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Q ualita tive historical ben thos data  (1902-1912) were com pared  w ith recent d a ta  (1986) 
to  find long-term  trends in epifauna species com position  in the sou thern  N o rth  Sea 
th a t  m ay  be a ttrib u ted  to fishery-induced changes. In  general, the frequency of 
occurrence o f  bivalve species declined, w hereas scavenger and p red a to r species 
(crustaceans, gastropods, and  sea stars) were observed m o re  frequently in 1986. W e 
suggest th a t these shifts can be a ttrib u ted  no t only to  the physical fishery im pact, bu t 
also  to  the add itional potential food fo r scavenging and  p red a to r  species provided by 
th e  large am oun ts o f  discards and  m oribund  benthos. O u r findings a re  pu t into the 
perspective o f  the general developm ent o f  the dem ersal fishery in the sou thern  N orth  
Sea. D espite the problem s w ith the historical d a ta  set, the com parison  presented  m a) 
be th e  best illustration  achievable o f  the changes in the benthos from  a near-pristine 
situa tion  to  the present conditions after long-term  d isturbance.
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In tro d u c tio n

T h e  effects o f  b o tto m  fisheries on  b e n th ic  m arin e  eco ­
system s a re  still a p o in t o f  d iscussion . In v estig a tio n s  by 
m ea n s  o f  experim en ta l traw lin g  show ed  th a t  traw l fish­
eries in crease  th e  m o rta lity  o f  ta rg e t a n d  by -catch  
species, an d  a lso  o f  b en th ic  species n o t c au g h t in th e  nets 
b u t  w h ich  a re  d am ag ed  by th e  passin g  g ear (B erg m an  
a n d  v an  S a n tb r in k , 1994). In  g en era l, larg e  (long-liv ing) 
species w ith  low  fecund ity  will be affected  m o re  th a n  
sm all (sho rt-liv ing ) species w ith  h igh  fecund ity . O n  the 
o th e r  h a n d , fisheries may be beneficial fo r  scaveng ing  
species i f  th e ir in creased  m o rta lity  is b a la n ce d  by  an  
in creas in g  fo o d  su p p ly  fro m  d iscard ed  offal, b y -catch , 
a n d  m o r ib u n d  an im a ls  left in traw l track s  (L in d eb o o m  
a n d  d e  G ro o t, 1998).

T h e  effect o f  fisheries on  dem ersa l fish a n d  b en th ic  
in v e rteb ra te s  will a lso  depend  on  th e  type o f  fish ing  gear 
in re la tio n  to  th e  v e rtica l d is tr ib u tio n  o f  th e  species. In  
an  o t te r  traw l, th e  g ro u n d ro p e  slides over th e  seabed , 
w h e reas th e  d o o rs  p lo u g h  th ro u g h  th e  b o tto m . B eam  
traw le rs  use heav y  tick ler ch a in s o r  c h a in  m a ts  to 
c h ase  th e  ta rg e t flatfish species o u t o f  th e  sed im en t. 
C o n se q u e n tly , o t te r  traw ls  a n d  beam  traw ls b o th  ca tch  
d em ersa l fish a n d  ep ifau n al in v erteb ra tes , b u t  beam  
traw ls  a lso  a lso  affect an im als th a t  live b u ried  in  th e  to p  
lay e r (ap p ro x im ate ly  1 -5  cm  d ep en d in g  on  th e  ty p e  o f

