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ABSTRACT 

A study was made or the viability of white spruce, Piee� 

slauea, seed obtained rrom seven red squirrels t cone caches. This 

paper describes the habits or the red squirrel, Tamiaseiurus hudso�, 

the relation or seed viability to cone-caching activities and the relation 

or viabil1 ty or seed obtained tran the caches t cones to the cones on the 

trees. 

The viability ot seed tran cone caches does not vaI7 between 

the time the squirrels begin to cache cones abundantly and the time 

the last canes are cached. Most cones were telled prior to being cached. 

Seed trom the caches t cones showed a higher percentage of viability thatl 

seed of cones collected trom the trees. Some ot the heavier mature seed 

tell from the partial-open cones on the trees, and the percentage or 

undeveloped aeed increased in progress1 ve collectlO1l.s of cones tran the 

trees. 
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VIABILrry OF WHITE SPRUCE SEED FROM SQUIRREL CUT CONES. 

by 

1 
J .'tl. Bruce Wagg 

INTRODUCTION 

The red squirrels', Tamiasciurus hudson icus (Erxleben ), caches 

of con es con tain a poten tial of white spruce, Picea glauca (Moen ch) Voss, 

seed for f orest regen eration . In Alberta, with forest regen eration assum-

in g an increasingly greater role in the mana.gemen t of the ."hite spruce 

forests, a n eed has d eveloped for large quantities of high quality seed. 

Whilst caches of con es have been used as a source of seed an d have been 

recommen d ed as an econ omical and satisfactory source of seed (cf. e.g. 

Tourney an d Korstian 1931, Baldwin 1942, Anon . 1948), foresters u su ally 

are skeptical of the quality of the seed. 

A stu dy was made in 1960 n ear Solomon , Alberta, of the viability 

of white spruce seed obtained from seven caches of con es. This paper des-

cribes the activities an d habits of the red squirrel in the white spruce 

forests, the relation of viability of seed to con e-cu ttin g an d con e-

caching activities and the relation of the viability of seed obtained fram 

caches' con es an d con es on the trees. Su pplementary n otes are presen ted on 

procedures for germin ation tests on white spruce. 

LIFE HISTORY AND HABITS OF THE RED SQUIRREL 

The red squirrelst life and activity are cen tered about the midden 

area: for, n ear or within the midden , n ests are con structed; families are 

1 Research Officer, Forest TIesearch Bran ch, D epartmen t of F orestry, Calgary, 
Alberta. 
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raised; and food is eaten and stored. Middens delineated by the refuse 

of cone scales and cores vary in size frem a few cone scales to large 

accumulations of refuse formed through the occupancy of several gener

ations of squirrels. 

Bailey (1936) writes that the red squirrel may either nest in 

burrows in the ground, hollow logs or trees. Litters average from four 

to six young which are born in June and emerge half grown from their nests 

about one month later. One litter is reared during the year. The red 

squirrel is active throughout the year, neither aestivating nor hibernat

ing, although remaining in the shelter of the nest during severe cold and 

stormy weather. 

Squirrels feed on coniferous seeds, staminate buds and flowers, 

other seeds and fruit, berries, fruiting bodies of fungi, insects and some 

animal food. When preferred food is scarce or unavailable due to deep 

snow, the red squirrel will feed on the bark and buds of conifers and other 

trees and shrubs. At times the feeding causes considerable damage to the 

leader terminal, lateral and older growth of white spruce, l odgepole pine, 

Pinus contorta var. latifolia Engelm., and other conifers ( cf. e.g. Hosley 

1928, Sheldon 1932, Baile,y 1936, Balch 1942, Lundberg 1946 and Rowe 1952� 

Vigorous trees are preferred over unhealthy or slow-growing ones. 

During the fall red squirrels are active and conspicuous while 

cutting and caching cones for winter food. To Yeager (1937) cone cutting 

and caching appeared to be a community project with the most of the 

squirrels living near the caches. While Gordon (1936) and Hatt (1943) note 

that only one squirrel is associated with a midden area. Cones may be 

either cut singly from the branches or felled in clusters by cutting off 

the branches. 

