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Introduction

During the late 1970s and throughout the 1980s, maple syrup producers, foresters who managed northern
hardwood stands and the general public became concerned about sugar maple decline and its relation to acidic
deposition. A working group of scientists recommended that a special project be designed to monitor and
evaluate sugar maple condition, particularly in relation to air pollution and stand management intensity. The
North American Sugar Maple Decline Project was formed in 1987 between Canada and the United States and
authorized by a Memorandum of Understanding and Special Project Agreement. In the U.S., initial funding
and project administration was provided through the Eastern Hardwood Research Cooperative, Northeastern
Forest Experiment Station, USDA Forest Service, sponsored by the National Acid Precipitation Assessment
Program. Administration and financial support was transferred to Forest Health Protection, Northeastern Area,
State and Private Forestry, Forest Service in 1991, at which time the activity was renamed North American
Maple Project (NAMP). In Canada, funding and administration are provided by the Canadian Forest Service.
Field work began in 1988 and will continue at least through 1996.

This report highlights accomplishments and results from the first seven years of the North American Maple
Project. Material presented was selected to illustrate examples of ways in which analysis and interpretation of
data addresses original project objectives. Also, procedural changes that occurred as NAMP evolved are noted.
It is not intended to be an exhaustive treatment of any one aspect of program results.

The Resource

Sugar maple, Acer saccharum Marsh., is one of the most important broadleaved trees in the northeastern
United States and southeastern Canada. Its continued dominance in many ecological regions is likely due to its
high seed production, high shade tolerance and long life. The income attached to sugar maple is especially
important to the economic health of many rural communities. The value accrues either individually or
collectively from stumpage sales, primary processing, secondary manufacturing, the maple syrup industry, and
tourism. Employment opportunities and cash flow are limited in most of these communities, and the diverse
array of maple products and tourist benefits help to ease both problems.

In 1988, for example, New England and New York manufactured approximately 890,000 gal. (US) (3,368,650
liters) of maple syrup worth $25,000,000 (New York Agricultural Statistics 1989). Canada produced for the
same period approximately 3.75 million gal. (US) (14,193,750 liters) valued at $ (US) 72,358,000 (Bureau of
Statistics of Quebec 1988). The average value of sugar maple sawlogs (including veneer) for New York’s 14
price-reporting regions in January 1991 was $113/MBF (range $65 to $165) (Bureau of Land Resources 1991).
In 1995, this figure had increased 153% to $287/MBF (range $175 to $410) (Bureau of Land Resources 1995).
Tens of millions of dollars are attached to the annual fall tourist trade in the northeastern United States and
eastern Canada. Sugar maple is a key element of this attraction.

m:mmw maple is a major component of seven cover types and a common associate in 17 others in the
northeastern U.S. and southeastern Canada (Eyre 1980). It occurs on a wide range of site conditions
throughout this region (Godman et al. 1990).

The above suggest that for both social and ecological reasons sugar maple is a key species for detecting the
occurrence and evaluating the effects of both natural and human related disturbances.
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The difference between the original and remeasurement values was calculated for each variable for
each observation. These differences were combined into Difference Groups defined as follows:

<20% - Original values were lower than remeasurement values by more than 20% (2 classes).
-20% - Original values were lower than remeasurement values by 15 or 20%.
-10% - Original values were lower than remeasurement values by 5 or 10%.
0% - No differences between original and remeasurement values.
10%  ~ Original values were higher than remeasurement values by 5 or 10%.
20% - Original values were higher than remeasurement values by 15 or 20%. -
&o& - Original values were higher than remeasurement values by more than 20%.

Table 1. Rating classes used by NAMP and acceptable range of observer variability for
estimates of crown dieback and crown transparency.

Rating Class (%) Class Range (%) Acceptabie Observer
Variability (%)
0 0 0-5
5 1-5 0-15
10 6-15 1-25
20 16-25 - 6-35
30 26-35 16-45
40 36-45 26-55
50 46-55 36-65
60 56-65 46-75
70 66-75 56-85
80 76-85 66-95
90 86-95 76-100
100 96-100 86-100

A methods manual was developed at the start of the program and published in French and English. It
outlined field methods and requirements for data recording and transmittal (Millers et al. 1991). This
document has been revised as needed for the purposes of clarification or to redefine methods. The
latter involved minor alterations that occurred only after cooperators agreed that a modification was
needed to more clearly reflect how a measurement was made in the field. Measurement of a variable
was dropped only when collective thinking and experience indicated that the cost (field time, analysis) of
continued measurement was substantially greater than the value of information derived.
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Table 2. Regional distribution of NAMP plot-clusters and year established.

Number of Clusters and Year Established

Total No. Total No.
State/Province 1988 1989 1990 1991 1992 1993  Sugarbushes Non- Total
Sugarbushes

Maine 18 - - - - - 9 9 18
Massachusetts 10 - - - - - 5 5 10
Michigan 10 - - 8 - 6 9 15 24
Minnesota - - - - 8 - 4 4 8
New Brunswick/ 11 3 - - - - 7 7 14
Nova Scotia

New Hampshire 6 - - - - 4 5 5 10
New York 18 - - 9 - - 11 16 27
Ohio - - - - 6 - 6 0 6
Ontario 24 - - - - - 12 12 24
Pennsylvania - - - - 6 4 5 5 10
Quebec 24 - - - - - 12 12 24
Vermont 26 2 1 1 10 - 21 19 40
Wisconsin 18 - - - - - 9 9 18
Total 165 115 118 233

Table 3. Number of sugar maples under observation in each NAMP region - 1994.

State/Province

Live Dominant/Codominant

Total Sugar Maples’

Sugar Maples 1994 1994
Maine 778 1,261
Massachusetts 470 668
Michigan 825 1,531
Minnesota 251 471
New Brunswick/Nova Scotia 1,044 1,347
New Hampshire 426 630
New York 941 1,830
Ohio 104 267
Ontario 917 1,394
Pennsylvania 389 672
Quebec 1,134 1,956
Vermont 1,566 2,634
Wisconsin 621 1,137
Total 9,466 15,798

!Includes live, dead and cut sugar maples in all crown positions.
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Table 4. Members of the Review Team convened in Burlington, VT August 1993 to evaluate NAMP.

