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Overview
Introduction:

Schoolyard Project — Harvard Forest
“Woolly Bully”

Hemlock Woolly Adelgid



Project Goals: If the HWA infests Oakmont —
What changes can we expect?
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Project Goals: If the HWA infests FWL abutting

lands — What changes could we expect?
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Fish/Wildlife

2588 acres
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Teacher Goals:

B e 2,
1. To expand student ecological knowledge
about Transitional Forests,

2. To incorporate Harvard Forest Scientists’
research findings about HWA in classroom
activities,




Teacher Goals.

-:..,,7‘,‘ i ;
3. To Involve students in local scientific surveys
of HWA infestation at Oakmont, on FWL lands,

and on their home property/communities.

4. To stimulate student critical thinking through
spatial data analysis (GIS Tools)




Implementing

Teacher Goal #1:

To expand student ecological
knowledge about Transitional
Forests and Invasive Insects in
order to understand the impact
of Woolly Adelgid on Hemlocks.
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#2 - Invasive Species Vs. Pest Species

Activity #1: What is a Life Cycle?

:

Early Stage
Larva

S

‘_‘\
F

=
Mid Stage \
I,

Ny \Y\\)

Late Stage
Larva

Made and Compared Diagrams/Charts

11



Activity #1: Students arranged “life cycle cards” in a
circular pattern on tables
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#2 - Invasive Species Vs. Pest Species
Activity #2: Native, Invasive, Pest or bot

h?

RN

-Fall Webworm

-Asian Longhorn beetle
-Hemlock Woolly Adelgid
-Eastern Tent Caterpillar
-Japanese Beetle

-Gypsy Moth




Implementing

Teacher Goal #2:

To incorporate Harvard Forest
Scientists’ research findings
about HWA in classroom
activities, to facilitate “student
research” at Oakmont and
beyond.



#3 — Exploring Forest Habitat

Power Point: What is Edge and Core

Habitat?

large core area - high edge large core area - low edge

LI

small core area - high edge small core area - low edge

e Explored the
importance of
Hemlock in
supporting “Core
Habitat”

¢ Began a
discussion of types

of wildlife that
need edge/core
habitat

e Walked Grounds

15



by David Orwig

he eastesn hemiock is a tree species widely
distributed across Massachusetts. Most of
the state's known old-growth forest is com-
prised of hemlock, which often live for 300 to
350 years. However, it is much more than just
an old-growth specimen. For any of you who
have ventured into the midst of an eastern
hemlock-dominated forest, you may sense
that you entered a special place. The stately,
long-lived conifers with drooping, dark green
branches aligned in a pyramidal shape, create
an environment that is deeply shaded and
cooler than surrounding we rodlands. T
conditions strongly influence wildli
nearby streams

Hemlock forests often feel spongy
underfoot, due to a thick accumula-
tion of needies that are slow to decom-
pose. Red-backed salamanders and red
efts (juvenile red-spotted newts) thrive
under fallen wood where they feed on
mites, beetles, and other insacts. Visit
3 hemlock forest after a summer rain,
and you may see dozens of red efts
crawling about. Soil invertebrates are
often overlooked, yet many dwell here
whil ing for salamandess, you may
see several varieties of ants scurrying
around the soil surface, going in and
out of ground nests.

The same aromatic boughs that cast
the deep shade under hemlock trees
also harbor many arthropods, includ-
ing a broad variety of spiders, mites,
and moths. Unfortunately, hemlock
branches also provide excellent food for
two harmful exotic insacts introduced
into the eastern US in the mid-20th
century: the hemlock woolly adelgid
and the elongate hemlock scale. These
two unwanted pests feed on hemlock at
the same time, threatening this species
throughout most of its range in eastern North
America and creating uncertainty about the
future of hemlock in the coming decades.

