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Forest Health Assessment

Introduction

An assessment of the health of forested land at Great Bay National Wildlife Refuge was
requested by the LS. Fish and Wildlife Serviee in 2006, This assessment i being conducted by
the USDA Forest Service, Durham Field Office, Forest Health Protection staff. The survey
design was implemented during the summer/Tall of 2006 and is summarized in this report.

Forest health assessments provide a general overview of the conditions of forested areas and can
be used 1o guide forest management decisions and/or inform natural resource managers about
potential health concemns in forests under their stewardship. Assessments consider the “health”
of overstory trees {e.g., crown condition, growth form ete.), regeneration in stands,
presence/absence of native insects ot damaging levels, and presence of exotic or invasive species
that could threaten the miegrity of native ecosystems. Forest health assessments also provide a
means for comparing the condition of targeted forest stands 10 regional growth patterns found in
other forest stunds.

The Grest Bay Natlonal Wildlife Refuge, éstablished in 1992, s & 1,100+ acre refuge located on
the former Pease Air Foree Base in Newington, NH. The refuge was éstablished to encournge
the natural diversity of plant, fish and wildlife species within the refuge and to provide for their
conservation and management: to protect species listed as endangered, threatened or candidate
species; to preserve and enhance water quality of aquatic habitat within the refuge; and 1o fulfill
internitional treaty obligations of the United Stites relating to fish and wildlife. The refuge
contains a diverse set of ecosystem types including tidal, wetlands, and forests. Forests make up
approximately 70% (763 acres) of the land arca and have been classified mto ten separate natural
community fypes, These forested areas are the focus of this forest health assessment,

Methods
Inventory Design

Flor Design: Temporary varnble rdius plots (BAF 10) were placed on trunsects
throughout the forested argas of GENWR during the summer and fll 2006, Within cach plot,
Ire¢ measurcmenis (spocies, dinmeter at breast height, crown class, stocking level), estimates of
tree health, and smag density were recorded.  Snags were placed into one of three decay classes.
Visual inspections lor native and invasive insect species were conducted. Signs or symptoms of
hark beetles (Coleopiera: Scolvtinae), woodborers (Coleoptera; Cerambycidae, Buprestidoe;
Hymenoptera: Siricidae), and lute scason defoliptors on rees were recorded.  Visual surveys for
invasive species including hemlock woolly adelgid (Adelges tsugae Annand), Asian longhorned
beetle (Anoplophora glabripennis Motschulsky ), emernld ash borer (Agrilus planipennis

Fairmaire), and Sirex nociilio F, were conducied. Inspections for native and invasive tree
pathogens were also completed.
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Inventory Stratification: A Natural Communities map created by the New Hampshire
Matural Herituge Bureau (Sperduto 2000) was used to stratify the inventory,  These natural
comminitics gre recurming assemblages of plants found in particular physical environments
{Sperduio et al. 2004). Each natural community is distinguished by three characieristics: 1) a
definite plant species composition; 2) a consistent physical structure (such as forest, shrubland,
or grassland), and 3} a specific set of physical conditions (such as different combinations of’
nutrients, drainage, and climate conditions). The New Hampshire Natural Heritage inventory
identified 763 acres of forest, divided into 10 natural communities (Figure 1), The 10 patural
comminities identified were:

1) Black gum-red maple basin swamp (not sampled)

2} Dry Appalachian oak-hickory forest

3} Dry-mesic Appalachian oak-hickory fores

4) Forest on fill

5) Low red maple-elm/musclewood/ladyfern silt forest

6) Mesic Appalachian oak-hickory forest

71 Plantation

8) Red mople/sensilive fem-tussock EEdE'I.: hﬁim’sﬂ.:pmﬂ,: {not sumpled)
9} Red pine forest/woodland

10) Seasonally saturated red maple swamp

The assessment consisted of a stratified mndom sample, utilizing variable radius plots as
detailed above, This portion of the assessment was implemented 1o chamcterize the forested
vegetation, including species and size class distribution, stocking, and volume estimates in the
natural communities and 1o famitiorize the authors with Refuge lands, While not all stands were
inventoried, we attempted 1o stratify the sample so that examples of each of the natural
communitics were represented. The black gum-red maplé bisin swamp and the red
maple/sensitive fern'tussock sedge basin/seepage natural commumities were not inventoried due
1o excessive water levels.

Variables collected on the inventory points:

Species
Diameter at breast height

Timber Product Quality Assessment: Common forest health and general forestry
metrics. They are used to gauge the overall quality of the site and growth potential. The
amount and quality of the wood producis are measures of productivity of the site. They
also give ingights to the current composition, as well as vertical structure potential,

o Timber quality - A determination if the tallied tree will produce o sawtimber
product. AGS means Acceptable Growing Stock for timber - capable of producing
sawtimber when il reaches appropriate size, and expected to live at least |5 years;
LGS = Unacceptable Growing Stock for timber - not capable of producing
sawtimber at any time in future and/or not expected 1o survive for 15 years.

o Produet - An estimate of the highest value product or grde obtained in the tree.

o Sawlog height - The total height of smwtimber products in the tree in feel.
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o Pulp height - The portion of the tree above sawtimber height, or il the tree does
not contain any sawtimber, the merchantable pulpwood height.

Cavity - Cavity present in main stem or lirge branches.
o Live/Dead - condition of tree where cavity was foumd.
o Tree species - tree species iF identifiable. Grouped as conifer or hardwood for
analysis.

Crown class - The position of the tree crown using (hese classificalions:

o Upen grown - a tree that s free of competition and receives light on top and on all
sides of the crown as a resull ol a very heavy thinning or being in an isolated,
open-grown position.

o [Dominant - i tree with the crown extending above the general level of the main
crown canopy and receiving full light from above and partly from the sides.

