Appendix H. LANDFIRE BpS Model Spruce Fir

LANDFIRE Biophysical Setting Model

Biophysical Setting 5713500 Central and Southern Appalachian Spruce-
Fir Forest

("1 This BPS is lurnped with:

Contributors  (also see the Comments field Date 8/15/2007

Modeier 1 KcliyAnn F Gorman  kellyann_gorman@nps.  Reviewer

BOV
Modeler 2 Carlen Emanuel cemanvel @inc.org Roeviewer
Modeler 3 Reviewer
Vegetation Type Map Zane Model Zong

57 [ JAlaska T IN-Cent.Rockies
[ California { Pacific Northwest

Forest and Woodland

Dominant Species* General Model Sources

- ; [7] Great Basin {_iSouth Central
PIRU  FAGR gi-ﬂff‘?ig”’_ {]Groat Lakes | ]Southeast
BEAL2  TSCA | Jboca 2 ' T iNostheast WIS, Appalachians
ABFR ACSA3 WiExpert Estimate [ iNorthern Pluns [ ]Southwest

ABBA  QURU

Geographic Range
This syster ranges [rom western NC and castern TN (Baisam Mountains and Great Smokey Mountains)
{0 the meuntains of VA and WV, The northern hardwood component also oceuts in & small part on Black
Mountain in eastern KY.

Biophysical Site Dascription
This systern consists of foresty in the highest clevation zone of the Seuthern Blue Ridge and parts of the
centval Appalachians. Generally occwrring on all topographic positions above 1676m (S3001t), up Lo the
highest peaks, but can be found as low as 975m (320011) al the northern range in West Virginia
(NatureServe 20073, Occurs in the Central Appalachian Broadleaf-Coniferous and Forest Meadow
ecologicul provinces, and the Northern Ridge and Valley and Biue Ridge Mountain ecological scetions
(others also likely). Generally, siie conditions arg poor, wilh shorl frost-free seasons,

Soils are highly variable, ranging from decp mineral soils to well-developed boulder ficlds, Soils may be
saturated for long periods from a combination of precipitation and seepage. Auy kind of bedrock may be
presenl, but most sites have srosion-resistant felsic igneous or metamorphic rocks (NatwreSeive

2007). Toward the southern end of the range, soils are most ofien rocky and acidic, with low buse
saturation; toward the northbern end, sites fend to be characterived by shallow, poorly developed, easily
eroded soils on steep slopes. A thick organic seil layer is frequently present,

Cverall hydrology is mesic, vanging from wet in bogs, seeps, aird the most protected sites (o dry-mesic on
some exposed upper slopes and ridges. Mesic conditions and gencrally a cool, wet climate are maintained
by high anpual rainfail, frequent fog deposition, low temperatures, and heavy shading. This type would
‘Dominant Species are from the NRCS PLANTS database. To check a spacies code, please visit hitpi/plants.usda.gov.
"*Fire Regime Groups are: I: 0-35 yoar frequency, surface severity; i: 0-35 year frequency, replacement severity; Hl1: 35-100.
year frequency, mixed severity; IV: 35-100+ year frequency, replacement severity; V: 200+ year frequency, replacement sevt
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have dominated the landscape throughout with inclusions of other forest types in wetier spots, or al
higher elevations.

Vegetatlon Dascription
Vegetation consists primarily of forests dominated by Picea rubens, Abies fraseri, or Abies balsamea,
occasionzliy by Sorbus americana, Bewla alleghaniensis, Tsuga canadensis and Quercus rubra are the
only other tecally conumon canopy species (NawreServe 2007),

