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survey of the plant assemblages in the study area took place in late Julybra and Calamagrostis deschampsioideEhese species grew on
and early August 1976 and 1977, while the second was completed inost-heave hummocks, but again, in low-lying parts of the area,
the same months in 1997. The surveys were made in ve regions iP. phryganodesand C. subspathaceavere abundant. Because of
the immediate coastal strip (Fig. 1), and include (1) coastal beach ridgeslatively early spring melt, this region had notably high early season
(2) lagoons and ridges in the lacustrine area of the Mast River deltase by spring migrants and had the highest goose nesting densities in
(3) braided channels of the Mast River delta, (4) supratidal marsh southe colony in the 1970s; further, it had relatively high post-hatch use
of the southern V-shaped point of LarBese Bay where the frequency because the graminoids grew rapidly after early thaw. Extensive lawns
of tidal coverage is 2-3 times every 3 years, and (5) intertidal marsh oof P. phryganodesand C. subspathaceadominated the eastern
the east side of La'lRause Bay. intertidal marsh (5), but in the zone above the limit of mean spring
The regions were highly heterogeneous with respect to types didesF. rubraandC. deschampsioidegplaced these two graminoids.
land cover represented and goose use (Abraham, 1980; Cooke almdthe 1970s, the upper marsh had a low density of nesting geese, but
Abraham, 1980). In 1976, the vegetation on the beach ridge (1) wasrood-rearing adults and their goslings intensively grazed the lower
dominated byLeymus mollis(Trin.) Pilger, with low-lying areas marsh. By the 1990s, virtually no snow geese nested in the ve
dominated by Puccinellia phryganodesand Carex subspathacea regions, and pre-nesting and post-hatch use were severely reduced.
(unless otherwise indicated, plant nomenclature follows Porsild and
Cody, 1980). The ridge, which is in the northwest region ofhatl?rse‘ VEGETATION CLASSIFICATION
Bay, extends westward and runs parallel to the coast. Formerly, it was
used extensively by staging geese and by breeding geese and their The classes of plant assemblages and land cover that were
goslings from spring until late summer. Low ridges (2) dominated byrecognized subjectively a priori in 1976 are given in Table 1 (hereatfter,
Salix spp. andBetula glandulosaeparate the four largest lagoons in vegetation class and class are used interchangeably). The classes
the lacustrine portion of the Mast River. In low-lying areas betweendenti ed were formally described independently (cf. Heagy and
these ridges, moss carpets and freshwater sedges, inclDdmeg Cooke, 1979; Jefferies et al., 1979; Srivastava and Jefferies, 2002), and
aquatilis are present. Relict beaches with willow-dominated ridgeshese plant assemblages are widespread in coastal areas of the Hudson
also impound the braided delta of the Mast River (3) with its numerou8ay Lowland (e.g., Kershaw, 1976, Ringius, 1980). The species named
small islands. At the time of the initial surveys, the ridges of both then Table 1 are the visual dominants. Classes 1-11 and 18 were used in
lagoon/ridges and delta had moderate to high densities of nestifgpth the surveys of 1976-1977 and 1997 and are the only ones
geese, but the use of these regions was relatively low during the postcluded in the analyses. Classes 12-17 were variants of some of the
hatch period. In the 1970s, the supratidal marsh to the south (4) wasiginal classes and were recognized only in the second survey.
an area of low willows,Salix brachycarpaand grasseskestuca  Species that characterize these latter classes were recorded in
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TABLE 1

Vegetation and land-cover classes used in the surveys in
1976 1977 and 1997 at La Perouse Bay, Manitoba. Classes
12 17 inclusive were recognized only in 1997, and data from
these classes were pooled with the original 12 classes (see text) in

the statistical analysis.

Class

Dominant species and
Class name environmental description

Class 1

Class 2

Class 3

Class 4

Class 5

Class 6

Class 7

Class 8

Class 9

Class 10

Class 11

Class 12

Class 13

Class 14

Class 15

Hippuris Hippuris tetraphyllaand Hippuris vulgaris
found in shallow water in unconsolidated
sediment and at the land-water interface in
estuarine and slow moving waters.

