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Abstract:

The Pinus dlbieaulis - Vacoinium seoparium association is restricted to noncalcareous sites in the
subalpine zone of the northern Rocky Mountains (USA). The flora of the association changes clinally
with latitude. Stands of this association may annually produce a total (above- and belowground) of 950
grams of dry matter per square meter and may obtain biomasses of nearly 60 kg per square meter.
General productivity and biomass may be accurately estimated from simple measurements of stand
basal area and median shrub coverage for the tree and shrub synusiae respectively. Mean cone and seed
productivities range up to 84 and 25 grams per square meter per year respectively, and these
productivities are correlated with percent canopy coverage (another easily measured stand parameter).
Edible food production of typical stands of this association is sufficient to support 1000 red squirrels,
20 black bears or 50 humans on a square km basis. The spatial and temporal fluctuations of Pinus
albicaulis seed production suggests that strategies for seed predator avoidance may have been selected
for in this taxon.
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PREFACE

" This thesis has been divided into>four segments or chapters.

» ihough all chapters are interrelated, each has been Written.as-an
individuél entity with its own Introduction,-MetHods,etc. Such a
,format‘has‘been followed for the convenience"of the reader. Planf
taxonomists'and géographgrs will be interested,mosfly in Chap. 13
interests of forest mensurationists lie entifely in Chab. 2; sil-
: viculturists and‘ecélogists will find Chap. 3 useful, if not é~, 
muéiﬁg; 1aétly, Cﬁapn 4 is oriented toward wildlife biologiéts
"and generalibiologists. Within this'thesis; retriéval of spegific
“information by ‘special inferest:grégps' will be greatly facili-

_tated by thé format usedl
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ABSTRACT
. ~FLORA, CHOROLOGY, B;OMASS AND PRODUCTIVITY OF THE B
éINUS ALBICAUEIS - VACCIﬁIbM SCOPARIUM

ASSOCIATION

Th; ‘ﬁinus albicaulis - Vaccinium scéparium aésociation is
rest;igted to noncalcareous sites in the'subalpiﬁe zone of the
northern Rocky Mountains (USA). The flora of the association chang~"
es élihélly with 1ati£ude. Stands of this associg#ion may anﬁually
produce a tqtal (above~ and belowground).ofl950 grams of dry mét--‘
.ifer ﬁer'séuafe'méter and’may obtain biomassas.of—ﬁea?ly 60 kg per
'isquare meter, General produ?tivity and biomass may bé accuratelyﬂ-
estimated from gimpleAﬁeasurements'of'stan& basal area and median‘
shrub céverage:for'tﬁe free_and shrub synusiae réspeéti&ely. Mean
coﬁe and seed productivities range ﬁpsﬁo 84 and 25 grams'per squafe
meter per'year respectively, and these ﬁroductivitiéé are gorrel—-
ated with pércent'éanopy coverage (another easily measufed stand
parameter). Edible food producfion of tfpical stands of thié as~ 
soéia£ion is suffiéient:to support 1000 fed squirrelé; 20 black.
bearé ér 50 humans on a square km basis. The spatial aﬁ&_temﬁo;al
fluctuations of Pinus albicaulis seed production suggestsithat‘
strategies for seed predator avoidance.may have been_seléctéd for

in this taxon.




'CHAPTER 1

THE FLORA AND CHOROLOGY OF THE PINUS ALBICAULIS -~

VACCTNIUM SCOPARTUM ASSOCTATION




INTRODUCTION

Flofistic'vériation within a plant aésoéiatibﬁ‘may inéicate_

that the habiﬁat of the association is not uniférﬁ throqghout;
and that two Or:more plant.associations are Being cdﬁsidered as
_one, the'extreme case being that each éammuﬁity is én»individual;"‘
én association unto itseif° Other iﬁtgrpfétéiion54e;ist;‘suﬁﬁariés* .
:éan be found inQMajar and Pyott'(1965)~gnd iﬁ.sevérél tekts
dealing with Qegetation.'.In ﬁhis‘chapter:I.Shall deééribe the
" compositional variation of the Pinus albicqulis '-— Vo:cciﬁium séo;
'éarium associatiqn, and relate some of the variation to ome factor
of vege;étion formation (Major 1951), i.é., the fléra from Whiéhil
the vegetation may have originated. |

7 "The suggestion that a single plant associétion.ﬁariés‘according
to the_floré available to it suggests that this'associatioq may
exist in mére than one'floéistic region. Iﬁ regional climaté and
‘events auring-hiétorical.time determine floristic regioﬁs, one

might conclpde thét these factors could act differentially within
the assogiaﬁioﬁ'and thereby affect its variation. 'Alfernatively,:'
if one assumes that a recurring mixture of.plant.specieé iﬁdicétes_

a particular set of environmental conditions, and that}thé pfob—i_'
abilitylof fwé or more of these species concurrenﬁlf evolving the
~ same degreé‘of ecotypic variation is low, Fhen it follows fhat the ;:

Ty
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.habitat within which this association of plant;spéoios éxists io"
more or less equiﬁalent throughout (if it is'integrgted over '
ecologic.time). Thus floristic.differences of communities Vith
‘"identical” habitats ﬁuot be a result of either the availability
of their flora at the time of their establishment (Egler 1953)

and/or through the remainder of thelr existence (Major 1951)
METHODS

Stands in Wyoming, Idaho and Montana (U,S,A.) Withﬁover—'

:_ stories &ominated by Pinus aZbicauZis,.understories dominated oy':'
Vacetnium scoparium and-lackiné conspicuous populations oi Abie%
Zastocarpa seedlings and/or layered shoots (1,e., Ab@es repro— l
duction less than that of P. albicaulis), and soils not stony

or rocky (Soil Survey Staff 1976) enough to bbviously atfect the -
) growth and distribution of plants, were sampled. Within‘a éoo m2
- area (three, 6.67 x 30 m) in each of 29 otands,-all tascular"
plant specieé were collected (identified and filed at“tﬁe
Herbarium, Montana State University; Bozeman,‘Montana);~aﬁd
within ninet§ 2x5 dm-frames in each 600 m2 area,.tﬁo'oovefage'

of each vascular plant taxon was estimated. . Foliose arboreal

lichens were also collected, but not systematically. Nomenclature - -

)

follows that of Hitchcock and Cronquist (1973) for the Pacific
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" Northwest vascular plants, Munz and Keck (1968)_for other wvascular
- plants, and Hale‘(1969) for lichens. Taxonomic authorities mot in

the text are listed in Table 1.
"RESULTS

Four .speties othar.than Pinus'aibicauZis an& Vaccinivm sco-
parium were nearly ubiquitous in the aampled stands{ the Wide—
spread Carex rossii, Abies Zas¢ocarpa and Poa nervosa with.con~
:stanc1es of 80, 90 and 70% respectlvely, and Arnica Zavszl%a
(80% constancy, though.absent from most Wyoming stands). The
o presence of these taxa 1ands some support (or degrees of freednm
" din a statisnical_sense) to the initial,assumption.of the inprob—
ability~of two or more species aoncurrently evalving associated
ecotypes.

In Table 1, the flora and some other stand characteris;iés
are provided‘in releve form. This table lists nhe stands in a
latitudinai sequence, winh adjustments to accommodate latinndi~
nally-similar snands with widely separated longitudinal‘ordinates-
(cf Flg l) Stands have not been sorted accordingito their
florlstlc 31m11ar1t1es as is usually done in releve analyses

,(Mneller—Domb01s and Ellenberg 1974). Howaver,'the taxa have been

arranged to give the maximum impression of latitudinal'change to
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Figure 1.

The distribution of the Pinus albicaulis - Vaceinium
scoparium association. The numbers and their associated charac-
ters (e.g. n—, -n-) represent stand numbers and the three geo-
graphic/floristic regions referred to in the text. The geograph-
ical extent of the stands is thought to represent the range of
the association. The unhatched area inside the dotted line rep-

resents the gap in the distribution of Pinus pondercsa (from
Little 1971). (There is no Stand 21.)




Table la. Flora of the Pinus albicaulis - Vaccinium scoparium association. Stand age
(years), % arboreal canopy coverage, % V. scoparium coverage are shown along with the
taxa of the association with constancies greater than 15% (and which show limited distri-
butions in the association). The stands have been arranged in a latitudinal sequence from
south to north (cf. Fig. 1.). Assume varietal status of each taxon to be common Rocky Mt.
variety or equivalent to specific epithet unless stated otherwise. Taxa with limited dis-
tributions in the association due to their actual nayrow regional distributions are de-
noted by asterisks (*). Simple presence in the 600 m~ sampling area is represented by a
'+', whereas 'l-5' represent frequency classes from low to high.

Stand Age Gy ‘;_: z‘ 5 g § ;{2: \2\ % @ o %S. g § E\ ) ":‘ § § A, a 5 a E\ o g\ §
Percent Arboreal Coveraqe 63 63 71 63 49 S4 52 73 97 31 30 69 47 56 53 40 73 51 61 54 37 70 66 -- 32 22 13 18 50
Percent Vaceiniwn Coverag? 7 21 16 5 25 59 14 &< 10 9 27 29 46 54 55 43 64 75 75 74 59 36 37 16 23 23 30 32
Stand Number 16 17 18 19 20 09 10 01 02 28 27 29 13 14 15 11 12 06 07 08 O4 05 03 30 26 25 24 23 22
Sedwn lanceclatwn Torr. ; Rt (e SR R $ 1 i
Achillea millefoliwnm L. A A AN + 1 1 1
Claytonia lanceolata Pursh R e e s s Tt sl PR SR LA VRt AP IRRS P e SN R
Solidago multiradiata Ait. + + Rty e g R Y o + 1

—- Castillja rexifolia Rydb. DT e gyt 1 1+ Enl s - P S 1
Agoseris glauca (Pursh) Raf, S TN T e e e g + 1 5 . + .
Pinus contorta latifolia Engelm. = R T & o TV + e
*iater foliaceus apricus Gray + SR B R | o g T . . b
Trisetwn epieatun (L.) Richter wc T e S AR - g o " Sty % : 2
Lupinue argenteus Pursh PR SR VENES O S < § e R g e y 2
Potantilla diversifolia Lehm, #i IR e TR Tt ey PERSERS T SN R T R RS SO S et (R e e R
Armieq cordifolia ook, Jean Yo ol g SN ey e B S N g I TS RS e e TR O T T
A, latifolia Bong T R L S el agen iy O O - D el Y TR Qe I R [ T 5 GO R T e
Erythroriun grandiflomm Pursh e - T LIRS e R TR T S Rl e e . + +
Carex geyeri Boott Py S i ) DU s U T e S SO i Rt R SN ST A (R T (R e S T
ALomatium cusickii (Wats.) Coult. & Rose IO - - S el S SRR e~ e S, SRy S LT A SO S A T | A +
Pedicularia groenlandica Retz, TS 7 Sl e s el T S Y B ol IRt Wy S ey s
Juncus parryi Engelm. PR g g e Sl SN tuge bt Ty Ve T N e = e iy G Tk W e Tl
Antonnaria lanata (Yook.) Greene A e Mt fok i ateiians | Sah shoapcte oo 1f e Iety s TR s AR et A e
ALuzula hiteheockii Hamet-Ahti T R A P A T R S R e e S e T o gLy, e R S
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déménstraté\that tﬁe flo;a of the associatioh changes cliﬁailyz
with latitﬁde, and tﬁat the flofa of any étand is ét least a -
pa;tiél consequénceuof the flOristic.region iniwhich{the éténd':
exists. | ‘

Table la consists of those faxa with consféncies'> iSZ, and
.whésé preséﬁce appears to be'nonréndomly distributed within thé _
:aSSpciagion. When the Within—association'distribuﬁiong b£ thésé
';taxé are.compared to their-éeneral distriﬁutions listed in stan-
dard.Fldras for the Pacific Northﬁest (Hitchcock and ernq@ist~4
1973, Da%is:i952,.Booth and Wright 1966;:Shéw'1976'and Despain.
1975), approximatelyvlSZIOf them are distfibﬁtionally restricted
from attaining 100% constancy in the ?. aZbicauZis - V;'Scéparium i
association; Similarly, of thoée taxauwiﬁh'betﬁeen 5 %nd:iSZ.con;;‘:
- stancies, and thoée with < 5% constancy: (Table 1b,ilc), abouf lIZl.u N
of‘the former and 1/3 of’the'latter are distributionally'festricted .
from ubiqﬁity in. the association. -Taxa ﬁhich.exhibitAno létitu—
dinal affinities (Table lc).are characterisfically Widesﬁreaé in
their generél distributions. | |

A few of:the taxa -in Table 1 deserve special mentién;- Ihé loﬁ
glandulaf shrub, Leptodactylon pungens, and theisimilar:but more
- cushion-like Arenaria acuZeafa bofh have stiff spinulose ieaves

' often found in desert-region plants, as indeed both are.. In P.




16 17 18 19 20 09 10 01 02 28 27 29 13 14 15 11 12 06 07 08 04 05 03 30 26 25 24 23 22

Lewesia pygmaea (Gray) Robbins. T N e S TR Y 3T T ¥ .
Aquilegia flavescens Wats. S, AN Re ke Nl PR A L e . o« s B o). a
Viola nutallii Pursh R e =R S e S AN L W e
Potentilla gracilis brumescens (Rydb,) Hitche « . + + . . . o .
Lomatiwn digsectum (Nutt.) Math, & Const. N R o o AT [ Sy . L O " e o N .
Antennaria racemosa Hook. + o ¥ SAT LY . . . . +
za purpurea (Coult. & Rose) Suksd. . + + . .

