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Abstract

Madsen, J. 1989: Spring feeding ecology of Brent Geese Branta bernicla: annual
variation in salt marsh food supplies and effects of grazing on growth of vegeta-
tion. - Dan. Rev. Game Biol. 13 (7).

In the spring seasons 1986-1988 grazing by Brent Geese on salt marsh vegetation
was studied in two localities in the Danish Wadden Sea: the island Langli and the
foreshore Indvindingen. On Langli, goose grazing pressure in a Puccinellia com-
munity varied between 31 (1987) and 65 goose droppings per m? (1988) cumulated
over the spring season, equivalent to a consumption of 47 to 97 g dwt per 1a*. Esti-
mates of net above-ground primary production (NAPP) of grazed Puccinellia
(from mid March to early June) varied between 54 (1987) and 114 (1988) g dwt per
m? Weekly addition of fresh goose droppings (in the same number per area as
found in the grazed sward) to exclosed Puccinellia plots increased NAPP com-
pared to control plots (87 vs. 28 g dwt per m?). In the grazed sward protein content
remained high (30%) throughout spring, whereas in control plots it decreased (to
25%). Simulated grazing of Puccinellia did not change NAPP significantly com-
pared to control plots.

1t is concluded that Brent Geese depleted the Puccinellia food supplies, which
had bearing on goose numbers. Food supplies varied between seasons as a result
of difference in weather conditions. The geese stimulated vegetation growth by
defaecation.

Author’s address:
Game Biology Station
Kale

DK-8410 Ronde
Denmark
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Introduction

In spring the major part of the world popu-
lation of Dark-bellied Brent Goose Branta
bernicla bernicla is concentrated in the
Wadden Sea (EBBINGE et al. 1981,
PROKOSCH 1984, MADSEN et al. in press),
building up bodily nutrient reserves, which
are vital for later reproduction on the high-
arctic Siberian breeding grounds (EBBINGE
et al. 1982, THOMAS 1983). During the
staging period, the geese feed on natural
and semi-natural salt marshes. When they
leave in late May they fly almost non-stop
to the breeding grounds. Thus, the acquisi-
tion of nutrient reserves is dependent on
the amount and quality of the spring
forage.

From the 1960s to the 1980s, the popula-
tion has increased from approximately
40,000 to 150,000-200,000 geese (IWRB
GOOSE RESEARCH GROUP, unpubl.).
It has been hypothesised, and indirectly in-
dicated by counts, that the habitat capacity
(defined as the number of geese an area can
support without detrimental effects on the
vegetation) of some of the Dutch spring
staging areas has been reached (EBBINGE
1979, EBBINGE & BOUDEWLIN 1984). Inten-
sive Dutch studies of exploitation of salt
marsh vegetation by the Brent Geese flocks
(DRENT & VAN EERDEN 1980, PrOP &
LOONEN in press) have also shown that the
geese heavily graze Plantago maritima, one

—_—

SW Jutland

site 11

Fig. 1. Langli study area. Shaded areas
represent dunes. In site I (northern
salt marsh) dropping counts and ex-
closure experiments were conducted,
whereas in site Il (southern salt
marsh) only dropping counts were
performed. Positions of Langli (A)
and Indvindingen (B) are indicated on
inserted map.
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of their primary food plants, so leading to
depletion of local food supplies.

It is too early to evaluate possible density
dependent impacts of food limitation in
spring on reproductive output of the popu-
lation. One question is whether or not the
situation found in the Dutch Wadden Sea is
general for the rest of the spring staging
range.