Carex aquatilis Carex aquatilis sometimes with
Potentilla palustris found at margins of
freshwater streams or shallow ponds and
at land edges in these water bodies
grading into saturated soils.

Wet graminoids Mixtures of sedges includitepcharis
acicularisand Eriophorum angustifolium
characteristic of wetland areas, often
covering pond basins or
reworked sediment deposits.

Dupontia-Carex Dupontia sheriandCarex glareosa
found in very moist or saturated soils,
often at the land-water interface.

Puccinellia-Carex Puccinellia phryganodeand Carex
subspathacedound on the lowest
elevation land, the latter often
in moss substrates.

Mixed short grass A mixture of grasses, notably
Calamagrostis deschampsioides
andFestuca rubrafound at slightly
higher elevations than Puccinellia-Carex.

Elymus Leymus molligformerly Elymus arenarius
var. mollis), found in better drained soils
and sandy and gravelly areas, including
elevated hummock tops, and beach ridges.

Low willow Salix brachycarpandS. muyrtillifolia,
found on beach ridges and hummocks
in lower lying ares.

Mixed shrubs Mixed, taller shrubs including several
species ofSalix (candida, planifolia,
lanatg), Betula glandulosaand
Myrica gala found at higher elevations
than “Low willow”.

Dry hummocks Relatively open areas at local elevation
peaks with a variety of species
including Pyrola spp.,Castilleja raupii
Leymus mollisand mosses and lichens.

Exposed sediments Terrestrial soils with no vegetation or
sometimes with remnant individual plants
(, 5% of area) and dry land-water margins
indistinguishable from exposed sediments
at the time of the survey.

Salicornia Salicornia borealisoccuring in nearly
monotypic stands, in low-lying
hypersaline areas.

Dried mosses Bryum inclinatumand Campylium stellatum
in areas where former graminoid or
dicotyledonous vegetation has
been stripped away.

Senecio Senecio congestusccuring in nearly
monotypic stands in disturbed,
wet seepage areas.

Mixed dicotyledons Matricaria ambigua Parnassia palustris
Primula strictg occurring in beach
ridge areas formely dominated bgymus

TABLE 1
(Cont.)
Dominant species and
Class Class name environmental description
Class 16 Atriplex Atriplex patula A. glabriuscula occurring

in monotypic stands in disturbed,
low-lying intertidal areas.

Class 17 Honckenya Honckenya peploide$ound in sandy and
gravelly areas on near coast beach
ridges and dunes.

Class 18* Water Open water present at the time of the
survey, including permanent ponds,
streams, and lagoons.

* This class was one of the original twelve 1976 classes. It was recorded in the eld
in both survey periods, but was not included in the analysis on vegetation-land cover
(see Methods, Statistical Analyses for explanation).

1976-1977, but their densities and coverage were very low,
consequently they were not ranked as separate classes at that time.
Even in 1997, total records in Classes 12—17 were only 231, 54, 192,
358, 111, and 64, respectively, compared to a grand total of 26,790
records for Classes 1-11 (i.e., only 3.7%). Therefore, values for
Classes 12, 13, 14, and 16 were added to Class 11 (exposed sediment
with little plant cover) and results for Classes 15 and 17 were pooled
with Classes 3 and 7, respectively, in the statistical analyses. Some
classes re ect vegetation characteristic of shorelines, pond margins,
and very wet soils, e.g., Classes 1-5. Other classes re ect vegetation
growing on sites at higher elevations, or which have more well-drained
and drier soils, e.g., Classes 6-10.

