DANISH REVIEW OF GAME BIOLOGY Vol. 13 No. 4

Autumn Feeding Ecology of Herbivorous
Wildfowl in the Danish Wadden Sea,
and Impact of Food Supplies and
Shooting on Movements

by
JESPER MADSEN

Med et dansk resumé:
Fodeokologi hos plantezedende andefugle
i Vadehavet om efteraret,
og fedemeengdens og jagtens effekt
pa flokkenes traek

PeswMe Ha DPYCCKOM A3HKE:
OKOJIOTUA NMUTAHUA TPABOANHHX YTUHHX Ha
ODaTCKAX MODPCKUX OTMeNfX OCeHbrW, U 3ddexr
HaJIMYHOTO KOJMYEeCTBA NUMU M OXOTH Ha
nepesjeTH cTai.

ISSN 0374-7344

COMMUNICATION NO. 217 FROM VILDTBIOLOGISK STATION
Vildtbiologisk Station, Kalg, 8410 Rende, Denmark
1988



DANISH REVIEW OF GAME BIOLOGY
The journal is published and distributed by the

Game Biology Station, Kalg, DK-8410 Rgnde, Denmark

Each paper is issued separately. When a number of papers have appeared (comprising approx. 200 pages) these will be collected
in a volume together with a table of contents.

Editor: Jan Bertelsen. - Word processing: Else-Marie Nielsen. - Proof reading: Edy Bach Jensen og Kirsten
Juel Zaluski. - Russian summaries: Axel Mortensen. - This issue is printed by Handy-Print A/S, Skive.

Vol. 1

Part 1. Holger Madsen: The species of Capillaria parasitic in the digestive tract of Danish gallinaceous and anatine game
birds. pp. 1-112. 1945.

Part 2. Marie Hammer: Investigations on the feeding-habits of the House-sparrow (Passer domesticus) and the Tree-sparrow
(Passer montanus). pp. 1-59. 1948. M. Christiansen and Holger Madsen: Eimeria bucephalae n. sp. (Coccidia)
pathogenic in Goldeneye (Bucephala clangula L.) in Denmark. pp. 61-73. 1948.

Part 3. Holger Madsen: Studies on species of Heterakis (Nematodes) in birds. pp. 1-43. 1950.

F. Jensenius Madsen and R. Spérck: On the feeding habits of the Southern Cormorant (Phalacrocorax carbo sinensis
Shaw) in Denmark. pp. 45-76. 1950.

Vol. 2
Part 1. Holger Madsen: A study on the Nematodes of Danish gallinaceous game birds. pp. 1-126. 1952.
Part 2. Johs. Andersen: Analysis of a Danish Roe-deer population (Capreolus capreolus (L.)) based upon the extermination
of the total stock. pp. 127-155. 1953.
Part 3. F. Jensenius Madsen: On the food habits of the diving ducks in Denmark. pp. 157-266. 1954.

Vol. 3
Part 1. Johs. Andersen: The food of the Danish Badger (Meles meles danicus Degerbel). pp. 1-76. 1954,
Part 2. Carsten Pedersen: Cycles in Danish Vole populations. pp. 1-18. 1957.
F. Jensenius Madsen: On the food habits of some fish-eating birds in Denmark. pp. 19-83. 1957.
Johs. Andersen: Studies in Danish Hare-populations. I. Population fluctuations. pp. 85-131. 1957.
Part 3. Third congress of the international union of game biologists. Transactions. pp. 1-166. 1958.
Knud Paludan: Some results of marking experiments on Pheasants from a Danish estate (Kalg). pp. 167-181. 1958.
Marie Hammer, M. Koie and R. Spirck: Investigations on the food of Partridges, Pheasants and Black Grouse in Den-
mark. pp. 183-208. 1958.

Vol. 4
Part 1. Knud Paludan: Results of Pheasant markings in Denmark 1949-55. pp. 1-23. 1959.
Knud Paludan: Partridge markings in Denmark. pp. 25-28. 1963.
Mette Fog: Distribution and food of the Danish Rooks. pp. 61-110. 1963.
Part 2. H. Strandgaard: The Danish bag record I. pp. 1-116. 1964.
Part 3. Jergen Fog: Dispersal and Survival of Released Mallards. (Anas platyrhynchos L.). pp. 1-57. 1964.
Jorgen Fog: The Mallards from the Estate of Kongsdal. pp. 61-94. 1965.
P.J.H. van Bree, Birger Jensen, L.J.K. Kleijn: Skull Dimensions and the Length/Weight Relation of the Baculum as Age
Indications in the Common Otter. pp. 97-104. 1966.
Helge Walhovd: Reliability of Age Criteria for Danish Hares (Lepus europaeus Pallas). pp. 105-128. 1966.

Vol. 5

No 1. Mette Fog: An Investigation on the Brent Goose (Branta bernicla) in Denmark. 40 pp. 1967.

No 2. Jergen Fog: List of Recoveries in Denmark of Birds Banded Abroad and Handled through the Game Biology Station
1955-1964. 44 pp. 1968.

No 3. Poul Valentin Jensen: Food Selection of the Danish Red Deer (Cervus elaphus L.) as Determined by Examination of
the Rumen Content. 44 pp. 1968.

No 4. Birger Jensen: Preliminary Results from the Marking of Foxes (Vulpes vulpes L.) in Denmark. 8 pp. 1968.

No 5. Anders Holm Joensen: Wildfowl Counts in Denmark in November 1967 and January 1968 - Methods and Results.
72 pp. 1968.

No 6. Birger Jensen and Lise Brunberg Nielsen: Age Determination in the Red Fox (Vulpes vulpes L.) from Canine Tooth
Sections. 16 pp. 1968.

No 7. Holger Madsen: Sexing Day-old Game Pheasant Chicks. 8 pp. 1969.

Continued cover page 3



DANISH REVIEW OF GAME BIOLOGY Vol. 13 No. 4

Autumn Feeding Ecology of Herbivorous
Wildfowl in the Danish Wadden Sea,
and Impact of Food Supplies and
Shooting on Movements

by
JESPER MADSEN

Med et dansk resumé:
Fedewkologi hos plantezedende andefugle
i Vadehavet om efteraret,
og fedemeengdens og jagtens effekt
pa flokkenes track

PesimMe Ha PYCCKOM fA3HKE:
OKOJNOTUA NUTAHMUA TPABOANHHX YTUHHX HA&
LAaTCKUX MOPCKUX OTMENAX OCeHmi, U 3ddexT
HaAM4YHOT O KOJNMYEeCcTBa IIMHM ¥ OXOTH HA

nepeneTn cTaif.

ISSN 0374-7344

COMMUNICATION NO. 217 FROM VILDTBIOLOGISK STATION
Vildtbiologisk Station, Kalge, 8410 Rende, Denmark
1988




Abstract

Madsen, J. 1988: Autumn Feeding Ecology of Herbivorous Wildfowl in the Dan-
ish Wadden Sea, and Impact of Food Supplies and Shooting on Movements. -
Dan. Rev. Game Biol. 13 (4).

The southern part of the Danish Wadden Sea is animportant autumn staging area
for Brent Geese (peak numbers 6,000), Wigeon (15,000) and Teal (3,500). In au-
tumn 1985 and 1986 their ecology and movements were studied in relation to food
availability and shooting activity. In September-October the wildfowl fed in the
tidal zones on a 138 ha Zostera bed. Due to the tide they could only feed from 3
hours before to 3 hours after low tide, and to fulfill their daily energy demands the
birds also fed during nightly low water periods. During autumn the above-ground
Zostera resources were reduced from 39 tons to 1 ton, the grazing by wildfowl ac-
counting for the major part of the losses. In consequence, feeding efficiency of
Brent Geese and Wigeon was hampered. Brent Geese switched to below-ground
parts of Zostera, Wigeon abandoned the area. Interspecific exploitative competi-
tion became acute, with Brent Goose as the best coping species of the two.

In 1985 duck shooting on the mud flats was moderate; in 1986, however, it was
intensified, displacing the ducks and geese to the southern part of the Zosfera
bed, which is part of a non-shooting zone. This zone was soon depleted for
resources, and the majority of the wildfowl were forced to leave the area earlier
thanin 1985 even though food was still available in the shooting zone. At night the
birds fed in the shooting zone. When the ducks had abandoned the area, shooting
ceased, and the protected Brent Goose could remain undisturbed for the rest of
the autumn.

In October a concentration of ducks built up in the non-shooting zone at the
Rome barrage. Here the ducks consumed ripening Suaeda and Afriplex seeds in
the salt marshes. Ducks were actively feeding around high tide, during both day
and night.

In the course of October the seed stock was heavily reduced due to ducks forag-
ing, natural fal]l-off and wave action, whereupon the majority of the ducks left the
area. The remaining ducks rested throughout daytime and flew into the adjacent
hinterland at night to feed. The adjacent salt marshes of which parts are shooting
zones were not used during daytime, and only irregularly at night.

It is concluded that the number of wildfowl was limited by the food resources,
and that switching between habitats was linked to depletion of food stocks.
Shooting modified movements and caused birds to leave the area prematurely.

Author’s address:
Game Biology Station
Kalg

DK-8410 Rgnde
Denmark
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Introduction

The question of how many waterfowl a
given foraging area along the migration
route can support, i.e. the habitat capacity,
has important implications for the under-
standing of the dynamics of the migration,
as well as for the management of the key
areas. Many waterfowl habitats, and espe-
cially wetlands, are today threatened by de-
velopment and human disturbance. At that
point when the bird numbers - or rather the
number of bird-days - have reached the ceil-
ing of the habitat capacity, human interfer-
ence can be expected to have a negative im-
pact on the status of the site.

