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MINIMAL MANAGEMENT OF THE AUSTRIAN BLACK PINE ON MARLS
FOR A SUSTAINABLE PROTECTION AGAINST EROSION
(SOUTHERN ALPS, FRANCE)

Freddy Rey'

ABSTRACT

The old afforestations of Austrian Black Pine, realized by the services of Mountain
grounds restoration (Restauration des terrains en montagne : RTM) at the last century on
marly substrates in French southern Alps, have a role of protection against erosion and
torrential floods ; but today, these monospecific and all of the same age forests, become ripe
and it is necessary to consider their renewal in an urgent way. We thus propose here principles
of assistance to the minimal management of these forests, for a sustainable protection against
erosion. First, we present a method for the determination and the cartography of Priority
forest interventions zones (Zones d'interventions forestiéres prioritaires: ZIFP) for a
perennialization of the protection against erosion, using the ARC/INFO Geographical
information system (GIS). Next, we define a certain number of forestry rules to apply, to
guarantee the perenniality of the protection against erosion by a minimal management. For
that, we seek on the one hand to maintain a vegetable cover on the ground which is
permanent, stable and perennial, on the other hand to support an ecological diversity for a
return to the climacic forest.

INTRODUCTION

In order to fight against erosion and torrential floods, most of the degraded marly
grounds of the southern Alps in France were the object, at the end of the last century, of
significant afforestations carried out by the services of Mountain grounds restoration
(Restauration des terrains en montagne : RTM), primarily with the Austrian Black Pine (Pinus
nigra J.F. Amold ssp nigra). These works aimed at protecting the stakes located at short
distance (closer stakes) or at long distance (distant stakes) (Combes and Barthet 1982, Saillet
1991, Sonnier 1991, Vallauri and Chauvin 1997, Vallauri et al. 1997).
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One hundred years later, these forests effectively ensure their role of erosion control ;
but their very advanced age involves the appearance of destabilization problems : now old,
regular and monospecific, homogeneous on vast surfaces (several thousands of hectares), they
are likely to be destroyed by wide catastrophic phenomena such as windfallen woods, fires or
parasitic attacks. This disappearance, uncontrolled and at short term, of these forests of « first
generation », could be locally at the origin of an erosion re-activation. Moreover, the
Mistletoe (Viscum album L.) recently appeared on the Black Pines and does not cease
extending, thus accelerating deteriorations (Vallauri 1998).

This is why today, it is necessary to find the means of perennializing these restored
forests, while keeping in mind that the management of erosion by the forest vegetation must
be a compromise between a maximum of effectiveness against erosion and a minimum cost of
intervention. The questions raised by the agents of the Forests national office (Office national
des foréts : ONF) are then the following ones : where, when and how to intervene on the old
forests ?

To ensure the renewal of these forests of Black Pine, it is first of all necessary to know
their state, their dynamic and their viability. It is then possible to determine rules of forestry
management, applied according to a planning resting to the determination and the cartography
of Priority forest interventions zones (Zones d’interventions forestiéres prioritaires : ZIFP). It
is then necessary to act in a concern of :

- minimal management, therefore economic, in order to limit the costs ;

- maintenance of the current vegetable cover, in order to preserve the asset in
term of erosion control ;

- return to the objective, viable and perennial ecosystem.

DETERMINATION OF THE PRIORITY FORESTS INTERVENTIONS ZONES

The classification of the forests in ZIFP allows to guide the use of the forest services
money to ensure the perenniality of the forests protection function. We thus seek to develop a
tool of decision-making aid to the minimal management of the mountain forests with a
protection role.

Re-use of a « multirisk » zoning methodology

A «multirisk » method of ZIFP determination and cartography, based on the use of
the ARC/INFO Geographical information system (GIS), was developed by F. Berger in the
northern Alps (Berger and Renaud 1994 ; Berger 1994, 1996, 1997).

To determine the ZIFP, we start from the principle that it is necessary to intervene in a
priority way where the risk of hazard re-activation is the most significant and the most
imminent. The method, applied on the catchment area scale, then consists in crossing three
basic maps : the one of the natural hazards, declared or controlled, the one of the socio-
economic stakes, and finally the one of the forests, which protect the stakes by controlling the
hazards. The forests are characterized by their current aptitude to control the hazard and by
their dynamic, their instability being likely to call into question this control.
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Adaptation of the « multirisk » method to the context of torrential floods and erosion in
the southern Alps

We propose to apply the ZIFP determination method previously presented to the
forests of protection against erosion in the southern Alps (Rey et al. 1998). This method is
only applied to the forest zones (plantations of Austrian Black Pine) on erodible marly
substrates, which constitute the « studied zone ».

