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ABSTRACT

NrcHOLAS, N. 8., 5. M. ZEDAKER {Department of Forestry, Virginia Polytechnic Institute and
State University, Blacksburg, Virginia 24061), C. EacAr (Northeastern Forest Experiment
Station, USDA Forest Service, Durham, New Hampshire 03824), anp F. T. BoNNER (Forestry
Sciences Laboratory, USDA Forest Service, Starkville, Mississippi 39759). Seedling recruitment
and stand regeneration in spruce-fir forests of the Great Smoky Mountains. Bull. Torrey Bot.
Club 119: 289-299, 1992, —Seedfall and seedling recruitment was assessed in spruce-fir forests
ofthe Great Smoky Mountains (Tennessee and North Carolina) from 1985 to 1990. A permanent
system of 66 plots was measured including overstory, understory, and seedling strata with
seediraps located at a third of the plots. Fraser fir (4bies fraseri (Pursh) Poir.) seed production
was highest in 1987 when almost two and a half million seeds per hectare were collected at the
highest elevaiions (1980+ m). In other collection years fir production ranged from 300,000 to
500,000 seeds/ha, with the exception of 1990 (compleie sced failure). Red spruce (Picea rubens
Sarg.) seed production was highest at lower elevations. The majority of fir (88-100%) and spruce
(54-100%) seeds were empty. Spruce seed viability was highest in 1987 and increased with
decreasing elevation (18—41%) while fir seed viability in that year was lower (6-9%). Spruce
and hardwood germinal (<1 year) and seedling (1 year o 1.37 m) densities tended to decrease
with increasing elevation while fir germinal counts increased at higher elevations. No fir ger-
minals were found in 1989 or 1990, Spruce seedling and understory densities were greatest at
1675 m elevation. Stem densities (seedlings, understory, and overstory) tended to decrease with
increasing size with the excepiion of red spruce at 1525 and 1980 m elevation classes where
understory densities were less than overstory densities.

Key words: red spruce decling, balsam woolly adelgid, Fraser fir.

! 'We thank the following field technicians for all their
assistance: . Awl, P. Durr, E. Pauley, S. Pilsk, L.
Renfro, and L. Richmond. We thank the Great Smoky
Mountains National Park for their assistance in car-
rying out this project. We are grateful for A. C. Helm
and S. Young’s help with seed identification and all the
VPI & SU work-study studenis who helped with the
sorting of seeds from litter. Comments from E. Pauley,
P. Dur, and two anonymons reviewers on an garlier
version of this paper were most helpful.

2 This research was supporied by funds provided by
the Southeastern Forest Expertiment Station, within the
joint US Environmental Protection Agency—-USDA
Forest Service Forest Response Program. The Forest
Response Program is part of the National Acid Pre-
cipitation Assessment Program. This paper has not
been subject to EPA or Forest Service policy review
and should not be constrned to represent the policies
of either Agency.

* Author to whom all correspondence should be
addressed. Present address: Forestry Building, Ten-
nessee Valley Authority, Norris, TN 37828,

Received for publication July 8, 1991, and in revised
form December 9, 1991.

Southern Appalachian spruce-fir forests have
experienced serious perturbation in the last cen-
tury. Commercial logging and associated fires of
the early 1900's reduced the southern Appala-
chian spruce-fir to less than a tenth of its former
expanse in West Virginia, Virginia, North Car-
olina, and Tennessee (Korstian 1937). Currently,
these forests are being severely impacted by the
balsam woolly adelgid (Adelges piceae Ratz.), first
detected in the southern Appalachians in the late
1950°s (Speers 1958). Mature Fraser fir {4bies
fraseri (Pursh) Poir.), a southern mountain en-
demic, is highly susceptible to attack by the ex-
otic insect with death occurring in two to nine
years. Furthermore, dendroecological evidence
suggests a red spruce (Picea rubens Sarg.) growth
decline in the southern Appalachians both in the
past twenty years and the early 1900°s (Coghill
1977; Adams et al. 1985; McLaughlin ef al. 1987)
as well as canopy crown deterioration over the
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past five years (Zedaker et al. 1989; Nicholas and
Zedaker 1990).

