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Table 1. List of conifer taxa, their common names, and original data source—Continued.

Scientific name Common name Original source Map or page number
in original reference

CONIFER SPECIES—Continued

Picea mariana MillL) BS.P. .......cccoovveenen. black Spruce .........cceeveeeenene Little (1971) cooveeeeeerecenerieeene 38-N, 38-E
Picea pungens Engelm. .............cccoecvvvneenn. blue spruce ........cceeveveeruevenene Little (1971) v 40-W
Picea rubens Sarg. .........c.coeeeeveriivecvirenienennns red SPruce .....cvveveveevciereceerinnn Little (1971) v 41-N, 41-E
Picea sitchensis (Bong.) Cart. .........c.ooeevernen. Sitka SPruce......ccccvevvereceerirnane Little (1971) coveeeieeeeiereecnns 42-W, 42-N
Pinus albicaulis Engelm. ...............cccccouvnunnnne whitebark pine..........ccccovnee. Little (1971) oo 43-W, 43-N
Pinus aristata Engelm. ............c.coocvvcevevnnnnnne bristlecone pine ............c.c..... Bailey (1970); Little (1971)........ p- 215, 44-W
Pinus attenuata Lemm. ...........ccccccovevvverveerenne knobcone pine ............coeveneee. Little (1971) ovveeeeeeeeieeecverieeene 48-W
Pinus ayacahuite Ehrenb. ............c.ccoovervennene. Mexican white pine............... Critchfield & Little (1966).......... Map 9
Pinus balfouriana Grev. & Balf. ................... foxtail pine ........covveeeveecerreenes Little (1971) ovveireeeeeeecreenenne 45-W
Pinus banksiana Lamb. ...........cccoooveevrcncnnne. JAcK PINE .c.coviiieeecce, Little (1971) cccerrvrireiiereceeccnens 46-N, 46-E
Pinus caribaea Morelet ............ccooveevnunene. Caribbean pine...........cccc...... Critchfield & Little (1966).......... Map 46
Pinus cembroides Zucc. ..........oueveerecevcnencnn. Mexican pinyon .............c..... Little (1971) veeceeeieececriers 47-W, 47-N
Pinus clausa (Chapm.) Vasey .........cococeeene. sand pine ........cccoeeveeeureerereneen Little (1971) cveiieeeeceee 49-E

Pinus contorta Dougl. ........ccccovvrvvvnrrennne. lodgepole pine.........ccccceereene. Little (1971) ceeceiirveericcnerencienenns 50-W, 50-N
Pinus cooperi C. E. Blanco ..........ccceevevvevennns Cooper Pine.....cceeceveerereerenens Critchfield & Little (1966).......... Map 51
Pinus coulteriD. DON ....coovveveereieeeecnnen Coulter pine.......cccevrvererervvnnnn Little (1971) cccvreeireeieeeecereees 51-W
Pinus douglasiana Martinez ..............cc......... Douglas pine ........ccccccreeveneee. Critchfield & Little (1966).......... Map 52
Pinus durangensis Martinez .............cco.c....... Durango pine........cocecceverenene Critchfield & Little (1966).......... Map 50
Pinus echinata Mill. ..........cccoovverrvnnccnenn. shortleaf pine...........cccecverunene Little (1971) covenceeicrcrccnene 52-E

Pinus edulis Engelm. ......ccooveveerieeveencennne PINYON ....vvivirveiririeiinens 53-W
Pinus elliottii Engelm. .......ccoooeeeineecreennen. slash pine........coocvvvervrrrerncne 54-E

Pinus engelmannii Carr. ........ccoovvveeeeeennnnne. Apache pine .....ccocevvvevvereennee 55-W, 55-N
Pinus flexilis JAMES ......ccocvrevevereeieeceieeenee limber pine ........ccovevreeeruevenne 56-W, 56-N
Pinus glabra Walt, ........cccoovcvvvnniiiiiiennen. SPIUCE PINE ..ovveveeerererceenirneen 58-E

Pinus greggii Engelm. .........cooooiiveecnienene Gregg pine.....cooeecevecreeeneinennes Map 60
Pinus hartwegii Lindl. .......ccceccvvvvinnenecnn. Hartweg pine Map 51
Pinus jeffreyi Grev. & Balf. ...........ccoooeuneneee. Jeffrey pine......ccoceveereerenverenee 57-W
Pinus lambertiana Dougl. ...........occeeeevenenne. SUZATL PINE ..o 59-w
Pinus lawsonii RO€ZL. .....ccoovvviverieirrieeiiennns Lawson pine ........c.coeeeeeeriiens Map 53
Pinus leiophylla Schiede & Deppe ................ Chihuahua pine ........ccceoeeeee. Critchfield & Little (1966).......... Map 22

Pinus longaeva Bailey .........cccoceoecvveeircenane, Intermountain

bristlecone pine

Pinus lumholtzii Robins. & Fern. Lumboltz pine........

Pinus michoacana Martinez ... Michoacan pine

Pinus monophylla Torr. & Frém. ................... singleleaf pinyon...........ccouee.. Little (1971) oo 60-W
Pinus montezumae Lamb. ..........c.ccceeeeevenennene Montezuma pine............coo..... Critchfield & Little (1966).......... Map 49
Pinus monticola Dougl. ........cccovrvirineeennen. western white pine ................ Little (1971) covvvcvvnviiriiriniicinnne 62-W
Pinus muricata D. DON .......covvvvevrieeeneerneeenens bishop pine .......coevrveervrrcnne Little (1971) oo 63-W
Pinus nelsonii Shaw .........cccoecveveveevcvnnrnnnnn Nelson pinyon...........ccccveeeee.. Critchfield & Little (1966).......... Map 18
Pinus 00carpa SChIede .........cocoiieeieiiieiieeeeer et Critchfield & Little (1966).......... Map 61
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Table 1. List of conifer taxa, their common names, and original data source—Continued.

Scientific name Common name Original source Map or page number
in original reference

CONIFER SPECIES—Continued

Pinus palustris Mill. ....cocovceiicniiiieeinnns longleaf pine........ccccecrvereveene. Little (1971) c.oeveeeicreriecceeceiene 65-E
Pinus patula Schiede & Deppe .........c.cccueneeee. Mexican weeping pine........... Critchfield & Little (1966).......... Map 60
Pinus pinceana Gord. .........coeeveeveerereennnnn. Pince pinyon.........ccceeveeneens Critchfield & Little (1966).......... Map 18
Pinus ponderosa Laws. ......c...ccevvcrvererernnnns ponderosa pine .........cccvveenene. Little (1971) oveveeeiiriricreee 64-W, 64-N
Pinus pringlei Shaw ..........cccoomevvcvcicncnnees Pringle pine ........cocoeveerucueenne Critchfield & Little (1966).......... Map 61
Pinus pseudostrobus Lindl. ......ccoveriiinierieeeirieeeeee e eaanas Critchfield & Little (1966).......... Map 52
Pinus pungens Lamb. ......ccocevveinicieinnnnonns Table-Mountain pine.............. Little (1971) coveverrirreecicerecneens 66-E
Pinus quadrifolia Parl. .........cccccccvverennnnnne. Parry pinyon......ccocceceneiennnne Little (1971) .oveverremceeieenienee 67-W
Pinus radiata D. DON .........cccccvucuneircnrirrnnne Monterey pine .........ovvcenunens Little (1971) cvovreeiieeiniciiiicnns 68-W
Pinus resinosa Ait. ......c.coeeceveenrnennienennnes red PiNe......c.coveveveeeecereenes Little (1971) coveveivinviricenecienenns 69-N, 69-E
Pinus rigida Mill. ..o, Pitch pine.....cccvveeevccreniricicnene Little (1971) c.oveveerceeereceecereninne 71-E
Pinus sabiniana Dougl. ......ccccoevvernerennnene. Digger pine......cooereeeecrrurennne Little (1971) woovcvrerrriiercecrenes 70-W
Pinus serotina MichX. ......ccccecevevvvernrennnnn. pond pine......cceeevrereiinnnnns Little (1971) .covcneniinincciiineee 74-E
Pinus strobiformis Engelm. ........cccooocvceenne southwestern white pine........ Little (1971) .o 72-W, 72-N
Pinus strobus L. ..ccoooveoveevevrccieccneeieieiens eastern white pine.........c........ Little (1971) coveeevrerevencrinieccreen 73-N, 73-E
Pinus taeda L. .....couvoeenieienrncnrcnisreecn loblolly pine ......cccceoonvevecncnnee Little (1971) cooeveeerceeniercccneneeene 75-E
Pinus teocote Schiede & DEPPE  cvevvveeeiieieieeiieeeeeeeee e r e Critchfield & Little (1966).......... Map 53
Pinus torreyana Parry ........ccececeveoneenennnn. Torrey pine .....coeeeeevvvrreecnnas Little (1971) ccooirecreirceererncrneen 76-W
Pinus virginiana Mill. ..........cccccooceniinnnnnn. Virginia pine.......ccccccveereeeencne Little (1971) coeceverenirieencinenene 77-E
Pinus washoensis Mason & Stockwell .......... Washoe pine .........ccoveeerereenene Little (1971) cvovereeiriiceeeceeienee 78-W
Pseudotsuga macrocarpa (Vasey) Mayr ....... bigcone Douglas-fir............... Little (1971) vovvieieeeiieciriieeeene 79-W
Pseudotsuga menziesii (Mirb.) Franco ........... Douglas-fir.....cccoeceeeerrirnnanes Little (1971) eovereeirrrieemreerecnnns 80-W, 80-N
Sequoia sempervirens (D. Don) Endl. ........... 1edwood.......oveerieneiiiieeee Little (1971) oovieeeeeciieciseeeenee 81-W
Sequoiadendron giganteum

(Lindl.) Buchholz ..........cccooevveeveerennee. giant SeqUOIA ...ovvevrveerurereeenens Little (1971) coveeeveieceiceeeceeeen 82-W
Taxodium distichum (L.) Rich. ......ccoocveveunnnn. baldeypress.......c.occreeerrmccnnne Little (1971) oo 84-EF
Taxodium mucronatum Ten. ..........cceeeeenn.n. Montezuma baldcypress........ Little (1971) e 83-W, 83-N
Taxus brevifolia Nutt. .........cccoecervvneinnnincnnns Pacific yew......cocevecinerinecnnan. Little (1971) cevveerceceieercecreee 86-W, 86-N
Taxus canadensis Marsh. .........cccccvvnrenennnen. Canada yew .....ccccocorvmuernenne Little (1971) coveeeeiceeeeeee 86.1-N, 86.1-E
Taxus floridana Nutt. .........ccccooveivennnecnnen Florida yew .....cccecrmmeisreecnce Little (1971) coovercirrereceinrecneae 85-E
Thuja occidentalis L. .......cccooeveeceveeeeireennns northern white-cedar ............. Little (1971) oo 89-N, 89-E
Thuja plicata DONN ........oeeveeeerecreeeiieieeeenns western redcedar .................. Little (1971) ceeeeveeiiiieecereeecnnns 90-W, 90-N
Torreya californica TOIT. ......ccooveevcmnreiennne. California torreya.................. Little (1971) oo 87-W
Torreya taxifolia ATn. .....ccccccoeevvciivairienrannn, Florida torreya.........cccovcnenee. Little (1971) eeevreeiiieneenene 88-E
Tsuga canadensis (L.) Cart. ....cccvveveevinvevenne eastern hemlock............oc.cvne. Little (1971) cvereceenrineceririeeens 91-N, 91-E
Tsuga caroliniana Engelm. .........ccocovvvennnn, Carolina hemlock................... Little (1971) ceviieeiieenrceenee 94-E
Tsuga heterophylla (Raf.) Sarg. ..................... western hemlock ................... Little (1971) e 92-W, 92-N
Tsuga mertensiana (Bong.) Carr. ......ccccceccee. mountain hemlock................. Little (1971) coovevrecerreneccrnrceeenaee 93-W, 93-N
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Table 1. List of conifer taxa, their common names, and original data source—Continued.