Many different birds spend at least part of
their life cycle in hernlock forests, often feeding
on the insects dispersad throughout the dense
tree crowns. During late May and early june,
the hemlock forest is alive with a chorus of
neotropical songbirds, many recently arriving
from their winter homes in the south. blaxL

Eastern Hemlock: Irreplaceable Habitat

throated green warbless are extremely common
in the upper branches of the tree, whese they
feed and nest. Once you get acquainted with
its “z00 zee zoo zoo zee” call, you will rarely
be within reach of hemlock forest and not
hear this species sing to you. Other avian spe-
des such as Acadian flycatchers, Blackburnian
warblers, Canada warbless and hermit theushes
also are strongly associated with the hem-
Jock habitat. You might also see black-capped
chickadees, winter wrens, and red-breasted
nuthatches in hemlock stands. Finally, barred
owls, northern goshawks and red-shouldered
hawks frequently nest in mature to old-growth
hemiock forests.
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Hends of white-tailed deer congregate under
hemlock for precious winter food and cover.
The dense branches intercept more snow and
ease winter temperatures, reducing the deer's
energy requirements, an especially impor-
tant benefit during harsh winters with deep
snow packs. During the winter red squirrels
and mice commonly feed on hemlock seeds
and snowshoe hares frequently eat hemlock

conttrued on page 5

#3 — Exploring The Value
of Forest Habitat
Activity #3: “Eastern
Hemlock — Irreplaceable
Habitat” (pr. pavid Orwig)

Read the article - Make a
list of information in a
bullet format that provides
possible answers to the
general question (Why are
Hemlock forests important
and irreplaceable
habitats?)

Phetoby Don Nebyd

Hemlocks In
Bernardston, MA

SUMMER 2008

Massachiise

otts Sterran 3

16



After reading, students agreed on the following
major bullet facts:

Hemlocks create unique types of habitat:

e Provide shade, cool temperatures

e Ground is spongy/wet/thick needle layer

¢ Soil organisms are plentiful

e Favored habitat for HWA/Elongate hemlock Scale
e Many birds spend “life cycle” here (neotropical)
¢ Influence streams and create fish habitat



“Eastern Heck — Irreplaceable Habitat” — for
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Specific Questions by students (some):

¢ Kinds of animals in older “Hemlock Clusters”?

¢ Are Green Throated Warblers in the upper layers of the
Hemlocks?

Are wetlands near the Oakmont “Hemlock Clusters”?

Is there evidence of Porcupines?

Are there Red-backed salamanders in the ground cover?
Do hemlocks provide cover for White-tailed deer?

Why do only some birds live in the “hemlock clusters”?
Does the temperature vary under hemlocks?



Wildlife Habitat Associations in Eastern Hemlock — Birds, Smaller Mammals,
and Forest Carnivores

Maro Yamasak!', Richard M. DeGrasf®, and Jofn W. Lanler?

Abstract

Nimaty-six bird and forty-s2ven mammal spacias are
ass0clated with the hemiock type In the northeastern United
States. Ofthese specles eight bird and ten mammal species
are sbrongly associated with the hemiock type thowugh nane
ofthese species are Imited to it Hemlock specles chness
appears to be lower than In other conifer or hardwood types.
Axlan hatfat conslderations Include the asiribution and
vanety of sinuctral habiiat features throughout managed
and unmanaged stands In susiainable patems. Sawtimber
hemiock stands suppor significantly higher bird
communities than young siands. Smaller mammal habitat
considerations Include dense patches of conFerous
rageneration, hard mast-producing Inclesions, cavity traes,
coarse wopdy debris, and wetland seeps and Inclusions.
Forest carmivore habitat considerations Include the
avallabiiity and distribution of predictable prey and sultable
cover opportunities (cavity trees, coarse woody debais,
wetland seeps and Inclusions, and rocky ledge and well-
dralned den sites). Diferences of ten or mare Inches of
annual precipiation distinguish most northern New England
landscapes fram the majority of landscapes In the western
Great Lakes ragion. Morthem New England landscape level
habitat elements Incluse lower slope positons and
mperfecty drained, excessively drained, or shallow i
badrock sltes.

Introduction

Thaugh eastem hemlock ( Tsuga canadensis) Is a well-
dacumented habitat element In winter deer range
management throughaout the northeastern Unlted States and
eastern Canada [Matifeld 1964; Huot et al. 196<; Blouch
1984; Crawford 196<4; Reay et al. 1930), limiied research has
been conducted specifically on bind and mammal
commiumities In hemiock stands. Roughly 96 avian and 47
mammallan species have been documented using the
hemiock type In New England (DeGraal and Rudls 1956,
DeGraaf at al. 1992). Appendlx 1 lists eight bird and 10
mammal species strongly associated with the hemiock type.