VEGETATION AND LAND COVER TRANSECTS

Black and white aerial photographs were obtained from the
National Air Photo Library, Ottawa (scale 2520:1). The original
photographs were taken on 6 August 1960 at a height of 12,600 ft (3850
m) AASL. Contiguous photographic enlargements, each representing
an area 600 i3 600 m, provided coverage of most of the nesting
colony in 1976. In 1976, a total of 62 transects, each 600 m in length,
were marked on transparent overlays on the photographs. These were
oriented in a north-south direction and placed at intervals of 100 m or
200 m in areas where snow goose nests were found in regions 1-4 (Fig.
1). In 1977, an additional 6 transects of variable length (300-500 m)
oriented in a northwest-southeast direction perpendicular to the
coastline were surveyed in an area where nests occurred on the east
side of La Peouse Bay (region 5 in Fig. 1). In 1997, 48 of the original
62 transects in regions 1-4 were resurveyed. Fourteen replacement
transects (200—-800 m) were surveyed in 1997 (6 oriented north-south in
the southern supratidal marsh south of LeoBge Bay [region 4 in Fig.

1] and 8 oriented west-east crossing the eastern intertidal marsh [region
5in Fig. 1]). These were needed because some 1976 transect overlays of
region 4 had been lost and because the 1977 original transects in region
5 were plotted on eld maps with local landmarks, but not on
photographs. In each year the vegetation and land cover along transects
were surveyed by the same person (Abraham) who assigned each pace
along a transect to a vegetation or land cover class. In 1997, the original
12 classes were used, but as discussed earlier, 6 others that re ected the
foraging impact of the geese over the intervening 20 years were added.

STATISTICAL ANALYSES

Data for each transect were summarized as the number of paces
assigned to each of the vegetation and land cover classes encountered.
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TABLE 2 Several vegetation classes were so rare that they were not

Results of log-linear modeling of cross-classi ed vegetation and recorded along transects in some regions. These classes represent
land cover data (excluding water areas) from 1976 1977 and 1977 sampling zeros in the cross-classi cation of data, and they can lead to

surveys of a snow goose colony at La Perouse Bay, Manitoba. dif culties when evaluating data with log-linear models. As indicated
in Table 2, the degrees of freedom of the chaggar3 region term of
Wald the third-order model and of the cl@gear terms in the second-order
Model Source df  statistc  p model were adjusted below expectation based on standard procedures.
Third-order vegetation clags year 10  6475.39 , 0.001 This reduces the power of the Wald statistic to detect signi cant
vegetation clas8 region ~ 38* 7893.48 , 0.001  dependency of the response variable on both 8las=ar3 region and
vegetation clas8 year class3 year. However, because those tests were signi cant, the re-
3 region 25" 143419 , 0.001  gyced power from the analysis does not affect our general conclusions.
Second-order by region As a check, however, we repeated the analyses after setting each 0 to 1
1. Beach Ridge vegetation cla@syear 7+ 1614.32 , 0.001 (Stokes et al., 2000). The results did not differ from those summarized
2. Lagoons and Ridges vegetation clasyear 8% 1362.76 , 0.001 in Table 2.
3. Mast River Delta vegetation cla3syear 8* 1725.49 , 0.001
4. Southern Supratidal
Marsh vegetation class year 9* 472155 , 0.001 ReSUItS
5. Eastern Supratidal

The results of the log-linear evaluations of the 1976-1977 and
1997 vegetation-land cover class data are summarized in Table 2. The
Second-order for initial signi cant third-order term (clas® year3 region) indicates that the

year 1976 vegetation cla8sregion 35 5679.95 , 0.001 igprinution of the vegetation classes depends on unique combinations
of year and region. In the second-order models (Table 2), this is
examined further by evaluating the changes in vegetation and land

Marsh vegetation class year 3* 1611.70 , 0.001

* Degrees of freedom depart from expectation owing to cells containing zeros.
Log-ratio chi-square of the third-order term is 1916.18, which is signi cant at

p, 0.0001. cover over the two decades for each of the 5 regions separately. While
Log-ratio chi-square of the second-order terms are (in order): 3357.17, 2682.1@ll ve analyses are highly signi cant, indicating that the distributions
2767.58, 6818.30, 2103.40. of vegetation classes changed in each region over the two decades, the

§ Log-ratio chi-square is 9159.44. precise pattern and extent of change varied among regions (Fig. 2).

