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Abstract 

The North American Maple Project (NAMP) monitored 
annual sugar maple mortality from 1988 through 1997 in 
Maine, Massachusetts, New Brunswick/Nova Scotia, New 
Hampshire, New York. Ontario, Quebec, Vermont, and 
Wisconsin. Annual mortality in Minnesota, Ohio and 
Pennsylvania was evaluated for 1992 through 1997. When 
data from the dominanffcodominant and intermediate1 
suppressed crown levels were combined, average annual 
mortal~ty (Yo trees) ranged from 1.9% (New York) to 0.3% 
(New Brunswick~Nova Scotia) in sugarbushes (SBs) and 
1.9% ((Mew Hampshire) to 0.49/0 (Wisconsin) in maple stands 
cot managed for syrup production (NSBs). In general, 
mortality of dominant/codorninant sugar maple was lower 
than in the intermediateisuppressed crown position. Average 
annual mortality was not significantfy different among each 
of three elevational categories or among each of three 
deposition tevels for wet sulfate or wet nitrate. Mortality in 
plot-clusters located >300 m elevation and exposed to high 
levels of wet nitrate (>20 kglhalyr) or wet sulfate (>27.5 kg1 
Iialyr) deposition was significantly greater in both SBs and 
NSBs compared to mortality in plot-clusters exposed to hrgh 
levels of deposition but located e300 elevatron (SB: >300 ni 
2.2Yi, <300 m 0.6%: NSB: >300 m 1.194, <300m 0.3%). A 
number of small, but statistically significant (p c 0.05), 
differences in mortality occurred arnong three ecological 
Divisions, thr-ee Provinces and three Sections in the U.S., 
and three Ecozones and four Ecoregions in Canada. Within 
13 geographic regions (states and provinces), two crown 
posttions, two iriairagernent categories. three levels of 
elevation, three deposition levels for both wet r~itrate and wet 
sulfate, and 18 b~ophysical regions. annual sugar maple 
mortality documented by the NAMP was similar to mortality 
reported in the literature for typical northern hardwood 
s!ands. Mortali!y in SBs was similar to that if1 NSBs. 

Introduction 

The North American Maple Project (NAMP) was initiated in 
1988 in response to public concern for the condition and 
sustainabiiity of the sugar maple (Acer saccharurn Marsh) 
resource. An earlier paper (Allen et ai. 1992) reported on the 
crown condition of overstory sugar maple monitored during 
:he firs? three years (!980-1991) of the project. More 
recently, Alien et at. (19953 summarized changes in crown 
condition for 1988 through ! 995 and presented an overview 
of mortality. Here we examine nine years of sugar maple 
mortality (1989 through 1997) in the context of geographic 
regions (states and provinces). crown position, management 
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category, levels of atmospheric deposition, eleirat!on. and 
eco!ogical unit. We address the hypothesis that suoar maple 
mor!ality which occurred rn the NAMP plots during this 
period is within the range expected for the stand and site 
conditions inctuded i r i  the study. 

Methods 

The general methods used to select, establish and measure 
plot-clusters (Millers et ai. 1991 j changed little during the 
ten-year history of the NAMP (Allen et al. 1995). Stands 
were selected systematically to facilitate frequent visits, to 
cover a variety of sugar maple sites, to encompass a range 
of atmospheric deposition levels, and to assure long-term 
integrity. A cluster of five 20 x 20 m permanent plots Was 
established in each stand. To qualify, a stand had to have an 
overstory that contained 50% or more sugar maple, 50-1 50 
years old. All trees .> 10 crn diameter at breast height (1.4 m) 
were evaluated annually for crown conditior~ and survival. 
Ana!yses of sugar maple mortality are presented as annual 
percent tree toss resulting from "natural" mortality. That is, 
we did not include loss of trees that were deemed healthy 
but died or were removed as a direct result of some forest 
management related activity, such as road bullding or 
thinning. Natural mortality const~tutes a baseline for 
determining losses ostensibly due to natural stresses. The 
occurrence and extent of natural disturbances (e.g., insect 
defoliation, drought, wind damage, etc.) were incorporated 
into the database for each plot-cluster and used to establish 
the temporal occurrence and extent of stresses. 

Annual mortality was determined by monitoring the number 
of trees surviving from one year to the next: 

Annual Plot-Cluster Mortality= 

[(number of t!ve trees in year t-1) - (number of five trees in 
year t)j X 100 

number of live trees in year 1-1 

Plot-cluster mortalities were then averaged within each year 
to obtain annual mortalities for the various strata. The strata 
were based on region (state, province, country), elevation: 
deposition level, and ecotype (Table 1). Estimates of wet 
sulfate and wet nitrate deposition for each plot-cluster were 
interpolated using deposition maps (5 kg!ha isopleths) 
provided by Environment Canada and the U.S. National 
Atmospheric Deposition Program/National Trends Network 
Coordination Office. UTM coordinates located each siie 
relative to the nearest isopleth or monitoring station. 
Mortality figures are based on 7,569 dominanticodominant 
(DIG) and 3.885 intermediateisuppressed [US) sugar maples 
(N - 11,454) monitored annually between 1988 and 1997 
(Table 2). Two-way comparisons were made with the t-test, 
and ana!ysis of variance (AMOVA) in conjunction with 
Tukey's test for multiple comparisons. Prior to analysis ail 
data were tested for homoscedasticity. Alpha was set at 0.05 
as a nominal indicator of significance for al! comparisons. 
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Table 1 .-Ecological variables used to stratify NAMP data on sugar mapie mortality 

NUMBER OF PLOT- 
VARIABLE CATEGORIES CLUSTERS 

Elevation High >450 M 39 
Medium 300-450 rn 7 1 
t ow  -, 300 m 53 

Divisions 
Biophysical Units Warm Continental 25 
United States Warm Continental Regime Nits. 60 
(McNab and Avers 1994) Hot Continental 2 1 

Provinces 
Eastern Broadleaf Forest (Continentai) 17 
Laurentian Mixed Forest 2 5 
Adirondack New England Pdixcd Forcs! 60 
Sections 
White Mountains 17 
New England Piedmont 13 
Green Taconic, Berkshire M!s. 23 

-- 

Canada Ecozones 
(Ecolog~cai Stratrfication Atlantic Maritime 24 
Working Group 1995) Boreal Sh~eld 16 

Mixed Wood Piam 18 

Ecoregions 
Algonqutn-Lake Nipissing 
Appalachian 
Lake Erie Lowland 
Manitoulin,,Lakc Simcoe 
Northern New Brunswick Uplands 
Southern Lauruntians 

Wet Sulfate Deposition High >27 5 kgihalyr 24 
Medium 17 6-27 5 1 92 
Low 117 6 49 

Wet Nitrate Deposition High >20 kgihaiyr 37 
Medrum 16-20 71 
Low <l6  57 

Forest Management Sugarbush 
IJ s. 53 
Canada 3 1 

Nonsugarbush 
U S. 53 
Canada 26 

- 
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Table 2.-Regional distribution of plot-clusters and riurnber of sugar mapies monitored by NAMP 

NUMBER OF LIVE SUGAR MAPLES 
BY CRO1VbJ POSITION (1988) 

INITIAL 
REGION NO. PLOT- AVE.(RANGES) DOMlt\lANT/ INTERMED1ATEi INITiAL NO 

CI-USTERS BASAL AREA CODOMtNANT SUPPRESSED LIVE SUGAR 
IN 1988 (&/ha) MAPLES 

Maine 18 29.1 726 455 1,18< 
(20.2-40.8) 

Massachusetts 1 0 27.9 453 175 628 
(1 5.4-36.2) 

Michigan 10 24.1 194 78 272 
(1 7.8-31.0) 

Minnesoia " 8 24.4 221 238 459 
(24.5-31.5) 

New Brunswick! 11 22.7 856 116 972 
Nova Scotla (1 2.9-31 .Q) 

New Hampshire 6 24.6 257 121 378 
(1 5.2-36.5) 

New York 18 24.8 645 438 1,083 
(1 5,7-35.5) 

Ohio " 6 33.7 141 120 26 1 
(26.3-39.9) 

Ontario 24 26.8 928 434 1.362 
(1 5.4-40.3) 

Pennsylvariia " 6 29.1 173 112 285 
(21.6-36.4) 

Quebec 24 27.6 1,285 594 1,879 
(1 7.4-35.6) 

Vermon: 26 27.6 1,054 588 1,642 
(1  2.2-43.4) 

MI!sconsin 1 5 24.9 636 J l 6  1,052 
(! 5 7-32.4) 

TOTAL 185 7,569 3.885 11,454 

"Plot-clusters were not eslabiished in these regions un!il 1992, the remainder were initiated in 1988. 

