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Abstract Grazing constitutes a selective pressure

on vegetation recruitment through modification of the

seed banks. Here we address changes in seed bank

density and its life history trait composition in century-

old pastures, where contrasting reindeer densities

have developed during the last decades. We cover

the actual scales used by these wide-roaming herbi-

vores by sampling 70 productive tundra habitats over

7,421 km2 in the reindeer summer pastures of North-

ern Norway. Results showed that the seed bank density

was significantly lowered where reindeer densities had

increased in recent decades, whereas the century-long

history of grazing probably explains the main

seed bank traits typical of grazing tolerant plants.

The dominant trait characteristics were small seeds

(\0.5 mg), seeds lacking dispersal mechanism and

individuals with a graminoid growth form. Finally,

differences between regions introduced trait variation

independent of grazing history, reinforcing the impor-

tance of using scales covering several contexts when

designing ecological studies.

Keywords Reindeer (Rangifer tarandus) �
Growth form � Seed mass � Diaspore morphology �
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Introduction

Seed bank accumulation is one of the most important

strategies for plant survival and propagation in

disturbed and variable environments, such as grazed

ecosystems (Chambers and Macmahon 1994). It is

well documented that the vertebrate grazing changes

the seed abundance and species composition of the

seed banks (e.g., Chippindale and Milton 1934;

O’Connor and Pickett 1992; Jutila 1998; Mayor

et al. 2003; Sternberg et al. 2003; Eskelinen and

Virtanen 2005). However, studies on seed bank trait

composition in relation to grazing are few, in spite of

the scientific evidence showing that plant life history

traits influence plant tolerance to grazing (Diaz et al.

2001; Sternberg et al. 2003).
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Plant life history traits are used to monitor the

effects of herbivores on the vegetation (e.g., Wardle

et al. 1998; McIntyre et al. 1999; Rusch et al. 2003;

Cornelissen et al. 2004; Bråthen et al. 2007b).

Because the seed bank is an important vegetation

regeneration stage, the study of its life history traits

could give information on the direction to which the

vegetation is heading in case of disturbance. Studies

on ungulate grazing in northern areas have shown that

the use of growth forms to describe the vegetation

reliably capture plants’ different responses to grazing

(White and Trudell 1980; Chapin et al. 1996; Bråthen

and Oksanen 2001; Bråthen et al. 2007b). This, in

turn is also likely to be manifested as changes in the

seed bank. Changes in seed bank structure associated

with grazing could also be influenced by processes

related to seed and dispersal unit characteristics,

because of their critical role in determining species

responses to disturbance (Navie and Rogers 1997;

Osem et al. 2006). Grazing is known to favor plants

with small and round seeds lacking dispersal assisting

structures (Eriksson and Eriksson 1997; Navie and

Rogers 1997). Thus, in our approach to study the seed

bank under grazing conditions, we consider both

plant traits (growth form) and seed traits (seed mass

and diaspore morphology).

Based on hierarchical foraging theory (Senft et al.

1987) it can be expected that the effect of large

herbivores on the seed banks may be highly spatially

variable and dependent on type of grazer. However,

the effect of grazers on seed banks has previously

only been addressed in small extent studies (Jutila

1998; Eskelinen and Virtanen 2005; Olofsson 2006;

Osem et al. 2006), which may be highly dependent on

specific ecological context (Noda 2004) and which

fail to include enough spatial variation in their design

(Hobbs 2003). Here we apply a design including

several ecological contexts and covering the actual

scales used by a wide-roaming large herbivore that

covers hundreds of km2 while grazing its pastures.

Reindeer (Rangifer tarandus tarandus) are often

the most abundant large-roaming herbivore found in

the circumpolar region (Batzli et al. 1980; Klein

1999). Reindeer are known to pick their food non-

randomly by selecting plant reproductive parts and

some species before others (White and Trudell 1980;

Klein 1990; Wada 1999; Bråthen and Oksanen 2001;

Cooper and Wookey 2003). As a result, reindeer can

change the seed bank density (Cooper 2006) and

potentially shape the composition of the plant life

history traits present in the seed bank.