*Senecio crassulus Gray R Ty e + 8 0% . o
Valeriana dioica L. el W e PO  AeE. e 3 e o EgB XY ey . 5 s L e 3
Sitanion hystriz (Nutt.) Smith P AR B A S N L s s R N g TR S SR, = .
*Chinophila tweedyi (Canby & Rose) Hend, B e R AR ¥ o s e . . o 0 I -
*Arenaria aculeata Wats. Sh e W
Sibbaldia procumbens L. S, LAl B b R 5 ¥ 3 . 2
Heuchera cylindrica Dougl. R TR T e e . + 1 . = .
Spiraea betulifolia Pall. S i et AR e it + . L
*Yerophyllum tenax (Pursh) Nutt, o . . TR 1
*Argbis nirsuta (L.) Scep. ) R PR Lo | Yo ¥ *
Antennaria microphylla Rydb. T A T * 1
ALarix lyqllii Parl. L I PSR e e S Al . +
*penstemon fruticosus cerratug (Keck) Cronq. . P ’ Lk £ i . % k; Y

. R T T P T o g Mo x 1 . + +

Phyllodoce empetriformig (Sw.) D. Don,
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16 17 18 19 20 09 10 01 02 28 27 29 13 14 15 11 12 06 07 08 04 05 03 30 26 25
Abties lastocarpa (Mook.) Nutt. = s Tl TR AT W OB S (I e i ! + e WY, Lt A
Carex ro8sii Boott # . Pt Eeg T E PR RS s S W R bRy o G U P
Poa nervosa (Hook.) Vasey AL P 9 " 4 ; gy ! UL TR | a = 2 o TR e, E e Y
Kieracium gracile Hook. R O : SO L S Rt Y - AN SHE: T 4
Epilobium angustifolium L. SRE™ L " o el . MR L SRR T kR e R S gl BT e SR s B 3T e
Juniperus communis montana Ait. e ol ol U VR A e e i SRR TR S R R SRR
Antennaria umbrinella Rydb. - N, - g o s A Sl TIEW v s SN )
Picea engelmarmii Parry - T R I R L e v o e oy + .
Pyrola secunda obtusata Turcz. - A TR TAR Nl | | 4 e B o AL R R e e
Penstemon rydbergii A. Nels. N R T S R i e e WSR3 TS S et S D s
Oryzopsie exigua Thurb. C A e T B R el R M e gy g ol o e VL g S
Arenaria congesta cephaloidea (Rydb.) Maguire o 1 + & 4 o o * o« * 1 + o & o« o ¢ * o 0 o * o « + #
Frigeron peregrinus (Pursh) Greene P il B T R SR B TR g i i e om0 ST et et s S - e S, A
Polygomen bistortoides Pursh PG A S e A e T T S g i O T R M TR (R TR
Fragaria virginiana platypetala (Rydb,) Hall - « o+ 1 o & o+ o ¢ o & o o o « F 0 0« 2 o oo 1 ..
Ribes lacustre (Pers.) Poir. 48 3 N S T T SO T YR el SRS T R e SO R e AR e R

Thirty-two taxa have only single occurrences in the stands (constancy < 5%), In the latitudinal sequence
shown above, the stands with their respective taxa are: 17 Erigeron pumilus Nutt.; 19 *Mertensia ciliata
(Torr.) G. Don., Gentiana amarella L.; 20 Arenaria obtusiloba (Rydb.) Fern., Selaginella densa scopulorum
(tfaxon) Tryon, Saxifraga bronchialic L.; 10 Penstcmon fruticosus fruticosus (Pursh) Greene; 2 ATrifloiwun
haydenii Porter; 28 Stipa occidentalis Thurb., *Happlopappus suffruticosue (Nutt.) Gray; 27 Silene repens
Pers.; 15 Goodyera oblongifolia Raf.; 7 Poa alpina L.:; 5 *Vaccinium membranacewn bDougl.; 3 Valeriana
edulie Nutt., Lloydia serotina (L.) Sweet; 30 Hypopitys momotvopa Crantz; 26 *Aster stemomeres Gray,
Bromus carinatus H. & A.; 25 *Leptodactylon pungens (Torr.) Nutt,; 24 Rumez paucifclius Nutt., Salix
phylicifolia L., *Veronica eusickii Gray, *Linanthastrum nuttallii (Gray) Ewan., *Penstemon flavescens
Pennell, Hieracium albiflorwn Hook., Danthonia intermedia Vasey, Hypericum formosum nortoniae (Jones)
Hitche., Agoseris auriantiaca (Hook.) Greene, *Spiraca demaifolia Pall., Anaphalie margaritacea (L.) B,

& H.y 23 Carex payeonie Clokey, Poa sandbergii Vasey, Festuca ovina brevifolia (R, Br.) Wats.) 22 Campanula

parryi Gray.
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10
,aibicaulis forests-these species are found in the éoﬁtﬁexn Bitter—
root Mountains and tﬂe Salmqn River Mountains of east and céntral'
Idaho. The dry finger-like intermountain valleys (Lemﬂi,‘Pahsims;oi
and Lost River Valleys) which extend ffbm the northern edge-of the
Great Basin and abut these mountain‘ranges prqbabl& supplied the
‘migrato:y path for'fﬁese Specieé fromfthe desefts t6 P. albicaulis
forests. To find either taxon in é mesic subalpiﬁe forest is
Surprising? but would have been much more so if fhat foreét héd
been.in central Montana,:rather th;n east—central idaho with its
direct connectién to the Great Basin. .
Three speciés ‘of the P. aZbi'cauZi-sA - 7. scqpar'iwré association

are rvelatively narrow endemics\: _Pensz’,;en.szb fZaue_scené (Idaha .'Co. s
Idaho and Ravalli Co., Montamna), Chionophila tweedyi (central
Idaho and adjacent Montana) and Aster sﬁenomeres (central Tdaho
‘and adjacent Montana to no;theasgern-Waéhingtqn and soutﬁeastern
British Columbia). Similarly, the t&pically alpiné Trifélium
haydenii extenés only as far north as southern Mbntana.'vlt occurs
in a whitebark pine stand-immediately adjacent to alpine meadows
and scree in‘the Madisoﬁ Range (Gallatin Co., Montana) and would
not be expec;ed in P. albicaulis forests further north.

| Though the.general regional occurrences'of the above taxa are

easily obtained from standard Floras, their equally.important
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intra-regional distributions:are not so readily available. For-
. example, Arnica latifolia and Carex geyeri, which are prominent

in many Montana whitebark pine stands, are absent from the stands -

in the Wind River Mountains of Wyoming.' This mountain raﬁge'does :j,ﬁ“.n

supﬁort both taka, but their populationé are not as exﬁenéive‘as
gléehhere,’ Iﬁ sﬁcﬁ'caseé, the chance of limited taga reéchiné 
P. albicaulis forests is low. King (1977) has noted this same
pﬁenomenoﬁ,.but.on a much smaller scale; the ability of afflaht
to colonize ant mounds in British pastures is'determinéd by its
~relative abundance and distance ffom;the'mounds.

Superfiéially ét_least, in. some fégions of P.'aZbicduZis
forests -there apéea?s to be én ”ecolbgical"'repiaceﬁentlof Qne‘
taxon (life.form) by anoﬁher, Arnica cérdibeia is geﬁefglly
prpminent in those stands in which A..Zatifblfa is not, apd |
Luzula hitéhcockii is rela?}vely.importént in the Bitterroot_.

Mountains where Carex geyeri is not.

Licﬁens ‘

.Both Leiharia-vulpina‘(L.) Huééndﬂy?ogyﬁnia.viftatd (Aéh.)
éés. were widespread throﬁéhout the association; the former‘
being much more prominent. Alectoria oregana Tuék. and A.;amer;‘

acana Mot. were confined to the northern—most stands. Both C

coy
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Alectorias have limited distributions in the Rocky Mountains which

correlate with their presence in the whitebark pine forests.

Disjunctions

Daubenmire (1975) has applied the tefm "oCeanic-eleﬁent” to
taxq.with distribﬁ#ions ;aréely restricted to ﬁanitime~inflﬁenced
climates of éhé Pacific Northﬁest (w Mongana, N Idaho, W Oregon,

W and‘NE‘wésﬂington and the adjacent;parfs of'Aiberta.and Bri£ish' '
: Colﬁmbia) '. I had éo.nsidered ‘both Xerophyllum tenax ;.nd Luzula -
hitchcockii to be stric£,océanic elements, but,thgirlactual dis—

" tributions are in fact more extensi&e...Widéiy disjunct populatiohs_
of both species occur as far south asliéton”CO;,'Wyoming.(éﬁaw
I1976?__ Pfister et a;.'19f4, Maule 1959). Ménéiesia ferruginea Smith |
and Pinus monticoZa ﬁougl. (not in whitebark;pine forests) aré '
.other oceanic eleménts often found close to or associated with

X tenax and L. hitcheockii. They'als6 have diéjﬁﬁct distributions
nearly ideﬁtical to thé;others (Hickman and Johnson 196§ and | |
: pefsqnal 6bservations). Perhaps in past timgs,.thé paleoclimate
was sufficiently'differenf'to'support an.ﬁocéanicf vegetatiép'
throughout the northern Rocky Mountains, as'pfesently'exists in

NW Montana aﬁd N Idaho. Additional evideﬁcé for such»a mafitimé
paleoclimate is the discoﬁery of Taxus brevifbli& Nutt..(aﬁl .

unquestionably oceanic species) wood remmants during archaeological. -
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excavatlons‘ln the Yellowstone Valley, SW Montana (Arthur 1966;
the same valley presently supports. very localeed populatlons of
X. tenax and M. férrug%nea). Radlocarbon dates for'the.TaxMS'::
material'wére 5000 years. BP. . The early—Hoioceng,epoch in ﬁhe'

. Rocky Moﬁntains is thouéht to'havé been Cqbl éga'wet.(ﬁansen‘

) 19475; the. Xero~ or Altithermal infefval began. about 7500 BP and
lasted.until the onset of Neoglaciation, ca. 4000 BP’(Riéhmén& |
1970). .ﬁells (1970) ﬁas suggestéd that the "Xero%herﬁal# inter- .-

val in the Laramie Basin of Wyoming was wetter, not dryer, than

o ﬁresent. Unless these plant disjuﬁctions and excavations reﬁre-;

sént rellct vegetation from the prenPlnedéle Glaélal tlmes, Wlth;
'.the recession of Cordilleran ice . (12 000 BP; Richmond 1970), a. -
Pacific marltlme climate and vegetation may have pervaded the
entire northern Rocky Mountains. Aisubsequent ?ooling and drying
trend in-W Wyomiﬁg and 'SW Montana could not support a méritime
vegetation, and extinctiong and diéjunctions resulted. High
elevatién bog polleﬁ—profiles.in Yellowstone National Pagk
.(waddington‘and Wright 1974) are d;minated bj'Pinws'contorta

from ca. 11,600 BP to present; an increase of Pwea: engeZmanﬂm
pollen at 5000 BP 1mp11es cllmatlc cooling. That the W :Wyomlng -
SW Montana area is still subjected'to a relatively‘cold cliﬁate'

can be seen by the present gap in the distribution of Pinus
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pondéfosa }éws. (Fig. 1), a typically:”wéfﬁ" ﬁine‘(Mirov 1967):
Curiously, the absence of P. ponderosa:frdm this area go;relates
'generally with the occurrence of the P. &ZbiéauZis _ V. scopariuh
association. If-those whitebark.pine éiands;ﬁith oééanic-eieménfs

are omitted, then the correlation is nearly perfect.

Species Number

Thé.ﬁumber of species in the whitebark'piné stands ranged:*
.'from 6 in the oldest stand 6640 years) to 33 in one of thg-
&oungest (33 years). Theré was a general trend iﬁ.dééreasing
species numbgr with stand age, but stands.that‘wére prdximéi

tended to have similar species numbers despite age differences.

Maﬁagemep; Implications
Althougﬁ whifebark pine forests recéive.reléfivély 1ittlé.
. Tresource management attention at thé present time, iﬁ can beu \
ekpected to increéée fapidly. P. albicaulis produce excep-—
tiﬁnally la;ge mast crops (Chapters 3, '4), and'such‘pfoductioﬁA
. may:significéntly affect the habits'of,wildlifé«(Craighead.1976,'
Chapters 3, 4). To£a1 net primary productivity.in these foresf%
may exceed 900 g/mzlyr,vand standing cfoﬁs may app;éach 60 kg/m2
(Chépter 2); economically, thése figﬁres‘are sﬁBsténtial. | |
There are also some practical aspects involved with tbe

!

floristic distributional anomalies of whitebark pine forests.
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fhe three démiﬁant herbaceoﬁs speAiéé of the}éssociation are;
Carex geyeri, Arnica 2atifb2id andTA; cordifolia. .Thesértéxa
éli have known forage v;lue fof 5oth domestic apd Wild_qngﬁlates.:"
Thé.biomass and energy (kqél) per unit—érea of each'spécieé ;an
be readily predicted from their,canopy-covéragéé (meaéured ééﬁ—
) arateiy; Chapter 4). TFurther, as ;aﬁ be seen in Taﬁie 1, the
species are distribufiénally limited'within.the-associatioﬁ.  IE
hthe'29 staﬁds:afe éplit into three géographic/floristic regions
(Fig.:lé separgtions base& on plant distrib#tions_aﬁd égg;oﬁgya—
tive cluster analysis), the mean,eﬁergy vélue;pgt m2 ﬁor'eadh' o
species‘differs sigﬁificantly.betﬁeen-ét least two régions1‘
(t;test,.p = 0,0;; Chapter 4). In végetation mapping;Athe.P;
albicaulis - V. Scéparium association, as a whole, would prgb—
ably comprise.g single cartographic unit. Knowledge of‘fegioﬁal
differences in forage availability wifhin associationé‘might'f

prove valuable to resource managers.

Chorologz

The stands shown in Fig. 1 essentially oﬁtiiné tﬁe distrif
bution of the P. quicauZié - V. scoparium éssociéti&ﬁ. :iq-the,
north and northwest, Abies Zaéiocarpa, Larix.Zya?Zii and VacciniﬁmA
 membranaceum géin importance in Whiteﬁark pine'fbrests.vllﬁ;“ 2

. Alberta, Canada (on acidic substrates), P. albicaulis occurs with
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equal amounts of Piceq éngeZmannii éné A:AZQéiocaﬁpa:inifhei;§er—
story-. Undérstory components alwayglcbntéin V; scopdr?umjibut -
it may be éccompanied or dominateé'by_Vacéﬁnium caeépitosﬁm.Midhx.,;'
Empetrum nigrum L., Dryas octopétala Li, Saiix arc%ica Paiii of'

Spiraea sp. In Banff National Park, I found one stand on dolostone‘>

l totally.dominated by P. albicaulis; its understory, .in order of

importance, consisted of Betula glandulosa Michx., Potentilla

f?utiéosa L., Linnaea borealis L., Shepherdia canadensis (L.) Nutt., -

. Juniperus communis and Dryas octopetala. There were no Vacciniums

in this stand, probably due to. its basic substrate.
The eastern limit of the P. albicaulis - V. scopartum associa—. =
tion is correlated with the eastern extent of acid-rock mountain

ranges in Alberta and Montana. Limestone ranges such as the Big

- Snowy Mountains (Montana) do not contain this associétion._ The .

. eastern.limit in Wyoming is the Absaroka and Wind River Mountains; -

the granitic Big Horn Mountains, 170 km eaétward,rdo have scattered
populations of P.- albicaulis (Hoffman 1976, D.'Despain'bér§”comm,).'
To the south, the Medicine Bow Mountains (Wyomingb, the.

Colorado koékies and the Uirta Mountains of Utah all.lack.whitebark>

pine. That the southern limit of P. albicaulis coincides with the’
northern boundary of other edible large—seeded,:gr¢§é—fprming

. pines (P. edulis Engelm., S Wyoming; P. monophyZZa'Torr,‘& F:em.;g

A
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S Idaho to California)‘may be more than cqincidental. Forcella
and Rumely (in prep.) hypothesize that prehistorié man carried
seed éf P. sibirica L. (= P. albicaulis) acro;s Beringia. His
dispér;al of the energy-rich seed ceased when contact was made
with native large-seeded pines.

In far western Wyoming (the Wyoming Rangej; P. .albicaulis
forests contain an undérstory of Ribes montigenum McClatchie |
(which forms comnspicuous closed circles under the canopies of
the rather widely spaced trees) and Bromus carinatus. To the
northwest, in.the White Cloud Peaks and Sawtéoth Mbﬁntains of

central Idaho, P. albicaulis stands often support an understory

.of Artemisia tridentata Nutt. and/or a carpet of forbs, Lupinus

argenteus being the most prominent.
Within the distributional limits of the P. albicaulis -

V. scoparium association, there may be other associations which

contain P. albicaulis. .On limestone outcrops, Weaver and Dale

(1974) mention a stand in which P. flexilis James and various
forbs associate with whitebark pine. I have seen such stands
and others similar, but always including Arctostaphylos uva-ursi

(L.) Spreng. This type of community, with a distinctly different

" habitat (limestone), appears to have lumped with the P. albicaulis -

V. scoparium association in the "habitat—type' classification of
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‘Pfister ‘et al. (1974) and Reed (1976)."Also, on what may be more
Hmésic sites, Abies Zasiécarpa shares the ovérstory'witﬁ whitebark

‘pine, and V. membranaceum is often presemt in the understory. It

is possible that alternate plant associations (4bies vs. Pinus)

may exist on the same site at different times, the occurrence of

either possibly being a function of its seed crop size at the

“time of stand establishment. Seed production of P. albicaulis

“varies significantly from year to year (Chapter 3). Treeline

form(s) of whitebark pine community occurs too; its distinguishing

feature is,wof course, the stunted growth and flagged structure

" of the trees (Daubenmire and Daﬁbenmire’i968)- Clausen (1965)

speculates a genetic basis for the stunted P. albicaulis of the

Sierra Nevadan krummholz.
CONCLUSIONS .

