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ABSTRACT

Aim Ecologists seeking to  describe  p a tte rn s  a t ever larg e r scales req u ire  co m p ila 
tio n s  o f  d a ta  o n  th e  g lobal a b u n d an ce  a n d  d is tr ib u tio n  o f  species. C o m p arab le  
co m p ila tio n s o f  b io log ical d a ta  are n eed ed  to  e lucidate  th e  m ech an ism s b e h in d  
these  p a tte rn s , b u t  have received far less a tte n tio n . We assess th e  availab ility  o f 
b io log ical d a ta  across an  en tire  assem blage: th e  w e ll-d o c u m e n ted  d em ersa l m arin e  
fa u n a  o f  th e  U n ited  K ingdom . We also test w h e th e r d a ta  availability  fo r a species 
d ep en d s  o n  its tax o n o m ic  g ro u p , m a x im u m  b o d y  size, th e  n u m b e r  o f  tim es it has 
b een  reco rd ed  in  a g lobal b io g eo g rap h ic  da tabase , o r  its co m m erc ia l a n d  co n se r
v a tio n  im p o rtan ce .

Location Seas o f  th e  U n ited  K ingdom .

M e t h o d s  We defined  a d em ersa l m arin e  fa u n a  o f  973 species fro m  15 phyla  an d  
40 classes using  five extensive surveys a ro u n d  th e  B ritish  Isles. We th en  q u an tified  
th e  availability  o f  d a ta  o n  e ig h t key b io log ical tra its  ( te rm ed  b io log ical k n o w l
edge) fo r each  species fro m  o n lin e  databases. R e la tionsh ips be tw een  b io log ical 
know ledge a n d  o u r  p red ic to rs  w ere tes ted  w ith  genera lized  lin ea r m odels.

Resul t s  Full d a ta  o n  e ig h t fu n d a m e n ta l b io log ical tra its  exist fo r o n ly  9%  (n = 
88) o f  th e  U K  dem ersa l m arin e  fau n a , a n d  20%  o f  species com ple te ly  lack  data. 
C lear tre n d s  in  o u r  know ledge exist: fish (m ed ian  b io lo g ical know ledge score =  
six tra its) are m u c h  b e tte r  k n o w n  th a n  in v erteb ra tes  (one  tra it) . B iological k n o w l
edge increases w ith  b io g eo g rap h ic  know ledge a n d  (to  a lesser ex ten t) w ith  b o d y  
size, a n d  is g rea ter in  species th a t are co m m erc ially  exp lo ited  o r  o f  co n se rv a tio n  
concern .

Main co n c lu s i o ns  O u r analysis reveals deep ig n o ran ce  o f  th e  basic  b io lo g y  o f  a 
w e ll-s tu d ied  fau n a , h ig h lig h tin g  th e  n eed  fo r fa r g reater e fforts to  com pile  b io lo g i
cal tr a i t  data . C lear biases in  o u r  know ledge, re la tin g  to  h o w  w ell sam p led  or 
‘im p o r ta n t’ species are suggests th a t  cau tio n  is req u ired  in  e x trap o la tin g  sm all 
subsets o f  b io log ically  w e ll-k n o w n  species to  ecosystem -level studies.

K e yw or d s
Benthic invertebrates, biological traits analysis, demersal fishes, ecosystem  
function, functional traits, marine biodiversity, marine macroecology, missing 
data, United Kingdom.
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INTRODUCTION

W idespread appreciation  o f th e  tact th a t an organism ’s in terac
tions w ith its env ironm ent an d  w ith o th er organism s are deter
m ined  by its biological traits ra th e r th an  its taxonom ic 
nom enclature  (McGill e ta l., 2006; Raftaelli, 2007) has led  to  an 
explosion in  th e  application o f traits to  com m unity  ecology 
(Naeem  & Bunker, 2009), an d  m acroecologists have gained an 
understand ing  o f  the  m echanism s beh in d  large-scale patte rns in 
b iodiversity by linking species traits to  th e ir abundance and  
d istribu tion  (W ebb eta l., 2009; Buckley & Freckleton, 2010; 
Verberk e ta l., 2010). Traits can pred ict th e  com position  o f  eco
logical com m unities from  th e ir env ironm ent (Dolédec e tal., 
1999; McGill eta l., 2006; Menezes eta l., 2010; W ebb eta l., 
2010), an d  w hen traits can be linked to  ecosystem functioning 
(B rem ner eta l., 2006; Petchey & Gaston, 2006; Lavorel e tal., 
2010) it m ay prove possible to  docum ent the  functional conse
quences o f  biodiversity loss (Solan eta l., 2004).

Traits are well-defined, m easurable p roperties o f an organism  
(McGill et al., 2006), typically assigned at the  species level. T hose 
m ost relevant to  m acroecology an d  large-scale com m unity  
ecology include lite h isto ry  (e.g. life span, grow th rate, body 
size), reproduction  (e.g. egg size, fecundity), feeding ecology 
(e.g. trophic  level, diet bread th) an d  behav iour (e.g. dispersal 
ability) (W ebb e ta l., 2009). A consequence o f  th is diversity o f  
relevant traits  is th a t whereas a ‘taxonom ic’ m acroecological 
study requires only in form ation  on the  geographic distributions 
o f  species, traits-based  analyses require an additional suite o f 
tra it m easurem ents for each species (Schleuter e ta l., 2010). Yet, 
as Naeem  & Bunker (2009, 281 ) state, tra it data are ‘. . . a t best, 
dispersed th ro u g h o u t th e  literature, an d  a t w orst lacking a lto
gether’. M issing data have a serious im pact on  statistical infer
ence (Nakagawa & Freckleton, 2008), and  so th e  patchiness o f  
availability o f tra it data is a po ten tial b a rrie r to  th e  trait-based  
approach to  ecology; b u t there  has been no  effort to  quantify  the  
extent to  w hich tra it data are available for an entire, species-rich 
assemblage.

Here we assess the  feasibility o f  applying traits-based 
approaches across an  entire  assemblage at a m acroecological 
scale by quantifying th e  state o f  th e  biological knowledge o f  the  
m arine  tauna  o f the  U nited  Kingdom . This tauna  is especially 
well docum ented  in  term s o f its biogeography an d  taxonom y 
(Costello eta l., 2010), thanks to  a long histo ry  o f m arine  b io 
logical research (e.g. Hayward & Ryland, 1991a; T hurstan  e tal., 
2010). Traits-based descriptors o f ecological com position  and  
function , including applications to  m acroecology, have been 
a ttem pted  for subsets o f  the  UK’s m arine tauna ( e.g. Solan et al., 
2004; B rem ner et a l ,  2006; Tillin et a l ,  2006; W ebb et a l ,  2009 ), 
b u t the  extent to  w hich such approaches can be generalized to 
th e  entire  regional assemblage rem ains unknow n.

