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The consequences of marine gravel extraction on the

spawning of herring, Clupea harengus Linné
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The rapid increase ofthe mining for marine gravels in the North Sea offers a serious threat to
the marine environment and especially for the herring populations of the_southem North
Sea and Channel. The paper reviews the literature dealing with the herringjand its spa
ground, behaviour, abiological characteristics — type of substrate, dept};

ture and current velocity. A hypothesis is made that sound may plg”an important jjeié in
guiding the herring to its spawning site.
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I. INTRODUCTION

The herring occupies a special position amongst the commercial fish species.
First it deposits its eggs on the sea bed attaching them to gravelly material or
seaweed. Secondly the herring is heavily overfished and the attention of fishery
biologists is focused on measures for adequate stock management. This might
deflect their attention from another threat to the survival of the herring in the
southern North Sea namely the activities of the marine gravel industry,
notwithstanding in 1974 the ICES Working Group on Effects of Marine Sand and
Gravel Extraction pointed out this danger (Anon., 1975).

There is a constant demand for gravel for the large conurbations bordering the
southern North Sea. From geological mining surveys we know that on the
Continental side ofthe North Sea there are no deposits ofgravel comparable with
those on the English side. The inland gravel resources ofthe Netherlands will be
exhausted within a period of 25 years. It is estimated to satisfy the demand for
gravel in the London area alone, marine gravel will no longer be available for
export within 50 years (Oele, 1978). The threat ofthe marine gravel extraction in
the southern North Sea to the survival of the herring stocks is therefore far from
hypothetical. The present paper reviews the available data relating to the herring
and its spawning grounds. This relation is known from when Walker (1803)
stated that herring deposited their eggs on the sea bed 10-12 fathoms deep,
although it was not known why and how the herring selects its spawning ground
(MclIntosh & Masterman, 1897). A hypothesis is proposed that herring use the
sound characteristics of the sea bed by the actions of underwater currents to
recognize their spawning site in addition to the homing behaviour described by
Flarden Jones (1968). Altering the sea bed as a consequence of gravel extraction
may influence the migration and survival of the herring-stocks in the southern
North Sea.
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et al. (1959) studying the Pacific and Atlantic herrings of North America showed
that spawning occurred within a wide range oftemperatures. The herring which
spawn on the gravel beds near Shields (North Sea) seem to avoid grounds where
the temperature during the spawning period drops below the 10-14° C.

Experiments by Blaxter (1956) and Blaxter & Hempel (1961) indicated that
temperature conditions on the spawning grounds may be one of the factors
directly controlling the success of recruitment. This was substantiated by
Postuma (1971) and Postuma & Zijlstra (1974) who analysed the data of spawning
herring of the Dogger Bank, Downs and Eastern Channel. They calculated the
recruitment strength at three years of age of the different year-classes. This was
compared with bottom temperature at time of hatching. They demonstrated that
the temperature on the spawning grounds affected the year-class strength,
possibly through egg mortality.

SALINITY

Salinity is not an important factor since herring spawn in a salinity range of
10—5%o0 to 35%o0. Each herring population may have its preference but offshore
salinities are unlikely to vary significantly although the coastal herring races are
more adaptable than those from the open sea.

THE SUBSTRATE

The literature of the past century indicates biologists were satisfied when they
could locate herring spawning grounds. Herring attach their eggs to stones,
gravel, shingle, pebbles, shell seaweed etc. by an adhesive mucus produced in the
ovary. Spawning on seaweed accentuates the environmental requirements of the
herring, as seaweed only survives in clear water with a high current velocity. The
now extinct brackish water herring population of the former Zuiderzee of the
Netherlands spawned on a bank, the Knar, covered with seaweed; but the fyke-
nets and poles on this bank also fulfilled the requirements ofa suitable substrate
to which to attach the eggs.

CURRENTS

Drapeau (1973) noted that tidal currents on the spawning site reach an intensity
of 1 m/s and that wave oscillations on the bottom exceed 70 cm/s. He states that
the spawning in a high energy environment may serve two purposes. The strong
currents prevent the settling of fine sediment that could hinder the eggs from
sticking to the gravel and smother them during incubation (Hildebrand, 1963).
Furthermore the sea water circulation over the spawn removes the metabolites
and supplies the necessary oxygen (Hempel, 1971).