W'e review some of the more Important landscape and
habltat considerations regarding the hemiock type and
provide some examples of avlan and mammallan habltat
as50cIations In the nonheastern Lnited Siates and easiem
Canatda for birds, smal mammals, and forest camivoras.

"USDA Forest Service, Foresty Sdences Laboratony, 271 Mast
Fd., Duriam, NH 03524

HSDA Forest Sarvice, Hokdswori Hall, Universtty of
Massachusetts, Amherst, MA 01003

MWew Hampshire Fish and Same Depariment, 2 Hazen Drive,
Concord, MNH 03301

Frocesdinga: Sympodmum o6 Susfanedly Matamaseds of Hesiook Eoodpilams i Ssdam ot Aredce

Landscape Level Habitat Elements

Eastem hemiock occurs from the Mariime Provinces in
eastem Canada to northem Geargla and wast into
northeastern Minnesota (Sodman and Lancaster 1390)
Average annual precipitation in New England ranges from
30-30 Inches compared 1o 21-35 Inches In the uppsr Lakes
States (MoMaD and Avers 1994). Average annual snowrallin
Mew England ranges from 20 to 150 inchas compared to 40
ta 70 Inches and In some seciions upwards of 250 io 400
Inches along the Lake Superior shoreling (Mclab and Avers
1994 ). This has tended to generally produce atundant
hemiock regensration on coniferous stes In Mew England In
contrast to the dificwities faced by forest managess In the
upper Lakes Siates to regenarate hemiock In the face of
slgnifcant deer densites [Anderson and Lowcks 1975;
Alverson 2t al. 1985, Godman and Lancaster 1950
Miadenod and Stearns 1953).

Hemilock grows on both Imperfectly dralned and shallow to
bedrock sites as well as excess/vely dralned shes as
described by Leak (1952). Secondary successlonal
pracesses on the Bartett Experimental Forest In the White
Mowntains of Mew Hampshilre continue to Increase the
percentage of hemiock basal area on both managed and
unmanagped stands on declduous a5 well a5 coniferows land
typeE oecurming on lower slope posiions (Figure 1) (Leak
and Smith 1896). Exirapolating this Information across
norihern Mew England [and types means there are mone
opportunities to manage hemiock in distinct stands,
mixedwood stands, and contferows Incluslons than in the
westem Great Lakes raglon.

Hemilock voleme In the northeastem Unlted States s
canslderably greater in Mew England than the westem Great
Lakes region (Table 1) (Powel etal 1993). Mew Hampshire
tmoeriand acreage In hemiock has Increased slightly over
the I35t 25 years from 3.2 to 3.7 percent of the todal
imberdand acreage of 146.3 in 165.7 M acres (Cullen,
personal communication). Cument slze-class distibution of
heminck tmberand acre age |5 concentrated In the
sawtimiber glze-class (120.1 M acres) and pole sizeclass
{456 M acres), with almost no discernible seedling-saping
slze-class acreage. Mew Hampshine sawtimber volume has
Increased over the Iast 25 years from 1508.3 to 2534.1
MMEF, 35 has growlng stock volume from S96.7 to 832.9
MMCF. These numbers suggest that the hemlock resource s
distributed across the Mew England landscape In much
diferent pattemns compared to the pattems seen In the
westam Great Lakes reglon.

Poientlal Impacis of an expanding hemiock wooly adeigid
{Adeiges tsugas) population concem forest and wildife
managers aver the posslble 088 of slgnificant sources of
wiriter themal cover In 3 vanety of site types and slope
poshions (Evans &1 al 1995).

