 
lists com piled  du rin g  th e  ERMS (E uropean  R egister of M arine  
Species) p ro ject, a n d  th e  n u m b ers  of lists fa lling  in to  th ese  
categories. For fu rth e r in fo rm ation  on  sco ring  see  'M aterials 

a n d  m eth o d s '

Score C riteria No. 
of lists

+ Pre lim inary  list, k n o w n  to b e  or likely 
to b e  incom plete

4

++ C om piled  from  re ce n t au tho rita tive  
lite ra tu re

7

+++ C om piled  b y  ex p ert in  th e  g roup 28
++++ C h eck ed  by  ad d itio n al e x p ert in  th e  g roup 43
+++++ C h eck ed  by  sev era l exp erts  in  th e  g roup 31

Total 113

m etazo an  g roups an d  ex c lu d ed  (1) specia lised  lite ra ­
tu re  d ea lin g  w ith  a single g en u s  or family; (2) n o n ­
illu stra ted  checklists; (3) old lite ra tu re  th a t m ay be 
essen tia l to a specialist, b u t is u n o b ta in ab le  to a g e n ­
era l m arine  biologist; an d  (4) pro tists an d  m icrobia. It 
com piled  all m arine  titles in  m ajor series (see T able 4), 
ev e n  if o u td a ted  or h a rd  to obtain . P opular an d  sem i- 
po p u la r gu id es  w ere  lis ted  separate ly , b u t they  have 
not b e e n  com prehensively  covered  or inc luded  in  the 
p re se n t analysis.

Expertise. ERMS pro ject partic ip an ts  supp lied  co n ­
tac t details for m arine biologists from  e ith e r the ir g e o ­
g rap h ic  or the ir taxonom ic area . Lists of m arine  b io ­
logists from  Britain, G erm any, G reece, Italy, Ireland, 
S candinavia , S pain  an d  the  w este rn  an d  ea s te rn  
M ed ite rran ean , as w ell as a list of E u ro p ean  ex p e rts  on 
algae , w ere  received . In addition , lists of contact 
deta ils  for o the r m arine  biologists w ere  o b ta in ed  from  
th e  In ternet. T he focus of th e  pro jec t w as on persons 
w ith  expertise  in  m arine  species from  countries of the 
E u ro p ean  U nion an d  th e  E u ro p ean  Econom ic A rea, so 
ex p e rtise  in  E aste rn  E urope has not b e e n  assessed . An 
in itial list of 1200 p eop le  from  38 coun tries (29 E u ro ­
pean) w ith  expertise  in  E u ro p ean  m arine  species w as 
com piled  by  the  project. T hese peop le  p assed  th e  list 
an d  an  accom pany ing  q u es tio n n a ire  on  to an  a d d i­
tional 160 co lleagues w ho rep lied . Of th e  to ta l of 614 
responden ts , 590 g av e  perm ission  for the ir nam e to be 
e n te re d  in  the  d a tab a se  (i.e. they  w ere  still active and  
ava ilab le  for such  work).

E ach  p erson  in  the  d a tab a se  w as ask ed  to verify the ir 
con tact deta ils  an d  p rov ide the ir yea r of b irth , the  tax o ­
nom ic g roups in  w hich  they  h a d  expertise , th e ir  level 
of expertise , th e  geo g rap h ic  coverage of the ir e x p e r­
tise  an d  th e ir  p rofessional status. R equests w ere  sen t in 
th e  form  of a s ta n d a rd  questionna ire , w ith  a sum m ary 
of th e  project. A w eb -b ase d  subm ission form  w as also 
p u t on  th e  w eb , an d  a g en e ra l call for subm issions 
m ad e  to various em ail d iscussion  groups.

B ecause it p roved  difficult to se t un iversa l criteria 
to define  a taxonom ist, 2 reg is te rs  w ere  estab lished : 
(1) persons w ith  se lf-decla red  expertise  in  th e  iden tifi­
ca tion  of m arine  species in  E urope an d  (2) peer- 
se lec ted  specialist or taxonom ic ex p e rts  in  ce rta in  sp e ­
cies g roups. T he persons p ro d u cin g  lists of species for 
th e  pro jec t iden tified  th e  la tte r 'taxonom ic experts '.

RESULTS 

Species lists

A to ta l of 29 713 species-level tax a  w ere  ca ta logued  
from  E u ro p ean  seas, w ith  th e  quality  of inform ation 
d iffering  for d iffe ren t taxa. It w as not ex p ec ted  th a t all
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T ab le  2. Species lists in  ERMS, th e  p e rso n s w ho  com piled  th em  an d  assis ted  in  th e ir  com pilation, th e  n u m b er of spec ies p e r  g roup  
a n d  an  ind ica to r of how  com plete  a  list is of th e  d escribed  species (from C ostello et al. 2001). C = confident of reaso n ab le  coverage of all 

E u ro p ean  seas, in clud ing  th e  Arctic, d eep  sea  an d  B lack Sea. See T able  1 for th e  sta tus scoring system

Species group Compiler 
(assisted by)

No. of 
species

Status Species group CompUer 
(assisted by)

No. of 
species

Status

Crytophytes S. Brandt 14 + Stomatopoda J. van der Land 22 +++ C
Euglenids S. Brandt 26 + (P. Noel)

H eterotrophic euglenoids Foraminifera O. Gross 1167 ++++ C
Haptophytes S. Brandt 36 + Actiniaria J. H. den Hartog, 243 ++++ c
Prasinophytes S. Brandt 24 + J. van der Land
Apicomplexa S. Brandt 3 ++ (J. Ryland)

(free-living species) Antipatharia D. M. Opresko, 28 ++++ c
Dinoflagellates S. Brandt 718 ++ J. van der Land

(M. Elbrächter) Hydrozoa W. Vervoort, 684 ++++ c
Kathablepharids S. Brandt 2 ++ S. D. Cairns,
Placozoa J. van der Land 2 ++ J. van der Land,
C tenophora J. van der Land 38 ++ P. Schuchert
Rotifera M. O'Reilly 139 ++ Gastrotrichia J. L. D 'Hondt, 240 ++++ c
Hirudinea J. van der Land 36 ++ J. Van der Land
Therm osbaenacea J. van der Land 2 ++ C ephalorhyncha ^L orici­ J. van der Land, 52 ++++ c
Isopoda J. van der Land 605 ++ fera, PriapuUda, Kino­ B. N euhaus

excluding Epicaridea rhyncha, Nem atom orpha)
Brachiopoda C. Howson 18 ++ N em atoda
Appendicularia J. van der Land 53 ++ Free-Uving G. De Smet, M. Vincx 1625 ++++ c
C ephalochordata J. van der Land 2 ++ A. Vanreusel,
Ciliates S. Vanhove,