Scientific name Common name

CONIFER GENERA & GROUPS (see table 2)

ABIES .ot fir
ABIESEAST .ot fir in eastern North America
ABIES WEST ..o fir in western North America
CUPRESSACEAE EAST ..o cedar family in eastern North America
JUNIPERUS ..ot juniper
JUNIPERUS BOREAL ......cccovvivirmnenccnnennne boreal juniper
JUNIPERUS EAST ..o juniper in eastern North America
JUNIPERUS WEST ..ottt juniper in western North America
JUNIPERUS WEST WOODLAND ............... woodland juniper in western North America
LARIX oot larch
LARIX/PSEUDOTSUGA ....ccoonvveeiariceraans larch and Douglas-fir
PICEA oot spruce
PICEANORTH/EAST ..o spruce in northern and eastern North America
PICEA WEST .ot spruce in western North America
PICEAWEST INTERIOR .......coeiiienne spruce in interior western North America
PINUS' .ottt pine
PINUSEAST ..ot pine in eastern North America
PINUS NORTHEAST ..o pine in northeastern North America
PINUS NORTHEAST YELLOW ......ccccooeeee yellow pine in northeastern North America
PINUS SOUTHEAST ....oooiiiirrncecrencens pine in southeastern North America
PINUS WEST ..ottt pine in western North America
PINUS WEST WHITE ....ccooeeviiiiiieeccnes white pine in western North America
PINUS WEST PINYONS ... pinyon pine in western North America
PINUS WEST YELLOW .....ccovvniriiiniinnnn yellow pine in western North America
PSEUDOTSUGA ..o Douglas-fir
TAXODIUM ..ot baldcypress
TCT (TAXODIACEAE/

CUPRESSACEAE/TAXACEAE) ............. yew, cedar, and baldcypress families
TCT (TAXODIACEAE/

CUPRESSACEAE/TAXACEAE) EAST ..TCT in eastern North America
TCT (TAXODIACEAE/

CUPRESSACEAE/TAXACEAE) WEST .TCT in western North America
TSUGHA et hemlock
TSUGAEAST oot hemlock in eastern North America
TSUGA WEST ccootecietnccnceneecreeineeiens hemlock in western North America
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Table 2. Conifer species comprising groups listed in tabie 1.

ABIES: Abies amabilis, Abies balsamea, Abies concolor, Abies fraseri, Abies grandis, Abies lasiocarpa,
Abies magnifica, Abies procera

ABIES EAST: Abies balsamea, Abies fraseri

ABIES WEST: Abies amabilis, Abies concolor, Abies grandis, Abies lasiocarpa, Abies magnifica, Abies
procera

CUPRESSACEAE EAST: Chamaecyparis thyoides, Juniperus ashei, Juniperus silicicola, Juniperus
virginiana, Thuja occidentalis

JUNIPERUS: Juniperus ashei, Juniperus californica, Juniperus communis, Juniperus deppeana, Junipe-
rus flaccida, Juniperus horizontalis, Juniperus monosperma, Juniperus occidentalis, Juniperus
osteosperma, Juniperus pinchotii, Juniperus scopulorum, Juniperus silicicola, Juniperus virgini-
ana

JUNIPERUS BOREAL: Juniperus communis, Juniperus horizontalis
JUNIPERUS EAST: Juniperus ashei, Juniperus silicicola, Juniperus virginiana

JUNIPERUS WEST: Juniperus californica, Juniperus deppeana, Juniperus flaccida, Juniperus mono-
sperma, Juniperus occidentalis, Juniperus osteosperma, Juniperus pinchotii, Juniperus scopu-
lorum

JUNIPERUS WEST WOODLAND: Juniperus californica, Juniperus monosperma, Juniperus occiden-
talis, Juniperus osteosperma, Juniperus pinchotii

LARIX: Larix laricina, Larix lyallii, Larix occidentalis

LARIX/PSEUDOTSUGA: Larix laricina, Larix lyallii, Larix occidentalis, Pseudotsuga macrocarpa,
Pseudotsuga menziesii

PICEA: Picea breweriana, Picea engelmannii, Picea glauca, Picea mariana, Picea pungens, Picea
rubens, Picea sitchensis

PICEANORTH/EAST: Picea glauca, Picea mariana, Picea rubens
PICEA WEST: Picea breweriana, Picea engelmannii, Picea pungens, Picea sitchensis
PICEAWEST INTERIOR: Picea engelmannii, Picea pungens

PINUS: Pinus albicaulis, Pinus aristata, Pinus attenuata, Pinus ayacahuite, Pinus balfouriana, Pinus
banksiana, Pinus caribaea, Pinus cembroides, Pinus clausa, Pinus contorta, Pinus cooperi, Pinus
coulteri, Pinus douglasiana, Pinus durangensis, Pinus echinata, Pinus edulis, Pinus elliottii, Pinus
engelmannii, Pinus flexilis, Pinus glabra, Pinus greggii, Pinus hartwegii, Pinus jeffreyi, Pinus
lambertiana, Pinus lawsonii, Pinus leiophylla, Pinus lumholtzii, Pinus michoacana, Pinus mono-
phylla, Pinus montezumae, Pinus monticola, Pinus muricata, Pinus nelsonii, Pinus oocarpa, Pinus
palustris, Pinus patula, Pinus pinceana, Pinus ponderosa, Pinus pringlei, Pinus pseudostrobus,
Pinus pungens, Pinus quadrifolia, Pinus radiata, Pinus resinosa, Pinus rigida, Pinus sabiniana,
Pinus serotina, Pinus strobiformis, Pinus strobus, Pinus taeda, Pinus teocote, Pinus torreyana,
Pinus virginiana, Pinus washoensis

PINUS EAST: Pinus banksiana, Pinus clausa, Pinus echinata, Pinus elliottii, Pinus glabra, Pinus palus-
tris, Pinus pungens, Pinus resinosa, Pinus rigida, Pinus serotina, Pinus strobus, Pinus taeda,
Pinus virginiana

PINUS NORTHEAST: Pinus banksiana, Pinus resinosa, Pinus rigida, Pinus strobus

PINUS NORTHEAST YELLOW.: Pinus banksiana, Pinus resinosa, Pinus rigida

PINUS SOUTHEAST: Pinus clausa, Pinus echinata, Pinus elliottii, Pinus glabra, Pinus palustris, Pinus
pungens, Pinus serotina, Pinus taeda, Pinus virginiana
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Table2. Conifer species comprising groups listed in table 1—Continued.

PINUS WEST: Pinus albicaulis, Pinus aristata, Pinus attenuata, Pinus balfouriana, Pinus cembroides,
Pinus contorta, Pinus coulteri, Pinus edulis, Pinus engelmannii, Pinus flexilis, Pinus jeffreyi,
Pinus lambertiana, Pinus leiophylla, Pinus longaeva, Pinus monophylla, Pinus monticola, Pinus
ponderosa, Pinus quadrifolia, Pinus sabiniana, Pinus strobiformis

PINUS WEST WHITE excluding pinyon pines: Pinus albicaulis, Pinus aristata, Pinus balfouriana,
Pinus flexilis, Pinus lambertiana, Pinus longaeva, Pinus monticola, Pinus strobiformis

PINUS WEST PINYONS: Pinus cembroides, Pinus edulis, Pinus monophylla, Pinus quadrifolia

PINUS WEST YELLOW: Pinus attenuata, Pinus contorta, Pinus coulteri, Pinus engelmannii, Pinus
Jjeffreyi, Pinus leiophylla, Pinus ponderosa, Pinus sabiniana

PSEUDOTSUGA: Pseudotsuga macrocarpa, Pseudotsuga menziesii
TAXODIUM: Taxodium distichum, Taxodium mucronatum

TCT (Taxodiaceae/Cupressaceae/Taxaceae): Chamaecyparis lawsoniana, Chamaecyparis nootkatensis,
Chamaecyparis thyoides, Cupressus arizonica, Cupressus bakeri, Cupressus goveniana, Cupres-
sus guadalupensis, Cupressus macnabiana, Cupressus macrocarpa, Cupressus sargentii, Junipe-
rus ashei, Juniperus californica, Juniperus communis, Juniperus deppeana, Juniperus flaccida,
Juniperus horizontalis, Juniperus monosperma, Juniperus occidentalis, Juniperus osteosperma,
Juniperus pinchotii, Juniperus scopulorum, Juniperus silicicola, Juniperus virginiana, Libocedrus
decurrens, Sequoia sempervirens, Sequoiadendron giganteum, Taxodium distichum, Taxodium
mucronatum, Taxus brevifolia, Taxus canadensis, Taxus floridana, Torreya californica, Torreya
taxifolia, Thuja occidentalis, Thuja plicata

TCT EAST: Chamaecyparis thyoides, Juniperus ashei, Juniperus silicicola, Juniperus virginiana, Taxo-
dium distichum, Taxus canadensis, Taxus floridana, Torreya taxifolia, Thuja occidentalis

TCT WEST: Chamaecyparis lawsoniana, Chamaecyparis nootkatensis, Cupressus arizonica, Cupressus
bakeri, Cupressus goveniana, Cupressus guadalupensis, Cupressus macnabiana, Cupressus mac-
rocarpa, Cupressus sargentii, Juniperus californica, Juniperus deppeana, Juniperus flaccida,
Juniperus monosperma, Juniperus occidentalis, Juniperus osteosperma, Juniperus pinchotii, Juni-
perus scopulorum, Libocedrus decurrens, Sequoia sempervirens, Sequoiadendron giganteum,
Taxus brevifolia, Torreya californica, Thuja plicata

TSUGA: Tsuga canadensis, Tsuga caroliniana, Tsuga heterophylla, Tsuga mertensiana
TSUGA EAST: Tsuga canadensis, Tsuga caroliniana

TSUGA WEST: Tsuga heterophylla, Tsuga mertensiana
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Pinus edulis

Pinus engelmannii

Figure 16. Panel “a:" Range maps for P. edulis, P. engelmannii, P. banksiana, and P. clausa on the 25-km North American climate
grid (original distributions digitized from Little, 1971). Each “+” denotes the presence of the species at the grid points.
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Figure 17. Panel “b:" Displays of distributions for P. edulis, P. engelmannii, P. banksiana, and P. clausa

in relation to single climatic or bioclimatic variables. Ann, mean annual; Jan, mean January; Jul, mean
July. The upper row of dots within each horizontal box (for example, for mean annual temperature under
Pinus edulis) represent grid points where the taxon is present. The lower row represents grid points

where it is absent.
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incorporates the full seasonal cycle of precipitation and temper-
ature, as well as soil moisture and moisture storage in snow-
pack. This index is probably a more realistic depiction of the
moisture conditions experienced by plants than either seasonal
or mean annual precipitation. Regions where moisture is suffi-
cient to maintain evaporation at its potential rate (i.e., humid
regions) have moisture-index values close to 1.0, whereas dry
regions have moisture-index values somewhat less than 1.0

The comparison of the four pine species shown in figure 17
illustrates their different adaptations in regard to temperature.
Pinus clausa is limited to environments where mean January
temperatures are above 10°C and mean July temperatures are in
a limited range at the very warm part of the scale. P. engelmannii
is also apparently intolerant of freezing temperatures, but it is
not as limited by cold as is P. clausa. It also has a larger range of
acceptable July temperatures than does P. clausa. P. edulis can
survive freezing temperatures but does not survive mean winter
temperatures below —10°C. P. banksiana lives in a summer tem-
perature regime that is slightly cooler than that of P. edulis, but it
lives under much colder winter climates (well below —10°C).
Similar patterns are evident in the comparisons of the MTCO
and GDDs for these taxa.

Panel “c” of figure 15 uses bivariate plots to illustrate
potential interactions among climatic variables in controlling
plant species’ ranges. Here, gray dots represent where the taxon
is absent, black dots where it is present. Gray and black together
represent the total climate space of North America as depicted
for the particular combination of climatic parameters presented.
For example, the left-hand box in panel “c” illustrates the pres-
ence (or absence) of the species in relation to mean July temper-
ature and mean annual precipitation. For most sites, these two
parameters should provide a measure of growing-season temper-
ature versus total moisture through the year. Comparisons
among the four pine species in figure 18 shows that, in this
“climate space,” Pinus clausa inhabits a remarkably small area
where mean July temperatures are very warm and mean annual
rainfall is very high——these are some of the hottest and wettest
environments in North America (it may also be that P. clausa is
further limited to sandy substrates, as its name implies).