Name Affilation
Dr. John Skelly Dept. of Plant Pathology
Pennsylvania State

University University Park, PA, USA

Dr. A.R.C. Jones Professor Emeritus
Ste. Anne-De-Bellevue
Quebec, CANADA

Dr. David Reed School of Forestry
Michigan Technological University
Houghton, MI, USA

Dr. Tim Perkins Botany Department
University of Vermont
Burlington, VT, USA

Dr. John Innes Swiss Federal Institute for Forest and
Landscape Research
SWITZERLAND

Dr. Jan Volney Canadian Forest Service

Forest Pest Management Systems
Northern Forestry Centre
Edmonton, Alberta CANADA

Mr. Robert Loomis USDA Forest Service
Forestry Sciences Lab
Research Triangle Park, NC, USA

One of NAMP’s original objectives was to determine the relationship between sugar maple crown
condition and levels (kg/ha/yr) of wet deposition for sulfate (SO,*) and nitrate (NO;). Initially,
deposition levels were estimated using data provided by the Canadian National Atmospheric Chemistry
(NATChem) Data Base to the Canadian Forest Service. These data were obtained as maps of mean wet
deposition by 5 kg/ha isopleths (1982-86). Data points (deposition levels) for each plot-cluster were
extrapolated from the nearest isopleths and estimated to the nearest 5 kg/ha/yr. In 1990, estimated sulfate
values ranged from 10 kg/ha/yr for two Wisconsin plot-clusters to a high of 35 kg/ha/yr for several plot-
clusters in Michigan. Deposition levels for nitrate ranged from 10 to 20 kg/ha/yr.

Plot-clusters were reclassified in 1994 because new clusters had been incorporated into the data set,
updated information on deposition was available and additional stations had been added to the monitoring
network. Deposition figures were provided by Environment Canada, Downsview, Ontario and the
National Atmospheric Deposition Program/National Trends Network Coordination Office (NADP/NTN,
1995) in Fort Collins, Colorado. UTM coordinates for each plot-cluster identified the nearest monitoring
station as a source of mean deposition estimates for each monitoring period: Canada 1980-91, U.S. 1984-
93. Some U.S. annual deposition data did not meet a standard set of validity criteria established by NADP/
NTN; these data were not included in the calculation of mean deposition estimates. For example, the

7
[




L8]

'sangiy Anjenow Sunndwod uaym

PSpn[oul Jou sem SIeak 19Je] Ul s1aisn[o-10[d 8861 9yl Im pajeroosse yimoisuy (pessaiddns/areipouLiogur
‘JueutWIOpod/juBUILOp) uonisod umoId pue (ysnqredns-uou ‘ysnqresns) ad4) jusweSeuew £q paynens
Toypang st A1039180 AY[eLIow Yoey "Paje]ol-JustIofeuel pue  JeInjey,, ‘uor3al yoes Ioj pajuasaid ore
Ayrpentown Jo sadK) om], "AI1[eLIOW [BINJBU SB PITJISSL[O SeM SSO[ AU} “IBa[oun sem yieap sit o3 Joud 9om € Jo
A10181y y3 usy Ay “oSewrep feoisAyd 1o uonIpuos [esrdojoyred SNOLISS B QJEIIPUL JOU PIP SAIOU O] 3SOYM
pue ‘Aousredsuer Surszaloul Jo Yorqatp Sursearous Y081 SUIUI[Op JO SOUSPIAD JUIISISUOD OU PI[BIAAI
yjeap 03 Jouid pI0daI IS0YM 931) B SB pauljop sem  A[esH,, ‘AJ[eLIOW [eInjeu [enuue SUIUIULIDIOP

Jo asodind 9yj 1oy papnjoxa Os[e Sem 231} STy} uay) ‘(eSewrep IoppLys st yons) ANANOR pare[ai-justofeuew
15910 © JO J|NS3I © S PI[[I] Sem 901 AYI[BaY SSIMISYIO UR JBY} SOUSPIAS SBM 2IY) JI ‘OS[Y "AlI[Elow
[eINJeU [ENUUE SUTULISJOP O} PISN J3S BIEP Sy} WOIJ PAlo[op sem II Usyl ‘Ind uaym Ayj[eay sem 0313 € J]
"8861 01 JOBQ PAMOTARI SBM 931 JND IO PEIP Yors JO PI0o3l Y ‘s1yy ysijdurodoe oF, * Jeinjeu,, paIopisuod
SIoMm $ISNED YO [[ WOLY SISSOT "EIEP AJ[ELIOW 9Y) WIOLJ PIPN[OXI dIoM SINIANOR JuswaFeuew 0) onp
Pa[[1Y 0 SUOSEA PaJe[aI-JUSWAFRUBW J0] IND Inq AYI[BAY SSIMIAYIO0 9I9M JBY) $9913 ‘AJI[eLIoW _ [RINjRU,,

Jo 21m301d 93eINOOE 2I0W © 91B[NO[BD 0} LI0JJ9 UB U] "SONI[ELIOW [BRUUE JO WnS oY) SI 661 YSno1y

8861 pouad ayj 10§ Ayrferiowt sanemNY “Ieak snoraaxd oy aArfe sopdewr 1eSns Jo vare [eseq [€10)

UO paseq paje[nojed sem ISO[ eale [eseq Jo adejuadiad B se passardxa AJIBLIOIA XU Y} O} JBok QU0 WIol]
paIp 1ey) sajdew Jegns jo 1oquinu 9y) Sunyoen Aq pouruiIa)ep sem (8861) PAYSIqeISS a1om s1aisn[d-jord
[euIS1IO Y} USYMm DAI[E S1am JBY) (BOIR [BSEQ 94 PUE S921) JO 95) sojdewt 1eSns oy Jo AJifeIIOW [enuuy

"uonisodop Jo S[oA9] MO pue wWnIpaJA ‘YSIH 03 pasodxa A[qisusiso

s1asn[o-jo1d usamieq Apuesytudis parsyip Aouaredsuern pue Yoeqalp Jo)sn|o 95eIoAL JT QUILLISNOP O Pasn
uay) SeM poyloW [UOLIJUOg Ay} JUBOYIUSIS sem (IO DOUd SVS) [PPOW VAONY [[BI2A0 9U1 JT 1661
10§ areniu pue ajejins Jo uonrsodop Jom osusydsowne pue UONIPUOD UMOIO UIIMIDG UOLIR[AI 31} SUIUIEXD
0} pasn 31om (s19)sn[o-10]d ULASS 10§ S[qe[IeABUN S1oM BIED UOnISOdep ‘9z7=U) siaisn]o-10[d S[qe[IBA. [V

1A7ey/3% (0t = u)
07<=Y31H (96 = U) 0Z-91 = WNIPSIA ‘(06 = U) §[-0 = M0 :sasodind [eonfeue I0J $91103318D 921} JO
suo ur padeyd oq mou pInod s1sysno-jo[d 18y pajedIpur S[aAS] uonisodop 11U UO UOHBULIOJUL poepdn

'(T661 Ul §€) MO SB PAYJISSBIO 210M L9 PUB (TE6] UI 16) SSB[O WNIPSJA]

oY1 U1 971 “(SISAJeUR 766 UI 19y PaLmoo0 s191sn[o-10[d 9T Jo i) ssepo ySiy oy ur srsnpo-oid 977
Jo £¢ pooe[d owayos sty ], IA/ey/8y L7 <= YSIH S'LT-9"LT = WNIPAA "L [-9'L = MO UOHEILISSED
[eUIZLIO 9Y) JO SPUNO] SY3 UIYIIM [[B] JOU PIP Jey) S131sn[o-10[d SJEPOWIWIONIE 0] PoUspim oIom