Waterfowl movements have only recently
been analysed in relation to the size of food
supplies in the staging and wintering areas.
For a Dutch staging area VAN EERDEN
(1984) demonstrated that herbivorous wild-
fowl removed a considerable part of the
available Salicornia spp. seed stock, and
also that switching between food sources
and areas was related to the depletion of the
local food supplies. Likewise, in various
goose studies, it has been demonstrated
that shifts between habitats were linked to
the depletion of the vegetation and im-
paired feeding profitability (DRENT &
SWIERSTRA 1977, CHARMAN 1979, DRENT
et al. 1978, LORENZEN & MADSEN 1985).
Thus, there is evidence that in the absence
of disturbance, foraging waterfowl make
optimum use of their feeding grounds.

Substantial evidence has demonstrated
the effect of disturbance, particularly
shooting, on the distribution of waterfowl
in potential staging and wintering areas
(see review by MELTOFTE 1982, ARC-
TANDER et al. 1984, MADSEN 1986).
However, less information exists regarding
the ecological and behavioural conse-
quences of disturbance (OWENS 1977,
JOENSEN & MADSEN 1985, JAKOBSEN

1986). A central question is whether or not
the birds can compensate for the lost feed-
ing time, or whether behavioural con-
straints hinder exploitation of the food
resources.

The Danish Wadden Sea is an important
staging area for herbivorous dabbling
ducks and Brent Geese Branta bernicla. In
October-November when peak numbers
are reached, up to 20,000 Dark-bellied
Brent Geese Branta b. bernicla, 57,000
Wigeon Anas penelope, and 17,000 Teal
Anas crecca can be present at one time
(LAURSEN & FRIKKE in prep.). The three
species feed mainly in intertidal mudflats
and in saltmarshes, though at some stage in
late autumn duck-flights into the hinter-
lands can also be observed.

The aim of this study was three-fold:

1) to describe the feeding ecology of her-
bivorous wildfowl and their spatial and
temporal distribution in a part of the Dan-
ish Wadden Sea;

2)to analysethe impact of wildfowl grazing
on food supplies, and to evaluate the extent
to which bird numbers were food-limited
and its possible influence on movements
between habitats;

3) to analyse whether human activity, espe-
cially hunting, was modifying site usage
and bird movements.

The project was part of a research
programme by the Game Biology Station,
evaluating the importance of the Danish
Wadden Sea as a waterfowl staging area
and the influence of human interference on
bird numbers and distribution.
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Study area

The study was carried out in the southern
part of the Danish Wadden Sea (Fig. 1),
part of the Nature and Wildlife Reserve
Vadehavet. The study area comprised two
major waterfowl feeding areas in the Dan-
ish Wadden Sea, i.e. the tidal flats at Koldby
Leje, and the salt marshes along the bar-
rage connecting Remg with the mainland
and Ballum Foreshore.

Koldby Leje, Jordsand Flak

This area is an intertidal mudflat, part of
which is covered with seagrass Zostera spp.
It is a major feeding ground for her-
bivorous wildfowl, especially Brent Geese
and Wigeon. At high water the birds roost
around the small island of Jordsand, some
Brent Geese also roosting in the southern
Ballum Foreshore. In 1985 and 1986, the
Zostera bed covered 138 ha. Zostera noltii
was the dominant species over most of the
bed, showing highest densities on eleva-

tions 5-10 cm above the low water line. In
shallow depressions where water was re-
tained at low tide, however, Z. noltii was in-
terspersed with Z. marina, though the lat-
ter never reached the densities of the form-
er. Z. marina did not seem to overwinter,
had an underdeveloped rhizome compared
to Z. noltii, and was probably dependent
on sexual reproduction. Z. noltii, on the
other hand, had a well-developed rhizome,
this being indicative of a high degree of
vegetative reproduction.

The southern third of the flats is part of
the non-shooting zone in the southern part
of the Danish Wadden Sea. North of the
zone, shooting of wildfowl is allowed from
16 September to 29 February.

The Remg barrage and Ballum
Foreshore

These salt marshes have been created by
means of land reclamation work and are
currently grazed by sheep. The marsh areas
south of the barrage and most parts of Bal-
lum Foreshore are dominated by a vegeta-
tion of Puccinellia maritima, and in certain
regions by Festuca rubra. Over large areas
Atriplex litoralis and Suaeda maritima oc-
cur in dense stands, Suaeda especially in
low-lying regions. In the marsh north of the
barrage, Suaeda occurs in extremely high
densities. In the low-lying regions, especial-
ly the marsh south of the barrage, Salicor-
nia europaea forms a dense vegetation. In
October the salt marshes are visited by
large flocks of dabbling ducks, especially
Wigeon and Teal. Crop contents of collect-
ed birds demonstrated that the ducks feed
primarily on seeds of Suaeda and Atriplex.

The Reome barrage and adjoining salt
marshes are non-shooting zones. In Ballum
Foreshore, shooting is allowed in a zone
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Fig. 1. Study area in the southern part of the Danish Wadden Sea. Study plots at Koldby Leje and the Romeo bar-
rage are shown. RN: Romo barrage north, RS: Reme barrage south, BN: Ballum foreshore north, BS: Ballum
Soreshore south. Low water lines are indicated by punctuated lines, and reserve boundaries (non-shooting

areas) by punctuated, dotted lines.

ranging from the dike to the edge of the old
foreshore. Beyond this zone shooting is
banned (Fig. 1).

Methods

Observations

The Rome barrage and Koldby Leje were
visited during the period 1 September to 20
December, 1985 and 1986, on average at in-

tervals of six days. At each visit the number
of wildfowl was counted, the distribution
of flocks mapped, and their general activi-
ty (feeding, roosting) recorded. In addi-
tion, all types of human activity were noted
and mapped. On the Remeg barrage, obser-
vations were carried out from the top of the
barrage. At Koldby Leje, observations were
made from land, and in 1986 also from a 4
m high observation tower placed in the
middle of the Zostera bed. When observa-
tions were made from the tower, the observ-
er entered approximately 2 hrs after high
tide and left 2 hrs before the next high tide,
so that disturbance was kept at a minimum.
On some occasions, the observer remained
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in the tower during the high tide in order to
continue observations during the next low
water period.

Activity studies

Time expenditure of flocks of geese or
ducks was recorded in relation to tidal
rhythm and to time of season. At Koldby
Leje, observations were carried out both
during day and night, but at the Remeo bar-
rage only during day-time.

At Koldby Leje the birds were under ob-
servation from time of arrival from the
high water roost to departure from the
Zostera bed. Every 15 minutes, the number
of birds of each species engaged in various
activities was recorded by ’'instantancous’
scanning of the flock (after ALTMANN
1974). Recorded activities were feeding,
roosting, walking, swimming, flying, ag-
gression, and alertness. Four feeding tech-
niques were distinguished:

1) swimming, including feeding by picking
from surface, submerging head or neck,
and upending;

2) paddling, only recorded in Brent Geese
trampling in the sediment submerged
under 5-10 cm of water. The geese took
whole plants including roots and rhi-
zomes, and left characteristic craters of
roughly 20 cm diameter and 5-10 ¢cm
deep (also described by FOG (1967) and
JACOBS et al. (1981));

3) grubbing, observed in geese and
Wigeon, the birds taking turions and
rhizomes;

4) pecking, taking leaves from the mud
surface or leaves floating in shallow
water.

During day-time, observations were carried
out with a telescope (20-45 x). Every half
hour the position of flocks was mapped

and the water line drawn on a sketch map
(1:10,000). In 1986, three transect lines with
the observation tower in the centre were
laid out over part of the Zostera bed, yield-
ing 30 quadrats each of 50 m x 50 m. Cor-
ners were marked with stakes 20 cm above
ground. During observations from the
tower, the number of birds of each species
within the quadrats was recorded at inter-
vals of 30 minutes. Temporal and spatial
overlap of two species was expressed by
percentage similarity, O (HURLBERT 1978):

O = 1-1/2]|Pjj - Pik |

where Pjj is the relative occurrence of the
j’th species in square i, and Pj) is the rela-
tive occurrence of the k’th species in
square i.

Night-time activity budgets of Wigeon
and Brent Geese were recorded during three
low water periods in 1986: 8-9, 9-10, and
21-22 October. Observations were carried
out from the observation tower with a light-
intensifying vision scope (around 8 x). The
first two nights were one week prior to full
moon and with overcast sky, the last night
was four nights after full moon and with
clear sky. During the first two observa-
tions, lights from the surrounding towns
Havneby, List, and Skeerbak provided
sufficient light to operate the night vision
scope with success. However, during all
three nights, the resolution only allowed
the observer to distinguish between feed-
ing, roosting, and flight activities.

At the Rgmg barrage, observations fol-
lowed the same procedure as at Koldby
Leje. Ducks feeding in the salt marsh were
often invisible whilst in the vegetation, but
were assumed to be feeding when out of
sight. Records were kept of birds flying to
and from the salt marsh.

Three feeding parameters were timed by
means of a stop-watch:

1) feeding bout length, ie. the time of
uninterrupted feeding with the head be-
low the level of the shoulder;
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2) pecking rate, measured as the time it
took a feeding bird to make a total of 10
pecks in the vegetation. It was, however,
not possible to measure pecks on the
mudflats because the Zostera feeding
birds often took turions which were
chewed and swallowed in bits of varying
size;

3) walking speed, measured as the time it
took a feeding bird to make a total of 10
steps.

To achieve another indication of duck util-

isation of the salt marshes apart from the

mapping, droppings were counted within
permanent plots. On the southside of the

Rome barrage 40 plots were laid out at 20

m distance; on Ballum Foreshore 20 plots.

Each plot was circular with a radius of 2 m

(12.6 m*) and marked with a peg 10 cm

above ground. Plots were emptied at

around 10 day intervals throughout au-
tumn. However, this method proved to be
successful in 1985 only, because of too fre-

quent flooding of the marshes in 1986.

Food and estimation of daily food
consumption

Food selection of Brent Geese and Wigeon
foraging on the mudflats was examined by
means of microscopical identification of
epidermal fragments in the droppings (for
method see OWEN 1975). Samples of 25
fresh droppings were collected at low tide,
and only in situations when the birds had
fed in the same area for most of the low-
water period.

