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EFFECTS OF A TUNDRA FIRE ON SOILS 
AND PLANT COMMUNITIES ALONG A HILLSLOPE 
IN THE SEWARD PENINSULA, ALASKA 

Charles Racine 

INTRODUCTION 

Although generalizations about the distur­
bance and recovery of arctic tundra vegetation 
and ecosystems have been made (Johnson and 
Van Cleve 1976, Webber and lves 1978), it is ap­
parent that the responses to a disturbance vary 
drastically .among different ecosystems and dif­
ferent areas . This study describes and compares 
the effects of fire on soils and permafrost, and 
describes post-fire revegetation patterns of arc­
tic tundra communities on a hillslope in the 
Seward Peninsula of northwestern Alaska. 

Widespread lightning-caused tundra fires in 
july and August 1977 burned over one million 
acres in northwestern Alaska (Fig. 1 ). Studies to 
determine the effects of these fires on vegeta­
tion, soi Is and permafrost were initiated one year 
later in july 1978 at lmuruk Lake in the Seward 
Peninsula (Racine and Racine 1979, Racine 
1979). Permanent plots were established and 
sampled during the summers of 1978 and 1979. 
This report describes the results of monitoring 
post-fire changes in thaw depths and plant spe­
cies composition and cover in the Seward Penin­
su Ia during the 1978 and 1979 growing seasons . 
A similar study of tundra fire effects by Hall et 
al. (1978) was initiated immediately following 
the fire in August 1977 at the Kokol ik River 
(69°30'N, 161 °50'W) near the boundary of the 
Arctic Coastal Plain and the Northern Foothills 

(Fig. 1 ). 

STUDY AREA 

The lmuruk Lake area is located in the central 
Seward Peninsula (65°35 'N, 163°10'W; Fig. 1). 
The rolling, unglaciated landscape here supports 
low arctic tundra ecosystems dominated by 

sedge tussock-shrub tundra communities. The 
only long-term climatic data available for this 
area come from stations at Nome and Kotzebue, 
which have maritime conditions in contrast to 
the more continental climate in the Seward in­
terior around lmuruk Lake. Hopkins and Siga­
foos (1951) characterize the climate around I mu­
ruk Lake as rigorous and continental, with a 
mean annual temperature of -6.7°C and a mean 
annual precipitation of around 21 em, of which 
approximately 25% falls as snow. More than 
50% of the annual precipitation occurs during a 
well -defined rainy season extending from july 
through September. Subfreezing temperatures 
predominate from early October to mid-May. 
The july mean temperature is near 1 0°C; how­
ever, nocturnal frosts are common during all of 
the summer months. The treeline approaches to 
within 25 km of lmuruk Lake. 

The most intensive studies were carried out at 
nine sites along a topographic transect, running 
from the bottom (320 m) to the crest (440 m) of 
Nimrod Hill, which borders the east side of lm­
uruk Lake (Fig. 2 and 3). This area was chosen be­
cause of pre-fire studies of soils and vegetation 
carried out along this same transect in 1973 by 
Holowaychuk and Smeck (1979) and Racine and 
Anderson (1979). These studies provided a pre­
fire control as well as a basis for evaluating the 
effects of the 1977 tundra fire. 

Nimrod Hill (Fig . 2) is located within the lava 
plateau physiographic region of the Seward Pen­
insula (Hopkins 1963). The most conspicuous 
relief features here are isolated hills with broad, 
dome-shaped summits and smooth slopes which 
are rarely steeper than 18% . The transect begins 
on a Pleistocene terrace adjoining lmuruk Lake 
and extends northeast up the southwest side­
slope and over the crest onto the northeast­
facing side of Nimrod Hill (Fig. 3). The bedrock 



Figure 1. Map of the Seward Peninsula, Alaska, showing size and location of 
1977 tundra fires. 

Figure 2. Postfire (July 1978) aerial oblique v ie w of Nimrod Hill slope w here nine permanent-plot study 

sites were established along a topographic transect (eight sites marked]. Sand y shore of lmuruk Lake is 

visible in the lower foreground. 
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Figure 3. Scaled topographic profile of Nimrod Hill near 
the east shore of lmuruk Lake. Location of nine study sites 
shown together with topography, slope, drainage, soil 
types (HPCq = Histic Pergelic Cryaquept; PCq = Pergelic 
Cryaquept; PCf = Pergelic Cryofibrist], frost features 
{c.p. = centered polygons) and plant community type 
(B + E = Birch and ericaceous). Elevations range from 335 
m (1100 ft) at site 1 up to 457 m (1500 ft). 

of Nimrod Hill was shown by Hopkins (1963) to 
be quartz monzonite which was not buried 
under the plateau lavas. As depicted in Figure 3, 
the transect profile is sigmoid in form, starting 
with a gentle gradient (1-9%) on the footslope, 
then increasing in steepness on the convex back­
slope (12-15%) and rising to the broad, level 
crest. The flexure in slope curvature near site 5 
appears to coincide with a fault, identified by 
Hopkins (1963), a short distance to the north . 

Shallow, weakly expressed, more or less paral­
lel drainageways occur at intervals of about 100 
to 150 m along the entire southwest-facing 
slopes of Nimrod Hill (Fig. 2). Low (1-2m) willow 
shrub thickets occupy these drainageways. The 
intervening interfluves are slightly convex, with 
the sideslopes having a gradient of only a few 
percent. The transect is located approximately 
along the axial crest of one of these interfluves. 

Soil moisture environments along the transect 
range from moderately well-drained on the 
southwest backslope (sites 6 and 7) to very poor­
ly drained on the level crest (site 8) of Nimrod 
Hill (Fig. 3). The footslope between sites 1 and 5 
and the northeast-facing backslope are poorly 
drained . At all sites along the transect, the soil 
moisture environment is well expressed by the 
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colar of the mineral soil; a gray, gley-soil pre­
dominates on poorly drained sites with a yellow­
ish mottling increasing in extent with improved 
drainage above site 5, up to the level crest (Holo­
waychuk and Smeck 1979). The texture of the 
soil mineral fraction also changes along the tran­
sect from a coarse loam on the backslope to a 
silt clay loam on the colluvial footslope . Soil tax­
onomic units along the transect correspond with 
the soil moisture environments (Fig. 3): Histic 
Pergel ic Cryaquepts on the poorly drained foot­
slope, Pergelic Cryaquepts on the moderately 
well drained backslope, and Pergelic Cryofibrists 
on the very poorly drained level upland . 

A variety of cryogenetic features are evident 
along the transect (Fig. 2 and 3). Along the nearly 
level crest of Nimrod Hill, these features consist 
of low-centered polygons, 10 to 15 m across . On 
the upper portion of the backslope, elongate, 
turf-banked, nonsorted frost boils are common. 
In the vicinity of site 7 these longitudinal fea­
tures are up to 3 m in diameter and occupy 40% 
of the area (Fig. 11 ). Although of considerable ex­
tent, these frost boils were not very active as of 
1973, since patches of I ichens and other vegeta­
tion covered most of the surface. On the foot­
slope, between sites 5 and 1, equidimensional 



mud circles and some weakly expressed , 
benched solifluction forms represent the main 
cryogenetic features . These mud circles are 
usually less than 1 m in diameter, few in number 
and cover less than 3% of the area . In 1973, their 
surfaces were covered with a thin mat of fine 
moss. Along with these mud circles , high­
centered polygons occupy the level base of the 
footslope and terrace at site 1 (Fig. 2). 

Corresponding with the above-described 
changes in topography, soil moisture environ­
ments, soil types and cryogenetic features are 
changes in the plant communities along Nimrod 
Hill (Fig. 3). These were quantitatively sampled 
and described before the fire in 1973 and are the 
basis for the following descriptions; more de­
tailed information on pre-fire communities are 
provided in the Results section (cf . Fig. 4). No­
menclature for plant community names follows 
Viereck and Dyrness (1980). 

