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ABSTRACT
This paper reviews the impacts of recreation on ji'eshwater plants and animals. A
distinction is made between water- and shore-based activities, and between physical
and chemical effects. The impacts of water-based recreation, which result mainly
ji'om boating, are discussed in terms of wash, turbulence and turbidity, propeller
action, direct contact, disturbance to animals, pollution J~'om outboard motors and
sewage. Those resultingJrom shore-based activities, such as angling and swimming,
include trampling and associated effects, as well as sewage and other chemical
impacts. The ejJects of management j o t recreation are also considered. There is
relatively more inJormation on the effects of recreational activities on plants than on
animals, but the authors consider that further research is required in both fields. Some
possible approaches are presented.

INTRODUCTION
The extraordinary increase in the use of the British countryside for recreation since
the second world war has been documented by many authors (e.g. Patmore, 1970).
However, recognition of the ecological changes brought about by this use did not
stimulate very much research in Britain until the later part of the last decade
(Bayfield, 1971 ; Streeter, 1971). The changes induced in aquatic habitats have been
largely ignored by ecologists, except in special cases such as the Norfolk Broads. We
therefore offer this review to stimulate more research, rather than as a
comprehensive account of a well-known field. Both plants and animals of aquatic
t Present address: School of Australian Environmental Studies, Gritiith University,Nathan, Brisbane,
Queensland 4111, Australia.
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and marginal habitats are considered, but terrestrial habital~s, which have already
been reviewed on a number of occasions, are excluded (e.g. Speight, 1973; Marren,
1974; Liddle, 1975a; Satchell, 1976; Wall & Wright, 1977).
Freshwater plants and animals are likely to be affected by many of man's activities
including sewage disposal, land drainage and various landuse practices, and these in
turn may be influenced by an influx of visitors to an area for recreation. However,
only those activities taking place on or near the water are considered.
The effects of recreational activities on aquatic animals are less well understood
than the effects on plants, partly because animals react to the presence of humans,
and to the results of their activities, in very different ways. They may be disturbed by
sight and sound, as well as by any associated pollution or other change in the
environment. Furthermore, animals are often strongly dependent on plants for
food, shelter, breeding sites, or simply for somewhere to sit, so that they may suffer
indirectly if plants themselves are affected. This applies equally to zooplankton in
the open water and birds and mammals at the margins of the water body. Sometimes
the effects of recreational activities are clear, for example, when groups of birds
feeding or roosting on a reservoir take flight at the approach of a boat. However,
unless an animal is particularly conspicuous, or the subject of special interest (e.g.
angling), the effects may not be noticed. When more than one factor is involved, as in
the case of an enclosed water body used for multi-recreational activities, it may be
virtually impossible to isolate the cause of any observable effect, except in the clearcut instance of wildfowl being disturbed by boats or fishermen.
The many possible ways of classifying the impacts of recreation will be influenced
by the amount and quality of information available, as well as by the nature of the
subject. A useful distinction can be made between shore- and water-based activities
(between fishing from the bank and boating, for example) and this type of userorientated system, which has been widely used (see Satchell, 1976), has been adopted
in this review.

WATER-BASED ACTIVITIES

Physical impacts
The physical forces associated with water-based activities originate mainly from
boats, and include wash, turbulence, propeller action (cutting effects), direct contact
and also disturbance by sight and sound. The effects of other activities such as
swimming are insignificant in comparison, except when they are particularly
concentrated in space and time.
These impacts all interact (Fig. 1) and the final effect of any one component is
difficult to quantify. Their relative importance will also vary according to the
dimensions and type of habitat involved. For example, the height of the wash from a
boat will decline as it spreads out over a large body of water, so the size of the water
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Fig. 1. The impacts of boats on plants.

body will have a strong influence on the effect of wash on marginal macrophytes. The
consequences of the impacts will also depend upon the time of year in which they
occur in relation to the phenology of the plants and the activities of animals. Many
water plants spend the winter in a resting stage, for example the turions of
Potamogeton spp., and are not likely to be damaged at that time. However, boating,
other recreation activities and management operations may help to disperse
reproduction structures or vegetative fragments of plants and thus aid their survival.
For example, the recent spread (from 1974) of Elodea nuttallii may have occurred in
this way (T. C. E. Wells, pers. comm.).

Wash. Forces generated by boats may be considerable. The power required to
drive a boat must be dissipated in the surrounding water, which in turn directs it on
the beds and banks of water bodies, in some cases, causing severe erosion ((/
Constantine, 1961). The energy transmitted by a boat's wash depends, among other
things, on the speed and power of the boat, the shape of its hull and its displacement.
As a boat moves forward, water is piled up in front of it and the level at the stern falls
(Fig. 2a). The size of the wash will depend upon both the speed and design of the boat
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Fig. 2. Wash and displacement characteristics of boats. (a) Displacement of water by moving boat (after
Constantine, 1961). (b) Types of waves generated by ~i moving boat; dotted lines indicate points of
intersection (after Bruschin & Dysli, 1973). (c) Maximum amplitude of waves generated by a barge and
'pushing tug'; O, moving against the current; 0 , moving with the current (after Bruschin & Dysli, 1973).
(d) Variations in water level at a stationary point 1.8 m from the side of a moving boat, x = bow passes
point, y = stern passes point (J. W. Richardson, pers. comm.). (e) Cross-section of a boat in a canal:
a/b = blockage factor (after Constantine, 1961). (f) Limiting speeds for a typical canal cruiser
(after British Transport Docks Board, 1972).

