Hemlock Woolly Adelgid and its
Impacts on Forest Ecosystems
David A. Orwig



Imported forest pests are the most pressing &
under-appreciated forest health issue in US today

Winter Moth, Martha’s Vineyard, MA Hemlock woolly adelgid-southern CT

The only threat that can decimate species In just decades.
Cost billions annually



Invasive pests and pathogens

Pre-1850 a dozen or so insects damaging trees

Post 1850: > 400 - virtually all insect orders

Important component of global change - > $ 4 Billion annually
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Pests and pathogens arrive in a
variety of ways:

1) nursery related materials
(plants, seeds)

2) pallets, crates, packing material
3) Lumber

Trade volume leads to new
Introductions



Pathways

9090 of recent wood-boring 7090 ofall damaging forest

Insects arrived in the US via solid pests arrived in the US via
wood packaging Imported plants
» (also spools, dunnage) Now > 3 billion/yr

> ALB, EAB Chestnut blight, BBD, HWA



All states have many imported forest pests

A

Why do some states have such high numbers?



Overview of HWA

Impacts on Stand structure
Landscape patterns HWA + EHS
Management options



Hemlock Is important for:
Old-growth forests
CWD to upland and streams

Moderation of stream temps
Important for trout



Black-throated green warbler
Ward et al. 2004

Hemlock provides valuable habitat
for a variety of wildlife species

Blackburnian warbler



USDA Forest Service

Hemlock woolly adelgid (Adelges tsugae)

2 generations /year Parthenogenetic
rapid dispersal feed and Kkill all sizes and ages

hemlock resistance? No effective native predators






HWA life cycle In
E. North America (USDA)

Ryan Crandall



Recent work
Shows egg
Laying as early
As Dec/Jan!!

Still seeing
Adults
2019

HWA life cycle in E. North America (USDA)



Nathan Havill, Yale University

Adelges tsugae documented on all 9 hemlocks worldwide
Recent genetics: from So. and low elevations in Japan
Serious pest only in Eastern U.S.



Hemlock woolly adelgid infestation map 2016






Figure 1. HWA space-for-time study area, representing 7500 km?2.
Hemlock represents >86,000 ha or 21% of the mapped area in MA
(upto 36% in northern MA), and 16,500 ha or ~5% of the
mapped area of CT.

Harvard Forest HWA studies

1)

2)

3)

4)

5)

6)

7)

include:

Stand and community
analyses

Landscape investigations
of hemlock structure and
HWA infestation patterns

Ecosystem analyses of
HWA infestations
including n cycling,
decomp, throughfall
chemistry

Comparisons of HWA vs.
Hemlock Logging

Wildlife studies

Hydrological
Investigations

HWA dispersal



Hemlock Overstory Mortality
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Overstory mortality trends, high in many, but not all stands



Crowns continue to deteriorate, with no sign of recovery



Continuous feeding leads to progressive needle loss, interior branches



However, at some sites, decline is slower (cold temps.?)
Variability in winter temps important (esp. cold following warm)



Rapid birch establishment
Occurs with canopy thinning



Invasives and ferns can also increase tremendously



White pine establishing
In dry site In CT



Trees remain standing for
5-8 years; branches,
then tops fall off; then boles.



Birch forms the new forest



What will replace hemlock In
Massachusetts?

Secondary Species # of Occurances in 123 Hemlock Stands
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		Stand Name		Stand Aspect		Final TsCa %Mort		ACER Sap		BELE Sap		QURU Sap		PIST Sap		TSCA Sap (live)		TSCA+ Sap		%TSCA Sap Mort		LATITUDE		ACER seed		BELE seed		QURU seed		PIST seed		TSCA seed		ELEV		Average Slope		Stand Slope

		Athol 7		231.77		33.81		0		0		0		0		125		50		28.57		42.5603443324		0.01						0.01		0.01		314.49		0.00		4.04

		Southbridge 2		156.97		0.00		0		0		0		0		500		0		0.00		42.0417984469		0.50		0.50						0.5		260.35		1.50		9.40

		Belchertown 2		199.19		2.70		0		0		0		0		75		0		0.00		42.3233687519		0.01								15		62.25		1.60		1.32

		Athol 1		266.91		2.94		25		0		0		0		375		200		34.78		42.5316241537										0.5		268.92		3.80		4.10

		Athol 9		190.39		14.31		0		0		0		0		225		0		0.00		42.5407396354		0.01		0.01		0.01		0.01		0.5		360.91		6.00		4.28

		Mt. Tom 2		168.45		1.85		25		0		0		0		450		225		33.33		42.2047998967		0.50						0.01		0.5		109.87		6.25		4.09

		Orange 6		166.48		2.50		0		75		0		0		650		100		13.33		42.5191913256		0.50				0.5				3		283.86		6.50		3.44

		Barre 5		238.76		0.00		0		75		0		100		275		0		0.00		42.4241507076				0.50				0.50				315.90		7.33		4.38

		Mt Holyoke 2		165.71		0.44		0		0		0		0		350		0		0.00		42.2873254823		0.01								0.01		69.07		8.67		7.27

		Northfield 10		139.94		0.00		125		50		0		0		1500		25		1.64		42.6974764338						0.5		0.50		0.5		267.09		8.67		6.89

		Athol 4		149.13		0.00		100		0		0		0		200		50		20.00		42.5227623669		0.50				0.5		0.50		0.5		247.14		8.78		4.36

		Winchendon 3		145.71		0.00		0		0		0		0		125		0		0.00		42.6842414023		0.50		0.50		0.5				3		295.71		8.83		2.54

		Easthampton 3		142.31		0.00		75		0		0		0		725		0		0.00		42.2650514098		0.01		0.01						0.5		136.05		9.20		4.36

		Belchertown 1		148.05		0.00		0		0		0		0		275		0		0.00		42.364916272		3.00						0.50		3		234.35		10.33		7.32

		Barre 2		207.77		0.00		175		50		225		0		100		0		0.00		42.450264533		15.00		3.00		3		15.00		0.5		231.48		10.40		3.71

		Orange 5		166.45		11.96		0		0		0		25		75		0		0.00		42.5058355654		0.50		0.50		0.5		0.50		0.5		271.40		10.57		6.13

		Bernardston 4		149.15		2.94		0		0		0		0		900		0		0.00		42.6325070042		0.50				0.01				0.01		266.14		10.80		6.87

		Southbridge 1		195.54		3.70		0		0		0		0		225		75		25.00		42.0516695697										0.5		254.58		10.83		6.74

		Bernardston 6		177.62		3.66		0		0		0		0		75		100		57.14		42.6516325552		0.01				0.01				0.01		229.53		11.00		7.81

		Northfield 12		218.18		0.55		25		0		0		0		150		25		14.29		42.6549272295		0.01		0.01		0.01				0.01		265.05		11.18		7.36

		Bernardston 5		190.89		8.33		0		25		0		0		225		75		25.00		42.6538750196		0.01				0.01				0.5		350.08		11.40		6.93

		Mt Holyoke 1		165.41		2.08		25		0		0		0		625		0		0.00		42.3128982376		3.00						0.50				114.15		11.83		6.30

		Mt. Tom 3		248.37		0.00		25		0		0		0		425		0		0.00		42.2099905109		0.50		0.50		0.5		0.01		0.5		92.72		12.00		5.69

		Athol 5		206.11		17.14		0		0		0		0		0		0		0.00		42.6175991532		0.50				0.5						233.47		12.17		8.01