Reindeer have been present in coastal northern

Norway since the deglaciation of 10,000–15,000 years

BP (Skogland 1994). Herds migrate seasonally

between inland winter pastures and coastal summer

pastures. Since the sixteenth century, reindeer herds in

Finnmark have become semi-domesticated and are

now entirely herded by the indigenous Sámi people,

although the seasonal migration pattern is maintained

(Muga 1986). The summer pastures are naturally

delineated by the coastal line into distinct geographic

areas, and these are separated by fences as to form

discrete management districts. These summer districts

vary in terms of pasture area and reindeer density.

Over the last two to three decades significant density-

dependent reductions in calf growth have existed

between districts (Fauchald et al. 2004; Tveraa et al.

2007), probably as a result of the deteriorated quality

of the grazing grounds where densities have been high

in the last two to three decades (Bråthen et al. 2007b).

Yet, no study has evaluated at a large scale the reindeer

grazing impact on the potential recruitment of the

vegetation.

It is hypothesized in this study that reindeer

grazing has modified the seed bank density of the

pastures where reindeer density has increased over

the last decades. Also, it is hypothesized that this

grazing constitutes a selective pressure on the com-

position of life history traits in the seed bank. To test

out these hypotheses, we paired neighboring reindeer

herding districts with contrasting histories of reindeer

densities. The opportunity to implement a quasi-

experimental (Shadish et al. 2002) study design, with

both a temporal dimension (i.e., different histories of

reindeer densities) and a spatial dimension (i.e.,

contrasting large-scale areas of different histories) is

not common. As such, this seed bank study represents

a pioneering approach.

Methods

Study area

The study was carried out in the coastal alpine tundra

of Finnmark County, Northern Norway, between

latitudes 77�910N–30�900E and 78�540N–64�280E
(Fig. 1). The study sites were located in the low
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alpine zone, where snow cover remains until

late June and the main vegetation types are grass

and herbaceous dicotyledon meadows, Empetrum-

and Vaccinium-dominated heaths and Eriophorum and

Carex marshes. The main herbivore in these areas are

semi-domestic reindeer (Rangifer tarandus tarandus),

followed in a less extent by moose (Alces alces), and

locally, domestic sheep (Ovis aries). Also widespread

are Norwegian lemmings (Lemmus lemmus), ptarmi-

gan (Lagopus lagopus), and gray sided voles (Clethr-

ionomys rufocanus), although high peak spring

densities have been lacking during the last decades

(Ims and Fuglei 2005). Finnmark County is charac-

terized by climatically steep gradients from west

to east as well as from coast to inland (Hanssen-Bauer

1999), caused by the NE Atlantic Current that

gradually declines from west to east. The northernmost

coast of Finnmark is classified as Arctic (Walker et al.

2005). Average (range in parenthesis) precipitation in

the summer months is 65 (52–84), 54 (47–60), and 48

(38–55) mm in the region west, region middle, and

region east of Finnmark, respectively. Average (range

in parenthesis) temperature is 10.6 (8.5–12.1), 10.1

(7.9–11.6), and 8.7 (6.2–10.5)�C, in the region west,

region middle, and region east, respectively (30 year

normal, average for June, July, and August; Norwe-

gian Meteorological Institute 2006).

Study design

For this study six large-scale reindeer herding

districts, ranging in area from 300 to 4,000 km2

(total area 7,421 km2), were paired according to their

history of reindeer density. The two districts forming

a pair had maintained constant reindeer numbers

from the 1950’s to the 1980’s, after which, one of the

districts in the pair increased its density from 100 to

200% (i.e., increased reindeer density district), while

the other district maintained its density constant

(i.e., stable reindeer density district) (Anonymous

2004) (Fig. 2). Density changes are to a large extent

Fig. 1 Study design and location of the study. One pair of

districts (stable reindeer density district and increased reindeer

density district) was selected in three Finnmark regions (region

west, region middle, and region east). Each of the six districts

were further divided in hierarchical levels, first in 37 landscape

areas (20 in increased density districts and 17 in stable density

districts), and then in 70 habitats (38 in increased density

districts and 32 in stable density districts). Each habitat

contained between 1 and 5 gradients down slope (91 in

increased density districts and 83 in stable density districts),

along where the samples were collected in plots (175 in

increased density districts and 205 in stable density districts).