$9ss€[0 UonIsodop a1ej[ns [EUISLIO 3y} ‘UOHIPUOD UMOID pue uonIsodop Jo SISA[BUR (p66]) JUALING oY) U]

1A7ey/3Y OZ-01 JO oSuLr Y} UT PILJISSB[O 2IoM

s101sn[0-10[d [y "9[qeLIeA ST UT UoneLIEA J0[d-UsomIaq 91 9q 01 pareadde a1y} osnedaq pourIeXd
10U sBM UONIPUOD UMOID pue uonisodsp ajeniu usemieq diysuonera: oy, ‘Kousredsuen; umoro 12y31y
Apuesyugis pey uonisodep a18j[ns Jo S[9AI] Mo[ 03 pasodxa s1asn|o-joid own Jeys e 10Aemoy “(IK
/eU/3 ST-01 = MO “14/ey/8Y $Z-0T = WIS “IA/ey/3 Se-0¢ = YSIH) uonisodap S1eI[ns 19M JO S[OAD
sy} 03 pasodxa s191sn]9-10[d JINYN U $391) 10§ J0BQaIp UMOID Ul SAOUAISIJIP JUBDIJIUSIS A[[eonIsiiels
OU 219Mm 219y 1Y) PABDIPUI (TEET ‘7P 12 US][Y) UOTIIPUOD umord sfdew 1e3ns Jo Juowssasse 18Iy 9y,

'$19)SN[9

-jo[d g 10§ 31K/ey/3Y Q¢ 01 9 puE UBIPEUE)) 10§ IA/RY/SY {7 O1 § SIoM Son[eA SrenIN 'S'[) Ou3 ul 14/ey/3Y
6€ 01 9 pue s1ajsn[o-jo[d uerpeue) 103 1K/ey/3Y G¢ 01 Z] WO paSuel san[eA S1ej[ns [enuue ueaw ‘yoeoidde
SIY) SUIS() "USASS SEB MIJ S S S3)IS SULIOJIUOW JTOS JOJ UBIUI B SUIULIDIOP 0] PIsn sIeak Jo Joquinu



Results and Discussion

Data Quality and Assurance
0Of 2,170 live hardwood trees available for remeasurement of crown dieback in 1994, there was
agreement between measurements and remeasurements for 2,103 trees (97%). The average difference
in dieback measurements was 0.3% with a standard deviation of 6.2% (Table 5). Of the 67 trees
with differences that fell outside of the standards, 48 (72%) were within 20% (two classes) of the
original measurements (Fig. I, Table 6).

There were 2,181 live hardwood trees for which a field measurement and a remeasurement were
available to evaluate the repeatability of crown transparency estimates. There was agreement between
measurements and remeasurements for 2,057 trees (94%). The average difference in the transparency
measurements was 0.3% with a standard deviation of 7.9%. Of the 124 trees with differences that fell
outside of the standards, 110 (89%) were within 20% (2 classes) of the original measurements

(Fig. 2, Table 6).

These results are consistent with results from previous years. Typically, over 95% of the dieback
remeasurements and over 90% of the transparency remeasurements meet the data quality standard of +
10% (one class). Most often, the 1994 measurements that did not meet the standard were from trees
with high dieback and/or transparency (7able 6). This, too, is consistent with previous years’ results.

External Project Review :
Overall, this review was very complimentary. The opportunity for project personnel to exchange ideas,
defend methods used and discuss future plans with an outside group was very beneficial. The results
also were reassuring in that the review team generally determined that NAMP was well planned,
managed and executed (USDA Forest Service - Canadian Forest Service 1992), and it warranted
continuation long enough to complete at least a ten-year period of data collection. The review team
made 14 recommendations, most of which were either under consideration by NAMP at the time of the
review or were subsequently addressed by the cooperators or by project management. Three
recommendations have not been fully addressed due to lack of time and/or inadequate funding: i)
collection of additional site data (e.g., site quality, soils), ii) a comprehensive analysis of the relation
between crown transparency in yeart and future crown dieback and iii) use of total (wet + dry) sulfate
and nitrate deposition in the analyses. The second and third items will be incorporated by late 1996.
Anticipated funding levels will not allow NAMP to address the site/soil aspects.

Crown Dieback
The average cluster dieback rating for all plot-clusters combined ranged from 5.2% to 8.7% annually for
1988 through 1994, whether using the original set of plot-clusters established in 1988 or including plot-
clusters established in later years (Figs. 3 and 4). In both sugarbushes (SB) and non-sugarbushes
(NSB), the seven-year trend reveals little change in dieback (Tables 7 and 8); the 1988 vs. 1994
decrease in average cluster dieback in NSBs (-1.2%) is not statistically significant. The 1988 vs. 1994
comparisons for sugarbushes, on the other hand, reveal a statistically significant decrease in average
cluster ratings for both the original data set (-1.8%) and when using plot-clusters added after 1988
(1.9%). Ten of 12 annual comparisons have differences of less than 1-percent (Columns 2 & 3 in
Tables 7 and 8), and none are statistically significant. A comparison of average cluster dieback between
management categories reveals two out of seven statistically significant differences of higher average
dieback (of 1.6%) in SBs for 1988 and 1989.
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Figure 1. Distribution of differences in field and remeasurement dieback ratings.
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Figure 2. Distribution of differences in field and remeasurement transparency ratings.
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[ Sugarbush
& Non-sugarbush
O Combined

Average Cluster Dieback (%)

1988 1989 1990 1991 1992 1993 1994

Year

Figure 4. Average cluster dieback ratings (% + SE) Jor live, dominant/codominant sugar maples by year (1988-
1994) and management category (sugarbush, non-sugarbush, both combined). Includes plot-clusters established
after 1988. For sugarbushes n varies from 84 to 115 as plot-clusters were added; for non-sugarbushes n varies
Sfrom 81 to 118; for combined n varies from 165 to 233.

Table 7. Differences between average cluster dieback ratings for live, dominant/codominant sugar
maples by year (1988-1994) and management category (includes only plot-clusters established in
1988).