		Northfield 13		168.09		11.36		0		0		0		0		350		250		41.67		42.7090522407		0.50								3		144.62		13.00		5.09

		Shutesbury 4		240.27		10.13		25		1500		0		0		800		0		0.00		42.4357392283		0.50		0.50		0.5		0.50		0.5		293.38		13.14		8.86

		Northfield 14		276.59		13.08		0		0		0		0		1225		0		0.00		42.6664040651		0.50		0.50						3		123.43		13.60		5.90

		Bernardston 3		220.44		2.70		0		0		0		0		625		0		0.00		42.6991619508		0.50				0.5				0.5		361.01		13.64		8.15

		Athol 8		140.09		0.00		0		275		0		25		1025		0		0.00		42.5794544885		0.01		0.01		0.01		0.01		15		329.79		13.80		4.73

		Northfield 7		195.53		2.56		0		0		0		0		275		250		47.62		42.6805046066		0.50		0.50		0.5				3		374.73		14.14		7.80

		Williamsburg 5		225.24		8.89		0		0		0		0		225		0		0.00		42.4718388846		2.00						0.50		0.5		158.51		15.17		11.11

		Greenfield 9		260.98		1.35		0		0		0		0		225		175		43.75		42.5917405746		0.01				0.01		0.01		0.01		237.98		15.40		6.78

		Greenfield 10		198.23		4.05		25		0		25		0		1300		175		11.86		42.6005753927		0.01				0.5				0.5		106.22		15.50		14.63

		Mt. Holyoke 3		224.56		1.09		0		0		0		0		775		200		20.51		42.2561574763										0.01		93.74		16.00		5.75

		Winchendon 2		259.20		1.32		25		50		0		0		1800		50		2.70		42.6308194232		0.50		0.50				0.50		3		213.47		16.00		6.03

		Southbridge 4		269.58		6.32		0		25		0		0		400		0		0.00		42.0906116583		0.01				0.01		0.01		0.01		240.74		16.00		10.27

		Shutesbury 10		170.86		10.93		0		0		0		0		25		100		80.00		42.4419631875		0.50				0.01		0.01		0.5		310.13		16.00		6.96

		Orange 8		219.38		0.00		25		0		0		0		525		25		4.55		42.6113675614		0.50				0.5				3		260.68		16.25		8.63

		Orange 9		237.31		5.88		0		25		0		0		225		0		0.00		42.4987481256		0.50		0.50		0.5		0.50		3		299.48		16.29		8.72

		Hampden 3		142.94		0.00		50		225		0		0		425		0		0.00		42.0669771612		3.00				0.5				0.5		158.24		16.50		14.97

		Winchendon 4		247.76		2.50		50		0		0		0		325		0		0.00		42.6541007672						0.5		0.50		3		275.40		16.56		10.80

		Southbridge 5		219.22		8.88		0		125		0		0		50		0		0.00		42.107570033		0.50		15.00				0.50				224.43		16.60		4.37

		Shutesbury 6		160.50		0.00		0		0		0		100		0		0		0.00		42.4198803835		0.50		0.50		0.5		0.50				218.20		16.67		7.20

		Williamsburg 6		124.47		4.17		0		0		0		0		250		50		16.67		42.4646514852		0.50				3				0.01		310.47		16.67		11.83

		Orange 2		258.99		2.08		0		0		0		0		825		75		8.33		42.54676024		0.01				0.01				0.5		312.10		16.83		4.81

		Orange 7		252.76		4.17		125		75		0		25		600		25		4.00		42.5814710405				0.50		0.5				3		286.90		16.91		7.61

		Warren 1		278.34		0.00		400		225		0		0		500		0		0.00		42.1946291397		0.50		0.01		0.01						214.59		17.00		7.17

		Williamsburg 7		233.15		4.94		0		25		0		0		1125		50		4.26		42.468507424		0.50				3				15		314.47		17.00		7.46

		Greenfield 6		222.23		0.00		0		25		0		0		475		125		20.83		42.5227348383		0.01								0.5		191.85		17.40		11.06

		Hampden 4		321.17		5.00		0		125		0		0		150		0		0.00		42.058036873		0.50		3.00		0.5				0.5		126.98		17.50		8.19

		Athol 6		214.62		3.45		50		25		0		0		75		75		50.00		42.6036697334		0.50				0.5						322.37		17.50		10.54

		Winchendon 5		103.67		0.00		25		0		0		0		475		50		9.52		42.6668175829		0.50		0.50						0.5		222.29		17.83		6.70

		Greenfield 11		163.98		5.17		0		0		0		0		500		50		9.09		42.5881237927		0.50								0.5		98.90		18.00		16.66

		Bernardston 10		232.39		4.26		0		0		0		0		75		175		70.00		42.6900849759		0.01										332.04		18.00		9.66

		Monson 3		244.81		0.00		0		0		0		0		150		0		0.00		42.0332594147		2.00						0.50		3		191.58		18.33		4.37

		Northfield 4		238.29		0.81		125		125		0		25		625		25		3.85		42.6668574533		0.50				0.5						308.96		18.56		11.33

		Williamsburg 9		166.44		9.91		0		0		0		0		350		100		22.22		42.388607927		0.01				0.01				0.5		246.71		18.67		12.44

		Greenfield 4		264.59		8.76		0		0		0		0		550		75		12.00		42.5344224001		0.50				0.5				0.5		175.86		18.83		9.23

		Greenfield 7		216.24		0.00		0		25		75		0		550		25		4.35		42.6149953011		0.01				0.01				0.5		193.63		19.00		7.60

		Northfield 9		166.25		6.65		0		0		0		0		550		225		29.03		42.6390809038		0.01		0.01				15.00		0.5		228.07		19.00		9.28

		Barre 1		211.57		6.52		0		0		0		0		625		25		3.85		42.4431431864		0.50				0.01				3		223.10		19.17		12.40

		Bernardston 1		94.94		17.69		0		0		0		0		50		0		0.00		42.7013233409		0.50										326.80		19.80		10.87

		Easthampton 4		180.34		0.00		50		75		0		25		425		25		5.56		42.3130000735		0.01		0.01		0.01		0.01		0.5		172.89		20.00		7.28

		Orange 4		88.69		1.67		0		0		0		0		625		25		3.85		42.5168832031		0.50		0.01		0.5				0.5		248.85		20.29		7.65

		Greenfield 3		126.20		3.51		0		25		0		0		375		325		46.43		42.5435166236		3.00		0.05						0.5		80.61		20.50		8.28

		Orange 12		210.64		6.90		0		0		0		0		775		25		3.13		42.6104303855		0.50				0.5				0.5		233.55		20.63		9.33

		Easthampton 2		111.49		2.50		125		0		0		0		100		0		0.00		42.271108177		0.50				3				0.5		115.40		20.67		9.63

		Orange 13		206.76		5.77		0		0		0		0		300		50		14.29		42.611076731		0.50				0.5				0.5		125.41		21.20		8.46

		Northfield 1		141.43		0.00		0		0		0		0		475		0		0.00		42.6955359834		0.50		0.50		0.01		0.50		3		281.68		21.40		7.40

		Winchendon 1		254.24		11.54		0		0		0		0		175		50		22.22		42.7092942884		3.00		0.50		0.5		0.50		3		377.86		21.83		13.15

		Shutesbury 2		241.93		1.06		0		25		0		0		225		0		0.00		42.476590467		0.50		0.50				0.50		0.5		232.19		22.00		9.78