The footslope from site 1 to site 5 is occupied 
y sedge tussock-shrub tundra dominated by cot­
tongrass tussocks (Eriophorum vaginatum); dwarf 
shrubs such as Labrador tea (Ledum palustre), 
dwarf birch (Betula nana), cloudberry (Rubus 
chamaemorus), I ingonberry (Vaccinium vitis­
idaea), blueberry (V. uliginosum) and crowberry 
(Empetrum nigrum); the mosses Sphagnum spp., 
Dicranum elongatum, Hypnum pratense and 
Aulocomium palustre; and lichen species, 
Cladonia gracilis, C. rangiferina, Cetraria cucul­
lata, C.islandica and Peltigera aphthosa . 

Above this sedge tussock-shrub community is 
a birch and ericaceous shrub tundra community 
on the better-drained backslope (sites 6 and 7). 
This community is composed of the same dwarf 
shrub species as found in the tussock-shrub 
community (with the exception of cloudberry). 
Carex bigelowii replaces cottongrass tussocks 
here and lichens are more important than 
mosses. The composition of this community 
changes slightly on the tops of the elongate frost 
boils. 

On the level crest of Nimrod Hill (site 8) a 
sedge-shrub tundra community includes sedges 
of the species Carex aquatilis and Eriophorum 
scheuchzeri, as well as cloudberry, dwarf birch, 
Labrador tea, and lingonberry; Sphagnum moss 
is more important here than in the other com­
munities along the slope. On the northeast­
facing backslope of Nimrod Hill (site 9), just 
below the crest, there is a sedge-shrub tundra 
community similar to that on the crest except 
that sedges are less abundant and moss cover 
more conspicuous. All of the above ecosystems 
burned during the 1977 tundra fire. 
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METHODS 

To study the effects of tundra fire on a range 
of ecosystems, a series of permanent plots was 
established at each of the nine sites along the 
Nimrod Hill transect in July 1978 (Fig. 3). The 
transect and sites were located as close as pos­
sible to their 1973 positions for comparative pur­
poses . At each of the nine slope positions, two 
stakes were placed 10 m apart, perpendicular to 
the contours, and a meter tape stretched be­
tween them . Then 10 sample plots, with dimen­
sions of 1 m X 1 m, were positioned between the 
stakes using the tape as one side. In each of the 
90 sample plots on 14-17 July 1978 and 25-29 
July 1979, all living plant species were recorded, 
an estimate of percent cover made, and the 
number of leafy live shoots or stems counted for 
each species . Thaw depths were determined by 
probing the center of each 1-m X 1-m plot while 
soil pits were dug nearby to determine the thic~­
ness of the organic horizon. A comparison of the 
organic layer thickness before (1973) and after 
the fire was used to evaluate the severity of 
burning using the following rating system devel­
oped by Viereck et al. (1979): 

1 . Heavily burned -soil organic mate­
rial completely or nearly consumed to 
mineral soil, no discernible plant parts 
remaining. 

2. Moderately burned- organic layer 
partially consumed, parts of woody 
twigs remaining . 

3. Lightly burned- plants charred but 
original form of mosses and twigs vis­
ible. 

4. Scorched- moss or other plants 
brown or yellow but species usually 
identifiable. 

5. Unburned- plant parts green and 
unchanged . 

The patterns of recovery observed at lmuruk 
Lake were compared with other observations 
and permanent plots established near Utica 
Creek on the same 1977 burn, on a different burn 
near the Arctic River, and on an older 1971 tun­
dra fire site about 100 km north of Nome (Fig. 1 ). 

For each site, thaw depths, cover, and density 
values for each species in the 10 sample plots 
were averaged . Where plots were on frost fea­
tures, such as mud circles or frost boils, values 
for these plots were computed separately . Stand­
ard deviations were also obtained for the mean 
values. Paired t-tests (Ostle 1963), comparing 
1978 and 1979 values for each plot, were used to 
determine significant changes in species cover, 
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for three communities at the top (a), middle (b) and bottom (c) of Nimrod Hill. (B 
Bryophyte, G = Craminoid, OS = Dwarf shrub, M = Mineral soil.) 

density and thaw depths. Since cover values for 
all species were very low following the fire, 
shoot density values were generally considered 
more sensitive indicators of change . 

pre-fire organic horizon, 25-30 em thick (27 .9 ± 
5.3 em; n = 18), overlying frozen colluvial miner­
al silt clay loam. The measurement of organic 
horizon thickness in 1978, one year after the fire 
in the tussock-shrub tundra, suggested removal 
of only 5 em or less of this organic horizon and a 
light severity of burning. Mud circles 0.5 to 2 m 
in diameter are common and in 1973 were usual­
ly occupied by groups of vigorous cottongrass 
tussocks with a thin moss cover over the 
intertussock mineral soil. This moss mat was 
completely removed by the 1977 fire . 

RESULTS 

Sedge tussock-shrub tundra 
(sites 1, 2, 3, 4, 5) 

Soils 
On the footslope of Nimrod Hill, the poorly 

drained soils on a slope of 2 to 9% included a 
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Mid-July thaw depths in tussock-shrub tundra 
did not appear to be significantly greater one 



year after the fire (28 .5 em) than before the fire 
(27.6 em) at site 2 (Table 1 ). However, from 1978 
to 1979 thaw depths increased significantly at all 
five tussock-shrub tundra sites: by 30-45% in 
non-mud-circle areas, and by 12-20% on mud 
circles (Table 1 ). There is evidence obtained by 
Schmitt (1979) to further support the idea that 
this increase in thaw depths is due to fire effects 
rather than to yearly climatic fluctuations . This 
evidence includes 1) measurements of thaw 
depth in an area of unburned tussock-shrub tun­
dra near Nimrod Hill in July 1979 (28 .9 ± 7.6 em) 
which were significantly less than on the nearby 
burned tussock-shrub tundra (35 .8-49.0 em, 
Table 1 ), 2) a bu II dozed firebreak which had 
been cut through tussock-shrub tundra during 
the 1977 fire north of lmuruk Lake, where thaw 
depths were 40% deeper on the burned side 
(53.3 ± 5.8 em) than on the unburned side (38 .0 
± 5.8 em). (In the bulldozed fireline, thaw depths 
in July 1979 were 46.3 ±5.6 em .) In mid-July of 
both 1978 and 1979, the upper mineral soil hori­
zons thawed at most tussock-shrub tundra sites 
sampled. This condition was rare or unknown in 
1973 (Holowaychuk and Smeck 1979) and is at­
tributed to the cumulative effects of burning, 
such as the reduction in the thickness of the 
organic mat. 

Vegetation 

Living plant cover was drastically reduced by 
the 1977 fire; however, small patches of unburned 
or scorched vegetation were common, particu­
larly on the lower slope at sites 1, 2 and 3 (Table 
2). One year later, in July 1978, about a 23% I iv­
ing plant cover was reestablished in this com­
munity (Table 2, Fig. 4). This rapid recovery is 
mainly due to the resprouting of cottongrass tus­
socks within one year following the fire (Fig. 4, 5 
and 7). Dwarf shrubs were slower to resprout, 
reaching cover values of only 3 to 7% in 1978 
(Fig. 4). Colonization of the intertussock spaces 
by bryophytes and graminoid seedlings also con­
tributed small amounts of living plant cover to 
the first year recovery (Fig . 4). 