Map of the stakes : importance of the distant stakes

The principal stake of the erosion control in the southern Alps is to limit the silting of
the hydro-electric dams ; the stakes taken into account are thus distant stakes.

The map of the stakes is in fact the one of the « spatialized stakes », i.e. the one of the
zones menacing the identified stakes. It then comprises, taking into account the diffuse
character of erosion, the whole of the catchment area located upstream the stakes. In the case
of distant stakes, we must be interested in any marly ground surface likely to provide
materials in the streams, and then to damage the distant stakes ; the map of the spatialized
stakes is then uniform.

Map of the potential hazard : importance of the lithology

The hazard against which we seek to protect is the torrential flood. However, the
taking into account of the distant stakes and of their problems of silting makes that we are
more interested here in the sediments production than in the flood phenomena. It is then
advisable to concentrate the efforts on the zones characterized by risks of erosion re-
activation. The map of the potential hazards is then restricted here with that of the potential
zones of hazard origin, i.e. with that of the erodible zones, and thus with that of lithology. As
the studied zone corresponds to the marly grounds, that amounts distinguishing the pure marls
from marly-limestones, less erodible.

Map of the forests : importance of the stability

Erosion is a phenomenon with threshold, almost completely controlled by the
existence of a vegetable cover whatever its nature, from where the importance of the taking
into account of the vegetable cover. On our studied zone, erosion is then potential everywhere
but risks to be reactivated in the event of a forest disappearance. The forest stability is then
the essential criterion to retain.

Methodological consequences

The « multirisk » method thus undergoes a simplification in the case of erosion, because on
the three maps used :
- the map of the stakes is homogeneous : it is then not taken into account ;
- the map of the potential hazards is reduced to a map of lithology with two
classes ;
- the map of the forests is finally a map of the forests stability.

The ZIFP determination is finally carried out starting from the forests stability, crossed
with the potential hazard determined by the lithology. The ZIFP determination diagram,
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adapted to the erosion context in the southern Alps, is then proposed in figure | in the next
page.

Determination of the forests stability

The forests stability constitutes the first criterion making it possible to judge the
priority or not of a forest intervention : it is indeed necessary to intervene in a priority way
where the forest instability is important, because there is a risk of forest disappearance, and
then a possible risk of erosion re-activation. The forest stability can be separate in two
synthetic components (Chauvin et al. 1994), namely its resistance to the disturbances, related
to the physical stability of the adult individuals, and his resilience, corresponding to its
regeneration capacity.

Figure 1: ZIFP determination diagram for protection against erosion

FORESTS ZONES MARLY ZONES
POTENTIAL FORESTS DECLARED
HAZARD STABILITY HAZARD
weak high good | average bad |u.n.kxmwn
]
ZIFP ZRE REHABILITATION
(forestry (eventual (civil engineering
management) rehabilitation) and/or bioengineering)

There are various methods for the evaluation of the forest stability (in Berger 1997). In
the context of RTM Black Pine plantations, we evaluate it according to the following diagram

(figure 2) :
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Figure 2 : Diagram for the forest stability determination
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Physical stability

The physical stability of the Black Pine plantations represents their resistance to the
biotic and abiotic disturbances. It can be characterized via three basic criteria :

- age : starting from a certain age, the more the pine plantation is old, the more
the trees constituting it are weak, and thus the more the pine plantation is unstable ;

- infestation by the Mistletoe : the more the presence of the Mistletoe is
significant on the pine plantation, the more the forest is weakened, and thus the more it is
unstable ;

- density : the more the pine plantation is dense, the more it is unstable in
regard to physical aggressions (wind primarily).

To determine the physical stability of the Black PPine plantations and to obtain the
corresponding map, we determine classes for each criterion, to which we affect an index of
instability ; we then cross the information described above by an index addition system.

Regeneration capacity
The regeneration capacity usually depends on the stationnal potentialities of the
regeneration installation and development ; however, this information can’t be taken into

account here, because the stations are very heterogeneous and can’t be draw in a cartography
(Vallauri 1997). We then choose to refer to the regeneration actually present under the old
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Black Pines. Indeed, the presence of this vegetation (under cover !) constitutes the best proof
than a woody cover is ready to grow and to replace the old Black Pines in the protection
against erosion. However, the current state of knowledge doesn’t allow us to judge if an
absence of regeneration means that the regeneration capacity is bad, primarily because we are
under a dense cover and the light factor is of primary importance for the regeneration
installation and growth (we will speak then about an « unknown stability »).

