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Multipurpose Gene Conservation in Quercus suber -
a Portuguese Example
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Summary

Quercus suber, the native forest tree of highest economic
value to Portugal is continuously declining. Creating good
conditions for future evolution is the most important gene
conservation objective for Quercus suber. A simple breeding
programme to improve the production of good cork is also
included in the gene conservation objective. Gene conservation
of species accompanying Quercus suber, or even dependent on
Quercus suber, is a third objective. The suggested sampling of
gene resource populations is mainly based on climatic, soil and
management conditions of Quercus suber populations. Active
selection of trees with good cork in small multiple populations
growing over a broad array of site conditions is suggested to
match the joint evolutionary and breeding objective in gene
conservation. Management of large natural populations to
create maximum habitat diversity is suggested to take care of
the gene conservation of accompanying species. Knowledge of
the genetic structure of Quercus suber and of gene flow is
urgently needed and ought to be given priority in genetic
research.

Key words: Quercus suber, cork oak, gene conservation objectives and
methods, research needs.

FDC: 165.3; 165.4; 176.1 Quercus suber; (469).

Introduction

Quercus suber is the native forest tree of highest economic
value to Portugal. The value of the export of cork amounts to
approximately 200 million US $ per year (SANTOS and MARTINS,
1993).

The actual range of the species is restricted to the western
part of the Mediterranean area, in which the effect of summer
drought is ameliorated by the wet Atlantic winds. The
northernmost populations are found in southern France. The
key climatic factors for the geographical limits of the species
are essentially the annual precipitation and the winter temper-
atures whereas the species is not demanding with respect to
soil conditions. The range of the annual precipitation of the

1) Estagdo Florestral Nacional, Tapada das Necessidadas, P-1300 Lis-
boa, Portugal

2) Department of Forest Genetics, Swedish University of Agricultural
Sciences, Box 7027, S-750 07 Uppsala, Sweden
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areas in which Quercus suber is growing varies between
400 mm and 2,500 mm although always with dry summers.

According to NATIVIDADE (1950) and TEIXEIRA and PAIs (1976)
palaeobotanical data are insufficient to get a reliable picture of
Quercus suber distribution during the Cenozoic or even during
the beginning of the Quaternary when the Mediterranean
region acquired its present orographic profile. Together with
other species in the same genus it dominated the native forests
in Portugal (NATIVIDADE, 1950; TEIXEIRA and PAIS, 1976). The
prominent role of the Quercus genus is reflected in the ecologi-
cal zonation of Portugal (ALBUQUERQUE, 1954).

Even if Portugal was outside the zone of ice cover during the
glaciations, the climate turned cooler and became harsh to
Quercus suber and other evergreen oak species. The compen-
satory effect of water and thermic balance on southern slopes
with calcareous soil provided the microclimatic conditions
under which Quercus suber could survive. From such refuges
the species migrated and formed larger populations. During
the xerothermic interglacial periods northern slopes housed the
Quercus suber populations. As the climate turned cooler new
migrations took place again. Today isolated populations are
still to be found in spite of strong impact from anthropogenic
factors. These vestiges of passed epochs reveal that the species
is well able to cope with changed climatic conditions. Present
observations lend further support for this. Whenever the
human pressure is relaxed Quercus suber colonizes the freed
areas within a few decades. This must be attributed to large
genetic variation in adaptive traits and to its reproductive
ability. This is certainly of great value for enabling the species
to cope with the rapid change of the environmental conditions
taking place today. However, it should be emphasized that the
speed of the change now is higher than ever before (Davis and
ZABINSKI, 1992) .

In spite of a stable area of approximately 660000 hectares
(ANONYMOUS, 1993) there has been a decline in Quercus suber
owing to lower stocking accompanied by reduced production of
high quality cork (CABRAL and SARDINHA, 1993). Climatic
factors, pests and diseases as well as mismanagement were
among the factors of greatest importance for the decline of
Quercus suber during the recent decades. CABRAL and SARDINHA
(1993) noted a relationship between extended droughts and
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mortality. BRASIER (1992) mentioned that Phytoftora cinnamo-
mi, which was found in some affected stands, might be another
cause of the decline. Already 50 years ago PIMENTEL (1946)
pointed out that the ink disease caused by Phytoftora cambi-
vora occurred on cork oak trees.

In a historical perspective the area covered by Quercus suber
has been reduced considerably by conversion into farm land.
Still other areas are used for agroforestry with extremely low
natural regeneration. When regeneration is allowed it is
primarily based on spacing to fill gaps in the agroforestry
population while selection for good cork quality is a secondary
matter. During the recent century Quercus suber areas have
been transferred to cultivation with other and faster growing
tree species. Cities and towns have also claimed areas for
urban development while the species was allowed to recover in
other areas. Even extinction of some marginal populations of
exquisite value has occurred as can be inferred by historic
documentation and toponymic references (GIRAO, 1942). In
summary man can be said to be the greatest threat to the
distribution of Quercus suber, directly by his claim on land and
indirectly by his pollution.