Aloricate ollgotrichs S. Agatha 82 +++ J. Vanaverbeke,
Chonotrichia A. W. Jankow ski 37 +++ M. Steyaert
FolUcuUnids M. Mullsch 30 +++ (F. Riemann)
Rhynchodida A. W. Jankow ski 42 +++ Parasitic D. Gibson 212 ++++ c

A m oebae— testate R. M eisterfeld 97 +++ (F. Moravec,
Apusomonads S. Brandt 3 +++ H.-P. Fagerholm)
Choanoflagellates S. Brandt 98 +++ Polychaeta G.BeUan 1848 ++++ c
Euglenids — klnetoplastids S. Brandt 13 +++ (C. Arvanitidis,
Bicosoecids S. Brandt 17 +++ J.-C. Dauvin, F. GentU,
Labyrinthulids M. Dick, S. Brandt 10 +++ G. Bachelet,
Thaustrochytrids M. Dick, S. Brandt 15 +++ H. Hansson, R. Barnick,
Stramenopiles incertae sedls S. Brandt 4 +++ D. Fiege,
Thaum a tomonads S. Brandt 17 +++ M. E. Petersen,
Protista incertae sedls S. Brandt 40 +++ T. Brattegard,

(heterotrophic species) T. Holthe)
Mesozoa J. Hallan, 36 +++ Tardigrada J. van der Land 76 ++++ c

J. van der Land Pycnogonida F. Krapp, 146 ++++ c
Gnathostom ulida J. van der Land 25 +++ J. Van der Land
Euphausiacea J. van der Land 41 +++ (J. Stock, R. Bamber,
Hem ichordata J. van der Land 17 +++ C. A. ChUd)
Fungi N. Clipson, 318 ++++ Remipedia G. BoxshaU 1 ++++ c

E. Landy, M. Otte Branchiura G. BoxshaU 2 ++++ c
(G. Bremer, G. Jones) Cladocera — Branchiopoda G.BoxshaU 9 ++++ c

A m oebae— naked A. Rogerson, 74 ++++ M ystacocarida G. BoxshaU 2 ++++ c
A. Goodkov Copepoda

Xenophyophora O. Tendal, 20 ++++ Calanoida G. BoxshaU 649 ++++ c
J. van der Land Cyclopoida G.BoxshaU 177 ++++ c

Porifera R. W. M. van Soest 1640 ++++ Harpacticoida R. Huys 1357 ++++ c
(N. Boury-Esnault) M isophrioida G. BoxshaU 16 ++++ c

Siphonophora G. M. M apstone, 105 ++++ MonstriUoida G. BoxshaU 33 ++++ c
J. van der Land MormoniUoida G.BoxshaU 2 ++++ c
(P. R. Pugh) Platycopioida G. BoxshaU 3 ++++ c

Chilopoda A. MineUl 6 ++++ Poecilostomatoida G. BoxshaU 353 ++++ c
Diplopoda A. MineUl 2 ++++ (M. O'ReiUy,
Insecta A. Legakis 19 ++++ D. Zavodnik)
Phoronida C. Emig 9 +++++ Siphonostom atoida G. BoxshaU 354 ++++ c
Echiura J. van der Land 19 +++ C Tantulocarida G. BoxshaU 13 ++++ c

(J. I. Saiz-SaUnas) Cirripedia
Sipuncula J. van der Land 44 +++ C Non-parasitic Thoracica A. Southw ard 107 ++++ c

(J. I. Saiz-SaUnas) Parasitic Ascothoracida G. BoxshaU 10 ++++ c
Pentastom ida J. van der Land 2 +++ C Parasitic Rhizocephala G. BoxshaU 28 ++++ c
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T able  2 (continued)

Species group Compiler No. ot Status Species group Compiler No. ot Status
(assisted by) species (assisted by) species

Decapoda M. Türkay 672 ++++ C Mollusca (continued) T. Hoisaeter, E. Platts,
M ysidacea J. van der Land, 

T. B rattegard
198 ++++ C S. Smith, J.-A. Sneli, 

A. W arén
Isopoda, Epicaridea, J. C. M arkham 54 ++++ C Oligochaeta C. Erséus, B. Healy 190 H—1—1—1—1- C

Bopyridae Pogonophora E. Southward, 23 H—1—1—1—1- C
Insecta J. van der Land
Chironomidae D. M urray 15 ++++ c (T. Brattegard)
C haetognatha H. Kapp, 42 + + + + c Acarina

J. Van der Land H alacaridae I. Bartsch 214 H—1—1—1—1- C
Thaliacea J. van der Land, 

R. Van Soest
35 ++++ c Ostracoda D. Horne, A. Bruce, 

J. W hittaker
769 H—1—1—1—1- C

M acroalgae ot Rhodo­ M. D. Guiry 1702 +++++ c Am phipoda D. Beüan-Santini, 1183 H—1—1—1—1- C
phycota, Phaeophycota, (G. Furnari, F. Rindi, M. J. Costeüo
Chlorophycota, and  2 E. Nie Dhonncha, (S. Ruffo,
genera ot Xanthophycota S. Lawson) J.-C . Dauvin,

Seagrass M. D. Guiry 5 +++++ c L. Coüier)
Myxozoa E. Karlsbakk 230 +++++ c Cum acea L. W atüng 188 H—1—1—1—1- C
Octocorallia (T. Brattegard)
Pennatulacea G. C. Williams, 37 +++++ c Tanaidacea G. Bird (M. Gutu) 280 H—1—1—1—1- C

J. van der Land Bryozoa P. J. H ayw ard 724 H—1—1—1—1- C
(K. R iem ann-Zürneck (J. Harmelin)

Others L. van Otwegen, 
M. Grasshott,
J. van der Land

92 + + + + + c Echinoderm ata H. G. Hansson 
(S. Stöhr, C. Massin, 
A. Gebruk,

648 H—1—1—1—1- C

Scleractinia S. D. Cairns,
B. W. Hoeksem a, 
J. van der Land 
(H. Zibrowius)

86 +++++ c A. Mironov, 
A. Smirnov, 
D. Zavodnik, 
M. Garrido)

Cubozoa P. Corneüus 1 + + + + + c Ascidiacea &  Sorberacea C. Monniot, D. Connor, 393 H—1—1—1—1- C
Scyphozoa P. Corneüus, G. Jarm s, 