The locations of caches of cones in white spruce forests vary 
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Figure 1. Red squirrel cutting a cone which is held in front feet. 

with the moisture conditions of the area. In moist areas, with a deep 

car-pet of Hylocamium splendens (Hedw.) SSG. and other feather mosses, the 

coqes are of times cached deeplY in the underlying raw humus, inside decayed 

l�s or carried underground into the tunnels of the middens. Within stands 

on prier area, the cones are cached in the surface of the feather moss, 

aloqg decayed logs or in the midden remaining from former years. Occasion

al.ly cones are cached in the backwaters of small streams. 
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The cone-caching activity of the red squirrel influences forest 

regeneration ill several ways. When the natural distribution of seed is 

relied upon to reforest clear-cut areas, the cone-cutting and cone-

caching activities in peripheral forest areas reduce seriously the quantity 

of seed available for regeneration, particularly during years of light seed 

crops. Occupied middens may lack any stratification of structure because 

of constant accumulation of cone scales and frequent digging and burrowing 

activities. However sections of middens with little squirrel activity, 

which develop structure as the upper layers are overgrown with moss and 

the cone refuse in the lower layers decomposes, are foci of regen eration 

in some overmature and partial-cut stands (Bailey 1936). 

Yeager (1937) estimates that 2 grams of Norway spruce, Picea 

abies (L.) Karst., seed are consumed by a red squirrel a day. � inter

polation, one bushel of white spruce cones with 13 ounces of seed per 

bushel and 240,000 seeds per pound (Anon. 1948) could feed a squirrel 

for the six months from November to April inclusive . The estimated rate 

of consumption is 1,300 seeds per day. 

PURPOSE 

The purposes, which are similar to those of a study reported 

on by Lavender and Engstrom (1956) for Douglas fir, are as follows: 

1. To indicate whether abundant cutting and caching of white 

spruce cones by red squirrels occur prior to the maturation of the seed 

in the cones. 

2. To evaluate the quality of the seed, in terms of apparent 

germination, obtained from cones collected from caches at progressive 

weekly intervals throughout the cone-cutting and cone-caching period. 
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3. To compare at progressive intervals, during the cone-cutting 

and cone-caching period, the viability of seed obtained from the squirrels' 

caches and from cones on adjacent trees. 

4. To collate the red squirrels' cone-cutting and cone-caching 

habits to the results of apparent germination tests on seed extracted fran. 

the felled and cached cones. 

FIELD PROCEDURE 

Seven study plots were located north of the Athabasca River, 

between the Entrance Ranger Station and Solomon and west of Hinton, Alberta. 

The forest is 100- to l50-year-old white spruce growing on aeolian sand. 

Ideally, the plots were to be one mile apart, but because of the sporadic 

distribution of groups of trees with heavy cone crops, the distanoe between 

the plots could not alW8.7S be maintained. At the predetermined distance 

the midden areas were sought out and the most potentially productive one 

in terms of the supply of cones on the trees, nature of the caching area 

and squirrel activity was selected for the plot. 

The four corners of the midden area were marked by stakes, and 

the enclosed area was denoted as a plot. The size of the plots varied 

from about 80 to 200 square feet depending upon whether the midden was 

compact or scattered. The boundaries of each study plot were located on 

August 14, at a time when the red squirrels were beginning to cut and eat 

an occasional cone. 

At one-week intervals, all the cones that had been felled were 

removed from the midden area. This included the cones either lying on 

top of the ground or cached away_ Each collection represented the cutting 

and caching activity in the midden area for the previous seven-day period. 
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the 22nd and 30th of August, and littlo additional cutting was done 

after this time. Many of the first-cut cones were eaten without caching. 

Cone-caching activity, similar to cone-cutting, was vigorous until August 

30th and continued at a slovler rate until September 15th (Tn.ble 1) . Over 

one-half of the total cones to be collected from the caches were in place 

by August 30th (Figure 3). 

Table 1. Rate of Development of vfuite Spruce Cone Caches by Red Squirrels. 

Collection date 
Total 

Plot August September cones 
cached 

14 22 30 7 15 

Number Number Number Number Number Number 

I 0 19 22 233 189 463 

II 0 80 633 243 445 1,401 

III 0 23 68 340 97 528 

rl 0 97 1,426 730 164 2,417 

V 0 60 530 69 112 771 

VI 0 112 1,934 221 622 2,,889 

VII 0 24 241 151 481 897 

Average 0 59 693 284 302 1,338 

Cumulated 
average ° 59 753 1,,036 1,338 1,,338 

Although cone caching continued during the two weeks after cone 

cutting had stopped, on September 15th cones were still abundant on the 

ground from the earliest cuttings. No effort was made to relate the total 

cut to the total cache but it appeared that the observations of Yeager 
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(1937) are appUeD-hle and that at least half of the cones on the area 

remained unpiled and in situ after they wert") felled. The time of cone 

cutting could be related to the quality of seed obtained from the felled 

cones; whereas, �hc time of cone caching could not influence seed quality. 

