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Abstract t 

Grazingg by herbivorous birds is often cited as an important factor in suppressing 
macrophytee development in shallow lakes undergoing restoration, thus delaying the 
attainmentt of the stable clear water state. Development and succession of macrophyte 
communitiess and size, diet and grazing pressure of coot {Fulica atra) populations upon 
macrophytes,, were monitored over the seasonal cycle at ten shallow lakes of varying 
nutrientt status, in the Norfolk Broads in eastern England. In spring, territorial breeding 
birdss were at relatively low density and included only a small proportion of macrophytes 
inn their diet, resulting in low grazing pressure on macrophytes. In summer, there was a 
significantt relationship between macrophyte cover and bird density, illustrating the 
importancee of macrophytes in the dispersion phase for birds following breeding. 
Macrophytess comprised the bulk of bird diet where they were available and the 
consumptionn of macrophytes was up to 76 fold higher than in spring. However, losses to 
grazingg in both periods were negligible when compared to potential growth rates 
documentedd in the literature. Grazing experiments at two biomanipulated lakes confirmed 
thatt birds were not responsible for limiting macrophytes during the spring colonisation 
phasee or in the summer growth period. During the period of autumnal senescence and 
overr the winter months where some macrophyte species remain available, e.g. as 
developedd individuals or dormant buds, grazing by birds may conceivably have an impact 
onn the development and structure of macrophyte populations in subsequent growing 
seasons. . 

Thee relative importance of bird grazing compared to other factors limiting the 
developmentt of macrophytes in shallow lakes is discussed in the light of other 
experimentall  studies. 

Keyy words 

herbivory,, bird grazing, bird diet, macrophyte colonisation, macrophyte growth, seasonal 
populationn trends, shallow lakes 

Introductio n n 

Muchh scientific and technical effort has recently been directed at the restoration of 
shalloww lakes in temperate Europe and North America as a consequence of their huge 
ecologicall  and sociological importance (National Research Council, US, 1992; Broads 
Authority,, 1994; National Environmental Research Institute, Denmark, 1994). In most 
cases,, the reversal of anthropogenic eutrophication is the target of this investment (Ryding 
&&  Rast, 1990). In simple terms, clear water dominated by submerged macrophytes is 
preferredd over turbid, phytoplankton-dominated water (Moss, 1990). Further, the simple 
reductionn of nutrient loading has rarely been successful as a single measure (Sas, 1989). It 
iss widely accepted that restructuring the biological community of shallow lakes, usually 
throughh bio manipulation of the fish community (Lammens et al, 1990) is important in 
counteractingg buffering mechanisms tending to preserve algal domination even where the 
nutrientt concentration is suitable for stable macrophyte populations (Irvine et al., 1989; 
Schefferetfa/.,, 1993). 
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Oncee clear water, the essential prerequisite for a submerged macrophyte 
community,, is attained, there are two scenarios. The first is the spontaneous development 
off  an extensive and dense macrophyte community (Meijer et al, 1994). However, even 
wheree this has occurred, it may prove to be unstable in the long term (Blindlow et al, 
1993;; Perrow et al, 1994) with a concurrent increase in algal populations. Alternatively, 
macrophytess may be slow to colonise (Lauridsen et al, 1994; Moss et al, 1996; Strand, 
unpubl.. data). 

Thee impact of grazing birds, principally coot {Fulica atra) and swans (especially 
mutee swan Cygnus color) has been widely discussed as the limiting factor in the 
colonisation,, development and subsequent stability of macrophytes (Jupp & Spence, 1977; 
Lauridsenn et al, 1993, 1994; Perrow et al, 1994; Moss et al, 1996; S0ndergaard et al, in 
press).. However, information relating to the impact of grazing by birds frequently relies 
onn experiments using macrophytes transplanted into the site (Lauridsen et al, 1993; Moss 
etet al, 1996; S0ndergaard et al, in press), rather than the impact on naturally occurring 
macrophytess (Anderson & Low, 1976; Esler, 1989). Alternatively, a measure of 
macrophytee production is compared with losses due to grazing often derived by 
multiplyingg the number of bird days against some estimate of dietary input derived from 
thee literature (Ki0rboe, 1980; Schutten et al, 1994). In addition, there is often littl e attempt 
too determine macrophyte/bird interactions in relation to population parameters, including 
seasonall  fluctuation, macrophyte phenology or actual bird diet. 

Thiss paper reports on a two-pronged study of macrophyte/bird interactions. First, 
detailedd monitoring over the seasonal cycle was undertaken on macrophyte and coot 
populations,, including dietary selection and consumption of macrophytes, at a range of 
sitess in an attempt to assess likely grazing effects according to seasonal patterns of 
macrophytee development and bird populations and dietary intake. Second, short- term 
exclosuree experiments were conducted at two biomanipulated sites, both of which had 
shownn a lag in the development of macrophyte populations under apparently suitable 
conditions.. These tested hypotheses developed during the monitoring phase. 

Backgroundd information and site descriptions 

Thee Norfolk Broads in eastern England, is an internationally important wetland complex 
off  around 50 shallow (<2 m) lakes (broads) many of which are connected by rivers and 
interspersedd by areas of fen and marsh. As a result of intense anthropogenic 
eutrophication,, principally through P-rich sewage effluent, many of the lakes are now 
classedd as hypertrophic and only 4 retain their original macrophyte populations (Broads 
Authority,, 1994). Restoration attempts have been undertaken involving (a) reduction of 
externall  nutrient supply through installation of works at sewage treatment plants, (b) 
isolationn (Moss et al, 1986, 1990; Perrow et al, 1994), (c) control of internal loading 
primarilyy through suction dredging (Moss et al, 1986, 1996) and (d) biomanipulation 
(Perrow,, 1990; Phillips et al, 1996; Moss et al, 1996). Clear water conditions have been 
attainedd in many cases. Development of stable macrophyte populations in lakes with a 
suitablee light climate has been retarded however, and grazing by birds, particularly coot, 
hass been cited as a possible negative factor (Moss et al, 1986; Perrow et al, 1994, Moss et 
al,al, 1996). Experiences in attempting to establish macrophyte inocula over the last ten 
yearss by the water managers, the Broads Authority, also implicated bird grazing (unpubl. 
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data).. The management need to understand the role of bird grazing led the Broads 
Authorityy to commission the current project. 

Cootss are a common, widespread species in the UK with the resident population 
beingg supplemented by continental birds on autumnal passage (e.g. in 1990/91 peak 
numberss of over 85000 birds were recorded in September, Ferns & Kirby, 1992) and 
throughoutt winter (Cramp & Simmons, 1980). The Norfolk Broads are known to harbour 
considerablee populations e.g. the wintering population in the 1960's at Hickling Broad 
alonee was estimated at 2500 birds (Seago, 1967). Coots occurred at all broads studied in 
alll  seasons (Howes & Perrow, 1994) and frequently outnumbered other waterfowl 
(Perrow,, Howes & Holzer, unpubl. data), particularly during the breeding season. With a 
knownn high dietary intake of macrophytes (see Cramp & Simmons, 1980, for review), 
cootss were considered to be the principal herbivorous bird in the Broads. 

