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KURZFASSUNG: Der Einfluffi menschlicher Einwirkungen auf Fortpflanzung und Laichen
litoraler mariner Bodenevertebraten. Die Einfliisse menschlichen Wirkens auf die Laich- und
Fortpflanzungstitigkeit mariner, litorallebender Bodenevertebraten werden an Hand von
Literaturbearbeitungen und eigener Forschungsergebnisse erdrtert. Besondere Berticksich-
tigung erfahren dabei die Erwirmung lokaler Bereiche durch das Kihlwasser von Kraft-
werken, chemische Wasserverunreinigung, Schiffsverkehr und gréflere Fliisse. Als biologische
Konsequenzen, die insbesondere in flachen, teilweise eingeschlossenen Meeresgebieten ein star-
kes Ausmafl erreichen k&nnen, werden angefithrt: (1) Verinderungen hinsichtlich des Zeit-
punkts und jahreszeitlichen Ablaufs des Laichgeschifls einheimischer Populationen; (2) Ein-
wanderung tropischer und subtropischer Arten in lokal erwirmte Gebiete; (3) Stimulation
der Gametenausschiittung auflerhalb der normalen Laichzeiten; (4) Verinderungen in der nor-
malen Sukzessionsfolge lokaler Planktonpopulationen; (5) Quantitative und qualitative
Verschiebungen im planktonischen Ukosystem.

INTRODUCTION

Human activities tend to concentrate along marine shores. Maintenance of har-
bours, industrial — and sometimes also agricultural or food developing — plants, vil-
lages, towns and cities discharging their domestic wastes into the sea — such human
activities increase progressively all over the world: they exert an ever growing influ-
ence on nearshore marine waters and the organisms contained therein.

Among the major polluting components one may distinguish: oil products, chemi-
cal wastes, domestic sewage, radioactive substances and heated effluents from cooling
systems of industrial installations and power stations. All these pollutants tend to
enrich the littoral waters with foreign organic and inorganic components, thus influ-
encing — as special investigations have shown — the endemic bottom invertebrate fauna,
modifying its composition, patterns of distribution, biological cycles and the activities
of individual species.

In view of the importance of these modifying effect, recent scientific efforts have
resulted in the creation of a new branch of Oceanography, the “sanitary marine hydro-
biology” or “medical oceanography”. The rapidly increasing amount of special litera-
ture on this subject has been summarized repeatedly in review articles. Important
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contributions have been written by Remsu (1955, 1957a, b, 1960, 1961 and others),
Lyn & Won Tax Yoneg (1960), MacNuLTY et al. (1959), Loosanorr (1959), ALrimov
(1959), Yarkovenko (1959), Mironov (1966), STroGANOV (1964) and others.

Navror (1965a, b) reviewed literature concerning the effects of heated effluents
on marine and estuarine organisms. On the basis of his own and literature data he
showed that heating of sea-water by such effluents may influence the breeding of litto-
ral bottom invertebrates. Our own summarizing and analyzing of literature showed
also other components of human activities on the sea shores influence, in some situa-
tions, the breeding and the spawning of littoral bottom invertebrates.

Marine littoral waters consist of a variety of very specific biotopes. It is known
(TaORSON 1946, 1950, 1952, MiLEiROVSKY 1965) that an overwhelming majority of
marine bottom invertebrates with pelagic development live on the shallow shelf and
that in littoral marine plankton of all parts of the ocean, with the exception of the
regions from highest latitudes (in tropical and subtropical waters all year round, in
temperate waters from early spring to autumn), the larvae of bottom invertebrates are
very numerous and form the important component of zooplankton.

These larvae establish a system of interrelations with holoplankton forms — for
example by severe competition for algal food and thus become components of prey-
predator chains (as prey or predator). As a result of these interrelations between mero-
and holoplankton in littoral zones characterized by large quantities of pelagic larvae
of bottom invertebrates, seasonal patterns and periodicity of breeding or spawning of
such invertebrates determine the seasonal changes in larval abundance which may
affect the whole system of planktonic biocoenoses, its species composition and bio-
logical activities (MiLEIkKOVSKY 1960).

