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Crown loss and subsequent branch sprouting of forest
trees in response to a major ice storm!
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BrommiT, A., N. CHARBONNEAU, T. A. CONTRERAS and L. FaHRIG (Department of Biology, Carleton University,
Otrawa, Ontario, Canada, K18 5B6). Crown loss and subsequent branch sprouting of forest trees in response to
a major ice storm. J. Torrey Bot. Soc. 131: 169-176. 2004.—In January of 1998, a severe ice storm hit much
of eastern Ontario, western Quebec, and the northeastern United States. The objective of this study was to
determine whether this disturbance could result in short-term changes in canopy dominance by different tree
species. We meusured canopy loss in 1998 of 2,919 trees in 164 forest plots distributed across the Ottawa,
Ontarjo region. In 2000, we measured branch sprouting in the same trees. We found a positive cross-species
relationship between the proportion of stems damaged by the ice storm and the proportion of stems showing
branch sprouting in response to damage (r = 0498, P = 0.01). Prunus serotina and Acer rubrum showed
exceptionally high sprouting-to-damage ratios, whereas Fagus grandifolia and Populus tremuloides showed
exceptionally low ratios. Mean percent crown loss and mean number of branch sprouts on damaged stems were
also correlated across species (r = 0.404, P = 0.04). Prunus serotina and Quercus macrocarpa showed excep-
tionally high mean number of branch sprouts and Carpinus caroliniana showed exceptionally low mean number
of branch sprouts compared to other species. No conifer species showed any branch sprouting. We predict that
due to these different sprouting-to-damage ratios, species such as Prunus serotina, Acer rubrum, and possibly
Quercus macrocarpa, may become better represented in the forest canopy while Fagus grandifolia, Populus
tremuloides, and conifer species may become less well represented in the canopy in the short-term, These changes
in canopy dominance may be prolonged if ice storms become more common due to climate change.

Key words: canopy loss, sprouting, ice storm, forest disturbance, disturbance response, interspecies comparison,
tree damage, tree recovery, glaze storm, succession, climate change, canopy composition, forest structure.

In Janwary 1998 much of eastern Ontario,
western Quebec, and the north-eastern United
States was hit by a severe ice storm. This ice
storm was one of the most exfensive in North
American history, affecting about 62 million
hectares across Canada and the northeastern
United States (Irfand 1998). It was estimated
that approximately 6 to 9 cm of ice was depos-
ited in the Ottawa, Ontario region where the data
for this study were collected (Schueler, unpub-
Jished data; see also Kerry et al. 1998).

Different tree species can sustain different
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levels of crown damage as the result of natural
disturbances (Lemon 1961, Whitney and John-
son 1984, Zimumerman et al. 1994). It has been
postulated that species differences in suscepli-
bilities to ice storm-related crown damage are
the result of differences in green wood strength
and crown shape (Lemon 1961, Bruederle and
Stearns 1985). Various studies in eastern North
America on the effects of ice loading on tree
crowns have suggested that: i) Ulmus ameri-
cana, Tilia americana, Populus tremuloides, Po-
pulus grandidentata, and Prunus serotina are
highly susceptible to crown damage, ii) Acer
saccharum and Acer rubrum are only moderate-
ly damaged during ice storms, and iii) Quercus
rubra, Quercus alba, Ostrya virginiana, and
many Pinus spp. generally suffer low mean
crown loss (I.emon 1961, Whitney and Johnson
1984, Bruederle and Steams 1985, Rebertus et
al. 1997). In addition, Lemon (1961) and Whit-
ney and Johnson (1984) found that pioneer spe-
cies of genera such as Ulmus, Betula, and Po-
pulus experienced more severe damage than spe-
cies commonly associated with mature forests
and they suggested that ice storms may therefore
accelerate forest succession,