These regional differences depend, in part, on initial vegetation

These summaries provide absolute frequency distributions of the clad#ferences among the regions (signi cant regdrvegetation class
composition of the transects and are independent of the pattern of thosem for 1976 in Table 2). The relative magnitudes of the Wald
classes across the transects. We pooled data across transects within etatistics suggest that the extent of change was most extreme in the
of the ve regions to reduce statistical limitations imposed by smallsouthern supratidal marsh of Lar®ase Bay (Table 2). Exposed
sample sizes for some vegetation classes (Fienberg, 1989). Because seoliment (Class 11, Table 1) increased in all regions, largely at the
primary purpose was to determine whether the relative composition @xpense of the graminoid communi® phryganodesand C. sub-
vegetation and land cover classes changed during the time betwespathacea(Class 5), but other graminoid communities such as
the two surveys, we evaluated the data with log-linear models of theeymusFestucaand Calamagrostislso have been severely affected
absolute frequencies, cross-classi ed by transect and year, a proced(@asses 3, 4, 6, 7) (Fig. 2). Changes in the low willow (Class 8) and
sometimes referred to as multidimensional contingency analysisixed shrub (Class 9) assemblages, in contrast, differed depending on
(Bishop et al., 1975; Jefferies and Rockwell, 2002; Rockwell et al.the region. In the beach ridge, the lagoons and ridges, the Mast River
2003). The procedure requires only that transects be assigned withalglta, and the southern supratidal marsh (areas of freshwater and/or
prior knowledge of vegetation and land class composition, that paces hecally elevated frost-heave islands with good drainage), the frequency
taken along the transect without reference to the classes and that aofy these classes increased during the 20 years, whereas their
variation in pace length be random with respect to those classes. Aquencies declined over the period in the eastern intertidal marshes.
explained above, every attempt was made to satisfy these requiremer¢rong clonal growth from bushes present in 1976 accounted for much

In our evaluation, we treated the distributions of vegetation anaf the increase in the frequencies of these woody shrubs on ridges in
land cover classes as response variables, while year and/or space (seheflagoon and delta areas where freshwater was present and where
pooled transects referred to as a Region in Fig. 1) were considered $pring ooding regularly washed the soils and limited goose access to
be classi cation variables. Because our objective was to determintne graminoid classes.
changes in the relative response variable distribution over time and/or In general, vegetation characteristic of low-lying areas was the
space, we only consider models that included the second- and thirdrost severely altered over the period between the two surveys. The
order terms involving vegetation and year and/or space, and only treffect of grubbing led to a more fragmented vegetation cover. Mono-
values associated with those terms are given in the Results. Thépecic stands of one or two species present in 1976 either were broken
constraint is consistent with the nearly xed nature of each transeaip or lost entirely (e.g.P. phryganodesn the intertidal areas and
over time (cf. Fienberg, 1989; Everitt, 1992; Jefferies and RockwelllLeymus mollisn the beach ridge area).
2002). The log-linear models used to determine dependency of the The survey in 1997 resulted in the recognition of six new
vegetation response variables on year, region, or unique combinatiomegetation classes, most of which represented goose-disturbed con-
of year and region (3-way tables) were generated using the CATMOUM@itions (Classes 12—-17, Table 1). Annuals, tolerant of the hypersaline
procedure from SAS 8.02 (SAS Institute, 2001). Effects were conditions that occurred in the eastern intertidal marsh and in the
evaluated statistically using the Wald statistic, and the log-ratio chisupratidal marsh, represented two of the new classes. The rst is
square statistic was used to con rm the signi cance of the second- an8alicornia borealisWolff and Jefferies. In 1976, this annual was
third-order terms (Stokes et al., 2000). Because the nature of the analypi®sent at high frequencies in two small areas of Region 4. Although
of hierarchical models requires repeated evaluation of subsets of datatff® species is at the northern limit of its distribution in Manitoba
in this case), we have reduced in ation of our ovesadirror rate using  (Johnson, 1987; Wolff and Jefferies, 1983),borealishas become
a Bonferroni approach that requiges 0.006 for signi cance. more widespread in recent years in goose-disturbed coastal marshes.
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A second new class was representedSbpecio congestua species ’5 100 -

that, following grubbing, became abundant in the exposed sediments > 1 Beach Ridge
which were formerly colonized by. phryganodeandC. subspatha- 8 80