We first derive a list o f  com m only  observed dem ersal m arine  
fish an d  benthic  invertebrates from  five spatially extensive 
surveys a ro u n d  the  UK coast, resulting in 973 species from  15 
phyla. We th en  collate in form ation  on eight broadly defined 
basic biological traits  o f p a rticu lar relevance to  m acroecological 
analyses, to  assess the  extent o f o u r biological knowledge o f  this

tauna. Finally, we test for correlates o f  the  state o f  th is knowledge 
across o u r species, including taxonom ic affiliation, b iogeo
graphic knowledge, body size, conservation status an d  com m er
cial im portance.

METHODS  

Biogeographic records o f  th e  UK marine fauna  in a 
global  con tex t

We used th e  Ocean Biogeographic In form ation  System (OBIS; 
http ://w w w .iobis.org), the  largest ho lder o f m arine biogeo- 
graphical datasets, to  rank  th e  exclusive econom ic zones o f 229 
countries in term s o f th e  n u m b er an d  density o f records ( each 
record represents one observation o f a particu lar species at a 
particu lar geographic location). Overseas territories, w hich are 
n o t contiguous w ith  the  m ain  area o f  a country, were treated  
separately from  th e ir  m o th e r countries as they are geographi
cally an d  biologically distinct (e.g. the  British Indian  Ocean 
Territory was separated from  the  U nited  K ingdom ). The UK 
ranked  first in  term s o f n u m b er o f records (4,901,017; the 
second ranked  coun try  is the  USA w ith 3,137,478), an d  h a d  the 
eighth highest density o f records (3.5 k n r 2 (Justify ing  o u r asser
tio n  th a t the  m arine  tauna  o f the  UK is am ong  the  best know n 
in the  world.

Defining th e  UK marine fauna

We focus on the  m arine  tauna  associated w ith  the  sea-bed ( dem 
ersal fish and  m acrobenthic invertebrates ) because th is tauna  is 
taxonom ically well know n an d  th e  focus o f  previous trait-based  
research (e.g. Jennings e ta l ,  1998; B rem ner e ta l ,  2006; Tillin 
e ta l ,  2006) and  (in the  case o f  benthic invertebrates) largely 
sedentary, m aking them  useful indicators o f  environm ental 
change as they  canno t easily avoid d isturbance (Tillin e ta l ,  
2006). To draw  up as com plete a list as possible o f th e  UK 
dem ersal fish an d  m acrobenthic invertebrate tauna, we chose 
five spatially extensive surveys o f benth ic  habitats th a t were 
com plem entary  in term s o f  geographic coverage, sam pling 
m ethodology an d  habitats an d  taxa targeted  (for full details o f 
the  locations surveyed an d  sam pling m ethodologies em ployed 
see Figure SI and  Table SI in Supporting  Inform ation). Surveys 
recorded (at least) th e  presence or absence o f m ultip le species 
across m ultip le sites, and  we focused on the  m ost recent years 
available o r the  years w ith th e  best spatial coverage. These 
surveys com bined  to  p roduce a list o f 2641 unique taxa, fully 
identified to  species level, an d  only parts o f th e  north -w estern  
UK continen tal shelf were no t well represented. We th en  
excluded very rare species from  each survey because o u r focus is 
on th e  ‘core’ m em bers o f th e  UK m arine  fauna, i.e. those th a t are 
regularly observed in  biodiversity surveys. Species were excluded 
if  they  occurred  in <  1% o f  all samples, o r in <  10 individual 
samples, w hichever was greater, b u t as long as a species exceeded 
this cu t-o ff in at least one survey it was included  in ou r final list. 
We also excluded taxa n o t identified to  species level, and  those 
from  non-targe t groups (e.g. m arine  plants). However, we did
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Table 1 The eight biological trait categories used in our analysis, with individual traits belonging to each category where relevant, and the 
importance o f each trait category to  macroecological analyses. A full definition of individual traits, together with additional information on 
their importance, is given in Table S2.

Trait categories Individual traits General importance

Body size Maximum linear dimension (mm) Key life history and macroecological trait (Gaston & Blackburn, 2000; 
Hildrew et al, 2007), correlates with other traits, e.g. metabolic rate 
(Brown et al., 2004), and response to disturbance, e.g. (Tillin et al, 2006)

Diet Major components of diet (e.g. plankton, detritus, Determines trophic structure, energy flow and nutrient cycling within
invertebrates, fish) communities

Feeding Mode of food capture (e.g. grazer, predator, filter Influences inter-specific interactions, nutrient and energy cycling and
method feeder) predicts response to disturbance

Reproductive Reproductive frequency (no. of breeding attempts Determines annual productivity, as well as changes in phenology as a
timing per year); reproductive duration (length of 

breeding season); reproductive season (time of 
year o f breeding season)

response to climate change (e.g. Edwards & Richardson, 2004)

Fecundity Annual fecundity (number of eggs/young produced Related to rate o f population increase (e.g. Jennings et a l, 1998; McGill et al,
in a reproductive event); egg size (diameter of 2006) and thus to (meta)population dynamics and response to
eggs/size of young) environmental change

Larval Larval development mode (presence of a Influences geographic range size (Jablonski, 1986) and the relationship
dispersal planktonic larval stage); larval duration 

(duration o f the larval period; scored as 0 for 
live-bearers)

between distribution and abundance (Foggo e ta l,  2007)

Adult Adult movement method (mode of movement, Important in determining large-scale colonization and extinction
dispersal e.g. crawling, swimming, burrowing, sessile); dynamics in response to changing environmental conditions, which is key

adult migration (existence of significant 
post-recruitment horizontal movements outside 
typical daily movements)

to structuring macroecological relationships (Freckleton et al, 2005)

Longevity Adult life span (maximum recorded life span); age Influences population dynamics through effects on reproductive strategy and
at maturity (minimum recorded age at maturity) response to disturbance (Jennings et al, 1998)

retain  a tew  typically m idw ater species if  they were com m only In form ation  on any one o f the  com ponen t parts o f a m ajo r tra it
sam pled by th e  survey m ethodology. Having derived this ‘core’ was sufficient for th a t tra it to  be considered ‘know n’. For
UK benth ic  an d  dem ersal com m unity, all species nam es were instance, ‘reproductive tim ing’ was considered know n providing
checked against the  standard  W orld Register o f M arine Species we h ad  in fo rm ation  on a t least one o f reproductive frequency,
(WoRMS; http://w w w .m arinespecies.org), enabling synonym s reproductive du ra tio n  o r reproductive season. By concentrating
to  be resolved and  ensuring  th a t all nam es, as well as h igher on  sim ple data availability, we avoided the  need  to  th e  assess
taxonom ic classifications, were consistent w ith in  and  betw een accuracy o f th e  specific tra it values assigned to  each species,
all surveys. The final species list included 973 species trom  15 We sourced tra it data for invertebrates from  th e  Biological
phyla and  40 classes, w ith  148 fish an d  825 invertebrates (see Traits In form ation  Catalogue (BIOTIC), developed by the  
A ppendix SI for a full list). M arine Lite In form ation  N etw ork (M arLIN; h ttp ://w w w .