¢ Codominant - a tree with @ crown forming the general level of the main canopy,
recelving full light from above but little from the sides.

o Intermediaie - a tree with a crown extending into the lower pmh:lns of the main
crown canopy, but shorter than the codominants and receiving liitle direct light
friom above and none from the sides.

o Suppressed - a tree whose crown 1s entirely below the general level of the canopy
and receives no direct light from either above or the sides.

Crown condition - An estimate of the tree crown's condition based upon the percent off
the normal crown relative to total height; often called live crown mtio, Trees with live
crowns less than 25% are considered poor condition; between 25% and 50% m fair
condition; and in good condition if they have more than 50% live crown,

Snags: An estimate of forest structure and potential wildlife habital, Snags were
classified based vn the following groups shightly modified from Bull e al. 1997:
o Class | —recently dead tree, fine branches often present, bark tight on tree, with

little decay present.

o Class Il — Bark loose or falling off of bole and branches, fine branches absent,
larger limbs decaying or falling, decay in bole present.

o Class 11 - Small and large branches absent, most bark gone, in advanced stages
ol decay.

The mventory data was collected electromcally using NEDLite (knopp and Twery, 2006). Data
was processed, and stand reports genented using NED-| software (Simpson et al, 1995).

Resulls
A total of 61 stands were mapped on the original natural community mup that consisied ol ten

lorest community types (Figure 1) OFthe 61 forest stands, 18 were inventoried {29.5%) for a
tatal of 399,7 acres of the 763 acres of forested covertype (52.4%).
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Figure 1. Natral Commumities of Great Bay National Wildlife Refuge based on Sperduto
( 20040).
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Cireat Bay National Wildlife Refuge has a diverse forested habitat given its relatively small area.
Twenty four aversiory species were inventoned. The overstory species are dominated by
northern red oak (17.6% of trees per acre), eastern white pine {16,.5%), red maple (16.4%),
shaghark hickory (12.8%), and black cherry ( 16.8%). Nineteen tree species account for the
remaining 20% of stems per acre.

Muaost of the stands inventoried are overstocked, larger diameter stands (Table 1), This lorest
condition is commuon for stands that have had no active management for a long perod of time.,
The distibution of size classes is not balanced, meaning that some stze classes are under or over-
represented.

An overstocked condition in a forest has several complicating factors, Stunds that are
overstocked tend to be less vigorous with too many trees competing for the limited resources
present at a site. Less vigorous trees are more susceptible to primary and secondary pests, which
further weaken and may kill trees. Overstocked stands ofien lack adequate regeneration in the
understory. For species that are moderate o intolerant to shade, including paper birch, quaking
nspen, and sweet birch that are present on GENWR, the lack of sunlight in overstocked stands

f
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creates an unbalonced age class distribution thar could ultimately tead 1o the loss of these species.

fn future stunds,

Table 1. Chornctenistics of forest siands surveyed on Great Bay National Wildlife Refuge.

Natural Stand | Forest Type | Size Class | Medial | Canopy | Relative | Basal
Community Arca DBH | Closure | Density | Aren
- (%),
Wock g sodmegis - | 14,4 Not Sampled
""L"T:E.ﬂ';‘""‘ K05 | Other Small 12.36 o3 167 | 1400
Hardwood Sowiimber
Ty mesic Appalachiee | 146 % | Other Smmall 1634 97 99 | 1533
e i Hardwood | Sawtimber
Forra on Fill 125 | Allegheny | Small 16104 63 629 1150
Hardwood | Sowtimber
Bt cher e 69.2 | Pine Small 13.80 75 782 | 1250
e e o Hardwoods | Sawtimiber
A ail- | 357.6 | Other Small 15.90) a3 098 | 1656
AT e Mixedwood | Suwtimber
Flaamtiom 254 | Pine Pole §.78 80 9. 1 156.0
o sl (LU Not Sampled
hasin ‘seepage
Red pine-forestwondland | 77 | Red Pine Large 16.84 B4 B6.0 190.0
Sawtimber
Semenlly el e | 382 | Onke Large 17.22 89 86 | 1150
Sawtimber

A measure of size ¢lass distribution is the ¢ lacior. The g factor is the ratio of numbers of trees
between successive dinmeter classes. A g of 1.3 micans that there are 1.3 times as many 100 inch
trees a5 |1 inch trees, and that there are similar ratios between the other diameter classes. The
range of ¢ factors at the refuge were 1.14-1.26, with most below 1.2, In northeastern forest
types, q factors between 1.3 and 1.8 (for 2 inch diameter classes) are frequently recommended
for timber management. Values below 1.3 could be useful for wildlife and visual goals and are

common on the refuge, At a low g, large tées occupy a relatively large proportion of the
growing space. Consequently, regeneration 15 ofien limited in these stands as avmlable resources
are used by the dominant trees,  Attempts o maintain a very low ¢ may nol be sustaimahle and
future stands of similar types may be jeopardized. 1T corrent forest and stand conditions are
considered the desived futlure condition, active management with long-ierm goals geared towards
maintaining given forest types should be considered.

Cavity trees are vitally important 10 many types of wildlife: they provide nesting, roosting. and
denning sites for approximately 25% of the wildlife species in the Nonheast, including birds,
mammals, reptiles, and amphibians {DeGraal and Shigo 1985). Presence of cavities were tallied
for live and dead trees, and are summarized in Table 2. Exeept for the red pine forest/woodland
natural community, most of the cavities were i hardwood species, with a mixture of live and
dead cavities. No cavities wene recorded in the forest on fill, low red maple-
elmdmusclewood/lady fiern silt forest, or the plamation natural communities.
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Snags were a common occurrence on GBNWR and occurred in all natural community types
surveyed (Table 33, Class 1] snags were the most common and sccounted for 61.6% of all snags.
Class | (26.8%) and Class 11 (1 1.6%) were less frequently encountered.  Snags are an important
component of 2 healthy forest ccosystem and are used by o vanety of invertebrates, vertebrates,
and other arganisms as habitt,

A summary of data collected for each natural community surveyed, including a description ol the
natural community, overstory narmative, and a timber narrative are included on pages 12 1o 30,

Table 2. Description of tree cavities lor the natural commimities found on Great Bay National

Wildlife Refuge.