The objective of this work has been (1) to
assess annual variation in spring standing
crop and productivity of salt marsh vegeta-
tion in the Danish Wadden Sea and exploi-
tation rates by Brent Geese, and (2) to ana-
lyse some mechanisms by which the forag-
ing goose flock affects the growth of vege-
tation, viz. fertilising effect of faeces and
removal of biomass by grazing.
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Study area

The study was carried out in spring over the
years 1986-1988 on theisland of Langli (105
ha) in the northern part of the Danish Wad-
den Sea (Fig. 1). The soil is sandy with a
thin layer of clay in low-lying areas. The
northern and southern ends of the island
are salt marshes, approximately 50 hain to-
tal. The lower parts are dominated by Puc-
cinellia maritima, with Plantago maritima
and Artemisa maritima, and the higher

areas by Festuca rubra with Juncus gerardi.
Theisland is a nature reserve and since 1981
there has been no agricultural practice.
Prior to 1981, the island was used for cattle
grazing in summer for decades.

In spring 1986, a supplementary study
was carried out on Indvindingen, a 130 ha
foreshore created by land reclamation, fur-
ther south in the Danish Wadden Sea (Fig.
1). Here, the salt marsh is dominated by
Puccinellia maritima with Plantago mariti-
ma, and is subjected to grazing by cattle
from June to October.

Weather conditions

Weather conditions in spring 1986-1988
differed greatly. Meteorological data were
available from Szedden Strand meteorolo-
gical station, situated six km east of Langli.
The date for which the temperature sum
t-200 (the daily mean, positive tempera-
tures (°C) summed from 1 January) was
reached, was used as anindicator of start of

900+ - — - 1986 i
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Fig. 2. Development of daily mean, positive tempera-
ture sums (°C) from 1 January to 31 May, 1986-1988.
Doates for which t-200 was reached are indicated (tem-
peratures registered at Scedden Strand meteorologi-
cal station six km east of Langli).
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the growing season. Fig. 2 shows that in
1986 and 1987 t-200 was reached on 23
Aupril, and in 1988 on 18 February.

The monthly precipitation is presented
in Tab. 1. It was about normal in April and
May 1986, May 1987 and 1988, whereas
precipitationin April 1987 and 1988 was far
below normal. In all three years, and espe-
cially in 1988, precipitation in March was
above normal.

Methods

Counts of birds, including geese, are rou-
tinely made by the staff at Langli field sta-
tion. In March to May 1986-88, counts were
performed on average every second day.

To elucidate food selection, fresh goose
droppings were collected from the northern
Langli salt marsh in mid April, early May
and late May during both 1986 and 1987.
Each sample consisted of 20-30 droppings.
From a microscopical examination of
epidermal plant fragments in the drop-
pings, the frequency of component plant
species in the diet was estimated by use of a
point quadrat analysis (OWEN 1975).

The timing and intensity of goose graz-
ing in the Puccinellia zone in the northern
and southern salt marshes (sites I and II,
Fig. 1) was measured by counting goose
droppings in 10 permanent circles (12.6 m?)
situated at intervals of 20 m along a tran-
sect in each marsh. In both areas the tran-
sect was placed in a homogeneous sward,
approximately 100 m from the coast. Plots
were marked with 10 cm high pegs. Once a
week in the spring seasons of 1986-88,
droppings were counted and then
squeezed, or if dry, removed. In 1987, an
additional transect was placed in the Fesfu-
ca zone in the northern marsh.

In spring 1987, an experiment was set up
in the Puccinellia zone in the northern
Langli salt marsh (site I, Fig. 1) to estimate
net above-ground primary production

Tab. 1. Monthly precipitation in mm, March to May
1986-1988, compared to normal (average for the peri-
od 1931-1960). Average values for Ribe county (based
on monthly reports from the National Meteorologi-
cal Institute).

Normal 1986 1987 1988
March 37 63 49 115
April 41 40 23 23
May 42 50 51 45

(NAPP) in a) grazed, b) ungrazed, and ¢)
ungrazed vegetation with fresh goose drop-
pings added.

NAPP of vegetation ungrazed by geese
(i.e. b and c) was estimated by use of ex-
closures. On 24 March, before the geese
started visiting the salt marsh, four 3 m? ex-
closures were established at approximately
30 m intervals along a line in a visually
homogeneous Puccinellia sward. Ex-
closures were constructed of stakes (height
40 cm above-ground) connected with
strings at two heights. Geese grazed freely
immediately outside the exclosures. Two
exclosures were used as control plots; in the
other two, fresh droppings (produced on
the same day) were added once a week in
the same number per area as they were
counted in the permanent counting plots
visited by the geese.

