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ABSTRACT

To determine if squirrels (Sciurus douglasii var.) cut cones before
the seeds are ripe, a series of collection points was established in the
Willamette Valley and the Cascade Mountains in the summer of
1954. The areas were inspected at intervals during August, Septem-
ber and October of 1954, and freshly cut Douglas fir cones were
gathered whenever they appeared. Cones were air dried and the
seeds hand extracted and cleaned by hand. The data obtained from
laboratory and greenhouse germination tests indicated that the
squirrels cut cones in quantity only when the seeds were ripe, and
that the seeds demonstrated no significant increase in viability
with later dates of cutting.
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INTRODUCTION

For many years foresters, nurserymen, and forest tree seed
dealers in the Pacific Northwest have obtained Douglas fir (Pseudot-
suga taxifolia Poir.) seed from two major sources:

1. Cones picked from standing trees or from trees felled after
the cones have become ripe.

2. Cones gathered from squirrel (Sciurus douglasii var.) cuttings
and caches.

Until recently the collection of squirrel-cut cones was considered a
reliable method for obtaining viable seed. Where squirrel cuttings
are abundant, this procedure is much more efficient than the hand-
picking of cones from trees. In the past few years, however, this
practice has been questioned Some investigators have stated that,
regardless of the fact that, generally, good seed has been obtained
from squirrel caches, possibly the cones in some cuttings or caches
have been cut from the trees too early and, therefore, the seeds may
have been immature and lacking in viability.

A review of the literature germane to the investigation reported
here produced the following statements:

U.S.D.A. Woody Plant Seed Manual, [4] Misc. Pub. No. 654, p. 22,
states:

". . . in the Lake states and in many parts of the West, squirrel
hoards frequently yield sound seeds at a low cost and may be
rifled even after seeds have been released from cones still on
the trees."

Tourney and Korstian, [2] (3rd Ed., pp. 115-116) say:

"These rodents (squirrels) store cones as soon as they begin
to ripen and continue to do so as long as weather permits or
until seed has fallen.

r e * r r
Furthermore, squirrels hoard only the best cones; hence seed
is usually better than that picked from trees."

Baldwin [1] (Chap. IV, pp. 36 and 49) makes the statement:

"When squirrels begin storing seeds it is an indication that
they are ripe.... Squirrels usually store the best and only
the best cones."

Although the above quotations substantiate the belief that
squirrel-cut cones are usually a reliable source of viable seed, there
is nowhere in the literature any demonstrated support for believ-

[5]
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ing that squirrels possess a peculiar ability to detect and cut only
cones with fully ripened seeds.

Inasmuch as the practice of collecting cones from squirrel cuttings
is still widely followed in the Douglas fir region, it is deemed im-
portant to answer the following basic questions:

1. Do squirrels begin to cut cones, in quantities which would be
attractive to cone collectors, before the seeds are fully ripe?

2. What is the difference between the viability of seeds taken
from squirrel-cut cones collected when squirrels begin cut-
ting, and that of seeds obtained from the last cones cut by
squirrels in a given area?

I Experience has shown that at least one-half bushel (approximately 200 cones) must be
be found in a small area if collection of cones is to be commercially profitable. Therefore, in
this report, "commercially profitable quantities" refers to cuttings and caches of at least one-half
bushel.
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FIELD PROCEDURE
Collection points were established in seven areas in the Wil-

lamette Valley, the Coast Range, and the Cascade Mountains, at
elevations ranging from 100 to 2400 feet above mean sea level.
Collection points of 3 to 7 trees were established that offered some
promise of a fair or better cone crop and where squirrels had been
known to do considerable cone cutting for winter food. The field
search for squirrel cuttings began August 2 and continued until
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Plate I. Piles of cone scales are evidence of early palatibility "sampling" by
squirrels. Cones found during this "sampling" period were not in-
included in the experiment.
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October 19, 1954, at which time the squirrels ceased to cut. During
this period, the seven areas were checked for cuttings every two
to three weeks.