		Orange 10		97.05		0.00		0		0		0		0		175		25		12.50		42.5054800523		0.50		0.50				0.50		0.5		261.75		22.29		8.64

		Williamsburg 4		189.17		7.29		0		0		0		0		200		150		42.86		42.4749089023		0.50		0.50								205.65		22.83		12.32

		Greenfield 1		65.92		13.20		0		0		0		0		200		0		0.00		42.5101049432		0.50		0.01		0.5		0.50		0.5		185.14		23.00		15.22

		Orange 1		235.01		6.25		50		0		0		0		975		200		17.02		42.5203927835		0.50										207.30		23.00		7.98

		Easthampton 1		167.17		9.09		0		25		0		0		450		0		0.00		42.2660631871		0.50		2.00		0.5				0.5		173.29		23.08		7.16

		Mt. Tom 1		159.08		4.67		0		0		0		0		650		100		13.33		42.1351008076		0.01		0.01						0.01		77.06		23.75		9.75

		Athol 3		207.91		2.04		0		0		0		0		675		0		0.00		42.5554821515		0.50								3		231.16		23.83		8.52

		Windsor Dam 1		256.39		5.88		0		0		0		0		425		150		26.09		42.2639218793		0.01				0.5		0.50		0.5		166.01		24.00		7.39

		Bernardston 2		196.36		0.00		75		0		0		175		725		0		0.00		42.6972413149						0.5						322.07		24.14		11.51

		Shutesbury 1		163.43		5.01		0		0		0		0		1200		375		23.81		42.4999884963		0.50								0.5		270.30		24.20		6.46

		Northfield 3		243.33		0.00		0		0		0		0		850		175		17.07		42.6768171725				0.01		0.5						231.56		24.50		14.23

		Shutesbury 8		204.90		10.71		0		0		0		0		125		75		37.50		42.3830360925		0.50				0.5				0.5		142.41		25.00		10.92

		Williamsburg 1		146.50		13.50		0		0		0		0		25		25		50.00		42.4625721097		0.01				0.01		0.01				148.84		25.33		8.23

		North Brookfield 1		222.58		2.27		0		225		0		0		450		0		0.00		42.3699305783								0.50		38		222.85		25.67		9.64

		Williamsburg 8		278.75		6.60		0		0		0		0		475		25		5.00		42.3945901853		0.50								3		96.68		25.83		11.57

		South Springfield 1		193.39		34.48		0		650		0		0		75		0		0.00		42.0806569081		0.50		0.50		0.5				0.5		51.21		26.17		3.30

		Williamsburg 10		156.14		6.82		0		0		0		0		475		0		0.00		42.4252670572						0.01						237.75		27.00		10.44

		Southbridge 3		176.27		3.97		0		0		0		0		125		0		0.00		42.0441179423		0.50		3.00		0.01		0.01		0.5		289.82		27.30		7.36

		Greenfield 2		130.64		0.00		25		100		0		0		450		125		21.74		42.5396187823		0.50		0.50		0.5		0.01		0.5		165.03		27.75		9.90

		Athol 2		226.92		3.14		0		0		0		0		525		200		27.59		42.5361888269		0.50						0.01		3		219.83		27.83		6.84

		Barre 3		184.48		3.03		0		0		0		0		125		0		0.00		42.4749434179		0.50				0.5				0.5		240.25		27.83		6.23

		Southbridge 6		144.75		12.09		0		0		0		0		225		25		10.00		42.1038056319		0.50		0.50		0.5						224.67		28.00		8.82

		Williamsburg 3		226.46		0.00		0		0		0		0		1150		0		0.00		42.4629052088		0.50		0.50				0.50		3		120.26		30.00		13.45

		Barre 4		236.38		5.56		0		0		0		0		175		125		41.67		42.4354038625		0.50								0.5		202.01		30.00		6.70

		Greenfield 8		182.79		2.92		0		0		0		0		325		25		7.14		42.572592014		0.01				0.01		0.01		0.01		209.10		30.00		9.80

		Shutesbury 5		87.98		5.56		0		0		0		0		50		50		50.00		42.4155756879		0.50				0.5						250.57		31.00		10.65

		Greenfield 12		69.67		0.00		0		0		0		0		1100		150		12.00		42.6044937292												159.22		31.25		14.62

		Northfield 2		240.90		8.64		0		225		0		0		1025		50		4.65		42.6981268119		0.50				0.5						296.69		31.25		12.13

		Monson 1		276.04		6.82		0		0		0		0		475		0		0.00		42.1131033974		0.50				0.5				3		218.92		31.57		8.91

		Ludlow 1		211.48		10.90		0		50		0		0		975		50		4.88		42.1846560701						0.01		0.01		15		100.88		31.60		12.26

		Windsor Dam 2		15.63		1.67		75		25		0		0		25		25		50.00		42.3704603925				0.01		0.01		0.01		0.5		194.66		34.00		15.63

		Northfield 6		163.74		0.00		50		0		0		0		275		0		0.00		42.6505857256												408.22		35.00		14.44

		Palmer 1		87.94		0.00		0		0		0		0		1275		0		0.00		42.1287521315						3		0.01		0.5		179.20		36.40		15.11

		Northfield 8		267.73		2.17		0		0		0		0		1175		0		0.00		42.6615899592		0.50				0.5				0.5		197.38		36.86		9.83

		Orange 11		143.82		0.00		0		25		0		0		525		0		0.00		42.6050997705		0.50		3.00		0.5		0.50		3		235.54		36.86		12.46

		Northfield 11		250.67		0.00		175		50		0		0		1000		25		2.44		42.7224376119		0.50		0.50		0.5		0.50		3		236.96		37.50		13.47

		Greenfield 5		171.01		1.79		25		0		0		0		425		0		0.00		42.6086483186		0.01				0.01				0.5		249.69		37.60		14.55

		Bernardston 7		187.35		2.38		125		25		0		0		375		0		0.00		42.7003262196		0.01		0.01		0.01		0.01		3		184.37		38.00		7.81

		North Springfield 1		172.85		0.00		0		25		0		0		75		25		25.00		42.1703835205		0.50				0.5		0.50				55.99		38.75		8.68

		Shutesbury 3		253.60		9.21		0		0		0		0		550		100		15.38		42.4489792812		0.50				0.5		0.50		0.5		265.02		39.00		8.18

		South Springfield 2		175.16		26.67		75		0		0		0		125		0		0.00		42.0695424121		0.50		3.00		0.5		0.50		0.5		46.97		40.83		3.30

		Orange 3		163.24		6.51		25		0		0		0		100		0		0.00		42.5242013293		0.50				0.5				0.5		226.87		41.67		10.21

		Warren 2		254.06		4.55		25		0		0		0		100		0		0.00		42.150501415		0.01				0.5						247.05		42.40		11.82

		Monson 2		209.77		0.00		0		0		0		0		400		0		0.00		42.1058725555		0.50				3				0.5		189.01		42.67		11.19

		Bernardston 8		262.95		1.79		0		0		0		0		50		150		75.00		42.7126854991		0.50								0.5		171.88		43.00		15.13

		Northfield 5		240.85		15.56		0		0		0		0		0		0		0.00		42.6748163481		0.50		0.50						0.5		290.93		43.86		12.65

		West Springfield 1		280.16		7.23		0		0		0		0		100		0		0.00		42.079161251		0.01				0.01				0.5		145.84		46.40		9.68

