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Larix laricina in Alaska occurs on sites ranging from productive

slopes and riverbottoms to wet bogs underlain by permafrost. It is

largest on sites without permafrost, where it is associated with

Picea glauca, but is much more common in bogs, where it occurs with

Picea mariana. In this study, I describe the environment of

different Larix habitats; compare growth and reproduction of Larix on

different sites; and compare the ecology of Larix with the associated

Picea species.

Larix is a deciduous conifer; however, some needles on juvenile

Larix, usually on new shoots, are retained during the winter and

function the following spring. This habit may conserve carbohydrates

and nutrients. Browsing damage to seedlings by snowshoe hares is

common. Larix in bogs die younger than those in warm uplands or

riverbottoms; the maximum ages observed in each were 71, 87, and 127

years, respectively. Maximum height and diameter growth rates of



Larix were as great or greater than in uplands or riverbottoms, but

the duration of rapid growth was twice as long in upland and four

times longer in riverbottom trees (90-100 years), resulting in their

greater size.

Cone production and seed viability of Larix vary between stands

and from year to year. Maximum annual cone production among 10 cone

crops observed was 1.97 x 105 cones ha-1; the highest seed viability

was 60 percent. When stand cone production was high, cone production

of individual trees was strongly correlated with tree size. Seeds

mature by mid-August and disperse beginning in late August to early

September. Ninety-five percent of viable seed at one stand fell by

November 1. Germination in the laboratory is inhibited at or below

10 deg C. At 12 and 15 deg, germination is stimulated by long photo-

period and stratification period; this stimulation decreases at

higher temperatures. Natural germination occurs after soils warm and

summer rains begin. In riverbottoms, germination is better on

mineral seedbeds than feathermoss, possibly due to a better moisture

regime. In tussocky bogs, low temperatures may delay germination in

troughs; inadequate moisture may delay germination in higher micro-

sites. The best microsites for survival of germlings in tussocky

bogs appear to be open troughs which are high enough to escape sub-

mergence.

Larix 1 aricina appears to be a seral species on warmer sites,

establishing soon after P. 11 auca, but dying earlier. Its seral

relationship to P. mariana is less clear, in part due to ignorance of

bog processes.
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GROWTH AND REPRODUCTIVE ECOLOGY OF LARIX LARICINA
IN INTERIOR ALASKA

CHAPTER I. INTRODUCTION

Larix laricina (DuRoi) K. Koch, commonly known as eastern larch

or tamarack, has one of the widest ranges of all North American

conifers (Fowells, 1965), ranging from eastern Canada to the

northern treeline, south into New England, Ohio, and Minnesota, and

northwest into the Yukon Territory. Major disjunct populations grow

in river drainages of interior Alaska, primarily along the Kuskokwim

and Tanana Rivers, and to a much lesser degree, along the Yukon

River (Viereck and Little, 1972; Viereck, 1979). Its distribution

approaches treeline in western Alaska (Viereck, 1979).

Tamarack is most abundant on swampy lands in the southern parts

of its range, but may occasionally establish on more productive up-

land sites (Fowells, 1965). The swampy (peatland) habitats are

often fens, weakly minerotrophic to minerotrophic (Heinselman, 1970;

Wells, 1981), but may also range to oligotrophic (Tilton, 1978).

There exists little information on L. laricina in interior

Alaska. It occurs in several different vegetation types, including

lowland muskeg bogs, lowland spruce-hardwood forests, and upland

black spruce forests (Neiland and Viereck, 1977), sites of low pro-

ductivity underlain by permafrost and typically with poor drainage

and an accumulation of organic matter. Though uncommon, it may also
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occur on the productive riverbottoms and uplands in association with

Picea glauca, while spruce.

On well-drained sites, Larix laricina is one of the fastest

growing boreal conifers. Its early growth potential has made it a

species of interest for reforestation (Hall, 1977) and short-

rotation intensive culture (Zavitkovski and Dawson, 1978). It is of

ecological interest because of its deciduous habit and common asso-

ciation with the evergreen Picea mariana, black spruce, in presum-

ably nutrient-poor wetland sites and its restricted distribution on

productive upland and riverbottom sites.

The general objectives of this study were to:

1) Characterize the environment and associated vege-

tation of different site types (riverbottom, up-

land, and wetland) in interior Alaska.

2) Compare growth, reproduction, and longevity of L.

laricina across this range of site types.

3) Compare growth and reproduction of L. laricina

with the associated Picea spp. on different site

types.

Specific objectives associated with different sections of the

study are described in the respective sections.



CHAPTER II. ENVIRONMENT

Regional Setting
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The study area lies within the basin of the middle Tanana

River, one of several major river systems dissecting interior Alas-

ka. The valley is bounded to the south by the Alaska Range and to

the north by the Yukon-Tanana upland, an unglaciated maturely dis-

sected area of accordant rounded ridges 600-900 meters in altitude

(Pewdc 1965).

The rock underlying the upland and basin is mainly Birch Creek

schist, a micaceous schist probably of Precambrian origin (P4wie et

al., 1966), although basalt, mafic, and ultramafic rock formations

occur in the area. The upland is blanketed by micaeous loess

deposits up to 45 m thick that were derived from outwash plains of

the Tanana River during Quaternary time (Pewd% 1965). Much of the

original loess has eroded from steeper slopes and accumulated on

foot slopes and in inland valleys.

The bedrock floor of the Tanana basin, largely below sea level,

is covered by Quaternary fluvial and glaciofluvial sediments 90-230m

thick (Pewer, 1965). The floodplain alluvium generally occurs as

gravelly facies east of the mouth of the Chena River and as silt and

sandy facies to the west (PdWAret al., 1966). Most of the soil

material on the alluvial plains is of glacial origin, but some
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originated from the loess and underlying bedrock of adjacent uplands

(Rieger, Dement, and Sanders, 1963).

The mountain ranges surrounding the interior shelter the region

from marine influences, resulting in a definite continental climate

(NOAA, 1980). This, combined with the extreme seasonal change in

daylength, creates long, cold winters, rapid warming during the

spring, a short, relatively warm summer, and rapid cooling in the

early fall. Annual precipitation is relatively light, averaging

28 cm at Fairbanks (NOAA, 1980); over half, however, falls during

June, July, and August. Furthermore, evaporation is generally slow

during the growing season, thereby compensating for the low precipi-

tation (Furbish and Schoephorster, 1977). Length of the growing

season varies greatly from place to place due to cold air drainage

patterns. For example, the average frost-free period at Fairbanks,

the University Experiment Station in College, and Nenana are 107,

88, and 82 days, respectively (Furbush and Schoephorster, 1977).

The Tanana Valley is within the zone of discontinuous perma-

frost. The occurrence of permafrost reflects topography, soil

drainage, and in general, is reflected by vegetation type (Zasada et

al., 1977). Permafrost is generally present close to the surface in

lowlands, on north-facing slopes, and on older terraces of flood-

plains, and is deep or absent on south-facing slopes, ridgetops, and

younger floodplain terraces.

Major vegetation types are strongly associated with topography.

Their composition and distribution, successional patterns, and
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associated disturbance (fire and flooding) are discussed in Chap-

ter III.

Study Sites

My study sites represent a variety of site types containing a

distinct component of Larix laricina (Table 1). All were located in

the Tanana Valley (Figure 1), and were chosen to be easily access-

ible by road. Where possible, I "paired" study sites of different

types (e.g. riverbottom, upland, and wetland) in the same geographic

area, in order to focus on effects of local differences between site

environments.

Throughout the majority of this paper, I will refer to wetland

sites as "bogs", recognizing that they may not be oligotrophic bogs,

but may be fens. This distinction will be discussed in detail in

Chapter VI.

Studies began in late June 1980 at T-Field, Smith Lake, Shaw

Creek, and Bonanza Creek (BCF and BCO). The remaining sites were

selected and studied in 1981.

The objectives of this section are to describe differences

among study sites and seasonal environmental changes that might af-

fect tree growth and reproduction.



Table 1. Location and description of study sites.

AREA SITE PHYSIOGRAPHY ELEVATION (m) VEGETATION TYPE LOCATION

Bonanza Creek
Exp. Forest

BCO Bog 120 Open, tussocky;
regeneration present

64° 42'N 148°

BCF Bog 120 Closed, tussocky;
no regeneration

u

BCF-N Bog 120 Open, shrubby;
regeneration present .,

BCR Riverbottom 120 Mature Picea glauca- n

L. laricina

Willow Island Riverbottom 120 Mature P. glauca-
L. laricina

Goldstream GS Bog 180 Mature L. laricina to 64° 55'N 147° 56W
treeless sphagnum-dom.,
open, tussocky

Smith Lake Bog 150 Open Picea mariana- 64° 52'N 147° 51'W
L. laTia woodland;
no regeneration

T-Field --- Upland 180 Young plantation 64° 52'N 147° 51'W

Shaw Creek SCU Upland 300 Mature P. glauca- 64° 00'N 146° 00'W
L. laricina

SCF Bog 280 Young pure L. laricina
stand and P. mariana-
L. laricina woodland

rn



Figure 1. Map of Alaska showing range of Larix laricina (stippled region) and general locations
of study sites (stars). Stars represent, from left to right, Bonanza Creek plots (BCO,
BCR, BCF, BCF-N), Fairbanks-area plots (Guldstream, Smith Lake, T-Field) and Shaw
Creek (SCU, SCF).
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Temperature
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Single thermographs were installed in June 1980 at BCO, BCF,

SCF, and SCU. Air temperature probes were placed 1 m above the

ground surface under small A-frame shelters. Temperatures were mea-

sured from late June to September, 1980; due to instrument malfunc-

tions, temperature data were not collected for one week at BCF and

approximately two weeks at SCF. The thermographs were removed in

September 1980 and reinstalled in May 1981; temperatures were then

measured continuously to October 1981. Thermographs were

recalibrated at weekly intervals at Bonanza Creek and at 2-3 week

intervals at Shaw Creek.

The effect of bog microfelief on substrate temperature was ex-

amined at BCO and SCF. At SCF, an 8 m long transect was installed

from the edge of the sedge meadow toward its center. The vertical

profile and location of Larix seedlings along the transect were

mapped. Midday temperatures at the substrate surface (0 cm), -5 cm,

and -15 cm were measured at 33 cm intervals along the transect (a

total of 25 measurements per depth) on four dates during the 1981

growing season, using a thermometer and soil probe with a thermistor

sensor. Additional point measurements were made on tussock, moss,

and trough microsites in conjunction with the germling emergence and

survival study at BCO. Results of those temperature measurements

are presented in Chapter V.
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Depth to permafrost was measured at Bonanza Creek and Smith

Lake in early September 1980, when it should be at its deepest,

using a calibrated steel rod. Sampling was at 2 m intervals, in

conjunction with vegetation plots. At least three measurements were

made per sample point; in tussocky sites, depth to permafrost was

measured from both the tussock top and the surface of the adjacent

trough.

Soils

A limited profile description and information from the litera-

ture were used to characterize the substrates at the study sites.

No samples were taken for nutrient analysis.

Moisture

Precipitation and water table depth were measured from early

May to September 1981. Single standard precipitation gages were in-

stalled in May 1981 at BCO and SCF. Single piezometers made of 2.5

cm diameter polyvinyl chloride pipe were installed in midsummer 1980

to the surface of frozen soil at BCF, and in two locations at BCO,

an open tussocky area and an adjacent location under mature, stand-

ing dead Larix. Paired piezometers were installed at SCF in the

open sedge meadow and under a canopy of sapling and adult Larix.

Both the sedge meadow at SCF and the open, tussocky site at BCO had

abundant Larix regeneration. Readings of precipitation and depth to
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the perched water table were made at weekly intervals at Bonaza

Creek, and 2-3 week intervals at SCF.

Gravimetric moisture contents from 0-3 cm deep in the substrate

were measured regularly in 1981 at BCR, BCO, and SCU in conjunction

with the study of germling ecology. Sampling procedures and results

are discussed in Chapter V.

To determine if Larix laricina would be subject to moisture

stress during the dry part of the growing season, paired tensio-

meters were installed at T-Field at -15 and -30 cm depth under Larix

canopy and in an adjacent, recently plowed field in late May, 1981.

Gravimetric moistures at 0-3 and 3-6 cm depth was measured at the

same locations. The gravimetric moisture values were converted to

volumetric moisture values based on soil bulk density determina-

tions; soil water potential was then estimated from pressure curves

for silt-loam soils (Kane, Seifert, and Taylor, 1978). Measurements

were made at 1-2 week intervals early in the growing season and less

frequently thereafter.

Xylem pressure potential was measured in mid-afternoon, June

24, 1981, on three L. laricina, Picea mariana, and P. glauca at T-

Field using a pressure chamber (Ritchie and Hinckley, 1975). The

time and date were felt to have conditions conducive to minimizing

water potentials and were near the end of the longest dry period

that summer. One year old or two year old first order shoots were

removed from the lower, shaded side of each tree and were placed in

the pressure chamber immediately after cutting. Mid-day readings
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were also made at Smith Lake, BCO, and BCF on Larix and P. mariana,

paired by size, on June 25 and 26.

Results

Soils

Shallow profiles of soils at BCR revealed a mat of live

feathermoss,mainly Hylocomium splendens, 3-4 cm deep over a 4 cm

thick mineral soil horizon. A buried forest floor horizon was imme-

diately below the mineral soil layer. Profiles of soil under simi-

lar stands have been described in detail elsewhere (Viereck, 1970).

The mineral horizon at SCU began 15 cm below the surface and

was overlain by a layer of decaying woody litter roughly 5 cm thick

and a layer of live Hylocomium 5-10 cm thick.

The three bogs samples, BCO, BCF-N, and SCF, had deep mineral

soil relatively near the surface. The profile at BCO was taken in a

trough between tussocks; a gray, mottled mineral horizon was over-

lain by wet, decaying litter 5-10 cm thick. At BCN, the mineral

horizon was overlaid by 10 cm of feathermoss; roots were observed in

the upper 7 cm of the mineral horizon, but not below. A brown

mineral horizon was overlain by 2-5 cm of moss or litter at SCF. The

bog profiles may not be as representative as in the riverbottom or

upland, as representative as in the riverbottom or upland, as micro-

relief was much more heterogeneous.

No charcoal was noted in the few profiles examined. Both

Calmes (1976) and Viereck (1970) have reported evidence of fire,
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such as charcoal, in treeless bogs of the Fairbanks area and in a P.

mariana- L. laricina stand near the Chena River, respectively,

suggesting that fire may periodically burn stands such as the

Bonanza Creek bogs.

Temperature

The Bonanza Creek bogs had significantly higher monthly mean

maximum temperatures and significantly lower monthly mean minimum

temperatures from May through September, 1981, than did the three

Fairbanks-area weather stations, which were located on riverbottom

and upland site types; SCF showed a similar pattern when compared

with SCU and the Big Delta weather station (Table 2). These results

in part agree with those of Barney and Berglund (1973), who reported

that monthly mean minimum air temperatures in a lowland Picea

mariana stand were lower than in nearby upland P. mariana and Betula

papyrifera stands at Bonanza Creek. They, however, did not find

significant differences in monthly mean maximum temperatures between

those sites.

Mean monthly minimum temperatures were at or below freezing in

all three bogs during May and continued below freezing in June at

SCF, but were well above freezing at the weather stations (Table 2)

and upland SCU site during the same period. Correspondingly, the

frost-free period between severe frosts (temperatures > -2.2 deg C)

was short in the bogs, ranging from 47 days at SCF to 84 and 86 days



Table 2. Air temperature summaries from study sites and nearby weather stations,1

1980-81

SITE YEAR DAILY EXTREME
max min

AIR TEMPERATURES ( deg C)

MAXIMUM DAILY (MINCE MEAN
May August

WW11i, FROST FREE PERIOD ((-2.2 C)
Dates length (days)

DAILY TEMPERATURES
June July

BOO 1980 --- max 24.0 18.6 -7/30
min --- 3.5 2.0

1981 29 -6 max 21.82 22.2 21.4 19.6 5/24-8/16 84
min -0.7 2.3 8.3 1.9

BCF 1980 max
min ---

---
---

-- 3
---

4
19.2
1.9

-8/4

1981 31 -5 29 (6/24) max 22.4 22.7 21.5 20.0 5/22-8/16 86
min 0.0 2.5 8.4 4.3

Fairbanks 1980 flex 20.2 20.8 18.4 18.4 4/24-9/1 130
Airport min 5.5 7.7 9.3 6.2

1981 29 -1 max 17.7 20.8 17.8 18.1 5/3 -9/27 147
min 5.2 9.1 9.4 5.9

College 1980 max 17.8 19.4 22.5 18.3 5/12-9/2 114
Observatory man 3.0 7.6 10.0 6.1

1981 28 -2 max 20.2 20.8 18.4 18.4 5/3 -9/1 121
min 5.5 7.7 9.3 9.3

SCU 1980 --- max -- -- 20.6 16.5 -8/29
min 8.6 5.3

1981 27 -3 19 (6/24) max 18.4 17.8 17.0 16.3 -8/17 100
min 4.4 4.9 7.6 4.9

SCF 1980 --- max 18.3 7/5 -8/11 37
min --- --- --- 0.0

1981 32 -11 35 (5/30) max 21.5 20.6 21.3 21.2 7/2 -8/17 47
min -2.7 -1.7 4.5 3.6

Big Delta 1980 --- MN 16.7 19.1 21.6 18.5 5/12-9/1 113
Airport min 6.2 9.3 11.2 6.0

1981 28 -2 19 (5/24) max 19.0 18.4 18.7 17.9 5/3 -8/17 106
min 7.6 8.1 10.1 8.0

]Weather station observations from United States Dept. of Commerce (NOAA)(1980,1981)
2Instruments installed in late June 1980. No data for July 1980 at DCF, SCF.
3Data missing 5/11/81
gData missing 7/1-7/8/81



14

at BCO and BCF, respectively. AT SCU and the weather stations, in

contrast, it exceeded 100 days (Table 2).