The vast majority of the remaining southern
Appalachian spruce-fir (74 percent) is found in
the Great Smoky Mountains (Dull ¢/ al. 1988)
where only 20 percent of the forest type was pre-
viously logged (Pyle and Schafale 1988). Even
without logging, stand structure and composition
have been altered after adelgid infestation, and
further change is expected. Recent disturbances
have raised concern for the continued health and
existence of the forest and have prompted a long
term monitoring of the ecosystem. Perturbation
from wind-throw, debris slides, and ice/snow
damage to these high elevation systems is normal
and may be of limited long-term consequence as
long as adequate regeneration is taking place.
However, the impacts from site degradation from
adelgid infestation, climate change and possible
atmospheric deposition are still unknown. Some
preliminary studies (Witter and Ragenovich
1986; Busing and Clebsch 1987) indicate that
accelerated mortality rates and changing stand
age structure may result in some shifts in species
composifion. Regeneration patterns need to be
quantified before assessment can be made of the
potential for or possibility of stand replacement.
The intent of this paper is to describe existing
regeneration, including seedfall and seedling
composition along an elevational gradient, at
permanent monitoring plots in spruce-fir stands
located in the Great Smoky Mountains, and
compare regeneration patterns 1o current over-
story densities.

Methods. In 1985 sixty-six siratified, ran-
domly-located 20 x 20 m permanent plots were
established at the Great Smoky Mountains in
Tennessee and North Carolina (from Newfound
Gap to Clingman’s Dome) as part of the National
Acid Precipitation Assessment Programs (INA-
PAP) Forest Response Program to monitor cur-
rent spruce-fir forest vigor and long-term dynam-
ics. Stratification factors included elevation (four
classes from 1525 fo 1980+ m), exposure to pre-
vailing winds (exposed versus protected), and to-
pography type (ridge/slope/draw) with three rep-
licates per strata combination wherever possible.

Overstory (stems with diameter at breast height
[DBH] = 5.0 cm) stratum measurements includ-
ed DBH, inspection for crown condition, and
damage/injury symptomology (signs of disease
or damage to stem) by species on every tree on
each plot. All qualitative observations were made
by at least two iechnicians for each tree. The
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understory (DBH < 5.0 cm and height =1.37 m
tall) and seedling (woody species with height
<1.37 m) strata were sampled in nested subplots
within the 400 m? overstory plot. Three 2 X 8
m subplots were selected at random and per-
manently marked for understory data collection.
All understory woody stems were recorded by
species and measured for basal diameter (15 cm
above ground from the uphill side of the stem)
to the nearest mm. Four 1 % 1 m sub-subplots
were permanently located in each understory
subplot and all seedlings were counied by species
and recorded in one of five age-size classes (Class
1: <1 year, Class 2: 1-4 years, Class 3: 4 years
t0 0.25 m tall, Class 4; 0.25-1.0 m, and Class 5:
1.0-1.37 m). After plot establishment, seedling
sub-subplots were remeasured annually through
1990.

Three seed raps (0.5 x 0.5 m), made of poly-
propylene and medium density mesh polyeth-
vlene and framed with 0.5 inch (1.26 cm) PVC
pipe, were set up at one randomly selected plot
for every elevation/exposure/topography coms-
bination. Traps were randomly located outside,
within 10 m, of the plot. All litter found in or
on the traps was collected from late November
through December starting in 1986 and contin-
ued through 1990; however, some traps were de-
stroyed by small and large mammals. Litter was
air-dried and sorted to separate seeds of arbo-
rescent species. Seeds were counted by species
and sent to the Forestry Sciences Laboratory at
Starkville, Mississippi for germination testing. A
maximum of 50 seeds per species per trap was
tested, and seeds were scored as viable {con-
tained an embryo that was capable of germina-
tion), empty (seed coat that contained no em-
bryo), or dead (embryo that was no longer viable).
Test procedures followed the prescriptions of the
Association of Official Seed Analysts (1988).