and the energy used to drive it along. Surface waves are generated at the bow
tangentially to the direction of movement, and at right angles to the direction of
movement at the stern (Fig. 2b). The maximum height of these waves occurs where
they intersect, and the height indicates the relative amount of energy transmitted by
them. The height of the waves has been shown, in experiments on the river Rhone, to
increase with the speed of the boat to a nearly constant value when travelling at
13 km/h against a mean current speed of 0.67 m/sec; and to increase exponentially
above 13 km/h through the water, when the direction of travel was the same as that
of the current (Fig. 2c) (cfBruschin & Dysli, 1973). Transom sterns will create large
transverse waves (see Fig. 2b) when the boat is over-powered or run at high speeds,
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but tunnel sterns enclosing a propeller driven from an inboard engine cause less
wash (British Transport Docks Board, 1972). The net effect of these factors is that
the water level at the margin of a waterway at first rises slightly as a boat approaches,
then drops sharply as the boat passes and finally there is a series of waves, usually less
than half of the depth of the initial fall (Fig. 2d).
When a boat travels along a canal its maximum speed is limited by water displaced
at the bow having to pass to the stern of the boat. This is controlled by the ratio of its
cross-sectional area below the water line to the cross-sectional area of the canal (Fig.
2e) (the blockage factor). For any particular design, this speed can be calculated in
relation to the width and depth of the canal (Fig. 2f), and it can be related to the wash
characteristics of that design. It is thus possible to consider a speed-limiting system
based on canal (or waterway) size and the limiting speeds of each type of boat; the
British Transport Docks Board (1972) consider 0.66 of the limiting speed to be
reasonable.
Motor boats are often high-powered and the wash they create can cause
considerable erosion of plant roots. The susceptibility of a number of plants to
erosion was investigated experimentally by Haslam (1978), who placed them in 4
groups (Table 1). It is notable that in those heavily used waterways which still have
marginal vegetation, the species present are often those in Haslam's group 4, which
are difficult to erode.
The effect on plants of water movement caused by boats is in some respects similar
to that of current flow in faster moving waters. It is a common observation that the
leaves of Nuphar lutea are smaller in faster flowing waters. We investigated the
TABLE 1
SUSCEPTIBILITYOF AQUATIC PLANTS TO EROSION (AFTER HASLAM, 1978)

1. Very easily eroded

Agrostis stolon~era (submerged)
Ceratophyllum demersum
EIodea canadensis
2. Easily eroded
Callitriche spp.

Epilobium hirsutum
Myosotis scorpioides
3. Rather difficult to erode

Apium nodiflorum
Berula erecta
Potamogeton crispus
4. Difficult to erode

Glyceria maxima
Nuphar lutea
Oenanthe fluviatilis
Phalaris arundinacea
Phragmites communis

Epilobium hirsutum (rooting fragments)
Rorippa amphibia
Rorippa nasturtium-aquaticum agg.
Myriophyllum spicatum
Sparganium erectum
Zannichellia palustris
Potamogeton perjbliatus
Schoenoplectus lacustris
Sparganium emersum
Potamogeton pectinatus
Ranunculus calcareus
Ranunculus fluitans
Ranunculus penicillatus
Ranunculus trichophyllus

Note: Susceptibility to erosion was determined by directing a horizontal jet of water from upstream onto
the soil at the base of the plants, and the time taken for the plant to be eroded was noted. The habitats used
were typical for each species.
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relative size of leaves in (i) the slow-flowing main stream of the river Ouse at a point
300 m below Huntingdon bridge, where it is heavily used by boats, and (ii) just inside
an unused backwater. The mean leaf weight, area, petiole cross-sectional area and
tensile strength of the plants from the backwater were all much greater than those of
the plants growing in the main stream. For example, the mean leaf area (10 leaves) in
the main river was 239 _+ 26cm 2, compared with 883 + 64cm 2 in the backwater.
There was also a good correlation between the petiole cross-sectional area and the
tensile strength, as measured by attaching the leaves to a hand-held spring balance
and subjecting them to an evenly increasing pull until they broke (Fig. 3), the highest
force registering on the scale being recorded. If it is accepted that the rate of flow was
insufficient to cause a reduction in the size of leaves, then it is possible that water
movement caused by boats was doing this. But the fact that the river may have
flowed at a higher speed in the past, and that there may then have been selection for a
smaller leaved form, cannot be ruled out. Wash was thought by Sukopp (1971) to
cause damage to reed beds when boats sailed into gaps and turned close to the plants.
The down wash from waves striking boats moored over soft sediments may also
clear vegetation from a circular area around the anchor.
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The relationship between the force required to break a petiole of Nuphar lutea and its crosssectional area.

