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Abstract. The loss of natural wetlands throughout the World has made created habitats such as gravel

pits, reservoirs or rice fields potentially important for waterbird conservation. In southwest France, the

increasing abundance of gravel pits has allowed several bird species to colonize the region. The avian

community was studied from 1996 to 1998 in six gravel pits in the Garonne floodplain. A total of 39

species of waterbirds were recorded, with higher abundance during the winter and post-breeding periods.

We analyzed habitat use to identify key environmental factors determining the temporal and spatial

distribution of the avian community. The presence of submerged macrophytes was found to be the most

important factor influencing the distribution of waterbirds. The presence of paths in the vicinity of the

areas reduced both the total number of birds and species richness owing to human disturbance. Gravel

pits have an increasingly important role in the conservation of bird biodiversity. By controlling dis-

turbance and management of vegetation, managers can enhance this role.

Introduction

Human activities result in the destruction of natural wetlands, but also the creation

of ‘artificial’ habitats such as rice fields, gravel pits or reservoirs. Over time, these

‘new’ wetlands become important alternative habitats for wildlife (Senra and Ales

1992; Pandey 1993; Blanco and Marchamalo 1999; Parejo and Sanchez-Guzman

1999). During the last century, the extraction of gravel in European river floodplains

created ‘new’ wetlands (gravel pits). In England, the value of these aquatic eco-

systems for waterbirds has been well documented (Keywood and Melluish 1953;

Glue 1970; Hughes et al. 1979; Tydeman 1982; Andrews 1990; Phillips 1992; Fox

et al. 1994). In Slovakia, 33% of birds censused in midwinter were present in gravel

pits (Kalivodova and Feriancova-Masarova 1998). In France, gravel pits cover an

area of about 90 000 ha, with an estimated 5000 ha added each year (Barnaud and

Le Bloch 1998). However, little is known about interactions between environmental

factors and waterbirds in gravel pits. For example, disturbance from human ac-

tivities is common at gravel pits, and studies in other wetlands suggest that this can

locally affect the temporal and spatial distribution of waterbirds (e.g., Burger and

Gochfeld 1991; Cayford 1993; Klein 1993; Fox and Bell 1994; Madsen 1994).
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In this paper, we assess waterbird abundance and diversity in gravel pits from

southwest France, study the influence of different habitat features on these vari-

ables, and propose management measures to improve the quality of gravel pits for

waterbird conservation.

Study site

In the Midi-Pyrénées region of France, most gravel pits are situated near Toulouse

in the central part of the Garonne floodplain. The oceanic influence predominates in

the whole basin, but less so in the southeast where there is a Mediterranean in-

fluence causing dry winds and lower rainfall. The annual average air temperature is

12.7 8C with 672.6 mm of precipitation. For this study we selected six gravel pits, as

follows (Figure 1):

– Four unmanaged gravel pits (nos. 1–4) at Saint Caprais about 25 km north of

Toulouse (Figure 1) created from 1982 to 1997. The total surface area is 71 ha

with a mean depth of 3 m.

– Two gravel pits (nos. 5–6) at Lavernose-Lacasse southwest of Toulouse. One is

managed by an anglers association and the second unmanaged (created in 1983

and 1993, respectively). The total surface area is 39 ha with a mean depth of 3 m.

Six species of submerged macrophytes were present in the gravel pits: Myr-

iophyllum spicatum, Najas major, Nitella sp., Potamogeton natans, Ranunculus

trichophyllus and Veronica anagallis. However, only the charophyte Nitella sp. is

abundant and present especially in gravel pits 1 and 4. Fish were present in all the

pits (Santoul 2000).

Methods

Censuses were carried out weekly from October 1996 to October 1998 using bi-

noculars (8� 30) and a telescope (20� 60). The small surface area and open

character of the gravel pits permitted a full census of the population (Tamisier

1972). The number and distribution of all waterbirds in each gravel pit were re-

corded and their position was noted on a map, identifying 13 zones in the six pits

(Figure 1 and Table 1), according to the variation in the major environmental

variables analyzed (for method see Borowiec 1975; Santoul and Tourenq 2002).

For each zone where waterbirds were counted, several environmental parameters

were recorded: surface area, water depth (<1 m, 1–3 m, 3–4 m), submerged macro-

phytes (presence, absence), and presence of paths close to the banks.