Analysis of variance (ANOVA) and the Dun-
can multiple range test was used to test for dif-
ferences among selected class variables (eleva-
tion, species, year) (SAS Imnstitute 1985).
Perceniage data were tested for normality to de-
termine if an arcsine transformation was neces-
sary. In order to determine the relationship be-
tween seedling densities and overstory conditions,
linear regression equations were fitted for spruce
and fir regeneration. The dependent variable was
regeneration density summing seedling classes 2~
5, omitting stems less than a year old. Indepen-
dent overstory variables were considered sepa-
rately, in combination, and as interactions in-
cluding: spruce, fir and/or total stand live basal
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Table 1. Seedfall density (and next vear germinal counts in parentheses) at four elevations in the Great

Smoky Mountains for 1986-1990,

Year?
1986 1987 1988 1989 1990
Elev.® seecls/ha
m Species ¢ next year seedlings/ha .
1525 Spruce 466,665 35,343,331 1,161,664 968,333 60,000
(2685) (158,512) (3241) (5000)
Fir 10,000 3333 0 3333 0
(O (46) (0) )]
Hardwoods 1,446,663 10,346,664 711,665 13,354,990 426,660
(72,682) (114,579 (38,193) (130,661)
1675 Spruce 1,249,997 8,580,000 226,666 2,783,996 88,389
(8287) (189,020} (3241) (19,499}
Fir 0 960,000 3333 5333 0
(46) (417) © {0}
Hardwaoods 2,236,661 10,360,000 270,000 11,446,639 17,778
(46,285) (182,122) (35,230) (243,990)
1830 Spruce 385,332 1358,330 217,777 1,797,330 30,000
2037 (71,432) {1343) (1667)
Fir 306,666 533,332 13,333 5333 0
[EX)) {1389) (0) (0}
Hardwoods 96,000 1,074,997 34,444 10,450,642 20,000
(3194) (15,972} (4676) (54,998)
1980 Spruce 4] 1,743,333 404,999 95,000 10,000
{(833) (16,249) (139) (208)
Fir 306,666 2413,328 288,333 534,999 0
{1803) (10,277 ()] (1250)
Hardwoods 44,444 341,666 31,667 73,333 286,666
(556) (4583) {1042) (1667)

a Bignificant differences (P < 0.05) were found among years for hardwoods seedfall density and for spruce and

hardwood germinals.

b No significant differences (P < 0.05) were found among elevation classes for seedfall or germinal density of

any of the species.
© No counts were made of 1991 germinals.

area; spruce, fir, and/or total dead basal area;
spruce, fir, and/or total stand density; elevation,
and average stand age of dominants and codom-
inants, Data were also examined to determine if
partitioning by elevation class would improve
the models’ fit,

Results, SEEDFALL, During the five year pe-
riod from 1986 through 1990, seed crops were
greatest in 1987 (Table 1), with the exception of
large counts of hardwoods (mostly yellow birch
(Betula lutea Michaux f.) in 1989, Spruce and fir
seed production increased beiween 1986 and
1987, decreased between 1987 and 1988, in-
creased between 1988 and 1989, and decreased
in 1990 to the lowest levels found during the
study. Hardwood species (primarily yellow birch,
maples, mountain-ash (Sorbus america Mar-
shall), and fire cherry {Prunus pensylvanica 1.}
seed production followed a similar pattern as

spruce and fir except that seed production levels
in 1990 were not as low as conifer levels.

In 1986 spruce seed viability varied between
3 and 10 percent (Table 2). In 1987 seed viability
varied along an elevation gradient, decreasing
with increasing elevation. In contrast to the 1987
crop, spruce seed viability in 1988 was quite low
(0-3%). In the fourth year {1989) of sampling
(Tables 1-2) both viability and production in-
creased. No viable spruce seeds were found in
1990.

In 1986 the only viable fir seed was found at
the higher clevation classes (1830 and [980 m)
with 12 percent viability (Table 2), while in 1987
fir viability ranged between 6 to 9 percent (ex-
cluding the 1525 m sample where only one seed
was tested). Very few fir seeds were collected in
1988 and 1989 (Table 1), and of those no viable
seeds were found (Table 2). No fir seeds were
found in 1990.
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Table 2. Seedfall viability at four elevations in the Great Smoky Mountains for 1386—1990 (number of seeds

tested in parentheses).