Diurnal temperature variability was greatest in bogs on clear

days, less so in the upland site (SCU) on clear days, and least in

all locations on overcast days (Figure 2). This is due in part to

less intense solar radiation and reduced sensible heat generation

(Berglund and Barney, 1977). Since longwave radiation to space

would be unimpeded by clouds and water vapor on clear days,

radiation frosts could easily result (Rosenberg, 1974).

The sparse tree canopy at BCF had little effect on minimum air

temperatures during clear days. Throughout May and June 1981, daily

minimum temperatures were within 2 deg C of those at BCO.

Air temperatures were not measured at BCR. The presence of a

mature canopy and deep or absent permafrost would suggest less

diurnal temperature variability on clear days and a longer frost-

free period than in adjacent bogs. Viereck (1973) found average

weekly air temperatures in early successional, permafrost-free

willow stands along the Chena River to be nearly identical to those

in nearby stands underlain by permafrost.

Soil Temperature

Microrelief influences bog substrate temperature. Midday sur-

face temperatures along the sedge meadow be transect at SCF had

reached mid-season values by May 10 (Figure 3). However, the depth

of thaw was less than 15 cm in portions of the transect through
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May 24. At the last reading, August 3, the -15 cm temperatures were

consistently greater than 5 deg C and varied the least with micro-

relief along the transect.

The upper surface of permafrost beneath the bogs was relatively

flat, regardless of microrelief. Thaw depth under troughs at BCO in

September 1980 ranged from 36-61 cm (x=49 cm, n=54) and ranged from

35-55 cm (x=44 cm, n=29) below the base of tussocks. Differences in

mean thaw depths under troughs and tussocks were not significant.

Permafrost in the riverbottom and upland stands was much deeper

than in the bogs. Mean depth of permafrost at BCR was 88 cm (n=5) in

early August 1981, compared with a mean depth of 39 cm (n=21) from

trough bottoms at BCF and 40 cm (n=27) at BCO. Similarly, mean thaw

depth at Smith Lake in early September was 54 cm (n=10) in the bog,

but was greater than 120 cm (the length of the sampling rod) along

the lakeshore, an area of abundant Larix regeneration. Permafrost

depth at SCU, measured only in mid-July 1981, ranged from 79-109 cm

(x=94 cm, n=15) clearly deeper than bog sites sampled.

From May through August 1981, more precipitation fell at

Bonanza Creek and Shaw Creek than at the nearest weather stations,

at Fairbanks and Big Delta, respectively (Table 3). The two sites

showed similar patterns; over 60 percent of the total growing season

precipitation fell during July and August. This late summer

increase in precipitation is typical; precipitation is usually

lowest in May and peaks in August (United States Dept. of Commerce,



Table 3. Monthly precipitation (cm), May-August 1980 and 1981, at two study sites
and the nearest weather stations. Precipitation gages installed at study
sites in late July, 1980.

PRECIPITATION (an)

MAY JUNE JULY AUGUST TOTAL, MAY-AUGUST
STATION 1980 1981 1980 1981 1980 1981 1980 1981 1980 1981

BOO 1.6 --- 6.1 8.9 3.3 4.6 --- 21.2

Fairbanks Airport 0.8 1.8 3.5 4.9 3.5 6.1 4.3 3.4 12.1 16.2

SCF 0.6 --- 6.1 --- 10.9 4.3 5.5 23.1

Big Delta Airport 2.0 4.1 5.0 6.2 3.4 7.5 6.2 X,6 16.6 19.4
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1980). May to August precipitation was greater in 1981 than 1980

(and above normal), but less in August 1981 than August 1980.

Water was observed above the ground surface at both SCF and BCO

in early May 1981, coinciding with a shallow thaw depth at that time

(Figure 4). At BCO, the water level dropped in late June, then rose

with increasing July precipitation. The water levels of the two BCO

piezometers were correlated (r =0.77) on given dates, although not

as highly as I had expected, given that they were less than 15 m

apart. The water level under the standing dead Larix (BCO

Piezometer 1) was consistently higher than in the open tussocky site

(BCO Piezometer 2), but fluctuated less through July 1981 (Figure 4)

The water table at BCF was deeper throughout the summer and also

peaked in early July as precipitation increased.

Matric potential of the soil at T-Field under the Larix canopy

and in the open was close to zero throughout the 1981 summer. Under

the canopy, soil water potential at 3-6 cm was more negative than at

other depths; in the open, it was more negative at 0-3 cm than at

3-6 cm (Table 4).

Xylem pressure potential ("P") was similar in all trees

sampled. Mid-afternoon pressure potential of L. Laricina and Picea

glauca at T-Field on June 25 ranged from -14.1 to -16.2 bars. Pres-

sure potentials of Picea mariana were slightly more negative, but

differences were not significant (Table 5). Pressure potentials of

the paired Larix and P. mariana at Smith Lake and Bonanza Creek were

similar, and furthermore, did not differ from trees at T-field.
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Table 4. Soil matric potential at T-Field, 1981. Matric potential at 0-3 and 3-6 cm
depth estimated from a pressure release curve for Fairbanks silt loam soil
following determination of volumetric water content. Matric potential de-
termined at 15 and 30 cm depth with tensiometers.

MATRIC POTENTIAL (bars)

DEPTH (an) 6/4 6/9 6/14 6/19 6/30 7/6 7/8 7/29 8/7 8/14 8/27

OPEN 0-3 1.6 1.6 -- 15 0.5 1.0 3.0

3-6 1.0 1.4 2.0 0.6 0.8 1.3

15 0.5 0.5 0.6 0.7 0.3 0.3 0.3 0.3 0.4 3.5 0.3

30 0.4 0.4 0.4 0.5 0.4 0.3 0. 0.2 0.3 0.3 0.2

UNDER 0-3 1.4 0.5 2.5 0.1 3.0

CANOPY
3-6 1.6 1.5 15 1.3 -- 1.3

15 0.7 0.7 0.8 1.0 -- 0.2 0.2 0.3 0.5 0.8 0.4

30 0.6 0.5 0.7 0.8 0.3 0.4 0.3 0.3 0.5 0.6 0.5
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Table

SITE

5. Xylem pressure potentials
Means based on one sample

DATE SPECIES

"p"

each

XYLEM

measured at midday.
from three trees.

PRESSURE POTENTIAL (bars)

dev.)mean (std.
TL-Field 6/25/81 L. laricina -15.5 (0.7)

P. glauca -15.1 (0.9)

P. mariana -18.0 (1.4)

Smith Lake 6/25/81 L. laricina -15.1 (1.9)

P. mariana -15.3 (1.4)

BOD 6/26/81 L. laricina
tree -15.3 (1.8)

sapling -14.6 (0.6)

P. mariana -15.4 (0.9)

BCF 6/26/81 L. laricina -13.5 (0.9)
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The mid-day pressure potentials recorded for L. laricina at T-

Field, Smith Lake, and Bonanza Creek may be negative enough to re-

strict photosynthesis and growth. Leader and diameter growth of L.

laricina seedlings, but not of Picea glauca seedlings, were signifi-

cantly reduced by soil tensions of 15 and 6 atm, respectively

(Glerum and Pierpont, 1968). Richards (1979) found that net photo-

synthesis of Larix lyalli was reduced by 50% at -11 bars leaf water

potential. In contrast, a leaf water potential of -25 bars was re-

quired to reduce net photosynthesis of Picea mariana by 50% (Black,

1980). Wolff, West, and Viereck (1977) estimated that stomatal

closure in P. mariana growing in interior Alaska occurred at a xylem

pressure potential of -13 bars. A comparative study of net

photosynthesis and transpiration of Larix decidua, Picea abies, and

Pinus cembra with decreasing soil moistures (Havranek and Benecke,

1978) showed that Larix maintained high production rates to -3.5

bars soil tension (approximately -15 bars xylem pressure potential),

then dropped sharply. In contrast, P. cembra and P. abies main-

tained lower rates of net photosynthesis and decreased less rapidly

as soil water potential became more negative. It would have been of

interest to measure pressure potentials throughout the entire day to

see if negative pressure potentials were maintained to the degree

measured in mid-afternoon.

I was surprised that pressure potentials were so similar in the

bog and upland sites, regardless of species. The bog sites would

have adequate soil moisture in the rooting zone from melting ice.
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T-Field, however, is on a gentle, south-facing slope without

permafrost. Consequently, I had expected pressure potentials to be

more negative at T-Field.

Low evaporation rates may have increased the xylem pressure po-

tentials measured. Mean evaporation rates at the University Experi-

ment Station were low on the three days preceding measurements,

averaging 0.16 cm day-1 as compared with an average of 0.45 cm day-1

during the first three weeks of June (United States Dept. of Commerce,

1981).
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Major vegetation types in interior Alaska appear to vary along

temperature and moisture gradients (Viereck, 1975). Forests of the

warm, dry south-facing slopes are typically dominated by Populus

tremuloides, aspen. Open and closed Picea mariana-feathermoss and

P. mariana-sphagnum types are especially widespread on poorly

drained sites, including those underlain by permafrost, and on

north-facing slopes. On warmer, well-drained upland sites, the

mature forests consist of Picea glauca, often mixed with birch,

Betula papyrifera. Larix laricina and P. mariana are commonly

associated in the coldest, wettest sites (Van Cleve and Viereck,

1981). Bottomland spruce-poplar (Populus balsamifera) forests are

common on the floodplains of the major rivers of interior Alaska.

Mature stands are dominated by Picea glauca; younger stands are

dominated by Populus balsamifera.

The taiga of interior Alaska is dominated by young stands in

various stages of succession (Van Cleve and Viereck, 1981). Changes

in vegetation, nutrient cycling, and productivity as succession pro-

ceeds have been studied in floodplains, upland white spruce, and

upland black spruce forests (see review by Van Cleve and Viereck,

1981). Succession in these different site types exhibits some com-

mon traits: In the absence of disturbance such as flooding or fire,
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a mat of feathermoss (primarily Hylocomium spp. and Pleurozium spp.)

develops as the stand ages. The development of the moss mat, in

conjunction with canopy closure, reduces the soil temperature, lead-

ing to reduced primary production and decomposition. This results in

reduced cycling of nutrients, especially as permafrost develops.

Either fire, if severe enough, or flooding may reset the system

to an earlier stage of succession. Flooding, through deposition of

silt, buries the surface organic layer and replenishes the soil nu-

trient pool (Zasada et al., 1977). Depending on its severity, fire

reduces the thickness of the organic layer, results in higher soil

temperatures and increased decomposition, and increases the pool of

available phosphorous and base elements (Van Cleve and Viereck,

1981).

The return interval of fires in interior Alaska is short to

medium (50-200 years), with the shortest cycles in the Yukon basin

and longer cycles in western and southwestern Alaska. Yarie (1979)

estimated the natural fire cycle of the Porcupine River area to be

49 years. Fire frequency varies with site type. The black spruce

type has the highest frequency of fires; in contrast, chance of

burning in floodplain stands is relatively slight (Viereck and

Schandelmeier, 1980).

In contrast with the studies of productive floodplain forests,

little work has focused onsuccession in the floodplain bog complex,

the usual habitat of Larix. The role of fire in determining vege-

tation patterns and the formation of bogs has not been identified,
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although evidence of past fire is common in bogs (Neiland and

Viereck, 1977). Nutrient cycling and hydrological characteristics

of these bogs also have not been studied.

There is some evidence that older white spruce stands on flood-

plains are replaced by black spruce as permafrost develops (Drury,

1956; Viereck, 1970), although Van Cleve and Viereck (1981) were un-

able to locate transitional stands connecting mature white spruce

stands with permafrost-dominated black spruce stands on older ter-

races along the Tanana River. If fire is absent from the floodplain

black spruce stands, the black spruce may be replaced by treeless

bog, resulting in a cycle of bog and forest (Drury, 1956).

METHODS

Trees were sampled using circular 100 m2 plots on most study

sites. Two square 1 m 2 plots were nested within each 100 m2 plot

and were used for sampling understory vegetation and seedlings of

Picea spp. and Larix laricina. Eight to fourteen 100 m2 plots were

established per study site in parallel transects 4 plots long, with

center points 20 m apart along the transect. Within each study

site, distance between transects was constant, but ranged from 15-

30 m on different sites. SCU and BCR each were sampled using a

single 25 m x 25 m plot, in which were nested 4 randomly placed

square 1 m2 plots, used for sampling understory vegetation. A

single large plot was used because the area containing L. larcina

was relatively small and the density low.
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Three height classes were established for sampling tree age and

size structure on the study sites: seedlings (< 30 cm tall),

saplings (30 cm-180 cm), and mature (>180 cm). This working classi-

fication was somewhat arbitrary; however, field observations indi-

cated that the smallest seed-bearing Larix were approximately 180 cm

tall.

In the bogs and at Willow Island, height and age were deter-

mined for at least every third Larix and every sixth Picea sapling.

Stem diameter at breast height (dbh), i.e. at 1.37 m, height and age

were determined for at least every third Larix adult and every sixth

Picea adult. Additional Larix were measured where density was low.

The same measurements were made on all Larix and every sixth Picea

at SCU and BCR. Standing dead Larix in the bog sites were not

tallied in each plot; however, 10 standing dead adult Larix at SCF

were felled and aged.

Individuals with dbh greater than 3.0 cm were aged by counting

annual rings on increment cores taken 30 cm above the ground. Sap-

lings and a representative sample of small mature trees with dbh

less than 3.0 cm were felled at the ground surface and annual rings

counted. An age correction of 9 years was added to ages of Larix

cored at 30 cm; this was the mean age of 22 Larix ranging from 27-35

cm height. An age correction of 19 years was added for Picea

mariana, based on a sample of 10 seedlings. No age corrections were

made for individuals growing on the riverbottom or upland sites, be-

cause no seedlings were available.
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Picea and Larix seedling density was estimated from the 1 m2

plots. All seedlings were aged by counting bud scars above the root

collar.

The distribution of size and age classes of Larix and Picea was

determined at each study site by calculating the number of

individuals in each age and size class in each plot, then determin-

ing the mean numbers for the site.

Observation of Larix laricina seedlings at BCO in 1980 had

revealed a possible relation between their presence and the type of

substrate. Most were found growing in open troughs containing

feathermoss. Sampling was expanded in 1981 to include all bog

sites. Six substrate types were recognized: feathermoss, Sphagnum

spp., litter, tussock, trough, and grass. Each site contained from

2-5 of the substrate types. The null hypothesis was that Larix

seedling occurrence was independent of substrate type. Percentage

cover and percent of seedling number per substrate type were arcsin-

transformed and subjected to chi-square analysis (Little and Hills,

1978).

RESULTS

Riverbottom

Forests at the BCR and Willow Island sites appear representa-

tive of the young white spruce or mature white spruce stages (stages

VII-VIII) of succession on the Tanana River floodplain (Van Cleve
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and Viereck, 1981). The sites were dominated by Picea glauca, with

lesser components of Larix laricina, Betula papyrifera, and Populus

balsamifera. Stem density of P. glauca was similar at the two

sites; density of L. laricina at Willow Island was much lower than

at BCR (Table 6). Basal area per individual Larix was approximately

threefold greater at Willow Island. Estimated basal area of P.

glauca was about the same as previously measured in these suc-

cessional stages by Van Cleve and Viereck (1981).

Understory vegetation in both sites had few shrubs, with

dominancue by the feathermoss, Hylocomium splendens, which averaged

80 and 60% cover, respectively, at Willow Island and BCR. Thickness

of the Hylocomium mat ranged from 10-15 cm at Willow Island, but was

generally less than 5 cm at BCR.

At both sites, more P. glauca were in the 11-15 cm dbh class

than in other classes (Table 7). Diameters of most Larix were 11-15

cm at BCR, but at Willow Island, most were 21-25 cm. Correspond-

ingly, Larix was older at Willow Island than at BCR; 15 of 17 Larix

at Willow Island were 106-125 years old, whereas 8 of 13 Larix at

BCR were 86-95 years old (maximum age of 124 years). Picea 21 auca

was older than associated Larix on both riverbottom sites, by 10-20

years at Willow Island and 20-plus years at BCR (Table 8).

The Larix that I aged at the Willow Island site were apparently

not the oldest Larix on the island. Two individuals located on an

older terrace were 225 and 210 years old (aged at breast height).



Table 6, Basal area and density of tree species on study sites.

BASAL AREA (m2 ha 1)

Larix Picea Picea Betula Populus
PLOT laricina mariana glauca papyrifera balsamifera

IOPP.L

DENSITY (Sapling + Adult Stems ha-l)

Larix Picea Picea Betula Populus
laricina mariana glauca papyrifera balsamifera

'MAL

BCR 3.4 50.5 1.6 59.2 208 2400 64 2672

Willow 2.5 31.7 0.8 1.2 36.2 62.5 2225 37.5 50 2375
Island

SCU 3.0 23.2 6.6 0.9 33.7 80 480 240 16 816

BOO-E 2.0 0.4 2.4 2050 6900 8950

BCO-M 1.5 0.2 1.7 2200 630 2830

BC -W 3.3 0.8 4.1 1960 2740 4700

BCF 5.7 1.1 6.8 2460 1960 4420

BCF-N 1.5 1.0 2.5 475 1550 2025

GS-1 1.9 5.2 7.) ]150 4825 5975

GS-4 1.4 5.3 6.7 1225 3850 5075

Smith Lake 3.1 5.8 8.9 690 3530 4220

SY -1 2.1 9.2 11.3 1170 4770 5940

SCF-2 1.8 0.4 2.2 3970 1460 5430



Table 7. Diameter class distribution of tree species on riverbottom (BCR, Willow Island)
study sites. Numbers represent estimated stems ha-I in eachand upland (SCU)

dbh class.