Standing crop was estimated on four oc-
casions between 24 March and 6 June. On
24 March, six turfs, each of 0.06 m?, were
collected at random in the Puccinellia
zone; on the other three dates 5-6 turfs were
randomly collected outside the exclosures,
and 2-3 turfs inside each exclosure. In the
laboratory, the vegetation was clipped at
the soil surface, washed, separated into live
and dead material, and into component
species. Samples were dried at 80°C for 24
hours, cooled in an exicator, and then
weighed.
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NAPP of vegetation ungrazed by geese
(b and c) was estimated by adding all incre-
ments in biomass over the spring season,
excluding the standing crop at the first
sample date, which was regarded as
production of the previous growing season.

NAPP of vegetation grazed by geese (a)
was estimated by the amount of vegetation
consumed by the geese:

NAPP = C + Xf-Xj,

where C is the forage consumed, xj the bio-
mass present at the start of the season, and
xf the biomass remaining after the depar-
ture of the geese (CARGILL & JEFFERIES
1984). C was calculated from the cumu-
lated amount of droppings in the perma-
nent counting plots and the retention rates
of the food plants after gut passage. Reten-
tion rates were measured using ash content
(after removal of silica fraction) and lignin
as food components not digested (DRENT
et al. 1978). Fresh droppings and samples
of live vegetation were collected in mid
April and early May.

To achieve an estimate of annual differ-
ences in NAPP, dropping counts were
repeated in 1988 together with vegetation
sampling in the grazed zone before and
after the geese had visited the island (16
March and 31 May, respectively).

Live biomass from the vegetation
samples were submitted to triplicate analy-
sis of total nitrogen content (Kjeldahl tech-

Results

Goose numbers

The first Dark-bellied Brent Geese arrived
at Langli from early to mid March, and
numbers peaked around the end of April
(Fig. 3). In 1988 the geese arrived about 10
days earlier than in 1986 and 1987.

As it appears from Fig. 3, the number of
geese on the island was not constant over
the staging period. Part of the flock some-

nique) at the Central Laboratory, Animal
Science Institute, Foulum, Denmark.
Crude protein content was calculated by
multiplying per cent nitrogen content by a
factor of 6.25.

In 1986, an experiment similar to that
performed at Langli in 1987 was set up in
the Puccinellia zone at Indvindingen.
However, due to displacement of the geese
by a Goshawk Accipiter gentilis (MADSEN
1988), the salt marsh remained ungrazed
during April and May and the experiment
had to be abandoned. To achieve an esti-
mate of the effect of pure mechanical
removal of biomass on NAPP, NAPP of
vegetation in two exclosures (3 X3 m?), un-
grazed by geese, was compared to NAPP of
vegetation in six plots of 0.059 m?® each,
where simulated grazing was performed by
clipping. From 24 March to 6 June, samples
of standing crop were randomly collected
in the exclosures seven times, and the six
plots were clipped six times. On each occa-
sion, vegetation was clipped to a height of 1
cm above ground surface. On 6 June, the
turfs in the plots were collected. NAPP in
the clipped plots was estimated by summa-
tion of the biomass clipped and the stand-
ing crop on 6 June, subtracting an estimate
of biomass at the beginning of the season.
Average standing crop in the control plots
in March was used as estimate of biomass
at the start.

times flew to adjacent feeding grounds
(Skallingen and northern Fane, MADSEN et
al. in press). From mid May the geese began
their migration from the island, and by the
turn of the month there were only a few in-
dividuals remaining.

In 1986-1988, the peak number of Brent
Geese recorded was 1,650 (1986), and the
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Fig. 3. Number of Dark-bellied Brent Geese on Langli, spring 1986-1988, expressed as mean number in interna-

tional 5-day periods.

total number of goose-days spent on Langli
varied between 39,100 (1987) and 56,000
(1988) (Tab. 2). The variation in number of
goose-days was not only related to differ-
ences in the peak number of geese, but also
to theirregularity in numbers staging at the
island. In general, there were fewer geese on
the island in 1987 compared to 1986 and
1988.

