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Whitebark pine {Pim.ts 
albicaulis) is found on 
the cold. steep, wind­

lashed ridges of the high northern 
Rockies. Cascades, Olympics, 
and eastern Sierra Nevada, Its 
gmtr!ed forms are a familiar sight 
to mountain climbers and high­
country backpackers. Whitebark 
pine requires full sunlight to 
germinate and thus is an early 
colonizer of burns and other 
diswrbed sites. At lower eleva­
tions, it ls found intermixed with 
lodgepole pine and Douglas~fir. 
Near treeliuc, it occurs in small, 
scattered, nearly pure stands. 

Researchers ff11edCfark's nutcrackers with radio tags to study 
their role in dis/l'ib111f11g seeiisfi·om whitebark pine and caching 
the s/'eds ill sites where 1hey mig{11 germi1tale. 

"Whitebark pine is a sentinel species in the 
high-mountain ecosystem," says Martin 
Raphael, research wildlite biologist at the 
Paci.fie Northwest (PNW) Research Station. 
Raphael recently col!abora,ed on a study ex­
aminfog how the food-gathering efforts of 
Clark ·s nutcracker (Nuci,fraga cofombiana), 
a crow-sized bird with a strnng, sharp beak, 
help whitebark pine regenerate. "The t.ree 
plays a major role in mediating micrcdimates 
fer other plants and animals, and its seeds are 
srcmemlous!_y lmportan! .in th,;: diets uf uol 
Dl'ly t!:~ nutcracker, but griz;:ly benrs, ground 
sq'-";rn:!:,, and jays,'' Raphael e1.pfains. 

The tree has never been important cOmmer­
ciall}', aud because it grows in t11t! remote 
reaches ofthe West's high CClUfltry, it has been 
sheltered from direct human influence. Yet 
whitebark pine is in trouble-it's experienc~ 
ing decl!.110:s of 45 percent across some of !is 
range, says Raphad. "We're seeing tremen­
dous mortality from the mountain pine beetle. 
which seems to be associated with climate 
change, The two go hand in hand: because 
warmer temperatures are putting stress on 
the trees, that makes them more susceptible 
to beetle attack" 

W,hitebarkp/!117:,iJ_1ltqbi(s -r.ome of.the 
mQS! prist/ne·h[kh~elef'a'(i9fi-dr:eas 
of the. Wes, ..• .D_esPire '.IA~ii'lg 'pY0·1ected. 
fi·b!fl. di,,f!'t:t iiUmah iriJiiJe,ice; the tree. 
(s_ d(Iclin_ii{i;fi:Q~: initiJ"¢f/eJj~(.ft!/ qf 
fire sujt/lr/SSiofr),i_fuf diiitale change._ 
As a·keysione.sptCii:s, itsdecilirii±.Hus 
widespread r<1ti1ificaliofl.l:, S11ccess-

<.:ff!~f::ifitifrq(f}i;/j;f''[!,!ff!ffe#(iijy;/J{fJ'tpi[_d? '> ·-': 
•• iriftfe'C, b'i:/:iaji((}ii:il_.•e_i:'iikii/Of (Jlaf#·'if •• 
mi1<:fatk;ef., a-'b'ird!ha't "pla}), ti.'i/i"e),-"ro'ii;i 
dispr;fsi11gwl-_1itebar!{pi~e:Seedi • 

.Unflf~oW. ·1utkJ,u~~fitative·inforpiw 
tfo'n ixisfi:ihlboriNhe 'mitt:radcer'.1' ·"' 
home i-ank_l's, s .. ~4,1ransporr h"{thits, 
and cathiflg behaviors. A··1eam1ed by 
Ter,e,sa Lo,:e/1z, q mir.ster's.shuf_ent a,/: 
Uwfi Srafe ~ft/.i1/e;stty,_ ml_d cOtlbbnri,1~ 
tors,Ma.riiniRaphael-an_l;f,:'(:,:._,:Ql-4/rJl,hY .'· 
a/the US}!JJl F1A-e$t.Se:t,;,_'.i;e, iM:df(JdiO-· 
fttemdrjJi/o"ti·a~k the·J;;aiiein#;it,Y bf. _:,:-
54 (;Iqf"k,·J:.:,-mtGflli:kei,/i~ 'iize,iJfffFip(c·. 