- Stand ~ Total # Cavities in | Cavitiesin | Cavitiesin | Cavities in
L Acre Trees Trees
Hiack gum-red maple Not Sampled
hanin s
Uy Appalachion oak- 16.3 1.1 15.2 6.1 10.2
hickofy fanest
Trry-mesic A ppalachian %1 3 48 ] 5.1
cak-higkary Forest
Frrest om Fill 0 0 0 i1 i
Lo red m
ﬂn:'muhmu,&lrm D 0 ¢ ¢ v
sl borvst
Wi Appulachisn oak- > 3
Lt T}m 3.1 27 0.4 0.3 2.8
I'amtation i i 0 4 i
Wt sEnsilive e
mﬁ:mul v Not Sampled
Bugsin/seepage

o it notaiemses 18,3 134 49 17.7 0.6
Seawnally satumusd red 2315 23.5 0 i 235
| Siispii paioug)

Table 3 Snags by decay class for the natural communities found on Great Bay Mutional Wildlife
Refuge. Sec text for description of decay classes.

Stand Number

Suags per acre

Class |

| Class

nm |

Class 11 |

Total

Hlsck gims-red maple
hasim swamp

Not Sampled

Iy Appalachinn osli-
hilckisty Forgsi

12

19

3l

Dhry-rcaie A ppaldachinn
eualc-hicknry foresl

25

10

35

[Fostirsd o [0

5

3

Lavw ek maphe-
i mus leweoosd Ly fem
will fiwesl

(1]

1]

U
60

57

Mesac Appubachasn oak-
| higkony forest

13

10

33

Mamation

127

161

[ Red mape-sensiiive feme
nmsock sedpe
hanin’ T

Not Sampled

el pine foeest woodiaed

Semwenally salambod mod
mrupde swaip

=1 fr ]

Tk | el

k| Bl
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Insect & Disease Surveys

Visuil surveys for non-native insects were conducted on the inventory plots as well as on
trangects through the stands. Introduced insects of concern are the hemlock woolly adelgid,
Asian longhomed beetle, emermld ush borer, and Sirex noctifio. These mvasive species have
been found in North Amenica and several have caused serious economie and ecological impacts.
While no evidence was found for these species during our initial survey period. in July 2007, two
red pine were located in NHI point 67 that showed characteristics similar to trees attacked by S,
moctifio, With permission from GBN'WR., we removed one of these suspect frees, dissected the
bole, and found no sign of 8 roctifio larvae or adulis in the wood. Because 8 nocnilio often
attacks trees but does not oviposit, we have placed four semiochemical-batted traps within the
stand 1o survey lor presence of adult woodwasps. Results from this survey will be complete by
December, 2007.

MNative insects, including bark beetles and fall webworm were found on GBNWR. Jfpr spp. are
bark beetles usually considered secondary species, but occasionally kil living trees when
populations are epidemic. On GBNWER, Jps were found attecking severely suppressed red pine
in one stand (NHT point 7). Codominant trees showed no sign of attack and likely will not be
impacted by this beetle unless epidemic populations build in the surrounding arca, However,
given the small amount of pine in poor condition on the Refuge, it is unlikely Jps will become a
primary tree killer. Another bark beetle, the Columbian timber beetle { Cortfiviey colimbiamny
Hopkins), wis found attacking mature red maple on GBNWR (NHI point 137). This ambrosia
beetle attacks apparently healthy trees, but has little direct effect on tree health. Aacked trees
are capable of tolerating the inséct damage, but adult entrinee holes often become moculation
points for other wood decay fungi. Wood products may be affected, but because high-value
timber production is not the goal of GBNWR there should be no concemn lor the presence of this
insect, Fall webworm, Hyphaniria cunea (Drury), was noted on hardwoods, but populations of
this in=e¢! rarely cause iree mortality.

Visual surveys for forest diseases were conducted as well. While lab confirmation was not
possible, white pine showing symptoms of Caliciopsis pine canker, Caficiopsis pinea (Peck)
infection were found in one stand (NHI point 157). This canker is thought 1o be a weak
perennial fungus which attacks thin harked areas of the brunch and bale, and while tree mortality
is usually low, increased crown transparency and reduced crown density suggests tree vigor is
being reduced by heavy infections of this disease. The canker was found in an overstocked pine
stund, which is also a candidute for another pine pathogen, white pine blister rust, Cromardiun
tihicola [Fisch).

While not currently found on GENWR, a pathogen threal 1o continue to monitor for is ash
vellows. Ash yellows is caused by mycoplasmalike organisms that invade the vascular sysiem of
infected trees, Reporied in New Hampshire and northeastern Massachusetis, this pathogen is a
mijor threat 1o the ash resource. Symptoms include poor growth, reduced vigor, snd prematiire
mortality of infected trees. In severe cases, complete loss of the ash component of a stand can
(CCLr,
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Management Recommendations

There are several coniler plantations (red and white pine, white fir) that are overstocked. These
plantations would benefit from o thirming to reduce the density and increase the vigor of the
stunds. They are currently stagnating, with evidence of decline agents present (Caliciopsis pine
canker, fps beetles), With no imtervention, these stunds will continue 1o decline and break up,
with competing hardwoods eventually overtaking the site. This would eliminate the pure conifer
component from the landscape. There ane several silvicultural prescription options avallable,
dependent upon the habitat goals of the refuge,

Many of the stands a1 GBNWR are mature, with low g factor values, or an uneven distribution of
tree sizes. One simple management regime 1o address this would be 1o ereate wildlife openings
in some of these stands. This technigue will merease the range of vertical structure, as well as
ercate conditions that favor more shade intolerant species. Smull openings in several of these
stands would create more habitat heterogeneity and diversify the habitat for species that favor
carly successional habitats. One factor to consider in opening up canopies is increased browse
availability for deer. Deer browsing can influence future Torest conditions by altening tree
gpecies composition, understory plant species richness, and abundance/distribution of invasive
plant species (Augustine and Frefich 1998, Horsley et al. 2003, Rossell et al. 2007).