sed im ent) an d  belong  to  th e  in fau n a . T w o m ain  
p ro b lem s in ev a lu a tin g  lo n g -te rm  effects o f  b o tto m  
fisheries on  b en th ic  ecosystem s a re  th a t: (i) experim ental 
w o rk  re fe rs to  sh o rt- te rm  effects; a n d  (ii) co n sisten t 
lo n g -te rm  series on  th e  a b u n d an c e  o f  n o n -com m erc ia l 
species a re  scarce. System atic  surveys th a t  a im  to  collect 
in fo rm a tio n  on b y -catch  fish an d  in v erteb ra tes  d id  n o t 
s ta r t  b e fo re  th e  1970s, i.e., a f te r  a lo n g  p e rio d  o f  
in tensive  com m erc ial fishing (van  L eeuw en e t al., 1994). 
N everthe less , IC E S  in itia ted  som e early  ro u tin e  surveys 
(1902-1912) d u rin g  w hich sam ples o f  in v erteb ra tes  w ere 
co llected  an d  sto red . F ro m  these  d a ta , m o re  o r  less 
realis tic  c a tch  p ro to co ls  h ave  been  re co n stru c te d  (S tein  
e t al., 1990). W e co m p are  these d a ta  w ith  in fo rm a tio n  
co llected  d u rin g  th e  IC E S  B en th o s Survey  1986 
(K ü n itze r  e t al., 1992).

M a te ria l an d  m ethods

Q u a lita tiv e  h isto rica l d a ta  fro m  1902-1912 (a b o u t 7000 
reco rd s) h av e  been  m ad e  av ailab le  f ro m  m useum  ja rs  
(S te in  et al., 1990). In  1901, th e  D eu tsch e  w issenschaft­
liche K o m m iss io n  fü r d ie in te rn a tio n a le  M eeresfo r­
sch u n g  w as fo u n d ed  in  G e rm an y  to  allow- p a r tic ip a tio n  
in  th e  in te rn a tio n a l m arin e  resea rch  th a t  developed  w ith  
th e  fo u n d a tio n  o f  IC E S. A  sm all m arin e  la b o ra to ry  w ith
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A ddendum

C aptions for figs.3. and 4 . are w rong. T hey  shoud read instead:

Fig.3. F requency  o f  occurrence o f  d ifferen t faunal groups

Fig.4. C orrec ted  yields per trip o f  a U nit traw ler as a relative m easu re  for the population 
density  o f  com m ercial fish in the N orth  sea under the im pact o f  fish ing  (after H em pel, 1978).
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T able 1. D a ta  set, type o f  gear, cruise data , and num ber o f  stations.

D a ta  set G ear Cruise N o. sta tions

1902-1912 D redge+ different traw ls “ P oseidon”  and others 403
1986 A S tandard  dredge ICES N S survey M ay (R um ohr) 5
1986 B S tandard  dredge ICES NS survey A pril (Turkay) 12
1986 C Beam  traw l ICES N S survey M ay (D uineveld) 58

a b io log ical a n d  an  o cean o g rap h ic  sec tion  w as set up  
in  K iel, a n d  fro m  1902 to  1908 fo u r  research  trip s 
(“ T e rm in fa h r te n ” ) w ere co m p le ted  an n u a lly  in th e  
B altic  a n d  th e  N o r th  Sea w ith  th e  R F F  (R e ich sfo r­
sch u n g sd am p fer) “ P o se id o n ” . F u r th e r  exped itions w ere 
c arried  o u t f ro m  1909 to  1912 in th e  N o r th  Sea as p a r t  o f  
an  in te rn a tio n a l ag reem en t. T h e  cruises to o k  p lace  in 
F e b ru a ry , M ay , A u g u s t, an d  N o v em b er, a n d  w ith  few 
ex cep tions th e  sam e  s ta tio n s  w ere  v isited . In  ad d itio n  to 
th e  T e rm in fa h rten , m ate ria l w as co llected  d u rin g  cruises 
c arried  o u t fro m  1903 to  1906 by  th e  B iologische A n sta lt 
H e lg o lan d  to  v a rio u s  lo ca tio n s in th e  N o r th  Sea.

