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inge 1992 — the year in which a

large number of countries signed

the Comvention on Biologicul
Driversity environmentyl prosramme in
Rier e Juneirn - matiomal ane intermational
nature conservation policies have been
irying to promote biodiversity, espeeially
wilh repard 1o forests.

Bindiversity can he defined as the
cliversity of the living world, and is scen
on several levels: inlraspecific genes
fpenelic diversity ), species {interspecific
drversity ] and ccosvstems (ecological
diversity) (Leveque, 19947,

In Broad terms, bodiversity covers a
whale range of concepts — specilic
diversity, rarity, nulural chardcteristics,
vulnerabilily, ¢le. — which together
SUgrEsT profective measures o be
incorporated into forest manugement,
Species diversity, which s the most nsnal
indicator of bodiversity today, cannm
alome justify protective weasures, since
it clearly vories widely depending on
lorestgeagraphy (horeal forest. temperate
torest, humid ropical forest, ele.),

Inasniuch as the concept of biodiversity
and is feeld of application are still unelear
and ave intarpreted in many different
ways, there is as yel nu universally
accepled way of measuring bindiversiy,
Representative and reliable information
an the state and evolution or dynamics
of farest biodiversily s, however, wital
lor sustainable management, which
means that new perspectives have Lo be
taken inlo accounl in [orest inventories
and in the methedologies nsed in drawing
them up, depending on the given conleal,
However, given the luck ol knowledge
on variubles und information to be
cellected, apart from the general fact that
rhey concern spaces and environmernls,
is it really the moment Lo consider the
actunl relevance of forest inventories in
the management of biodiversity? This
article attempts to answer Lhal gueston.

The following sections consider, in g

general way, the definition of hio-
diversily proposed by the Helsinki (1993)
and Memtreal (1993 processes, recalling
in this connection the inporlunce of
frames of relerence of me and space to
e mujor types of foresr inventory, and
the tvpes of varlable 1o be ineluded in
them when allempiing to reflect the
essenee of hiodiversity. The main
influences on the methodological aspects
ol inventories are considered as well as
the prospects of carrying out appropriate
mventarics. Finally, SOMIE FeCOmmEn-
dations and conclusions are proposed.

CHARACTERIZATION OF FOREST
RIODIVERSITY

Inthe framework ol the Helsinki Process,
which ix concerned with sustainable
development, one eriterion (Mo, 4) is
specifically  concerned  with  the
mainlenunce, preservation and appro
priate improvement of biodiversity, It
involves a range of dilfereul concepls
represeninlive rare and vaknerabie forest
cemiyatems, endangered species and
hicdiversity in forests enmpapcd in
production — and the results of changes
in ared, bype of forest and population and
in the nmbers and proportions of forest
species.

In the frumework of the Montreal
Process, which is coneerned with non-
European temperate and northern foreats,
biodiversity  includes elements  of
diversity in ecosystems  between
species and genetic (ypes — capressed in
terms of aren veeupicd, the number and
slalus of forest species and their evolution
aver Tinme,

The imporiance of the concept of
time and space

Comsideration of the question ol analysis
anc menitoring of forest hiodiversity
cntails not only establishing the limits
of investigation but also delining the
depth of analysis and the frequency of




ubsurvalion. Biodiversiry is set within a
dynamic and evolving context, and ils
process and composilion are in constant
Moz ax a result of namral and human

indduced tacrors. Biotic sequences and
snil development — and soils support
plant lile — are o result of complex
ceological phenomena combining a
number of bhiological, chemicul and
physical processes reguiring vears, and
SBINELimes even cantmrias, o be scen
(Jeffers, 149%4Y,

The nature of the indivalors can also vary
depending on the specific dimension of
bme and space taken inte account,
Depending on the individual cuase,
analysls louk for general information in
regiomal, pational o comtinental terms, o
conling themselves to turgel wones {Tor
example, those desiznated ax reservesh 1
i5 lherefore important to have standardized
hiodiversity indicators if comparisons in
space and over lmne are to be drawn.