Mature stands ¢reate challenges to any recreation opperiumiies. With active recreation (1.e.,
hiking trils) traversing these types of stands, hazard tree management becomes an importont
issue. Obder, unmunaged stands tend to have higher rates of failure on tree limbs with latent
defects. 11 not previously undertaken, we recommend a hazard tree survey be completed in the
high activity arcas (c.g., parking arcas and trail corridors). This survey may lielp prevent an
incident, as well as lay the foundation for management of risk to the public.
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Natural Community Summary Overview

The following nobural community summaries include busic metrics of the stand, a descniption of
the natural commumnity (laken from Sperduto 2004 ), and an overstory summary namative. Mamy
of the metrics and terminology i the overstory narmutive are imber management onented. They
are presented here for use in comparison with other forested stands in northeastern forests, They
can be used 1o forecast fUture conditions in these stands, and model ecological development.
The types of habitats and vertical strocture required for species of importance 1o the Refuge con
be planned for and developed using these metrics,

The effective age of the notural community s compuied using species specific growth factors
related 1o size {diameter) of the tree at the time of inventory, An adjusted median age s
caleulated,

Aceeptable growing stock are trees capable of producing sawtimber when it resches appropriate

size, whereas unaccepiable growing stock is considered incapable of producing sawtimber at any
time in future because of species, growth form, or cumrent vigor.

Appendix H. Forest Health Assessment for Great Bay National Wildlife Refuge H-1
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Black gum-red maple basin swamp

Identification and Location

Stand 1D: |

Compartment: Black gum-red maple basin swamp
Date of inventory: Not sampled

Measures
Aren: 4.4 ac

ritl Commiunit weniplio

Black gum - red maple basin swamps are very similar in vegetation, soils, and hydrology to red
maple - Sphagmon basin swamps, A pringipal distinction between these communities is the
codominance of black gum with red maple in the canopy of black gum - red maple basin
swamps, These swamps typically occur in perched upland till basins with watersheds smaller
than one square mile, Species typical of acidic, relatively stagnant conditions are prevalent, bui
these swamps are highly variable in structure and composition ranging from forest (greater than
63% tree cover) 1o sparse woodland { 10-25% tree cover). The shrub layer density incredses in
woodland and sparse woodland examples. Historical logging activities may also have influenced
the structure and composition of some examples, and additional research on stand history s
needed to clarify the relationships between land use history and corrent vegetution, Sodls are
tvpically acidic, nutrient-poor, very poorly drained Histosols (deep peat or muck) or pﬂnﬁy (T
very poorly drained mineral soils with histic epipedons. Peat 15 well decomposed near the
surface, and pHs average approximately 4.4 (range: 3.7-5.3). Hummocks are well developed and
averige approximately (.4 m high, There is liitle evidence ol seepage or surface water Mow in
black gum swamps. Examples i lakeside settings may be influenced somewhat by surface (low,
but water seurces are generally restricted W precipitition, seasonal runolT or subsurface Mow
from surrounding uplands. Many of these swamps have stagnant outlet streams but no perennial
inlets or streams running through them: others have neither inlets nor outlets.

12
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Dry Appalachian oak-hickory forest

Identification and Location

Staned 1D 2

Compartment: Dry Appalachion cak-hickory forest
Date of inventory: /162006

Measures

Arca: 80.5 ac

Plot coun: §

Mumber of plot size classes: 2
Trees per acre: 73636 #iac
BRasal aren: 140.0 sq ftac
Relative density: 116.7 pel
Canopy closure: 93%

Stand Chamctenstics
Forest type: - other hardwoods
Forest tvpe for prescniption: other

These oak - hickory and oak forests oceur in southern and south-centra] New Hompshire and are
characterized by southem species that reach the norhern extent of thelr ranges in this reghon, It is
distinguished from dry red ook - white pine forests, whech tend to lack significant representation
of southern or Appalachian species. The ahility of many oak species 1o rool or stump sprotil
coniributes 1o their perpetuation under regular fire regimes or harvesis. Oak foresis appear 10 be
fire-dependant over long periods in other regions of the country. Some of these forests may
suceeed 1o other overslory species in time due 1o lack of sdequate red oak regencration, and
from increases in beech on drier sites and sugar maple and beech on more mesic sites. Repeated
fire would tend to knock back fire-sensitive species like beech and sugar maple. As such, any
natural, semi-natural, and/or controlled fire regimes may be necessary for the long-term
maintenance af oak and hickory on some sites. These forests are typically found on middle and
upper slopes of low hills with acidic, well to excessively dmined soils of low available nutmient
status (oligotrophic). They are also common on slopes with south or west aspects. Known or
poteniial soil series inchude Hollis, Shapleigh, Brimficld, Charfton, Canton, and perhaps Paxton
soils.

Overstory Summary MNarrative

This dry Appalachion oak - hickery forest is currently considered mature and has a diverse
group of tree species present. Effective stand age was estimated at 101 years, Species
distribution by basal area was; eastern white pine (30%), northern red osk { 14%), paper birch
(14%), black oak (14%), black cherry (10%). American beech (6%), shagbark hickory (6%).
swoet binch (4%), and red pine (1%),

In a timber management setting, this natural community would be considered small sawtimber

having a medial stand diameter of 12,36 in. Relative stand density was 1 16,7 percent of the
averdge maximum stocking expected in undisturbed stands of similar size and species, This
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density is well above the optimum for best individual ree growth. At this relative density,
growth rte of the biggest trees is probably moderate, while growth of medium and smaller-sized
trees is probahly fair, and mornality due to crowding moderate. Mortality due to crowding wall
add important structure to the stand.

