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ABSTRACT

A five-year study has been made of seedfall in relation to 
regeneration in a hemlock-cedar forest at 4000' a.s.l. within the 
Salmon Arm Public Sustained Yield Unit of the Kamloops Forest District.

Annual cone-crops were estimated on the trees in a mature stand 
surrounding a large clear-cut area of ±300 acres, seed was trapped as 
it fell, and from adjacent plots subsequent reproduction was sampled 
to connect the sequence of events and to assess how effectively the 
area was being restocked by natural regeneration.

It was observed that good seed crops can be expected once in 
four years and that a minimum of two good crops would be needed to 
provide sufficient seed to restock the area naturally. The quantity 
of seed dispersed from the marginal timber, however, was found to be 
distributed unevenly and insufficiently over two-thirds of the 
clear-cut area. ^

It is concluded that natural regeneration depends upon the 
forest floor being well-disturbed to expose plenty of mineral soil 
seed-bed, where the seed source has not been logged until the occur
rence of at least one good seed-crop and where no part of the cut
over lands is more than five chains from the seed source. When these 
conditions cannot be met, planting (or seeding) will be necessary.

* E.P. 616. A study of Regeneration Problems in Decadent 
Hemlock-Cedar Stands.



INTRODUCTION

In the mixed species forests of the Interior Wet Belt the western 
hemlock {Tauga heterophylla (Raf.) Sarg.) and western red cedar 
{Thu^a plioata (Donn.j) are the dominant species, and are more or 
less, even-aged, overmature and decadent because of trunk rots. 
Associated species are components of the forest type and are present 
in variable numbers of Douglas-fir {Paendotsuga memieaii (Mirb.) 
Franco), Engelmann spruce (Piaea engelmcami Parry), western larch 
Larix oaaidentalia Nutt.), western white pine {Pinua montiaola 
Dougl.), and Alpine fir {Abiea laaioaarpa (Hook) Nutt.).

Prior to the present decade any logging in this type removed 
selected stems of cedar for poles and species other than hemlock 
and cedar for sawlogs. After this type of cutting the residual 
stand was composed of the decadent cedar and hemlock and the un
merchantable sizes of the other species.

During the early part of the present decade new cutting clauses 
were inserted in timber sale contracts, and these required the felling 
of all stems 8 inches D.B.H. and larger. However, because of the 
great amount of unuseable material in the stands the areas were left 
with a dense cover of slash. The accumulations of slash were disposed 
of by broadcast burning, the objective of burning being to abate the 
fire hazard and to leave the areas in a more satisfactory condition 
for natural regeneration.

This method of regeneration requires a small investment and so 
is preferable to planting if it can be obtained and if the resulting 
stand is as good or better than that which can be obtained by 
artificial methods. Although dependence was placed upon natural 
regeneration for restocking clear-cut and burned areas in the hemlock- 
cedar type there was some doubt as to its adequacy, because of a 
lack of information concerning seed periodicity, size of seed crops, 
and the dissemination pattern of seed for the type. The present 
study confirmed that these doubts had been legitimate.

LITERATURE REVIEW

There is very little information on seed production, related 
to dissemination and reproduction in the hemlock-cedar forests of 
the Interior.

Stewart (1962) studied the pattern of seed dissemination, seed 
germination and survival in two clear-cut patches, one burned and one 
unburned, in the hemlock-cedar type of the Interior. He found that 
after eight years only 44 per cent of the clear-cut area was stocked 
with established seedlings. This was probably a direct result of 
negligible quantities of seed being dispersed into the centre of 
the area, the majority (85 per cent) having been dispersed within 
the seed margin and to within 100 feet of the seed source. Stewart 
determined that most of the seed had been dispersed from a south
easterly direction on a north-facing slope.



Clark (1962) studied seed dissemination and regeneration 
on a small area which had been clear-cut and one-half burned 
and one-half unburned, in the hemlock-cedar type of the Interior 
wet-belt. This study showed that the majority of the seed were 
dispersed from a southeast direction after mid-October and 
that three-quarters of the seed were dispersed within one chain 
of the seed source. The better seedbed conditions on the burned 
area resulted in better stocking of species other than hemlock 
and cedar. Although seed dispersal and stocking were adequate, 
the application of the results was limited by the size of the 
area being only 10 acres.

There has been a considerable amount of data collected in 
Douglas fir-hemlock, hemlock-cedar and spruce-hemlock forests in 
coastal regions.

Garman (1951), on Vancouver Island, determined that most 
viable seed are dispersed for very short distances into the cut
over. He favoured seed margins to the west because the best 
prevailing winds for seed dispersal came from this direction.
Ruth and Berntsen (1955) felt that most of the crop was dis
seminated by occasional northeast winds and that prevailing 
southwest winds may have only a minor effect on seed dispersal.
They found that spruce and hemlock seedfall started consistently 
during the last 10 days of October, usually when the first dry east 
wind occurred. Also, half the seedfall was over by mid-November 
and 90 per cent by February 1st.