Results 

Canada vs United States  

Percent sugar rnap!e mortality in the NAMP plot-clusters by 
crown posi!ion from 2989 through 1997 was similar in both 
Canada and the  United States, except in a few cases. 
Generally, mortalrty of dom!nant'codominant (DIG) trees was 
similar in both sugarbust:es (SB) and non-sugarbushes 
(NS8). However. in four of nine years (1989, 1990. 1392. 
1997). mortality of intermediateisuppressed (US) sugar 
rnaptes in Canada's sugarbush (SB) plot-clusters exceeded 
that of sugar mapie in the dorninantlcodominant crown 
position. During the remaining five years, average mortality 
in both crown positions was approximately cq~iai (Tab!e 3). 

and 1997. Sugar mapfe mortality in the intermediate1 
suppressed crown ciass for NSBs always exceeded 
overstory mortality in both countries. 

in 1989, mortality of intermediate!suppressed maples in U.S. 
SBs (4.0%) was more than four times that which occurred in 
the dominanticodominant crown class (0.8%). Comparative 
mortality for the two management categories was more 
dissimilar in the intermediateisuppressed crown position 
compared to the dominant/codorninar~t trees. For Canadian 
SBs, annual morta!ity of dominant~codominant maple ranged 
from 0.430 (1993) to 0.9% (1 395) and internrediatel 
suppressed losses varied from 0.4% (1 994) !o 2.4% (1990). 
Comparative figures for maple in U.S. S3s were, D/C: 0.3% 
(1 990) to 1.3% (1 995) and. !IS: 4.096 (1 993) to 4.0% (1989). 

Mor:aii!y cf understory sugar maple in U.S. SRs exceeded the nine-year a,,erage annual mortality 
!hat in the overstory in seven of nine years: mortatity in the when SB and NSB data within each country were combined 
two crcwn positions was approximately the same in 1992 

- 
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Table 3.-Average annual mortality (94 trees) of sugar maple for NAMP plot-clusters in Canada and the 
United States (3989-1997) by management category and crown position) 
-- -- 

YEAR 

COUNTRY MANAGEMENT CROWN 1989 1990 1931 1992 1993 1994 i995 1996 1997 
CATEGORY" POSITION" 

CANADA Sf3 DIC 0.5 0.5 0.8 0.6 0.4 0.5 0.9 0.9 I.! 

115 1.2 1.5 0.8 2.4 0.5 0.4 1.0 0.9 2.3 
N S R  D/C 0.4 0.4 0.6 0.6 0.3 0.3 0.8 0.3 0.3 

l/S 2 2.2 1.3 1.4 1.8 1.6 1.6 1.2 1.1 

U.S. S B DIC 0.8 0.3 0.8 0.9 0.6 0.7 1.3 0.7 0.7 
Iis 4.0 1.6 1.5 1.0 1.0 1.1 2.7 1.6 0.8 

NSB D/C 0.8 0.3 0.6 0.5 0.8 0.4 0.7 0.5 0.3 
11s 2.7 1.7 2.3 i.3 1.0 0.8 1.8 1.6 2.4 

*SB = sugarbush, NSB = non-sugarbush 
bDiC = dominanticodominant; ilS = intermediatelsuppressed 

were similar in both dominanticodominant (Can.: 0.6 t 0.1 %. 
1J.S.: 0.7 5 0.1 %f and intermediatelsuppressed (Can.: 1.4 5 
0.1 %, U.S.: ! .T + 0.2%) crown positions and were 
significantly different between crown positions in each 
country. 

Average annual mortality of donirnant/codontinant maples 
for the nine-year period was significantly lower than losses 
of intermediateisuppressed for both Canadian SBs {DIC: 0.7 
5 0.1 %, liS: 1.3 5 0.2%, p=0.046) and NSBs (DIC: 0.5 
O.loio, I/S: 1.6 2 O.l'+io, p=0.0001). Similarly, the average 
annual nine-year sugar maple mortality in U.S. dominant/ 
codominant maples was significantly lower than that of 
intermediatelsuppressed maples in both SBs (DiC: 0.6 + 
0.1%, 11s: 1.7 5 0.3%. p=0.0258) and NSBs (DIG: 0.5 .? 
0.1 4'0, liS: 1.7 5 0.2%, p=0.0004). 

Regional Mortality 

Mortaiity data from the 10 states and four provinces included 
in the NAMP represent sugarbushes and nonsugarbushes 
which exist under a variety of geographic localions and site 

(Table 5). In Massachusetts, mortality of dominanV 
codominant sugar maple was significantly lower in S3s 
compared to NSBs. For afl other regions, there were no 
statistically significant differences in rnortaiity of overstory 
sugar maples between management caregoriss (Table 5). 
Similarly, in onfy three regions was mortality of intermediate; 
suppressed trees significantly different when comparing 
NSBs with SBs; Massachusetts, New Brunswick and Mew 
Hampshire (Table 5). 

Mortality of dominanVcodominant maples in SBs was higher 
in New York (1.8 & 0.3) compared to mortality of overstory 
maple in all other regions and significantly higher than 
mortaiity in 8 of 12 regions (the eight reg~ons: MA, NBiNS, 
PA, ON, WI, VT, NH, and ME). Overstory mortality in 
Massachusetts (0.1 5 0.1) was significantly lower than this 
mortaiity in New York and Quebec. Average annual mortality 
levels for dominantJcodominant trees in NSBs were 
statistically similar between management categories for all 
regions and varied from zero to 0.8% (Table 5). 

There were no statisticai differences in average annual 
conditions. Cooperators are interested in viewing the mortaiity of understory sugar maple in SBs among the 13 
condition of :hek stands relative to those in other regions. in NSBs, mortality in this crown position was 
jurisdictions. Examining regional differences is the first step significantly higher in New Hampshire (4.6 5-1 .t ) compared 
in identifying unusual levels of mortality that may be linked to to seven regions (MI, WI, ON, NY, ME, VT, QU) but not 
local disturbances.  statistical!^ different from mortality in Pennsylvania, 

Massachusetts. NBINS, and Minnesota (Table 5). 
Tctai average annuat sugar maple mortality (i.e., all crown 
positions combined) for SEs within regions ranged from 0.30h 
in New BrunswicWNova Scotia to 1 .9°6 in New York (Table 4). 
Mortality in NSBs was lowest in Michigan (0.2%) and highest 
in New Hampshire (1.9%). Mortality in the understory of SBs 
was significantly higher than that in the oversfory only rn 
Massachusetts, New Hampshire and Vermont. In 9 of 12 
regions, mortality in the iinderstory of NSBs was significantly 
higher than overstory mortality (Table 4). 