If ice storms cause more damage to some spe-
cies than to others, does this result in a short-
term change in the species composition of the
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forest canopy? To answer this question one must
examine the rate of regrowth of the canopy
through vegetative sprouting from the trunk and
from branches (hereafter termed ‘branch sprout-
ing””), in response to ice storn-related damage.
Branch sprouting in mature trees is an induced
response to injury following damage. Epicormic
buds, i.e., buds responsible for growth of new
branches from the tree trunk or main branches,
are found in or below the tree bark. These buds
- consist of primordial leaf and scale tissue. They
are typically connected to interior vascular tissue
and pith in the main siem by “traces” of vas-
cular and cambium tissues, which are produced
by the stem and kecp the bud near the surface
of the stem as it increases in diameter. In some
species these buds can persist for years and even
decades, but with damage or altered environ-
mental conditions, hormonal changes can induce
the development of the epicormic buds into new
branches. Often, epicormic buds will produce
axillary buds, particularly if the primary bud has
died or been damaged, resulting in clusters of
epicormic buds (Fink 1983, Fontaine 1998, del
Tredici 2001).

The main question we address in this paper
is: Did tree species that sustained more damage
to their crowns during the 1998 ice storm also
hive higher rates of branch sprouting? If the an-
swer is yes, then the composition of the forest
canopy may not change much during the few
years following the ice storm, since species
whose crowns are heavily damaged by the dis-
turbance quickly fill in their own canopy gaps.

This question has not been addressed in the
context of vegetation response (0 ice storm dam-
age. However, it is known that different species
have different tendencics for sprouting in re-
sponse to other disturbances; these differences
may be related to stem and crown size and the
successional stage of the species. Peterson
(2000) found significant differences among three
tree species in their tendencies to sprout after
being damaged by tornadoes, with Fagus gran-
difolia and Acer saccharum most likely to sprout
and Tsuga canadensis least likely. Peterson and
Rebertus (1997) also found significant differenc-
es in post-tornado sprouting among species, but
in their study Liguidambar styraciflua and Ul-
mus spp. were most likely to sprout and Acer
saccharum and Fraxinus species least likely.
They suggest that difference in sprouting may
be associated with tree size in that larger trees
were less likely to sprout. In addition, Zimmer-
man et al. (1994) studied vegetation recovery
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from hurricane winds in a subtropical wet forest
and found that not only did pioneer species suf-
fer greater crown damage, they also had a lower
capacity to sprout new branches and stems than
non-pioneer species. This again suggests that
disturbances to forest canopy may accelerate
forest succession.

The purpose of this study was to determine
whether species that experienced high levels of
canopy damage from the 1998 ice storm also
had high rates of branch replacement, or sprout-
ing. If so, then the overall effects of ice loading
by an ice storm, even one as severe as the 1998
event, should have little eftect on forest canopy
composition in the short term. However, several
studies have suggested that disturbances such as
ice storms may accelerate changes in the species
composition of some forest stands (Lemon 1961,
Whitney and Johnson 1984, Zimmerman el al.
1994) by removing or reducing the crowns of
early successional species from the forest can-
opy. These species appear to be 1) more suscep-
tible to damage due to ice loading (weaker
branches and/or a crown architecture conducive
to ice accumulation) and 2) less likely to pro-
duce new branches in response to crown dam-
age.

Materials and Methods. The study was con-
ducted in 164 forest plots within 80 km of Ot-
tawa, Ontario, Canada. The forest canopy in our
study region is composed mainly of A. sacchar-
um, T. americana, and Fraxinus spp. Mature Pi-
nus spp. (particularly P. strobus) increases in
prevalence in the more well-drained western
sites in the study region, and Fraxinus pennsyl-
vanica is a more important component of the
forest canopy in the wetter sites in the eastern
area of our study region. At all our study sites,
the subcanopy is composed primarily of T.
americana, Fraxinus spp., O. virginiana, and U.
americana. The forests in our study region, in-
cluding our study plots, are primarily second-
growth; the original forests were cut between
about 150 and 80 years ago.