STR-NE-287 135

#4 — Taking the
Challenge - Real
Research : Homework

“Hemlock as Critical
Forest Wildlife”

Wildlife Habitat
Associations in
Eastern Hemlock —
Birds, Smaller
Mammals, and Forest
Carnivores

Mariko Yamasaki
Richard M. DeGraaf
John W. Lanier X



#4 — Taking the Challenge - Real Research

Activity #4: Pulling out the Key Information for
understanding

¢ Students Read the Article, answered “study guide” questions (homework)
¢ Generated a list of wildlife “strongly associated” with Hemlock forests

BIRDS
¢ Great Horned Owl
¢ Long-eared Owl
¢ Northern Saw-whet Owl
¢ Blue Headed Vireo
e Red-breasted Nuthatch
e Hermit Thrush
¢ Black-throated Green Warbler

MAMMALS
¢ Snowshoe Hare
e Red Squirrel
¢ Deer Mouse
e Southern Red-backed Vole
¢ Porcupine
¢ Red Fox
e Black Bear
e Marten
e Bobcat
e White-tailed Deer




#4 — Taking the Challenge -

Real Research
Activity #5: Adopting a Species
— Who is Your Animal?

¢ Students used “info”
sheets from New England
Wildlife (DeGraaf, Yamaski)

e Filling in a chart, they
simplified the facts

¢ Using Google Images and
Power Point produced an
image view, and a factual
sheet.

22




MATRIX: HABITAT PREFERENCE “PREFERRED”
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Habitat

* Coniferous forests of fir,
spruce, cedar and hemlock
*Swampy areas, dense
mixed hardwood-conifer

Home Range
*Summer/Fall ranges,
harvested in Maine 5.2km
males

2.8 km Females

forests "
: : Samples Densities o

ipec!fll I—Il_abltat -Algonquin park -Adult Comments Source of
» Tln ! es-l & y densities 0.6 - 1.2 *Commonly called Information

allow orfogs an Maine ranged from 0.1- the pine marten-
subterranean.dens: 1.2 easily trapped New England
jsummer re5'|ilng sites opop_ is susceptible WildlifE( Habitat
in tree canopies ex. Food to over harvesting Natur'f\I I-I.|sto.ry,
Balsams and Distribution)

*Masked shrew
*Snowshoe hare
*Passerine birds and ruffed

Reproduction
*Females: 2-3 years
*Males 1 yr.

) ) grouse
*Breeding period: late *Vegetation (fruits, berries,
June early Sept. Born nuts)

mid march to late April
eLitter size-1-5

Chyloe West
Block C
Ecology 1-14-11



Nortigrn Saw-Whet OWI
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Habitat: * Home range:

Moist mature woods  Breeds from s. Alaska, central

British Columbia and central
Dense forested wetlands Alberta to s. Quebec and n.
Common at forest edges new Brunswick to s.

California, central Mexico,
extreme w. Texas, central

Special habitat: Missouri, s. Wisconsin, central
_ Ohio, w. Virginia and new

Large trees with large York. Source of
woodpecker holes or Information:
natural cavities « Sample densities New England

* 1 Dbird per 1.86 miles Wildlife (Habitat,
Reproduction: . Food: Natural history,
Egg dates — April 1 to £000. and disttribution)

* Mostly small mammals, also
May 31 insects and small birds SN -
Incubation period — 21 B:Jurkngy 00
to 28 days « Comments: oc

« - Smallest owl, males weigh as Ecology 1/14/11

much as the American robin.
Females 25% more. Hunt and
roost close to the ground






HABITAT

*Breeding: coniferous
forest, mixed woodlands
*Coniferous forest
wetlands

*Winter: coniferous forest
*Mixed woodland with
cone-bearing trees

SPECIAL HABITAT
*Decaying trees or live
tress with natural cavities

REPRODUCTION

*Egg dates: May-June
*Nesting period:18-21
*Broods per year: 1 year

HOME RANGE

S. New Jersey and S. New
York

*Winters breeding areas
except at the higher
latitudes and elevations

SAMPLE DENSITIES
0.4 territorial males per
100 acres.

FOOD

*Seeds from spruce, fir,
and pine

*Spiders some insects,

and spruce budworms

Summer- seen eating
moths

COMMENTS

Red breasted nuthatches
are far more common in
coniferous forests that in
mixed forests.