Y. M. Hirano,
53 +++++ c

Pisces
P. Lozouet

J. van der Land A gnatha J. van der Land, 5 H—1—1—1—1- C
Turbellaria A. Faubel, C. Norefia 1137 +++++ c M. J. Costello (L. Coüier)
Aspidogastrea D. Gibson 4 +++++ c Chondrichthyes J. van der Land, 145 H—1—1—1—1- C
Digenea D. Gibson (M. Kooie, 

P. BartoH)
592 +++++ c M. J. Costeüo,

R. Serrâo Santos and
M onogenea R. Bray (L. Euzet, 

G. Kearn)
353 +++++ c F. M ora Porteiro. 

(L. Coüier)
Cestoda R. Bray (L. Euzet, 

B. B. Gorgiev)
312 +++++ c Osteichthyes J. van der Land, 

M. J. Costeüo,
1199 H—1—1—1—1- C

N em ertea (Nemertini) R. Gibson 478 + + + + + c R. Serrâo Santos
Acanthocephala D. Gibson 

(C. R. Kennedy, 
Z. M. Dimitrova)

67 +++++ c

Tetrapoda

F. M ora Porteiro 
(L. Coüier)

Cycliophora C. S. Emblow 1 +++++ c Aves J. van der Land, 74 H—1—1—1—1- C
Entoprocta P. J. H ayw ard 45 + + + + + c M. Ramos, J. Templado
Mollusca S. Gotas, J. Le Renard, 3353 + + + + + c Reptiüa J. van der Land, 5 H—1—1—1—1- C

P. Bouchet, M. Ramos, J. Templado
R. Giannuzzi-Savelü, M am malia J. van der Land, 50 H—1—1—1—1- C
A. Guerra, D. Heppeü, M. Ramos, J. Templado

lists could  b e  p ro d u ced  to the  sam e standard , b ecau se  
of the  vary ing  availability  of recen tly  p ub lished  review s 
an d  of expertise . O nly 4 % of the  taxonom ic lists are 
co nsidered  incom plete, re p rese n tin g  p robab ly  < 2%  of 
th e  to ta l nu m b er of describ ed  species (Tables 1 & 2). 
Lists w ith  scores >2 (ind icated  by  a co rrespond ing  
n u m b er of p lus signs) w ere  co n sid ered  satisfactory, 
an d  90%  of all lists w ere  in  this category . H ow ever, 
63 % of the  lists (scores of 3 an d  4) w ould  benefit from  
fu rthe r ex p ert review . N on-halacarid  A carina, diatom s,

lichens an d  cyanobac te ria  w ere  not com piled, and  
geo g rap h ica l coverage of th e  E u ro p ean  seas w as 
incom ple te for Rotifera an d  B rachiopoda. Lists th a t 
w ere  satisfactory, bu t th a t w ou ld  benefit from  fu rthe r 
inpu t inc lude (1) lists th a t h ad  not b ee n  ch eck ed  by an  
ex p e rt on E u ro p ean  fauna, nam ely  lists for the  non- 
ep ica rid  Isopoda, C ephalocho rdata , A ppendicu laria , 
H em ichordata, H irudinea, G nathostom ulida an d  C ten o ­
p h o ra  an d  (2) lists know n to b e  prelim inary , includ ing  
som e of th e  above an d  several for protists.
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Lists w ith  m any  species m erit fu rther a tten tion  b e ­
cause  it is very  likely  th a t th ese  g roups will con tain  
species new ly  describ ed  to science, an d /o r ch an g es in 
nom encla tu re , w ith in  a short tim e. T he lists of m acro ­
algae , Porifera an d  M ollusca w ere  deriv ed  from  w ell- 
e s tab lish ed  d a tab ases, an d  th e  lists of fishes w ere  
c ross-checked  ag a in st o the r w orld -w ide listings. H ow ­
ever, o the r la rg e  lists w ere  p re p a re d  for 
th e  first tim e for th is project. B ecause of 
th e  size of these  lists, no single person  
can  b e  an  ex p e rt on  all of th e  species 
covered , an d  th e  ed ito rial ta sk  p e r  p e r ­
son is g rea ter. Thus, the  lists of Poly­
chae ta , A m phipoda, H arpac tico ida and  
T urbellaria  m ay b enefit from  fu rthe r 
review .

Identification guides

Of th e  842 iden tification  gu ides com ­
piled, 362 titles (43 %) have b e e n  p u b ­
lished  in  national or reg iona l series, 
som e d ea lin g  specifically w ith  m arine 
fau n a  an d  flora (Table 3). A lthough  
vo lum es m ay b e  obso le te  or h a rd  to 
ob ta in  (Table 4), th e se  series a re  often 
th e  gu id es  m ost frequen tly  u sed  by 
non-spec ialists a ttem p tin g  to identify  
m arine  species in  E urope. T he 'S y n ­
opses of th e  British F auna ' w as th e  m ost 
com prehensive  series; it w as estim ated  
th a t it covered  80%  of th e  species 
en c o u n te re d  in  n o rth e rn  an d  Arctic 
w aters, an d  50 % of th e  species en c o u n ­
te re d  in  th e  M e d ite rran e an  an d  the  
A tlantic arch ipelagos. O ne series w as 
lim ited  to th e  seaw eed s of th e  British 
Isles. For the  M ed ite rran ean , th e  m ost 
com plete coverage w as by  F aune  de 
F rance an d  F auna  e F lora de l Golfo di 
Napoli, b u t these  series a re  now  large ly  
obsolete . W hile F auna  Iberica h as  a 
n u m b er of titles in  p repara tion , the  
ea s te rn  M e d ite rran e an  rem ains poorly 
covered . No series has co m p re h en ­
sively covered  th e  m ajor g roups of 
m acroben thos from  the  A rctic to the  
M ed ite rran ean , so accu ra te  iden tifica­
tion  of th ese  ta x a  relies on  a patchw ork  
of gu ides of u n ev e n  reliab ility  an d  re le ­
vance  to the  a re a  concerned .