Selection of feeding zones and food

Throughout their stay on Langli the Brent
Geese foraged in the Puccinellia marsh
zone (Fig. 4). In 1987, there was a positive
correlation between the weekly dropping

deposition in the Puccinellia and Festuca
marsh zones (r=0.923, n=11, P <0.01), in-
dicating that there was no difference in tim-
ing of use of the two zones. Grazing pres-
sure, as determined from cumulated drop-
ping density, was highest in the Puccinellia
zone, viz. 31 droppings per m? vs. 17 in the
Festuca zone.

Puccinellia was the staple part of the
goose diet from arrival to departure, the
frequency varying between 49 and 72%
with an average of 65%, and without any
apparent seasonal trend. Fesfuca was the
second-most frequent component species
constituting on average 28% of the diet.
Plantago maritima made up on average 6%
of the diet and did not display any trend.

Tab. 2. Brent Goose numbers in spring 1986-1988 and grazing pressure in Puccinellia marsh zones on Langli,
expressed as the cumulated number of droppings counted in permanent plots.

Cumulative no. of

Year Goose-days Peak number goose droppings per m?

N marsh S marsh
1986 54,200 1,650 57 50
1987 39,100 1,266 31 30
1988 56,000 1,385 65 46
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Fig. 4. Grazing pressure exerted by Brent geese in the
Puccinellia zone of the northern salt marsh on Langli,
spring 1986-1988, expressed as dropping densities.

Grazing pressure and NAPP in
grazed vegetation

In 1986 and 1987, there was a significant
positive correlation between the intensity
in use of the Puccinellia zone in the north-
ern Langli marsh and the number of goose-

days on the island (Fig. 5). In 1988 there
was no such relationship; in March and
April the dropping deposition was lower
than expected, but in May it was higher.
The reason for this remains obscure, but in
1988 there was (uniike the previous two
years) an occupied Red Fox Vulpes vulpes
den close to the marsh, and foxes may have
caused disturbance (carcasses of geese
taken by foxes were actually found).

Between seasons, the cumulated drop-
ping density varied from 31 (1987) to 65
(1988) per m? (Tab. 2). In all three years the
highest densities were found in the north-
ern marsh, but the seasonal variation was
similar for both marshes.

The retention rate of ingested vegetation
increased from April to May (Tab. 3). To
calculate the total consumption of vegeta-
tion over the spring season, the retention
rate found in early April has been used for
the period from early March to 20 April,
and the retention rate found in mid May for
the rest of the staging period. On the basis
of datain Tab. 2 and 3, the grazing pressure,
expressed as amount of vegetation con-
sumed, can be calculated to vary between
47 (1987) and 97 (1988) g dwt per m>.

NAPP in grazed vegetation, estimated as
the integral of consumption, showed a high
degree of variation between seasons, being
highest in 1988 and lowest in 1987 (Tab. 4).
Based on this estimate, the geese consumed
between 85 and 87% of the NAPP of Puc-
cinellia.

Effect of droppings on vegetation

The experiment in the Puccinellia zone in
the northern Langli marsh in 1987 revealed

Tab. 3. Estimates of amount of Puccinellia leaves ingested per Brent Goose dropping in early April and mid

May.

early April mid May
Weight of dropping (g dwt) 1.01 (n=102) 1.05 (n=82)
Retention rate (%) 25 32
Vegetation ingested per dropping (g dwt) 1.35 1.54
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and the number of goose-days per week on the island, 1986-1988. + + indicates a 1% significance level; no sig-

nature indicates non-significance.

that fresh goose droppings had a signifi-
cant stimulating effect on NAPP (Fig. 6A).
In late May, there was nearly three times
more live standing crop in exclosures with
droppings added compared to control ex-
closures (Student t-test, t=4.26, P <0.01).
In the grazed sward the standing crop re-

mained below 8 g dwt per m? throughout
spring.