Because of this lability of littoral waters theadditional influence of human activities
is of special interest, both as a contribution to pollution research and as a basis for the
study of all factors influencing the biology of neritic marine plankton and the biology
of the marine littoral zone as a whole. Hence I have undertaken an attempt to summa-
rize and analyze information from literature which deals specially with the influence
of human activities on the breeding and spawning of marine littoral bottom inverte-
brates (see also MiLErROVSKY 1965).

HEATED EFFLUENTS FROM COOLING SYSTEMS OF POWER STATIONS
AND INDUSTRIAL PLANTS

The influence of heated effluents on the breeding of littoral marine and estuarine
bottom invertebrates has been, as mentioned before, reviewed by Nayror (1965a, b).
In spite of that we want to discuss it here again briefly on the basis of the newest data
only touched upon by Navroz.

Heated effluents of industrial origin are being discharged into the sea in many
regions of South England and Wales, for example, in Southampton harbour and in
nearby Marchwood, in Portsmouth harbour, and in Swansea docks (AnseLL 1963,
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Raymont & Carrie 1964, Stussings & Houcuron 1964, NavYLOR 19652, b and
others).

How strongly such heated effluents may change the temperature regime may be
exemplified by the Marchwood area where heated waters from the cooling system of
a power station are discharged into the sea. Before the erection of this station (in the
middle of the nineteen fifties), minimum water temperature was in winter 10 to 20 C (in
1954 the temperature was —1° C), the maximum in August was 22° C. After the
power station began to operate winter temperature in 1959 was never below 6.5¢C;
summer temperature in 1957 reached 26.5° C and exceeded slightly 270 C in 1959
(RaymonT & Carrie 1964).

As a result of such temperature increase “foreign” warm-water species settled and
began to reproduce successfully. In Southampton harbour the bivalve mollusc Merce-
naria {Venus) mercenaria from coastal waters of the New England region of North
America’s Atlantic coast appeared (ANseLL 1963, and others); in Marchwood and the
neighbouring Calshot the australo-asiatic barnacle Elminius modestus established itself,
its nauplii completely dominated the summer zooplankton of Marchwood and formed
40 to 50 % of it in Calshot. A literature review (MILEIKOVSKY 1965) shows that such
dominance of cirripede nauplii in the summer plankton is very unusual for boreal
waters where the majority of local cirripede species have an early spring period of
mass liberation of nauplii (Barwgs 1957, and others). The barnacle Balanus ampbhi-
trite which settled in Portsmouth harbour is widely distributed in tropical, subtropical
and nearby temperate waters (STusBINGs & HouGHTON 1964).

It is interesting to note that near Southampton M. mercenaria was absent outside
the heated water district (ANSELL 1963), and that B. ampbitrite in a distance of a few
miles from Portsmouth in the water of Chichester harbour, not heated by industrial
wastes, was represented only by a small “pseudopopulation™ formed by the larvae
carried here from the Portsmouth region and unable to reproduce (StussiNnGgs &
HoucrToN 1964).

In the Queen’s Dock in Swansea (Wales), during the period from 1935 to No-
vember 1960, the water was much warmer than the surrounding marine area because
heated effluents were discharged into the dock from a nearby power station (annual
water temperature amplitude: 14? to 26° C in the dodck; 3.79 to 16.5% C near the dock
in the sea). As a consequence many warm-water species immigrated; at the same time,
in many local species the breeding season became more or less prolonged or began
earlier than in all other regions of British littoral waters. The common boreal crab
Carcinus maenas was no longer able to reproduce in the warmed up area because of
too high water temperatures (the population in the dock was not only very small, but
was also sterile and maintained by the settlement of larvae entering the dock from
outside). C. maenas resumed reproduction (shedding of ova) in the dock only after
a sharp decline of water temperature as a result of decreased power station activity
after November 1960 (NavYLoR 1965a).

! We proposed (MiLeikovsky 1961b) to use V. N. BexkLeMmisCHEV’s term “pseudopopu-
lation” for sterile populations of marine bottom invertebrates which are formed sometimes by
some species outside of their main areals and which are maintained only because of arrival
with currents of larvae in the areals of the species.
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INFLUENCE OF WATER POLLUTION

Human activities can also change the concentrations of chemical substances and
of organic components. Such alterations, in turn, may again affect the breeding of
bottom invertebrates. It is sufficiently known that with progressing pollution of litto-
ral waters near large ports and seashore cities the bottom fauna of these waters
becomes poorer because of the elimination of many species which are not able to
reproduce under polluted conditions. At the same time the bottom fauna of such polluted
waters becomes more specific because of the flourishing in these conditions of popula-
tions of a few species such as the polychaete Capitella capitata; examples were descri-
bed in detail by Rersu (1955, 1957a, b, 1960, 1961 etc.) in the littoral waters near the
south California cities Los Angeles and Long Beach.