Cootss exhibit considerable flexibility in their foraging behaviour (Cramp & 
Simmons,, 1980; Draulans & Vanherck, 1987; Howes & Perrow, 1994); upending in 
shalloww water or diving in deeper water (generally 1- 2 m but to 6.5 m) to forage on 
macrophytes,, algae, detritus and benthic invertebrates; cropping emergent or bankside 
vegetationn from on the water or on land; gleaning insects, seeds and fruits from the water 
surfacee or vegetation; or taking handouts or leftovers from human visitors. Such 
behaviourall  plasticity and ability to take a wide range or plant and animal material 
enabledd coots to persist at all broads studied, even where macrophytes were absent. The 
continuouss presence of coots was thought to restrict the colonisation and establishment of 
macrophytess at low density (Howes & Perrow, 1994). 

Thee primary monitoring phase of the study was undertaken at ten sites, which 
rangedd from phytoplankton to macrophyte dominated and encompassed those lakes 
subjectedd to recent restoration measures. Characteristics of the study lakes are shown in 
Tablee 1. During the subsequent experimental phase, two small biomanipulated sites, 
Poundd End and Cockshoot Broad were selected (Table 1). 

Tablee 1. Characteristics of the study sites.. Macrophyte data is taken from Kennison (1993). The 
numberr of species and the maximum percentage cover of the dominant species are shown. 

Lake e Area a 
(ha) ) 

Direct t 
Riverine e 
connection n 

Management t Submerged d 
macrophytess '92 

Alderfenn 5.1 None 

Belaughh 1.9 River Bure 

Cockshoott 5.5 None 

Isolatedd 1979, Suction-
dredgedd 1992/93 
Biomanipulatedd 1993-

Dredgedd 1987 

Isolatedd 1981 Suction-
dredgedd 1981 
Biomanipulatedd 1989-

22 species 
50%% C. 
demersum demersum 

44 species<5% C. 
demersum demersum 
99 species 
25%% C. 
demersum demersum 

Cromess 2.0 None Suction-dredgedd 1988 11 species, 50% 
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Hickling g 

Hoveton n 
Great t 

Martham m 
North h 

Ormesby y 

Poundd End 

Upton n 

129.8 8 

36.2 2 

6.7 7 

56.4 4 

5.5 5 

5.6 6 

None e 

Riverr Bure 

Riverr Thurne 

None e 

Riverr Bure 

viaa Hoveton 
Littl e e 

None e 

Methodss and materials 

Monitoring Monitoring study study 

Birdd monitoring 

Isolatedd 1992 

None e 

11 ha Exclosure 

Biomanipulated d 

None e 

1992--

None e 

Suction-dredgedd 1990 
Biomanipulatedd 1990-

None e 

C.C. demersum 

111 species 
75%% M. 
spicatum spicatum 
55 species 
25%% P crispus 

166 species 
75%% N. marina 

100 species 
<5%% C. 
globularis globularis 
55 species 
<5%% C. 
demersum demersum 

33 species 
75%% N. marina 

Coott populations were monitored monthly at all sites from July 1993—June 1994. The 
preliminaryy study of Howes & Perrow (1994) recorded foraging activity throughout the 
hourss of daylight with birds feeding in bouts interspersed by preening and resting (Brown, 
unpubl.. data). Birds then roosted at night (Draulans & Vanherck, 1987; Brown, unpubl. 
data). . 

Tablee 2. Mean (+ 1 SE.) wet weight (g) per coot bill length of the submerged plant taxa consumed. 

Taxon n Wett weight (g) 

CallitricheCallitriche spp. 0.37  0.02 

CeratophyllumCeratophyllum demersum 1.14  0.19 

CeratophyllumCeratophyllum submersum 0.13  0.01 

CharChar a spp. 

ElodeaElodea canadensis 

HippurusHippurus vulgaris 

MyriophyllumMyriophyllum spicatum 

NajasNajas marina 

NitellopsisNitellopsis obtusa 

0.577  0.06 

0.400  0.03 

1.000 3 

0.233  0.03 

0.855 3 

0.500  0.03 
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PotamogetonPotamogeton pectinatus 0.26  0.02 

PotamogetonPotamogeton crispus 0.80  0.03 

ZannichelliaZannichellia palustris 0.25  0.01 

Filamentouss algae 1.44 + 0.12 

Observationss conducted at any time of day were thus thought to be representative 
off  foraging activity and grazing pressure on macrophytes at the site, particularly as bird 
numberss fluctuated littl e over the course of the day. Two sites a day were monitored and 
observationss were made over the entire lake, except at Ormesby and Hoveton Great 
Broad,, where observations were restricted to a 12 ha section and the 1 ha fish exclosure 
respectively.. Bird numbers in the latter area could not be related directly to macrophyte 
abundancee in the main broad and this site was therefore excluded from that part of the 
analysis. . 

Observationss were made from land (usually bird hides) or from a boat using a 30 
magnificationn x 80mm Optolyth telescope or 8 x 20 Leica binoculars. If birds were 
disturbedd by the observers taking position, monitoring was delayed for at least twenty 
minutess until birds had repositioned and resumed natural activity. Birds were counted at 
intervalss to determine peak numbers. Food intake and selection was determined through 
continuouss observation for fifteen minutes each on a minimum of four randomly selected 
individuall  birds. When foraging underwater, coots bring items to the surface to handle and 
swallow.. This allowed the majority of dietary items to be identified and their size to be 
estimatedd relative to bill length before they were consumed. 

Dailyy consumption of each dietary item at each site was calculated by 
extrapolatingg the consumption in fifteen minutes to one hour and then multiplying by the 
numberr of daylight hours and the number of birds present. 

Forr macrophytes and filamentous algae, the mean wet weight (g) per bill length 
wass measured by taking ten replicate one bill-length equivalent samples of each species 
andd weighing them to the nearest 0.1 g (Table 2). The consumption per occasion in bill 
lengthss at each location of known size was then converted to wet weight (g.m '") for each 
species. . 

Macrophytee monitoring 

Macrophytee densities were monitored at all sites at bimonthly intervals from April to 
Octoberr 1993. At each site, 3 permanent transects (25-50 m in length) were sampled by a 
snorkell  diver. The vertical projected sediment coverage of each macrophyte species (all 
vascularr plants and Chara spp.) and filamentous algae as well as total community cover 
alongg the line and in the area up to 2 m (depending on visibility) on either side of the line 
weree estimated using an adapted Tansley scale (see Schutten et al (1994) for details). 

GrazingGrazing experiments 

Thee impact of coot grazing on a natural communities of macrophytes and filamentous 
algaee at Cockshoot and Pound End was tested using ten replicate pairs of cylindrical 
exclosuress (1 m height, 113cm diameter enclosing a total surface area of 1 m"2 made of 
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black,, plastic 'Netlon Tensar SS3' mesh (71 x 51 mm). Lids of the same mesh were fitted 
too exclude birds from the treatment exclosures, whereas controls had no lids. Each 
exclosuree was pushed into the sediment, leaving 75 cm above the sediment surface, but 
stilll  under water, and anchored in place with a 2.5 m wooden stake. 