In March, there was 0.16 g dwt dead bio-
mass per m? in the sward. In the grazed
sward and in control exclosures, the dead
biomass varied between 0.44 and 0.83 g dwt
per m?in April and May (no significant de-

Tab. 4. Estimates of net above-ground primary production (NAPP) of Puccinellia in the northern Langli salt
marsh 1986-1988, on basis of goose consumption of vegetation, biomass before arrival (x;) and biomass after
departure (Xf) of the geese. For 1986, biomass values have been calculated as a mean of 1987 and 1988. Stan-

dard deviation of the mean is given in brackets.

Year Live biomass (g/m?) Dead biomass Xf-X{ Consump- NAPP
tion
Xj Xf Xj Xf (live + dead) (g/m?) (g/m?)
1986 - - - - (12.57) 85.9 (98.5)
1987 3.38 10.36 0.16 0.74 7.56 46.6 54.2
(3.13) (6.80) 0.11) 0.54)
1988 9.08 26.12 0.09 0.63 17.58 96.6 114.3
(3.12) 9.12) (0.04) (0.28)

10
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velopment); in exclosures with droppings
added the dead biomass increased from
0.66 g dwt per m* in April to 3.70 g in late
May (t=3.24, P <0.05).

NAPP calculated as the positive incre-
ment in biomass from late March to late
May was 27.7 g dwt per m? in control ex-
closures, and 87.2 g dwt per m” in ex-
closures with droppings added (3.2 X con-
trol).

Protein levels in grazed Puccinellia were
constant throughout spring (Fig. 6B). In
ungrazed vegetation, the protein content
peaked in mid April and then decreased.
Therate of decrease was highest in the vege-
tation where droppings had been added.

Effect of simulated grazing

The results of the clipping experiment on
Indvindingen in 1986 are summarised in
Tab. 5. The estimate of NAPP is based on
data from seven sampling dates. Although
there was a tendency for higher biomass
and NAPP in control plots compared to
clipped plots in June, the difference in
standing crop was not significant (t=1.847,
P>0.05). The NAPP estimates from Ind-
vindingen are about double that for the
grazed marsh on Langli (compare Tab. 4).
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Fig. 6. Development in livestanding crop (A) and pro-
tein content (B) of Puccinellia in the northern salt
marsh on Langli, spring 1987, shown for grazed
sward, control exclosures, and exclosures with fresh
goose droppings added, respectively. Bars indicate
standard deviation.

Tab. 5. Effects of simulated grazing by clipping on biomass and net above-ground primary production (NAPP)
of Puccinellia, Indvindingen 1986. Standard deviation of the mean is given in brackets.

24 March 6 June March-June
Biomass (g/m?) Biomass (g/m?) NAPP (g/m?*
live dead live dead
Control plots 7.58 0.53 221.76 9.56 223.4
(2.62) 0.17) (47.03) (2.58)
Clipped plots ! - - 188.20 3.83 184.6
(18.41) (1.66)

Note 1: including material clipped off during the period.
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Discussion

The results of this study show that Brent
Geese removed a substantial proportion of
the spring net above-ground primary
production of the Puccinellia sward on
Langli. Furthermore, the results indicate
that there was a large seasonal variation in
food supplies caused by differences in
spring weather conditions. Thus in the ear-
ly spring of 1988, geese arrived earlier, and
the number of goose-days, the grazing pres-
sure and NAPP were higher than in 1986
and 1987. The data suggest that variationin
available food supplies was responsible for
seasonal variation in grazing intensity and
number of geese on Langli.

According to EBBINGE (1979), Brent
Geese start putting on weight from early to
mid April and maintain a weight increase
rate of approximately 10 g per day until
departure at the end of May. In mid April
1987, growth of Puccinellia on Langli had
hardly started, and so food may have been
in short supply. This suggests that in late
spring seasons such as in 1987 the amount
of food in the natural habitat can be critical
for acquisition of adequate nutrient
reserves for the subsequent nesting season.

