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Abstract

Dense beds of aquatic macrophytes often cause nuisance to boaters and swimmers, and may obstruct water flow.
Management of aquatic vegetation is, therefore, often aimed at reducing the biomass of the plants. If the nuisance
is caused by exotic invasive species, there usually is no controversy with nature conservation aims. In shallow
lakes, however, the interests of recreational users may conflict with nature conservation because the promotion of
indigenous submerged vegetation is considered an important tool for lake restoration. Aiming at intermediate
vegetation biomass seems a good solution for this controversy at first sight. However, we argue that such a
compromise is often not the best policy from a welfare economic point of view. We present preliminary results

of a graphical model, showing that the overall benefit for all ecosystem users may be minimal at the intermediate
vegetation biomass. Furthermore, even if there is an optimal benefit at an intermediate macrophyte biomass, we
argue that it is may not always be feasible to force the vegetation biomass to the desired level. Due to ecological
feedback mechanisms, the system can have two alternative stable states: one with high vegetation biomass and one
with little or no vegetation. It is concluded that it will often be better to realise a management strategy aimed at
keeping some lakes (or parts of lakes) free of aquatic plants, whereas allowing others to be densely vegetated.

Introduction In many shallow lakes, however, lake managers are
trying to restore the vegetation that vanished as a result
of eutrophication, which has led to turbid water and
cyanobacterial blooms. Establishing a stable aquatic
vegetation is considered a very important tool to re-

aquatic weed control is the topic of much research (e.g. store eutrophic lakes (Crawford, 1979; Perrow et al.,

Caffrey & Wade, 1996) and management of aquatic 1997a; Scheffer, 1998). The main benefit of an abund-
vegetation is oft’en aimed at reducing the biomass of ant vegetation is that vegetation reduces turbidity in

vegetation. If the nuisance is caused by exotic invas- shallow lakes (e.g. Hasler & Jones, 1949; Timms &

ive species, there usually will be no controversy with Moss, 1984, Van. de;n Bgrg et al,, 1998). Also, .bird
; ; aqbundance and biodiversity of many groups of animals

Is usually higher in vegetated lakes (Scheffer, 1998).
Aiming at an intermediate biomass of macrophytes
seems the obvious solution to restore lakes without

Dense beds of macrophytes can be a nuisance for
boating, fishing, swimming in lakes and may ob-
struct the water flow in irrigation channels. Therefore,

for native species (De Winton & Clayton, 1996).

* Author for correspondence
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causing nuisance, as shown by the graphical model or maximal nuisance) to 1 (maximal benefit or min-
of Clayton (1999). In this paper, we present an exten- imal nuisance). The overall welfare of the society is
sion of this model, which shows that such compromise composed of the contribution from welfare by users in
is not always the optimal policy (i.e. the policy that each group, weighted by the number of individuals in
maximises the mean benefit for all ecosystem users). that group.
The optimal strategy from a ‘rational social plan-

ner’s’ point of view is to aim at the biomass where the
A graphical model of the costs and benefits of total welfare function is optimal.
aquatic vegetation For restoration of eutrophic lakes, the benefit of

aquatic vegetation is strongly connected to the effect
Aquatic macrophytes are of importance to several dif- of macrophytes on turbidity and vice versa. Although
ferent groups of ecosystem users, for example peoplethe exact shape of especially the clearing effect of
interested in nature conservation, recreational users,vegetation is yet unclear, the positive feedback of
farmers and boaters. The interests of these groups of-macrophytes on their own growth is known to cause
ten conflict, but it is hard to compare the interests of alternative stable states (Scheffer, 1998). If a lake has
these different groups. We use the approach of envir- alternative stable states, the benefit of vegetation is
onmental economists to account for all interests in a typically a threshold function. Below a certain bio-
common unit, namely ‘welfare’ or ‘benefit’ (Hanley —mass, the vegetation is not able to cause a shift from
& Spash, 1993; Varian, 1996; Perman et al., 1996). the turbid state to the clear water phase. The exact
Environmental economists have ways to quantify the value of the critical biomass is not only dependent
welfare of different groups including the value of en- on the trophic state of the ecosystem, but also on the
vironmental services (e.g. Carson & Mitchell, 1993; growth form of the macrophytes. Most beneficial are
Dixon et al., 1994). Determining detailed quantitative probably low growing species like charophytes (Craw-
welfare functions is beyond the scope of this paper; we ford, 1979; Clayton & Tanner, 1988; Coops & Doef,

will only discuss qualitatively different possibilities. ~ 1996). Besides the clearing effect of macrophytes,
In our simple model we included the welfare func- there are also other benefits associated to macrophytes,
tions of two groups of users: such as an increase of habitats for invertebrates (e.g.

o - . Hargeby et al., 1994) and food sources for birds (e.g.