P. engelmannii, the other subtropical pine in this group of four
species, lives under a wider range of summer temperatures and
moisture conditions than P. clausa, and it also occupies a much
greater geographic range. In contrast, P. banksiana, lives in rela-
tively cool summer environments under a wide range of mois-
ture conditions. P. edulis inhabits environments with mean July
temperatures between those of P. engelmannii and P. banksiana,
but it lives in generally drier regions than either of these two
other pines. The central box in panel “c” on figure 15 illustrates
the presence (or absence) of the species relative to the seasonal
extremes of mean January and July temperature. In the example
shown here (fig. 18), P. clausa lives under a narrow band of hot
July conditions and a slightly broader range of warm January
temperatures. P. engelmannii has a broader range of tolerance
for July and January temperatures, although still within the
warm end of the spectrum for both months. P. edulis lives in
moderately warm July environments with January temperatures
generally near freezing, whereas P. banksiana is adapted to
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moderate July temperatures and very cold January temperatures.
The right-hand box in panel “c” (figs. 15 and 18) provides a
similar view of species presence (or absence) in relation to mean
January and July precipitation. Here, it can be seen that P. engel-
mannii lives under a strongly summer precipitation dominated
regime with little January precipitation; P. clausa receives abun-
dant rainfall in both seasons; P. banksiana lives under a
relatively narrow range of July precipitation and a larger range
of January precipitation; and P. edulis is adapted to moderate
levels of precipitation in both winter and summer.

Panel “d” (fig. 15) incorporates the three bioclimatic vari-
ables into a single figure (see Huntley and others, 1995, for a
similar presentation of correspondences between climatic
parameters and tree distributions in Europe). Each of the four
boxes within this panel represents a quartile of the moisture con-
ditions in North America, from the driest quarter of the grid cells
on the left to the wettest on the right. Within each box, the pres-
ence (black) or absence (gray) of each species is plotted relative
to GDDs and MTCO. In the example shown in figure 19, Pinus
clausa lives in a very restricted range in the wettest and warmest
environments of North America. In contrast, P. banksiana lives
across the spectrum from dry to wet sites but is restricted to loca-
tions where MTCO is below freezing and GDDs is less than
approximately 2,500. P. edulis and P. engelmannii both inhabit
environments in the lower three quartiles of the moisture index,
with P. edulis more common toward the dry end. MTCO and
GDD; differentiate the climates of these two pines, with P.
engelmannii restricted to environments with warmer winters and
greater total energy inputs (GDDs) over the course of the year.

In terms of precipitation and moisture conditions, the cli-
matic distribution of P. clausa falls at the extreme wet end of the
moisture index (>0.9), and the precipitation plots indicate that it
receives more moisture in July than in January. The other three
pine species survive in a fairly wide range of moisture conditions
(as seen in the moisture-index plots), but live in different seasonal
precipitation regimes. P. engelmannii lives under moisture condi-
tions ranging from only slightly drier than the moisture-requiring
P. clausa to moderately dry environments, with July precipitation
dominant over January. P, edulis is the most drought-adapted of
the four pines and lives under a nearly even mix of January and
July precipitation. P. banksiana lives under moisture conditions
that range from moderately dry to very moist, with January and
July precipitation nearly equally dominant.

For species with five or fewer occurrences on the North
American climate grid (18 conifer species, 9 hardwood species),
we identified grid points closest to the digitized polygons that
represent the range of each species and used these grid points to
approximate climatic parameters. The atlas pages with graphical
displays for these species have the text “minimal data—nearest
grid points used with environmental parameters” after the species
name at the top of the page. These species were treated differently
than more abundant species in that (1) large dots were used on the
species map to indicate the grid points used in the analysis,

(2) “absence data” were not plotted on the displays of distribution
against climatic parameters, and (3) the species were not included
in the histograms or tables.





















Table 3. Climatic data for Pinus edulis (pinyon pine, n=379).
[Moisture index (MI) equals actual evaporation (AE) divided by potential evaporation (PE)]

Cumulative percentage of grid points

Variable 0% 10% 25% 50% 75% 90% 100%
Mean January temperature (°C) -11.4 —6.6 —4.2 -2.0 0.5 24 5.8
Mean July temperature (°C) 11.2 17.9 19.6 21.2 22.6 24.2 303
Mean annual temperature (°C) —0.6 59 7.7 9.3 10.8 12.5 17.8
Mean temperature of coldest month (MTCO) -11.4 —6.6 -4.2 2.0 0.5 2.3 5.7
Growing degree days on 5°C base x 1,000 (GDDx) 04 1.5 1.9 2.2 2.5 2.9 4.0
Mean January precipitation (mm) 5 10 14 21 32 44 98
Mean July precipitation (mm) 13 20 28 43 60 73 109
Mean annual precipitation (mm) 135 220 275 320 395 460 830
Moisture index 0.17 0.29 0.37 0.46 0.57 0.68 0.92

Table 4. Comparison of median climatic tolerance values for nine pine species from across North America.

[Moisture index (MI) equals actual evaporation (AE) divided by potential evaporation (PE)]

Pinus  Pinus  Pinus  Pinus  Pinus  Pinus  Pinus  Pinus  Pinus
flexilis  pond-  edulis engel-  bank- resinosa rigida serotina clausa
erosa mannii  siana

Number (7) 374 1,138 379 222 4718 1,751 711 462 82

Mean January temperature (°C) -93 3.0 =20 7.5 215 -124 -14 8.7 15.8

Mean July temperature (°C) 139 187 212 213 160 185 221 270 274

Mean annual temperature (°C) 1.9 7.5 9.3 151 -0.9 4.1 108 183 221

Mean temperature of coldest month (°C) -93 30 -20 74 215 -124 -14 87 158

Growing degree days on a 5°C base x 1,000 0.8 1.7 2.2 4.0 1.1 1.6 2.6 4.9 6.3

Mean January precipitation (mm) 52 46 21 16 27 61 83 95 58

Mean July precipitation (mm) 41 34 43 157 84 93 106 156 199

Mean annual precipitation (mm) 595 530 320 605 615 880 1,085 1,250 1,320

Moisture index 070 064 046 077 092 098 097 0.99 099
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Climatic Parameters and Plant Distributions

Examination of the figures and tables in this atlas will con-
vince most readers that climate is an important element in the
distribution of North American plant taxa, at least on the scale of
the entire continent. On finer scales, competition among species,
soil conditions, and other environmental factors strongly influ-
ence the actual distributions of plant species. As climate is con-
stantly changing, it is highly likely that many species are
currently adjusting their ranges, and thus the data in this atlas
may underestimate the climatic tolerances of some taxa. It is
also probable that some species could prosper in areas far from
their native habitats, as planted Douglas-fir trees (native to west-
ern North America) do in parts of northeastern North America
today. However, intervening natural barriers to immigration,
such as the dry climates of the Great Plains for Douglas-fir, have
prevented these species from colonizing these far-away habitats.
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Cupressus goveniana (minimal data - nearest grid points used with environmental parameters)
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Cupr essus guadalupensis (minimal data - nearest grid points used with environmental parameters)
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Cupressus macnabiana (minimal data - nearest grid points used with environmental parameters)

present - JAnn
P
-40 -30 -20 -10 0 10 20 30 40
Temperature (°C)
l - JAnn
‘ i jJan
l ’Jul
1 10 100 1000 10000
Precipitation (mm)
40 -30 -20 -10 0 10 20 30 40
Mean Temperature of Coldest Month (*C)
0 2 4 6 8
Growing Degree Days on 5°C base X 1000
0.0 0.2 0.4 0.6 0.8 1.0
Actual Evaporation/Potential Evaporation
10000 T T T 30 T T T T 1000 T T
€ s ¥ 18 .
E S 10 | & )i
=. . o o ] .
51000} . 15" C et 1 § 100} " ]
= - \u: \. = LN (T4 =
© = L |1 ®
5 g 9 -
£ 1ol 1%
s e 10 &
= 100} 12 1 = 1or .
2 T 20 1 &
2 2 L 1 2
< S S
= 301 1 5
10 I 1 - L I L L L
0 10 20 30 400 10 20 30 1 1 10 100 1000
July Temperature ("C) July Temperature (°C) July Precipitation (mm)
S’J\ 40 T T L T T T T T T T T T T
= I Dr 1T 1r r
£ 30 y 11 I | Wet i
) L 4k JL L 4
= 20} 1t - , 1
2] |
5 101 i I I ]
3 H H T b - 1
B 0f 1 - 3 4
e | 1t f - ]
=1
& -101 1 F F 1
5 | i i 1 _
e . L L
g 20» Moisture Index || Moisture Index || Moisture Index || Moisture Index |
'E .30} AE/PE: < 0.50 It AE/PE:0.50-0.75 || AE/PE: 0.75-0.95 || AE/PE: 0.95-1.0 |
g L 4F 4L 4 4
E _40 It L 1 L L 1 Il L L 1 Il L L L L L 1 1

2 4 6 8 0 2

4

6 8 0 2 4 6 8

Growing Degree Days on 5°C Base X 1000

Conifer Species—Graphical Displays

55



56

Cupressus macrocarpa (minimal data - nearest grid points used with environmental parameters)

v
present (

=
i =

-40 -30 -20 -10 0 10 20 30 40
Temperature (°C)

|Jul
10000

’7 : J Jan
1 10 100
Precipitation (mm)

-40 -30 -20 -10 0 10 20 30 40
Mean Temperature of Coldest Month (°C)

1000

0 2 4 6 8
Growing Degree Days on 5°C base X 1000

0.0 0.2 0.4 0.6 0.8 1.0
Actual Evaporation/Potential Evaporation

10000 T T T 30 T 1000 —
= ~ 20f 1 =
£ [$) E
o B 1 E
= g 1of . 1=
51000 3 | | o 100} b
= © =
o] - = | ]l =
- g 0 3
§ 1of | 8
€ = 1o | &
= 100 > 1 > 1ot .
2 < 201 18
= o 1 <
< < 30} {13
10 L ! L L -4 I L L 1 L !
0 10 20 30 0 0 10 20 30 1 10 100 1000
July Temperature (°C) July Temperature (°C) July Precipitation (mm)
40 T T T T T T T T T T T T T T T T T T T T T T T T L

Moisture Index ||
AE/PE: < 0.50 JL

Moisture Index |
AE/PE: 0.50-0.75 ||

I L I L

Moisture Index |
AE/PE:0.95-1.0 |

Moisture Index |
AE/PE: 0.75-0.95 1|

Mean Temperature of Coldest Month (*C)
o

M2 4 s s o

Introduction and Conifers

4 6 8 0 2

L
4 6 8 0 2 4 6 8

Growing Degree Days on 5°C Base X 1000

























































































































































































































































































































































































































































































































































CONIFERS Annual Temperature (°C)