T he geo g rap h ica l coverage w as very  
u n ev e n  (Table 4), w ith  52%  of the  
titles p articu la r to n o rth e rn  E urope (the

British Isles, N orth  S ea an d  S candinavia), 22%  to the 
M e d ite rran e an  an d  11 % to th e  A tlan tic -L u sitan ian  r e ­
g ion  (Bay of Biscay to M orocco an d  th e  A tlantic a rc h i­
pelagos). (The to ta l does not ad d  up  to 100%  b ecau se  
som e g en e ra l gu id es h av e  not b e e n  allocated  to a g e o ­
g rap h ica l region.) No series co nsidered  th e  d ee p -sea  
fau n a  in  particular. G uides to d e e p -se a  fau n a  w ere  lim-

T able  3. A d eq u acy  of id en tification  gu ides in  n o rth e rn  E u ro p ean , o th er A tlantic  
(includ ing  L usitanian) w aters , a n d  M e d ite rran e a n  a n d  B lack Seas, com p ared  
w ith  th e  n u m b er of species re co rd e d  by  ERMS for e ach  tax o n  **: recen t; 
*: out of d a te  b u t useful; no  u se fu l guides; sh a d e d  a rea s in d ica te  w h e re

gu ides do n o t exist

T axon N o rth e rn
E urope

Atlantic Medit. and 
Black Sea

No. of 
species

A can th o cep h a la - - - 67
A nn e lid a H iru d in ea - - - 36

O ligochaeta - - * 190
P olychaeta ** 1848

B rach iopoda ** - ** >18
Bryozoa ** - ** 724
C ep h alo ch o rd a ta * - - 2
C h ae to g n a th a ** - - 42
C he licera ta H alacarid a ** - - >214

P ycnogonida ** - - 146
C nidaria ** ** ** 1224
C ru stacea B ranchiopoda - - - 9

C irriped ia - ** 145
C opepoda ** - 2957
O stracoda ** - - 769
S tom atopoda **

- ** 22
M ysidacea * - 198
A m phipoda **

- ** 1183
Isopoda ** 659
T an a id acea ** - - 2 80
C u m acea ** - - 188
D ecap o d a ** ** * 672

C ten o p h o ra - - - 38
E ch in o d erm ata ** 648
E ntoprocta - - - 45
Foram inifera - - - 1167
G astro tricha - - - 240
H em ich o rd ata - - - 17
Insecta - - - 34
K inorhyncha - - - 41
M ollusca ** ** ** 3353
N em ato d a - - 1837
N em ato m o rp h a - - 3
N em ertea - - 478
Phoron ida ** - - 9
P la tyhelm in thes ** - - 2398
Pogonophora - - - 23
Porifera ** - 1640
Rotifera ** - ** >139
S ipunculida ** 44
T ard ig rad a - - - 76
T u n icata * ** 393
V erteb ra ta Pisces ** ** ** 1349

Reptilia ** ** ** 5
Aves ** ** * * 74
M am m alia ** ** ** 50

Flora ** ** ** 1707
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T able  4. S um m ary  of th e  titles, n u m b er of issu es co n cern in g  m arin e  species, cu rren cy  (years p u b lished), lan g u a g e  a n d  coverage  
of m arin e  spec ies in  th e  re sp ec tiv e  a rea , for th e  m ajor series of iden tification  gu ides th a t in clu d e  som e m arin e  spec ies in  E urope

Series title A rea M arine
issues

Y ears L an g u ag e M arine
(%)

D anm arks Farm a N orth  Sea, Baltic Sea 17 1910-1996 D anish 40
Die T ierw elt D eu tsch lands N orth  Sea, Baltic Sea 29 1925-1996 G erm an 60
Farm a d 'lta lia C en tra l a n d  w e s te rn  M ed ite rran e a n 6 1956-1986 Italian 5
Farm a e F lora del Golfo di N apoli W estern  M e d ite rran e a n 39 1880-1982 Italian 60
Farm a G raec iae E aste rn  M ed ite rran e a n 3 1988-1996 E nglish 2
Farm a Iberica A tlantic  F rance, Ib e ria  an d  

w e s te rn  M e d ite rran e a n
3 1992-1996 Span ish 2

Farm a M arin h a  de  Portugal A tlantic  F rance  a n d  Iberia 10 1931-1936 P o rtu g u ese <1
Farm a R epublicii Socialiste R om ânia 

(or Farm a R epublicii P opu lare  Romine)
B lack Sea 14 1941-1983 R om anian 20

Farm a S S SR /O pred ite li po  F au n e  SSSR Baltic Sea, W hite Sea an d  
ad jacen t A rctic  w aters

55 1932-1996 R ussian 40

Farm a v a n  N ed erlan d N orth  Sea 9 1932-1956 D utch 20
F au n e  de France NE A tlantic  to  N orw ay  an d  

w e s te rn  M e d ite rran e a n
16 1923-1966 F rench 20

G uide p e r  il riconoscim ento  delle  
spec ie  an im ale  delle  acq u e  lag u n a ri 
e costiere  ita lian e

C en tra l a n d  w e s te rn  M ed ite rran e a n 11 1980-1983 Italian 15

M arine  In v e rteb ra te s  of Scand inav ia N orth  Sea, Baltic Sea, Arctic 10 1966-1998 E nglish 5
Seaw eed s of th e  B ritish Isles NE A tlantic 7 1977-1994 E nglish 70
Synopses of th e  B ritish Farm a NE A tlantic 44 1944-1998 E nglish 60
T ierw elt de r N ord- u n d  O stsee N orth  Sea, Baltic Sea 71 1925-1958 G erm an 80

ited  to se lec ted  g roups of M ollusca (4), T uni­
ca ta  (3), C ru stacea  (2) an d  E ch inoderm ata  (1).

Taxonom ic coverage w as equa lly  uneven , 
w ith  cu rren t an d  com prehensive  iden tifica­
tion  g u ides ava ilab le  only for th e  v e rte b ra te s  
of all of E u rope 's  seas (Table 3). O ther taxa 
th a t w ere  w ell covered  in  rec en t gu id es w ere  
M ollusca, C n idaria  an d  S ipunculida. N ew  
gu id es a re  especially  n e e d e d  for th e  species- 
rich, b u t sm all-sized  taxa, such  as: (1) the 
w orm s Polychaeta, O ligochaeta, N em atoda, 
N em erta  an d  P latyhelm in thes (Turbellaria, 
parasitic  D igenea an d  M onogenea); (2) the 
c ru stacean s C opepoda, O stracoda, Isopoda, 
T an a id acea  an d  C um acea; an d  (3) th e  F o ra­
m inifera.

T he n u m b er of gu ides pu b lish ed  annually  
in c reased  from  the  1950s to 1980s in  line w ith  
g en e ra l pub lication  tren d s (Fig. 2).