Change in Average Cluster Dieback (%)

Between-year Within- year Sugarbush vs.
comparisons Sugarbushes Non-sugarbushes comparisons Non-sugarbush
A<_._ - <n£v % p- value % p-value %  p-value
1988-1989 -1.2 0.02 -1.2 0.02 1988 1.6 <0.01*
1989-1990 -0.3 0.51 +0.3 0.51 1989 1.6 <0.01*

1990-1991 -0.6 0.20 -0.7 0.18 1990 0.9 0.06
1991-1992 +0.1 0.80 -0.3 0.57 1991 1.0 0.5
1992-1993 -0.1 0.89 +0.3 0.60 1992 1.4 0.01
1993-1994 +0.4 0.45 +0.5 0.36 1993 1.1 0.04
1994 1.0 0.05
1988 vs 1994 -1.8  <0.01% -1.2 0.02 All Years 1.2 <0.01*

*Statistically significant difference (Bonferroni method), alpha = 0.05.
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Figure 5 (cont.). Seven-year frequency distributions of 30

crown dieback by management category for live,
dominant/codominant sugar maple, 1988-1994, in
sugarbushes and non-sugarbushes in all plot-clusters.
Includes only plot-clusters established in 1988.
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Figure 6 (cont.). Seven-year frequency distributions of crown dieback by management category for live,
dominant/codominant sugar maple, 1988-1994, in sugarbushes and non-sugarbushes in all plot-clusters.
Includes plot-clusters established after 1988.
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Figure 8. Cumulative density functions for dieback for live, dominant/codominant sugar maples for 1988-1994 in
all plot-clusters. Includes plot-clusters established after 1988.
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The results are similar with additional plot-clusters established after 1988 incorporated into the analysis
(Table 12). As with average cluster dieback ratings, the statistically significant changes in transparency
have little biological significance given that the differences are less than the width of a rating class.

The annual distribution of crown transparency estimates approximates a bell-shaped curve. The shape
and position of the distribution varies slightly from year to year (Figs. 17 and 12). This reflects sugar
maple’s response to stresses like drought or pear thrips, and probably natural variation in annual transparency
as well. Each year approximately two-thirds (Fig. 11 - 1988) to almost 90% (Fig. 11 - 1994) of the
data are centered on a single rating class or two adjacent classes. Annual changes in number of trees in
the 20-50+ % transparency classes indicate that after 1989, crown condition improved overall (transparency
decreased); that is, the centroids of the distributions shifted from the 20% to the 10% class. Over time,
crown transparency appears to be centering on the 10% rating class. The results are similar for both the
original plot-clusters alone or in combination with plot-clusters established in later years.

The cumulative density functions for. SB and NSB crown transparencies clearly illustrate the
increased levels of transparency that occurred in 1988 and 1989 (indicated on each graph by two lines
set apart to the right) (Figs. 13 and 14). The remaining years are all similar and the lines for these

- years overlap. At least 80% of live, dominant/codominant sugar maples were rated as having 20%
transparency or less throughout seven years. Again, the results are similar with or without the plot-
clusters that were added after 1988 (Fig. 13 vs. Fig. 14).

Average cluster transparency in 1994 within the original (1988) plot-clusters ranged from 11.0 to
20.8% in SBs and 10.2 to 16.8% in NSBs (Table 13). The lowest transparency occurred in New
Brunswick/Nova Scotia for each management category; the highest in New York for SBs and highest
in Ontario for NSBs. When all 233 plot-clusters in 13 regions were compared (Table 14), average
transparency in SBs in 1993 varied from 7.4 to 19.9% (lowest in Minnesota; highest in New York) and
in NSBs ranged from 8.4 to 16.8% (lowest in Minnesota; highest in Ontario). In general, results
indicate that crown condition (dieback, transparency) of dominant/codominant sugar maples monitored
by NAMP has improved since 1988 and, overall, trees appear in good condition. These results are
consistent with those from similar, but independent, surveys conducted in Wisconsin (Drillias ez al.
1990), Ontario (Hopkin and Dumond 1994), and Vermont (Kelley et al. 1992) during the same period.
In only one instance was there a significant difference in average crown transparency between
regional SBs and NSBs during 1994. Crown transparency of dominant/codominant sugar maples was
significantly higher in New York’s SBs (x =20.8%) compared to NSBs (x=11.4%) for both the
original plot-clusters (Table 13) and all plot-clusters combined (Table 14, x =19.9% vs. 10.7%,
respectively). We attribute this to moderate levels (31-60%) of forest tent caterpillar and pear thrips
activity in several sugarbush plot-clusters.

Relation Between Transparency and Dieback
To see if crown transparency might presage crown dieback, we correlated mean transparency for yeart
(t=1988, 1989, ..., 1992) with mean crown dieback for years t+1 and t+2. The 1993 transparency data
were correlated only with dieback in 1994. Sample size varied from 165 (1988) to 233 (1994), because
as new plot-clusters were established (Table 2) they were included in the analyses. Of 11 comparisons,
10 provided statistically significant (alpha=0.05), positive correlations. However, correlation coefficients
were low (r ranged from 0.09 to 0.44) and indicate a weak relation between crown dieback and
transparency.
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Table 11. Differences between average cluster transparency ratings for live, dominant/codominant
sugar maples by year (1988-1994) and management type (includes only plot-clusters established in
1988).

Change in Average Cluster Transparency (%)
Between-year Within- year Sugarbush vs.
comparisons Sugarbushes Non-sugarbushes comparisons Non-sugarbush
Q«. - <q£v % p-value % p-value % p-value
1988-1989 +2.4 <0.01* +1.9 0.01 1988 1.6 0.04
1989-1990 -5.4 <0.01%* -4.4 <0.01* 1989 2.0 0.01
1990-1991 -2.6 <0.01* -2.1 0.01 1990 1.0 0.20
1991-1992 +1.7 0.03 +1.8 0.02 1991 0.4 0.58
1992-1993 -0.9 0.22 -1.0 0.20 1992 04 0.65
1993-1994 +1.5 0.04 +0.3 0.67 1993 0.4 0.59
1994 1.6 0.04
1988 vs. 1994 -3.4 <0.01* -3.5 <0.01* All Years 1.1 <0.01%*

*Statistically significant difference (Bonferroni method), alpha = 0.05.

Table 12. Differences between average cluster transparency ratings for live, dominant/codominant
sugar maples by year (1988-1994) and management type (includes plot-clusters established after
19688). ‘

Change in Average Cluster Transparency (%)
Between-year Within- year Sugarbush vs.
comparisons Sugarbushes Non-sugarbushes comparisons Non-sugarbush
A<q. - <_‘£v % p-value % p-value % p-value
1988-1989 +2.4 <0.01%* +2.3 <0.01* 1988 1.6 0.04
1989-1990 -54 <0.01* -49 <0.01* 1989 1.6 0.03
1990-1991 -3.0  <0.01%* -24  <0.01* 1990 1.1 0.15
1991-1992 +1.4 0.06 +1.6 0.02 1991 0.5 0.47
1992-1993 -0.1 0.82 -0.5 0.41 1992 03 0.66
1993-1994 +0.5 0.42 -0.6 0.35 1993 0.7 0.29
1994 1.8 0.01
1988 vs. 1994 -43  <0.01%* -4.5 <0.01* All Years 1.1 <0.01*