Taxon name N 0% 10% 25% 50% 75% 0% 100%
Abies amabilis 233 -1.4 1.2 3.1 5.2 7.0 8.7 10.3
Abies balsamea 4955 -6.2 -3.3 -1.6 0.0 2.9 5.2 11.0
Abies concolor 278 -1.4 1.6 4.4 7.4 9.5 11.8 18.8
Abies grandis 308 -1.3 2.1 4.0 6.6 9.4 10.4 12.6
Abies lasiocarpa 1910 -6.9 -3.4 -1.7 0.8 2.7 4.8 11.7
Abies magnifica 43 35 52 6.0 7.5 8.1 8.6 12.1
Abies procera 54 0.4 3.5 5.7 6.9 7.9 9.1 10.8
Chamaecyparis lawsoniana 20 6.8 7.3 8.3 10.3 11.2 11.8 12.3
Chamaecyparis nootkatensis 339 -2.0 1.5 3.1 5.0 6.7 7.9 10.0
Chamaecyparis thyoides 211 6.5 9.5 11.9 15.7 16.7 19.7 20.0
Cupressus arizonica 101 12.0 13.3 14.9 19.5 20.5 2201 227
Juniperus ashei 75 14.1 14.7 18.0 18.8 19.4 19.8 22.2
Juniperus californica 50 8.3 12.8 14 .1 14.7 16.6 18.8 225
Juniperus communis 11702 -12.2 -7.3 -5.0 -2.1 0.7 3.6 15.5
Juniperus deppeana 195 6.9 9.5 12.0 15.1 17.4 20.6 26.1
Juniperus flaccida 160 12.5 15.2 17.9 20.1 22.2 24.6 26.4
Juniperus horizontalis 7344 -12.2 -6.0 -4.5 -2.1 0.0 1.5 8.5
Juniperus monosperma 258 1.6 7.4 8.7 10.5 13.3 15.3|  22.0
Juniperus occidentalis 161 0.9 4.4 5.5 6.4 7.3 8.3 17.6
Juniperus osteosperma 429 0.6 4.4 6.2 8.2 10.2 12.0 18.6
Juniperus pinchotii 144 13.8 14.3 15.4 16.6 17.5 18.3 214
Juniperus scopulorum 881 -3.2 -04 1.3 3.6 6.5( 8.6 16.1
Juniperus silicicola 188 16.0 17.5 19.8 20.3 21.6 222y 227
Juniperus virginiana 4260 4.3 7.9 9.8 12.6 15.7 17.7 20.5
Larix laricina 8588 -9.7 -5.6 -3.9 -1.2 1.4 51 1.2
Larix Ivallii 57 -2.6 -2.3 -1.0 0.8 1.5 2.8 5.3
Larix occidentalis 265 -1.3 1.1 3.0 4.5 5.9 6.8 8.6
Libocedrus decurrens 157 3.7 6.8 7.9 9.6 11.4 13.5 19.4
Picea engelmannii 1149 -4.8 -1.1 0.4 2.1 3.8 5.9 13.2
Picea glauca 9921 -12.2 -6.1 -4.4 -1.9 0.7 3.1 8.6
Picea mariana 10154 -12.4 -7.1 -4.9 2.2 0.6 4.0 10.7
Picea pungens 140 -3.2 -1.2 0.1 1.7 4.1 7.0 11.7
Picea rubens 592 0.1 2.9 3.8 5.1 6.1 7.1 12.0
Picea sitchensis 331 6.5 1.1 3.6 5.9 8.6 9.9/ 123
Pinus albicaulis 589 -4.8 -2.0 -05 1.1 3.3 54 10.2
Pinus aristata 20 -3.2 -2.6 -1.6 0.4 1.5 21| 3.8
Pinus attenuata 25 5.7 7.6 8.3 10.9 11.8 12.2| 145
Pinus avacahuite 95 12.2 14.2 16.5 19.6 23.5 25.3 27.5
Pinus banksiana 4718 -8.0 -5.1 -3.4 -0.9 0.8 3.4 9.8
Pinus caribaea 78 18.9 22.2 23.2 24 .4 25.1 25.8 30.9
Pinus cembroides 287 11.9 13.3 14.8 16.1 18.2 20.0 22.7
Pinus clausa 82 19.6 20.8 21.6 221 22.4 22.6 23.6
Pinus contorta 2308 -7.2 -2.8 -1.0 1.2 3.5 6.3 15.3
Pinus cooperi 92 12.6 13.4 14.2 15.2 16.2 18.1 21.4
Pinus coulteri 10 10.0 10.0 12.9 14.3 17.4 18.8| 18.9
Pinus douglasiana 39 19.4 19.8 20.5 21.4 23.0 241 25.0
Pinus durangensis 145 11.9 12.6 13.6 14.9 15.8 17.4 23.3
Pinus echinata 1652 7.4 11.9 13.8 16.0 17.7 19.0 201
Pinus edulis 379 -0.6 59 7.7 9.3 10.8 12.5 17.8
Pinus elliottii 367 17.7 18.5 19.2 19.8 20.7 22 .4 24 1
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CONIFERS

Annual Temperature (°C)

Taxon name N 0% 10% 25% 50% 75% 90% 100%

Pinus engelmannii 222 11.9 12.8 13.9 15.1 16.4 18.2} 23.3
Pinus flexilis 374 -3.9 -1.3 0.1 1.9 3.9 6.1 19.4
Pinus glabra 350 16.8 17.9 18.2 18.8 19.6 19.9] 20.8
Pinus greggii 14 14.6 14.6 17.0 19.6 20.0 20.6] 20.8
Pinus hartwegii 32 14.0 14.6 18.0 19.3 20.1| 22.01 23.6
Pinus jeffreyi 112 4.6 6.3 7.2 8.3 11.51 137 194
Pinus lambertiana 155 3.5 6.5 7.7 9.4 114 129 18.8
Pinus lawsonii 39 16.2 171 18.0 19.4 24.8] 255 26.0
Pinus leiophylla 271 8.4 12.8 14.3 15.8 18.1 19.9] 257
Pinus longaeva 19 -0.6 2.5 5.4 6.3 9.7 11.9 14.3
Pinus lumholtzii 163 11.9 13.3 14.8 16.3]  19.1 20.9 231
Pinus michoacana 101 14.9 18.2 19.0 21.0 22.8 241 257
Pinus monophylla 107 2.1 5.2 6.4 7.9 111 138 21.9
Pinus montezumae 90 12.2 16.5 18.3 19.5 21.1 2291 26.1
Pinus monticola. 7 B 455 -2.8 0.1 2.9 5.4 7.7 9.3] 121
Pinus nelsonzz ) 11 19.1 19.1 19.4 20.1]  20.3 21 21 213
Pinus oocarpa 412 13.6 18.4 20.2 22.3 24.0 251 283
Pinus palustris 762 15.0 16.2 17.3 18.7 19.71 20.5( 22.7
Pinus patula 27 13.6 14.11  14.7 16.8] 18.4] 195 20.4
Pinus pinceana 27 16.0 16.8 17.8 19.5 19.8 20.0 20.4
Pinus ponderosa 1138 -1.7 2.7 5.1 7.5 11.4 15.2( 24.2
Pinus pringlei 54 17 1 18.4 2231 24.0 25.7] 26.6 28.3
Pinus pseudostrobus 211 13.6 17.3 19.0 20.6 22.9] 244 7277 4
Pinus pungens 137 7.4 9.1 9.9 111 119 127 1486
Pinus quadrifolia 7 9| 11.5 11.5f 127 14.8 17.3]  18.9] 194
Pinus resinosa 1751 -1.1 1.1] 2.1 4.1 5.7 6.9 11.4
Pinus rigida 711 4.4 75 90| 108 121 13.1] 15.2
Pinus sabiniana 64 9.0 10.9] 123 1391 147 158 17.1
Pinus serotina 462| 125 15.5 16.7| 18.3| 19.8] 20.4| 22.1
Pinus strobiformis 269 6.6 12.1 13.6 15.1 16.8 20.1 23.8
Pinus strobus 2776 -0.5 1.5 3.0 5.4 8.1 11.0] 25.5
| Pinus taeda 1288 121 151 16.3| 17.6] 191 19.9| 221
Plngs teocote 172 12.2 14.8 15.8( 18.7 20.9] 23.4| 274
Pinus virginiana N 778 7.2 10.1 11.4| 12.8] 14.3] 155 17.8
Pseudotsuga macrocarpa 9 12.7 12.7 12.7 15.0) 16.2] 16.9] 18.0
| Pseudotsuga menziesii 17151  -3.9 - 0.0 1.8 4.1 82 11.5| 24.8
Sequoia sempervirens ) 17 9.4 10.0 10.8 12.3} 13.7] 141 15.3
Taxodium distichum - 1302 126 15.6 16.9] 183 19.8] 20.9] 24.1
Taxodium mucronatum 196 13.9 14.9 16.0] 19.0 22.1 23.0f 26.6
Taxus brevifolia 526 -1.6 2.4 5.2 7.6 9.7 10.7 13.9
Taxus canadensis 3584 -5.1 -1.8 00| 286 56 7.8/ 13.0
Thuja occidentalis 2416 -4.4 -0.7 0.5 2.5( 4.9 6.7 14.2
Thuja plicata 542  -2.8 03] 28 59| 8.7 102 123
| Tsuga canadensis - 18021 0.1 3.9 5.0 6.8y 9.9 120 16.3
| Tsuga caroliniana 32 8.8 9.5 10.9 11.7 124  12.8| 14.2
Tsuga heterophylla 597 -5.2 -0.4 1.9 50| 771 9.8/ 126
Tsuga mertensiana 348 -6.5 0.3 2.1 4.5 6.4 7.8 10.1

242 Introduction and Conifers




CONIFERS January Temperature (°C)
Taxon name N 0% 10% 25% 50% 75% 0% 100%
Abies amabilis 233 -13.8 -8.2 -5.6 -2.6 -0.2 1.6 3.6
Abies balsamea 4955 -26.8 -23.7 -21.71  -19.0 -13.2 9.0 -0.7
Abies concolor 278 -10.7 -8.7 -6.2 -1.5 0.7 2.9 11.8
Abies grandis 308| -14.4 -86|  -6.5 -2.6 2.7 3.9 9.6
Abies lasiocarpa 1910 -30.0 -23.2 -17.6| -116] -87] -59] 3.5
Abies magnifica 431 4.4 -3.6 -2.6 -09] 0.0 0.7 2.9
Abies procera 54 7.7 4.7 -2.6 09| 03] 33 47
Chamaecvparis lawsoniana 20 -1.7 -1.4 26| 52| 6.6 7.3] 7.6
Chamaecyparis nootkatensis 339 -10.3 -6.5 471 -23 0.4} 1.4 3.9
Chamaecyparis thyoides 211 -6.8 -2.9 -0.4 5.3 6.6 11.2 12.4
Cupressus arizonica 101 3.3 5.0 7.5 114 12.6 12.8 14.1
Juniperus ashei 75 1.3] 2.2 6.5 82 96| 9.9 124
Juniperus californica 50 3.6 53 6.2 6.6 8.4 10.4 14.0
Juniperus communis 11702 -32.5 -28.8 -25.5 -21.4 -16.1  -93] 4.9
Juniperus deppeana 195 -2.2 0.6 2.7 8.0 11.5| 129| 2438
Juniperus flaccida 160 4.3 9.2 12.5| 13.5| 157 23.7 26.2
Juniperus horizontalis 7344 -30.9 -28.5 -25.4 -22.1 -18.9 -15.4|  -31
Juniperus monosperma 258 -9.2 -3.4 -1.9 0.2 2.7 59| 127
Juniperus occidentalis 161 -9.9 -5.3 -4.1 -3.0 -2.1 -08) 71
Juniperus osteosperma 429 -11.9 -7.8 -5.3 -3.3 -0.9 1.2
Juniperus pinchotii 144 1.3 1.8 3.1 4.7 6.5 7.9 111
Juniperus scopulorum ~ 881 -17.9 -11.6 -10.2 -8.3 57 191 5.8
Juniperus silicicola 188 5.9 7.7 10.9 12.3 14.7]  15.9] 16.8
Juniperus virginiana 4260 -13.4 -8.2 -4.9 -0.7 39 74 117
Larix laricina 8588| -31.0| -27.7| -24.6| -209| -159| -94| -1.0
Larix lyallii 57 -16.4 -15.2  -13.2 -10.5 -8.6 -7.6 -5.4
Larix occidentalis - 265 -14.4 9.7 -8.6 -6.8 -5.0 =371 14
Libocedrus decurrens 157 -5.4 -1.6 -0.2 2.0 3.7 5,51 99
Picea engelmannii 1149 -18.7 -13.0] -11.4 98| -7.5 -5.1 5.4
Picea glauca 9921 -33.1 -28.4 -25.2 -21.2 -16.7 -11.9 -2.4
Picea mariana 10154 -34.2 -29.1|  -25.7 -21.7 -16.9 -11.6 -2.0
Picea pungens 1401 -12.2 -11.3(  -103] -89 -7.0 -4.9 2.0
Picea rubens 592 -15.6 -1291 -11.8| ;9 6] -7.0 -5.0 1.5
Picea sitchensis 331 -12.3 -6.9| -3.6 -0.9 1.9 3.6 7.6
Pinus albicaulis 589 -18.7 147 -11.9 -10.3 -7.8 -5.1 2.2
Pinus aristata 20 -12.0 -11.6 -10.9 -10.1 -8.4 -7.9 -5.6
Pinus attenuata 25 -3.0 1.5 2.6 3.9 66| 76| 104
Pinus ayacahuite 95 10.1 11.7]  13.9] 17.4| 2238 246| 26.2
Pinus banksiana 4718 -30.4 -28.1 -25.3 -21.5 -18.2 -13.8 -4.5
Pinus caribaea 78] 19.5| 20.00 21.3| 22.3| 23.4] 246 253
Pinus cembroides 287 4.0 5.2 6.7 9.4 12.3 13.4 17.3
Pinus clausa 82 11.6 13.6] 15.00 15.8] 16.3] 17.00 19.0
Pinus contorta 2308 -29.3 -22.3| -17. 5| -11.4| -7.4] -2.2| 9.7
Pinus cooperi 92| 4.5 52 6.6 88| 101] 111 154
Pinus coulteri 10 51| 51 6.6] 7.4 7.9 7.9 11.2
Pinus douglasiana 39 17.6 18.0 - 18.7 ) 19.7 209 21.8 23.4
Pinus durangensis | 145 4.0 4.7 5.4 7.5 9.3] 11.0] 18.6
Pinus echinata | 1652  -43[  -0.1 21 5.0 7.6 9.5 12.1
Pinus edulis - 379 114 -6.6 -4.2 2.0 0.5 24/ 58
Pinus elliottii 367 7.8 9.2 10.0 11.4 13.6 16.2 19.3
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CONIFERS January Temperature (°C)