Year®
1986 1987
Elev.b Viable Ermpty Dead Viable Empty  Dead
m Spp. % ™y % ™
1525 Spruce 5 88 7 (130} 41 54 5 (399)
Fir 0 100 0 (€)) 100 0 0 48]
Hardwoods 38 62 0 {258) 39 49 12 (466)
1675 Spruce 10 89 1 (290) 26 66 8 (100)
Fir — - - {-) 6 88 6 (48)
Hardwoods 11 88 1 (262) 20 68 12 o7
1830 Spruce 3 96 1 (141) 23 70 i (35%9)
Fir 12 88 0 (50) 9 94 1 (156)
Hardwoods 4 96 Q (27 14 77 9 (224)
1980 Spruce — — — (—) 18 78 4 (251)
Fir 12 88 0 (50 6 91 3 (344)
Hardwoods 0 100 0 (n 76 20 4 (25)

2 Significant differences (P < 0.05) were found among years for spruce and hardwood seed viability.
b No significant differences (P < 0.05) were found among elevation classes for any of the species.

In 1986 hardwood species seed viability was
greatest at the lowest elevation (1525 m) {Table
2). During the five year study hardwood seed
viability was greatest in 1987; 31 percent of all
seeds sampled were viable. In 1988 seed viability
ranged from 0 to 11 percent but viability in-
creased in 1989, In 1990 the only viable seeds
were found at the lowest elevation.

SEEDLING REGENERATION. Spruce and hard-
wood germinal (<1 year) densities tended to peak
at 1675 m and then decrease with increasing el-
evation while fir germinal counts increased at
higher elevations (Table 1). Germination success
(the number of first year seedlings as a fraction
of the number of viable seeds of the year before)
varied among years and species. Between 5 to 28
percent of viable spruce seeds germinated and
lived until the survey. Higher germination suc-
cess rates for spruce did not follow high seced
production years. Fir germinals were found only
during the first two years of this study and at the
highest elevations, and averaged 3 percent ger-
mination success from viable seed. Germination
success for viable hardwood seed ranged from 6
to 95 percent and, like spruce, higher germina-
tion rates did not follow high seed production
years.

Highly significant differences (P < .001) for
seedlings (1 vear te 1.37 m tall) among elevation
classes were found for spruce and fir (Table 3).
Both spruce and hardwood seedling numbers
tended to decrease as elevation increased while

fir seedling densities showed an opposite trend.
As found for germinal counts, spruce and hard-
woods densities were greatest at the 1675 m el-
evation class. Low densities of fir of all age-size
classes were found at 1525 m elevation. Stem
densities for a species within an elevation class
tended to decrease with increasing size. How-
ever, at all elevations, current red spruce under-
story (1.37 m tall to 5.0 cm dbh) densities were
statistically similar (according to the Duncan test}
or less than overstory densitics. Analysis of spe-
cies composition of seedlings, understory, and
overstory densities indicated that, for spruce, at
all clevations percentages of understory densities
were less than percentages of overstory densities.
In contrast, hardwood species made up a greater
proportion of understory stems than found in the
overstory.

PrEDICTIVE EQUATIONS. A series of linear and
nonlinear regression models were examined for
suitability of seedling density prediction. Re-
gression analysis detected no meaningful trends
for fir regeneration patterns. Model fitting suc-
cess for red spruce regeneration (R? = .526, ad-
Jjusted R? = 481, P < (001} relied on significant
(P < .01) overstory live basal area and elevation
terms:

Seedlings (stems/ha) =
—85,561 + 642+«Live Basal Area (m%ha)
+ 33.3+Elevation (m).