Daily food consumption by Brent Geese
and Wigeon feeding on the mudflats was
estimated by the ’marker substance’
method (DRENT et al. 1978). Retention
rates were measured using ash content and
lignin as food components not digested by
gut passage. The change in concentration

of the marker substance in droppings com-
pared to food plants thus equals the reten-
tion rate. Hourly defaecation was meas-
ured in the field by keeping the abdomen of
a goose under continuous observation for
as long as possible, and recording the num-
ber of droppings produced in the particular
period, which was timed by means of a
stop-watch. Periods and numbers of drop-
pings were summed for many individuals to
achieve hourly blocks of dropping produc-
tion (BEDARD & GAUTHIER 1986). Defae-
cation periods were only timed from 1 hr
before low tide to 3 hrs after, to ensure that
defaecation rates were in equilibrium with
food intake. Daily production of droppings
was calculated from multiplication of aver-
age hourly defaecation and average time
spent on the feeding grounds during the 24
hrs. Fresh droppings and food plants were
collected for chemical analyses, and drop-
pings for weighing. Samples of Brent
Goose droppings were taken two days in
October 1985, and Wigeon droppings one
day in October 1986. Chemical analyses
were carried out by the Central Laboratory
of the National Institute of Animal
Science, at Foulum. Ash content of plants
and droppings was determined after
removal of the silica fraction. Energetic
value of the net food intake was calculated
from energy content of pellets of food and
droppings, measured on a Gallenkamp
bomb calorimeter. All analyses were car-
ried out in duplicate.

Standing crop and leaf cover
of Zostera

In 1985, an exclosure experiment was set up
at Koldby Leje to measure standing crop of
Zostera throughout autumn, and to quan-
tify wildfowl grazing impact on the vegeta-
tion.
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A transect line, situated and marked as
for the 1986 transect, was laid out in a part
of the Zostera bed which visually appeared
homogeneous. Four 3 m x 3 m exclosures
were constructed using pegs reaching 40 cm
above ground and also wires at two heights
which connected the corners diagonally.
The exclosures were visited weekly to clean
them of material, especially algae, hanging
upon the wires. At monthly intervals,
samples were taken outside and inside ex-
closures. Outside the exclosures 15 samples
were taken at 50 m distance along the tran-
sect line, and inside each exclosure two
samples were taken at random. A sample
consisted of a circular core 0of 227.6 cm*. A
plastic tube with sharpened edges was
pressed 10 cm into the sediment, the sample
was then dug out, transferred to a sieve, and
the sediment superficially washed off. In
the laboratory, samples were first sorted
into live and dead material and also above-
and below-ground biomass, then dried for
24 hrs at 80°C, cooled in an excicator, and
weighed. To express biomass in ash-free dry
weight, plant material was combusted for 3
hrs at 550°C. Thus, average ash content of
dry weight of above-ground material and
below-ground material was 14.3% and
27.1%, respectively.

To relate above-ground biomass to leaf
cover, the percentage leaf cover was esti-
mated to nearest 5% in all sample plots. In
1986, the leaf coverage was roughly esti-
mated for the entire Zostera bed every three
weeks from mid-September to mid-Decem-
ber. The map was based on permanent sta-
tions along the transect lines as well as sta-
tions at right angles to the transects. In the
range from 0-90% leaf coverage, a linear
correlation was found between cover and
above-ground ash-free biomass: y = 0.4x
+ 1.9, where y is standing crop in g ash-free
dry weight per m?, and x is percentage leaf
cover (n = 61,1 = 0.926, P < 0.001). As ex-
pected, above 90% coverage, the relation-
ship was no longer linear. For the present

purpose an average value of the samples
with 95% and 100% cover was used, viz.
80.2 g ash-free dwt/m? (n = 5).

Standing seed crop

To estimate the removal rate of Atriplex
and Suaeda seeds by ducks in the salt
marshes along the Rome barrage, ex-
closure experiments were conducted in
1985 and 1986. In 1985, the experiments
were carried out in both the southern and
the northern marsh.

In each marsh area two exclosures, each
2 m X 2 m, were erected in visually
homogeneous vegetation in early Septem-
ber. An exclosure consisted of either poles
connected with wires at four heights, or
sheep fence. Sample plots, i.e. areas visited
by the ducks, were placed on transects
50-100 m from the exclosures. Along the
transects, 40-60 plants were taken at ran-
dom and individually marked with a small
piece of white plastic tape just above
ground. In each exclosure 20 plants were
marked. The number of seeds per plant was
counted repeatedly at 10-14 days intervals
from September until all seeds had been re-
moved from the plants, either due to duck
foraging or natural seed fall. To follow seed
ripening, plants were randomly picked on
each sampling date in 1986. One hundred
Atriplex and the same number of Suaeda
seeds were picked and dried for 24 hrs at
80°C.

Inearly October 1986, the total seed crop
per ha was estimated for the northern and
the southern marsh along the Rome bar-
rage and for two sections of Ballum Fore-
shore. At 20 m intervals along the transects
the number of seed-bearing dicotyledons
was counted in 0.25 m? squares. The num-
ber of seeds per plant was counted for at
least 100 plants of each species.
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Results and discussion

Tidal flat feeding

Wildfow! numbers

Brent Geese and Wigeon were the most
numerous waterfowl species in the tidal
mudflats at Koldby Leje. In autumn 1983
the peak numbers were 4,500 and 8,000,
respectively, and in autumn 1986, 6,000 and
6,500, respectively. Wigeon arrived in the
middle of September (Fig. 2), peak num-
bers being reached from late September to
early October. Thereafter, numbers
dropped quickly; in 1985 a flock of
500-1,000 stayed until the end of November,
whereas in 1986, no Wigeon remained after
mid-October. In 1985 the Brent Geese ar-
rived late September, and peak numbers
were reached in October. In 1986, however,

numbers already began to decline after the
beginning of October. In 1985 the propor-
tion of juveniles in the flocks observed
throughout autumn was 35%, whilst in
1986 there were less than 1% juveniles. This
difference in age structure, apparently af-
fected neither time of arrival nor peak
numbers observed. In 1985 the Brent Geese
stayed until late November, whereas in 1986
they remained until mid-December.

Teal and Pintail were present in lower
numbers; maxima recorded were 1,000 and
600, respectively. Both had a phenology
similar to Wigeon, but numbers varied
much between days.

The estimated number of bird-days
spent on the mudflatsin the two autumns is
presented in Table 1. The number of Brent
Goose-days was almost similar in the two
years, whereas there was a 45% reduction
in Wigeon-days in 1986 compared to 1985.

g 59 Brent Goose g 5 Brent Goose
e 1985 %L 1986
3— 3‘
2‘ 2-
1 1_
1 1 1 1 I 1 I
§ 81 Wigeon
<, 1985
61 8 61 Wigeon
g o 1986
4 44
3 3
2 2
1 —rl—r—h. '
T f 1 T T 1
SEP ocr Nov DEC SEP ocT NOV OEC

Fig. 2. Autumn occurrence of Brent Geese and Wigeon at Koldby Leje in 1985 and 1986, expressed as average

numbers in 10-day periods.
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Table 1. Number of bird-days spent by the most nu-
merous wildfowl! species on Koldby Leje, autumn
1985 and 1986.

1985 1986
Brent Goose 176,200 143,400
Wigeon 176,500 96,700
Teal 19,500 23,000
Pintail 9,400 8,150

Feeding rhythm

During low water periods at day-time Brent
Geese and Wigeon arrived from the high-
water roost to the feeding grounds 3-4 hrs
before low tide, and left 3-4 hrs after. For
both species foraging was the predominant
activity during low water (Fig. 3a, b). Just
upon arrival and prior to departure the
birds were unable to reach the flooded ve-
getation, and were thus roosting. As soon
as they could reach the vegetation, feeding
was very intense and virtually without
breaks. The average active feeding period
in Brent Geese and Wigeon was 6 hrs 32
minutes and 6 hrs 26 minutes, respectively.

Feeding methods changed in response to
water level (Fig. 4). Brent Geese were ini-
tially swimming, and grazing Zostera
leaves by submerging the head or neck, or
by upending. When able to reach the bot-
tom, they typically paddled in the mud for
some time, but during most of the low
water period they grazed by walking on the
mudflats. Most of the feeding consisted of
pecking leaves, and only 5-10% of the birds
were grubbing. With the rising water the
reverse sequence of feeding methods was
observed.

Wigeon first fed by swimming, mostly
submerging the head or neck, but switched
to grazing by walking as soon as they could
reach the bottom. The Wigeon were mainly
grazing the leaves of Zosfera; between
20-35% of the birds were judged to be
grubbing, although this was sometimes
difficult to ascertain.

During the three night-time observa-
tions, Brent Geese were present on all three
occasions, whereas Wigeon were present
only on the first two. Although the light
conditions of the first two nights (overcast,
dark) differed from the conditions of the
third (bright, four days after full moon),
activity patterns did not change in Brent
Goose.

The period spent by the Brent Goose on
the feeding ground did not differ from the
day-time period (Fig. 3). The geese were
feeding actively until low tide when feeding
activity dropped, after which many birds
roosted in the gullies or on the edge of the
tidal flat. When the water rose the geese re-
sumed feeding, probably triggered by the
incoming water.

Wigeon started to feed approximately
half an hour later than during day-time, but
were feeding actively throughout the low-
water period.

The nightly active feeding period of
Brent Geese and Wigeon was on average 4
hrs 52 minutes and 6 hrs 16 minutes, respec-
tively.

Combined over 24 hrs, Brent Geese and
Wigeon were feeding actively for 11 hrs 24
minutes and 12 hrs 42 minutes, respectively.