.• and Ca,1'tr./d~· fi;f.1)#/iiain;,:d;e/ihteii' !fetl­
~'~ri,r. TJ;iji/o4/i4-i~pldbiut h1ij 9j;1ic:. 
birds gdthered see'r:ls.Vcm-Out;ide·th1<ir 
hiJme·1.wii~~'amifliafcs_hn_,,e}i~~ Up_ ti;> 
10 :m.ilef)d.fo'i/b.g'e,~ ff/11Cfi,-:(drt/Jerjli{lnt:• .c 

Previol1sly r"eported, • Mos_i-:,,-e",id:·JYas- •• 
calhed f;t.111iiroif 1i}f ivhefe -i/"-cvi1ld 110! 
g,trmlriqtf;, jv~fi;.,.061ie'r;,a~ .. tJ. ·c.oifiif:}ed 
P1Jndef9s,ti.pi"n¢.s_ei:rt# 4·ifr{l1ie1:·e·mo_hf 
i!.ffet·rf~•e' if1._.d1~·pe;•si(/g th'eSi{tQ, ~~it-
(ible ,1·i;e/r/Jan.1h'e)'·.wiire,fn.,diSpe,l'~i/'lg •. ' 
Wli/tebark'pi',J_it JiiedS; 'T,hl/1itJ;;i'r'trfoJ,i01i " 
can be us'edto fe.i:,,s· re,~torarr"ofi.e/rottt:, 
and may help r;ui"n_agers refi.;Je seed­
zone bo,11ndt.i-ies a'nd-idem(/)' tfie:ltkeli­
est regeneration sites, 



··r!re ~upf)n:ssion is--the underlying dynrunk 
that set the tree on its current cour.~e­
Hisforically, Whitebark pine thrived ln the 
mixed-severity wildfire regime tlwt once pre­
vailed. Severe stand-replacing fires enab!ed 
tl1e pine to colonize burned lands; light sur-• 
face fires killed understory spruces and fas 
and gave the young pines a competitive advan­
tage. With less frequent fires, spruce anJ fir 
gained a toehold, and they are 110w on their 
way toward supplanting whitebark pine across 
much of its iower eievmion range. White pine 
blister rust and mountain pine beetle are 
attacking the stands that remain. 

The pine·s large, nourishing seeds_fusd.many r: --
wi!dhfe species, notably the Clark's nut-
crnclter, whicli proj)iigaiestlie'i:'re"e!;y7ach i ng 
itsseecis'Tn the ground. Other species that eat 
the s~clude woc:idpeckers,jays, ravens, 
chickadees, nuthatches, finches, chipmunks, 
tree and groundsqiilrre!s,aii[in.'7ce.Thi:i"5e"eds 
also provide atitunrn food for grizzly bears 
and black bears, especiill!y in the Rockies; 
whitebark pine communities near Yellowstone 
National Park and in uortbeastern Washington 
are designated as critical grizzly bear habirnt. 

The tree's cones are iudehisccnt-they don't 
open in the fol! as do the cones of mos! other 
pines. In a fasointitiug cO-evolved relmionship. 
whicebark pines are propagated by the Clark's 
nutcracker. Th<' rmtcrack~s flock around 
whitebark pine stands in autumn as ,he cones 
,:-ipeu and (lse·tht\ir ~lrarp, smmgbil!s m·fnrnF 
mer into the tightly dosed cones and dig out 
the seeds. "You can see :he cone chips flying;· 

KEY FINOINGS 

Clark's nutcrnckers fornged widely for whitebark pine seeds bl!t tnmsported nearly 
:ill of them ba0k to 1he home rnnges for caching. T!ms n:u.untl regeneration shi)u!d 
be more ab1Jndant within nutcrackers' home ranges than outside them. 

Nutcrackers· transported seeds over much l<.Jnger disrances tban previously ob$erved. 
The each 'mg and genninadon of seeds from distant trees might produce even more 
genetic mixing in whitebark pine populations than previously known, resulting in 
greater homogeneity tlcr9ss the landscape, 

Nutcrackers also collected and cached ponderosa pine seeds. fn fact, the birds were 
more effective dispersers ofponderosa pine than whitebark pine, placing m,0re 
ponderosa pine seeds in habiiats and microsites where they were likely to grow, 

NutcrncJ,ers cached most seeds of both whitebark pine and ponderosa pine in 
nnsuitahle habitats for germination. 

savs wildlife biologist Teresa Lorenz, who 
ha~~ uncovered vattiab!e new information on. 
the bird·s foraging and seed-caching habits. 
Advised by Raphael, Lorenz conducted her 
research while a master's swdent at Utah Srn1e 
Cniversity. 