cea Other disturbed areas in the upper intertidal marsh were also ., 60 -

colonized byAtriplex glabriusculaand A. patula Bryum inclinatum qc, 40 ~

Matricaria ambiguaandParnassia palustrisolonized formeteymus o 20 + H_ D_

sites (Jefferies et al., 1979; Handa et al. 2002). & 0 == .=l‘ -

1 2 3 45 6 7 8 91011
Discussion

100 + i
Population increases of the lesser snow goose in the mid-continent > 2 Lagoons and Rldges

of North America have resulted in increased forage demands over 80 -
larger and larger subarctic and Arctic staging and nesting areas during w= 60 -
recent decades. Changes in the vegetation at the nesting colony at La 5 40

Paouse Bay between 1976 and 1997 that are described in this paper 9 20 A I_l I [I I
are the outcome of this increase. Although results from monitoring and & 0 _J:h_,_.:l — .D e
experimental studies during the intervening two decades provide strong 1 2 3456 7 8 91011

evidence to support these conclusions (Cargill and Jefferies, 1984;
Bazely and Jefferies, 1986; Jefferies, 1988a; lacobelli and Jefferies, g 100 -
1991, Srivastava and Jefferies, 1996; Jano et al., 1998; Jefferies and s 80
Rockwell, 2002), data from this study indicate that goose foraging ¢) 60
results in changes to plant assemblages and land cover clasdes of =

3 Mast River Delta

coastal habitats, not just intertidal and supratidal marshes and sedge @ 40 4 I
meadows. This affects reproductive and foraging habitats of all o 20 - I‘L

organisms that co-inhabit these coastal lowlands. Differences in the d‘_’ 0 —J:i.-l:.. ; .l_h‘ ; ;

changes of vegetation classes over the entire coastal system during the 1 2 3 456 7 8 9 10 11
two decades suggest that the cumulative direct and indirect effects

of the foraging activities of the geese were not synchronous across all 100 -

regions, similar to the nding for the intertidal salt marshes (Jefferies 80 1 4 Southern Supratidal Marsh
and Rockwell, 2002). The regional differences depended on annual and 60 -

within-season variation in snow, ice, and water cover, and numbers 40

and dispersion of geese within and between regions in spring, as well |

as edaphic conditions at the different spatial scales (Abraham, 1980; 20 A

Cooch et al., 2001; Jefferies and Rockwell; 2002). Much of the loss of o (= o ,rl_,.l]‘ :
vegetation induced by the geese is associated directly or indirectly with

grubbing (Jefferies, 1988b) and shoot pulling (Kotanen and Jefferies, 123456789101

Percent Cover

1997). The prevalence of these foraging behaviors depends on the ah) 100 -
absence of snow cover and the presence of thawed ground in early 3 80 15 Eastern Intertidal Marsh
spring before the above-ground growth of vegetation has started. Q 60 -
Patterns of snow, ice, and meltwater cover and thawed ground vary, ¥
. i, . - . S 40
depending on local conditions, precipitation, and the prevailing wind @
direction at that time of year (Abraham, 1980), hence the location of © 204 s
accessible foraging sites in early spring varies each year. g_’ 0 — L. .Ei.'_I =

In .spite of thg d.ifferent cqmpqsition .of plant as.semblages in the 1 2 34 5 6 7 8 9 10 11
ve regions, graminoid vegetation, in particular, declined along nearly
all transects as a result of grubbing, grazing, and shoot pulling. A gooHIGURE 2. Percentage contributions of vegetation/land cover
example is the disappearance_efjmusas a result of shoot pulling by classes to the total land surface cover in 1976 1977 (white) and

geese in early spring (Ganter et al., 1996). This species was forme Zu(sl;li’;l;) ﬁzni::b:i(fsfggz&regg‘i‘gg;;)c%zsgt:tgzﬁzjlt:;sd (g"fg
common in nearly pure swards on coasFaI beach ridges throughoq sses are: (1) Hippuris, (2) Carex aquatilis, (3) Wet graminoids,
La Peouse Bay when the goose population was low (Heagy, 1976(4) Dupontia-Carex, (5) Puccinellia-Carex, (6) Mixed short grass,