One sample was collected per plot
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determined by spatio-temporally heterogeneous man-

agement practices (Tveraa et al. 2007; Naess et al.

2009). Feces counts confirmed that the focal habitats

of the increased reindeer density districts had a higher

animal density than habitats from stable density

districts. Furthermore, both districts forming a pair

had to be neighboring districts in order to reduce

climatic and geoedaphic differences sensu Krucke-

berg (2002). Under these criteria, three pairs of

districts were identified. The pairs were located in

three different regions, covering the gradient from the

westernmost to the easternmost parts of Finnmark

and termed region west, region middle, and region

east (Fig. 1).

In order to randomly choose representative habi-

tats, each district was divided into nested levels

(Fig. 1). The first level was landscape areas of

2 9 2 km2. Landscape areas containing major roads,

sea, lakes, glaciers, or more than 50% forests were

discarded.

Within each landscape area, suitable habitats were

located based on topographic curvature, slope, and

altitude above sea level (asl) in order to stratify our

sampling to relatively productive habitats in the low-

alpine zone. Areas with concave curvature accumulate

moisture and nutrients, hence, they were assumed to be

relatively more productive. Furthermore, snow beds in

concave habitats have been shown to attract reindeer

(Edenius et al. 2003) and accumulate seeds (Larsson

and Molau 2001). Therefore, concave habitats with a

mean slope between 7.5� and 30� (between 5� and 30�
in the Region East which is less steep) were chosen.

Terrain above 600 m asl in Region West, above

500 m asl in Region Middle Finnmark, and above

300–350 m asl in Region East, was excluded. Altitu-

dinal belts above these heights generally represent the

middle to high alpine zone, which contains sparse

vegetation. Potential habitats were located selecting

pixels with the specified topographic measures from a

terrain model with 25 9 25 m resolution using GIS

software (ArcGIS 2004). Each habitat was located in

the field with geographical coordinates (longitude and

latitude) provided by the GIS programme.

Landscape areas that contained the largest number

of potential habitats were visited, 20 and 17 land-

scape areas for increased and stable districts, respec-

tively. Once located in the field, the habitat had to

meet certain conditions. First, the vegetation cover

had to be higher than 75%, and second, the study site

had to be large enough to include at least two

gradients (each no less than 10 m long) and should

not contain paths, electric posts, marsh, or bog. If a

habitat failed to meet any of these conditions, it was

discarded and the next one closest to it was visited

and inspected for possible analysis. Once the habitat

was selected, between two and five gradients were

laid out down slope with a 5-m separation between

them. Gradient length varied between 10 and 50 m

and was limited by the habitat size since sampling

was stopped before entering new convex area with

heath vegetation. Samples were gathered in plots

every tenth meter of each gradient in order for data to

be representative of the habitat. Between 1 and 5

plots were sampled per gradient depending on its

length. If the plot had more than 50% stones, it was

discarded and the plot in the next 2 m was taken

instead. If that plot also failed to meet the conditions,

the plot 2 m before the original plot was taken. If

none of those options was successful, the sample was

not collected. The amount of gathered samples per

habitat varied between 2 and 14.

The two districts of a pair were sampled simulta-

neously in order to avoid differences in plant phenol-

ogy. Data were assembled over 4 weeks, starting in

Fig. 2 History of reindeer density (mean number of reindeer

per km2 with 95% confidence intervals) for districts in the

west, middle, and east region from 1945 to 1980 and from 1980

to 2003. This reindeer density development provides the basis

for the contrasting between districts with a history of increased

or stable reindeer density districts, respectively
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the region west, during July and August 2004. At that

time, current year seeds were dispersing. It is therefore

possible that the samples contained both transient

seeds, i.e., with a life span of less than a year, and

persistent seeds, i.e., at least 1-year-old (Thompson

et al. 1997). Plant nomenclature follows Lid and Lid

(1994).