Expertise

T he level of response  to th e  survey  of 
expertise  of 37 % is co n sid ered  very  good, 
b ecau se  a significant n u m b er of the  persons 
co n tac ted  m ay no longer h av e  b e e n  at the
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Fig. 2. (a) Total n u m b er of id en tification  gu id es to E u ro p ean  m arin e  farm a 
a n d  flora p u b lish ed  p e r  y ear a n d  (b) n u m b er of p u b lica tions in  Irish 
period ica ls (d iam onds, Kelly & C ostello 1996), iden tification  gu id es in  
E urope  (circles, p re se n t study), on am p h ip o d  c ru stacean s in  Ire lan d  
(squares, C ostello et al. 1990) a n d  in  ASFA (A quatic Science a n d  Fisheries 
A bstracts) (triangles, r ig h th a n d  y-axis, M o u stak as & K arakassis 2005)
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T able  5. C oun try  a n d  n u m b er of re sp o n d en ts  (n) in  each  
country, in c lu d in g  countries no t com plete ly  co v ered  b y  in itial 

lists as th ey  w e re  ou tside  th e  s tudy  a re a  (*)

T able  6. B reak d o w n  of p eo p le  b y  em ploym en t sta tus

Country n Country n Country n

Australia * 3 Ireland 13 Seychelles * 1
Austria 5 Israel* 7 Slovenia * 1
Belgium 13 Italy 51 South Africa * 1
Brazil * 1 Japan* 1 Spain 95
Bulgaria * 2 Lebanon* 2 Sw eden 11
Croatia * 7 M alta * 1 Switzerland 1
D enm ark 18 New  Zealand* 1 The N etherlands 12
Egypt* 7 N orthern Ireland 3 Turkey * 8
Finland 5 Norway 33 UK 65
France 37 Poland 12 Ukraine * 2
Gem iany 62 Portugal 11 USA* 14
Greece 36 Romania * 3 Venezuela * 1
Iceland 4 Russia * 40

ad d ress  used, d u e  to job  changes, re tirem en t, or d ea th . 
T he response  ra te  of 54 % of p eop le  co n tac ted  via 
em ail w as alm ost tw ice th a t of peop le  co n tac ted  by 
post. H ow ever, som e em ail con tacts rep lied  by  fax or 
post. It is no tab le  th a t 26%  of resp o n d en ts  w ere  not 
co n tac ted  d irectly  by  the  project. This suggests  tha t 
d esp ite  efforts of the  pro jec t team  to com pile ind iv id ­
u a l con tac t details, a n u m b er of ex p e rts  m ay still be 
m issing from  the  da tab ase .

T he reg is te r co n ta in ed  peop le  from  29 E u ro p ean  an d  
9 no n -E u ro p ean  countries (Table 5). T he n u m b er of r e ­
sponden ts  w as h ig h e r from  coun tries for w hich  lists of 
m arine  biologists h ad  prev iously  b ee n  com piled. O ther 
coun tries h a d  few er responden ts, as d id  countries 
w hich  w ere  not initially ta rg e te d  by  the  project, in  p a r ­
ticu lar th e  E aste rn  E u ro p ean  an d  non -E u ro p ean  co u n ­
tries. C ountries w ith  th e  b es t coverage of taxonom ic 
g roups w ere  those  w hich  w ere  sufficiently re p re se n te d  
in  p rev ious lists of experts. T he m ajority  of resp o n d en ts  
s ta ted  th a t they  h a d  g lobal (245) or 
reg iona l (375) expertise , w hilst only 
113 felt th ey  w ere  lim ited  to local 
expertise .

T he ag e  s truc tu re  of resp o n d en ts  
show ed  young  s tuden ts w ere  clearly  
d is tin g u ish ed  from  older, re tired  
professionals (Fig. 3, T able 6). The 
youngest person  w as 23 an d  the 
eldest 89 yr old. The average age w as 
47 yr. Of th e  responden ts, 80%  w ere  
professionals in  th e  public  service 
or academ ic sector (Table 6).

A lthough th e re  w ere  >100 peop le  
w ith  expertise  in  th e  iden tification  
of A rth ropoda (largely C rustacea) 
a n d  a lg ae  (Table 7), w e do not 
know  how  m any  are  ab le  to id e n ­
tify the  m ore taxonom ically  difficult
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Status No. of 
respondents

% of 
respondents

Average
age

Student 19 3 30.6
N on-professional 7 1 50.2
Professional 
(private sector) 33 6 41.8
Professional
(public service/academ ic) 472 80 46.6
Retired professional 29 5 67.0

ta x a  w ith in  th ese  groups. In our d istinction  b e tw e en  
iden tification  an d  taxonom ic expertise , w e  found th a t 
th e re  w as a  positive re la tionsh ip  b e tw e en  the  nu m b er 
of peop le  w ith  expertise  in  species iden tification  and  
th e  n u m b er of species in  th e  phy la  (Fig. 4). In contrast, 
th e  nu m b er of taxonom ic experts  d id  not co rre la te  as 
w ell w ith  the  n u m b er of species (Fig. 4). T he n u m b er of 
taxonom ic ex p e rts  w as g en e ra lly  low er th a n  th e  n u m ­
b e r of iden tification  experts  for the  phy la  com pared , 
w ith  the  excep tion  of Porifera. T he num bers for Bry­
ozoa, P horon ida an d  P latyhelm in thes w ere  sim ilar for 
bo th  types of experts, su g g estin g  th a t only taxonom ic 
ex p e rts  iden tified  th ese  taxa.

DISCUSSION  

Species lists

T he u p d a tin g  of ERMS is a continuous p rocess as 
n ew  d iscoveries a re  m ad e  an d  n om encla tu re  changes. 
This req u ires  a m an ag em en t s tru c tu re  th a t is su s ­
ta in ab le  in  long -te rm  ra th e r  th a n  pro jec t-by-p ro ject

■ Retired professional

□ Professional (public service/academic)

□ Professional (private sector)

□ Student

□ Non-professional

□  Not known

Fig.

20:24 25:29 30:34 35:39 40:44 45:49 50:54 55:59 60:64 65:69 70:74 75:79 80:84 85:89
Age range

3. A ge d istribu tion  in  1999, an d  em ploym en t sta tus, of p e o p le  w ith  ex p ertise  
in  m arin e  species iden tification
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T able  7. N u m b er of id en tification  exp erts  by  p h y la  a n d  h ig h er lev e l taxonom ic groups (e.g. a lg ae  a re  no t a  phylum ) in  th e
reg iste r. Som e p eo p le  h av e  ex p ertise  in  >1 phylum