Turbulence and turbidity. Propeller action may create turbulence in the water and
the extent of this will depend upon its size, design, position in relation to the hull and
the horsepower of the motor driving it. Boats propelled by oars or paddles impart
relatively little energy to the system, although Liddle (1973) noted that 0-5 m 2 of a
sward of Littorella uniflora in a shallow oligotrophic lake could be uprooted by the
turbulence from one oar stroke.
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Increases in the turbidity of waters used by boats for recreation have often been
reported (e.g, Dartington Amenity Research Trust, 1974), but there seems to be little
quantitative evidence for this. Lagler et al. (1950) found that there was no recordable
increase in turbidity due to the effects of outboard motors in their experimental
ponds, although there was considerable movement of the bottom sediments. They
did record some redistribution of benthic invertebrates, but not damage, as a result
of turbulence caused by outboards operating in shallow water. Moss (1977a)
reported that the turbidity of the waters was not strongly correlated with the amount
of use by boats (partial correlation coefficient = 0.43 NS) but that the opacity was
due to the phytoplankton. Many factors must determine the amount of turbidity
directly caused by boats, the amount of clay in the sediment, the depth of the water
and the size and horse-power of the craft being among the most important.
Propeller action (cutt&g). The edges of propellers can act as a set of rotating
knives, as demonstrated by the effect of the occasional collisions with swimmers.
Propellers have been observed by Crossland (1976) to remove about 10 cm from the
top of the submergent Myriophyllum ~picatum, and we found that an outboard
motor attached to a boat driven through a patch of Nuphar lutea will cut through the
petioles leaving a very jagged end. On a run of 50 m, 15 leaves were detached and
many more were overturned. Lagler et al. (1950) found that prolonged use of an
outboard motor boat, operating in water 75 cm deep, with the propeller 35 cm from
the bottom, removed all plants from a path 1.5 m wide, and that silt had been washed
to the sides of the path leaving sand and gravel in the centre.
Direct contact. Boats may also dissipate their kinetic energy by direct collision
with the marginal vegetation or bank. A survey of the interactions of the various
factors which may cause bank erosion and affect the substrate was given in Bruschin
& Dysli (1973) (Fig. 4).
Damage to emergent macrophytes by boats running into them at right angles to
the shore line, and by boats turning, leaving isolated patches of plants, was recorded
by Sukopp (1971). He also noted that gaps caused in this way were then enlarged by
moored boats being moved to and fro by wash from other craft. Boat-berthing,
launching and beaching is reported by Rees & Tivy (1977) to have an abrasive action
on the beds and shores of Scottish lochs, which can eliminate extensive areas of
emergent vegetation where heavy use occurs. A similar observation was made by
Marnell et al. (1978) at the shallow mouths of creeks and on gravel bars in the
Missouri Ozarks, where shallow-rooted species such as Hanemelis vernalis and
Amsonia illustris may be disrupted or locally eliminated. However, Rees & Tivy
(1977) consider that floating-leaved plants are relatively immune to damage because
boat users tend to avoid these communities where oars, fishing lines and even
propellers can become entangled, and Sukopp (1971) observed that Sagittaria
latiJblia was not damaged as people 'take care of this conspicuous plant'.
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Disturbance. All boating activities are potentially disturbing to some groups of
animals. Research in this field is almost entirely restricted to the effects of
disturbance on wildfowl (Cooke, 1976, 1977; Batten, 1977) and the response offish
to outboard motor boats (Lagler et al., 1950; English et al., 1963). Almost nothing is
known of the effects of boating on other aquatic animals.
In a review of the impact of water-based recreation on wildlife, Satcheli (1976)
admits that although the destruction of aquatic vegetation indirectly affects
associated populations of invertebrates as well as vertebrates, direct human
disturbance 'appears to be more important in its effects on wildfowl populations'. He
was considering shore-based activities in the main, but the same would seem to apply
to disturbance caused by boating. This subject has been fairly well studied (Cooke,
1976, 1977; Batten, 1977) and comprehensively reviewed (Tanner, 1973, in press).
Disturbance results either in redistribution on, or movement away from, the water
body (Fig. 5). Movements may be more or less permanent, depending on the size and
nature of the water body and whether there is a refuge, the type of activity and nature
of the disturbance, its duration and the species and flock size of bird affected. In
general, it appears that the effects of sailing are much less serious than those of power
boat activities (Tanner, in press), although there are very few quantitative data in
support of this view. Cooke (1977) states that only birds feeding or roosting in the
deepcentral part of Grafham Water, Cambridgeshire, are forced to move because of
sailing, and they usually experienced little difficulty in finding quieter conditions
elsewhere on the reservoir. In another study of the effects of sailing on wildfowl,
Batten (1977) has suggested that the decline of mallard Anas platyrhynchus in the
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Fig. 5. The impactsof recreation (excludingmanagement)on animals.
Brent reservoir occurred after a side arm, which provided a refuge for wildfowl, was
subsequently used for sailing. Thus, the critical factor in determining the effect of
boating on wildfowl appears to be size of water body and whe.ther boating takes
place over the whole of the water surface (Tanner, inpress).
The available evidence suggests that other groups of animals are not seriously
affected as a direct result of boating. Lagler et al. (1950) concluded, after an intensive
study, that neither fish production nor fishing success, were affected by prolonged
use of outboard motor boats in experimental ponds. Under some circumstances,
however, particularly where activity is concentrated in a small area, there may be
local problems. Marnell et al. (1978) report that benthic invertebrates may be
disrupted or locally eliminated in shallow zones of rivers used for canoeing. They
also found that fish breeding may be directly affected by this kind of disturbance, but
recognised that this in itself is no basis for concluding that 'such occurrences will
impart biological consequences to the population of the species involved'. Clearly,
rare species may be more seriously affected.
Chemical impacts