This system produces stuble, uneven-aged forest in various combinations of dense evergreen, broadicuf
and mixed forest with canopy dynamics dominated by gap-phase regeneration on a fine scale, The highest
elevations supporl nearly pure expanses of Fraser fir {Abies fraseri) and/or red spruce (Picea rubens);
balsam fit (Abies balsarea) replaces Fraser fir in Virginia and West Vivginia north of Mount Rogers,
Associated species in these upper elevations include yeHow birch (Betola alleghaniensis), meunain ash
(Sorbus americana), pin cherry (Prunus pensylvanica), mountain maple {Acer spicatum), hobhle bush
(Viburnum alnifolium) and bearberry {Vaccinium erthrocarpurn). American beech (Fagas grandifolia)
may oceur in pure stands o a smuat scale, With decreasing elevations, typical northern hardwood species
(B. atleghanicnais, F. grandifolia and Acsculus flava) mix with P. rubens. As P. rubens drops out, various
combinations of B. alleghavicnsis, F. grandifolia, A. flava, Acer saccharum and Quercos rubra dominate,
Eastern henock (Tsuga canadensis) may be locatly important.

A well-developed deciduous shrub layer is commen, and a dense evergreen shrub layer (or shrub-
dominated community - "heath balds®) can develop on more exposed sites. A fow associaliens have densc
shrub layers of Rhododendron catawbiense, Rhododendron maxiyoum, or Vaecinium erythrocarpum. The
lower strata is often dense, and diversity may be high with many Southern Appalachian endemics;
donuinated by mosses, ferns, or forbs.

Disturbance Description
This sctting is characterized by stable, uneven aged forests with cavopy dynamics driven primarily by
single ov muitiple tree disturbances resuiting in gap-phase regeveration, Natugal distwrbances include
lightaing (ire, debris uvalanchey, wind cvents, and ice storms {White and Pickett 1983, Nicholas and
Zedaker 1989). Occasiona extreme wind events disturb Jarger patches on the most exposed slopes.
Strong winds, extreme cold, rime ice, and other extreme weather are periodicaily important (NawreServe
2607).

Weather disturbances, including windlhrow, insect attack (especially bark beetle, spruce budwaorm, fungi),
and ice storms, cccur at intervals of 100 10 200vrs and ars the primary disturbances. Rare extieme weather
events &re also important large-scale disturbances. Inseet outbreaks, including bark beetles, sprace
budworm (20-yr intervals), and butt vot (a fung; predisposes stands 50-70yrs old (o windthrow), are also
important disturbances (USDIAES 1973}, These disturhances likely pre-dispose the lorest 1o fire during
drought conditions,

Fire Regime Group V. Surface five is extremely rare, &t greater than 1,000yr intervals, while replacement
{ire is roore frequent, at 300 1w 1,000-year intervals, and affects larpe pateb sizes. As much as 23% of this
biophysical setling may be considered a non-five regime. In spruce-fir dominated parts of this setling,
replacement fires are severe and kill most trecs and understory, removing most if not all of the canopy and
allowing pioneer specics to emerge. Recent research indicates that on the most exposed sites, stand
replacement fives in spruce-fir can result in a stable shrub-derminated conununity (“heath balds™). Mixed
tires pass through the understory of the northern hardwood componeny, killing niost of the smaller trees,
feaving behind some large, well-established troes while creating canopy openings. Ocomzence of firg is

“Dominant Spectes are from the NRCS PLANTS dalabase. To check a species cods, please visit hiipi/plants.ssda.gov.
""Fire Regime Groups are: I: 0-35 year frequency, surface severily; I1: 0-35 year frequency, replacement severity; H1; 35-100
year requency, mixed severity; [V: 35-100+ year frequency, replacement severity; V: 200+ ygar frequency, repiacement sevs
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mast freqguent on sites where northern ved oak dominates,

Lunbering + fire and/ or fire alone will scarify soils and pin cherry dominates badly burned areas. Yellow
birch invades stands and becones dominant later. Invasion by spruce ~ fir slow on badly burned sites,
Windthrow produces dense fir seedlings if fiv overstory is mature (SAF 1980)