Thee ten pairs, one treatment and its control, were placed within the known 
territoryy of a pair of coots at each of the sites, in early May 1994, the season after the 
monitoringg study. The members of each pair of exclosures were within 2 m of each other, 
whilstt pairs were at least 7 m apart. Macrophytes were monitored every 2-3 weeks from 
latee June to mid September. The % cover of each macrophyte species and/or filamentous 
algaee was estimated visually through a perspex-bottomed bucket from a stationary boat. In 
latee September, the plants in five randomly-selected pairs were harvested using a long-
handledd rake. Species were separated and wet weighed to the nearest 0.5 g. 

Differencess between treatments and controls on each occasion (total cover and 
coverr of common plant species, were tested using Wilcoxon signed ranks tests. 

Att each broad, coot diet and macrophyte intake were monitored using the 
methodss described above, within a few days of the macrophyte sampling. 

Results s 

MonitoringMonitoring study 

Macrophytee populations 

Thee seasonal changes in macrophyte and filamentous algae density are variable (Figure 
1).. Turbid lakes known to be dominated by phytoplankton (Broads Authority, 1994), 
includingg Hoveton Great, Ormes by and Belaugh Broads, were characterised by low cover 
off  macrophytes (<5%) with representation of only a few species, typically Zannichellia 
palustrispalustris L. and several Potamogeton species in spring to summer, and Ceratophyllum 
demersumdemersum L. in late summer and autumn. Filamentous algal cover was typically an early 
seasonn phenomenon, with densities up to 25%. 

Thee clear-water biomanipulated sites, Alderfen and Pound End (Table 1) had 
veryy few macrophytes with the same pattern as above. In contrast, Cockshoot had more 
macrophytee species with a combined cover of up to 30%, and some seasonal succession 
fromm Zannichellia/Potamogeton spp.lo C. demersum and Lemna trisulca L. Filamentous 
algall  cover was high (to 45%) at both Cockshoot and Pound End with a peak in mid 
summer. . 

Cromes,, Upton and Hickling and Martham North were all dominated by 
macrophytes.. The former three were characterised by slow spring development, with a 
peakk in macrophyte cover (>50%) in late summer and autumn by only a few species; C. 
demersumdemersum at Cromes, Chara spp. and Myriophyllum spicatum L. at Hickling and Najas 
marinamarina L. at Upton. Martham North, on the other hand, had a large number of 
species/generaa of macrophytes (12), with pronounced seasonal shifts in abundance, 
startingg with Hippuris vulgaris L. and M. spicatum, to Chara spp. and finally to N. marina 
inn late season. Macrophyte cover was always high, increasing from 40% in spring to 80% 
inn late summer. 
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G33 Zatwicbellia palustrts 
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Figuree 1. Seasonal changes in the cover (%) of macrophytes and filamentous algae during 1993, in 
thee ten study sites. 

Birdd populations 

Inn general, birds were at relatively low density in spring (mean + S.E. density in April = 
1.588  0.30 individuals ha (Figure 2), as a result of the intense territoriality of breeding 
pairss (Cramp & Simmons, 1980). At Broads with littl e plant cover, such as Alderfen, 
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Belaughh and Hoveton Great Broad, the population consisted almost solely of breeding 
pairss and their offspring resulting, although with some decline over winter, in relatively 
stablee densities. In contrast, bird density fluctuated markedly (the pattern is damped at 
Hicklingg on account of its large size) at broads with significant plant cover (with the 
exceptionn of Ormesby), with the incursion of juvenile and non-breeding/post- breeding 
birdss to supplement the resident population. The timing of this immigration was usually 
betweenn July and September possibly related to the attainment of peak abundance of the 
dominantt plant(s). For example, high densities of birds corresponded to the peak 
occurrencee of Z palustris/Potamogeton spp. in Ormesby in July, maximum cover of N. 
marinamarina and Chara spp. in Martham North in August and high coverage of filamentous 
algaee in Pound End in August and Cockshoot in September. Only Cromes and Upton 
receivedd an incursion of birds in winter, where the late developing C. demersum and N. 
marinamarina dominated respectively. In the increase phase, bird numbers peaked between 8 ha"1 

(Cromes)) and 18 ha"'(Martham North). Breeding densities were resumed between January 
andd March. 

BirdBird diet 

Thee diet of birds varied considerably between site and season, although several general 
trendss were identified (Figure 3). In spring (March to May) the diet was dominated by 
invertebratesinvertebrates and filamentous algae. This is explained by these 'soft' foods being fed to 
chickss (Howes & Perrow, 1994). Consequently, macrophytes made up a low proportion of 
thee diet at this time, even where they were present. In contrast, in summer (June-August) 
andd autumn (September-November) where present, macrophytes formed the bulk of the 
diet,, although filamentous algae was often also important. In autumn and especially winter 
(December-February)) the diet of birds was generally more variable with invertebrates, 
emergentt plants, detritus and filamentous algae all dominant at different sites. However, 
inn lakes with a peak macrophyte cover of >50%, macrophytes were still the major dietary 
item. . 

InteractionsInteractions between birds and macrophytes 

Iff  all sites on all occasions are included, there is no relationship between coot density 
(birdss ha"1) and % total plant cover (Spearman rank correlation, r = 0.04, n = 23, p = 0.87). 
However,, if this is teased apart in separate analyses, coot density is not related to % 
macrophytee cover (rs=0.19,n = 23, p=0.38) but is significantly positively related to % 
coverr of filamentous algae (r = 0.58, n = 23, p<0.01). 

Takingg the population fluctuations in late summer and autumn into account, by expressing 
thee densities in August and October as a % of the breeding density in June, the 
relationshipss between bird density and plant cover change markedly. There was a 
significantt positive relationship between % total cover and birds (rs = 0.55 n = 14, 
p<0.05),, and it is macrophyte cover (rs=0.67, n=14, p<0.01) and not algae (rs=0.08, n = 
14,, p = 0.79) that is the important factor. 

Furthermore,, there were significant positive relationships between the proportion of 
macrophytess or filamentous algae in the diet of birds and % cover (rs=0.73, n=23, p<0.001 
andd rs=0.72, n=23, p<0.001 respectively). In lakes with macrophytes, an increase in the 
numberr of birds with an increasing proportion of macrophytes in the diet, results in an 
increasee in grazing pressure (g.m.day"1 consumed) (rs = 0.34, n = 80, p<0.01). 
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Figuree 2. Seasonal changes in density (birds ha"1) of coot populations during 1993/1994 in the ten 
studyy sites. 
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Figuree 3. Seasonal dietary composition of coot populations at all study sites where: HG = Hoveton 
Great,, OR = Ormesby, BE = Belaugh, AL = Alderfen, PE = Pound End, CO = Cockshoot, CR = 
Cromes,, HI = Hickling, UP = Upton, MN = Martham North. The size of circle is proportional to the 
contributionn (%) made by each group to the total bill lengths consumed in each season (spring 
March-May,, summer June-August, autumn September-November, winter December-February). 
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GrazingGrazing experiments 

Cockshoot Cockshoot 

Thee total plant cover and cover of the seven different species in both protected treatments 
andd grazed controls over the experimental period are illustrated in Figure 4. P berchtoldii 
&& Z. palustris made an important contribution to early season cover, whereas C. 
demersumdemersum tended to dominate later in the summer and into autumn. At peak, macrophyte 
coverr (with some filamentous algae) approached 100%. 