Plants and animals are affected by changes in water quality produced by the
introduction of chemicals, intentional or otherwise. For example, recent studies on
the Norfolk Broads (Moss, 1977a,b,e) have shown that increases in phytoplankton
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and loss of aquatic macrophytes are due, in part at least, to changes in nutrient status
of the water (eutrophication in this case). Clearly, agricultural fertilisers and sewage,
together with pollution from outboard motors and other sources, may all be
implicated, but there appear to be no reliable quantitative data on the effects of these
sources in isolation (Satchell, 1976).
Pollution ji'om outboard motors. Outboard motors are probably the most
common means of propulsion for boats using inland waters. In the United States,
for example, 90 ~ of all engines are outboards, the majority of these (98 ~o) being of
the two-stroke cycle type (Muratori, 1968). However, in Great Britain only about
50 ~o of engines are outboards (Nature Conservancy, 1965). On the basis of numbers
of engines alone, two-stroke outboards will potentially cause more pollution than
four-stroke outboards. The design of two-stroke engines causes additional, and
potentially more serious, problems. Crankcase drainage, essential to avoid the
condition known as 'hydraulic lock' which leads to engine malfunction and damage,
can result in substantial losses (up to 56 ~o)of fuel (Jackivicz & Kuzminski, 1973a).
Muratori (1968) considers that up to 40~o of fuel used in two-stroke outboard
motors may be discharged directly into the water, but he suggests an average of 10 ~o
to 20 ~o may be a more realistic figure. According to Jackivicz & Kuzminski (1973a),
the quantity of unburnt fuel discharged in this way depends on several variables (fuel
mixture, speed, tuning of engine) and conditions (size, design details, presence of
recycling apparatus). However, there can be little doubt that substantial amounts of
fuel enter water courses and rapidly become dispersed through the mixing action of
propellers. Muratori (1968) suggests that 500 million litres of unburned outboard
fuel are discharged every year into the navigable waters of the United States.
The substances emitted by outboard motors are derived from a fuel mixture of
petrol and lubricating oil. Normal mixtures contain between 25 and 50 parts of
petrol to one part of oil (Muratori, 1968). Both petrol and oil consist mainly of
hydrocarbon compounds with small amounts of additives. Petrol normally contains
an 'anti-knock" agent (usually tetraethyl lead) and a 'scavenger' (ethylene dibromide
or ethylene dichloride), while oils contain elements such as zinc, sulphur,
phosphorus and other unspecified additives (Jackivicz & Kuzminski, 1973a).
Outboard motor oils use organic detergents that are biodegradable, while oils for
four-stroke engines use metallic detergents that are not biodegradable (Jackivicz &
Kuzminski, 1973a).
There is little quantitative information on what substances actually appear in the
aquatic environment during the operation of outboard motors. Jackivicz &
Kuzminski (1973a) suggest that water vapour, carbon oxides, nitrogen and sulphur
are emitted from the combustion chamber, and lead compounds in the unburned
fuel mixture and partial oxidation products are discharged below the water surface.
They state that 70 to 80 ~o of the lead burned in motor car engines is exhausted to the
atmosphere, the remainder being retained in the lubricating oil and exhaust system,
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and presumably, similar proportions would be lost from outboard engines. Various
investigators have reported values for the volatile and non-volatile fractions of oil,
phenols, lead, chemical oxygen demand (COD) and biological oxygen demand
(BOD) in outboard motor-exhausted water (Jackivicz & Kuzminski, 1973a). They
have estimated that the total discharge of hydrocarbons from one outboard engine,
running for one day, would be equivalent to the waste material (sewage) produced by
a population of 400 people, assuming that the products contain 85 ~o degradable
carbon.
No conclusive data have been obtained on the direct effects of outboard motors
from recreation situations (Satchell, 1976). However, Lagler et al. (1950) reported
no effects on populations offish in experimental ponds, that could be attributable to
outboard motor exhausts. Jackivicz & Kuzminski (1973b) have reviewed the
available information and conclude that while pollution from outboard motors can
exhibit a toxic effect in sufficiently high concentrations, and may affect reproduction
of fish, under conditions of normal use there is nothing to suggest that there is a
problem. They call for more research to relate laboratory and field observations. As
Tanner (1973) points out, pollution can pose a serious threat to wildlife, but the
pollution from recreational sources is probably unimportant.
According to the Dartington Amenity Research Trust (1974), the effects of
pollution from outboard motors and fuel spillage are likely to be lost in a river like
the Yorkshire Ouse, which carries large volumes of water to dilute the 'relatively
small" quantities of discharged material. They consider that pollution caused by the
discharge of crude sewage and litter directly into the river is more serious. The
available evidence suggests that, as far as effects on plants are concerned, this
appears to be the case. In the only detailed study of the effects of outboard motor
discharges on the aquatic environment we have been able to find (Lagler et al., 1950),
vegetation was assumed to be unaffected because'no oil could be found'. Lagler et al.
(1950) concluded that if no oil pollution could be discerned in their experimental
ponds, it is probable that this is 'almost never an item of concern from ordinary
outboard use in natural waters'. Oil from outboard motors may affect plants
indirectly, particularly phytoplankton, by lowering the oxygen content of the water,
particularly of the first few centimetres of a lake. Stewart & Howard (1968) have
shown that this can decrease phytoplankton production.
Sewage. Sewage resulting from water-based recreational activities may be
discharged directly into the water, particularly from boats, or, in the case of visitors
based ashore, it may undergo some form of treatment before being discharged. Both
the quantity and quality of effluent discharged are dependent on several factors,
including the type, extent and location of activity, and whether refuse from visitors
can be processed by existing sewage works. Using data derived from extensive
studies on the chemical constituents of domestic sewage, including wastes from dishwashing, food preparation and washing, as well as human excretory products, it is
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possible to make a qualitative assessment of the likely nature of the impact, but
actual amounts are much more difficult to determine. Table 2 lists the major
constituents of both whole sewage and settled sewage and the average amounts likely
to be discharged by one person each day, assuming 137 litres/person/day (Painter,
1958; Painter & Biney, 1959; Bond & Staub, 1974). The possible impacts caused by
sewage are considered further in the section dealing with the chemical effects of
shore-based activities.
TABLE 2
MAJOR CONSTITUENTS OF DOMESTIC WHOLE AND SETTLED SEWAGE