Sampling

In each plot, a 2.5-cm diameter soil core was

collected with a 10-cm long metal cylinder placed

down at soil level, below the humus layer, on the

bottom right corner of the studied plot. The core

depth varied in accordance with the thickness of the

organic soil layer of the plot in order for all seeds,

recent and old, to be collected. Top layer samples,

i.e., moss and litter layer down to the humus layer,

were taken by collecting a 15 9 15 cm sample from

each studied plot. All samples were stored in paper

bags and frozen no later than 8 h after collection.

Samples were frozen at -18�C in order to simulate a

stratification period. After 2 months they were taken

out to thaw in dark chambers at 2�C before the

experiment started. A total of 380 soil core samples

and 384 top layer samples were collected from the 70

visited habitats.

Soil core samples were crumbled onto Petri dishes

(diameter 8.7 cm, depth 1.4 cm) with a filter paper in

the bottom to keep moisture. About half of every top

layer sample (10 9 10 cm) was put in a transparent

box (15 9 10 cm), also with filter paper in the

bottom. All samples were randomly placed in two

phytotron chambers where optimal germination con-

ditions for most northern alpine plants were simu-

lated: 24 h of daylight split into 12 h at 20�C and

12 h at 15�C. All samples were kept moist by water

spraying every third day. Emerged seedlings were

transplanted to seedling boxes and kept until identi-

fication was possible. After 4 months, all samples

were set in refrigerated dark chambers at 2�C in order

to simulate a winter period. Soil cores were crumbled

again and returned together with the top layer

samples to the growth chambers for the germination

to continue after 3 weeks of chilling. To further

stimulate seed germination, samples were sprayed

after the second chilling period once a week, during

2 weeks, with KNO3 (10 mM; Giba et al. 2003).

Seedling emergence was monitored during a total of

7 months, until no more seedlings emerged from the

samples. Seedlings dying before identification were

classified in general groups: dicotyledon, graminoid,

ericoid shrub, or ‘‘plant.’’ Some graminoids were cold

treated (0.5�C) to initiate flowering, in order to

identify them. Measurements of soil pH were taken

with pH papers from every soil sample. The range in

pH was between 3.6 and 5.5 in all the regions. All

samples were set up at the same time and received the

same conditions and treatment during the germina-

tion period.

Data on geoedaphic and geographic factors per

habitat were identified using GIS. Data on the major

categories of bedrock types were identified from

geological maps (Geological Survey of Norway

2004), and classified as poor, moderate, or rich in

bedrock nutrient content based on Tarbuck and

Lutgens (1992). Data on slope and altitude were

identified from the 25 9 25 m pixel terrain model.

There were generally only small differences in the

geoedaphic and geographic factors between districts

with a history of stable and increased reindeer

density. However, bedrock nutrient content showed

a gradient from rich bedrock in the region west,

intermediately rich in region middle to mostly poor

bedrock in the region east. Similarly, slope and

altitude showed a gradient from steeper slopes at

higher altitudes (average of approx. 18� and 350 m

asl) in the region west, to intermediate steep slopes at

intermediate altitudes (average of approx. 13� and

275 m asl) in the region middle, to less steep slopes

and lower altitudes (average of approx. 8� and

200 m asl) in the region east.

Preparation of data for statistical analysis

Germination data were converted to seed density by

calculating the seed density per m2. Soil seed bank

and top layer samples were summed together because

of the large amount of zeros present in the soil seed

bank data. From now on they are referred to as the

seed bank data. Germinating seeds were classified

after three life history traits. Each life history trait

was divided in several trait groups: (1) Growth form

(graminoid, herbaceous dicotyledon, shrub); (2) Seed

mass (\0.1 mg,[0.1 to 0.5 mg,[0.5 to 1 mg,[1 to

5 mg); (3) Diaspore morphologies [no appendages,

animal dispersed appendages (hooks, fruits and

elaiosome), wind dispersed appendages (wings and
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pappus)]. Data on seed mass and diaspore morphol-

ogy were extracted from several internet data bank

sources (Fitter and Peat 1994; Klotz et al. 2002),

literature (Welling and Laine 2002; Welling et al.

