
min, Seigneur de la Haulle. Bull. Soc. Antiq. Normandie 20, 469-582 
(1898). - COTGRAVE, R.: A dictionarie of the French and English 
tongues (1611). - DAUZAT, A. and ROSTAING, C.: Dictionnaire &Y- 
mologique des noms de lieux en France (1963). - DELISLE, L.: 
Etudes sur la condition de la classe agricole et l'etat de l'agri- 
culture en Normandie au moyen Age (1851). - DESCHAMPS DE PAS, M.: 
Essai sur l'art des constructions a Saint-Omer. Mem. Soc. Antiq. 
Morinie, 9 (2), 159-251 (1854). - DESHAMPS D E  PAS, L.: La Porte Sainte- 
Croix. Bull. Hist. Soc. Antiq. Morinie, 7, 23-29 (1882-87). - 
DUHAMEL D U  MONCEAU, H. L.: Traite des arbres et arbustes qui se 
cultivent en France en plaine terre (1755). - ELHA~,  H.: La Tourbihre 
de Gathemo (Manche-Normandie). Pollen et Spores 2, 263-74 (1960). 
- EHNAULT, E.: Dictionnaire etymologique de breton moyen (1888). 
- GOWER, J. C. and Ross, G. J. S.: Minimum spanning trees and 
single linkage Cluster analysis. Appl. Statistics 18, 54-64 (1969). - 
GUILLAUME LE BRETON: Philippidos libri XII. - HUBERTY, J.: Etude 
forestiere et botanique sur les ormes. Bull. Soc. Centr. For. Belg., 
11, 480-527 (1904). - JEFFERS, J. N. R. and RICHENS, R. H.: Multivariate 
analysis of the English elm population. Silvae Genetica 19, 31-38 
(1970). - LEGUAY, J.-P.:La ville de Rennes au XVme si&cle a travers 
les comptes des miseurs (1968). - LE MAISTRE, F.: Dictionnaire 
jk-rsiais-francais (1966). - ~'OBEL,  M. DE: Plantarum seu stirpium 
historia (1576). - ~'OBEL, M. D E :  Kruydtboeck (1581). - MESSERVY, A.: 

Precis historique sur le fief des Arbres. Bull. Soc. Jersiaise 10, 
47-56 (1923). - N~ro~Eou  I11 and FAvE, 1.: Etudes sur le pass& et  
l'avenir de l'artillerie (184643). - NILSSON, T.: Recherches pollen- 
analytiques dans la vallee de la Somme. Pollen et Spores 2, 235-62 
(1960). - OLDFIELD, F.: Late-Quaternary deposits at  Le Moura, Biar- 
ritz, South-West France New Phyt. 63, 374409 (1964). PLANCHAIS, N. 
and CORILLION, R.: Recherches sur l'evolution recente de la flore et de 
la vegetation de Belle-Ile-en-Mer, (Morbihan) d'apres l'analyse 
pollenique de la tourbiere submergee de Ster-Vras. Bull. Soc. 
Bot. France 15, 441-58 (1968). - POEDERLE: Manuel de l'arboriste et 
du forestier belgiques (1772). - QUAYLE, T.: General view of the 
agriculture and present state of the islands on the coast of Nor- 
mandy (1815). - RICHENS, R. H.: Studies on Ulmus. 11. The village 
elms of Cambridgeshire. Forestry 31, 132-146 (1958). - RICHENS, 
R. H.: Studies on Ulmus. VII. Essex elms. Forestry 40, 185-206 
(1967). - SMEDT, C, D E  and BACKER, J. DE: Acta sanctorum Hiberniae 
ex codice Salmanticensi (1888). - STOKES, W.: Lives of saints from 
the Book of Lismore (1890). - STOKES, W.: A celtic leechbook. Z. 
celt. Phil. 1, 17-25 (1897). - TERS, M. et al.: Sur le remblaiement 
holocene dans l'estuaire de la Seine, au Havre (Seine Maritime), 
France. Quaternaria 14, 151-74 (1971). - THEOPIIRASTUS: Enquiry 
into plants. - WARTBURG, W. V.: Französisches etymologisches Wör- 
terbuch (192841). 

Geographic Variation and Early Growth in South-eastern Semi-arid 
Australia of Pinus halepensis Mill. and the P. brutia Ten. 

Species Complex 
By Christel PALMBERG 

Division of Forest Research, CSIRO 
P.O. Box 4008, Canberra A.C.T. 2600 

Australia 

(Received August / October 1975) 

Introduction 

A century of investigation has clearly indicated that 
species from the vicinity of the Mediterranean or Cali- 
fornia are the most successful conifers in the relatively dry 
winter-rainfall areas in the southern parts of Australia 
(HALL 1951). In these regions most coniferous plantations 
consist of exotic species of the gerius Pinus. 

In addition to Pinus radiata DI-D~N,  the most widely 
planted introduced species, Pinus pinaster AIT. and P. nigra 
ARN. have been successfully grown in Australia. To the 
Same sub-section of the gerius as the two last-mentioned 
species (sub-section Sylvestres LOUD.) belongs the species 
complex of Pinus halepensis MILLJP. brutia TEN. (CRITCH- 
FIELD and LITTLE 1969). Species in this group are exceptional- 
ly resistant to adverse clirnatic conditions. (For description 
of species see e.g. ALLEGRI 1973, BEISSNER and FITSCHEN 1930, 
DEBAZAK and TOMASSONE 1965, MIROV 1955 and 1967, MIROV 
et al. 1966, NAHAL 1962 and SAFAROV 1970. For deccription of 
the species as exotics in Australia See BROWN and HALL 1968 
and HALL et al. 1972). 

In 1967 the Forest Research Institute1) of the Forestry 
and Timber Bureau acquired seed for an arboretum in the 
semi-arid region of south-eastern Australia in which a 
number of species and provenances might be screened to 
determine their value as plantation, shelterbelt, soil sta- 

I )  Now the Division of Forest Research, CSIRO. 
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bilisation and amenity species. The seed received included 
material from throughout the natural range of Pinus hale- 
pensis and P. brutia, as well as samples of the closely-re- 
lated species of P. eldarica MEDW., P. pithyusa STEVEN and 
P. pithyusa STEVEN var. stankewiczii (SUK.) FOM. Little in- 
forrnation is available On the composition of the seedlots 
except for their geographic locatioa (Tables 1 and 2). 

Material and Methods 

A total of 42 provenances of Pinus halepensis, 18 prove- 
nances of P. brutia, 2 provenances of P. eldarica and 2 
provenances of P. pithyusa were raised in polythene tubes 
at the Forest Research Institute, Canberra. 

As there are no obvious potentially important gaps in the 
set of sample the provenances can be considered to re- 
present the natural distribution of the species fairly well, 
athough the number of provenances from any specific area 
does not necessarily reflect the extent and importance of 
the species in that area (Figure 1). 

Field trials were established in June 1968 20 km west of 
Jerilderie, New South Wales (35O 22' S, 145O 44' E, elevatian 
approx. 100 metres above sea level) on a site representative 
of the semi-arid region of south-eastern Australia. 

Average annual rainfall at Jerilderie (1887-1975) is 390 
mm (Table 3). The dry season, during which the actual 
evapotranspiration falls below the potential evapotrans- 
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