Nocturnal feeding is well documented
for Wigeon (OWEN 1973, CAMPREDON
1981), but virtually undocumented for
Brent Geese. MAHEO (1976) did not record
night-foraging Brent Geese in the Zostera
beds in Golfe du Morbihan on the French
Atlantic coast, and other authors do not
mention the phenomenon (e.g., RANWELL
& DOWNING 1959, CHARMAN 1979).

Overlap in distribution

The overlap of Brent Geese, Wigeon and
Teal feeding in 50 m X 50 m squares was
examined with regard to spatial and tem-

11
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Fig. 3b. Feeding activity of Brent Geese and Wigeon at night at Koldby Leje in relation to tidal cycle (average
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+2 +3 +b

0-— . .
-2

Flak.

poral distribution. Temporal overlap ex-
presses simultaneous occurrence, i.e. the
degree to which particular species occur in
the squares at the same time.

The southern squares were in a depres-
sion, where a depth of about 5 cm water
was retained during low tide, whereas the

12

northern squares ran dry during low water.
Between the two substrates there was no
difference in occurrence of the three wild-
fowl species, and the overall spatial overlap
was high between all three species (Table 2),
indicating that the birds make use of the
same substrate.
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Fig. 3a. Feeding activity of Brent Geese and Wigeon during daytime at Koldby Leje (7 observation periods).

Temporal overlap of Brent Geese and
Wigeon was relatively high, in that the two
species often were feeding in mixed flocks,
walking over the mudflats at the same
speed. Teal, on the other hand, had little
temporal overlap with the two other spe-
cies. The three species often occurred
together in flocks, but Teal walked faster

over the substrate, leaving the two other
species behind.

Food and food consumption

Microscopic examination of droppings
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Fig. 4. Feeding techniques by Brent Geese and
Wigeon at Koldby Leje in relation to tidal cycle.
Hatched: feeding by swimming; open: paddling;
shaded: feeding by walking. Average of two observa-
tion days in early October.

revealed that Brent Geese and Wigeon fed
exclusively on Zostera, and that above-
ground parts predominated in the diet. In
three samples from October-November,
leaves made up between 85 and 91% of the
Brent Goose diet, and roots and rhizomes
the remainder. Only in a sample from early

Table 2. Overlap in spatial and temporal distribution
of Brent Geese, Wigeon and Teal in quadrats in Zoste-
ra vegetation at Koldby Leje.

Spatial overlap

Wigeon Brent
Brent 0.781 -
Teal 0.797 0.745
Temporal overlap
Wigeon Brent
Brent 0.563 -
Teal 0.142 0.106
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December was the proportion of leaves
lower, viz. 58%. In two samples of Wigeon
droppings from October, leaves made up 98
and 92% of the diet, respectively.

Food selection by Teal was not thorough-
ly investigated. Direct observations indi-
cated that Teal were filtering the top layer
of the muddy substrate, probably feeding
on seeds of Zostera and also invertebrates.
In a sample of Teal droppings, broken
shells of Hydrobia snails were frequent.

An estimate of daily food and energy in-
take for Brent Geese and Wigeon is shown
in Table 3. Computations have been con-
ducted under the assumption that the diet
consisted exclusively of Zostera noltii
leaves. Retention rates, achieved using ash
and lignin, did not differ significantly,
values shown in the table being averages
based upon the two tracer substances. The
calculated daily net energy intake of 986 kJ
for Brent Geese is somewhat higher than
the estimate for Brent Geese in winter, viz.
840 kJ (DRENT et al. 1978). The difference
may reflect that the geese put on weight in
autumn (FOG 1967), thereby demanding
more energy.

The estimated net energy intake of 592
kJ for Wigeon is somewhat lower than the
daily existence energy (DEE) predicted for
a 0.7 kg non-passerine by DRENT et al.
(1978), viz. 2.6x Basal Metabolic Rate
(BMR) (736 kJ) (formula for BMR from
ASCHOFF & POHL 1970, Wigeon weight
from BAUER & GLUTZ VON BLOTZHEIM
1968). It should be noted, however, that the
’marker substance’ method as applied here
is crude, because it only took above-ground
material into account, and so the results
must be regarded only as rough estimates.
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Table 3. Estimates of daily food and energy intake by Brent Goose and Wigeon feeding on Zostera noltii leaves.

All weights are in g ash-free dry weight.

Brent Goose Wigeon
Time on feeding ground (min) 684 762
Droppings per hour 17.0% 16.8°
Dropping weight (g) 0.452¢ 0.164¢
Daily defaecation (g) 87.6 35.0
Retention rate 0.35 0.46
Daily food intake (g) 134.8 64.8
Energy content of food (kJ/g) 19.4 19.4
Energy content of droppings (kl/g) 18.6 19.0
Daily net energy intake (kJ/) 986 592

Notes: a: n=6 block hours; b: n=3 block hours; ¢: n=187; d: n=99.

Zostera stock and wildfowl
grazing impact

In late August 1985, the above-ground
standing crop in the central part of the
Zostera bed amounted to about 60 g ash-
free dry weight (dwt) per m? (Fig. 5). From
late August to early December the biomass
gradually decreased, however, with a sig-
nificant difference between grazed and un-
grazed plots. In early December, the above-
ground biomass in the exclosures was
reduced by 59%, whereas in the grazed
plots the reduction rate was 89%. This 30%
difference represents the proportion con-
sumed by wildfowl. Other avenues of bio-
mass losses were: leaves dying off; leaves
breaking off; and leaf consumption by in-
vertebrates. In early December 1985, the
geese abandoned the mudflats at a stage
when the standing crop had been reduced
to0 6.6 g ash-free dwt/m?, or about 10% leaf
cover.

In late August 1985, below-ground bio-
mass was on average 36 g ash-free dwt/m”.
During the autumn season there was an
average increase of 26% in biomass in the
ungrazed plots, whilst a 29% decrease in
the grazed plots (Fig. 5). However, neither
the increase, nor the decrease was signifi-
cant at the 5% level (one-way analysis of

variance). By the end of October and in
early December there was, on the other
hand, a significant difference in biomass in
ungrazed plots (student t-test, t=3.807,
P <0.01, and t=3.424, P <0.01, respective-
ly). In December the biomass in the grazed
plots was 48% lower than in the ungrazed
plots. Thus, it is indicated that the wild-
fowl, and predominantly the grubbing
Brent Geese, affected the below-ground
biomass of Zostera as well.

Based upon both the mapping of the
Zostera bed and the linear correlation be-
tween leaf cover and above-ground bio-
mass established in 1985, the total above-
ground standing crop of the bed was esti-
mated at 38.8 tons ash-free dwt in early
September 1986, equivalent to an average
of 28.1 g ash-free dwt/m? for the whole
Zostera bed (138 ha) (cf. Fig. 8). In mid-
October, the standing crop had decreased
to 25.6 tons, and in mid-December to 1.2
tons, this being 3.1% of the early Septem-
ber stock.

To achieve an estimate of total annual
production, the value of the maximum
standing stock was doubled (PETERSEN
1913). This factor is known to underesti-
mate the production of Zostera marina
(SAND-JENSEN 1975, JACOBS 1979, WIUM-
ANDERSEN & BORUM 1984), but probably
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Fig. 5. Development in above-ground and below-ground standing crop of Zostera in grazed and ungrazed plots
at Koldby Leje during autumn 1985. Bars represent 95% confidence limits.

gives a reasonably good estimate for Z. nol-
tii (JacoBset al. 1981). For the Dutch Wad-
den Sea JACOBS et al. (1983) found that the
maximum standing crop of Z. noltii was
reached in August-September. Therefore, it
seems feasible to use the early September
value of 38.8 tons as the maximum stand-
ing crop. Total above-ground production
for the Zostera bed thus amounted to 77.6
tons ash-free dwt. From the estimate of the
total number of Brent Goose-days and
Wigeon-days spent in the area (Table 1) and
their daily food consumption (Table 3), it is
calculated that these wildfowl consumed a
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total of 35.2 tons and 25.6 tons in 1985 and
1686, respectively, of which the Brent Geese
consumed 68% and 75% of the biomass,
respectively. Between 1985 and 1986, there
were no apparent differences in either leaf
cover or Zostera distribution in the begin-
ning of the autumn season, so the maxi-
mum standing crop was assumed to be
similar for the two years. Thus, the con-
sumption by wildfowl was equivalent to
45% and 33% of the total production in
1985 and 1986, respectively, or 91% and
66% of the maximum standing crop. The
average grazing pressure was estimated at
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25.5 and 18.6 g ash-free dwt/m?, but was
higher in the central parts of the Zostera
bed.

Other studies have also evidenced that
wildfowl grazing impact on Zostera can be
considerable, although the values present-
ed in literature are lower than the values
from the present study.

For a Z. noltii bed in the Dutch Wadden
Sea, JACOBS et al. (1981) found that wild-
fowl in autumn grazed the area down to a
homogeneous stand with less than 10%
leaf cover, and consumed 26% of the annu-
al production, or 50% of the maximum
standing crop.

For an estuary in southern England
TUBBS & TUBBS (1983) found that grazing
wildfowl, especially Brent Geese, likewise
had a considerable effect on leaf cover of
Zostera spp.

In none of the above cited studies was the
consumption of below-ground biomass
quantified. In the present study it was indi-
cated that the wildfowl had an impact on
this part of the biomass as well.

Impact of Zostera stock on
Jfeeding performance

Feeding efficiency as determined from

feeding bout length and walking speed of
Brent Goose and Wigeon at different levels
of Zostera leaf cover, was compared (Table
4). Observations were carried out on birds
feeding in areas where leaf cover had been
assessed shortly before. For both species, it
was found that efficiency was heavily ham-
pered at low leaf cover. Thus, the birds had
to walk faster over the substrate and the
feeding bout length was reduced, indicat-
ing an increase in the distance between
profitable patches of Zostera therefore
resulting in the birds spending more time
searching.

