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Introduction 

The 90 to 100 species that make up the genus Pinus are 
not an exceptionally crossable group of plants. Most pines 
have been successfully hybridized only with those few 
species that appear to be their closest relatives on the ba- 
sis of morphological and chemical criteria, and the yield of 
hybrid offspring is sometimes very low. Within pine spe- 
cies, however, strong barriers to interbreeding between 
populations have not been encountered until recently. The 
closed-cone pine group is of unusual interest because it 
includes one of bhe most readily crolss~able coim~b~ina~tions of 
species so far encountered in the genus and the only 
known instance in Pinus of a breeding barrier between 
populations of a species. 

The three California closed-cone pines - Pinus radiata 
D. DON, P. attenuiata LEMM., and P. muricata D. DON - are 
perhaps the best known group of species in the genus. Ex- 
cept for the insular forms, they are readily accessible to 
botanists, their restricted distribution is known in detail, 
and they have a comparatively rich fossil record. One of 
them, Monterey pine (P. riadiata), is economically important 
as a planted forest tree - especially in the Southern Hemi- 
sphere. The hybrid of Monterey pine and knobcone pint 
(P. attenuata) - one of the first artificial pine hybrids - 
has attracted attention because of its adaptability to cli- 
mates and sites where Monterey pine is marginal or un- 
suitable. For these reasons, variability and evolutionary 
trends have been more fully investigated in the California 
closed-cone group than in most other groups of pines. 

In most recent arrangements of the genus, the California 
closed-cone pines are grouped with those Latin American 
pines that sometimes have serotinous cones. The latter - P. 
patula SCHIEDE & DEPPE, P. greggii ENGELM., P. oocarpa 
SCHIEDE, anld P. pringlei SHAW - together with the Cali- 
fornia species, make up DUFFIELD'S group XIV (DUFFIELD 

1952), and this is the group considered in this paper. This 
group has recently been named subsect. Oocarpae LITTLE 
and CRITCHFIELD (CRITCHFIELD and LITTLE 1966). The Same 
seven species were grouped with P. contorta var. latifolia 
in section Serotinos by MART~NEZ (1948) in his classification 
of the Mexican pines. DUFFIELD'S group XIV and MART~NEZ' 
section Serotinos are both made up of remnants of SHAW'S 
group Insignes (SHAW 1914), which included all of the closed- 
cone pines in the genus. 

DUFFIELD based his arrangement of the hard pines partly 
on the results of the progralm of interspecific hybridization 
in Pinus carried on at the Institute of Forest Genetics at 
Placerville, California, and partly on chemical and morpho- 
logical evidence. At the time, elements of the three Cali- 
fornia pines had been successfully crassejd with each other, 
but very few attempts had been made to hybridize the 
Latin American species. DUFFIELD considered his group 
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XIV a tentative anld unsatisfactory arrangement of the 
closed-cone pines. 'Since then, continued exploratory hy- 
bridization of the closed-cone pines at  Placerville and else- 
wfhere has provided additional evidence concerning the 
coherency of DUFFIELD'S grmp XIV (subsect. Oocarpae). 

This paper summarizes the results of interspecific hy- 
bridization in subsect. Oocarpae, describes an apparent 
barrier to interbreeding between populations of bishop 
pine (P. muricata), and relates these results to other recent 
investigations of these pines. 

The Species of the Closed-Cone Group 

The closed-cone group in its entirety extends from south- 
ern Oregon to northern Nicaragua. The ranges of the indi- 
vidual species are illustrated by CRITCHFIELD and LITTLE 
(1966). The northern species are separateld from the ex- 
clusively Latin American species by a 400-mile gap between 
Cedros Island, off the west coast of Baja California, and 
the state of Sonora, Mexico. 

Two of the California species - Monterey and bishop 
pines - are entirely maritime in their distribution. 
Monterey pine is confined to three localities on the coast of 
central ~California; a related form, P. radiata var. biniata 
LEMM., grows on Guaidalupe Island, about 150 miles from 
the Baja California coast. BiShop pine occurs in a string of 
seven dis junct populations or clusters of populations ex- 
tending along the Pacific coast from Humbol~dt County in 
northern California to northern (Baja California. A variant 
named P. remonata MASON grows on two of the Channel 
Islands: Santa Cruz and Santa Rosa. A third insular pine 
grows on the Mexican island of Cedros. I t  has been named 
P. muricata var. cedrosensis HOWELL, but has characteristics 
in common with the insular variants of both Monterey and 
bishop pines (HOWELL 1941, NEWCOMB 1959, FIELDING 1961 b). 

Monterey and b i h p  p'ines, together with their island 
relatives, are the (dominant element of the closed-cone pine 
forest. This community has been interpreted as a relict of 
an insular flora which was more widely 'distributed and 
more homogenous in late Tertiary and Pleistocene times, 
when much of coastal California was a series of islands 
(MASON 1934, 1949; LANGENHEIM and DURHAM 1963). Monterey 
and bishop pines now grow together only in a small ares 
on the Monterey Peninsula. 

Knobcone pine differs from its coastal relatives in its 
distribution and ecology. It is scattered throughout much 
of montane California, extending north into Oregon and 
south to a single known locality in northern Baja Califor- 
nia. I t  often grows on dry, submarginal forest sites, and 
approaches the coast in only a few places. Nowhere does 
it grow with bishop pine (the two are separated by only 
about a mile near the coast of Mendocino County), but 
in Santa Cruz and San Mateo Counties it is in contact 
with Monterey pine in a limited area near Afio Nuevo 
Point. Its cones rarely Open on the living tree, unlike those 
of its relatives, and fire has influenced its distribution. 

Although all three of the California closed-cone pines are 
variable, bishop pine is uniquely polymorphic in certain 
characteristics. In his analysis of morphological variation 
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