SITE SPECIES 0-5 6-10 11-15

DBH (an)

16-20 21-25 26-30 31-35 36-40
MAXIMUM TREE
HEIQIT(m)

BCR L. laricina 0 0 112 96 0 0 0 0 24.9
P. glauca 150 512 695 603 256 150 17 37

Willow L. laricina 0 0 12.5 12.5 50 0 0 0 17.5Island P. glauca 0 525 1125.0 500.0 75 0 0 0
B. papyrifera 0 0 0.0 37.5 0 0 0 0
P. balsamifera 0 0 12.5 12.5 0 0 0 0

SCE) L. laricina 0 0 0 0 64 16 0 0 25.1
P. glauca 0 0 160 0 160 0 160 0
B. papyrifera 0 0 64 112 48 0 16 0
P. balsamifera 0 0 0 0 0 16 0 0



Table 8, Age class distribution of Larix laricina and Picea glauca on riverbottom
(BCR, Willow Island) and upland (SCU) study sites. Numbers represent
estimated stems ha-1 in each age class.

AGE (years)

SITE SPECIES 56-65 66-75 76-85 86-95 96-165 106-115 116-125 126-135 136-145 146-155

BCR L. laricina 0 17.5 17.5 122.5 17.5 17.5 17.5 0 0 0
P. glauca 0 300 0 0 0 300 300 900 300 300

Willow L. laricina 0 0 0 0 0 75 0 0 0 0
Island P. glauca 0 0 0 0 130 130 520 1185 260 0

SCU L. laricina 16 64 0 0 0 0 0 0 0 0
P. glauca 0 0 480 0 0 0 0 0 0 0
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Adjacent P. glauca were 226 and 236 years old (John Zasada, personal

communication, 1981).

Larix seedlings were rare on both sites. None were observed at

BCR, although Larix seedlings were present the previous year near

the road adjacent to the study site and in a nearby clearcut. The

few Larix seedlings at Willow Island were restricted in

distribution. In a 2 m
2 patch of mineral soil exposed by treefall,

24 L. laricina and 7 P. glauca seedlings were counted. The few

other Larix seedlings were growing either in an open depression

where the Hylocomium mat was less than 2 cm thick, or in decaying

wood covered by the feathermoss, Pleurozium schreiberi.

Shaw Creek Upland

Picea glauca, Betula papyrifera, Larix laricina, and Populus

balsamifera were all present in the sample plot at SCU (Table 6).

Total density was 816 stems ha-1, approximately 10% L. laricina.

Total basal area was considerably lower than in the riverbottom

stands. Picea glauca, though accounting for 59% of tree density,

comprised 70% of basal area.

As in the riverbottom stands, groundcover was dominated by

Hylocomium splendens, which ranged from 10-93% cover on the sample

plots. Litter had a higher coverage than in the riverbottom sites,

presumably due to the larger component of birch and decidous shrubs.

As on the riverbottom, Larix individuals were younger than

associated P. glauca by 10-15 years. Only 3 adult P. glauca were
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aged; these represented three different diameter classes, but only

one age class (Table 8). No naturally occurring Larix seedlings or

saplings were found on the study site.

Bogs

The bog forests examined comprise a mosaic, with much variation

of Larix size and age structure within sites, particularly at BCO,

SCF, and Goldstream. Hence, the three sites were subdivided into

three, two, and four groups of plots, respectively, for further

analysis. The three groups of plots at BCO had similar Larix: P.

mariana basal area ratios, but different size structures (Table 9).

The 12 SCF plots were subdivided, with one group of three plots

(SCF-1), located on a higher terrace than the second group (SCF-2).

Total Larix density was higher in SCF-2, due to a higher density of

saplings and small mature Larix. Basal area of P. mariana was

approximately 23-fold greater in SCF-1 than in SCF-2 (Table 6). The

Goldstream site was subdivided into four groups of plots (GS-1, 2,

3, and 4).

Larix stem density was greater on all bog sites than on river-

bottom or upland, ranging from 475 to 4100 stems ha
-1

(Table 6).

Basal area of Larix in the bog sites ranged from 1.43 to 5.71 m

ha
-1

, a range including the values estimated for Larix in the non-

!log sites.

It is of some interest to compare basal area and density of P.

mariana in bog sites with P. glauca in the riverbottom and upland
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Table 9. Size structure of Picea
Larix laricina at 707-1981

mariana and

al Area
B(m

Density (stems100m72)
BCCE Seedling_ Saplings Adults ilia71)

L. laricina 0 0 8 2.04
P. nariana 200 59.5 5.5 0.37

BOD-M

L. laricina 121.4 12.3 7.9 1.46
P. mariana 7.1 5.7 0.6 0.19

BCC-W

L. laricina 30 0 19.4 3.26
P. mariana 10 20 9.25 0.81
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sites. Stem densities of P. mariana in bogs were both higher and

lower than those of P. glauca in non-bog sites; in contrast, basal

area of P. glauca, especially in the riverbottoms, is severalfold

that of P. mariana (Table 6).

The height classification used did not prove a good indicator

of P. mariana age structure. Although the mean age of saplings was

lower than that of mature individuals, the wide age spread of

saplings resulted in considerable overlap of ages with mature Picea

(Table 10). Excavation of numerous P. mariana "saplings" revealed

that many, if not most, were rooted branches of nearby mature trees.

Thus, the general appearance of a young P. mariana understory

growing under a mature P. mariana-L. laricina overstory was somewhat

misleading. No layering or other vegetative reproduction in Larix

laricina was observed on any study site.

Stem diameter-age correlations for bog Larix were poor to good,

ranging from r2=0.02 at Smith Lake to r2 =0.86 at BCF-N (Table 11).

The dbh-age relation tended to be stronger in sites with a lower

mature tree density (r= -0.69, n=10). When plot group SCF-2 was not

included in the calculation, the relation with mature tree density

was stronger (r= -0.77, n=9). The different relationship at SCF-2

may be a result of the size classification used, as SCF-2 contained

numerous Larix slightly taller than 1.8 m.

The maximum age of Larix on any bog site was 71 years, much

younger than the 124 and 127 year maxima recorded at BCR and Willow

Island, respectively. Nor was L. laricina in bog sites even-aged.
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Table 10. Tree age by size class of
Larix laricina at BCO.

Picea mariana and

Picea mariana Larix laricina

Mature age
Range 32-68 12-70

Mean 51.0 (n=16) 43.7 (n=97)

Sapling age
Range 18-54 8-30

Mean 38.3 (n =40) 12.8 (n=14)

Seedling age
Range -- 0-11

Mean 8.3 (n=25)---

Table 11. Stem diameter-age correlations of mature
Larix laricina in bog study sites.

SITE n

r2
Obh-age)

TOTAL MATURE TREE (L. laricina12
P. mariana) DENSITY (stems 100 m )

**
BCF-N 8 0.86 4.3

**
SCF-2 38 0.58 20.3

**
BCO-M 23 0.50 8.5

**
BCO-W 42 0.23 26.0

BCO-E 13 0.18"' 26.0

GS-1 14 0.12n's' 17.5

SCF-1 7 OM"' 21.6

GS-4 7 0.04n's' 16.3

BCF 36 0.04"' 30.8

Smith Lake 26 0.02"' 20.5

**
significant at p < 0.01
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Most Larix at BCF-N, BCO-M, GS-4, and SCF-2 were 15 years or younger

(Figures 5, 6, 7), whereas BCF and BCO-E contained the highest

density of mature stems and a low proportion of seedlings. Most age

classes were represented up to the oldest age class. In all bog

sites, Larix seedlings were relatively rare. This may be due to

a non-representative sample or reflect either low seedfall or

inadequate conditions for germination and establishment during

the previous five years. Ages of dead tress at SCF ranged from

33-47 years (x=41.9, n=10); dbh ranged form 3.7-9.5 cm.

A comparison across bog sites of P. mariana and L. laricina

age structures reveals no clear, consistant relationship. In 6

of 10 groups of plots, only P. mariana is represented in the

oldest age class or has a higher density than L. laricina when

both are represented in the oldest age class (Figures 5, 6, 7).

Larix does not appear to be replacing a dominant component of P.

mariana on any bog site, but on two of three sites containing the

older P. mariana, Smith Lake and SCF-1, Larix regeneration is

poor and its presence in younger age classes low (Figure 7).

Regeneration is greater in the third site with old P. mariana,

GS-4. Mature P. mariana were represented in fewer age classes

than mature Larix on 7 of 10 sites; when all individuals were

considered, P. mariana was represented in a higher proportion of

age classes than Larix at 6 of 10 sites.

Total shrub cover ranged from 8-57% in bogs (Table 12).

Chamaedaphne calyculata, Ledum groenlandicum, Vaccinium
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Figure 5. Age structure of Larix laricina and
Picea mariana at BCO, BCF, and BCF-N
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uliginosum, and Betula glandulosa were conspicuous in nearly all

sites. Alnus tenuifolia was locally abundant at BCF, while Myrica

gale was locally abundant at BCF-N (Table 12). Understory vegeta-

tion appeared similar to the tussock community type described by

Calmes (1976). Tussock-forming Eriophorum and Carex spp. were found

on all bog sites, with a total cover range of 1-47 percent (Table

12). The ground surface cover was dominated by leaf litter and

feathermoss. Litter coverage ranged from 0-78 percent and, not

surprisingly, was correlated directly with shrub cover (r =0.69,

n=13,p=0.01). Feathermoss cover ranged from 3-90 percent whereas

Sphagnum spp. cover was high only on GS-2.

Across the spectrum of bog sites, Larix seedling density gene-

rally decreased with increasing density of mature Larix and sapling

and mature P. mariana (Table 13). GS-3, which had a low seedling

and low mature tree density, did not fit the trend. Larix seedling

density was significantly correlated (r2=0.66, n=11) with the ratio

of shrub to feathermoss cover.

Where Larix seedlings were present in a bog site, they had a

highly significant relation with the type of substrate (Table 14).

At all sites, the proportion of seedlings growing in feathermoss and

Sphagnum spp. exceeded the percentage cover of these substrates,

whereas the percentage of seedlings growing in litter, tussock, and

grass was lower than the respective percentage cover of those types.

Larix seedling density was greater in Sphagnum spp. than in feather-

moss. Sphagnum spp., however was relatively rare on sites with



Table 12. Percent cover of vegetation (excluding trees) and
substrate types at bog study sites.

PEIEENTNE COVER BY PIOT

HIGH SIMMS

Alnus tenuifol i a

000-E BOOM

3.3

f50100)-W WY

14.5

IYF -N (13-1 GS -2 GS -3 GS-4
9nith
Lake 5ai-1 SCF -2

Betula glandulosa 0.5 4.0 1.2 5.6 8.8 10.2 2.0 1.5 8.0 0.5 13.3 15.8
Chamaedaphne calyculata 3.9 5.2 16.9 19.4 0.8 15.0
Leda's% groenlandicum 3.5 3.1 2.0 2.5 3.1 4.0 9.5 5.0 11.5 3.8 1.0 5.0
Myrica gale 0.6 1.6
Potentilla fruticosa 1.5 0.6 0.2 0.6 1.2 1.7 1.8
Rosa acicularis 0.7
Sal ix sm. 1.0 0.6 0.4 2.2 0.5 0.3 1.2 0.5 0.7 0.7
Vaccinium uliginosun 8.5 13.0 8.4 4.4 23.1 1.0 2.5 5.5 3.0 2.0 3.3 2.2

TOTAL HIGH SHRUB COVER 15.0 28.5 17.4 47.3 56.5 15.5 14.0 13.2 23.7 8.3 20.0 40.5

LOW SHRUBS, HERBACEOUS PLAN'S

Arctostaphylos alpina 2.5 0.2 3.2 0.5 6.0 0.3
Calamogrostis canadensis 1.0 0.2 0.6 0.1 0.5 0.5 7.0 0.3 7.0
Caren spp. 46.8 31.6 15.0 15.6 1.2 2.8 1.0 3.1
EMpetrun nignin 2.0
Erlophorum spp. 1.0 12.0 1.9 1.4 18.0 22.5 24.0 4.5 5.0
Rebus arcticus 0.5 0.4
Ruhus chamaemorus 0.6 2.5 0.3 1.0 0.1
Vacciniurn anycoccus +
Vaociniun vit is-ide_ae 2.5 2.2 0.1 0.3 26.1 6.2 2.2 3.0 15.4 3.0 0.3

GRIU4D COVER

realiaennoss 34.0 14.7 43.0 30.4 18.1 50.0 3.0 41.2 90.0 40.5 83.3 59.0
Sphagnum spp. 0.1 1.6 5.2 66.3 18.0 1.5 9.7
Lichen 3.4 1.3 2.5 1.0 4.4 1.0 8.1 2.3 1.0

Litter 10.2 50.7 13.0 50.3 77.7 3.5 27.6 7.0 19.7
Mineral soil 0.5
Standing water 1.0 8.6 1.5 1.2 7.0

Thssock 46.8 19.9 12.2 19.8 1.1 1.2 3.6
Trough 6.8 8.4 11.0 13.1 1.4 2.5
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Table 13. Relationship of Larix laricina seedling density
to total density of saplings and mature trees in
bog sites.

SITE

L.

Seedling

laricina

Mature

P. mariana TOTAL Mature A-

P. mariana
Sapling Sapling Mature Sapling

BCF-N 175.0 3.0 1.5 12.7 2.8 17.0
BC100-M 120.0 12.3 7.9 5.7 0.6 14.2
SCF-2 105.6 20.4 19.2 11.7 1.0 32.0
GS-4 37.5 8.0 4.3 26.5 12.0 42.8
BCO-W 30.0 0.2 18.6 17.4 7.4 43.4
GS-3 12.5 17.8 0.8 16.8 4.0 1.6
BCF 6.3 0.7 27.7 16.4 3.1 47.2
Smith Lake 4.6 0.1 6.0 19.5 14.5 40.0
BODE 0.0 0.0 20.5 59.5 5.5 85.5
SCF-1 0.0 9.3 2.3 31.7 19.3 53.3
GS-1 0.0 5.5 6.0 36.8 11.5 54.3

Larix seedling density: Total tree sapling P. mariana density;

All plots r
2

= 0.49
*

(P < 0.05)

All plots without GS-3 r
2

= 0.66
**

(P < 0.01)
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Table 14. Occurrence of natural Larix seedlings by
type of substrate in bogs.

SITE

BCO (n=12) % cover 31.1 35.9

% seedlings 41.7

x2
= 76.3* *, df=3

8.3

BCF (n=6) % cover 35.1 38.7

% seedlings 100.0 - 0

X
2
= 160.1

**
,df=3

BCFN (n=20)% cover 16.4 2.8 59.4

% seedlings 65.0 15 20.0

X2 = 104.6
**

,df=4

SCF (n=24) % cover 60.8 9.4 23.5

% seedlings 83.3 16.7 0

**
X = 50.1 , df=3

GS4 (n-6) % cover 96.0 4.0

% seedlings 100.0

x
2
= 12.1

**
, df=1

0

Total, all sites % cover 47.9 2.4 32.3

(n=68) % seedlings 73.5 0.5 7.4

2 **
1 = 50.7 , df=5

22.3

0

15.9

0

9.2

0

9.5

0

10.5

50.0

10.4

0

12.2

0

7.9

8.8

0

0

6.3

0

1.3

0
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Larix seedlings. On the only transect dominated by Sphagnum spp.,

no Larix seedlings were found.

DISCUSSION

The age and size structure of Larix laricina populations in the

riverbottom, upland, and bogs contrast sharply. Larix regeneration

is limited in both the mature and riverbottom and upland stands and

the oldest bog stands, Smith Lake and SCF-1. Whereas the river-

bottom and upland stands are essential ly even-aged, those in the

bogs are not. Furthermore, the apparent lifespan of Larix in bogs

is much less than in the riverbottom and somewhat less than in the

upland, even when no age correction for increment coring 30 cm

above the ground in non-bog sites was made.

I did not observe vegetative reproduction of Larix on the study

sites. Although other workers have observed vegetative reproduction

by root sprouting (Lewis et al., 1928) and layering (Bannan, 1942;

Elliot, 1979), it seems that reproduction in this area is dependent

upon seeds. Hence, the observed differences in age distributions

may indicate that differences exist in the availability of "habit-

able" or "safe" sites (Harper, 1977) for germination and establish-

ment. In upland and riverbottom sites, they may be widely available

for a short period of time; the population, once established, will

have a long lifespan. In bogs, safe sites for germination may be

more available both over time and space; individuals have (apparent-

ly) a shorter lifespan. The availability of safe sites seems to
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vary within bogs. In the older bog sites, the organic seedbeds may

be too far above the water table to remain moist enough for germina-

tion and survival of Larix seedlings. Further discussion of safe

sites and evidence for the necessity of a high water table for

germling emergence and survival in bogs is presented in Chapter V.