*Statistically significant difference (Bonferroni method), alpha = 0.05.
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Figure 11 (cont.). Seven-year frequency distributions of crown transparency by management category for live,
dominant/codominant sugar maple, 1988-1994, in sugarbushes and non-sugarbushes in all plot-clusters. Includes

only plot-clusters established in 1988.
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Figure 12 (cont.). Seven-year frequency distributions of crown transparency by management category for live,
dominant/codominant sugar maple, 1988-1994, in sugarbushes and non-sugarbushes in all plot-clusters. Includes
plot-clusters established after 1988.
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Figure 14. Cumulative density functions for transparency for live, dominant/codominant sugar maples, 1988-
1994, in all plot-clusters. Includes plot-clusters established after 1988,
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Fate of Affected Trees
The vulnerability or risk (i.e., likelihood of mortality or continued deterioration) for sugar maples with
varying levels of crown dieback and transparency is of interest to people who must make forest
management decisions. Selection of trees to remove during silvicultural operations or when determining
whether or not to spend funds to protect trees from stresses such as defoliation depends, in part, on
their present condition and probability of surviving to the end of a rotation. Similarly, knowing the
probability that a tree will survive following a disturbance is of ecological interest. Evaluation of crown
condition may help identify the segment or segments of a population most susceptible to different
stressors. This, in turn, may permit predictions of future stand conditions such as species composition,
age structure and density, for example. Understanding the relation between a disturbance, or a
combination of disturbances, and community structure has implications in terms of elucidating the role
that specific disturbances play in determining the character of a forest, rate of change in forest
conditions and other characteristics,. NAMP provides a limited data base for assessing probability of
survival based on current crown condition.

Approximately 65% of the dominant/codominant su gar maples that were rated with crown dieback
>35% (i.e., in the 40% class or higher) in 1988 (n=140) were either dead in 1994 or remained in poor
condition. The crown condition of 35% of these trees improved (Fig. 15, A). Trees in dieback classes
20% and 30% (16-35% dieback) had a much lower probability of dying (approximately 1 in 10) and for
80% of them crown condition apparently returned to a healthy condition. That is, crown dieback was
15% or less in 1994 (Fig. 15, B).

Sixty percent of the overstory sugar maples with a crown transparency >55% in 1988 were dead by
1994 and crowns of the remaining 39% improved to what NAMP considers “healthy” levels (<25%
transparency) (Fig. 16, A). Only 10% of maples with 26-55% transparency in 1988 died by 1994 (Fig.
16, B).

Tree and stand vulnerability are influenced by historical events, aggressiveness of secondary insects
and disease-causing organisms, stand conditions, and site. When the data set is viewed by region, it is
obvious that the likelihood of mortality varied. For example, none of the three trees in Massachusetts
that were rated with >35% dieback (i.e., placed in dieback classes > 40%) in 1988 were dead by
1994, but 7% of those with 16-35% dieback died. However, all ten of the trees with >35% dieback in
New York died during this period (7able 15). Predicting survival based on transparency is even more
problematic (Table 16). Not only does transparency appear to be a poor predictor of future condition,
but the small sample available indicates that reliability of high (>50%) transparency estimates is low
(Table 6). The expected variation associated with very small sample sizes may account as much for
regional differences in the fate of trees with >35% crown dieback as the biological events enumerated
above. :

A monitoring effort in Vermont from 1986 through 1991 (Kelley et al. 1992) indicated that trees with
“severe” dieback (>50%) had a 50:50 chance of surviving five years. This study and results from
NAMP also demonstrated that 30-40% of the trees that had >40% dieback at the beginning of the study
eventually recovered; that is, their crowns had little evidence of dieback seven (NAMP) or five (VT)
years following initial observations.
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Figure 16. Condition of upper canopy sugar maples in 1994 that had (4) >55% crown transparency (h=18) and
(B) 26-55% crown Iransparency (n=1436) in 1988.
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Influence of Stress on Crown Condition
During the past seven years, sugar maples in 66 of the original 165 plot-clusters were affected by
one or more of the following potential stress agents: drought, forest tent caterpillar defoliation,
pear thrips damage, Bruce spanworm defoliation, late spring frost, severe winter temperatures, or
ice damage. What follows is a summary of the appearance of sugar maple crown condition
subsequent to these disturbances.

Forest Tent Caterpillar, Malacosoma disstria
Moderate to severe damage by this early season defoliator occurred to six plot-clusters
representing two regions (New York, Ontario) during 1988 through 1994. Defoliation was noted in
at least one of these stands five of these seven years. To date, only one plot-cluster (New York
005) has received more than a single moderate (31-60%) or severe (>60%) defoliation
(Table 17).

The impact of this stress on the average transparency of dominant/codominant sugar maple crowns
varied between years and locations. In some instances (e. g., Ontario cluster 020 - 1989
defoliation; New York cluster 005 - 1989) average transparency differed little (1-6%) from that of
the years previous to or immediately following defoliation. Other times (e.g., New York cluster 006
- 1993 defoliation; New York cluster 005 - 1990; cluster 006 - 1993; Ontario clusters 017 and 022 -
1990) differences in average transparency during years of defoliation were 18 to 32% higher
compared to that of the year following damage. For one NY plot-cluster that was moderately to
severely defoliated three times (1989, 1990, 1994), average crown transparency in 1994 (49%) was
approximately double that of 1993 and double that of the regional average (21%; n =27 plot-
o?mﬁmav in 1994,

Crown dieback changed less than 4% when comparing crown condition the year of defoliation to
that of the previous or succeeding years for both the individual plot-clusters and when comparing
that plot-cluster to the region as a whole.

Pear Thrips, Taeniothrips inconsequens
An unprecedented outbreak of pear thrips in 1988 (Parker 1991) significantly changed the
appearance of sugar maple crowns throughout the northeast. From 1988 through 1993, 53 NAMP
plot-clusters, all in the United States, experienced moderate (31-60%) or heavy (>60%) defoliation
by thrips.

All plot-clusters in Massachusetts were heavily damaged by this sucking insect in 1988, the year of
the most widespread thrips activity. No significant stress has occurred to these plot-clusters since
then. Therefore, NAMP data from this state affords an opportunity to evaluate the consequences
of a single year of thrips damage.

Average crown dieback (+ SE) for the original 451 overstory sugar maples under observation in
Massachusetts was approximately 8 + 0.7% in 1988, dropped to a low of 3 + 1.1% in 1991 and by
1994 returned to 8%. This variable changed little during the past seven years. Average crown
transparency, on the other hand, was high in 1988 (22 + 2.1%) and 1989 (17 + 0.9%) relative to
1990-1993 (9-13%). In 1988, transparency of understory sugar maples was approximately 10-
15% higher (average 30%) than that of the overstory sample from both SBs and NSBs. A
discrepancy of approximately 8-10% occurred between these crown strata in 1989, but thereafter
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Figure 18. Cumulative densiry Junctions for transparency for live, dominant/codominant sugar maples, 1988-
1994, in Massachusetts plot-clusters.

yearly average transparency of overstory and understory sugar maple crowns was similar.
Cumulative density functions for overstory sugar maples in Massachusetts (Figs. 17, 18) illustrate
that i) SBs and NSBs responded similarly to thrips damage, ii) crown dieback changed little in
response to thrips damage and iii) crown transparency decreased to what appears to be normal
levels one year following the thrips outbreak.