The choice o f w hich traits  to  use in traits-based  analyses is m arlin .ac.uk/b io tic) a t the  M arine Biological A ssociation o f  the
im p ortan t, and  will depend  on the  specific questions to  be UK. Body size m easures fo r invertebrates were taken from  the
addressed (Petchey & Gaston, 2006). Because o u r focus is on standard  reference for British m arine species, nam ely Hayward
macroecology, we considered traits likely to  influence the  distri- & Ryland (1991a, 1991b). Fish data are from  FishBase (Froese &
bution , abundance an d  popu lation  dynam ics o f species at large Pauly, 2010 (.These databases have inco rpora ted  data from  m any
spatial scales. We identified 14 such traits, w hich we am algam - sources, and  we consider them  to  constitu te the  extent o f  the
ated  in to  eight b ro ad er tra it categories (Table 1 ); fu rth er details readily available data on th e  biology o f an  entire  tauna.
on th e  14 individual traits are available in Table S2. We lim ited  E.H.M.T., P.J.S. and  T.J.W. co n tribu ted  substantial data to
ou r choice o f traits  to  those m ost widely applicable across the  BIOTIC trom  a previous project (W ebb e ta l., 2009).
range o f  taxa in  o u r database, an d  used th e  eight b ro ad  tra it Using these tra it data, we define th e  ‘biological knowledge’ o f
categories to  ensure cross-taxon relevance. For instance ‘larval each species as the  to ta l n u m b er o f traits (zero to  eight) for
dispersal’ includes developm ental m ode (m ost relevant for w hich we were able to  find  data. Only tra it data resolved to  the
invertebrates) an d  p lanktonic  larval du ra tion  (m ost frequently species level were considered (i.e. w hen in form ation  on a tra it
recorded for fish, Table 1 ). For each species, we scored the  pres- was m issing for a species, we d id  no t consider in form ation  from
ence or absence o f any in form ation  on each o f th e  eight traits. a related species as a surrogate). D ata recorded for subspecies
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were included w ith in  the  paren t species. In th e  case o f m ultiple 
subspecies, a tra it was scored as ‘know n’ p rov ided  th a t in fo rm a
tio n  was available for at least one subspecies. For body size 
m easures, th e  m axim um  value fo r any subspecies was taken, as 
th is is th e  m ost com m only  recorded statistic. We no te  that, in 
general, w hen data exist they  do so as a single, species-level value 
fo r a given tra it w ith  little o r no  indication  o f th e  strength  of 
evidence (e.g. n u m b er o f individuals exam ined). Som etim es, 
a ttem pts have been m ade to  capture  intra-specific variability in 
tra it expression, for instance by using a fuzzy coding approach to 
score the  affinities o f a species to  different tra it m odalities 
(Chevenet e ta l., 1994); b u t for o u r purposes, any such in tra- 
specific variation is subsum ed by ou r reduction  o f knowledge of 
a tra it to  a sim ple b inary  variable.

Correlates o f  biological  k n o w le d g e

We considered four poten tial correlates o f  biological knowledge: 
biogeographic knowledge, body  size, conservation status and  
com m ercial im portance. We also tested fo r differences in b io 
logical knowledge betw een taxonom ic groups, for instance 
betw een fish (classes A ctinopterygii, E lasm obranchii and  
M yxini) an d  invertebrates (a division th a t we term  ‘clade’), and  
betw een classes w ith in  each phylum . Details o f  how  we included 
taxonom y in ou r analyses are p rovided in Analysis below.

We defined biogeographic knowledge for each species as the  
to ta l n u m b er o f tim es it occurs w ith in  OBIS ( / / o b i s  )• Each occur
rence corresponds to  a record  o f th a t species a t a particu lar 
geographic location, «obis m easures the  extent to  w hich a species 
has been sam pled globally; itself a com posite m easure o f global 
d istribu tion , detectability by com m on sam pling m ethods and  
spatial biases in global sam pling.

Body size is th e  m axim um  recorded length o f  each species, as 
defined in  Table 1. To avoid circularity, all m odels th a t included 
b ody  size as a p red ic to r excluded body size from  th e  response, so 
th a t biological knowledge in these cases was knowledge o f  all 
traits except body  size, an d  varied betw een 0 an d  7.

We defined conservation status according to  w hether any o f 
o u r species were included in at least one o f several p rio rity  
conservation lists for this region: th e  UK Biodiversity Action 
P lan’s list o f p rio rity  species (h ttp://jncc.detfa.gov.uk/page- 
5717 ), th e  OSPAR C om m ission’s list o f  th rea tened  an d  / o r declin
ing species o r habitats (h ttp ://w w w .ospar.o rg /con ten t/con ten t. 
asp?m enu=00180302000014_000000_000000), o r th e  European 
U nion ffabitats Directive (ec.europa.eu /environm ent/nature/ 
legislation/habitats directive/) A nnex 2 (species o f  concern) o r 
A nnex 1 ( habita ts o f  concern; habitats are relevant because o f  the  
existence o f biogenic reef-form ing invertebrates in o u r dataset). 
Twenty-five fish an d  15 invertebrate species from  o u r list were 
categorized as being o f conservation concern’.

