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ABSTRACT-A I)() + .,'ear-old hl/I'/I ill Ih e Rq/i Ri,·l'/' MOI/II­
laills, Ul ah , is heillR reslocked " 'ilh lilllher pille (Pinus 
tlexilisJlIIl/es) alld olher cOIli/i'rs , Lilllhl'/' pill e's largc' willg­
less seeds are illcapahle of' willd disp e rsal, alld are heillg 
hrol/ ghl 10 III(' hl/I'/I are{l hy Clark's IIl/lcmcker, a hirdlhal 
slores Ih elll ill Ihe soiljilr jiwd. Ullrelric'\'ed seeds genii i­
/ICI/e, o/iell ill ell/lllPS , alld are' reC'S /ahlis hillg lill/her pill e Oil 
Ihis sill'. III SOllie years lIearly Ihe I'll lire ,IeI'd crop 1110\' he 
harl'esled hy IIl/lcmckers. No olher reliahle dispC'r.wl agelll 
(!f' lill/her pill e seed has heell idell lified ., 

Most members of the Pinaceaehave small winged 
seeds that are easily dispersed by w ind . Rut a number 
of species. especially in the subge,nus Strobus. the soft 
pines. have large wingless seeds. For two suc h pines or 
western North America. pin yon (Pi/illS edlllis En­
gelm .) and whitebark pine (P. (/lbiclIlIlis Engelm.). re­
cent research has shown that seeds are di spersed a nd 
buried in the soil by birds of the family Corvidae. Thus 
pinyon seeds are largely di spersed by the pinyon j ay. 
Gy/1/l/orhil/lls cY{/l/ocephallls (Balda a nd Bateman 
1971. Ligon 1978) and Clark's nutcracker. NIIC(ji'lIRlI 
colllmbilll/ll (fiR . I) (Vander Wall and Balda 1977): and 
whitebark pine seeds by Clark's nutcracker (Tomback 
1978). Turcek and Kelso (1968) have summarized the 
voluminous literature dealing with similar corvid-pine 
interactions in Europe and A sia . 

Limber pine is another western North American soft 
pine with wingless seeds . It s range (Critchfield and 
Little 1966) lies entirely within the breeding ra nge of 
C1ark's nutcracker (American Ornithologi sts' Union 
1957). Vander Wall and Balda (1977) ; working in 
northern Ari zona. reported the harvesting of limber 
pine seeds by Clark' s nutcracker. a nd subseq uent stor­
ing of those seeds in the soil. Since then we have made 
extensive observations on the h~rve s ting and storing 
of limber pine seeds by nutcrackers in northern Utah 
and western Wyoming. This article documents the re ­
stocking of a burn , in part by limber pines established 
from seeds carried by nutcrackers. 

The study was conducted in the Raft River Moun­
tains (Sawtooth National Forest) of northwestern 
Utah. on the upper slope (2.500-2 ,550 m elev.) of a 
burned-over north-facing ridge overlooking Clear 
Creek (fig . 2). This windswept ridge is frequently used 
by nutcrackers as a seed storage area. The substrate is 
a highly metamorphosed micaceous schist forming oc­
casional prominent outcrops on the ridgetop and a 
loo se pavement of fragments on the upper slope . 

Methods 

A square sample plot of 0.64 hectare was established 
within the burn . The species and height class of all 
living trees were recorded . I ncrement cores were 
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ta ken from the largest trees of each species. The 
species of fire-kill ed snags and fall e n trees were de­
termined and diamete rs (at h .h .) of the larges t indi­
viduals of each spec ies were measured . During the au­
tumns of 1977-1979 nutcrack e r activ it y was monitored 
for a total of 500 hours. Cone counts were made 
weekly during the late summer and fall on all cone­
bearing limbe r pines on or adjacent to the sa mple plot . 

Original and Present Stands 

No later than IRR6 an int e nse fire hurned through a 
mixed conifer fores t then occupying most of the study 

Figl/re' I . Clark 's IIl/lcmck('/" (drawillg h.' LOl/is ARassi:. 
FI/ales) , 

Fig l/re 2. A I'iell' in Ih e sample plot . The Sianding snaRs are 
limber pines. The saplillgs in Ihe cenler alld exlreme riRhl 
are DOl/glas~firs: Ih e olhers are limher p in e'S. 
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area, including the sample plot. C ' forest consisted of 
Douglas-fir (Pseudotsuga men-:.t(~ ii [Mirb.] Franco), 
subalpine fir (Abies lasiocarpa [Hook .] Nutt.). and 
limber pine. Trees of these species had attained 
diameters of at least 50, 10, and 41 cm , respectively. 
The numerous snags and deposits of partially decayed 
fallen timber suggest a well-stocked stand. Lack of 
surviving fire-scarred trees around or within the study 
area prevented exact dating of the fire, but the oldest 
ring in the oldest tree of the new stand formed in 1886. 