Soos and Walters (1963) stated that western hemlock is very 
prolific, producing heavy seed-crops every 3 to 4 years.

Hetherington (1965) stated that the frequency of cone crops 
of hemlock and cedar on the west coast of Vancouver Island is not 
known with certainty but that even moderate crops cannot be 
expected more than once in 4 or 5 years. He found that most cedar 
seed was released during October and November, however while 
major falls of hemlock seed also occurred in November the 
greater percentage fell from January to March inclusive. It 
was also noted that the effective distance of dispersal was 
different for hemlock and cedar and that the effective margins 
were also different for the two species. Northeast margins were 
more efficient as hemlock and southeast as cedar seed sources.

In Alaska, Harris (1967) found that some seed during a six- 
year period of study were dispersed each year. Seed were 
released early in December but only two of the years produced 
meaningful crops and the quantities of dispersed seed decreased 
with distance from the seed source up to 30 chains.



OBJECTIVES

The study was designed to link seed-supply from mature timber 
with seedling reproduction obtained on a clear-cut and burned area. 
Annual seed crops were estimated and the quantity and quality of 
seed and seedlings related to distance and direction of dispersal.

The results are expected to provide a basis for silvicultural 
prescriptions concerning the period of time timber margins should 
remain uncut and the optimum size of the clear-cut.

EXPERIMENTAL AREA

The study was conducted on an area near the top of a plateau 
at an elevation of 4000 feet a.s.l. in the Larch Hills (119 45' W,
50 45' N) within the Salmon Arm Public Sustained Yield Unit of the 
Kamloops Forest District. Topography of the site is characterized 
by gently sloping terrain with small knolls and moist swampy 
depressions.

Western hemlock and western red cedar are the dominant species 
in the seed margins and are, more or less, even-aged, overmature and 
decadent. Variable numbers of Douglas-fir, Engelmann spruce, western 
larch, western white pine, and Alpine fir, are components of the type. 
Precipitation is light, 20-30 inches per year (25-30 per cent as 
snow), and the frost-free period is short, approximately 100 days 
per year.

A portion of the area, 25 acres, was logged and burned in 1961. 
The remaining 290 acres were logged in 1961-62 with approximately 
240 acres burned in 1962. A 50-acre portion in the northeast 
corner was left unburned. All stems 8 inches D.B.H. and larger 
were felled at the time of logging. The study commenced in 1963.

METHODS

Cone-crops

Cone crops were classified each year during the period 
1963-1968 according to the system devised by the Oregon 
State Board of Forestry.

Seedfall

Seed dispersal was estimated by counting seed caught 
in 88 metal traps. They were each four square feet in 
surface area, and were arranged in three parallel lines from 
west to east and in two parallel lines from north to south.
Trap lines were spaced 15 chains apart. Traps were set in



pairs 1 chain inside the marginal seed source and 
singly inside the burned area. Traps within the 
burned area were at 1%- chain intervals to a distance 
of Ih chains from the seed source, thence at the 10- 
chain mark and at 5-chain intervals thereafter to a 
distance of 25 chains from the nearest seed source.
In 1966, 18 one-square-foot traps were set out in the 
unburned area. These were in two parallel east to 
west lines in the same pattern as for the traps in the 
burned area.

The seed traps were examined at irregular intervals 
between early September and early November, or first 
permanent snowfall, thence again during May-June for over
winter seedfall. Cutting tests were made to determine 
seed soundness.

Reproduction

To determine the regeneration resulting from 
seedfall, and its relation to distance and direction from 
seed source, 200 four-mil acre quadrats were established 
within the burned area and 21 four-mil acre quadrats 
established within the unburned area. These were 
examined annually between 1963 and 1968. The regeneration 
plots were established on 6 parallel lines west to east 
and 2 parallel north to south lines. Lines were spaced 
10 chains apart. Plots were at 2-chain intervals along 
lines commencing at one chain from a seed source margin.
The total number of seedlings were classified by age and 
tallied on each milacre quadrant. Seedbeds on each mil- 
acre quadrant were classified as either mineral, burned 
mineral, burned humus, unburned, mixture, rotted wood, 
litter, swamp and water, slash, ash, or moss.

A climatic station, consisting of hygrothermograph, maximum 
and minimum thermometers, rain gauge, and wind direction recorder, 
was established during May of each year from 1964 to 1968. The 
station was removed at the end of October of each year.

RESULTS AND DISCUSSION

1. Cone-crops

During the five years of this study only the crops 
in 1964 and 1966 were good (Table 1). The 1963 crop 
was poor and those in 1965 and 1968 were failures. Al
though the period of observation is too short to establish 
a definite pattern of cone-crop periodicity, it would 
appear that a good seed crop might be expected at least 
once in every four years.