Between the first and second years following 
the fire, total plant cover increased slightly by 8 
to 10% at three of the five tussock-shrub tundra 
sites (Table 2, Fig . 4, 6 and 8). This increase was 
mainly due to additional resprouting of dwarf 
shrubs rather than cottongrass tussocks (Fig . 4). 
During the second year there was also a small in­
crease in bryophyte cover while sedge seedlings 
remained abundant. No lichen recovery was ob­
served at any tussock-shrub tundra site al­
though small unburned patches were common 
at site 1 . 
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Post-fire contributions to cover and shoot den­
sity varied among several species which gener­
ally were important in the tussock-shrub com­
munity before the fire (Table 3) and colonizers 
not seen at these sites before the fire . These col­
onizers included bluejoint grass (Calamagrostis 
canadensis), fireweed (Epilobium angustifolium), 
and the bryophytes, Marchantia polymorpha, 
Ceratodon purpureus and Polytrichum juniper­
inurn . However, none of these colonizers reached 
high cover values during the first or second years 
following the fire . Of the graminoid species, cot­
tongrass tussocks were clearly the most vigorous 
res p router . Resprouti ng shoots of Carex 
bigelowii and/or C. aquatilis were always present 
but scattered . Bl uejoint grass formed small, lo­
calized colonies and made significant increases 
in density from 1978 to 1979 at site 3 (Table 3). 
Seed I ings of both Carex bige/owii and Erio­
phorum vaginatum were fairly abundant in inter­
tussock spaces during both 1978 and 1979; how­
ever, two-year-old ti llering seed I ings of these 
species were found only occasionally in 1979, 
suggesting low seedling survival from the first to 
the second year following the fire . 

Of the resprouting dwarf shrubs in Table 3, the 
species which showed the greatest increase in 
cover and/or density during the first two years 
following the fire were, in order of importance: 
cloudberry, Labrador tea, lingonberry, blue­
berry, dwarf birch, willow and crowberry (Table 
3). Cloudberry shoot density increased by an 
average of 34 shoots/m 2 (200%) between 1978 
and 1979 at four of the five tussock-shrub tun­
dra sites. Labrador tea shoot density also in­
creased significantly at four out of five sites by 
an average of 49 shoots/m 2 (65%). Lingonberry 
shoot density increased significantly at two out 
of four sites from 43 shoots/m 2 to 126 shoots /m 2 

in 1979 at si te 2 and from 26 shoots/m 2 to 43 
shoots/m 2 at site 3. Significant increases in blue­
berry shoot density occurred only at the two 
better-drained tussock-shrub tundra sites : 4 and 
5. 

Resprouting dwarf birch occurred sporadi­
cally, usually at a frequency of less than 50% . 
However, during 1979 dwarf birch resprouts ap­
peared in plots where they were not present in 
1978, unlike the other dwarf shrub species which 
had appeared in most plots during the first year 
following the fire . Crowberry did not appear in 
any plot following the fire, although it was com­
mon in the pre-fire tussock-shrub tundra in 1973 . 

The most striking visual change in tussock­
shrub communities between 1978 and 1979 was 
the increased density of fruiting stalks of cotton­
grass tussocks (Table 4, Fig . 6 and 8). In 1978, cot-



Table 1. Mean thaw depths {em) in frost-scarred {mud circles, frost boils) and non-frost 
scarred plots established at nine sites {three communities) along the topographic gradient 
of Nimrod Hill before and after a 1977 tundra fire. 

Tha w depth * Increase in tha w depth 
Pre fire {_19 73 2 7 J:_ra fte r(.79 782 2 y rs after (7979). 79 73-78 7978- 79 7973-79 

Site Mean Std. dev. Mean Std. dev. Mean Std. dev. (em) (%) (em) (%) (em) (%) 

Sedge Tussock-Shrub Tundra 
Site 1 

Non-mud circle NO 29.5 6.7 38.2 8.6 NO +8.7 29 NO 

Mud circle NO si.s 3.5 69.0 1.4 NO +11.5 20 NO 

Site 2 
Non-mud circle 27.6 5.6 28.5 4.7 41.2 5.8 +0.9 3 +12.7 45 +13.6 49 

Mud circle 44.5 45.0 6.1 50.5 6.4 +0.5 +5.5 12 +6.0 13 

Site 3 
Non-mud circle NO 27.2 3.8 35.8 3.8 NO +8.6 32 NO 

Mud circle NO 44.4 6.3 52.8 4.5 NO +8.4 19 NO 

Site 4 
Non-mud circle NO 32.4 6.1 44.8 5.5 NO +12.4 38 NO 

Site 5 
Non-mud circle NO 37.7 4.0 49.0 4.5 NO +11.3 30 NO 

Birch and Ericaceous Shrub Tundra 
Site 6 

Non -frost boil 24.6 5.7 53.8 4.5 68.0 9.8 +29.2 119 +14.2 26 +43.4 81 
Frost boil 43.2 9.9 65.0 Rock +21.8 50 Rock Rock 

Site 7 
Non-frost boil NO 60.0 Rock +35.4 114 Rock Rock 

Frost boil NO Rock Rock Rock Rock Rock 

Sedge-Shrub Tundra 
Site 8 

Non-frost scar 23.5 2.9 31.1 
Site 9 

Non-frost scar 21.9 3.7 25.9 

*For one to ten 1-m X 1-m plots at each site. 
NO = No determination. 

2.9 

2.9 

tongrass fruiting stalk density was about 2- 6/m 2
, 

but one year later in the same plots, densities 
had increased by ten times to 20-60/m 2

. 

Birch and ericaceous shrub tundra (sites 6 and 7) 

Soils 
In 1973, the steeper, moderately well -drained 

backslope of Nimrod Hill was occupied by a 
birch and ericaceous shrub tundra community 
with well-vegetated, elongate, turf-banked frost 
boils 1 m to 2 m in diameter (d. Fig . 11 ). Organic 
horizons were thin (0-5 em) over these frost 
boils, but thicker (18-20 em) in the surrounding 
unscarred area . One year after the 1977 fire, it 
was apparent that the fire had removed all of the 
vegetation and soil organic matter from these 
frost boils (Fig. 11). In the surrounding birch and 
ericaceous shrub tundra, all of the aboveground 
vegetation and about 50% of the organics had 
burned, leaving an 8- to 10-cm organic horizon . 

42.6 

37.5 

7 

1.9 +7.6 32 +11.5 37 +19.1 81 

4.6 +4.0 18 +11.6 45 +15.6 71 

Hence, the severity of burning was heavy on the 
frost boils and moderate to heavy in the sur­
rounding area . Because of the absence of re­
sprouting tussocks, the exposed mineral soil sur­
face on the frost boils (occupying up to 40% of 
the area), and the blackened/charred organic 
mat, this backslope area appeared to be the 
most severely burned part of the transect in 1978 
(Fig . 2). 

Pre-fire thaw depths in mid-July 1973 on the 
backslope were about 24.6 ± 5.7 em in the non­
frost-boil areas and 43 .2 ± 11 .3 em on the elon­
gate, turf-banked frost boi Is (Table 1 ). In July 
1978, thaw depths had increased by about 123% 
(to 54 .8 ± 7.0 em) in the non-frost-boil areas and 
by 50% (to 65 em) in the exposed frost boils; 
however, rock was encountered before thaw 
depth measurements could be made in many 
plots . By July 1979, it was almost impossible to 
obtain thaw depth measurements because of 
rock . In addition, there was apparent subsidence 



Table 2. Cover values* for plant growth forms at eight sample sites along the 
topographic gradient of Nimrod Hill in the Seward Peninsula, Alaska, before 
and after a 1977 tundra fire on this slope. 