A n im als co llected  have  been  p reserv ed  in  ja r s  in  the 
Z o o lo g ica l M u seu m  o f  K iel w ith  labe ls g iv ing  de ta ils 
a b o u t lo ca tio n  (s ta tio n  n u m b er), d a te , a n d , occasionally , 
g e a r used. S am p lin g  positions a n d  in fo rm a tio n  on  d e p th  
a n d  sed im en t co u ld  be assigned  to  s ta tio n  n u m b ers  w ith  
th e  av ailab le  lite ra tu re . S te in  e t al. (1990) used these 
h isto rica l d a ta  in co m b in a tio n  w ith  references in 
W issenschaftliche  M eere su n te rsu ch u n g en , N eu e  Folge 
V ols. V III-X V  in  th e ir  reco n stru c tio n  o f  th e  catches. N o  
d irec t q u a n tita tiv e  conclusions c an  be  d raw n  fro m  th e  
m ateria l p resen ted , because it is u n certa in  w h e th er all 
an im als  c au g h t h ave  been kep t in th e  m useum  m ate ria l, 
an d  as th e re  is only  a little  ev idence o f  ind iv idua l 
n u m b ers  in th e  av ailab le  lite ra tu re . T h e  d a ta  can  b e  used 
o n ly  to  in d ica te  th a t  species w ere p resen t, because  there  
m ay  be d ifferen t reaso n s  w hy  a species has n o t  been 
listed . In  a d d itio n , an  a tte m p t to  investiga te  tem p o ra l 
changes in  th e  ten  consecu tive  years  o f  sam p lin g  h a d  to  
be  a b a n d o n e d  because th e  n u m b e r  o f  d a ta  reco rd s 
d rastically  declined  fro m  m o re  th a n  100 in th e  firs t years 
to  less th a n  50 in th e  last few years. T h ere fo re , th e  w hole  
10-year d a ta se t w as lu m p ed  to g e th e r, a n d  we assum e 
th a t  th e  species list rep resen ts an  a lm o st co m ple te  reco rd  
o f  th o se  th a t  o ccu rred  in  th e  sam ples. T h is seem s 
ju stified  b ecause  a t  th e  tim e th e  tax o n o m ic  ex p erts w ere 
keen  on  g e ttin g  a n  co m p le te  overview  o f  th e  species 
spectrum .

T h e  o th e r  d a ta  set w as de riv ed  fro m  th e  IC E S  
B enthos Survey  1986. Sam p le  in fo rm a tio n  is lis ted  in 
T ab le  1. F ro m  1902 to  1912, th e  en tire  N o r th  Sea was 
sam p led  w ith  v a rio u s  k inds o f  to w ed  gears, such  as 
d redges, traw ls, H e lg o län d er K n ü p p e ln e tz  a n d  sh rim p  
traw ls. F o r  1986, th e  o n ly  d a ta  av a ilab le  fo r th e  so u th ­
ern  N o r th  Sea a re  based  o n  m a te ria l co llected  w ith

s ta n d a rd  (1 m ) d redges an d  b eam  traw ls (2 -4  m ). F o r  
th e  co m p a riso n , the  d a ta  h ad  to  be  restric ted  to  s ta tio n s  
in  th e  a re a  betw een  0°30' to  7°00 'E  an d  52°30' to  56°30 'N  
(F ig . 1). S ta tio n s  w ith  d o u b tfu l p o sitio n s o r  u n certa in  
d e p th -sed im en t in fo rm a tio n  a n d  species th a t w ere 
obse rv ed  a t  o n e  o r tw o  s ta tio n s  only  w ere  o m itted . A  
to ta l  o f  56 s ta tio n s  f ro m  1902 to  1912 w ere co m p ared  
w ith  40 s ta tio n s  from  1986.

A  fu r th e r  re d u c tio n  o f  th e  species list to  only  ep ifau - 
na l species o r  ta x a  (excep t fo r  bivalves an d  som e echi- 
n o d e rm s) m ak e s  a  c o m p a riso n  w ith  recen t d a ta  m o re  
realis tic  b ecause  th e  d a ta  co llected  in 1986 include  m an y  
sm all in fau n a l species (especially  polychaetes). T hese  
co u ld  n o t  h av e  been c au g h t w ith  the  gears u sed  early  in 
th e  cen tu ry  w hen q u a n tita tiv e  sam pling  o f  b en th o s w as 
im possib le . T h ere fo re , on ly  in fo rm a tio n  on  D ecap o d a , 
E ch in o id ea , O p h iu rid ea , A s te ro id ea , G a s tro p o d a , an d  
B ivalv ia  h a s  been  included  in the co m p ariso n  (98 
species).