Cones were cut from trees which varied in size from 10 inch
second growth to 4 foot diameter breast-height old growth. The
stands varied from thifty, full-crown, open-grown stands in the
valley, to dense, crowded stands in the Cascade Mountains.
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Plate 2. Cones are cached by squirrels in cool, moist locations for later
extraction of seed.

Each field collection (lot) consisted of fresh squirrel cuttings,
collected from uncached cones beneath the trees or cones cached in
moist positions along streams, ditches, and slight ground depressions,
along and inside of hollow logs, and under heavy moss cover on the
ground (see Plates 1 and 2). Each lot of cones collected consisted of
at least 200 heavy, moist, freshly cut, closed, or brownish-green
cones. Each time a field collection was made, the collection point
was cleaned of excess cones and possible caching points were ex-
amined to make sure no cones were present. Occasionally the cut
cones on the ground represented two or three cuttings since the
previous collection had been made; in this case, only the freshest
cones were selected on the basis of qualifications stated above.
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This selective procedure was followed to insure that the cones were
current cuttings of the preceding two or three days.

Weekly Progress of Collections:
Week August 1-7, 1954.

Only 45 cones were found at a single medium elevation point.
This was not considered a true cutting as the squirrels had
started to cut and then stopped. These 45 cones yielded only
5 seeds, of which 2 were blank and 3 were shriveled.

Week August 8-14, 1954.
Only one small lot collected from a low elevation point. Al-
though the uncleaned seed cut 63% sound, the quantity of
seeds (7.64 grams after cleaning) was insufficient for a ger-
mination test.

Week August 15-21, 1954.'
Two lots were collected during this week, and both were
large enough to permit germination tests. Not enough cut-
ting was in progress, however, to have warranted any col-
lections for commercial purposes. Average germination of
the sound seed was 53.87%.

Week August 22-28, 1954.
Four collections were made at four different locations. Squir-
rels were cutting more heavily this week. In fact, gathering
the cuttings in this period probably would have been a
profitable commercial venture. Average germination of the
sound seed was 88.88%.

Week August 29-September 4, 1954.
No collections made-areas not visited.

Week September 5-11, 1954.
Four collections made. Average germination of the sound
seed was 95.66%.

Week September 12-18, 1954.
Five collections made. Average germination of sound seed
was 95.55%.

Week September 19-25, 1954.
One collection made. Germination of sound seed was 98.60%.

Week September 26-October 2, 1954.
Two collections made. Average germination of sound seed was
97.70%.

Week October 3-9, 1954.
Three collections made. Average germination of sound seed
was 93.30%.

I From this date until cessation of squirrel activity, germination tests were run on all seed
collected for this experiment.
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Week October 10-16, 1954.
No collections were made. The open cones on the majority of
trees, in most areas, indicated that the squirrels were ceasing
to cut cones from trees.

Week October 17-23, 1954.
One collection, the final collection of the experiment, was
made at the highest collection point. Germination of the
sound seed was 98.30%.

LABORATORY PROCEDURE
The testing procedure followed in this study includes all the

methods of determining the viability of seed commonly employed in
the Pacific Northwest. All these tests fail to accurately measure the
effective germination of Douglas fir seed under the rigorous grow-
ing conditions which obtain in our forested areas. Results of such
tests, however, are currently the best criteria available to measure
the relative viability of Douglas fir seed lots. The following is a
brief description of the tests employed in this study.

1. Cutting test. One hundred seeds, selected at random, were
bisected along the long axis and the condition of the embryo
and endosperm noted. The per cent of seed classified as
"sound" may be considered as an estimation of the maximum
possible germination per cent. A cutting test was made on
each lot of seed, after the first rough cleaning procedure, to
establish the relative soundness of the several lots at the time
of collection. Similar tests were made on the lots of seed
after they were cleaned by the South Dakota Blower to in-
sure a reasonably uniform sound set of seed lots. Cutting tests
give a rapid estimation of the germination potential of a seed
lot but are the least accurate of the tests employed.

2. Laboratory germination test. A complete description of the
procedure employed in the laboratory greenhouse tests may
be found on the following pages. These tests are the most
closely controlled, reproducible trials of germinative vigor
currently employed in coniferous seed testing work.