Examination of the differences between predict-
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Table 2. Extended.
Year
1988 1989 1990

Viable  Empty  Dead Yiable Empty Dead Viable Empty Dead
% ™) % ) % oy
3 88 9 (213) 5 93 2 (17%9) 0 100 0 (%}
- - - (=) 0 100 0 4] - - - (5
8 87 5 (203) 26 72 2 (417) 23 59 17 (64)
2 89 9 (56) 23 72 5 (374) 0 160 0 (20)
0 100 0 ) 0 100 0 (2) - — - (=)
7 90 3 (60) 34 64 2 (352) 0 100 0 (=)
0 93 7 43) 5 91 4 (395) 0 100 0 (8)
0 100 0 @) 0 100 0 @) — — — (—)
0 100 0 (6} i2 86 2 (615) 0 100 0 3
1 93 6 (108) 4 92 4 (25) 0 100 0 3
0 100 0 7 0 99 1 (139 — — — (=)
11 89 0 ) 11 89 0 (1%} 0 75 25 (40}

ed and observed regeneration counts showed a
tendency of the model to overestimate high seed-
ling densities. Data were also examined to de-
termine if separate equations for each elevation
class wonld be more appropriate. Pivision of the
data resulted in much poorer models.

Discussion. Species distribution in undis-
turbed southern Appalachian high elevation for-
ests tends to follow an elevation gradient: spruce
forest from 1370t0 1675 m, spruce-fir from 1675
to 1890 m, and fir forest above 1890 m. On lower
or drier slopes, red spruce may share dominance
with yellow birch and birch may dominate at
moister draw sites. At the higher elevations, Fra-
ser fir is often the sole dominant, and mountain-
ash may be the only other canopy iree present
(Whittaker 1956).

Balsam woolly adelgid has infested most of the
fir in the Smokies (Nicholas and Zedaker 1990).
Salivary substances secreted by the insect diffuse
into the xylem and disrupt translocation. Im-
paired water and nuirient flow to the crown even-
tually results in tree death (Puritch and Johnson
1971). Heavy stem infestation canses death quite
rapidly, often within a few years of initial aitack.
Other deleterious effects of infestation can in-
clude increased susceptibility to Armillaria root
rot and impaired reproductive function (Fedde
1973; Hay et al. 1978).

In order to maintain Fraser fir on the Appa-
lachian peaks in the coniinued presence of the
balsam woolly adelgid, fir seedlings and saplings
must survive to seed bearing age and produce
viable seced. Seed bearing of overstory or open

grown Abies trees usually begins at 20-30 years
with larger seed crops occurring at 2—4 year in-
tervals. Seed production may be reduced by ad-
verse climatic conditions, squirrels, or birds and
typically large numbers of mature fir seed are
empty (USDA Forest Service 1974).

Fir seed production was highest in 1987 with
estimates of almost two and a half million seeds
per hectare at the highest clevation. Seed pro-
duction in other collection years was minimal
except at the highest elevation with produciion
ranging from 300,000 to 500,000 seeds/ha. The
majority (88 to 100 percent) of fir seeds were
empty. Average germination capacity of Abies
seed has been reported to be low, often between
20-50 percent of filled seeds (USDA Forest Ser-
vice 1974). However, we found germination ca-
pacity of filled seeds (viable and dead seeds) for
all five collection years to be 79 percent.

The possibility of a red spruce decline has also
prompted concern for the capability of spruce to
produce viable seed. Overstory spruce usually
begin seed bearing at 3040 years of age, de-
pending on canopy position, with larger seed crops
occurring at 3—8 year intervals (USDA Forest
Service 1974). Like fir, spruce seed production
was highest in 1987 with the largest estimates of
the crop at lower elevations. Seed production in
other collection yvears was substantially less. Like
fir the majority of spruce seeds were empty. For
all spruce seeds tested over a five year period, 80
percent were empty. Agmata and Bonner (1988)
suggest that low sced vield (filled seeds per cone)
for red spruce may be normal for high elevation
stands. While the UUSDA. Forest Service (1974)
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Table 3. Seedling (I year to height =1,37 m), understory (DBH <5.0 cm and height >1.37 m), and overstory
(DBH =5.0 cm) density (stems/ha) five vear means stratified by elevation of red spruce, Fraser fir, and all
hardwoods in the Great Smoky Mountains, Tennessee and North Carolina (percentage of stem densities by

species for each elevation in parentheses).