T axon No. of experts T axon No. of experts T axon No. of experts

A can th o cep h a la 4 C n idaria 22 N em ato d a 15
A lgae 121 C ten o p h o ra 2 N em ertin i 2
A n n e lid a 63 C y anophy ta 11 P horon ida 4
A rth ro p o d a 155 C ycliophora 2 Pisces 55
B acteria 5 E ch in o d erm ata 24 P la tyhelm in thes 7
B rach iopoda 11 E chiurida 4 Porifera 14
B ryozoa 16 E ntoprocta 1 Protista 24
C ep h alo rh y n ch a 10 Fungi 1 R hodophyta 73
C h ae to g n a th a 5 G astro tricha 4 R otatoria 1
C hlo rophy ta 72 G nathostom ulida 1 S ipuncula 4
C h o rd a ta 15 G ranu lo re ticu losa 8 S perm ato p h y ta 2
C hrom ophy ta 82 M esozoa 1 T ard ig rad a 2
C iliata 5 M ollusca 82 U rochordata 11

V erteb ra ta 13

m an ag em en t. Thus, a lega l o rgan isa tion  w as e s ta b ­
lished  by the  ERMS pro jec t ca lled  the  'Society  for 
th e  M an ag em en t of E u ro p ean  B iodiversity D ata ' 
(w w w .sm ebd .o rg ) (Costello 2000b). All persons w ho 
m ake  in te llectual con tribu tions to ERMS are  life m em ­
bers, an d  they  au thorise  the  society to ow n an d  m a n ­
ag e  ERMS on b eh a lf of the  scientific com m unity. M em ­
bers elect a gov ern in g  council th a t au thorises w h ere  
th e  top-copy  of ERMS is ho sted  an d  appo in ts an  ed ito r­
ial com m ittee (the ERMS E xecutive Com m ittee) to 
m ake  the  day -to -day  decisions reg a rd in g  adm in istra ­
tive changes. T he society m ay also facilita te the  rescue  
of 'o rp h a n ed ' b iodiversity  d a tab a ses  (e.g. w h e re  a sci­
en tist has  re tire d  an d  th e re  is no successor to m ain ta in  
th e  da tabase) by find ing  su itab le  n ew  hosts or m a n ­

ag e rs  for them . T he society 's ERMS E xecutive C om ­
m ittee  has  es tab lish ed  an  ed ito rial b o ard  responsib le  
for th e  quality  contro l an d  d eve lopm en t of ERMS. 
In th is w ay, m em bers of th e  board , inc lud ing  all 
taxonom ic experts  responsib le  for k ee p in g  taxonom ic 
no m en cla tu re  w ith in  ERMS cu rren t, perform  a role 
ana logous to th a t of the  ed ito rial b o ard  of a scientific 
jou rnal. Similarly, th e ir  tim e is con trib u ted  as p a rt of 
th e ir  service to science, a v iew  su p p o rted  by  the  C o n ­
sortium  of E u ro p ean  T axonom ic Facilities (2004). H ow ­
ever, un like  p ap e r publications, ERMS is dynam ic in 
th a t erro rs can  b e  co rrec ted  an d  n ew  findings added , 
an d  species nam es can  b e  d irectly  co n n ected  to w e b ­
sites w ith  m ore in form ation abou t them . Thus, the 
In terne t-accessib le  pub lication  of ERMS will im prove 

in  quality  an d  com prehensiveness over 
tim e. W here specia l costs arise, such as in 
converting  ERMS to a re la tiona l d a tab a se  
th a t can  b e  ed ited  on line an d  m ak ing  
it in te ro p erab le  w ith  o ther da tabases , 
specia l p ro jec t fund ing  is sought, such as 
th a t p rov ided  by  the  M arine Biodiversity 
an d  Ecosystem  Function ing  (MarBEF 
pro ject (w w w .m arbef.o rg). T h rough  M ar­
BEF, ERMS 2.0 is b e in g  p roduced; this 
will b e  m ore com plete  taxonom ically, 
will h av e  m ore associa ted  inform ation 
an d  w ill also b e  freely  availab le on the 
W orld W ide W eb (Costello 2004). Thus, 
m ost of the  g ap s  in  ERMS th a t h av e  b ee n  
iden tified  in  th e  p rese n t p ap e r  (Table 2) 
will be add ressed . T hese solutions to the 
long-te rm  deve lopm en t an d  quality  a s ­
su rance  of ERMS a p p e a r  to b e  u n p a ra l­
le led  in  o the r on line d a ta  resources, and  
m erit consideration  for o the r scientific 
endeavours.

a  Identification experts •  Taxonomic experts
 Linear (Identification experts) ------- Linear (Taxonomic experts)

180-, r 45

160- -40

£  140- -35

1 2 0 -

«  1 0 0 -

60- -15

40-

2 0 -

0 1000 2000 3000 4000 5000 6000 7000 8000
No. of species

Fig. 4. Sca tte r p lo t of n u m b er of species ag a in st n u m b er of iden tification  (trian­
gles, solid  line) a n d  taxonom ic (solid dots, d a sh e d  line) ex p erts  in  th e  reg is te r

http://www.smebd.org
http://www.marbef.org
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A global inven to ry  of species exists for only about 
20%  of the  e s tim a ted  n u m b er of d esc rib ed  species 
(Bisby e t al. 2004), an d  w e  estim ate  th a t th e  proportion  
for m arine  species is not m uch  g rea ter. W ithout a 
com plete inven to ry  of a taxon  it is difficult for peop le  
to know  if th e  specim ens they  look at h av e  a lready  
b e e n  described . Indeed , th e  tim e taxonom ists spend  
describ ing  species they  w ere  not aw are  h a d  a lready  
b e e n  described , an d /o r  co rrec ting  such  m istakes, 
w ould  be saved  if taxonom ic nom encla tu res w ere  m ore 
w idely  an d  rap id ly  available, an d  if n ew  species w ere  
prom ptly  reg is te red  on the  In ternet. If th is w ere  done, 
links could  b e  m ade  to publications, experts  an d  o ther 
w ebsites, an d  m istakes could  b e  co rrec ted  qu ick ly  in ­
s tead  of w aiting  d ecad es  for an o th er p ap e r publication.

G uides

T here  a re  bo th  taxonom ic an d  g eog raph ic  g ap s in 
th e  availability  of u p -to -d a te  m arine  species iden tifi­
cation  gu ides. T he la rge , com m on, an d /o r ecologically  
significant species a re  covered  in  several to m any 
gu ides. In contrast, m any  of the  sm aller, ra re r or taxo- 
nom ically  difficult to identify  species a re  not covered  
in  any of the  gu ides listed. Yet, th e se  species m ay be 
of g rea t im portance to biodiversity, ecosystem  fu n c­
tion  an d  m arine  resources. A lthough  m any  id en tifica­
tion  gu ides a re  ava ilab le  for those  reg ions of E urope 
in  w hich  th e  m arine  fau n a  an d  flora is least d iverse 
(the N orth  an d  Baltic Seas), th e re  a re  considerab ly  
few er gu id es for those  reg ions of E urope in  w hich  the 
m arine  fau n a  an d  flora is m ost d iverse  (the M ed i­
te rran e an , the  A tlantic arch ipelagos, th e  d ee p  sea). 
Thus, th e  taxonom ic an d  geo g rap h ic  g ap s  th a t most 
u rg en tly  req u ire  a tten tion  are  th e  sm aller sized  taxa 
in  the  so u th ern  E u ro p ean  seas (both A tlantic an d  
M e d ite rran e an ).