We identified four seasonal periods following Joachim et al. (1997): the

wintering period from October to February; pre-breeding from March to April;

breeding from May to July and post-breeding from August to September. The
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Figure 1. Location of the gravel pits studied. The small numbers indicate separate zones.

Table 1. Characteristics of the different zones.

Zone Path Macrophytes Water depth

1 0 1 2

2 0 1 1

3 Open water 1 3

4 0 0 1

5 0 0 2

6 1 0 2

7 Open water 0 2

8 0 0 3

9 Open water 0 3

10 1 1 3

11 0 1 3

12 Open water 1 2

13 1 0 3

1233



T
a

b
le

2
.

L
is

t
o

f
w

at
er

b
ir

d
sp

ec
ie

s
ce

n
su

se
d

o
n

g
ra

v
el

p
it

s,
th

ei
r

m
ax

im
u

m
an

d
m

ea
n

co
u

n
ts

fo
r

d
if

fe
re

n
t

p
er

io
d

s
an

d
th

ei
r

E
u

ro
p
ea

n
th

re
at

st
at

u
s.

F
am

il
y

S
p

ec
ie

s
S

ci
en

ti
fi

c
n

am
e

E
u

ro
p

ea
n

th
re

at
st

at
u

s
P

h
en

o
lo

g
ic

al
ca

te
g

o
ri

es
*

W
in

te
ri

n
g

M
ig

ra
n

ts
B

re
ed

in
g

P
o

d
ic

ip
ed

id
ae

G
re

at
cr

ea
st

ed
g

re
b

e
P

o
d

ic
ep

s
cr

is
ta

tu
s

1
0

(<
1

0
)

1
9

(<
1

0
)

1
5

(<
1

0
)

L
it

tl
e

g
re

b
e

T
a

ch
yb

a
p

tu
s

ru
fi

co
ll

is
2

5
(<

1
0

)
6

8
(2

3
)

5
3

(<
1

0
)

S
la

v
o

n
ia

n
g

re
b

e
P

o
d

ic
ep

s
a

u
ri

tu
s

3
(<

1
0

)
3

(<
1

0
)

P
h

al
ac

ro
co

ra
ci

d
ae

G
re

at
co

rm
o

ra
n

t
P

h
a

la
cr

o
co

ra
x

ca
rb

o
3

3
3

(9
4

)
5

8
(<

1
0

)
1

(<
1

0
)

A
rd

ei
d

ae
G

re
y

h
er

o
n

A
rd

ea
ci

n
er

ea
4

3
(1

2
)

2
3

(<
1

0
)

1
0

(<
1

0
)

N
ig

h
t

h
er

o
n

N
yc

ti
co

ra
x

n
yc

ti
co

ra
x

D
ec

li
n

in
g

5
(<

1
0

)

P
u

rp
le

h
er

o
n

A
rd

ea
p

u
rp

u
re

a
V

u
ln

er
ab

le
5

(<
1

0
)

2
(<

1
0

)

C
at

tl
e

eg
re

t
B

u
b
u

lc
u

s
ib

is
3

1
9

(5
6

)
7

0
(<

1
0

)

L
it

tl
e

eg
re

t
E

g
re

tt
a

g
a

rz
et

ta
4

(<
1

0
)

1
6

(<
1

0
)

6
(<

1
0

)

T
h
re

sk
io

m
it

h
id

ae
S

p
o
o
n
b
il

l
P

la
ta

le
a

le
u

co
ro

d
ia

E
n

d
an

g
er

ed
1

(<
1

0
)

A
n

at
id

ae
M

al
la

rd
A

n
a

s
p

la
ty

h
yn

ch
o

s
3

2
2

(1
0

3
)

4
3

0
(9

0
)

1
1

1
(3

1
)

T
ea

l
A

.
cr

ec
ca

1
2

3
(1

3
)

2
0

(<
1

0
)

W
ig

eo
n

A
.

p
en

el
o

p
e

6
(<

1
0

)
6

(<
1

0
)

G
ad

w
al

l
A

.
st

re
p

er
a

v
u

ln
er

ab
le

1
0

(<
1

0
)

1
0

(<
1

0
)

S
h

o
v
el

er
A

.
cl

yp
ea

ta
6

0
(1

7
)

4
0

(<
1

0
)

P
in

ta
il

A
.

a
cu

ta
V

u
ln

er
ab

le
9

(<
1

0
)

2
(<

1
0

)