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Pinus engelmannii 222 4.0 4.8 5.6 7.5 9.6 111 16.8
Pinus flexilis 374 -17.7 -11.9 -11.0 -9.3 -7.3 -4.4 8.0
Pinus glabra 350 6.3 8.1 8.7 9.7 10.7 11.6| 13. 6
Pinus greggii 14 11.7 1.7 12.5 13.2 13.5 15.0 15.2
Pinus hartwegii 32 9.8 11.7 13.9 16.2 17.2 19.3 24.7
Pinus jeffreyi 112 -3.8 -2.6 -1.6 0.2 3.0 6.6 11.3
Pinus lambertiana 155 -4.4 -2.0 -0.4 1.4 3.3 5.1 9.9
Pinus lawsonii 39 13.2 14.3 15.0 17.5 221 24.0 26.6
Pinus leiophylia 271 -0.7 4.8 6.6 9.6 13.1 17.0] 235
Pinus longaeva 19 -10.7 -7.9 -4.5 -4.1 -0.2 0.8 4.0
Pinus lumholtzii 163 4.0 5.3 8.3 10.1 13.4 18.2 21.1
Pinus michoacana 101 10.0 13.9 16.2 19.1 21.1 24.0 25.8
Pinus monophylla 107 -8.4 -5.0 4.1 -2.3 0.3 4.5 11.3
Pinus montezumae 90 10.1 13.4 14.3 16.4 18.2 20.9 24.9
Pinus monticola 455 -16.5 -11.0 -8.3 -3.6 -0.2 211 4.1
Pinus nelsonii 11 13.5 13.5 13.8 14.3 14.4 15.2 15.3
Pinus oocarpa 412 7.1 13.5 17.0 20.3 22.1| 242 26.7
Pinus palustris 762 3.9 5.7 7.3 9.3 11.0 13.2 17.0
Pinus patula 27 11.5 11.6 11.9 13.5 15.5 16.2 17.9
Pinus pinceana 27 12.0 12.3 12.5 12.7 13.6 14.2 14.9
Pinus ponderosa 1138 -14.7 -8.8 -6.8 -3.0 36 7.2 17.8
Pinus pringlei 54 14.4 15.0 20.3 23.1 247 257 26.2
Pinus pseudostrobus 211 11.6 13.5 15.5 17.9 20.8 22.4 26.7
Pinus pungens 137 -5.0 -3.1 -1.6 05 1.0 2.1 4.3
Pinus quadrifolia 9 8.0 8.0 9.1 9.4 9.9 10.5 11.2
Pinus resinosa 1751 -21.8 -18.1 -15.7 -12.4 -9.3 -6.8 -0.7
| Pinus rigida 711 -10.1 -5.9 -3.8 -1.4 0.2 1.7 4.6
Pinus sabiniana 64 -0.4 2.2 3.8 5.6 6.6 7.4] 8.8
Pinus serotina 462 0.7 4.7 6.6 8.7 11.6] 13.0] 161
Pinus strobiformis 269 -1.9 4.2 5.4 7.7 10.2 13.4 18.9
Pinus strobus 2776 -20.6 -16.9 -13.5 94 -5.3 -1.0] 25.8
Pinus taeda 1288 0.1 3.8 5.4 74 9.7 114 15.8
Pinus teocote 172 7.1 9.2 10.6 13.5 16.6 229 26.7
Pinus virginiana 778 -5.9 -2.2 -0.7 1.1 3.1 4.8 7.9
Pseudotsuga macrocarpa 9 5.4 5.4 5.7 84| 9.0 94 9.4
Pseudotsuga menziesii 1715 -16.9 -11.5 -10.0 70l -01| 45| 204
Sequoia sempervirens 17 4.7 5.5 6.9 7.5 8.2] 9.2 9.6
Taxodium distichum 1302 -1.4 3.7 6.0 8.7 10.8) 13.6 19.3
Taxodium mucronatum 196 8.6 10.4 12.4 14.5 16.2( 17.5 777”25.4
Taxus brevifolia 526 -14 .4 -8.1 -3.8 0.2 2.7 3.9 7.6
Taxus canadensis 3584 -24.2 -20.0 -18.1 -13.4]  -8.8 -5.4 0.8
Thuja occidentalis 2416 -24.2 -20.5 -18.7 -14.6 -104|  -75| 26
Thuja plicata 542 171 -114 -8.1 23] 19| 386 7.7
Tsuga canadensis 1802 -15.4 -12.2 -10.1 -6.7 -2.9 0.1 5.3
Tsuga caroliniana 32 -1.1 -0.1 0.4 1.3 2.0] 2.7), 3.6
Tsuga heterophylla 597 -17.1 -11.8 -8.7 -3.1 1.1 3.4 8.1
Tsuga mertensiana 348 -15.6 -9.5 -5.9 -3.2 -0.8 1.1 4.1
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CONIFERS July Temperature (°C)

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Abies amabilis 233 7.9 9.8 11.7 13.2 14.9 16.6] 18.8
Abies balsamea 4955 8.9 12.8 15.0 16.4 17.8 19.1] 221
Abies concolor 278 9.8 13.0 15.6 18.0 19.9 22.31 28.0
Abies grandis 308 8.5 12.7 14.3 15.9 17.2 18.2| 20.5
Abies lasiocarpa 1910 71 10.9 12.2 13.4 14.5 16.1 22.7
Abies magnifica 43 13.4 15.6 16.2 17.7 18.6| 22.3| 235
Abies procera 54 9.8 12.9 14.1 15.7 16.4 17.2| 194
Chamaecyparis lawsoniana 20 13.4 13.6 15.5 16.4 17.1 17.8] 18.6
Chamaecyparis nootkatensis 339 7.8 10.3 11.6 12.8 14.1 15.9] 19.2
Chamaecyparis thyoides 211 19.2 21.8 23.8 25.8 26.2 27.3 27.5
Cupressus arizonica 101 19.3 20.1 20.9 223 25.3 27.2 30.1
Juniperus ashei 75 25.7 26.2 27.9 28.4 28.8 29.2] 30.2
Juniperus californica 50 19.0 21.5 225 24.6 26.2 27.2 31.8
Juniperus communis 11702 5.6 11.2 12.6 14.4 16.1 17.8 25.7
Juniperus deppeana 195 15.2 18.8 19.9 21.7 244 254 29.7
Juniperus flaccida 160 14.4 19.1] 205 24.1 27.2 28.5 31.0
Juniperus horizontalis 7344 7.3 1.7 13.2 15.0 16.2 17.5] 223
Juniperus monosperma 258 12.9 18.5 19.7 21.7 23.9 25.5 30.8
Juniperus occidentalis 161 11.6 15.2 16.3 17.3 18.3 19.8] 301
Juniperus osteosperma 429 13.0 17.3 19.1 20.8 22.5 24.2 31.4
Juniperus pinchotii 144 23.9 25.9 26.9 27.8 28.4 28.9 293
Juniperus scopulorum 881 7.1 10.8 12.8 15.3 18.9 21.1 28.5
Juniperus silicicola 188 25.7 26.6| 27.3 27.4 27.5| 28.0 28.9
Juniperus virginiana 4260 17.9 21.5 22.9 25.0 26.7| 27.8 29.5
Larix laricina 8588 7.2 12.2 13.9¢ 15.5 17.3 19.0f 23.2
Larix lyallii 57 8.8 10.0 11.1 12.2 13.3 14.0f 15.9
Larix occidentalis 265 10.6 13.0 144 15.8 17.2 18.2) 19.8
Libocedrus decurrens 157 13.5 16.1 17.2 18.9 214 235 28.5
Picea engelmannii 1149 7.1 10.3 11.8 13.5 15.3 17.3 24 .4
Picea glauca 9921 7.1 11.8 13.2 14.9 16.4 17.9 21.7
Picea mariana 10154 7.6 11.5 13.0 14.9 16.5( 18.3[ 23.1
Picea pungens 140 71 10.2 11.7 13.6 16.2| 19.6 231
Picea rubens 592 14.3 17.1 17.7 18.4 19.3 20.3] 234
Picea sitchensis 331 7.8 10.8 12.0 13.2 15.0 16.8 19.0
Pinus albicaulis 589 7.1 9.4 10.8 12.4 14.7] 16.6 22.4
Pinus aristata 20 7.1 8.2 9.1 11.4 12.4( 131 14.2
Pinus attenuata 25 12.5 13.6 15.2 17.1 19.8] 22.0 22.9
Pinus ayacahuite 95 14.6 15.4 18.1 20.9 24.8 26.4 29.1
Pinus banksiana 4718 10.9 13.9 15.1 16.0 17.3 18.4| 22.8
Pinus caribaea 78 21.2 22.6 23.6 25.0 26.2 27.0 27.6
Pinus cembroides 287 14.1 19.6 20.3 21.5 2291 24.8 29.8
Pinus clausa 82 27.3 27.3 27.4 27.4 27.5 27.5 27.6
Pinus contorta 2308 7.1 11.2 12.5 13.9 15.1]  16.5 27.6
Pinus cooperi 92 19.2 194 20.3 2091 21.9 23.3] 25.9
Pinus coulteri 10 13.5 13.5 20.3] 21.5 27.4 2751 27.8
Pinus douglasiana 39 21.7 22.5 22.9 24.0 2491  26.5 26.8
Pinus durangensis 145 17.8 19.7 20.1 209 21.9 23.1]  25.7
Pinus echinata 1652 17.9 2291 249 26.3 27.21  27.7 28.9
Pinus edulis 379 11.2 17.9 19.6 21.2 22.6 24.2 30.3
Pinus elliottii 367 26.8 27.1 27.2 27.3 27.4 27.5 27.8
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CONIFERS July Temperature (°C)