TYPES OF INVENTORY

By their very nolure, management
inventories (Tull or by sampling} cover
spectfic  areas  corresponding (o
rranfgemnent units (papulations, plots,
stands), while nulionyl and regional
inveniories cover wide arcas, analysed
on the hbasis of location-specilic
information (Rondeax, 1993 Rondenx
ef af., [996),

It iz wonth considering whether existing
forest inventories can be uscd to assess
Forest biodiveraity, since most of them
alrcady include elements directly per-
faining to it although supplementary
measureinenlys and ohacrvations (new
variahles) would be needed while, with
adequate treatment of the variables
already collecled, exisling inventories
could ulso provide direct or indirect
indications on biodiversity {derived
wvariables). If existing invenlorics are to
serve a uselul purpose, it is vical to make
them permanent, given the concern to

maonitor changes in biodiversity over the
eourse of time.

Management invenlories
II'biudiversily and s moniraring are 1o
he considered in relation to sustainable
forest management in lerms ol the
populalions making up forests, landseape
units (CHiver, 19921 or management units
(plots ranging from severnl heclares Lo
several lens ol heclares), the following
could be the crzential fearures and key
eglements 1o be observed at rezulin
intervals, especially in terms of fores
populations:

* the diameter, height and features ol
the cover ol all lrees above 1 specifiad
dimmeler, 0 44 to nhtam a precise
peture of the structore of the
population;
the lertilily index of populanons in
relatien 1o location and conditions,
topographical elements;
the soils and geological substratm
of the population, including the
narire and depth of moisture
horizons;
sround vegelation, with special
reference fo all rare or remarkable
species {the preseoce of Tungi,
bryvophvies, lehens, e, shonld also
he recorded);
the occurrence  and  exlenl ol
regencralion (seedlings or trees that
have not vel reached a specified
cliameter):
the nuture and guantity of all fallen
or stunding  dead wood andfor
decomposing wood within  the
population,
human influence and the history of
the popailation (cultivation, rights of
use.clearing, felling. hunling, ey
unusual ceotoncs and  apecies,
particularly those associated with
conract ecosystems (n forest-Garining
or forest-open land inlerfaces, for
erumnplal,

L]

S0 faras the inventory itselfl and ils
approach ave converned, the wile vanety
of ehservable elements means that a
proposed methodology for assessing and
maonitoring biodiversity would, ideally,
depend on sumpling, inasmuch as it is
impartant o provide information on
spatial variability aud e inlernal
heterogeneily of the population. It wonld
b helpful 1o ateatify the sample units in
nrder 1o ensure that areas with high
biodiversity are correetly reprosented in
Lhie sunple.

In more practical terms, observalion
should concentrate primarily on the
lullvwing points, if necessary adapted to
the particolar conditions of the popu-
lation in question:

= lhe muin lunction of the popnlaiion
{proviuction,  protected
biological, forestry und penciic
COIES Y ALTON dTea )

* the past history of the population
(silvicultural systenss or provious
situation, hunun impact ),

= excepional hahitars (old wild forest.
natral forest, special geomorphology.
rare plant forms, e,k

= lundscape (open, ¢lised, distanty;

# health conditions (atmospheric
pollution. damoge [rom various
sourees, ele.

= prassed, leaty plants, Boit and fongi,

= forest margins (struclure; comp-
sition, lenglh and hreadth);

= other special features (special wools,
unusual trees).

I a traditional Toresl inventoey,
vuriubles relating oo the environment tend
tiv e assembled in terms of their inlluenee
o forest productivily (Pely, 1995), hut
this dues not, a prion, precinde their
heing put to other uses. Indicators of the
structoral diversity of [oresls cun often
be derived [rom inlormation already
casily avatlable, sneh as distribotion of
diameters, distribution of tree specivs,
height of trees, churaclerization of the
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levels of the population, social position
of trees, numbers of living and dead trees

[tisalsohelpfulterecallthat the different
varighles relating o trecs and the
siriciure of populations are also ditectly
conpected with other elements in the
loresl ceosyslem — soil, veselation and
animal lite, which meaans that o large
number of the wvariables already
assembled ininvenlorics fovusing en
rimber resmirces can he torned tooa wider
range of uses.