Whole sewage (domestic) a

Carbohydrates
Amino acids
Higher fatty acids
Soluble acids
Esters
Anionic surfactants
Amino sugars
Amide
Creatinine
Faeces
Urine
Dish washing and food preparation
Personal and clothes washing

gC/person/day Settled sewage (domestic) b

6.0
4.2
9.9
3.7
4-5
2.1
0.1
0.18
0.42
17
5
8
7

Chloride
Sodium
Potassium
Calcium
Magnesium
Iron
Copper
Nickel
Zinc
Chromium
Manganese
Lead
Nitroge# (Ammonia)
Nitrate' (NO3)
Phosphorusc

g/person~day

10.4
13-7
2,7
14.9
0'7
0.2
0.04
0.01
0.09
0.03
0,08
0.01
10-0
0.4
1.5

gC = grams of carbon.
Painter & Biney (1959).
b Painter (1958).
cBond & Staub (1974).

SHORE-BASED ACTIVITIES

Physical impacts
Recreational activities taking place on the shores of water bodies include angling,
bird watching, swimming, camping, picnicking and walking. Since these activities
produce broadly similar physical effects on aquatic plants and animals, they are
considered together. The effects of management for recreation and the effects of
disturbance on animals are treated separately.
Trampling and associated ejJects. Walking in and out of the water is an activity
associated with many forms of aquatic recreation. The forces exerted by walking
have been described in detail by Harper et al. (1961), who resolved them into vertical,
horizontal and tangential components and showed that the force of the impact is
partly determined by the hardness of the substratum. Some forms of recreation
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produce additional effects by deliberately clearing marginal vegetation to gain
access to the water. Anglers, for example, will normally cut bank and marginal
vegetation at the beginning of the fishing season, and may also remove submerged
aquatic plants with the aid of a drag line. Furthermore, they may dig out sloping
banks to make provision for keep nets and other equipment, The tall bank
vegetation may be changed to a short sward, containing such species as Lolium
perenne, Poa pratensis, Plantago major and Polygonum aviculare. At one site on the
river Ouse near Huntingdon we found that 30 ~o of the area of the bank vegetation
had been changed in this way near an access track, and that 20 ~owas changed 300 m
further away. This may increase the diversity of the river bank vegetation but it
breaks up a continuous habitat into a series of small units. In those places where
algae had been dredged from the river and deposited on the banks, only about 0.5 m z
of the vegetation had been killed.
Marginal vegetation may also be damaged by people walking parallel to the
water's edge or seeking access to the water for activities such as swimming, scuba
diving or fly fishing. The damage may be extensive, changing whole communities, as
Sukopp (1971) observed at the margins of the Havel river in West Berlin, or less
widespread as reported from some Scottish lochs by Rees (1978). The vegetation
fringing the Havel river was subjected to wear by as many as 350,000 people on one
day on 95 km of shore, which, because of restricted access, resulted in 9 people per
metre of usable shore line. Slight disturbance at first allowed room for annual and
short-lived species, especially where the margins were a managed meadow (Fig. 6).
But the reed stands vanish with intensive use, especially for bathing, and this is
followed by erosion of the bank. Sukopp (1971) recorded that a total 31 ~oof the reed
swamps disappeared from the shores of part of the Havel river in the 5 years between
1962 and 1967.
At the other extreme, Rees (1978) noted that paths made by fishermen and
wildfowlers were usually between 30 and 45 cm wide, and they were typically parallel
to the shore at the junction of two different plant communities. The substratum on
which these pathways develop beside Scottish lochs (lakes) was usually silty with
high organic content and often with stands of Phragmites spp., Phalaris
arundinacea, Glyceria maxima and Carex spp. (especially C. rostrata) (Rees, 1978).
This author observed that on little-used pathways the dominant emergent species
were still present. They were replaced on medium-used pathways by harder wearing
species including Agrostis spp. and Poa spp. with Polygonum amphibium, P.
aviculare or Myosotis spp. in the margins; the heavily-used pathways largely
consisted of bare mud with occasional invading species. The introduction of
members of the common path flora was restricted to Polygonum aviculare in this
case, but the often observed increase in species number under conditions of light
trampling (O¢'Liddle, 1975a) was recorded by Rees (1978) (Fig. 7).
An experiment in which various loch shore dominants were subjected to different
levels of trampling during the summer of 1976 was carried out by Rees & Tivy (1977).
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Fig. 6. Influence of different intensities of use for recreation on the marginal vegetation of a water
meadow, (a) little use, (b) intermittent light use, and (c) prolonged heavy use (after Sukopp, 1971).
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Fig. 7. The effect of trampling on the number of species in waterside vegetation. The unshaded, hatched
and shaded histograms refer to the general vegetation, path edges and paths, respectively (data from Rees,
1978).