		Williamsburg 2		145.32		1.14		0		550		0		0		150		0		0.00		42.4492864058		0.50		3.00		0.5		0.50		0.5		148.74		48.83		10.68

		Shutesbury 9		123.15		18.67		0		0		0		0		0		25		100.00		42.4025377781		0.01		0.01		0.01		0.01		3		233.79		50.40		16.81

		Bernardston 9		219.30		8.33		0		0		0		0		1425		75		5.00		42.6714181482		0.01		0.01		0.01				0.5		242.98		63.80		10.54

		Belchertown 3		159.38		7.63		0		0		0		0		1025		50		4.65		42.3291607314		0.01				0.01				3		166.73		64.40		8.92

		Williamsburg 11		185.74		12.46		0		0		0		0		425		0		0.00		42.464067		3.00				0.01				3		57.47		-		0.45





NEW MORT

		



Stand Position (Northern - Southern)

% Mortality

Landscape Level Hemlock Mortality



IMP VAL

		



Stand Position (Northern-Southern)

% Mortality

Lanscape Level Hemlock Sapling Mortality



TEMP

		



Red Maple

Black Birch

Landscape Position (Northern-Soutern)

Density (ha-1)

Landscape Level Regeneration of Black Birch and Red Maple



LOG

		



Red Maple

Black Birch

Landscape Position (Northern-Soutern)

% Seedling Cover

Landscape Level % Seedling Cover of Dominant Secondary Species



Sheet3

		





hempoint2

		

						Stems		Sap		Seed

				White Pine		95		8		50

				Black Birch		110		33		46

				Red Maple		116		31		106

				Red Oak		113		3		81
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						Tully Dam, MA		Amherst, MA		Hartford, CT		Norwich, CT

				1950		-17		-9

				1951		-10		-6

				1952		-20		-9

				1953		1		5

				1954		-23		-13		-10

				1955		-11		-8		-4

				1956		-14		-7		-4

				1957		-29		-19		-17

				1958		-27		-12		-7		-3

				1959		-21		-11		-6		-6

				1960		-5		-11		-2		6

				1961		-26		-30		-26		-13

				1962		-8		-6		-8		-5

				1963		-21		-20		-10		-4

				1964		-20		-19		-8		-5

				1965		-17		-15		-8		-8

				1966		-13		-12		-2		0

				1967		-22		-23		-13		-9

				1968		-26		-25		-11		-10

				1969		-14		-11		-5		6

				1970		-18		-19		-8		9

				1971		-26		-29		-13		-2

				1972		-12		-15		-2		-15

				1973		-12		-12		-1		-4

				1974		-16		-15		-5		2

				1975		-19		-17		-1		0

				1976		-20		-18		-6		-10

				1977		-16		-12		-4		-8

				1978		-17		-17		-3		1

				1979		-15		-9		-13		-9

				1980		-6		-1		3		4

				1981		-22		-27		-14		-13

				1982		-21		-20		-9		-12

				1983		-11		-11		-5		-4

				1984		-27		-26		-21		-13

				1985		-19		-13		-3		-5

				1986		-8		-5		-1		2

				1987		-13		-12		-6		-1

				1988		-21		-19		-14		-10

				1989		-6		-5		-3		0

				1990		-17		-10		-9		-6

				1991		-10		-5		1		-7

				1992		-8		-4		2		7

				1993		-14		-9		-3		3

				1994		-21		-21		-10		-4

				1995		-12		-10		-9		-5

				1996		-20		-16		-13		-17

				1997		3		-4		-1		0

				1998		0		4		5		8

				1999		-8		-10		0		5

				2000		-7		-5		-4		2

				2001		-5		-4		-3		7

				2002		7		5		11		12

				2003		-18		-17		-6		-2

				2004		-15		-8		-7		-5





		



Tully Dam, MA

Amherst, MA

Hartford, CT

Norwich, CT

Year

Temperature (Degrees F)