Table 1. Annual Cone-Crop Classification

Year 1963-4 1964-5 1965-6 1966-7 1967-8

Oregon Rating 4 7 0 9 0

2. Seedfall

There was a wide variation in percentage of filled 
seed between seed years, between dispersal periods, between 
direction and distance of dispersal, and between species.

The major portion of the seed was dispersed during the 
overwinter period although a higher percentage of the Autumn 
(September-October) dispersed seed were filled (Table 2).
In general, the seed dispersed earlier were a mixture of species, 
On the average, 96 per cent of the sound seed dispersed were 
hemlock and cedar.

The largest seed crop was produced in 1966 but the 1964 
crop produced the larger number of sound seed. The amount of 
sound seed dispersed into the burned area and the distance 
dispersed from the seed source was approximately the same for 
both years.

The east and west margins were the most effective for 
distance of seed dispersal although only a small percentage 
(11 per cent) of the filled seed were dispersed outside the 
timber margins. During good and poor crop years 90 per cent 
or more of the seed dispersed outside the timber margins fell 
within a short distance of the seed source (10 chains or less). 
Species distribution was partially affected by the composition 
of the stands on the margins of the area but hemlock and 
cedar were well distributed throughout all margins (Figure 1).

3. Regeneration 

Distribution

Fifty-one per cent of the stocking occurred 
within 5 chains of the seed source and 67 per cent 
occurred within 10 chains of the seed source.
However, stocking was adequate only up to 5 chains 
from the seed margin. There was no significant 
difference with respect to direction from seed source.

Similar results were obtained from other pre
scribed burned areas examined in 1969 as a follow-up 
of the study. These areas ranged in size from 65 
to 155 acres with all but one being 100 acres or 
larger and the regeneration period varied from 3 to 
8 years. Average stocking with established seedlings 
was 65.7 per cent for the 65-acre area, whereas that



Table 2. Dispersal of Sound Seed by Year, Season, and Marginal Source

Number of Filled Seed per Acre Number of Filled Seed per Acre

Within Stand Percent of Distance in Chains from Seed Source

Seed Crop Seed
Year Margin Autumn Winter Autumn Winter 0-5 6-10 11-15 16-20 21-25

1963-64 N 10,890 5,445 50.0 20.0 1,089
S 2,722 35,392 4.8 10.8 - 1,361 - - -

E - 8,168 0.0 15.8 - - - - -

U 3,630 3,630 15.6 2.5 - 3,630 - -

1964-65 N - 223,245 43.5 49.7 41,382 5,445 7,260 _ _
S 593,505 2,134,440 51.9 44.5 173,332 76,320 10,890 - -

E 582,615 1,167,952 62.8 49.6 29,948 2,722 10,890 10,890 -

W 225,060 2,379,465 45.1 57.2 279,510 108,900 32,670 - 10,890

1965-66 No Seed Crop

1966-67 N 116,335 511,830 51.3 42.0 39,204 18,668 30,492 _

S 125,235 2,123,550 54.2 45.8 160,628 25,410 1,089 - -

E 257,004 1,210,968 49.3 43.5 174,240 217,800 - 10,890 -

W 373,890 1,949,310 53.8 34.1 137,032 27,830 14,520 10,890 -

1967-68 No Seed Crop
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for the larger burned areas was 22.7 
per cent. For all burned areas, 58 per cent 
of the stocking occurred within 5 chains of a 
seed source and 79 per cent occurred within 
10 chains of a seed source.

Residual stems as a seed source

A portion of the regeneration on the area 
burned in 1962 resulted from 4 to 6 inch 
hemlock and cedar stems which were not completely 
destroyed by the fire (note small areas of full 
stocking. Figure 1). These shed seed the first 
year after burning but neither regeneration 
resulting from this seed source or from subsequent 
seed crops in the timber margins have satisfactorily 
stocked the large central section of the area during 
a six-year period of waiting.

The effect of burning

The percentage stocking on the unburned area 
was significantly better than that on the burned 
areas but not between the unburned and the smaller 
burned area (p = .05) (Table 3).

Table 3. Percentage Stocking with Established 
Seedlings on Burned and Unburned Areas

Area
Size in 
Acres

Number of 
Milacre Plots

Per cent Stocked with 
Established Seedlings

Unburned 50 84 59.5
Burned, 1961 25 52 73.1
Burned, 1962 240 748 18.1

There were approximately 
on the burned area as compared 
per acre on the unburned area. 
231 advanced growth seedlings 
area (in wet spots) and 1,327 
area. Ninety per cent of the 
area were hemlock and cedar, 
these species comprised ninety 
total number of seedlings.