Source of Information:

New England Wildlife
(Habitat, Natural History,
and Distribution)

Danielle Smith
Block C
Ecology 1-14-2011



#4 — Taking the Challenge - Real Research
Activity #6: Building a Hemlock Forest Food Web

Task — Collecting the food data:

e Students studied
Food Chains and
Webs (Content) 5

1. Students given “animal cards image/food”

. Ask to list the animals in a chart, and the
foods they consume.

eStudents drew
out “what eats 3. Draw a food web using the “Producers”

) . below:
what” (Skill) Eastern Hemlock

Northern Red Oak

e Students used | Sugar Maple
food habits from Teaberry
“New England Princess Pine

Wildlife” Partridge Berry



WHITE FOOTED MOTUSE PORCUFINE
¢ Speds * Herbaceous Plants
* Acornz * Woody Vegetation
¢ Nuis * Crazzes
* Fruits * Leaves
¢ Tender Green Plants v Twigs
¢ Inzects o Mast (nuts)
¢ Carrion o Bark
o Hemloek (Winter)
o JS
TS R P R s WL O
FISHER CAT SOUTHEEN RED BACKEFD VOLE

¢ Mammalz ¢ (reenVegetation
o Shrews v Speds
* Mlice * Nuis
* Birdsz * Funei
¢ Squirrels * Bark
¢ Inzectz ¢ Inzects

\ * Toads * Carrion

N IV, + Berries

- - R ‘*})‘ .'.,, o Nytz
+ Carrion
- . — 4/ * Poreupine

! B

e RUFFED GROUSE  §

| BLACK-CAPPED CHICADEE

BLACK-CAPPED CHICKADEE
¢ Inzects
* Spiders
* Sppds
¢ Fruit

EUFFED GROUSE
Seeds
Inzectz
Fruits
Leaves
Bud: of Birch, Azpen, Cherry,
Hazel, Hophornbeam

31




#4 — Taking the Challenge - Real Research
Activity #7: How Crowded is your Species? Will It

Survive?
¢ Students used Porcupine

maps of FWL lands
plus Oakmont -
Acres = 2,720

eStudents used
“ra nge” and HOME RANGE: 210 5 linear miles (3.210 8 km) for nightly
travel 1n Massachusetts (Pollack 1951), McCord (1977)

“habitat” size from %103l soes 105 o [25 b
; AR i stimated 26 to 31 acres (10.5 fo 12.5 ha) in Massachi

HOMERANGE: Winter ranges ri".’l.‘,'.'Tfl[][.’d Dacres I\/M hc'i] in i{-Hi” [InT['ﬂ-'i']]uf]nuh‘?r:dztnr 1al hnrtif-’ P mffw-l 'I' "31 i ['l(é‘ J:‘

data sources - - . 5. InMaing, mean annual home range was Z3km- (6.
NE‘H Hd;‘j]p;;hrf; k]‘lyl\j“[]ﬂ]‘ il [f_]dqe 1%2 |]|1d l, S{|l'.rlr'!‘llllli‘.‘i),WIIIH-.‘I' ['dr][.:{-.‘éj‘.';'(:‘!"..'-m percent larger than

e 4] | r ranges (May 1982). Inthe Catskills, home range
E'E“TSIHS"; ﬂ']] d .hl!MIFi aCKs [Np“ YDT ﬂD 0 ::IT;};):(ll:;r::;in'.v]ét?- km* -:'?4qsiquajrr: .'l'!'JI|L'Ef i” lr:!.'.llu]r:
eStudents 1949). Spring and summer ranges ranqed from 321036 and 31.0 k(12 square miles) for emales; Adirondack
19 i | \in e [eo b and: abin Mie ranges were estimated to be 325 km¢ I'z suare miles)
CaICUIatEd geresilovio. 4hhl” ine 71l|[-'Th Fdﬂﬂﬂd l'f.']f'f‘ i M'“ tor males and 86 km¢ (33 square miles) for 1c.-:f‘.;'.:u:!"'ak
nesota (Marshall el . 192). Varies with climate and  end Brocke 1983). Ranges fathert ofindmates or ol
prey. In Minnesota, Bobcats traveled 3to 7 miles (4.8t

ﬁl:'lﬂfhl'.bfﬂf]“ %) |1.2km) while hunting ,F;l]n.t._.f.xu.

approximate
possible density
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Fish/Wildlife
2588 acres




Implementing

Teacher Goal #3:

To Involve students in local
scientific surveys of HWA
infestation at Oakmont, on
FWL lands, and on their home
property/communities.