In the present study, goose droppings
significantly enhanced NAPP of Puccinel-
lia (by 215%), and the effect was so im-
mediate that the geese benefitted from the
increased growth within the same spring
season,

Stimulation of vegetation productivity
by grazing herbivores has been reported
from other studies (MCNAUGHTON 1976,
CARGILL & JEFFERIES 1984), and in some
recent studies the underlying mechanisms
have been analysed.

Two studies have demonstrated a fertilis-
ing effect of goose droppings on vegetation
growth. BALKENKOL et al. (1984) reported
that addition of goose droppings to
meadow vegetation in early spring en-
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hanced standing crop at harvest in summer.
The most comprehensive study has been
done by BAZELY & JEFFERIES (1985) who
demonstrated that growth of salt marsh
vegetation in sub-arctic Canada was highly
stimulated by droppings from grazing
Snow Geese Anser caerulescens. In a previ-
ous study, CARGILL & JEFFERIES (1984)
had found that in swards of Carex sub-
spathacea and Puccinellia phryganodes
goose grazing resulted in a 35-77% increase
in NAPP compared to ungrazed vegeta-
tion. BAZELY & JEFFERIES (1985) found
that much of the nitrogen in goose faeces
was soluble (mainly ammonia), and within
a few days following defaecation the sol-
uble nitrogen content of the droppings
declined considerably. Transport of nitro-
gen to the sediment was not quantified but
was believed to be considerable. The
authors suggested that the geese were
agents for acceleration of transfer of mo-
bile nitrogen, leading to higher productivi-
ty of the food plants.

The salt marsh under study in Canada
was nitrogen-deficient, which accounted
for the pronounced effect of droppings on
NAPP. The same situation probably ap-
plies to the Puccinellia zone on Langli.
JENSEN et al. (1987) found that addition of
150 kg N per ha to Puccinellia maritima
communities in Danish salt marshes re-
sulted in a 42-67% increase in yield com-
pared to control plots.

Estimates of NAPP in exclosures with
addition of goose droppings, and of NAPP
in grazed Puccinellia sward should be ex-
pected to be alike, provided defaecation
was the only mechanism increasing NAPP.
The former estimate was, however, higher
than the latter (87 vs. 54 g dwt per m?). The
difference may have arisen from methodo-
logical bias or variation, but the lower
productivity in the grazed sward may also
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be interpreted as a negative effect of heavy
grazing. The clipping experiment per-
formed on Indvindingen revealed a tenden-
cy, although not significant, for decreased
standing crop and NAPP in clipped plots
compared to control plots. In other studies
it has been shown that increased cutting
frequency decreases yield (CHESTNUTT et
al. 1977, DETLING et al. 1979), and the
same may apply to the Puccinellia marsh
which is grazed by the geese at frequent in-
tervals and kept extremely short (vegeta-
tion height less than 0.5 cm).

Turnover of plant material has not been
taken into account in the calculation of
NAPP. Decay of Puccinellia can be con-
siderable as a direct effect of goose trampl-
ing of vegetation and grazing of leaves (J.
PRrROP pers. comm.). Considering this, the
NAPP of the grazed sward in particular is

Dansk resumé

probably under-estimated, and the con-
sumption rates over-estimated. However,
this does not affect the general conclusion
that the geese depleted the food supplies.
Removal of biomass by grazing may, on the
other hand, have a positive effect on
NAPP. For example, KOTANEN & JEFFER-
IES (1987) found that shoots of Carex sub-
spathacea grazed by Snow Geese produced
more leaves than ungrazed shoots.

From various studies it is well-known
that geese flocks grazing on the spring
growth of vegetation can keep the forage
plants in a state with high nitrogen content
and low content of structural cell wall com-
ponents (HARWOOD 1977, PRINS et al.
1980, YDENBERG & PRINS 1981, CARGILL
& JEFFERIES 1984, MADSEN & MORTEN-
SEN 1987). The results of the present study
are consistent with these reports.