The decline of Quercus suber with its great economic value to
Portugal calls for development of a gene conservation program
for this species. Such a program has to be developed in the
absence of the desired genetic knowledge. In this paper we
describe principles in tree gene conservation and then how
these principles can be applied to gene conservation of Quercus
suber in Portugal.

Objective

In a recent paper on gene conservation policy ERIKSSON et al.
(1993) argued that a clear identification of the objectives for
gene conservation must precede a decision on the methods for
gene conservation. FINKELDEY (1992) and ERIKSSON et al. (1993)
also strongly emphasized the need for an evolutionary
approach in gene conservation. We adopt this approach and
regard the creation of good conditions for future evolution as
the prime objective for the gene conservation of Quercus suber.
This agrees well with the statement by SOULE and MILLS (1992)
that Conservation genetics exists for one reason only: To
promote the fitness of targeted populations.

With the increased demand for good cork and the declining
area of the species it is logical to try to combine breeding and
gene conservation. Since financial support for sophisticated
breeding is unlikely at present, we suggest a simple breeding
programme to improve the amount of production of good cork
to be included in the gene conservation objective. Therefore,
the main objective of gene conservation in Portugal is to create
good conditions for future evolution with a simultaneous
improvement of the production of good cork.

Conservation of other species dependent on Quercus suber
should be considered as well. However, it must be realized that
we cannot expect stable conditions in any ecosystem. This is
supported by a recent review of changes in ecosystems based
on palaeoecological data by HUNTLEY (1992) who concluded that
migration was the fundamental means with which species had
responded to rapid environmental changes. Moreover, species
had responded individually and not as ecosystems. This means
that the present-day species composition must be regarded as a
transient stage in a geological time context. In such a time
frame there are continuous changes in the species composition.

Finally genetically unique populations may be endangered
for various reasons. This has to be considered before decisions
are taken on sampling of gene resource populations (GRPs).

Methods

For the most developed gene conservation populations the
methods involve sampling, plantation, management, and
regeneration. It is selfevident that the methods suggested
should match the objectives but this is frequently forgotten
(cf ERIKSSON et al.,, 1993). Below a general discussion of
sampling and management of GRPs is carried out. The tree
species to be conserved will be referred to as target species.

Sampling

Sampling should be done such that genes with frequencies of
0.01 and higher will be conserved. As seen from figure 1 an
effective population size (N) of 500 trees would satisfy that
purpose. Concerns about the risks for erosion of genetic diversi-
ty have been raised repeatedly (e.g. YANG and YEH, 1992). It is
inevitable that stochastic processes in small populations even-
tually lead to gene fixation and thereby reduce genetic vari-
ance. However, of still greater significance is that even in
populations with less than 50 individuals the genetic variance
can be kept at the initial level over many generations of
selection (HILL and KEIGHTLEY, 1988). This must be attributed
to occurrence of new mutations and/or to originally neutral
genes becoming non-neutral as the environment changes over
breeding generations. Therefore, the loss of genetic variance by
fixation seems to be compensated for by either or both of these
phenomena. Another condition that deserves to be stressed is
that response to selection may be much faster in small popula-
tions, 20 to 50 individuals, than in one large population. Basics
of population genetics imply that the response to selection of
recessive genes is extremely slow at low gene frequencies. This
also holds for genes with additive action but to a lesser extent.
In small populations, < 25, there is no gene frequency less than
0.02 in a diploid plant. For that very reason the response to
selection will be faster in such small populations than in one
large population. This is important to consider when preparing
populations for rapid change of the environmental conditions.

Number

5000

>~~~ 100 loci
=== 50 loci

s

10 loci
3000

1000

0.001

Allele frequeney 0.005

Figure 1. —- Number of individuals needed to save alleles in different fre-
quencies and with variable number of such alleles.

The disadvantage of inbreeding can be kept at an accepta-
ble level if the effective population size is kept at 50. Such a
population size will give an inbreeding coefficient, F = 1/2N,
= 0.01, which will not cause any major reduction in the viabi-
lity of the population concerned.

It is probable that natural selection has caused genetic
differentiation of populations growing under different envi-
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Figure 2. — The location of the Portuguese gene resource populations of
Quercus suber and the suggested methods (numbers according to
Table 1) for their management.

ronmental conditions. Even if this adaptation is far from a
maximum in fitness it is useful to exploit this adaptation in
gene conservation. Much effort has been devoted to the strat-
egy of sampling, whether one large population or many small
should be sampled. A general treatment for rare species was
given by BROWN and Bricas (1992) who suggested a sampling
of some 5 populations with low numbers from each if the
environmental differences were large. Recently YANG and YEH
(1992) had a useful discussion on sampling strategy based on
allele distribution and allele frequency. When there is a signifi-
cant differentiation among populations they recommended
sampling of several populations. If the sampling covers several
selective environmental neighborhoods in the sense of BRAN-
DON (1990) the approach becomes a combined gene and geno-
type conservation.

