


(Friedland et al. 1984; Johnson 1992). The minimal cold tol-
erance of red spruce, combined with reductions in cold har-
diness due to acidic deposition and other anthropogenic
factors, contribute to winter injury episodes — some mild,
others severe — when trees are exposed to various freezing
stresses (e.g., low minimum temperatures, freeze–thaw cy-
cles, rapid freezing) (see review by Schaberg and DeHayes
2000). Bud mortality can accompany winter injury (Peart et



jury. Spearman’s rank correlation was also used to relate fo-



Colebrook plantation, which indicate that the 2003 winter
injury event was unusually severe.

Ecological implications
In addition to highlighting the unusual severity of the

2003 winter injury event, data from the Colebrook plantation
show that repeated or severe winter injury was associated
with increased tree mortality. Eighty-nine trees in the planta-
tion (16%) died between 1992 and 2000. In comparison with
the 469 that remained alive, these 89 trees showed signifi-
cantly more winter injury each year from 1986 to 1992 (t tests
for unequal variances, P < 0.001 in all cases). Trees that
died averaged 18% injury to current-year foliage between
1986 and 1992, while trees that survived averaged 8% injury
during the same period. Average maximum injury between
1986 and 1992 was also greater for trees that died (42%)
than for trees that lived (24%). As far as we know, this tree