Brent Geese changed feeding method in
response to the decreasing food supply,
whereas Wigeon had no alternative feeding
technique to which they could switch. On
six days in 1986, where observations were
performed over the entire low water period
and leaf cover had been checked in ad-
vance, Brent Goose flocks spending the
whole low water period in an area of even
cover were observed. When areas of for ex-
ample 10% and 90% leaf coverage were ac-
cessible, the geese selected the latter, but
were sometimes forced to choose the for-
mer, due to presence of hunters in the more
optimal parts of the Zostera bed (see next
chapter).

At high leaf cover the geese spent less
than 10% of the entire low water feeding
period paddling (Fig. 6). As the cover be-

Table4. Feeding parameters of Brent Goose and Wigeon at approximately 80% and 10-20% leaf cover of Zoste-
ra at Koldby Leje. Means, their standard deviations, and sample sizes are presented together with Student-t va-

lues and significance levels in two-tailed Student (-test.

80% 10-20%
X S.D. N X S.D. N t P

Wigeon

Feeding bout length (sec) 34.1 22.74 41 9.4 10.42 19 5.77 <0.001

Walking speed (sec for 10 steps) 38.4 37.63 32 10.7 5.08 20 4.10 <0.001
Brent Goose

Feeding bout length (sec) 36.0 30.14 19 9.7 6.62 32 3.75 <0.01

Walking speed (sec for 10 steps) 59.4 37.80 19 22.4 8.40 18 4.17 <0.001

17
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Fig. 6. Proportion of the low-water feeding period
spent paddling for roots and rhizomes of Zostera by
Brent Geese in relation to leaf cover.

came more sparse, the geese were paddling
to a greater extent, and at 10% cover they
spent almost half of the feeding period
paddling for roots and rhizomes.

Due to a higher intake of below-ground
parts, it was not possible to estimate food
and energy intake in geese feeding at low
Zostera cover. However, defaecation rates
indicated that profitability in terms of
energy intake was reduced. Thus, hourly
defaecation rate at 10-20% leaf cover was
estimated at 11.5 droppings/hr (3 hourly
blocks), versus 17.0 at 70-90% cover (6
hourly blocks) (Z = 5.83, P <0.05; for
statistical method see BEDARD & GAUTHI-
ER 1986).

CHARMAN (1979) studied the energetics
and performance of Zostera noltii feeding
Brent Geese in southern England. An ap-
parent threshold cover for Zostera leaf ex-
ploitation was determined as being around
15%, below which food consumption
decreased markedly, and time spent feed-
ing and also dispersion increased. In the
course of the winter, the geese shifted from
mudflats to salt marshes and agricultural
crops, and it was demonstrated that this
shift was related to the depletion of the
Zostera resources. The data from the
present study are in agreement with those
results of CHARMAN (1979), and it is here
added that the Brent Geese can also switch

18

feeding technique during instances of
decreasing resources.

The overlap in diet and the feeding con-
gregation of Brent Geese and Wigeon gives
rise, potentially, to interspecific competi-
tion. As the food stock at Koldby Leje was
gradually depleted over the autumn, the
competition probably became profound
and especially critical to Wigeon which did
not switch to the below-ground parts of
Zostera. No interference was observed be-
tween the two species, and it is
hypothesised that the interspecific compe-
tition is exploitative, limiting the number of
birds that can utilise the food supplies.

In Golfe du Morbihan (1961-79) it was
found that with the increase in the number
of wintering Brent Geese, which reflected
the general population increase, the num-
ber of Wigeon-days spent in the gulf
decreased (CAMPREDON 1982), and this
was suggested to be the result of inter-
specific competition for the Zostera
resources.

However, it remains to be tested ex-
perimentally whether interspecific compe-
tition does affect bird numbers, though
there are good reasons to believe that it
does take place.

Effect of shooting on wildfowl!
distribution

Shooting in the mudflats at Koldby Leje
was highly specialised. The hunters arrived
around 3 hrs before low tide, and walked
out on the still flooded mudflats. They
placed themselves on the small hillocks and
laid out duck decoys in the shallows nearby.
As the water fell, the hunters lay down on
the mudflat. Shooting was most intense
from 3 hrs to 1 hr before low tide. Some-
times, the hunters left the mudflats around
low water.

Hunting was concentrated to the period
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Fig. 7. Mean number of hunters present at Koldby
Leje during low-water periods in autumns 1985 and
1986.

from mid-September to late October (Fig.
7), this being highly related to presence of
dabbling ducks. There was, however, a big
difference in the average number of hunters
present between 1985 and 1986, and the es-
timated number of hunter-days over the
seasons was 30 and 121, respectively. The
peak number of hunters recorded was nine.
The hunters usually placed themselves in
the northern part of the Zostera bed. Only
a few times were hunters sitting in the
southern part, inside the Jordsand refuge
with a complete shooting ban.

The ducks and geese reacted strongly to
the presence of hunters and shooting,
which was documented by a natural experi-
ment. In Fig. 8 the size of the Zostera bed is
depicted during the periods from mid-
September to early October, and from mid-
to late October 1986, respectively, and in
parallel the distribution of wildfowl is
shown with and without hunters present on
the mudflats. Additionally, the distribu-
tion of wildfowl at night is shown. Flocks
of wildfowl mapped in the field have been
distributed in a 200m x 200m grid placed
over the field maps. Data for Wigeon and
Brent Geese have been pooled because
there was neither a significant difference in
the distribution pattern, nor in the reaction
to hunting.

Several points emerge from Fig. 8:

1) From mid-September to late October
the Zostera bed clearly diminished in
size and biomass. Only within a 100 m
radius around the observation tower
was a 75-100% leaf cover of Zostera re-
tained during late October.

2) When there were no hunters present,
wildfowl distribution was mainly over-
lapping that of Zostera, and the birds
were feeding in the zones with greatest
leaf cover. However, the observation
tower affected wildfowl in a radius of
150-200 m. In the second half of Oc-
tober the wildfowl concentrated in the
northeastern part of the bed.

3) Thenightly distribution of wildfowl was
almost completely similar to that of
day-time distribution, when the birds
were undisturbed.

4) When hunters were present, the wild-
fowl flocks were displaced from the
northern to the southern part of the
Zostera bed, or to the western and
eastern edges of the bed. From mid-
September to early October, the flocks
were able to withdraw to areas with
good leaf cover of Zostera. However,
during that period, hunters were present
most days and the increased grazing
pressure in the southern parts of the
Zostera bed led to a fast depletion of the
standing stock. During the second half
of October, there was less than 25% leaf
cover in those areas, to where the wild-
fowl were displaced due to hunting. In
late October, the presence of a single
hunter in the northern part was suffi-
cient to displace the birds.

The wildfowl responded quickly to ces-
sation of shooting. Twice it was observed
that the hunters left the mudflats around
low tide, and within the next hour all ducks
and geese switched from the southern and
eastern parts of the Zostera bed to the
northern part with good leaf cover.

In the course of the season, shooting be-

19




JESPER MADSEN

Zostera No shooting Shooting Zostera  Waterfowl
med. Sept. - med. Sept. - med. Sept. - coverage usage
pri. Oct. pri. Oct. pri. Oct. 175-100% 75-100%
7 | 50-75%  50-75%
8 Lo 2550%  25-50%
)
/@" 1 W,// /) (( 0-25%  0-25%
[ Jo-10% 0%
“ \ N
\_ « -hunter
o -observation fower
Zostera No shooting Shooting Night
med. - ult. med. - ulf. med. - ulf. med. Oct.
Oct. Y Oct. Oct.
N /
= | \

hS

Fig. 8. Zostera resources and distribution of wildfow! (Brent Geese and Wigeon pooled) with and without hunting activity at Koldby Leje, during two stages in au-
tumn 1986. Grid size is 200 mx 200 m. Waterfowl usage is expressed as percentage of the quadrat with the highest numbers. Each situation represents 2-3 complete
low-water periods with mapping every ¥ hr. The pooled numbers of hunters are shown.
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came an increasingly disturbing activity,
which was reflected in the flight distances
of the Brent Goose flocks. The flight dis-
tance of a flock was estimated using a walk-
ing person as a standard stimulus trigger-
ing escape flight. The distance from the ob-
server to the flock was controlled by pacing
out. In late September the flight distance of
a flock of 200-500 Brent Geese was on aver-
age2ll m(n = 10,S.D. = 32.4), whereas in
late October it had increased to 367 m (n =
8, S.D. = 51.6), which is significantly
higher (t = 7.46, P <0.001). Flight dis-
tances of Wigeon flocks were not quanti-
fied, but were comparable to those of Brent
Geese.
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Salt marsh feeding
Wildfow! numbers

The most numerous wildfowl around the
Rome barrage in autumn were Wigeon and
Teal. In 1985 peak numbers were 10,000 and
3,500, respectively, in 1986 15,000 and
2,500, respectively. Up to 700 Pintail, 2,500
Mallard Anas platyrhynchos, 900 Brent
Geese, and 500 Barnacle Geese Branta leu-
copsis were also present, but more irregu-
larly. Brent Geese occurred only in autumn
1985, and it was almost exclusively family
flocks, which visited the salt marshes.
Wigeon and Teal arrived from late Au-
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Fig. 9. Autumn occurrence of Wigeon and Teal at the Rome barrage in 1985 and 1986, expressed as average
numbers in 10-day periods. Hatched columns indicate the number of birds feeding in the salt marshes during
diurnal high tides, open columns the number resting during high tide.
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gust to early September (Fig. 9). For both
species, peak numbers were reached in the
second half of October, 2-3 weeks later
than at Koldby Leje. In 1986, many ducks
remained until mid-December.