RzuepisHEVSKY (1963) discovered on the East Murman coast in the Dalnesele-
netzky fjord — polluted by sawdust from sawmill and sewage from cattle shed -
blooming of small flagellates and, stimulated by it, mass appearance of barnacle larvae
Balanus balanoides, B. balanus and B. crenatus; both phenomena occurred a fortnight
earlier (a period which barnacle nauplii which feed on diatoms, must exist without
food and consequently spend their energy in vain) than in the nearby fjord Yarnishny
in which the waters remained clean.

BrEEse et al. (1963) discovered in a laboratory experiment that the sewage waters
of a kraft-mill in Oregon were very effective in stimulating gamete shedding in My-
tilus californianus from the nearby shores. The authors were not able to determine the
nature of chemical substance stimulating the shedding. However, they came to the
conclusion that the critical concentration of this stimulating substance will not be high
enough to stimulate gamete shedding under natural conditions in situ,

To this conclusion of Breese et al. (1963) two considerations from our point of
view can be added. Firstly, very near to the kraft-mill itself the concentration of the
pollutant substances may exceed the critical value in restricted areas of the mussels’
distribution; the spawning of this restricted groups may then stimulate the spawning
of the rest of the population via the mechanisms described by Gavtsorr (1930) and
others for Crassostrea virginica. Secondly, with the growth of the mill, or with the
building of additional mills near it, the concentration of the effluent will increase and
thus may become sufficiently high to cause the effects observed under laboratory
conditions.

It must finally be mentioned that Karucina et al. (1967) have studied under
laboratory conditions the influence of sewage and oil polluted water of the Novo-
rossjiskaya Bay (collected at distances from 25 to 200 m from the point of discharge)
on the pelagic larvae of some gastropods (not identified) and decapods (Diogenes
pugilator and some prawns). They discovered that these larvae withstand the water
pollution much better than such holoplanters as copepods Acartia clausi and Centro-
pages kroyeri. These copepods were killed by the polluted water taken at the distance
of 25 m from the point of discharge during the first two days. Decapod and gastropod
larvae lived in the same water at least three days, while some specimens lived there
even longer (10 days).
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INFLUENCE OF SHIP ACTIVITIES

Intensive ship movements in littoral waters may lead to considerable dynamical
unrest and thus may influence, in some cases, the breeding and spawning of bottom
invertebrates especially those sensitive to water movement swarming forms.

It was shown by Berkerey (1961) that near Nanaimo (British Columbia) syllid
polychaete Odontosyllis phosphorea var. nanaimoensis (originally quite plentiful when
swarming) have completely disappeared after the establishment in this region of
regular ferry traffic and intensification of boat movements.

INFLUENCE OF BIG RIVERS

Big rivers are frequently used as transportation medium for various pollutants
introduced by human activities. They can greatly affect areas far awey from the
original point of waste disposal. This is particularly true if the river enters small
littoral water bodies, lakes or semi-enclosed areas such as bays, lagoons, etc.

For example, the erecting of new powerful hydroelectric stations at the banks of
the river Volga, linked to the river Don via the chanel “Volga—Don”, has changed
the volume of river water entering the Azov Sea and changed the salinity of this sea,
thus influencing all components of its bottom fauna.

To a lesser degree, but evidently also sufficiently strong, the above mentioned
stations must influence the poorer fauna of the North Caspian Sea which is better
adapted to low salinities.

In such seas the influence of the components of human activities discussed above,
e. g., heating, pollution and ship activities must be even more pronounced than at the
shores of the fringing seas.

GENERAL CONCLUSIONS

The information presented above illustrates that human activities tend to alter
the environmental conditions on marine shores and thus influence the breeding and
spawning of nearshore bottom invertebrates. Because of the continuously progressing
intensification of these activities man’s influence on the breeding and spawning of
littoral marine bottom invertebrates will also steadily grow in the years to come. This
intensification of human influences will affect most severely the bottom faunas of
inland and semi-enclosed shallow seas. No doubt, the North Sea, especially its shallow
southern part, is to be included in this category.