Prefire (19 7 3) 7 y r after(l 9 78) 2 y rs after (1 9 79} Diff. bet ween 79 78 
Plant Cover t. 7 std. Cover ± 7 std. Cover ± 7 std. and 7 9 79 average 

gro wth fo rm (%) dev. (%) dev. (%) dev. co ver va/uesf 

Sedge Tussock-Shrub Tundra 
Si te 2 

Graminoid 43.2 17.7 18.7 8 .0 21 .5 10.8 2.8 
Dwarf shrub 39 .4 20 .9 3.3 1.3 9.3 3.3 6.0·001 
Bryophyte 2 .8 4 .7 1.0 0.2 2.7 1.7 1.7·01 
Lichen 5.5 4 .1 0.0 0.0 0.0 
To tal 90 .9 23.3 32.2 8 .9 ·01 

Si te 3 
Graminoid NO 21.1 17 .7 21.4 20.5 0.3 
Dwarf sh rub NO 5 .7 3 .3 6 .2 3.4 0.5 
Bryophyte NO 1.0 0.5 2.5 1.4 1.5 .01 
Li chen NO 0.0 0.0 0.0 
Total NO 27.8 30.1 2.3 

S ite 4 
G raminoid NO 9.7 6 .0 10.1 6.9 4 .8 ·001 
Dwarf shrub NO 7.0 3.2 11.4 2.5 4.4·01 
Bryoph y te NO 1.8 2 .6 5 .2 5.8 3.4·05 
Lich e n NO 0.0 0.0 0.0 
Total NO 18.5 26 .7 8.2 ·01 

Site 5 
Graminoid NO 15.6 9 .5 20.4 10.2 4 .8·001 
Dwarf shrub NO 4 .0 2.7 8 .3 3.4 4.3·01 
Bryophyte NO 0. 1 0.6 0.5 
Lichen NO 0.0 0.0 0.0 
Total NO 19.6 28.7 9.'1·01 

Birch and Ericaceous Shrub Tundra 
Site 6 

Graminoid 10.0 1.1 3.7 4 .6 0. 3 3.5 .05 
Dwarf shrub 43.0 0.0 0.0 0.0 
Bryophyte 3.0 12.2 25.5 51. 7 8.5 39.5·01 

Lichen 14.0 0.0 0.0 0.0 
Total 70 .0 13.4 56.7 4 3.3·01 

Site 7 
Graminoid NO 4.0 6 .0 14.2 19.6 1 0.2·05 

Dwarf shrub ND 0.0 0.6 0.6 
Bryophyte NO 6.8 5.2 38.1 28.9 31.3 ·01 

Lichen NO 0.0 0.0 0.0 
Total NO 12.1 54.9 4 2.8· 0

' 

Sedge-Shrub Tundra 
Site 8 

Graminoid 30.0 11.5 4.6 2.1 22.3 10 .4 17 .7·001 
Dwarf sh rub 17.2 10.1 2.0 3 .5 5.0 1.4 3.0 ·05 
Bryophyte 24 .6 21.3 2.1 3.8 5.9 1.6 3.8· 01 
Lichen 12.6 9.9 0.0 0.0 0.0 
Total 84.4 8. 7 33.2 24.5.001 

Site 9 
Graminoid 13.2 11.8 1.0 1.5 0.5 
Dwarf shrub 56.7 8.0 3.4 8 .0 14.8 3.1 11 .4 ·01 
Bryophyte 14.1 10.3 0.0 2.6 2.3 2.6·01 
Lichen 7.5 8.9 0.0 0.0 0.0 
Total 91.5 4.4 18.9 14 .5 .00 1 

*At each site cover was estimated in ten 1-m X 1-m permanent plots. 
h statistic for paired t test comparing 19 78 and 1979 cover valu es with leve l of signi fica nce 

indicated. 

NO= No determination. 
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Figure 5. Burned sedge tussock-shrub tundra on the foots/ope of Nimrod Hill in july 1978, one year after 

the tundra fire burned over the entire slope. View here is upslope from site 1 (s takes in mid-foreground) 

with crest of Nimrod Hill on the horizon. 

Figure 6. Burned sedge tussock-shrub tundra on the foots/ope of Nimrod Hill in july 1979, two years 

after the tundra fire (same view as in Figure 5). Note abundant fruiting heads of Eriophorum vaginatum . 

9 



Figure 7. Vertical closeup v iew of 1-m x 7-m plot at site 7 in burned sedge tussock-shrub tundra on 

Nimrod Hill in Jul y 7 978, one year after the tundra fire . Note resprouting E riophorum vagina tum 
tussock s. 

Figure 8. Closeup view of same 7-m x 7-m plot as pictured in Figure 7 in July 1979, two years after the 

tundra fire . Note increased resp routing and fruiting of Eriophorum tussocks. Small white dots in the 
inter-tussock space are E riophoru m fruits . 
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Table 3. Values for selected species sampled at four sedge tussock-shrub tundra sites on the footslope of Nimrod Hill in the Seward 
Peninsula. 

Frequency* Cover(%) Density (shoots/m 1
) Seedlingst t Tillers ft 

7973 79 78 79 79 Diff.i 7 9 73 79 78 79 79 Diff. 79 73 79 78 79 79 Diff. 79 73 79 78 79 79 Diff. 79 73 79 78 79 79 Diff. 

Site 2*** 
Dwarf shrubs 

Rubus chamaemorus 4 10 10 0 0.9 1.6 4 .1 2.6 NO 50 163 113 '01 

Ledum palustre 10 10 10 0 9.3 1.2 3.4 2.2·01 NO 59 90 31·01 
Vaccin ium uliginosum 10 1 1 0 9.8 0.1 0.1 0 NO 2 2 0 
Vacc inium vitis-idaea 10 10 10 0 6 .9 0.8 1.3 0.6·01 NO 43 126 83·01 
Betula nona 9 3 5 2 6.3 0.1 0.1 0 NO 1 2 1 

Graminoids 
Eriophorum vagina tum* * 10 10 10 0 34 17 20 3 NO 4.5 5.2 0.7 NO 54 57 3 NO 0 0 0 
Carex bigelowii 9 9 10 1 9.2 0.6 1.0 0.4 NO 13 18 5 NO 2 4 ~ NO 0 0 0 
Calamagrostis canadensis 0 5 5 0 0 0.3 0.7 0.4 NO 6 15 9 

Site 3 
Dwarf shrubs 

Rubus chama.emorus 9 9 0 1.6 2.5 0.9 16 68 52·01 
Ledum palustre 10 10 0 2.8 2.8 0 41 56 15 
Vaccinium uliginosum 6 7 1 0.5 0.5 0 4 13 9 
Vacc in ium vitis-idaea 10 10 0 0.5 0.5 0 25 43 18·01 
Betula nana 4 4 0 0.2 0.3 0.1 2 3 1 

Graminoids 
Eriophorum l'aginatum ** 10 10 0 19 20 1 4.2 4.8 0.6 22 32 10 '01 0 23 23·01 
Carex bige lowii 7 7 0 0.5 0.5 0 7 11 4 6 2 -4 0 0 0 
Calamagrostis canadensis 7 9 2 0.4 0.8 0.4 0.4 18 11·01 

Site 4 
Dwar f shrubs 

Rubus chamaemorus 10 10 0 4.8 7.9 3. 1 ·01 51 16 2 111·01 
Ledum palustre 10 10 0 0.6 1.3 0.7 ·01 20 24 4 
Vaccinium uliginosum 10 10 0 0.5 1.1 0.6·01 16 24 8, 01 

Vaccinium vitis-idaea 10 10 0 0.5 0.5 0 12 16 4 
Betula nana 4 6 2 0. 2 0.2 0 1 2 1 

Graminoids 
Eriophorum vagina tum** 10 10 0 8 8 0 3 .2 3.5 0 .3 60 35 - 25 0 14 14 ·01 
Carex bigelowii 4 4 0 0.3 0.6 0.3 3 5 2 28 73 45 0 41 41 
Calamagrostis canadensis 0 0 0 0 0 0 0 0 0 

Site 5 
Dwarf shrubs 

Rubus chamaemorus 10 10 0 1.7 3.9 2.2 ·01 23 48 25 ·01 

Ledum palustre 8 10 2 0.5 1.1 0.6 ·01 10 2 1 ,,. 01 

Vaccinium uliginosum 10 10 0 0.5 1.2 0.7 ·1\l 8 23 16· '" 
Vacc inium vitis-idaea 9 9 0 0.5 0.5 0 14 23 9 
Betula nana 5 5 0.2 0.2 0 2 

Graminoids 
Eriophorum vaginatum ** 10 10 0 14 19 5 4.0 4.4 0.4 15 18 3 0 17 17 ·01 
Carex bigelowii 7 8 1 7 0.4 0.1 2 5 3 1 5 4 0 0 0 
Calamagrostis canadensis 2 2 0 2 0 .1 0 I 1 0 

* Number of 1-m X 1-m quadra ts in which species occurs (o f the 10 qu adrats sampled at each site). 
t Comparing 1978 and 1979 values with leve l of significance indicated. 