2004), and personal observation. Growth form clas-

sification was based on Chapin et al. (1996) with

some modifications. Due to the low number of

species germinating, we grouped sedges and grasses

as one group, called graminoids, while all herbaceous

dicotyledons were another group. See Appendix in

Supplementary material for a classification of the

germinating species after the different traits.

Statistical analysis

All data were sampled at the plot level and were then

averaged to habitat since this level was the focus of

sampling. Data were transformed by loge(x ? 1) and

analyzed using linear mixed effects models (lme;

Pinheiro et al. 2005). Lme models allow the usage in

nested designs of explanatory variables that are a

mixture of fixed effects and random effects (Pinheiro

and Bates 2000). We tested for main effects and

possible interactions of grazing history and life history

traits on seed bank densities (seeds/m2). A separate

analysis was carried out for each of the three focal life

history traits (growth form, seed mass categories, and

diaspore morphology), always including grazing his-

tory as the other main predictor variable in all analyses.

We also included in all analyses region as a covariate,

since we expected seed densities to differ according to

context differences between regions. Grazing history

was a categorical variable with two levels: increased or

stable. Region had three categories: region west,

region middle, and region east. In all analyses, district

and landscape area were considered random effects.

However, district was eventually dropped as a random

factor as it explained very little variation (var =

0.05 ± 0.01) and this spatial level corresponds to the

spatial level of grazing history and region.

All statistical output is presented as geometric

means, i.e., back transforming results from the

logarithmic scale. Data analyses were performed in

the statistical environment R (version 2.4.0; R

Development Core Team 2006).

Results

Out of 2,056 individuals that germinated from the

seed bank samples, 70% were identified to species

level and classified according to the selected traits to

run the analyses. The mean seed density in the seed

bank per habitat was 1,268 ± 470 (95% CI, n = 70)

seeds/m2 and 62 species were encountered (see

Appendix).

The results from the three statistical analyses

showed that the seed bank density (seeds/m2) per

habitat was significantly affected by grazing history

and region, and that seed density differed signifi-

cantly between growth forms, seed mass categories,

and diaspore morphologies (Table 1). Habitats in

districts with a history of increased reindeer density

had lower seed bank densities (Fig. 3). Between the

Table 1 Main results (ANOVA tables) from linear mixed

effect models carried out to assess the impact of grazing history

and region on seed bank density (seeds per m2) per habitat, for

each of the three life history traits, i.e., growth forms, seed

mass categories, and diaspore morphologies

Parameters Life history traits

Growth forms Seed mass categories Diaspore morphologies

df F-value P [ |t| df F-value P [ |t| df F-value P [ |t|

Intercept 1,165 214.3 \0.01 1,231 191.19 \0.01 1,165 97.17 \0.01

Grazing history 1,33 4.51 0.02* 1,33 3.92 0.04* 1,33 2.87 0.05*

Trait 2,165 6.63 \0.01* 3,231 12.40 \0.01* 2,165 4.50 0.04*

Region 2,33 5.88 \0.01* 2,33 8.12 \0.01* 2,33 5.99 \0.01*

Grazing history 9 trait 2,165 0.05 0.95 3,231 0.84 0.46 2,165 0.42 0.65

Region 9 trait 4,165 2.37 0.04* 4,231 2.21 0.05* 4,165 2.41 0.05*

For each statistical model, the results for ‘‘trait’’ refer to the significance of the different life history trait categories evaluated in that

model

* Significant value at P \ 0.05
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regions, the seed bank densities were higher in the

region middle and the region west than in the region

east (Fig. 3). The distribution of life history traits was

independent of history of reindeer grazing (Table 1),

while there was an interaction with region (Table 1).

For instance, the region east had a higher proportion

of seeds that are wind dispersed and of shrub growth

form (Table 2). Overall, small seeds (\0.5 mg),

seeds with no appendages, and seeds belonging to

graminoid growth form were the most common traits

found in the seed bank (Fig. 4). The estimated effects

of the random factors in the mixed models were

generally low between the landscape areas compared

to habitats within landscape areas for all life history

traits (standard deviation for landscape areas vs.

habitat within landscape areas were 1.89 vs. 9.18 for

growth forms, 1.86 vs. 8.58 for seed mass categories,

and 2.03 vs. 9.91 for diaspore morphologies).