The influence of human activities on the breeding and spawning of littoral botrom
invertebrates and its biological consequences may be described as follows:

(1) Changes in time and seasonal pattern of spawning in local forms. In the cases
of heating up the water, this may even lead to inhibition of spawning.
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(2) Creation of suitable conditions for breeding and spawning in local waters for
immigrant species. (In temperate waters heated effluents may lead to immigration of
tropical and subtropical forms.)

(3) Stimulation of gamete shedding outside the normal season and subsequent
release of planktonic larvae in local species.

(4) Changes in the normal succession of appearance in local mero-plankton forms.

(5) Changes in the quantitative interrelations between different groups of pelagic
larvae of bottom invertebrates leading to alterations in the quantitative- qualitative
interrelations of the neritic planktonic biocoenoses as a whole.

Among the environmental factors determining the ecological dynamics of the
breeding and spawning of marine bottom invertebrates the influence of human activi-
ties on sea shores, littoral waters and big rivers has thus far not been treated (THORSON
1946, 1950, 1952, GiesE 1959, MiLEIkOVsKY 1961a, KiNNE 1963, 1964). The data
mentioned above, from our point of view (MiLEIKOVSKY 1965), forces us to draw the
conclusion that in regard to the breeding and spawning of marine bottom inverte-
brates, living near the shores exploited and densely populated by men, the factor
“human influence” must be taken into account among the most effective environmental
factors. In fact, the human activities on such sea shores must be rated as one of the
most important factors influencing the biology of littoral marine waters as a whole
and must be discussed in detail in future text books on marine ecology.

SUMMARY

1. The influences of human activities on the breeding and spawning of marine littoral
bottom invertebrates are discussed on the basis of information from literature
and own results.

2. Human activities (e. g. heated effluents, chemical water pollution, ship activities,
pollution of big rivers) modify living conditions and biological activities of bottom
invertebrates in various ways; the major biological consequences are listed below
under points 3 to 6.

3. Human activities, especially local heating, may change time and seasonal pattern
of spawning in local populations; in extreme cases spawning may be completely
inhibited.

4. Heated effluents may provide suitable living conditions for tropical or subtropical
species originally foreign to the area and thus change the species composition of the
local ecosystem.

5. Human activities may stimulate gamete shedding ocutside the normal season.

6. Human activities may change the normal succession of local mero-plankton forms
and thus alter quantitative and qualitative interrelations between different com-
ponents of the biocoenosis.

7. The detrimental effects of human activities tend to be most severe in shallow,
semi-enclosed areas. Consequently, the southern North Sea represents an area which
deserves particular attention.
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Discussion (by correspondence) following the paper by MiLeikovsky

Sivpson: In relation to the speaker’s remarks about the development of a population of
Mercenaria mercenaria in the warm water at the head of the Southampton water I would
like to make a few comments. This estuary is =0 heavily polluted with sewage that it is one
of the few estuaries around England where edible molluses may not be taken directly for
food, even with cleansing before sale. Also this estuary is heavily polluted by oil from the
many ships that use this port from an oil refinery. In spite of this, the population of
Mercenaria mercenaria is the basis of an important fishery for export. The clams are relaid in
a clean estuary for two weeks before sale.

MiLeikovsky: I must thank Dr. SivesoN for this additional information, From my point of
view this is a good argument for initiating special studies on the general and reproductive
biology of M. mercenaria (and similar populations) in connection with the possible effects
on them of different kinds of human activities on the shore and in the inshore waters. Such
studies will be important from a commercial point of view.

Kinng: In regard to laboratory studies devoted to the problem of marine pollution a crucial
point is the question: to what extent can they serve as a sound basis for predicting conse-
quences of pollution in situ? Your review is based on both, laboratory and field studies. Would
you care to comment on this important point?
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MiLxekovsky: In some harbours, ports and parts of inshore zones, where volume and kind of
pollutions are known for many successive years, we can predict, in general, for a few years
ahead the composition and standing stock of the bottom fauna and flora. I think that, with
the growing of our knowledge in this field, we shall come to a special system for predicting the
consequences of any kind of pollution on biological processes in any type of inshore water
bodies. But before this, of course, a very large amount of work must be done.