Fourteen of Vermont’s plot-clusters experienced thrips damage comparable to Massachusetts in
1988, and the general response to this stress was similar following a single episode of defoliation.

Full recovery of crown transparency occurred two years following defoliation. For example,
average transparency dropped from 22 + 1.1% in 1988 (n = 1053 trees) to 13 + 0.9% in 1990.
Improvement in crown transparency is also reflected in changes in number of trees each year that
were given a high (>20% class) transparency rating. During the year of thrips damage, 66% of
the crown ratings for overstory sugar maples in Vermont’s affected plot-clusters exceeded the
20% class. This proportion dropped to 46% the following year and by 1990 only 10% of these
trees were rated in high transparency classes. .

Only one site (Vermont - Hooper sugarbush) was stressed by pear thrips for three years (1988,
1990 and 1993). The principal effect was a temporary increase in crown transparency, and to some
extent dieback as well, compared to NAMP as a whole. This is indicated by the relatively high
proportion of overstory trees ranked in high transparency and high dieback classes (Table 18).
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Table 19. Response of overstory sugar maples in three Pennsylvania plot-clusters (sugarbushes) to
one year (1993) of moderate to heavy pear thrips damage.

Plot-cluster n Year % of Sugar Maples
" Ranged in Crown Extent of Thrips
Transparency Damage

Classes > 20%

Shiioh 27 1992 0 —
1993 26 31-60%
1994 0 —_

Peckham! 63 1993 28 31-60%
1994 0 —

Russell! 47 1993 55 >60%
1994 58 —

'Plot-cluster established in 1993,

A substantial change in transparency occurred in 1992, however, one year after the storm. At this
time, 34% of the trees in the severely damaged stand were rated in the 20% or 30% transparency
classes. This is approximately double the percentage of trees that occurred in these classes
(18%) the summer (1991) following the storm. In 1990 only 2% of the overstory maples were
rated in these classes, and none were ranked higher than 10% transparency in 1993.

Stem Damage
As indicated in an earlier publication (Allen et al. 1992), only 83 of the 7,316 dominant/
codominant sugar maples in the original 165 plot-clusters had a crown dieback rating equal to or
greater than the 50% class in 1988. Eighty-six percent of these trees had bole and/or root
damage. The 68 plot-clusters added between 1989 and 1993 provide a second opportunity to
examine this relationship. These additional data represent 2,936 overstory maples, 36 of which
had crown dieback ratings > the 50% class when plot-clusters were established. Of these, 21
(58%) had bole and/or root damage. Based on these two, admittedly small, samples, we
hypothesize that major bole and/or root damage is a likely precursor of mortality.

Frost Damage
Moderate to severe late spring frost damage appeared during 1992 in one of New Brunswick’s SB
and one NSB plot-clusters. Average crown dieback of overstory and understory maples changed
little for both management classes in 1992 compared to the previous year. Average crown
transparency of overstory trees actually decreased in both the SB (18% vs 11%) and NSB (16%
vs 11%) between 1991 and 1992.

Moderate frost damage reportedly occurred in one Vermont NSB plot-cluster during spring 1994.
No crown effects were apparent in the 1994 crown ratings of overstory sugar maples.

Drought
All of Wisconsin’s plot-clusters (n=18) were exposed to severe drought in 1988 and moderate
drought in 1989. Anecdotal evidence indicates that the original ten plot-clusters in Michigan’s
Lower Peninsula also experienced drought during the same period. Additionally, at some point
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17.1 £ 0.5%, NSB: 17.5 £ 0.6%) and 1990 (SB: 20.5 + 0.5%, NSB: 22.2 + 0.8%). In the
absence of additional contemporaneous or sequential stresses, under these site conditions
dominant/codominant sugar maples recovered from a severe drought within two years of the
event.

Atmospheric Deposition of Sulfate and Nitrate

Crown condition data for 1994 are used to examine the relation between crown condition and
deposition level for all plot-clusters (Table 20) and for plot-clusters in Canada and the United
States separately (Table 21). Column (A) in both tables gives average cluster dieback and
transparency values (+ SE) for overstory sugar maples in all plot-clusters thought to have received
High (H), Medium (M) or Low (L) levels of sulfate and nitrate. Column (B) indicdtes the
statistical comparisons that were made; average cluster dieback and transparency of trees in the
High deposition category compared to those from Medium and Low categories, and average
cluster dieback and transparency for Medium compared to Low categories.

There are seven statistically significant comparisons when data from NAMP plot-clusters for
Canada and the United States are combined (Table 20). Average cluster dieback of plot-clusters
assumed to have been exposed to High levels of wet sulfate deposition ( ¥ =5.2%) was
significantly lower than dieback in plot-clusters exposed to Medium deposition levels (x =7.0%).
Average cluster transparency of plot-clusters presumably exposed to High levels of sulfate
deposition (x=16.0%) was significantly higher than that of plot-clusters placed in Medium
(x=13.1%) and Low ( x =10.7%) deposition classes. Also, average cluster transparency of
stands exposed to High levels of nitrate deposition was significantly higher (x =16.6%) compared
to average cluster transparency in the Medium ( x =12.9%) and Low ( x =11.0%) classes. For
both sulfate and nitrate, average cluster transparency of plot-clusters exposed to Medium
deposition levels was higher than that of plot-clusters receiving Low levels of deposition.

Similarly, when the 1994 data are stratified by country (Table 21), average cluster transparency
generally increases with increasing deposition levels. Sugar maples exposed to High sulfate
deposition in the United States’ plot-clusters had significantly higher average cluster transparency
(14.7%) than that of trees exposed to Low levels of deposition (10.6%), though both means are
within the same rating class. Sugar maples exposed to High levels of both nitrate and sulfate in
Canada not only had higher average cluster transparencies, but the means were in different rating
classes compared to trees exposed to Medium or Low deposition levels. Long-term monitoring is
necessary to determine if these differences are real or merely reflect natural variation in crown
condition. In Canada, average cluster dieback for High exposure plot-clusters was significantly
lower (4.7%) than that of plot-clusters receiving Medium ( ¥ =8.9%) levels of wet sulfate
deposition. The two means are within the same crown rating class.

If, indeed, deposition affects crown transparency, we speculated that this might be explained, in
part, by plot-cluster elevation. The assumption is that plot-clusters at higher elevations are exposed
to heavier loads of airborne pollutants (Garner er al. 1989). There were no statistically significant
differences (alpha=0.05) in average cluster transparency between plot-clusters at high (>450m,
n=61), medium (300-450m, n=90) and low (<300m, n=73) elevations.

A recent Wisconsin study (Mielke er al. 1991) reported no significant differences in sugar maple
health (% decline, number of dead trees or extent of crown dieback) across four zones based on
average weighted mean pH of rainfall. Innes (1993) concluded that there is no evidence
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Table 21. Results of ANOVA of crown dieback and crown transparency for overstory sugar maple at
three levels of wet sulfate and wet nitrate deposition in 1994. All plot-clusters separated by country.