The Pinus albicaulis -~ Vaceinium scoparium association is .

limited to subalpine sites on non-calcareous substrates in -

western Wyoming, southwestern Montana and east-central Idaho.

Its floristic compoéition changes clinally with latitudé;'this

" does not necessarily dimply a change in habitat. Nearly 25%:

of the taxa which comprise the association are distributionally

restricted from occurring in all stands of the associatiomn.
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This'éuggesté'that to some degree, the\floristic cémpositibh

of a stand is a function of the local flora available to it.




CHAPTER 2

THE BIOMASS AND PRODUCTIVITY OF THE PINUS ALBICAULIS -

'VACCINIUM SCOPARIUM ASSOCTATION
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INTRODUCTION

Natural resource management has been and remains a significant
problem in the western United States of. America. In at least some
gedgraphic areas, vegetation classificafion is a constructive pre-

’

cursor to effective management. "The values of a classification lie,

"site potential',

‘in part, in thei; appiicability to estimation of
i.e., the potential taxé, productivity'énd stability of‘specific‘
communities Wifhin the classificgtéry sqheme; A significan£ ﬁo;—
tion of tbe Pacific Northwest's climax vegetation has receﬁtiy been
classified. Pfister (1976) listé all éompletéd and on-going clas;ifi;.,‘
éations [excepting Hickman (1976)] in the ﬁestern U.S.A.

Now that these classifications.afe more or iess complete, and
with a management perspectiﬁe in miﬁd, What are the cufrent and near';
future reseérch priorities? 1In conjunction Qith contiqﬁal reassess—

' ments of the classifications, I believe that‘the§ might include
studies of (1) vegetation mapping, (2) vegetatioﬁ'change; (3) bioﬁass>
Aand productivity and (4) nutrient cycling. That resource manageré..

" from the

need immediate, coherent data, or at least "best guesses
research groups on these subjects has been cleérly stated in a recent
Institute of Ecology Report [1974, 4(3):3].

Relatively little résearch has been published on the‘bibmass and

productivity of Rocky Mountain forests (Moir 1972, Johnstone 1971,
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Whittaker and.Niering 1975, Landis and Mogren 1975, aﬁd Haniey i§76);,1:,
Thié paper deals with the aboyeu and bélowgrouﬁd,biomésé,énd‘prééug—,’
tivity of the Pinus albicaulis Engelm. - Vdeeinium-sc&pariuﬁ.ieibérg;'
associatién. Since I studied 14 stands (stands-l—l4, fig. l),iiAwés4'
ablé to determine the range of values expegtéd in:typical étaﬁds; "
and relate éomé'of'the varianéé to stand4basal’area énd aéee,'The‘
" mass and éroduction of éach'gtana wasnnét, howevef, studied iﬁ‘depth;
éamples of gtand éomponeﬁts were taken:from'each stand and pegreésion
edﬁations deﬁeloped for prediction~of,mass.énd productivit&:(ultir: |
mately on a unit area Basis). The validity of this gpprbach is:a'{ '
function of the initial regression equatioﬁ statistics.- Thoﬁgh
error is, bf course, prééeﬁt in tﬁe eauations, T feel thaﬁréccufate
, predictioﬁs of biomass and reasonable espimateé of prédué£i§i£y are
possible; I hope that the results repbrted-hére ﬁill contribufélto

a basis for the management of these forests..

The Pinus albicaulis - Vaecinium scopariwn Association
An association, as I have used the word here, is the sum of -

A

easily recognized, floristically and structﬁrally'repetitive'stands
of vegetation. The term "habitat type' has been adopted as a
classificatory unit for land by several researchers in the Pacific = -

Northwest. Though the inclusion of habitat into the definiﬁion

of association (Flahault and Schroter 1910, in Braun—Blaﬁqﬁet 1964)-
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is appealing, I have avéidéd its use iﬁ this fépoff becégse ?he
: abiotic factors of'an Qfganism's environment afe‘not easily'docu—'z
men;ed.by field observations - except cifcuiarly>through floristiqs
and physiognomy. .

The P. quicauZis - V. scoparium associéfionAis aﬁuéasily_'
récognized,'geogfaphically répeétable,:sﬁbalpine forest of n&n—- 1-~
'caléareoué subst?ates‘in the northern.Rocky'Mbunpains.7fIt§-vege—
téﬁiog,'soii, soil parenf material and climate have been charac;“'
terized by Weavér énd,Déle (1974). The stands-6£7£his\associatioﬁ’
are:normaliy even;aged and may'éttain:relatively greaf'ages (600 .
years +). The site index (tree height from.tiﬁe-éﬁ establishmegt)i,
is about 8 meters at 160 yéars of age,_;Thﬁ undéréto?y is typicall}
dominated by the low—growing'(lQQBO cm) V. scopqrium; Vegetatibﬁal
change appears fé be’cataclysmic.rathe;'than "successional” (cf."
Loucks 1970). Fire SCQI?Ed stumps and/or soil -charcoal a;e-always
found in:ithe stands.‘ Ayalanches and wind—thfowingYmay élso affect
&egetation gycling in fhis association; |

Irée seedling establishment undérvﬁhe arboreal'éanopy is meager.
Occasionally, the'few Abies ngiocarpq Hook,Aindivi&uals in the °
.understory outnumber those of P,\aZbﬂcauZis.A These small Abies
often resul£ from the layering of an older‘ffee.‘_Bqth‘DauBgnmi;e”t;

-and Daubenmire (1968) and Pfister et.al.‘(1974) recqghize an 4. .
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lastocarpa (P. aZbicauZis') - 7. 'écopariw% Habitat type. The dominance
of P.~qlbiéadli§ in my sténds might. be due £o:(l) a Qery siOW'(éoo ‘ |
‘years'+) successionai-replacemént‘of é. albicaulis by A..Zaéioéarpd,
(2) phy51cal (e.g., climatic) llmltatlon to Abzes on P. athcauZLs
31tes, or (3). blologlcal llmLtatlons to Abies due to the ublqu1ty
‘ (100/ constancy) of the. Abtes pathogen. Puccznaastrum geopperttanum
(Bayce 1961, Faull 1939) inAthe P. albicaulis - V. scoparium associa--;»
”tion. | . '
Thdugh.P.‘aZbicauZis is mnot generally recogﬁizéd for its mér— 
‘chantable qualities (un£il recently, seé ﬁay 1967, Kaspaf and
Szabo 1970, Keenam et al. 1970), the P. albicaulis - V. scoparzum
association is valuable for its aesthetlc qualltles, for w1ld11fe
food (large edible pine seeds, Vaceinium frult and assorted forages;

see Weckwerth 1971, Mealey 1975) and for watershed protection.’

SAMPLING METHODS

Vegetation

Fourteen standslof'the P. aZbicauZ@s - 7. écoparium association
. were sampled in 7 mountain ranges throughout éouthwestern~qutana
(the Madison, Tobacco Root, Elkhorn, Big Beit,.Little Bélt, Castle
and Absaroka mountain ranges). Each stand was séﬁpied with three_

6.67 x 30 meter (0.06 ha) plots which were pléced parallel to the
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-slope of tne stand. All trees within these 200 mziplotslwere talliea_
by‘species into 5 cm dbh size—classes (trees less than l)éS:m height' o
nere.consi&ered:seedlings). Shrub and herb coverages Were estimatea.
in 10% classes in sixty l.m2 qnadrats_nhlch;were'placed in two:
contiguous.l x 50 m transects_along.tne axis_ofﬂeach plot: These
‘transects were large enough to encompass the contaglous clstrlbutlon
~,of the shrubs (Forcella 1975) The‘canony coverage of the tree
_layer was measured with a vertlcal perlscone and was con51dered tor
be equal to the percentage of 30 pornts (at 1 m 1ntervals) covered
along the axis of each plot, ‘The vascular plant spec1es encountered
wlthin each plot were recorded, collected and filed at the Herbarinn;

Montana State University.

Biomass and Productivity

The aboveground portions of 34 P. albicaulis trees, 1—37 cm dbh,:
1.35-18.0 m helght and representatlve of the stands in wnlch they
L grew, were felled, sectioned into component parts, and weighed in tﬂ
the fleld with hand-held scales. The roots wider than 1 cm diameter
of 9 trees iwere éxcavated and weighed also. Sections of’each com—
»‘ponent part-of the tree nere wrapped in poljethylene ana'transported
to the laboratory for annual ring width, rlng number and Wet welght/-
dry welght analyses: Samples were oven drled at 60 C to constant

weight.  Wood (xylem) production of 25 of the trees was estimated by
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calculation of‘the mean annual parabolic volume increment and conver—ﬂz
sion to mass increment by the dens1ty‘factor of 0 42 g/cm3 (Eeattle

1953, Keenam et al. 1970). Radral 1ncrements used 1n calculatlng

volume increment were the.annual (;969—l973) means measured at g -

equidistant circumferential points, perpendicular to the axis of
'growth on dbh cross-sections. -Radial increments of bole cross-—

‘sections above breast.height were not analyzed oonsistentl§;'where

they were measured, they compared farorably with those at 1.35 m.

A sample of leafy twigs from each of .16 trees was divided into

annual increments for determination of leaf production and. longevity.

Phloem and berk‘production were not measured‘directly.:'Thetcombined'
production of these two tissues was. estimated through a series of
assumptrons described in Appendix.l. Briefly, there appearsjto'be‘
a linear relationship between bark mass end tree basal aree'(BA).f<
Hence changes in BA (annual increment) will Have.corresoonding |
increments in bark mess (annual production);' .

At the end of the 1974 growing season, twenty—nlne 0 5 mZL.

quadrats of the understory vegetation were cllpped from several of

the stands to estimate understory biomass and production. Twig~

"and leaf production of V. scoparium were estimated by separation

of the leaves and current twigs from the main shoots; these plant - -

arts were then dried at 60°C and Weighed; Diameter increments-
p : - :
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of the numerous small (leésufhan Z‘Qﬁ diametér>'woody shoots of " .
tﬁis shrub ‘are small; an& becaﬁsé.of the shrub's low stature
'(10—30 cm), the'mass incremént of thesé stems isjﬁrobably-minute
(éf. Andreyashkina and Gorchékovskii 1972) and %as nof,measuréd,
'_but'it was eétiméted'from,the work éf Wﬁiétaker éﬁ@_Woodwell.(i969)
as described iater. The dead twig mass of V;_saopariﬁm was measured
separately. Herbaceous produétion was considered equal to its
standing crop,. though sdme ephemeralé_ﬁere.senescent ét the sampliné  :
date.

For a simple,estiméte of biomass of-foots and rhiéomés less
?han 1 cm diameter, eleven 1 m% quadrats f&om 5 sténds ﬁere exéavated .
to'0-16~and 10—40_cﬁ depths. These sail.depthrintefvais Wefé chosen
because the rhizomes of V.‘scoparium are éonfined.enfirely'to the
upper 10 cm of soil, and root material was not readily.apparéﬁt
below 40 cm. All roots aﬁd/or rhiszes'greater than 1 mm diamete;
-ﬁerensieved fromithe soil and separated by species. To'estimate:the
mass of fine roéts (<1 mmﬁ the sieved soil was evenly redistribﬁtea
throughout the excavatioﬁ‘and 1/16 of.it (to béth lq and.401cm
'deptﬁs) was transportéd to the laboratory fof furthér”éieving and.

washing; these roots were not separéted by species.
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Regressions, Estimates and Stand Totals

Untransformed_and logarithmic (base 10) transfbrmatiéqs-of the"~
biomass and production déta were regressed against the easiiy'meaéure&'
plant parameters, dbh and Shgub covéfagé,':Thé éstimates.obfainéd'frqm
' the.reshltihé regression equations were éubstiﬁutedﬂfor o?iéinaljétand‘:
data (tfee density by size class, or:shrﬁB govefage);to determine mass. "
and production on a uﬁit.aréa basis,: For tree spegiés otﬁer than P.
'deicauZis, and for the few individuals.oﬁ‘P. albicaulig,greaféf-than
37 cm dbh in the sample.plots, the biomass regression equations,of ;;
Weaver and Forcella (19775 Wefe used. ‘Thé producfivityfdbh équations
Wére extended somewhat beyond their data limits (P. aZbicauZis,.l—é7i
cm dbh) to account for the_treés ﬁentioned above.' - | |
‘ . The independent variaﬁleé used in the‘regressioné were éhosén
for their_easevof field and laboratory measurement and were not
necessarily those that gave the best fit to‘the data. Fox‘example,
tﬁe independent vgriablé fdbh x’trée heightf‘éiveé a éligh£iy better
fit to regfeésions of mass:énd proauction than simple‘"dbh"; Howevef;:
dbh was uséd for correlation with these data because it Wés not
feasible to make heigh£ measurements for every tree in evexy'stand.-'

| After unit‘area ﬁass and produption weré caléﬁlated.fdr eaéh-
stand, the two sets of vafiables were regressed égainst‘sténd.basél-'
area and-arboreél canopy coverage, gnd median shrub céﬁerége-for tﬁe ’

tree and shrub synusiae respectively. )
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There is.an inherent bias in logarithmic, sum of least sqgares'
:regreésions due to the skeﬁed distribution of the Cérﬁthmetic)
squared aeviates éroﬁnd the mean'regressién'line (Baskérville 1972,
Beauchamp and Oléon'l973).' Thelantilogaritﬁmic coﬁversion_of the
';egression equation to arithmetic units should thus rééult.in
systemggic,unde;estiméfion. "Brownlee (1967, as-ciied by.BaskerviIlé'_;
1973) pré?ides a method for correéﬁiﬁg the arithmeﬁié eéfimatés,
"Correcteah estimates of ?.?albécauZis data wére graphically com—
pared to the original ;egreSSion.estimates and to,the,original
‘data. In poorly correlatea regréssions (lgaf mass;dbh).the
difference between the gorfected and original'estimates is iarge?
but this is likely due to the high vériation in'masé 6f componént
parts of the largest saﬁpled trees (Whittaker et al. 1974). 1In _‘
highly correlaté& regressions (aboveground masé—dbh), corrected -
estimates appear to overestimate the original data significantl&.
_Madgwick and Satéo (1975) comparea the actual standing croééito
Mecorrected — unbiased" logarithmic reg;ession estimates,,of3yery“s‘
small fbrest stands. ' The corrected regressiﬁn estimates consistently
overestimated the actual standing crop (Ibid.; Tablg/B; p..1449)..’

Corrected logarithmic regresgion estimates have not béeﬁ'used»
" in this rebort and the fesulting calculations.might;_therefore;'be J

considered mean to minimal estimates.