In the beginning of the autumn staging
period, the ducks used the barragearcaasa
high water roost, and fed during low water
on adjacent mudflats north of the barrage.
From the end of -September, the ducks
started salt marsh feéding. In 1985, this
proceeded until late October, whereas in
1986 it continued until early November
(Fig. 9). In 1985, the ducks left the area
shortly after the salt marsh feeding period,
whereas many stayed longer in 1986. In No-
vember, following the salt marsh feeding
period, the remaining ducks roosted
throughout day-time, irrespective of the ti-
dal cycle. Evening flights of ducks into the
hinterland were observed and heard on
several occasions in November, though the
exact feeding grounds were not identified.
An indication of the Wigeon flight range
comes from a bag analysis (LAURSEN

100

10 \}/ \l/ -

Table 5. Estimated number of bird-days spent by
ducks feeding on seeds of salt marsh vegetation along
the Romao barrage, autumn 1985 and 1986. Brackets
indicate that the numbers are under-estimates.

1985 1986
Wigeon 101,000 227,000
Teal 51,000 38,000
Pintail 4,000 7,000
Mallard (9,000) (9,000)

1985), which showed that Wigeon were
shot up to 10 km inland from the Ballum
Foreshore, i.e. into Ballum Enge. Flocks of
Wigeon were also heard at night on Ballum
Foreshore.

The number of feeding-days spent by
ducks on the salt marsh vegetation is shown
in Table 5. There was a doubling in number
of Wigeon-days from 1985 to 1986, while
Teal and Pintail feeding-days for the 2 years
did not differ significantly. The higher
amount of Wigeon-days was the result of a
higher feeding intensity in the northern
marsh, while feeding intensity in the

Fig. 10. Diurnal feeding activity of

Wigeon at the Romo barrage dur-
ing October, in relation to the tidal
cycle (average of several observa-
tion periods). Bars show one stan-
dard deviation.
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southern marsh did not change noticeably.
This impression is based on the mapping of
the flocks during day-time. The number of
Mallard-days could not be ascertained be-
cause the Mallards occurred scattered in
small flocks in the ditches.

Feeding rhythm

During day-time in mid-October duck
feeding in the salt marshes was most in-
tense around high water (Fig. 10). During
low water, only about 10-20% of the ducks
fed, while the rest were roosting on the
mudflats beyond the marshes. The feeding
rhythms of Wigeon, Teal and Pintail on salt
marsh were identical. Whilst feeding in the
marshes the ducks concentrated in dense
flocks; in October up to 8,000 ducks in a
flock were observed walking over the
sward. During their stay in the marshes, the
ducks fed intensively. Thus, on average
97.7% were feeding while in the marsh.

204

154
Fig. 11. Development in average g
seed weight of Atriplex litoralis
and Suaeda maritima in autumn
1986.
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Nightly feeding activity could not be
quantified, but it definitely occurred. In
October, Wigeon and Teal were heard in the
marsh areas several nights.

Seed stock and impact of duck feeding

From early September to mid-October
1986, the weight of Atriplex and Suaeda
seeds more than tripled, and the maximum
average weight was reached in the second
half of October. Subsequently, seed
weights declined (Fig. 11).

The highest standing seed stock was
found on the marsh north of the Remeg
barrage, followed by the marsh to the
south, and the southern Ballum Foreshore
(Table 6). Seed crops of grasses and other
dicotyledons were negligible, and the
Salicornia zones were, according to map-
pings, little used by the ducks.

The results of the exclosure experiments
in 1985 and 1986 are shown in Figs. 12 and
13, respectively. In the marsh south of the

B Atriplex
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Table 6. Standing seed biomass of Suaeda maritima and Atriplex litoralis on foursalt marsh sections along the
Rome barrage and Ballum Foreshore, 1-10 October 1986. Mean seed weight of Suaeda and Atriplex was
0.0015 g dwt and 0.0017 g dwt, respectively, and mean number of seeds per plant 77.2 and 121.7, respectively
(no significant differences between areas).

Plants/m?

Seeds/m?

Seed weight (g dwt)/m?
Seed biomass (kg dwt)/ha

Plants/m?

Seeds/m?

Seed weight (g dwt)/m?
Seed biomass (kg dwt)/ha

Reme barrage North

Reme barrage South

Suaeda Atriplex
928.5 4.6
71680 560
107.5 1.0
1090

Ballum North

Suaeda Atriplex
38.1 204.8
2941 24924
4.4 42.4
470

Ballum South

Suaeda Atriplex
0.7 13.7
54 1667
0.08 2.8
29

Suaeda Atriplex
362.2 7.3
27962 888
41.9 1.5
434
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Fig. 12. Development in seed num-
bers per Atriplex plant (individu-
ally marked) within exclosures
and duck visited plots in the
southern marsh along the Romo
barrage during autumn 1985. Bars
show 95% confidence limits. Be-
low is shown the cumulative num-
ber of duck droppings counted
within permanent plots in the
same marsh.



Autumn Feeding Ecology of Wildfowl in the Danish Wadden Sea

Romeg barrage, for Atriplex seeds outside
the exclosures, the reduction (representing
the natural seed fall and seeds swept away
during flooding) was 52% from early Sep-
tember to late October in both years. In
other words, ducks consumed about half
the standing seed stock accessible. In 1985,
the Atriplex seed stock was depleted by the
ducks in mid-October, while in 1986 this
did not happen until early November. The
dropping counts in 1985 showed that the
substantial decline in seed stock was cor-
related to duck utilisation (Fig. 12). Flood-
ing of the marshes and associated wave ac-
tion was another major contributor to seed
removal. After a period of flooding, a rim
of seeds could be found along the barrage
and the Ballum dykes. In the northern
marsh dominated by Suaeda, the same pat-
tern of seed removal was observed. From

early September to early November 1986
the number of seeds per plant in the sample
plots was reduced by 92%, and in the ex-
closures by 58%. Thus, the ducks con-
sumed about 40% of the seed stock avail-
able, and the rest either fell off or was swept
away during flooding. It is unknown to
what extent the ducks fed on the seeds that
had fallen off, but observations indicate
that most ducks were picking seeds from
the plants.

On the southern Ballum Foreshore seeds
were counted on Suaeda plants on 2 Oc-
tober and 6 November 1986. Over that per-
iod, the average number of seeds per plant
declined from 82.3 to 41.5, equivalent to a
50% reduction. This is comparable to the
exclosure plots in the marsh north of the
Romg barrage, indicating thliat there had
been no significant duck grazing.

) Suaeda maritina
100+ Northern marsh
. 1 l l l 1986
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Fig. 13. Development in seed num-
bers for Suaeda and Atriplex Atriplex  liforalis
plants within exclosures and duck Southern marsh
visited plots in the marshes north l 1986
and south of the Remo barrage '—:t_‘v 200 \l
during autumn 1986, Bars show g
95% confidence limits. &
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Impact of seed stock on foraging

The decreasing seed stock had a significant
effect on duck foraging. This was demon-
strated by the foraging parameters, walking
speed and pecking rate, deployed by Wige-
on feeding on Atriplex (Fig. 14). Unfortu-
nately, it was not possible to relate the fee-
ding parameters directly to seed density.
However, as the curves in Fig. 13 show, date
gives an approximate indication of density.

Walking speed was highly affected by the
decreasing seed stock. In the start of the
salt marsh feeding period the Wigeon lay
down in the vegetation, stripping the seeds
off the plants in the immediate surround-
ings. Later on in the season the ducks had
to move continuously while feeding. At
first, the ducks could compensate for
decreasing seed density by walking faster,
and pecking speed was not affected.
However, by 6 November pecking speed
had also decreased. This was the last date
on which the ducks were seen feeding in the
marshes.

354
walking §
30

25+
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Fig. 4. Feeding parameters of Wigeon feeding on
Atriplex seeds in the marsh south of the Remo bar-
rage, autumn 1986. Walking speed expressed as the
time it took to make 10 steps, pecking speed as the
time it took to make 10 pecks. Bars show 95% confi-
dence limits.
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Effect of shooting

The hunting practice and its effect on wild-
fowl utilisation of the Ballum Foreshore is
dealt with in detail by LAURSEN, FRIKKE &
BOGEBJERG (unpublished). They indicate
that despite the fact that shooting closes
1 1/2 hrs after sunset (in November-De-
cember 1 hr after sunset), the ducks do not
visit the marshes at night to any significant
extent. Only in the outer marsh zones were
duck droppings found at fair densities, but
even then only infrequently over the au-
tumn, and never at densities comparable to
those found in the marshes along the Reme
barrage. Flocks of ducks were also only
heard infrequently at night. These findings
are supported by the seed counts in the Bal-
lum marshes, which gave no indication of
duck exploitation.

Apparently, despite the night-time being
peaceful, the ducks did not feel safe enough
to fly into the marshes when there was
shooting during the preceding dusk. This
has also been demonstrated by JAKOBSEN
(1986), who made counts of dabbling ducks
at night in the Skallingen salt marshes in
the northern part of the Danish Wadden
Sea. On nights when shooting had not oc-
curred during the previous dusk, the num-
ber of ducks in the marshes was six times
higher than compared to nights when there
had been shooting during the previous
evening.

Conclusions

The Danish Wadden Sea is situated in the
migratory tract of the northwest European
population of Wigeon numbering around
750,000 birds (RUGER et al. 1986) and of
the Siberian population of Dark-bellied
Brent Goose numbering 150,000-200,000
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birds (IWRB GOOSE RESEARCH
GROUP unpubl.). The number of wild-
fowl, that can be counted at any one time in
autumn, does not give a realistic picture of
the total numbers passing through and
making use of the food resources during
autumn. Indeed, the turnover rate of birds
is probably high. For the Northfriesian
Wadden Sea just south of the Danish part,
PROKOSCH (1984) found that the maxi-
mum staging period of Brent Geese was
four weeks. Thus, over the autumn season
probably double, or more, of the peak
numbers present at a given time stay for a
shorter or a longer period.

Within the study area, a temporal se-
quence of habitat shifts by wildfowl could
be ascertained (Fig. 15). Wigeon first fre-
quented the tidal mudflats, then the salt
marshes, and finally the hinterland
pastures. Brent Geese stayed on the mud-
flats throughout autumn 1986, but in 1985
part of the staging population shifted to
the salt marshes. In Fig. 15, the arrows indi-
cate that an unknown proportion of the
staging population is exchanged over the
season.