** Density here refers to number o f tussocks/m 2. 

tt Seedling aud tiller data not collected for species other than gram inoids (impossible to differentiate between seedlings and sprouts}. 
* ** Only site 2 sampled in 1973. 
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Table 4. Mean density values* (stalks/m2
) of flowering and/or 

fruiting heads of cottongrass. tussocks (Eriophorum vaginatum) 
and blue joint grass ( Ca!amagrostis canadensis ) in m id~J uly 1978 
and 1979 following a July 1977 tundra fire in t he Seward Peninsula. 

79 78 7979 Diff. between Level of 
Mean Std. dev. Mean Std. dev. 7978 and 7979 significancet 

Eriophorum vaginatum 

Site 1 4.5 4.1 59.6 37.6 55.1 0.001 
Site 2 4.5 4.9 44.9 54.9 40.4 0.05 
Site 3 5.3 4.7 22.4 35.7 17.1 0.2 
Site 4 2.0 2.6 22.1 20.5 20.1 0.01 
Site 5 6.8 8.2 38.5 25.7 31 .7 0.01 

Ca/amagrostis canadensis 
Site 1 0.0 8.0 8.9 8.0 
Site 2 0.0 3.3 3.3 
Site 3 0.0 4.6 4.6 
Site 6 0.0 5.1 5.1 
Site 7 0.0 74.2 94.1 74.2 

*Mean values for ten 1-mX 1-m plots at each of nine sites along the 
topographic gradient of Nimrod Hill near lmuruk Lake. 

tTests of significant differences made using a paired t-test indicated by 
probability levels. 

of the ground surface, probably due to the melt­
ing of ground ice . This subsi~ence of the ground 
surface around supporting rock columns result­
ed in mounds and hummocks up to 1 m high (Fig. 
9), which gave the appearance of frost-heaved 
rocks . 

Groundwater movement downslope, possibly 
from melting ice on the backslope, was sug­
gested by observations made in July 1979 of 1) 
coarse mineral loam of a color and texture sug­
gesting an origin on the backslope which had 
issued from the footslope in several areas, and 2) 
shallow V-shaped channels which were begin­
ning to form on the footslope through surface 
subsidence. According to Chapin et al. (1979) the 
bright green color of the cottongrass tussock s in 
these new drainages suggests groundwater move­
ment. 

Vegetation 

Prior to the 1977 fire, the birch and ericaceou s 
shrub tundra community on the Nimrod Hill 
backslope (sites 6 and 7) was dominated by 
dwarf shrubs such as blueberry, dwarf birch, 
lingonberry and Labrador tea; by Carex bige­

lowii; and by lichens such as Cetraria cucullata, 

C. islandica, Cladonia gracilis and C. rangiferina 

(Table 5). On the tops of the well-vegetated , turf­
banked frost boil s within this community , the 
dwa rf shrubs, alpine bearberry (Arctostaphylos 
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alpina), crowberry and netted willow (Salix retic­
ulata) were dominant. Exposed rocks on these 
frost boils were covered with the lichens Alec­

toria nigricans, Cetraria cucullata and Cladonia 
gracilis, and the moss Rhacomitrium lanugino­
sum (Table 5) . 

The 1977 fire severely burned this birch and 
ericaceous shrub tundra community . Little or no 
resprouting of spec ies present before the fire oc­
curred during the following two years. Virtually 
all vegetation recovery has resulted from colo­
nizing bryophytes, gram inoids and forbs (Fig . 4). 

One year after the fire the total living plant 
cover was about 14% and was composed mainly 
of seedling graminoids (Carex bigelowii and 
Eriophorum vaginatum) and bryophytes (Mar­
chantia polymorpha and Ceratodon purpureus) 

(Table 5, Fig . 11 ). In addition, there were small 
colonies of nonflowering and short-stemmed 
bluejoint grass and some scattered individuals 
of fireweed . The tops of the elongate, turf­
banked frost boils remained completely unvege­
tated , with conspicuous cracks and exposed min­
eral soil and rocks which appeared to have been 
frost churned (Fig. 11 ). The only plants on the 
surfaces of these boils were a few individuals of 
chickweed (Stellaria longipes), Minuartia rossii 

and bluejoint grass at site 7 (Table 5). 
Between the first and second years following 

the fire, there was a large inc rease in living plant 

.. 



Figure 9. Sma ll (0.5-m-diam and 0.7-m-high) mound in birch and ericaceous sh rub tundra community on 

the backs/ope of Nimrod Hill, probably resulting from subsidence of the ground su rface around rocks . 

No te tearing of the organic mat and abundant fi reweed and bluejoint grass (background) and sedge 

seedlings ( foreground). 

cover in the non-frost-boi I areas : f rom about 
14% cover in 1978, to 55% in 1979, at both back­
slope sites (Fig . 4, 9, 10 and 12). Thi s increased 
cover was due almost entirely to the growth and 
expansion of t~e spec ies whi ch co loni zed the 
site during the f irst year following the fire (Ta bl e 
5, Fig. 11 and 12). The moss, Ceratodon purpur­
eus made a 400% increase from about 8% cover 
in 1978 to 40% cover in 1979. Expansion, 
through tillering, of the Carex bigelowii seed­
lings, established in 1978, was also st riking (Fig . 9 
and 1 0). There was a lso a conspi cuou s increase 
in the density and cove r of blu ejoint grass to­
gether with in c reased height growth and flower­
ing of thi s spec ies . Whereas no flowering and/or 
fruiting sta lks of bluejo int grass were seen in 
1978, almost a ll shoots were rep rodu c ing by 
1979 (Table 4). Significant increases in the den­
sity and flowering of fireweed also occurred dur­
ing the second year and a few individu als of 
marsh fl ea bane (Senecio congestus) were present 

for the first time . 
In 1979, the tops of tbe frost boils remained 

bare mineral so il and rock except for the sli ght 
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expan sion of the chickweed and Minuartia ross ii 

populations at site 7. Only at site 7 (Table 5) was 
there any evidence of the resprouting of the 
dwarf shrubs abundant before the fire; here 
blueberry showed a few resprouting shoots in 

four plots. 

Sedge-shrub tundra (site 8 and 9) 

Soils 
On the level , upland crest of Nimrod Hill (site 

8) and onto the northeast-facing back slope (site 
9), the so il moi sture environment is very poorly 
drained. The only frost features at sites 8 and 9 
are low-centered polygon s on the level hill c rest 
of site 8. In pre-fi re 1973, there wa s a fairly thick 
accumulation of organic material at both sites, 
30-35 em at site 8 and 20-30 em at site 9. Mu ch 
of this thickness was att ributed to the buildup of 
Sphagnum moss mats at both sites . Burning at 
these sites in 1977 was quite patchy (Fig. 13), 
with the Sphagnum moss mats generally remain­
ing unburned but apparently sco rched and dead 
as suggested by their tan color and dryness two 



Figure 10. Vertical closeup of plot 1 at site 7 in a burned birch and ericaceous shrub tundra community on 

Nimrod Hill two years after the tundra fire . Note abundant tillering seedlings of Carex bigelowii. Fireweed is 
also visible in lower right corner of the plot. 

Figure 11. Burned birch and ericaceous shrub tundra communit y in july 1978, one year after the fire, site 7; 
vegetation and soil organics have burned off revealing turf-banked frost boils . Little or no vegetation has 
recovered and thaw depths have increased greatly o ver prefire conditions. 
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Figure 12. Same v iew (as in Fig. 11) of burned shrub tundra at site 7 in jul y 1979, two years after the fire. 

Note large increase in vegetation co ver due to establishment of bluejoint grass, fireweed, marsh fleabane, 

sedges and su ccess iona l mosses . 