Totall cover Ceratophyllum demersum 

Juoo Jul Aug Sep 

PotamogetonPotamogeton berchtoldii 
<££ Zannichellia palustris 

U__ * 

unn Jul Aug Sep 

Ehdt Ehdt aa canadensis 

5 0 --

400 " 

3 0 --

2 0 --

1 0 --

00 J 

NajasNajas marina 

** • 

Jimm Jul Aug Sep 

Utricularia Utricularia vulgari vulgari s s 

SimSim Jul Aug Sep 

Filamentouss algae 

Augg Sep 

i. . 
Jull Aug Sep 

Figuree 4. Mean (+/- 1SE. n =10) total plant cover and cover of different species in both grazed 
controlss (open bars) and protected treatments (shaded bars) over the experimental period at 
Cockshoott Broad. Statistical tests were only conducted on total cover, C. demersum, P. 
brechtoldii/Z.brechtoldii/Z. palustris and N. marina. Significant differences at the p<0.005 level are indicated 
withh (*) 
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Figuree 5. The relative daily consumption (g m' WW) of different macrophyte species by coot at 
Cockshoott Broad from April-September 1994, covering the period of the grazing experiment. 

Overall,, there were few significant differences between treatments and controls 
illustratingg potential positive and negative effects of bird grazing. Any differences were 
onlyy apparent after at least two months of the experiment had elapsed and never occurred 
inn a consistent fashion. That no differences occurred in the early stages of the experiment 
iss consistent with the negligible consumption of macrophytes by the coot population in 
thiss period (Figure 5). Even though consumption by coots increased markedly during the 
experimentall period, this did not lead to any significant differences in the biomass of any 
macrophytee taxon at the end of the experiment (Table 3). 

PoundPound End 

Inn contrast to Cockshoot, Pound End was dominated by filamentous algae, particularly 
EnteromorphaEnteromorpha spp. This gradually declined over the course of the experiment (Figure 6) 
untill only a small biomass was present in early October (Table 3). Only two macrophyte 
speciess were found, Elodea canadensis Michaux and C. demersum, in two separate 
treatmentt exclosures and C. demersum in one control on one occasion (Figure 6). There 
weree no significant differences in the cover of algae or macrophytes on any occasion. 
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Figuree 6. Mean (  S.E.. n = 10) cover of filamentous algae and macrophyte species in both grazed 
controlss (open bars) and protected treatments (shaded bars) over the experimental period at Pound 
End. . 
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Discussion n 

Too critically evaluate the potential impact of grazing coots upon submerged macrophyte 
populationss it is necessary to divide the cycle of seasons into distinct phases according to 
macrophytee ecology and coot behaviour and ecology. In simple terms, these are the spring 
germinationn or initial growth phase for macrophytes and the nesting season for birds; the 
summerr growing and reproduction (for sexually reproducing species such as Potamogeton 
spp.)) phase for macrophytes and the recruitment and dispersal phase for birds; the autumn 
periodd of senescence for most species of macrophytes and the peak passage of birds at 
manyy sites; and the winter period in which macrophytes are either unavailable, coinciding 
withh the lowest bird populations, or occur either as senescent material or as overwintering 
stagess (most notably in the case of a few asexually reproducing species such as 
CeratophyllumCeratophyllum and Elodea) where high coot populations are maintained. 

IsIs colonisation of macrophytes in spring affected by bird grazing? 

Germinationn of macrophyte seedlings from seed or overwintering buds/turions takes place 
inn spring. Limitation during this establishment phase (sensu Harper, 1977) determines 
successfull colonisation. A number of factors are prerequisites for the establishment of 
macrophytes,, prior to any possible limiting effect of bird grazing. These include the 
presencee of a viable seed bank; suitable conditions for germination e.g. the presence of 
reducingg sediments and consequent high production of sulphides and ammonia may 
inhibitt seeds germinating (Perrow et al, 1994); and suitable conditions for subsequent 
growthh and survival e.g. Jupp & Spence (1977) and Lauridsen et al (1993) illustrated the 
importancee of sediment structure and organic content. 

Whatt of the impact of birds? Sandsten (1995), in Lake Krankesjon, showed that 
weree there was a viable seed bank, under suitable conditions for germination and growth, 
macrophytess colonised successfully in the presence of birds. In contrast, Lauridsen et al 
(1993),, S0ndergaard et al (in press) and Moss et al (1996) concluded that bird grazing was 
responsiblee for limiting colonisation and establishment. These studies used transplanted 
macrophytess and therefore we suggest it is inappropriate to draw conclusions from these 
studiess on the response of naturally occurring macrophyte populations. In addition, 
transplantss represent unusual concentrations of food which may attract birds and induce 
unnaturallyy high estimates of grazing pressure. 

Inn the current study, the density of breeding birds was considerably lower than 
peakk populations. Birds are strictly territorial, with factors such as shoreline length (as 
habitatt for nesting) and food resource avail ability determining territory size and 
consequentlyy the density of breeding pairs at a site (Cramp & Simmons, 1980). The diet 
off birds at this time, even where macrophytes are available, was dominated by 
invertebratess and filamentous algae. This seems largely due to the requirements of chicks 
forr such foods, invertebrates in particular, dominating in the first ten days of life (Cramp 
&& Simmons, 1980). The presence of filamentous algae in the diet in spring, as well as 
throughoutt the summer may explain the overall relationship between coot density and 
filamentouss algal cover. 
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Tablee 3. The mean (+ 1 SE.) plant biomass (g m"2 WW) in exclosures in Cockshoot and Pound End 
att the end of the experimental period. No significant differences were recorded between ungrazed 
treatmentss and grazed controls (each n=5) for any taxon. 

Taxon n 

Totall macrophytes 

C.C. demersum 

E.E. canadensis 

L.L. trisulca 

N.N. marina 

PP berchtoldii/ Z. palustris 

Filamentouss algae 

Cockshoot t 

—— Grazing 

600.66 7 

371.0371.0 0 

0.11 1 

1.22 8 

222.33 8 

6.00 5 

103.66 2 

++ Grazing 

461.55 7 

348.0348.0 9 

1.2  1.0 

0.55 3 

101.44 8 

10.44 8 

138.44 0 

Poundd End 

—— Grazing 

0.33 2 

0.22 2 

0.11 1 

0.88 5 

AA combination of a low number of birds, with a low proportion of macrophytes 
inn the diet resulted in a low consumption of macrophytes. When compared to the 
publishedd growth rates of selected macrophyte species, it is clear that consumption by 
birdss was typically only a fraction of the potential growth rate during spring (Table 4). 
Thee negligible impact of birds upon colonisation by macrophytes is also supported by the 
virtuall lack of macrophyte consumption by the coot population in Cockshoot in the spring 
(April/May)) period (Figure 5). Moreover, in Pound End, few macrophytes colonised even 
wheree they were protected from birds (Figure 6). Here, as in some other biomanipulated 
sites,, filamentous algae was prevalent. Phillips et al (1978) suggested that mats of benthic 
andd epiphytic algae were the principal cause of the decline of macrophyte populations in 
thee Broads. 