The existence of a considerable non-additive gene action will
have a great impact on the sampling and management of gene
resource populations (GRPs). If it occurs measures should be
taken to avoid contamination by pollen from trees growing in
other selective environmental neighborhoods. It has repeatedly
been shown that adaptive traits in Picea abies and Pinus sylve-
stris mainly or even exclusively are regulated by genes with
additive gene effects (EKBERG et al., 1991; Skrgpra, 1993;
NoORELL et al., 1986). Quercus suber share many ecological
features with those 2 conifers and few cases of coadaptation
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have been observed in wild populations (cf BERRY and BRAD-
SHAW, 1991). Therefore, we have assumed that the traits of
adaptive significance in Quercus suber mainly show additive
gene action.

Gene resource populations and their management

Gene conservation is frequently classified as ex situ or in situ
(e.g. NAMKOONG et al., 1992) or sometimes as dynamic or static
(ZI1EHE et al., 1988; FINKELDEY, 1992). The introduction of the
Multiple Population Breeding System (MPBS) according to
NAMKOONG (1984) and its application in both ex situ or in situ
gene conservation (ERIKSSON et al., 1993) call for a revision of
this classification. Moreover, in situ gene conservation is
related to plantations by many agricultural crop gene conser-
vationists whereas such a plantation would be classified as ex
situ by forest geneticists. The use of ex situ and in situ in forest
genetics literature is at variance with the convention on biolog-
ical diversity adopted in the Rio conference 1992 (Anonymous,
1992). Especially among layman in situ is mostly understood as
a static means of gene conservation but may be rather dynamic
depending upon how the GRP is managed. There is a contin-
uous transition from dynamic to static gene conservation which
makes classification with these terms as criteria somewhat
equivocal.

A classification of the methods for gene conservation of a
species should have its starting point in their possibilities to
capture existing adaptations and to promote future evolution.
Both of these conditions depend on the number of gene re-
source populations, at least for species covering several
selective environmental neighborhoods. Therefore, the number
of populations is a useful classification criterion. One popu-
lation in our case is equivalent to one selective environmental
neighborhood in the sense of BRANDON (1990). The coverage of
several habitats is also a prerequisite for capture of present
adaptations and for the maintenance of the existing genetic
variation as well as for increasing among-population genetic
variation. The classification according to this reasoning is
shown in table 1.

The concept of the multiple population breeding system,
MPBS, was first introduced by NAMKOONG (1976) for tree breed-
ing. Later on he showed its potential for joint breeding and
gene conservation (NAMKOONG, 1984). The MPBS means that
the gene resource population is split into subpopulations each
with some 50 genetic entries. The subpopulations according to
the MPBS concept are always sampled to capture maximum
among-population genetic variation. In its most elaborate form,
method 1 in table 1, the subpopulations are planted over a
broad array of site conditions and disruptive selection in future
generations is carried out to increase the among-population
genetic variation. Even plantations outside the present range
of the species may be used (cf. ERIKSSON et al., 1993). The
MPBS concept can also be used without any planting but with
active management and selection to improve the genetic varia-
tion, method 2 in table 1. The potential to improve the genetic
variation is smaller than for method 1 but this method benefits
from its low costs. In method 3 only the capture of existing
genetic variation only is exploited and this method is the one
with least merits of the three MPBS methods.

Provenance and progeny trials (method 4) are sometimes
overlooked as gene resources but they can readily be included
in an account of genere sources. Their merits depend on the
number of populations represented in the trials. If only few
populations are represented they do not even keep the genetic
variation of the species, whereas if they contain provenances
from the entire distribution of the species they evidently fulfil



Table 1. - Methods for gene conservation based on a classification of gene resource populations with respect to
population number, habitat diversity, and genetic variation in the target species as a whole.

Method, No. Population Habitat Genetic variation
number diversity kept improved!
Multiple populations
MPBS; intentionally sampled to cap-
ture existing adaptation:
planted and managed 1 =20 + + ++
natural:
with management 2 =20 + + +
without management 3 =20 + +
~ Provenance trials, progeny trials 4 afew-large + -to+
Seedling seed orchard 5 afew-large - -to+
Clonal archives, clonal
seed orchards 6 afew-large - -to +
Seed banks 7 large - +
Pollen bank 8 large - +
Tissue culture banks 9 large - +
Single populations
Large natural populations
managed to create maximum
habitat diversity 10 1 + -
Unmanaged natural population 11 1 - -
Botanical gardens 12 1 - .-

1) Only potentials for improvement are indicated.

the requirement of maintaining the genetic variation. General-
ly provenance trials include more populations than progeny
trials. Neither type of trial is designed to promote future evolu-
tion.

A seedling seed orchard (method 5) may contain progenies
from a few populations but these are mostly limited to popula-
tions originating from a limited part of the distribution of the
species. At least for the traits selected for, the genetic variation
is narrowed down by the culling of inferior families and inferior
trees in good families. If there is a series of seedling seed
orchards each with progenies from one population such a series
comes close to planted small multiple populations.

Clonal archives, method 6, do not usually capture the total
genetic variation in a tree species and the seed orchards even
less often. Neither of them is intended to promote evolution.