F ~gure 13. 1 u l y 19_79 v ie w of sedge-s hrub tundra communit y on the crest o f Nimrod Hill (site 8). Note 
VIgorous respro utmg of the sedges, Ca rex aqu atili s and Eriophorum scheuchze ri . 
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Table 5. Values for species sampled in a birch and ericaceous shrub tundra community at site 7 before and after a tundra fire on Nimrod Hill in the Seward 
Peninsula, Alaska. 
Values given separately for the tops o f elongate turf-banked frost boils and the surrounding tundra. 

Pre fire (1 973} One yr after (1 978} 2 yrs after (1979) 
Non.-frast boils Frost bolls Non·frost boils Frost boils Non-frost bolls Frost boils 

Cover Cover Cover Density Cover Density Cover Density Cover Density 
Species Freq. * (mean %) Freq . (mean %) Freq. (mean %) (shootsjm 2

) Freq. (mean %) (shoots/m 2
) Freq. (mean%) (shootsjm 2

) Freq. (mean %) (shoo tsfm 2
) 

Dwarf shrubs 
Betula nana 
Ledum palustre 
Vaccinium vitis-idaea 
Vaccinium uliginosum 
A rctostaphy los alpina 
Salix sp. 
Empetrum nigrum 
Salix reticulata 

Graminoids 

10 
9 

10 
10 

0 
7 
8 
0 

8 
6 
7 

18 
0 
1 
5 
0 

Carex bigelowii 
Adult 
Seedling 

10 10 

Tillers 
Eriophorum vaginatum 

Seed I ings 

Ti llers 

NO 
NO 

NO 
NO 

Calamagrostis canadensis 0 0 
Forbs 
Petasites frigidus 1 0 
Epilob ium angustifolium 0 
Senecio congestus 0 
Ste//aria 0 
Sagina intermidia 0 

Bryop hy tes 
Ceratodon purpureus 0 
Marchantia poly morpha 0 

Poly trichum ssp. 
Sphagnum spp. 

0 
6 

Rhacomitrium lanuginosum 0 
Lichens 

2 
0 
0 
0 
0 

0 
0 
0 
1 
0 

0 
0 

10 
10 

6 
7 

10 
10 

6 
ND 

ND 

ND 

ND 

0 

0 
4 
8 
5 

4 

0 0 

10 
0 
0 
0 
0 

0 
0 
6 
0 

10 

1 
0 
0 
0 
0 

0 
0 

0 
20 

0 

0 

2 
0 
0 
0 

0 

0 
10 

0 

8 
0 
7 

5 
0 
0 
0 

10 
9 
1 
0 
0 

0 
1 
0 
1 
0 
0 
0 
0 

0 
1 
0 

1 
0 
4 

1 
0 
0 
0 

7 

1 
0 
0 

0 
1 
0 
1 
0 
0 
0 
0 

0 
19 

0 

30 
0 

28 

0 
0 
0 

NO 
ND 
ND 

0 
0 

0 
0 
0 
0 
0 
2 
0 

0 

0 
0 
0 

0 
0 
6 

1 
0 
6 
0 

6 
4 
1 
0 
0 

Cetraria cucu//ata 10 5 10 4 0 0 0 0 
Cladonia gracilis 10 9 10 4 0 0 0 0 
A lectoria nigricans 0 0 10 4 0 0 0 0 

* Number of 1-m X 1-m quadrats in which species occurs/no. of quadrats sampled on that site X 10 . 

ND - no determination. 

0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

1 
0 
2 
0 

3 

1 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
1 
0 
0 

0 
0 
0 

0 
0 
9 

1 

0 
10 

0 

ND 
NO 
ND 

0 
0 

0 
0 
0 

0 

0 
4 
0 
0 
0 
0 

5 
10 
10 

1 
0 
8 

1 
8 
2 
0 
0 

10 

9 
1 

0 
0 

0 
0 
0 

0 
1 
0 
2 
0 
0 
0 

0 

1 
3 
4 

1 
0 

15 

1 
0 
0 

51 

1 
0 
0 

0 
0 

0 

0 
1 
0 
0 
0 
0 
0 
0 

13 
25 

100 

0 
117 

2 
8 
1 
0 
0 

ND 
ND 
ND 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
2 
0 

0 

0 
0 
0 

0 
0 

10 

1 
1 
0 
6 
2 

8 
2 
1 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
1 
0 

0 

0 
0 
0 

0 
0 

1 
0 
3 

25 

1 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 

19 

1 
2 
0 

100 

ND 
ND 

ND 
0 
0 

0 
0 
0 



years after the fire . At site 9, there were cha rred 
and more deeply burned pockets between moss 
hummocks, where about 13 em of the organi c 
horizon remained . This suggested that the re­
moval of the top 10 em of this horizon was p rob­
ab ly related to the severe burning of the dwarf 
shrubs in these pockets . Burning at site 8 was ap­
parently less severe but also uneven . Post-f ire 
determinations of o rg ani c horizon thickness var­
ied from 15-30 em, suggesting the removal of 
from 5-15 em of the o rganic horizon . 

Thaw depths were significantly greater one 
year after the fire (1978) than before the fire 
(1973) at site 8 on the level hill crest, having in­
c reased by 7.6 em o r 32% (Table 1 ). A further in­
c rease in thawing of 11 .5 em (37%) took place 
here during the second year fo llowing the fire . 
At site 9, on the northeast-fac ing backslope, lit­
t le o r no increase in thaw depth was observed 
over pre-fire depths during the first year follow­
ing t he fire . However, an increase of 11 .6 em 
(47%) occurred during the second year. Rapid 
post-f ire thawing at site 9 may have been inhib­
ited by the large scorc hed Sphagnum mats . 

Vegetation 

Pre-fire vegetation (1973) at both sites 8 and 9 
was fairly simil ar in that dwarf shrubs, sedges 
and Sphagnum mosses were important (Ta bl es 2 
and 6). Howeve r, the wetter level hilltop (si te 8) 
communi ty was dominated by si ngl e-stem med 
sedges (Carex aquatilis and Eriophorum scheuch­

zeri), whil e at site 9 dwarf shrubs were c lea rly 
dominant (Table 6). The prese nce of low-cen­
tered polygon s and the absence of slope drain­
age at site 8 may account for thi s shift in domin­
ance . Littl e vegetation recovery (less than 10%) 
occurred at e ither site one year after the fire 
(Table 2, Fig . 4). Most of the dwarf shrub spec ies 
present before the fire had started to resprout at 
both sites, with c loudberry c learly the most pro­
lific (Table 6). Carex aquatilis showed limited re­
sprouting at both sites, while both Ceratodon 

purpureus and Marchantia pol ymorpha w ere oc­
casional at site 8 and rare at site 9. 

In co ntrast with thi s small first year recove ry, 
a large (15-25%) increase in plant cover occurred 
during the sec ond year (1979) as a resu It of the 
accelerated resprouting of dwarf shrubs at both 
sites and of the sedges at site 8. Of the shrubs, 
cloudberry showed a three- to five-fold increase 
in cover and reached levels equal to those be­
fore the fire . Blueberry also showed a more rapid 
recovery here than at other sites along the tran­
sect. However, by far the largest increase in den­
sity and cover was made by Carex aquatilis (and 
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to a lesser- exten t Eriophorum scheuchzeri) at site 
8 (Fig . 13), which reached cove r values of about 
23%, near t he pre-fire level of about 30% (Fig . 4, 
Table 6). Both dwarf birch and blueberry were 
fairly important at sites 8 and 9 before the fire 
but showed little or no resprouting during the 
following two years . Crowberry was also present 
at both sites before the fire but showed no sign 
of post-fire recovery. The dead Sphagnum mats, 
appa rently killed by the heat from the fire or by 
the removal of moisture, also showed no sign of 
recovery . Few species, with the except ion of 
cloudberry, were seen to resprout out of these 
mats at site 9. Fireweed is the only vasc ular plant 
species at sites 8 and 9 t hat was not sampled 
there before the fire . 