Mational and repional forestry
inventories

Melost, if nol all, existing notional Torest
inventories produced on the hasis of
sampling have the aim of supplying
winformation ea Torest limber production
and the availability of limber, which
means thar they inclade very few data
concerning forest biodiversity, However,
over the pasl len yodars, national
inventories,  especially it their
methadology is being revised, have
inereasingly - lended e ipclude
information not exclusively foensad on
timber production (Lund, 19861, Several
variables reluting lo the envirenment
already featire in this rype of invenrory,
some can be partially or wholly dedoced,
while vthers require specilic collection,
and possibly the use of adapted
methodologies (Lund, 1993}

Existing and derived variables

When dealing with sampling units (or
sample plots of reduced area). inventories
already guther variables—oreandoso casily
~ that are an integral part of hiodiversity
and linked tothe soil {depth, texture, amount
of gravel, huimus, ele ), lealy vegetaiion
{indicative plants), tree composition hy
storeys, state of health and damage.

I terms of the individual (tree), other
variables can dlso be niroduced, aparl
from species, diameter and social
position, These would concern origin,
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bark thickness, heizhlol the green crown,
increases in diamerer and heipght, stare of
hiealth and age.

Meww variahles
It should, in principle, be fairly easy for
o traditivnal nalicaa inventory focusing
mainly on mber tooamcorporaie nes
variables allowing the deseription of
biodiversily in more compiehensive
rerma {Pels, 19950, Such varnahles would
include the following:
= characierisiios of forest marging in the
wider sense (length, Torm, strueture,
ete. b
«s0il  type {a more  detalled
description), including variables
subject 1o change over fime;
= description of vegetation in the grass,
bt s Lree sbralu;
v affects of ather uses of the land
{agriculture);
= histery ol land Cprasing,
apgricnltore, special pracrices);
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s characterization of small habitats
{springs, moisl laod, laud with a high
Rrinlogical value);

= quantities  and dimensions  of
slanding and Gallen dead trees, and of
rotten trees, and the extent ol suchrol;

= trees remarkable from the viewpoint
of el phenoly pe,

ELEMENTS AFFECTING INNENTORY
METHODOLOGY

The vverall concept of [vresl biodiversity
and torasr inventories must normallby
entail a multidimensional approach
ranging [rom (he perspeclive of species
tor that of ecorone. These concepts musl,
first, be made operaticmal and then it muos
e decided what con be measured within
inventories, and what measuremaent and
data procéssing lechniques can be
developed in order to assess biodiversity.

Inventory methods and applications
Cbservations and measurements in the

field are still the Best weays of ensuring a
aood imventary in terms of precision on
the variables to be collecrad, However,
e wse ol Temmote sensing Mrom s pace | Posa,
Waile and Foivanicm, 19937 will be un
increasingly usetul ool and, in the near
future, airborne captors will radically
improve the guality ol remole sensing aod
provide complately new sources of
information, Such a technique should
Mnd a very wide feld of applicalivn in
the precize delineation of habitats and
forest populations. Forexample, it could
B used weabasis lorastratilication, which
would make the organization of Neld
samplings much more efficient and
provise, cnsuring o beller view of the
levels invelved in biodiversity.

An obvious question is whether Torest
biodiversily can be measured simply
through Torest invenluries based on
sampling. The camparative rigidity of
such an approach is not always
compatible with & more “nuluralist”
nhoervation of the environments under
analysis —aview that is also corroborated
by Llhe prowing concern Lo gssess
hiodiversity in terms of hahitar. These two
approaches can, in fact, be combined,
while an invenlory will unilormly cover
the whole of an area and allow the
variables collected to be mapped, the
“larget”™ approach will provide a more
detailed and vicher analysis of lhe
diversity ina specific environment ar
habitat.

In enrrent inventories  based on
sampling, lixed- or wvariable-range
sample plots act as sampling units, thus
implicitly accepling lhal the dala
collected do not necessarily reflect the
characteristics of the population, The
colleclion of daly relaling 1o biodiversity
should not he restricted o the sample
plots, but extended 10 adjacent aveas (as
i already doene o oeder to Lypily the
arrctire of & population correctly, Tor
example )




Inventory muethods will certainly be
abliged ro take accounl ol the habitats
wie characteristics af the landscape ux
potentizl  bases  for  stratification
Tradirional-rype forest inveolories will

also hove to incorporate other sources ol

information, such as the mapping of
ecasyslems and habituts, and evaluation
methods compatible wich these variables
will need Lo be develaped.