The greatest merit of methods 7 to 9, seed banks, pollen
banks, and tissue culture banks, is their preservation of the
present genetic constitution. Since they are not space de-
manding they can house larger numbers of genotypes than all
other gene conservation methods. For long-generation tree
species these methods suffer from the long time it takes to sub-
sequently obtain a new generation.

The greatest merit of method 10 as regards gene conserva-
tion is not for the target species itself but rather for the conser-
vation of accompanying species. This is based on the knowledge
that in all biosocieties there is a succession of species’ appear-
ances. Thus certain species are dependent on the young stages
of succession of the climax species for their existence; even
forest fires are required by some species. Others depend on the
habitats available during the last stages in succession, i.e.
habitats with snags and fallen logs. The specificity in habitat
demands is evident from a recent Swedish study of factors
critical for the sustained survival of endangered species (BERG
et al., 1994). This study showed that habitat elements played a
major role for cryptogams, vertebrates, and invertebrates
whereas few vascular plants were demanding in this respect.

The plus sign under habitat diversity for this method in table 1
is thus valid for the accompanying species while the minus sign
under genetic variation is valid for both target and accompany-
ing species.

A single unmanaged nature reserve, method 11, does not
fulfil the requirements of conserving the present structure of
the target species except for endemic species restricted to a
single selective environmental neighborhood. Nor does it
promote evolution. The role of unmanaged natural reserves in
gene conservation would be a monitoring one to reveal changes
in species composition that would indicate that large environ-
mental changes had taken place.

Finally method 12, botanical gardens, rarely contains more
than a few specimens of each species and their role as gene
resource populations in such cases is of extremely limited
value.

Methods for gene conservation of Quercus suber

ERIKSSON et al. (1993) recommended that the MPBS should
be used for our objective of combining breeding and creation of
the best conditions for future evolution. For economic reasons
we suggest that method 2 in fable I (small natural multiple
populations with management) is applied for Quercus suber in
Portugal. For the simultaneous gene conservation of Quercus
suber and for the accompanying species dependent on the
Quercus suber ecosystem, we suggest that management of
large natural populations (Method 10, Table 1) should be used.

Sampling must first of all be guided by the genetic variation
in adaptive traits. Since there is no knowledge about genetic
variation for such traits the sampling has to rely on educated
guesses about possible genetic variation for these traits. Eco-
geographical gradients were assumed to be one of the principal
causes of genetic differentiation among populations (STERN and
RocHE, 1974). Climatic variables and soil type received special
attention on the criteria for selection of stands for gene conser-
vation (Table 2). Summer drought is believed to be a key
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Table 2. — Climatic and ecological characterisation of Quercus suber GRPs in Portugal. P =
annual rainfall in millimetres; M°C = mean of the maximum temperatures of the hottest
month; m°C = mean of the minimum temperatures of the coldest month; Qg = climaticindex
of EMBERGER (1971); Ecological zone = after ALBUQUERQUE (1954). Suggested method No. ac-

cording to classification in table 1.

GRP Precipitation, M°C m°C Q, Ecological Method
mm zone® suggested

1. Sobreiral da 2407.9 225 2b 422.1 SA-AM 10

Ermida (Gerés)

2. S* de Bornes 1009.4 28° 2° 134.7 SA-SM 10

3. M.N. Mestras 945 25.8 4.8 156 AM 2

(Alcobaga)

4. M.N. Cabegdo 640.4 31 4.4 82.8 SM 2

5. M* de Queluz 767.6 27.6 6.6 118.2 AM i1

6. Q* da Serra 764.4 29 5.6 109.8 AM 2

7. S* Arrabida 764.4 29 5.6 109.8 AM 11

8. H. Loureiro 719.4 26.5 7.2 128.5 AM-SM 2

9 Sob. do Tio Sales  729.5 31.8 6.1 97.2 IM-SM 10

M.N. Contenda

10. M.N. Conceigdo 515.1 31 83 71.5 M 1

de Tavira

11. H. da Parra 1076.9 30.5 7.5 160 SM 2

(Silves)

2) Explanation of the symbols used in the ecological zonation:

A Atlantic. Refers to climate always wet; moderate winters and mild summers. Indic-
ative species: Quercus robur. M Mediterranean. Average pluviousity; mild winters; sum-
mers dry and hot Indicative species Priunus amygdalus, Ceratonia siliqua. I Iberian.
Continental climate, low precipitation; very hot summers; warm winters. Indicative spe-
cies Quercus rotundifolia.

Zones with transitional profiles: The symbol S stands for sub, which means that the re-
gion has an attenuated profile of the second symbol. When 2 symbols are used together,
the second is the dominant factor. Example: AM is a region of Mediterranean profile
smoothed by Atlantic influence.

Linked zones: Zones of mixed characteristics where influence of the indicate ecological
zones is balanced. Example: SA-SM means a balance Subatlantic and Submediterra-

nean profiles.
b) Estimations based on DAVEAU (1985)

climatic variable (cf CABRAL and SARDINHA, 1992). To get some
neutral characterization of the GRPs selected, climatic and
ecological data are given in fable 2.