IV. THE MIGRATION NEAR THE SPAWNING GROUND

Harden Jones (1968) reviewed the phenomenon of the return to the parent
spawning ground. He concluded there was evidence for the hypothesis that the
majority of recruits spawned on the parent ground although the data are not
conclusive and it will be difficult to prove. It is known that the sand and gravel
ridges of the Channel have their own specific noise characteristics. When
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listening with hydrophones close to the bottom the change of the tides can be
recognised as the flow ofthe currents change direction over the gravel beds; there
is a relatively silent interval during the slack tide. Each sediment type, and each
individual shingle bank has its own specific noise spectrum. Herring possesses
good hearing and are able to discriminate the source of the sound (Enger, 1967,
1969; Olsen, 1969, 1976). It was established that herring are sensitive to signals
within a frequency range of 30-5000 Hz. Signals in the low frequency region
(<500 Hz) evoked stronger responses. It is suggested therefore that herring may
use the sound characteristics ofthe sea bed as a clue to recognize their spawning
sites in addition to the homing behaviour described by Harden Jones (1968), and
Zijlstra (1958, 1969).

Gravel dredging, will cause a localised increase in the depth of sea bed and
lower the tidal current. The lower speed of the currents will alter the best
frequency range to allow the herring to use its power of acoustic localization.
Recent studies indicate that the range of acoustic localization in fish is
considerable provided the specific sound particle motions exceed the background
threshold (Schuijf & Buwalda, 1980). Runnstrom (1941) observed there is a
relationship between herring above their spawning ground and sudden changes in
salinity and temperature which can cause their disappearance. He points out that
changes in the meteorological conditions may alter the conditions for the
spawning immigration to the coastal grounds. The layers of water with different
hydrographical characteristics might interfere with the steering stimuli the
herring from the spawning ground by obscuring the sound signals from the sea
bottom.

V. DISCUSSION

It is therefore likely that altering the structure of the spawning ground of
herring may affect the stocks because herring in spawning condition may be
unable to locate their customary spawning grounds and shed their eggs on less
optimal sites. There are several critical stages in the life of herring. After
hatching of the larvae the availability of suitable food on the spawning ground,
together with temperature and predators, is important in controlling the year-
class strength. As the water near the bottom is made turbid by dredgers the vision
of the larvae in their search for food is impeded; fine silt may adhere to the gills
causing suffocation. Adult herring try to avoid suspended sediments; the
threshold concentration for fine sediment is 19 £ 5 mg/l and for coarser sediment
containing 30% sand itis 35 £ 5 mg/l (Wildish et al., 1977).

One should investigate what will happen to a known spawning area if part of
the sediment (gravel and sand mixture) is dredged away. Will the herring adapt
itselfto the change in environment? Will we get a repetition of what happened to
the former Zuiderzee herring? In 1546 herring were caught near Amsterdam in
almost fresh water, together with eel, bream, roach and ruffe (Deelder & Huussen,
1973). The Zuiderzee was closed by a dam (Afsluitdijk) in 1932. Biologists
predicted that as the herring which spawned in the Zuiderzee would die out from
the lack ofoffspring. The next six years the herring came back to spawn, but, they
could not enter the now freshwater lake called Ijsselmeer, they spawned on the
rocks and boulders forming the seaward underwater protection ofthe dam, where
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the spawn was washed away and destroyed by the wave action. The catches for
the first years were high, but dropped from 15 000 tons in 1932 to 12 tons in 1939,
when the commercial fishing ceased. The typical Zuiderzee herring, with its
specific number of vertebrae distinguishing it from its North Sea relatives,
disappeared (Havinga, 1954).

The areas indicated by the ICES Herring Working Group (Postuma et al, 1977)
cover all the grounds where herring spawns, may spawn or once spawned. Ifthe
overfished herring populations of the North Sea are to increase again, when the
international stock management measures become effective, then they should
possess suitable spawning grounds. As itis very likely that gravel deposits needed
for the gravel industry are within the suggested protected zones for herring a
careful decision has to be made as to where the gravel may be taken. A claim to
protect all the spawning areas and potential spawning of herring as suggested in
the ICES report by their Herring Working Group is untenable in the light of the
need of marine sand and gravel. The industry recognizes their responsibility of
reaching a measure of common agreement to ensure that a climate can be created
for the two industries, fisheries and sand and gravel industry to work side by side
in a harmonious manner. In their report they mention ‘not one of our present or
former licensed areas coincides with the areas shown as herring spawning
grounds’ (Anon., 1979). A study of herring behaviour and why they select
specific areas on, e.g. a shingle bank, to spawn is therefore needed.
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