						LOGGING		HemLog		seed		SAP

				Athol 8		0		0		1		225

				Athol 9		0		0		0.5		250

				Bernardston 3		0		0		1.5		0

				Bernardston 6		0		0		0.02		25

				Greenfield 10		0		0		0.02		0

				Greenfield 11		0		0		1		0

				Greenfield 7		0		0		0.5		0

				Monson 3		0		0		1		0

				Mt. Tom 3		0		0		0		100

				Northfield 8		0		0		3.5		0

				Northfield 9		0		0		3.01		0

				Orange 13		0		0		1		0

				Shutesbury 8		0		0		0.01		0

				Shutesbury 9		0		0		3.5		125

				Southbridge 6		0		0		1.5		25

				Williamsburg 8		0		0		15.5		650

				Athol 1		1		0		1		225

				Athol 7		1		0		1		0

				Barre 1		1		0		0.5		75

				Barre 5		1		0		1.01		25

				Belchertown 3		1		0		0.03		0

				Bernardston 2		1		0		0.51		0

				Bernardston 9		1		0		0.03		25

				Greenfield 3		1		0		0		0

				North Springfield 1		1		0		0		100

				Orange 5		1		0		0.5		0

				Shutesbury 10		1		0		0.02		0

				Williamsburg 5		1		0		1		0

				Windsor Dam 1		1		0		1.5		0

				Windsor Dam 2		1		0		3.5		0

				Athol 3		1		1		4		0

				Athol 4		1		1		1		0

				Barre 2		1		1		0.5		0

				Barre 3		1		1		0.01		0

				Barre 4		1		1		1.5		0

				Belchertown 1		1		1		1		0

				Bernardston 10		1		1		0.5		50

				Bernardston 5		1		1		1		25

				Bernardston 7		1		1		0.02		0

				Bernardston 8		1		1		1		75

				East Hampton 3		1		1		0.51		0

				Easthampton 1		1		1		0.5		0

				Easthampton 2		1		1		0.02		100

				Greenfield 2		1		1		1		25

				Greenfield 5		1		1		0.51		50

				Greenfield 6		1		1		0.02		25

				Greenfield 9		1		1		1		275

				Hampden 3		1		1		0.02		0

				Hampden 4		1		1		1		0

				Monson 1		1		1		1		75

				Monson 2		1		1		3		100

				Mt Holyoke 1		1		1		1.5		125

				Mt Holyoke 2		1		1		0.03		0

				Mt. Holyoke 3		1		1		0.5		0

				Mt. Tom 1		1		1		0.01		25

				North Brookfield 1		1		1		0.01		25

				Northfield 11		1		1		1.01		0

				Northfield 12		1		1		1.5		0

				Northfield 13		1		1		4		0

				Northfield 2		1		1		1.5		25

				Northfield 3		1		1		0.5		25

				Orange 1		1		1		4		0

				Orange 12		1		1		1		550

				Orange 3		1		1		0.51		0

				Orange 4		1		1		1		1600

				Orange 6		1		1		0.01		0

				Orange 7		1		1		0.5		75

				Orange 8		1		1		1		125

				Orange 9		1		1		1.5		0

				Shutesbury 3		1		1		0.02		100

				Shutesbury 4		1		1		0.5		225

				Shutesbury 5		1		1		3		0

				South Springfield 1		1		1		2		25

				South Springfield 2		1		1		3		0

				Southbridge 2		1		1		0.02		75

				Southbridge 3		1		1		3		25

				Southbridge 4		1		1		0.51		0

				Southbridge 5		1		1		0		0

				Williamsburg 10		1		1		0.51		25

				Williamsburg 11		1		1		0.02		0

				Williamsburg 2		1		1		3		0

				Williamsburg 3		1		1		0		0

				Williamsburg 4		1		1		3.51		125

				Williamsburg 6		1		1		0.02		0

				Williamsburg 7		1		1		1		25

				Winchendon 1		1		1		1.5		75

				Winchendon 2		1		1		3.5		275

				Winchendon 3		1		1		4		125

				Winchendon 4		1		1		4		0

				Athol 2		1		2		0.5		0

				Athol 5		1		2		0.5		0

				Athol 6		1		2		0.03		150

				Belchertown 2		1		2		1.5		0

				Bernardston 1		1		2		0		350

				Bernardston 4		1		2		1		50

				East Hampton 4		1		2		1		75

				Greenfield 1		1		2		1		25

				Greenfield 12		1		2		0.02		25

				Greenfield 4		1		2		0.5		75

				Greenfield 8		1		2		1		200

				Ludlow 1		1		2		0.03		0

				Mt. Tom 2		1		2		1		25

				Northfield 1		1		2		1		75

				Northfield 10		1		2		1.01		0

				Northfield 14		1		2		0.5		0

				Northfield 4		1		2		1		0

				Northfield 5		1		2		1		0

				Northfield 6		1		2		1		0

				Northfield 7		1		2		3.5		25

				Orange 10		1		2		0.02		0

				Orange 11		1		2		21		450

				Orange 2		1		2		0.51		0

				Palmer 1		1		2		0.03		0

				Shutesbury 1		1		2		0.5		0

				Shutesbury 2		1		2		1		0

				Shutesbury 6		1		2		0.02		0

				Southbridge 1		1		2		0.03		125

				Warren 1		1		2		0.5		25

				Warren 2		1		2		0.52		625

				West Springfield 1		1		2		0.01		50

				Williamsburg 1		1		2		0.02		25

				Williamsburg 9		1		2		0.02		0

				Winchendon 5		1		2		0		0
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		ACRU_Sap		BELE_Sap		ARCU_BA		BELE_BA

		75.00		0.00		0.00		0.00

		175.00		50.00		2.30		0.00

		0.00		225.00		5.80		0.00

		0.00		0.00		20.20		4.10

		125.00		50.00		5.30		0.00

		0.00		0.00		0.72		0.00

		0.00		0.00		1.14		0.00

		0.00		0.00		6.40		4.30

		125.00		125.00		19.40		1.20

		0.00		0.00		4.36		10.10

		50.00		0.00		4.30		0.00

		25.00		0.00		0.00		5.35

		25.00		0.00		2.50		2.30

		0.00		0.00		11.04		17.40

		0.00		0.00		18.70		0.00

		50.00		0.00		9.30		2.20

		25.00		0.00		2.97		9.00

		25.00		50.00		8.80		4.57

		0.00		0.00		4.50		4.60

		50.00		25.00		6.65		6.20

		0.00		0.00		8.00		6.50

		0.00		0.00		6.60		6.10

		25.00		0.00		19.70		0.00

		100.00		0.00		8.00		10.20

		25.00		0.00		4.80		3.60

		0.00		0.00		2.71		0.00

		0.00		0.00		0.69		3.86

		0.00		25.00		5.18		0.00

		0.00		0.00		7.42		10.46

		125.00		75.00		5.15		0.00

		0.00		25.00		8.09		4.28

		50.00		0.00		16.40		0.00

		75.00		0.00		4.05		0.00

		0.00		0.00		5.60		0.00

		0.00		0.00		11.36		2.00

		25.00		0.00		2.34		3.30

		0.00		50.00		1.83		2.22

		0.00		0.00		24.90		18.30

		0.00		50.00		14.20		7.60

		25.00		75.00		0.00		0.00

		0.00		25.00		0.00		23.30

		0.00		0.00		24.30		16.50

		0.00		0.00		5.90		5.12

		0.00		0.00		2.00		5.72

		0.00		550.00		0.50		0.00

		0.00		0.00		0.00		42.80

		0.00		0.00		0.00		3.35

		0.00		0.00		18.00		21.30

		0.00		25.00		3.28		3.86

		0.00		0.00		14.19		1.80

		0.00		0.00		0.00		19.60

		25.00		1225.00		8.02		19.90

		0.00		0.00		15.35		0.00

		0.00		0.00		12.69		0.00

		0.00		0.00		13.90		6.90

		175.00		50.00		6.90		0.00

		0.00		0.00		5.40		27.60

		0.00		0.00		15.60		5.60

		0.00		75.00		28.50		3.20

		0.00		225.00		0.00		10.10

		0.00		0.00		6.50		3.30

		25.00		0.00		2.70		5.80

		0.00		0.00		4.10		0.00

		125.00		0.00		1.60		1.30

		0.00		25.00		25.10		0.00

		0.00		25.00		7.65		0.00

		0.00		0.00		2.44		0.00

		0.00		0.00		1.32		0.00

		0.00		0.00		32.20		1.70

		0.00		0.00		0.50		0.00

		0.00		0.00		2.27		0.00

		0.00		0.00		16.60		0.00

		50.00		225.00		0.00		0.00

		0.00		125.00		0.00		21.70

		0.00		650.00		0.00		26.60

		75.00		0.00		2.80		5.00

		0.00		0.00		0.00		9.20

		0.00		25.00		2.10		16.30

		0.00		0.00		1.40		20.10

		0.00		0.00		7.90		31.00

		0.00		0.00		2.10		0.00

		0.00		0.00		15.90		14.80

		0.00		0.00		26.10		10.20

		125.00		25.00		1.10		9.70

		0.00		0.00		1.96		11.60

		0.00		0.00		8.50		8.06

		0.00		0.00		12.50		1.60

		0.00		0.00		3.20		0.00

		0.00		225.00		8.10		0.00

		0.00		0.00		0.89		16.40

		0.00		0.00		3.37		9.19

		0.00		0.00		20.40		0.00

		0.00		0.00		0.00		0.50

		0.00		0.00		0.90		1.30

		50.00		75.00		3.40		2.20

		75.00		25.00		2.70		0.00

		0.00		0.00		14.90		0.00

		0.00		0.00		19.40		0.00

		0.00		0.00		2.50		4.80

		75.00		25.00		2.31		8.20

		0.00		0.00		0.65		0.00

		25.00		0.00		0.50		5.75

		0.00		0.00		4.10		0.50

		0.00		125.00		10.20		0.00

		0.00		0.00		6.46		1.66

		0.00		0.00		0.34		0.00

		0.00		25.00		0.00		9.08

		25.00		0.00		1.40		1.60

		25.00		0.00		7.06		31.00

		0.00		0.00		8.90		0.60

		0.00		25.00		0.00		2.22

		0.00		0.00		0.00		4.64

		0.00		0.00		7.96		16.80

		25.00		0.00		0.00		0.00

		25.00		0.00		0.00		0.70

		25.00		0.00		5.40		10.30

		0.00		0.00		4.10		1.30

		0.00		0.00		2.14		1.25

		0.00		0.00		2.20		30.20

		0.00		25.00		4.20		3.10

		17.92		38.75		6.66		6.06		averages





		Stand Name		Stand Aspect		Final TsCa %Mort		ACER Sap		BELE Sap		QURU Sap		PIST Sap		TSCA Sap (live)		TSCA+ Sap		%TSCA Sap Mort		LATITUDE		ACER seed		BELE seed		QURU seed		PIST seed		TSCA seed		ELEV		Average Slope		Stand Slope

