
Nomenclature of P. kesiya ROYLE ex GORDON (syn. P. khasya ROYLE; 
P. insularis ENDLICHER). In: Proc. Symp. IUFRO Working Gp., 
Selection and breeding to improve tropical conifers. Florida, 1971. 
- BURLEY, J., and J. W. TURNBULL: Proposed standard procedures 
for the FAO/FRI/CFI international provenance trial of Pinus 
kesiya ROYLE ex GORDON (syn. P. insularis ENDLICHER; P. khasya 
ROYLE). Mimeo. Comm. For. Inst., Oxford, 25 pp., 1970. - BURLEY, 
J., P. M. BURROWS and P. WATERS: Variation in needle length and 
number among provenances of Pinus khasya ROYLE. Rhod. Zamb. 
Mal. Jour. Agric. Res. 5: 101-103 (1967). - BURLEY, J., J. V. PATTINSON 

and P. WATERS: Provenance studies. Ann. Rept. Agric. Res. Counc. 
Cent. Africa, 1966, 71-72. - CHAMPSOLOIX, R.: Le pin A trois feuilles 
du Langbian (P. khasya ROYLE). Bois For. Trop. 57: 3-11 (1958). - 
CLIFFORD, H. T., and F. E. BINET: A quantitative study of a presumed 
hybrid swarm between Eucalyptus elaeophora and E. goniocalyx. 
Aust. Jour. Bot. 2: 325-336 (1954). - COOLING, E. N., and F. ENDEAN: 
Preliminary results from trials of exotic species for Zambian 
plantations. Zambia For. Res. Bull. 10, 34 pp. (1966). - CRITCHFIELD, 
W. B., and E. L. LITTLE (Jr.): The geographic distribution of the 
pines of the world. U. S. Dept. Agric. Misc. Publ. 991, 97 pp. (1966). 
- DALLIMORE, W., and A. B. JACKSON: Handbook of Coniferae. Ed- 
ward Arnold and Co., London, 3rd Ed., 682 pp., 1948. - DALLIMORE, 
W., A. B. JACKSON, and S. G. HARRISON: Handbook of Coniferae and 
Ginkgoaceae. Edward Arnold and Co., London, 4th Ed., 729 pp., 
1966. - DIN, U. A.: Pines for tropical areas. Unasylva 12: 121-133 
(1958). - FISHER, R. A.: The use of multiple measurements in 
taxonomic Problems. Ann. Eugen. 7: 179-188 (1936). - GARDINER, 
A. S., and J. N. R. JEFFBRS: Analysis of the collective species Betula 
alba on the basis of leaf measurements. Silvae Genetica 11: 156-161 
(1962). - GAUSSEN, H.: Les Gymnospermes actuelles et fossiles. Trav. 
Lab. For. Toulouse Tome 2, Vol. 1, Chap 11, 272 pp. (1960). - HOPP, 
H.: Methods of distinguishing between shipmast and common 
forms of black locust on Long Island, N. Y. U.S.D.A. Tech. Bull. 
742, 24 pp. (1941). - JEFPERS, J. N. R.: The study of variation in 

tax0nomiC research. The Statistician 17: 29-43 (1967). - JEFFEHS, J .  
N. R., and T. M. BLACK: An analysis of variability in Pinus contorta. 
Forestry 36: 199-218 (1963). - JONES, B. E.: The growth of Pinus 
khasya in Zambia. Zarnbia For. Res. Bull. 17, 16 pp. (1968). - LEDIG, 
F. T., R. W. WILSON, J. W DUPPIELD, and G. MAXWELL: A discriminant 
analysis of introgression between Quercus prinus L. and Q. alba L. 
Bull. Torr. Bot. Club. 96: 156-163 (1969). - MAHALANOBIS, P. C.: On 
the generaiized distance in statistics. Proc. Nat. Inst. Sci. India. 
2: 49-55 (1936) - MERGEN, F., and G. M. FURNIVAL: Discriminant 
analysis of Pinus thunbergii X Pinus densiflora hybrids. Proc. Soc. 
Amer. For., 1960, 3640. - MERGEN, F., D. T. LESTER, G. M. FURNIVAL, 
and J. BURLEY: Discriminant analysis of Eucalyptus cinerea X Euca- 
lyptus maculosa hybrids. Silvae Genetica 15: 148-154 (1966). - 
NAMKOONG, G.: Multivariate methods for multiple regression prove- 
nance analysis. Proc. 14th Congr. IUFRO, Vol. 3: 308-318 (1967). - 
PEARCE, S. C.: Multivariate techniques of use in biological research. 
Exptl. Agric. 5: 67-77 (1969). - PILLAI, K. C. S.: On the distribution 
of the largest characteristic root of a matrix in multivariate ana- 
lysis. Biometrika 52: 405411 (1965). - PREMRASMI, T., and T. SMITI- 
NAND: Pines in Thailand. Royal Forest Dept., Min. of Agric., Bang- 
kok. Report R. 39, 5 pp. (1960). - SAVORY, B. M.: The taxonomy of 
Pinus khasya (ROYLE) and Pinus insularis (ENDLICHER). Emp. For. 
Rev. 41: 67-80 (1962). - SCHATZOFF, M.: Sensitivity comparisons 
among tests of the general linear hypothesis. Jour. Amer. Stat. 
Assoc. 61: 415435 (1966 a). - SCHATZOFF, M.: Exact distributions of 
WILK'S likelihood ratio criterion. Biometrika 53: 347-358 (1966 b). - 
SEAL, H. L.: Multivariate statistical analysis for biologists. Methuen, 
London, 207 pp., 1964. - SHAW, G. R.: The genus Pinus. Arnold 
Arbor. Publ. 5, 96 pp. (1914). - SOKAL, R. R., and P. H. A. SNEATH: 
Principles of numerical taxonomy. W. H. Freeman, London, 359 
pp., 1963. - WECK, J.: Uber die Koniferen in den Tropen. Forstwiss. 
Cbl. 77: 203-230 (1958). - ZAVARIN, E., N. T. MIROV, E. N. COOLING, 
K. SNAJBERK, and K. COSTELLO: C!hemical composition of turpentine 
from Pinus khasya. For. Sci. 14: 55-61 (1968). 