Fodegkologi hos knortegees Branta bernicla om foraret: arsvariation i salt-
marskens fodemeengde og gisegreesningens effekter p& vegetationens

vaekst.

1 forarsszsonerne 1986-1988 blev knortegaes-
senes greesning pa saltmarsken i Vadehavet
studeret pa @en Langli, suppleret med under-
segelser pa forlandet Indvindingen (Fig. 1). Fra
midten af marts til slutningen af maj opholder
der sig op til 1.650 Morkbugede Knortegees B. b.
bernicla pa Langli (Tab. 2, Fig. 2). Antallet af
gasedage tilbragt pa gen i lgbet af foraret var
hejst i 1988 og lavest i 1987 (Tab. 2).

Udtrykt ved den samlede teethed af gaseek-
skrementer igennem en forarssaeson i udvalgte
felter i et plantesamfund domineret af annel-
grees Puccinellia maritima, varierede gaessenes
graesningstryk mellem 31 (1987) og 65 géseek-
skrementer pr. m? (1988) (Tab. 2).

Det er omregnet til, at gaessene konsumerede
47-97 g torveegt pr. m? (Tab. 3 og 4). Gaessene
holdt vegetationen kortgreesset gennem hele
foraret. Nettoprimeerproduktionen 1 det
gasegraessede annelgreessamfund blev fra mid-
ten af marts til begyndelsen af juni beregnet til

at variere mellem 54 (1987) og 114 (1988) g ter-
veegt pr. m? (Tab. 4).

Indhegnede felter, hvor gaessene ikke kunne
graesse, blev i foraret 1987 ugentligt tilfort friske
giseekskrementer med samme teethed som fun-
det i felter inden for afgraessede omrader. I
forhold til indhegninger, der ikke fik tilfort eks-
krementer, blev nettoprimeerproduktionen af
annelgrees neesten tredoblet i felter med tilforsel
af ekskrementer (Fig. 6A). Proteinindholdet
forblev heijt gennem hele fordret i annelgrees,
der blev afgreesset af gaessene, mens det faldt i
ugreesset annelgraes (Fig. 6B).

Simuleret afgraesning ved gentagen afklip-
ning af friske skud af annelgrees, sendrede ikke
nettoprimeerproduktionen i forhold til ikke-
afklippet annelgraes (Tab. 5).

Bereevnen af saltmarsken pa Langli var i alle
tre forar nassten néet, og antallet af geaes blev
sandsynligvis reguleret af fodemangden. Ars-
variationen i vegetationens produktion syntes
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forarsaget af vejrforholdene, som var meget for-
skellige i forarene 1986-1988 (Tab. 1, Fig. 2).
Geessene kan fa problemer med at na at opbygge
tilstreckkelige fedt- og proteindepoter pa krop-

PedioMe HA PYCCKOM SABHKE:

pen i sene og terre forar, som i 1987. Depoterne
er af afgerende betydning for, om geessene kan
gennemfore ynglesaesonen pa de nordsibiriske
ynglepladser med succes.

llumeBana 3KONOTMA uepHOli kadapku Brenta bernicla secnoili: I'omoBHe KIMEHEHMA KONMUECTBA

MUK HA COJIOHUBKOBHX NPUMOPCKMX nyrax u sfdexr nacThCn ryceil Ha PocT PACTUTENHLHOCTH.

B Becenuux cesonax 1986-I1988 r. usyuanacs
nacTh0a UEepHHX KASAPOK HA& NDUMOPCKUX ny-
TaxX HHXe YPOBHSI. MOPA ¥ HABTCKNX MOPCKMX
oTmeseif Ha ocTpoBe JIaHrAM, C IOMONHU~
TenpHHMM MCCENOBAHMAMM HA MpPMMOpCKOHR
nonoce UHpBurnuuren (OGur. I). C cepeaunn
MapTa Mo KOHel MAaA Ha -JlaHTJAM HeXOUATCH 1o
IES0 Temuolpioxnx uepﬂdk Ka38apoK B. b.
Bernicla (Ta6n. 2, dur. 2}. Yucno ryce/
nueil, HPOBEUCHHHX H& OCTPOBE B TeUCHME
BecHw, Guno BucuumM B 1988 e M HHBHUM B
1987 r. (Tabn. 2).