V a rio u s  m u ltiv a ria te  techn iques (c lu s te r analysis, 
M D S -p lo ts  u sing  th e  B ray -C u rtis  index, analysis 
o f  sim ilarities (A N O S IM ), sim ila rity  percen tages, 
(S IM P E R ) w ere  ap p lied  using P R IM E R  (W arw ick, 
1993; C la rk e  an d  W arw ick , 1994). S ta tio n s w ere 
g ro u p e d  acco rd in g  to  sed im e n t/d e p th -s tra ta  (< 3 0  m ,
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Figure 1. M ap  o f  the sta tions selected (1, 2, 3: sta tions 
1902-1912; (a), (b), (c): sta tions 1986; 1, (a): dep th  0-30 m ; 
2, (b): dep th  30-50 m ; 3, (c): depth > 50 m).
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G astropoda  E chinoidea O phiuro idea

Figure 2. N um ber o f  species in the selected area fo r the six 
m ajo r taxa.

3 0 -5 0  m , a n d  > 5 0  m ) in acco rd an ce  w ith  th e  findings o f  
K ü n itz e r  e t al. (1992).

R esu lts

T h e  c o m p a riso n  o f  h isto rica l species n u m b ers  from  
d iffe ren t fa u n a l g ro u p s  w ith  recent ones (F ig . 2) reveals 
so m e  d is tin c t changes. A m o n g  th e  b ivalves, 11 species 
w ere  n o t re p o rte d  in  1986, an d  th ree  species seem  to  be  
new . A m o n g  th e  D e ca p o d a , fo u r w ere n o t  re p o rte d  in 
1986 a n d  e ig h t new  species h a d  ap p eared .

In  g en era l, species observed on ly  in  one d a ta  set 
o c cu rre d  o n  few er th a n  15% o f  th e  s ta tio n s  (m ostly  
< 10% ). E x cep tio n s (all in 1986) a re  L un a tia  pulchella  
(47% ), Spiron tocaris liljeborgii (23% ), a n d  M acropipus  
depura tor  (20% ). A N O S IM  revealed  th a t  th e  s ta tio n s  in 
th e  tw o  d a ta  se ts differ significantly  w ith  resp ec t to  
species co m p o s itio n . T h e  differences b ecam e w eak e r 
w hen  tax o n o m ic  level w as increased  (genus, fam ily, 
o rd e r)  b u t  s tay ed  significant. T he d ifferences be tw een  the 
tw o  d a ta  se ts w ere  a lso  significant fo r  in d iv id u a l d e p th  
s tra ta . C h an g es  w ith in  th e  six m ain  tax a  a re  desc rib ed  in 
th e  fo llow ing.

A steroidea (Fig. 3a)
T h e  sta rfish  A stro p ecten  irregularis a n d  A ster ias rubens 
w ere  fo u n d  in 1986 a t  a lm o st all s ta tio n s  < 5 0  m . F ro m  
1902 to  1912, A. irregularis occu rred  on ly  o n  s ta tio n s  
> 3 0  m , w hile A . rubens w as only  fo u n d  o n  o n e -th ird  o f  
th e  s ta tio n s  < 3 0  m . O verall, th e re  have  been m ark e d  
increases. W hile  L ep astcrias m uelleri an d  H enricia  
sanguino len ta  w ere  fo u n d  freq u en tly  on  s ta tio n s  > 5 0  m  
in  1902-1912, th ey  w ere n o t fo u n d  in  th e  1986 survey.

O phiuroidea (Fig. 3a)
T h e  b r itt le  s ta r  (A m p h iu ra  filifo rm is ) occu rred  in 1986 o n  
o n ly  5%  o f  th e  s ta tio n s  w hile it  w as p re sen t in  the  
m a jo rity  o f  th e  s ta tio n s  in 1902-1912. In  c o n tra s t ,

O phiura albida  show ed  a m ark e d  increase. O phiura sarsi 
a p p ea red  in 1986 a s  a  new species o n  s ta tio n s  > 50  m 
(35% ). Ophiura ophiura , fo u n d  in th e  early  days on  55%  
o f  th e  s ta tio n s  > 5 0  m , w as ab sen t in  th a t  s tra tu m  in 
1986.