~
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REST;TLTS AND DISC[.ISSII'ON

Vegetation

P. albicaulis always provided over 752.(usuaiiy‘85~100%) of,thef
basal area (BA)-in thé stands studied; 6ther’contributorshwere_old
‘-"'wolf" trees of Pinus:contor’jua latifolia Engelm. and infrequent‘..
" individuals of Abies lasiocarpa (quk.'j Nutt. .and Picea éngelmdnnii
Parry. ﬁean BA's for the stands (3 pléts/stand).faﬁge ﬁrom 25.£o
1Q8 m2/ha (cgv;.ZOZ or less). Ihis.rangé of BA is similar to' that
of mény mature Rocky Mountain'féreéts.studied by Daubenmire and  _
Daubenmire (1968) and Whittaker énd-Niéring (1975), but.smallef tﬁan
sténds,of the Tsuga heterophylla series (100-500 m2/haA;Daﬁbéqmiré
andADaﬁBeﬁmire 1968) and of the Pacific Coast forésts (100-300%‘m2/
ha, Ffénklin-and Dyrness 1973, Westman and Whittaker 1975). TCandpy~
coverage of the tree’layer ranged from 36 to 95% (c.v. 25% or less)
and was correlated with BA (r = 0.81, Table 1). Such open canopies
sugéest "'woodland" conditioﬁs; but as-will be shown later,- tree
densities and'Biomasses are suggestive of a forest éssociation.

Median coverage of Vaceinium scoparium ranged ffém 12 to 67%
(cf. Weaver and Dale 1974). These shrubs are distfibuted in ﬁatches
on the-forest fldpr (Forcella 1975); ana stands on steep (32%+)
slopes support considerably less V. scopariuﬁ £han thdsé of more’ .

.1evel topography (slope vs. coverage, r =.-0.5)}: This lack of
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shrub coverage, in small.patches or‘entire stands, may be due to. .-
snow d?iffs (Knight 1975), snow movemen£,'6r solifluction. -

Herb coverage Was‘genérally leés‘than.S%:and was not.noficeéﬁly
correlated with shrﬁb coverage, though the differingvfhenoloéies éf ,~:7

the taxa may obscure any relationship. Herbaceous species with

‘high constancies were: Arnica latifolia Bong 93%, Carex rossii - .

Boétt 71%, Lupinusdrgentrus Pursh 647, C. geyeri Boott157z;'Eba

nervosa Vasey 57%, Hieraciwn gracile Hook. 57%, Epilobium angus-

tifbliuﬁ L. 57%, Potentilla diversifolia diversifolia Lehm: 50%

" and 4. cordifolia Hook.. 50%. The shrub, Juniperus eommunis montana

Ait., with negligible cover, occurred in 577 of the stands. WNo

annual species were observed in the stands.

Regressions

The biomass and productivity regressions generated for P.

albicaulis are remarkably similar to those of taxa presented by .

‘Whittaker et al. (1974), Whittaker and Woodwell (1968) and Weavef 

and Forééiiﬁ K1977). The regression statistics, ihdependent' 
variables and number of dafa points for.éll rééfessipns used:are
listed in Tablés 2 and 3. The'correlation-coefficienfs fgﬁge from
0.72 to 6;99 and all are significant at the 997 level. - Better é&alu— :

ations of regression error are made with the standard error e




Table 2.

Individual tree and stand biomass and productivity regression statistics for

Pinus albicaulis and associated species. Equations are in the forms: y = ¢ + bx and

y=a=D>» log,, -

REGRESSION STATISTICS

Dependent variable () T e E n Slope () . Y-intercept (@) Independent variables (x)
Tree Mass (kg): 2
Leaves 09174 1.499 32 0.8755 —-1.429 Log [dbh(cm)]?
Wood 1-10 cm 0.8522 1:585 32 0.6742 -0.431 5 0
Wood 10+ cm 0.9592 1.375 28 14170 -1.850 % =
Wood 1+ cm 0.9872 1.238 32 1.2350 —1.244 = =
Aboveground 0.9876 1.224 32 1.1890 -1.082 % 0
Belowground 1+ cm 0.9971 351 09 2.1070 -1.285 Log dbh (cm)
Wood Volume (m?): 0.9916 1.194 26 2.9010 -4.576 = -
Tree Productivity (kg/yr): ; _
i Leaves 0.9613 1.330 17 1.6750 -1.966 Log dbh (cm)
Bole 0.7271 2.956 26 2.4420 -3.564 o o
Bole Volume (m3): 0.7271 2.956 26 2.4420 ~6.183 =
Stand Mass (kg/m?):
Leaves 0.9474 0.0027 14 0.0270 -0.132 Stand Basal Area (m? /ha)
Wood 10+ cm 0.9437 0.0386 ¢ 14 0.3820 -7.029 % k s *
Bark 0.8479 0.2273 14 0.0161 0.401 - 2 i .
Belowground 0.9911 0.0039 14 0.1010 -0.453 § - : .
Total Tree 0.9678 0.0446 14 0.5940 -7.152 5 D = ¥
Stand Bole Volume (m®/m?); _
0.9437 0.0071 14 .0.0009 -0.016 0 <l 2
Stand productivity (kg/m?[yr):
Leaves - 0.9815 0.0003 14 0.0045 0.2069 Stand Basal Area (m?/ha)
Wood 10+ cm 0.9543 0.0002 14 0.0019 -0.2570 5 = = -
Belowground 0.9106 - 0.0002 14 0.0013 0.2825 e o it
Total Tree 0.9917 0.0003 14 0.0077 0.2321 ok s
Wood 0.9659 0.0115 14 0.0678 -0.1210 Leaf Mass (kg/m?)
Stand Basal Area (m?/ha) 0.8113 13.5000 28 - 0.9620 0.1710 Canopy Coverage (%)
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Table 3. Individual quadrat (1 mz) and stand biomass and productivity regression statis-
tics for Vaceinium scoparium. Equations are in the form: y = a = bx.

REGRESSION STATISTICS

Dependent variable () r - n Slope (b) Y-intercept (a) Independent variable (x)
Mass (g/m?):
Aboveground 0.9387 20.100 29 2,1980 —-28.9500 % Coverage
‘s Belowground 0.7473 95.850 11 4.2800 2.7513 -
= Dcad Twigs 0.8904 4.868 29 0.3647 -6.3730 o
b
g Productivity (g/m?/yr):
- Leaves 0.8951 2.674 29 0.2157 -1.5330 % Coverage
= Current Twigs 0.8303 2.837 29 0.1698 -0.5528 =

(to be proportional to aboveground production)

Mass (g/m?):

Aboveground 0.9889 4.553 14 1.5790 -4.0180 Median % Coverage
A Belowground 0.9921 9.665 14 3.9880 —-7.6440 ,,
-’é Total Shrub 0.9953 10.380 14 5.5680 —-11,7200
ft
A Productivity (g/m?/yr):
Leaves 0.9961 0.298 14 0.1750 -0.3174 Median % Coverage
Current Twigs 0.9963 0.22% 14 0.1390 0.2205 5
Belowground 0.9850 2.682 14 0.7975 0.3714 5

Total Shrub 0.9928 2.583 14 1.1120 0.2440 -
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for simple reégressions and the rélative error of the estimate "E"

for logari;hmic regressions (Whittaker and Woodwell 1968). .

-Tree Mass

Tree size within the stands‘ranged from:seediings ﬁo in&ividuals
with breast height.diaméters of 55-60 cm. The biomé;s of the large%t
tree was: aboveground 1367 kg, belowgfoﬁﬁd 266-£g, leaves llZAkg 
-and merchantaﬁle bole (id cm + diameter) 961 kg. |

| The arboreal masses per m2 were qalculated.b§ summing the. esti- .:

mated masses of individuél trees in the sample plo;g. The resulting
summations’were‘Well'éorrelated with stand basal area (figure 2,
.Table 2). The fact: that bésal aréa is aléo correlated with canopy
céverage (Table 2) suggests that aerial’pﬂotographs might Be used
to estimate biomass (and'productivity}, at least in arbo§é;1_vége—
tation with ;elatively open canqﬁies. o |

The range of érboréal aboveground mass in the 14 staﬁds.ﬁés 8.4
 to 47.2 kg/mz. The ranges of stand volume, mefchantable (10 cm +)
bole mass, bark mass and leaf_mésé?were 12.3—80.é dm3/m2,‘510—33;7A
‘kg/mz,'d.7—2.d kg/m2 ;nd'0.7—2.8 kg/mz, respectively'(Fiéﬁre 2.
| | The variation.(or e) of the "1éaf mass/m2 - basal greé" .
regression is small cﬁmpared to those of total tree 6£ bole wood v
regressions (Table 2), but simple "leaf maés/tree.; dbﬁ? reéressions

have typically high wvariability. Might this indicate that the
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forest canopy'is more internally comnsistent 1;_hen, and somewhat
independent of, its supporting woody structures?- Leaf mass is -
well correlated with the current functional vascular tiséue'of .
single planfs and stands (Shinozaki et al.‘1964). Leaf mass and
wood production are correlated in P. albicaulis stands also
(Tabie ?),

The mass of major roots (1 cm +) range frém.2,6-10;4 kg/mz.
The mean mass of P. albicaulis roots 0.1-1.0 cm'diaméter in the
eleven 1 m2 x 0.4 m excavations was 0.4 kg/m2 (s.d. = 0.18). Thg
mean mass of fine roots (less than llmm, species cqmpoéition
unknown) Wale.S kg/m2 (s;d. = (.18). The root mass of the two
finer diametér‘classes was approximately eveniy‘distributed.between
the two soil depths (0-10 and 10—40‘cm). -There was no corfelation
of root mass with the distance of thé excavation to thé nearest
tree, orlwith the above- or belowground'masé of V. scoparium. . The
root to shoot biomass ratio is consistently 1:4 for the tree éynﬁhesis.
- Temperate foresf ratios afe generally 1:5, and woodlands 1l:4 (Roﬂin.

and Bazilevich 1967, Whittaker and Marks 1975). -

Understory Biomass

Shrub coverage in the m2 quadrats ranged from 0 to 100%. .Above—

and belowground mass for a quadrat with 100% coverage was 191 and
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425.g/m2, respeetively. -Herbaceous'étanding efops (= pfodactiop)
varied, but were'small‘and averaged'less than 10 g/mzu.:

A The‘mass.of the ehrub—herﬁ‘layer (the mean.ef'the averagesffor
three plofs per stand) ranged from 23—109'g/m2 for the abeVegropndU
?arts{ and 20-264 g)m? for the beloegroﬁa& (>1Aﬁﬁ diameteg).portiOHe -
(Figure 3).V The regression equations used for fhe ﬁase of V.
scopartum appear to also predlct the aboveground Welght of V.
-myrtzllus, a similar spec1es, in Finland (Malkoene 1975). The
‘below- to aboveground ratlo for this synu31a is 2.0-2.5:1.0, 'Whlch
" is nearly identical tp the ratios_for V. @acczllqns and GayZussacza
baccata {Whittaker and Marks 1975). - This ratio fof the ﬁnderstery,"
howevef, is strikingly different from that of the treellafer; one
might~sﬁeeulate that selection for fhese.cont;astiag "etorage"f‘

" strategies in&olved ground fire, aniﬁal browsing and eompetitidn,

fer_light.

Total Masses

Total aboveground 510mass for both the arboreal and ghrub-
herb synu81ae ranged from 8. 5- 47.4 kg/m . Total belowground mass
I.Was 3.7—11.3 kg/m . Total stand blomass ranged from 12 2-58. 8 kg/m,.
The older.étands are surpr181ngly massive. ‘Publlshed reports of
-forest stands with greatef ﬁasses of which We,are aware are: |

Appalachian cove forests (Whittaker 1966) with 60 kg/m2 aboveground;_'

2‘ §
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tropical raiﬁ forests (Rodin and Bazilevich 1967) witﬁ 75 + kg/mz'

total; Thuja plicata and Abies grandis stands in northern Idaho

(U.8.A.: maritime influence) with ub to 93 kg/m? (Hanley 1976); and )

mesic northeastern Pacific Coast Tsuga heterophylla - Picea -
sitchensis (Grier and Ldgan 1975), Pseudotsugd_menzieéii.and Sééuoid ..
sempervirens (Franklin and Dyrness 1973) forests with abovégfound )

weights of 87, 177, and 270 kg/mz, respeétively."

Tree Productivity

Annual productiﬁity"for the iargest treesAin the stands (55;60
cm dbh) Was:‘bole wood, 6 kg,(l4‘dm3); 1éaves;‘lO kgs; and beldw—'.
~gfound (estimated to be directly proportional to abovégroﬁnd pro;

"" duction om a biomass Basis); 3 kg. “

Annuél leaf production Was'normailj IZZ.Of tﬁe totél ieaf'ﬁﬁss‘
for'individual t%ees; Leaves lived for more fhan 13 years in ﬁany
cases. About 30% of thé leaf mass had dropﬁed after 6 fears age,
and 857 after 8 yearé; Similaf leaf longe&ity was reported for a
subalpine. stand of.Abigs mariesii and A.'veitchii.in Hokaido’
,(Kimura.;963).' Grime (1966) suggests that.long leaf_persisfencé is
correlated with high environmental Stress.v

Stand wood production, found by éumming the pfodﬁctivities of
trees present ip sample ﬁloﬁs, was 32-180 é/m?/yr (= 0.0é~0.42' |

dm3/m2/yr). Bark productioﬁ of P. albicaulis was about l—7-g/m2/yrj;
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(Appendix 1). Leaf prodectivity for the tree layer-ranged f;ém
133—475_g/m2/yr, and the belowground pfoductivity estimates were
from 50-144 g/mz/yt (figure 2). ‘

I have estimated a 6-8 year pistillate cone and.seed btqauction
sequence in 28 P. aZbicauZis etends which include the 14 staﬁde -
eiseussed here (Chapter 3). Average cone aﬁd seed preductien-forf
the 14 stands considered here raﬁge from 25—84 and from 8¥27.é/m2/yr;
respectively. Average annual cone production is better'cbrreiated'
with (and is ptebably a fpnction'efjietand canopy cofetage than with
any other stand eharacteristic measured. "~ Though there is»ﬁide
variation among the stands,_cdne.and seed preduetivity.tepresent.~
about 9 and 3% of total tree production,

Of total tree production (229-890 g/m /yr); about 55/ (s d. =‘
3. 6) is devoted to the leaves; the leaf’ productlon to aboveground
- wood production ratio is about 3.5, and smaller stands have:a.
slightly greater ratio than the larger etandsl‘ The funnelllng of ':’:'
photosynthate to new leaves was also observed in Betula puoeecens } -
'(60%) in Greenland (Elklngton and Jones 1974), and- the phenomenon '
may'be characteristic for treeline forests. Iﬁ:eontrast to.thef»
stress environment‘species, the generally slow*growth'of.woody ;

plant seedlings may be due to’ channelllng of photosynthate to wood . .

rather than leaf production (Grime and Hunt 1975) In temperate
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forest trees the photosynthetic product channelled into wood
production also equals or exceeds that Wﬁiéh is used for leaf.

production (Weaver 1975, Rodim and Bazilevich.l967).f

_ Understory Productivity
| Maximuﬁ shrub producéivity fér a m2 quadrat (10021éévérage) _:“
ﬁas: leaveg and twigs, 37 g/yr; and belowgrognd (estimated as |
with tree.roots), 81 g/yr.' a
The range gf average product;vities for the shrub‘gynusia was:
leaves, 3-12 g/mz/yr; and current twigs,'Z;lQ g/mz/yr (Figure.B)if
Stem wood increment was not‘measurea‘in v.. scéparium, bﬁt since
biomass and productivity ratios for GayZﬁssacia,baccata (Whitﬁaker:'”
and Woodwell 1969) and V.kscoparium are nearly identical for'éréan~
gystems measured on each, I baéed Ehe producti%ity estimateé.on
the branch wood and bark production to aboveground mass ratio of
G. baccata (0.086). Productivity‘of stem tissue in V. scopariwm;- 
which lacks a_ﬁainfétem?'woqld then be 2-9 g/mzler‘.Total ébove—
"ground ﬁoody production for the shrub is 4-19 g/m2/§r.“ The.below; .
gréund productivity esfimates for the shrub la&er range from 4_79-”
g/mz/yf~

Total Productivity

Total aboveground productivit& of all synusiae ranged from.