		Athol 1		266.91		2.94		25		0		0		0		375		200		34.78		42.5316241537										0.5		268.918		3.80		4.10

		Athol 2		226.92		3.14		0		0		0		0		525		200		27.59		42.5361888269		0.50						0.01		3		219.834		27.83		6.84

		Athol 3		207.91		2.04		0		0		0		0		675		0		0.00		42.5554821515		0.50								3		231.16		23.83		8.52

		Athol 4		149.13		0.00		100		0		0		0		200		50		20.00		42.5227623669		0.50				0.5		0.50		0.5		247.137		8.78		4.36

		Athol 5		206.11		17.14		0		0		0		0		0		0		0.00		42.6175991532		0.50				0.5						233.469		12.17		8.01

		Athol 6		214.62		3.45		50		25		0		0		75		75		50.00		42.6036697334		0.50				0.5						322.374		17.50		10.54

		Athol 7		231.77		33.81		0		0		0		0		125		50		28.57		42.5603443324		0.01						0.01		0.01		314.486		0.00		4.04

		Athol 8		140.09		0.00		0		275		0		25		1025		0		0.00		42.5794544885		0.01		0.01		0.01		0.01		15		329.787		13.80		4.73

		Athol 9		190.39		14.31		0		0		0		0		225		0		0.00		42.5407396354		0.01		0.01		0.01		0.01		0.5		360.909		6.00		4.28

		Barre 1		211.57		6.52		0		0		0		0		625		25		3.85		42.4431431864		0.50				0.01				3		223.104		19.17		12.40

		Barre 2		207.77		0.00		175		50		225		0		100		0		0.00		42.450264533		15.00		3.00		3		15.00		0.5		231.483		10.40		3.71

		Barre 3		184.48		3.03		0		0		0		0		125		0		0.00		42.4749434179		0.50				0.5				0.5		240.254		27.83		6.23

		Barre 4		236.38		5.56		0		0		0		0		175		125		41.67		42.4354038625		0.50								0.5		202.007		30.00		6.70

		Barre 5		238.76		0.00		0		75		0		100		275		0		0.00		42.4241507076				0.50				0.50				315.901		7.33		4.38

		Belchertown 1		148.05		0.00		0		0		0		0		275		0		0.00		42.364916272		3.00						0.50		3		234.35		10.33		7.32

		Belchertown 2		199.19		2.70		0		0		0		0		75		0		0.00		42.3233687519		0.01								15		62.2505		1.60		1.32

		Belchertown 3		159.38		7.63		0		0		0		0		1025		50		4.65		42.3291607314		0.01				0.01				3		166.731		64.40		8.92

		Bernardston 1		94.94		17.69		0		0		0		0		50		0		0.00		42.7013233409		0.50										326.802		19.80		10.87

		Bernardston 10		232.39		4.26		0		0		0		0		75		175		70.00		42.6900849759		0.01										332.044		18.00		9.66

		Bernardston 2		196.36		0.00		75		0		0		175		725		0		0.00		42.6972413149						0.5						322.067		24.14		11.51

		Bernardston 3		220.44		2.70		0		0		0		0		625		0		0.00		42.6991619508		0.50				0.5				0.5		361.01		13.64		8.15

		Bernardston 4		149.15		2.94		0		0		0		0		900		0		0.00		42.6325070042		0.50				0.01				0.01		266.138		10.80		6.87

		Bernardston 5		190.89		8.33		0		25		0		0		225		75		25.00		42.6538750196		0.01				0.01				0.5		350.078		11.40		6.93

		Bernardston 6		177.62		3.66		0		0		0		0		75		100		57.14		42.6516325552		0.01				0.01				0.01		229.533		11.00		7.81

		Bernardston 7		187.35		2.38		125		25		0		0		375		0		0.00		42.7003262196		0.01		0.01		0.01		0.01		3		184.365		38.00		7.81

		Bernardston 8		262.95		1.79		0		0		0		0		50		150		75.00		42.7126854991		0.50								0.5		171.882		43.00		15.13

		Bernardston 9		219.30		8.33		0		0		0		0		1425		75		5.00		42.6714181482		0.01		0.01		0.01				0.5		242.977		63.80		10.54

		Easthampton 1		167.17		9.09		0		25		0		0		450		0		0.00		42.2660631871		0.50		2.00		0.5				0.5		173.292		23.08		7.16

		Easthampton 2		111.49		2.50		125		0		0		0		100		0		0.00		42.271108177		0.50				3				0.5		115.404		20.67		9.63

		Easthampton 3		142.31		0.00		75		0		0		0		725		0		0.00		42.2650514098		0.01		0.01						0.5		136.051		9.20		4.36

		Easthampton 4		180.34		0.00		50		75		0		25		425		25		5.56		42.3130000735		0.01		0.01		0.01		0.01		0.5		172.894		20.00		7.28

		Greenfield 1		65.92		13.20		0		0		0		0		200		0		0.00		42.5101049432		0.50		0.01		0.5		0.50		0.5		185.138		23.00		15.22

		Greenfield 10		198.23		4.05		25		0		25		0		1300		175		11.86		42.6005753927		0.01				0.5				0.5		106.22		15.50		14.63

		Greenfield 11		163.98		5.17		0		0		0		0		500		50		9.09		42.5881237927		0.50								0.5		98.9028		18.00		16.66

		Greenfield 12		69.67		0.00		0		0		0		0		1100		150		12.00		42.6044937292												159.22		31.25		14.62

		Greenfield 2		130.64		0.00		25		100		0		0		450		125		21.74		42.5396187823		0.50		0.50		0.5		0.01		0.5		165.025		27.75		9.90

		Greenfield 3		126.20		3.51		0		25		0		0		375		325		46.43		42.5435166236		3.00		0.05						0.5		80.6142		20.50		8.28

		Greenfield 4		264.59		8.76		0		0		0		0		550		75		12.00		42.5344224001		0.50				0.5				0.5		175.857		18.83		9.23

		Greenfield 5		171.01		1.79		25		0		0		0		425		0		0.00		42.6086483186		0.01				0.01				0.5		249.687		37.60		14.55

		Greenfield 6		222.23		0.00		0		25		0		0		475		125		20.83		42.5227348383		0.01								0.5		191.85		17.40		11.06

		Greenfield 7		216.24		0.00		0		25		75		0		550		25		4.35		42.6149953011		0.01				0.01				0.5		193.632		19.00		7.60

		Greenfield 8		182.79		2.92		0		0		0		0		325		25		7.14		42.572592014		0.01				0.01		0.01		0.01		209.1		30.00		9.80

		Greenfield 9		260.98		1.35		0		0		0		0		225		175		43.75		42.5917405746		0.01				0.01		0.01		0.01		237.984		15.40		6.78

		Hampden 3		142.94		0.00		50		225		0		0		425		0		0.00		42.0669771612		3.00				0.5				0.5		158.243		16.50		14.97

		Hampden 4		321.17		5.00		0		125		0		0		150		0		0.00		42.058036873		0.50		3.00		0.5				0.5		126.98		17.50		8.19

		Ludlow 1		211.48		10.90		0		50		0		0		975		50		4.88		42.1846560701						0.01		0.01		15		100.881		31.60		12.26

		Monson 1		276.04		6.82		0		0		0		0		475		0		0.00		42.1131033974		0.50				0.5				3		218.917		31.57		8.91