Since the fire. 436 trees have become established on 
the sample plot (681 stems per hectare). The present 
species composition (table I) indicates that the new 
stand will eventually resemble the original one. 
Maximum tree ages are Douglas-fir. 93 years: subal­
pine fir , 68 years: and limber pine , 83 years . Clones of 
quaking aspen (Populus tremuloides M ichx.) are found 
within I km of the sample plot, but this species has not 
been a pioneer on the burn. In addition to the trees 
listed in table I, there were two seedlings of singleleaf 
pinyon. P. monophylla Torr. & Frem .. on the sample 
plot . 

All of the Douglas-firs and subalpine firs were single 
stemmed, but limber pines were often clumped. Thus 
25 of the 109 limber pines (23 percent) were in contact 
with other trees at ground level. The limber pine 
clumps included eight groups of two stems each, one 
of three stems, and one of six stems. 

The trees form a scattered discontinuous cover that 
is supplemented by a sparse to dense cover of herbs 
and shrubs. Among the more common woody shrubs 
are wild currant. Ribes cereul11 Dougl.; snowberry. 
Symphoricarpos oreophilus Gray: buffaloberry , 
Shepherdia canadensis (L.) Nutt . : and common 
juniper, Juniperus communis L. 

Activities of Clark's Nutcracker 

During all three years of observation, nutcrackers 
began to harvest limber pine seeds late in August. At 
this time cones are green and tightly closed . Nutcrack­
ers usually harvest seeds by removing the cones and 
flying with them to perches where they peck between 
the scales to expose the seeds. Cones foraged on by 

Table 1. Height-class distribution of conifers on a 0.64 
ha plot within a burned area in the Raft River Moun­
tains, Utah. 

Tree 
height 
class 
(m) 

0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 

Total 

Limber 
pine 

Subalpine 
fir 

Douglas­
fir 

- - - - - - Trees - - - - - -
52 61 134 

8 7 18 
13 4 21 

8 3 12 
9 5 13 

12 2 9 
475 
2 8 1 
193 
o 1 0 
o 1 0 
o 1 0 
020 

109 111 216 
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FiRure 3. A limber pille cOile that hilS bee ll foraRed Oil by 
Clark's lIuTcracke r. NO Te Th e /i'ayed appearallce. 

nutcrackers have a charac teristic frayed appearance 
(fig. 3) . The seeds are removed undamaged , and tem­
porarily held in the nutcracker's sublingual pouch. 
This structure, located in the floor of the mouth, is 
capable of holding about 20 ml (Vander Wall and Balda 
1977), a volume equivalent to about 125 limber pine 
seeds. 

The bird then flies to a cache area where it make s 
numerous caches . usually containing 1-5 seeds each ex 
= 4.2 ± 3.1, n = 52), at a depth of 2-3 cm (Vander 
Wall, unpubli shed) . These seeds a re a major food 
source for both adult nutcrackers and their nestlings. 

To determine the number of seeds cached by nut­
crackers, we collected data on the number of caching 
bird s observed per hour. number of seeds carried per 
bird, and length of the caching season. From these 
data we e stimated that during the fall of 1979 about 
30,000 seeds per hectare were cached in and adjacent 
to the sample plot. These seeds came from trees grow­
ing on the p!0 t as well as from limber pines I km or 
more distant. Singleleaf pinyon seeds were brought 
from a dense woodland about 3 km away. 

In 1979, a year of moderate cone production , 70 
trees within or near the sample plot were monitored . 
Nutcrackers removed 90 .5 percent of the 1,461 cones 
before they began to open . Of the remainder , 2 .5 per­
cent were destroyed by Conophthorus cone beetles . 
As the remaining 7.0 percent began to open on the 
trees, nutcrackers were immediately attracted and 
harvested the exposed seeds until the crop was de­
pleted. Less detailed observations in 1978 indicated 
that , even in a bumper crop year, between 70 and 90 
percent of the limber pine seeds were removed by nut­
crackers. 

The nutcrackers were the only seed harvesters ac­
tive during this study. Red squirrels (Tamiasciurus 
hudsonicus) , which commonly cut cones and eat the 
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seeds. were absent f;'om the st ( area . Uinta chip­
munks (EII;I/It/ills I/Il1hrillll ,lj and golden-mantled 
ground squirrels (S/}(' ''''/(J/i/ri/II .I /(I/('I'{I/isj were fre­
quently seen. but were never observed cutting or car­
rylllg cones. 