208-752 g/mz/yr. Fine root productivity, not comsidered above, was
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assumed to equal 102 of its mass, i.é.; 51 é/mé/yr; Th; rénge of',
total.belowground'brodudtivity waé 168--267 g[m?/yr.‘ ihﬁs-éotall .
stand producti%ity ranges from_38l—951 g/mz/ygl(the éboﬁe‘figu;és‘l
are mnot additive). Such productivities are reiatively:iOW f6:_
témperate forests, buf,are probably Eypical fér temperate Woodlandé
(Whittaker‘and Marks 1975, Rodin and éazilevich 1967);. Kiﬁuﬁé's;’g
(1963) subalpiqe Abies stand produced 1100 g/ﬁz/yr, and the afctic-f
treeline Betula pubescens 207 g/mz/yr'(Elkington and Jones.1974).

_The mean below- to abovegroundfpro&uctiyity ratio-fofAP.:”
albicaulie trees is 0.25 (s.d. = 0.03); the more massive sfaﬂds have
ratios less than the meéﬁ. Weavef«(l975) has shown that root—ghod£
‘raﬁios decline as oak trees‘age._AKimura (1963) reparts a ﬁréduc—g
tivity rétio of 0.30 for a single Abies stand, and Bréy'(1963)A.-
calculates .a ratio of.Q.Zl for arboreal épecies in general;‘_fhe.‘
belowground/aboveground productivity ratio for all stand cémpongnts,
including shrubs, fine roots, etc.,:is 6;56 (i.iZ);'again;"the”' |
more massive staﬁds, esﬁecially those with little Vl écoparéum
‘cover, are those with.ratios less than‘the.meéﬁ, The shruﬁ—herb
and f;ne root components play a significanturolé in sﬁand,??ﬁamicsﬁ
In youné stan&s the'pfoducyivity of.the shrub-herb layer méy
apﬁroach 257%- of total stand production,.thougH its correqunéingr~“

‘biomass is normally less than 2% of the stand total.




43

Stand Agelvs. Mass and Productivity

In contrast to the good empirical.”maéé or'productiviéy -
“basal area”-relationghipl(Figure 2), stand age is a relati%ely-
poor predictor of arboreal mass and prbduétion:(Figdreié): ‘Cong :
production of:P. deiéauiis fluctuates widely between years |
(Chaptef 3) and variablé seed crops may: play an important role in .
thetinitial establishment of a stand. Eﬁtfemely high Variation
of tree density in stands oﬁ similar-age may. be a result of this.:
Eigure 5 inéorporates.the field data of Weaver and Pale (i974),..'
with that of this sﬁudy to show thelpoésibility of 5—£bld‘diffe£—-:
‘ences in stand densities of trees greater tﬁan 1.0 cm dbh in 50
year old stands. Figure 5 also indicétes that high density varia-
tions persist, though they progressiﬁely decrease to an age of
about 400 years. Basal area,.biomaés ana produgtivity are in
part a function of tree density (Spufr 1952), and thé hiéh :
variation in density may partiall§ expléin thé.poor mass - age
rélationship. The' great mass of Standl2 (246 years old) céﬁnot,
however, be explainea by density alone. 'Ahalysis éf increment
‘cores from this stand reveal a high,growth‘rate (aﬁnﬁa}:£adial
incfement gréater than 1.5 mm) until the yéaf léSO.' At théﬁ time
there was an abrupt reduction in growth (annual Fadiailinq#emen£ __

0.27 mm, s.d. = 0.08 mm) that has continued to the present; growth
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is now similar to that of trees in older P. albicaulis stands.
Productivity estimates for this stand are, therefore, probably

reasonable. . R
CONCLUSIONS

" Within the Pinus albicaulis - Vaceinium sc&pariuﬁ aésdciétion
one may estimate the biomass and prqductivityﬂof:ipdividual;trees
- or shrgbs within~quadrats from . measurements of fheir.dbh or
coverage, rgspectively. Similarly,'ﬁéss and ﬁraduction:on a-
unit-grea.bésis‘caﬁ be'esﬁimated.frdﬁ mgasufements of stand"
.basal area and median sh;ub coverage. |

Conéidering the physiographic poéition.of the stands;‘their
short frost-free season:¢32 days, Weaver ana Déle i974)'anﬁ datév
available in the literature for "téﬁperate"‘foresté, it is. sur—- "
prising that P. aZbicauZis'foresfs accumulate standiﬁg CTOpPS up
" to 58.8 kg/m2 with annual productivitiés as large as 951 g/mz.
Forest biomass usually téﬁ& to peak at mésotherﬁal elevgtidns in
méuntainous systems (Whittaker 1963;.Whittakef gnd Neiring_l975). -
I have relatively 1it#le data fof sy;temétic comparisbns 6f:my‘
staﬁds to loﬁér forests in the northern Rockies (Weavér and Foreella
- 1977), bﬁt in conjunction with my field-obser%atioﬁs, théée data

suggest that P. albicaulis forests have the potential, under

1




existing céﬁdi&ions, of being the oidest énd mosf massive‘foiests‘_
in the area (excepting giant-Thuja—Tsuga and Abfeé féresté, Hanley
[1976]). How and why such immeﬁse masses accumulate remains én
enigma for me. P. albicaulis forests do not exist in éspecialiy'
‘favérable sites; they are often pn,ri&ge tops.and‘tﬁeié psaﬁmeptic~‘
soils-are not particﬁlariy fertile (Weaver and Dale 1974). ihe
" high and réiativeiy moist‘sites of these foreéts do nof e#clude
_them entirely from fo?ést fireé,-but they‘may'reducevthe frequéncy_
of the hoiocausts sufficiently to éllow attéinmenthéf great aée
_énd biomass.. |

- inter— and intfavegetational.coﬁﬁérisoﬁs ofnaboveground bioméss -
qccumulafion ratios (Figure 6)'éuggest: ) raiafively low pfoduc—
tion in the P. albicaulis stands, (2) the necessary incréése in’-'
biomass accumulation‘ratios'(SZ to 69) from the least to moét’
maésive standg, and (3) a wide rangé in the data. The thifd-
suggestion ?equires_elaboration. Thenbiomass and productioﬁ of
forest sfands within one Qegetation typé (association)'vary'greatl§‘
among themselves, due’ to age, disturbances, slight habitat differ~l
ences, etc. Thus statements aﬁout forest masses and production
bésed on thelaﬁalysis éf a singlé'”matu;e.(néér).élimax"_étand,
nd matter how detailéd the analysis may be, ére as inqon;lusive‘as

statements concerning any other population based on a sample number




48

100  rH
VY 90
= TP
=
~ 80
<
TH
~ 7O
%)
] 60 |
<
=
o 50
@
1 S
=
2
S 30
S
el !
(@]
2 .
g %o / / a
r
1 I_/C‘l ] 1 L A1 1 L A 4]7/,/ 1 1 1 1 i ylPr

500 1000 2000 2500

ABOVEGROUND NET PRODUCTIVITY (G/M%YR)

Figure 6. A comparison of biomass accumulation ratios both within
the Pinus albicaulis - Vaceinium scopariun association and between
several vegetation types. The area between the two oblique parallel
lines represents the biomass accumulation range for typical temper-
ate vegetation (from Whittaker et al. -1974). P. albicaulis - Vacein-
ium scoparium 1-14; P. contorta - V. myrtillus PV, P, contorta -
Geranium fremontii PG (Moir 1972); Alnus rubra AR (Zavitkowskii and
Stevens 1972); Quercus spp. QQ (Johnson and Risser 1975); Typha TY,
Pteridium PT (Westlake 1963); Tsuga-Picea TP (Grier and Logan 1975);
Pinus - Rhododendron PR, Cupressus - Arctostaphylos CA, Acer - Bet-
ula AB, Picea - Abies PA, Tsuga - Acer TA, Lireodendron tulipifera
LT, Acer - Picea AP, Quercus - Vaccinium QV (Whittaker et al. 1974),
Thuga plicata - Rachzsttma myrsinites TH (17500 and 13800 g/m Iy,
Henley 1976).
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of omne. My.stands, ail of wﬁich came frém.whaf_l believe to be
the same plant association, may serve as aﬁ.examplé;‘omigting the . -
‘three youngest, they were originally chosen as ”matufe" fépre~ .
sentativeé of the P. albicaulis - V.'scoparium associat;on,lbut

‘ they varied widely in age (x 4); biomass (x 3) énd productivity a
(x 2).

Neither the traditional (hypothesized) logistic biomass mlgge-
curve nor the optimal.yield {rise and declinei,productivity - age
_felationship is apparént-in my data. On a unit-area basis, plant
'5ioma§s continually increases with age, to at least an age of
640 years, whereaé net priméry produ¢tivity reaches a nearly é;aﬁle

level after about 150 years.




-CHAPTER 3

CONE AND SEED CROPS IN THE PINUS ALBICAULIS -

VACCINIUM SCOPARIUM ASSOCIATION
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INTRODUCTION

Most investigations of coniferous seed crops depend on'either
relafive estimates of come production (good year vS. poor year) or
gquantitative data éor single trees. For predictive or etiological
models, attempts are often made to cor?elaté either of these two
types of data with "causal" factors guch as (1) climate, including:
temperature, moistﬁre, wind and solar radiatioh; and (2) silvi-

cultural practices, dincluding: soil fertilization, stand thinning

and root and shoot pruning (reviews by Matthews 1963, 1970 and

Lahde and Pahkala 1974). Autocorrelation may be used when inherent

"ecyclic variations in cone crops are thought to occur (Rehfeldt et -

al. 1971). And finally,.animal predation may significantly affect

the current seed crop and possibly future crops_(review by Janzeﬁ
1971). |

. For nearly a century Russian foresters have gquantified forest
seed production on a unit-area basis with seed traps (Sarvas 1962).
Western European researchers and others have since followed and
improved this method. ﬁecause the aétual number and mass of seed
produced is of utmost importance to the resource manager, as well
as to general biologists, I attempted to quantify: (1) the number
of seed pfoduced,l(Z) the masgnof seed produced, and (3) the

variation of production on a yearly unit-area basis throughout an
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age and size gpectrum of whitebark pine forests (the Pinus

albicaulis ~ Vaceinium scoparium association). .

PRELIMINARY OBSERVATIONS OF CONE CRORS

°

Preliminary observations of ovulate cone production in Pinus
albicaulis Englm. trees, made in 1974 in several SW Montaﬁa mountain
ranges, led me to the conclusion that current cone,nuﬁber éf‘single
trees is poorly correlated with tree dimensions suéh as: age, dbh,:
height, tree mass, canopy volume or canopy area (r2 < 0.1 for eéchj.
Nor was current come production (per unit-area) of forests correlated
with stand dimensions (age, basal area, cahopy cbvérége and mass). -

Whitebark piné cones, like those of other coniferoﬁs'species
(Waring 1958, Baradat 1967, and Matthews 1970) are produced on
actively growing leader shoots in the upper portions of the canopy.
The greater the areal extent of the canopy, and £he greater its
exposure to incident radiation, the more numerous will be the leader
shoots—the potential sites for comne productiomn. DESpife the poor
correlation of canopy coverage with cone produétion in 1974, I
believed that the canopy area of a single tree and the canopy
coverage of a stand should be correlated with cone production if
the yearly fluctuations of production are not coﬁsidered. Thus,

canopy coverage should be correlated with mean cone production.
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Fortunately, the nuﬁber of cones produced on é papticulaf'leaaer
shoot in past years can be easily es£imated by counting the. number K
of.scars left by the abscission of cones at tﬁe,yearly nodés_(cf.ﬂ
Gorchakovskii 1958 and Boichenko 197Q). Thus, by.examinapion 0£'} 
thé nodés of.éll leader shoots, or a seleqtioﬁ of éheée shoots.from:
'iﬁdividual treés, yearly and mean cone Crops ;hould be estimablé.

In one whitebark pine stand,.all leader shoots of 16 trees, each

n

. with more than 10 leader shoots/tree, were analyzed for immature
first—year cones, mature cones and cone scars. Five leadgrAshoots"-
were then arbitrarily selected from>eééh tree. The data gathered% X
from the;e groupé oé 5 we¥e compared (after appropriaté extrapolation):‘
‘to the total leadgr shoot data of their respective tregs."Therénwas'_:
ﬁo signifigant difference (t—teét, p = 0.01) between-the"éample-ané'
the full enumeration data in 13 (81%) of the ;6 trees. With these
obsérvations, the basis for the 1975 summer sampling procédﬁfes ﬁas

established.

METHODS

+In each of 28 stands (Figure 1, excepting stand 30) of the
Pinus albicaulis - Vaccinium scoparium association, from SW Wyoming
to SC Montana to EC Idaho, three 200 m2 plots (6.67 x 30 m) were .

selected perpendicular to the slope of the stand. In each plot,
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the’numbéf; dbh, total basal afea,'totai cénopy covérége and species‘7
" of trees in the overstory were determined.. Capopy.co§erage Wa; :
measured with a vertical peris;ope at 1 mefer.iﬁtervals aiong thé:f
longitudinal axis of each plot (= 90 péints/stand). The-compositiqn
and coverage of the undérstory vegetation Was.¢Stimated’With.a 2 x5
dm frame at 2 meter.:intervals aISO'aioné_thé axié ofleach~plot
(= 45 frames/stand). Counts were also made of all falleﬂ:;ones in
each plot. These cones Weré separated into 'new" (from-ﬁhe pré&ious
year's cone crop) and ”old"'cqnes; Coné.counté'of £his f&pe Weré
made for two consecutiye years in.the same ploﬁs in stands 1—141
(Fiéure 1).