Deposition (A) Crown n! (B) Comparison F-value p-value
Country Variable Variable ( x + SE)
United States - Sulfate Dieback
High 54+0.38 21 NA? NAZ? NA?
Medium 6.3+04 92 NA? NA? NA?
Low 57+0.2 52 NA? NA? NA?
Transparency
High 147 +2.4 21 High vs. Medium 201  0.159
Medium 13.0+04 92 High vs. Low 10.18 0.002%*
Low | 10.6 +0.4 52 Medium vs. Low 7.73  0.006*
Nitrate Dieback
High 58+1.1 15 NA? NA? NA?
Medium 6.0+0.5 77 NA? NA? NA?
Low 6.0+0.2 73 NA? NA? NA®
Transparency
High 16.6 +3.2 15 High vs. Medium 621  0.014*
Medium 13.1+0.5 77 High vs. Low 16.03 0.0001*
. Low 109+0.3 73 Medium vs. Low 6.99 0.009*
Canada Sulfate Dieback
High 47+ 0.5 12 High vs. Medium 12.69 0.001*
Medium 89+ 0.7 34 High vs. Low 3.69  0.06
Low 73+05 15 Medium vs. Low 2.13 0.15
Transparency
High 18.1 +0.7 12 ~ High vs. Medium 22.55 0.0001%*
Medium 13.3+0.6 34 High vs. Low 37.09 0.0001%*
Low 11.0+ 0.6 15 Medium vs. Low 6.08 0.017
Nitrate Dieback
High 7.1+0.8 25 NA? NA? NA?
Medium 9.0+1.0 19 NA? NA? NA?
Low 7.6+0.5 17 NA? NA? NA?
Transparency
High 16.8+0.7 25 High vs. Medium 27.84 0.0001*
Medium 12.0+ 0.6 19 High vs. Low 34.06 0.0001*
Low 11.2+0.5 17 Medium vs. Low 0.47 0.496

* = Significant at &.ES =0.05
'n=plot-clusters. Data for six Michigan plot-clusters and one plot-cluster in New Brunswick not available.

“Comparisons test not applicable, because overall ANOVA not statistically significant (p-value= 0.45, 0.97 and 0.07
Sfor U.S. Sulfate, U.S. Nitrate and Canada Nitrate, respectively).
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applying mean tree d.b.h. (Col. B) and mean basal area (Col. C) for all plot-clusters in each of the two
management categories (SB, NSB) in each region to a stocking guide (Leak ef al. 1987). Exceptions
to full stocking are SBs and NSBs in New Hampshire and NSBs in New York, which were
moderately stocked and overstocking that occurred in Vermont’s NSBs.

Average annual natural basal area mortality (% of sugar maple basal area in all crown classes and for
both management categories combined) for 1989 through 1994 ranged from a high of 1.1% in Quebec
to 0.4% in Wisconsin (Table 24, last col.). Generally, basal area mortality of sugar maple in
intermediate and suppressed crown classes was higher than that of trees in the upper canopy in each
region (Table 24) and when regions were combined for both the United States (Fig. 22) and Canada
(Fig. 23). Basal area mortality in the lower canopy (intermediate and suppressed crown classes)
decreased by approximately 1.0 to 2.0% after 1991, approximately half of the mortality that occurred in
these crown strata from 1988 through 1991. After 1991, mortality of upper canopy sugar maple more
closely approximated that of trees in the lower canopy. Annual natural basal area mortality of upper
canopy trees in both countries varied little during the seven years of observation and never exceeded
1.2% (Canadian sugarbushes in 1994). The highest basal area losses in any year (shaded boxes, Table
24) occurred in the Intermediate/Suppressed crown class for both SBs and NSBs. This mortality is
accounted for by as few as one and as many as five trees. We speculate that this mortality is a result of
between-tree competition for growing space, nutrients and/or moisture.

This annual loss in sugar maple basal area is within the range of that reported for maples (red and sugar
combined) by Solomon (1977) in a ten-year evaluation of northern hardwood plots representing a
spectrum of both initial stand densities and densities of sawtimber. In Solomon’s study, annual maple
mortality ranged from 0.14% to 1.19% of the initial basal area. Similarly, in a study of second growth
northern hardwoods in northeastern Wisconsin that were exposed to a variety of cutting regimes, annual
mortality of sugar maple averaged 0.3% to 0.4% of the initial basal area for all treatments. Seven
percent of the maple stems>4.6" d.b.h. or larger died during this period; approximately 0.5%/yr
(Erdmann and Oberg 1973).
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Table 23. Cumulative annual mortality (% of trees) (1988-1994) for sugar maples in the NAMP

project as a whole by management type (sugarbush, non-sugar
codominant, intermediate/suppressed), and mortality type (“natur

only trees in original (1988) plot-clusters.

bush), crown position (dominant/
al”, management-related). Includes

Management Crown Cumulative Annual Mortality (% of trees)
Type Position
1988! 1989 1990 1991
N M T N M T N M T N M T
Sugarbushes Dom/Cod - - 13 0.7 01 08 .1 02 13 1.8 07 26
Inter/Supp - - 59 23 01 23 41 02 42 57 06 62
Combined - - 28 1.2 01 13 20 02 22 30 07 37
Non-sugarbushes Dom/Cod - - 14 06 03 09 09 03 12 1.6 08 23
Inter/Supp - - 64 21 03 24 42 03 45 63 07 70
Combined - - 34 .1 03 14 20 03 23 31 08 39
Combined Dom/Cod - - 13 07 02 09 I.1 03 13 1.8 08 25
Inter/Supp - - 6l 22 02 24 41 02 44 59 06 67
Combined - - 31 12 02 14 21 02 23 32 07 38
1992 1993 1994
N M T N M T N M T
Sugarbushes Dom/Cod 26 08 35 30 L1 42 37 18 56
Inter/Supp 72 08 79 82 12 93 92 13 100
Combined 40 08 48 46 1.1 57 54 16 70
Non-sugarbushes Dom/Cod 21 1.1 3.1 26 12 36 3.0 20 48
Inter/Supp 78 09 86 91 1.0 100 11.0 22 130
Combined 39 11 50 46 12 58 53 21 74
Combined Dom/Cod 24 1.0 33 28 12 39 33 19 52
Inter/Supp 74 08 84 85 1.0 938 97 17 120
Combined 41 09 49 47 11 57 54 18 72

'Mortality data for 1988 represent detectable cumulative mortality at the time of plot-cluster establishment.
This mortality is not carried into the following year Jor purposes of calculating cumulative mortality,

’N = natural, M = management-related, T = combined.
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Table 24. Annual natural mortality (1988-1994) of sugar maple (% of sugar maple basal area) for each NAMP region by management type,
crown position, and mortality type. Includes only trees in original (1988) plot-clusters.