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Pinus engelmannii 222 19.0 19.7]  20.3 21.3 23.0 24.5] 291
Pinus flexilis 374 7.1 10.8 12.1 13.9 16.2 19.5 30.1
Pinus glabra 350 26.2 26.9 27.1 27.2 27.3 27.4 27.6
Pinus greggii 14 16.7 16.7 20.2 21.3 22.7 26.1f 26.3
Pinus hartwegii 32 14.9 16.6 18.4 19.3 211 229 25.1
Pinus jeffrevi 112 12.5 15.9] 17.2 18.6 219 247 28.9
Pinus lambertiana 155 13.4 16.0 17.1 18.6 211 23.2) 278
Pinus lawsonii 39 16.5 17.8 19.6 211 26.0 26.8] 27.8
Pinus leiophylla 271 14.5 19.3 20.0f 20.9 22.2] 24.0 27.9
Pinus longaeva 19 11.2 14.6 17.1 19.2 22.7 24.7 26.2
| Pinus lumholtzii 163 18.5 19.9 20.5 21.6] 23.0 24.41 26.5
Pinus michoacana 101 15.1 19.1 20.9 231 244 253 27.0
Pinus monophylla 107 14.9 17.5 18.7 20.5 22.8 253 31.6
Pinus montezumae 90 14.5 17.8 19.0( 20.5 23.2 26.3| 28.8
Pinus monticola 455 7.6 11.0 12.8] 15.2 171 18.2 23.5
Pinus nelsonii 11 21.8 21.8 224 22.9 23.3] 24.0f 24.2
| Pinus oocarpa 412 14.6 20.2 221 23.4 249 26.3] 313
Pinus palustris 762 24.9 26.0] 26.7 27.2 27.4] 27.5) 28.3
Pinus patula 27 14.6 14.9 15.6 18.6 2091 214 224
Pinus pinceana 27 19.1 20.2 20.9 21.6 221 22.7 23.7
Pinus ponderosa 1138 7.7 13.9 16.3| 18.7 21.01 229 294
Pinus pringlei 54 17.8 19.3 22.71 249 26.8f 291 313
| Pinus pseudostrobus 211 14.5 18.1 - 19.6] 21.7 23.4] 252 27.5
Pinus pungens 137 18.0 19.8 20.8 21.9 22.8 23.6] 248
Pinus quadrifolia 9 22.0 22.0 241 25.8 28.0 28.5 28.9
| Pinus resinosa 1751 13.5 16.7 17.5 18.5 19.6 20.5] 23.5
Pinus rigida 711 17.6 19.9 20.9 221 234 241 256
Pinus sabiniana 64 16.8 19.2 211 23.2 245 255 27.9
| Pinus serotina 462 24.0 257, 26.3 27.00 27.3| _ 274 275
Pinus strobiformis 269 17.2 19.6 20.2 21.2 23.0 24.9 29.4
Pinus strobus 2776  13.9 16.6| 17.7 19.1 21.0 22.4] 26.8
Pinus taeda 1288 21.4 254 26.2) 2741 274 279 29.0
Pinus teocote 172 14.9 18.7 20.5] 2201 24.2 26.1] 28.8
| Pinus virginiana 778 17.9 211 22.6 23.8 250 25.7{ 27.3
Pseudotsuga macrocarpa 9 18.1 18.1] 19.0] 23.3 25.1| 2521 269
| Pseudotsuga menziesii 1715 7.1 11.3| 12.8] 152 17.6| 20.0|  28.9
| Sequoia sempervirens 17 13.5 13.5 1501 171 18.1] 1931  21.9
Taxodium distichum 1302 24.3 26.1 - 26.9 27.3 27.6 28.01 29.2
Taxodium mucronatum _ 196 141 16.1| 18.9] 21.0] 23.9 30.0 314
Taxus brevifolia 526 7.8/ 122 13.7| 16.0/ 17.8] 19.2]| 24.3
Taxus canadensis 3584 9.8 13.3 15.6( 17.4] 19.3] 21.01 246
Thuja occidentalis 2416 12.4 15.9 16.6 17.7 19.0| 20.4| 2438
Thuja plicata 542 7.9 10.9 12.6] 14.3] 16.5 17.9] 19.8
| Tsuga canadensis 1802 14.3 17.8 18.6 20.0 217 233 264
Tsuga caroliniana 32 18.0 18.7| 20.2 21.8 222 227| 244
Tsuga heterophylla 597 7.8 10.6] 12.0 136 157 17.1]  19.1
Tsuga mertensiana 348 7.8 10.7 11.6 12.8 14.3 16.4 20.9
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CONIFERS Annual Precipitation (mm)

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Abies amabilis 233 700 1125 1345 1805 2500 2985 4370
Abies balsamea 4955 370 465 660 815 1000 1130f 1650
Abies concolor 278 135 375 455 585  875| 1185| 2505
Abies grandis 308 335 645 835 1260 1675 1990| 3025
Abies lasiocarpa 1910 225 365 495 615 875 1250 4370
Abies magnifica 43 415 635 830 1015 1330f 1495 1900
Abies procera 54 8501 1015| 1255| 1690f 1915| 2390| 2825
Chamaecyparis lawsoniana 20 935 1085 1385 1490 1810f 1870 2555
Chamaecyparis nootkatensis 339 325 1270 1660 2045] 2595 2990 4370
Chamaecyparis thyoides 211 1035 1115 1165 1205 1310 1545 1630
Cupressus arizonica 101 220 250 315 415 535 625 755
Juniperus ashei 75 350 515 605 705| 795 1075 1205
Juniperus californica 50 75 245 285 355| 475] 600} 825
Juniperus communis 11702 165 295 405 555|  810| 1045 3965
Juniperus deppeana 195 200 305 385 470 590 ~ 825 1660
Juniperus flaccida 160 225 265| 380 620 925 1075 1755
Juniperus horizontalis 7344 235 335 435 560 795 1020 2670
Juniperus monosperma 258 200 260 300 355 410 490 830
Juniperus occidentalis 161 85 285 340 485 645 1120 2290
Juniperus osteosperma 429 85 180 235 310 395 500 1175
Juniperus pinchotii 144 250 3301 465] 500 535 580f 795
Juniperus scopulorum 881 115 315| 390  515( 705]  925| 2520
Juniperus silicicola 188 925| 1245] 1290 1320 1360 1530 1610
Juniperus virginiana 4260 360| 675| 845| 1005 1185] 1345 1560
Larix laricina 8588 250 355| 455  655| 880 1065 1650
Larix Iyallii 57 555 650 755  965] 1205] 1370 1755
Larix occidentalis 265 300 445|  565|  755|  985] 1290| 2520
| Libocedrus decurrens 157 285 455 640 995 1225 1490 2555
Picea engelmannii 1149 235 440 550 725 920 1200 2825
Picea glauca 9921 185 315 425 570 825 1040 2670
Picea mariana 10154 190 290 410 565 830 1045 1845
Picea pungens 140 200 340 475 590 725 8201 1175
Picea rubens 592 800 970 1015 1075 1160 1295| 1515
Picea sitchensis 331 740 1215| 1610| 2060| 2555| 2995| 4370
Pinus albicaulis 589 285 565| 720  865| 1095| 1350 4370
Pinus aristata 20 395| 395 515]  605] 665| 745 820
Pinus attenuata 25 360 675 830 1160 1855 2245 2555
Pinus ayacahuite 95 490 750 870 1015 1250 1595 3810
Pinus banksiana 4718 250 340 445 615 795 955 1435
Pinus caribaea 78 1070 1150 1315 1705 2265 2550 3380
| Pinus cembroides 287 240 330 400 490 620 750| 1350
Pinus clausa - 82 1285 1295 1310] 1320 1340| 1405| 1575
Pinus contorta 2308 230 425] 495 620 975 1675] 4370
Pinus cooperi - 92 520 605 670 740 770 815 900
Pinus coulteri 10f 330 330 395 455 585 610 1015
Pinus douglasiana -39 775 810 815 860 880 920 1020
Pinus durangensis 145 395 4801 590 690 765 840| 975
Pinus echinata 1652 935 1060 1140 1235 1370 1435 1620
Pinus edulis 3791 135 220 275 320 395 460 830
Pinus elliottii 367 1145 1205 1270 1335 1475 1560 1630
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CONIFERS

Annual Precipitation (mm)

Taxon name N 0% 10% 25% 50% 75% 90% 100%

Pinus engelmannii 222 285 365 440 605 740 790 900
Pinus flexilis 374 95 365 480 595 750 910 1505
Pinus glabra 350 1145 1195 1250 1370 1480 1540 1620
Pinus greggii 14 330 330 400 465 800 1030 1030
Pinus hartwegii 32 470 570 800 910 1825 2680 2950
Pinus jeffreyi 112 160 345 515 815 1185 1605 2555
Pinus lambertiana 155 240 550 720 1000 1220 1450 2280
Pinus lawsonii 39 720 745 805 945 1030 1110 1655
Pinus leiophylla 271 305 395 520 690 810 950 1810
Pinus longaeva 19 160 165 190 340 430 680 725
Pinus lumholtzii 163 470 555 620 740 805 860( 1010
Pinus michoacana 101 415 710 815 890 1020 1120 1465
Pinus monophylla 107 85 170 230 300 385 480 1280
Pinus montezumae 90 330 550 775 975 1325 2230 2835
Pinus monticola 455 155 610 800 1125 1605 2190 4250
Pinus nelsonii 11 520 520 530 575 590 685 740
Pinus oocarpa 412 595 810 885 1135 1335 1760 3345
Pinus palustris 762 1130 1180 1230 1320 14101 1520 1630
Pinus patula 27 490 735 805 915 1070 1315 1810
Pinus pinceana 27 290 305 325 350 490 540 760
Pinus ponderosa 1138 210 335 395 530 750( 1085| 2825
Pinus pringlei 54 835 930 990 1085 1210 12901 1385
Pinus pseudostrobus 211 330 750 900 1180 1475 1955 3330
Pinus pungens 137 935 970 1005 1060 1245 1440 1560
Pinus quadrifolia 9 345 345 425 515 590 600 755
Pinus resinosa 1751 510 710 785 880 1020 1110 1475
Pinus rigida 711 835 980 1025 1085 1160 1230 1560
Pinus sabiniana 64 165 265 395 595 825 1050 1425
Pinus serotina 462 1090 1155 1190 1250 1320 1395 1610
Pinus strobiformis 269 230 405 515 645 750 815 920
Pinus strobus 2776 550 740 815 965 1085 1200 2295
Pinus taeda 1288 885 1135 1195 1305 1390 1470 1630
Pinus teocote 172 265 500 585 750 870 1040 3260
Pinus virginiana 778 935 1010 1065 1135 1275 1400 1560
Pseudotsuga macrocarpa 9 330 330 380 495 630 660 770
Pseudotsuga mencziesii 1715 235 415 540 745 1090 1620 4370
Sequoia sempervirens 17 410 560 720 1325 1395 1605 1810
Taxodium distichum 1302 625 1135 1210 1305 1385 1490 1630
Taxodium mucronatum 196 290 485 570 720 1070 1440 2615
Taxus brevifolia 526 405 710 1000 1315 1935 2540 4370
Taxus canadensis 3584 550 750 825 960 1070 1170 1650
Thuja occidentalis 2416 445 700 755 850 990 1080 1475
Thuja plicata 542 380 720 955 1380 2025 2595 4370
Tsuga canadensis 1802 710 800 900 1025 1120 1220 1560
Tsuga caroliniana 32 1015 1040 1180 1290 1395 1505 1560
Tsuga heterophylla 597 395 780 995 1535 2135 2710 4370
Tsuga mertensiana 348 505 1025 1305 1850 2475 2855 4370
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CONIFERS January Precipitation (mm)
Taxon name N 0% 10% 25% 50% 75% 90% 100%
Abies amabilis 233 91 160 198] 254 310 434 616
Abies balsamea 4955 16 22 28 50 73] 94 166
Abies concolor 278 12 24 36| 68 1521 229 387
Abies grandis 308 41 83]  118] 200 272 325 492
Abies lasiocarpa 1910 9 26| 38| 61 103 165 616
Abies magnifica 43 84 108 149 173 225 266 329
Abies procera 54 119 160 189| 254 312  382| 451
Chamaecyparis lawsoniana 20 170 205 235] 284 323 336 400
Chamaecvparis nootkatensis 339 35 150 193] 238 285 349 616
Chamaecyparis thyoides 211 82 86 94 98 104 110 130
Cupressus arizonica 101 8 9 10 11 14 19 85
Juniperus ashei 75 14 22| 29 38 471 50 82
Juniperus californica - 50 11 35 60 75 1001 136 182
Juniperus communis 11702 4 13 20 29 58 91 616
Juniperus deppeana 195 5 9 11 17 25 39 98
Juniperus flaccida 160 1 3 9 11 151 24 60
Juniperus horizontalis 7344 6 14 21| 28] 50 78] 196
Juniperus monosperma 258| 6 8 11 16 25 36| 98
Juniperus occidentalis 161 16| 35 44 65| 99| 199 295
Juniperus osteosperma 429 7 13 19 28 38 51 143
Juniperus pinchotii 144 8 100 11| 13 16 22| 46
Juniperus scopulorum 881| 6 14 28 50 78 118] 415
Juniperus silicicola 188 50| 57 66 82] 98 109 133
Juniperus virginiana 4260 8| 15 31 68] 96 126 150
Larix laricina 8588 6 16 22| 31 59 84| 166
Larix lyallii 57| 47 59 80l 129 173 2021 272
Larix occidentalis 265 36 54 71 100 136 187] 415
Libocedrus decurrens 157 40 82 1191 179 244 - 284] 400
Picea engelmannii 1149 11 40| 55 79 116  170] 451
Picea glauca 9921 4 14 21 29 57 85 217
Picea mariana | 10154] 41 12 20 28| 56 82 178
Picea pungens 140 9 21 30 52 70 93] 151
Picea rubens 592 48 68 73 81 971 131 166
Picea sitchensis 331 63 138 185 244 305| _ 386 616
Pinus albicaulis 589 12 54 76| 101 149  198] 612
Pinus aristata 20 19 25 27| 38| 63 67| 72
Pinus attenuata 25( 701 134 162 2441 331 343 400
Pinus ayacahuite 95| 0 1 3 6] 10 211 54
Pinus banksiana 4718 7 15| 20 27 49 ~B5] 159
Pinus caribaea 78 36 46 57 86 180 197 222
Pinus cembroides 287 3 91 101 12 18 24 34
Pinus clausa 82 47 50 52 58 66 78] 109
Pinus contorta 2308| 11 26 35 - 64 123| 216 612
Pinus cooperi 92 3 12 16 20 24y 27 34
Pinus coulteri 10 66 66| 791 92 122] 136 225
Pinus douglasiana 39 5 51 12} 20 23 25| 31
Pinus durangensis B 145| 6| 10 12 17 23 25 34
Pinus echinata 1652 38 72 87 104 1291 138 150
Pinus edulis 379 5 10, 14 21 32] 44 98
Pinus elliottii 367 41 54 78 88 109 128 136
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CONIFERS January Precipitation (mm)