In each staﬁd the canopy area of 5 indivi&ual trees waé defeff:
mined from their greatest and least diameters. - In each ofithesei
trees, I climbed to the  top of the canopy_where the total number
of "potential cone-bearing" leader shoots was counted; 5 éf‘theéé
were also clipped for imméture cone, cone and cone scar-:analyses.
Gene?ally cone scars could be detected with some assuraﬁce for‘thé
previous 4—6 years. Scars left by cones produced piior to this
periéd were qften obliterated by diameter,growth of. the shéot. Thus,
by counting thé totai pumber of potential cone—beéring'shoots; ﬁal— :
culating the canopy area of 5 samp;ed trees and the candpy\coveragé

of the entire stand, together with the yearly cone or cone scar,
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counts oﬁ tﬁe 25 shoﬁts/s trees, it was possible fg estimate a
'.'6—8 year cone production sequence on.a jearly unit—aréaibésis;

An inhereﬁt proflem of this method is the inabiiity to sample
random trees within the stands and randém.leadex shoofs within
those trees. Specific reasons for these‘difficulties include the
foilowing: l)'Animal devastation of coﬁe—bearing sﬁootsﬂoccuré
ffequentl&, rendefipé tﬁe remaining sﬁoots a biased‘sample.‘ Ursus
americanus (black bear), the normal culpiit, usually leaves teil—
tgle claw-marks in the tree's trunk and a carpet of brokéh‘pine._'
boqghé at the base of the tree.u Trees with these charécteristics
were avoided duriﬁg sampling. famiasciurus hudsonicus (red squirrel)
is ubiqgitous in the whitebark pine forests an@ is probabiy the
céuse of the leader shoots found severed géar their termini. |
(Squillace 1953, Adams 1955, Schmidt and Shearer 1971). it is

‘ﬁot uplikély that .these animals are enhanéing cone p%oductiénﬂ
throggh their "pruning" action. 2) Theré were occasiénal.treés
which I'simply was not able to ascend, hence, sample. 3) Some
leader shoots in a sampled tree were in inaccessiblé pbrtiéns of
the canopy, making attempts at their retrieval someﬁhat precarious;
4) Shoots bearing cones at the'time of sampling were céﬁsiderab}y
more apparent, and differential sampling may have been a cénséqﬁence.

Another problem, not related to random sampling, is that after
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immature cone counts were made, abortion could have taken place
(c£. Allen 1941, Sarvas 1962, Finnis 1953),. though it appeared to

be negllglble in 1975
RESULTS
Vegefation
The vegetation of the.éubalpine'P. aZbiéauZis ~ V. scoparium

*  association in SW Montana has been described by Weaver and Dale .

(1974). Vegetational parameters, including net primar& productivity, -

‘are provided by Forcella and Weaver (1977) and in Chapter 2.

Briefly, for the 28 stands sampled for come production, the over— . .

story of the stands is domiaated exclusively by Pinus aZbicauZ{s
‘Engelm. with basal areas ranging from 12 to 108 m /ha, canopy
coverage from 10 to 95/ and age, at dbh, from 30 640 years (about
. 10 years can be added for age at base helght) '581te index at |
.100 years is 8.0 meters. . Net productivity, 1ese cone;'is low

(ca. 200-850 g/mg/yrj but still in the range of temperate'fdrests;

The qﬁderstory is.dOminated-by the low-growing (1073d‘cm)l

Vaceinium scoparium Leiberg. fhe mean coverage of this shrub
ranges from 5 to 75% berweentthe stands.~fHerbaceoue vegeration
and ‘other occasional shrubs only infrequently:reach High coverage
ralqes. The more common taxa inrolved include: :ArnicalZatibeiaffk

Bong., A. cordifolia Hook., Carex geyeri Bo'o'tt.:.‘.and Luzula




57
hitcheockii Hamet-Ahti. Their présence in the understory'éppears
to vary directly with the stand's geographic‘position and they
mighf be best described as "local or territorial ¢haracter" species
as discussed by Westhoff and Maarel'(l973), Mueller—-Dombois and

Ellénberg-(l974)'and in Chapter 1.

Céﬁé Phenology

Ovulate cpne‘primordia normaliy develop during the laée
'suﬁmer to autumn.period in mést temperate-pine épecies (Mirov
-;967), .In P. aibicaulié theiimmature cones'emerge'from.the bu&s
:from early té-mid Ju1§ {éﬁout thg.timé éf'snOW'ﬁelt). AThey are
pﬁrplg, ébouﬁ 5.mm long and are readily distinguisﬁed. Pollinété
"strobili mature in early:July and polliﬁatioﬁ occurs at this
timé. Fo? management purposes, this ﬁéy be the most efficiént_r.”
period for.leader shoot analysis and ﬁrediction 6f the two forth-
'Ecéming cone crops (cf. Allén.l94l).' By the end of the gréwiné
séason (mid Sepfember? the immature cones are approximateiy 1.5 x
0.9 cm dimensionally, and they remain in thisAcondition uﬁ£il the -
following spring (July). - One year’old cones begin rapid gro&th in
early July and ﬂaﬁe‘esséntially completed Eheir enlérgement by'
mid August (6.3 x 4.7 cm). Cone_matﬁrity continuéé uﬁtil mid -
September to‘eérly October when absciésion 6cqﬁrs‘(though abscission

may begin as early as mid August). If left unmolested, the cones
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" abscise and fall to the:gpgundinfact. Frgquently, however, ﬁhe o
everpresent Nﬂcif?dga coiumbiand_O:larkfsﬁm¢cracker)‘will devaétate_
the cones before abscission, leaving only the c&né éxis with a few
basal scales attached to the leader shootép These axes may-femain
on the shaots for sevéral years; up to 10 yeérs in‘some'cases;
This phenomenon has led to at least ope speculation tbat some
. populations of P. aZbicaﬁZis have dehiscent conés‘(Ericéon.l965j.
A more plausible explanation might'be that abscising hormohes are
produced in the cones immediately before abscission.- If the cones
are destroyed pribr to hormone synthesis, abscission fails.to
occur.

The conés exude and are entirely céated with anviséoﬁs;l
"aromatic resin. Resin apparently.inhibits seed predaﬁi&n-by<
Tamiaseiurus (Smith 1970) and N. cqlumbiana.‘ As in other pines, -
the scales appear to be fused by a resin bond (Clements 191055
Aftexr abscission, aﬁd after the resin has eithér cryétallizéd or
been:utilized as a substrate by certain fungi, Fhe sgales aﬁd
large wingless seeds simply fall away from:the-axis. Small~4'
collections of seed and smali clusters of seédlings can often o
be found in the forest litter. They probébly:result'froﬁ this

in situ disarticulation.
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Predicting Cone Crops from Stand Characteristics

“Cope crops varied greatly both between standé in any given year
and between years in:any given stand. 'Generally there Wéré about an.~.
equal number of good and poor come crop years-wifhin eacﬁ stand.
'The magnitude of the variation was from zero up to 8 éones/m?/yr
betﬁeen’tﬁe stands (and befween years.in the most p;odﬁctivé étgnd)w:
The mean cone productivity/m?/yr ©) was found ta be corréiated
~with 7 stand éandpy coverage tA, r2'= 0.42,'Figure'7):;: |
- C= 0.470 +’0.00032 %) 1E: Eq. 1
Because.A was also uéed for the initial éqlculation 6f'coné pro-
ductién; somélciréular reasoning exists'in thiS»Eegressiq;. Howeﬁer?"f
éince both the total number of leader shoots and the estimate&' ) 4
mean annual cﬁne produgtionlfor individuai trees.is correl;ted with
the canopy éreé of individual'trees (rzsl=‘0.69 and 0}58, respec-
tively’, I feel tha£ stand canopy coverage_is‘a jﬁstifiable" "
"indepeﬁdent" Qariable. |
" Stand basal area (BA) and the nﬁmﬂer of total fallg; cones/m2

1(F) are also correlatéd with E.(r's = 0.28 énd‘0.32,>r§§p§ctively): 

c

0.288 + 0.023 (BA) . ' Eq. 2

Qlf
I

0.812 + 0.439 (F) . ° ° _Eq. 3
Sarvas (1962) found that ovulate cone production in the Pinus

sylvestris forests of Finland was correlated (via pollinatioh
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' suocess) wifh the areal extent of.the stand. He calculateo a 2“hé¢—
tare minimum area for "pollinatiom normal"vstands. Topography and |
time limitations made it dlfflcult.to determine the areas for
Whltebark pine forests, but the 28 stands 1nvest1gateo mere sub—
‘Jectlvely scaled in three general clasaes. 0.75 ha (— l), O 75-
1.25 ha (= 2) and 1.25 ha (= 3) Con51der1ng that both canopy _

. coverage and stand area (S) may be determlned from aerlal photo—
graphs, and that such photos are often available to land managers, -
I felt it reasonable to construct a multiple regréssioﬁ,aqoation
u51ng both A2 and S as 1ndependent varlables. The‘resulfant7

:equatlon (attrlbutal varlablllty 52%) is:

T = -0.430 + .00032 (A% + 0.470 (s>ff;'v~NE§. 4
Since thefe'appears to be more or less good and poorpyaarlf”‘
cone crops, the'yeariy cone data Vaa divide& into these categories
(division was éenerally at the mediah}. The mean of the good'
and poor yearly cone crops was regressed over stand-oanopy coverage :
and stand area (rz's =497 ana 32%; mespectively).’ Thenreéression

equations are:

It

c

g = 0-517 + 0.00039 (A% +0.734 (8)  Eq. 5

It

C

, = 0.269 + 0.00011 % - 0.001 () _ Eq. 6




. 30
e <A1,
3 2 rOn
>
A 90
70 3 ¢ 7
© PN
I -
© 5 20 3 S
Z)) = 2 70:"
= 2
g0 2 stis
d 21 é 2 = g
et (@] 2 3 =
(@] Q -
230 2 3 10 m R
=
| ! = 30
223 | | >—<
(@]
2 2 | P
10 : SRl
|
o
0 20 20 60 80

CANOPY COVERAGE (%)

Figure 7, Cqgne mass and number per m2 and seed mass, number and energy (endosperm a?d em-
bryo) per m"~ in relation to stand canopy coverage of.28 stands (?tands 1-29; there is no
Stand 21) of the Pinus albicaulis - Vaceiniwn scoparium association. The numbers 173 refer
to stand areas of less than 0.75 ha, 0.75-1.25 ha and greater than 1.25 ha respectively.

1




62

As stated above,'ﬁhe number of fallen cones (F) was corfelated'
with C (cf. Sarvaé 1962). A multiplg fegression of E_ovér Az‘énd F
1 provided the equétion (r2 = 46%): ‘ .

T = 0.450 + 0.00023 (A%) + 0.206 (F) - Eq;l7‘
.'Though possibly not,as useful as Eq. 5, this fegreséibn_might,bé
.Beneficial for field surveys.

Further multiple ?egression‘analyses employing BA, stand ége,
‘,stahd slope,.elevation; aépe;t,.etc. increased‘atfribufai.%ariaj :
bility up to 60%. However, such complicated regreséioné soon’
fecome intangible and make data collection gnwieldy. |

Originaily I ﬁad expected that .the coﬁnts of newly—félleﬁ conés:
(or remnant conelaxeéj_to equal the actual comne productioﬁ'df fhe'i
preﬁious yéa?. I also expected tﬁat the ”leader shootxconeAﬁro— |
duction eétimates" would equal the newl§~fallenicone counts for\'
the appropriate year. The two methods were not'equai>in‘fheir
estimates, But the& Qere correlated'(boﬁh nonparame;rically; r, = .
0.71 tMosteller and ‘Rourke 1973] and parametricélly,»r ='0.72). :;:'
Newly—-fallen éone counts unéerestimated the leédet éhoot éstiﬁates“
'(though not ba&ly) as can be seeh from the regression;coefficient
. and equation for cone production in 1974: ' |

= 0.305 + 1.314‘(Fnew) S ’E?.AS

C1974)
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Mounds of- 0ld cone scales can often be found at the entrances of -
rodent dens. This -suggests that newly fallen cones may, at least
temporarily, be buried underground; thus: l) making fallen cone
counts an underestimate of actual produétion, and 2) partially

explaining the inequality of the two cone production methods. . .-

Biomass and Seed Numbef_

- An average mature-ovulaéé éohe-weighé about 23 graﬁs (rangé
‘10-50 g); cgnes éroducgd in good yéars ténd to be largef“than
those of poor cone‘cfop years. Single'conés SQPﬁor; abdut 75
'séales of which a tﬁird ére infértile (éenéfally‘the apical and
basal scales only). - Typical éones contain 75 seeds;.eéch.with ::
a mass of about O.l:g° Within a cone; seed méss is generally
30% of the fétal,.but it may-occasionally (and cénsisteﬁtly)
reach as high as 50% within a stand in a good cone‘year. Ei;her
of these two values is quite high when compared to the répro—
ductive effdrf in cones of other coniferous specieé‘tSﬁitﬁ 1970).
‘ On a unit area baéis; average cone producfidn ranges from~6

to 84 g/m?/yr, with seed mass'being 2 to_25'g/m2/yr (= 20-250
seeds) between stands. Previously in Chapter 2; I déte;mined-~.~
net -above~ and belowground annpal primary productivity (less coﬁesj‘
of 14 of the stands studied here; cone and seed.préaﬁégion repre—

sent about 10 and 3%, respectively, of the total tree production.
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Comparisons With Other Forests‘

. Compating cone‘and seed crops of various forests is_difficult._
Few 1nvest1gat10ns have asked the same 1n1t1al-quest10n, usedlthe
same method for data collectlon reported the same "type of‘data o
or in the same un'lts.~ However, Table 4'presents average cone .and
eeed crops;for several Piﬁus forest types; Schopmeyer (1974) WasA
cohsulted for masses of seeds and cones when not prov1ded by the
specific reference.

The number of cones produced by P. albicaulis forests.appears to
be ‘smallexr than that of other pine types, especially Dlploxylons
However, cone mass, seed mass, seed number and the 7 seed mess.ef
tetal cone maSS; are all'greater for P. aZbicauZisi 'P{.cemhra
stherica, whose 1nd1v1dual seed mass is 2-3 times that of P
athcauZts,-may be an exception. Its seed crope are of suff1c1ent
quantity that they are annually harvested for human'cohsumptlon,
but the only seed mass per unit-area figures available are-those of
‘Formosof (1933); and these appear to be ﬁisprints.:.lf forﬁosof'e »:t“
figures should read "gtams" rather than "kilogtams", they woeld
then be 25—301g/m2; which is at the upper 1imit of the P. athéauZis'

range.




Table 4. Compariscn of cone and seed crops of:Several Pinus forest typeéf— .

R A AR R A Ll

Forest Type ) : Average Cones/m /yr - Average Seeds/m /yr " - Reference
‘ : o 2/ — 3/ 2/ o
: # grams # grams
Pinus contorta - 4.7 28 . = 268 0.6 . ;2 - Smlth 1968 -70
contorta - S oL - ‘

. Purshia tchentata. 4.8 24 . == . 120 - 0.4 2 - Lotan 1967
contorta - - s S o , - ' .
Geranium fremontii. ©8.0 . 40 13 . === - === = = Moir 1972 .’
contorta ~ S R . o I
Vaeeinium myrtLZZus 8.0. 40 . 5 . eme -—— = = Moir 1972
contorta bolanderi - — -~— 52 20 C e e - = West.&Whit. 1975
‘sibirica : R - == 100 30 - < 'Formosof 1933
sitbtriea - . .. SR : ‘ o -
Vaceiniun myrtillus . 0.1-2.4 _— e ——— —_— - - Boichenko 1970
sylvestris ~ - Co . o _

Calluna vilgaris =~ 1.5 9 o= 30~ 0.2 2 - Sarvas 1962

. sylvestris ~ ‘ o . : ' N
Vaceinium myrtillus 3.0 - . 18 —— - 60 0.4 . 2 - Sarvas 1962
sylvestris ~ : - . : ‘ A
Oxalils acetosella 4.5 27 - 90 ~ 0.6 2 -~ Sarvas 1962
monophylla -. ' A
Juniperus osteospema 0.1~ 1 8 2-34 - . 1-26 1-9 28 - Forcella unpubl,
edulis - o o
Junipers osteosperma © 0.8 - == . 8 -~z . = = Forcella unpubl.
cembroides - , i ‘ L ' A
Juniperus deppeanna 7.3 17, '35 6 35 = Forcella unpubl.
albicaulis ~ ' : ' S R '

Vaceinium scoparium . 0.3-3.6 <6-84 10 20-250 2-25 30 3

1/ Ranges in figures represent smallest and largest data provided. 2/ Percent total pro—
“ductivity except third and fourthforest types which are % aboveground productiv1ty only.
3/ Percent total cone mass. . . . . .
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Localizing Cone Crop Variability

“As stated earliér, extreme variation in cone crops dcéuré betwéen .
years in ény stand. ﬁut variation may also béfexpresséd betweépi'
1) Branches within a tree,'Z) trees within a stand, 3) standsiwithin
a éeographic_regioﬁ, and 4) standg.within thé_entireLP. albicaulis —‘
V.‘séoparium éssoéiagibn_(assuming ﬁhelstandé'are répfégeﬁtativé).