		Monson 2		209.77		0.00		0		0		0		0		400		0		0.00		42.1058725555		0.50				3				0.5		189.014		42.67		11.19

		Monson 3		244.81		0.00		0		0		0		0		150		0		0.00		42.0332594147		2.00						0.50		3		191.576		18.33		4.37

		Mt Holyoke 1		165.41		2.08		25		0		0		0		625		0		0.00		42.3128982376		3.00						0.50				114.152		11.83		6.30

		Mt Holyoke 2		165.71		0.44		0		0		0		0		350		0		0.00		42.2873254823		0.01								0.01		69.0696		8.67		7.27

		Mt. Holyoke 3		224.56		1.09		0		0		0		0		775		200		20.51		42.2561574763										0.01		93.7394		16.00		5.75

		Mt. Tom 1		159.08		4.67		0		0		0		0		650		100		13.33		42.1351008076		0.01		0.01						0.01		77.0649		23.75		9.75

		Mt. Tom 2		168.45		1.85		25		0		0		0		450		225		33.33		42.2047998967		0.50						0.01		0.5		109.871		6.25		4.09

		Mt. Tom 3		248.37		0.00		25		0		0		0		425		0		0.00		42.2099905109		0.50		0.50		0.5		0.01		0.5		92.7185		12.00		5.69

		North Brookfield 1		222.58		2.27		0		225		0		0		450		0		0.00		42.3699305783								0.50		38		222.846		25.67		9.64

		North Springfield 1		172.85		0.00		0		25		0		0		75		25		25.00		42.1703835205		0.50				0.5		0.50				55.9862		38.75		8.68

		Northfield 1		141.43		0.00		0		0		0		0		475		0		0.00		42.6955359834		0.50		0.50		0.01		0.50		3		281.68		21.40		7.40

		Northfield 10		139.94		0.00		125		50		0		0		1500		25		1.64		42.6974764338						0.5		0.50		0.5		267.087		8.67		6.89

		Northfield 11		250.67		0.00		175		50		0		0		1000		25		2.44		42.7224376119		0.50		0.50		0.5		0.50		3		236.961		37.50		13.47

		Northfield 12		218.18		0.55		25		0		0		0		150		25		14.29		42.6549272295		0.01		0.01		0.01				0.01		265.051		11.18		7.36

		Northfield 13		168.09		11.36		0		0		0		0		350		250		41.67		42.7090522407		0.50								3		144.623		13.00		5.09

		Northfield 14		276.59		13.08		0		0		0		0		1225		0		0.00		42.6664040651		0.50		0.50						3		123.431		13.60		5.90

		Northfield 2		240.90		8.64		0		225		0		0		1025		50		4.65		42.6981268119		0.50				0.5						296.692		31.25		12.13

		Northfield 3		243.33		0.00		0		0		0		0		850		175		17.07		42.6768171725				0.01		0.5						231.563		24.50		14.23

		Northfield 4		238.29		0.81		125		125		0		25		625		25		3.85		42.6668574533		0.50				0.5						308.959		18.56		11.33

		Northfield 5		240.85		15.56		0		0		0		0		0		0		0.00		42.6748163481		0.50		0.50						0.5		290.932		43.86		12.65

		Northfield 6		163.74		0.00		50		0		0		0		275		0		0.00		42.6505857256												408.217		35.00		14.44

		Northfield 7		195.53		2.56		0		0		0		0		275		250		47.62		42.6805046066		0.50		0.50		0.5				3		374.731		14.14		7.80

		Northfield 8		267.73		2.17		0		0		0		0		1175		0		0.00		42.6615899592		0.50				0.5				0.5		197.381		36.86		9.83

		Northfield 9		166.25		6.65		0		0		0		0		550		225		29.03		42.6390809038		0.01		0.01				15.00		0.5		228.07		19.00		9.28

		Orange 1		235.01		6.25		50		0		0		0		975		200		17.02		42.5203927835		0.50										207.296		23.00		7.98

		Orange 10		97.05		0.00		0		0		0		0		175		25		12.50		42.5054800523		0.50		0.50				0.50		0.5		261.75		22.29		8.64

		Orange 11		143.82		0.00		0		25		0		0		525		0		0.00		42.6050997705		0.50		3.00		0.5		0.50		3		235.539		36.86		12.46

		Orange 12		210.64		6.90		0		0		0		0		775		25		3.13		42.6104303855		0.50				0.5				0.5		233.552		20.63		9.33

		Orange 13		206.76		5.77		0		0		0		0		300		50		14.29		42.611076731		0.50				0.5				0.5		125.405		21.20		8.46

		Orange 2		258.99		2.08		0		0		0		0		825		75		8.33		42.54676024		0.01				0.01				0.5		312.097		16.83		4.81

		Orange 3		163.24		6.51		25		0		0		0		100		0		0.00		42.5242013293		0.50				0.5				0.5		226.868		41.67		10.21

		Orange 4		88.69		1.67		0		0		0		0		625		25		3.85		42.5168832031		0.50		0.01		0.5				0.5		248.85		20.29		7.65

		Orange 5		166.45		11.96		0		0		0		25		75		0		0.00		42.5058355654		0.50		0.50		0.5		0.50		0.5		271.396		10.57		6.13

		Orange 6		166.48		2.50		0		75		0		0		650		100		13.33		42.5191913256		0.50				0.5				3		283.862		6.50		3.44

		Orange 7		252.76		4.17		125		75		0		25		600		25		4.00		42.5814710405				0.50		0.5				3		286.903		16.91		7.61

		Orange 8		219.38		0.00		25		0		0		0		525		25		4.55		42.6113675614		0.50				0.5				3		260.677		16.25		8.63

		Orange 9		237.31		5.88		0		25		0		0		225		0		0.00		42.4987481256		0.50		0.50		0.5		0.50		3		299.481		16.29		8.72

		Palmer 1		87.94		0.00		0		0		0		0		1275		0		0.00		42.1287521315						3		0.01		0.5		179.197		36.40		15.11

		Shutesbury 1		163.43		5.01		0		0		0		0		1200		375		23.81		42.4999884963		0.50								0.5		270.3		24.20		6.46

		Shutesbury 10		170.86		10.93		0		0		0		0		25		100		80.00		42.4419631875		0.50				0.01		0.01		0.5		310.133		16.00		6.96

		Shutesbury 2		241.93		1.06		0		25		0		0		225		0		0.00		42.476590467		0.50		0.50				0.50		0.5		232.189		22.00		9.78

		Shutesbury 3		253.60		9.21		0		0		0		0		550		100		15.38		42.4489792812		0.50				0.5		0.50		0.5		265.017		39.00		8.18

		Shutesbury 4		240.27		10.13		25		1500		0		0		800		0		0.00		42.4357392283		0.50		0.50		0.5		0.50		0.5		293.382		13.14		8.86

		Shutesbury 5		87.98		5.56		0		0		0		0		50		50		50.00		42.4155756879		0.50				0.5						250.572		31.00		10.65

		Shutesbury 6		160.50		0.00		0		0		0		100		0		0		0.00		42.4198803835		0.50		0.50		0.5		0.50				218.201		16.67		7.20

		Shutesbury 8		204.90		10.71		0		0		0		0		125		75		37.50		42.3830360925		0.50				0.5				0.5		142.41		25.00		10.92