3. Greenhouse germination test. This test more closely approxi-
mates natural growing conditions than does the laboratory
test. Greenhouse trials were employed in this study to check
the ability of the seeds to produce normal seedlings under
more rigorous conditions than those which obtain in the lab-
oratory. The chief disadvantage of greenhouse work is the
difficulty in obtaining reproducible results.

All the cones were air dried during the fall of 1954. The seeds
were extracted in a motor-driven tumbler. All seeds were dewinged
by hand and cleaned on a small "Clipper" seed fanning mill,
equipped with two screens, and set at the lowest fanning rate, so
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that no blank seed were removed. A sample of 100 seeds was re-
moved from each lot of seed with a mechanical divider. These
sample seeds were then cut to determine the percentage of sound
seed for each seed source and collection date. The results of these
tests are shown in Table I.

Each lot of seed was then cleaned on a South Dakota Blower for
thirty seconds, at each of the following gate openings: 29, 30, 31, 32,
33. The weight removed from each seed lot, for each gate setting,
is shown in Table II. Each lot of seed which remained after clean-
ing, at a gate opening of 33, was placed in the mechanical divider
and 100 seeds were extracted for a cutting test. The results of these
tests are also shown in Table II. The procedure described above was
followed to establish the relative soundness of the several seed lots
and to insure that the germination tests were made on the sound seed
of each lot.

Ten gram samples of seed were extracted with the mechanical
divider from each seed lot for the germination tests. Each germina-
tion test consisted of three "pre-treatments", followed by a germina-
tion period of five weeks. Two 100 seed samples were employed for
each pre-treatment. The following procedure was employed for the
three pre-treatments:

1. Soaked, Chilled. The seeds were soaked in tap water for 16
hours at 20° C. and then chilled at 5° C., in cheesecloth con-
tainers within covered (250 ml.-350 ml. capacity) plastic
dishes, for two weeks. Immediately subsequent to this storage,
the seeds were placed in the germinators.

2. Not Soaked, Chilled. The seeds were placed in the refrigerator
at 5° C. and stored, as described above, for two weeks. These
seeds were then placed in the germinators.

Plate 3. 100 mm. glass petri dishes, with toweling substratum, and typical
Douglas fir germinants. (0.6 times actual size)
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3. Not Soaked, Not Chilled. These seeds were placed directly
in the germinators (on the same date that pre-treatments were
started on the other samples) and, since this "pre-treatment"
was identical to the germination period, received, in effect, a
seven weeks germination period.

Plate 4. Examining flats in green house. Frame with strings used to determine
rows of seedlings. All flats were placed in metal pans, such as that
shown in left background, to facilitate watering from below.

Immediately following the "pre-treatment" period, the seeds
which had been chilled and soaked, or chilled, were placed in the
germinators_ Each lot of 100 seeds was "planted" in 100 mm. glass
petri dishes. The sub-stratum employed was paper toweling, satu-
rated in a 0.2% solution of KNOB. The sub-stratum was changed each
week when the counts of seedlings were made. The "Minnesota"
type germinating ovens employed in the tests were set to maintain
a temperature of 30° C., with light, for eight hours; and 20° C.,
without light, for sixteen hours each day. Each week, for five
weeks, (see Plate 3) all seedlings longer than one-fourth inch were
tallied and removed. In addition, at the conclusion of the tests, the
physical condition of the non-germinated seeds was noted. The
results of these tests are recorded in Table III.

In addition to the laboratory germination tests, the seed lots
were tested in a greenhouse. Several flats were filled with thor-
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oughly mixed sifted forest soil. 100 seeds, selected at random from
each lot, were planted in groups of 50 seeds each in a random dis-
tribution. The seeds were placed in the greenhouse on January 12
and 13, 1955. The first germination was noted on March 16, 1955,
and the last count was made on July 29, 1955 (see Plate 4). The
flats were watered from below each week for the duration of the
test. The results of the greenhouse test are shown in Table III.

DISCUSSION

The use of carefully controlled, reproducible germination con-
ditions to evaluate the viability of coniferous forest tree seed in the
Pacific Northwest is a comparatively recent improvement in forest
regeneration practices in the region.

