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The consequences of marine gravel extraction on the 
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T h e  rap id  increase o f  th e  m in ing  fo r m arin e  gravels in the N o rth  Sea offers a serious th re a t to 
th e  m arin e  en v iro n m en t an d  especia lly  for th e  h erring  p o p u la tio n s o f  th e_southem  N orth  
Sea an d  C hannel. T h e  p ap e r review s th e  lite ra tu re  dealing  w ith the herring jand  its spa 
g rou n d , b eh av io u r, ab io log ical ch arac te ris tics  —  ty p e  o f  su bstra te , dept}; 
tu re  and  c u rre n t velocity . A hypo th esis  is m ade th a t sound  m ay  p lg ^ a n  im p o rta n t jjeïê in 
gu id ing  the h e rrin g  to  its spaw ning  site.
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I. INTRODUCTION

T h e  herring  occupies a special position  am ongst the com m ercial fish species. 
F irst it  deposits its eggs on the  sea bed attach ing  them  to  gravelly m ateria l or 
seaw eed. Secondly th e  herring  is heavily  overfished and  the a tten tion  o f fishery 
biologists is focused on m easures for adequate  stock m anagem ent. T h is m ight 
deflect th e ir  a tten tion  from  an o th e r th rea t to the survival o f  the  herring in the 
so u th ern  N orth  Sea nam ely the  activ ities o f the  m arine gravel industry , 
no tw ith stand ing  in 1974 the  ICES W orking G ro u p  on Effects o f M arine Sand and 
G ravel E x traction  po in ted  ou t th is danger (A non., 1975).

T h e re  is a co nstan t dem and for gravel for the  large conurbations bordering the 
sou thern  N orth  Sea. F rom  geological m ining surveys we know  th a t on the 
C o n tin en ta l side o f the  N orth  Sea there  are no deposits o f  gravel com parab le  with 
those on the English side. T h e  in land  gravel resources o f the N etherlands will be 
exhausted  w ith in  a period  o f 25 years. It is estim ated to satisfy the dem and for 
gravel in the L ondon area a lone , m arine  gravel will no longer be available for 
ex p o rt w ithin 50 years (Oele, 1978). T h e  th rea t o f the m arine gravel ex traction  in 
the  sou thern  N orth  Sea to the  survival o f the  herring stocks is therefore far from  
hypo thetica l. T he presen t p ap er reviews the available data  relating to the  herring 
and  its spaw ning grounds. T h is  re la tion  is know n from w hen W alker (1803) 
stated  th a t herring  deposited  th e ir  eggs on the  sea bed 10-12 fathom s deep, 
a lthough  it was not know n w hy and  how  the  herring  selects its spaw ning ground 
(M cIn tosh  & M asterm an, 1897). A  hypothesis is proposed th a t herring  use the 
sound characteristics o f the sea bed  by the  actions o f  underw ater cu rren ts to 
recognize the ir spaw ning site in add ition  to the  hom ing  behav iou r described by 
F larden Jones (1968). A ltering the  sea bed as a consequence o f  gravel ex traction  
m ay influence the m igration  and  survival o f  the herring-stocks in the sou thern  
N o rth  Sea.
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et al. (1959) studying the  Pacific and  A tlan tic  herrings o f  N o rth  A m erica showed 
th a t spaw ning occurred  w ith in  a wide range o f tem pera tu res . T h e  herring  which 
spaw n on the  gravel beds near Shields (N orth  Sea) seem  to  avoid  grounds where 
the tem pera tu re  du ring  the spaw ning period  drops below  the  10-14° C.

E xperim ents by B laxter (1956) and  B laxter & H em pel (1961) ind icated  th a t 
tem p era tu re  cond itions on the  spaw ning grounds m ay be one o f the  factors 
d irectly  contro lling  the  success o f recru itm en t. T h is  w as substan tia ted  by 
P ostum a (1971) and  P ostum a & Z ijlstra (1974) w ho analysed th e  data  o f  spaw ning 
herring  o f  the  Dogger Bank, D ow ns and  E astern  C hannel. T hey  calcu lated  the 
recru itm en t strength at th ree  years o f age o f  the  different year-classes. T h is  was 
com pared  w ith bo ttom  tem pera tu re  at tim e o f  hatching. T h ey  dem onstra ted  th a t 
the tem p era tu re  on the  spaw ning grounds affected the  year-class strength, 
possibly th rough egg m ortality .