RESULTS OF LABORATORY TESTS 

The cones from the tree and cache collections were brought to 

the laboratory and after being dried and the seed extracted, the seed was 

subjected to cutting and germination tests. 

Extraction of Seed 

The cones were spread out on the floor of the laboratory and 

drled at a temperature of about 6S
o
F. When the cones were dry the seed 

was extracted by vigorously f1haking a small quantity of cones in a large 

jar. The seed was neither dewinged nor cleaned after extraction. 

A s&nple of 20 cones, from all collections was used to determine 

the percentage of seed that remained in the cones. The individual scales 

were stripped fran each cone and the remaining seeds were counted. From 

the analysis, 40 per cent of the seed was obtained from the cones during 

extraction which compares favorably with the 37.4 per cent obtained by 

Crossley (1953) for partial-extracted cones. 

The uncleaned seed from each collection was divided into four 

equal parts of approximately 300 seeds by pouring through a Boerner Campler. 

Of the four aeed-samples of each collection, one sample was used for a 

cutting test and three samples were used for ger.mination tests. 
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Plot 

Aug. 22 

Table 2. Number of Sound �bite SprucA Seeds Determined from Cutting Test • 

(Based on 100 uncleaned seeds from each collection). 

Source of seed 
,-� .... �.-

Trees Caches 
""" ---

J..Wl.. 30 Sept. 7 Se'Pt. 17 Aug. 22 Aug. 30 

s* E"i� UiMr-'A- S E U S E U S E U S E U S E U 

I 40 56 4 17 82 1 47 35 18 26 42 32 59 37 4 62 3 7 1 

II 22 78 0 60 40 0 14 73 13 50 46 4 56 39 5 47 44 9 

III 75 25 0 43 52 5 32 47 21 17 63 20 50 43 7 62 37 1 

rJ 44 49 7 23 39 38 58 41 1 0 77 14 59 40 1 43 52 5 ; 

64 
i 

60 65 56 V 31 5 
1

33 7 33 2 27 42 31 29 15 51 44- 5 

VI 55 3 8 7 37 60 3 27 60 13 8 84 8 47 48 5 40 56 4 

IlII 30 63 7 33 62 5 44 54 2 31 62 7 32 63 5 42 56 2 

tvlean 42.4 53.3 4.3 35.1 56.4 8.4 36 .. 4 53.6 10.0 24 .. 0 59.4 16.6 51.3 42.7 6 .. 0 49.6 46.6 3. 8 

-

*S - Sound **E - Empty ***U - Undeveloped 

Sept. 7 

S E U 

53 44 3 

49 50 1 

50 46 4. 

54 45 1 

45 49 6 

20 71 9 

53 43 4 

46.3 49.7 4.0 

Sept. 15 

S E U 

39 57 4 

36 46 18 

50 44 6 

55 31 14 

59 36 5 

59 39 2 

53 43 4 

50.1 42.3 7.6 

! 
..... 
I-' 
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The number of undeveloped seed increased in the cones on the 

trees as the date of collection progressed. This was to be expected, 

particular� in the coll�otions of September 7th and 15th, since the cones 

on the trees had begun to open and the heavier mature seed to fall. 

Germination Tests 

Apparent germination (Heit and Eliason 19J-I-0) was determined for 

the seed from each cone collection as an index of quality since undeveloped 

and empty seeds were retained in the sample. This provided a satisfaotory 

oomparison of the viability of seed among the collection; whereas, a test 

of real germination -- based on sound seed only -- would disregard the 

original seed mass. 

A germination test was performed on 100 randomly selected seeds 

from each of the remaining three seed samples for each cone collection 

from the trees and caches. One series of tests, comprising one test for 

each collection of cones, was conducted at a time. The total of 168 

germination tests was from three replications of both 28 collections of 

seed from the trees and 28 collections of seed from the caches. 