They summarised their results by giving the vegetation types a susceptibility rating
of low, medium or high. They found that at low intensities of wear, Agrostis tenuis
and Carex rostrata on an organic substratum were stimulated to increase growth,
but in all other cases increasing intensities of wear depressed the amount of plant
cover. The taller reed grasses on very wet sites were more susceptible to damage than
the shorter sedges on drier, firmer substrata. They attribute this, in part, to the dense
growth of tough leaves of the sedges, which were flattened, but not as easily broken
up by trampling as the brittle leaves of Phragmites spp., or the soft leaves of Glyceria
maxima. It is notable that those species which are susceptible to trampling damage
are not the same as those species which are easily eroded (cfTable 1). For example,
Sukopp (1971) comments that Phragmites is able to stand wave action caused by
boats but not mechanical damage caused by treading (cfTable 3).

Managementjor recreation. The increased use of freshwaters for recreation has
led to a demand both for more space and for better management of existing facilities.
Aquatic plants and animals are thus threatened by the development of marinas and
the restoration of canals, as well as by routine dredging and weed control operations.
While the creation of large areas of solid substrata, such as wooden or steel piles,
may benefit certain organisms, piling a previously sloping bank removes the normal
habitat of marginal plants (Fig. 8). Mechanical weed control and dredging appears
to have only minimal long-term effects (Pearson & Jones, 1975, 1978; Scorgie, 1978),
although animals living at the margins and on the water surface may be severely
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TABLE 3
INFLUENCE OF MAN ON LITTORAL VEGETATION AS INDICATED IN THE LITERATURE (AFTER SUKOPP, 1971).
FIGURES SHOW NUMBERS OF STUDIES REFERRED TO

Species

General
influences
+ 0

Equisetum fluviatile
Typha lati.lolia
Typha angustiJolia
Sparganium erectum
Sparganium emersum
Alisma plantago-aquatica
Sagittaria sagittiJolia
Sagittaria lati.lblia
Butomus umbellatus
Typhoides arundinacea
Phragmites communis
Glyceria m a x i m a
Eleocharis palustris
Scirpus lacustris
Cladium mariscus
Carex pseudocyperus
Acorus calamus
Ranunculus lingua
Rorippa amphibia
Cicuta virosa
Berula erecta
Sium latiJblium
+ = increase, -

1
6
6

3
1
1

I
2
1
3
3
1

2

5
2
1
2
2

2

Boating
+

-

Grazing
~

+

I
2
1
2

2

1
2
4
1
6
2
3
1

1
1

0

+

-

1

1

2

2
2
2

+

5

1

I

1
1
I

I

1

1

0

Sewage

I
1

1
1
1

4

-

Eutrophication

1
1
1

1

2

I

I
1

1
1

I
2

5
1

I
2
1
1
1
1
4

1

= decrease, 0 = no change.

__1--

Normal bank

Piled bank

Fig. 8.

D e s t r u c t i o n o f m a r g i n a l h a b i t a t b y piling.
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affected by management programmes that cause disturbance and wholesale changes
in the habitat.