Since the whale breadth uf biodiversity
can never be recordad in programines of
a reulislic size, it is important o develop
indirgct approwches, These focus on key
variables and habitats i order W guantilfy
and qualify biodiversity (for example,
atudy of the relulions between the
structure of standing malerial and other

specics such as ground wvegetatinn,
insects, fungl and mosses),

The role of geographic information
S¥stems
Studies of specilic sites are the source ula
greal deal of data relating to bindiversity.
However, such daly are insufficient
because there is a needd fora sel ol spatially
reflerenced data constitufing an un-
weighted sample [rom o specific region
oreountry, 10 is therefore imporlant to
gather datp from objecrively choscn
sample zones in order Lo determine the
spatial organization and dyoumivs of the
varivus components of the ecosysien.
Whether quantitative indicators (areas

occupied, their  evelution, etc.),

qualitalive indicators (state of haalth,
el ) or even socio-ceonomic indicators
(exploited resourcas, miTasiructore. Lype
of lund wse, etc.}
information must be reloted to space in
such a way that it is possible Lo specily
the proecise location and disrribuoion ol
species, tragmentalion of environments,
type of foreat, etc., resiluating them within
lhe wontext of their physical and
hiedogmieul covironiment (Poso, Waite and
Kaoivuniemi, 1993),

It is alsa wital thar the available

are  concerned,

mformation on biodiversity be srorad
within geographically  referenced
databases if it is 1o he made quickly
accessible Tol mapping, analysis or
modeliing purposes, For Lthis information

(Case study: Monitoring of
timber resources in the
Walloon region of Belgium

[n order to ensore the monitoring ol timber
resonrceesin thesonthern partof Belginm (the
Walloon region), i permancil inventory was
produced in 1944 { Rondeux and Lecomte,
10, This inventory ik hased on systenmatic,
non-siratitied sampling using four concentric
circnlar units (with radii of 18, 9045 and
2.5 m) inscribed over rectangular networks
of TA0Hby 500 aod covering the whole of
the forected: area (330 000 bu). Tis ongoing
yalildity is maintained hlg.-' taking fresh
measuremen s cyerylenyears, withome-tenth
af the area helng covered each yoor,

A withother national inventories, thizone
was initially designed frooy an economic
perspective inorder o monitor clianges in
limber resonrees and to help éstablish
paidelines for o new vegional forestry policy.
The data thus reflécied thuse concerns anid
covered, in @ non-exhapstive manner, the
Lollowing clements:

« peneral and administrative information:
identification and position of the saopke
poink vwnerslip statos, et

+ prowth environments: topography,
geology, pedalogy and phytosociolugy;

= populalions: type, stroctre, quality,

forestry interventions, age, cic.:

« main featores of tree measurements:
circumlerence at hnman height and vari-
ons ather levels, total heighl, cle,

Stnce 1997, various methodoloygical
adjustmenty have been made in order to
ineorporate; astullyas pussible.theeollection
und processingof parameters connected wilh
sistuinabledevelopmentand:especially, with
plant hindiversity in tlie sense used by the
Helsinki Conference (Anot., 1996}, Beveral
kinds of vuriable were therefore identifed
and then tested for feasibility of collection.

Within the inventory itsell, significant
indicators devived from direct mhiervalions,
epinates, dedroiiomny i Breds e e Were
wlentified.

Wilh regacd o parameters derived from
divect obwervaiion of Uie:general conditions
ofenvironments, thefollowingarceonsidered
ingreaterdetailthaninthetirstversion of the
inventory:

= stgtus ol thesampling point{forest, heath,
abandoned, protected area, gic.);

= previous sitoution (favest, agriculture,
other]):

= type of farest or ‘use (prodoction,

Tlnesglean 194, el 240, THSY




Lo b really wsable, it must also be
integrated with a prear deal of other
information on énviranmeanta, socin-
copnoinic conditions, types of natural
resource, polential risks of degradation,
ele, Geographic Information aystems
(GI8} can be keys to integrating
information with the desired degree of
deratl (Jetters, 1996).