Parallel and Divergent Evolution in Rocky Mountain Trees 
By FAN HAO KUNG and JONATHAN W. WRIGHT~) 

The Rocky Mountains of western United States are the 
home of several tree species which grow well in the north 
central states. Some are planted commonly as ornamentals, 
Christmas trees or for timber production. Because there is 
an active demand for provenance inforrnation, a series of 
provenance tests was undertaken in Michigan as part of 
the NC-51 regional tree improvement project. 

The tests were designed to yield practical information, 
but theory and practice can not be divorced in such work. 
Equal emphasis was placed on the study of the factors in- 
volved in the evolution of genetic differences. The tests 
covered four tree species inhabiting somewhat the Same 
geographic ranges. Each species has been the subject of a 
separate detailed report. I t  is the purpose of the present 
paper to place the evolutionary data from all four species 
in one common focus. 

The provenance tests on which the present paper is based 
have been described in greater detail in a series of previous 
papers each dealing with one species: ponderosa pine (23, 
24, 28), Douglas-fir (8, 26), white fir (5,  9, 29), limber and 
southwestern white pines (21, 27). 

Biological Subdivisions of the Four Species 

PONDEROSA PINE, Pinus ponderosa LAWS. - Three 
taxonomic varieties have been recognized: 

l) Assistant Professor, Southern Illinois University, Carbondale, 
and Professor of Forestry, Michigan State University, respectively. 
This article is based upon Dr. KUNG'S Ph. D. thesis a t  Michigan 
State University, with an updating from recently collected data. 
Approved for publication as journal article No. 5178 of the Michigan 
Agricultural Experiment Station. 

Var. ponderosa of the Pacific Coast states, Idaho and 
Montana. 

Var. scopulorum ENGIM. from the southern Rocky Moun- 
tains to central Montana and the Black Hills of South 
Dakota 

Var. arizonica (ENGELM.) SHAW from SW New Mexico, SE 
Arizona and N Mexico; not included in the present ex- 
periments. 
A related species, P. washoensis MASON and STOCKWELL, OC- 

curs on the east side of Mt. Rose, western Nevada. 
HALLER (1957, cited in 23, 24) on the basis of field study, 

recognized races from California, the Pacific Northwest 
south to the Shasta Valley of N California, S Arizona-New 
Mexico, the high plateau of N Arizona-New Mexico and 
S Utah-Colorado and the northeastern quarter of the range. 

Five extensive-range provenance studies which have 
been conducted in other regions have been summarized in 
papers by SQUILLACE and SILEN (20), WELLS (23, 24) and WAIG 
(22). These studies were a 20-origin 1-site experiment in 
Idaho, a 10-origin 6-site experiment in the Pacific North- 
west, a 13-origin 1-site experiment in New Zealand, a 
small nursery experiment in Arizona and a 126-origin 
nursery experiment in California. From these studies the 
following races were recognized as reasonably distinct: 
California, North Plateau (= Pacific Northwest), Arizona- 
New Mexico (= southern Rockies), central and northern 
Rockies-Black Hills. 

CALLAHAM and LIDDICOET (3)  described an elevational cline 
in California from an elevational transect study. 

Silvae Genetica 21, 3-4 (1972) 


