Overstory mcrtalipf for SBs in New York and Quebec was 
significantly higher than mortality in their respective NSBs 

influence of Elevation 

When data from SB ar,d NSB management categories were 
combined, beginning with the original sample in 1988 (Tzbie 
I), average annual sugar maple mortality was significantly 
!ower In the dorninanticodominant crown level compayed to 
the intermediatelsuppressed level for piot-clusters in aii 
three elevation categories; high (D/C: 0.5 5 0.1 96, iiS: 2.0 _+ 

0.2%). medium {DiC: O.8 5 0.1 96, 11s: ? .S 2 G.3%) and fow 
(DiC: 0.5 2 0.1%, 1:s: ?.t + 0.2%). Mortality of dominant/ 
codominant trees at medium elevations (0.8 + O. l%j  was 

-- 
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Table 4.-Average (5 S.E.) annual mortality (3/0 trees) of dorninantlcodominant and intermediatetsuppressed 
sugar maples by management category (1988-1997) 

SUGARBUSH NON-SUGARBUSH 

REGION Dom.1 Inter./ TOTAL Dam./ inter.[ 1 OTAL 
Codorn. SUPP. Codom, SUPP. 

Maine 0.8 + 0.2 3.0 2 1.4 1.3+0.1 0.6 t 0.2 1.8 L 0.5 0.9 t 0.2 
Massachusettst 0.1 + 0.la 1.4 + 0.4b 0.4 5 0.2 0.7 + 0.2a 2.9 5 0.5b 1.4 _+ 0.2 
Michigan 0.8 + 0.3 1.2 5 0.5 1.0 + 0.3 0.2 + 0.1 0 . 1 i O . l  0.2+0.1 
Minnesota* 0.8 + 0.3 1 .O + 0.1 0.9 5 0.2 0.0 2 O.Oa 1.9 % 0.7b 1.0 5 0.3 
New BrunswicW 0.2 + 0.1 0.6 + 0.3 0.3 ~t 0.1 0.5 0.22 2.5 _t 0.4b 0.7 + 0.2 
Nova Scotia 
New Hampshire 0.6 5 0.1a 1.8 5 0.45 1.0 2 0.2 0.75O.la 4 .75 l . l b  1.9k0.3 
New York 1.8 + 0.3 2.0 2 0.7 1.9 1- 0.3 0.5 2 0.la 1.5 + 0.4b 0.9 2 0.2 
Ohio* 0.9 + 0.3 0.3 + 0.2 0.6 + 0.2 -- - - 
Ontario 0.4 + 0.1 1 . 7 ~ 0 . 6  0.6k0.1 0.4 .t: @.la 1 .1 + 0.2b 0.7 5 0.1 
Pennsylvania* 0.3 i. 0.3 0.6 + 0.2 0.5 2 0.3 0 . 4 ~ 0 . 2  3.1 .* 1.2 1.2 _+ 0.4 
Qijebec 1.2 2 0.2 1.350.2 1 .3 t0 .1  0.5 2 0.2a 1.9 5 0.3b 0.9 0.1 
Vermont 0.5 + 0.2a 1.4 2 0.2b 0.9 + 0.1 0.8 2 0.3a 1.9 i 0.3b 1.2 5 0.2 
Wisconsin 0.4 + 0.1 0.8 + 0.2 0.6 + 0.1 0.2 +. 0.1a 0.9 + 0.2b 0.4 ~t 0.1 

- - -  - - -  
t drfferent letters in the same row sign:fy a stattstically scgnrficant difference at CL=O 05 between the domr.rant/ 
codomrnant and rntermedtateisuppressed cornparssons withrn a region and management category 
$ plot-clusters were not established In these regions until 1992, average mortality IS for 1993-1997 

Table 5.-Average (+ S.E.) annual sugar maple mortality (% trees) for management categories 
within sugar maple crown positions (1 988-1 997) 

REGION se + SE NSB A SE S B  + SE NSB 2 SE 

Marrle 0.8 + 0.2 0.6 + 0.2 3.0 5 1.4 1.8 5 0.5 
Nlassachusettst 0.1 +@. la  0.7 + 0.2b 1.4 + 0.4a 2.9 + 0.5b 
Michigan 0.8 2 0.3 0.2 t. 0.1 1.2 + 0.5 0.1 2 0.1 
R4innesotaf 0.8 _t 0.3 0.0 _+ 0.0 1.0 + 0.1 1.920.7 
New BrunswicW 0.2 + 0.1 0.5 + 0.2 0.6 _+ 0.3a 2.5 t 0.4b 
Nova Scotfa 
New Hampshire 0.6 t 0.1 0.7 + 0.1 1.8 + 0.4a 4.7+ l . l b  
New Yorkt 1.8 2 0.3a 0.5+O.lb 2.0 2 0.7 1.5 + 0.4 
Ohio* 0.9 + 0.3 - 0.3 + 0.2 - 
Ontario 0.4 + 0.1 0.4 2 0.1 1.7 + 0.6 1.1 k0.2 
Pennsylvania$ 0.3 + 0.3 0.4 2 0.2 0.6 5 0.2 3.1 2 1.2 

Quebec? 1.2 5 0.2a 0.5 + 0.2b 1.3 2 0.2 1.9 2 0.3 
Vermont 0.5 + 0.2 0.8 % 0.3 1.4 +_ 0.2 1.9 2 0.3 
Wisconsin 0.4 _+ 0.1 0.2 5 0.1 0.8 2 0.2 0.9 _+ 0.2 - 
f different letters signify a statisticaily srgnlficant difference at a=0.05 between the sugarbush!nor~- 
sugarbush comparisons within a region and mortal~ty type. 
$ plot-clusters were not established in these regions unti! 1992: annliai average morta!ity is for 1993-1997, 
SB=suga&ush. NSB=nan-sugarbush. 
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significantly higher than dominar:ticodornlnant mortality at 
both high (0.5 5 0.1%) and low (0.5 5 0.145) e!evations. 
Mortality of interrned~ateisuppressed magies was significantly 
higher at high elevations (2.0 2 0.2%) than mortality in this 
crown position at low elevations (1.1 t 0.2%). When data from 
ail crown positions were combined, rriortality for both SBs and 
NSBs was similar at high, nledium and low elevations (Fig. 1). 

Nitrate Deposition 

There were no significant differences in average annual 
percent mortality of sugar maple in SBs compared to NSBs 
from 1989 through 19" when DIG and 1/S crown positions 
were combined in areas of high (SB: 1.3 2 0.3%, NSE: 0.8 2 
0.19r0): medium (SB: 1.0 2 0.1%. NSB: 1.0 + 0.1%) and low 
(SB: 0.8 2 0.19/0, NSB: 0.8 2 0.1%) levels of nitrate 
deposition. Mortality of interrnediatelsuppressed sugar 
maples was significantly higher than rnortality in the 
dominanticodorninant crown position at all deposition levels; 
high (SB: 1.6 _t 0.3%. NSB: 0.8 i 0.2%), medium (SB: 1.6 2 
0.2%, NSB: 0.6 2 0. l'lio) and low (SB: 1.7 2 0.1 %, NSB: 0.4 2 
O.loA). There were no statis:icaliy significant differences in 
total (DiC and IiS combined) average annual mortality of 
sugar maple when compared among the three deposition 
categories for \.vet nitrate in either SBs or NSBs. 