PROSPECTS FOR THE FUTURE AND
CONCLISHOMNS

Forest rescarchers are at a censsroadda
between whal o forest inventory has
tragditionully collected and whal il could
collect 1o the henefit of the hroader
chiectives  of  integrated  forest
manggement, including bivdiversily,

protection. conseryation):
= deseription of the physical propertics of
thesoilaod humus;
s natural region and ecological arcay
(oealogy, cliniate);
= lopography (relief, exposare, slope,
altifude);
With regard to populations special atten-
Lo was given to the following:
= structure (storeys, distribution of
hreadihs, ete.);
« tvpe of population thased on the
propurtion of yerictics cocounteredl;
are,
= phenntypology ol frees:
= [uresiry managementand visible evidence
ofintervention (spacing of trees, fyvpe amd
extentofclearings, drainage ditches, etc.);
= lree health {delelintion, attacks by
parasites, etc.);
o presence and size af trees with cavities;
| = type and extent of regeneration;
» presence olsiripped or einply spaces and
margins {the Iatterheing potentially very
rich and diverse in plant.lifeand, thos,

requiring some changes i invenlory
methodolopy).

Although much forestry research rests on
Livlogical foundations, such information
has nod always been associaled with
silviculture and Forest inventories. A
compromise must be sought hetween
whal il would be desivable o measure and
what iz possthle with the available human
and material resources.

I & Toresl invenlory 1s required to fulfil
ather tunctions than those of evalualing
the quantitative and qualitafive aspects
of the timber resource over time, and
eapecially 101t i Lo contribule 1o @ betier
knowledgze and monitoring of planl
biodiversity, specific variables mnst
elearly he pathered, beuring o mind the
constraints of both time and space.

Ciiven the objectives and merhads of

mosl forest invenlories and the present
impracision ahout the concepl ol
biodiversity, and in view of the need o
vake the latter fnlo greater account in all
forest manazement, the Tollowing poinls
are worth further reflection:
=much information is  already
availahle or can be derived [roum
eristing data;
= few new data need be collected on,
[or cxumple, the [orest gcosystem,
parncularly the distribulion and
previalence of plant species or the
struciural characteristics of the
prepulation:
= praditional forest invenrnrias showld
be cxpunded by adjusting their
design to incorporale an approprid

Drepending onits natore, thisinformiationis
drawn fromvarious ty pesolmap orgathered
from sampling units and their immediate
surmpundingswithovadiusofup to 30 mtrom
the samipling poiot.

Parameters derived Trom estinaies based
o i circular sample plotaf roaghly 1000 m?
{an 18 m radivs) are casentilly copeerned
with the fallowing:

= gualitativevariablesrelatingtohoatanizal

il whichshould alfow thedeteymination
ofecologicalor plantrroupings refecling
hath specific wealth and diversity;

= dala v wood species divided info thres

height proups.

Parametersderived irammeasurenenis are
eesemlinlly quantilative, depend oo sampling
pnitsand concern the following:

s hreadth (civenmference at 1.5 m);

= heighil of stoomding live aod dead trees;

» hreadih and leogthof fallen deqd woorl,

Deduced parameters are dravwnmainly From
the processing of gathered variables and are
expressed a8 averages or yalues por hectare,
Thev can he related to the wealth of habitals
ol for certain variahles, ean concern hoth
live amsldead Lreey. The following con thos be

Uinuissebvn 100, el 50, 105

caleilated and interpreted for the polential
wealth and diversity of the environments
cvereds

+ popnlation density expressed innumbers

oftrumksand basalarea perhectare (extent
of eiver);
+ wood voelumes and biemasses per heeluo:
(amiomnt of standing material);

= pptal, ayerage aomd dominant heights
[vertical structure);

= gverage and dominant circumierences
{stage of development);

« productivity index(chass ol sife);

+ numberof dead trees per hectare;

= volume or-quantity of dead wood per

hectare and the periml ol death.