Disturbance. All recreational activities carried out on the shores of water bodies
are potentially disturbing to animals living at the water margin and also to those
sitting on the surface. Birds are apparently most seriously affected and other groups
may be equally sensitive to public pressure but, because they are less conspicuous
and less easily studied, their responses may go undetected. Fish are perhaps an
exception, but as the Dartington Amenity Research Trust (1974) point out, the
effects of fishing on fish populations (in the Yorkshire Ouse) are simply not known.
Most of the research in this area has centred on wildfowl and, in particular, on the
effect of disturbance on breeding success. Satchell (1976) has reviewed some of the
literature and makes the point that breeding failure is often associated with
increased predation when the parent birds are kept away from the nest by
disturbance. In one study of the effects of disturbance, Reichholf (1970) attributed
an 85 ~o decrease in the breeding stock of ducks in two lakes, over a period of eight
years, solely to the activities of anglers• A. S. Cooke (pers. comm.) considers that
anglers have essentially the same effect on wildfowl as boats: they create an area
around them within which birds will not venture. Thus, an angler sitting on the shore
can effectively exclude birds from his immediate vicinity, as the data produced by
Cooke (1977) illustrate (Fig. 9). Given a sutficient density of anglers, even the most
insensitive of birds may be prevented from breeding successfully. In a disturbed
area, nest predation was significant even if disturbance was limited to 1 or 2
occasions per week (Morgan, 1972)• The effects of other shore users can be expected
to produce similar effects on wildfowl, but we know of no critical studies in this field.
However, Cooke (1977) reports that disturbance caused to waterfowl by more than a
thousand people (birdwatchers) visiting the nature reserve at Grafham Water over a
two-day period was'slight and transitory'. Total counts of wildfowl in the area made
before, during and after the period were 2510, 2190 and 2350 respectively.
We have been unable to find any references to work that describes the effects of
shore-based activities on other groups of animals. However, A. S. Cooke (pers.
comm.) has determined the distances at which various passerine species take flight at
the approach of humans. He found a correlation between the mean flight distance
and size. In general, larger birds were less approachable than small ones so
presumably, small birds, such as reed buntings and wrens, associated with the water
margins, may be less sensitive to public pressure than the majority of wildfowl. Most
of the smaller passerine species take flight when humans approach within 10m,
whereas wildfowl tend to fly up when people approach closer than a few hundred
metres: for goldeneye Bucephala clangula this distance is 100 to 200 m (Hume, 1976).
Large flocks (300 birds) of tufted duck Aythyajuligula and pochard Aylhyaji, rina
have been shown to ignore the presence of sailing boats that are more than 300 m
away (Batten, 1977).
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Fig. 9. Weeklymean numbers of waterfowl recorded in Grafham Water between ]972 and 1975.
Shaded histogram represents counts in an area affected by fishermen. Fishing ended 13 October
(1972, 1973) or 14 October (1974, 1975) (after Cooke, 1977).
If public pressure becomes severe, the very existence of the marginal habitat and
its inhabitants may be threatened ((/Fig. 7). For example, the most important area
for the natterjack toad Bujo calamita is now under very considerable public pressure
and as a result, the habitat available to this species has been considerably reduced
(Prestt et al., 1974). Most aquatic habitats are unlikely to be threatened quite as
drastically as this, but this example serves to illustrate how recreational activities, by
causing fundamental changes in the environment, can have serious repercussions on
wildlife. The Nature Conservancy Council and Society for the Promotion of Nature
Conservation (1977) consider that disturbance caused by the increasing impact of
recreational use of water has also contributed to the decline of the otter Lutra lutra
in south-east England.

Chemical impacts
It is perhaps worth reiterating at this point that there is little quantitative
information on the effects of different types and intensities of recreational activity
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on water quality and, hence, on freshwater organisms. As Wall & Wright (1977)
point out, pollutants in water are transient and may be attributed to many harmful
uses of the water which occur simultaneously, but it is difficult to distinguish between
man-induced changes and natural eutrophication processes. Bearing this in mind,
we will now consider how the various pollutants associated with shore-based
recreational activities can affect aquatic plants and animals.
Sewage. This can clearly cause serious problems, but the nature and extent of
damage depends to some extent on the 'natural" nutrient status of the water body
receiving the effluent, as well as the quality and quantity of the effluent itself. In
oligotrophic lakes, a small increase in nutrients from camp sites will affect
populations of algae (King & Mace, 1974), whereas the substantial input from
visitors to the Norfolk Broads will have little effect compared with that discharged
by residents: visitors contribute only 2 ~o of the total phosphorus (the 'key' to these
ecological changes) entering the Broads from sewage (Moss, 1977c).
Although the effects may vary in detail from place to place, the mechanisms
involved can be considered under the general heading of eutrophication. Essentially,
any increase in nutrient status of a water body, particularly with respect to nitrogen
and phosphorus, will tend to increase algal production. This in turn leads to an
increase in turbidity in the water (due to phytoplankton), and rooted macrophytes
may become shaded and, particularly if growths of epiphytic algae are excessive,
eventually killed. Much has been written on eutrophication and for details of some
of the mechanisms involved the reader is referred to Moss (1977a,b & c), who
describes the changes that have occurred in the Norfolk Broads. Despite a lack of
detailed research work on the effects of sewage derived from recreational activities,
enough is known about the sorts of problems likely to be encountered to make
reasonable predictions of effects on aquatic plants (see Haslam, 1978), though not so
readily for animals.
Aquatic herbicides. Of greater potential significance to freshwater ecosystems is
the deliberate introduction of toxic chemicals (aquatic herbicides) to control weeds
that interfere with water-based recreational activities, particularly sailing and
fishing. Aquatic herbicides are toxic substances and are more or less unselective in
their action, particularly those designed to kill submerged plants (Newbold, 1978).
They may affect non-target organisms directly, through toxicity (Tooby, 1976;
Scorgie & Cooke, in press), or indirectly, by producing changes in the physical and
chemical environment (Brooker & Edwards, 1975; Newbold, 1975). The extent to
which these compounds are used is difficult to determine, but it is generally agreed
that the scale of use is increasing (Newbold, 1978).
The ecological effects of aquatic herbicides have been extensively studied (Way et
al., 1971 ; Newbold, 1974; Scorgie, 1978) and the whole subject has been recently
reviewed (Brooker & Edwards, 1975; Newbold, 1975, 1978; Robson & Barrett,
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1978). The indirect effects produced by herbicides cannot be assumed to be the same
as those resulting from other forms of aquatic weed control (Brooker & Edwards,
1975). The main difference is that weeds killed by herbicides are normally allowed to
decay in situ and this can cause severe oxygen depletion. Also, release of nutrients
from dead and decaying plants produces fundamental changes in water quality that
often lead to troublesome blooms of filamentous and other algae. Furthermore,
recolonisation may be extremely protracted, particularly in enclosed waters, as a
result of using persistent compounds.
Other chemk'al effects. Changes in water quality may also occur as a result of other
activities, or from other sources, but the impact, compared with sewage discharges,
may not be very great. For example, the decomposition of tins and bottles provides
trace elements and other ions that will eventually enter into the water (Barton, 1969).
Rubbish dumps in campsites and other recreational areas near water may, therefore,
be a problem, together with soil erosion and run-off caused by shore-based
recreational activities (Wall & Wright, 1977). Indeed, almost every form of
recreation can be expected to influence water quality in some way. Release of
chemicals from such wide and diverse sources as the painted hulls of boats,
fishermen's bait and lead weights, the bodies of swimmers and lead shot from the
guns of wildfowlers is inevitable, though it is unlikely to pose a serious problem.
Ingestion of lead pellets by wildfowl has, however, resulted in mortalities (Finley &
Dieter, 1978).
As far as we are aware, there are no studies on the effects of nutrients from the
other sources discussed above (boat hulls, tin cans and lead shot or pellets) on
aquatic vegetation.