Sulfate Deposition 

There were no significant differences in average annt~al 
percent mortality of sugar maples in SBs compared to NSSs 
frcm 1989 through 1997 when DIG and l/S crown positions 
were combined for plot-clusters in areas of either high (SB: 
1.3,t 0.3%, NSB: 0.7 2 0.194), medium (SB: 1 0 5 0.194, NSB: 
1.0 2 0.1%) or low (SB: 0.7 t 0.194, NSB: 0.7 t 0.1%) wet 
sulfate deposition. In plot-clusters ostensibly exposed to high 
levels of sulfate deposition, there was no statistically 
significant difference in rnoriaiity of dominanticodorninant 
maples (0.8 2 0.2%) compared to maples in the intermediate,' 
suppressed crown position (I  .4 5 0.4%). However, percent 
mortality of interrnediatelsuppressed maples was significantly 
higher than mortality of dominanticodorninant trees in areas 
exposed to medium (SB: 1.7 2 0.2"/0, NSB: 0.7 2 0.Ioh) and 
low (SB: 1.6 5 0.4% NSB: 0.5 2 0.1%) deposition levels. 
There were no statisticalty significant differences in total (DIC 
and ! iS combined) average annual mortality of sugar mapfe 
when compared among the three wet sulfate deposition 
categories in either SBs or NSBs. 

interaction Between Elevation 
and High Levels of Deposition 

To further examine the possibi!ity that elevation may have 
influenced !he association between atmospheric deposition 
and maple mortality, sugar rnaples in plot-ciusters exposed 
to high !eveis of both wet nitrate an3 wet st~ifate deposition 
were reclassified into one of two categories; those at ,300m 
elev. (viz., high and medium elevation ciasses combined). 
and those at <300m elev. For high sulfate deposition, 12 
plot-cit;sters occurred at elevations >300m, 11 piot-clusters 
were <SOC?m.Twenty plot-clusters located at 2300m and 16 
at <300m were subjected to high !evels of nitrate deposition. 

There were no significant differences in average annual 
percent tree mortality between SBs and NSBr in either the 
high+med (SB: 2.2 2 0.6%, NSB: 1.1 2 0.146) or lovs (SB: 0.6 
2 C1.14'~, NSB: 0.3 2 0.1 Oh) elevation categories for areas 
recerving high levels of wet nitrate deposition ( ~ 2 0  kgihalyr). 
Simtlarly, when SB and NSB management categories were 
combined, there were no significant differences in mortality 
between crown positions a! either elevation: high+med - Dl 
C: 1.2 + 0.3"/0, {IS: 2.2 t 0.596; Low - DIC: 0.4 O.!%, IlS: 
0.7 2 0.2%. Within SBs when crown positions were 
combined, average annual mortality was significantly greater 
at elevations >300rn (2.296) compared to that of stands 
occurring at <300m (0.6?6) (Fig. 2). Similarly, in NSRs there 
was significantty greater mortality at hightmed elevations 
(1 . I % )  compared to low elevations (0.3%) (Fig. 2). Mortatity 
of intermediate!suppressed sugar maples when data from 
SBs and NSBs viere combined was significantly greater in 
the high+rned (2.294) category compared to low elevations 
(0.7%). and there was significantly more rnortasity in the 
dorninantlcodominant crown position at high+med elevations 
(1.2%) than at low elevations (0.4%). 

In like matjner, mortality from plot-clusters exposed to high 
levels of wet sulfate deposition (227.5 kgihaiyrj were 
stratified by combining data from high and medium 
elevations (i.e., ~ 3 0 0 m j  and comparing it to sugar maple 
mortality in p!ot-clusters at low elevations (c300mj. When 
data from both D!C arid 1iS crown positions were combined, 
there was no statistical difference in average annual tree 
n~ortaliiy of sugar maple when comparing SBs and NSBs at 
either high+med. (SB: 2.2 0.7%. NSB: 1.0 2 0.29'0) or iow 
elevations (SB: 0.5 2 O.!%, NSB: 0.3 2 0.1 C/o). Mortality In 
the dominanUcodon~tnant and intermediate/suppressed 
crown positions were statist~caily similar for both hightmed 
(DiC: 1.2 + 0.3% US: 2.2 + O.Bnhj and low (D!C: 0.4 2 0.1Yo. 
11% 0.6 2 0.3%) elevat~ons. Maple mortality within SBs and 
NSBs when crown positions were cclmbined was 
significantly higher at high+med elevations compared to 
mortality at <300rn (Fig. 3). This can be attributed mainly to 
the fact that when management categor~es were combined 
mortality of dominanticodorninant trees (1.204,) was 
signi!icantiy higher at the higher elevations compared to 
maples in this crown position below 300m (0.49'cj. 

Ecological Units (LP. S.) 

NAMP piot-ciusters in the United States are distributed over 
46 Ecological Sections, five Provinces and four Divisions a5 
mapped by Keys et a!. (1 995) and described by FJlcNab and 
Avers (1 994). The Canadian component of this projec: 
encompasses 13 Ecoregions and three Ecozones 
(Ecoiogical Stratification Working Group 19953. For the 
purpose of examining sugar maple mortality, small sample 
sizes (i.e., few plot-ciustersf in many ecologrcal units limited 
comparative analyses in the U.S. fo three Divisions and 
three Provinces in the Humid Tempsrate Domain and three 
Sections in the Adirondack New England Mixed Forest- 
Coniferous Forest-Alpine Meadovd Province (Table 6). 
Sampie size for the Canadian portion of NAMP permits 
moriaiity comparisons between three Ecozones and Six 

Ecoregions (Table 7). 
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Piotcluaer Eievation (mj 
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Elevation of Plot-cluslers (m) 

.-300m 3WJ450m s450m 

Plottlurter Elevation (m) 

Fig. 1. Total (DiC and l/S crcwn positions 
combined) average (2 SE) annual mortality 
(Oh trees) of sugar maple for SBs and NSBs 
in three elevational categories 

Fig. 2. Total (D/C and I S  crown positions 
combined) average (+SE) sugar maple 
mortality (% trees) for SBs and NSBs in plot- 
clusters occurring at high-medium (>300rn) 
and tow (~300m) elevations in regions 

,300 exposed to high (>20 kglhdyr) levels of wet 
Elevat~on of Plolclusters (n) nitrate deposition. 

Fig. 3. Total (DIG and i/S crown positions 
combined) average (+SE) annual sugar 
mapie mortatity (Oi0 trees) far SBs and NSBs 
in p!ot-clusters occurring at highi-medium 
jz300m) and !ow (<300rn) elevations 

c300 ,303 -=:103 >330 exposed to high ( ~ 2 7 . 5  kg!ha/yr) !evels of wet 
Elevation of Piotsluners (m) Elevation of Plotcluaerr(m) suifate deposition. 
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Table. 6.-Originat (1988) number of live sugar mapies monitored by NAMP in each of eight 
ecological regions, two management categories and two crown positions In the United States 

- - 

No. of Sugar Maples by Crown Positron 

Ecologicai Management @om ~Codom lnterm iSupp 
Classification" Category (No. 

Plot-Clusters)" 

Warm Continental sa (13) 8: 8 550 
Dlv~sion (21 0) NSB (12) 885 591 

Warm Continental ss (29) 
Negime Mts NSB (31) 

Hoi Continental SB (12) 332 159 
Division (220) NSB (9) 246 1-71 

-- -----.--.------,a -" 
- 

Laurentian Mixed Sf3 (13) 81 5 550 
Forest Province (212 ) NSB (12) 585 59 1 

Adirondack New SB 129) 84 1 333 
England Mixed NSB (31) 843 467 
Forest Province (2 12 ) -- 
White Mts. Section SB (8)  337 25 1 
(M2 12A) NSB(9) 322 182 

East. Broadleaf so (9) 210 : 14 
Forest (Continer~!ai) NSB (8) 213 155 
Province (222) 

New England SF3 (7) 
Piedmont Section NSR (6j 

Green Taconic, SB (1  1) 404 167 
Eerkshire Mts. N S ~  (12) 572 316 
Sectton (M212C) 

"Source: McNab and Avers 1994. Numbers are codes for ecological units. 
"SB = sugarbush, NSB = nonsugarbush. 