C om m ercial im portance o f benth ic  invertebrates was ra ted  by 
m arine  invertebrate experts (P.J.S. and, independently, three  
m em bers o f the  shellfish team  at th e  UK’s central fisheries lab o 
ratory, http://w w w .cetas.detfa.gov.uk/ ) a n d b y  reference to  Barne 
e ta l. ( 1997), resulting in 37 com m ercially im p o rtan t invertebrate 
species. Fish species were scored as e ither being o f  no, m inor,

com m ercial o r  h igh com m ercial im portance using the  ratings 
given in  FishBase ( Froese & Pauly, 2010 ), w hich uses th e  Food and  
A griculture O rganization’s (http://w w w .fao .org) list o f  com 
m ercial species, validated using the  Sea A round  Us database 
(h ttp ://w w w .seaaroundus.org). M inor, com m ercial and  high 
com m ercial im portance were collapsed in  to  a single ‘com m er
cially im p o rtan t’ ra ting  (contain ing  90 species) for all analyses 
th a t included invertebrates. O u r full dataset, including data on all 
traits an d  po ten tial correlates, is available in A ppendix S I .

Analysis

We calculated th e  p ro p o rtio n  o f all species for w hich we had  
data for each o f the  eight traits. We com pared biological know l
edge betw een clades ( fish versus invertebrates ) using a general
ized linear m odel (GEM ). Because th e  response variable is 
b o u n d ed  at b o th  ends (between zero an d  eight traits), th is and  
all o th er m odels were fitted w ith  a b inom ial e rro r struc tu re  and  
logit link. Next, we estim ated the  variance in biological know l
edge explained by taxonom ic class as a p ro p o rtio n  o f  to ta l vari
ance in  data availability (G elm an & Hill, 2007) by fitting a 
b inom ial generalized linear m ixed effects m odel (GFM M ) w ith 
no  predictors an d  class as a random  tactor. We estim ated 95% 
confidence intervals (CIs) o f biological knowledge fo r each class 
from  th is m odel, identifying significant differences betw een 
classes on the  basis o f no  overlap in CIs.

We tested  fo r relationships betw een biological knowledge and  
« o b i s , conservation status an d  com m ercial im portance using 
b inom ial GFMs. In such com parative analyses, species canno t be 
considered as independent data poin ts, an d  so som e m eans o f 
controlling for th e  relatedness betw een species is required. 
U nfortunately, standard  m ethods o f  phylogenetically w eighted 
GFMs (e.g. Freckleton eta l., 2002) are n o t well developed for 
data w ith non-G aussian  e rro r structures. We therefore applied 
the  following m odelling strategy. First, we no te  th a t th e  non- 
independence assum ptions o f  a GEM  fitted to  com parative data 
are violated only if  th e  residuals are n o t independen t w ith 
respect to  taxonom y. This can be assessed directly by estim ating 
taxonom ic signal in th e  residuals o f a fitted m odel. To do this, we 
used the  full taxonom ic hierarchy o f all species in o u r database 
( phylum , class, order, tamily, genus, species ) to  create a m atrix  o f 
pairw ise taxonom ic distances betw een each species suitable for 
estim ating th e  param eter X, a m easure o f the  strength  o f taxo
nom ic signal w hich varies betw een 0 (no  taxonom ic signal) and  
1 (variance increases w ith  taxonom ic distance according to  a 
Brownian m odel; see Freckleton eta l., 2002, for details).

We fitted a GEM  o f  the  form

Biological Knowledge ~ log( « o b i s  + 1) +
C onservation C oncern  +  C om m ercial Im portance

across all species (M odel 1). Because o f concerns ab o u t over
dispersion, th is an d  all subsequent GFM s were fitted w ith 
quasibinom ial errors an d  a logit link; this results in identical 
param eter estim ates b u t w ider confidence intervals w hen com 
pared  to  a GEM w ith  b inom ia l errors ( Faraway, 2006 ). We fitted
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sim ilar m odels separately fo r invertebrates an d  for fish. In each 
case, we estim ated  X on  the  residuals. Because residuals retained 
taxonom ic struc tu re  across all species, an d  at th e  clade level, we 
th en  fitted m odels a t th e  class level. Class is an appropria te  level 
for analysis as it effectively identifies m ajo r groups o f m arine 
species (e.g. gastropod molluscs, sea stars, polychaete worm s, 
bony fish), an d  15 classes in o u r database have >  10 species. 
Taxonomic signal persisted in a few class-level m odels, in w hich 
case we ran  m odels at th e  o rder level. However, we d id  no t ru n  
m odels on groups below  the  o rder level, as sam ple sizes and  
taxonom ic resolu tion  are insufficient.

Note th a t o u r m odelling approach is identical to  th a t advo
cated by Bolker et al. ( 2009 ) as pre lim inary  procedures to  fitting 
GLMMs. Indeed, GLMM s w ith  taxonom ic groupings included 
as random  factors, o r ‘taxonom ic m ixed m odels’ ( Hadfield & 
Nakagawa, 2010) w ould  be an alternative way to  incorporate  
taxonom ic struc tu re  in o u r m odels. However, fitting such 
general m odels to  o u r data is problem atic, because m ost h igher 
taxonom ic groups contain very few species (e.g. a m edian o f six 
species p e r taxonom ic class, w ith n ine m onospecific classes), 
an d  m any groups have lim ited  variability in covariate states ( e.g. 
there  are 187 species in class Polychaeta, o f  w hich only three  are 
o f conservation concern an d  four are o f  com m ercial im p o r
tance). O u r approach m eans th a t we can use only sensible cova
riate com binations for each taxonom ic grouping, and  it avoids 
try ing  to  estim ate variances for groups w ith very few species.

In o rder to  test the  a priori p red ic tion  th a t large-bodied  species 
m ay be better-studied , an d  thus bette r know n, than  sm all-bodied 
species, we fitted a second series o f m odels o f the  form

Biological Knowledge ~ log( « obis +1 ) +  log( m ax im um  size ) + 
C onservation C oncern  +  C om m ercial Im portance.

In M odel 2 we rem oved body size from  th e  definition o f  b io 
logical knowledge (which th u s varied  betw een zero an d  seven) 
to  enable us to  include log-transform ed m axim um  size as a 
predictor. M odel fitting proceeded exactly as described for 
M odel 1. N ote th a t M odel 2 included only those species for 
w hich we h ad  an  estim ate o f m axim um  size, whereas M odel 1 
was fitted to  all species.

O u r predictors are inter-related, m eaning th a t m odels m ay 
suffer from  problem s associated w ith collinearity (Faraway, 
2005). In particular, com m ercially exploited species ten d  to  be 
large-bodied  (linear m odel on  log-transform ed m axim um  
length, positive effect o f  com m ercial im portance, t  = 5.27, P < 
0.001 ), have a h igh «obis (linear m odel on log-transform ed  «obis, 
positive effect o f com m ercial im portance, t  = 8.26, P < 0.001 ), 
an d  are likely to  be o f  conservation concern (all 25 fish species 
o f conservation concern are also com m ercially exploited). 
However, variance inflation in th e  m odels described above is 
w ith in  acceptable lim its: standard  errors fo r all predictors are 
inflated by a tac to r o f  <  1.75 in  M odel 1 an d  <  2.24 in  M odel 2, 
w ith values > 2 only observed in  m odels o f  fish species where 
conservation concern a n d  com m ercial im portance are especially 
confounded. Individual param eter estim ates m ay be som ew hat 
sensitive to  th is level o f variance inflation, b u t it is very unlikely 
to  be sufficient to  affect o u r conclusions.