T0 caclie their seed& in the grnund, tha' hirds 
swipe a shallow trench witfl rlteir !nlls and 
deposit them. They also cache ·:,eds above­
ground nex.t to rocks. among tree roots, near 
fo!Ien Jogs tr. branches. and under slips ,':if 
bark. The nutcrackers can cach<0 thousand;; 
of Ji~-~C(ls·-iTca- s'ell»'Ut'i" anti ·-use:tneir remarkable 
srmtial memorv to retrieve them. Al't<!r a vear 
()~ rwn, sotne o·flhe ground-cached $eeci;;,1ha, 

arerr·t retne;-d germinate, initiating the next 
gc;nerution of wh.itdx1rk. pin.:. 

The bird'5 range \5 cibom three times as large 
as :.hat of.he tr<'!es. and its niried diet includes 
tlth~r .:onifrr '><c:e<l::: \ni.lh.:rnckers are particu­
larly fund of ponderosu pine), insect>. spid<ors, 
a1:d even smaH ma;nma!s;. :md amphibians. 
S,1 1he nu:.cracker apparently <loesn't need the 
wbitcbark pin,; to :sti.rYi-ve. but the tree does 
seem to depend nn ihe bird. Although other 
wild!"ife feed on wi,(tebark pine seeds (squir­
rels can pose> major competition to the nut­
crackers), the caching ohc:eds by 1rott.:rackers-· 
is che primary wai;----perhaps the only way ln 
nature-that whitebark pint ~eeds <!ncounter 
scH in ,,·hich lhe_y can germinate, 

i'/itii-p&;e· 6/ PfiiftS~ience Fi~dings 
i .-._,,,,-.,:.,.,, ·, . .-. .- .. : 
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HOW EFFECTIVE ARE THE B!RDS? 

G iveu the pine's precarious status, 
tl1e Clark's n<1tcrncker is a high­
priority study topic. Lorenz \;iegan lier 

research in 2006, conducting the first quanti~ 
tative study of Clark's nutcracker habitat use 
and cache~placement preferem:es. 

The quesf1on that guided her research, Lorenz 
says. was, How effective arc these birds in 
regenerating whitebark pine? "If we have 
stands that are dead or dying, should we plant 
seeds? Or plant seedlings? Or do nothing and 

STRONG HONIE TIES 

The team was the tirst io demonstrate 
that resident nutcrackers are strongly 
tied to a sing!e home range. Previous 

studies had suggested that tiie birds followed 
the ripening cone crop uphill Ln the summer 
and fal!, caching the·ir seeds near the parent 
trees, and then moved back dow11bill to a win­
ter range and lived there until spring. 

"We didn't find tliar at al I,'' says Lorenz. "l 
remember on Labor Day 2006, one of my 
birds collected seeds and went back to its 
home range to cache them, I thought, My 
gosh, he's taking the seeds back! They're not 
migrating; they're going back to their home 
ranges With the seeds! I watched that bird 
closely for a week to be: positive h~ was really 
doingrhat." 

The team watched che birds fetch seed mul­
tiple times a day from as far away as 20 
mites-much farther than the previously 
reported 8 miles. The birds worked tirelessly, 
flying up to 5 hours a day and sometimes 
topping several ridges 011 each trip. "It's as 
ifthey·re going to the grocery store," Lorenz 
explains. "They're going out and buying rheir 
groceries and bringing them home. They're 
not living where the groceries are." 

The birds in this study cached their seeds in 
protected places at the driest., lowest elevation 
sites within their range. In conlrnSt to previous 
observations, the birds pfoced their seeds more 
often in aboveground than [11 belowground 
sites. They avoided caching seeds on exposed 
i:ilaccs such.as burns. 

A bird's choice of a cache site, explains 
Lorenz, may represent a tradeoff between 
the risk of losing the cache to squirrels or 
mice (which argues for placing seeds out in 
the open) and the risk. of being killed bt!1 
predator (which argues fur placing thern m 
protected sites). "These nnt,crackers seiected 
sites that compromised rhe safety of[heir 
food stores but secnred their personal safety." 
Lorenz "says. 

le[ the birds talce care ofit? Evolutionarily, the 
birds' job was to reseed whitebark. pine. How 
nrnch can \Val rely ut1 birds to do this work of 

restoring?" 

From April 2006 to St;>ptember 2009, Lorenz 
and her team captured and radio tagged 54 
1mtcrackers at eight sites in the Olympic and 
Cascade Motintalns. and tracked the spa-
tial patterns of their foraging, caching, and 
nesting. They found that halfofthe birds 
remained year round near the capture site on 
fairly discrete home ranges, leaving these 

ranges only in autumn to harvest seeds from 
distant pine stands. Thcsc the researchers 
classed as resident birds, The other half left 
the study area within a month or two of cap• 
turc and were classed as emigrants. 