The wildfowl exerted heavy grazing pres-
sure on the food supplies, both on the mud-
flats and on the salt marshes. By the time
the birds abandoned Koldby Leje and the
Reme barrage marshes, the food resources

had been exhausted to an extent where
feeding efficiency was hampered, and
foraging probably no longer profitable (for
Brent Goose, see also CHARMAN 1979).
The depletion of food supplies, in part,
presents a meaningful explanation as to
why wildfowl shift between habitats, and
ultimately leave the area.

However, shooting actively modified
movement patterns. On the mudflats hunt-
ing was a disturbing activity, displacing the
ducks and geese to areas where food sup-
plies were quickly depleted, such that feed-
ing efficiency of the birds quickly
decreased. Even if the birds were allowed to
feed undisturbed at night, this was prob-
ably not sufficient to fulfil their energy de-
mands. Wigeon, especially, were affected
because they were dependent on above-
ground parts of Zostera, whereas Brent
Geese could cope better because they were
able to switch to below-ground parts.
However, in 1986, both the major part of
the protected Brent Geese and the hunted
Wigeon left the mudflats before the
resources were exhausted, and this is inter-
preted to be a result of shooting disturb-
ance. To the ’luck’ of the Brent Geese,
shooting ceased when the ducks emigrated.
The remaining geese could thus stay un-
disturbed and utilise the rest of the Zostera
supplies.

N

TIDAL FLATS
1

U
|

Fig. 15. A generalised outline of
the movements between habitats
Jor Wigeon over the autumn sea-
son in the Danish Wadden Sea.
Arrows indicate that an unknown
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Asthe Zostera stock decreased, exploita-
tive competition between Wigeon and
Brent Goose was another agent forcing
particularly the Wigeon to leave. Shooting
disturbance made the interspecific compe-
tition critical at an earlier stage in autumn
than would be expected without shooting.

The Wigeon-grazing of seed in the salt
marshes coincided with seed ripening.
However, this time period also coincided
with the time when shooting disturbance
on the mudflats became critical, with the
result that the ducks migrated from there.
Thus, it cannot be said conclusively
whether the ducks actually timed their

Dansk resumé

flight to seed ripening, or whether shooting
modified their movements. A combination
of the two factors is feasible. Shooting in
the Ballum Foreshore prevented the ducks
from using those marshes in the day-time,
and night-time feeding was not prevalent
either. When food resources along the pro-
tected Remo barrage were depleted, the
majority of the ducks were thus forced to
leave the area. The remaining ducks only
fed at night and in other areas. Thus, shoot-
ing affected the activity of the ducks and
also prevented them from using potential
resources. In consequence, the ducks had
to leave the area prematurely.

Fodeokologi hos plantecedende andefugle i Vadehavet om efterdret, og fo-
demcengdens og jagtens effekt pa flokkenes treek.

Den sydlige del af det danske Vadehav (Fig. 1) er
en vigtig efterarsrasteplads for store flokke af
svemmeender og knortegaes. 1 september-ok-
tober forekommer op til 6.000 knortegaes og
8.000 pibeaender pa vadefladerne ved Koldby
Leje, Jordsand Flak (Fig. 2), hvor de afgraesser
en stor banke af dlegrees; senere i oktober-
november opholder op til 15.000 pibezender og
3.500 krikeender sig ved Remedaemningen (Fig.
9), hvor de tager fro af marskplanterne.

Formaélet med dette arbejde har veeret at be-
skrive forekomsten af andefugle og undersoge
deres skologi under opholdet i Vadehavet. Det
centrale spergsmal var: hvad betinger antallet af
fugle i omradet, og hvad forarsager treek-bevae-
gelserne mellem delomraderne? I hvor hej grad
udnytter fuglene foderessourcerne, og har jag-
ten, der drives pa vadeflader og forlande, en for-
styrrende effekt, sa fuglene ma treekke bort, in-
den feden er brugt op?

Ved Koldby Leje kan andefuglene kun na ale-
greesset fra ca. 3 timer for til 3 timer efter lav-
vande. Ved lavvande i dagtimerne fouragerer
fuglene nzesten uden ophold (Fig. 3a). Ved
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hjeelp af en lysforsteerkende kikkert blev det
pavist, at fourageringen ogsa pagar om natten
(Fig. 3b); pibezenderne fouragerer med samme
intensitet som om dagen, mens knortegaessene
afbryder fourageringen midt i lavvandsperio-
den. Pa det 138 ha store alegreesbed, der
primeert bestar af dveergdlegraes (Zostera nol-
tii), star der i september ca. 39 tons overjordisk
biomasse (terveegt). I lobet af efteraret falder
den overjordiske biomasse drastisk (Fig. 5), s&
der i december kun star omkring 1 ton tilbage
(3%). Andefuglene konsumerer mellem 26 og
35 tons i lebet af efteraret, svarende til 66-91%
af den maksimale biomasse, eller 33-45% af
arets produktion. Den @vrige reduktion skyldes
naturligt henfald og planter, som knaekkes af
bolgeslag. Ogsa den underjordiske biomasse af
alegraesset tages af fuglene og specielt af knor-
tegeessene som »tramper« rgdder og jordstaeng-
ler frem af sedimentet. Ved s@sonens slutning
var der 48% mere biomasse i ugreessede end i
greessede felter (Fig. 5). Den faldende fede-
meengde reducerer andefuglenes effektivitet un-
der fedespgning (Tabel 1). P4 grund af den fal-
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dende fodemeengde stiger fodekonkurrencen
mellem knortegeessene og pibeznderne. Knor-
tegeessene klarer sig tilsyneladende bedst, idet
de gradvist skifter over til at tage redder og jord-
steengler af alegreesset, mens pibeaenderne, der
udelukkende tager bladene, nodsages til at
forlade omradet.

1 1985 blev der kun drevet jagt pa vaderne i fa
dage; i 1986 steg jagtintensiteten imidlertid
kraftigt (Fig. 7). Den egede jagt forringede
fuglenes muligheder for at sege fade (Fig. 8). P4
dage uden jagt fordelte andefuglene sig jeevnt
over alegreesbeddet. P4 dage med jeegere for-
treengtes fuglene til den sydlige zone, der er en
del af Jordsand reservat med jagtforbud. Her
blev &legreesset nedgreesset i lobet af kort tid, og
i midten af oktober var der kun alegrees tilbage
i jagtzonen. Pa dage uden jeegere fouragerede
fuglene, men pa dage med jeegere fortraengtes de
igen til den fredede zone, hvor alegreesset alle-
rede var nedgreesset. Om natten fouragerede
fuglene i jagtzonen. I 1986 forlod @nderne
Koldby Leje tidligere end i 1985, hvilket kunne
have veeret forarsaget af, at fuglene ikke kunne
fa deekket deres fadebehov pga. den jagtlige for-
styrrelse pa alegreesbeddet i dagtimerne. Ogsa
antallet af knortegees, der er jagtfredede, blev
reduceret. Jagten opherte imidlertid, da zn-
derne fortrak, og knortegeessene kunne séledes
¢a uforstyrrede pa det resterende &legraesbed
resten af efteraret 1986.

P4 Remedemningens forland fouragerer
aenderne iszer i timerne omkring hgjvande (Fig.

Peswome Ha PYCCKOM H3HKE:

10). Deres forekomst pa forlandet i oktober er
sammenfaldende med fremodningen hos
fodeplanterne Strandgasefod (Suaeda mariti-
ma) og Strandmeelde (Atriplex litoralis) (Fig.
11). 1 begyndelsen af oktober 1986 var der en
freseetning pa op til 1 tons terveegt pr. ha. Op-
teelling af fre pa hhv. planter, der blev afgraesset
af zenderne, og pa planter, der var indhegnede,
viste at eznderne i lebet af oktober konsumerede
omkring halvdelen af freszetningen. Resten blev
tabt naturligt eller skyllet bort ved oversvem-
melse af forlandet. I 1985 var neesten alle frg
forsvundet i midten af oktober, 1 1986 forst i be-
gyndelsen af november (Fig. 12 og 13). Pa
samme tid opherte zznderne med at ga pé for-
landet. Hovedparten trak bort, mens den
resterende del dagrastede pa vaden ud for
forlandet. De fouragerede udelukkende om nat-
ten, enten i landet bag digerne eller pd Ballum
Forland. Pa grund af jagt kunne senderne ikke
fouragere frit pa Ballum Forland om dagen, og
pa trods af stor fraszetning viste opteellinger af
ande-ekskrementer, at forlandet kun blev benyt-
tet ekstensivt om natten.

Det konkluderes, at antallet af andefugleidet
sydlige Vadehav er reguleret af fedemaengden,
og at trackket mellem delomrader og i sidste
ende sydpa til overvintringsomraderne forar-
sages af de svindende ressourcer. Jagten bevir-
ker, at fuglene ikke kan udnytte ressourcerne
maksimalt, men méa trackke bort tidligere end
nedvendigt.

SKOJIOTUA HNUTAaHUA TPABOAOHMX FTUHHX HE HATCKHUX MOPCKHX OTMEenAX OCeHbW, M addexr

HANUUYHOIO KOJMYECTBA NUHY ¥ OXCTH Ha nepeneTh crai,.