14 yr 4 yw—025m 0.25-1.0 m 1.0-1,37 m  Understory  Overstory
Elevation® stems/ha
m Species ¢ % )
1525 Spruce 35,897 20,519 1926 65 278 503
(36) (81 (18) “® @ (38)
Fir 56 1602 8135 28 23 10
- {6) ® @ (0} n
Hdwds 28,277 3287 8000 1509 6029 817
(44) (13) 74 [¢LY 96) 6l
1675 Spruce 44,998 39,119 4889 463 590 356
(61} a7 (24) (20 (14 (58)
Fir 2213 5768 4148 389 660 67
3 (an (20) an (15) (11)
Hdwds 26,573 6241 11,509 1324 3101 187
36) (12) (56) (61) (71} an
1830 Spruce 26,721 13,898 1035 222 405 267
(62) (46) N an (12) 42
Fir 8944 10,689 3852 343 706 189
(21) (36) (26) (18) (21) (32)
Hdwds 7518 5352 9814 1370 2303 176
amn (18) 67 1) 67 (28)
1980 Spruce 4500 1250 125 28 35 158
23) (11) ) @) (1) (16)
Fir 9388 8236 2889 611 1232 773
(48) (70) (48) (44) (41} 7
Hdwds 5611 2306 3042 736 1718 79
(29) 19 (0 {54) (58) (7}

a Significant differences (P < 0.05) were found among elevation classes for spruce, fir, and hardwood stem
densities. Highly significant differences (P < 0.001) were found among elevation classes for spruce and fir seedling

densities.

reported an average red spruce germination ca-
pacity for filled seeds of 62 percent, our study
found an 82 percent average germination capac-
ity for filled seed.

Actual germination and subsequent seedling
survival is critical. Pauley (1989) and Pauley and
Clebsch (1990) studied patterns of fir regenera-
tion in a Great Smoky Mountains stand (1760-
1830 m elevation) on Mt. Collins in 1988 after
the impact of the adelgid. They found an average
fir seedling (1 year to 1.37 m tall) density of
33,000 stems/ha compared io our value of 23,828
stems/ha and an average spruce seedling density
of 106,000 stems compared to our value of
41,896 stems/ha at that elevation (Table 3). White
etal. (1985) studied regeneration patterns on Mt.
Collins (1750-1800 m elevation) in 1984, com-
paring relative densities under canopy trees, in
gaps, and within the forest excluding gaps. The
majority of fir seedlings were found to be =.25
m tall by Pauley and Clebsch (87%), White et al.
(89%) and our study (82%, Table 3). However,

the Pauley and Clebsch study did not find any
germinal fir seedlings in 1988 while our study
did find an average density of 1,389 siems/ha at
a comparable elevation that year (Table 1). One
reason may be that our study was far more geo-
graphically dispersed and our actual number of
seedling sub-plois was ten times larger.

The possible role of elevation needs to be con-
sidered in germination success and seedling sur-
vival. Overall germination rates (germinal den-
sity/seedfall density x 100) were greatestat 1675
m elevation for both spruce (4.8%) and hard-
woods (1.3%) while the highest elevations had
the best rate (0.3%) for fir (Figure 1). In contrast,
elevation was a source of little variation in stem
density distributions (with the exception of spruce
at 1525 m) (Figure 2). Both Table 3 and Figure
2 provide stark evidence that large spruce seed-
ling densities (.25-1.37 m tall) are a fraction of
the number of small seedlings regardless the el-
evation.

After the death of mature fir by the adelgid,
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Fig. 1.