My observations at Willow Island and a coincident study of

Larix germination and first-season survival of germlings (see

Chapter V) indicate that a mineral soil seedbed, exposed by treefall

or other processes, is important for germination and early survival

of Larix in the riverbottom. Disturbance, therefore, may be a

necessary prelude for significant regeneration in the riverbottom

and upland. It may be rare, however. Wind deposition of sediment

is probably insufficient to provide mineral soil seedbeds for suc-

cessful spruce regeneration (Van Cleve et al., 1980) and the occur-

rence of windthrow mounds is only sporadic. The probability of

wildfire in riverbottoms is generally lower than in bog or upland

sites (Viereck and Schandalmeier, 1980). Extreme flooding, however,

may provide a mineral soil seedbed without destroying the overstory

(Zasada et al., 1977) and with it, the most readily available source

of seed. Such flooding does occur, as the buried organic layers at

the Bonanza Creek riverbottom site indicate. This could account for

the sparse, mature, but even-aged Larix in the riverbottom.

Although Larix in the riverbottom and upland were younger than

adjacent Picea glauca by at least several years, the significance is

unclear. It may mean that some factor related directly to the
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presence of young P. glauca is beneficial to establishment of Larix

it might be due to differences in years of high seed production be-

tween the two species.

Given the lack of bare mineral soil, but higher seedling densi-

ties, in bogs, other factors provide adequate microsites for Larix

establishment. Larix regeneration appears to be greatest where

density of mature trees is low, but sufficient to supply adequate

seed. Regeneration also appears to be related to substrate type,

litter being the least suitable. Stand patchiness, a high water

table perched over permafrost, and microrelief development may all

be important factors for successful regeneration.

Differences in mortality may also affect age structure dif-

ferences between the Larix of the bogs and those of the riverbottom

and upland. Mortality patterns over time cannot be determined from

age structure analysis of living trees made at one time (Harper,

1977). Although a comprehensive determination of location, size,

and ages of standing dead Larix in the bogs was not made, it seems

that bog Larix are more short lived but may have greater survival at

younger ages than Larix in mature riverbottom or upland stands. The

success of Larix seedlings on a feathermoss substrate, their low

density on litter, and a positive correlation of seedling density

with the ratio of shrub coverage: feathermoss coverage seems

contradictory. It may be that high shrub coverage is a result of

low tree density, that the feathermoss is not so thick that

seedlings cannot survive on it, and that litter coverage is patchy.

Feathermoss as a seedbed in bogs is discussed further in Chapter V.
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Larix laricina is a deciduous conifer, as are other species of

the genus. It has two distinct types of vegetative shoots, long

shoots and short shoots (Clausen and Kozlowski, 1967). Internodes

of the short shoots are typically less than 1 mm long, and bear only

a cluster of early needles which are performed in the bud. Long

shoots bear a cluster of early needles at the base of the shoot,

which appear at budbreak, and late needles, which are produced as

the shoot elongates. There are no morphological differences between

preformed needles and those formed by indeterminate growth after

buds have opened (Clausen and Kozlowski, 1970).

The amount of long shoot elongation may depend on several fac-

tors. Shading of current and previous year's needles resulted in

shorter, lighter-weight shoots than controls (Clausen and Kozlowski,

1967). Auger (1974) showed a negative correlation between total

shoot growth and August precipitation of the previous and present

year and a positive correlation with temperature sum (>0 deg C) and

with hours of sunshine in July for both the present and previous

year. Tilton (1978) found that lateral shoot length was less in in-

dividuals growing in acidic, nutrient-poor bogs than in relatively

nutrient-rich fens. Growth was positively correlated with foliar

concentrations of nitrogen and phosphorous.
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Length of needles is also correlated with foliar concentrations

of N and P (Tilton, 1978) and varies with crown position. Length,

surface area, and dry weight of L. laricina needles were signifi-

cantly greater in the upper third of the crown than in the lower

third (Strong and Zavitkovski, 1978). Differences were most pro-

nounced in samples collected from dense plantations.

Larix laricina typically has a shallow, spreading root system,

which may spread over an area greater in radius than the tree

height. In wetland habitats, Larix do not form taproots and ad-

ventitious rooting may be common (Fowells, 1965).

My objectives for this section are to describe growth of Larix

laricina on different site types in the Tanana Val ley, to examine

how height and morphology change with increasing age, and to

describe patterns of needle and shoot elongation.

METHODS

Seedling and sapling Larix were collected at the bog sites in

conjunction with the age structure sapling in September 1981.

Length of internodes was measured to the root collar or to the first

point of browsing damage. Individuals were aged as described in

Chapter III. A small sample of Picea mariana seedlings was also

collected, measured, and aged.

A comparison of height growth between L. laricina, Picea

glauca, and Picea mariana at the warm, well-drained T-field site was
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made. Trees were planted from seed in 1963 and their heights

measured at regular intervals thereafter
I

.

Two mature Larix each were felled near the riverbottom and bog

study sites at Bonanza Creek and an upland site near Fairbanks in

late September 1980 for stem analysis. Trees were aged, sectioned,

and measured according to the methods of Herman, Demars, and Woollard

(1975) and Graham (1980). The few samples appeared representative

in age and size of those growing on the different site types.

Elongation of leader shoots, lateral long shoots, and short

shoot needles was measured during July and August, 1980, and again

from May-August, 1981, at T-Field, Smith Lake, BCF, BCO, and SCF.

Trees at the riverbottom and SCU were not measured because of their

large size. Four mature Larix were chosen at each site. On each

tree, four branches on an upper whorl and four on a lower whorl were

tagged; elongation of the terminal long shoot, terminal long shoot

early needles, and needles of the 10th and 20th short shoots (from

the distal end of the branch) were measured from the base of the

bud. Measurements were made at 1-3 week intervals from late June-

early September, 1980, and from May-August, 1981.

RESULTS

One year-old Larix germlings averaged only 1.2 cm tall, but

grew rapidly with age (Figure 8). A limited sample of P. mariana

1
Unpublished data on file, Institute of Northern Forestry, Fairbanks
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seedlings (as opposed to layered individuals) grew similarly to L.

laricina to roughly 5 years of age, but less rapidly afterwards.

Growth of young Larix was much more rapid at T-Field than in the

bogs (Figure 8). After 18 years, the average height of L. laricina

at T-Field was 468 cm, compared with an average height of bog Larix

of 169.7 cm (S.E.=24, n=194) after 20 years. Heights of L.

laricina, P. glauca, and P. mariana were similar at 3 years, but L.

laricina has been significantly taller since then. Stem diameters

of L. laricina (x=4.5 cm, n=13) and P. 21 auca (x=4.4 cm, n=21) were

significantly greater (p=0.05) than those of P. mariana (x=2.9 cm,

n=21) after 18 years.

Juvenile Larix had overwintering needles, generally on new

shoots. These needles remained green for some unknown period after

deciduous needles had turned yellow in the fall (Figure 9a), turned

a rust color over winter, then began to turn green in late April,

prior to budburst (Figure 9b). Overwintering needles were generally

on the new 0 or 1st order shoots and on shoots up to 3 years old.

Individuals taller than 40 cm generally had overwintering needles on

lower branches. All Larix younger than 9 years bore some or all

overwintering needles. The percentage of individuals retaining such

needles decreased with age (Figure 10); none were observed on Larix

16 years or older. No overwintering needles occurred on trees

bearing female cones.

Larix saplings showed evidence of browsing by snowshoe hares

(Lepus americanus). Two of the six juvenile Larix selected for
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Figure 9. Overwintering needles on Larix laricina
seedlings in a) late September 1980 and
b) May 1931.
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Figure 10. Percentage of Larix laricina from bog sites bearing overwintering needles.
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phenological observations at BCO and SCF were browsed during the

winter of 1980-81, as were 4 of 6 at Smith Lake. Nearly half of the

Larix saplings collected from SCF had been browsed in the past;

slightly fewer than half of those had been browsed in the past;

slightly fewer than half of those had been browsed 9-11 years

earlier (based on bud scar counts between the leader and point of

browsing); this apparently represented a previous peak in the hare

population in that area, given the well-established 10-year

population cycle of the snowshoe hares in Alaska (Wolff, 1980).

Browsing damage was confined almost exclusively to the leaders.

The three pairs of L. 1 aricina subjected to stem analysis

showed different rates of growth during the phase of "full vigor"

(Assman, 1971). Average height and diameter increments were greater

in the trees from the bog and upland than from the riverbottom

during the apparent phase of full vigor. However, the rapid period

of height growth lasted about 14 and 28 years in the trees from the

bog, about 50 years in trees from the upland, and approximately 81

and 97 years in the trees from the riverbottom (Figure 11). Conse-

quently, the riverbottom Larix were the tallest, those from the

upland intermediate, and those from the bog, the shortest. The two

Larix from the riverbottom did not abruptly cease height growth as

did the other trees, although height increment was clearly decreas-

ing at the time the trees were felled (Figure 11).

The pattern of vegetative phenology during the 1981 growing

season at BCO is shown in Figure 12. Elongation of early needles in
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short shoots along the branches began first, followed by early

needles at the base of the leader shoot. Elongation of first order

and leader long shoots began approximately on May 22 and continued

to late June and early July, respectively. Trees at other sites

showed similar patterns of elongation. Juvenile Larix at Smith Lake

flushed twice in 1980, once in May and again in August. The new

leaders (lammas shoots) were killed by an early frost in September.

Total leader elongation was greater on all sites in 1980 than

in 1981, except at Smith Lake, where elongation was similar (Table

15). Terminal long shoots of upper whorls were generally longer in

1980, but not always significantly so. In trees showing reduced

terminal long shoot elongation on the lower whorl in 1980 (BCF,

Smith Lake, T-Field), terminal buds remained in the short shoot form

and did not elongate in 1981.

DISCUSSION

Early height growth of L. laricina was more rapid than that of

P. mariana in bogs and P. mariana and P. glauca on the T-Field

upland site. This rapid height growth relative to associated ever-

green conifers is apparently typical. Five years after planting,

heights of L. laricina on well-drained upland sites in Newfoundland

were double those of P. glauca and P. mariana (Hall, 1977). Larix

height averaged twice that of P. mariana six years after broadcast

burning in Minnesota (Johnston, 1973). Unfortunately, no
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Table 15. Total elongation (mm) of leaders and terminal first-
order long shoots on mature Larix laricina in 1980
and 1981. Starred (*, **) values indicate means
(n=4) of terminal long shoots are significantly
different than in previous year. Four terminal
shoots sampled per whorl.

LEADER UPPER WHORL LOWER WHORL1
SITE 1980 1981 1980 1981 1980 1981

BCF 13 100 80 44.8 38.5* 4 LS 2 LS
14 121 48 56.5 34.8 2 LS OLS
15 221 40 67.3 28.3* 4 LS OLS
16 96 54 50.0 27.3* 4 LS OLS

BCO 9 175 49 95.2 47.5* 50.3 32.5
10 142 54 74.3 37.3 56.0 31.0
11 266 170 75.5 49.3 39.3 28.0
12 100 57 60.0 36.3 36.0 20.0

Smith 1 205 261 56.3 55.0 46.0 41.5
Lake 2 96 81 46.3 39.8 3 LS 1 LS

3 247 281 76.8 60.0 51.5 49.0
4 156 112 53.3 38.0 41.0 26.0 **

T-Field 23 340 283 117.3 72.0* 4 LS 2 LS
26 367 321 50.5 32.0* 4 LS 2 LS
30 361 350 68.8 58.3 4 LS 2 LS
32 402 269 81.3 71.0 64.8 65.0

SCF 1 156 116 67.3 45.3* 56.8 33.0
2 378 177 176.5 82.8* 131.5 66.8*
3 540 202 159.6 79.8* 163.0 76.8*
4 335 171.0 111.3 73.3 45.0

*
significantly different at p < 0.05

*significantly different at p < 0.01

1
Mean elongation presented if all four terminal first order shoots
in lower whorl elongated in both 1980 and 1981. Otherwise, only
the number of shoots elongating (LS) is shown.
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comparisons of early height growth of Larix and P. glauca on

riverbottom sites were made or are reported in the literature.

An intriguing aspect of juvenile growth in L. laricina is that

of overwintering needles. Overwintering neeldes have been reported

in Larix lyalli (Richards, 1979); as in my observations, their

importance decreased with increasing size and age. Richards found

that wintergreen (overwintering) needles were less susceptible than

deciduous needles to summer drought stress, but had lower

photosynthetic rates. He suggested that the overwintering needles

were a means to reduce drought stress until an adequate root system

could be developed.

It is possible that overwintering needles serve the same speci-

fic purpose in L. laricina as in L. lyalli; however, it seems

unlikely simply because bogs are usually wet. They are also typi-

cally nutrient poor, however; the needle persistance may conserve

carbon and nutrients while the plant is still small. Overwintering

needles were green after senescence of deciduous needles in the fall

and before bud burst the following spring. Hence, they might signi-

ficantly extend the potential photosynthetic season of small L.

laricina and help satisfy carbon demands of the expanding buds. As

overwintering needles were generally found on small individuals or

on branches close to the ground, they should be protected by snow

cover from severe winter desiccation.

The loss of persistent needles may be associated with phase

change in L. laricina; when resources are adequate to allow a
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conversion to the deciduous habit, they may also be potentially

adequate to support the production of female cones.

Larix seedling growth is sensitive to both light and nutrients.

Richards (1979) found that wintergreen needles of Larix lyalli had a

higher light compensation point than deciduous needles; the

inference was that L. lyalli seedlings were less shade-tolerant than

older individuals, an opinion shared by Auger (1974) for L.

laricina. Logan (1966) found that at 45% of full light, height

growth of seedlings was not affected, but that needle length,

seedling weight, and especially root weight were reduced.

Drainage and fertilization of fens containing naturally seeded

L. laricina resulted in significantly greater height growth than in

undrained or drained and unfertilized plots (Richardson, 1981).

Chapin, Tryon, and Van Cleve (unpublished) found that the total

biomass of L. laricina seedlings was only slightly increased with

increasing phosphate supply (10 pg-1000 pg phosphate per week). The

small response may have partly due to the short duration (9 months)

of the experiment and young age of the plants. The growth response

appeared greater than for P. glauca or P. mariana seedlings, but was

less than that of Populus tremuloides, P. balsamifera, Betula

papyrifera, and Alnus crispa, tree and shrub species commonly found

on productive sites in interior Alaska.

The phenological pattern observed in adult Larix was similar to

that observed by Clausen and Kozlowski (1967), who reported that

stem elongation did not begin until early needles had grown to 80%
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of final length. These early needles may contribute substantial

carbohydrates to elongating long shoots, as they are photosyntheti-

cally active during shoot elongation (Auger, 1974).

Total elongation of leaders and lateral long shoots decreased

in 1981 from 1980. A comparison of data from the Fairbanks and Big

Delta weather stations showed that May and June were slightly warmer

in 1981, but the average July temperature was about 2.5 deg C lower

in 1981 than 1980. This coincided with July precipitation in 1981

roughly double that of 1980. Given the importance of current-year

needles to shoot elongation (Auger, 1974; Clausen and Kozplowski,

1967) and previously described positive correlations of July tempe-

rature and shoot length (Auger, 1974), the wet, cool weather in July

1981 may have restricted shoot growth.

The relationship of site type and apparent differential longe-

vity of Larix are deserving of more study. My results do not

conclusively show that the maximum lifespan of Larix is shorter in

bogs than in uplands or riverbottoms, but the ages of standing dead

and mature, live Larix in the bogs and the change in tree height and

diameter with age indicate that bog Larix senesce earlier. Why they

do is open to speculation.

Differences in nutrient cycling between site types may be at

least partially responsible for differences in longevity. The bogs

underlain by permafrost are the most conservative site type with

respect to nutrient cycling. Much of the nutrient pool is stored in

organic matter, as a result of reduced decomposition and mineraliza-
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tion in the cold, wet soil (Van Cleve and Viereck, 1981; Zasada et

al., 1977). In contrast, the riverbottom ecosystems are the least

nutrient-conservative, especially in younger stages, due to periodic

flooding, warm soils, good drainage, and high water tables which may

provide additional moisture and nutrients. An upland stand such as

SCU would be intermediate to bog and riverbottom in terms of conser-

vatism of nutrient cycling.

The longevity of Larix may reflect the amount of nutrient

resource available to exploit in the substrate. Nutrient uptake re-

quired to support rapid growth might become insufficient much sooner

in the bogs, unless an adequate supply of nutrients could be

maintained through water movement. In that case, a change in

drainage patterns might affect growth through reduced nutrients or

water supply. In the riverbottom, a longer period of time would

elapse before nutrients became limiting; senescence might coincide

with canopy closure, development of the feathermoss mat, and colder

soils.

Larix laricina may exhibit a "rapid growth strategy" (Grime,

1979) relative to the associated Picea spp., particularly P.

mariana. Black spruce is more shade tolerant (Kramer and Kozlowski,

1979), slower growing, and apparently longer-lived on bog sites than

is tamarak. It is recognized as a nutrient-conservative plant, with

a needle retention period of 15-20 years (Shaver, 1981). Although

P. mariana growth is slower than Larix when young, it may eventually

overtop it. In Ontario, height increment in L. laricina was greater
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than in P. mariana only for the first 40 years (Mead, 1978; Fayle,

1979).

Picea glauca is also more shade tolerant than L. laricina and

has a slower growth rate when young. On floodplains in interior

Alaska, dominants may overtop Larix at age 90-110 (age at breast

height), assuming a site index of 80 (Farr, 1967). Its maximum

lifespan is apparently greater than that of Larix; Farr (1967) found

trees 329 years old along the Tanana River.