G
ar

g
an

ey
A

.
q

u
er

q
u

ed
u
la

1
0

(<
1

0
)

P
o

ch
ar

d
A

yt
h

ya
fe

ri
n

a
3

6
4

(1
4

7
)

7
2

(<
1

0
)

2
(<

1
0

)

T
u

ft
ed

d
u

ck
A

.
fu

li
g

u
la

7
7

(2
9

)
5

5
(<

1
0

)

S
ca

u
p

A
.

m
a

ri
la

L
o

ca
li

ze
d

1
(<

1
0

)

R
ed

-c
re

st
ed

p
o

ch
ar

d
N

et
ta

ru
fi

n
a

D
ec

li
n

in
g

2
(<

1
0

)
1

(<
1

0
)

1
(<

1
0

)

S
h

el
d

u
ck

T
a

d
o

rn
a

ta
d

o
m

a
8

(<
1

0
)

S
m

ew
M

er
g

u
s

a
lb

el
lu

s
V

u
ln

er
ab

le
3

(<
1

0
)

1234



T
a

b
le

2
.

(c
o
n

ti
n

u
ed

)

F
am

il
y

S
p

ec
ie

s
S

ci
en

ti
fi

c
n

am
e

E
u

ro
p

ea
n

th
re

at
st

at
u

s
P

h
en

o
lo

g
ic

al
ca

te
g

o
ri

es
*

W
in

te
ri

n
g

M
ig

ra
n

ts
B

re
ed

in
g

R
al

li
d

ae
C

o
o

t
F

u
li

ca
a

tr
a

5
9

4
(3

2
7

)
6

6
5

(2
0

3
)

2
0

4
(6

0
)

M
o

o
rh

en
G

a
ll

in
u

la
ch

lo
ro

p
u

s
2

(<
1

0
)

G
ru

id
ae

C
ra

n
e

G
ru

s
g

ru
s

V
u

ln
er

ab
le

1
(<

1
0

)

R
ec

u
rv

ir
o

st
ri

d
ae

B
la

ck
-w

in
g

ed
st

il
t

H
im

a
n
to

p
u

s
h

im
a
n

to
p

u
s

1
(<

1
0

)

G
la

re
o

li
d

ae
C

o
ll

ar
ed

p
ra

ti
n

co
le

G
la

re
o

la
p

ra
ti

n
co

la
E

n
d

an
g

er
ed

1
(<

1
0

)

C
h

ar
ad

ri
id

ae
L

it
tl

e
ri

n
g

ed
p

lo
v
er

C
h

a
ra

d
ri

u
s

d
u

b
iu

s
D

ec
li

n
in

g
8

(<
1

0
)

4
(<

1
0

)

L
ap

w
in

g
V

a
n

el
lu

s
va

n
el

lu
s

4
(<

1
0

)
4

(<
1

0
)

S
co

lo
p
ac

id
ae

R
ed

sh
an

k
T
ri

n
g

a
to

ta
n

u
s

D
ec

li
n

in
g

1
0

(<
1

0
)

G
re

en
sh

an
k

T
.

n
eb

u
la

ri
a

3
(<

1
0

)
3

(<
1

0
)

C
o

m
m

o
n

sa
n

d
p
ip

er
A

ct
it

is
h

yp
o

le
u

co
s

3
(<

1
0

)

S
n

ip
e

G
a

ll
in

a
g

o
g

a
ll

in
a

g
o

4
(<

1
0

)

B
ar

-t
ai

le
d

g
o

d
w

it
L

im
o

sa
la

p
p

o
n

ic
a

L
o

ca
li

ze
d

1
(<

1
0

)

D
u

n
li

n
C

a
li

d
ri

s
a

lp
in

a
V

u
ln

er
ab

le
1

(<
1

0
)

S
an

d
p

ip
er

u
n

id
en

ti
fi

ed
1

(<
1

0
)

L
ar

id
és

Y
el

lo
w

-l
eg

g
ed

g
u

ll
L

a
ru

s
ca

ch
in

n
a

n
s

3
5

(<
1

0
)

2
1

(<
1

0
)

3
1

(<
1

0
)

B
la

ck
-h

ea
d

ed
g

u
ll

L
.

ri
d

ib
u

n
d

u
s

1
9

0
(3

1
)

2
7

2
(3

3
)

1
7

(<
1

0
)

S
te

rn
id

és
C

o
m

m
o

n
te

rn
S

te
rn

a
h

ir
u

n
d

o
2

(<
1

0
)

1
2

(<
1

0
)

*
M

ax
im

u
m

n
u

m
b

er
(m

ea
n

co
u

n
ts

).