During the summer of 1998, 164 interior for-
est plots across an arca of approximately 3000
km? were sampled to assess crown damage to
woody vegetation associated with the 1998 ice
storm. Each plot was 12.5 X 25 m, and within
each plot, in 1998, the species and percent
crown loss were recorded for each woody stem
that was at least 10 cm DBH. Percent crown loss
was estimated by visually estimating the volume
of the crown that was missing due to ice dam-
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age, using 10% increments (modified from Re-
bertus et al. 1997). Percent crown loss was es-
timated only for trees that exhibited ice damage.
This damage was readily detected, due to the
magnitude of the ice storm event. However, to
decrease potential observer bias, wherever pos-
sible broken branches lying near damaged trees
were used to verify estimates of missing crown
volume as a result of the ice storm.

In 2000 the 164 plots sampled in 1998 were
revisited and the number of branch sprouts that
grew in response to damage caused by the ice
storm was also recorded for each tree. Sprouts
were only counted if found on trees that had
cleatly been damaged by the ice storm. They
typically occurred on the branch or trunk im-
mediately below the point where a previous
branch had been broken by ice loading. We did
not include sprouts arising from specialized un-
derground stems, since the purpose of this study
was to evaluate the short-term recovery of the
canopy from the ice storm. Branch sprouts were
easily identified by their green color, smooth
surface, and their long, spindly growth form. We
revisited the plots during the summer of 2001 to
record any additional branch sprouting. How-
ever, almost no new sprouts were observed in
2001. Therefore, only sprouting data from 2000

~ were used in the analyses,

DATA ANALYSIS. We first tested to see wheth-
er species differed significantly in their ice storm
damage and sprouting responses. For ice storm
damage we conducted 1) a G-test of indepen-
dence of species vs. damage, where damage was
recorded qualitatively for each stem as *‘dam-
aged” or “not damaged” and 2) an ANOVA of
percent crown loss on species for damaged
stems only. For the sprouting response, we con-
ducted 1) a G-test of independence of species
vs. sprouting, where sprouting was recorded
qualitatively for each damaged stem as *‘sprout-
ed” or “did not sprout” and 2) an ANOVA of
number of sprouts on species (for sprouting
stems only).

We conducted two cross-species regression
analyses, In the first analysis we regressed the
proportion of damaged stems that showed
branch sprouting on the proportion of stems that
sustained damage from the ice storm. In the sec-
ond analysis we regressed the mean number of
branch sprouts per stem (for stems that produced
branch sprouts) on the mean percent crown loss,
corrected for between-plot differences. In the
second analysis we corrected for between-plot

differences in crown loss to account for any dif-
ferences between plots that could result in be-
tween-plot variation in ice storm damage (e.g.,
between-plot differences in ice deposition, stem
density, slope, or aspect). We corrected for be-
tween-plot differences in damage by conducting
a one-way ANOVA of percent crown loss (over
all stems in the plot) on a class variable for plot
identification. We then calculated residual mean
percent crown loss for each species. These re-
sidual mean crown loss values were then used
as the predictor variable in the second regression
analysis (above). This correction effectively re-
moved any between-plot variation in percent
crown loss from the between-species analysis.

From the regression analyses, we identified
species that exhibited exceptionally high or ex-
ceptionally low sprouting probabilities and num-
ber of sprouts, relative to damage. These species
were identified as those with values of sprouting
probability or mean number of s;;;auts above or
below the 75 % confidence intervals for their
expected values, based on the regression analy-
ses. We also conducted within-species correla-
tions between percent crown loss and number of
sprouts for stems that sprouted.