U.S. Ecologicai Divisions U.S. Ecological Provinces 

Average annua! percent tree mortality was similar for 
comparisons of SBs and NSBs when DiC and llS crown 
positions were combined for plot-clusters located in the 
Warm Continental (WC) and Warm Continental Regime 
Fv?ountain (WCRM) Divisions (Fig. 4). In the Hot Contirtental 
(HC) Division, annual mortality was significantly higher in 
SBs compared to NSBs (Fig. 4). Mortality of intermediate1 
suppressed sugar maples was significantly higher than that 
of dominant/codominant tees in both the WC (:IS: 0.9 2 
3.1 4.0~ DiC: 0.4 5 0.146) and WCRM (115: 2.3 0.4%. DIG: 
0.8 0.196), but did not differ statisticaily in HC fliS: 1 . I  
0.396, D:C: 0.7 2 0.196). Combined mortal~ty for SBs in WC 
(G.F,?S) was significantly lower than SB mortaiity in WCRM 
j1.3"6). In NSBs, con?Dined mortality was sigtiificantiy higher 
1n'JVC;RM (1 . I % )  than in WC (0.7% and HC (0.6%) (Fig. 4). 

There were no significani differences in the overall (DiC and 
IiS crown categories combined) average annual percent tree 
mortatity between SBs and NSBs in either the Laurentian 
Mixed Forest (LM. SB: 0.6 z O.lGL, NSB: 0.7 0.1%) or the 
Adirondack New England Mixed Forest JANE, SB: 1.3 - 
0.296, NSB: 7 . 1  + 0.196) Provinces. Wlortaiity in the Eastern 
Broadleaf Forest (Continental) Province (EBFC), however, 
was significantly higtier ir: SBs (1.2 2 0.3%) compared to 
NSBs (0.4 2 0.1%). Annual mortality of intermediate1 
suppressed tnapfes was significantiy higher than morlaiity of 
dorninanVcodominan: trees in ANE and ?M (data no: 
shown). Mortality of sugar mapie in ? h e  dominant' 
codominant crown positior! was statis!icaily sirni!ar in a!t 
three regions (data not shown). Mortality of intermediatei 
suppressed sugar maples !n AN€ (2.3%) was significantly 
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Tabte. 7.-Osiginai (1988) number of [ive sugar maples monitored by NAMP in each of nine 
ecological regions, two management categories and two crown positions in Canada 

No. of Sugar Maples by Crown Posit~on 

Ecological Management Dom./Codom. Interm./Supp. 
Classificationa Category (No. 

Plot-Cl~sters)~ 

Atlantic Marrtirne SB (14) 943 262 
Ecozone (AM) NSB (1 0) 670 188 

Boreal Shield !33 ( 8 )  398 201 
Ecozone (BS) NSB (8) 397 218 

- 

Mixed Wood Ptatn %I (9) 286 136 
Ecozone (MW) MSB (9) 36 1 137 
- -- -- -- - -- - -- -- -- ---- 
Algonquin-Lake SB (3) 142 68 
Ntptssrng Ecoregron NSB (3) 136 80 

Appalachian $3 (7) 
Ecoregion (APP) NSB (7) 

Lake Erie Lowland SB (3) 
Ecoregion (LEL) NSR (3) 

Maniioulin-Lake 
Sirncoe Ecoregion 
(MLS) 

Northern New 
Brunswick Upfands 
Ecoregion (NNBU) 

Southern Laurentians 
Ecoregion (SL) 

SB (4) 
NSB (4) 

"Ecological Stratification Working Group 1995. 
%I3 = sugarbush. NSB = nonsugarbush. 

J C HC W CRh4 WC HC IVCRM 

US Ecological Divisions US Ecotogica! Divisions 

Fig. 4.-Total (DIC and iiS crown positions 
combined) average (k SE) annual sugar mapie 
mortality (% trees) for SBs and NSRs in three 
ecological Divisioris in the United States; WC = 
Warm Continental, HC = Hot Cont!nentai, 
WCF?M =Warm Continenta! Regime 
Mountains. 
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higher than mortality at this crown position in either LM 
(0.9%) or EBFC (0.9%). Total average annual mor!ality 
(crown positions combined) among these Provinces was not 
signiftcantly different for SBs (range 0.6 - 1.3%), but in NSBs 
overall mortality was significantly higher in ANE compared to 
LM and EBFC (Fig. 5). 

U.S. Ecological Sections 

The distribution of NAMP plot-clusters permits a comparison 
of three Sections within the Adirondack New England Mixed 
Forest-Conifer Forest-Alpine Meadow Province: White 
Mountains (WM): New England Piedmont (NEP); and Green, 
Taconic, Berkshire Mountains (GTBM). Sections are the 
smallest ecological units in the U.S National Hierarchical 
Framework for which NAMP sample sizes permit reasonable 
comparisons, and it is at this level that comparisons are 
most meaningful (McNab and Avers 1994). 

There was no statistically significant difference between the 
Byear average annual mortality of sugar maple in SBs 
compared to NSBs when both DIC and VS crown positions 
were combined for WM, NEP or GTBM (Fig. 6). For SBs, 
combined mortality in both WM and NEP was significantly 
higher than combined mortality in GTBM. There were no 
significant differences in NS8 mortality between Sections 
when crown levels were combined (Fig. 6). In all three 
Sections, mortality in the intermediatelsuppressed crown 
position was significantly higher than that of overstory trees 
(Fig. 7). Mortality of trees within dorninanWc~dominant and 
intermediatelsuppressed crown positions was similar among 
the three Sections (Fig. 7). 

Ecological Units (Canada) 

Canadian Ecozones 

Average annual mortalii of sugar maple in Atiantic Maritime 
Ecozone (AM) SBs (0.6%) was significantty lower than 

maple mortality in NSBs (0.B0/a).There were no significant 
differences between menapmen? categories for either the 
Boreal Shield or the Mixed Wood Plains Ecozones (data not 
shown). When S8 DiC and I/S crown positions were 
combined, mortalii in BS (1 2%) was signifrcantiy higher 
than comprabie mortalii in either AM (0.6%) or UW (0.8%) 
(Fig. 8). Similarly, total mortality in NSBs was significantly 
higher for the BS Ecozone (1. I Oh) compared to AM (0.8%) or 
MW (0.5%) (Fig. 8). Mortality of intermediatelsuppressed 
sugar maple was signifiantly higher than that of dominant/ 
codominant maple in AM (US: 1.4 2 0.2%. D/C: 0.4 5 0.1%) 
and BS (IISr 2.3 2 0.5%. DIG: 0.7 0.4%) but not in MW ([IS: 
0.7 + O.1%, DIC: 0.6 2 0.1%). There were no statistically 
significant differences among Ecozones in mortality 0% 
dorninant/codoninant sugar maples (data not shown). 
However, mortality of intermediatelsuppressed trees was 
significantly higher in BS 12.3%) compared to mortality at 
this crown level in either AM (1.4%) or MW (0.7%). 

Canadian Ecoregions 

Total (DIC and IIS crown positions combined) sugar maple 
mortality in SBs and NSBs was similar within a# six 
Ecoregions (data not shown). When SB DIC and VS crown 
positions were combined, average annual mortality of sugar 
maple in the Southern Laurentians (SL) Ecoregion was 
significantiy higher than mortality in the Northern New 
Brunwick Uplands (NNBU) region {Fig. 9). Likewise, in 
NSBs the only statisticaliy significant difference in total 
mortality among Ecoregions occurred between SL and 
NNBU (Fig. 9). In three regions (ALN. APP. MLS), mortality 
of overstory DIG maple was significantly lower than 
understory IIS mortality (Fig. 10). Mortality of dominant/ 
codominant trees in SL was significantiy higher then 
mortality at this crown level in ULS or NNBU (Fig. 101. 
intermediatelsuppressed mortality in SL was significantly 
higher than understory US mortality in either the LEE or 
MMBU Ecoregions (Fig. 10). 