State/ Management Crown Position (A) (B) (C) (D)
Province Category Stocking dbh (cm) Basal Area in 1988 Annual natural mortality (% of sugar maple basal area)
Level All trees (m?/ha)
X
All Trees Sugar Maple 1989 1990 1991 1992 1993 1994 x
SB Dom/Codom Full 31.7 24.5 20.2 2.1 0.0 0.5 2.0 0.9 1.1
SB Inter/Supp 15.7 4.8 3.1 2.6 1.2 0.2 1.2 0.8 1.8
SB Crown Positions 244 29.3 23.2 2.2 0.2 0.5 19 0.8 1.2
Combined
NSB Dom/Codom Full 27.8 23.0 14.9 0.9 0.0 0.8 03 0.3 1.0 0.6
NSB Inter/Supp 154 5.8 2.1 29 1.4 1.4 0.5 0.7 2.1 1.5
NSB Crown Positions 22.0 28.8 17.0 1.1 0.2 0.9 0.3 0.3 1.2 0.7
Combined
Combined Dom/Codom Full 29.5 23.8 17.5 1.6 0.0 0.6 1.3 0.6 1.1 0.9
Combined Inter/Supp 15.5 53 2.6 2.7 1.3 0.7 0.9 0.7 1.9 14
SB, NSB and Crown Positions Combined 23.1 29.1 20.1 1.7 0.2 0.6 1.2 0.6 1.2 0.9
SB Dom/Codom Full 294 22.8 21.2 0.0 0.0 0.0 0.0 0.0 0.5 0.1
SB Inter/Supp 16.9 3.0 2.0 1.7 74 1.5 0.0 1.0 1.5 22
SB Crown Positions 2579 258 23.2 0.1 0.6 0.1 0.0 0.1 0.6 03
Combined
NSB Dom/Codom Full 322 26.0 18.0 0.6 0.9 0.1 0.0 0.3 09 05
NSB Inter/Supp 16.5 39 2.6 L1 1.7 6.3 2.7 2.1 0.0 23
NSB Crown Positions 26.5 30.1 20.6 0.6 1.0 09 0.3 0.6 0.8 0.7
Combined
Combined Dom/Codom Full 309 24.4 19.6 0.3 0.4 0.1 0.0 0.1 0.7 0.3
Combined Inter/Supp 16.7 3.5 2.3 14 4.2 43 1.6 1.6 0.6 23
SB, NSB and Crown Positions Combined 26.2 279 21.9 0.4 0.8 0.5 0.2 0.3 0.7 0.5
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State/ Management Crown Position (A) (B) (C) (D)
Province Category Stocking dbh (cm) Basal Area in 1988 Annual natural mortality (% of sugar maple basal area)
Level All trees {m?/ha)
x) _
All Trees Sugar Maple 1989 1990 1991 1992 1993 1994 X
NY SB Dom/Codom Full 36.0 28.9 252 1.0 0.9 0.6 1.5 0.9 2.5 1.2
SB Inter/Supp 14.9 32 2.5 2.5 34 19 0.5 1.3 04 1.7
SB Crown Positions 27.6 32.1 27.8 1.2 1.2 0.7 1.4 1.0 23 1.3
Combined
NSB Dom/Codom Moderate 325 16.3 13.0 0.3 0.0 0.0 0.0 0.5 04 0.2
NSB Inter/Supp 14.3 2.7 20 0.6 1.1 1.9 0.0 0.7 1.2 0.9
NSB Crown Positions 242 19.0 15.1 0.3 0.1 0.3 0.0 0.5 0.5 03
Combined
Combined Dom/Codom Full 344 219 18.5 0.7 0.6 0.3 09 0.7 1.6 0.8
Combined Inter/Supp 14.5 29 2.3 1.6 22 1.9 0.2 1.0 0.8 1.3
SB, NSB and Crown Positions Combined 259 24.8 20.7 0.8 0.8 0.5 0.8 0.8 1.6 0.9
ON SB Dom/Codom Full 36.7 27.0 24.8 04 0.0 1.1 0.0 04 1.4 0.6
SB Inter/Supp 16.3 2.7 1.9 3.1 1.9 1.1 0.6 0.0 1.2 1.3
SB Crown Positions 29.7 29.7 26.7 0.6 0.1 1.1 0.0 0.4 1.4 0.6
Combined
NSB Dom/Codom Full 30.1 21.3 15.6 04 0.7 0.5 0.8 04 0.5 0.6
NSB Inter/Supp 15.4 2.5 2.0 1.0 2.7 39 04 0.9 0.8 1.6
NSB Crown Positions 25.6 23.8 17.6 0.5 0.9 0.9 0.8 0.5 0.5 0.7
Combined
Combined Dom/Codom Full 33.0 242 20.2 04 0.3 0.9 0.3 04 1.1 0.6
Combined Inter/Supp 15.8 2.6 1.9 2.0 23 25 0.5 0.5 1.0 1.5
SB, NSB and Crown Positions Combined 27.5 26.8 222 0.6 04 1.0 0.3 04 1.1 0.6
QU SB Dom/Codom Full 30.2 249 22.1 1.4 0.8 1.5 1.5 1.0 0.9 1.2
SB Inter/Supp 14.9 3.0 2.7 2.8 2.6 2.7 1.7 0.9 0.1 1.8
SB Crown Positions 25.0 28.0 24.8 1.6 1.0 1.6 1.5 1.0 0.8 1.3
Combined
NSB Dom/Codom Full 28.4 24.7 19.7 1.1 1.4 0.7 1.4 0.1 0.1 0.8
NSB Inter/Supp 14.1 2.6 1.9 2.6 29 1.1 1.3 23 1.4 1.9
NSB Crown Positions 24.1 27.3 21.6 1.2 1.6 0.7 1.4 0.3 0.2 0.9
Combined
Combined Dom/Codom Full 29.2 24.3 20.9 1.2 1.1 1.1 1.5 0.6 0.5 1.0
Combined Inter/Supp 14.5 2.8 23 2.7 2.7 2.0 1.5 1.5 0.6 1.8
SB, NSB and Crown Positions Combined 24.5 27.6 232 14 13 1.2 1.5 0.6 0.6 1.1
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Figure 22. Annual natural mortality (% basal area) of upper (dominant/codominant) and lower
(intermediate/suppressed) canopy sugar maples by stand management class (sugarbush, non-sugarbush),
1989-1994. Includes only trees established in Canadian regions in 1988,

Percent

---®--. SB int/Supp

° —~ —o- - NSB Int/Supp

< —e—SB Dom/Codom
\ ~ .o --NSB Dom/Codom

1994
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Figure 23. Annual natural mortality (% basal area) of upper (dominant/codominant) and lower

(intermediate/suppressed) canopy sugar maples by stand management class (sugarbush, non-sugarbush),
1989-1994. Includes only trees established in U.S. regions in 1988.
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