A lthough th e  n u m b er of gu id es pu b lish ed  has in ­
c re ase d  since th e  1940s, so has th e  nu m b er of scientific 
pub lications in  genera l. From  the  1930s to 1990s, our 
d a ta  show ed an  88 % in c rease  in  the  n u m b er of id e n ti­
fication gu ides. H ow ever, sim ilar in c reases  of 89 an d  
92 % for m arine  pub lications on am ph ipod  crustaceans 
(Costello e t al. 1990) an d  biology period icals in  Ire land  
(Kelly & Costello 1996), respectively , an d  m arine  p u b ­
lications in  'A quatic Sciences an d  F isheries A bstracts' 
(M oustakas & K arakassis 2005) sug g est th a t th e  n u m ­
b e r of iden tification  gu ides has not in c re ase d  re la tive  
to o the r m arine  biology pub lications (Fig. 2). O ne 
reaso n  w hy few er iden tification  g u ides a re  b e in g  
p ro d u ced  is th a t eva lua tions for ca ree rs  an d  fund ing  
rely  strongly  on im pact factor, w h ich  favours m ultip le 
pub lications in  jou rna ls  ra th e r  th a n  as books or 
vo lum es in  series.

Identification gu ides are  not only im portan t as a r e ­
source, b u t also b ecau se  they  en ab le  m any  m ore sc ien ­
tists to b eg in  to recogn ise  an d  study  prev iously  little 
know n species. Thus, plo ts of th e  accum ula ted  ra te  of 
d iscovery  of m arine  species (e.g. C ostello et al. 1996) 
h av e  a sigm oid shape, from  little d iscovery  in  the  early  
stages, to rap id  d iscovery  once som e gu ides have b ee n  
pub lished , an d  th e n  d ec reas in g  ra te s  of d iscovery  as 
th e  ta x a  becom e w ell know n. U nfortunately, for E u ro ­
p e a n  m arine  species as a w hole, th ese  d iscovery  ra tes 
a re  still in  the  second  stage, an d  th e  po in t at w hich  
all species will b e  d esc rib ed  is still no w h ere  in  sight 
(M. J. Costello unpub l. data).

Expertise

It is difficult to assess expertise  w h e th e r  by  self- 
eva lua tion  or by  p e e r  evaluation , b ecau se  p eop le  can  
only assess b ased  on w h a t they  know  abou t th e  lim ita­
tions of th e ir  ow n skills an d  the  skills of others, and  
th ese  v iew s m ay differ across taxonom ic g roups (e.g. 
not m any  peop le  d escribe  n ew  species of m am m als 
an d  birds). A n iden tification  ex p e rt in  tax a  th a t are 
difficult to identify  m ay have  m ore skills th a n  a 
taxonom ic expert in  a species g roup  w ith  a few  easily  
iden tified  species. D esp ite  th ese  problem s, it w as p o s­
sible to assess the  re la tive  a b u n d a n ce  of iden tification  
an d  taxonom ic experts  in  E u ro p ean  m arine  species. 
It w as also possib le to identify  th a t g ap s  do exist in 
identification  an d  taxonom ic expertise  w ith  respec t to 
E u ro p ean  m arine species, an d  th a t fu rth e r w ork  should  
b e  focused w h ere  g ap s  exist.

O ur results, w h ich  gave  an  av e rag e  ag e  of 47 yr for 
ex p e rts  in  th e  iden tification  of E u ro p ean  m arine  sp e ­
cies, supports W inston 's (1988) v iew  th a t an  av erag e  
ag e  of 44 for taxonom ists in  a US survey  w as an  u n d e r ­
estim ate  du e  to inclusion of students. H ow ever, our 
su rvey  p robab ly  u n d er-sam p led  y o u n g er scientists 
(Fig. 3) b ecau se  they  a re  less w ell-know n  an d  m ore 
m obile, an d  does not support W inston 's (1988) v iew  
th a t the ir av e rag e  ag e  m ay b e  closer to 54. N either 
does it suggest th a t m ost taxonom ists will b e  re tiring  
w ith in  the  nex t 10 yr.

For tax a  th a t a re  co nsidered  to have a rela tively  
com plete  list, th e  n u m b er of iden tification  ex p e rts  for 
ea ch  g roup  w as h ig h e r th a n  th e  n u m b er of taxonom ic 
experts . H ow ever, in  som e phy la  (e.g. Porifera), classes 
an d  orders, m ore taxonom ic experts  th a n  iden tification  
ex p e rts  w ere  listed. W hen the  n u m b er of iden tifica­
tion  ex p e rts  or taxonom ists is similar, it suggests  th a t 
only taxonom ists w ork  on  th ese  groups, an d  th a t they  
a re  not w idely  s tud ied  by ecologists (we assum e th a t 
th e  m ajority  of non-taxonom ist species iden tification  
ex p e rts  a re  ecologists). In the  case of read ily  iden tifi­
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ab le  ta x a  it m ay b e  co rrec t to assum e th a t all tax o ­
nom ic ex p e rts  w ere  also iden tification  experts, w hile  a 
n u m b er of iden tification  experts  w ou ld  not b e  tax o n o ­
mists. H ow ever, in  th e  case of ta x a  th a t a re  difficult to 
identify  w ithou t th e  u se  of specia lised  tech n iq u es (e.g. 
Porifera), th is m ay not b e  th e  case, an d  th e  num bers 
of taxonom ic ex p e rts  a re  closer to the  n u m b er of 
iden tification  experts.