Results. We sampled 2,919 trees of 26 tree
species across the Ottawa-Carleton region. Sixty
percent of trees showed crown loss from the ice
storm in [998. Average crown loss for all trees
in our study plots was 23% * 0.5 (S.E.). Canopy
stems suffered the largest crown losses (emer-
gent crowns, 19% =* 2; dominant crowns, 28%
+ 2; codominant crowns, 36% = 1). Subcanopy
trees (intermediate and understory crown clas-
ses) suffered less crown loss than canopy trees
(16% = 1). The average crown loss of damaged
trees was 54% * 0.9. Twenty-five percent of
damaged stems had branch sprouting in 2000.
The mean number of sprouts per stem that
sprouted was 13 * 0.64.

Although we did not have direct estimates of
ice accumulation for our study plots, we ob-
tained an estimate for each plot from a trend
surface analysis for the region in Ontario af-
fected by the storm, based on. measurements of
ice lens thickness in snow profiles (Schueler, un-
published data; Lautenschlager and Nielsen
1999). The ice deposition estimates ranged from
5.9 to 9.3 cm of ice across our plots, and the
trend surface model showed a slight increase in
ice deposition from southwest to northeast
across the study region (Schueler, unpublished
data). There was a significant correlation across
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our study plots between the ice deposition esti-
mates for the plots (from the trend surtace mod-
el) and the average percent crown loss (r = 0.63,
P = 0.0003).

Woody species differed in the crown damage
sustained due to the ice storm, measured as both
the number of stems that were damaged (G =
400, df = 25, P < 0.0001) and percent crown
loss of damaged stems (F = 6.79, df = 25, P <
0.0001). Generally, the deciduous hardwoods

-showed a greater susceptibility to crown loss
than the conifers (Table 1). Quercus alba was
an exception in that relatively few Q. alba stems
(34 %) of that species showed crown loss. Pinus
strobus, on the other hand, was one conifer that
showed a relatively high percentage of crown
loss (57 % of stems damaged). In our sampling
plots, more than 90 % of Carpinus caroliniana,
Populus tremuloides, and Acer saccharinum
stems were damaged, with all C. caroliniana
stems exhibiting some degree of ice storm re-
lated damage.

Woody species also differed in their sprouting
response to ice storm damage, measured as both
the number of damaged stems that showed some
branch sprouting (G = 233, df = 25, P <
0.0001) and the number of branch sprouts pro-
duced by stems that sprouted (F = 3.89, df =
25, P < 0.0001). About 50% of damaged stems
of Acer saccharinium, A. rubrum, and P. sero-
tina showed at least some sprouting, whereas
less than 10% of damaged F. grandifolia and Q.
rubra showed sprouting, and none of the conifer
species sprouted (Table 1). Sprouting stems of
P. serotina and Quercus macrocarpa produced
particularly large numbers of sprouts (on aver-
age 41 and 39 sprouts per sprouting stem, re-
spectively; Table 1).

Species that had higher proportions of stems
damaged from the ice storm generally had high-
er proportions of damaged stems that sprouted
(Fig. 1; r = 0.498, P = 0.01). There were some
exceptions to this relationship. Based on the 75
% confidence intervals, Prunus serotina and
Acer rubrum showed unusually high proportions
of damaged stems that sprouted relative to the
proportion of stems damaged while Fagus gran-
difolia and P. tremuloides showed unusually low
proportions of damaged stems that sprouted rel-
ative to the proportion of stems damaged (Fig.
1). None of the conifer stems in our plots pro-
duced branch sprouts in response to crown loss.
There was also a significant positive relationship
between the mean number of branch sprouts per
sprout producing stem and the residual mean
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crown loss (Fig. 2; r = 0.404, P = 0.04). Based
on the 75% confidence intervals, P. serotina and
Q. macrocarpa produced unusually high mean
numbers of sprouts per sprouting stem, relative
to crown loss, and C. caroliniana produced an
unusually low number of sprouts per sprouting
stem, relative to crown loss (Fig. 2).