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Pinus engelmannii 222 3 10 11 16 22 26| 47
Pinus flexilis 374 7 21 34 52 78] 108 318
Pinus glabra - 350 77 84 93 113 129 134 144
Pinus greggii 14 13 13 19 20 24 31 31
Pinus hartwegii B 32 1 4 6 12 23] 33 54
Pinus jeffreyi - 112] 17 69 92 154 218 299 400
Pinus lambertiana 155 53 101 127 179 239  276| 358
Pinus lawsonii B 39 0 10 2 4 9 11 16
Pinus leiophylla - 271 1 6 10 14 21 26 83
Pinus longaeva 19 11 12 26 29 40 70 83
Pinus lumholtzii i 163 3 11 14 18 22| 25 34
Pinus michoacana 1101 0 1 2| 10 18 22 31
Pinus monophylla - 107 11 16 21 301 40| 74 218
Pinus montezumae 90 0 3 7 M 23 36 103
Pinus monticola 7 ) 455 25 79 107] 169  249] 339 616
Pinus nelsonii 11 22 22| 22 23 23 25 25
Pinus oocarpa 412 0 2| 71 15| 26 531 167
Pinus palustris 762} 47 79 - 91] 105 127 136 147
Pinus patula 27 4 4] 8 14 251 M 57
Pinus pinceana 27 8 9 11 12 14 16 19
Pinus ponderosa . 1138 5 1] 19 46 103 192 451
Pinus pringlei 54| 0 1 2 4 8 1ol 12
Pinus pseudostrobus B 211 0| 2| 7 ~15) 27 47 167
Pinus pungens ) 137 64| 67, 71 78 96| 123 142
Pinus quadrifolia ) 9 46 46| 60 74 _ 83| . 85 90
Pinus resinosa 1751 18 25 39 61 76 89| 161
Pinus rigida 711 52 69| 74 83| 92 105 147
Pinus sabiniana 64 37 57 85 121 182 = 236| = 287
Pinus serotina ) 462 52| 79| 86 95 101 110 120
Pinus strobiformis 269 3 10 11 16 23 27 90
Pinus strobus | 2776 0 26 49] 68| 84 104/ 166
Pinus taeda ’ | 1288 56 82 93] 110 131 139 150
Pinus teocote i i o 172| 0 '3 8| 14 23] 26| 57
Pinus virginiana o 778 61 73] 81 ‘90f 114} 1377 150
Pseudotsuga macrocarpa o 9 74 74 93 115 1371 142 159
Pseudotsuga menziesii | 1715 2| 26 51 87| 166 267 616
Sequoia sempervirens - 17 91f 135 161 285 294 299 331
Taxodium distichum - 1302 32 57| 86 103 127 137 149
Taxodium mucronatum - 196 11 5| 91 14  24f 31 80
Taxus brevifolia 526 36 105 157 216 284 350 616
Taxus canadensis 3584| 17 31 83| 68 84 100 163
Thuja occidentalis 2416 17 29 39| 57 _T71] 85| 138
Thuja plicata - 542 37 85|  131|  200| 274| 345/ 616
Tsuga canadensis 1802 21 45| 64 75| = 88| 109 161
Tsuga caroliniana . 32 76| 771 88 100 115 129 136
Tsuga heterophylla ) 597 23 88 122 200 274  338] 616
Tsuga mertensiana 348 35 125 162 218 267 321 616
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CONIFERS July Precipitation (mm)

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Abies amabilis 233 9 23| 32| 46( 65| 82| 138
Abies balsamea 4955 56 751 83| 96| 107 123 212
Abies concolor 278 0 5 7 31l  62{ 81| 126
Abies grandis 308 2 12 20 26 34 44 64
Abies lasiocarpa 1910 9 27 39| 50| 66| 78] 136
Abies magnifica 43 3 5 7 9 12 16 31
Abies procera 54 5 8 14] 23| 27| 31 45
Chamaecyparis lawsoniana 20 3 4 6 T 8| 9| 9
Chamaecyparis nootkatensis 339 8 26 40 68 101 136 230
Chamaecyparis thyoides 211 71 81 104 138 166 196 211
Cupressus arizonica 101 22 491 65 100 1271 1582 183
Juniperus ashei 75 35 43 44 _ 48 33 88) 97
Juniperus californica 50 0 0 0 1 4 12] 33
Juniperus communis 11702 8 39 - 54 75 94 109] 212
Juniperus deppeana 195 38 53| 66| 99| 144} 189 290
Juniperus flaccida 160 42 52| 72| 123} 196 224 322
Juniperus horizontalis 7344 23 50 68| 82| 99| 118 223
Juniperus monosperma 258 33 42 50 63| 73 84| 149
Juniperus occidentalis 161 2 8| 9 12| 15 21 _ 31
Juniperus osteosperma 429 4 14 18 24 33 49 92
Juniperus pinchotii 144 33 - 45 50 54 571 61} 68
Juniperus scopulorum 881| 4 22| 31} 43| 55 69 126
Juniperus silicicola 188 52 137 169 190 200 204 218
Juniperus virginiana 4260 42 73| 86| 100( 112 125 189
Larix laricina 8588 29 57| 72 85/ 100 115|212
Larix lyallii 57 23 - 28] 37 ~46)| 51| 58| 71
Larix occidentalis 265 10 170 21 29| 38 44 64
Libocedrus decurrens 157 0 2] 41 6| 8 10 23
Picea engelmannii 1149 5 23 - 31 43 53| 69 126
Picea glauca 9921 21 46 62 79 97 113 212
Picea mariana 10154 21| 45 62 80 97 121 212
Picea pungens 140| 13 24 34 - 49 59 70 124
Picea rubens 592 67 82| 87| 95| 104 112 157
Picea sitchensis 331| 4 21| 41| 69| 103 138 300
Pinus albicaulis 589 5 23 33] 46| 60  74] 109
Pinus aristata 20 46 46 54 - 59 69| 81| 84
Pinus attenuata 25 1 1 2 5 8 10 16
Pinus ayacahuite 95 84 106 125 170 207 247 425
Pinus banksiana 4718 32 54| 72 84 99 113 157
Pinus caribaea 78 124 158 191 229 262 297 472
Pinus cembroides 287 6 67| 84 118 159 182 246
Pinus clausa 82 168 178 195§ 1991 203 205 218
Pinus contorta 2308 1 25| 38 55| 74 88 202
Pinus cooperi 92 140 153  164| 181 200 216 246
Pinus coulteri 10 0 0 0] 1 4N 9] 10
Pinus douglasiana 39 178 186] 191 199 218|  238| 271
Pinus durangensis 145 97 128, 150 174 196 210 247
Pinus echinata 1652 55 - 93] 105 119 130 153 204
Pinus edulis - 379 13 20 28 43 60| 73| 109
Pinus elliottii 367 125 146 164 178 198 203 222
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CONIFERS July Precipitation (mm)

Taxon name N 0% 10% 25% 50% 75% 90% 100%

Pinus engelmannii S 222 64 85 112 157 186 208| 246
Pinus flexilis - 374| 1 21 29 41 54 64| 106
Pinus glabra o 350 111|130 141|157 174 188|209
Pinus greggii o 14| 55 55 63| 73 103 112 120
Pinus hartwegii - 32 80 107 121 188 268 343| 381
Pinus jeffreyi ] ' 112 o 2 5 7 9 - 14 22
Pinus lambertiana - 155 o| 2 4 6 8 11 25
Pinus lawsonii - ’ 39 88 100 124 195 208 225 497
Pinus leiophylla ) 271 53 89 126 164 193] 219 350
Pinus longaeva 19 5 5 16 24 31 37 39
| Pinus lumholtzii ] - 163 114 143 161 184 208 225 279
| Pinus michoacana | 101 70 110 129] 193 222|  268| 348
| Pinus monophylla - 107 0 6] 11 17 23] 27 35
Pinus montezumae S 90 55 81 121 205 259 320 360
Pinus monticgfd i - 455 4 8] 20 32 46| 61 97
Pinus nelsonii - 1] 97 97 97 108 114 134 139
Pinus oocarpa - 412]| 92 140 176 202 234 280 497
Pinus palustris -t 762( 76 119 131 151] 175 199 218
Pinus patula - | 271 84 100 121 148 173 195 287
Pinus pinceana 27 59 63 65 72 76 90 107
| Pinus ponderosa - 1138 0] 6 15| 34 65 127|225
| Pinus pringlei b4 106 139 185 203 228 2701 331
Pinus pseudostrobus 211 55| 108 138 185 237 301 415
| Pinus pungens - 137 88 92 951 103 115 128] 136
| Pinus quadrifolia 9 6| 6 -9 15 17 A7 22
Pinus resinosa 1751 59 74| 82 93 102|  109| 164
| Pinus rigida - 711 70| 85| 94 106 117| 124 136
|Pinus sabiniana 64 0 0 1 1 3L 4 6
Pinus serotina o 462 99| 125 137 156 175 199| 214
Pinus strobiformis - 269 52 84 114 160 196 216 259
Pinus strobus | 2776 60 74 83| 95| 105] 114 302
| Pinus taeda 1288 471 100 114 126 155 179 214

| Pinus teocote o 172 54( 80| 103 158 196  238] 415
| Pinus virginiana o 778 88 96| 105 114 121 126] 164
| Pseudotsuga macrocarpa 9 o] 0 0] o0 4 41 4
Pseudotsuga menziesii 1715] 0 100 23 38 52| 73] 302
Sequoia sempervirens - 17| 1 11 2 2l 4] 5 9
Taxodium distichum - 1302 41 87| 103 133] 169 196 222
| Taxodium mucronatum 196 36 63| 88 160 210 268| 350
Taxus brevifolia B 526 1] 5 9 26 47 71 121
| Taxus canadensis 3584 60| 77 86| 98 111 126 212
 Thuja occidentalis 2416 59| 74| 83 95 103 113| 164
Thuja plicata - | 542 2| 11 23| 42 64 82 149
Tsuga canadensis - 1802 61 75| 84 96 108 1191 145
Tsuga caroliniana - 32| 97 101 111 117] 122  133] 136
Tsuga heterophylla B 597 2 18 28 52| 74 105 300
Tsuga mertensiana 348 5 24 37 65 101 128 300
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CONIFERS