Discussion

Districts with a history of increased reindeer densities

had lower seed density in the seed bank as opposed to

districts where reindeer densities had remained

stable. However, no indications of selective pressure

on life history trait distribution were found due to

differences in this recent grazing history. Overall,

individuals with a graminoid growth form, small

seeds (\0.5 mg), and seeds lacking a mechanism for

seed dispersal were the most common traits present in

the seed banks from this alpine grazed ecosystem.

These are traits common among grazing tolerant

plants, and may reflect that the vegetation has adapted

to a longer grazing history in Finnmark, where

reindeer have been present for several centuries

(Skogland 1994). Both seed density and the life

history trait compositions were found unevenly

distributed across the regions, indicating dependency

on contexts varying at the large spatial scale of this

study (Fig. 3; Table 1).

Lower seed densities in districts with a history of

increased reindeer density indicate that the recruit-

ment opportunities of this alpine vegetation are

reduced. The decrease in seed density is likely

because reindeer graze in a selective manner, by

choosing plant reproductive parts when available

(Klein 1990; Bråthen and Oksanen 2001; Cooper and

Fig. 3 Mean seed density

(seeds per m2; geometric

mean with 95% confidence

intervals) for the two

different grazing histories

and for the three different

Finnmark regions

Plant Ecol (2010) 207:321–331 327

123



Wookey 2003). Furthermore, there is also evidence

that high grazing pressure not only decreases the

amount of flowers, but also reduces the investment on

sexual reproduction in many reindeer forage species

(Ehrlén 1997; Wada 1999; Bråthen and Junttila

2006). Many alpine areas are known to be already

seed limited (Turnbull et al. 2000; Eskelinen and

Virtanen 2005) and recent studies on geese (Kuijper

et al. 2006) and Svalbard reindeer (Cooper 2006)

have discovered intensive grazing in the High Arctic

to have depleted the seed banks, thus having a lasting

impact in these plant communities.

Parallel with the grazing history effect, we found a

regional gradient in seed density from region west and

middle to region east. This regional gradient in seed

density could be attributed to factors such as slope

(Csontos et al. 2004), altitude (Molau and Larsson

2000; Cummins and Miller 2002), the physical envi-

ronment of the soil (Chambers et al. 1991), or climate

(Hill and Vander Kloet 2005). For instance, even small

increases in temperature can accelerate flowering of

some alpine species (Arroyo et al. 1981; Molau et al.

2005) increasing seed production and consequently

increasing seed bank densities.

However, the recent history of reindeer grazing did

not appear to be a selective force behind the

distribution of the different life history traits. Similar

trait dominance was found in both stable and

increased districts. The general pattern reflected in

both seed banks from increased and stable districts

seemed to correspond to a more classic overall grazed

ecosystem, i.e., small seeds lacking dispersal mech-

anisms (Navie and Rogers 1997) and mainly of

graminoid growth form. Several graminoid species

Table 2 Geometric means (and 95% confidence intervals) for the seed density (seeds per m2) per habitat (n) of the different growth

forms, and seed traits, i.e., seed mass and diaspore morphology

Grazing

history

Region n Growth forms

Herbaceous dicotyledon Graminoid Shrub

Increased West 9 12.1 (1.8, 60.6) 48.9 (7.2, 300.9) 39.9 (5.6, 251.1)

Middle 13 39.0 (6.1, 224.9) 269.4 (35.6, 1997.2) 9.0 (0.9, 52)

East 16 2.1 (0.2, 7) 8.1 (1.1, 38.6) 13.6 (2.2, 65)

Stable West 9 168.0 (32.8, 844.6) 189.6 (63.7, 560.2) 33.5 (3, 294.9)

Middle 13 37.1 (7.9, 161.4) 322.8 (75.7, 1365.5) 82.1 (29.3, 227.1)

East 10 8.3 (0.5, 57) 28.4 (2.5, 248.6) 25.3 (5.4, 107.9)