Picea glauca may be less "stress-tolerant" than P. mariana. It

is less tolerant of flooding (Zinkan, 1974) and may be less tolerant

of cold soils. On a site underlain by permafrost in northern

Canada, maximum height increment of P. glauca was reached at 30

years, plateaued, then decreased at age 50. Picea mariana grew more

slowly for 120 years, increased, and surpassed P. glauca in annual

height increment at 140 years (Sakai et al., 1979).
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Because vegetative reproduction by Larix laricina was insigni-

ficant on the study sites, this chapter will examine only sexual

reproduction.

This chapter reviews the reproductive cycle of Larix and

presents data on early reproductive phenology; cone production and

seed viability; seed maturation; seed dispersal; seed germination;

and seedling emergence and first-year survival. Methods, results,

and discussion are presented separately for each section. A summary

of the reproductive strategy of Larix laricina and a comparison with

the reproductive strategies of Picea glauca and P. mariana are

presented at the end of the chapter.

Reproductive Cycle of Larix spp.

Pollen cone and seed cone buds in Larix normally differentiate

from lateral dwarf shoot apices at the same time following

initiation of bud scales, a pattern distinct from that of other con-

ifers (Owens and Molder, 1978). Pollen cones in L. laricina occur

mainly on 1-2 year old short shoots; seed cones are most common on

2-4 year old short shoots, but may be found on year-old twigs of

young trees, or on short shoots 5-10 years old (Duncan, 1954). Pol-

len cone buds of L. occidentalis normally differentiate from
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proximal short shoot buds on less vigorous branches in the lower

crown; seed cone buds differentiate from more distal dwarf shoot

buds on vigorous, less pendant branches in the upper crown (Owens

and Molder, 1979). The timing of pollen and seed cone initiation in

L. laricina has not been reported; initiation in L. occidentalis,

however, occurs in June after lateral long shoot elongation is

complete (Owens and Molder, 1979).

Microsporogenesis has been studied extensively in L. decidua,

L. kaempferi, and L. sibirica (Barner and Christiansen, 1960; Ekberg

and Eriksson, 1967; Ekberg, Eriksson, and Sulikova, 1968; Hall and

Brwon, 1977) and to a lesser degree in L. occidentalis (Owens and

Molder, 1979) and L. laricina (Chandler and Mavrodineanu, 1965;

Hall, 1979). Microsporogenesis typically lasts from the autumn fol-

lowing reproductive bud initiation to the next spring, when pollen

is released.

Pollen mother cells normally overwinter at the temperature-

insensitive diplotene stage and complete meiosis in the spring.

Development beyond the diplotene stage prior to spring may result in

chromosome irregularities, disturbance of cell division, and non-

functional pollen, presumably a result of low temperature damage

(Ekberg, Eriksson, and Sulikova, 1968). Hall (1979) reported that a

small percentage of pollen mother cells of L. laricina in

Newfoundland advanced from diplotene in mid-winter, but he found no

abnormalities. Pollen viability may vary substantially within sites

(Chandler and Mavrodineanu, 1965).
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At the time that the immature seed cone of Larix is receptive,

i.e. when the bracts are open and the stigmatic flap swollen and

protruding beyond the rim of the ovuliferous scale, the pollen

grains roll down the two cavities formed by the upper sides of the

bracts, landing on the stigmatic flaps (Barner and Christiansen,

1960). Growth of the ovuliferous scales causes the bracts to close

and the stigmatic flap to collapse with or without pollination. The

pollen then embeds on the micropylar side of the col lapsed flap,

swells, then ceases activity for 5-7 weeks. At that time, the pol-

len is transferred to the nucellus, and then germinates. The pollen

may fail to reach the nucellus or, once there, may not germinate

(Hall and Brown, 1976).

Larix is parthenocarpic; fully-sized but empty seeds are pro-

duced in the absence of pollination (Kramer and Kozlowski, 1979).

Embryo failure, as well as a lack of pollination, may contribute

significantly to the formation of empty seed (Hall and Brown, 1976).

Seed set is much reduced by self-pollination in L. decidua and L.

kaempferi (Wright, 1976).

PHENOLOGY OF FLOWERING AND POLLEN RELEASE

Methods

Flowering phenology and pollen release were observed in May

1981, in conjunction with early-season measurements of needle and

shoot elongation (see Chapter IV).
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The timing of pollen release was sampled from one isolated

Larix near the BCF-N site. The tree was approximately 7 m tall and

contained numerous pollen cones. Eight pollen samplers, each

consisting of a vaseline-coated microscope slide attached to a 1 m

tall lath stake, were installed around the perimeter of the tree

canopy at 8 compass points on May 14, 1981. Slides were collected

and replaced at 1-3 day intervals through May 25; samplers were not

replaced thereafter, as rainy weather ensued. Pollen counts were

made at 32X magnification on 5 replicates of 0.05 cm2 each per

slide. Identification of Larix pollen was based upon vaseline-

coated reference slides and published descriptions of pollen grain

size and morphology (Erdtman, 1966, 1972).

Results

Young seed cones were upright and appeared receptive at Bonanza

Creek and Shaw Creek on May 22 and May 23, respectively (Figure 13).

Some cones appeared to develop abnormally; at SCF, for example,

numerous seed cones were not upright at the time of pollen release.

Pollen release in 1981 began approximately on May 15 and peaked

between May 18 and May 22 (Figure 14). This period was dry and warm

(daily maxima of 17-25 deg C). Pollen release decreased slightly on

May 23-25, then appeared to cease with onset of precipitation.

Timing of pollen release in other years is probably similar to 1981,

but would be expected to vary by individual and with prevailing

moisture and temperature (Boyer, 1981).
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Figure 13. Branch of mature Larix laricina in May 1981,
showing an erect TETe cone and vegetative
shoot morphology.
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CONE PRODUCTION AND SEED VIABILITY

Methods

Female cones were counted in July 1980 and 1981 on tagged,

mature Larix at SCU, SCF, BCO, BCF, and Smith Lake. Those trees

were described earlier in Chapter III. Cones were al so counted on

planted Larix at T-Field in 1981. Cones on large trees were counted

using a variable-power spotting telescope The large cone crop in

1980 and retention of old cones into 1981 prevented accurate counts

for certain trees, especially at Smith Lake; hence, those

individuals were omitted in 1981. In addition to counts of cones on

"mature" individuals, 61 sapling and seedling Larix were collected

at SCF in August, 1981, aged, and checked for presence of female

cones.

Samples of L. 1 aricina seed were col lected at the cone count

study sites and at several sites along the Richardson Highway

between Fairbanks and Delta Junction in August 1980 and 1981. Un-

stratified seeds were germinated under fluorescent light at 20 deg C

for three weeks. Percentages of viable seed were determined by sum-

ming germinated seed (those with radicle protruding more than 2 mm)

totals and filled, viable seed as determined using tetrazolium chlo-

ride, and dividing by the total number of seeds.

Proliferated female cones, those with a long shoot protruding

from the apex, were observed on trees at T-Field, SCF, and Delta.

Samples were collected from three Larix at T-Field in August 1981.
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Proliferated and normal cones were dried and weighed and the total

and viable seed production per cone determined and compared.

Results

Cone production decreased from 1980 to 1981 except at SCF,

where it increased (Table 16). The maximum cone production in 1980

was 19.3 x 10
4
cones ha

-1
at BCF and in 1981, was 19.7 x 10 cones

ha
-1

at SCF. The maximum cone production on an individual was 1525

cones at SCU; 950 cones were the most counted on a single tree in

any of the bog sites.

Changes in total cone production within stands were mirrored by

changes in cone production by most, but not all trees in the stand

(Table 16). In 1980, the year of higher cone production at Bonanza

Creek, cone production per tree was positively correlated with tree

height, stem diameter, and stem diameter growth rate (dbh/age), but

not with age (Table 17). These correlations were generally not sig-

nificant in 1981, indicating that lower cone production in the

stands was due to lower cone production in the larger, faster-grow-

ing trees. In 1981, cone production at SCF was positively corre-

lated with tree height, stem diameter, and age, but not with stem

diameter growth rate (Table 17).

The youngest Larix bearing female cone in 1981 at SCF was 13

years old. The percentage of trees of given ages bearing cones

(from 13-25 years) was not significantly correlated with age

(r=0.42, n=12); however, there was a significant negative
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Table 16. Cone production by Larix laricina at five study
sites in 1980 and 1981. Counts made in 1980
were repeated on the same trees in 1981 except
as noted at Smith Lake.

Cone Production (104cones

SITE 1980

ha 1)

1981

Number of trees changing, 1980-81

Increase Decrease No Change

BCD 12.00 3.00 9 46 1

BCF 19.30 3.21 1 27 3

Smith Lake 1.93 0.25 1 1 7 5
4.29 3.23 2 ---

SCU 5.84 0.13 1 4 0

SCF 8.30 19.70 40 5 1

1
Includes only trees sampled both years

2 Includes all trees sampled each year



Table 17. Correlations of cone production per tree with tree size and age at
bog study sites, 1980-81.

r
2

, factor with cone production
1980 CONE

AGE DBH DBH/AGE HEIGHT PRODUCTION

1980 1981 1980 1981 1980 1981 1980 1981 1981

BCO-E ns ns .30* ns ns ns .36* ns ns

BCO-M ns ns .55** ns .69** ns .33* ns ns

BCO-W ns ns .38** ns .42** ns .42** ns ns

BCF ns ns .37** .15* .51** .28* .22* ns .27**

Smith Lake ns ns .44* ns ns ns .31* ns ns

SCF ns .35* ns .25* .55** ns .16* .22* .27**

*significant at p < 0.05

**significant at p < 0.01
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correlation (r=-0.69, n=12) between age and the minimum height

increment of cone-bearing trees. No pollen cones were observed on

Larix younger than 25 years at SCF; they were present, however, on

18 year old trees at T-Field.

The percentage of viable seed varied greatly among locations

and years in the same location (Table 18). The highest percentage

was at Bonanza Creek in 1980, the lowest at Eielson AFB, Birch Lake,

and on young Larix at T-Field in 1981 (Table 18). Although cone

production was higher in 1981 at SCF than in 1980, viability of seed

was significantly lower. Viability of seed collected in seed traps

at BCF in late October-early November, the time of maximum seedfall,

was higher in 1980 (54.3%) than in 1981 (17.0%), the year of lower

cone production.

Normal and proliferated cones from Larix at T-Field did not

significantly differ in the number of viable seeds per cone. Cone

weight and the total number of seed per cone were significantly

greater in proliferated cones, but many seeds were undeveloped, es-

pecially in the distal region of the cones (Table 19).

Discussion

It has been suggested that "good" seed crops are produced in

southern stands of Larix laricina at 3-6 year intervals (Fowells,

1965). Due to the short sampling period in this study and the lack

of any previous data from Alaska, little can be said regarding the

periodicity of Larix cone production in the Tanana Valley. Although



Table 18. Percentage of viable seed collected at locations from Bonanza Creek to
Delta Junction. Sample size of 5 cones from each of 3 trees per site,
except at Shaw Creek, which was a bulk sample each year.

SITE

Bonanza Creek
Bluff

BCE' traps 1

P-Field

Eielson AFB

Birch Lake

Shaw Creek

Delta Junction

Elevation (m) Location

e 0 S

120 64 42 N 148 19 W

e I o I

180 64 52 N 147 51 W

171 64°38'N 147°05'W

320 64318'N 146NO'W

0

280 64 00 N 146 00 W

390 64°00'N 145°44'W

PERCENT VIABILITY

1979 1980 1981

x (sd)

59.8 (.1) ---
45.1 11.6

1.8 (.03)

57.3(.20) 5.0 (.04)

0.6 (.01)

30.0 48.0 16.0

24.0(.03)

1
Seed collected from 9/80-5/81
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Table 19. Comparison of cone mass, total seed number, and
viability in proliferated and normal Larix
laricina cones, 1981. Sample size of f--6-61Tines

of each type per tree, 3 trees.

OWE TYPE
Cone mass (g)
x (sd)

Seed number
X(sd)

Percent viable

Proliferated

Isbrraal

0.222 (. 040) **

0.162(.051)

34.9 (6.6) **

25.9(6.7)

2.0(2.7)ns

1.8(3.3)

** significantly greater at pS 0.01
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stands exhibited changes in cone production between 1980 and 1981,

there is no way of knowing if the counts represent the extremes. In

Alaska, mast years probably occur less frequently than farther

south. Seed crops of Picea glauca peak at 12 year intervals in

interior Alaska (Zasada et al., 1978), but at 2-6 year intervals

elsewhere (USDA, 1974). Similarly, the periodicity of seed produc-

tion of Picea abies and Pinus sylvestris increases toward the

northern limits of their respective ranges (USDA, 1974; Harper,

1977). Climatic factors most closely associated with prolific ini-

tiation of reproductive buds in P. glauca are above average

temperatures and below normal precipitation at the time of initia-

tion; no such correlations, however, have been made for Larix

laricina.

There would seem to be a strong connection between the ability

of a given Larix to produce cones and its size and/or vigor, given

the general shoot morphology of the genus. Development of a cone

replaces photosynthetic production in a particular short shoot.

Since vegetative short shoots are borne on long shoots, the produc-

tion of large numbers of cones would require a compensatory increase

in new short shoots, and hence new long shoot production, for the

tree to maintain a positive carbon balance. Large Larix trees do

have the potential to support large cone crops, as shown in my

results. Suppressed Larix, such as those observed at BCF, may have

a low turnover from vegetative to reproductive states at given short

shoot buds; my observations of the four phenology trees (Chapter IV)
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indicated that the proportion of first order long shoots not

elongating was relatively high. Furthermore, some proximal short

shoots were still vegetative after 20 or more years. If the bog

sites are nutrient-poor, as bogs often are, it would be interesting

to see what effect fertilization would have on cone production.

The relation between growth rate and ability to produce cones

was particularly evident in young Larix at SCF. Robinson and

Wareing (1969) suggested that ability to reproduce was triggered by

a mechanism intrinsic to the shoot apex after a certain number of

cell divisions, rather than occurring as a function of age.

Although seed yield in Larix spp. has been considered to be

poor (Ekberg, Eriksson, and Sul ikova, 1968), it may vary as indi-

cated by my data and others. Some of the possible causes of poor

seed set were mentioned earlier. The mean percentage of filled

seeds per cone in 15-25 year old natural and planted stands of L.

laricina was generally less than 50% during a year of heavy seed

production (Hall, 1981). In contrast, Duncan (1954) found that 85%

of seeds collected from young individuals and roughly 70% from

mature trees were filled.

SEED DEVELOPMENT

Methods

Female cones were collected from randomly selected branches of

four codominant larches at SCF on July 13, August 2, August 16, and

August 22, 1981. Those cones to be used in measurements of seed
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development were fixed immediately in FAA (Berlyn and Miksche,

1976). Four filled seed from the middle to lower portion of each of

eight cones per tree were sectioned by hand. Lengths of the mega-

gametophytic tissue, embryo cavity, embryo, and cotyledons were

measured for each seed using a dendrochronograph on which was

mounted a traveling binocular microscope with crosshair ocular

(Herman et al., 1975). The instrument was calibrated to 0.01 mm

using calibration blocks.

Megagametophytic tissue of seed collected in July had a mushy

consistency and pulled away from the testa, preventing clean sec-

tioning. Thus, few measurements were made on this seed and it was

deleted from further data analysis. Analysis of variance was used

to assess the effect of collection date on seed measurements and the

calculated embryo length:cavity length.

Cones collected for use in germination studies were stored

under refrigeration until mid-September, 1981, at which time seed

was extracted and bulked by collection date. Seed to be stratified

was placed between layers of moist filter paper in petri dishes

which were wrapped in aluminum foil, and stored at 1-3 deg C. Un-

stratified seed was stored dry at 0 deg C until germination tests

began.

A complete factorial design was used in the germination tests

and included two light treatments (0 hours, 22 hours photoperiod),

two stratification treatments (0 months, 1 month), and the four
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collection dates. Tests were conducted at 15 deg C. Each treatment

contained three replicates of 25 seeds each.

Germination was defined by radicle protrusion more than 2 mm.

Gerlings were counted at 3-4 day intervals until the test ended

after 22 days. Germination percentages were determined by dividing

the germling count by the number of viable seeds; viability of un-

germinated seeds was determined by tetrazolium staining. Germina-

tion percentages were arcsin-transformed and analyzed using Duncan's

multiple range test and a three-factor analysis of variance.

Results

Collection date (in August) had significant effects on embryo

length:cavity length ratio and lengths of megagametophytic tissue,

embryo cavity, and embryo, and highly significant effects on cotyl-

edon length. Change in length of megagametophytic tissue or embryo

cavity appeared to be small, however (Figure 15). The mean length

of embryos and cotyledons increased between August 2 and August 22;

cotyledon elongation appeared more rapid than embryo elongation

(Figure 15).

As embryos and cotyledons elongated during late July, the seed

wing color changed from pale purple to light tan. The megagameto-

phytic tissue, which had a mushy consistency and pulled away from

the seedcoat in seed collected on July 13, was firmer in seed col-

lected on August 2 and did not seem to change in subsequent

collections.
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Seed collected in August germinated under each of the four

light x stratification treatments; none, however, was observed in

seed col lected in July. Consequently, separate three-factor

analyses of variance were performed, the first including all

collection dates and the second, only the August collections.

The main effect of collection date was highly significant when

all collection dates were included in the analysis of variance, but

was not for August collections alone (Table 20). The effects of

light and stratification treatments were significant throughout, as

were the light x stratification interactions.