Discussion 

Clark's nutcracker has played a major part in the 
reforestation of this burn. Two of the pioneering tree 
species. Douglas-fir and subalpine fir . have small. 
winged seeds easily carried by wind . The seeds re ­
stocking this burn probably came from scattered trees 
of those species within 0.5 km downslnpe or about I 
km to the west. But the heavy wingless seeds of lim her 
pine were transported to the site and cached hy nut­
crackers. Initially. limber pine seeds were prohably 
brought to the site from trees that were growing sev­
eral kilometers away and were unaffected by the fire. 
As some of these seeds germinated and grew to trees 
of cone-bearing size. nutc rac ke rs started to harvest 
and cache seeds of thes e trees as well. The heav y 
wingless seeds of singleleaf pinyon were aho undoubt­
edly brought by nutcrackers from a wnodland about 3 
km away. Many nutcracker tlights from this woodland 
were observed . 

The long distance over wh;ch nutcrackers transport 
seeds greatly increases their effectiveness a~ dispersal 
agents. Vander Wall and Balda (1977) reported nut­
crackers transporting pinyon seed up to 22 km in 
northern Arizona . Tomback (19n1) ohserved nut­
crackers transporting whitehark pine seeds up to 12.5 
km in the Sierra Nevada. These capabilities make 
Clark's nutcracker an effect ive disseminator of conifer 
seeds on extensive burns as well as from peak to peak 
in mountainous areas. 

The size-class distriblltions of a ll three tree species 
are heavily skewed towards the smallest class (tah/I! 
/) . The percentage of each species in that class is 
limber pine, 48; SUbalpine fir , 55; and Dougla:-;-fir , 62. 
These size-class patterns are characteristic of invading 
spec:es (Mueller-Dombois and Ellenberg 1974) . 

The high frequency of stem clumping in limber pine 
is due to the germination of more than one seed of a 
cache. Woodmansee (1977) described in some detail 
clumping of limber pine in Colorado, though he was 
unsure of its cause. Observations of mature limber 
pines in northeastern Utah show about two-thirds are 
members of multiple-stem clumps, and among 
whitebark pines in western Wyoming nearly half the 
trees were in clumps (Lanner. unpuhlished) . Observa­
tions of clump frequency in trees beyond the seedling 
stage must be made with caution. because multiple 
stems may also arise from a tree damaged near the 
ground. 

The disparity between the large number of seeds 
cached on the sample plot and the mode~t number of 
limber pines growing there is the result offour factors: 
rate of seed retrieval by nutcrackers, cache robbing by 
other animals, germination rate of surplus seeds, and 
survival rate of germinants . Our data do not measure 
the comparative significance of these factors. 

Nutcrackers should not be considered strictly as 
seed predators, as are other seed harvesters like red 
squirrels (Finley 1969, Smith 1970). When squirrels 
stockpile cones in middens the seeds become unavail­
able for tree regeneration. Nutcrackers. however , re-

move seeds from ( ~s and place them in the soil at a 
depth suitable 1'0 : o.,: nnination. It appears that having 
its seeds cached by nutcrackers is the most reliable 
means of regeneration for limber pine. 

Importance to Forest Managers 

Our findings are of some signiticance to forest man­
agers in the Rocky MOllntains. Although limber pine is 
not an economically important timber species. it does 
have other va lues. Its ability to grow o n severe sites 
where other trees are absent helps protect watersheds 
hy reducing ero"ion. It is relativel y resistant to av­
alanches (Perla and Martinelli 1976), and. by forming 
stands on certain slopes , may reduce avalanche 
hazarus. Limber pine is also an es thetica lly pleasing 
tree that adds variety to th e subalpine landscape, and 
its seeds pmvide food for severa l bird a nd mammal 
spec ies . 

The import a nce of vertehrates in the dispersal of 
forest tree seed has beco me increasingly evident in 
rece nt years. both in tropical and temperate ecosys­
tems. Some of the important temperate genera that 
depend on vertebrate seed dispersers are Jllg/UII ,I' 

(Stapanian and Smith 1978). Jlllli{!I!I'II .1 (Salomonson 
197Xj . Qllerclls (Bossell1a 1979), a nd PrtllIlIS 

(Thompson a nd Willson 197X). Foresters managing 
ecosystems containing these genera, and species of 
wingless-seeded pines, need to understand the rel a­
tion s hip between regeneration of the trees anu pres­
ence o f the necessary animal dispersers. • 
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