Adjacency or ldentification Concerns
The noxthern hasdwood component of this biophysical setting can have a nearty indistinguishable
travsition te the adjacent cove-hardwond commueity (mixed mesophytic). Montane oak forests can be

foond above 4500 on very exposed slopes,

NatureServe {2007} abo notes the foliowing regarding identificarion of this system: Bordered by Southern
Appalachian Northern Hardwood Forest (CES202.029 -- BpS 1309) or Appalachian (Hemlock)-Northerm
Hardwond Forest (CES202.593 -- Bp$ 1370) a lower elevations. It may consain embedded small patches
of Southern Appalachian Rocky Suimnit (CES202.327) and Southern Appalachian Grass and Shrub Bald

(CES202.254 -~ BpS 14143,

This system is similar to the spruce-fir systems of the northern Appalachians and the boreal forests but
differs in having less frequent natural fire, having southern seasonal dynamics (shorter winters, less
extromne cold Lemperatures, lack of long sunumer days), lacking a history of glaciation, and in a flora and
fauna that has southern Appatachion endemics and lacks some characteristic northern species.

High-elevation spruce-fir in West Virginia is placed in this system because its Jocation weli below the
glacial boundary and presence of species of more southesn allinity (¢.g., Rhodedendron maximum and
Yacciniom erythrocarpun) differentiate it from the northern Appalachian system, despite ka ving Abics
halsamea rather than Abies fraseri. Abics balsamea appears (o be infrequent in this system, for example
being restricted to wet arcas in West Vieginia.

Native Uncharacteristic CondHiions
Climate change may be resulting it wariner conditions in the Southern Appalachians, restricting the
ocenrrence of this Lype fo less area than it oceupied prior 1o Buro-American settlement.

Earler, unnatural fires fugled by logging slash turned large expanses of (his system into grass-shrub-
hardwood scrub that has not recovered to conifer dominance after 90yrs. (NatureServe 2007),

Anthropogenic disturbances and stresses, beyond the eifects of logging, have had major effects on
dynamics in these systems in recent decades, An introduced insect, the balsam woolly adelgid (Adciges
piceae), has killed almost all of the mature Abies fraseri. Saplings arc not susceptible, resulting in many
dense stands of young trees. 1t is unclear if these stands will establish seedlings before they too are killed

{NaturcServe 2007),

Stress caused by concentrated air pellutants on the mountain tops has been suggested as a cause of
observed growth declines in Picca rubens {NatureServe 20073,

Scale Description
Primarily fine-scale (single- and multiple-tree) canopy gap dynamics,

Generally covers most of the landscape in the limited areas at the tops of the highest mountain ranges.
Nagural patches range from hendreds to thousands of acres. A couple remnant paiches of thousands of

*Dominant Spegies are from the NRCS PLANTS database. To check a spesies code, please visi http:/plants.usda.gov.
"“Fire Regime Groups are: i: 0-35 year frequency, suriace severity; Il: 0-35 year requancy, replacement severity; Il 35-100-
year frequanay, mixed severity; 1V: 35-100+ year frequency, replacement sevatity; V: 200+ year frequancy, reptacement sevi
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acres remain, while other intact patches are dozens of acres embedded in landscapes of degraded spruce-
fir systems (NafureServe 2007).

Issues/Problems
T modern times other disturbances, especiatly logging, logging slash fires, balsam woolly adelgid (an
cxotic species), chestnue blight {exotic fungus), acid deposition, and climate change are playing an
important role. Because of the declining area of this community, any large windthrow events can he
locally significant. The balsam wooly adelgid has decimated the endemsic Fraser fir populations
threughont its range, Although regeneration of Fraser fir is plentiful, the continued presence of the
adelgid cnsures a lack of recruitment to roature size. Additionally, there has been a large inerease in
downed woody debris resulting from extensive tree mortality,

Comments
The model is based on RESAHE - Southern Appalachian High-Elevation Forest, combingd with
R7SESF -- Seutheastern Red Spruce - Fraser Fir, Although RTSESF has only three hoxes in its model,
these modelers feit that RESARE betier represented the Southern Appalachian / MZ61 area better than
R7SESF.