The growing stock amounted 1o 114.0 8q {tac. Gross total volume in all trees to a4 inch lop was
2898.2 cu.fac. There were 736 trees/ae in this stand, The basal area of acceplable growing
stock was | 14.0, while unaceeptable growing stock represented 26.0 sq Vae of basal area.
Acceptable growing stock represented X0, 1 of the relative density, while unacceptable growing
stock represented 36.7 of the relative density. The g factor for this stand was .25,

The mean dinmeter of this dry Appalachian oak-hickory forest was 3.94, The quadratic mean
diameter was 5.90. The net board fool volume of this stand was 10,209 bd.(Vae and 24% of the
basal aren were considered of high value, Trees of acceptable quality for future growing siock
provide a fully stocked stand by themselves.
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Dry-mesic Appalachian oak-hickory forest

Identification and Location

Stand 1D: 3

Compartment: Dryv-mesic Appalachion oak-hickory forest
Date of inventory; 9212006

Measures

Aren: 1468 ac

Plot count: &

Mumber of plot size classes: 2
Trees per acre: 344.94 #ac
Basal aren; 153.3 sq e
Relative density: 109.9 pei
Canopy closure: 97%

Stand Characteristics
Forest type: other hardwoods
Size cluss: small sawtimber

urnd Commmir

This community occurs on dry-mesic sites in coastal and southern New Hampshire and is
charactenized by a broad diversity of trees, including Appalachian (ceniml hardwood) oaks.
hickories, white pine, and transitional hardwood trees, The shrub and herb kayvers are sparse to
moderately well developed. Heaths and other dry site understory plants are absent or in Jow
abundance, as are species charactenstic of more northern forests, such as sugar maple, yellow
birch, and wood fems (Deveysteris spp.). Soils range from well drained sandy 1o very fine sandy
loams (such as Eldridge, Chatfield-Hollis, and Pennichuck series) on gentle to moderate slopes.

O ' 8 Ve

This dry-mesic Appalachian oak — hickory is currently considered mature, Effective stand age
was estimated to be |58 vears, There were cleven tree species present in the stand, with the
following species distribution by basal aren: eastern white pine (29%), northem red onk (25%:),
shagbark hickory (13%), pignut hickory (10%5), sweet birch (9%5), black oak (3%), paper hirch
{3%). white ash (2%). black cherry {1%). white oak (1%), and castern hemlock (1%6).

In a timber management setting, this natural community would be considered small sawtimber,
having a medial stand diameter of 16.34.in.  Relative stand density was 109.9 percent of the
average maximum stocking expected m undisturbed stands of siilar size and species. This
density 15 well above the optimum for best individual tree growth. At this relative density,
growth rate of the biggest trees is probably modernte, while growth of medivm and smaller-sized
tries is probably fair, and mortality due o erowding modernte. 17 this natural community is
managed under an even-age silvicultural svstem, the severl species groups will mature at shout
the same time.

The growing stock amounted to 138.3 sq Wac. Gross total volume in all trees 1o a 4 inch fop was
3049.6 cufifac. There were 345 trees/ac in this stand. The basal area of acceplable growing
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stock was 1383, while unaccepiable growing stock represented 15,0 8q ftfac of basal area.
Acceplable growing steck represented 101.7 of the relative density, while unacceptable growing
‘stock represented B.2 of the relative density. The ¢ factor for this stand was 1.15.

The mean diameter of this drv-mesic Appalachian oak-hickory forest was 7.01. The quadratic
mean diameter was 9.03. The net board loot volume of this stand was 10,245 bd. fvuc and 27%
of the basal area in this stand were considered of high value. Trees of acceptable quality for
future growing stock provide a fully stocked stund by themselves.
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Forest on Fill

Idemtification and Location
Stand 1D: 4

Compartment: Forest on fill
Date of inventory; 9222006

Mreasures

Arca: 125 3¢

Plot count: 2

Mumber of plot size classes: |
Trees per acre: 13936 #/ac
Basal area: 11505 fifac
Relative density: 62.9 pet
Canopy closure: 63%

Stand Choroctenstics
Forest type:  Allegheny hardwoods
Size class: small sawtimber

Natural C iy Deseripi

This communily is highly variable, existing on extremely disturbed sites. Species typically are
planted varieties, recruited from neighboring stands, or introduced invasive and pioneer. Physical
characteristics of nutrient cycles and drainage may have been altered durmg the disturbance,
rendering the community different from its original as well as neighboring communities.

ﬂ! erslory ""IIII:IEI!EE t[ﬂﬂ:ﬂﬂ!:ﬁ

This Allegheny hardwoods stand is currently considered mature. Effective stund age was
estimated to be 123 vears. There were six tree species present in the stand with the following
species distibution by basal area: black cherry (39%:), red maple (26%), quaking aspen (229%),
northern red oak (4%), white ash (4%), and American elm (4%).

In & timber management setting, this natural community would be considered small sawtimber
having a medial stand dimmeter of 16.04 m. Relativie stand density was 62.9 percent of the
average maximium stocking expected in undisturbed stands of similar size and species. This
density is in the optimum range for optimal individeal tree growth, At this relative density,
growth rate of the biggest trees is probably excellemt, while growth rate of medium and smaller-
sized trees is probably good and mortality due to crowding low.