Echinoidea (Fig. 3b)

In  1986, th e  sm all sea  u rch in  (E chinocyam us pusillus) 
h a d  v irtua lly  d isa p p ea red  co m p ared  w ith  th e  th e  s itu ­
a tio n  a t th e  b eg in n in g  o f  th e  cen tu ry . In  co n tra s t, 
th e  freq u en cy  o f  o ccu rren ce  o f  th e  green sea  u rch in  
(.Psam m echinus m iliaris) increased  m ark ed ly . T here  
w as a lso  an  increase  in  B rissopsis lyrifera  on  s ta tio n s 
> 5 0  m . T h e  g re a te s t increase, how ever, occu rred  in 
E chinocardium  cordatum , especially  in sh a llo w er w aters 
(< 5 0  m ): fro m  33%  to  100%.

G astropoda (Fig. 3c)

T h e  freq u en cy  o f  o ccu rren ce  o f  th e  co m m o n  w helk 
(.B uccinum  undatum ) h a s  m o re  th a n  d o u b led . A lso , the 
less co m m o n  Colus gracile  h as  in creased  (9%  to  25% ) in 
freq u en cy , an d  its d e p th  ran g e  h as a lso  ch anged . T he 
la rg e s t increases w ere observed  w ith in  th e  genus Lunatia . 
In  1902-1912, only  o n e  species (L. pallida)  w as fo u n d  on 
11% o f  th e  s ta tio n s. T h is species w as n o t  reco rd ed  in 
1986 b u t w as rep laced  by th ree  sm alle r species: L. 
m o n tagu i (50%  o f  th e  s ta tio n s  > 5 0  m ), L. catena  (22%  o f  
th e  s ta tio n s  in th e  3 0 -5 0  m  range) a n d  L. pulchella  (47%  
o f  all s ta tio n s  b u t  m o st freq u en t on  s ta tio n s  < 30  m).

Bivalvia (Fig. 3d)

V irtu a lly  all species o rig ina lly  p re sen t h ad  decreased 
d ra stica lly  by  1986. Spisula solida  a n d  N ucula  tenuis 
w ere  th e  m o st freq u en tly  observed  species early  in the 
c en tu ry  a n d  w ere n o w  seen on  few er th a n  5%  o f  the 
s ta tio n s. T h e  fo llow ing  species w ere fo u n d  recen tly  only 
o n  2 0 -3 0 %  o f  all sta tio n s: P h a xa s pellucidus  (earlier 
70% ), N ucula  nitidosa  (earlie r 53% ), A rc tica  islandica  
(e a rlie r 45% ). O n ly  very  few  a n d  less co m m o n  species 
h ave  m o re  o r  less m ain ta in ed  th e ir o rig in a l frequency: 
E nsis arcuatus , M ysia  undata , H iatella  rugosa  (the 
n o w  a p p a re n tly  ex tin c t H. arctica  m ay  h av e  been  co n ­
fused w ith  H. rugosa  in  th e  earlie r d a ta  set), Thracia  
phaseo lina , Venus ova ta , Tellina pu silla , E nsis siliqua , 
a n d  M a ctra  corallina. H ow ever, in m a n y  cases there  
h av e  a lso  been  changes in  d e p th  range.

D ecapoda (Fig. 3e)

M o s t species w ere fo u n d  in 1986 on  m o re  s ta tio n s  th an  
in  1902-1912. T h e  generally  a b u n d a n t  h e rm it c rab  
(.P agurus bernhardus) show ed  on ly  a  sligh t increase. 
Crangon allm ani a n d  C. crangon  w ere fo u n d  on  m ore
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Am phiura filiformis 
Ophiura albida 

Ophiotrix fragilis 
Ophiura affinis 

Ophiura ophiura 
Am phiura chiajei 

Ophiopholis aculeata 
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A sterias rubens 
Astropecten irregularis 