Inn the current study, there was a significant negative relationship between the 
abundancee of macrophytes (expressed as % cover) and filamentous algae (Spear
mann rank correlation, rs = 0.57, n = 18-those occasions and sites >10% cover, p =0.01). 
However,, the extent to which this is the result of an interaction between the two groups or 
simplyy the tendency of filamentous algae to colonise clear water sites before macrophytes 
(re:: Cockshoot between 1993 and 1994) is unknown. 

TheThe effects of bird grazing in summer and autumn 

Macrophytess are clearly important to coots in late summer and autumn, as populations 
increasedd dramatically at sites with significant macrophyte cover. The proportion of 
macrophytess in the diet was also high, including that of young birds which switch to an 
adultt diet with in 5 weeks of birth (Cramp & Simmons, 1980; Howes & Perrow, 1994). 
Thee apparent preference for macrophytes late in the season may be linked to improved 

++ Grazing 

0.00  0.0 

0.00  0.0 

0.0++ 0.0 
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nutritionall content (e.g. carbohydrates) at this time (Best & Dassen, 1987; Best & Visser, 
1987).. But does bird grazing have an impact? 

Ass above, the potential growth rate of macrophytes should typically easily 
outstripp any losses to grazing birds during the summer period (Table 4). The only 
exceptionn to this being Potamogeton spp./Z palustris in Ormesby in July when up to 30% 
off potential net growth was consumed. 

Thee lack of impact was confirmed by the experiments at Cockshoot, where 
macrophytee cover or bio mass were not greatly influenced by bird grazing, effects being 
species-specificc and creating positive and negative consequences perhaps as a result of 
changingg interspecific competitive interactions (Lodge, 1991). Similar results were 
reportedd by Sandsten (1995), with Chara spp. apparently benefiting from an impact of 
grazingg on Potamogeton spp. and Ki0rboe (1980) who found no statistical differences in 
thee biomass of sev eral species including Chara spp. and Potamogeton spp. 

Tablee 4. Removal (g m" d WW) by birds of selected macrophyte species expressed as a % of 
publishedd growth rates from similar water bodies in north western Europe. 

Species s Marchh April May June July 

C.C. demersum 

C.C. demersum 

C.C. demersum' 

E.E. Canadensis 

N.N. marina 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

0.51 1 

3.02 2 

0.00 0 

6 6 

0.29 9 

1.53 3 

0.00 0 

6 6 

0.29 9 

1.53 3 

0.00 0 

6 6 

0.00 0 

0.00 0 

0.00 0 

5 5 

--

_ _ 

0.10 0 

0.51 1 

0.00 0 

6 6 

0.05 5 

0.26 6 

0.00 0 

6 6 

0.05 5 

0.26 6 

0.00 0 

6 6 

0.09 9 

0.47 7 

0.00 0 

5 5 

--

_ _ 

0.48 8 

2.77 7 

0.00 0 

6 6 

0.25 5 

1.40 0 

0.00 0 

6 6 

0.25 5 

1.40 0 

0.00 0 

6 6 

0.01 1 

0.06 6 

0.00 0 

5 5 

--

_ _ 

0.83 3 

2.91 1 

0.00 0 

6 6 

1.03 3 

3.23 3 

0.00 0 

6 6 

0.38 8 

1.32 2 

0.00 0 

6 6 

0.06 6 

0.29 9 

0.00 0 

5 5 

0.00 0 

0.00 0 

0.37 7 

0.99 9 

0.00 0 

8 8 

0.41 1 

1.10 0 

0.00 0 

8 8 

0.17 7 

1.32 2 

0.00 0 

8 8 

0.13 3 

0.56 6 

0.00 0 

7 7 

0.07 7 

0.35 5 
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PotamgetonPotamgeton spp. /Z. palustris 

thee role of birds in the 
J.. Madgwick & A. J. D. Jowitt 

PotamgetonPotamgeton spp. /Z. palustris 

PotamgetonPotamgeton spp. /Z. palustris 

P.P. crispus 

P.P. pectinatus 10.11.12 10.11.12 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

mean n 

max. . 

min. . 

n n 

--

--

<0.01 1 

0.03 3 

0.00 0 

8 8 

0.02 2 

0.17 7 

0.00 0 

8 8 

0.11 1 

0.85 5 

0.00 0 

8 8 

0.00 0 

0.00 0 

0.00 0 

2 2 

0.00 0 

0.00 0 

0.00 0 

5 5 

--

--

<0.01 1 

0.04 4 

0.00 0 

8 8 

0.03 3 

0.26 6 

0.0 0 

8 8 

0.16 6 

1.30 0 

0.00 0 

8 8 

0.00 0 

0.00 0 

0.00 0 

2 2 

0.00 0 

0.00 0 

0.00 0 

5 5 

--

--

<0.01 1 

0.05 5 

0.00 0 

8 8 

0.04 4 

0.33 3 

0.00 0 

8 8 

0.20 0 

0.73 3 

0.00 0 

8 8 

0.00 0 

0.00 0 

0.00 0 

2 2 

0.00 0 

0.00 0 

0.00 0 

5 5 

0.00 0 

4 4 

0.03 3 

0.22 2 

0.00 0 

8 8 

0.13 3 

1.03 3 

0.00 0 

8 8 

0.10 0 

0.73 3 

0.00 0 

8 8 

0.00 0 

0.00 0 

0.00 0 

2 2 

0.00 0 

0.00 0 

0.00 0 

5 5 

0.00 0 

5 5 

0.92 2 

6.50 0 

0.00 0 

9 9 

4.29 9 

30.33 3 

<0.01 1 

9 9 

3.06 6 

21.66 6 

0.00 0 

9 9 

0.20 0 

0.41 1 

0.00 0 

2 2 

0.01 1 

<0.01 1 

0.00 0 

5 5 

References:: ' 2 Best & Visser (1987); X5 Phillips (1976); 4y Lauridsen et at (1994); 61° Schutten et al 
(1994);; 7-8-,u2Doef et al (1994). 

Inn contrast, many authors (e.g. Anderson & Low, 1976; Jupp & Spence, 1977; 
Esler,, 1989; Lauridsen et ah 1993, 1994; Moss et a!., 1996); S0ndergaard et al, in press) 
havee described effects on growth and/or biomass of macrophytes in protected exclosures 
versuss unprotected controls. There were many differences in experimental technique 
betweenn the studies; such as the use of transplanted inocula (see above), variable numbers 
off replicates, comparison of treatments with true controls or adjacent areas, measurements 
off different variables including cover, biomass, growth (e.g. shoot length) and shoot 
number;; but also in the abundance and type of herbivorous birds and macrophytes. 

Onee element was relatively consistent. That is, any effect on macrophytes was 
onlyy apparent from summer onwards when macrophytes reached a maximum standing 
cropp or began to senesce, i.e. Lauridsen et al (1993); mid July onwards; S0ndergaard et al 
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(inn press) early July and late July onwards; Moss et al (1996) August; Anderson & Low 
(1976)) August and September; Esler (1989) beginning in November with a consistent 
patternn by December. 