Nutcrackers do all their seed foraging and 
caching·during 1a1e summer through autumn, 
as cones ripen. During this time, Lorenz's 
team spent tip to 7 hours a day, 4 days a week, 
watching individual birds, learning where 
they collected their seeds and where they 
cached them. 

·~,-~7-;·-' • . ·,' ; ' :­
'""'¼1-

ashington """',-
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TT1fs imlJJ slwnsflights by Cfarir ~· rmtcracket:~ as they /rnnsporied p,mdera.1·apine .weds/mm harvest sites 
twhite citcles) w cache sites (black circles). The m·rows indicate direclion of seed transport lo the birds 
home range (.ft riped polygons), Seed lmrvest vrands occlf/'red betwe<'n 2.100/ee! and 2.60() Jeer in e[em1io11 
while home ranges mire !ocmed be twee// 4,f/DD feet ,ind 6,JOOfeet in devotion. 

" Some birds clearly do cache seeds on bare or 
exposed sites, says Raphael. but it's notoble 
thaJ_Lorenz didn't see il in her ;:tudy. "Wl1ile 
this would be statistica11y rare, even a rare 
event can have ecological consequences. The 
birds cache so many seeds that some do end 
up on exposed ground, and some of these 
establish and grow." 

The value of Lorenz's finding, he says, is that 
it demonstrates the low likelihood that seeds 
will end up in a good germination spot AH 
lo!d, birds placed only about 15 percent of 
whiteba~k Pine seeds in places where ger­
mination was possible. The rest they eilher 
buried in lower elevation habitats (notably 

pOndiirosa pine stands) or cached above 
ground in tbe whitebark pine canopv. 

Their propensity to cache seeds in relatively 
snowfree places (mak,ll.1g-food accessible year 
round} meant that the birds were morc-effec­
ti~eed dispersers for ponderosa pine than 
forwhitebark pine. They cached more than 
half th~ir ponderosa pine seed!, in the pon­
derosa pine zone, and more of the seed_s ·were 
cached fn th\:!" ground at these lower elevations. 

This ls not good news for the whitebark pU1e. 
Ofwhitebark pine seeds cached in soil. none 
auparentlv serrni □ flte<l. As whitebark pine 
decli11es in the Northwest", pondcrosa pine may 



Researeher.s ob.rnrl'ed that Clark'., n111cracken 
tended lo aache seeds abovegrmi,1d rather than 
be!owgroumi 

become more important food for nutcrackers. 
which might make them more 1,ike!y to select 
home ranges ln pondemsa pine srnnd~, result­
ing iir even fewer whitebn-;;-k pine seeds·matur­
ing into trees, 

Moreover, birds don't alway,; 30 out of their 
way to gather whitebark pine seeds. "Some of 
my birds didn't harvest whitebark pine even 
if it was there," says Lorenz. "T~ed 
on ponderosa pine probably be£filllil...il..ID!s 
c!ose"itothciinome range." .Because both 
tiees are "nmsting" species, producing a big 
cone crop eVerv few years and lea!l crops in 
between (in fact, ·,vhitebark pine i11 Lorenz's 
study area didn·t make a cone crop at all in 
2008), a broad diet is a survival advantage 
for the birds, bt1t il makes them less efficient 
in regenerating whitebark pim: because they 
don't focus exclusively on it. 

The nutcracker isn't the only one eating 
whitebark plne seeds. Squirrels cut lhe cones 
from pine trees and hoard them in piles called 
middens, Squirrel middens are unlikely places 
for seeds to germinate and grow. But chip­
munks and deer mice may pilfer seeds froru 
both squirrel middens'and nutcracker caches 
and re-cache them in the ground near shrubs, 
where they may ~rminate. This secondary 
dispersal. say the researcht:rs, may be mme 
important than previously thought. 

The seeds tlwi 1he m1lcrm:kers did cachi- belowgro1111d iended lo be al 1011.,,.r e!ei'alion sifl!s,ji"eqmmtly 
iu ,wmds of pondero,a pine. 

Lorenz, now working on her doctorate. plans 
tc test !\1\s hypothes\5 by burying ·whiteburk 
pine seeds {she'll pry open the cones· with a 

• sharp ~) am:b"eeing ·1vhethtrr -chipmunks" 
dig them up and re-cache them. ·Tm going 

to act like a nutcracker for the next 2 years," 
she says wJth a smile. ·'t have 1,500 comas ln 
my living room right now rbat I slole from tl1e 
squirrels, and it's taking1ne- forever to extract 
the seeds." 