Discussion. Sixty percent of all the trees in
this study showed some crown loss attributable
to the ice storm. Duguay et al. (2001) found that
97 % of the trees in an old-growth forest in
southwestern Quebec were damaged after the
same ice storm. The difference is likely due to
the greater ice deposition in southwestern Que-
bec (8 to 10 cm) than in eastern Ontario (6 to 9
cm). Rebertus et al. (1997) found that in an old-
growth oak-hickory forest in Missouri only 27
% of the trees were damaged with an ice depo-
sition of 2.5 cm, which is considerably less than
the ice deposition from the 1998 ice storm.

As we expected, there were species differenc-
es in the susceptibility of trees to ice damage.
Direct comparisons with other studies are diffi-
cult due to differences in ice loads, forest com-
positions, and methods of assessing damage.
However, in general, the differences we report
in species susceptibility to ice damage are con-
sistent with those reported from studies on the
same ice storm (Duguay et al. 2001, Hooper et
al. 2001, Manion et al. 2001, Proulx and Greene
2001, Zarnovican 2001). For example, similar to
our study, Duguay et al. (2001) and Proulx and
Greene (2001) found high crown damage to F.
grandifolia, Betula alleghaniensis, and P. tre-
muloides, and low crown damage to 7. cana-
densis. However, both these studies also found
high crown damage to A. saccharum, which was
only moderately damaged in our study.

Overall, 25 % of damaged trees in this study
showed branch sprouting. Only one previous
study has looked at sprouting in response to ice
storms. Duguay et al. (2001) reported that 53 %
of trees in a site near Montréal, Canada that
were damaged by the 1998 ice storm sprouted
new shoots and/or branch sprouts. We assume
that this bigher rate of sprouting was due to the
greater damage sustained by trees due to greater
ice-loading in the Quebec study. Like the Que-
bec study, we found that P. serotina, A. rubrum,
A. saccharinum, F. americana and F. pennsyl-
vanica were most likely to produce branch
sprouts, while F. grandifolia, Q. rubra and P.
tremuloides were least likely to sprout and gen-
erally had a low mean number of branch sprouts
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Fig. 1. Proportion of damaged stems that sprouted vs. proportion of stems damaged following a severe ice

storm in 1998 (r = 0.498, P = 0.04). Each data point represents a species (see Table 1). Data are from 164
study plots across the region surrounding Ottawa, Ontario, Canada.

per damaged stem (Table 1). None of the dam-
aged conifers in our study produced sprouts,
which is also consistent with other studies (Pe-
terson 2000, Zimmerman et al. 1994),

We found a positive correlation across species
between the proportion of stems that were dam-
aged by the ice storm and the proportion of
those damaged stems that sprouted (Fig. 1; r =
0.498, P = 0.01). We also found a positive
cross-species correlation between the mean
number of sprouts per stem that sprouted and the
mean percent crown loss, after controlling for
between-site effects (Fig. 2; » = 0404, P =
0.04). The latter indicates that the between-spe-
cies relationship was not confounded by possible
correlations between species distribution and site
factors such as ice deposition, stem density,
drainage, etc. The within-species correlations
between number of sprouts and percent crown
loss (Table 1) were generally low and only four
were statistically significant. However, lack of
statistical significance for several of these spe-
cies is likely due to small sample sizes. For the
species showing highly significant relationships,
sample sizes were well over 100 stems. Taken
together, these results suggest that while most

species showed some branch sprouting in re-
sponse to damage, the number of branch sprouts
produced was rather weakly correlated to the
amount of damage sustained.

We are unaware of any other studies that have
conducted cross-species comparisons between
crown damage and branch sprouting following
an ice storm. However, Zimmerman et al. (1994)
reported a correlation of 0.528 between the fre-
quency of disturbance-related branch damage
and sprouting following a hurricane in Puerto
Rico, which is similar to the correlation of 0.498
in our study.