Summer drought and winter minimum temperatures are the
key climatic parameters of Mediterranean climates. Drought is
difficult to estimate and various methods have been suggested.
In Mediterranean climates the evaporation is proportional to
the difference between the extreme temperatures (hottest
month — coldest month). When this variable is related to the
total precipitation, an index Q, (EMBERGER, 1971) is obtained
which constitutes a successful combination of temperature and
drought that matches the ecological zonation of Mediteranean
forests:

Q,=2000P/ (M+m+546.4) (M-m) in which

P-— annual precipitation in mm;

M- average maximum temperature of the hottest month in °C;
m- average minimum temperature of the coldest month in °C.
Values of Q,:

10<Q,<12 Lower limit of the arid Mediterranean climate;
25<Q,<27 Upper limit of the arid Mediterranean climate;

Q,= 50 Upper limit of the semi-arid Mediterranean
climate;

Q,=100 Upper limit of the sub-humid Mediterranean
climate;
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Q,=200 Upper limit of the humid Mediterranean climate.

The EMBERGER Q, index as well as soil characterisation,
aspect and phytoassociations constituted the main basis for
ecological zonation for Portugal elaborated by ALBUQUERQUE
(1954). The ecological classification for each GRP is also shown

in table 2.

Management and isolation were also considered as impor-
tant factors for genetic differentiation among populations. All
GRPs except population 10 have a natural regeneration origin.
As seen from table 2 we have tried to select as many different
combinations as possible among the factors considered. The
annual variation in precipitation and monthly temperatures
are illustrated in figures 3 to 6 as ombrothermic diagrams, in
which summer drought can be estimated by the shaded area.

Brief characterisation of the cork oak GRPs

Population 1- Sobreiral da Ermida, Gerés

This is a natural population of odd site conditions for Quer-
cus suber. The winters are cold, precipitation is extremely high,
summer drought is light and soils are poor with huge granite
formations. It is considered by NATIVIDADE, 1950 a relic grove
when the species migrated northwards. It is now an isolated
population in a region where Quercus pyrenaica and Pinus syl-



Table 3. — A summary of the objectives for gene conservation of Quercus suber in Portugal and the methods suggested to match the

objectives.

Objective

Method

Saving of all genes with a frequency of 0.01 and higher

Creation of good opportunities for future evolution

Inclusion of existing adaptedness
Combined breeding and gene conservation
Threat of extinction

Gene conservation of associated species

Preparedness for rapid environmental change

Multiple populations over a broad atray of site conditions

Managed multiple populations over a broad artay of site

conditions

Multiple populations over a broad array of site conditions
Managed small multiple populations

Nature reserves

Management to create maximum habitat diversity in large

natural populations

Establishment of transferred populations, mainly from

a warmer and dryer climate

A Temperature, °C
50 1

M Precipitation, mm
100

Tavira i

Month

Figure 3. — Ombrothermic diagram for GRP 10, MN Conceicdo de
Tavira, based on meteorological data from this locality. The main
feature of this locality is the long and dry summers, where the wa-
ter availability is at the threshold for Quercus suber. The pattern
showed holds to some extent for GRPs 4 and 9 too.

vestris used to dominate but is now invaded by Pinus pinaster
and exotic forest tree species. It is a population in great jeop-
ardy. It is submitted to intensive grazing by goats which is
responsible for the old age status of the population. Although
showing profuse levels of natural regeneration the browsing
pressure is so intense that all seedlings and young plants are
destroyed in a short time. Measures to restore an even age-
class distribution are urgently needed but will be hard to

A Temperature, °C M Precipitation, mm

70 140
60 _ Setubal _ 120
50-: -— 100
40 —- _— 80
30 —- -— 60
20 —_ t— 40
10 —- -— 20
0 q ~ 0
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Figure 4. - Ombrothermic diagram for GRP 6, Quinta da Serra, based
on meteorological data from Setubal. Summer drought is considerable
but always above the threshold for the species. The pattern showed
holds to some for GRPs 7 and 11 too.

accomplish owing to the ownership of the land. Besides its
qualities for gene conservation this GRP is of great importance
for studies of the levels of genetic differentiation of Q. suber
populations and for studies on gene flow.

Population 2- Serra de Bornes

The main feature is the contrast between the hot dry
summers and the cold winters. The species reaches one of its
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Figure 3. — Ombrothermic diagram for GRP 10, MN Concei¢do de
Tavira, based on meteorological data from this locality. The main
feature of this locality is.the long and dry summers, where the wa-
ter availability is at the threshold for Quercus suber. The pattern
showed holds to some extent for GRPs 4 and 9 too.

vestris used to dominate but is now invaded by Pinus pinaster
and exotic forest tree species. It is a population in great jeop-
ardy. It is submitted to intensive grazing by goats which is
responsible for the old age status of the population. Although
showing profuse levels of natural regeneration the browsing
pressure is so intense that all seedlings and young plants are
destroyed in a short time. Measures to restore an even age-
class distribution are urgently needed but will be hard to
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Figure 4. — Ombrothermic diagram for GRP 6, Quinta da Serra, based
on meteorological data from Setubal. Summer drought is considerable
but always above the threshold for the species. The pattern showed
holds to some for GRPs 7 and 11 too.

accomplish owing to the ownership of the land. Besides its
qualities for gene conservation this GRP is of great importance
for studies of the levels of genetic differentiation of Q. suber
populations and for studies on gene flow.

