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In order to describe the vascular plant community 100 days after a severe fire in alvar woodland near Ottawa, Ontario, we
set out fifty one m square quadrats at 5 m intervals along transects at each of five sites and recorded presence and cover of
vascular plant species in each quadrat. The woodlands that burned were dominated by Thuja occidentalis, Populus tremu-
loides, Abies balsamea, Picea glauca, and Pinus strobus in approximate order of importance. The post-fire flora was
diverse and mostly native. Although substantial variation occurred in presence, frequency and cover of species between the
sites, there was remarkable similarity in a distinctive group of dominants including Populus tremuloides, Geranium bick-
nellii, and Corydalis aurea. Rare species present in the burned woodland included Astragalus neglectus, Calystegia spi-
thamaea, Carex richardsonii, Corydalis aurea. Muhlenbergia glomerata, Panicum flexile, Panicum philadelphicum,
Petasites frigidus, Scutellaria parvula, and Viola nephrophylla. Of these, Corydalis aurea and Calystegia spithamaea were
frequent. The development of vascular flora following the fire was a consequence of growth from roots, rhizomes, and root
crowns that survived the fire, and seeds buried in the soil. Although abundant in the burned woodland, Corydalis aurea and
Dracocephalum parviflorum had not been previously recorded at the site, suggesting that these species are adapted to early
post-fire succession, surviving periods of up to 130 years between fires as seeds in a very large and widespread subter-
ranean seed bank. Not only is post-fire succession well underway within a hundred days of a fire, but even in its earliest
stages, it appears to serve as a specific niche for a distinctive group of species including some that are rare and restricted. A
diverse native flora is involved indicating the importance of management involving removal of woody biomass.

Key Words: alvar, fire, flora, species diversity, rare species, succession, management, biomass removal, prescribed burn,

Great Lakes, Ontario, Canada.

Periodically burned woodlands associated with
alvar landscapes (i.e., landscapes with more or less
drought-maintained open areas on thin soil over
essentially flat limestone, dolostone or marble) have
recently been recognized as an important part of the
alvar ecosystem with regard to protection of rare
species and biodiversity and have been termed “suc-
cessional alvar burns” (Catling and Brownell 1998).
Although their importance is generally accepted, the
information upon which it is based is limited to com-
mon sense, anecdotes, and a single evaluation in-
cluding data analysis (Catling and Brownell 1998).

On 23 June 1999, 152 hectares of mostly forested
terrain in the Burnt Lands near Almonte (Figure 1)
was burned. This was a major fire. A shower of ash
rained down on streets in downtown Ottawa 40 km
away and the fire moved at a rate of 15 m/min. The
flames reached well over 30 m into the air and an
area at least 1 km in length was severely burned.
This area was last burned in 1870. Dry conditions in
the relatively shallow soil over porous limestone
rock led to a relatively slow return to a mixed boreal
and fire prone forest type following the 1870 fire,
and it seems likely that fire and post-fire succession
has been going on in the area for many hundreds (or
thousands) of years.

Brunton (1986%) suggested that the Burnt Lands
was a “fire-dependent environment of great provin-
cial significance” that “will require continued renew-
al by periodic burning if its important natural values
are to be preserved.” The recent (1999) fire in the
Burnt Lands provided an opportunity to gather infor-
mation related to this suggestion. There are conflict-
ing views about fire in alvar woodland that range
from the creation of a long lasting desert to almost
immediate return to the pre-fire floristic composi-
tion. We agree fully with Brunton’s suggestion and
further suggest that successional changes occur over
decades providing high floristic and faunistic biodi-
versity as well as spatial-temporal habitat for rare
and restricted species. Information on the specific
effects of fire is currently insufficient to allow
informed choices between management options. The
nature of succession in successional alvar burns is
not documented with respect to timing of changes or
floristic composition, and thus the importance of the
succession to biodiversity protection is poorly under-
stood. The compositional changes also relate to the
required frequency of implementation of manage-
ment actions. Finally, biomass removal by fire man-
agement is potentially important, not just to the man-
agement of biodiversity, but also to the protection of
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people and property (from catastrophic fire) where
fire-prone vegetation exists in semi-urban areas.

The present study was designed to document the
earliest stages of succession thereby providing an
indication of its rapidity and potential biodiversity
significance including a consideration of whether or
not there are species which are adapted to the very
earliest stages of the succession. This information is
needed for the protection and management of alvars,
which are a globally imperilled ecosystem (Brownell
2000) confined in North America to a restricted por-
tion of the Great Lakes region (Catling and Brownell
1995, 1999). Specifically, it is required for the man-
agement of the Burnt Lands alvar landscape which
has been designated as a provincially significant life
science Area of Natural and Scientific Interest
(ANSI), with intent to increase protection through
designation of provincial crown lands and former
federal properties as a provincial nature reserve
(Brownell 2000). This requires increasingly compre-
hensive management and monitoring of significant
natural resources.