Luidia sarsi 
Leptasterias muelleri 

Henricia sanguinolenta
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Gastropoda 
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1902-1912 1986

Neptunea antiqua 
Turritella communis 
Buccinum undatum  

Cylichna cylindracea 
Lunatia  pallida 

Colus gracilis 
Tritonia hombergi 
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Decapoda
1902-1912 1986

Pagurus bernhardus 
Crangon a llm anni 

Hyas coarctatus 
Corystes cassivelaunus 

Pagurus pubescens 
Liocarcinus holsatus 

Ebalia cranchi 
Pisidia longicornis 

Galathea interm edia 
Inachus dorsettensis 

Pandalus m ontagui 
Nephrops norvegicus 
Spirontocaris spinus 

Crangon crangon 
Macropodia rostrata  
Liocarcinus pusillus 

Anapagurus laevis 
Pandalina brevirostris 

Pontophilus spinosus 
Ebalia tubefacta 

Macropipus depurator 
Pontophilus bispinosus 

Pinnotheres pisum 
Philocheras trispinosus 

Processa nouveli 
Spirontocaris liljeborgii

Spisula spisula 
Nucula tenuis 

Phaxas pellucidus 
Nucula nitidosa 

Arctica islandica 
Varicorbula gibba 

Cardium  echinatum  
Cham elea gallina 

Aequipecten opercularis 
Abra prism atica 

Tridonta m ontagui 
H iatella arctica 

Cham elea s triatu la  
Dosinia lupinus 

Gari fervensis 
M onia patelliformis 

Nuculana m inuta 
Abra nitida 

Ensis arcua tus 
Modiolus modiolus 

M usculus niger 
M ontacuta substria ta  

Mysia undata  
Tellmya ferruginosa 

Chlamys varia 
T hyasira  flexuosa 

Tellina fabula 
H iatella  rugosa 

Thracia phaseolina 
Abra longicallus 

Lucinoma borealis 
Panopea norvegica 

Venus ovata 
Tellina pusilla 

Ensis siliqua 
M actra corallina 

Abra alba 
Dosinia exoleta 

Spisula elliptica

100 80 60 40  20 0  20 40 60 80 100 
Occurrence (7c of Stations)

□  All S tations (top line)
S tations w ith depth of 0-30 m 

F I S tations w ith depth of 30-50 m 
■  S tations w ith depth  of > 50 m (fourth line)

100 80 60 40 20  0 20 40 60 80 100 
Occurrence (% of Stations)

F ig u re  3. F req u e n c y  o f  o ccu rre n ce  o f  A s te ro id e a  a n d  O p h iu ro id e a .

s ta tio n s  overall, b u t especially  in  th e  d e p th  s tra tu m  o f 
30 -5 0  m . T h e  sw im m ing  c ra b  (Liocarcinus holsatus) 
increased  m ark ed ly , p a r ticu la r ly  in  th e  d e p th  zone 
> 3 0  m . F u r th e r  d ra s tic  chan g es o ccu rred  in H y a s  coarc- 
tu s  an d  in  th e  m ask ed  c ra b  (C o rystes cassivelaunus).

D iscussion
In  such a  co m p a ra tiv e  s tu d y , th e  qu estio n  o f  c o m ­
p a rab ility  o f  th e  d ifferen t d a ta  se ts a u to m a tica lly  arises. 
T h e  h isto rica l d a ta  used  h ave  been  reco n stru c ted  from

m u seu m  specim ens (S tein  e t a l ,  1990), w hereas th e  
1986 d a ta  set h as been co llected  using  s tan d ard ized  
p roced u res. In  b o th  cases, th e  p resence  o f  a  species o n  a 
p a r tic u la r  s ta tio n  is a  m o re  re liab le  piece o f  in fo rm a tio n  
th a n  its absence.

