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Table 1 Thermal indices with reference to native distribution of pines

Difference of mean Warmth Index Mean  Mean temperature
daily temp. in (WD) (MWI) in the coldest
summer and winter month
Subgenus Ducamposinus
Subsect. Krempfiani
Pinus krempfii 39 - 58 200.4 - 213.6 207.0 +15.1 - +16.2
Subgen. Strobus
Subsect. Cembrae
P. koraiensis 24,1 - 45,5 189 - 67.9 42,8 —-29.6 - 3.7
P. pumila 18.9 - 65.0 0.0 - 43.1 20.0 —46,5 - —9.8
P. sibirica 30.2 - 57.9 3.2 - 457 20.6 —40,3 - —2.4
P. cembra 18.9 - 23.0 9.3 - 41.0 23.7 -~13.6 - —3.3
P. albicaulis 19.2 - 285 8.2 - 372 24.3 -152 - =22
Subsect. Strobi
P. strobus 19.6 - 33.1 36.9 - 84.4 62.2 ~14,2 - =0.2
P. monticola 10.2 - 23.9 259 - 66.8 46.4 -6.3 - +2.5
P. lambertiana 14.2 - 22.0 386 - 98.2 64.7 -3.0 - +38
P. flexilis 224 - 30.4 31.7 - 565 43.6 -~11.8 - —4.5
P. strobiformis 11.4 - 224 61.0 - 1253 91.6 ~2.3 - +10.9
P, ayacahuite 4.1 - 85 47.9 - 1256 94.7 +6.4 - +12.6
P. peuce 21,1 - 24,6 3.2 - 69.9 50.6 -9.3 - —24
P. armandii 19.0 - 28.9 38.7 - 132.8 96.3 -0.3 - +9.2
P. griffithii 14,1 - 259 42,2 - 99.6 71.0 -7.3 - 1.8
P. dalatensis 50 - 5.6 101.9 - 161.3 129.4 +12.0 - +17.3
P, parvifiora 23.8 - 29.5 33.2 - 109.8 64 .4 -8.8 - +538
P. morrisonicola 13.2 - 15.0 71.0 - 203.0 137.1 +6.6 - +15.7
P. fenzeliana 13.0 - 22.2 131.7 - 171.3 151.5 +9.2 - +12.9
P. wangii - - - - - -
Subsect. Cembroides
P. cembroides 8.7 - 18.9 81.6 - 152.9 113.4 +1.8 - +13.3
P. edulis 202 - 304 20.3 - 927 51.6 -85 - +3.8
P. quadrifolia 13.9 - 14,0 54.8 - 94.4 74.6 +2.2 - +6.3
P. monophylla 14.0 - 26.1 49.1 - 1165 78.2 —~4.8 - +7.8
P. culminicola 13.8 21,1 - 347 27.4 -58 - —15
P. maximartinezii 7.8 138.6 - 171.9 155.3 +12.4 - +14.7
P. pinceana 5.3 - 114 1047 - 136.2 120.6 +6.6 - +7.7
P. nelsonii 87 - 114 98.1 - 1307 - 1144 +5.7 - +10.9
Subsect. Gerardianae
P. gerardiana 21.7 - 23.7 57,0 - 1211 85.1 -7.1 - +2.9
- P. bungeana 247 - 31.8 60.1 - 102.8 81.0 ~92 - —1.0
Subsect. Balfourianae
P. baifouriana 19.8 - 22,0 18.6 - 37.0 29.0 -~38 - —3.6
P. aristata 214 - 26,5 27.1 - 42.8 37.6 -43 - —6.0
Subgen. Pinus
Subsect. Leiophyliae
P. leiophylla 56 - 215 755 - 135.6 105.5 +8.6 - +13.2
P. lumholtzii 7.8 - 14.9 96.7 - 161.9 135.5 +6.3 - +14.1
Subsect. Canarienses
P. canariensis 6.1 - 9.7 29.2 - 98,5 57.4 +3.7 - +10.1
P. roxburghii 4,2 - 9.4 754 - 191.5 132.1 -~3.2 - +8.6