1. Nature conservationists aiming at the restoration perrow et al., 1997b) and fish (e.g. Van Donk et al
of eutrophic waters. In general, this group pro- 1994) These effects are probably more gradual. The
motes indigenous macrophytes, possibly up t0 an 44| nature benefit of most types of indigenous macro-

optimum level, above which dense macrophyte p, tesis probably most appropriately characterised by
beds could have a negative impact on biodiversity, an increasing sigmoidal curve (Figure 1b, solid line).

water quality and conservation values. This group — he nuisance caused by aquatic plants for recre-
!ncludes rec_rea,tlomsts that are interested in nature: 4;ional users increases with macrophyte biomass. To
eco-recreation’. , our knowledge, the shape of this nuisance function has
2. Recreational users that are hindered by dense ve-,q; yet heen assessed. It seems reasonable, however,
getation. This group includes boaters, wind surfers , ossume a sigmoidal curve for this function also. Be-
and swimmers. low a certain biomass level, boating and swimming is
Of course there may be more groups of stake hold- not hindered. If the vegetation stands exceed a certain
ers involved in many lakes. For simplicity, we ignore density, and especially if the plants cover the water
these groups in the current analysis, but our approachsurface, vegetation becomes a nuisance (Figure 1 b,
may be extended to include any group whose welfare dotted line). The growth form of the macrophytes is
depends in a known way on Vegetation abundance in important for this group too. The tolerance of recre-
the lake. For simplicity, we also ignore in the welfare ational users for low growing species will be higher
function of biomass harvesting costs and other costs to than for floating or canopy forming species.
maintain biomass at a desired level. Hill functions offer a convenient way to model
In our model, the welfare functions of both groups such welfare functions. The Hill function has two
link the biomass of vegetation to the benefit or cost of parameters: the half saturatibhwhich defines, in our
these two ecosystem users. The welfare functions arecase, the biomas8] of plants where the welfarev
defined as functions ranging from 0 (minimal benefit is 0.5 and the exponeptwhich defines the steepness
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Figure 1. Vegetation with a low growth form. (a) the total wel-
fare function (mean of functions in lower panel). The point with
a compromise between both groups (closed circle) coincides with
the maximum total welfare. (b) functions of benefit for recreational
use and nature conservation.
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Figure 2. Canopy forming or floating vegetation. (a) the total wel-
fare function (mean of functions in lower panel). The point with a
compromise between both groups (closed circle) coincides with the
maximum total welfare. (b) functions of benefit for recreational use
and nature conservation.
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Figure 3. Exotic invasive species. (a) the total welfare function
(mean of functions in lower panel). The point with a compromise
between both groups (closed circle) coincides with the maximum
total welfare. (b) functions of benefit for recreational use and nature
conservation. Both groups have the same interests, the target of the
management should be control (or eradication) of the plants.

of the function:

BP
W= ———.
HP + BP

This increasing function can be mirrored to become a
decreasing function by changing it the following way:

HP
W= ————,
HP + BP

We explored the effect of different combinations of
welfare functions on the resulting total welfare. For
simplicity, we give both user groups an equal weight.
Several different situations may arise, of which we
highlight three examples in our analysis: 1. Vegeta-
tion with a low growth form (Figure 1). The benefit of
low growing plants for water quality is relatively large,
whereas the nuisance is relatively low. Therefore, the
half saturation of nature benefit is assumed to be lower
than the half saturation of recreational nuisance. This
large overlap in welfare functions causes an optimum
in total welfare at intermediate vegetation densities.
Thus, the compromise between both types of ecosys-
tem users coincides with an optimum overall welfare
and aiming at intermediate biomass seems the optimal
policy in such a case. 2. Canopy forming or floating
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vegetation (Figure 2). This type of vegetation causes servation will have an optimum then. Furthermore,
more nuisance for boating and swimming and is less the nature value of a water body that is dominated
beneficial for lake restoration. As a result, a moderate with exotic species can still have a substantial value
amount of such plants may be too much from a re- for nature conservation. Again, there will be situations
creational point of view and insufficient from a nature where an optimum curve would be a better description.
conservation point of view. In the model, we repres- For clarity, and because we lack detailed information
ent this by setting the half saturation of nature benefit on the real shape of the benefit curves, we presented
higher than the half saturation of recreational nuis- these simplified relationships.

ance. This causes the total welfare to be at minimum  Another aspect that we did not consider in the
at an intermediate biomass. Compromising between current benefit analysis is that loss of vegetation usu-
both groups is obviously a bad policy in this case, ally invokes algal blooms in shallow eutrophic lakes.
provided that the same strategy is applied to the entire For swimmers and other recreational users that often
water body. Designing separate areas for recreationcomplain about high vegetation biomass, such algal
and nature conservation can a better policy in such blooms would also cause a nuisance (Herath, 1997;
situations, if free-floating species are not dominant. 3. Boggess et al., 1997). This implies that recreational
Vegetation dominated by exotic invasive species (Fig- users may wish for a situation (a clear lake with
ure 3). As mentioned before, usually the interests of little vegetation) that is ecologically impossible un-
nature conservationists and recreationists do not con-der the high nutrient conditions. With our model, it
flictin this case. We have mirrored the Hill function of would mean that recreational users really have a more
nature conservation to represent this. The exact shapecomplex welfare function: aiming at the lowest bio-

of the curves and the value of the half saturation coef-
ficients is not essential in such situation. The optimum
policy is always to eradicate the species.