Population 2- Serra de Bornes

The main feature is the contrast between the hot dry
summers and the cold winters. The species reaches one of its
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Figure 5. — Ombrothermic diagram for GRP 3, MN des Mestras,
based on meteorological data from Alcobaga. Summer drought is
mild with satisfactory water availability during the summer. The
pattern showed holds to some extent for GRPs 5 and 8 too.

highest altitudes in Portugal, more than 1000 m. Along with
GRP 1 it is considered by NATIVIDADE (1950) a living relic
population for the actual distribution of the species.

Population 3- MN. das Mestras, Alcobaga

This is a relict of the once dominating species in the center of
Portugal. The site exhibits average climate conditions for the
species but the soil is of good fertility. The region has suffered
from human pressure for more than a millenium. The good
conditions for agriculture and human settlement are the
reason for the destruction of the stands of Quercus suber in this
region. Presently the income from cork oak is not competitive.

Population 4- MN do Cabegdo

The population occupies a region of poor soils, arenits with
pebbles, with low capacity for water retention, which probably
aggravates the summer drought. The population is surrounded
by private stands where management is often wrong and
where worrying rates of death occur. The Portuguese Forest
Service practices a careful management which probably
explains the healthy performance of this population. The
contrasting appearance of this GRP strengthens the interest
for its gene conservation.

Population 5- Matinha de Queluz

This natural reserve has been included in the gene conserva-
tion since it constitutes a relic population from the originally
widespread area of the species in the Lisboa region, now almost
eradicated owing to agriculture in the past and urban activities
presently. The population is situated along a highway and
should be monitored for the effects of pollution from the
intensive road traffic.

Population 6- Quinta da Serra. Setubal

This is a population of natural origin submitted to intensive,
but correct, economical and agroforestry management with
temporary grazing. The philosophy of sustained production
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Figure 6. —Ombrothermic diagram for GRP 1 Sobreiral da Ermida,
Gerés based on precipitation from Ermida meteorological station
and temperature estimations from DAVEAU (1985). The summer
precipitation is extremely high for Portuguese conditions and the
climate of this locality is unique for Quercus suber.

guides the human intervention. It is a pure stand without
inter- or intra-specific competition. Tree spacing is uneven and
age classes are roughly zoned to a few hectares each. The soil is
fertile, of good water retention, and cork quality is excellent.

Population 7- Serra da Arrabida

In spite of being situated close to GRP No. 6 the Arrabida
population No. 7 differs dramatically from No. 6, justifying its
selection as a GRP. The flora of Arrdbida mountains is
considered by RIBEIRO (1988) the most precious remnant of a
pristine Mediterranean forest, a typical maqui of evergreen
plants that reach outstanding dimensions. Chodat (quoted by
RIBEIRO, et al., 1988) classified Arrdbida as one of the last
vestiges, if not the last, of a pre-glacial forest in the South of
Europe. This GRP is a nature reserve where, contrary to GRP
6, there is no kind of human intervention nor is there any
grazing. Quercus suber trees coexist in mixtures of other Medi-
terranean tree and shrub species, facing intense competition.
Nowadays Quercus suber is only found on the north slope on
which the trees are less exposed to the hot summer sunshine.
The EMBERGER index showed in table 2 for this site is probably
somewhat underestimated since it is plausible that maximum
temperatures are lower.on the north slopes of Arrabida than
those of Setubal, the nearest meteorological station.

Population 8- Herdade do Loureiro

This is a population in a mild site for the distribution of the
species in Portugal. It gathers its interest for gene conservation
because intensive management for breeding purposes can be
performed, it is situated in a region where abnormal rates of
death for the species in Portugal occur (CABRAL et al., 1993)
and because for the last 2 decades it has been on the route for
industrial pollution from the Sines industrial complex.

Population 9- MN da Contenda

This is a population of natural profile where the main
features of the region is stands of man-made sowing. Climate is



harsh for the species with heavy summer drought in adverse
soils which probably aggravate the low water availability.

Population 10- MN Conceigdo de Tavira

This GRP originates from an artificial sowing around 1930.
Nowdays it coexists with Quercus rotundifolia which dominat-
es whenever the intense summer drought, the main feature of
this locality, is stressed by the geographical aspect. There was
no Quercus suber neither Quercus rotundifolia in this region
before, both species thus being introduced. Since this GRP
shows an extremely good adaptation with abundant regenera-
tion we include it in the gene conservation in spite of its being
a non-natural population. Moreover, this GRP grows in a part
of the country with extremely low precipitation. The good
adaptation under these adverse conditions suggest that it may
contain genotypes not existing in other GRPs.