O the hasis of the variables considered, i
beeomes possible to provide tables or even
maps summariziog the diversily of speeics
anil ecosyatems, incloding plant composi-
tion and geographical distribution. When
expanded in this' way, the regional fovest
iméﬂtﬂrﬁ' hecomes the foundation of a major
database which can be used most profitably
veilh carelul provessing,




methodolozy for collecting data o
non-limber resources;

it would be helpful ro study the
characteristicos of the areatobe sampled
(esing GIS, Tor example), before
cmbarking on specific inventories or
fiesw inventory procedures;
inventories based on multiphase
sumpling, comhbining analvsis of

elements from remote sensing and
field activities should be promoted;
the  methods proposed  must
etcompass rhe concept  of
monitoring over time and, s, thal
ol pernnunenee.

Inventories  Based on systematic
sampling  in adeguate  detail sl
constitute a solid basis for analysiz if 1t
i recomnized thar the measurement of
biodiversity is to a large extent alreacy
carried oul in the arcas covered by
national or regional invenrories

It muost be borne in mind that it is
practically lmpossible (o desipgn a
colleeting method snited o all the
elements present in biodiversity. It would
be best to confine invenlories wa well-
delined body of variables and featores,
for example targeting the tree or shrub
level rather than trving to observe the
whole range of plant biodiversity.

If, for the sake of detailed and fuller
estimates, specific inventories have 1o be
drawn up lor o number of variables that
reflect  the quantitative and
qualitative range of plant biodiversily,
mere raditional inventorics facused on
estimating timber generally also include
many data allowing the extraction of
information that is nol confined (o wood
products (Pelz, 18931 For example,
functions relating to the diversity of
species and 1ts evolution over lme could
also he caleulaced.

Aetial photography, field observations
on sapde plols aod the analysis of Toresy
non-forcst interfaces are three assential
sources of data for assessing the main

can

churacteristics ol diversity, The use of
photn-interpreration combined with
field sampling will allow charac-
terizalion of wooded ureas [spooes,
structures, stages of deve.lnpm&m, special
covironments], msofaras a relevant anc
adequate lypology hus been developed,
and  will  also provide  valvable
information on the fragmentation and
structure of the foresl cover, Apart from
lhese more general ohservations, the
height of cover. its thickness, the stage
of developiment and the proportion of
specics cun also be esfimated — and these
variabdes, in fact, allow the “souctural”™
diversity of forests to be characlerized,
Aparl from the standard information
that can he onllecrad from sampling units,
observations on measurements that are
enstly carried oul within them, or in their
immmediate viciniey, coald be nsed as
indicators of habitats. Such indicators
include: lealy vegelution, stumps, desd
or rotien frees, heaps of srones, emply
spaces, ditches, piles of branches,
Aayanalysis or Invenlory of areas on the
edge of Torests or in contact with orher
kinds of space (pasture, empty spaces,
aquatic  envirenmenls) can reveal
condilions capectally favourahle to
plants, hirds and insects. Unusual
information mayv be collected wilhin
these transilion zones between different
elements of the landscape and habitats
(Brandli, Kaufmann and Stierlin. 19957,
lor eaumple Lhe exposure or aspect,
alipnment, structure and density of the

forest margin, the presence or absence of

a belt of bushes and s widih, and of a
forest mantle (horder rrees ahove 3
specilied diameter) and its width, and the
type of envirenment o (he murginal arey.
The best compromize wonld certainly
be to combine the principles for drawing
up national or regional invenlories, using
grids of pomes, with those for man-
agement inventories, which are more
concerned with analysis of arcas.

In orher words, it is quite possible to
cstablish  a biodiversity  invenlory
vovering the whole country by means of
a detailed analysis of portions of the
territory {for example. squares of 1 lon ¥
1 k) centred on sampling poinis that are
partofaregularnetwork of points defined
on maps (aerial photographs andfor
satellite images), On the basis of such an
andlyais, o stratification according ro
actiaal use of The forest area, for example,
can be established (Max et al., 1990;
Rondeus, [994].

Care shonld be taken to establish a
database that can be expanded and
upilated periedically. At regional or
narsnnal levels, the use of conventional
Farest inventories supplemented with
suilable ceologicul inTormation would
ke the preferred solution to avoid wasting
energy. In this way, comprehensive
inventories will pradually be organized
and these will be capable of answering a
broad range of questions requiring the
consullation and correlation of very
dhiverse data (Max eral, 19496 Rondeus,
18], @
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