In conclusion, aiming at an intermediate vegetation
biomass is only a good strategy for maximising overall

mass that is sufficient for preventing algal blooms that
would yield the highest welfare for recreational users
in this case. Also, in reality, recreational users are a
diverse group with often conflicting interests. For in-

stance, power boating is incompatible with many other

welfare in a limited class of cases (Figure 1). recreational activities (Nuttall & Richardson, 1989).

An interesting feedback could result from damage
to aquatic vegetation by recreational users, which is
observed frequently (Murphy & Eaton, 1983; Best,
1987; Mumma et al., 1996). Murphy & Eaton (1983)
showed that heavy pleasure-boat traffic can even be a

principal factor in suppressing macrophyte abundance

Discussion

Whether or not aiming at an intermediate vegetation
biomass is a good policy from an environmental eco-
nomist’s point of view, depends on the way in which in British canals. In such cases, it is Ilkely that recre-
welfare of different groups of lake users varies with ational users have a positive effect on the suitability
vegetation biomass and the cost of harvesting biomassof the water for recreation, implying a potential posit-

or other management costs. For a thorough ana|ysislive feedback in recreational use, which could lead to
one would need to assess the actual shape of thesedlternative stable states. Moreover, Murphy & Eaton
curves to analyse any field situation in practice and (1983) found a critical level of boat traffic above which

the management characteristics. However, our ana-the macrophyte community was affected. This is a
|ysis shows that, at least, the quaiitati\/e point can be further indication that there could be alternative stable
made that a compromise with intermediate vegetation states (Scheffer, 1998). This phenomenon would be a
biomass will only lead to a high average welfare for much like the maintenance of ‘grazing lawns’ in which
all users of the lake in a limited subset of cases. invasion by large unpalatable (hindering) plants is pre-
Obviously, the benefit curves will not always have Vvented by intense use by terrestrial and aquatic grazers
the shape as presented in our model. The Hill curves (McNaughton, 1984).
that we used in our model are not appropriate to de- ~ From the environmental economic analyses, we
scribe all complex relations that exist in reality. We concluded that, in certain situations (with low grow-
disregarded the fact that very high biomass levels of iIng macrophyte species), the optimal management
canopy forming and floating vegetation can have a det- Strategy could be to aim at intermediate biomass.
rimentaiiy impact on water quaiity, biodiversity and However, if the system has alternative stable states
conservation values. The benefit curve of nature con- (Scheffer, 1990; Scheffer, 1998), it will be impossible
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to set vegetation to any desired level. The vegetation Coops, H. & R. W. Doef, 1996. Submerged vegetation development
biomass could Sudden'y drop to zero after a certain in two shallow, eutrophic lakes. Hydrobiologia 340: 115-120.

> - . Crawford, S. A., 1979. Farm pond restoration us@iara vulgaris
critical biomass is exceeded. One should, therefore, vegetation. Hydrobiologia, 62: 17—32.

keep in mind that the best policy economically may pe winton, M. D. & J. S. Clayton, 1996. The impact of invasive
not be feasible due to ecological constraints. submerged weed species on seed banks in lake sediments. Aquat.

In conclusion, environmental economic aspects _ Bot 53: 31-45.

L . . . . Dixon, J. A, L. Fallon, R. A. Carpenter & J. A. Sherratt, 1994.
suggest that aiming at intermediate vegetation biomass Economic Analysis of Environmental Impacts. Earthscan Pub-

is only a good policy for maximising overall welfare lications, London: 210 pp.

of different types of lake users in a limited number of Hanley, N. & C. Spash, 1993. Cost-benefit analysis and the en-
situations. An example of such a situation is for veget- vironment. Edward Elgar Publishing Limited, Aldershot: 278

. . . — pp.

atlop W|t_halowgr0wth form,asnlustrated in Figure 1_. Hargeby, A. G. Andersson, I. Blindow & S. Johansson, 1994.
In situations where recreation and nature conservation Trophic web structure in a shallow eutrophic lake during a

are competing, a compromise can be better achieved dominance shift from phytoplankton to submerged macrophytes.
by assigning lakes or parts of lakes to recreational use ., Hydrobiologia 280: 83-90.

d oth f . Al ivel Hasler, A. D. & E. Jones, 1949. Demonstration of the antagonistic
and other areas for nature conservation. Alternatively, action of large aquatic plants on algae and rotifers. Ecology 30:

a selective control of submerged macrophytes aimed at  346-359.
a shift in the species composition towards low growing Herath, G., 1f99h7- FETEShwatEY a'%akblooﬁ_s and their Contrfgli Com-
; ; parison of the European and Australian experience. J. envir.
species could be a good solution for the controversy. Mgmt 51: 217227,
McNaughton, S. J., 1984. Grazing lawns animals in herds plant form
and coevolution. Am. Nat. 124: 863—-886.
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