RESAHE modelers: Rob Kiein (rob, klein@nps.gov)
R7SHSF modelers: KellyAnn Gorman (hellyann_gorman @nps.gov), Erin Small {esmall@fs.fed.us), Sue
Gawler (suc gawler@natureserve.org)

-

Itis possible that human caused (anthropogenic) fires are more important than natural fires. Further, it s
prosumed that some openings observed by seitlers involved Indian gctivity (J. Dan Pittitlo, comment on
R7SESH).

Referenced Documents are copied from RESAHE and R7SESF, with two new references.
Recommended Reviewers: Rob Klein (rob_klcin@nps.gov); J. Dan Pitilio, W. Caroling University,

Cultowhee, NC; Brin Smali, USFS {esmall @fs.fed.ug); Sue Gawler (sue, gawler@nalureserve,org); Carl
Nordnmuan (carl_nordman@natureserve.org).

2getation Classe,

Indlcator Speciesand.  ginicture Data {for upper laver lifatorm)

Class A 18% Cangpy Posiion i Max
Early Development 1 All Structure BEALZ  Upper Cover 21, T e T
Upaer Laver Lifeform PRPEZ  Upper Felght Freo b Tree itm
LJI-I:;:rbau;cous, RUAL Mid-Upper Trae Size Class I Pole 5-9" DBH
sheub ACSP2  Mid-Upper o ‘ . . ' '
MT]'C& Fuel Mode! g Upper layer lilelorm differs from dominant lifetorm.

Description

(Class age = 0-35yrs); typical young gap-replacement species dominated by pioneer hardwoods, Mostly single
to multiple tree-sized gaps, but exireme weather-driven and/or fire events can create larger openings. Betula
alleghanicnsis, Rubus alleghaniensis, Rubus canadensis, Prunus pennsylvanica, Quercus rabra, Fagus
grandifolia, Acer spicatum.

*Dominant Species are from the NRCS PLANTS database. To check a species code, please visit hitp:/iptants.usda.gov.
**Fire Regime Groups are: :: 0-35 year frequency, surlace severity; |I: 6-35 year frequency, replacement severity, i 35-10¢-

year frequency, mixad severily; IV; 35-100+ year frequency, replacement severity; V: 200+ year frequency, replacement sevt
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Indicater Specles® and Structure Data (for upper [aver litetorm)

Class B 3% Ganopy Positicn i Mo
Mid Development | Closed BEALZ Upper Cover 7o .
Unper Laver Lifeform PIRU Mid-Upper  Haight Tree 10.1m Tree 25im
[ j Herbaceous ABFR  Mid-Upper  Fe Size Class [Wicdiom 8 31 PRI
- S ABBA  Mid-Upper . —ooeroeis | Melum 821 DR1
- oo PP i Upper layer litelorm differs from dominant lifeform.

Vi Tree Fuel Model 3

Bescriptlon

{Class age = 36-65yrs); typical stand development foliowing most single-tree to stand-replacement events.
Middle-aged stand with hardwoods still dominating the upper canopy but conifers increasing in dominance
in the middle stories. Betula alleghaniensis, Abies fraseri or A, balsames, Picea rubens, Prunus
pennsylvanica, and Fagus grandifolia, Quercus rubra may be locally important on more exposed sites. Fuel
model may be 8 in stands lacking a significant conifer component,

Fin cherry dies out of these sites at ca ~ 23 ~ d0vrs of age and is replaced by dense seedlings of spruce and fir.
Windthrow disturbance reduces the canopy of pin cherry und yellow birch, Gaps are colonized by conifer
scedlings