We used standard  GLM diagnostics (influence m easures and  
d istribu tion  o f residuals; Faraway, 2006) to  inspect o u r m odels. 
Residuals were always satisfactory, b u t in  a few cases we iden ti
fied one o r tw o influential species (high C ook’s D), an d  so re-ran  
th e  relevant m odels excluding these species. All data m an ipu la
tio n  an d  statistical analysis were carried  ou t in R ( R Develop
m en t Core Team, 2009), using the  vegan package to  create 
distance m atrices from  taxonom ies, th e  ape package to  convert 
these to  variance-covariance m atrices, an d  th e  CAIC  package to  
derive estim ates o f X (Paradis eta l., 2004; O ksanen eta l., 2009; 
O rm e e ta l ,  2009).

RESULTS

Across the  973 species in o u r dataset, body size is th e  best docu
m en ted  trait, w ith  data available for 80% o f all species, covering 
all fish an d  a ro u n d  75% o f  invertebrates ( Fig. 1 ). All o ther traits 
were know n fo r fewer th an  a th ird  o f species, w ith data on 
fecundity  being especially scarce ( 19%; Fig. 1 ).

Generally, fish are m uch  b e tte r know n th an  invertebrates: 
data on  each tra it were available for > 70% o f fish species ( except 
adu lt dispersal, 52% ); b u t data were available for < 25% o f inver
tebrate  species fo r each tra it ap art from  body size, w ith  fecundity  
know n for only 8% ( Fig. 1 ). These differences are confirm ed by 
a b inom ial GLM com paring  biological knowledge betw een these 
tw o clades: m ean biological knowledge fo r fish was 6.12 ( 95% Cl 
5.92-6.31 ), significantly m ore th an  for invertebrates ( m ean 1.98, 
95% C l 1.76-2.20; z =  30.9, P  < 0 .001).

Nearly 60% o f  the  variance in biological knowledge is 
explained by differences betw een classes (intra-class correlation 
estim ated from  a GLM M  w ith  taxonom ic class fitted as a 
random  effect =  0.59) an d  several classes stand  ou t for having 
particularly  low  knowledge (e.g. D em ospongiae) o r h igh  know l
edge (e.g. Echinoidea an d  A ctinopterygii) (T able2). However, 
patte rns in biological knowledge across the  taxonom y are 
complex: m edian biological knowledge was 0 o r 1 in  33 o f 40 
classes, there  was w ide overlap in CIs across classes an d  there  was 
h igh  variability betw een classes w ith in  m ost phyla (e.g. M ol
lusca, Annelida, A rthropoda; Table 2).

M odel 1 revealed « o b i s  to  be a consistently good p red ic to r o f 
biological knowledge across m ost taxonom ic groups, w ith  a 
general tren d  fo r b iological knowledge to  increase w ith  b iogeo
graphic knowledge ( Table 3, Fig. 2a; 22 o f 29 values o f b„{0bis; are 
significantly positive). In those groups th a t con ta ined  sufficient 
variance in the  o ther predictors, there  was also a very general 
p a tte rn  for increased biological knowledge in species o f conser
vation  concern an d  in species o f com m ercial im portance 
( Table 3; all values o f  ̂ conservation an d  /̂ commercial are positive, 9 o f 14 
significantly so; see Fig. 3 ). In th e  fish m odels, where com m ercial 
im portance was scored on an ordinal scale, th e  significant p o si
tive coefficients indicate a m ono ton ie  increase in knowledge 
w ith  increasing com m ercial exploitation. M odels explained a 
m oderate  p ro p o rtio n  o f  deviance (pseudo R 2 generally a ro u n d  
0.2-0.4; Table 4), an d  fitting m odels at th e  class level was in m ost 
cases sufficient to  rem ove taxonom ic signal from  th e  residuals.
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Figure 1 Availability o f  da ta  on  eight key 
biological tra its  across th e  UK m arine 
fauna. For each tra it, th e  to ta l n u m b er o f  
species for w hich  we have d a ta  is given, 
as well as th e  subtotals to r fish an d  
invertebrates. We also give percentages, 
o u t o f  973 species (to tal), 825 species 
(invertebrates) o r  148 species (fish).
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Across those species for w hich we h ad  an estim ate o f body 
size, there  is a general tre n d  for biological knowledge to  increase 
w ith  body size (M odel 2; Table 4, Fig. 2b). However, a lthough 
m ost (16/21) body size coefficients are positive, only n ine  are 
significantly so ( Table 4 ); there  is ra th e r m ore variation betw een 
taxonom ic groups (Table 4, Fig. 2b), an d  including body size 
typically adds ra th e r little to  th e  explanatory pow er o f the 
m odels (T ab le4).

DISCUSSION

We provide th e  first assessm ent o f  the  state o f  biological know l
edge o f  an  entire  fauna at a national scale. Given th a t we con
sider b ro ad  definitions o f basic aspects o f  biology across the 
m ost com m only  occurring  species trom  tw o m ajo r taunal 
groups, the  lack o f  in fo rm ation  is startling, w ith full knowledge 
fo r ju st 9% (« =  88) o f th e  973 species in o u r database. For 
invertebrates, including fam iliar an d  com m ercially im p o rtan t 
species such as mussels, oysters, crabs an d  lobsters, we have no 
data at all on  th e  biological traits  o f nearly a q uarte r ( 192 ) o f 825 
species; the  m edian  biological knowledge score across inverte
brates is one, an d  exceeds zero only because o f  the  relatively wide 
availability o f  estim ates o f body size ( available for 76% o f  inver
tebrates). Som e traits, such as fecundity, are v irtually  unknow n 
fo r British m arine  invertebrates. Fish are generally m uch  better 
know n: body size is know n for all 148 species, a n d  over a quarte r 
o f  species a tta in  the  m axim um  score o f eight. Nonetheless, data 
on  m ost basic life-history traits  are lacking fo r a ro u n d  a quarte r 
o f  British dem ersal fish species, w ith  no  in fo rm ation  o th er th an  
body size for one species (S tephen’s goby, Gobius gasteveni).