T h e  q u estio n , as to  h o w  co m p arab le  th e  results o f  
d ifferen t sam p lin g  gears a re , is o n e  th a t c an n o t be 
sa tis fac to rily  answ ered . In  b o th  cases, tow ed  gears w ere 
used  (T ab le  1) th a t  p e n e tra te  to  so m e ex ten t in to  th e  
u p p e r  sed im en t layers, re su ltin g  in  a c e rta in  a m o u n t o f 
in fa u n a  in th e  sam ples. T h ere  is n o  in fo rm a tio n  a b o u t
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Figure 4. F requency o f  occurrence o f  Echinoidea.

th e  size o f  th e  m eshes used  in  th e  earlie r surveys, w hich  
m ay  a ffec t th e  p resen ce  o f  sm alle r species. O f  th e  differ­
en t d e p th  s t r a ta  sam p led , the  a re a  < 3 0  m  h as been 
sam p led  least (1902-1912: th ree  s ta tio n s; 1986: e igh t), 
w hich m ay  in fluence th e  co m p ariso n s. N everthe less , the 
o verall changes a p p e a r  to  be fa irly  ro b u s t over th e  en tire  
d e p th  ran g e  a n d  a lso  d e tec tab le  on h igher tax o n o m ic  
(an d  th u s  c o arse r) levels. A g g reg a tio n  o f  species rem oves 
b ias  cau sed  by  tax o n o m ic  p ro b lem s su ch  as exist in  th e  
g en era  H iatella  a n d  Lunatia . A lso  a m o n g  th e  E ch in o ­
d e rm a ta , m is id en tifica tio n  m ay  p lay  a ro le. N e v e rth e ­
less, th e  genera l in crease  in th is g ro u p  can  be  illu stra ted  
by co m b in in g  ech in o id  species in to  fam ilies. F o r  S p a tan - 
g o id ae , th e  freq u en c ies  o f  occu rren ce  o b ta in e d  w ere 68%  
in 1902-1912 a n d  98%  in  1996, w hereas fo r th e  E ch in o i­
d ea  th ey  w ere 13%  an d  65% , respectively. A ssu m in g  th a t  
A m p h iu ra  fil i fo rm is  m ay  h ave  been con fu sed  w ith  
o th e r  A m phiura  species, b u t n o t w ith  O phiura  species, 
frequencies o f  o ccu rren ce  w ere a lso  ca lcu la ted  fo r 
A m p h iu ra  sp. (63%  in  1902-1912 a n d  8%  in  1986) 
a n d  O phiura  sp . (82%  in 1902-1912 a n d  93%  in 
1986). C learly , th e  resu lts  a re  insensitive  to  p o ssib le  
m is iden tification .

T h e  d is tr ib u tio n  by  sed im en t s tra tu m  co u ld  n o t be 
d irec tly  inv estig a ted  because to o  few sed im en t d a ta  
w ere av ailab le  in  b o th  d a ta  sets. H ow ever, w e may

assu m e th is to  be  o f  m in o r im p o rtan ce , since the 
sed im en t d is tr ib u tio n  in general fo llow s th e  d ep th  
zo n a tio n .

T h e  genera l co n clu sio n  m ust be  th a t  th e re  has been  a 
decline  in  th e  o ccu rren ce  o f  bivalves, w hereas scavengers 
a n d  p re d a to rs , such  a s  c ru stacean s, g a s tro p o d a , a n d  sea 
s ta rs  w ere fo u n d  m o re  freq u en tly  in  1986. T h e  m o st 
likely ex p lan a tio n  fo r  these  large shifts seem s to  be th a t 
th ey  m u s t be  a ttr ib u te d  to  fishery im p ac t; d iscard s , in 
c o m b in a tio n  w ith  m o rib u n d  b en th o s  o n  th e  sea  floor, 
p ro v id e  a  large a m o u n t o f  p o ten tia l fo o d  fo r  scavenging  
a n d  p re d a to r  species. I f  so , the ex tra  m o rta lity  o f 
th ese  species cau sed  by fish ing is a p p a re n tly  m ore  
th a n  co m p en sa ted  b y  b e tte r  c o n d itio n s fo r  g ro w th  and  
re p ro d u c tio n .