S A L IN IT Y
Salin ity  is no t an  im p o rtan t factor since herring  spaw n in a salin ity  range of 

10—15%o to  35%o. E ach  herring  pop u la tio n  m ay have its p reference bu t offshore 
salin ities are un likely  to  vary significantly a lthough  the  coastal herring  races are 
m ore adap tab le  th an  those from  the open sea.

T H E  S U B S T R A T E
T h e  lite ra tu re  o f  the  past cen tury  indicates biologists w ere satisfied w hen they 

could locate herring  spaw ning grounds. H erring  a ttach  th e ir  eggs to  stones, 
gravel, shingle, pebbles, shell seaw eed etc. by an adhesive m ucus p roduced  in the 
ovary. Spaw ning on seaweed accentuates th e  env ironm en ta l requ irem en ts of the 
herring , as seaweed only  survives in clear w ater w ith  a high cu rren t velocity . T he 
now  ex tinc t b rackish  w ater herring  p o p u la tio n  o f the  fo rm er Z u iderzee o f the 
N etherlands spaw ned on a bank , the K nar, covered w ith  seaweed; b u t the  fyke- 
nets and  poles on th is  b an k  also fulfilled the  requ irem ents o f  a  su itab le  substrate 
to w hich to  a ttach  the  eggs.

C U R R E N T S
D rapeau  (1973) no ted  th a t tidal cu rren ts on  the spaw ning site reach an in tensity  

o f 1 m /s and  th a t wave oscillations on the b o tto m  exceed 70 cm /s. H e states that 
the spaw ning  in a high energy env ironm en t m ay serve tw o purposes. T h e  strong 
curren ts p revent the  settling  o f  fine sed im ent th a t could  h in d er the  eggs from 
sticking to  the  gravel and  sm other them  during  incubation  (H ildebrand , 1963). 
F u rtherm ore  the sea w ater c ircu la tion  over the spaw n rem oves the  m etabolites 
and supplies the necessary oxygen (H em pel, 1971).

IV. THE MIGRATION NEAR THE SPAW NING GROUND

H arden  Jones (1968) review ed the p h en o m en o n  o f  the  re tu rn  to  the  parent 
spaw ning ground. H e concluded  there  was evidence for the  hypothesis th a t the 
m ajority  o f recruits spaw ned on the p a ren t g round  a lthough the  data  are no t 
conclusive and  it will be difficult to prove. It is know n th a t the  sand  and  gravel 
ridges o f  the  C hanne l have th e ir  own specific noise characteristics. W hen
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listen ing  w ith hydrophones close to the  b o tto m  the change o f the tides can be 
recognised as the  flow o f  the  cu rren ts change d irection  over the gravel beds; there 
is a relatively  silen t in terval du ring  the  slack tide. E ach  sed im ent type, and  each 
ind iv idual shingle bank  has its ow n specific noise spectrum . H erring possesses 
good hearing and  are able to d iscrim inate  the  source o f the  sound (Enger, 1967, 
1969; O lsen, 1969, 1976). It was estab lished  th a t herring  are sensitive to signals 
w ith in  a frequency range o f 3 0 -5 0 0 0  Hz. Signals in  the  low  frequency region 
(< 5 0 0  Hz) evoked stronger responses. It is suggested therefore th a t herring  may 
use th e  sound characteristics o f  the  sea bed as a clue to  recognize th e ir  spaw ning 
sites in add ition  to th e  hom ing  b eh av io u r described by  H arden  Jones (1968), and 
Z ijlstra  (1958, 1969).

G ravel dredging, will cause a localised increase in  the depth  o f  sea bed and 
low er the  tidal cu rren t. T h e  low er speed o f the  cu rren ts will a lte r the  best 
frequency  range to allow  the  herring  to use its pow er o f acoustic localization. 
R ecen t studies indicate th a t the  range o f acoustic  localization  in fish is 
considerab le provided the  specific sound  partic le  m otions exceed the  background 
th resho ld  (Schuijf & B uw alda, 1980). R unnström  (1941) observed th e re  is a 
re la tionsh ip  betw een herring  above th e ir  spaw ning ground  and  sudden changes in 
salin ity  and  tem p era tu re  w hich  can cause th e ir  d isappearance. He po in ts o u t th a t 
changes in the m eteorological cond itions m ay a lte r the  conditions for the 
spaw ning  im m igration  to  the  coastal grounds. T h e  layers o f w ater w ith different 
hydrographical characteristics m igh t in terfere w ith the  steering stim uli the 
herring  from  the  spaw ning g round by obscuring the sound signals from  the  sea 
b o ttom .