Population 11- MN Herdade da Parra

It is a population that well represents the Quercus suber
stands of the Algarve hill range where the cork quality attains
some of the highest qualities in Portugal. Winters are mild,
summers are dry. In spite of being situated in a region where
annual precipitation exceeds the average for the Algarve hills
the summer drought still constitutes a limiting factor. This
GRP has the typical appearance of the Quercus suber popula-
tions of the Aigarve hills.

Management of the gene resource populations

There is a large phenotypic variation among trees in their
ability to produce cork of high value (CArvaLHO, 1989). So far
there is no knowledge of whether this phenotypic variation is
genetically conditioned. However we assume that part of the
phenotypic variation can be attributed to genetic differences
among trees. The selection in the GRPs to improve the yield of
good cork can be done by:

1) active selection in the parental population;

2) selection among the trees in the progeny generation which
allows a higher selection intensity;

3) a combination of the 2 methods.

Since the GRPs vary from an intensively managed forestry
or agroforestry type (GRPs 2, 3, 4, 6, 8, and 11) to natural
forests of Quercus suber (GRPs 1, 5, 7, and 9), different
methods have to be used for different GRPs. The two natural
reserves, GRPs 5 and 7, will not be managed.

Agroforestry gene resource populations

We suggest method 2 to match the 2 objectives, creation of
good conditions for future evolution and the combined gene con-
servation and breeding.

For the managed cork producing populations with their large
spacing and the absence of any regeneration the first measure
to take is to create conditions for regeneration. Therefore, we
suggest that an area containing 120 to 150 mature trees,
centrally located within the GRP, is fenced to lock out cattle
from feeding on acorns and from browsing on young seedlings
of Quercus suber. A census number of 120 to 150 corresponds to
an N, of 50 (VARELA, 1994). Such a population size will allow for
good natural regeneration. This means that more than 50 trees
are primarily used for the regeneration. Altogether more than
500 trees will be included in the Portuguese combined breeding
and gene resource population. A selection by culling of some of
the parental trees does not seem meaningful since the selection
intensity will be extremely low. Therefore we suggest a culling
in the new stand during the course of its development. If there
are any previously selected plus trees from the same ecogeo-

graphic zone, a supplementary sowing with acorns from these
trees can be done. FINKELDEY (1992) suggested that the pro-
genies from individual trees should be kept separate to
improve the potential for evolution. Although we support this
view, we find it, for the time being, economically impossible to
carry out.

Managed natural populations

We suggest method 10 to match the objective of joint gene
conservation of Quercus suber and accompanying species.
During the scrutiny of different gene conservation methods we
argued that the prime management undertaking would be to
create different age classes of the target species. Accordingly
we suggest that some GRPs are managed to cover the whole
range from young seedlings of Quercus suber to overmatured
Quercus suber trees. Until knowledge becomes available about
the specific demands of associated species we cannot prescribe
detailed protocols for creation of important habitats for those
species. However, a management that maximizes habitat
number seems to be most sensible. Forest fires constitute
integrant elements of the Mediterranean forests (Prussi, 1992).
It is conceivable that forest fires create specific habitats. There-
fore forest fires should be allowed or even controlled burning be
applied.

Since the global change may lead to a warmer and dryer
climate a few ex situ plantations with material from hotter and
more arid climates would be useful to include in the gene
conservation program if financial support is available.

Research needs

Research is needed to make the previously described
program more efficient and useful. The above described work
lays the foundation by establishing a base that will take care of
almost any existing structure of variation. Research can now
both clarify the actual structure as well as indicate how it can
be used.

The genetic structure probably varies with the traits
studied. For gene conservation purposes the utility of different
traits has been discussed many times (e.g. LiBBY and CRITCH-
FIELD, 1987; ERIKSSON, 1994). It has repeatedly been shown
that adaptive traits and markers (isozymes, DNA fragments)
result in different structure. Therefore, there is an urgent need
to initiate studies on the genetic structure of adaptive traits in
Quercus suber. This agrees with a recent statement by CAIN
and PROVINE (1991) in their review of the history of genecology.
No molecular technique can ever provide a quick fix to the basic
problems of ecological genetics. However, PETIT et al., (1993)
recently showed that chloroplast DNA could be used to distin-
guish populations both in Quercus petrea and Q. robur. In the
forefront, genetic variation in drought tolerance during the
growth period ought to be studied. It can be speculated that
some of the cork properties would improve the drought toler-
ance. Their relationships with drought tolerance would be
useful to study. Knowledge on gene flow mechanisms is also
absent for Quercus suber. Since gene flow may play a crucial
role for the species to cope with environmental change such
studies should also be undertaken. Acorn production is another
adaptive trait that ought to be studied. The same is true for
cold tolerance, and pest and disease susceptibility.