#5 — Looking Ahead - Using Spatial Tools: (GIS)
to Assess HWA Impact
Activity #8 — Are You Infested? - Surveying Your Home

¢ Students locate
homes (GPS)
Google

e Aerial Map
generated for each 4
student USing GIS % % 18 South St; Shlrley MA 01464

SLGriffin Hous% \

¢ Students survey
home for
hemlocks and
infestation - use
map and GPS




Search

Fly To | Find Businesses “7 Directions |

| Mame: |slGrifin House

Latitude: | 42.541180° |

Longitude: |-71.656325° |

[l | Description | Style, Color | View | Altitude

o

Description:

o ‘.,a»

: 2 B f‘q 18 South St Shlrley, MA 01464
! SLGriffin House“
]

[ OK ][ Cancel ]

. k. I

Using Google Maps for Locatlon Spatlal Data
R

“Imanerv.Nate: Q) ; O CUTTRL R e Ty 42 BA0918° lan. 71 BRB200N° alen 202 (th i, 9 BN







Implementing

Teacher Goal #4:
To stimulate student critical
thinking through spatial data
analysis (GIS Tools)



#5 — Looking Ahead - Using Spatial Tools: (GIS) to Assess

HWA Impact
Activity #9 — Infested Neighbors, but How?
(The Abstract)
¢ Students read an Y + +
article about how Role of Wind, Birds, Deer, and Humans tn the Dispersal of
HWA s spread Hemlock Woolly Adelaid (Homoptera; Adelgidae)
® Students answer Author: MCLURE MARK'S

questions about
abstract, discuss and
make class list of
various hypotheses

Source: Environmental Entomology, Vohume 19, Number |, February 1990 po. 36-43(3)

Publsher: Entomolosical Societ of Amenicy

Abstract:




Activity #9 —

Infested Neighbors, but How?

(Potential Hyptheses)

¢ Students given pre-
made “GIS Maps”
representing
reported data

¢ Students use the
spatial representation
of survey data to
prove or disprove a
hypotheses.

Studies in Connecticut revealed the
following may disperse Hemlock

Wooly Adelgid: %

eWind (stlcky tape) %
X aﬁ\

e Birds (?) ©

B

eDeer (browsing)

¢ Humans (logging)




Activity #9 — Infested Neighbors, but How?
(Examining “Simulated Data” — Is your team’s

hypotheses true or false? )
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Number of Ovisacs Observed: Small (1-5) =1, Medium (6-10) = 2, Large (11-15+)

Code | Branch | Branch | Branch [ Branch | Branch | Average Percent of Comments
1 2 3 4 5 Per Tree Area
Infestation
Gl 0 Infestation on middle
1 1 1 2 2 14 14 A) branches, not near ground or
top
G2 0 Infestation on middle
O 1 2 O 1 08 8 A) branches, not near ground or
top
G3 0 Infestation on middle
1 O O O O 02 2 A) branches, not near ground or
top
G4
00|00 |0|0] 0O |0%
G5
1 1 1 1 0| 0.8 | 8%
G6 0 Heavy infestation, mostly on
2 3 2 2 2 22 22 A) branches touching ground
G7 0 Heavy infestation, mostly on
2 1 1 2 3 18 18 A) branches touching ground
G8 0 Heavy infestation, mostly on
2 2 O 3 2 18 18 A) branches touching ground
G9
2 1 1 1 0 | 1.0 |10%
G10
0 0 0 0 0 0 0%
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Hemlock Clusters — greatest
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Through our participation in the
“Schoolyard Project...” Our Students:

¢ participated in real field-based ecological
research at Oakmont, Fish and Wildlife lands
and their homes;

e had access to Harvard ecologists for
assistance;

ewere involved in current environmental issues
(Insect invasion/infestation in New England)



Our students...leaving high school with spatial analysis and
11

S. L. Griffin, Ed. D.
Oakmont Regional High School
Ashburnham, MA
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Environmental Planning Class 10-11
Hemlock Woolly Adelgid Surve

Spring Team