1235



numbers of waterbirds and species recorded in each of the 13 zones were

averaged for all the censuses in a given period and year. To control for the

effects of spatial pseudoreplication, two random factors controlling for the effects

of gravel pits and zone within the gravel pits were included in the analyses. Data

were analyzed with the GLIMMIX macro for SAS 8.2 (SAS Institute 2000),

fitting a mixed effects General Linear Model with Poisson errors due to the

nature of the count data (Crawley 1993). Main effects and two-way interactions

were fitted using type III sum of squares. A backward removal procedure was

used to obtain a final model containing only significant factors plus those non-

significant factors included in two-way interactions that significantly improved

the fit of the model. The surface area of each zone was controlled for in all

analyses.

Results

A total of 39 bird species were recorded, representing 13 families and 27 genera.

Anatidae (13 sp.), Scolopacidae (8 sp.) and Ardeidae (5 sp.) were the most abun-

dant families (Table 2). Fourteen species that are of conservation concern in Europe

(Tucker and Heath 1994) were recorded. During the study period, four bird species

nested on the gravel pits: Anas platyrhynchos, Fulica atra, Podiceps cristatus and

Sterna hirundo.

Birds were more abundant during the winter, with a mean of 830 individuals per

count, than in the other periods (F3,327 = 53.24, p< 0.0001, Table 3, Figure 2).

Abundance was also high during the post-breeding period with a mean of 530 birds.

Anatidae and Rallidae species (especially coot, mallard and pochard) were most

Table 3. Significance of partial effects in the model analyzing total

number of bird individuals, controlling for gravel pit and zone as random

factors. Significance of factors was estimated by comparison with the

distribution of the F statistic, where df indicate the degrees of freedom of

the test.

Factor F df p

Surface 0.61 1327 0.43

Depth 0.49 2327 0.61

Period 53.24 3327 < 0.0001

Macrophytes 1.87 1327 0.17

Path 6.14 1327 0.01

Depth�macrophytes 4.94 2327 0.008

Period�macrophytes 3.08 3327 0.03

Not in the model

Depth� period 1.23 6321 0.29

Depth� path 0.62 1327 0.43

Period� path 1.09 3324 0.35

Macrophytes� path 0.07 1326 0.79
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abundant during these periods. Difference in waterbird abundance was not statis-

tically significant between the breeding and pre-breeding period (mean counts of

133 and 195 waterbirds). Waterbirds were more abundant where no paths were

present close to the bank (F1,327 = 6.14, p = 0.01, Figure 3). During the post-

breeding period, waterbirds were more abundant in areas with macrophytes, but no

significant differences occurred during the other seasons (Figure 4). Furthermore, a

Figure 2. Bird numbers for each waterbird family (average count for each period).

Figure 3. Influence of the presence of paths on total bird numbers, based on the partial effect of paths in

the model of Table 3.
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significant partial effect of the presence of macrophytes was found in zones 3–4 m

deep (p< 0.0001), but not at other depths (Figure 5).

Species richness was highest during the post- and pre-breeding period with a

maximum of 19 species recorded in April 1997 (see Table 4). Species richness was

larger in areas without nearby paths (F1,333 = 10.47, p = 0.01, see Table 4).

Discussion

Our study shows that, in southwest France, gravel pits are particularly important for

waterbirds during the post-breeding and wintering periods when provision of ad-

ditional, suitable habitat is likely to reduce population mortality and increase the

size of the overall waterbird populations (Jorde et al. 1983; Batt et al. 1992; Zorn

et al. 1995; Dehorter and Tamisier 1996; Hafner 1997; Sutherland 1998). The

comparison of our results with data available for the Midi-Pyrénées area shows that

our gravel pits are one of the principal wintering sites for waterbirds in this region

(Bugnicourt 1988; Joachim et al. 1997). The geographical location of the gravel pits

near the Pyrenees mountains also makes the Midi-Pyrénées region important as a

stop-over for migrant birds (Hoyer 1994). Although the number of birds recorded

Figure 4. Influence of submerged macrophytes on the abundance of birds in different periods, based on

the model of Table 3.
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Table 4. Significance of partial effects in the model analyzing species

richness, controlling for gravel pit and zone as random factors and forcing

surface of zones into the model. Significance of factors was estimated by

comparison with the distribution of the F statistic, where df indicate the

degrees of freedom of the test.