Stratified, light-treated seed was the first to germinate, and

non-stratified, dark-treated seed was the last to germinate in all

collections; no germlings were observed in that treatment regime

until the 22nd day of the study (Figure 16). Radicles of the stra-

tified, dark-treated seed and the non-stratified, light-treated seed

emerged after those of the stratified, light-treated seed, but all

appeared to have similar germination rates. A Duncan's multiple-

range test (Table 21) did not separate germination percentage means

of stratified, dark-treated or non-stratified, light treated seeds

from the stratified, light-treated seed, even though the latter was

greater after 22 days.

Discussion

A knowledge of seed maturation patterns in trees is important

both for reforestation programs, in order to make seed collecting



87

Table 20. Analysis of variance summary- germination of
Larix seed collected July 13, August 2, 16,
and 22, 1981, 15, 18, and 22 days after
initiation of germination test.

All Collections

DAY 15 DAY 18 DAY 22SOURCE

Date

Light

Stratification

Date x Light

Date x Strat.

Light x Strat.

Date x Light x Strat.

August Collections Only

**

**

**

**

**

* *

**

**

**

**

*

**

**

*

**

**

**

**

**

**

*

**

* *

**

**

*

**

**

Date

Light

Stratification

Date x Light

Date x Strat.

Light x Strat.

Date x Light x Strat.

1 * F value p < 0.05

** F value p < 0.01
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Table 21. Duncan's multiple range test summary:
effects of collection date, light, and
stratification on germination percent-
age of seed collected July 13, August
2, 16, and 22, 1981

15 Days

7/13 D-0 a 8/2 D-0 a 8/16 D-0 a 8/22 D-O a
7/13 D-1 a 8/2 D-1 b 8/16 D-1 b 8/22 D-1 b
7/13 a 8/2 L-O b 8/16 L-0 b 8/22 L-O b
7/13 L-1 a 8/2 In b 8/16 Iel b 8/22 Lrl b

22 Days

7/13 D-0 a 8/2 D-0 c 8/16 b 8/22 D-O c
7/13 D-1 a 8/2 D-1 d 8/16 D-1 de 8/22 D-1 de
7/13 L-O a 8/2 L-0 d 8/16 L-O e 8/22 L-0 e
7/13 lel a 8/2 lel e 8/16 lea e 8/22 lel e

1Collection Date = 7113, 812, 8116, 8/22
Light condition = D - dark

L - 22 hr photoperiod
Stratification Period = 0 mo., 1 mo.

2
Different letters represent homogeneous subsets (p=0.05).
Results for Day 15 and Day 22 were analyzed separately.

89
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more efficient, and for understanding tree reproductive strategies.

Edwards (1980) has summarized much of the literature on the subject.

In this study, most of the morphological change in seeds and

cones occurred during the latter part of July. Larix laricina cones

have been considered to be ripe when brown (USDA, 1974). Cones were

brown and seed wings tan by August 2, approximately 4 weeks prior to

the beginning of seed release at SCF and 70 days after pollen

flight; this appears to confirm the accuracy of cone color as an in-

dicator of seed maturity.

Development of the L. laricina seed from SCF was similar to P.

glauca in interior Alaska. Embryo length of P. glauca seed from

near Fairbanks doubled between July 22 and August 5 (1970), but

little change occurred between August 5 and September 2 (Zasada,

1973). Rauter and Farrer (1969) reported that in P. glauca the

embryo was visible by the end of June, and by the end of July,

extended from the apex to the ovule base. Embryos did not elongate

during August. Embryos of Pseudotsuga menzesii from Oregon reached

50 percent of final length by mid-July and completed elongation by

mid-August (Ching and Ching, 1962).

In this study, I found that seed collected as early as August 2

was germinative at least after cold storage for approximately 1.5

months. Differences in germination response to prechilling and

light by seed collected on different dates were not apparent. Both

light and stratification stimulated germination in all August collec-

tions. The similarity of germination resonses to prechilling and
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light treatments may be a result of seed ripening in cones after

harvest, but prior to extraction.

This study did not compare freshly-extracted seed with that

stored in cones and it is difficult to predict what germination dif-

ferences would occur based on the results of other studies. Seed of

Abies procera from Washington and Pseudotsuga menzesii from Oregon

became dormant as the time of seedfal I approached (Edwards, 1980;

Sorensen, 1980). Stratification of freshly-extracted Picea glauca

seed from Ontario had the most stimulating effect on germination

just prior to seedfall; storage of cones for up to two months,

however, greatly improved germination (Winston and Haddon, 1981).

Contrasting results occur for P. glauca in interior Alaska and

British Columbia, where stratification improved germination most in

early collections, regardless of storage treatment (Zasada et al.,

1978; Edwards, 1980).

Comparisons with other studies of seed maturation are

difficult. Possibly, ecotypic differences in the depth of dormancy

exhibited by seed of a given species may occur. A literature search

did not reveal such information on L. laricina, although it has been

reported to exhibit physiological embryo dormancy (Kramer and

Kozlowski, 1979). The following section indicates that L. laricina

seed from Alaska and southern sources may show similar dormancy pat-

terns.
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Thirty 0.5 x 0.5 m screen-bottomed, muslin-lined seed traps

with 1 cm hardware cloth covers were installed at the BCF site in

August 1980. Three traps were located under the canopy; the

remainder were on the edge of the stand or located in the open to

the east, north, and west of the stand. Twenty-four traps were

placed in a grid with 20 m spacing between the traps. The remaining

six traps were placed near the stand edge for supplemental seed

counts.

Two and four seed traps were installed in the treeless sedge

meadow at SCF and at SCU, respectively, in August 1980.

Initial seed counts were made at BCF on September 5, 1980, and

continued at 2-3 day intervals through September 14. Larix seeds

were collected from all traps on September 30, then monthly at the

four traps within or nearest the stand from October 1980-March 1981,

and again at all traps in April and May. Seed counts were resumed

in late August and made in September and early November. Seed was

collected from the traps at Shaw Creek in May and late September

1981.

Collected L. laricina seed was counted, then germinated under

fluorescent light at 20 deg C without prechilling for three weeks.

Seed not germinating after three weeks was cut; viability of filled

seed was determined by staining with tetrazolium chloride.
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Results

Cones appeared ripe and ready to disperse seed at Bonanza Creek

in late August, 1980, but closed during a period of cold wet

weather. Seed release began near the end of the first week of Sep-

tember.

Seedfall was heaviest in September and October, 1980 (Figure

17) and completed by June 1981. Eighty percent of total Larix seed

in the stand and 95% of viable seed fell by October 31, 1980,

although seed fell throughout the winter. Seedfall from September

1980-June 1981 was greatest under the canopy and at trap 17, located

under a large cone-bearing Larix, but decreased rapidly with

distance away from the edge of the stand (Figure 18). Seedfall

ranged from 1040 viable seed m-2 under the canopy to 0 viable seeds

in outlying traps, although empty seed was observed in all traps.

Viability of seed collected in the open was greater than under the

canopy on September 30 (78% vs. 58%), but was similar (21% vs. 23%)

in seed collected between September 30 and April 30. From September

1980 to May 1981, approximately 41% of seed in the open and 46% of

seed under the canopy was viable.

Seedfall from 1981 cones at BCF began in late August (Figure

17), but was light, corresponding to the fewer cones produced that

year. Seedfall under the canopy from August-November was approxi-

mate ly 65 seed m (9.2% viable), compared with 1103 seeds m -2

(54.3% viable) during the same period in 1980.
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At SCF, total seedfal 1 from August 1980-October 1981 was 48

seed m
2
; none were viable. Seedfal 1 at SCU was 144 seed m

E2
, with

6.4% viable.

Discussion

The timing of seedfall in L. laricina in the Tanana Valley is

similar to that observed in Minnesota by Duncan (1954), who found

that 97.5% of viable seed were released by October 31. It contrasts

with the findings of Payette, Deshaye, and Gilbert (1982), who ob-

served that from 38-89% of seeds produced in 1977 in northern Quebec

had not been released as of mid-July, 1978.

Seedfall timing in Larix is more similar to Picea glauca than

to P. mariana, due to the partially serotinous nature of P. mariana

cones. Approximately 70% of filled seed and 64% of total seed of P.

glauca were released by late October at Bonanza Creek (Zasada et

al., 1978). Seedfall in both burned and unburned P. mariana stands

peaked in July, though it was twice as great in the burned stand

(Zasada, Viereck, and Foote, 1979).

It is generally felt that the dispersal distance of L. laricina

is not great. Most seeds fall within a distance twice the height of

the tree (Duncan, 1954). Dominant Larix at the edge of the BCF

stand were 6-9 m tall. The reduction of seedfall with distance was

variable, depending on the direction from the stand. There were 40

viable seed m-2 over 50 m from the nearest seed tree in one

direction, but fewer than 10 viable seed m-2 in the other.
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GERMINATION RESPONSE TO TEMPERATURE, PRECHILLING, AND LIGHT

Methods

Four experiments were conducted to study the roles of tempe-

rature, stratification, and light duration in germination of Larix

laricina seed. Experiments 1 and 2 compared germination responses

of seed from SCF to various combinations of constant temperature,

photoperiod, and stratification. Experiments 3 and 4 compared

germination responses of seed from SCF with seed from Minnesota and

eastern Canada. Test conditions are summarized in Table 22; seed

source information is shown in Tables 23 and 24. As used here, the

term "stratification" refers to a cold moist treatment which is used

to overcome dormancy and simulate over-wintering; it is synonomous

with prechilling.

Germination tests were conducted in germinators at the OSU Seed

Testing Laboratory, USFS Forestry Sciences Laboratory in Corvallis,

and Institute of Northern Forestry. Temperatures during the tests

were monitored using thermographs or Taylor maximum-minimum thermo-

meters. Cool-white fluorescent tubes were the light source in all

germination tests.

Seeds were stratified in the dark at 3-5 deg C. Prior to ini-

tiation of the germination tests, seeds were counted into three

replicates of 25 seeds each under a safe green light (McLemore and

Hansborough, 1970). Germination dishes were 9 cm petri plates with

three layers of filter paper as the germination substrate. Those



Table 22. Test conditions for germination
Alaska and southern sources.

of Larix laricina from

TEST SEED SOURCE. TEMPERATURE (deg C) PIVIOPERIOD (hrs) STRATIFICATION

1 Shaw Creek Flat 10 15 20 30 0 2

10 0 0.0.5
10 15 20 30 22 2

10 22 0 0.5

2 Shaw Creek Flat 12 0 15 22 3

12 22 0 0.5 1
15 0 00.523
18 0 0 0.5 1

3 Minnesota 12 0 15 3

Nova Scotia 32 12 22 0.5
Shaw Creek Flat 15 0 8 0.5

18 0 0.5

4 Minnesota 10 15 0 22 0.5

Nova Scotia 14
Nova Scotia 32
Ignace Trap, Ontario-1
Ignace Tap, Ontario-2
Bobcaygeon Rd, Ontario
Shaw Creek Flat
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Table 23. Locations of seed sources
used in Experiments 1-4.

SOURCE LOCATION NO. OF PARENT TREES

Nova Scotia 14 48042'N 5(31'W1 bulk sample

Nova Scotia 32 48°32'N 5e161141 bulk sample

Ignace Twp, Ontario-1 49c25'N 91` 40'W single

Ignace Twp, Ontario-2 ----same single

Bobacaygeon Rd, Ontario 44'32'N 78 33'W single

Minnesota 48 22'N 93°45'W single

Shaw Creek Flat, 64 15'N 146°00'W bulk sample
Alaska

1
Seed from planted stands in Newfoundland; seed for the planted
stands from Nova Scotia, 45°30'N 60° W.



Table 24. Growing season data for weather stations located near seed sources.

DATES, AVERAGE FROST- MEAN DAILY
(C)1

1STATION LOCATION
FREE PERIOD TEMPERATURE (C)i PHOTOPERIOD (hrs)

Halifax, Nova Scotia 44e38'N 6330'W 5/1-11/1 6.5 14

Kapukasing, Ontario 49t25'N 82 28'W 6/13-9/5 14 16

Big Falls, Minn. 48°22'N 93 45'W 6/4-9/7 14 15

Big Delta, Alaska 64e15'N 145 44'W 5/17-9/15 12 20

1At time of last severe spring frost (< -2.2 deg C)
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dishes to be placed in a dark treatment were wrapped in aluminum

foil.

Germination was defined as radicle emergence exceeding 2 mm.

Counts of germlings were made at 2-4 intervals throughout each test.

Distilled water was added to maintain a wet substrate and, unless

noted otherwise, did not ever appear limiting.

Percent germination of filled, viable seed was calculated and

arcsin-transformed, then treated statistically by Duncan's multiple

range test at the five percent level of significance. Data from ex-

periments 1 and 4, which were of complete factorial design, were

also subjected to three-factor analyses of variance.

Results

The analysis of variance of germination response to light,

temperature, and stratification by L. laricina seed from SCF in test

1 indicates that all factors are important in regulating germination

(Table 25). After 11 days, temperature was the only significant

main factor, but after 19 days, all three main factors had signifi-

cant effects on germination. The interactions that had significant

effects at 11 days were not significant at 19 days.

Different germination responses to the treatments of experiment

1 are clear (Table 26, Figure 19). At 10 deg C, no germination oc-

curred regardless of light or stratification treatment. No germina-

tion was observed in the dark-treated seeds at 15 deg, but germina-

tion in the light at 15 deg was not significantly different from
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Table 25. Analysis of variance summary: Effects of
temperature, light, and stratification of
Alaskan Larix seed after 11, 15, and 19
days, Experiment 1.

SOURCE 11 Days 15 Days 19 Days

Temperature * * ** **

Light ** **

Stratification ** **

Temp. x Light ** **

Temp. x Strat. * *

Light x Strat. * *

Temp. x Light x Strat.

* F value significant at pm0.05
** F value significant at pm0.01
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Table 26. Summary of Duncan's multiple range test:
Effects of temperature, light, and strat-
ification on Alaskan Larix seed, Experi-
ment 1.

10 Dark 2 mo a

10 D 0.5 a

10 D 0 a

10 L 2 a

10 L 0.5 a

10 L 0 a

TEMPERATURE

15 D 2 a

15 D 0.5 a

20 D 2 c

20 D 0.5 c

30 D 2 c

30 D 0.5 a

b15 D 0 a 20 D 0 c 30 D 0

15 L 2 c 20 L 2 c 30L 2

15 L 0.5 c

151. 0 a

20 L 0.5 c

20 L 0 c

c

30 L 0,5a
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Figure 19. Germination of seed from Alaska 11 and 19 days
after beginning of test; experiment 1.
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that in the 20 deg regime. The optimum germination temperature ap-

peared to be 20 deg C (Figure 19). During the experiment, no

effects of stratification or light on germination in the 20 degree

regime were apparent.

The germination pattern at 30 deg C was erratic. After 11

days, germination of non-stratified, light-treated seed and strati-

fied (2 mo.) dark-treated seed was significantly less than in the

other 30 deg treatments. After 19 days, the germination percentage

of non-stratified dark-treated seed was significantly lower at 30

deg than in the 20 or 15 deg light treatment. Dishes were not en-

closed in plastic bags and had a tendency to dry out easily. This

may have reduced or delayed germination at 30 degrees.

The effects of light and stratification at low temperatures on

Alaskan seed were examined in experiment 2. Temperature and strati-

fication period both influenced germination up to 10 days, but by 22

days, stratification had a greater effect (Table 27). The group of

treatments resulting in the highest germination after 22 days in-

cluded all three temperatures and both light conditions; the common

factor in the 12 and 15 degree treatments showing the greatest ger-

mination was a 3 mo. stratification period.

The interacting effects of photoperiod, temperature, and pre-

chilling on germination are illustrated in Figure 20. Germination

at lower temperatures (12, 15 deg C) is clearly stimulated by light

and a long stratification period. Germination at higher tempera-

tures is high without light or a long stratification period.
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Table 27. Summary of Duncan's multiple range test:
Effects of temperature, light, and
stratification of Alaskan Larix seed,
Experiment 2.

TREATMENT

12 D 3 bc
1

15 D 3 c

12 15 3 be 15 D 2 a 18 D 1 c

12 22 3 c 15 D 0.5 a 18 D 0.5 b

12 22 1 a 15D 0 a 18 D 0 b

12 22 0.5 a 15 8 1 b

12 22 0 a 15 8 0.5 a

15 8 0 a

1
a = low germination percentage, c = high germination percentage.

Different letters represent homogeneous subsets at p=0.05.
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Germination of Larix seed from SCF was compared in experiments

3 and 4 with seed from Minnesota and eastern Canada. In test 3,

germination of seed from Alaska subjected to 0.5 mo. stratification,

low temperature (12, 15 deg C) treatments was clearly the slowest of

all treatment x source combinations after 22 days (Table 28, Figure

21). The 3 month stratification period had a greater effect than

did a long (22hr) photoperiod on germination of seed from Alaska at

12 and 15 degrees, an effect evident after 17 days. The long stra-

tification period had a greater effect on germination of seed from

Nova Scotia and Minnesota at 12 deg than did the long photoperiod

during the first 17 days; after 22 days, germination under these

treatments was similar.

Results from experiment 4 conflicted with those of experiment

3. After 17 day's, germination of the Alaskan seed under the 15 deg

dark regime was no different than that of other sources, nor from

the Alaskan seed in the 15 deg light treatment (Table 29). After 34

days, germination of the seed from Alaska in the 10 deg dark regime

was greater than at 10 deg under light. Germination of seed from

all other sources, in contrast, was stimulated by light at 10

degrees. Germination of seed from eastern Canada and Minnesota was

reduced only by the 10 degree dark regime (Table 29)

Discussion

This study shows that temperature, stratification period, and

photoperiod interact to control germination of Larix laricina seed
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Table 28. Summary of Duncan's multiple range test:
Effects of temperature, light, and strat-
ification on germination of Larix seed
from Nova Scotia, Minnesota, and Alaska,
after 22 days, Experiment 3.