DISCUSSION AND CONCLUSIONS 

From the above results, it is c lear that the 1977 
fire had different effects on eac h of the three 
tundra commu niti es located along the slope of 
Nim rod Hill . Althou gh the results are prelimi­
nary and based on only two years of post-fire re­
covery data, some si milarities and differences 
with respect to the effects and role of fire in 
these t hree communities ca n be discussed . Cer­
tain of the changes res ulting from fire along the 
grad ient of Nimrod Hill are summarized in Fig­
ure 14. 

The sedge tussock -s hrub community on the 

footslope of Nimrod Hill appears to have been 
least affected by the fire in terms of the severity 
of burning, change in thaw depths and post-fire 
revegetation . The severity of burning here was 
light to moderate, and thaw depths did not in­
crease by more than 10- 15 em during the follow­
ing two years (Fig . 14). Initial revegetation fol ­
lowing the fire appears to be almost completely 
due to the vegetative resprouting of the vascular 
plant species present before the fire. Hence, 
much of pre-fire species composition is ap­
parently restored fairly quickly, although little 
lichen and moss recovery has taken place during 
these first two years . The relative importance of 
graminoid tussocks over dwarf shrubs has signifi­
cantly increased as a result of the fire . This is 
due to the almost immediate post-fire resprout­
ing of cottongrass tussocks in contrast with the 
relatively slow resprouting of dwarf shrubs. 

A model showing post-fire successional 
changes in tussock-shrub tundra is proposed in 
Figure 15. After some unknown interval of time, 
the dwarf shrubs and mosses would eventually 

grow up around the cottongrass tussocks, result-



Table 6. Values for species sampled at two sedge-shrub tundra sites on the crest (site 8) and northeast-facing backslope (site 9) of Nimrod Hill in the 
Seward Peninsula, Alaska, after a 1977 tundra fire. 

Site 8 Site 9 
Prefire (7973} 1 yr after (7 9}8) 2 yrs after (7 979} Pre fire (7 9 73} 7 yr after (7978} 2 yrs after (7979} 

Density Density Density Density 
Species Freq. * Covert Freq. Cover (shoots/m 2

) Freq. Cover (shootsfm 2
) Freq. Cover Freq. Cover (shoots/m 2

) Freq. Cover (shootsfm 2
) 

Dwarf shrubs 
Rubus chamaemorus 10 3.3 9 1.2 24 9 3.3 45 10 13.1 10 2.6 53 10 12.2 129 
Ledum palustre 10 3.9 5 0.4 4 7 0.7 7 10 12.0 7 0.3 4 8 0.6 16 
Vaccin ium u/iginosum 1 0.4 4 0.3 6 5 1.1 21 7 3.7 8 0.5 10 10 1.9 35 
Vaccinium vitis-idaea 10 2.8 3 0.2 2 4 0.2 3 10 15.5 6 0.3 2 7 0.3 5 

00 Betula nana 10 5;9 0.1 0 2 0.1 0 9 11.3 0 0 0 0 0 0 
Graminoids 

Carex aquatilis 10 20.0 10 4.0 63 10 21.0 136 10 13.2 10 0.4 5 7 0.4 6 
Eriophorum scheuchzeri 6 10.0 8 0.6 15 8 1.5 42 0 0.0 0 0 0 0 0 0 

Bryophytes 
Ceratodon purpureus 0 0 8 0 .9 ND 9 1.2 ND 0 0 0 0 0 10 2.5 0 
Marchantia po!ymorpha 0 0 8 0.7 ND 8 2.5 ND 0 0 0 0 0 4 0 .3 0 
Polytrichum spp . 0 0 9 0.6 13 10 2.3 ND 0 0 0 0 0 0 0 ,o 
Sphagnum spp. 10 26.0 dead dead 10 13.0 dead dead 

Lichens 
Cetraria cucu!lata 10 3.6 0 0 0 0 0 0 7 1.9 0 0 0 0 0 0 
Cladonia gracilis 10 9.0 0 0 0 0 0 0 7 5.4 0 0 0 0 0 0 

*Number of 1-m X 1-m plots in which the species occurs (ten plots sampled). 
tMean percent cover averaged over 10 plots. 
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ing in the senescence of the tussocks and thin­
ning of the active layer. Such a successional pro­
cess involving the buildup of organics (pa lud­
ification) and burial of tussocks has been noted 
on a .large scale in the Seward Penin sula (Hop­
kins 1972, Racine and Anderson 1979, Melchior 
1979). Fire would prevent such conditions from 
developing in tussock-shrub tundra through re­

moval of some of the vegetation and organic soi l 
from around tussocks . 

Frost action , leading to the formation of mud 
circles in tussock-shrub tundra, would also pro­
mote vigorous tussocks by di srupting the organ­
ic mat and the mosses as well as the dwarf 
shrubs growing up around them . Mud circ les can 
serve as a substrate for the establishment of new 
cottongrass tussocks (Hopkins and Siga foos 
1951 ). Evidence obtained on Nimrod Hi II sug­
gests that fire may stimulate frost action , lead­
ing to mud circle formation ; in 1973, extensive 
probing in the tussock-shrub community sug­
gested that the summer active layer rarely 
reached into the mineral soil (condition on the 
right in Fig. 15). However, by 1979, two years 
after the fire, thawing appeared to extend below 
the organic horizon into the mineral soi l hori ­
zons (condition on the left in Fig. 15). This would 
promote the formation of ice lenses in the miner­
al soil during freeze/thaw cycles so that the 
physical movement and churning necessary for 
frost action would be possibl e. 

The post-fire origin of resprouting dwarf 
shrubs is presumably stems, roots, and/or rhi­
zomes buried in the remaining organic soi l layer. 
Dwarf shrub species showed differential re­
sprouting rates following the fire on Nimrod Hill. 
These differences might be related to the depth 
or location of their underground stems or roots 
in relation to the seve rity of burning . Dwarf 
shrubs which penetrate deep into the organic 
mat or grow into the tussock mass might escape 
fire and recover faster than those nearer the su r­
face. 

Shaver and Cutler (1979) have determined the 
vertical distribution of biomass above and 
belowground for different specie in tussock­
shrub tundras in various parts of Alaska; they 
found for example that crowberry and lingon­
berry have most of their below-g round biomass 
located near the surface. In the Seward Penin­
sula, we found no evidence of recovery of crow­
berry in 2- or 7-year-old burns . Lingonberry re­
sprouted abundantly but these sp routs were 
almost always located on the urface or sides of 
tussocks (K . Devereaux, H amps hire Col lege, 

20 

Amherst, Mass ., personal communication), sug­
gesting that they escaped burning within the tus­
soc k mass . In the sedge-shrub tundra communi­
ty at sites 8 and 9 on Nimrod Hill , where there 
are no tussocks , lingonberry was abundant 
before the fire but showed littl e post-f ire re­
sp routing . Vigorous post-fire resprouters such as 
Labrador tea and cloudberry have a high propor­
tion of their biomass in the deeper soil organic 
layers (Shaver and Cutler 1979, Flinn and Wein 
1977). 

Fire had the most drastic effects on the birch 
and eri caceou shrub tundra community located 
on the better-d rained back slope of Nimrod Hill. 
The seve rity of burning was moderate to heavy, 
with thaw depths increasing greatly in the first 
year following the fire ; by the second year there 
was evidence of surface subsidence and the for­
mation of hummocks where there were support­
ing ro ck co lumn s. Transport of mineral soil by 
groundwate r moving downslope from this area 
may result in changes in slope topography . 
Mackay (1977) reported that a burned hill slope 
at lnuvik (N.W.T.) subsided nea rly 50 em during 
the 8 years following a 1968 fire . Cody (1964) 
described imilar subsiden ce and formation of 
hummocky terrain 3 years afte r a taiga fire in the 
Mackenzie Delta . 