The growing stock amounted 1o 95.0 sq fise. Gross tota] volume in all trees 10 2 4 inch top was
2535.0 cu.Mfac, There were 139 treesiac in this stand. The basal aréa of acceptable growing
stock was 95,0, while unseceptable growing stock represented 20,0 sq fac of basal area,
Acceptable growimg stock represented 50.2 of the relative density, while unacceptable growing
stock represented 12,7 of the relative density. The overnll stand relative density was 629, The g
factor for this stand was .14,
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The mean diameter of this forest on fill forest was 11.36. The quadratic mean diameter was
12.30. The net board foot volume of this stand was 6882 bd. it ac and 43% of the basal arca in
this stand were considered of high value. Trees of acceptable quality for future growing stock
are inadequate to provide a fully stocked stand in themselves,
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Low red maple-elm/musclewood/ladyfern silt forest

Identification and Location

Stand 1D: 5

Compartment: Low red maple-elm/musclewood adyfem silt forest
Date of inventory: 0572372007

Measures

Arca: 69.2 ac

Plot coum: 4

Mumber of plot size classes: 3
Trees per acre: 4228 fiac
Basal aren: 1250 5 fifoc
Relative density: 78.2 per.
Canopy closure: 75%

Stand Choarpctenstics
Forest type: pine hardwoods
Size class: small sawtimber

Nl Comimimity Desint

This lorest type is intermediate between upland and wetland communities. It has a seasonally
high water table and silt soils with u high water holding capacity and intermediate nutrient status.
The vegetation consists of a moderately diverse combination of upland, moist-site forest species
and facultative wetland species, The woody and herbaceous understories are sparse 1o
moderately well developed. Unlike most swamps, there is very Hitle or no organic soll horizon or
hummock-hollow microtopography development. Soils are somewhat poorly drained silt loams
with o seasonally high water table, high moisture holding capacity due o the silt contem, and
moderate hase-cation status judging [rom species composition and silty soils. Soil types include
some Buxton and Scitico silt loams (of marine ongin), among other soils. There is typically no
or a very shallow O horizon (<2 em), very dark gray-black silt loam A horizon, and olive gray
silt loam B horizon with redoxymorphic features {motiles) found near the transition 1o the B
horizon. One example has a distinct plow Inyer, although others have a more distinet horron
development and have not been plowed. This community 18 similar in some respecis 1o
somewhat poorly drained floodplams forests and secpage forests, but are not looded and do not
hawve mucky organic horizons. 1t is also similar to hemlock — cinnamon fem and red maple - red
odk - cinmamon fern forests in terms of drainage class.

Orverstory Summiary Narmitive

This pme hardwoods stand 15 comrently considered mature.  Effective stand age was estimated a
156 years, Nine tree species were present in the stand with the following species distribution by
hasal area: red maple (40%6), eastern white pine (28%), black cherry (6%), blue spruce (6%),
redeedar (6%), apple sp. (6%), sweet birch (4%5), white ash (2%:), and silver maple (2%).

In a timber management seiting, this natural commumity would be considered small sawtimber
stand, having a medial stand dinmeter of 13.80 in, Relative stand density was 78.2 percent of
the average maximum stocking expected in undisturbed stands of similar size and species. This
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density is m the optimum range for best mdividual tree growth. At this relative density, growth
rate of the biggest trees s probably exeellent. while growth rate of medium and smaller-sized
trees is probably good and monality due 1o crowding low.

The growing stock amounted to 87,5 sq fiYsc. Gross total volume in all trees 1o 4 4 inch lop was
2133.9 cu.fVae. There were 423 trees/ne in this stand. The basal area of acceplable growing
stock was 87,3, while unaceeplable growing stock represented 37,5 sq [Vag of basal area.
Acceptable growing stock represented 56.2 of the relative density, while unsceeptable growing
stock represented 22,1 of the relative densaty. The g Tactor for this stand was 1,19,

The mean dinmeter of this low red maple-clm/musclewood/ladyfern silt forest was 6.01. The
quadratic mean diameter was 7.36, The net board foot volume of this stand was 5760 bd. ft/ac
and 6% of the basal area in this stand were considered of high value. Trees of acceptable quality
for future growing stock are inadequate to provide a fully stocked stand in themselves.

250 -

':"EEIE glu q'ﬁ'qlg :-'::'u'n_'q n'qn-u_n'E
v - = B B B-& & e =
e dS T ERELIREEELRYY
& s g et &g gEH RS R IHE
Size claas (inches )

[ stersapio ] reacecar [ sweetnich ] oackcreny [ whan Pine

. Appie sp. |:| Bive Spruce . White Aah . Red Magple

20

H-20 Great Bay National Wildlife Refuge and Karner Blue Butterfly Conservation Easement Comprehensive Conservation Plan



Forest Health Assessment

Mesic Appalachian oak-hickory forest

Idemification and Location

Stand 1D: 6

Compartment: Mesic Appalachion oak-hickory lorest
Date of inventory: 81772006

Measures

Arca: 357.6nc

Plot count: 9

Mumber of plot size classes: 2
Trees per acre: 234,98 #ac
Basal area: 165.6 5q ffac
Relative density: 109,58 per
Canopy closure: 93%

Stand Choroctenstics
Forest type: other mixedwoods
Size class: small sawtimber

Natural C iy Deseripi

This communily occurs on mesic sites i coastil and southern New Hampshire and is
characterized by a broad diversity of trees, including Appatachion (central hardwood) oaks,
hickories, white pme, and transitional hardwood trees. The shrub and berb layers are sparse 1o
moderately well developed. Heaths and other dry site understory plunts are absent or in fow
sbundance, as are species charclenistic of more northern forests, such as sugar maple, yellow
birch, and wood foms (Dryayvieris spp.). Soils range from well drained sandy to very fine sandy
loams (such as Eldridge, Chatficld-Hollls, and Pennichuck series) and moderately well drained
silt loams {such as Scitico and Boxford silt loams) on gentle 1o moderate slopes. The moisture
regime of sandy loams tends to be dry-mesic and the silt loams tend to be mesic.