P u ttin g  o u r  find ings in the perspec tive  o f  th e  general 
dev elo p m en t o f  th e  dem ersa l fishery  in  th e  so u th e rn  
N o r th  Sea (F ig. 4), w e cover th e  tim e sp an  ju s t  a fte r  the 
o n se t o f  a  w id esp read  traw l fishery  th a t  sk im m ed o ff  the  
su rp lu s  o f  th e  u n ex p lo ited  (virgin) sto ck s in  th e  19th 
cen tu ry . IC E S  ro u tin e  in v estiga tions w ere s ta rte d  
b ecau se  o f  th e  genera l co ncern  a b o u t dec lin in g  fish 
stocks. N one th e less , steam  engines w ere less pow erfu l 
th a n  m o d e rn  ones, a n d  d iscards w ere p ro b a b ly  few er in 
th o se  y ears , an d  th ere fo re , ben th o s m ay  still h ave  been 
close to  th e ir  p ris tin e  co n d itio n s. In  1986, a lm o st 100 
years  o f  traw lin g  im p a c t have passed . D esp ite  the  
p ro b lem a tic  h isto rica l d a ta  set, th is c o m p a riso n  m ay  be 
th e  b e s t illu s tra tio n  possib le  o f  th e  ch an g es fro m  a 
n e a r-p ris tin e  s itu a tio n  to  th e  p resen t co n d itio n s  a fte r 
lo n g -te rm  d istu rbance.

R eferences

B ergm an, M ., and  Van S antbrink . J. W. 1994. D irect effects o f  
beam  traw ling on m acrofauna in a  soft bo tto m  a rea  in the 
Southern  N o rth  Sea. In  E nvironm ental Effects o f  Bottom  
G ears on  Benthic F a u n a  in R ela tion  to  N a tu ra l R esources 
M anagem ent and  P ro tection  o f  the N o rth  Sea, pp. 179-208. 
Ed. by S. J. de G ro o t, and  H. J. L indeboom . N IO Z -R ap p o rt 
1994-11.

C larke , K . R ., and W arw ick, R . M . 1994. S im ilarity based 
testing  fo r com m unity pattern : the tw o-w ay layout w ith no 
replication. M arine Biology, 118: 167-176.

H em pel, G . (ed.) 1978. N o rth  Sea fisheries and fish stocks -  a 
review o f  recent changes. R ap p o rts  e t P rocès-V erbaux des 
R éunions du  Conseil In ternational p o u r  l’E xploration  de la 
M er, 173: 145-167.

K ünitzer, A ., Basford, D ., Craeym ersch, J. A ., D ew arum ez, 
J. M ., D örjes, J., D uineveld, G . C. A ., E leftheriou , A ., Heip, 
C ., H erm an , P., K ingston, P., N ierm ann , U ., R achor, E., 
R um o h r, H ., W ilde, P. A. J. de. 1992. T he benthic in fauna of 
the N o rth  Sea: species d istribu tion  and  assem blages. ICES 
Jo u rn a l o f  M arine Science, 49: 127-143.

L indeboom , H . J., and  de G ro o t, S. J. (eds) 1998. IM P A C T  II 
-  T h e  Effects o f  D ifferent Types o f  F isheries on  the N orth  
Sea and  Irish Sea Ecosystem s. N IO Z -R ap p o rt 1998-1, 
404 pp.



1394 H. R um ohr a nd  T. K ujaw ski

Stein, U ., H ukriede, W ., and  R um o h r, H . 1990. H istorische 
B enthosdaten  aus N ord - und Ostsee in den Jahren  1902- 
1912. M itteilungen Zoologisches M useum , U niversität Kiel, 
Suppl. 3, 189 pp.

V an Leeuwen, P. I., R ijnsdorp , A. D ., and  Vingerhoed, B. 1994. 
V ariations in abundance  and  d istribu tion  o f  dem ersal fish

species in the coastal zone o f  the sou th-eastern  N o rth  Sea 
betw een 1980 and  1993. IC E S C M  1994/G: 10.

W arw ick, R . M . 1993. E nvironm ental im pact studies on m arine 
com m unities: pragm atical considerations. A ustralian  Jo u rn a l 
for Ecology, 18: 63-80.