Methods

Fifty-one m? quadrats at 5 m intervals along tran-
sects were set out in alvar woodland at each of five
sites. The only criteria for determining placement of
transect lines was complete burning of all vegetation,
separation from each other by more than 300 m, and
adequate representation of the burned area through
coverage of the eastern, western, northern, southern
and central portions. These regions were character-
ized by different pre-fire tree composition as
described below. For each quadrat the total cover
(dm? estimated as the upper leaf surface area) of
each plant species was recorded. Using an estimate
of the photosynthetic surface area of the plants rather
than the surface area of the quadrat covered by that
species permits a more direct correlation between
cover values and biomass. The total cover and total
frequency for each species at each site was calculat-
ed and total overall cover and total overall frequency
were tabulated (Table 1). To determine the composi-
tion of the original woodland, the tree in each of four
quadrants closest to the quadrat centre was identified
and measured (dbh-diameter at breast height). The
data were then tabulated by species frequency and
range of dbh for each site (Table 2). Field work was
done on 1-7 October 1999, approximately 100 days
after the fire and prior to the first severe frosts. There
was no perceptible loss of post-fire vegetation due to
dieback in the burned areas sampled.

Status information on the species recorded is pro-
vided on a spatial scale of rarity (N,P,R,S,0, see Table
1) with N = nationally rare (Brownell and Larson
1995%); P = provincially rare (Brownell and Larson

*See Documents Cited section.
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1995%); R = regionally rare (eastern Ontario in
Brownell and Larson 1995%); S = rare in the St.
Lawrence-Ottawa physiographic region (i.e., MNR
6-11 and 6-12, Brownell and Larson 1995%); and O =
rare in Ottawa-Carleton (Brunton 1997%). Species list-
ed were also distinguished as native or introduced.

To determine the methods of colonization, plants
were excavated and examined 50 days after the fire
at site 1 and 100 days after the fire at all sites.
Although not quantitative, the observations are con-
sidered reliable and useful, and included here since
they provide the only source of information on this
aspect that is available. Voucher specimens for
species recorded were deposited in the vascular plant
herbarium of Agriculture and Agri-food Canada
(DAO) in Ottawa.

Results and Discussion
General observations

The woodlands that burned were dominated by
Thuja occidentalis, Populus tremuloides, Abies bal-
samea, Picea glauca, and Pinus strobus in approxi-
mate order of importance (Table 2). Similar wood-
lands are present on alvar landscapes elsewhere in
Ontario but often also have Bur Oak (Quercus
macrocarpa Michx.), and those on the Napanee Plain
also have Eastern Red Cedar (Juniperus virginiana
L.), and those on the Bruce Peninsula and Manitoulin
Island also have Jack Pine (Pinus banksiana LLamb.)
and Red Oak (Quercus rubra L.).

Despite variation between sites there was remark-
able similarity with respect to a distinctive group of
dominants (Table 1). Approximately 100 species
were recorded in the quadrats and only 16 of these
were introduced. Of the total species, 19 exceeded
5% overall frequency with only 3 of the 19 being
introductions. The majority of the plants and over
90% of the cover at each site was comprised of
native species. Thus the flora developing after the
fire was comprised largely of native species and it
was relatively diverse (Table 1).

Variation between sites

The species which re-colonize a burn and the
means of colonization can be expected to vary
depending upon the intensity of the fire. There is nat-
ural variation in the amount of heat generated, and
fire-fighting efforts (such as water bombing)
undoubtedly will locally reduce the penetration of
heat into the soil. This may add to the fine scale vari-
ation in patterns of re-colonization but is unlikely to
alter the range of means observed over 50 quadrats.
Consequently variation in post-fire colonization
between sites is most likely to be related to factors
other than fire intensity.

Surface coverage of plants varied from approxi-
mately 10-50% among the five sites and species
with cover values exceeding 1% of quadrat surface
varied from three to eight in number at a site. The
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total species recorded in quadrats at a site varied
from approximately 18 to approximately 50 (Table
1). These data are approximate because only portions
of sites were sampled, some small immature plants
could not be identified accurately, and some species
noted at sites were not recorded within quadrats.

Site 1, previously dominated by White Spruce and
Trembling Aspen (Table 2) had a relatively low
diversity of 25 species. This site had the lowest
cover of Geranium bicknellii, a relatively high cover
of Corydalis aurea and the highest cover values for
Apocynum cannabinum and Symphoricarpos alba
(Table 1).