Vegetation recovery in this burned birch and 
ericaceous sh rub community is different from 
that in either of the other com munities; all re­
ge neration appea rs to be from seed by species of 
minor importance in the pre-fire community 
rather than from the resprouting of species abun­
dant before the fire . The st ru ctu re and compos­
tion of this com munity appear to have been 
c hanged drastically by the fire . The dwarf shrubs 
which were dominant before the fire have been 
replaced by graminoid sedges, grasses and seve r­
al forbs . Successional bryophytes have also 
played an important rol e in post-f ire vegetation 
recovery in this backslope community, unlike 
their minor rol e in the other tussock-shrub and 
sedge-s hrub communities. It might be argued 
that these differences are due to the greater sev­
erity of burning of this parti cular community on 
Nimrod Hi II . However, observation and aerial re­
conn aissa nce over much of the 1977 burn sug­
gest that the birch and ericaceous shrub tundra 
commu nity co nsistently burns more seve rely 
because of it more xeric topographic po ition 
and the absence of fire re sista nt tussocks . 

What is the origin of the seed for the seedling 
reveg etation of the burned birch and erica ceo u 
shrub comm unity? Three possible origin in-



elude 1) seeds buri ed in the organic so il layers 
which are exposed by fire, 2) seeds di spe rsed 
onto the burn imm ediately following fire by 
plants growing in adjacent unburned tundra, and 
3) seed s produ ced in the burned area by the 
abundant flowering st imulated by fire . Thi s third 
source is di counted as an initial seed source be­
cause ne ither co ttongra ss tu ssoc ks nor blu ejoint 
grass flowered abund antly until the second year 
following the 1977 fire . W e have no data to test 
the sec ond hypothes is. There is orne ;ece nt evi­
dence to support th e buried seed origin ; M cC raw 
(1979) determin ed that a larg e, viable seed bank 
(3367 .2 seeds/m 2

) w as contained in the organic 
horizon of a tussock-shrub tundra community in 
interior Ala ska. Seed s of Eriophorum vag inatum 

and Carex bigelowii comprised 60% of thi s total 
and these seeds were at depths greater than 15 
em, with Carex seed density actually in c reas ing 
with depth in the organic mat. Hence, the re la­
tively deeply buri ed seed bank of these two 
sedge spec ies would be avai labl e for reco loni z­
ing even fairly severely burned areas such as 
those on the Nimrod Hill ba ckslope. 

In the sedge-s hrub community on the c rest 
and northeas t-facing bac kslope of Nimrod Hill , 
both the severity of burning and the post-f ire re­
vegetation w ere inhibited by the presence of 
Sphagnum moss mats. Although these mats did 
not burn, they appear to have been kill ed by the 
fire . These Sphagnum mats have undoubtedly re­
duced the rate of increase in the thi ckness of the 
active layer. Vegetation recovery in the sedge­
sh rub tundra community has proc eeded by vege­

tative re sprouting of spec ies present before the 
fire, but at a slower rate than in the tu ssoc k ­
shrub tundra community . Few shoots (except for 
cloudberry) appear to grow out of the dea d 
Sphagnum mats. However, as in both of the 
other burned communities on Nimrod Hill , sed­
ges appear to have been stimulated by the fire, 
and are res prouting ea rli er than dwarf shrubs. 

LITERATURE CITED 

Chapin, F.S. Ill , K. Van Cleve and M.C. Chapin (1979) Soil tem­
perature and nutrient cyc ling in the tu ssock growth form of 
Eriophorum vaginatum. journal of Ecolog y, vol. 67, p. 169-189. 

Cody, W.J . (1964) Reindeer range survey 1957 and 1963. Otta­

wa : Plant Resea rch Institute, Canadian Department of Agri ­

culture. 
Flinn, M.A. and R.W . Wein (1977) Depth of underground 

plant organs and theoretical survival during fire . Canadian 

tournai of Botan y. vol. 55, p. 2550-2554. 

21 

Hall , D., J. Brown and l. johnson (1978) The 1977 tundra fire 
in the Kokolik River area of Al aska . Arctic, vol. 31, p. 54-58. 
Holowaychuk, N. and N.E. Smeck (1979) Soil s of theC huk chi ­
lmuruk area . In Biological Survey of the Bering Land Bridge 

National Monument (H .R. Melchior, Ed) Revised Final Re­
port, Ala ska Cooperative Park Studies Unit, University of 
Alaska , Fairbanks. 
Hopkins, D.M . (1963) Geology of the lmuruk Lake area, Sew­
ard Peninsula , Alaska . USGS Bulletin 1141 -C. 
Hopkins, D.M. (1972) The paleogeography and c limati c his­
tory of Beringia during late Cenozoi c time. Inter-Nord, vol. 
12, p.121 -150. 
Hopkins, D.M. and R.S. Sigafoos (1951) Frost action and vege­
tation patte rn s on Seward Peninsula, Ala ska . USGS Bulletin 

974-C, p. 51-100. 
johnson, l. and K. Van Cleve (1976) Revege tation in arctic 

and subarctic North Am eri ca . A literature rev iew. USA Cold 
Regions Resea rch and Engineering Laboratory, CRREL Report 

76-15. ADA 027406. 
Mackay, R.J. (1977) Changes in the active layer from 1968-
1976 as a result of the lnuvik fire . Report of Activiti es, Geo­
logica l Survey of Ca nada, Paper 77-1 B, p. 273-275 . 
McGraw, J.B. (1979) Seed bank size and distribution of seeds 
in cot tongrass tu ssock tundra , Eagle Creek, Alaska . Masters 
Thesis, Duke University, Durham, N.C. 
Melchior, H.R. (1979) Mining, reindeer, climate and fire: Ma­
jor histo ri ca l factors affecting the Chukchi - lmuruk environ­
ment. In Biological Survey of the Bering Land Bridge National 

Monument (H .R M elc hior, Ed .). Revised Fin al Report, Alaska 

Cooperative Park Studies Unit, University of Alaska , Fair­

bank s. 
Ostle, B. (1963) Sta t is tics in Resea rch . Iowa City : Iowa State 

University Press . 
Racine, C.H. (1979) The 1977 tundra fires in the Seward Penin­
sula, Al aska: Effects and initial revegeta tion . Bureau of Land 
M anagement, Al aska Tec hnica l Report 4. 
Racine, C.H. and J.H. Anderson (1979) Flora and vege tation of 
the Chuk chi - lmuruk Lake area, Ala ska . In Biological Survey 

of the Bering Land Bridge National Monument (H .R. Melchior, 
Ed.). Revised Final Report. Ala ska Cooperative Park Studies 
Unit, University of Ala ska, Fairbanks. 
Racine, C.H . and M.M. Racine (1979) Tundra fires and two ar­

cheo logi ca l sites in the Seward Peninsula , Ala ska . Arctic, vol. 
32 , p. 76-79. 
Schmitt, R.C. (1979) The influence of microtopography and 

fire on the active layer depth on the Seward Peninsula, 
Alaska . Unpublished course paper, Forestry Department, Uni­
versity of Massac husetts. Amherst. 
Shaver, G.R. and j.C. Cutler (1979) The vertical distribution of 
live vascula r phytom ass in co ttongra ss tussock tundra . Arctic 

and Alpine Research , vol. 11 , p. 335-342 . 
Viereck, L.A., J. Foote, C.T . Dyrness, K. Van Cleve, D. Kane 
and R. Seivert (1979) Preliminary resu lts of experim ental fires 
in the bla ck spru ce type of interior Ala ska . U .S. Fores t Ser­
vice. Pac ifi c Northwest Forest and Range Experim ent Station, 
Resea rch Note PNW-332, 27 p. 
Viereck, L.A. and C.T . Dyrness (1980) A preliminary c lass ifica­

tion system for vege tation of Ala ska . U.S. Forest Service, Pa­
c ifi c Northwest Forest and Range Experiment Station, 

General Technical Report PNW-106, 38 p. 
Webber, P.J. and J.D. lves (1978) Dam age and recovery of tun­
dra vegetation Environmental Conservation , vol. 5, p. 

171 -182. 



~ U . 5, GOVT. PRINTING OFFICE 1~80 700•!5915 f285 