		Shutesbury 9		123.15		18.67		0		0		0		0		0		25		100.00		42.4025377781		0.01		0.01		0.01		0.01		3		233.79		50.40		16.81

		South Springfield 1		193.39		34.48		0		650		0		0		75		0		0.00		42.0806569081		0.50		0.50		0.5				0.5		51.206		26.17		3.30

		South Springfield 2		175.16		26.67		75		0		0		0		125		0		0.00		42.0695424121		0.50		3.00		0.5		0.50		0.5		46.9686		40.83		3.30

		Southbridge 1		195.54		3.70		0		0		0		0		225		75		25.00		42.0516695697										0.5		254.578		10.83		6.74

		Southbridge 2		156.97		0.00		0		0		0		0		500		0		0.00		42.0417984469		0.50		0.50						0.5		260.352		1.50		9.40

		Southbridge 3		176.27		3.97		0		0		0		0		125		0		0.00		42.0441179423		0.50		3.00		0.01		0.01		0.5		289.821		27.30		7.36

		Southbridge 4		269.58		6.32		0		25		0		0		400		0		0.00		42.0906116583		0.01				0.01		0.01		0.01		240.744		16.00		10.27

		Southbridge 5		219.22		8.88		0		125		0		0		50		0		0.00		42.107570033		0.50		15.00				0.50				224.433		16.60		4.37

		Southbridge 6		144.75		12.09		0		0		0		0		225		25		10.00		42.1038056319		0.50		0.50		0.5						224.669		28.00		8.82

		Warren 1		278.34		0.00		400		225		0		0		500		0		0.00		42.1946291397		0.50		0.01		0.01						214.592		17.00		7.17

		Warren 2		254.06		4.55		25		0		0		0		100		0		0.00		42.150501415		0.01				0.5						247.048		42.40		11.82

		West Springfield 1		280.16		7.23		0		0		0		0		100		0		0.00		42.079161251		0.01				0.01				0.5		145.838		46.40		9.68

		Williamsburg 1		146.50		13.50		0		0		0		0		25		25		50.00		42.4625721097		0.01				0.01		0.01				148.844		25.33		8.23

		Williamsburg 10		156.14		6.82		0		0		0		0		475		0		0.00		42.4252670572						0.01						237.752		27.00		10.44

		Williamsburg 11		185.74		12.46		0		0		0		0		425		0		0.00		42.464067		3.00				0.01				3		57.47		-		0.45

		Williamsburg 2		145.32		1.14		0		550		0		0		150		0		0.00		42.4492864058		0.50		3.00		0.5		0.50		0.5		148.737		48.83		10.68

		Williamsburg 3		226.46		0.00		0		0		0		0		1150		0		0.00		42.4629052088		0.50		0.50				0.50		3		120.257		30.00		13.45

		Williamsburg 4		189.17		7.29		0		0		0		0		200		150		42.86		42.4749089023		0.50		0.50								205.649		22.83		12.32

		Williamsburg 5		225.24		8.89		0		0		0		0		225		0		0.00		42.4718388846		2.00						0.50		0.5		158.505		15.17		11.11

		Williamsburg 6		124.47		4.17		0		0		0		0		250		50		16.67		42.4646514852		0.50				3				0.01		310.471		16.67		11.83

		Williamsburg 7		233.15		4.94		0		25		0		0		1125		50		4.26		42.468507424		0.50				3				15		314.468		17.00		7.46

		Williamsburg 8		278.75		6.60		0		0		0		0		475		25		5.00		42.3945901853		0.50								3		96.6843		25.83		11.57

		Williamsburg 9		166.44		9.91		0		0		0		0		350		100		22.22		42.388607927		0.01				0.01				0.5		246.71		18.67		12.44

		Winchendon 1		254.24		11.54		0		0		0		0		175		50		22.22		42.7092942884		3.00		0.50		0.5		0.50		3		377.86		21.83		13.15

		Winchendon 2		259.20		1.32		25		50		0		0		1800		50		2.70		42.6308194232		0.50		0.50				0.50		3		213.466		16.00		6.03

		Winchendon 3		145.71		0.00		0		0		0		0		125		0		0.00		42.6842414023		0.50		0.50		0.5				3		295.705		8.83		2.54

		Winchendon 4		247.76		2.50		50		0		0		0		325		0		0.00		42.6541007672						0.5		0.50		3		275.395		16.56		10.80

		Winchendon 5		103.67		0.00		25		0		0		0		475		50		9.52		42.6668175829		0.50		0.50						0.5		222.288		17.83		6.70

		Windsor Dam 1		256.39		5.88		0		0		0		0		425		150		26.09		42.2639218793		0.01				0.5		0.50		0.5		166.006		24.00		7.39

		Windsor Dam 2		15.63		1.67		75		25		0		0		25		25		50.00		42.3704603925				0.01		0.01		0.01		0.5		194.658		34.00		15.63






LANDSCAPE PATTERNS

CT: 114 stands
MA: 123 stands

HWA found within a few
km of Vermont (2004)!
[now 1/3 way up VT & NH]

Latitudinal pattern present
But damage not as rapid

Only 2 stands > 50%
Overstory mortality in MA



HWA change in abundance over time
2015



Northern Massachusetts Sites with major infestation- 2013

Along Swift River, Petersham MA Bernardston, MA



Harvard Forest 2016
Overstory and understory thinning

7 years after initial infestation



Distribution of 116,226 stems (live and dead > 1cm dbh)
Eastern hemlock (green) and all other species

Resampling this plot has begun this summer



[::] In this region ~
20%
c:[::] Hemlocks now

dead

Orwig et al. 2018 Figures courtesy of Peter Boucher



2018-2019: widespread decline in HWA populations: still investigating

N. Oalican 2019 REU



ARBORjet

Imidacloprid (Merit) pesticide of choice:

Tree |.V.
Photo: David Foster Kioritz soil injection
Soll drench
So, what can Stem injection-important near streams

be d 5 CoreTect time-release tablet
€ done: often provides 2 to 4+ years protection



Soil application widely used

There 1s also
a time-release

tablet Safari (Dinotefuran) Fast-acting
systemic, spring applications
Effective, not persistent, often used
first, then Merit
There will be other casualties!



Biological Controls

From Japan, over 1.5 million have been
Released in over 100 sites in 15
Eastern sites including MA

Carol Cheah Sasaj iscymnus tsugae

Native to British Columbia, over 7000
Adults have been released at 19 sites
In 8 eastern states-recovery 2 years later

Others being evaluated:
Scymnus sinuanodulus
Tetraphleps galchanoides
A - Pathogenic fungi
Laricobius nigrinus Uncertain success, impact



So, how can we incorporate the study of invasive species into a
school curriculum?

what can students do to add to this body of work?



Student research can provide:

year by year assessments of HWA densities

year to year branch growth, related to HWA
Important data at the northern extent of HWA range

new discoveries of HWA at their homes, schools, towns



Katherine Bennett’s 51" Grade class

Measuring snow depth



A co-occurring pest on the rise! Students can also contribute here

Elongate Hemlock Scale
(EHS;Fiorinia externa)

Also from Japan, introduced in
NYC in 1908

Now located Iin 14 eastern states,
range overlaps with HWA

Often co-occur with HWA on same
tree: uncertain consequences



N. Oalican 2019 REU



Woolly Bully Protocol revolves around 2 measurements:

1) Measurement of new branch growth in early Autumn



Core measurements:

Spring counts of HWA egg sacs
along outer 10 cm

HF provides data sheets, protocols
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