The regeneration capacity will thus correspond for us to the faculty that the forest has
to renew and develop itself under the current forest cover, according to the presence or not of
a natural regeneration (of all species : Black Pine, deciduous trees or low moor) observed
under the adult pines, intended to constitute a naturally woody « second generation », and
then to replace the current old forests of Black Pine. It can be expressed starting from two
basic criteria :

- woody natural vegetation (observed) : the more the woody natural vegetation
currently present under the forest cover is significant, the more the regeneration capacity is
good ;

- density of the Black Pine plantations : the more the groves of Black Pine are
clear, the more the growth of the subjacent woody vegetable biomass is accelerated (more
light, less competition), and thus the more the regeneration capacity is favoured (we are then
under good conditions).

To determine the forest regeneration capacity, we determine again classes for each of
the two criteria, and we analyze the various situations met by the criteria combination. We
thus determine three regeneration capacity classes : good, average and unknown.

The forest stability

The forest stability is determined by the use of a matrix combining the two synthetic
criteria previously definite, namely :
- the physical stability of the Black Pine plantations,
- the forest regeneration capacity.

Four classes of stability are thus established : good, average, bad, and unknown (case
of a forest regeneration capacity unknown under a dense forest).

Potential hazard and lithology

The importance of the erosive processes depends largely on the erodible character of
the substrate : marls are thus more sensitive to ablation than marly-limestones. The
intervention priority must then be attributed to the forests located on sensitive grounds,
corresponding to the zones the most exposed to a possible erosion re-activation in the event of
a forest disappearance. Two classes are then defined : high potential hazard for the marly
zones, weak potential hazard for the marly-limestone zones.

Determination of the Priority forest interventions zones (ZIFP)

The intervention priorities, determining the ZIFP, are obtained (figure 3) by crossing
of the forest stability with the potential hazard, in the following way :

Figure 3: Matrix for the ZIFP determination
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Forest stability
good average unknown
Potential |  weak 3 AL ZRE
hazard high 3

Note 1 = 1st priority, note 2 = 2nd pxioﬁtf, note 3 = 3rd priority

The application of this method to the Brusquet basin (National forest of Haute Bléone)
gives the following results (figure 4) :

Figure 4 : Map of the ZIFP for the Brusquet basin (National forest of Haute Bléone)
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The zones classified in first priority (ZIFP 1) correspond to the old and dense forests,
with Mistletoe, on marls, and with an important regeneration under cover : the physical
instability of the trees is thus maximum, and the regeneration present under cover must, as
fast as possible, takes over in the protection against erosion.

On the other hand, the ZIFP 3 represent the zones for which the instability of the forest
is not critical, and where a natural forest disappearance does not seem prejudicial in term of
erosion (marly-limestone zones).

The « ZRE » indicate as for them the Zones of possible rehabilitation (Zones de
réhabilitation éventuelle) ; they correspond to the plantations of Black Pine currently deprived
of woody natural vegetation under the pines (unknown stability), and can then undergo an
crosion re-activation in the event of a forest disappearance and if no natural regeneration
appears.

The intervention priority on these difficult zones remains to be defined, the
intervention costs being able to be very high if no regeneration settles, then imposing a site
rehabilitation by techniques of biological engineering. It is however advised to practice cut
step by step as soon as possible, according to the means available.

The ZIFP allow to determine where and when to intervene in a priority way on the old
forests ; it is now advisable to define forestry intervention methods on these forests.
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DEFINITION OF FORESTRY MANAGEMENT RULES

On the basis of a minimal management approach, sylvicultural rules can be proposed
according to the land constraints, for the realization of cuts in the old forests, like for the
management of the regeneration and the second generation forests (Rey and Chauvin 1998 ;
Vallauri et al. 1998).

General principles for a minimal management of the Black Pine plantations with a
function of protection against erosion

We act with a view to a minimal (or extensive) management ; indeed, the principal
problem of the forests management is their lack of profitability, therefore of financial means
at disposal. To realize a minimal management of protection forests against erosion, it is
necessary to seek to guarantee a sufficient protection of the grounds, while limiting the forest
interventions in order to reduce their costs.

Perennialization of the protection against erosion

The principal objective having to guide the management choices is the protection of
the grounds against erosion, by the long-term maintenance of a permanent vegetable cover,
whatever it is. It is thus necessary to renew the old forests by accompanying the natural
regeneration.