Factor F df p

Surface 7.02 1333 0.009

Period 11.92 3333 <0.0001

Path 10.47 1333 0.001

Not in the model

Depth 0.82 2333 0.44

Macrophytes 0.31 1332 0.58

Depth� period 1.38 8327 0.20

Depth�macrophytes 0.58 5330 0.72

Depth� path 1.25 3333 0.29

Period�macrophytes 0.30 4329 0.88

Period� path 1.83 3330 0.14

Macrophytes� path 0.16 2331 0.85

Figure 5. Influence of submerged macrophytes on the abundance of birds in zones of different depths,

based on the model of Table 3. Probabilities correspond to the statistical significance of differences in

means of areas with and without macrophytes while controlling for depth.
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on our study site averaged less than 1000 in any season, we studied less than 0.2%

of the total surface area of gravel pits in France.

In our gravel pits, we found that paths in the vicinity reduced both the numbers

and diversity of waterbirds owing to human disturbance, mainly from walkers,

often accompanied by dogs. Similarly in a gravel pit complex in southern Britain,

wintering Pochard concentrated on reserves where human access to bank-sides was

restricted (Fox et al. 1994). Work in other wetlands shows that disturbance is one of

the most important factors explaining the distribution of waterbirds (Prigioni and

Galeotti 1989; Bousquet 1994; Santoul and Tourenq 2002). Disturbance reduces

feeding opportunities of waterbirds and is equivalent to habitat loss, although its

effects are reversible. Human disturbance loads ought to be incorporated in gravel

pit management decisions at local and regional scales. Wildlife managers are en-

couraged to carefully evaluate whether visitor presence could disrupt bird behavior,

density and species richness, and then seek short and long term solutions (e.g.,

setting buffer zones for visitors, restricting access to areas with high diversity value

and at times of peak use by birds).

Our results show a strong influence of the availability of submerged macrophytes

on the presence of birds during the post-breeding period, but this effect was not

significant during the other periods. Charophytes and the many invertebrates that

live on them (Marklund et al. 2001) provide food for ducks, coots, grebes and other

waterbirds (Knapton and Petrie 1999; Blindow et al. 2000). In English and German

gravel pits, Pochards and Coots prefer areas rich in charophytes and other mac-

rophytes where they dive for food, and numbers of diving birds increase as nutrient

inputs lead to an increase in macrophyte biomass over the years following ex-

cavation (Fox et al. 1994; Küsters 2000). We found that the influence of submerged

macrophytes on waterbird numbers was only significant at depths of 3–4 m,

probably because this was the depth at which greatest biomass of vegetation was

attained, thus attracting diving ducks, coots and grebes. We suggest that the sea-

sonal effect was found because we only censused birds during daylight, and wa-

terbirds are generally diurnal during the post-breeding period and thus concentrated

in feeding areas. In winter when days are shorter, diving ducks and some other

waterbirds are nocturnal, concentrating in suitable areas for roosting (those free

from disturbance) during the day and in suitable feeding areas at night (McNeil

et al. 1992; Guillemain et al. 2002).

The lack of an effect of submerged macrophytes on waterbird abundance in the

pre-breeding and breeding periods may be influenced by the relative abundance of

fish-eating birds in these periods, since cormorants and other fish-eating species

may find more food in areas free of submerged vegetation. In order to increase the

value of gravel pits for waterbirds, fish should not be introduced. Santoul (2000)

showed that in some gravel pits indirect competition between fish and waterbirds

can occur (Street 1982). Cyprinids like carp (Cyprinus carpio) increase water

turbidity (Crivelli 1983), and can reduce plant and invertebrate populations (Mal-

lory and Blancher 1994). On our gravel pits, the origin of fish stocks is unknown;

however, releases by humans and transport during river floods are likely to be the

main sources of these stocks (Santoul 2000). Management of fish stocks to enhance
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macrophyte development in gravel pits can favor the development of the waterbird

community.