Percent of overall germination (germinal density/scedfall density) for red spruce, Fraser fir, and

hardwoods at four elevations in the Great Smoky Mountains.

vegetation changes have been reported to include
a large increase in Rubus canadensis L. densities,
which may impaci woody species seedling sur-
vival. Boner (1979) reported a ten-fold increase
in Rubus densities ten years after canopy opening
in the Smokies. Pauley and Clebsch (1990) found
low fir densities in areas of high Rubus densities
and suggesied that Rubus appears to interferc
with the establishment and survival of Fraser fir.
Sampling in areas infested by the adelgid, Boner
(1979) determined fir seedling (=2.5 cm dbh)
densities increased and spruce seedling densities
decreased with the number of years since fir can-
opy opening (data collected in 1974). Witter and
Ragenovich (1986) and Witter {(1988) sampled
seedlings (=244 cm) on permanent plots at Mt.
Miichell (120 km east of the Great Smoky Moun-
tains), where the adelgid infestation occurred
much earlier than in the Smokies, and found that
fir seedling densitics decreased between 1966 and
1985 while spruce and hardwood seedlings in-
creased between 1966 and 1978 but stabilized
beitween 1978 and 1985. Our data also showed
higher fir seedling densities at highér elevations

(at or above 1830 m), Interestingly, our study
had higher spruce, fir, and hardwood seedling
counts than the Witter and Ragenovich studies
for all applicable elevations {Table 3). One rea-
son may be that most (f not all) of the Witter
and Ragenovich sampling sites were in second
growth stands with average age ranging from 50—
100 vears while our stands in the Smokies av-
eraged 1350-250 years (age data from Zedaker et
al, 1988). Stand dynamics may vary with stand
age and disturbance history (Nicholas and Ze-
daker 1989) and scedling densities may vary ac-
cordingly.

The understory stratum provides data on the
intermediate stage between seedlings and canopy
trees, but there is litfle information available on
the southern Appalachian spruce-fir understory
to provide comparisons to our study. In a study
examining differences between high clevation
(=1830 m) areas in the Smokies and the Black
Mountains, as yet undisturbed by the adelgid,
and those that were infested 16-20 years prior,
DeSelm and Boner (1984) found an increase in
subsaplings (.6 m tali to 2.5 cm dbh) of 450 to
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Fig. 2a. Cumulative size class (4 year to .25 m tall, .25-1.0 m, 1.0-1.37 m, 1.37 m—4.9 cm dbh, 5.0 + cm

dbh) distributions for red spruce at four elevations in the Great Smoky Mountains,

2525 stems/ha with an increase of both spruce
and fir densities. They also measured a decrease
in saplings (2.5 to 12.4 cm dbh) of 49 to 34 stems/
ha with a decrease in fir densities, When we
merged our study’s largest seedling {1.0-1.37 m)
class and understory (1.37 m tall to 5.0 cm dbh)
category together for comparable elevations, we
found much higher average densitics (48535 stems/
ha, Table 3) than did DeSelm and Boner, White
et al. (1985) considered tree replacement pat-
terns in an old-growth spruce-fir stand in the
Smokies using direct observation of the gap cap-
ture process; however, their analysis was done
prior to any substantial adelgid impact to the
forest. Using an assumption that sapling mor-
tality was constant for spruce, fir, and birch, their
advanced regeneration data led to the prediction
that fir would increasc in canopy importance. But
the authors ¢autioned that fir was also found to
have a shorter canopy residence time and higher
turnover rate than the other two species.

Some comparison of Smokies spruce-fir den-
sities might be made io several northeastern
studies. Leak and Graber (1976) examined stem

density distribution in ten northern hardwood
stands (which included some red spruce and bal-
sam fir (Abies balsamea (L) Mill.) in New Hamp-
shire, Comparisons were made to very similar
size class densities found in our 18 low elevation
{1525 m) plots. Leak and Graber reported an
average germinal couni of 53,000 stems/ha
(compared to our 131,400), a seedling count of
261,500 stems/ha (compared to our 141,981), an
understory count of 12,100 stems/ha {compared
to our 6,330) and an average overstory count of
900 stems/ha (compared to our 1,330} (Tables 1
and 3). Calculation of a scedling to overstory
stem ratio for the Leak and Graber data gave a
figure that was more than three times higher than
for our low elevation data (291 versus 77).