The w ide availability o f  size in form ation  is reassuring, as body 
size has a defining role in aquatic  ecosystems at a range o f scales 
(Jennings eta l., 1998; Tillin e tal., 2006; H ildrew  eta l., 2007; 
O lden eta l., 2007; B lanchard eta l., 2008; W ebb e ta l., 2009).

Thus, broad-scale analyses using th is single life-history tra it are 
b o th  feasible w ith existing data, an d  potentially  revealing o f the 
struc tu re  and  function  o f  m arine  ecosystems. However, un til we 
have a g reater understand ing  o f how  size is related to  o th er traits 
im p o rtan t in determ ining th e  large-scale d istribu tion  o f  species, 
or th e ir ecological function, consideration  o f body size alone 
will n o t suffice. M oreover, exam ination o f links betw een species 
diversity, tra it diversity and  ecosystem function  (W ebb eta l., 
2010 ) require in form ation  on m ultip le traits, data th a t appear to  
be lacking a t present.

A dditional data on som e traits  for som e species doubtless 
exist in the  literature, o r as expert knowledge n o t yet in co rp o 
rated  in  existing databases; b u t we believe o u r results to  reflect a 
genuine lack o f data on th e  biological traits o f  UK m arine  
species, n o t least because in recent decades basic studies o f  the 
biological traits  o f individual species have seldom  been a h igh 
research priority . Furtherm ore, we have m ade no  a ttem pt to  
assess th e  accuracy o f  published tra it data. This ignores incon
sistencies o f observation, inaccurate p ropagation  o f  knowledge, 
m isidentifications an d  w hat is likely to  be  very significant in tra 
specific (bo th  ontogenetic and  geographic) variation  in tra it 
expression. O ne consequence o f  this is th a t even if  a strong link 
were m ade betw een a particu lar com bination  o f biological traits 
an d  a specific ecosystem function  ( Solan et al., 2004 ) o u r ability 
to  pred ic t th e  functional consequences o f  environm ental change 
in  any given spatio -tem poral setting w ould  be lim ited  by a lack 
o f knowledge o f the  actual expression o f traits  by individuals o f  
different species p resent at th a t tim e.

Som e taxonom ic groups emerge as particularly  well (or 
poorly) know n, b u t taxonom y was generally n o t a good p red ic
to r  o f  knowledge, w hich is very variable w ith in  m ost classes. 
However, w ell-know n species do n o t form  a random  subset o f  
the  entire  tauna. For exam ple, the  n u m b er o f  occasions th a t a 
species is recorded in OBIS was the  strongest p red ic to r o f  b io 
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Table 2 Biological knowledge across the 40 taxonomic classes in our dataset. Biological knowledge is defined as the num ber o f traits for 
which we have data, and varies between zero and eight. It is shown here as the m inim um, median (in bold) and maximum value across the 
u species in each class. Also shown is the num ber o f species with a biological knowledge score o f 0 ( « n o n e )  and the num ber o f species with 
the maxim um  biological knowledge score ( « f u l l ) .  The vertical lines on the left o f the table join those classes with overlapping 95% 
confidence intervals o f biological knowledge, according to a generalized linear mixed model. Classes are ordered from lowest to  highest 
mean biological knowledge, and the three classes o f fish are shown in italics.

Biological
Class Phylum knowledge n «N O N E «FULL

Scyphozoa Cnidaria 0 4 4 ( 100%) 0
Demospongiae Porifera 01. . . 7 42 13 (30.1%) 0
Clitellata Annelida 01 6 3 (50.0%) 0
Calcarea Porifera 01 7 3 (42.3%) 0
Cephalopoda Mollusca 01 11 3 (27.3%) 0
Stenolaemata Bryozoa 01 8 2 (25.0%) 0
Gymnolaemata Bryozoa 0. . . 8 45 24 (53.3%) 1 (2.2%)
Caudofoveata Mollusca 0 2 2 ( 100%) 0
Solenogastres Mollusca 0 2 2 ( 100%) 0
Tentaculata C tenophora 0 2 2 ( 100%) 0
Holothuroidea Echinodermata 01.4 9 1 (11.1%) 0
Anopla N em ertina 01 3 1 (33.3%) 0
Polyplacophora Mollusca 1 4 0 0
Sipunculidea Sipuncula 1 3 0 0
Rhabditophora Platyhelminthes 1 1 ( 100%) 0
Craniata Brachiopoda 1 1 1 ( 100%) 0
Entoprocta Entoprocta 1 1 0 0
Insecta A rthropoda 1 1 0 0
Phascolosomatidea Sipuncula 1 1 0 0
Rhynchonellata Brachiopoda 1 1 0 0
Scaphopoda Mollusca 1 1 0 0
Staurozoa Cnidaria 1 1 0 0
Hydrozoa Cnidaria 01. . . 8 38 3 (7.9%) 1 (2.6%)
Crinoidea Echinodermata 01. . . 7 3 1 (33.3%) 0
Phoronida Phoronida 234 2 0 0
Polychaeta Annelida 01. . . 8 187 86 (46.0%) 6 (3.2%)
Pycnogonida A rthropoda 1. . . 5 5 0 0
Ascidiacea Chordata 01. . . 8 33 4 (12.1%) 4 (12.1%)
Maxillopoda A rthropoda 01. . . 8 10 1 ( 10.0%) 2 (20.0%)
Gastropoda Mollusca 01. . . 8 85 11 (12.9%) 5 (5.9%)
Leptocardii Chordata 5 1 0 0
Myxini Chordata 5 1 0 0
Malacostraca A rthropoda 01. . . 8 154 10 (6.5%) 8 (5.2%)
Anthozoa Cnidaria 01. . . 8 40 6 ( 15.0%) 1 (2.5%)
Bivalvia Mollusca 01. . . 8 75 8 ( 10.7%) 10 ( 13.3%)
Ophiuroidea Echinodermata 01. . . 8 13 1 (7.7%) 1 (7.7%)
Asteroidea Echinodermata 0. . . 6.8 15 1 (6.7%) 5 (33.3%)
Echinoidea Echinodermata 1. . . 8 8 0 5 (62.5%)
Elasmobranchii Chordata 3.6.8 15 0 1 (6.7%)
Actinopterygii Chordata 1. . . 78 132 0 38 (28.8%)

Invertebrates 01. . . 8 825 192 (23.3%) 49 (5.9%)
Fish 1. . . 6.8 148 0 39 (26.4%)