The director of the Oregon State Seed Laboratory, Mrs. Louisa A.
Jensen, and the laboratory personnel have been very cooperative
with practicing foresters in developing standard germination tests
of the several native species. The laboratory tests are designed to
produce the maximum germination,' in the belief that such tests
provide an accurate measure of seed viability by eliminating the
extraneous factors which frequently confuse data obtained from
greenhouse tests. Any malformed or freak seedlings found are
recorded as abnormals. However, there are not, as yet, sufficient
data to establish an accurate correlation between laboratory ger-
mination results and those obtained in seeding and nursery work.
Gross field observations have definitely shown such a correlation to
exist; however, for purposes of this experiment, it was desired to
determine if the weaker seed lots, which may have been present,
were unduly favored by the conditions in the germinator ovens.
Therefore, it was decided to check the laboratory germination re-
sults by sowing several greenhouse flats with seed samples taken
from the same lots used in laboratory work.

The results of the greenhouse tests were considerably lower in
total germination but comparative information was essentially the
same; i.e., seed samples taken before the squirrels had started cut-
ting in quantity were lower, and those taken after the cuttings
appeared in economically collectible quantities were higher. Green-
house tests also showed that the seed attained a maximum viability
by the middle of September and maintained this vigor for the dura-
tion of the squirrel activity.

An examination of Figure 1 discloses much greater dispersion of
the data taken from greenhouse trials, and much lower mean ger-

1 For definition of germination, see Testing Agricultural and Vegetable Seeds, Agricultural
Handbook Number 30, United States Department of Agriculture, where germination is defined
as "the emergence and development from the seed embryo of those essential structures which,
for the kind of seed in question, are indicative of the ability to produce a normal plant under
favorable conditions".
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mination obtained from the flats. Furthermore, each point plotted
for the greenhouse data represents the average of two values which
may have differed by as much as fifty per cent. Each point plotted

FIGURE .1.
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for the laboratory data, however, represents the mean of six values;
all of which were within the limits employed in standard seed
procedure.' These facts illustrate the difficulty in obtaining truly
uniform, reproducible conditions in greenhouse work without ex-
tensive automatic temperature and humidity controls.

The data presented in this report is evidence of the high viabil-
ity of seeds obtained from squirrel-cut cones in the fall of 1954.
However, during the same fall, many collections were picked from
trees too early by experienced foresters and cone collectors. This
was evidenced by the extremely low yield of filled, sound seeds
obtained. (Cones which are picked before they are fully ripe usually
yield only a few sound seeds per cone and many partially filled or
blank seeds which are removed in cleaning. If the same cones re-
mained on the tree until ripe, these partially filled seeds might
have matured into sound and viable seeds. Thus the germination
test alone may not be a true test of the ripeness of cones; rather,
such data should be considered, together with the results of the
cleaning procedure). A check of Tables I and II will show that there
were no apparent differences in the quantities of blank and shriveled
seeds removed by cleaning, regardless of the dates of cutting of the
different lots. The information obtained by checking the tables is
evidence that seeds extracted from squirred cuttings have high
viability.

CONCLUSIONS

"Do squirrels begin to cut cones, in quantities which would be
attractive to cone collectors, before the seeds are fully ripe?" The
data obtained in this study indicate that they do not. The lowest
germination of sound seed obtained from samples of such cuttings
was 79%.

"What is the difference in viability of seeds from the earliest
cones cut by squirrels to the latest cones cut by squirrels in a given
area?" The results show that squirrels begin to cut cones shortly
before they are actually ripe. Immature cones are seldom cut in any
quantity; in fact, most of them are torn apart and the seeds are
eaten on the spot. Most cone collectors call the early piles of cone
scales found as the result of such cuttings "samplings", and they
are, in all probability, just that (see Photo 1). During the early days
of "sampling", seed viability increases sharply, but cone cutting
increases very little. Moreover, cone cutting by the squirrels shows
large increase only after the seeds mature. It was, of course, these
mature seeds which, in the experiment reported here, demonstrated
a high level of viability in the germinators.