Fig. 5.-ktai (DIC and llS crown positions 
combined) average SE) annual sugar maple 
rnortallv (96 trees) for SBs and NSBs in three 
ecological Provinces in the United States; LM = 
Lausentian Mixed Forest, ANE = Adirondack 

iM ANE EBFC LM ANE ESFC New Engtand end Mixed Forest, EBFG = 
US Ecobgicaf P ~ Q W E ~ S  US Esn&agica! P r ~ ~ i e s  Eastern Braadieaf Forest (Continental). 
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WM NEP GTBM 

US Ewlogicel  Sections 

W M NEP GTBM 

US Ecological Sections 

Fig. 6.-Total (DIC and 1/S crown positions 
combined) average (+ S.E.) annual sugar 
maple mortality (% trees) for SBs and NSBs in 
three ecological Sections in the United States; 
WM = White Mountains, NEP = New England 
Piedmont, GTBM = Green, Taconic, Berkshire 
Mountains. 

Fig. 7.-Average (+ SE) sugar maple mortality (76 
trees) for intermediateisuppressed and dominant1 
codominant trees in three ecological Sections in 
the United States; WM =White Mountains, NEP = 

LVM NEP G ~ + M  WM NEP G ~ B M  Nevd England Piedmont, GTBM = Green, Taconic. 
US Ecotogicrf Sections US Ecological Sections Berkshire Mountains. 

Fig. 8.-Total (D/C and ! iS crown positiorrs 
combined) average (2 SE) annaal sugar rnapfe 
mortality (?& treesj in three Canadiarr Ecozones: 
Boreal Shield (BS}, Mixed Wood Plains (MW) and 
Atlantic Maritime (AM). 

BS MW A?.! 

Canadian Ecoxoner 
ES M W k hl 

Canadian Ecozones 
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Canadian Ecaregions 

ALN AFP ill bLS W:i SL 

Canadian Ecoregions 

Canadian Ecoregions Canadian Ecoregions 

Fig. 9.-Total (Die and I!S crown positions 
combined) average (+ S.E.) annual percent sugar 
maple mortality ( O h  trees) for SBs and NSBs in 
six Canadian Ecoregions; Aigonquin-Lake 
Nipissing JALN), Appaiachians (APP), Lake Erie 
Lowland (LEL), Manitoulin-Lake Simcoe {MLS:I, 
Northern New Brunswick Uplands (NNBU) and 
Southern Laurentians (SL). 

Fig. 10.-Average (2 SE) annual sugar maple 
mortality (% trees) for intermediate/suppressed 
and dominanUcodominant trees in six Canadian 
Ecoregions; Aigonquin-Lake Nipissing (ALM), 
Appalachians (APP), Lake Erte Lowland (LEL), 
Manitoulin-Lake Sirncoe (MLS), Northern New 
Brunswick Uplands (NNBU), and Southern 
Laurentian (SL). 

Discussion unusual mortality and to faciiitate eariy detection of 
potentrally harmful effects (Speilerberg 199'). 

Results of monitorirlg and evaluating sugar maple mortality 
in the NAMP plot-ciusters should be vrewed with the The results, analyses and discussion are specific to sugar 
understanding that stands were selected on the basis o i  maple even though other specres occur in ali plot-clusters. 
regionai location, accessibility, condition (age, species mix), Therefore, total tree mortality (i.e., ali species combined) for 
and security (assurance of long-term use). In other words, each stand may be slightly higher than the values given for 
sites were not picked a? random and, in a statistical sense, each crown level and when crown levels are combined. For 
results may be biased and not generally applicable to the example, at nine of the ten sites where monitorifig was 
mapie resource. in our view, this does not detract from the inttiated ir: 1985 (Table 2) ,  sugar rnapie comprises 75% to 
ability !o identify a normal or expected threshold oi mortality 929b rhe dominan~codominant trees in sas and 63% to 
in the absence of disturbance. Neilher does ! f  hinder 23% iin NSBs. in Wisconsin, sugar maple ccnstitutes only 
evaluation of the irnniediate and long-term consequences of 56% of !he overs;ory i n  S B ~  380'0 in M S B ~ .  
natural disturbances in terms of annuai mortaiity or changes 
in crown condi:ion of sligar maple, r,or does it disallow When sugar maple mortality from NAR4P plot-clusters in the 
cornparison of ecological conditions inciuded within the United States and Canada are combined (Fig. 1 :), a clear 
study. ions-term, quaiity contioiled moni!oring and pattern emerges in Seth SBs and NSBs. Average annual 
subsequent evaluation is requisite to developing a baseiine mortality inrermediateisupFressed trees 
with which to compare changes following stress. Sirniiarly. consistently exceeds or approximates that of dorninanv 
this type of monitoring is necessary to ideotify causes of 
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1989 1990 1991 1992 1993 1994 1995 1996 1997 

YEAR 

codominant trees; in SBs the difference in annual average 
mortality between crown positions was as much as 1 'lo to 
3%. The pattern of mortality within each crown position is 
very similar for both countries. With two exceptions (Ohio - 
SBs, Michigan - NSBs), this pattern of higher mortality in the 
intermediateisuppressed crown position is a consistent, 
though not always statistrcally significant, pattern when 
viewed at the regional level (Table 4). 

Differential mortality between crown levels is expected given 
tho more intense con1pc:ition for light, rnoisture and soil 
nutrients typically experienced by trees in the understory 
(Peet and Christensen 1987). !n all likelihood, this 
discrepancy is enhanced because the dominanUcodominant 
bees are at a competitive advantage for resources 
disproportionate to their size (Weiner and Thomas 1986). 
The variation in crown level mortality within each country 
and within each state and province results from many 
factors, the most important of which are variation in stocking 
(Lcak 1961, 1970: Solomon 1977). uneven moisture 
conditions (Stephens and Waggoner 1980, Hopkin and 
Dumond 1994). species characteristics (Westoby 1984). 
stage of stand devetopment (Franklin et a!. 1987). and 
nutrition and stress conditions (Long et al. 1997; Horsley et 
al. this volume). ln a five-year study of mortality in a Fagus- 
Magnalia forest, Harcombe and Marks (1983) were able to 
demonstrate only a weak refation between death rate and 
stand density, suggesting that between-tree competition was 
not merely related to density. Indeed, in only three NAMP 
regions was the nine-year average annual percent sugar 
mapie mortality positively and significantly correlated with 
stand basal area: New BrunswicWNova Scotia (r = ,750, p = 
0.01 2). New York ( I  = 0.604, p = 0.008) and Quebec (r = 
0.520, p = 0.009). The correlation coefficients indicate !hat 
even in these three examp!es, site and specres 
characteristics are important, because only 27% to 56% of 
the variation in the dependent variable is explained by stand 
density alone. 

Fig. I I .--Annual natural mortality (% 
trees) of sugar mapie (1988-1997) in 
Canadian and U.S. piot-clusters 
combined according to management 
category (SB = sugarbush, NSB = 
non-stigarbush) and crown position. 