To lqcaiize'the sourcé of-variatidn'in cone préductioﬁ, I'ﬁer—
formed a ﬁesfed analysis of variance, using the S—bfanch/ﬁree
sémp;es as the basic déta, thereby allowing the compéfisbn'betweéﬁ
‘large and émall trees, §ouﬁg and old égénds, etc. Aﬁnuél.variation'
of production was tested as an interaction in‘each "nest" of thé‘, 
analysis. |

Cone g;opé per b?anch within the 5—brancﬁ/tree=samples-Were nét
.significantly different (p ¥ 0.05) in71% of thé.treég, but annual
production was signifiéantly different in 607 of thé same treeé.
bifferénces.in cone production of individual tfees ﬁithin a staﬁd‘
were not ;ignificant {p > 0.05) din 52% of thé-stands,.bﬁt'annual.
production was in 78%. |

The gtands were'divided iﬁto.B.geographic fégions;lfhdugh thé
divisions weré subjecfiVe, the floristics of the stands substantiate
the separations._ The regions are: 1) the Wind River and Absaroké ;

Mountains, 2) SW Montana, and 3) the Bitterroot and Salmon River
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Mountains (see Chapter 1). Cone production of stands Withiﬁ-eaéh
reg;on was not significantly different (p > Q.OS), but yearly ﬁ¥o—-""
duction was in each region. An overall analysis of vafianée-(the'
final nest) of al}.stands sampled within thé P. aZbicauZés - V.
'scéparium éssociation showed no significant diffefeﬁce'(p > 0.05):'
both bétﬁéén stands and between years; '

It must be recalled that the analysés did'not’include‘thé entire'
cone crops of the trees or stands, only the 5 potential cone-
producing leader. shoots per tree for 5 trees in each sfand. With
this in mind;'the:above results suggest'that the.afility to produce
strobili: 1) is inherently similar in.brancheé of the same ffee;

2) beéomes dissimilar in trees of the same stand, 3) is similar
among stands within and between éeographic regioné (i.é., %ll.
stands have equal potential), and 4) the actual cone cropéAof trees
and stands are subjected to annual fluctuations in cone produc~- |
tivity; the non-significant difference betweeﬁ years of s;énds
within the entire association is probabl& due to compensating
variations between geographic regioﬁs. Tﬂis can:be shﬁwn wi£h
factorial aﬁalysis where the geographic regions’afé'”blocks” in.
-thelanalysis. Again, there is no significant'difference between

stands or years, but there is between geographic regions.

3
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CONCLUSION AND DISCUSSION

.

'The actual number of.éoﬁes produced over:a nuﬁbe: of years in the
Pinus albicaulis - Vaccinium'scoparium association is probably a -
function of the number oflleader shoots possessed by a tree of a
stand. In turn, canopy coverage'is in parg a\description:of the
numerical and areal éxtent.of the 1éader shoots; and it-is moder—
étely correlated with ﬁéan cone produétivify. I used é’relétivel§‘~-
cfude method of estimafing stand canopy cbverage (verticle peyi—:
scope, 90 points/stand). The summation of canopy areas of all
tfees'in a staﬁd would have been more épprbpriate;—but Eime 
yconsuming. Air-photo inpeypretatioh (wheré possigle) of stand
canopy coverage may prove an evén more.useful technique'foriesti~
ﬁating po;eﬁfial cone crops in whitebark pine fofeSts; When
-t&énty—five leéde; shoots from eaéh of 28_staﬁds were anélyééd for -
a six to eight year cone production sequence, there was no.ét@tis— "
tical difference between the stands (except temporally); suégestiﬁg.‘:
tﬁat all stands, regardless of their age, size, etc., have similar _‘
potentials fqr.éone productioﬁ. A further suggestion is thét'thé;
actual difference in total®cone production between the sfahds is a -
consequence o; total leader shoot number (canopy c&%efage)k:'

With regard to the management of these forests for cone production,

 whethef for silvicultural or wildlife measures, lafge (but not
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necessarily old) stands with high canopy coverage (canopy surface .
area may be even more appropriate) should be encouraged.’ dlder
stands (200 4+ years) often do have more extensive canopies, and in
conjunétion with the fact that P. albicaulis forests are slow

growing but long-lived, older stands~become even more valuable.

Indeed, it may&fake a young 50-100 &ear old.stand one hundred .to

‘two hundred years_fo simply double its mean short-term annual

cone productivity.

Pinus albicaulis cone and seed production varied greatly‘both_‘,- .

.between stands and between years. Cone crops varied from zero to

éigﬁt (0-184 g) per mz/yr and seed crops from>zero to 600.(0-60 g)

per mz/yr., There were appfoximatély an equal number of good and-

poor cone producing years in the stands sampled. The mean cone

and seed crops, from a 6-8 year cone production sequence, ranged

from 0.25-3.4 cones (6-84 g) per mz/yr and 20-250 seeds (2-25 g)

5
per m /yr.

Pinus albicaulis cone and seed crops are as great or .greater in
both mass and number than those of many other piné species. The

large, often ﬁingless seed of P. albicaulis and other Haploxylon

pines (Mirov 1967), which occur. in "stress' environments, not only

provide a large energy source. for their respective embryos but

also. for their predators (Maley 1975, Formosof 1933), éome of whom '
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may function in diaspore dispersal. Thus, for successful coloni-
zation and recolonization, trees such as P. albicaulis may not only
have to produce large energy-rich seeds, but also great numbers of

them. This will: 1) attract dispefsal'agents, 2) mitigate the

destrudtivejinfluencé of the dispersal agents and other predators,

and 3) insure successful germination and seedling establishment. o

Trophic levels are pfobably essential for the continuai functioning

of ‘communities and their indigenous species.. Yet large consumer popu-—

" lations, if not controlled, could be devastating to producers. It

‘seémsreasonéble(and often obvious) -that strategiés for predator

avoidance télhave been selected for in prey species, 'Several'
insects are'ogligafe seed predators of coniferous trees (Mattsoh
1971, Abrahamson and Kraft 1965, Radcliffe 1052). Mattson (1971)
found the populations .of seed—coﬁsuming inéects_in\Pinus resinosa -

to be correlated to the cone crop size of the previous year -

' regérdless of current come abundance. Perhaps, one strategy for

a tree, to avoid seed predatiom, is to fluctuate cone produqtion
(Smith 1970, -Janzen 1971).. Fluctuations should be of sufficient

magnitude as to intermittently "over-"

and "under—proviéion"'the-
predator population. If P. albicaulis seed crops are classified

and defined as: 1) "excellent", greater than one s.d. unit above K

the mean, 2) '"good", more than average, and 3) "poor", less than
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average; thén excellent seed years should be preceded by aﬁ equal
number of good and poor years. In my data, éxcellent seed years
wére preceded by a significantiy greater and lower thaﬁ.expected
number of poor (21) ,and good (9) seed yéaré, respeétiveiyl(xz = 4.8,
p < 0.05). ' \

Variation in seed crops may be both~spatial and temporal; they
may be inherent within the tree (Rehfeldt et él, 1971;.Shop;ders4~
- 1967, Varnel et al. 1967), climatically induced, or both. lThe
par£icular strategy or group of strategies.employeé by a trée
speéies is probably ;egulated in-parﬁ_by;the numbe% of prédatoré

and the degree of predation.




CHAPTER 4

FOOD PRODUCTIVITY IN A SUBALPINE ROCKY MDUETAIN

FOREST- ASSOCIATION
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INTRODUCTION

One of the benefits of considering vegetation as existing in

discrete, more or.less_homogeneoﬁs]fepéatable unité, is the ability.

to make generalizations about them. These generalizations can

take the form of management recommendatioﬁs such as: cattle grazing

potentials, timber harvests, road building and maintenance, rec-

‘ reation feasiBility:and many others. The abstract vegetation units,

or plant associations, are also prerequisite for constructing
vegetation maps - which further facilitate management decisions.

Some plant associations of a given region are particularly

and consistently more valuable for certain uses 'than are others.

For instance, the subélpine'Pinﬁs albicaulis - Vaceinium QQOparium‘
associétionA(Wﬁitebark pine - grouse whortlgberry forestsj'of the .
northern Rocky MOuntains.is an important component  of fhe arrAY of
plant aésociétions Whicﬂ comprise thé environment of brsus.arctoé-
(grizzly bear), U. americanus (black 'béar): an.d numerous otﬁer
animais.' The importanée of this association go wildlife stems
from its high production of high_energy-foods. If quantitati%e
géneralizations'concerning the anﬁual ﬁroduction of these foods

within this association can be made, then 1) the potential annual

" diet of the animal(s) is known, and 2) approximation of wildlife 'k

demographics are possible.

-
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The vegetational characteristics of the P. albicaulis - V.

scoparium association have been generally described by Weaﬁer and

Dale (1974); as have above- and belowground productivity (Chaptér 23,

the spatial distribution of the understory shrubs (Fdrcella 1975),

the annual production (and its variability) of ovulate. cones and

seeds (Chapter 3) and the distribution of the association with its A

floristic variation (Chapter 1).

In this chapter I shall report production-and-calo;;fic.value'"

summations for all plant foods, known to be of importance -for wild-

" life, taken from 28 stands of P. albicaulis - V. scoparium associa~

tion (Figureul, excepting stand 30). The geographic range of these
stands and of the association'itself, extends from west-central
Wyoming, through southwestern Montana to east—central.Idaﬁo. .

METHODS

Canopy coverage, tﬁe percent of ground surface.éovered by é:i"
verticai proiection of the aerial pgrts of planté (Déubénmire 1959),
makes an efficient ﬁérameter of plant biomass when it is estimatéd
separateiy for each species occurring within a given habitat. Spch :
esﬁimétes wére made in 107% classes fér each vascular plant species |
enéounteréd within forti—five 2 x5 dm frémes in each of thé 28 -

sampled stands. Further sampling details are given in Chapters 1, 2

a
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and-3. Froﬁ several of these 2 x 5 dm plots, the abovééroand por—v
tions of all plants which Wgré of known foragé value and aﬁ.éufficient:
quantity to be of importance, were aiso ciipped,.byen¢dryed (6Q°C)

and weighed.. (For sample numbers, éee éaption of Fiéﬁre 8). ~ Fruit
production of V. scoparium WasAdetermined by’ﬁicking, dfying €60°C) :
and weighing éll berries %hich occﬁrféd‘iﬁlseﬁeral 1 m2 plots. ?he;"

coverage of this shrub was additionally estimated as above. in each' . ‘

of these plots. Calorific values were obtained for all plant parts

through standard bomb calorimetric procedures (Chem. Stn. Analytic ’

Lab., M.S.U.).

Siﬁple’linear regressions were deVelopéd for both mass and

C : 2 )
kilocalories (annual production) of each species per m using their

respective canopy coverages (including square or square root

transformations) as the indépendent.variables. The resultant

regression equations were then used to calculate total mass and:

calorific values for each species from their respective mean cover—

'~ ages in each stand.

Nomenclature follows that of‘Hitchcock.and'Cronquist_(l973),»

for plants, Hoffman and Pattie (1968) for mammals, the American S

Ornithologist's Union (1957) for birds, or theiSpecifié.referenCE"

cited.
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RESULTS AND DISCUSSION

The annual production of edible mass and energj of all known
and important wildlife foods which occurred in the P.-albicaulis

stands are shown in Figure 8, where they are plotted against their

‘respective canopy coverage values.

The data for‘P. albicaulis mast (seeds) for the stands, which
is by far the most important food source, were taken from Chapter 3
and are reported as mean annual seed productivities.. There are,
however, substantial yearly fluctuations of comne crops in Whitebark'
pine foresté, and this likely has signifiéant coﬁsequences for the
animals dependent on them., e.g., gfizzly bears (Craighead 19]6).
Yearly cone crops can be separated inte "good'r and "poer" crops,
and the mean good and poof cone crops are also correiatedﬁwith
arboreal canopy coverage, (Chapter 3). These correlations of good-
and poor coﬁe crdps with canopy covefage may be of greater importance
to wildlife and wildlife managers than are-correlétions with average

crops. It is also of management significance that since ovulate

'pine cones require 2 years for maturity, the resultant mast crops

can be predicted by more than a year in advance of their ripened . -

edible state (Allen 1941, Chapter 3). Conceivably, animals other

‘than forest researchers might also be able to predict future cone

crops and thereby regulate their populations accordingly. For
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Figure 8. The annual available mass and energy of plant foods as
a function of the canopy coverage of the taxa which produced them:
The lettered regression lines, the corresponding taxa and the cor-
relation coefficients for the regressions are as follows: a) Carex
geyeri foliage, r=0.85 (n=27); b) Vaceinium scoparium fruit, 'ex-

posed plots', r=0.81 (n=27); ¢) V. scoparium fruit, 'shaded plots',
r=0.84 (n=10, # 187 see text); Pinus albicaulis seed, r=0.65 (n=
28); e) Arnica latifolia and A. cordifolia foliage combined (kcal/
m? are identical), r=0.98 (n=24). Values for lines a,d and e below
10% coverage have been estimated and do not follow the generated
regression equations. Energy of P. albicaulis is for seed endosperm
and embryo only. Note the different scales for each function.
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example,-concéption_and the number of bifths of famiaéciurué
douglasii (Douglas squifrel) in British'Cblumbian_céﬂifer,forests,_
‘are correlated.with the size of the forthcoming mast crop (Sﬁith.>
l§70). A similar,mast'crop - fertility pattern exists for Sbiur#s'
earolinensis (gray squirrgl) in Ohio (Nixon et al. 1975). fhié
seéming ability of the séuirrels to "second guess"” masﬁ groﬁé'
becomeé less improbable when one considefs tﬁe rgady visibility
of the young cone buds (and/or first. year comnes in Pinué) aﬁd the
'1ongstanding relationship of fﬂe squirrels Wifh the trees aqd
their seeds. |