0%HaA YACTh HATCKUX MODCKUX orMerneit
(®ur. I) CAYXHT BaXKHHM MECTOM OCEHHEro
npuBana 1A GONBUKUX CcTal BOAOMIABANWXX
yTOK ¥ Kasapok. B ceHTalpe-oxTalpe IO
6.000 xaszapok u 8.000 csusselt BcTpeuanTcH
Ha npocTpaHcTBax otMenelt y Konw6u Jlefie u
menu Mopmsaun ®nax (®ur. 2), roe OHH
CTPaBAMBAKT OOMUDHYK GaHKy C BOISHOR
TpaBoil, a nos3nHee B OKTAGDe M Hoalpe

no I5.000 cBusseff u 3.500 uupKOB-CBU~-
CTYHKOB OGMTaWT y MIOTHHH K OCTDPOBY PEME

(dur. 9), rme oHM WMIUINT BepHa pacTeHui
Ha TONM.

lenbk HACTOSmMETO TDyIa OHIO ONMCATEH
MECTOHaXOKHEeHuSA YTUHHX M MCCJENOBaTDH UX
3KOMOTUK BO BpeMs NpelHBaHUA HA MODPCKUX
oTMenAX. lleHTpanbHHM BONPOCOM OHIO: OT
yero 3aBUCUT UKCJIEHHOCTHL INTUL B ITOM
paftose, ¥ UTO BHIHIHBAET WX NepeneTH U3
onHoro nopmpaliona B mpyroii? lo xaxoiff cre-
MeHy MCHONL3YKWT NTULH PECcCyYpPCH NMumU, ¥
OKa3HBAET-NM BENYLAACH HA MENKOBOINHHX
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IpocTpaHCTBAX ¥ Geperax 0X0Ta Kakoi-HuU-
6ynb Hapywawouuid nokofi adderT, sacTaBua-
ouui nTuy yierarb, He ycnes NOTPeOCUTH
BCW MUEY?
¥ KonbGu Jleiie yTuHHE MOTyT HOCTATh
BOOAHYW TpaBy TONBKO OT npuéi. 3 uacos
O oTnMBa IO Npuli. 3 YacoB NOCJe Hero.
Bo Bpems oTnuBa nHeM NTUUN (ypaxupywT
nouryu HempepsBHo (®Pur. 3a). Ipu nomomu
cBeTOB3PPHeKTHBHOro OMHOKINA OHIJIO BHSACHEHO,
uTo $ypaxupoBaH¥Ee TaKXe NPONCXOHMT HOUBK
(Pur. 3b); cBMA3K PYyPaxXUPYHT TaK-XKe MH-
TEHCUBHO, KaK JIHEeM, MeXIy TEeM KaK Ka3apKu
npepHBanT $ypaxupoBanue B CepenMHE NepU—
ona ornusa. Ha o6pocumem BonmsHoO# Tpasoil
npocTpaHcTBe B 138 ra, TjaBHHM 00pasoM
nokpsToM Menkod Tpasoit ZosbBera noltii,
B ceHTAlpe uMeeTcs npuba. 39 TOHH HaA3eM—
Hofi GuomaccH (mo cyxoMy Becy). B TeueHue
OCEHM KONMUEeCTBO HAL3eMHOM 6uoMacCH DesKO
noHuxaercsa (dur. 5), Tax uTo B mexalpe
ocTaeTcH TOABKO okono I TomHM (3%). B Te-~
yeHue OCEeHM yTHHHe norpebnsawt or 26 mo 35
TOHH, YTO COOTBETCTByeT 66 — 9I% MakcuManb-
HOrO KOJUuecTBA OuoMmacchH unu 33 - 45% romo-
. Boif npomykuuum. OcTanbHOe MNOHUXEHUE KONU-
uecTBa OCBACHAETCH €CTECTBEHHHM pacnanoM
¥ nOonoMKOW pacTeHuil Bonuamu. llomsemHas
6uomacca M3 TpaBH Tak¥e NoTpebnAercs OTH-
uaMu, B OCOGEHHOCTHM Ka3apKaMu, "BHTANTH-
BawEMM¥" M3 OTCTOS KODHUM ¥ NOL3EMHHE Ya-
CTH CTeGenbKOB. B KOHIE Ce30Ha Ha HeCcTpaB-—
NeHHHX HTHLAMM yuacTkax Owmo Ha 48% Gonnue
GuOMaccCh, ueM Ha CTpaBieHHHX (dur. 5).
JueHbLawmeeca KONMYECTBO NMEM NoHUxaeT 3d-
PexTUBHOCTEL NOUCKOB €& yrTuHmMmu (Taén. I),
¥ CODEeBHOBaHNE MexINy KasapKaumy ¥ CBUA3IAMHN
o6ocTpAaercs. Kak kaxercs, Kasapxku ayume
NPUCTOCOONANTCH K 3TOMY, INOCTENEeHHO mepe-
XOnsi Ha NUTAHNE KOPHAMU U TON3EMHHNMU Ua—
CTAMM CTeGenbKOBP BONAHON Tpass, MeXNy TeM
KaK CBUASH, NATANMNECH TONBKO JIUCTUKAMMA,
NPUHYXIAWTCA OCTABUTH NaHHH{ paiioH.
B I985 r.
GHJIO TONBKO HEMHOTO HHel OXOTHj; 3aTO MH-

Ha MEeNKOBOJIHHX IIPOCTPaHCTBaAX

TEHCUBHOCTE OXOTH B 1986 r. CUNBHO TMOBH-
cunacs (®ur. 7). Bonee uuTeHcuBHAs oXoTa
YXYyAmaeT BO3MOXHOCTY MOKCKA NMKLM IITHUAMK
(Pur. 8). B nHu Ges OXOTH, yTHHHE PABHO-
MEpHO pacHnpefensnuch 10 BCEeMy y4acTKy C
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BONAHOW TpaBoil, @& B OHM C OXOTHMKAMU NTHU-
Ul BHTECHANMCH B W0XHHA yuacTok, cocCTaB—
nawguit yacTs MOpH3aHICKOro 3aNOBENHHKA,
rHe OXoTa 3amnpemeHa. 3Aech BOAAHAA Tpasa
Guna CTPaBjeHa B TeyeHHe KPATKOTO BPEMEeRHU,
¥ B cepenuHe OKTAGDPS ocTanach BOAAHAS
TpaBa TONBKO B 30HEe OXOTH. B mHu (e3 oXoT-
HUKOB OTHUH (yDAXUpPOBANMU, HO Np¥ MNOABIE—
HUM OXOTHMKOB CHOBA BHTECHSJIMCH B BOHY
3an0BenHMKa, The BONAHOW TpaBwm yxe He
6nno. Hourkw nruum Hypaxuposanu B 30HE 0XO0-
rs. B 1986 rony nTuns nokurynu Konsou Jleite
paHbme, ueM B I985-M, UTO MOTNO OCBACHSTb—
Cs HEBOBMOXHOCTHI YIHOBIETBOPEHMS MX IO-—
TPeGHOCTH B MUme BCIeNCTBME HapPyUEeHUs HUX
NOKOA HA yyacTKe ¢ BOASHON TpaBoil oxoroit
BO BpeMsl NHEBHOLO cBeTa. [IOHMBUNACH TAaKXe

YMCIEHHOCTH Ka&3apoK, Ha KOTOPHX 0X0oTa 3a-
npemeHa, ODHakKoO, 0X0Ta KOHYMAACH OZHOBpE-
MEHHO C OTJIETOM YTOK, TaK YTO Ka3apKu
no koHuna ocedu 1986 r. MOTnAM CHOKORHO
WCTIONE30BATH OCTABUMICH JUACTOK C BOXAHON
TpaBof.

Ha npu6peXHOM YUaCTKe Hepexn IioTuHOR X
ocTpoBy PEémE yruHHe B ocoleHHocTM Qypaxu-
pyr B uYacH oxono mpunuBa (dur. IO). Mx
nofABJE€HWe B 3ITOM yyacTKe B OKTAGDE COB~-
magaeTr ¢ Co°pEeBaHMEM CEeMAH CIYyXamuX UM
IiA numu pacTeHuii, npuGpexHoli rycuzol
nanky (Suaeda maritima) u npubpexsHoll kpa-
muBn (Atriplex litoraslis) {(@mur. II). B

Hauane oxkTaAGpa I986 r. KOIMUYECTBO BTHUX

CeMAH COCTaBnano Jo I TOHHH CYXOro Beca
Ha ra. [loncueT CeMAH Ha DPACTEeHMsX, CTPaB-
MeHHHX YTHHHMH, ¥ Ha OTODOXEHHHX DPacTe-
HUSAX IIOK&a3ajl, 4YTO YTUHHE B TEUEHMUE OKTH-
6pss NMOTPeOMNIU OKONO INOJNOBMHH BCEX CEMSAH.
OcTanbHOe KONKUECTBO AuGO OTHANO ecTecT-
BeHHHM 00pa30M, NuGO OpPONAano HpH HaBOI-
HEeHMAX NnpubpexHoro yuacTka. B 1985 r.
MOYTH BCe CEeMeHa MCUe3NM B CepenuHe
OKTsAGPA, a B 1986-u TonbKO B Hayame HO-
a6pa (dur. I2 u I3). OnHOBDEMEHHO C

3TUM YTUHHE IIePecTanyu XOOMTH MO HNpUSDex-—
HOMY Y4YaCTKy. HauGonbuwasg u4acTh MX yneTena,
a ocTanbHHE NHeM OTIANXAan¥ Ha OTMenu nepen
npulpexHyM yuacTkoMm. OHM dypaxuposanu
TONBKO HOYBW, JNMOO HA yUaCTKax 3a NAOTHU-
HaMu, nAKUGO Ha NpuCpexXHOM yuacTKe bBannym.
IHeM OHM BCHeNCTBME OXOTH He MOTLAH CHo-
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KOWHO (QypaxuMpoBaTh Ha yuacTKe bBamnyMm, u,
HEeCMOTDs Ha M3OCUIME COBPEBUUX B 3ITOM
yYacTKe CeMsiH, HOACYEeTH UCHDaxHeHu# yTok
noKasan#u, 4TO ITOT YUACTOK IKCTEHCUBHO
MCIIONBL30BANCH TONBKO HOUBK.

{is sroro crneayeT, UTO YMUCJIEHHOCTHL yTU~
HHX Ha WAHOW UACTH HATCKUX MODCKUX OTMe-
nefl peryauMpyercs KONMUEeCTBOM HANMUHOR
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