Total 01. . . 8 973 192 (20.0%) 88 (9.0%)

logical knowledge, suggesting that, fo r the  m ost part, we ten d  to 
study those species th a t we m ost often encounter, «obis is an 
inexact m easure o f geographic extent, b u t this result does 
suggest th a t knowledge is likely to  be especially scarce fo r rare

species (see also G aston & Kunin, 1997b). The consequence of 
th is for o u r understand ing  o f  ecosystems m ay depend on the  
extent to  w hich com m on  species dom inate  com m unity  p ro p e r
ties an d  ecosystem functioning (e.g. G aston & Fuller, 2008;
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Table 3 Generalized linear models o f biological knowledge (num ber o f biological traits for which we have data) o f the UK marine fauna 
as a function o f biogeographic knowledge ( u o b i s ) ,  conservation concern, and commercial importance (Model 1). n is the num ber o f species 
in each group. Model coefficients (bx)  for each predictor x  are given with their 95% CIs, as is the deviance explained by the model (Pseudo 
R2), and an estimate o f taxonomic signal in the residuals (X) which equals 0 when residuals are independent o f taxonomy, and has a 
maxim um  value o f 1 (see text for details). Models were run across all taxa, separately tor all invertebrates, and all fish, and at the level of 
taxonomic class tor those classes with sufficient (>  10) species. W hen X indicated taxonomic signal in the class-level models, additional 
models were run at the order level (in italics in the Class column). Conservation concern and commercial importance were only included 
as predictors tor groups in which variance in these parameters was sufficient tor meaningful estimation.

Clade Class n l 'a i  OBIS ^conservation ^commercial Pseudo R2 X

All taxa 973 0.49 0 .42- 0 .56)*** 1.43 (0 .84- 2 .05 )*** 1.24  (0 .94- 1.54 )*** 0.36 0.31
All invertebrates 825 0.62 0 .53- 0 .71)*** 1.79 ( 1.05- 2 .56 )*** 0.52  (0 .06- 0 .98 )* 0.26 0.22

Polychaeta 187 0.86 0 .65- 1 .08)*** 0.31 0.19
Phyllodicida 74 0.80 0 .52- 1 .10)*** 0.35 < 0.0001
Terebellida 31 1.25 0 .55- 2 .17)*** 0.44 < 0.0001
Spionida 25 1.34 0 .55- 2 .40)** 0.34 < 0.0001
Sabellida 20 1.11 0 .33- 2 .22)* 0.31 0.91t
Eunicida 12 0.66 -0.200-1.89) 0.21 < 0.0001
Malacostraca 154 0.49 0 .31- 0 .67)*** 0.44 (-0.30-1.17) 0.23 0.28
Amphipoda 55 0.51 0 .21- 0 .85)** 0.18 0.81t
Decapoda 78 0.44 0 .22- 0 .68)*** 0.38 (-0.46-1.21) 0.25 < 0.0001
M axillopoda 10 0.75 -0.25-2.21) 0.19 < 0.0001
Gymnolaemata 45 0.81 0 .19- 1 .55)** 0.16 < 0.0001
Ascidiacea 33 0.81 0 .21- 1 .51)** 0.22 < 0.0001
Anthozoa 40 0.70 0 .35- 1 .10)*** 1.44 (-0.01-2.91) 0.30 < 0.0001
Hydrozoa 38 0.35 -0.03-0.77) 0.09 < 0.0001
Asteroidea 15 0.49 -0.20-1.36) 0.11 < 0.0001
Ophiuroidea 13 1.37 0 .56- 2 .58)** 0.55 < 0.0001
Gastropoda 85 0.58 0 .36- 0 .82)*** 0.28 0.49
Nudibranchia 25 -0.04 -0.17-0.09) 0.01 < 0.0001
Littorinimorpha 17 0.28 -0.20-0.92) 0.07 0.89t
Neogastropoda 12 1.00 0 .51- 1 .75)*** 0.70 < 0.0001
Bivalvia 75 0.79 0 .49- 1 .12)*** 0.34 (-0.54-1.22) 0.33 0.49
Veneroida 34 0.67 0 .28- 1 .12)** 0.25 0.95t
Cephalopoda 11 -0.06 -0.19-0.08) 0.04 < 0.000I f
Demospongiae 42 0.59 0 .21- 1 .03)** 0.22 0.306§

All fish 148 0.16 0 .08- 0 .24)*** 0.63 (0.03-1.31) 0.40  (0 .21- 0 .59 )*** 0.35 0.154
Actinopterygii 132 0.16 0 .07- 0 .25)** 1.06 (0 .18- 2 .16)* 0.41 (0 .20- 0 .62 )*** 0.36 < 0.0001
Elasmobranchii 15 0.22 0 .12- 0 .33)** 0.72  (0 .28- 1.16)* 0.46  (0 .19- 0 .74)* 0.81 < 0.0001

***P < 0.001; **P < 0.01; *P < 0.05. Statistically significant results are shown in bold. Note that because models were fitted with quasibinomial errors, 
we used I lesls to test for the significance o f param eter estimates (Faraway, 2006) which may not always agree entirely with the profile likelihood-based 
confidence intervals.
fH igh values o f X in order-level analyses are indicative o f interesting patterns at lower taxonomic levels, b u t sample sizes and taxonomic resolution are 
insufficient to examine these statistically.
f  One species was identified as influential (high Cook’s D ), bu t results are unaffected by removal o f this species.
§X reduces to < 0.0001 on removal o f a single influential (high Cook’s D) species, bu t other results are unaffected.

Gaston, 2010 ). If  certain  com binations o f  traits were considered 
to  be key to  ecosystem integrity, they  could  perhaps best be 
m ain ta ined  by directing m anagem ent efforts at com m on species 
w hich possess these traits  ( G aston & Fuller, 2008 ). However, it is 
w o rth  n o ting  th a t rare  species m ay possess unique (possibly 
functionally  im p o rtan t ) traits o r com binations o f  traits  ( G aston 
& Kunin, 1997a); th e  p o o r state o f biological knowledge for rare 
species th a t we docum ent here m eans we sim ply do no t know  if 
th is is the  case for UK m arine  species.