Species with the highest proportion of sprout-
ing stems did not necessarily produce the largest
number of branch sprouts per stem in this study.
For example, Q. macrocarpa had the second
highest mean number of branch sprouts despite
having a low probability of sprouting (12%; Ta-
ble 1), and although 45, 48, and 41 % of dam-
aged stems of A. rubrum, A. saccharinum and
F. americana sprouted (respectively), their mmean
numbers of branch sprouts were moderate
(11,17, and 15 respectively; Table 1).

Several studies suggest that ice storms may
accelerate forest succession because pioneer
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Fig. 2. Mean number of sprouts per stem that sprouted vs. residual mean percent crown loss (i.e.. corrected
tor between-plot differences; see Methods) following a severe ice storm in 1998 (r = 0.404, P = 0.04). Each
data point represents a species (see Table 1). Data are from 104 study plots across the region surrounding

Ottawa, Ontario, Canada.

species generally sustain greater damage than
climax species and have a lower capacity for
producing new branches (Lemon 1961, Whitney
and Johnson 1984, Zimmerman et al. 1994).
Overall our results support this hypothesis. We
found that many early successional species (e.g.,
B. alleghaniensis, P. tremuldoides, P. grandiden-
tata, and U. americana) had a relatively large
proportion of their stems damaged by ice-load-
ing bul the number of branch sprowts produced
in response to the damage was comparable to
species that had fewer stems damaged (e.g., A.
saccharum; see Table 1). Conversely, many later
successional species’ (e.g., A. saccharum, Q.
alba, and O. virginiana) had a lower proportion
of stems damaged by the storm but generally
had a comparable proportion of damaged stems
that exhibited branch sprouting. There were two
notable exceptions. Fagus grandifolia, a late-
successional species, whose stems suffered mod-
erate to high ice storm related damage (on av-
erage 83% of stems were damaged with an av-
erage of 52% crown loss; see Table 1) showed
a very weak branch sprouting response. Also, A.
rubrum, an early successional species, had a low
proportion of stems damaged but a high propor-

tion of damaged stems that exhibited branch
sprouting (Table 1).

This study focuses on short-term changes in
the composition of forest canopies affected by
the 1998 ice storm. It could be argued that in
the long-term, replacement of individuals
through recruitment should be more important
for canopy composition than changes in the can-
opy due to damage and branch sprouting. How-
ever, a study of the understory vegetation in the
same plots found that germination of woody
seeds did not increase, but was actually sup-
pressed in the year following the storm, and then
rebounded to pre-storm levels three years fol-
lowing the storm (Darwin et al. 2004). In addi-
tion, vigorous branch sprouting following the ice
storm appears to have caused a very rapid clos-
ing of the canopy, within two years following
the storm (Darwin et al. 2004). Although Dar-
win et al. (2004) did not look at germination by
species, the lack of an increase in germination
following the storm makes it unlikely that the
storm had an effect on species composition
through differential germination.

We suggest that the responses we observed in
the canopy could result in long-term changes in
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canopy composition. It has been predicted that
the rate and magnitude of extreme weather dis-
turbances will increase as a result of climate
change (Dale et al. 2001). Researchers generally
agree that climate change will cause an increase
in conditions favoring ice storms in eastern On-
tario (Regan 1998). If large, severe ice storms
become frequent in our region, our results sug-
gest that Q. alba, A. rubrum and A. saccharum
will be more prevalent in the forest canopy and
P. tremuloides, F. grandifolia, and P. strobus
will be less prevalent in the forest canopy than
in the recent past. In addition, early successional
tree species (e.g., Betula alleghaniensis, P. tre-
muloides, P. grandideniata, and U. americana)
may disappear from the canopy at a higher rate
with more frequent ice storms, and a greater sus-
ceptibility to damage from ice loading for some
later successional species (e.g., F. grandifolia,
P. strobus) may reduce the prevalence of those
species in the forest canopy. Ultimately these
changes in the forest canopy could even be re-
flected in the seed and seedling banks, since
more common canopy species will produce rel-
atively more seeds.
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