The studies on genetic structure ought to be designed as
long-term combined among- and within-population studies
with trials located along an ecological gradient. If there are
potentials for evaluation in short-term tests, such should be
utilized. Drought tolerance is a trait that advantageously
might be studied in growth chambers. If the trials are designed
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in such a way that they will give useful information on the
heritabilities of the traits, their genetic correlations as well as
the genotype x environment interaction.

Recently d’ALpuiM and RoOLDAO (1993) presented a program
for breeding Quercus suber. In addition to what they stated we
should like to make some further suggestions. Thus the studies
presented in the previous paragraphs are useful for breeding,
too. As regards the reliability of phenotypic selection for cork
formation we stress that this is best studied by testing a
representative sample of offspring from one naturally regener-
ated population. If selected trees only are included in the study
this will reduce the possibilities of revealing a strong parent-
offspring correlation.

Studies of mating pattern must be carried out to be able to
improve the acorn production of superior trees in a coming
breeding program. This is especially important for a future
breeding that has to rely on acorn production in any form of
seed orchards.

An artificial reforestation technique is needed for any in-
tensive form of breeding. Therefore studies covering the path
from identification of phenotypically superior trees to planting
must be carried out (Fig. 7). Since seeding or planting is
critical for any implementation of gains from breeding,
research related to that part of the regeneration should be
given priority.

Phenotypically superior trees

e

acorn formation grafts

tissue culture

collection propagation
storage

nursery

sowing
nursery
cultivation

/ \ '
lifting cutting
propagation
transport
field sowing planting

Figure 7. — Flow chart illustrating research needs related to
reforestation.

Conclusion

For Portugal we have identified several objectives for gene
conservation of Quercus suber besides the overriding one of
saving all genes at a frequency of 0.01 and higher. We argue for
inclusion of the adaptedness that may be the result of natural
selection under different site conditions. This does not mean
that we consider them as maximally adapted to the site
conditions they live under. We have also included a breeding
objective to improve the production of good cork. Of great
concern is also to include the gene conservation of associated
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species in the Quercus suber ecosystem. Inclusion of some
populations which are under a strong threat of extinction is
also suggested. Finally the preparation for a possible rapid
change of the climatic conditions is another objective.

For the Portuguese gene conservation program of Quercus
suber we have suggested 11 gene resource populations, each
with at least 50 trees. Any single method, if used exclusively,
would either not achieve some objectives or would be very
costly if made to accomodate all objectives. The selection shows
that an efficient set of methods can be chosen and combined in
a strategy. For other situations, a wide choice of methods is
available that may be put together in a strategy. The gene con-
servation program suggested has been designed for Portugal
but may easily be extended to other countries in which this
species grows. If this is done, the gene conservation of Quercus
suber will be well taken care of. The program suggested may be
utilized for other tree species sharing the ecological features of
Quercus suber.

Since genetic knowledge is absent for Quercus suber we have
suggested several research activities to be initiated. Of primary
concern is to start genetic research on traits of adaptive signifi-
cance, among which drought tolerance should be given priority.
Knowledge on mating pattern in natural populations is urgent-
ly needed. Research to develop techniques for artificial regen-
eration is also urgently needed for any future breeding pro-

gram.
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Effects of Inbreeding on Growth, Stem Form and Rust
Resistance in Pinus elliottii
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Abstract

Effects of relatively low levels of inbreeding were studied in
a slash pine (Pinus elliottii ENGELM. var. elliottii) experiment
established over 4 test sites in 1980 and 1981. There were 3
levels of inbreeding: outcrosses (F=0), half-sib (F=0.125) and
backcrosses (F=0.25). Measurements of growth, rust incidence,
stemform and forking were taken in 1982, 1983, 1986, 1988
and 1993. Grandparental contribution to the progeny of each
crossing type was not the same, i.e. there were some grand-
parents included in outcrosses that were not included in
backcrosses. For this reason, adjustment to growth measu-
rements based on a priori prediction of volume growth breeding
value was carried out through covariance analysis. Adjustment
for rust breeding value to rust scores had no effect.

Inbreeding depression was found to be linearly related to the
inbreeding coefficient F with no significant quadratic effects for
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any trait. Inbred families were shorter and had smaller diame-
ters and volumes than those that were outcrossed. On the
other hand, analysis of the standard deviations and coefficients
of variation of the traits showed significant quadratic effects,
such that inbred families had higher variance than those that
were outcrossed, but backcrosses did not necessarily have
higher variances than half-sib crosses.

Inbreeding depression for plot volume was not the same for
families derived from 2 grandparents of similar breeding value.

The implications of these results on inclusion of relatives in
wind-pollinated seed orchards were investigated. It was better
to include parent-offspring pairs than either full-sib or half-sib
families because the proportion of related matings was less.
Fewer siblings in the full-sib or half-sib families together with
more families would have the same effect of reducing related
matings. It was better to include half-sibs than full-sibs be-
cause the increased number of half-sib survivors was out-
weighed by the greater depression exhibited by full-sibs.

Key words: inbreeding depression, slash pine, growth, stem form, rust
resistance.

FDC: 165.41; 181.6; 174.7 Pinus elliottii.
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