't Be!oWground caches 

This map sf10,1•s above• and be/owg,mmd se_ed caches of !liree Clark's !!lilc!'ackas m·er 3 years ill the Cash 
Prn/t'ie site /11 die Cascade flange, Washington. ! 

I 
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HELPING 'rHE BIRDS 

The nutcracker's caching behavior 
makes it c!ear that nutcrackers alone 
probably can't bring whitcbark pine 

back from the brink. The system is being 
stressed by bark beetles, blister' rust, and a 
warming climate, says Raphael. "Nutcrackers 
probably can't overcome these crends. The 
birds' caching of seeds is absolutely neces­
sary, but it's not sufficient to recover the 
pine." 

The nutcrackers' fidelity to their home ranges 
suggests that narurnl regeneration will be most 
abundant in areas where nutcrackers live. 
Knowing this, managers might target their 
restoration efforts in otherareas where stands 
are smaJler and more isolated. 

The study confirms previous findings that 
seed zones for whitebark pine are relatively 
large. Because of natural selection, trees 
growing within a given area-a seed zone­
,1:i!l prqduce offspring that grow best within 
:hat area. Genernlly, the farthe·r seeds are 
naturally dispersed, the larger the seed zone. 
LJrg~r seed zol1es make it easier and cheaper 
:,:, rnl!ec1 seed for regeneration. 

Th.· nmcrackers· surprisingly long fbraging 
d!>rnnces suggest that whitebark pine has 
~pre~d !cs genes widely. resulting in-;i relative­
\;, !10rr11sgeneous landscape-wide population 
2·::~ ·.:.;" ;: :o;a:• ;-h0w dive:rse local genetic 

panemsr. The birds' !ong-dlstam:e seed dis­
;:errnl may also help whitebark pine adapt 
r.:;:,r: ,.:iukk!y to a ,varming climate, 

\i'!e muiy was also the first documented 
.;-. 'i.:nc_.. of the role of Clark's nutcrackers in 
.:',5o~mina1ing seeds ofponderosapine, which 
.1,e ::.l~o dispersed by wind and rodents-
3:..i_g~esting that ponderosa pine may be re­
:;eneradng in yet-unknown spatial _patterns. 
).!.JreoYer. say the researchers, because pon­
de:osa pine seeds are important food for 
nutcrackers in Washington and Oregon, '·the] 
suc~ess of whitt:bark pine restorntion may be 
irrerncably linked to the conservation of low­
eleYation ponderosa pine," says Lorenz. 

lurenz·s study, says Raphael, provides impor­
um new information on an ecosystem that 
:1eeds urgent attention. "Before Teresa did. this 
v,:0rk." he says, "we had no radio-telemetry 
';;formation that told us how far-these birds 
;n<::,<e, What she found alters our thinking on 
r:'.,: ;renetics ofthis tree-it mixes up locations 
to a much greater degree than we appreciated 
'~cfore. That's a big thing. and it has important 
:mplications for restoration e-fforts." 

LAND MANAGEMENT IMPLICATIONS !ft. 
Most seeds cached by nutcrackers will not germinate. Relying on ntncrncker dispersal 
alone for restoring the whitebark. pine ecosystem is not iikely to be effective. 

Nutcrackers cached most of their seeds within their home ranges, suggesting restora­
tion of whitebark pine outside nutcracker home ranges may be an appropriate priority. 

Seed zones for whitebark pine may be even larger than previously assumed, This could 
simplify and lower the cost of collecting seeds for artificial regeneration. 

Conserving lower de.vation ponderosa pines--an important food source for Clark's 
nutcrackcrs---may be essential to restoring whitebark pines, which depend on the nut­
crackers fOr regeneration. 

Researchers learned ponderosa pine.seeds ,;ire 
an imporlom food sm,rce Or lhe 1111tcrack,;>r. 
Conse,.ving ower elevalio11 ponderasa wm~ 
srands mm, be instrumenral to conserving high­
er elew1lion lvh~ies. which 1h,peml (m 
1/ie nurcrnckel'for seed dispersal. 

"ALpi:,n,e,or ~ry ~ 

~ the, w~ pi.J-1.€. ~ 

C01Wey.r' a, .speclcLlt thval,; you, GUE' 

;.J'l.-deed, Gvt,the,~pl,ci,ce,, othe,y-. 

Wi.:W U'l.a~\.whe.m- ,!«,Y'VWCl.l, i-n, 

wl-nfur W a,~ to- e.very P~ 
,:;t.n.d,-~-" 

~Diana Tomback. Stephen Arno, uni.] 
Robert Keane. in Whirl!bark Pine 

Communities: F.cology and Res/<Jralion 
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