In another study, Foster and Reiners (1983)
sampled stem density in four old-growth fir-
spruce stands at Crawford Notch, New Hamp-
shire (elevation 825-1020 m) which we com-
pared to our 12 plots at 1980 m elevation. They
found live stem density for trees greater than
5 cm dbh was 1125 siems/ha with 66 percent in
fir and 21 percent in spruce while our plots av-
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Fig. 2b. Cumulative size class (4 year to .25 m tall, .25--1.0 m, 1.0-1.37 m, 1.37 m—4.% cm dbh, 5.0 + cm
dbh) distributions for Fraser fir at four elevations in the Great Smoky Mountains,

eraged 1010 stems/ha with 76 percent in fir and
16 percent in spruce (Table 3). Foster and Rei-
ners also reported 623 stems/ha for all stems 1.0
m tali to 4.9 cm dbh (compared to our 4360) and
a densily of 28,125 stems/ha for seedlings 0.2-
1.0 m tali {compared to our 6056 for seedlings
0.25-1.0 m tall). Calculation of a seedling to
overstory stem ratio for the Foster and Reiners
data was four iimes higher than we found for
our high elevation data (25 versus 6). Survivor-
ship and growth patierns may differ between
northeastern and southeastern spruce-fir seed-
lings and saplings, both the Leak and Graber
(1976) and Foster and Reiners (1983) studies
show a much higher seedling count than our study.

Figure 2 for both spruce and fir shows a type
of concave survivorship curve similar to an in-
verted J-shaped carve (Leak 1965). Understory
red spruce only has 22 to 165 percent the stem
density of overstory spruce, which may be an
artifact of siem size classes. Slight deviations from
the inverse J shape do not lead to siraightforward
inferences regarding population trends if possible
mitigating factors are present (Peart ef al. 1992),

Red spruce is shade tolerant and capable of re-
maining in the understory at least sixty years.
Regeneration occurs sporadically. Therefore,
present demographic trends may bear little re-
lation to those that produced the present popu-
lation structure. However, the question still re-
mains if present and future trends can create the
current stand structure and composition,

Seedling mortality rates would provide some
indication of future rates of entry into the un-
derstory and overstory. We were unable to track
individual seedlings but instead monitored den-
sitics on the same subplots over time, Compar-
ison of seedling (excluding germinals) densities
in Year 1 (1985) to Year 5 (1989) found that for
all but class 2 (1-4 year) spruce and fir (not hard-
woods) seedlings there have been stable or in-
creasing densities at all elevations, Small spruce
and fir seedling densities started dropping in 1987
and continued through 1989, Two reasons for
the decrease may be the low germination rates
(which may or may not be normat) of the 1987
seed crop and the summer drought conditions of
1986 through 1988 (Mohnen 1992).
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What quantity of seediings constitutes ade-
quate regeneration for stabilized spruce-fir com-
munity dynamics is unknown. While we can
quaniify production and current stem densities,
replacement rates are needed to account for tem-
poral trends, as well as consideration of sto-
chastic eventis such as droughts or catastrophic
storms. Adequacy of current numbers of fir re-
generation can only be considered in terms of
the survivorship rates of these seedlings for con-
tinued fir at the high peaks. In some areas of the
Smokies where the overstory has been devastat-
ed by the balsam woolly adelgid, understory fir
are approaching a life stage that can support adel-
gid populations. Eagar (1984) suggests a scenario
where initial infestation is followed by Limited
recovery and then regeneration infestation. In
this scenario fir regeneration survives long enough
to produce viable secd. However, Busing and
Clebsch (1987) simulated balsam woolly adelgid
infestation in an old-growth spruce-fir stand us-
ing a canopy gap model and found that a spruce-
dominated forest with low fotal stand density
was predicted.

Because of possible growth decline and ob-
served crown deterioration, current seed pro-
duction and seedling recruitment of red spruce
as well as Fraser fir may be crucial for southern
Appalachian spruce-fir stand dynamics. Spruce
seed production and smaller seedling classes may
or may not be ample; however overstory den-
sities are close 1o or less than the understory
strata. Understory densities for both spruce and
fir are dependeni on a number of periodic factors:
seed production which appears to be intermittent
in this system, adequate seed viability which may
not be coincident with higher production years,
germination which is a small fraction of viable
seeds, and survivorship of germinals and seed-
lings which appears to follow a steep inverted
J-shaped curve,
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