The presence and the abundance of this regeneration must then be taken into account
in priority. For the studied forests, the current distribution of the regeneration (sowing bank),
primarily leafy, present under the cover of the old Black Pines, lets think that, in the majority
of the cases, the opening of the forests will allow the development of a new vegetable cover.
Complementary studies (Rey 1997) show that, after cut and light penetration, the regeneration
growth is very important, thus confirming the formulated supposition. We must then, in these
cases, open the forest cover to instigate the ecosystem and then support the growth of the
present sowings, in order to obtain, quickly and in a controlled way, a new vegetable cover.

We must also be interested in the regeneration diversity. It must be favoured to
accelerate the return to the objective ecosystem, i.e. a climacic forest (supra-mediterranean
Oak grove or sub-mountain Beech grove for the studied zones), stable and perennial, or in a
long-term point of view for a possible production of timber. The diversity is currently weak
under the pines, being approximately of about fifteen tree species (Vallauri 1997). The cuts
must thus be considered to allow a maximum diversification of the species, being thereafter
managed by the realization of thinnings out.

It is necessary to act with precaution at the time of the cuts, in order not to harm the
rehabilitated ecosystems sometimes still fragile, and in particular to avoid :
- to increase the erosion re-activation risks by discovering the ground on too
great surfaces, by clear cuts for example ;
_to accelerate the forest destabilization, by taking into account of the forest
density and the infestation by the Mistletoe.
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Limitation of the interventions

The minimization of the forest interventions can be considered in two manners :

- by concentrating the efforts according to the forests classification in ZIFP :
the financial means are thus guided towards the forest zones where the erosion re-activation
risk is the most significant and the most imminent (ZIFP 1) ; at the opposite, we can define, in
the event of financial means insufficiency, some zones of « non-intervention » corresponding
in fact to the ZIFP 3 ;

- by privileging the least expensive sylviculture, however allowing to guarantee
a sufficient protection against erosion.

Regeneration cuts
Constraints

The choice of the cut techniques and their application methods depends on the
following constraints :

- regeneration observed or not under the adult Black Pines : the presence of a
sowing bank under the cover of the adult pines is significant to decide the type of cut to be
used ; indeed, in the event of regeneration absence before exploitation, there is a risk not to
obtain a regeneration after cutting, without being able to envisage it in a sure way
(uncertainties concerning the seeds dissemination, the potential seeds bank, the sowing
installation on the dry stations...) (Vallauri 1997) ; adapted cuts must thus be selected to allow
to support the regeneration installation and development in an optimal way ;

- forest density : an opening by clearing or a cut step by step in a very dense
forest strongly destabilize the forest, because of the great proportion of wood with a small
diameter ;

- forest infestation by the Mistletoe : clearings support the Mistletoe expansion
by deferring the infestation on the sound trees whose crown is cleared (Vallauri 1998).

Possible forestry techniques

The regeneration cuts in the Black Pine groves can be realized by several manners : by
clear cut, by gaps or step by step. They are carried out into two or three passages on the
compartment exploited, in 5 to 7 years maximum (Decoud 1983, Couhert et al. 1990,
Cemagref 1992). Their characteristics are described hereafter :

- Cuts of regeneration by clear cut : the application methods of this type of cut are very
variable, in particular with regard to the size of the cut. However, to answer the principle of
precaution, this exploitation type will systematically be avoided.

- Cuts of regeneration by gaps : the openings have a dimension of a few ares (15 m
diameter on average) ; we take in the first passage 30 to 50 % of the total surface of the
exploited compartment. For the high priority of a vegetable cover maintenance, the cut by
gaps is adapted when regeneration is abundant and diversified, because it supports a strong
light penetration and thus allows the present sowings largely and quickly to develop. This
type of cut answers the principle of minimal management well, because it is inexpensive,
being a little of a « systematic » type. The cut step by step remains possible, but it is to be
avoided in this case, the costs generated by a meticulous marking of trees being not justified
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seen the abundance and the diversity of the sowing bank. The clear cut is as for it possible,
but to answer the principle of precaution, it is in any event to proscribe.

- Cuts of regeneration step by step : it leaves between 300 and 600 trees/ha after the
first cut. Whenever sowings are not very present or diversified under the adult pines, the cut
step by step must be preferred to support the sowing installation and development, because it
allows on the one hand the fructification of Black Pine seed-bearers, on the other hand the
dissemination of various species seeds, in particular of Downy Oak and Whitebeam by the
birds (very present on the site) (Finet 1999), or of Opalus Maple and Scots Pine by the wind
(Vallauri 1997). The seed-bearers proximity does not seem to be a factor too much limiting
(Finet 1999). The.cut by gaps, and a fortiori the clear cut, must be avoided in such situations,
for antagonistic reasons with those which justify an intervention by a cut step by step.