One of the major questions of concern to NAMP is how total 
sugar maple mortality (i.e., the average annual mortality 
when crown positions are combined) compares with 
mortality of northern hardwoods reported in the literature in 
the absence of disturbance. A look at comparative 
differences or similar~ties is especially rneaningfuf because 
the NAMP sites cover a broad geographic range for sugar 
maple. Total mortaiity in SBs (col. 4, Table 4) ranged from a 
high of 1.9%iyr in New York to 0.3%/yr in NBINS. NSB 
mortality was highest in New Hampshire (1.9%/yr) and 
lowest (0.2%iyr) in Michigan (col, 7, Table 4). There are 
several reports of annual mortality for different broadleaved 
species and combinations of species in the eastern U.S. and 
Canada (Table 8). Two, dealing specifically with sugar maple, 
indicate that mortalities of < I %  (Halt 1995) to 1.2% 
(McLaughlin et a!. 1996) are typical. Kelley and Eav (1 987) 
reported 0.59 mortality tor dominantkodominant sugar 
map!e in Vermont. Mortality in this crown position varied 
from 0.1% (Massachusetts) to 1.8% (New York) in NAMP 
SBs and 0% (Minnesota) to 0.8% (Vermont) in NSBs (Table 
4). Levels of total mortatity reported for eastern hardwoods 
range from cl% to 3.2% (Table 8). The annual mortality 
reported in this paper refers solely to wgar mapie; therefore, 
mortality for the NAMP sites might be slightly higher if all 
species were inciuded. Also of interest is the comparative 
moYtality of sugar maple in SBs compared to MSBs. The 
hypothesis of interest here is that stands subjected to 
management and tapping activilies associated with the 
maple syrup industry are subjected to repeated physical 
stresses which may increase annual mortality compared to 
less intensively managed forests. Mortality of dominant/ 
codominant sugar maple in only two regions was 
significantly higher in SBs compared to NSBs; New York 
(1 .8OL y~ 0.5?&) and Quebec (1.2% 0.5%). !n 
Massachusetts, mortality in NSBs (0.701c) was significantiy 
higher than in SBs (0.196). Mortality in the lower crown 
position was significantly higher for NSBs in Massachusetts 
(11s: 2.9%, DIG: 1.4%). New BrunsivicWNova Scotia (i iS: 
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Table 8.-Exarnptes of narrna! or expected annual rnortaljty p, trees) for eastern hardwoods 

Source Mortality 

Frelich and Lorimer (1391) So. Appalachian, old growth mixed mesophytic, 0.6-4.0%; 
iake States, old growth sugar maplelhemlock, 0.6-0.7% 

Hall (1 995) Canada, sugar maple, < I  "io 

Hail (1 996) Canada, mixed woodland plains, 0-3.2s 

Hall et al. j 1996) Canada, temperate broadleaved forests and woodlands, 1-3% 

McLaughlin et al. (1 996) Ontario, sugar mapie, 1.2Yf0 

Buchman (1 983) Lake States, major tree species, 2.6%/yr for saplings and 0.39bIyr 
for poles and small sawtimber 

Kelley et at. (1992) VT, northern hardwoods, upper canopy ~ 1 %  

Stephens and Waggoner (1 380) CT, niixed hardwood forests; moist site, 7.2-1.4%; 
medium site 1.2-2.0%; dry site 0.8-2.0% 

Waring and Schlesinger Generally 1-2% 
(1985 ref. thereinj 

Leak (1 970) NH, second growth northern hardwoods, high stocking- 1.4%; 
rned. Stocking-0.3%: low stocking-0% 

Kelley and Ez\i (1 987) VT, dominanticodorninant maple nlortality, 0.5 

Abrell and Jackson ( 1  977) IN, old growth beech-maple, 1.2% 

2.5%, D/C: 0.6%) and New Hampshire (1:s: 4.7%, D!C: 
1.8%) (Table 4). The relatively high average annuai niortatity 
of sugar rnaples in New York's SBs, and overal! mortatity ir? 
this rel;ion compared to other regions when data from 
management categories and crown levels were combined, 
can be attrtbuted to an unusi.lally severe 'windstorm (Pendrick 
1996) that eliminated a majority of the trees in one p!ot-cluster 
in 1995. At this site, approximately 6596 of the understory and 
3594 of the overstory maples were iost due to this one 
disturbance (Fig. ! 2). Eiirninating this plot-cluster from the 
analysis reduces New 'i'ork's annual average mortality to 
approximately 1.1 %. Total mortality in New Hanipshire 
(: .4%) was the second highest of the 13 regions and can be 
attributed mainly to relatively high losses in the intermediate1 
suppressed crown position in NSBs (4.6%. Table 5j. 

Currently, there is growing interest in the effects of 
atmospheric pollution on sugar maple growth and mortality. 
The evidence presented to date is equivocal because 
underlying mechanisms are poorly understood (Foster 
1989). Contradictory resuits also confuse the issue. Bernier 
and Brazeau (i988), for cxampte, speculated :hat a 
combination of P and K defic~ency piay a major role tn maple 
decline. However, reports from Qusbec (Payette et a!. 
(!996), Pennsylvania (3rooks 1994j and Ontario (Har: 199;) 
suggest the impact of atmospheric deposition is minor, and 
the key factors are a combination oi insect cfefo!iation and 
drought (Ko!b and McCormick 1993). Other evidence 
suggests winter weather conditions that promote deep soil 
frost reduce suyar maple growth (Bauce and AIten 1991). 

may initiate maple deciine (see Auclair this volume) or alter 
soil solution chemistry in ways that are detrimental to mapie 
condition (Boutin and Robitai!!e 1995). 

We do not have on-site measures of wet sulfate or wet 
nrtrate deposition for the NAMP piot-clusters and had to 
classify stands according to deposition levels determined at 
the nearest monitoring site (Allen et al. 1935j. It seems 
reasonable, however, that if atmospheric conditions retative 
to these :wo elements had a major infiuence on maple 
crown condition or mortality. detectable changes in both 
would appear in regions receiving relatively high levels of 
sulfzte or nitrate deposition compared to regions receiving 
relatively low exposure. 

To examine this hypothesis, plot-clusters were first stratified 
by elevation, under the assumption that due to orographic 
uplift atmospheric deposition in eastern North America 
tends to increase with elevation (iovett and Kinsman 1990, 
Garner et al. 1989). Differences in annual percent sugar 
maple mortaiity between the three elwation categories were 
sigt1ifican:ly greater for dorninanticodominant mapies in plot- 
clusters ioca!ed at mid-elevations compared to mortalrty in 
this crowra position at either high or low elevations, and for 
in!ermediate/suppressed rnaples mortality was significant!y 
greatfr at high compared to low elevations. When total (D/C 
and IiS crc;wn levels combined) plot-c!uster mortality was 
examined by deposition level regardfess of elevation, there 
were no significant differences between deposition 
categorles for either nitrate or sulfate. Oniy in SBs was 
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9 lntermediate/Suppressed 

1989 1990 1991 1992 1993 1994 1995 1996 1997 Fig. 12.-Annual mortaltty (Yo trees) of sugar 
maple for the Altrnire Bros. Sugarbush in New 

YEAR York (1 989-1 997). 

mortality above 300m (1 .I%) significantly higher than mortality. Only long-term monitoring that documents the 
mortality below 300m (0.3%). Whether differences described occurrence and extent of stresses and provides well- 
above are biolog~cally significant can not be determined. structured, chronologicatiy collected data (Stout 1993) will 
These subtle differences may become more obvious when determine whether what appear to be negligibie affects are 
plot-clusters experience severe disturbances (Horsley et al. exacerbated by stress complexes. 
this volume). However, since the beginning of the MAMP 
several plot-clusters have experienced severe drouytit and Results from the 233 stands that have been monitored by 
heavy defol~ation, yet unusua! levels of n~oriality have not NAMP for the past six to nine years indicate that in these 
rnater~alized. Sti~dies in states that do not have significant northern hardwood stands maple crowns are in good 
sources of poliution (e.g., Vermont, Tennessee and North 
Carolina) may no! show strong trends in precipitation 
chemistry with elevation (Scherbatskoy and Bliss 1984). 
Neither Mielke et a!. ( 7  991) working along a pH gradient in 
Wiscorislr? nor Linzon's (1 987) studies of maple decline on 
ac~dic compared to calcareous soils in Ontario demonstrated 
stgriif~cant differences in the condition of sugar maple under 
these ranges of conditions. 