DISCUSSION

There have been relatively few enquiries into the precise effects of recreational
activities on semi-natural aquatic habitats. It is apparent however, that, as has been
found for terrestrial habitats, low levels of shore-based use increase the numbers of
plants growing at a particular site and that higher levels reduce this richness. A
similar effect for boating was observed by Haslam (1978) on aquatic vegetation of
canals. The way in which these levels of use affect animals is not known, but it seems
likely that, in parallel with terrestrial habitats, the fauna will be much more sensitive
and, especially in the case of mammals and birds, will start to decline in numbers of
species and individuals at lower intensities of use than plants.
The mechanisms by which these changes are brought about is only partially
understood in a few situations. Rees & Tivy (1977) suggest that certain species of
emergent and marginal plants are more sensitive to mechanical damage because of
softness or brittleness and, extrapolating from terrestrial situations (e.g. Liddle &
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Greig-Smith, 1975), resilience may be conferred by protective structures around
apices and flexibility combined with elasticity. The way in which macrophyte growth
can be reduced by eutrophication is, however, fairly well understood (Jupp &
Spence, 1977). Disturbance to the larger animals is mainly by means of sight and
sound, but again there is little known about the effects of periodicity and duration of
disturbance on different species, and of the effects of fragmentation of the habitats
on all kinds of animals.
It is clear that more research is required in order to understand these mechanisms,
and to provide those responsible for managing these areas with adequate bases for
prediction of both the effects of various levels of use, and of the operations needed to
manage aquatic habitats. The choice of research topic is complicated by the usual
ecological problems of interactions, and by the fact that most areas are used for
more than one type of pastime. We would suggest that an experimental approach, in
which controlled levels of various actions are carried out in otherwise undisturbed
habitats and the effects on plants and animals recorded, would yield very useful
results. This is particularly true of mechanical effects and disturbance studies. A
similar approach could be adopted to study the consequences of various
management operations. A second technique that we would advocate is
autecological or comparative studies of various species of plants and animals, for it
is only through an understanding of their biology that reasonable predictions can be
made. For plants, we need to know the ease with which their roots are eroded (cf
Haslam, 1978 and Table 1), how readily they are destroyed by mechanical damage
from boats or trampling, and whether they are quickly shaded out by light
restriction, in turbid waters.
Various authors have tabulated the compatibility of different types of activity and
the resource requirements for different types of recreation, but what is also required
is a tabulation of the relative vulnerability of different types of aquatic habitat to
various forms of recreation. Oligotrophic water bodies are more susceptible to
pollution than eutrophic ones (cfLiddle et al., in press), and it is probable that more
productive marginal vegetation will have a greater tolerance to disturbance than
habitats of low productivity (cf Liddle, 1975b), but in these areas of quite large
monospecific stands of vegetation the characteristics of the particular species
involved may be more important. Most animals are likely to be more sensitive to the
effects of recreation than plants, but again we have little idea of their actual
sensitivity.
The degree of change that can be tolerated in any area must depend on the aims of
the management, whether it is purely for recreation or for the preservation of some
rare species of animal (e.g. the otter). But, unless the effects of various levels of use
can be predicted, management must remain a matter for personal intuition. As
Tanner (1973) points out, management is often introduced only as it becomes
necessary, usually when congestion occurs. He rightly considers that the
establishment of a suitable management policy should form an integral part of the
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p l a n n i n g of water recreation areas, a n d that further research is urgently required
both to make for more efficient p l a n n i n g a n d m a n a g e m e n t at the local level, a n d to
facilitate long-term p l a n n i n g at regional a n d n a t i o n a l levels. Research into the
compatibility of n a t u r e conservation a n d the recreational use of water resources
should be encouraged, a n d the results made available to those responsible for
d e t e r m i n i n g the form a n d techniques of m a n a g e m e n t . If this is n o t done, m a n y of
our freshwater habitats m a y suffer drastic a n d irreversible change, to the detriment
of wildlife a n d visitors alike.
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