Difference of mean Warmth Index Mean Mean temperature

daily temp. in (WD) (MWI) in the coldest
summer and winter month
Subsect. Pineae
P. pinea ) 20,4 - 23.8 88.1 - 157.7 125.0 —-5.7 - +11.3
Subsect. Sylvestres
P. resinosa 23.6 - 37.0 30.6 - 68.2 55.1 -13.8 -~ =52
P. tropicalis 47 - 6.1 239.2 - 245.8 242.6 +21.9 - +22.9
P. nigra 17.2 - 26,7 48.0 - 136.4 81.2 —4.0 - +6.5
P. heldreichii 199 - 23.2 34.9 - 704 50.9 -94 - +04
P. mugo 14,4 - 25,2 143 - 746 442 -7.3 - +0.8
P. pinaster 11.2 - 19.9 76.5 - 130.0 111.9 +2.5 - +10.3
P. halepensis 13.2 - 22.2 101.2 - 167.8 135.2 +3.6 - +11.7
P. brutia 164 - 224 84.2 - 154.0 126.2 +0.3 - +9.38
P. sylvestris 11.2 - 62,6 84 - 706 33.8 —-40.3 - 0.2
P. densiflora 18.3 - 46,1 42.3 - 1420 86.4 —6.4 - 538
P. thunbergiana 13.8 - 25.3 75.7 - 142.0 100.9 -1.6 - -+59
P. massoniana 10.0 - 15.0 66.8 - 178.5 113.9 -2.7 - +15.8
P. tatwanensis 10.3 - 15.0 43.5 - 170.0 104.7 +2.5 - +13.6
P. luchuensis 12.1 - 141 1617 - 205.5 188.1 +11.2 - +16.1
P. hwangshanensis 21.0 - 26.5 43.9 - 65.9 55.7 -7.3 - —=0.3
P. tabulaeformis 19.0 - 32,6 32,7 - 108.2 66.8 —-13.9 - 24
P. yunnanensis 10.7 - 13.6 43,7 - 168.0 101.8 ~1.6 - +10.7
P. insularis 3.5 - 5.7 89.3 - 200.5 142.0 +10.7 - +19.2
P. merkusii 20 - 8.3 154.3 - 257.1 211.0 +14,1 - +23.8
Subsect. Australes
P. palustris 11.6 - 18.7 125.0 - 202.1 156.4 +52 - +154
P. taeda 144 - 22.4 114.9 - 184.4 146.9 +1.1 - +12.7
P. echinata 156 - 24.2 85.7 - 186.6 127.7 +0.3 - +86
P, glabra 16.0 - 18.7 149.1 - 179.8 160.3 +7.1 - +11.2
P. rigida 18.9 - 256 62.1 - 112.9 89.7 -54 - +4.7
P. serotina 144 - 187 118.9 - 184.4 153.2 +4.3 - +12.6
P. pungens 18.9 - 22.2 86.6 - 115.7 99.0 —-1.7 - 445
P, elliottit 4.4 - 18,7 149.1 - 184.4 165.3 +8.0 - +12.9
P. caribaea 26 - 7.3 182.5 - 256.7 221.3 +16.3 - +22.3
P. occidentalis 2.7 - 4.2 149.8 - 234.1 179.0 +14.8 - +22.4
P. cubensis 4.0 201.1 - 251.6 2277 +19.8 - +24.6
Subect. Ponderosae
P. ponderosa 13.8 - 314 41,9 - 84.3 60.6 -9.8 - +05
P. washoensis 21.1 26.8 - 429 35.8 —7.5 - =42
“P. jeffreyi 19.2 - 22.0 36.6 - 87.5 61.1 —4.8 - +1.7
P. engelmannii 8.0 - 17.9 85.0 - 148.7 120.7 +2.5 - +12.3
P. durangensts 59 - 14.9 84.1 - 1355 104.6 +2.3 - +12,0
P. cooperi 9.8 - 14.9 79.2 - 155.3 118.9 +4.6 - +12.2
P. montezumae 4,1 - 13.8 77.9 - 170.4 112.4 +6.3 - +16.2
P. hartwegii 4.1 - 87 21.0 - 99.1 64,1 +2.3 - +10.7
P. michoacana 4.5 - 94 95.1 - 166.1 133.7 +5.3 - +15.8
P. pseudostrobus 4.1 - 114 68.4 - 1704 123.7 +8.2 - +16.2
P. douglasiana 59 - 13.3 98.3 - 164.9 131.7 +8.3 - +15.3
P. teocote 4.5 - 12.0 52.9 - 155.1 100.8 +0.4 - +16.0
P. lawsonii 56 - 7.8 99,1 - 220.0 155.2 +8.8 - +19.3
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Difference of mean Warmth Index Mean Mean temperature
daily temp. in (WD (MWI) in the coldest
summer and winter month
Subsect. Sabinianae
P. sabiniana 14.9 - 19.7 38.8 - 133.0 84.6 +1.8 - +8.6
P. coulteri 15,0 - 15.3 34,9 - 108.9 70.3 +04 - +10.2
P. torreyana 56 - 7.9 122.9 - 1465 134.6 +11.2 - +12.8
Subsect. Contortae :
P. banksiana 23.6 - 44.8 26,6 - 54.5 37.9 -26.8 - =97
P. contorta 8.6 - 315 10.2 - 497 29.9 -~30.2 - 5.2
P. virginiana 18.4 - 25.3 85.7 - 139.6 111.3 -1.6 - +7.1
P. clausa 9,5 - 16.2 1735 - 2204 195.1 +11.2 - +418.2
Subsect. Oocarpae
P, radiata 7.2 78.2 - 108.5 92.3 +8.2 - +11.0
P. attenuata 0.4 - 22.0 54,9 - 118.6 79.9 -0.3 - +6.5
P. muricata 56 - 10.4 64.0 - 114.5 83.1 +7.8 - +12.3
P, patula 53 - 7.5 48,9 - 136.2 100.7 +53 - +13.6
P. greggii 5.3 - 11.4 71.8 - 157.1 113.7 +3.2 - +12.7
P. oocarpa 4,1 - 13.3 68.4 - 1705 121.1 +8.3 - +15.6
P. pringlei 56 - 8.5 101.9 - 203.5 150.1 +10.3 - +18.4
Cool .
Subsect. Australes Temperate Warm Temperate Zone Subtropical
P. rigida Subarctic : :
P. pungens : :
P. echinata
P, taeda
P. serotina
P. palustris
P. glabra
P. elliottid
P. caribaea
P. occidentalis
P. cubensis