I i '] Ve

This mesic Appalachian oak-hickory forest i currently considered mature. Effective stand age
was cstimated o 131 vears. There wiere 11 tree species present i the stand with the following
species dismbution by basal area: eastern white pme (34%), northern red oak (32%), red maple
[ 14%), black oak (6%), black cherry (4%), shagbark hickory (3%6), while ash (3%}, paper birch
(2%, scarlet oak ( 1%), mockemut hickory (1%), and white-cedar sp. (1%),

In a timber management setting this natural community would be considered o sawtimber stand,
with a medinl stand diameter of 15.90in, Relative stand density was 1093 percent of the
average maximium stocking expected in undisturbed stands of similar size and species, This
densmy 18 wiell nbove the optimum for best individual tree growth, At this relative density,
growth rate of the biggest trees is probably moderate, while growth of medium and smaller-sized
trees is probably fair, and monality due to crowding moderate,

The growing stock amounted 1o 137.8 sg fae. Gross total volume in all trees 1o a 4 inch lop was
3606.4 cuft/ac. There were 235 treeslac in this stand. The basal area of acceptable growing
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stock was 137.8, while unaccepiable growing stock represented 27.8 sq ftac of basal arca.
Aceeptuble growing stock represented 93,0 of the relative density, while unncceptable growing
‘stock represented 16.7 of the relative density. The g factor for this stand was 1.18.

The mean diameter of this mesic Appalachian oak-hickory forest was 9,90, The quadratic mean
diameter was 11.37. The net board foot volume of this stand was 13,882 bd. Ve and 36% of the
basal arca in this stand were considered of high value, Trees of acceptable quality for future
growing stock provide o fully stocked stand by themselves,
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Plantation

Identification and Location
Stand 1D: 7

Compartment: Plantation
Date of inventory; 9192006

Measures

Arca: 154 ac

Plot count: 5

Mumber of plot size classes:
Trees per acre: 467.51 #ac
Basal area: 156.0 5q fifac
Relative density: 90,1 pet
Canopy closure: #0%

b

Stand Charnctenstics
Forest type: pine
Size class: pole

This forest type is an artificial community, planted typically in a manoculiure and mainly of
conifier species. They are often planted in rows, adding to the artificial appearance. Plantations
are typically used in production forests, where maximum wood fiber is the objective, or in
walershed profection.

This pine plantation is currently considered mature. Effectivie stand age wiis estimated at b6
years. There were five tree species present in the stand with the following species distribution by
basal area: eastern white pine (44%), red pine (37%), black cherry (10%), blise spruce (3%6), and

pignut hickory (1%).

In a timber management setting this natural community would be considered a pole stand, with a
medial stand dinmeter of 8.78 i, Relative stand density was 90,1 percent of the average
maximum stocking expected in undisturbed stands of similar size and species. This density is
higher than optimum for best individunl ree growth. At this relative density, growth rate of the
biggest trees is probably moderate, while growth of medium and smaller-sized trees is probably
fair, and mortality due 1o crowding moderate.

The growing stock amounied 1o 1280 5q fVac, Gross total volume in all trees 1o a 4 inch top is
23380 cuftine.  There were 46 trees/ac in this stand.  The basal ares of acceptable growing
stock was 128.0, while snoceeptable srowing stock represented 28.0 sq fUac of basal area.
Acceptable growing stock represented T1.4 of the relative density, while unacceptable growing
stock represented 18.6 of the relative density.  The overall stand relative density was 90,1, The g
factor for this stand was 1.26.
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The mean diameter of this pine plamation was 745, The quadmtic mean diameter was 7.82,
The net board foot valume of this stand was 2086 bd. fac and 10% of the basal area in this stand
were considered of high value. Trees of acceptable guality for future growing stock are
inadequate to provide a fully stocked stand in themselves.
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Red maple/sensitive fern-tussock sedge basin/seepage

Identification and Location

Stand 1D: B

Compartment: Red maple/sensitive fem-tussock sedge basin/seepage
[ate of inventory; Not sampled

Measures
Area: 10,7 ac
Plot coum; 0

Mumber of plot size classes: 0
L ommikini gt

This s u common type of red maple swamp characierized by a diverse ussembluge of herbaceous
species, relatively little Splagmen moss, and saturated or séasonally saturated to seasonally
Nooded soils, The swamps may be small or very lorge (10-100 acres) and typically ocoupy
headwateér basins thut give rise to drainages or along drinages where seepage or non-
channelized upland runoff contributes 1o the water budget. It lacks seasonal Nooding from over-
bank flooding (typical of scasonally Mooded red maple swamps) and 15 more minerotrophic than
red maple - Sphagnum basin swamps. Owoclea sensibilly (sensitive fern) is o good indicator of
minerotrophic conditions in this type. Subsurface groundwaier discharge is likely in at least
same of these swamps. These swamps are often found with other swamp communities in a larger
TOSAIC.
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H-26

Red pine forest/woodland

Identification and Location

Stand 1D: 9

Compartment: Red pine forest'woodlond
Date of inventory: 87162006

Measures

Area: 7.7 ac

Plot coum: 3

Mumber of plot size classes: |
Trees per acre: 13931 #inc
Basal area: 190.0 5q fifac
Relative density: 86.0 pet
Canopy closure: #4%