Site 2 was previously dominated by Trembling
Aspen and Eastern White Cedar (Table 2). Aster mac-
rophyllus and Dracocephalum parviflorum reached
their highest cover values here. Corydalis aurea had
its lowest cover value at this site. Diversity was lowest
at this site with 18 species recorded in quadrats
(Table 3).

Site 3, previously dominated by Eastern White
Cedar and Balsam Fir (Table 2), had a relatively high
diversity of approximately 50 species. This site had
the highest cover of Trembling Aspen regrowth, the
highest cover of Geranium bicknellii and Corydalis
aurea, highest cover of many other species such as
Rosa acicularis, Chenopodium simplex and Petasites
frigidus. This site also had a relatively high cover
value for some weeds such as Medicago lupulina and
Verbascum thapsus (Table 1).

Eastern White Cedar had previously dominated
site 4 (Table 2). Approximately 40 species were
recorded here. This site had the highest cover values
for Aster ciliolatus and Rubus pubescens. Aster mac-
rophyllus and Symphoricarpos albus were conspicu-
ously absent.

Site 5 had been a wooded edge of an alvar opening
that was dominated by Eastern White Cedar and
White Spruce. Not surprisingly, being a wooded
edge, it was the only site, or the site with largest
cover values, for a number of species characteristic of
alvar openings such as Aquilegia canadensis, Carex
richardsonii, Panicum flexile, Senecio pauperculus,
Solidago juncea, and Trichostema brachiatum.
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Dominant species

The species accounting for the highest frequency
and cover 100 days after the fire were Populus tremu-
loides, Geranium bicknellii and Corydalis aurea
(Table 1). These three were present at all of the five
burned woodland sites, and their frequency values
ranged from 33.6 to 72.4% of the total 250 quadrats.
Each of these species had cover values exceeding
1%. Other species were much less important in terms
of cover (Table 1), or in the cases of Aster macro-
phyllus and Pteridium aquilinum, were not present at
all sites and had a much lower mean frequency
(Figure 1).

Significant Species

The rare species recorded in quadrats at the five
sites included Astragalus neglectus, Calystegia spi-
thamaea, Carex richardsonii, Corydalis aurea,
Muhlenbergia glomerata, Panicum flexile, Panicum
philadelphicum, Petasites frigidus, Scutellaria parvu-
la, and Viola nephrophylla. Only the first mentioned
is provincially rare, the others being rare regionally
(Table 1 and methods). Most of these rare species
were infrequent, but Corydalis aurea had a relatively
high overall frequency (33.3 %) and a relatively high
overall cover (Table 1). Calystegia spithamaea was
also frequent with 5.25 % frequency overall but 26 %
frequency at one site. The early post-fire flora thus
includes 10 rare species of which two are relatively
frequent, one of them being a dominant.

Not only was the regionally rare Corydalis aurea
a dominant of the recently burned woodland, it was
not recorded in a relatively comprehensive checklist
of the Burnt Lands area (Brunton 1986%), nor was it
listed by White (1979) in an enumeration of the rare
species of the site. It is a rather uncommon and puz-
zling native species often associated with disturbed
ground, such as bulldozed tracks though dry calcare-
ous woodland, where it occurs with introduced
weeds. Corydalis aurea is evidently a species of suc-
cessional alvar burns that becomes abundant due to
release from the seedbank in the early post-fire suc-
cession, only to disappear again in the later stages of
succession explaining why earlier botanists docu-
menting the flora did not find it. They needed a fire

TABLE 2. Tree frequencies and dbh range (cm) of fire—killed trees in four quadrants of each of 50 points laid out along
transects within an area of approximately 2 acres in each of four burned woodlands approximately 100 days after a severe

fire in the Burnt Lands near Almonte, Ontario.

Species 9% Frequency/DBH range

1 2 3 4
Picea glauca (Moench) Voss, White Spruce 17/8-36 1.5/15-20 11.5/6-23 1.5/16-17
Pinus strobus L., Eastern White Pine 3.5/9-28 1.5/6-23 2.5/30-40 2.5/14-32
Populus tremuloides Michx., Trembling Aspen 20.5/5-23 14/9-25 9/7-28 4/11-26
Thuja occidentalis 1., Eastern White Cedar 5.5/7-21 21.5/5-31 17.5/5-32 55/5-25
Abies balsamea (L.) Miller, Balsam Fir 4.5/6-20 5.5/6-18 20/5-18 6.5/5-14
Betula papyrifera Marshall, White Birch - = 0.5/17 —
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to see it and there had not been one for more than a
hundred years.

Another particularly interesting case is that of
Dracocephalum parviflorum which was also not list-
ed by Brunton (1986%). It appears to be very similar
to Corydalis aurea in its natural habitat and niche.
Although not found previously in the area it had a
frequency of 28% at site 2 and an overall frequency
of 8.8%, and it also had the 10" highest cover value
of all species.