: ‘ T 200
° 100 W1 (°C-month)

Fig 1 Temperature ranges of native regions of pines and method of constructing species
number density against the temperture gradient of Warmth Index (WD) of the pine
regions, using subsection Australes. This method was employed for the other
ternperature factors and latitudes of the species ranges in pines.
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Fig 3 Species number densities in two subgenuses (A)
and in respective subsecltions (B) against the
Warmth Index gradient.
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Tertiary

Fig 6 Fossil record maps of three eras [or genus Pinus plotted from data of
Miki (1957), FLorin (1963) and Mirov (1967). Open circles: subgenus
Pinus; solid circles: subgenus Srronus; crosses: undetermined pines.
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Résumé

To 'clarify the specialization in the genus Pinus, three temperature factors of the native
regions of all pine species were estimated from the temperature data of selected stations
and altitude data of pine distribution, with application of an elevational correction based on
the laspe rate of -0.55,7100m. The factors studied were the Warmth Index (WI), mean
temperature of the coldest month (MTCM), and temperature range calculated as the
difference of the mean daily temperature of the warmest (summer) and coldest (winter)
months (TR). These factors are shown in Table 1. From the temperature range shown in
Table 1, the distribution frequency of each pine group was estimated as shown Figure 1 to
analyze the thermal gradient for the factors.
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Although the genus Pinus grows in a wide temperate zone of the northern hemisphere,many
pines of the subgenus Pinus (Diploxylon pines) are distributed in the warm temperate zone,
with the majority being near the boundary between the cool and warm temperate forest zones.
Pines of the subgenus Strobus (Haploxylon) grow mainly in the cool temperate zone (Fig. 3).
Most pines in low altitude regions grow in subtropical forest zones while those in high
altitude regions are found to the subarctic zone. Two species of subsect. Australes reach the
tropical climate zone (Fig. 3).

Pine distribution seems to be restricted by temperature factors of winter cold (MTCM) and
temperature range (RT) in summer and winter than the Warmth Index. Several species out of
a hundred pines are distributed in severe climate regions (Fig. 4, Fig. 6), showing adaptation
to winter cold after the Tertiary era. The very hardy pines are rare and belong to the large
pine groups as examined by the authors former study. Most pines are distributed in mild
climate regions as a result of migration due to the temperature fluctuation in the Quaternary
perid not because of a change in their nature due to the environmental conditions.