Choice of the regeneration cut type

A study of the regeneration development after the two last types of cut presented
above (Rey 1997) showed that these two modes of management give very good results in term
of recovery by a vegetable cover (the initial sowing bank under cover was however not
known). We can yet propose the following strategic diagram :

- The regeneration presence, abundance and diversity under the pines determine the
choice of the cut technique :

* if sowings are abundant (> 1 500 plants/ha) and judged sufficiently
diversified, we will practise regeneration cuts by gaps ;

* if sowings miss (ZRE) or are little present (< 1 500 plants/ha), or if they are
abundant but little diversified, we will prefer the regeneration cuts step by step. The ZRE
must in particular be the subject of a maximum of precautions ; it is indeed not known if a
forest opening can allow a regeneration to settle. If no regeneration appears after opening, it
will be necessary to «reclassify » these grounds in rehabilitation zones, having to be the
subject of a revegetalization by the use of biological engineering techniques.

- The forest density and the infestation by the Mistletoe, unfavourable with the forests
physical stability at the time of the cuts, then determine the number of passages to realize,
whatever the cut type : the dense forests with Mistletoe must be collected in two passages,
whereas three passages are possible for the clear and sound forests.

In all the cases, it is necessary to envisage to realize sanitary cuts, these cuts allowing:
- to limit the presence of the Mistletoe,
- to eliminate the most destabilized trees being likely to fall and to start
problems of localized erosion re-activation.
Regeneration management
To answer the principle of minimal management
Thinnings out will be to carry out within the too dense natural regeneration ; they will

bring the density back to approximately 1500 plants/ha, with creation of regeneration
bouquets.
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We will seek to support natural regeneration : on the one hand because it is the most
economic renewal solution, on the other hand because the spontaneous species are adapted to
the land in which they settle and have a better stability in the long term.

The afforestations should only be practised if necessary, i.e. in the event of sowing
absence or insufficiency after exploitation. The Black Pine, associated with techniques of
biological engineering, seems still to be the only solution of plantation where there was not
soil reconstitution. Elsewhere, it may be possible to plant leafy species.

To obtain a permanent, stable and perennial vegetable cover

We will seek to privilege the species diversity, and the age groups diversity, by
spreading out to the maximum the forest renewal in time.

We will support the local species, adapted to the land, the improving species,
favorable to the humuses development, and the species rejecting, with a strong colonization
capacity. The leafy species (Downy Oak, Opalus Maple, Whitebeam...) will be thus largely
favoured.

The Black Pine is problematic, because for it, the Mistletoe can install on the young
seedlings. However, in front of the critical situation posed by the weak presence currently at
certain places of woody cover under the old Black Pines, it will be necessary to preserve
Black Pine sowings which will play anyway in the favour of a protection against erosion,
even if it is at short term.

Long-term management

For the second generation forests (Black Pine plantations, leafy groves or mixed
forests), the sylviculture to be adopted if possible will be that of the irregular grove by parquet
(the scale of the compartment being too large to allow a sufficiently fine management, and
that of the bouquet too precise to answer the economic and technical constraints), this in order
to diversify the age groups and to guarantee a permanent cover of the ground by at least a
vegetable cover. The leafy forests could also be treated in coppice.

For the young current afforestations of Black Pine, of an age lower than 50 years
approximately, it proves to be necessary to practise as of now some clearings, in order to
irregulate and to diversify the forest, in particular with leafy species, and to avoid being in the
future in the same situation of instability as the current old forests.

Regeneration cuts will have to be practised in the Black Pine forests remaining before
100 years, according to the same diagram as that proposed for the old current forests.

CONCLUSION AND OUTLINES

The erosion problem in the rehabilitated zones seems to be well controlled today ;
however, instability problems of the aged forests, as well as the brittleness of the recreated
ecosystems, incite to take management precautions.

The ZIFP methodology suggested here makes it possible to treat on a hierarchical

basis the forest interventions and thus constitutes a practical tool for the forest works
programming. It can still be improved, in particular by a better knowledge of the role played
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by the forest in the erosion control. A generalization of the method to the management of any
type of forest on any erodible substrate is also possible.

There is a positive vegetable dynamic, which can be accompanied effectively and with
less expenses according to an adapted management, allowing in the long term an interesting
structuration and diversification of the future forests.
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