Grazing

history

Region n Seed mass categories

\0.1 mg [0.1 to 0.5 mg [0.5 to 1 mg [1 to 5 mg

Increased West 9 24.0 (4.1, 121.7) 61.2 (8.1, 423.1) 1.9 (0.4, 14) 6.3 (0.2, 45.1)

Middle 13 33.8 (4.1, 236.5) 107.9 (17.2, 651) 89.0 (11.3, 657.5) 4.9 (0.1, 31.8)

East 16 5.2 (0.4, 25.6) 20.3 (5, 74.9) 1.4 (0.2, 6.1) 1.9 (0, 7.5)

Stable West 9 72.0 (8.3, 571.5) 138.8 (27.5, 684.4) 89.9 (17.2, 453.9) 3.6 (0.1, 17.7)

Middle 13 173.2 (54.1, 549) 124.2 (37.5, 406.5) 74.9 (11.3, 467.7) 32.1 (10, 98.5)

East 10 13.9 (1.6, 83.8) 26.4 (2.3, 227.1) 6.4 (0.5, 35.2) 2.1 (0.2, 10.2)

Grazing

history

Region n Diaspore morphologies

No appendages Animal dispersed Wind dispersed

Increased West 9 50.9 (7.7, 310.1) 41.1 (5.8, 261.4) 7.3 (0.7, 39.9)

Middle 13 147.4 (15.9, 1298.8) 77.3 (14, 406.5) 18.1 (2.2, 114.6)

East 16 6.7 (0.7, 33.5) 5.5 (0.9, 21.4) 13.0 (2, 64.4)

Stable West 9 199.3 (32.4, 1198.9) 92.7 (19.7, 423.1) 18.7 (1.1, 182.1)

Middle 13 289.0 (68.4, 1211) 137.4 (42.4, 440.4) 30.8 (6.2, 140.2)

East 10 17.7 (1.1, 169.7) 9.1 (0.7, 59.3) 14.3 (1.5, 91.8)

Geometric means are given for each combination of grazing history and region
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are known for their capacity of compensatory or even

overcompensatory growth under grazing pressure

(Wegener and Odasz 1997; Bråthen and Odasz-

Albrigtsen 2000). Thus, the several centuries’ of long

history of reindeer grazing in Finnmark have prob-

ably been a major factor in shaping the seed bank trait

composition.

Inconsistently with our results, a recent study on

reindeer in Finnmark found more graminoid and forb

seedlings emerging in areas where reindeer densities

were high (Olofsson 2006). However, results in

Olofsson (2006) are based on findings close to reindeer

fences while we found no effect of reindeer on

graminoid seed density when embracing the summer

pastures at their full extent. Thus, our results reinforce

the importance of ecological context and scale. It is

also worth noting that for vegetation composition

responses to reindeer grazing in Finnmark, results

found in a study at local scale (Olofsson et al. 2001) are

contradicted by a study at larger scale (Bråthen et al.

2007b). Furthermore, reindeer dispersal of seeds by

endozoochory has, in Finnmark, been found to be

highly dependent on ecological scale and context

(Bråthen et al. 2007a). Consequently, rather than

choosing only one environmental context for our

study, we believed it was important to know how seed

bank densities were affected over a range of different

environmental contexts for reindeer grazing. Among

all studies on herbivore effects on seed banks, our

study is the only one in line with the theoretical under-

standing that context-dependency can be approached

by study scaling and design (Wiens 1989; Hobbs 2003;

Noda 2004).

Finally, because we have used a study design where

reindeer history effects are studied at a scale that

includes different ecological contexts, we believe our

results to conservatively explain reindeer density

effects on the seed banks. We suggest more effort

should be made at studying the importance of differing

ecological contexts and their interactions on seed

banks. For instance, different contexts may be of high

relevance for the effect of climate change on seed

banks. Large-scale studies, such as the current, should

then be of high priority.

Fig. 4 Mean seed density (seeds per m2; geometric mean with 95% confidence intervals) for the different growth forms, and seed

traits, i.e., seed mass categories and diaspore morphologies
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