TREATMENT

NS 1.2 D 3 bl NS 15 D 0.5 b
Minn 12 D 3 b Minn 15 D 0.5 b
AK 12 D 3 b AK 15 D 0.5 a

ES 12 15 3 b NS 15 8 0.5 b
Minn 12 15 3 b Minn 15 8 0.5 b
AK 12 15 3 b AK 15 8 0.5 a
NS
NS 12 22 0.5 b NS 18 D 0.5 b
Minn 12 22 0.5 b Minn 18 D 0.5 b
AK 12 22 0.5 a AK 18 D 0.5 b

1
a = low germination percentage. Different letters represent homo-
generous subsets at p=0.05.
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Table 29. Summary of
germination
17 and 34

Duncan's multiple
of Larix seed from

range test: Effects of temperature and light on
eastern Canada, Minnesota, and Alaska, after

days, Experiment 4.

TRENTIMENT
GERMINATION
PERCENTAGE -TWAIIIM/r

GERMINATION
DI4121 TRENDIENT

GERMINATION
PWAMD v E TREATMENT

GERMINATION
PERCENTAGE

17 DAYS
NS 14 10D 1

1a 10L 38 bc 15D 80 def 15L 99 efg
NS 32 10D 1 a 10L 56 cd 15D 99 efg 15L 100 g
Ignace-1 10D 11 ab JOL 97 efg 15D 97 efg 15L 99 efg
Ignace-2 10D 0 a 10L 60 cd 15D 95 efg 15L 99 fg
Bobcaygeon lOtt 0 a 10L 89 defg 15D 100 fg 15L
Minn 10D 1 a 10L 90 defg 15D --- --- 15L
Alaska 10D 0 a 10L 0 a 15D 89 defg 15L 75 cde

34 DAYS

NS 14 10D 54 bcd 10L 100 e 15D 97 e 15L 100 e
NS 32 10D 93 de 10L 100 e 15D 99 e 15L 100 e
Ignace-1 10D 69 ale 10L 100 e 15D 100 e 15L 100 e
Ignace-2 10D 14 ab 10L 100 e 15D 99 e 15L 100 e
Dobcaygeon 10D 29 bc 10L 100 e 15D 100 e 15L
Minn 10D 55 bod 10L 100 a 15D 100 e 15L
Alaska 10D 39 bc 10L 0 a 15D 100 e 15L 75 cde

1
a = low germination percentage. Different letters represent homogenous subsets at p=0.05.
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from the Tanana Valley. The effects of stratification and light de-

creased with increasing germination temperature. With the exception

of the final germination test, no germination occurred after three

weeks in the dark following up to two months of stratification.

Three months, however, stimulated seed to germinate in the dark at

12 and 15 degrees. Light seemed to stimulate germination at lower

temperatures, except in experiment 4, but the effects of a long

photoperiod were not as stimulating to germination as was the 3

month stratification period.

The behavior of the seed from SCF in the final experiment was

unexpected. From the results of previous tests, I had predicted

that seed placed in the dark at 15 deg would not germinate after

only 17 days following a short stratification period (0.5 mo.).

That seed germinated at 10 deg was not so surprising, given the long

(34 days) test period, but I expected seed in the light to show more

germination. Germinators were checked at 2-4 day intervals;

moisture levels in germination dishes in the light and dark treat-

ments never appeared diff erent. Seeds under the dark treatment

were not exposed to light except under green filters. Perhaps sig-

nificant unobserved temperature fluctuation occurred in one or both

germinators. Since germination responses of seed exposed to light

at both temperatures were consistent with previous results, it may

be that the germination in the dark is an experimental artifact.

The germination response to stratification and light at low

temperatures in the L. laricina seed from interior Alaska has been
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reported for numerous other woody species of the taiga (Densmore,

1979), including both Picea glauca and P. mariana, as well as other

more temperate species such as Pseudotsuga menzesii (Al len, 1960;

Johnson and Irgens-Moller, 1964; Richardson, 1959). Prechilling and

exposure to light may stimulate germination, but are not required if

the temperature is high enough. With L. laricina from Alaska, that

temperature threshold may be 18-20 deg C. Seed from southern

sources may have a similar pattern of germination, perhaps shown at

lower temperatures. A lack of seed from each source and germinator

space precluded any such characterizations.

There germination responses indicate that Larix seed is subject

to "enforced dormancy,
"

i.e., an inability to germinate due to

environmental restraint (Harper, 1977), in this case, low tempera-

ture. This contrasts with "deep" or "innate" dormancy, which must

be overcome by prechilling prior to germination, regardless of temp-

erature.

Dispersal of L. laricina seed begins in late August-early

September and continues through the winter. By the time most seed

is released, air temperatures are too low for germination to occur

without prolonged prechilling. The mean daily maximum air tempera-

ture at Fairbanks in September is 12.4 deg C and the daily mean, 6.9

deg C (United States Dept. of Commerce, 1980), clearly too low for

germination. At BCO and SCF, the mean daily maxima were 11.4 and

12.4 deg during September 1981; the daily mean was only 4.9 deg at

BCO, SCF, and SCU.
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Several studies have compared germination responses of seed

from different latitudes to combinations of photoperiod, prechilling

period, and temperature. Northern sources of Tsuga canadensis had a

lower minimum and optimum temperature for germination, whereas seed

from a southern source, Tennessee, had a higher temperature optimum

and less need for stratification under favorable photoperiods

(Stearns and Olson, 1958). The authors concluded that a stratifica-

tion requirement would prevent seed from germinating after seedfall

in autumn, but that a low temperature optimum for germination would

permit early germination in the spring. Low requirements for

stratification and a greater tolerance to high temperatures by seed

from the southern sources was felt to be an adaptation to rapid

warming of soils at the start of the growing season.

Different results were found in Typha latifolia from a wide

latitudinal range (McNaughton, 1966). Seed from the northern

source, North Dakota, had a higher temperature minimum for germina-

tion than did the seed from Texas. None of the seed examined

required prechilling. The interpretation was that a higher minimum

temperature for germination in northern sources would prevent germi-

nation in the fall and early spring, times when killing frosts would

be likely to occur.

A comparative study of germination in seed of northern (Alaska)

and southern (Wyoming) populations of Trisetum spicatum showed that

the seed from the northern sources had a lower temperature optimum

and greter stimulation by stratification and light than seed from
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the southern populations (Clebsch and Billings, 1976). Other

studies, however, indicate that species of high northern latitudes

have high temperature optima for germination, typically about 20 deg

C (Black, 1980; Olson and Richards, 1979; Mooney and Billings, 1961;

among others); the implication is that germination will only occur

after considerable heating of the soil.

The advantage of a slower germination response by Larix seed

from interior Alaska to given temperature, stratification, and light

regimes is clearer when spring climatic characteristics of the seed

sources are compared. At the time of the last spring frost in Nova

Scotia, approximately May 1, the corresponding daylength and mean

daily temperature are 14 hours and 6.5 deg C. In the more continen-

tal regime of northern Minnesota, the daylength and mean daily

temperature at the time of the last spring frost, June 1, are 15.5

hours and 14 deg C, respectively. At Big Delta, Alaska, the mean

temperature at the time of the last frost, in mid-late May is about

12 deg C and the daylength approximately 20 hours, plus twilight.

Growing season precipitation in interior Alaska is lowest in May and

increases through August; in northern Minnesota, growing season

precipitation is greatest in May-July (U.S. Dept. of Commerce,

1973). It may be advantageous for Larix seed from Minnesota to

germinate rapidly in the spring and al low maximum time for estab-

lishment prior to the drier part of the growing season. It may be

more advantageous for Larix seed in Alaska to germinate later in the

growing season, not only decreasing the probability of encountering
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a killing frost, but increasing the chances of having adequate

moisture. The connections between the results of a lab study such

as this and the environment of the seed are difficult, and perhaps

unwise, to make, since germination responses to alternating

temperatures simulating the actual seedbed temperatures from the

different sources were not studied. Densmore (1979) found that

germination of Picea glauca and P. mariana seed was more complete at

alternating temperatures of 17 and 0 deg C than at the equivalent

constant temperature.

The seedling is the most susceptible stage in the life cycle of

a plant (Angevine and Chabot, 1979; Solbrig, 1980). Germination

should be a conservative process; delayed and environmentally cued

germination are means to improve seedling survival in the face of

specific environmental risks (Angevine and Chabot; 1'979). Cold and

early growing season drought may be the main risks encountered by L.

laricina seedlings in interior Alaska. In highly predictable

climates, mortality factors may be strongly correlated with indica-

tors of season, such as daylength; an environmental variable other

than a direct cause of mortality could be used for timing phenologi-

cal events because of its greater precision (Angevine and Chabot,

1979).

Differences in germination responses by seed from a wide range

of sources may be due, in part, to environmental influences during

seed maturation. Durzan and Chalupa (1968) demonstrated that compo-

sition of Pinus banksiana seed from a wide range of sources varied
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in response to climate at the seed source and nutrients in the game-

tophyte by the time the seeds became dormant. This might be a par-

tially physiological explanation as to why germination responses

from different seed sources differ; it indicates that precondition-

ing by climate at the seed source may play a role in germination.

FIRST-YEAR GERMLING EMERGENCE AND SURVIVAL

Methods

Field germination and survivorship of L. laricina were studied

in the riverbottom, upland, and tussocky bog sites at BCR, SCU, and

BCO, respectively. At the riverbottom and upland, the effects of

removing the moss groundcover on emergence and survival under the

canopy were examined. Five pairs of 0.25 m2 square plots were es-

tablished at each site. The treatment consisted of removing the

Hylocomium mat, exposing the most recent alluvial deposit on that

terrace in the riverbottom site, and exposing decaying litter and

any wood at the upland site. Substrate of the untreated plots was

mainly Hylocomium at both sites, with a typical thickness of 2-5 cm

at BCR and more than 5 cm at SCU. In the bog site, three types of

microsites, trough, feathermoss, and tussock tops, were chosen to

represent the range of microenvironments encountered by dispersed L.

laricina seed. The microsites increased in elevation above perma-

frost and, presumably, covered the range of a hypothesized moisture

and temperature gradient.
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Trough microsites had the lowest relative elevation, were typi-

cal ly shaded throughout much of the day by adjacent tussocks, and

contained no live vegetation. Feathermoss microsites were situated

at an intermediate elevation. Tussock tops (either Carex spp. or

Eriophorum spp. tussocks) had the highest elevation, 30-45 cm above

the trough surface and 70-80 cm above the maximum permafrost depth.

Five plots were laid out at intervals of approximately 10 m at

BCO. Each plot contained three 20 x 20 cm microplots, one each es-

tablished on adjoining trough, feathermoss, and tussock top micro-

sites.

Larix laricina seed, collected at SCF in August 1979, was

stratified beginning in early April, 1981, and sown on plots in late

May. Fifty seeds were sown on each 400 cm2 microplot at BCO and 100

seeds were sown on treated and untreated 0.25 m
2
plots at BCR and

SCU. Germinability of this seed had been previously estimated to be

30%. Thus, approximately 15 filled seeds were sown on each bog

microplot and 30 on upland and riverbottom plots. This corresponds

to a sowing rate of more than 250 filled seed m-2 at BCO and 120

seeds m
-2 at SCU and BCR. The sowing rates are as great or greater

than the natural seedfall at the edge of the BCF stand in 1980-81.

Counts of new germlings and mortality were made weekly at BCO

and and BCR and at 2-3 week intervals at the upland site. New germ-

lings were marked with colored plastic toothpicks, using a different

color on each observation date. Toothpicks were removed where

germlings died.
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Environmental measurements consisted of midday temperature mea-

surements at the surface of the seedbed in all plots and gravimetric

soil moisture sampling in 3 of 5 plots of each type at 0-3 cm depth.

To prevent destruction of the microplots, moisture samples were

taken adjacent to the particular microplot or, with tussocks, from

nearby tussocks of similar size to those being studied. Seedbed

temperatures were not measured at BCO and BCR on June 10 due to in-

strument malfunction. Gravimetric moisture values were converted to

volumetric values based on measured bulk densities of the respective

substrates to provide a better comparison of seedbed moisture status

between treatments.

Data were analyzed by one-way analysis of variance to determine

the effect of plot treatment on new germling emergence, new

mortality, survival, surface volumetric moisture, and midday surface

temperature for each observation date. The different study sites

were not compared statistically. Germling emergence, mortality, and

survival data were further treated with Duncan's multiple range

tests at the five percent level of significance (Steel and Torrie,

1960).

Results

RIVERBOTTOM

New germinants were first observed on July 16 and July23 in

the treatment and untreated plots, respectively. Germination rate

(mean number new germlings day-1) in treated plots peaked between
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July 23-August 5, decreasing thereafter (Figure 22), while new germ-

inants were last observed on August 28. Only three germlings

emerged on untreated plots. All observed germinant mortality oc-

curred between July 23 and August 5; no mortality was observed on

untreated plots. Counts of new germinants and mortality were not

significantly higher in treated plots on any given date, but the

number of survivors was higher on July 28, August 5, and August 12.

By the end of the season, there were a total of 13 surviving germi-

nants on treated plots and 3 on untreated plots.

Midday seedbed surface temperatures were higher on treated

plots only on June 24 and August 28, and were lower on July 9

(Figure 22). Volumetric soil moisture, however, was always higher

in treated plots, significantly so on and after July 1. Moisture

content was lowest in both plot types in late June and peaked in

July after summer rains began (Figure 22).

In treatment plots, maximum germination rate was preceded by a

sharp increase in soil moisture content and higher midday surface

temperature (Figure 22). Surface moisture in the control plots ex-

hibited a more gradual increase, the maximum surface moisture also

preceding the germling emergence that occurred. Germination rate

was related to surface moisture and temperature using a least

squares regression. Germination rate on all plots was best pre-

dicted by the equation:

Y = 2.42X2 + 1.4X + 0.2 (n=19, r2=0.49**)

where Y = germination rate and X = mean volumetric soil moisture on
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the previous week's observation. The temperature threshold for

germination had been reached by the time seeds were sown, as addi-

tion of other variables into the equation such as midday seedbed

surface temperature, mean daily air temperature during the previous

week at the adjacent BCF bog site, and present volumetric moisture

content did not significantly improve the model.

UPLAND

New germinants were first observed on July 13 at SCU. Sixteen

of the 22 total germinants on treatment plots emerged from June 23-

July 23 (Figure 23). Eleven germinants were in one plot; eight died

before the next observation on August 2. One germinant emerged on an

untreated plot, that on August 15; it was dead by August 29. Plot

type had a significant effect on number of survivors only on August

2.

Differences in surface seedbed temperature or moisture due to

treatment were not significant (Table 30). Although mean volumetric

moisture contents were consistently higher in treated plots, var-

iance was high within plot type. Regressions of germination rate

against seedbed volumetric moisture content and mean air tempera-

tures at the site were not significant.

BOG

Germling emergence was initially observed on July 1 on all bog

microsite types. Although the number of new germinants was greatest
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Table 30. Surface temperature and volumetric moisture
of seedbeds, SCU upland site.

TEMPERATURE1 ( c)
5t (s.d.)

DATE Treated Untreated

VOLUMETRIC MOISTURE 2

(s.d.)

Treated Untreated

5-24 11.6(2.1) 13.3(1.9) .06(.06) .01(.01).
6-7 13.6(0.7) 14.2(0.4) .15(.15) .10(.04)
6-23 17.1(1.6) 16.5(0.6) .03(.00) .01(.01)
7-13 16.7(0.5) 16.6(0.2) .14 (.07) .10(.04)
8-2 14.6(0.6) 15.0(0.2) .19(.16) .10(.05)
8-15 7.2(1.1) 7.5(0.4)

1
mean of 5 replicates

2
mean of 3 replicates
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in trough microsites on July 1, 9, and 16 (Figure 24), differences

were masked by variation within treatments and were not significant

(Table 31). The number of new germinants on feathermoss microsites

was significantly greater than in troughs on July 28. This

increased emergence on feathermoss appeared to be due to increased

seedbed moisture, resulting from increased rainfall in July (Figure

25). At the same time, the water table rose, submerging three

trough microplots and resulting in the maximum mortality in that

microsite type (Figure 24, Table 31). Paired t-tests indicated that

survival of L. laricina germinants was similar in feathermoss and

trough microsites, but less on tussock tops, at the end of the grow-

ing season. The estimated viable seed:seedling ratio in the trough

and feathermoss microsites in the bog was slightly less than that on

treated plots in the riverbottom and greater than that in all other

plot types (Table 32).

Discussion

Results from the riverbottom study indicate that first-season

survivorship of L. laricina germinants under a mature canopy is

greater on a mineral seedbed than on the typical feathermoss-covered

forest floor. Emergence was also consistently greater on treated

plots, although differences were not significant for most dates.

This may have been the result of inadequate replication. Although

germinants resulting from natural seedfall were not seen adjacent to

the study plots, most natural seedlings observed in the Willow
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Table 31. Summary, Duncan's multiple range test of
new germinant and mortality means by ob-
servation date in bog microsite types at
BCO, 1981.