Thee timing of any effect is likely to be critical. For example, for sexually 
reproducingg flowering species, if grazing removes whole plants or sexual parts (seeds, 
fruits)) before reproduction is complete, then grazing may be a limiting factor. Although 
thiss must be tempered against the fact that some species have shown improved seed 
germinationn after consumption by birds (Agami & Waisel, 1986). 

Inn the Broads, as in other temperate European and North American shallow lakes 
PotamogetonPotamogeton spp. are widespread and common and an important component of 
macrophytee communities. They tend to dominate in early season, flower followed by 
vegetativee reproduction and tuber formation in July/August and senesce in autumn. In 
Cockshoott at least, the peak in grazing pressure coincided with the decay of the above 
sedimentt biomass (Figure 5), birds never inducing a negative impact throughout the 
growingg and flowering period (Figure 4, Table 3). In support of Ki0rboe (1980), we 
suggestt that significant removal of macrophytes tends to occur in autumn during the 
periodd of senescence of many species, during the peak passage period for waterfowl on 
migrationn and therefore any impacts on growth, biomass etc. are of little consequence for 
manyy of the macrophyte populations concerned. Rather, it is the abundance of birds that is 
controlledd by the abundance/biomass of macrophytes (Mitchell et al, 1988; Giles, 1992; 
Hargebyy etal 1994; Lillie & Evrard, 1994; McKinnon & Mitchell, 1994). 

Tablee 5. Maximum summer (August) standing crop (g DW m"2 of Ceratophyllum demersum in 
waterbodiess in the Norfolk Broads, compared with the maximum recorded consumption by a coot 
populationn (0.114 g DW m"2 d"1 in Cromes Broad), expressed as % of standing crop consumed/day. 

Site e 

Alderfenn Broad (1982) 

Alderfenn Broad (1983) 

Alderfenn Broad (1984) 

Alderfenn Broad (1985) 

Alderfenn Broad (1987) 

Alderfenn Broad (1988) 

Alderfenn Broad (1989) 

Alderfenn Broad (1990) 

Alderfenn Broad (1991) 

Belaughh Broad (1993) 

Cockshoott Broad (1993) 

Cockshoott Dyke (1993) 

Poundd End-bird exclosure (1993) 

gg DW m 2 

60.0 0 

38.0 0 

25.0 0 

1.5 5 

2.1 1 

16.5 5 

22.5 5 

54.0 0 

24.0 0 

1.4 4 

12.1 1 

2.9 9 

2.5 5 

Source e 

Perroww etal( 1994) 

Perroww et al (1994) 

Perroww et al (1994) 

Perroww et al (1994) 

Perroww et al (1994) 

Perroww ef al (1994) 

Perroww et al (1994) 

Perroww etal (1994) 

Perroww etal (1994) 

Stansfield(1994) ) 

Stanstield(1994) ) 

Stansfield(1994) ) 

Stansfieldd (1994) 

%day y 

0.19 9 

0.30 0 

0.46 6 

7.60 0 

5.43 3 

0.69 9 

0.51 1 

0.21 1 

0.48 8 

8.14 4 

0.94 4 

3.93 3 

4.56 6 
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Woodbastwickk Fen Dyke (1972) 248.0 Phillips (1976) 0.05 

Woodbastwickk Fen Dyke (1974) 338.0 Phillips (1976) 0.03 

TheThe effects on subsequent macrophyte development 

Theree is a lack of compelling evidence to show that bird grazing limits macrophyte 
populationss within a season, but it is possible that any impact is only manifested in 
subsequentt seasons (Lodge, 1991). This is relevant for species such as Elodea or 
CeratophyllumCeratophyllum that may overwinter as developed plants or buds respectively (Van Donk 
etet al, 1994) and perhaps even for tuber-forming species such as P pectinatus (Anderson & 
Low,, 1976), all of which may be available throughout the autumn and winter months. 

ElodeaElodea and Ceratophyllum are an important component of the flora in restored 
lakess (Lauridsen et ah 1994; Perrow et al, 1994, Van Donk et al, 1994, Moss et al 1996). 
Thiss is probably a consequence of their rapid colonising ability, aided by dispersion from 
fragmentationn (Best & Dassen, 1987; Best & Visser, 1987) and their tolerance to 
relativelyy eutrophic conditions (Palmer, 1992). However, they are also prone to rapid die-
backk (Krzy et al, 1986; Perrow et al, 1994; Moss et al, 1996) with bird grazing being 
implicatedd in some studies (Perrow et al, 1994; Moss et al, 1996). In support of this, Van 
Donkk et al (1994) demonstrated that herbivory by birds in the winter months was partly 
responsiblee for the decline of the Elodea population and restructuring of the macrophyte 
communityy in favour of Ceratophyllum. 

Anyy impact of birds is obviously determined by the size of the initial standing 
crop.. For example, the standing crop of C. demersum recorded in the broads is highly 
variablee between sites and years (Table 5). Using the maximum recorded grazing pressure 
byy a coot population, simple calculations reveal that the time taken for a coot population 
too remove the standing crop of C, demersum may be as little as 12 days or as long as the 
equivalentt of 9 years. For sites with a low standing crops at the end of the growing season, 
itt is conceivable that birds may quickly remove the entire overwintering stock, thereby 
havingg a major impact on the population in subsequent seasons. 

Thee reliance on monocultures of potentially vulnerable species such as Elodea 
andd Ceratophyllum in lake restoration programmes, underlines the need to establish a 
diversee macrophyte community, which may buffer any effect from bird grazing or other 
factors.. This may only be possible where nutrient levels are reduced significantly, aiding 
stabilityy (Hosper & Jagtman, 1990). 

Conclusions s 

Theree is little evidence that grazing by coots birds limits colonisation and establishment of 
macrophytess in spring in the shallow lakes of the Norfolk Broads. This is related to the 
loww grazing pressure from a low density of territorial breeding birds and the low 
prevalencee of macrophytes in their diet. There is little conclusive experimental evidence 
inn the literature to support the hypothesis that birds directly influence colonisation and 
establishmentt of naturally occurring macrophytes. Indeed, in shallow lakes undergoing 
restoration,, any lag in the response of macrophytes is likely to be caused by a number of 
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factorss other than bird grazing. How ever, losses to birds may contribute to a low 
abundancee of macrophytes. 

Inn general, grazing by birds tends to peak in late summer and autumn after the 
principall growing season and after reproduction, i.e. flowering and setting of seed has 
occurred.. Any impact of grazing may therefore be considered to be unimportant for many 
existingg macrophyte populations. However, grazing at this time and into the winter 
months,, where some species of macrophytes remain available as developed plants, 
dormantt buds or even tubers, may be important in determining macrophyte abundance and 
communityy structure in subsequent growing seasons. 

Overall,, it is clear that further long-term replicated exclosure experiments are 
requiredd in a variety of circumstances (e.g. with different start-up inocula of macrophytes 
andd different species of macrophytes and herbivorous birds) to reach a consensus of 
opinionn on the impact of bird grazing. If limiting, additional measures controlling bird 
grazingg (e.g. through supplementary feeding, scaring or culling) or enhancing macrophyte 
populationss (e.g. transplantation and initial protection) may be needed to accelerate 
macrophytee colonisation and development in lakes undergoing restoration. 