Seed was treated before germination by cold soaking in tap 

water for 20 days at 34
0 to 380F. (Crossley and Skov 1951). At the end 

of the cold-soak-period, the seeds were placed on moist blotters in covered 

petri dishes and germinated at a constant temperature of 70°F. for 30 days. 

The seed and blotters of petri dishes were dusted with 75 per cent Thiram, 

and organic sulphide, to inhibit the development of disease during 

germination. Seed was considered as germinated when the radicle extended 



Plot 

I 

II 

III 

IV 

V 

VI 

VII 

Mean 

Table 3. Germination of White Spruce Seeds after a 2O-day Cold-Soak Pregennination Treatment. 

(Based on 300 uncleaned seeds from each collection). 

w � .---•• ,..,.,...,g_ , __ 

Sour urce of seed 
-

Trees Caches 
- _. __ ._ ,. � .. �."...,4 

Aug. 22 Aug. 30 Sept. 7 Sept. 15 Aug. 22 Aug. 30 Sept. 7 I Sept. 15 
--'-'�� ,.----",-----

� .. � �. ! fu!. ! No. � No. % No. % No. ! No. % - - ,-- - - -

97 32 .. 3 45 15 .. 0 117 39.0 77 25.7 121 40.3 157 52 .. 3 122 40.7 122 40.7 

73 24.3 184 61 .. 3 55 18.3 142 47.3 174 58.0 147 49.0 il3 37.7 ill 37.0 

219 13.0 134 44.7 1 01 33.7 79 26.3 1157 52.3 12S 42.7 1140 46.7 1133 44.3 

111 37.0 70 23.3 122 40.7 53 17.7 167 55.7 liO 36.7 1184 61.3 1163 54.3 

S8 29.3 l15 39.3 78 26 .0 lOS 36.0 126 42.0 120 40.0 104 34.7 128 42.7 

169 56.3 125 41 .. 7 73 24.3 48 16.0 125 41.7 105 35. 0 65 21.7 140 46.7 

84 28.0 98 32.7 156 52 11 0 85 28.3 I 97 32.3 117 39.0 140 46.7 146 48.7 

120.1 40.0 liO.1 36.7 100.3 33.4 84.6 28.2 1138.1 46.0 126.3 42.1 1124.0 41.3 1134.7 44.9 
---.. --.-- -- ------- � ------

� 
I 
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one-quarter-inch beyond the seed coat and showed a normal growing tip. 

Seed which produced short, weak and malformed sprouts, was not counted 

as having germinated. 

The results of the germination tests are presented in Table 3. 

An[-\lysis of variance (Table 4) did not show a significant difference in 

germination either among the seed samples from the cones collected on 

different dates, or among the collections on different areas. The inter-

action was not significant between dates of the collections and sources of 

seed. The F value of 4.8) indicated a significant differenc'3 at 5 per cent 

between the germination of seed from the cones taken from trees and from 

cones from caches, the latter having the better apparent germination 

(Figure 5). 

Table 4. ANALYSIS OF VARIANCE 

-r---'"---

Isource of Sum of Mean F Snedecorts 
!variation D.F. squares square ratio F values SignificElllcE 

p: .05 p: .01 

�eed source 1 469.3 469.3 4.83 4.35 8.10 Sign. 

Dates 6 130.7 21.8 0.22 2.60 3.87 Not sign. 

Location 12 499. 4  41.6 0.43 2.28 3.23 Not sign. 

Intera.ction: 6 98.9 16.5 0.17 2.60 3.87 Not sign. 
date x seed 
source 

Error )0 1944.4 97.2 
--,.,._-.-, -

Total 55 3142.7 

As the combined datiii. (loes not show a significant difference in 

the viability of seed taken from the first cone collection and the last 

cone collection, from the cone caches, then the time of cone caching does 

not influence seed quality. 
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Supplementary germination testG on 80me seed lots frcm plots 

IV and VII substantiate the results of the previous tests. A 24-hour 

o warm-soak pretreatment at 70 F. was used instead of the 20-day cold-

soak pretreatment. Tho warm-soak pretreatment has been recommended by 

Messer (1960) for spruce and if satisfactory for white spruce the pre-

tre,'1.l:.inent is advantageous since the total time required for germination 

tests is shortened appreciably. 