DATE (1981)

MICROSITE 6/24 7/1 7/16 7/23

GERMLING EMEFGENCE

Trough al ab ab a
Feathenwes a ab ab b
TUssockttp a ab a ab

MOICALITY

Troagh -
Feathermoss -
Tussock Top -

7128 8/5 8/12 8/28 9/3

ab ab a a a
ab ab a a a
a ab ab ab a

a a. b a a a a a
a a a a ab a ab a
a a a a ab a ab b
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Table 32. Total Larix laricina germling emergence,
number of survivors, and germling:
viable seed ratio in
September, 1981, at riverbottom (BCR),
upland (SCU) and bog (BCO) sites.
Numbers are totals from 5 replicate
plots per plot type at each site.

TOTAL 1981 END-OF-SEASON SEEDLING: VIABLE
SITE PLOT TYPE GERMINANTS SURVIVORS SEED RATIO'

BCR Treated 19 13 0.087
Untreated 3 3 0.020

SCU Treated 22 5 0.033

Untreated 1 0 0.000

BCO Trough 11 5 0,067

Feathermoss 15 6 0.080

Tussock top 10 2 u.027

'Estimated percentage of viable seed was 30%. Hence, the
total viable seed sown by plot type is 150 at BCR and SCJJ and
75 at BCO.
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Island site occurred on the mineral substrate exposed by treefall

(see Chapter III). Viable Larix seed was collected in August 1980

at BCR; hence, the feathermoss substrate may play a key role in pre-

venting Larix regeneration under a mature canopy.

Previous studies in interior Alaska and the Yukon Territory

have shown that germling emergence and establishment of Picea glauca

are greater on mineral than organic seedbeds (Zasada and Gregory,

1969; Zasada et al., 1978; Gardner, 1980). Ganns (1977) found more

germinants of P. glauca on scarified plots than on rototilled plots,

which incorporated surface organic matter.

Similar studies on germling emergence and establishment of L.

laricina are rare, and in interior Alaska, non-existent. Germling

emergence of L. laricina in Minnesota was greater on bare mineral

soil than on non-Sphagnum moss, Sphagnum spp., sedge, and needle

litter, at least when predation losses were not considered (Duncan,

1954). Beeftink (1951) reported that moist mineral or organic soil

with a light cover of herbs or grass was the best seedbed for L.

laricina in Alberta.

Germling emergence and establishment may be enhanced on mineral

substrates by the presence of a stable and adequate moisture supply,

favorable temperatures, and adequate nutrients (Zasada and Gregory,

1969). In the riverbottom, moisture seemed most important once the

temperature threshold was reached. It may be that in a highly-

porous medium such as an organic substrate, inadequate contact

between available moisture and the seed for sufficient time prevents
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germination. Studies by Nichols and Brown (1980) have demonstrated

the potential for high evaporative losses from Sphagnum spp. peat,

expecially with increasing temperature. The importance of seed

position and area in contact with available moisture in regards to

germination success has been demonstrated (Sheldon, 1974; Dasberg

and Mendel, 1971; Harper and Benton, 1966). Given the porosity of

an organic substrate and its low moisture retention, seed moisture

uptake and activation may be restricted more, both spatially and

temporally, in moss than in the alluvial silt.

The seasonal pattern of L. laricina germination in the

riverbottom resembled that of Picea glauca in interior Alaska

(Zasada, 1980). Two patterns occur, the first in which germlings

emerge first in late May, then continue to emerge, unintrrupted,

through June. In the second, emergence begins in late May, ceases

in June and early July due to dry conditions, then resumes in late

July after precipitation increases. Larix emergence followed the

second pattern to a degree. The seed was not sown until late May,

eliminating any possible observations of a May germination peak; it

may or may not occur.

Ganns (1977) found that fall sowing of unstratified P. glauca

seed produced about twice as many germinants as did spring sowing in

a cutover P. glauca stand near BCR. Although the 1.5 months of

stratification prior to sowing should compensate for some of the

apparent advantage in actual overwintering, it is possible that

snowmelt in the spring could carry seed deeper into the substrate,
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increasing chances for adequate seed-substrate contact and a more

constant moisture supply than would be available to spring-sown

seed.

A comparison of Larix emergence and survival under the mature

canopy and on earlier successional stages in the floodplain would

have been interesting. Occasional L. laricina seedlings were

observed on young, open terraces, stages II or III as described by

Van Cleve and Viereck (1981). Volumetric moisture contents of the

soil surface on an open floodplain site during the summer of 1981

were consistently higher than those measured under the canopy,

ranging from 0.12 (June 26) to contents exceeding 0.50 through

August (M. Krasney, personal communication, 1982). Unless surface

temperatures on open terraces were high enough to damage germlings,

depressions in young, open terraces might provide good conditions

for establishment.

In contrast to the clear relationship between soil moisture and

germination rate in the riverbottom, little pattern was evident at

the upland site. The failure to relate germination to substrate

moisture and tempe rature was likely due to the similarity in seed-

beds of treated and untreated plots, and the difficulty in charac-

terizing the seed microenvironment.

The "safe site" concept for germling emergence is especially

appropriate when discussing the fate of Larix seeds dispersed into

the bog environment. The safe sites are sharply defined in time and

space and the predominance of the organic substrate magnifies the
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difficulty of germling establishment. Larix germling emergence may

be restricted by inadequate moisture and temperature and its

survival by high temperatures and excessive or inadequate moisture.

Tussock development may affect reproductive success of Larix in

bogs through development of distinct microsites. Chapin et al.

(1979) described some of the effects of Eriophorum vaginatum tussock

formation on local microenvironments. Mean air temperatures at 2m

height were lower than mean substrate temperatures in the upper por-

tion of the tussock, but were several degrees higher than in

adjacent troughs. Daily temperature ranges were highest on tussock

tops in June, but lowest in July and August. Freeze-thaw cycles

were not observed on the tussock top in July or August, but were ob-

served on 8 different dates in August in the trough.

Microsite temperature data collected at BCO were generally

similar to Chapin's. Troughs were the coldest and wettest at all

times. Contrary to the original hypothesis, however, feathermoss

microsites were not located midway between troughs and tussock tops

along a gradient of increasing temperature and decreasing moisture,

but instead were more similar, on the average, to the tussock tops.

Considerable variation of physical characters within microsite

types was observed, though not quantified. For example, feathermoss

plots varied in elevation above permafrost, their thickness, and the

aspect of the moss layer, variation reflected in germling emergence

and mortality patterns. Five of the six germlings alive on

feathermoss microsites in September were on one low, open plot with
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sparse moss cover. New germinants were observed on this same plot

on four different dates, but a maximum of twice on any other moss

microplot. Clearly, the characteristics of this particular micro-

plot were beneficial for emergence and survival of Larix.

Surface elevations of trough microplots varied enough so that

the water table was several cm above the trough surface at times in

some plots, but not in others. Within a given microplot, germinants

emerged on slightly raised portions of the plot while older germ-

lings were submerged and subsequently dying in slightly lower por-

tions. Steepness and height of adjacent tussocks varied with plot,

which should significantly affect seasonal and diurnal warming of

troughs.

Low temperatures probably restricted germling emergence in

trough microsites until early July. Although temperature was not

continuously measured, midday surface temperatures in June did not

exceed 12 deg C, even as surface temperatures in tussocks and

feathermoss exceeded 30 degrees. Moisture was not limiting after

the trough surface thawed in the spring.

Increased July precipitation raised the bog water table, flood-

ing germlings at the lowest elevations, and moistened the feather-

moss sufficiently so that Larix seed germinated. Later mortality in

the feathermoss microsites was concentrated in the thicker, higher

feathermoss microsites, and occurred during a dry period in August.

No such pattern was evident on tussock tops, possibly because of the
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high moisture-holding capacity of the organic soil in upper portions

of the tussock (Chapin et al., 1979).

Germlings resulting from natural seedfall (presumably 1980)

were first observed in early July, at the same time as those emerg-

ing from sown seed. These germlings were observed in open troughs,

similar to the feathermoss microplot described earlier. No germ-

lings were observed on other microsite types. Older seedlings were

found growing on a variety of microsites as described in Chapter

III.

Although the ratio of total germlings:sown viable seed was

greater in the moss and trough microsites of the bog than the mine-

ral seedbed of the riverbottom, the final survival was less. Tus-

socky bogs may presentd both more opportunity for germination as

well as hazards to survival. It is possible that the lower propor-

tion of emergent germlings at the riverbottom site, BCR, was due to

seed consumption prior to germination. Ganns (1977) found that

treatment of P. glauca seed with endrin prior to sowing resulted in

more emergence than in control seed.

GENERAL DISCUSSION OF REPRODUCTIVE ECOLOGY

The reproductive success of Larix laricina is dependent upon

several factors, including cone and seed production, dispersal, and

the availability of "safe sites" for germination and establishment.

An understanding of the factors controlling cone production and

seed viability is especially important from a management
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perspective, but could not be examined to any degree in this study.

If viable seed is not produced, "safe sites" are unnecessary. Years

of high cone production and seed viability do occur at Bonanza Creek

and Shaw Creek; questions about the periodicity of cone production

cycles, especially in dominant or open-grown trees, and their rela-

tionship to weather variables, remain unanswered. Numerous factors

may reduce seed viability, as mentioned earlier in this chapter;

however, specific factors reducing seed viability in interior Alas-

kan Larix were not determined.

Dispersal and availability of safe sites are intimately related

factors in Larix regeneration. In bogs, regeneration was poor in

dense, older stands. Regeneration is dependent upon dispersal away

from the stand. Seedfall distance, in general, is limited, perhaps

because of the small tree size; it might be inferred that patchiness

of stands or disturbance within stands is important for maintenance

of the population at a given site.

The timing of seed release is such that dispersed seed cannot

germinate until the following spring or summer. The apparent lack

of a prechil ling requirement at higher (18-20 deg C) temperatures

suggests "enforced dormancy", i.e. that the seed is quiescent

overwinter. Field studies in the tussocky bog and mature

riverbottom stand suggest a strong relationship of moisture and soil

temperature to emergence. In trough microsites, moisture is present

in adequate amounts early in the summer, but the temperature may be

too low for germination. The opposite may be true in higher bog
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microsites and in the riverbottom. A good characterization of diur-

nal temperature regimes in the different microsites would be useful

in confirming these ideas.

Within bog microsites, an open trough high enough above the

water table to support some feathermoss growth appeared to be the

best site for survival, as it would be relatively warm and constantly

moist, yet not as subject to submergence as deeper troughs. A thick

feathermoss seedbed appeared restrictive to survival. The preference

of Larix seedlings for feathermoss and Sphagnum spp. seedbeds

(Chapter III) must mean that seedlings establish where the moss mat

is not well developed. Mineral soil seedbeds were a preferred sub-

strate in the riverbottom.

Substrates were not examined for the presence of stored viable

seed of L. laricina. It may be present, but probably has a short

lifespan. Viable seed was not found in Picea mariana and L. laricina

stands at or near the northern forest line in Canada (Elliot, 1979;

Payette, Deshaye, and Gilbert, 1982). Johnson (1975) found viable

buried seed, none of it coniferous, in lichen woodlands dominated by

Picea glauca, P. mariana, and P. banksiana.

As with growth, it is useful to compare the reproductive be-

havior of L. laricina with the two associated Picea species. Larix

and P. glauca are similar in many respects; successful regeneration

is dependent upon wind dispersal of seeds; the seed of P. glauca is

slightly heavier than that of Larix, but the morphology is similar
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(USDA, 1974). The timing of seedfall is similar as well. In

riverbottom stands, both species establish best on mineral seedbeds.

The reproductive strategies of P. mariana are distinctly

different from Larix. It may reproduce vegetatively through layer-

ing, commonly observed on the study sites. Viable seed may be

retained in the partially serotinous cones for several years. Dis-

persal occurs without fire, but is greatly enhanced by it.
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CHAPTER VI. SYNTHESIS

The main objective of this chapter is to speculate on the suc-

cessional role of Larix laricina in Tanana Valley of interior Alaska,

based on age structure data collected in this study, apparent growth

and reproductive strategies of L. laricina relative to P. glauca and

P. mariana as discussed in earlier chapters, and the environment in

the interior.

Larix 1 aricina has been considered a seral species elsewhere.

It is the first tree to colonize swamps in the transition from open

lake to conifer bog and is generally followed by Picea mariana

(Curtis, 1959). This successional relationship has been confirmed by

Carleton and Maycock (1978).

In the Tanana Valley, the ecology of Larix in riverbottoms is

different than in bogs. Larix apparently establishes within a few

years after the initial Picea glauca, whether the presence of P.

g 1 auca benefits the establishment of Larix or merely reflects

differences in seed production cycles between the two species is un-

known. A mineral seedbed appears to be important for successful

germling emergence and early establishment. As the stands mature, a

feathermoss mat develops which reduces emergence and probably sup-

presses growth by reducing soil temperatures. Although canopy cover

of mature P. glauca in riverbottom stands seldom exceeds 50-70%

(Farr, 1967), the shading under a mature canopy might be sufficient
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to suppress growth of young Larix, given its low shade tolerance

(Logan, 1966).

The ages of Larix in the riverbottom indicate that the chances

for long-term survival are best if Larix establishes in early

successional stages on the floodplain, in part because of the mineral

seedbed and also because of the open nature of the stands. However,

snowshoe hares may have a significant impact on Larix growth and sur-

vival. In the riverbottoms, the dense willow-alder thickets

characteristic of the open shrub stage of floodplain succession (Van

Cleve and Viereck, 1981) are a preferred habitat for snowshoe hares

(Wolff, 1980). Larix is preferred as browse over P. glauca and P.

mariana by hares (Bryant and Kuropat, 1980); hence, its numbers and

growth relative to P. glauca of similar or slightly older age may be

reduced significantly by browsing.

Though the reproductive strategies of Larix and P. glauca are

similar (see Chapter V), growth strategies are somewhat different.

Larix has a somewhat more rapid early growth (assuming no browsing

impact), as demonstrated at T-Field, but is also shorter lived.

Without some disturbance such as flooding to replenish the mineral

seedbed and open the canopy, L. laricina would probably disappear

from old, mixed P. glauca-L. laricina stands.

In Alaskan bogs, Larix appears to be somewhat transient relative

to P. mariana. It may precede P. mariana in colonizing open areas,

such as BCF-N and BCO-M, or enter a stand already containing P.

mariana, if the stand is relatively open and has adequate moisture.
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Larix, however, apparently does not live as long as P. mariana, and

will disappear from a site unless seed can be successfully dispersed

to safe sites, which tend to be mossy, in the open, and close to the

water table. Larix might be considered to precede P. mariana in bog

succession, based on its shorter 1 ifespan and insignificant

vegetative reproduction in the absence of fire or other disturbance.

However, it may be where fire frequency is high, Larix cannot

persist. Although broadcast burning enhances germination and early

growth of Larix (Johnston, 1973), Larix is at a disadvantage to P.

mariana because it cannot store seed. Since black spruce muskeg has

the highest fire frequency of any forest type in the interior

(Viereck and Schandelmeier, 1980), it seems reasonable that Larix

would be restricted to the wettest sites, where fire is less intense

and more patchy. In these sites, sufficient mature Larix might

survive fire to regenerate a stand, even if cone production cycles

were not synchronous with burning.

Differences in nutrient availability and requirements might also

affect distribution of Larix. Data from other areas in the range of

Larix indicate that it is associated with minerotrophic (fen) peat-

lands (Wells, 1981; Heinselman, 1970) and is uncommon in oligotrophic

bogs where Picea mariana may be present. Growth is best in minero-

trophic habitats (Tilton, 1978); also, juvenile Larix grow faster in

response to drainage and fertilization of fens than juvenile P.

mariana (Richardson, 1981). There is no information on nutrient and

water flow patterns in interior Alaskan floodplain bog and lowland
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systems; what role permafrost would play in affecting nutrient

movement in these very wet sites is unknown.

Although Larix in wetlands may be less susceptible to fire, it

is susceptible to direct and indirect effects of flooding (Denyer and

Riley, 1964) and insect infestation. Approximately 215,000 ha north

of Denali National Park were infested with eastern larch beetle, Den-

droctonus simplex, resulting in scattered mortality of L. laricina

(Anon.,1979,1980),Another 238,770 ha were defoliated by a budmoth,

Zeiraphera sp., during that period along the Tanana River (Werner,

1980). Niemela et al. (1980) found that the severity of L. laricina

defoliation by Zeiraphera sp. increased significantly with age and

size (but not growth rate) of the trees in a stand with individuals

up to 50 years of age. It is entirely possible that connections do

exist between flooding, insect outbreak, and Larix stand dynamics.

Larix, with a shallow root system, might be particularly susceptible

to rapid, large changes in the water table.

In summary, Larix laricina in interior Alaska establishes after

P. glauca and usually with, or prior to Picea mariana, both of which

outlive Larix. Germination and survival maybe restricted by the

lack of a mineral seedbed in established riverbottom and upland

stands. A selective preference for Larix over Picea spp. by snowshoe

hares and a lower tolerance of shade may further increase mortality

of Larix in riverbottoms and uplands. Larix in bogs may be re-

stricted to the wettest sites, those least likely to burn, because of

its lack of stored seed in cones. In unburned bogs, persistance of
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Larix may depend on dissemination of seed to safe sites outside the

older stands. In contrast, Picea mariana can persist on unburned

sites through layering.

An understanding of the role of nutrient cycling and fire must

be gained before the ecology of Larix in interior Alaska is fully

understood and would complement research aimed at exploiting the

rapid growth potential of Larix. Some general hypotheses for the

restricted distribution of Larix in interior Alaska have been

suggested and might provide enlightening information if studied.
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