Even small artificial wetlands such as our gravel pits can have a major benefit for

waterbird populations by enabling connectivity between larger wetlands well se-

parated in space (Bournaud et al. 1980). Such connectivity also ensures the

maintenance of bird-mediated dispersal of plants and invertebrates between wet-

lands (Amezaga et al. 2002). Gravel pits are very interesting for the protection and

reproduction of many species, but the lack of management usually limits their

ecological development. Restoration is generally carried out to transform gravel

pits into recreational areas or fishing lakes, and only rarely into habitats favorable to

waterbirds. Owing to the continuing loss of natural wetlands, there is a need to

enhance the contribution of artificial wetlands such as gravel pits to future con-

servation of waterbird species and communities. The results of this study suggest

that reducing human access and increasing the development of macrophytes are

suitable management practices to increase waterfowl abundance and diversity in

gravel pits (see also Andrews 1990).

Acknowledgements

We thank the society ‘les Sablières de Garonne’ to permit us to realize this work

under the best possible conditions. We would also like to thank anonymous referees

for their useful comments.

References

Amezaga J.M., Santamarı́a L. and Green A.J. 2002. Biotic wetland connectivity – supporting a new

approach for wetland management policy. Acta Oecologia 23: 213–222.

Andrews J. 1990. Principles of restoration of gravel pits for wildlife. British Wildlife 2: 80–88.

Barnaud G. and Le Bloch F. 1998. Entre Terre et Eau, Agir pour les zones humides, Dossier d’in-

formation. Ministère de l’aménagement du territoire et de l’environnement, Paris, France.

Batt B.D.J., Afton A.D., Anderson M.G., Ankney C.D., Johnson D.H., Kadlec J.A. and Krapu G.L. (eds)

1992. Ecology and Management of Breeding Waterfowl. University of Minnesota Press, Minneapolis,

Minnesota.

Blanco G. and Marchamalo J. 1999. Post-breeding inland movements and use of refuse dumps by

audouin’s gulls in Spain. Waterbirds 22: 307–309.

Blindow I., Hargeby A. and Andersson G. 2000. Long-term waterfowl fluctuations in relation to alter-

native states in two shallow lakes. In: Comı́n F.A., Herrera J.A. and Ramı́rez J. (eds) Limnology and

Aquatic Birds. Monitoring, Modelling and Management. Proceedings of the 2nd International Sym-

posium on Limnology and Aquatic Birds, Universidad Autónoma de Yucatán, Mérida, Mexico, pp.

165–175.

Borowiec E. 1975. Food of coot (Fulica atra L.) in different phenological periods. Polskie Archivum

Hydrobiologii 22: 157–166.

Bousquet J.F. 1994. Les Anatidae en Midi-Pyrénées période 1976–1992. Le Pistrac 15–16: 22–43.

Bugnicourt J. 1988. Approche régionale de la migration et du stationnement des Anatidae et des foulques

en Midi-Pyrénées. Le Pistrac 11: 1–22.

1241



Burger J. and Gochfeld M. 1991. Human activity influence and diurnal and nocturnal foraging of

Sanderlings (Calidris alba). The Condor 93: 259–265.

Cayford J. 1993. Wader disturbance: a theoretical overview. Wader Study Group Bulletin 68: 3–5.

Crawley M.J. 1993. Glim for Ecologists. Blackwell Science, Oxford, UK.

Crivelli A.J. 1983. The destruction of aquatic vegetation by carp. Hydrobiologia 106: 37–41.

Dehorter O. and Tamisier A. 1996. Wetlands habitat characteristics for waterfowl wintering in Ca-

margue, southern France: implications for conservation. Revue Ecologie (Terre Vie) 51: 161–172.

Fox A.D. and Bell M.C. 1994. Breeding bird communities and environmental variable correlates of

Scottish peatland wetlands. Hydrobiologia 279=280: 297–308.

Fox A.D., Jones T.A., Singleton R. and Agne A.D.Q. 1994. Food supply and the effects of recreational

disturbance on the abundance and distribution of wintering Pochard on a gravel pit complex in

southern Britain. Hydrobiologia 279=280: 253–261.

Glue D.E. 1970. Changes in the bird community of a Hampshire gravel pit 1963–1968. Bird Study 17:

15–27.

Guillemain M., Fritz H. and Duncan P. 2002. The importance of protected areas as nocturnal feeding

grounds for dabbling ducks wintering in western France. Biological Conservation 103: 183–198.

Hafner H. 1997. Ecology of wading birds. Colonial Waterbirds 20: 115–120.

Hoyer F. 1994. Rôle des gravières et des lacs collinéaires. Le journal du chasseur 39: 6–15.
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