Stand Charnctenstics
Forest type: red pine
Size class: large sawtimber

Red pine dominated forests and woodlands are most prominent on dry, montane rocky ridges,
oulcrops, and summits where acidic, nutrient-poor conditions prevail. Red pine stands are often
evenaged and have park-like understories with o low heath shrub laver, Even-aged cohorts
typically develop following an intense fre. This community is most common on southerly
aspects, ranging from west to south o east, between T50-2700 i elevation. Typical examples
consist of mosaics of open or partially vegetated rock outcrops interspersed with a scattered or
patchy tree canopy. Rock exposures gencrally cover 23-50% of the ground surface, In some
areas, particularly those with deeper soils or ones that have only a distant fire-history, red pine
may form an essentially closed canopy. Red pine trees may exceed 60-70 fi (18-21 m) in height,
but are, on average, shorter in woodland settings and at higher elevations, A closed Torest canopy
may form in the ubsence of fire for long periods or where soils are more well developed. Shade-
intalerant species tend to be less abundant or absent in forested examples [e.g,, Corvdalis
sempervirens (pale corydalis), Potentilla tridentata (three-toothed cinguetoil ), Deschampsia
Mexuosa (common harr-grass), and Damtlfronia spicata (poverty oat-grass)]. Fire plays an
important role in the formation and maintenance of this community, and controlled bums or
wildfire muy be required for subsiantial regeneration of red pine, whether or not harvesting is
performed. Red pine can exceed 200 vears of age, and its thick, platy bark affords mature trees
soume proteetion from fire when trees reach about 70 vears of sge. Younger trees have thinner
bark and may not survive an intenise fire. Several native red pine forests occur in central New
Hampshire on deep sandy kame termces with very little bedrock exposure, These are classified
as red pine - white pine - balsam fir forests, Red pine is less frequent in samnd plain setiings
relative to montane outcrops. Although individual red pine trees may be found in southemn

MNew Hampshire, native stands are rare or absent. Some outerops i other landscape positions,
such as along rocky lake shones, exhibit similar vegetation and are included in this type. Soils are
thin, dry, and acidic with turfy (fibrie) organic surfsce horizons and gravelly andfor coarse sand
mineral lavers over acidic to imermediate bedrock (aligotrophic). This is a distinct, narrowly
defined community that intergrades with other northem rocky ridge communities. It is
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considered distinet from the red cak and jack pine types due to differences in dominant tree
species and probable differences in ecological histories or circumstances.

Iy 5 [y

This red pine forest'woodland is currently considered mature. Effective stand age was estimated
at 126 years. There were three tree species present in the stand with the following species
distribution by basal grea: red pine (96%), castern white pine (2%), and pignut hickory (2%),

In a timber management setting this natural community would be considered a large sawtimber
stand, with a medial <tand diameter of 16,84 . Relative stand density was 86,0 percent of the
average maximum stocking expected in undisturbed stands of similar size and species.. This
density is higher thun optimum for best individual tree growth, At this relative density, growth
raie of the biggest trees is probably moderate, while growth of medium and smaller-sized trees is
probably fair, and monality due to crowding moderate.

The growing stock amounted 1o 183.3 sq fVae. Gross total volume i all trees 1o o 4 inch top was
47231 cufae, There were 140 trees/uc 1n this stand. The basal arca of acceplable growing
stock was |83 sq ft/ac, while unacceptable growing stock represented 6.7 s fiiag of basal area,
Acceptable growing stock represented 82,8 of the relative density, while unacceptable growing
stock represented 3.2 of the relative density. The overall stand relative density was 86.0. The g
Factor for this stand was 1,19,

The mean diameter of this red pine forest/woodland was 15,50, The quadratic mean dinmeter
was 1580, The net board lool volume of this stand was 24,659 hd Vac and none of the basal
arca of the trees in this stand were considered of high value, Trees of acceptable guality for
future growing stock provide a fully stocked stand by themselves.
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Seasonally saturated red maple swamp

Identification and Location

Stand 1D: 10

Compartment: Seasonally saturated rod maple swamp
Date of inventory; £/1772006

Measures

Aren: 38.2 nc

Plot count: 2

Mumber of plot size classes: |
Trees peracre: 231.60 #/ac
Basal aren; 115.0 sq fioc
Relative density: BE.6 pot.
Canopy closure: B9%

Size class: large sawtimber

MNawral Community Description

This community oceurs in somewhat poorly drained mineral soil settings in transition zones
between wetland and upland communities. It is dominated by hardwood trees, particolarly red
maple, oaks, and hirches, with a relatively minor component of pine and hemlock. Ovmmnmai
cinmamomea (cinnamaon fem) nnd tall wetland shrubs such as Faccinivm corvmbosim {highbush
blueherry) are present in moderate abundance (~1-15%). Other wetland plants are sparse. More
cosstal or southem examples comain Appalachian oaks, hickories, and possibly black
huckleberry, which are absent from centrul NH examples. Soils consist of sand, sandy loams and
silt foams. typically with a dark brown or black A horizon over B horizon materials with
modiling within ~30 ¢m of the surface. This community is typically somewhat poorly drained,
and therefore intermediate and transitional 1o more well drained upland Forests and poorly or
very poorly drained swamps, Soils series include Pipestone sand, Boxford silt loam, and possibly
Raynham silt loam and Eldridge fine sandy loam.

Overstory Summary Narrative

This scasonally saturated red maple swamp is currently considered mature. Effective stand age
wis estimated at 156 vears. There were four tree species present in the stand with the following
species distribution by basal arca: northern red oak (39%), red maple (3996}, black oak (13%).
and eastern white pine {9%),

In o trmber management settmg this natum] community would be considened o large sawtimber
stand, with a medial stand diameter of 17.22 m.  Relative stand density was 88,6 percent of the
average maximum stocking expected in undisturbed stands of similar size and species. This
density is higher than optimum for best individual iree growth, Al this relative density, growth
rate of the biggest trees is probably moderate, while growth of medium and smaller-sized tnees
iz probably fair, ond mortality dve to crowding moderate.

The growing stock amounted to 100.0 sq Vac, Gross total volume in all trees to 2 4 inch op was
2617.7 cutme. There were 232 trees/ae in this stand.  The basal area ol acceptable growing
stock was 1000, while unacceptable growing stock represented 15.0 sq filoe of basal area.
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Acceplable growing stock represemed T7.6 of the relative density, while unacceptable growing
stock represented 11.0 of the relative density. The overall stand relative density was 88.6, The ¢
factor {or this stand was |.14.

The mean diameter of this scasomally saturated red maple swamp was 7.59, The quadratic mean
diameter wis 954, The net board foot volume of this stand was 9419 bd. [Vae, and 39% ol the
basal area in this stand were considered of high value, Trees of acceptable quality for future
growing stock are inadequate to provide a fully stocked stand in themselves.
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