Although the trend of the results of the germination tests did 

not differ from those alrElady reported it is interesting to compare the 

results of the two pretreatments. From paired samples of seed from the 

same cone collections, one sample was given a cold-soak pretreatment and 

the other warm-soak pretreatment. The paired samples were replicat'3d 

t..hree times, and were germinated concurrently. Table 5 presents the 

results of this test. 

A t-test analysis showed that there was a probability of a 

significant difference at 5 per cent in the apparent germination between 

the two pretreatments. Not only "vIas the total apparent germination less 

for the warm-soak pretreatment than for the cold-soak but the rate of 

germination was 31ov.rel' for the warm-soak as ill.ustrated in Figure 6. 
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Figure 6. Cumulative per cent apparent germination of paired seed 
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Table 5. Germination of White Spruce Seeds after either a 2O-d� Co1d
soak or a 24-hour Warm-soak Pregermination Treatment. (Based 
on 300 uncleaned seeds from each collection) . 

Collection Pre germination treatment 

Cold-soak Warm-soak 

Plot Date Trees Caches Trees Caches 

No. ! No. ;f No. ! No. ! 
IV Aug. 22 111 37.0 167 55.7 127 42.3 160 53.3 

Aug. 30 70 23.3 110 36. 7 29 9.7 105 35.0 

Sept. 7 122 40. 7 184 61.3 116 38.7 168 56.0 

Sept. 15 53 17.7 163 54.3 18 6. 0 160 53.3 

VII Aug. 30 98 32.7 117 39.0 84 28.0 97 32.3 

Sept. 7 156 52.0 140 46. 7 152 50.7 145 48.3 

Sept. 15 -- --- 146 48. 7 -- -- 157 52.3 

Mean 101.7 33.9 146. 7  48.9 87.7 29.2 141.7 47.2 

CONCLUSIONS 

The viability of white spruce seed from cones cut and cached by 

red squirrels does not vary between the time the squirrels begin to cache 

cones abundantly and the time the last cones are cached. This is in agree-

ment with the conclusions of Lavender and Engstrom (1956) for Douglas fir. 

That a significant difference does not exist, in the viability of 

seed extracted from cones cached during progressive intervals of the cone-

caching period, could be anticipated from the red squirrels' cone-cutting 

activity. Salient cone cutting occu:cred priOl" to the first cone collections 

from the caches. Succeeding collections \ofere composed mainly of previously 
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felled coneo which had been moved from outside the plots to the midden 

Elreas within. 

Seed from the caches' COlles showed a higher percentage of 

viability than seed of cones co]�ected from the trees. 04uirrels 

are considered to cache cones with the bost seed quality (Tourney and 

Korstian 1931 and Baldwin 1942). In this stu<5y the lower percentage of 

viable seed in the collections from the trees l'c:::;ulted from the falling 

of some of the heavy mature seed from the partial-open cones on the tr�es. 

On all plots there was a steady increase in the percentage of undeveloped 

seed in the progressive collections which rose from 4 per cent on August 

22nd to 16.6 per cent on September 15th. 

The collection of white 8pruc� seFd from red squirrels' cone 

caches can be accepted as a desirable practice, considering the results 

of this study. 

SUl'l11ARY 

A study was made in 1960 near Solomon, Alberta, of the viability 

of white spruce seed obtainec. from seven cone caches.. The viability of 

seed from cones cached by red squirrels was determineu for progressive 

periods of cone caching. The viability of seed from cone caches was 

compared \-rith the viability of seed frorrl the trees for the same periods 

of collection. 

Apparent germination was used as an index of seed quality in 

coll�ction5 of cones from the trees and caches. After pretreatment with 

a 20-day-cold-soak, the seed was germinated in covered petri dishes for 

30 days. 

The quality, in terms of apparent germination, of vfhi te spruce 
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s�pd from red squirrelst cac hes of cones was not significantly differ�nt 

among Lhe progressive per iods of cone caddng. Seed collected from cones 

on the tre��' showed a slight rf�duction in germination over tbf! seed taken 

frofll C.1.ChC8 t cones with the progress ive collectiOlll.3. This was probably 

influC'llcc,d h,Y the falling of mature seed from some of the partial-open 

cones. 

The dat a substantiate the desirahle aspects of the practice of 

collecti ng white spruce seed from red squ irrel caches of cones. 
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