Although we have highlighted the abundant rare
species in the early post-fire succession, it is to be
noted that species may be rare in a particular succes-
sional stage, but may also be largely or entirely
dependent on that stage, and even characteristic of it.
This may be true for Chenopodium simplex and
Astragalus neglectus. The quadrats under-represent
significance since the sampled ground is so small
that population size is not adequately accounted for.
At least 100 plants of Astragalus neglectus were
seen in the burned woodland but frequency and
cover was so low as to prevent this species from
being well represented in the quadrat sample of
250 m?. Although present, Cirsium discolor was not
represented in any of the quadrats, and it was possi-
bly too late in the season to discern Cypripedium ari-
etinum. The quadrat sample, although ensuring an
accurate and quantitative assessment provides only a
minimal picture of early post-fire diversity and sig-
nificant flora.

Means of colonization

The development of vascular flora following the
fire was a consequence of growth from: (1) roots as
in the case of the root suckers of Populus tremuloides
and Populus balsamifera; (2) rhizomes and root
crowns as in Apocynum cannabinum, Aralia nudi-
caulis, Aster ciliolatus, Aster macrophyllus, Pteri-
dium aquilinum, Petasites frigidus, Symphoricarpos
albus; and (3) an ancient soil seed bank as in
Corydalis aurea, Dracocephalum parviflorum and
Geranium bicknellii. In the case of many species,
especially those of the woodland edge, such as
Senecio pauperculus and Campanula rotundifolia,
the relative contribution of seeds and rhizomes was
unclear.

Of the introduced species, Medicago lupulina
appeared to have developed from seed in the soil
whereas Taraxacum officinale and Hieracium
piloselloides appeared to have developed entirelv
from root crowns and/or rhizomes. Regrowth of
Rhamnus frangula from roots or root crowns at one
site varied from 1-1.5 m after 100 days. There is a
potential for this species to have a significant nega-
tive influence on native species diversity in the post-
fire succession and to present problems in the man-
agement involving removal of woody biomass, but
there was little evidence of it in the burned wood-
lands (Table 1).

Species that might have provided seed sources from
the current year produced seed too late (e.g.,
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Apocynum cannabinum), or were insufficiently abun-
dant to allow the level of colonization (e.g., Corydalis
aurea and Dracocephalum parviflora which were not
present prior to the fire) or could not provide the cover
observed in so short a time (e.g., Populus tremuloides
with relatively small seeds). The only tree seedlings
observed were Jack Pine in the burned woodland edge
(Table 1).

With respect to the ancient seed bank, for so many
seeds to have survived continuously, avoiding preda-
tion, rotting, and drying out over a period of more
than a hundred years, there must have been many
thousands added to each square metre of the soil
early after the last fire. The development of the flora
after 100 days, provides strong evidence for such an
enormous seed input.

Conclusions

The present observations provide further support
for the beneficial effects of fire (with some restric-
tions: see Catling and Brownell 1998), or other
woody biomass removal methods, on alvar land-
scapes. Not only is post-fire succession well under-
way within a hundred days of a spring or early sum-
mer fire, but even in its earliest stages, it appears to
serve as a specific niche for a distinctive group of
species including some that are rare and restricted.
This phenomenon is not confined to alvar woodland.
In a review of the literature relating to post-fire suc-
cession and buried seeds, Abrams and Dickman
(1984) note that germination of many species is
restricted to the first year after a fire. Some of these
early post-fire colonizers are absent during the later
post-fire succession and in some cases not present
during the second year. The fact that the natural
recovery of alvar woodland is so rapid and involves
a diverse and distinctive group of predominantly
native species in the initial stages further suggests
the importance of fire as a natural process in alvar
woodlands, and its importance as a potentially valu-
able management option.

As in the alvar woodland studied here, Geranium
bicknellii dominates the vegetation cover during the
first year after a fire in Jack Pine woodlands of
northern lower Michigan, but disappears subsequent-
ly. The seeds were found to be dependent on heat
from the fire for germination and reduced depen-
dence on heat in seed from other regions suggested
ecotypic variation in germination behaviour (Abrams
and Dickman 1984). It appears that a similar mecha-
nism may operate for other species reported here as
dominant early colonizers such as Corydalis aurea
and Dracocephalum parviflorum. Subtle local adap-
tations to natural processes such as heat from fires
suggests that management using the natural process-
es is most desirable. For example, woody biomass
may be removed by cutting but the heat required for
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germination is then not provided. Since alvar wood-
lands are naturally prone to fire, the management of
woody biomass using prescribed burn is necessary
for protection of people and their property (from
fire) as well as the protection of significant natural
resources.
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