Jefferies etal., 1979; Ganter et al., 1996). In the beach ridge region, tq®) giymus, (8) Low willow, (9) Mixed shrubs, (10) Dry hummocks,
frequency ofLeymusdropped from 16.6% to 1.8% (Class 7, Fig. 2). (11) Exposed sediments. See Table 1 and text for description of
Salixbushes may establish at the base of the slopes of beach ridges owiggetation and land cover classes. Class 12 (water) is not shown.
the supratidal marsh gradually displaciogymusand other species
from these sites over time. However, whe&alix bushes are of
suf cient size, they afford protection from foraging and the grass mayhe Mast River delta regions. In these two regions of the study area, this
persist as a fugitive species under bushes. Even in more open arespecies is found predominantly in wetland basins and on the margins
small shoots ofLeymusthat are prostrate and less than 10 cm inof rapidly owing freshwater streams, which are often ice-bound or
length persist despite heavy goose foraging (Handa et al., 2002). Satteeply ooded in spring, and as a consequence are inaccessible to
marsh plants in East Coast marshes of North America show similajeese when they engage in shoot pulli@@rex aquatilisreadily
fugitive responses to both abiotic and biotic conditions (Bertness anestablishes in submerged areas with mineral substrates that are not
Shumway, 1993). subject to tidal immersion (Handa et al., 2002).

An exception to this trend of loss of graminoid classes was the  The other vegetation classes that showed an increase, except in the
Carex aquatilisclass (Class 2, Fig. 2) in the lagoons and ridges, and ireastern intertidal marsh, were low willow and/or mixed shrubs. Where
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high densities of these shrubs occur, sites are often snow-bound in eargpresented by a state and transition model (Handa et al., 2002).
spring because snow accumulates around shrubs during winter. Théhether the other habitats shown here to be severely altered will
initial obstruction to snow movement acts as a positive feedback leadespond similarly to the continued impact of intense goose foraging
ing to further accumulation throughout the winter. Hence, grounctan only be determined over time.

vegetation is relatively well protected from access by geese in spring
and therefore from the effects of grubbing that lead to soil hypersalinity Ack led t
and the death of willow plants (lacobelli and Jefferies, 1991). Addi- cknowledgments

tionally, the shrubs undergo clonal growth where they are undamaged, We wish to thank the students and staff at LeoBse Bay Field

so bushes tend to coalesce and form dense stands, which furti®fation for their support and especially Diana Pollak, Graham Boag,
enhances snow accumulation. In the upper intertidal and supratidiarjorie Bous eld, Roger Healey, and Judy Smith for help in
marshes, dense stands of willows often occur on elevated frost-hea¢@llecting vegetation and land cover data and Andrew Jano for
mounds that are separated by low-lying areas along which water draifg.oducing the map. The area surveyed is now part of Wapusk National
The geese grub along these low-lying, snow-free corridors in sprin ark and we acknowledge the interest and cooperation of Parks

where the wet surface soil is thawed. Since 1976, much of the graminoy anada. We are grateful for the nancial support for the study, which
was received from the Arctic Goose Joint Venture, the Natural