Class C 11% Ign:rlc;a;o[ ;,gs;:i(iist 204, gyoeture Data (for ypnar layer lifeform)
Min Max
Mid Development | Open BEALZ  Upper - -
ABFR  Mid-Upper SOV | ... *1% f 0%
PIRU Mid-Upper Height Tree 10.1m l Tree 23m
Upper Laver Lifeform ABBA  Mid-Upper Tree Size Ciass | Large21-33"DBY e
C erb: e
J}S{he:u;ccous f,,,]Upper layer lHeform differs from dominant lileform.
MTree Fuel Model

Descrigtion
(Class age = 36-65yrs); more open stands dominated by northern hardwoods, especiaily red oak, resulting
from rare mixed fives, This class oceasionally oceurs in the southern parts of the range, but is not
characteristic further north in Virginia or West Virginia. In the absence of disturbance, this will class

succeed to a closed sland (class I). That is, over time, in the presence of a seed source, spruce and fir will re-
oceur,

Indicator Specles” and,
Class D  58% g\:;zagt!o! Lisﬁfois 22 Steucture Data (for ypper layer lifef
Late Development | Closed BEALZ  Upper % A;;ne ?’foixo ”
PIRU Upper ox-/er % “

Upper Laver Lifeform ABFR Al Haight  Tree25im Tree 50m

I MHerbaceous ABBA Al Tree Size Class | Large 21-33'DBH

Lshr - -

@ngb Fuel Mode! § E,M}Upper layer lifelorm differs from dominant lifelorm.
Description

(Class age = 66yrs+); dense, closed, stable, mature forest deminated by spruce and/or fir, atthough picneer
hardwoods ave still the tallest trees al the beginning of this stage. The pioncer hardwoods (Yellow birch,
sorbus, sugar maple, and buckeye would be other hardwoods), starting with birch, begin to drop out as stands
*Dominant Species are from the NRCS PLANTS database. To check a species code, plaase visit hitp://plants.usda.gov.
**Fire Regime Groups are: | 0-35 year frequency, surface severity I 035 year frequency, replacement severity; ill: 35-100.
year frequency, mixad severity; 1V: 35-1004 year frequency, replacement severily; V: 200+ year frequency, replacement sevt
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age, although shade-tolerant hardwoods may continue to regenerate and comprise a significant component of
the understory, Betula alleghaniensis, Abies {raserf or A. balsamea, Picea rubens, Fagus graedifolia, Acer
saccharum. Tsuga canadensis or Quercus rubra may be locally important, A well-developed deciduous shrub
layer and dense herbaceous layer may occur. Stands may be stable in this stage for long periods of time
{500yrs+, until a major disturbance occurs), although individual trees are not this long-lived.

Class E 0%
[Not Used] [Not Used]

Upper Layer Liteform

il Herbaceous

{:?Shru!)
Tree Euel Model
Bescription

Flre Regime Group**:

Historlcal Fire Slze {acres)

Avg
Min
Max

Sources of Flre Regime Data

[Tueal Data
Vikxper Bstimaie
Additional Disturbances Modeled

Indlcator Specles” and. gy ictyre Data (for upper layer lifeform)

Canopy Position i ax
Cover % | %
Heignt | -

Tree Size Class |

] Upper fayer litetorm differs from gominant litaform.

Eirofotowvals  ayo /1 MinF Max P/ Probabilty  Porcent of All Firos
Replacement 30,7 0.00120 93
Mixed 11990 8.3K-05 6
Surface
All Fires 776 0.6013

Fire Intervals (FI):

Fire Interval is expressed in years for each fire severity ¢lass and for all types of fin
combined {All Fires). Average Fiis central lendency modeled. Minimum and
maxirnum show the relative range of fire intervals, if known. Probability is the inver
of fire interval In years and is used In relerence condition modeling. Percent of alt
fires is the percent of all fires in that severily class.
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M Wind/Weather/Stress +. JCompetition

Jane Kapler, e

[CINative Grazing  [_JOther (optional 1)
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year frequency, mixed severily; 1V: 35-100+ year lrequency, replacement sevarity; V: 200+ year frequency, replacement sevi
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