BupaxeHo ofuedf MIOTHOCTER IYCHHHX
ucnopaxHeHuli B TeueHMe BECEHHEIO ce30HA& B
“3GPAHHHX YyYACTKAX DACTHTENbHOCTH, B KO-
ropoil npemoGnanaer Tpasa Puccinellia
meritima, uHTeHCHBHOCTSH NAcTEOH Tyceit
koneGanacsy Mexny 3I (» 1987 r.) um 65 ry-
cunux ucnpaxHenu#t (B I988 r.)(Tadn. 2).
B nepecuere us sroro cneayer, 4YTO rycu
(Tadn.
3 u 4), B TeueHue Bceji BecHH rycm conep-

noenany 47-97 r cyxoro Beca 38 M

XAT TpPABY KOPOTKOM#. IlepBMUHEA NPOAYKUUSA
HeTTO B YuacTKe nacTelu ryceil na Tpase
Puccinellia no pacuery ¢ CepemMHH MEDTAE
NO Hauana MHHA KoneliNeTcA Mexny 54 (»
1987 r.) u II4 r cyxoro Beca 38 u2 (Tadn.
4.

B oropoxeHHue YYaCTKH, HB KOTOPHX TyCH
HE MOTAR NACTHCHL, BecHO# 1987 r. exene-

HerbHO BBOOKNKCE CBeXHe I yCHUHHE HCNDaX-
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HeHMsi TOH~Xe IJIOTHOCTHW, KOTOpas Ouna
onpeneneHa Ha YyYACTKaX nacTsOu. [lo cpap-
HEHUIO C OTODOXEHHHMM YUACTKAMM, B KOTODHE
rycuHHe HCHpaxXHEeNHA He BBONMIMCH, NPOAYK-—
uusa HeTTO TpaBH Puccinellia Ha yuacTrex
¢ BBENEHHHMM MCHPAXHEHMAMM MNOBHWANACH
noutu Brpoe (Pur., 6A). Comepxaume npore-
MHA B TeueHMe BCell BeCHH OCTBBANOCEH
BHCOKMM B TpaBe, H& KOTOROK macnuch rycu,
a nonmxanocs B TpaBe, H& KOTOpO# OHM He
nacaucs (Pur. 6B},

flacTs08, CHMMYNMPOBAHHAA HEONHOKPATHHM
cpeanBaHMeM cBexux noGeros TpasBm Pucci-

nellia , He MBMEHANA NPOAYKUKK HETTO MO

cpaBHeHHO ¢ HecpeaauHoit rpasoit {Tadn. 5}.

llpenen cnocoGHOCTH MMTBHMA H&A COMOH-
YBKOBHX JIyraX OCTPOBA JIaHIZAM BO BCe TpHM
BECHH OB/l NOUTK NOCTHLHYT, M UMCIEHHOCTH
rycell BepOSTHO PeryaupOBANACEL KONMUECTBOM
nuun. Kasanochb, 4TO TOEOBHE W3MEHEHMA
OPOAYKUUYM PECTUTENBHOCTH OHAN BH3BAHH
noroxnoit, xotopas B BecHax 1986-I988 r.
6una oueHn Heonunaxopoli (Tadn. I, Dur. 2).
Y rycell MOTYT BOBHMUKHYTh NPOOCNEMH, T&K
KOK OHM LOJXKKH YCIeTh COBKATH H& Tene
AOCTATOUYHHE 3&anackH HNporexMHa Taxod nosa-
Hefi m cyxol BecHoif, xax B 1987 r. 3ru
3anacs MMeWT pamapuee 3IHAYEHME OAA CHO-—
COGHOCTN Tyceill yCrewHO NPOBECTH CEBOH MX
Pa3MHOXKEHMA B CEBEPHO-CHOUpPCKUX palioHax
THE3NOBAHMA.
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