vegetation on these terraces and in the incipient shallow drainag€;ences and Engineering Research Council of Canada, the Mississippi
channels has been lost as a result of grubbing. Decreased frequency,@fy central Flyway Councils, the Ontario Ministry of Natural
willow in the eastern intertidal marsh and some sections of the southefesources (OMNR), and Queen’s University. This is an OMNR
supratidal marsh was associated with the effects of grubbing: exposuildlife Research and Development Section contribution.
of roots and development of soil hypersalinity leading to low survival
of shrubs (lacobelli and Jefferies, 1991; Srivastava and Jefferies, .
1996). The resultant loss of shrubs has led to severe habitat alteration References Cited
comparable to that of the near total loss of graminoid swards in thapraham, K. F., 1980Breeding site selection of lesser snow geese.
intertidal marsh (Jefferies and Rockwell, 2002; McLaren and Jefferies, Ph.D. Thesis, Department of Biology, Queen’s University, Kingston,
2004). However, in four of ve regions, percentage cover of willows ON, Canada, 148 pp.
and mixed shrubs increased between 1976 and 1997 and hence at Bazely, D. R., and Jefferies, R. L., 1986: Changes in the composition
larger spatial scale shrub frequency is increasing. and production of salt-marsh plant communities in response to the
Relatively homogeneous stands of graminoid vegetation in theB erft?eosvsal l\c;lf aDngZneddosur:Sr?wle; Ecglo\?\yml:gg%?_ggg] etition and fa
eastern intertidal marsh (e.g., Iargg Intact grazm_g lawrt3. qinry- cilitation in marsh pIantsAmeri)(/:an Naturalist142: 712—724.
ganodesand C. subspathacgaand in the beach ridges (e.g., large Bowden, K. M., 1961: Chromosome numbers and taxonomic notes on
monotypic swards dfeymus mollishave become increasingly spatially N '

; ) . . northern grasses IV. Tridéestuca PoaandPuccinellia Canadian
heterogeneous since 1976 as goose foraging has resulted in a mosaic ofoymal of Botany39: 123-128.

small, remnant intact graminoid patches interspersed with larger patchgfshop, Y. M. M., Feinberg, S. E., and Holland, P. W., 19BGcrete
of exposed sediment. In the Mast River delta, the local loss of shrubs Multivariate Analysis: Theory and Practic@ambridge, MA: M.1.T.
and associated ground cover also has increased spatial heterogeneitipress, 557 pp.
which has led to a decrease in terrestrial invertebrate species (Milakovigargill, S. M., and Jefferies, R. L., 1984: The effects of grazing by
and Jefferies, 2003) and nesting passerines, such as Savannah sparrodsser snow geese on the vegetation of a sub-arctic salt marsh.
(Passerculus sandwichens{Rockwell et al., 2003). Journal of Applied Ecologyz1: 669-686. _ ) _

Some species that readily establish in disturbed intertidal habitaghang' E.B., Jeﬁgrles, R. L", and Carleton,l T.J, 20(,)1' Relationship

; . . . between vegetation and soil seed banks in an arctic coastal marsh.
were widely recorded in 1997 and were dominant in some classes )
Journal of Ecology89: 367-384.

(Ta}ble 1, classes 12,’ 13, 14, 16). One exampigeisecio congestus Cooch, E., Rockwell, R. F., and Brault, S., 2001: Retrospective
which was recorded in 1976, but at a very low frequency. Subsequently, anaiysis of demographic responses to environmental change: a lesser
it rapidly colonized areas disturbed by geese and was common in 1997.snow goose exampl&cological Monographs71: 377—400.

The geese feed intensively on the swollen leaf bases of the basal roset@®soke, F., and Abraham, K. F. 1980: Habitat and locality selection in

in early spring (Jefferies, unpublished) and by the late 1990s, plants of lesser snow geese: the role of previous experiétroeeeding 17th

this species had become fugitive (Jefferies, unpublistSadicornia International Ornithological Congres998-1004.

borealis and Atriplex glabriusculaand A. patulaalso have become Cooke, F., Rockwell, R. F., and Lank, D., 19931e Snow Geese of
increasingly abundant in exposed sediments in depressions, especiallj-2 Paouse BayOxford, U.K.: Oxford University Press, 297 pp.

in upper intertidal and supratidal marshBsyum inclinatum(Brid.) Everitt, B. S., 1992:The Analysis of Contingency TableSecond

Bland. has invaded some open sandy sitesGamipylium stellatum Edition. London: Chapman and Hall, 164 pp.

. . . Fienberg, S. E., 1989rhe Analysis of Cross-classied Categorical
(Hedw.) C. Jens. has become widespread in many habitats. Geese d?)ata. Second edition. Cambridge, MA: M.I.T. Press, 198 pp.

not eat these plants. These examples indicate the abrupt changes in ey B. Cooke F.. and Mineau, P.. 1996: Long term vegetation
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