T he ag e  d istribu tion  d id  not ind icate  any  im m i­
n en t extinction  of iden tification  expertise . T he peer- 
se lec ted  top  experts  in  taxonom y are  at la te r stages in 
the ir careers, b ecau se  the ir pub lication  record , e x p e r­
tise an d  p eers ' know ledge  of the ir expertise  will 
in c rease  over tim e. Thus, it m ay alw ays b e  the  case 
th a t th e  lead in g  taxonom ists will b e  n ea rin g  re tire ­
m ent. Som e of th e  iden tification  experts  w ill include 
y ounger peop le, w ho will b e  ab le  to do taxonom ic 
w ork  as the  n e e d  arises. H ow ever, w hile  our d a ta  do 
not support th e  com m on assertion  th a t th e re  is a d a n ­
g e r  of losing taxonom ic expertise , th ey  do identify  
im portan t g ap s in  expertise  th a t m ust b e  filled by n ew  
positions if b iodiversity  is to b e  d iscovered , conserved  
a n d  u sed  sustainably . T here  w ere  g en e ra lly  m ore p e o ­
p le iden tify ing  ta x a  w ith  m ore species, a lthough  th e re  
w as no co rre la tion  b e tw e en  the  n u m b er of taxonom ists 
a n d  species in  th e ir  taxa. It w as ev id en t th a t som e taxa 
w ith  th o u san d s of species h av e  insufficient tax o n o ­
mists. Thus, a m ism atch  b e tw e e n  taxonom ic n e e d  an d  
expertise  exists for E u ro p ean  m arine  species, as has 
b e e n  found  across all tax a  in  C hile (Sim onetti 1997), 
South  Africa (G ibbons e t al. 1999), th e  USA (W inston 
1988) an d  g lobally  (D iversitas 2000). N ew  species 
rep o rted  in  th e  on line Zoological R ecord in  2002 an d  
2003 include 118 from  off the  coasts of sou thern  
E urope (M editerranean , B lack Sea, Iberia, C anary  
Islands, Azores, M adeira), 88 from  the  A tlantic coasts 
of w este rn  E urope, an d  36 from  A rctic E urope. H ow ­
ever, 36%  of th e  M e d ite rran e an  species w ere  
d esc rib ed  from  Italy, an d  25%  of th e  A tlantic species 
from  Spain, illu stra ting  th e  re la tive  s tren g th  of ta x o n ­
om y in th ese  countries. This m ay b e  an  ind ication  tha t 
th e  g eog raph ic  m ism atch  b e tw e e n  species richness 
a n d  the  n e e d  for taxonom ic effort h as  b e g u n  to be 
a d d re ssed  in  Europe.

C ollections

Both la rg e  an d  sm all collections of m arine  species 
sh a re d  a com m on p ro b lem — insufficient resources for 
p ro p er m a in ten an ce  (Legakis & Em blow  2003). M ost 
(64 %) of the  collections w ere  incom pletely  ca ta logued , 
an d  only 10%  h a d  the ir ca ta lo g u e  in  e lec tron ic form  
(Table 8). N ew  fund ing  is th e re fo re  essen tia l if the 
know ledge  inc luded  in  the  collections is to b e  avail-

T ab le  8. P resen ce  a n d  ex ten t of coverage  of collection  c a ta ­
log u es in  p a p e r  a n d  e lectron ic  (com puterised) form  (data  from  

L egakis & E m blow  2003)

P ap er E lectronic
No. % No. %

Full coverage 29 36 8 10
P art coverage 35 44 38 54
N o coverage 16 20 31 36

ab le  on the  In ternet. A lm ost half th e  collections h ad  
specim ens from  a ro u n d  th e  w orld, an d  m ak in g  in for­
m ation  from  collections availab le th ro u g h  the  In ternet 
w ou ld  help  sh a re  an d  rep a tria te  th is k now ledge  to the 
source countries.

S ourcing  type specim ens th ro u g h  online d a tab a ses  
will fac ilita te  the  p roduction  of gu ides an d  taxonom ic 
train ing . C ollection m an ag e rs  should  inc lude e le c ­
tronic d a tab a ses  as p a r t of th e  rou tine  m a n ag e m en t of 
th e ir  collections an d  seek  specia l fund ing  to help  in te ­
g ra te  p ast collection k now ledge  into such  da tabases, 
as d em o n stra ted  by M artin  e t al. (2004).

CONCLUSIONS

A priority  for fu rth e r in frastruc tu re  re se a rch  should  
b e  th e  p roduction  of gu ides for th e  iden tification  of 
species, especially  those tax a  p rioritised  in  th e  p rese n t 
study. T heir p rep a ra tio n  w ill req u ire  in c reased  fu n d ­
ing  of taxonom ic re se a rch  into a reas of E u ro p ean  seas 
w h ere  m ost species h av e  yet to b e  described . F u n d ­
ing  m ay b e  d irect, such  as th ro u g h  the  US N ational 
S cience F oundation 's  PEET (Partnersh ips for E n h an c ­
ing  E xpertise  in  Taxonom y) p rogram m e, or indirect, 
th ro u g h  ecological, fisheries, inform atics an d  m o lecu ­
lar rese a rch  projects, inc lud ing  funds for the  necessary  
supp o rtin g  taxonom ic re se a rch  an d  in frastructu re . 
This will have  the  2 -fold b enefit of p rov id ing  em ploy ­
m en t for taxonom ists to p ro d u ce  th e  gu ides, an d  the 
g u ides  w ill en ab le  m any  o thers to be tra in ed  to identify  
an d  w ork  w ith  the  species covered. T hese  gu ides 
shou ld  not only illustrate  an d  d escribe  th e  species, bu t 
rev iew  ex isting  know ledge  on  the ir h ab ita t an d  d is tri­
bu tion  (e.g. as d one  by th e  Synopses of the  British 
F au n a  at p resen t). This in form ation  shou ld  b e  ava il­
ab le  electron ically  an d  help  ex ten d  the  ERMS species 
reg is te r into a species in form ation system . T hese 
g u ides  could  b e  pu b lish ed  on the  In ternet, a  com pact 
disc, an d /o r as a book. T he ad v a n ta g e  of electron ic 
pub lication  is th a t species iden tification  is possib le 
th ro u g h  electron ic keys th a t can  b e  m ore user-friendly  
an d  functional th a n  trad itional p ap e r  keys. Thus, 
'b iod iversity  inform atics', th e  use of inform ation te c h ­
nology in  b iod iversity  d a ta  m an ag em en t, m ust jo in
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m olecu lar tech n iq u es (e.g. DNA bar-coding) as a  n ew  
tool in  taxonom y. Inform atics an d  m olecu lar tools are 
not a lte rna tives  to taxonom y. T he n e e d  to identify  sp e ­
cies in  p rac tica l w ays still req u ires  taxonom ic d esc rip ­
tions an d  im ages, type specim ens as s tan d ard s for 
com parative  analysis, an d  a species n am ing  system  
th a t en ab le s  com m unication  of 'w h a t it is'. B iodiversity 
inform atics can  in c rease  the  visibility an d  availability  
of taxonom ic know ledge  an d  its associa ted  d a ta , th e re ­
by  facilita ting  m ore cost-effective u se  of resources.
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