Acknowledgments s 

Birdd monitoring and grazing experiments were commissioned by the Broads Authority 
(BA)) and undertaken as part of the BA/National Rivers Authority (NRA) EC LIFE 
programmee project (LIFE 92-3IUK/031 & NRA Project 475) on the Restoration of the 
Norfolkk Broads (Project managers Jane Madgwick & Dr Geoff Phillips) Macrophyte data 
wass collected by J. Schutten for the Macrophyte Recovery Project, a joint project of the 
BA,, RIZA (Institute for Inland Water Management and Wastewater Treatment, the 
Netherlands)) and University of Amsterdam with further financial contribution by the Soap 
&& Detegent Industry Association and collaboration of the NRA and University of East 
Anglia.. We gratefully acknowledge those organisations and individuals, too numerous to 
mention,, for access to sites and Anita van der Vet, Ruth Nightingale and Marcus 
Rowcliffee for assistance with fieldwork. Two anonymous referees provided stimulating 
commentss on the manuscript. 

References References 

Agami,, M. & Waisel, Y. 1986. The role of mallard ducks (Anas patyrhynchos) in 
distributionn and germination of seeds of the submerged hydrophyte Najas marina 
L.. Oecologia 68: 473-475 

Anderson,, M. G. & Low, J. B. 1976. Use of Sago pondweed on the Delta Marsh, 
Manitoba.. Journal of Wildlife Management 40: 233-242 

Best,, E. P. H. & Dassen, J. H.A. 1987. A seasonal study of growth characteristics, and the 
levelss of carbohydrates and proteins in Elodea nuttallii, Polygonum amphibium and 
Phragmitess australis. Aquatic Botany 28: 353-372 

Best,, E.P.H. & Visser, H.C.W. 1987. Seasonal growth of the submerged macrophyte 
CeratophyllumCeratophyllum demersum L. in mesotrophic Lake Vechten in relation to insolation, 
temperaturee and reserve carbohydrates. Hydrobiologia 148: 231-243 

Blindlow,, I., Andersson, G., Hargeby, A. & Johansson, S. 1993. Long- term pattern of 
alternativee stable states in two shallow eutrophic lakes. Freshwater Biology 30: 
159-167 7 

Hydrobiologiaa (1997) 342/343: 241-255 © 1997 Kluwer Academic Publishers 
Withh kind permission of Springer Science and Business Media 63 



Interactionss between coot (Fulica atra) and submerged macrophytes: the role of birds in the 
restorationn process. M.R. Perrow, J. Schutten , J.R. Howes,T. Holzer. J. Madgwick & A. J. D. Jowitt 

Broadss Authority, 1994. The Broads Plan-No Easy Answers. Broads Authority 
Consultationn Document, Broads Authority, Norwich, England 

Cramp,, S. & Simmons, K.E.L. 1980. Handbook of the Birds of Europe the Middle East 
andd North Africa. The Birds of the Western Palearctic, Volume II. Hawks to 
Bustards.. Oxford University Press, Oxford, UK 

Doef,, R., Coops, H., Streekstra, M.L. & Hector, L.H.C.A. 1994. Waterplanten in het 
Wolderwijdd en Veluwemeer (1990-1993). RIZA nota-94.046, RIZA, Lelystad, 
Netherlands.. ISBN 9036903440 

Draulans,, D. & Vanherck, L. 1987. Food and foraging of Coot Fulica atra on fish ponds 
duringg autumn migration. Wildfowl 38: 63-69 

Esler,, D., 1989. An assessment of American coot herbivory of Hydrilla. Journal of 
Wildlifee Management 53: 1147-1149 

Ferns,, J. & Kirby, J. 1992. Waterfowl counts in the UK. 1990-91. Wildfowl 43: 235-240 
Giles,, N., 1992. Wildlife after gravel: twenty year of practical research by the Game 

Conservancyy and ARC. Game Conservancy, Fordingbridge, UK 
Hargeby,, A., Andersson, G., Blindlow G. & Johansson, S. 1994. Trophic web structure in 

aa shallow eutrophic lake during a dominance shift from phytoplankton to 
submergedd macrophytes. Hydrobiologia 279/280: 83-90 

Harper,, J. L. 1977. Population biology of plants. Academic Press Inc., London, UK 
Hosper,, S. H. & Jagtman, E. 1990. Biomanipulation additional to nutrient control for 

restorationn of shallow lakes in The Netherlands. Hydrobiologia 200/201: 523-534 
Howes,, J. R. & Perrow, M.R. 1994. Macrophyte grazing by coot (Fulica atra) in the 

broads:: bird-resource interactions. In Pitt, J.A. & Phillips, G.L. (eds), The 
developmentt of Biomanipulation Techniques & Control of Phosphorus Release 
fromm Sediments, EC LIFE project 92-31 UK 1031, NRA Report No. 
4751211 A.National Rivers Authority/Broads Authority, Bristol, UK 

Irvine,, K., Moss, B.& Balls, H. 1989. The loss of submerged plants with eutrophication 
II.. Relationships between fish and zooplankton in a set of experimental ponds, and 
conclusions.. Freshwater Biology 22: 89-107 

Jupp,, B.P. & Spence, D.H.N. 1977. Limitations of macrophytes in a eutrophic lake, Loch 
Leven.. II. Wave action, sediments and waterfowl grazing. Journal of Ecology 65: 
431-446 6 

Kennison,, G. C. B. 1993. Aquatic macrophyte surveys of the Norfolk Broads. Unpubl. 
report,, Broads Authority, Norwich, UK 

Ki0rboe,, T. 1980. Distribution and production of submerged macrophytes in Tipper 
Grundd (Ringk0bing Fjord, Denmark), and the impact of waterfowl grazing. Journal 
off Applied Ecology 17: 675-687 

Krzyzanek,, E., Kasza, H., Krzanowski, W., Kuflikowski, T. & Pajak, G. 1986. Succession 
off communities in the Goczalkowice Dam Reservoir in the period 1955-1982. 
Archivv fur Hydrobiologie 106: 21-43 

Lammens,, E.H.R.R., Gulati R.D., Meijer, M.-L. & van Donk, E. 1990. The first 
biomanipulationn conference: a synthesis. Hydrobiologia 200/201: 619-628 

Lauridsen,, T.L., Jeppesen E. & 0stergaard Andersen, F. 1993. Colonization of submerged 
macrophytess in shallow fish manipulated Lake Vaeng impact of sediment 
compositionn and waterfowl grazing. Aquatic Botany 46: 1-15 

Hydrobiologiaa (1997) 342/343: 241-255 © 1997 Kluwer Academic Publishers 
644 With kind permission of Springer Science and Business Media 



Interactionss between coot (Fulica atra) and submerged macrophytes: the role of birds in the 
restorationn process. M.R. Perrow, J. Schutten , J.R. Howes,T. Holzer, J. Madgwick & A. J.. D. Jowitt 

Lauridsen,, T.L., Jeppesen E. & S0ndergaard, M. 1994. Colonization and succession of 
submergedd macrophytes in shallow Lake Vaeng during the first five years 
followingg fish manipulation. Hydrobiologia 275/276: 233-242 