Species o f  conservation concern were be tte r know n across 
b o th  invertebrates and  fish. Given th a t conservation listing is

generally o f rare species (e.g. Purvis eta l., 2005), abou t w hich 
ou r results have suggested we ten d  to  know  least, th is result may 
seem counter-in tu itive. The likely explanation is th a t a certain 
am o u n t o f  knowledge is required  before a species can be listed. 
Thus, while only 2%  o f invertebrates in o u r dataset are currently  
o f conservation concern, this increases to  9% w hen we consider 
only those species th a t are biologically well know n ( i.e. have data 
available for seven o r eight traits). This suggests th a t m any of 
those species w ithou t conservation listing -  especially those 
rarely sam pled -  shou ld  be considered unknow n, ra th e r th an  
sate. It is notew orthy, too, th a t all 25 species o f  fish listed as being
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Figure 2 Biological knowledge increases with biogeographic 
knowledge in both fish and invertebrates (a) whereas body size is 
only significant for a small proportion o f invertebrate groups (b). 
The num ber o f records in OBIS ( / / o b i s )  and body size are placed 
in log. bins for clarity o f  presentation. Boxes extend to the 
inter quartile range around the median value, the whiskers extend 
a further 1.5X the inter quartile range from the boxes, and the 
width of the boxes is proportional to the num ber o f species in 
each category. Lines are fitted generalized linear models of 
biological knowledge as a function o f (a) log(//0Bis + 1) and (b) 
log(body size), showing results across all fish (thick solid lines), 
all invertebrates (thick dashed lines) and separately tor each 
sufficiently species-rich class (fine solid lines). Note that data 
availability varies from zero to eight traits in (a), bu t only from 
zero to seven traits in (b), because body size is used as a predictor 
so cannot contribute to the response. For the same reason, there 
are 973 species in (a) and 775 species in (b). Results o f detailed 
statistical analyses o f these patterns are presented in Tables 3 & 4.

Figure 3 Biological knowledge is higher in species of 
conservation concern (a) and in commercially exploited species 
(b) in both fish and invertebrates. The num ber o f  records in 
OBIS ( / / o b i s )  and body size are placed in log. bins for clarity of 
presentation. Boxes extend to the inter quartile range around the 
median value, the whiskers extend a further 1.5X the inter quartile 
range from the boxes, and the width o f the boxes is proportional 
to  the num ber o f species in each category. Commercial 
importance was scored on a iour-point scale for fish, bu t only on 
a binary scale for invertebrates. Results o f detailed statistical 
analyses o f these patterns are presented in Tables 3 & 4.

o f  conservation concern are also fished commercially, 13 of 
them  to  a m ajo r extent. In m ost cases, fishing is the  cause o f the  
conservation listing; it is striking th a t species th a t w ould  be 
afforded pro tection  on land, rem ain  heavily exploited in the  sea.

Dealing w ith the  large knowledge gaps identified here is no t 
straightforw ard. As Dolédec et al. ( 1999 ) p o in t out, filling these
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gaps, even fo r a relatively sm all an d  taxonom ically uniform  
assemblage such as the  freshwater invertebrates o f th e  U pper 
R hone river, is a m ajo r undertak ing  ( in th a t exam ple, a ro u n d  60 
person-years ). Previous approaches have therefore a ttem pted  to 
deal w ith  gaps by p redicting  values based on th e  degree o f vari
ability w ith in  a taxonom ic group (Foggo et al., 2007; M atthew  
eta l., 2009), in p u ttin g  zero values (Dolédec e ta l., 1999; 
B rem ner et al., 2006 ) o r  deleting w hole species o r traits  ( Baird & 
van den Brink, 2007 ). N one o f  these is ideal, and  all m ay require 
the  developm ent o f novel statistical m ethods. The validity o f 
predic ting  traits from  congeners o r contam ilials has n o t for
m ally been tested, b u t requires accurate in fo rm ation  on the 
evolutionary relationships betw een species, and  sufficient tra it 
data to  establish general patte rns o f  phylogenetic conservatism  
in different traits. Using taxonom ic relationships as a surrogate 
for phylogeny, we estim ated  a X value o f 0.98 fo r m axim um  body 
size. This suggests th a t estim ating th e  size o f  a species based  on 
th a t o f its close relatives is probably justified, b u t it is unclear 
w hether this result w ould  generalize to  o th er traits. Replacing 
m issing values w ith zeros m ay break up co-evolved tra it com 
plexes, an d  cause well-know n traits ( e.g. body size ) to  appear to  
be th e  defining ones, sim ply because analyses on o th er traits  lack 
statistical power. Deleting cases (species o r traits  w hich include 
m issing values ) reduces degrees o f  freedom  an d  th u s statistical 
power. Trait-based analyses shou ld  consider adopting  standard  
m ethods fo r dealing w ith m issing data such as m ultiple im p u 
ta tion  (e.g. Nakagawa & Freckleton, 2008), especially because 
m issing data are unlikely to  be random ly  d istribu ted  across the 
assemblage. In o u r data, for exam ple, there  is significant taxo
nom ic signal in b o th  biogeographic knowledge ( / / o b i s , X =  0.43 ) 
an d  biological knowledge (X =  0.37). It rem ains unclear, 
however, how  robust techniques fo r dealing w ith  m issing data 
are in situations in w hich available data are substantially o u t
n um bered  by gaps.

Incorporating  biological traits in to  m acroecological analyses 
holds great prom ise  for revealing the  m echanistic basis beh ind  
em ergent patte rns an d  relationships (e.g. W ebb eta l., 2009; 
Buckley & Freckleton, 2010; Verberk eta l., 2010) an d  can 
provide alternative indicators o f environm ental change 
( Bremner, 2008; Baiser & Lockwood, 2011 ). In th is first a ttem pt 
to  catalogue th e  extent o f biological knowledge o f  an entire 
tauna, however, we have docum ented  severe shortages o f data 
for m ost biological traits. We expect even greater knowledge 
gaps in other, less-studied, m arine  taunas. In terrestria l and  
freshwater systems, tra it databases ten d  to  concentrate on spe
cific taxonom ic groups (Poff e ta l., 2006; Naeem  & Bunker, 
2009) we therefore expect th a t m ultiphylum  studies in  m ost 
systems will suffer from  sim ilar shortcom ings to  those we have 
docum ented  here fo r the  UK dem ersal m arine tauna.

Filling gaps in ou r knowledge will require b o th  additional data 
collection an d  developm ent o f the  statistical techniques fo r esti
m ating  m issing tra it values. In add ition  we agree w ith Naeem  & 
Bunker ( 2009 ) th a t a concerted  effort is requ ired  to  collate exist
ing tra it data an d  to  m ake them  available in a standard  form at -  
possibly using existing portals, such as Sealifebase (h ttp :// 
www.sealifebase.org) for m arine  species. Recent in ternational

initiatives such as OBIS (see also Som erfield eta l., 2009) have 
vastly expanded o u r knowledge o f  w here m arine  species occur. 
F inding ou t w hat they  actually do rem ains a m ajo r challenge.
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