Mean Temperature of the Coldest Month (°C)

Taxon name N 0% 10% 25% 50% 75% 90% 100%

Abies amabilis 233 -13.8 -84 58 -26 -0.2 16| 3.6
Abies balsamea 4955 -26.8| -23.7 -21.8 -19.01 -13.2| -9.1]  -07
Abies concolor 278 -10.8 -8.7] -6.2 -1.6 0.7 2.7 118
Abies grandis 308 -14.4 -8.6 -6.5 -2.6 27 39 96
Abies lasiocarpa 1910 -30.0] -23.2 -17.6 -116( 87| 59| 35
Abies magnifica 43 -5.1 ~-3.6 -2.6 -1.3 -0.1} 0.7 2.9
Abies procera 54| 7.7 -4.7 -2.6 -0.9 0.3 33| 47
Chamaecyparis lawsoniana 200 177 14 2.6 52 66} 7.3 7.6
Chamaecyparis nootkatensis 339 -10.3] -6.9 -4.7 23| -04] 1.3 3.9
Chamaecyparis thyoides 211 -6.8 -2.9 -0.4 5.3 6.6 11.2 12.3
Cupressus arizonica 101] 0.6 2.6 7.1 10.5] 125 128 13.1
Juniperus ashei 75 1.3 22| 6.5 8.2 9.6 9.9] 124
Juniperus californica 7 50 3.1 53| 6.1  6.6] 7.9 1041 14.0
Juniperus communis 11702 -33.0 -29.0 -25.8] -21.6 t ~-16.1 941 4.9
Juniperus deppeana 195 -2.2 0.6 26| 7.6/ 11.0 12.8; 23.3
Juniperus flaccida - 160 0.7 85| 120/ 134 15.7 214 247
Juniperus horizontalis 7344 -30.9 -28.5| -25.4( -222 -19.0 -15.4(  -3.3
Juniperus monosperma 258| -9.2 -3.4 191 021 27| 5.6 12.7
Juniperus occidentalis 161] -9.9 -5.4 41 31 -21]  -0.9 71
Juniperus osteosperma 429 -11.9 -7.8 -5.3 -3.3 -0.9 1.2 6.3
Juniperus pinchotii 144 1.3 1.8 3.1 4.7 6.5| 7.7 108
Juniperus scopulorum 881 -17.9 -11.6] -10.2 -8.3 571 191 5.7
Juniperus silicicola 188 5.9 7.7 10.9 12.3] 14.7| 15.9 16.8
Juniperus virginiana 4260 -134 -8.2 -4.9 -0.7 391 1A 117
Larix laricina 8588 -33.0] -27.9 -24.9 2111 -159] -95] 1.0
Larix lyallii 57 -16.4 -15.2| -13.2| -105 -8.6 -76| -54
Larix occidentalis 265 -14.4 -9.7 -86| -6.8] -5.0]| -3.7 1.1
Libocedrus decurrens 157 5.4 -1.7 -0.2 2.0 3.7] 5.5 8.0
Picea engelmannii 1149 -18.7 -13.0 -11.4| -98] -75]  -51 4.2
Picea glauca 9921 -33.1 -28.5 -25.5 -21.5 -16.7 -11.9 -3.1
Picea mariana 10154 -34.2 -29.3 -26.0 =221 -17.0] -11.6 -2.0
Picea pungens 140 -12.2 -11.3  -10.3] -89 -7.0 -4.9 1.9
Picea rubens 592 -15.6 -129] -11.8 -96 7.2  -55 1.5
Picea sitchensis 331 -14.7 -7.1 37] 091 19| 36 7.6
Pinus albicaulis 589 -18.7 -14.7 -11.9 -10.3 -7.8 54 2.2
Pinus aristata - 20 -12.0 -11.6 -10.9] -101]  -84] -79 -5.6
Pinus attenuata 25| -3.0 - 1.5] 2.6 3.9 6.5 76| 104
Pinus avacahuite 95 9.6 11.4| 13.6] 17.0] 20.9 231 25.2
Pinus banksiana | 4718 -30.4| -28.1| -253] -215] -182 -13.8 -4.5
Pinus caribaea 78 18.9 19.9 21.0 22.1 22.9 23.6 24.6
Pinus cembroides 287 0.3 29 57 9.4 12.0 13.2] 17.3
Pinus clausa 82 11.6 13.6f 15.0f 158 16.3| 17.0 19.0
Pinus contorta 2308 -29.3 -22.3]  -17.5| 114 74 -2.2 8.1
Pinus cooperi 92 4.5 5.2 6.6 8.8 #**Jllfi 11.1 15.4
Pinus coulteri 10| 4.4 44 6.2 6.6 79| 79 11.2
Pinus douglasiana -39 17.5 18.0 18.5 19.5] 20.5 21.3 22.9
Pinus durangensis 145 1.2 45 5.3 7.4 9.3 11.0] 18.6
Pinus echinata 1652 -4.3 -0.1 2.1 5.0 76| 9.5 120
Pinus edulis 379 114 66| -42( -2.0{ 0.5 231 57
Pinus elliottii 367 7.8 9.2 100 11.4| 136 162 19.3
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CONIFERS Mean Temperature of the Coldest Month (°C)

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Pinus engelmannii 222 0.6 2.9 5.0 7.4 9.5 11.1 16.8
Pinus flexilis ) | 374 -17.7 -11.91 -11.0 -9.3 -7.3 -4.7 7.2
Pinus glabra o 350 6.3 8.1 8.7 9.7 10.7 11.6] 13.6
Pinus greggii ) 14 10.7] 10.7] 125 12.6 13.5 15.0]  15.2
Pinus hartwegii 32 9.8 11.0f 13.8 15.6 16.9 18.8 21.7
Pinus jeffreyi . 112 -5.1 -2.7 -1.7 0.1 26| 6.1 10.8
Pinus lambertiana 155 -4.4 -2.0 -0.6 1.4 31| 4.5 9.6
Pinus lawsonii 39 132 142 150 1755 21.6] 227 244
Pinus leiophylla ) 271 -0.7 3.2 5.8 9.6 13.1 16.6] 21.6
Pinus longaeva 19 -10.7 -7.9 -4.5 -4.1 -0.2 0.8 4.0
Pinus lumholtzii - 163 291 53 8.3 10.0 13.4] 18.1| = 20.5
Pinus michoacana ) 101 10.0f 13.6f 15 9 18.6 20.5( 21.71 23.9
Pinus monophylla 107 -8.4 5.0 -4.1 2.3 03] 44| 110
Pinus montezumae o 90 9.6 12.8|  14.2 15.6 17.2| 19.8] 23.9
Pinus monticola | 455 -165( -11.0 -8.3 -3.6| -0.2 2] 441
Pinus nelsonii - 1 13.5 13.5| 13.8| 14.3] 144 15.2| 153
Pinus oocarpa - 412 7.1 13.5| 16.7| 19.7| 21.4| 22.8] 26.0
Pinus palustris 762 3.9 57 7.3 93 110 132 17.0
Pinus patula o 27 10.6 11.2| 116 13.5| 15.01 159 17.7
Pinus pinceana 27 12.0 12.3 12.5 12.7 13.3 14.1 14.9
Pinus ponderosa - 1138| -14.7 -8.8 -6.8  -3.0 2.9 7.0 17.8
Pinus pringlei - 54] 14.2 14.8 19.6] 2141 2341 250 26.0
Pinus pseudostrobus 211 10.7 13.2| 153 17.4] 204| 216 25.6
Pinus pungens . | 137 -5.0 -3.1]  -1.6 -0.5 1.0 2.1 43
Pinus quadrifolia 9] 54| 54| 6.7 8.0 8.8 9.2 10.9
Pinus resinosa . - 1751 -21.8 -18.1 -15.7]  -124 9.3 -6.9 0.7
Pinus rigida B 7111 -101| -5.797 -3.8| -1.4 0.2 1.7 4.6
Pinus sabiniana | 64 -0.4 2.2  3.8] 5.6 6.6] 7.4 8.8
Pinus serotina N B 462 0.7| 47| 6.6 87| 115 13.0[ 16.1
Pinus strobiformis ) 269 -1.9 1.5 5.0 7.6 10.0 13.2 17.9
Pinus strobus | 2776 -20.6{ -16.9] -13.5 94| -54] 1.0 23.7
Pinus taeda | 1288 0.1 38| _ 54 7.4 9.7 11.4 15.8
Pinus teocote 1721 71 9.2 10 6] 13.2] 16 2 21.0 25.6
| Pinus virginiana 778  -5.9 22| -0.7] 1.1 3.1 4.8 7.9
| Pseudotsuga macrocarpa 9 2.7| 27| 541 8.4 9.0 94 94
Pseudotsuga menziesii 1715 -16.9 -11.5] -10.0] -7.0 -01] 45|  20.1
| Sequoia sempervirens ) 17 4.7 55| 6.6  7.5] 8.2 9.2 96
Taxodium distichum | 1302 14| 37| 60| 87| 108 138 19.3
| Taxodium mucronatum 196 8.6| 10.4| 121| 143| 16.1] 17.3]  24.0
Taxus brevifolia 526 -14.4 -8.3 -3.8 0.2 2.7 3.9 7.6
Taxus canadensis - 3584 -24.2 -20.0f -181| -134 -89 -55| 0.8
| Thuja occidentalis . 2416 -24.2{ -20.5| -18.7| -14.6| -104| -7.5| 26
Thuja plicata 542 171 -111] 82  -23 1.9] 3.6 7.7
Tsuga canadensis - - 1802] -15.4| -12.2] -10.1 6.8 29 01] 53
Tsuga caroliniana | 32 -1.1 -0.1] 04 1.3 2.0 27| 3.6
| Tsuga heterophylla ) 597 -17.1 -11.8| -88| -32| 11| 3.4 8.1
Tsuga mertensiana 348 -15.6 -9.7 -6.4 -3.2 -0.8 1.1 4.1
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CONIFERS Growing Degree Days on 5 °C base X 1000

Taxon name N 0% 10% 25% 50% 75% 90% 100%
Abies amabilis 7 233 0.2 05 0.7 0.9 13| 1.6 2.1
Abies balsamea 4955| 0.2 0.6 0.9 11 1.4 170 2.7
Abies concolor ] 278 0.3 0.7 1.1 16/ 2.0 2.5 47
Abies grandis 308 0.3] 0.7 1.0 14 1.8 21 2.8
Abies lasiocarpa 1910 - 0.1 05 0.6 0.7 0.9 1.2 27
Abies magnifica 43 0.8 1.1 1.2 1.4 1.6 1.7, 2.7
Abies procera 54 0.3 0.8 1.0| 1.3 1.5 1.6 2.2
Chamaecyparis lawsoniana . 20 1.2] 1.4 1.5 2.0 23 24 25
Chamaecyparis nootkatensis 339 0.2 0.5 0.71  0.9¢ 1.2 1.5 1.9
Chamaecyparis thyoides ] 211 1.8 2.4 2.9 4.0 4.3 5.3 5.6
Cupressus arizonica ) 101 28] 3.2 3.7 49 - 5.5 2591 6.0
| Juniperus aﬁhej 7 75 3.5 3.7, 4.8 51 _563] 55| 6.2
Juniperus californica . 50 2.1 3.0 34 35 4.1 47 5.9
Juniperus communis 11702 0.1 0.4 0.6 0.8 11| 1.4 3.9
Juniperus deppeana 7 195 1.5 211 2.8 3.8 47| 56| 7.6
Juniperus flaccida 7 160 3.1 3.7 4.8 55|  6.2] 7.4 8.5
Juniperus horizontalis ) 7344 0.1 0.5 06| 0.9 1.1 1.3 2.4
Juniperus monosperma 258 0.7 1.7 2.0 24 3.2 3.8 5.9
Juniperus occidentalis 161 05| <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>