condition (Allen et al. 1995) and mortality occurs-at levels 
generally associated with normal stand development. 
Similarly, independent studies in Canada (Hall 1996, Hopkin 
and Durnond 19941, Vermont (Kelley and Eav f 987). and 
Wisconsin (Mielke et a!. 1991) have been unable to 
document unusual levels of sugar maple mortality. However, 
studies in northwestern and north central Pennsylvania 
outside the area monitored by the NAMP plot clusters show 
unusual levels of sugar maple mortality (Koib and 

Assessment of sugar maple mortality across the range of McCormick 1993; Laudermilch 1995; McWiltiams et af. 1996; 
ecological units examined by NAMP revealed no differences Horsley et al. this volume). 
that appear bioiogically s~gnificant. These regions are 
described on the basis of predominant biotic and abiotic Nevertheless, we recognize that in some regions extensive 
features :hat control or modify inputs of solar energy, sugar maple rnortaiity has occurred during the past four 
precipitation and nutrients; for example, climate, geology, decades (Table 9). it is important to examine these events in 
soiis, water and vegetation. Different units are identified or order io identify the factor or factors that precipitated 
described through spatial differences in a combination of unusual levels of mortality and, more importantly, to 
these characters (Smith and Carpenter 1996, Ecological distinguish causes related to human activities from those 
Stratification Working Group 1995). The generally similar which are not directly related to human intervention. Since 
condition of sugar maple throughout such a broad range of the classic study of maple blight in Wisconsin during the 
soils, parent geology and clrrnate suggests that, if early 1960s (Giese et a!. 1964). very few mapie declines 
atrnospkaeric deposition is affecting maple or the sites on have been investigated with scientific rigor involving a 
which it exists, the effect or effects are subtle and not structured look at cause and effect. However, anecdotal 
refiected in crown condition (Alien et a!. 1995) or differential information is avaiiable for many episodes. provided by 
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Table 9.-Examples of physical and biological stresses associated with sugar maple decline 

Source Example 

NH Dept. Res. And Econ. Develop. f998 V e n t r a E  NH, Cardigan Mt.; 1,013 ha; cutting history; 
maple now on sites noi previously occupied; 
640-670 m elev.; Heferocampa giiflivjtt3; frequent ice 
damage; shailow soits 

Payette et al. 7 996 

Rhodes I997 

So. Quebec; drought in combination with 
M;.!acosoma disstna 

Northeastern PA; 15-30% mort. On 44,145 ha >3G0,L 
mort. On 27,540 ha; A/?. dissfria, Alsophi!a pornetaria, 
Enr~ornos subsignarius, anthracnose 

Penn. Dept. Environ. Res. 1985 Northwestern PA; 1,215 ha; >640 rn elev., A. pornetaria: 
history of heavy fogging 

NYS Dept. Environ. Cons. 1982" SE NY; 81.000 ha; PA. dissfria; drought; rnort. 9526 in 
many stands 

Gross 198 1 a So. Ontarro; 16% mort.; M. dissfria, site conditions, weather 

Can. For. Serv. 1 980 So. Ontario; r50% mort.; 8.500 ha; M. dissfr~a 

Giese et at. 1964. U.S. Dept. Of Agric. 1964. NE Wisc.; 4,050 ha: 2-33% mort. Overstory. 1-56% mort. 
Understory; cutting h~st. favored intolerants; drought killed 
hemlock; hem.!hdwd. stand converted to maple; 
defoliator compfex 

Wink 1998" North. NY, 'rug Hill Plateau; 48,600 ha: 17-20% mort.; 
M. cfisstria; highgrading 

'Data on file, unpublished. 

professionais with knowledge of local forest iypes, pas; land particularly critical when, as a consequence of either 
use practices and disturbance histories for the areas selective cgtting or natural events, northern hardwood 
invoived. We should pay attention to these observations, stands that are predominantly sugar maple occur at 
because several common threads connect past episodes of eievations where soils are thin and trees are exposed 
sugar maple mortality. repeatedly to adverse weather events. 

Severai recent reviews of sugar maple decline and mortality 
cataloged these events {e.g., Barnard et at. 1999, Mcliveen 
et al. 1986, Millers et al. ? 989). The examples chosen here 
(Table 9) are sorne of the best documented incidents of true 
mapie declines and not merely exampies of temporary 
crown dieback resulting from a single, short-term stress. The 
two predisposing factors mentioned most frequently relate to 
stand composition and site condition. In most instances, 
affected stands are predominantfy sugar maple as a 
consequence of selective cutting, which often allows mapie 
and other shade tolerant species to dominate sites (Nylaod 
1986) where historically it may have constituted a relatively 
small percentage of the stand. Of course, under favorable 
site and stand conditions sugar maple naturally attains 
dominance, largsly due to its long life, prolific seed 
production, extreme shade tolerance. and persistence in the 
understory. These characteristics account for its ability to 
quickly expioi! gaps in the overstory and sustain this position 
(ASrefl and Jackson 1977). Site seems to become 

The most common inciting event is insect defoliation, 
occasionally exacerbated by drought (Kofb and McCormick 
1993). Forest tent caterpillar, Malacosoma disstria Hubner, 
has been most frequently associated with maple decline and 
mortality, but !he literature also indicates that saddied 
prominent, Heferocampa gutfivitta (Watker); fall cankerworm, 
Alscphila pornetaria (Harris); and efm spanworm. Ennornos 
subsignarius (Hubner) have played inciting roies as well. 

Acknowledging and addressing factors that have been 
consistently associated with maple deciine and mortality is 
important, because they are manageable and predictable. 
That is, in most situations app!ying appropriate siivicuitura! 
methods to al!er stand conditions (encourage sugar maple 
on appropriate sites, maintain species diversity, optimize 
stand density) and maintaining conscientious pest 
rnana_aement strategies (annual monitoring and evaluation: 
appropriate contro!~) wili lower the susceptibility of norihern 
hardwood forests to sugar mapie decline. 

.- - 
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Csnciusions Literature Cited 
During !he mid- to late 1980s. !he general public was 
inundated by sensational press describing maple decline as 
"a catastrophe in the making" (Jones 1986), a "mysterious 
plague destroying a way of life" (Pawllck 1985) and that, in 
general. we were "tosing our forests to acid rain" (Kappel- 
Smith 1985). These claims were made without the benefit of 
fong-term observations and adequate scientific investigation. 
After monitoring the condition of sugar maple from a variety 
of site conditions and geographic locations, we conclude 
that levels of mortality observed in plots maintained by the 
North American Maple Project are within normal bounds 
reported for a variety of broadleaved forests. including those 
dominated by sugar maple. 

Mortalily of dominanUcodominant sugar maple En stands 
actively managed for sap production (sugarbushes) is 
sirxifar to that of stands that have not been as intensivefy 
managed. 

Unusual levels of mortality associated with forest declines in 
Ine past have been associated generally with a combination 
of nonan:hropogenic biotic and abiotic stresses, and forest 
managerrter1t activities that decrease tree diversity, or 
damage res~dual trees during stand intervention. Most forest 
decllnes can be explained by documenting the extent, timing 
and nature of on-site disturbances combined with a 
knowledge of land use history. Continued quality controlied 
monitoring is necessary to reveal what, if any, long-term 
effects may result trom changes in soil chemistry and to 
determine whether these changes magnify the impact of 
other stresses. 
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