1 The rule employed by the American Association of Official Seed Analysts in regard to
the reliability of germination tests is as follows: "In considering whether a retest is required,
a difference of 10 percent between 100 seed replicates is permitted when the average is 80 per-
cent or above, and a difference of 15 percent when the average is below 80 per cent. When 4

replicates are in agreement (i.e., do not exceed the 10 and 15 percent limits) the average shall
be reported."

[15]



Table I

RESULTS OF CUTTING TESTS OF SEED LOTS AFTER CLEANING

Collection
Seed Classification Based on a

Cutting Test of 100 Seeds of Each Lot
Elevation

and Lot Code Date Dater No. No. No. Insect No.
Location Number Collected Cleaned (Sound Blank Larvae Shriveled

ARBORETUM . ............... 2 8- 9-54 10-28-54 63 20 11 06

Sec. 31, T. 10 S., R. 4 W. 5 8-24-54 10-28-54 44 45 11 00

Elev. 400 ft. 16 9-17-54 10-28-54 34 48 18 00

17 9-17-54 11- 1-54 24 59 17 00

21 10- 5-54 10-28-54 20 65 13 02

FAMILY SHOW........... . .. ., ,. 3 8-19-54 11- 1-54 64 35 01 .00

Sec. 5, T. 6 S., R. 3 W. 11 9- 9-54 10-28-54 68 32 00. 00

Elev. 125 ft. 22 10- 5-54 11- 1-54 77 22 01 00

MISSION BOTTOM ....------_.r ....,. 4 8-19-54 11- 1-54 43 54 01 02

Sees. 15 and 16, T. 6 S., R. 3 W. 12 9- 9-54 11- 1-54 68 25 05 02

Elev. 100 ft.
THOMAS CREEK .,..:..........; 1 8- 2-542.,

R. 2 E.Sec. 8 T. 10 S. 6 8-25-54 10-28-54 62 31 05 02, ,

Elev. 500 ft. 13 9-16-54 11- 1-54 80 15 04 01

23 10- 5-54 10-28-54 70 28 02 00

LAKESHORE CAMP : x am,.w 7 8-26-54 10-28-54 74 25 01 00

T. 10. S R. 5 E.Sec. 16 9 9- 7-54 11- 1-54 64 33 02 01,
Elev. 1550 ft. 14 9-16-54 10-28-54 54 45 01 00

19 9-28-54 10-28-54 68 32 00 00

BREITEN13USH RIVER --_----- -._.:. . 8 8-26-54 11- 1-54;. 80 20 00 00

Sec. 21, T. 9 S., It. 7 E. 15 9-16-54 10-28-54 83 17 00 00

Elev. 2367 ft. 20 9-28-54 10-28-54 67 31 00 02

25 10-19-54 11- 1-54 56 41 06 01

BLOWOUT CREEK _._ ............::4,,, 10 9- 7-54 11- 1-54 80 16 04 100

T. 10 S., R. 5 E:Sec. 26 18 9-22-54 10-28-54 74 25 01 00,
Elev. 1650 ft. 24 10- 6-54 10-28-54 60 37 03 00

I All seed was extracted on October 1954.
2 Lot No. 1 was not a true cutting. Only 45 cones were cut by squirrels at this date. These cones yielded only 5 seeds,, of which 2 were blank

and 3 which had slightly shriveled kernels.
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TABLE II

RESULTS OF CLEANING WITH SOUTH DAKOTA BLOWER

Original Grams Removed by Blowing atrams emo y 'Final
lS

Seed Classification Based on a
Cutting Test of 100 Seeds of Each Lot

Per Cent
Weight
LeftLot

Code
Sample
Weight

Gate Openings amp e
htWeight No. No.No No. Insect No. After

Number (Grams) 29 30 31 32 33 (Grams) Sound Blank Larvae Shriveled Blowing

2 11.48 2.54 0.38 0.29 0.28 0.35 7.64' _.__ .... .... 66.55

5 141.50 55.00 6.84 3.14 2.86 2.90 70.76 94 2 4 0 50.00
16 50.78 15.08 1.74 1.09 0.98 0.86 31.03 772 0 22 1 61.11
17 34.60 14.70 1.26 0.74 0.50 0.38 17.02 90 0 10 0 49.20
21 5.01 2.33 0.27 0.13 0.08 0.11 2.10 .... .... .... __.. 41.90