Lillie,, R.A. & Evrard, J.O. 1994. Influence of macroinvertebrates and macrophytes on 
waterfowll utilization of wetlands in the Prairie Pothole Region of northwestern 
Wisconsin.. Hydrobiologia 279/280: 235-246 

Lodge,, D.M., 1991. Herbivory on freshwater macrophytes. Aquatic Botany 41: 195-224 
McKinnon,, S.L. & Mitchell, S.F. 1994. Eutrophication and black swan (Cygnus atratus 

Latham)) populations: tests of two simple relationships. Hydrobiologia 279/280: 
163-170 0 

Meijer,, M.-L., Jeppesen, E., van Donk, E., Moss, B., Scheffer, M., Lammens E., van Nes, 
E.,, van Berkum, J.A, de Jong, G.L., Faafeng, B.A. & Jensen, J.P. 1994. Long-term 
responsess to fish- stock reduction in small shallow lakes: interpretation of five-year 
resultss of four biomanipulation cases in The Netherlands and Denmark. 
Hydrobiologiaa 275/276: 457-466 

Mitchell,, S.F., Hamilton, D.P., MacGibbon W.S., Nayar, P.K.B & Reynolds, R.N. 1988. 
Interactionss between phytoplankton, submerged macrophytes, black swans and 
zooplanktonn in a shallow lake. Internationale Revue der gesamte Hydrobiologie. 
73:: 145-170 

Moss,, B., 1990. Engineering and biological approaches to the restoration from 
eutrophicationn of shallow lakes in which aquatic plant communities are important 
components.. Hydrobiologia 200/201: 367-377 

Moss,, B., Balls, H., Irvine K. & Stansfield, J.H. 1986. Restoration of two lowland lakes 
byy isolation from nutrient-rich water sources with and without removal of 
sediment.. Journal of Applied Ecology 23: 391-414 

Moss,, B., Stansfield, J. H. & Irvine, K. 1990. Problems in the restoration of a hypertrophic 
lakee by diversion of a nutrient-rich inflow. Verhandlungen Internationalen 
Vereinigungg fur theoretischen und angewandte Limnologie 24: 409-425. 

Moss,, B., Stansfield, J.H., Irvine, K., Perrow, M.R. & Phillips, G.L. 1996. Progressive 
restorationn of a shallow lake - a twelve-year experiment in isolation, sediment 
removall and biomanipulation. Journal of Applied Ecology 33: 71-86 

Nationall Environmental Research Institute, Denmark, 1994. Report and activities 1993-
94.. Ministry of the Environment, Roskilde, Denmark 

Nationall Research Council (US), 1992. Restoration of Aquatic Ecosystems-Science, 
Technologyy and Public Policy. National Academy Press, Washington D.C, USA: 
5522 pp 

Palmer,, M., 1992. A botanical classification of standing waters in Great Britain. JNCC 
Publications,, Peterborough, England. ISBN 1873701276 

Perrow,, M.R., 1990; Biomanipulation in Broadland. In 0' Grady, K.T., Butterworth, 
A.J.B.,, Spillett P.B. & Domaniewski, J.C.J, (eds), Fisheries in the Year 2000, 
Proceedingss of the 21st anniversary conference of the Institute of Fisheries 
Management.. IFM, Nottingham, England: 335-337 

Perrow,, M.R., Moss, B. & Stansfield, J.H. 1994. Trophic interactions in a shallow lake 
followingg a reduction in nutrient loading: a long term study. Hydrobiologia 
275/276:: 43-52 

Hydrobiologiaa (1997) 342/343: 241-255 © 1997 Kluwer Academic Publishers 
Withh kind permission of Springer Science and Business Media 65 



Interactionss between coot (Fulica atra) and submerged macrophytes: the role of birds in the 
restorationn process. M.R. Perrow, J. Schutten , J.R. Howes,T. Holzer, J. Madgwick & A. J. D. Jowitt 

Phillips,, G.L. 1976. An Investigation of the Distribution and Growth of Aquatic Plants in 
somee of the Norfolk Broads. Unpubl. PhD thesis, University of East Anglia, 
Norwich,, England 

Phillips,, G.L., Eminson, D.F & Moss, B. 1978. A mechanism to account for macrophyte 
declinee in progressively eutrophicated freshwaters. Aquatic Botany 4: 103-126 

Phillips,, G.L., Perrow, M.R. & Stansfield, J.H. 1996. Manipulating the fish-zooplankton 
interactionn in shallow lakes: a tool for restoration. In Greenstreet, S.P.R. & Tasker 
M.L.. (eds), Aquatic Predators and Their Prey. Blackwell Scientific Publications 
Ltd.,, Oxford. England: 174-183 

Ryding,, S.-O. & Rast, W. (eds), 1989. The Control of Eutrophication of Lakes and 
Reservoirs.. UNESCO, Man & the Biosphere Series, Vol. 1, Parthenon Publishing 
Group,, Lanes. England 

Sandsten,, H., 1995. Can waterfowl grazing trigger a shift from clear to turbid water in 
shalloww Lake Krankesjon? Master thesis, University of Lund, Sweden 

Sas,, H., 1989. Lake restoration by reduction of nutrient loading: Expectations, 
experiences,, extrapolations. Academia Verlag 497 pp 

Scheffer,, M., Hosper, S.H., Meijer, M.-L., Moss, B. & Jeppesen, E. 1993. Alternative 
Equilibriaa in Shallow Lakes. Trends in Ecology and Evolution 8: 275—279 

Schutten,, J., van der Velden, J.A. & Smit, H. 1994. Submerged macrophytes in the 
recentlyy freshened lake system Volkerak Zoom (The Netherlands), 1987—1991. 
Hydrobiologiaa 275/276: 207-218 

Seago,, M.J., 1967. Birds of Norfolk. Jarrold & Sons, Norwich, England 
S0ndergaard,, M., Bruun, L., Lauridsen, T.L., Jeppesen E.& Vindbaek Madsen, T. in press. 

Thee impact of grazing waterfowl on sub merged macrophytes: in situ experiments 
inn a shallow eutrophic lake. Aquatic Botany 

Stansfield,, J.H., 1994. The extent of macrophyte recovery at biomanipulated sites, and 
experimentall evidence that bird grazing and/or water chemistry affect macrophyte 
establishment.. In Pitt, J-A. & Phillips, G.L. (eds), The Development of 
Biomanipulationn Techniques & Control of Phosphorus Release from Sediments. 
ECC LIFE project 923/UK/031, NRA Report No. No. 475/2/A. National Rivers 
Authority/Broadss Authority, Bristol, UK 

Vann Donk, E., De Deckere, E., Klein Breteler, J.G.P. & Meulemans, J.T. 1994. Herbivory 
byy waterfowl and fish on macrophytes in a biomanipulated lake: effects on long-
termm recovery. Verhandlungen Internationale vereinigung fur theoretische und 
angewandtee Limnologie 25: 2139-2143 

Hydrobiologiaa (1997) 342/343: 241-255 © 1997 Kluwer Academic Publishers 
666 With kind permission of Springer Science and Business Media 