1,154 seedlings per acre 
with approximately 3,845 
In addition there were 

per acre on the burned 
per acre on the unburned 
seedlings on the burned 
In the unburned area 
-seven per cent of the

The effect of seedbed

The percentage stocking on mineral seedbeds was 
significantly better than on other types of seedbed 
but even after the slash burn, mineral seedbeds



covered only a small part of the total 
area. Although burning increased the amount 
of seedbed favourable for germination and 
survival, the relative number of seedlings 
on these seedbeds were not increased over 
those on the unburned area.

Table 4. Relationship between Seedbed and Percentage Stocking

Burned Unburned

Seedbed
No. of 
Plots

Per cent of 
Seedbeds in 
Total Area

Per cent 
Stocked

No. of 
Plots

Per cent of 
Seedbeds in 
Total Area

Per cent 
Stocked

Mineral 74 9.3 ) 40.5 6 7.1 ) 100.0
Burned Mineral 114 14.2 ) 50.5 26.3 - - ) 70.2 -

Mixture 216 27.0 ) 23.1 53 63.1 ) 58.5
Burned Humus 256 32.0 16.4 - - -

Unburned 10 1.3 20.0 15 17.9 66.7
Rotted Wood 48 6.0 20.8 1 1.2 100.0
Swamp
Others (Ash,

65 8.1 6.1 4 4.7 0.0

Moss,Slash) 17 2.1 35.3 5 6.0 40.0

CONCLUSIONS

The frequency of cone crops for the various species in the Interior 
Wet Belt has not been established but it would appear that a good crop 
for most species might be expected at least once inevery four years.

Based on the seed collections and the number of seedlings found 
on the study area, the figures for seedfall can be compared with 
germination and survival (Table 5). The means are based on the 
production of three seed-crops and the comparison is restricted by 
the limitation of data but they give an indication of results 
to be expected from larger samples.

Table 5. Germination and Survival 1 to 5 chains 
from Marginal Timber

Hemlock Cedar Other

No. per acre

Hemlock Cedar Other
per 1000 2-5 year old 

germinants_______
Average of three seed-crops

Seed -
Gross 30,319 22,269 3,235 378,988 150,466 71,889
Sound 12,263 9,930 828 153,288 57,094 18,400

Seedlings -
Germinants 392 915 49 4,900 6,182 1,089
2-5 yr.old 80 148 45 1,000 1,000 1,000
'Advanced' 209 212 83 - - -



It is estimated that roughly 130,000 filled seed of all 
species per acre are required to produce 1,000 established 
seedlings. Only that part of the area 10 chains or less from 
a seed source received this quantity from a total of three 
seed-crops (Figure 1). Ninety per cent of these established 
seedlings will be hemlock and cedar. During the best seed 
year there were an average of 82,000 filled seed per acre 
collected over the entire burn. Within 5 chains of the seed 
source an average of 157,000 seeds per acre were collected.
Between 5 and 10 chains of a seed source the average number of 
filled seed collected was only 63,000. This would indicate 
that one good seed-crop would provide sufficient seed for 
optimum stocking within 5 chains of a seed source. At least 
two good seed crops would be required to produce sufficient 
seed for optimum stocking at a distance of 10 chains from a 
seed source. This may take 8 years or longer on similar areas.
To obtain adequate stocking at distances greater than 10 chains 
will require a number of seed-crops and could take 20 or more 
years. However, the adequacy of either one or two good seed- 
crops is based on the premise that favourable seedbeds for 
germination and survival are properly distributed over the 
area, that is, a minimum of 65 per cent of the area in mineral 
and well disturbed seedbeds. In fact, only 50 per cent of the 
study area contained desirable seedbeds and these supported 
69 per cent of the stocking and 72 per cent of the established 
seedlings. Similar results respecting seedbed distribution and 
stocking were obtained on the clear-cut and burned areas examined 
in 1969.

Hetherington (1965), reached similar conclusions respecting 
the number of cone crops required for adequate dispersal of 
viable seed in coastal stands. He concluded that a series of 
moderate crops in rapid succession or one heavy crop (9-10 
Oregon Scale) might completely regenerate a small area clear- 
cut by current methods, but this would depend upon its shape and 
its orientation. Hetherington also concluded that, "Single 
seed crops lower than 7 on the Oregon Scale can largely be 
ignored for their value in restocking an area."

It must be concluded that: (1) Natural regeneration will be
satisfactory on areas which have good seedbed disturbance, where 
no part of the area is more than 5 chains from a seed source, and 
where the seed source has not been removed until after at least 
one good seed-crop has occurred. (2) Artificial regeneration will 
be necessary on portions of areas greater than 5 chains from any seed 
source, unless the distribution of favourable seedbeds is better 
than on the areas examined. It is doubtful that the quality of the 
seedbeds would be maintained over the period of time required for 
two or more good seed-crops to occur.
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