3 46.40 15.22 1.23 0.75 0.53 0.45 28.22 100 0 0 0 60.82
11 104.00 22.31 3.61 3.06 2.61 2.75 69.66 100 0 0 0 66.98
22 28.91 4.51 0.50 0.32 0.36 0.46 22.76 95 0 3 2 78.73

4 59.20 23.07 1.45 0.74 0.72 0.50 32.72 98 0 1 1 55.27

12 46.36 11.69 1.49 1.86 1.15 1.06 29.16 92 1 7 0 62.89

6 98.50 22.40 3.65 2.65 2.61 2.35 65.14 96 0 3 1 66.13
13 90.80 21.12 3.59 2.91 1.77 2.06 59.35 99 0 1 0 65.36
23 49.00 11.91 1.65 1.21 1.05 1.09 32.09 97 0 2 1 65.49

7 50.07 10.65 1.12 0.83 0.80 0.98 35.71 99 1 0 0 71.32
9 101.20 23.59 2.97 2.67 2.75 2.88 66.44 99 0 1 0 65.65

14 55.10 13.50 1.20 0.91 0.80 0.88 37.81 100 0 0 0 68.62
19 73.44 14.14 1.33 0.57 0.52 0.52 57.32 99 0 1 0 78.05

8 91.00 13.55 3.44 2.37 2.86 3.00 85.78 98 1 1 0 72.28
15 104.00 15.83 1.63 1.33 1.01 0.95 83.25 99 1 0 0 80.04
20 100.50 22.24 2.63 1.22 0.70 0.46 73.18 97 0 1 2 72.82
25 68.00 21.22 0.47 0.45 0.34 0.39 45.13 99 0 0 1 66.36

10 37.14 6.81 1.39 0.81 1.15 0.99 25.99 99 0 1 0 69.98
18 111.72 22.10 4.28 3.70 3.71 3.84 74.09 99 0 1 0 66.63
24 61.65 17.24 2.51 1.60 1.29 1.22 37.79 100 0 0 0 61.30

i Too small a quantity of seed for further testing.
2 This test based on 250 seed sample.
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TABLE III

RESULTS OF GERMINATION TESTS

Adjusted' Adjusted'
.Lot Code Date

Laboratory
Germination

Laboratory
Germination

Greenhouse
Germination

Greenhouse
GerminationNumber Collected (%) (%) (%) (%)

5 8-24-54 76.00 79.20 38.00 39.60
16 9-17-54 73.83 94.60 25.00 32.00
17 9-17-54 85.83 95.40 58.00 64.40

3 8-19-54 32.16 32.16 11.00 11.0.0

11 9- 9-54 95.67 95.67 67.00 67.00

22 10- 5-54 86.17 88.84 56.00 57.70

4 8-19-54 74.83 75.59 35.00 35.30
12 9- 9-54 91.83 98.85 50.00 53.80

6 8-25-54 94.33 97.25 50.00 51.50
13 9-16-54 96.67 97.60 66.00 67.00
23 10- 5-54 97.33 99.28 48.00 49.00

7 8-26-54 87.33 88.20 57.00 57.60
9 9- 7-54 91.33 92.30 78.00 78.80

14 9-16-54 97.33 97.30 44.00 44.00

19 9-28-54 96.83 97.80 61.00 61.60

8 8-26-54 90.00 90.90 54.00 54.50
15 9-16-54 92.33 92.30 82.00 82.00
20 9-28-54 96.67 97.60 66.00 66.70
25 10-19-54 98.33 98.30 88.00 88.00

10 9- 7-54 94.83 95.80 57.00 57.60

18 9-22-54 97.66 98.60 45.00 45.50

24 10- 6-54 91.83 91.80 31.00 31.00

'Adjusted figures obtained by dividing germination per cent by number of seeds/hundred
seeds not infested with seed chalcids (Megastigmus spennotrophus Wachti.). This computation
was made because the incidence of insects has no known correlation with the date of cone
collection.

I
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