V. DISCUSSION

It is therefore likely th a t a lte ring  the  struc tu re  o f  the spaw ning ground of 
herring  m ay affect the  stocks because herring  in spaw ning cond ition  m ay be 
unab le  to locate th e ir  custom ary  spaw ning grounds and  shed the ir eggs on less 
o p tim al sites. T h ere  are several c ritical stages in the life o f herring. A fter 
h a tch ing  o f the larvae the availab ility  o f  su itab le  food on the  spaw ning ground, 
toge ther w ith tem p era tu re  and  p redato rs, is im p o rtan t in contro lling  the  year- 
class strength. As the  w ater n ear the  bo ttom  is m ade tu rb id  by dredgers the  vision 
o f  the  larvae in th e ir  search for food is im peded; fine silt m ay adhere to the gills 
causing suffocation. A d u lt herring  try  to avoid  suspended sedim ents; the 
th resho ld  concen tra tion  for fine sed im en t is 19 ±  5 mg/1 and  for coarser sedim ent 
con ta in in g  30% sand it  is 35 ±  5 mg/1 (W ildish et al., 1977).

O n e  should  investigate w hat w ill h ap p en  to a know n spaw ning area if  p a rt o f 
the  sed im ent (gravel and  sand  m ix tu re) is dredged away. W ill the herring adapt 
itse lf  to the change in env ironm ent?  W ill we get a  repetition  o f w hat happened  to 
the  form er Z uiderzee herring? In 1546 herring  were caught n ear A m sterdam  in 
a lm ost fresh w ater, together w ith  eel, b ream , roach  and  ruffe (D eelder & H uussen, 
1973). T h e  Z uiderzee was closed by a dam  (Afsluitdijk) in 1932. Biologists 
p red ic ted  th a t as the  herring  w hich  spaw ned  in the  Zuiderzee w ould die ou t from 
the  lack  o f  offspring. T h e  nex t six years the  herring  cam e back to spaw n, bu t, they 
cou ld  no t en ter the now  freshw ater lake called  Ijsselm eer, they spaw ned on the 
rocks an d  boulders form ing the  seaw ard underw ater p ro tec tion  o f the dam , w here



6 1 0 S. J. DE G R O O T

the spaw n was w ashed aw ay and  destroyed b y  the wave ac tion . T h e  catches for 
the first years were h igh, b u t dropped  from  15 000  tons in  1932 to  12 tons in 1939, 
w hen the  com m ercial fishing ceased. T h e  typ ica l Z u iderzee  herring, w ith  its 
specific n u m b er o f  vertebrae d istinguishing it from  its N o rth  Sea relatives, 
d isappeared (H avinga, 1954).

T he areas ind icated  by the  ICES H erring W ork ing  G ro u p  (P ostum a et a l,  1977) 
cover all the grounds w here herring spaw ns, m ay  spaw n o r  once spaw ned. I f  the 
overfished herring  popu la tio n s o f  the N o rth  Sea are to  increase again , w hen the 
in ternational stock m anagem ent m easures becom e effective, th en  they  should  
possess suitable spaw ning  grounds. As it is very  likely th a t gravel deposits needed 
for the gravel industry  are w ith in  the  suggested p ro tec ted  zones for herring  a 
careful decision has to be m ade as to w here th e  gravel m ay  be taken . A  claim  to 
protect all the spaw ning  areas and  po ten tia l spaw ning  o f  herring  as suggested in 
the ICES repo rt by th e ir  H erring W orking G ro u p  is u n ten ab le  in  the  light o f the 
need o f m arine sand  and  gravel. T h e  industry  recognizes th e ir  responsib ility  of 
reaching a m easure o f  com m on agreem ent to  ensure th a t a  c lim ate  can be created 
for the tw o industries, fisheries and  sand and  gravel industry  to w ork side by side 
in a harm onious m anner. In  the ir repo rt th ey  m ention  ‘ n o t one o f  o u r presen t or 
form er licensed areas coincides w ith  the areas show n as herring  spaw ning 
g ro u n d s’ (A non., 1979). A  study o f herring  behav io u r and  w hy they select 
specific areas on , e.g. a shingle bank , to spaw n is therefore needed.
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