Berry production of V. scoparium and‘its calo%;fic content
is slight in.comparison with mast on a.unit—area basis.  Since the.
berry data recorded for 187 omne m2 plots within the ﬁhiteﬁark
pine stands was extremely vatriable, the méans fof each 10Z cover-
age class (p;v..}s = 100%) were used in the regression shown in.
Figure 8c¢. The relationship shqwn'here-indicates that %ith
‘increasing canopy coverage of V. scoparium, a saturation péin£ for
fruit production occurs (at about 40%). Thié'is probably-dﬁe to
the shading effeét of the increasingly dense foiiage. ‘The-high,~
light requirement for fruit production in -Vaceinium spp. is well.
known (Hall 1958,.Aalders et al. 1969). This ligﬁt requirement: -

for V. scoparium is alluded to when comparing fruit production
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under a forest canopy with that at the edges of clear cuts or
natural openings (Figures 8c and b, respectively). Fruit pro-

duction in the exposed sites is considerably greater (x 10) than

that of the shaded areas, and it is much less variable (c.v. =

BOZ) and a saturation point ié not evident;v Measurements of light
intensities weré made in 10 of the stands for 24~houx périods witﬁ.
5-10 integréﬁing light meters (Friend 1961) in each stand.  Tﬂe
mean-light intensity for the stands wés 84+10% full sunlight; the
lowest recorded intensity for any single light meter wﬁs 667 full
sunlight. Appérently, fruit‘producﬁionuin V. scopariuﬁ is compafa~
ti;ely light sensitive (cf. Hall 19538, Aalders et él; 1969). A
Management decisions wﬁich include disturbance of £he overétory in
whifebark pinelforeéts will incfease‘V, scopa%ium iruit‘production.
The dominant and edible gerbaéeous speciés; Carex geyeﬁi,
Arnica Zatifbliavand A. cordifolia (Figures 8a,.e), only rarely -
obtain mean coverage values greater‘than 10%; cutiulative inter-
specific herbaceous coverage rarely exceeds 15%. fhese herbs do,
however, contribute. substantially to the forage masé aﬁd energy
of the association; for ungulates they may be of singular importénpei
The between 'stand range (and mean * s.d.) of kcal/m?/yr forl
each plant mentioned above is: P. albicaulis seed>8—105 (42i28);

V. scoparium fruit 0.2-2 (1.2%0.5), C. geyeri foliage 0-105 (21£35),
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A. latifolia foliage 0~33 (8%10) and A. cordifolia foliage 0-27 -

(4&7). The high variation of energy of the 3 herbs is partially a

consequence of the floristic and compositional variation of the .f

association. The presence and abundance of these and. other herbs .

in the understory of whitebark pine forests -is directly related to .
the geographic (floristic) region in which the stands are located’
(Chapter 1). For example, if the 28 stands are separated into 3

regions (Wydming, Idaho and SW Montana, ahd W Montana; see Figure 1),

" the differing quantities of each of the three herbs in these regions .

T

are clearly distinguishable (t-test, p = 0.01}. Knowlédge of such.

phenomena may be useful in natural resource management (including

domestic stock grazing), when interpre;ing vegetation maPé,»forl'f'
example. |

" The total. food enérg& available per year in the 28 stands fanges“
from li—l78 (76i45) kcal/mz. Assuming.that the median of-the stands
represents the typical'whitebark pine fores£, then such a forest_;
proﬁuces 75 kecal of f&od_energy per mz aﬁnually.} In comparis&n With :
other temperate coniferous forests, P..élbicawlis aépéérs to be
significantly more productive (Smith 1968, Chapter 3); P. sibi?ica
forésts in the U.S.S.R. may be an exdeption (Formosof-1933, Pravdin
1963, Chapter 3). Agriculéural systems may be‘as'ﬁuch'as 9 times_

more productive than whitebark pine forests: from‘l970—1974,.typical
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highly—managed North Américaﬁ wheat-fields.aﬁﬁually pro&ucéd R
693 kcal/m2 of food ene?gy (= .0.21 kg/m?; U.S.D.A. 1974; fqr:‘
conversions see Revelle.l966). If the "cultural enérgy” ;sed to
produce the wheat crop is éonsidered-(abéut 1/3 the total croP;:
Heichel i976), then tﬂe net-eﬁerg& production‘différencefbétween -
P. aZbicayiéé énd wheat fields is reduced to a facto¥ of 6; Oﬁe_
might assume that culturél.energy is not usea in piﬁé cdne Pro_'
duction; however, in the procurement of seeds, red squifreis
(Tamiaseiurus hudsonicug) and black bears climb thé tyées,and
"oftenldestroy the leader shoots on which the strobililare m%turing.-
Such leader shoot damage may weli be‘analégous_to.the»endérgoniéf' "
pruning practices of silvicﬁltﬁrists and hoftiéulturistsu )

A high primary'production of food energy in an& type:of vege— -
tation should.also be reflected in its secondary prodﬁctivity;
In reference to forests of P. sibirica (a £axon clésely relafed
to P.. albicaulis), Formosof (1933)"states that‘mice, voleé,léhip—'_
munks, squirrels, sables, brown béars, boars, deer and many:specieé
of birds "havé'constént reéourée to this food (pine'nutéfx"’ Formosof
also points oututhat: 1) it is only dﬁringAyears of mést failu?es,':
‘in Siberia that the nutcracker (Nuéif?aga.caryocafoctes ﬁaerérynchus)
' mass-migrates west, és far as Britain,IZ) the annualAmarketing of P

squirrel (Seiurus vulgarig) pelts is clearly correlated with the
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magnitude of the mast crop, and 3) during-goéd mast years, the seeds
are regularly collected.for human consumption. Pravdin (l§63):sEates '
that Siberian-villagers haveueven'selected for hiéhéyiéiding trees '
" in their local village plantatioms.

There are no supportive data for the dependencé of‘sec6ndary
production-on plant food avdilability in P. albicaulis forests, but
there is speculation: for gfizzly:bears (Craighead"19765 énd.my own, . -
observations éuggest it for red sqgirrels and Nucif?éga équmb?ana>'
(Cl;rk's nutcrackef).' If these speculated dependencies are not for
population number pér se, they are at least‘fqr population distri-
bution'wifhin a mouﬁtéin'range./ The frequeﬁcy of Cervus caﬁadensié .
(élk), 0docoileus hemi.onus. (mule deer) and Canachites -sp];‘): (grouéé;)
scat in P. albicaulis étanas attests to even more possible and
partial'dependencies.

Except for the present on-going ''Interagency Grizzly Bear
Study" (U.S.F.S., U.S.N.P:S. and local sfate agencies) there are
no data concerning animalldemographics in tﬁe P. albicaulis —.V;-‘
scoparium association. However,'if the energetics of individuals
are known, it is possible to_specuiate maximum poteﬁtial populétion,
-densities. Ihe~best pertinent example that I kﬁOW'Of'iS fdr r. -
hudsonicﬁs: the average annual energy conéent of food avéilable in

individual red squirrel territories in Pinus contorta (lodgepole
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;pine) forests is about 40,000 kc;l (Smith 1968; for a aeciéuous
forest.seé Montgomery.l975). ;The areal extent of these terfitories
fluctuates.with the.sizé of .the mast crop, but fhej average about"
one hectare. With respect to seeds and berries onlf; tHe séme kcél—
térritory needed to fulfiil the energy requiremenfs of red squirrelé
. in whitebark pine forests would be 0.1 h;;(= lO'squirfelS/ha}.;th

Blaqk bears annually céﬁsumé abouﬁ 374 X 106 kcéi in ?eséarch
pens (per. comm. with Dr. R.A. Nelson, MQYO~Clipic, Rochestei;
Minﬁesoté 1976). Assumiﬁg (naively) that thése béars consume'only
and all whitebark pine forest foods, then such féres£s could poten~— -
tially suppor;,O.Z beafs/ha (= 20 beafs)kﬁ?) in average yeafé{ a |
Usual ursine dgnsitiéé eﬁcountered_within typically higb béar
density areas in ﬁorth America range‘frﬁm 0.03—0.5_bears/km2
(Martinka 19?4, Jonkel et.al. 1971; Murphy and Floor 1973, Cole
1967). o

Blankinéhip'(l905) has lisfed P,.aZbicauZis seedlaé.a‘common‘
item in Montana Indian diets. The éverage‘extang_(U.é.A.) citizéﬁ]
eats about 1/3 as much aé 5 bear~-about 1.15 X 106 kéal/hr;'thé'
>average World citizen coﬁsumes 0.87 x.106 kcal/yf:(U:é.D.Am 1974).
P. albicaulis forests (seeds.and berfies only) couldlﬁpﬁentialiy :
support about twicé ;s many U.S. citizeps as bears, ;rf2,5 X as many

average humans. For comparison,_l ha of the Wheaﬁ fields previously
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referred to' (gross yield; x 2/3 for net yield) could conceivaEly

feed 173 squirrels, 8 World citizens, 6 Americans, 2 bears or a

combination thereof.
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APPENDIX 1

Up to én age of 75 years the bark of P. éibicaulis'rémains sﬁéoth ’
aﬁd about 3 mm thick over thé entire surface of the bole. “Aséuﬁing
that'a‘smooth bark indiéa£es a lack of bark sﬁedﬂing, théﬁ all the
Bark produced by a tree remains on. that tree. Ihe méss of a tfée’éi‘
Bérk is easily:measufed by.estimatinglits volume from the’dif‘fer—--_-~
ence of total-bdle &olume and bdle wood Volume; and multipiying |
- by bark densit& kabout .8 g/cm?, c.v. 14%). »

The mass éfzﬁark in a stand is lineafly félated toisﬁand~bééal L
area (BA, Table'i), and rénges ffom.0;69 to 2.¢3 kg/m2‘in-thé 14
stands studied; The regreséion coefficiént_o? slope (b) 6f'tﬁis l:”
relationship is.the increase of bark'ﬁass'per unit afea inéreésé
~of BA. If the yearly Baéal aréa increment (BAI) is k#own,'then._‘
annual-bark mass incfement (= production) may be caléulatéd;-‘

BAT x £ = bark ﬁroductioﬁ |
Annual BA increment is caléulafed by dividing the annual wood‘
volume increﬁent'ﬁy the slope of the stand Bole'voiume over BA
regression (Table 2)§.this slope is gsséntially év_weig.htl:ed_'meanA~
heiéht increment per‘unit BA increment. Annual BA'increméhts.in‘_~~
the stands. range from 0.09 to 0.48 mz/ﬂa/yr with‘a-cérrespondiﬁé A
'bérk'production of 1 to 7 g/mzlyr. .These.p¥oduétioﬁ figufes abpéar

" small, though if they are multiplied_by the age .of the stand, .the )
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products are often twice the calcﬁlated bark maéé; about‘whaf pné}
Woula expect coﬁsidéring that When,a~stand was younger, it proﬁably
produced less'than it currently does. In some instaﬁces the
"production x age' products are about equal to bark mass, thus the -
productionréstimates are certainly biésed'toward the low side in
such cases. 0f course, thése bark production'figqres are also
skewed toﬁard low valﬁes due to our assumed absence'of_barqu
shedding. All in all,'these values likely represent minimal buf

reasonable estimates.
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Appendix 2. Locatioms of the 29 Pinus albicaulis - Vaceiniwum sco- -
parium communities. " . e

. Stand - Mountain Range County State Longitude Latitude

01 Madison Madison Mont. 111 27 45 17 -
02 Madison Madison.. Mont. 1ir 27 - 45 17
03 Little Belt . Meagher . - Momt. - 110 41 - 46 51
04 Castle - Meagher Mont. 110 46 46 29
05 Castle Meagher Mont. .-110 46 46 29
06 Big Belt _ Broadwater Mont. 111 15 .~ 46 27
07 Big Belt Broadwater  Mont. 111 16 - 46 27
08 Big Belt - Broadwater £ Mont. .11l 16 46 27
09 Absaroka Park Mont. .. 110 15 . 45 10
10 - Madison Gallatin " Mont. - 111 24 45 11 -
11 Elkhorn - Broadwater Mont. 111 56 = 46 18
12 Elkhorn : Broadwater Mont. 111 56 - ~46 18 -..
13 - Tobacco Root Madison Mont. 111 55 45 26. .
14 Tobacco Root ° Madison Mont. ..111 55 - 45726
15 . Bridger ‘Gallatin . Mont. -11T 59 @ 4554
16. Wind River ‘Sublette Wyo. 108 52 . . 42 38. L
17 - Wind River ~ - Sublette’ Wyo. - 109 11 - 42 45
18 . Wind River . Sublette ~Wyo. . 109 51 43 09
19 Absaroka " Teton Wyc. 110 05 . 43 44
20 Absaroka . Park Wyo.. . 109 33 . -44 56
22 Bitterroot Ravalli Mont. . 114 13- 46 42
23 Bitterroot Ravalldi . Mont. 114 13 46 42
24 Bitterroot Ravalli . Mont. 114 20 46 15 -
25 Bitterroot Ravalli . Mont. 114 17 . 45 33
- 26 Bitterroot Lemhi Idaho 114 18 - . 45 28 .
27  Salmon River - . Lemhi Idaho 114 06 . 4502 .
28 Salmon River Valley Tdsho . 114 28- ~ 44 36 =
29 Pioneer Beaverhead Mont.". 113°'55 =~ 45720

30 Red Mt, Cun~ tvrLewis&Clark Momt. - 112 14 V46_28
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Appendix 3. Estimated annual cone crops for Pinus albicaulis.

STAND

ESTIMATED 'CONE CROP/M?

1976 1975 1974 1973 1972 1971 1970 1969|

16
.17
18"
519
20
10
01
02
07
06
08 .
12
11
09
14
13
05
04
15
03
22
23
24
25
26
27
28
29

'2.71 2.52 0.25 2,52 1,01 2.52 —— " —-

'0.27 0.18 0.36 0.27 1.34 0.63 0.18 —-

© 0.74 3.68 0.84 3.78 1.68 1.10 0.74 0.42

1.12 2.59 0.80 1.92 1.09 0.68 0.32 0.47

2.02 3.80 1.60 1.60 1.37 1,13 —— ==}
1.25 1.25 0.65 0.77-0.57 1.50 ~= — |
0.68 1.73 0.16 0.92 0.920.72. —= -
1.23 1.94 1.66 0.71 0.62 1.28 - ——
0.58.0.77 0.%9 0.17 0.64 0.86 0.22 --
0.64 3.77 1.20 2.21 0.92 1.75 0.92 —-
1.13 4.91 5.38 4.63 3.12 4.63 1.23 -— |
0.00 0.09 8.96 3.13 3.65 3.91 1.65 3.48
0.52 0.40 2.65 1.62 1.79 2.54 0.75 1.73

1.70-0.38 2.57 0.19 0.19 1.51 0.19 1.88:
1.53-6.12 1.88 2.24 2.00 3.88 1.41 4.23°
1 0.25 2.06 0.55 0.46 0.46 1.30 0.25 1.26

0.94 1.37 1.58 1.15 1.50 0.47 0.85 —-
1.49 3.60 3.34 0.53 2.73 3.78 0.53 —-

0.87 0.00 1.77 0.60 0.93 0.75 —— —— .
1.50 0.33 1.20 0.66 0.23 0.63 - -
1.04 0.03 1.22 0.00 0.10 0.06 —— . —
0.19 0.00 3.80 1.83 0.48 1.27 —— =
2.51 1.13 4.86 2.27 2.35 2.67 1.22 1.05]
0.45 0.79 0.52 0.79 0.81 0.34 0.05 0.05
0.69 0.23 0.27 0.29 0.31 0.29 0.04 0.06

0.14 2.30 0.34 0.98 1.15 0;64 0.24 0.41 J.

0.11 0.93 0.36 0.61 0.41 0.21 0.11 0.16
1.10 2.80 8.41 2.80 6.20 3.30 0.90 3.60] -
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