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IPREFACE

Michael Soulé

The Canadian Forest Service (CFS) hosted a three-day workshop, November
29 — December 1, 1993, in Sault Ste. Marie, Ontario, 1o produce a preliminary list of
reccommended indicarors of forest biodiversity. The 1992 National Forest Strategy of the
Canadian Council of Forese Ministers calls for the development of such a system of
indicacors. Monitoring thesc indicators would form a basis for periodic reporting on the
state of forese biadiversity in light of the stated goal of achieving sustainable forest manage-

ment. There are currently several initiatives to support these efforts, including this workshop.

The workshop featured break-away group discussions on species-based
indicators and system-based indicators, althongh several ralks were interspersed to
provide perspective and background. Feedback and integration occurred formally during
plenary sessions and informally during breaks and meals. Speakers and parcicipants
included represencarives of federal and provincial agencies, the privare secior, and
academia. Experts from the United Kingdom, Australia, and the United Seates were also

in avendance.

The need for a system of biodiversity indicators was underscored by
reference to the imporeanc role of forest products in the national and provinciui
economics, the likelihood of increasing narional and incernational demand for wood
products, trends in exrraction technologics, and a potentially conflicting call for overall

planning for long-term susainability.

It was agreed that the problem of achieving a set of mational biodiversiry
indicators is formidable. One reason for this is the inherent complexiry of ecosystem/
landscape phenomena and their dynamics. Although many experts agree that hierarchical
models and attendon o scale help us classify and communicace about genes, populations,
species, associations, and ecosystems. it was also appreciated that many phenomena
cranscend sparial boundaries and sometimes confound atcempes to categorize and
simplify. 1t was noted thac managemene models such as adaprive managemenc and

ccosystem management provide some heunstic assistance bur cannot produce specific
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recommendations for indicators, in part because the local context and nonlincaricy of

ccological dynamics demand specific as well as general knowledge.

Workshop recommendations were classificd into general and specific groups.

Among the general reconmmendations were:

1o make more cfficient use of existing data, such as the CFS Forest Insect and
Disease Survey (F1DS) and provincial daca bases and assessment programs;

to develop a nationwide emphasis on biological surveys and inventories thac
include accurate georcferencing;

to intensify and improve coordination of certain types of long-term ecological
rescarch and monitoring;

moie emphasis on biodiversity conscrvation in resource management valuation
and plans;

greater vse of digital mapping, spatial referencing of dara, automated
cartography. and visual output of resules; and

greater emphasis on computer modeling.

Tt was also concluded that frameworks and objectives for indicators should be clearly

articulaced.

General recommendations abows indicators included the requiremencs thar

surveys and monitoring:

»

provide betcer informacion about the genetic diversity of wrees (in Canada, chere
are numerous widespread and abundant species: consequendly, differences
beaween populations are an importanc issue);

produce better information on the geographic distributions of species;

reflect overall system health, viabilicy, and funcrion;

incorposate the benefits of specics- and system-based approaches;

provide “early warning” services;

be useful for predicting future trends (e.g., toxic compounds. rypes and lengchs
of new roads); and

usc standardized methods.

In addicion, indicacors should form a comprehensive and incegrated sysiem; for examiple,

it would be inefficient and wasteful if some unics monitored only insects and ochers

monitored only nutrient dynamics.

FOREST RIODIVERSITY INDIGCATORS WORKSHOU vir



Among the specific ndicators most frequently recommended were Drivers of
Change, these include measures of fragmentation and disturbance, such as cumulative
arca logged, access as measured by roads, area burned, conversion of riparian and wetland
habiracs, pollutants, numbers of exotic species, and harvest levels of fish and wildlife. An
important component of this category is Measures of Stress; it could include changes
in species richness and diversiry, increases in pollution-toleranr species, changes in
frequencics of abnormalitics and asymmetry, frequency and amplitude of inscet
outbreaks, and pollutants in tissnes. A second group of indicacors is actual Meusires of
Change in Biodiverdry Arvibutes. These include guilds, taxa, and particular phenomena; a
partial list includes carnivores, endangered species, lichens, amphibians, salmonids.
migrarory birds, nocturnal morhs, forest floor beedes, loss of landscape connectivity,
water qualicy and flow, forest regencration success, and decreases in density of snags and

coarsc woody debris.

The role of the public and of volunteers in biodiversity conservation was
discussed. Examples of public involvement in monitoring from Canada and other
countries were mentioned. The view was that there is a crucial role for the public. Well-

coordinated involvemenr in monitoring could be very cost-effeccive.
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WORKSHOP RESULTS

Danicl W. McKenney, Richard A. Sims, Michael E. Soulé,
and Brendan G. Mackey

Incroducrion

Concern over the planet’s biodiversity in recent years has resulted in much
activity in both science and politics. The essence of the concern revolves around the
impace of current economic activity on the planer’s life support systems. Biodiversity is
an incxtricable part of these systems. Alchough much of the focus of public debate has
becn on biodiversity loss in the tropics, increasing attention is now being given to
temperate, boreal, and other ecological zones. Canada, as 2 major forest nation and the
world’s largest exporier of forest products, has a crirical role to play in both rhe science

and policy of biodiversity conservation.

In 1992, the Canadian Council of Forest Ministers, in concert witly a
muldtude of partners, produced a National Foresc Strategy entidled Sustainable forestry:
a C{I”ﬂﬂ’l‘ﬂ” (0”"7”‘/)”(’”f. Thf.‘ rCPOf[ COn[ainS rCFeanCCS ﬂnd SpCCinC Comlni(nlcnts to
a syscem for reporting, nadionally, on the state of forest biodiversicy. This includes
development of a system of narional indicators to monitor and report regularly on

progress in achieving sustainable forest management.

The Narional Forest Strategy was developed prior o the recenc United

Nations Confcrence on Environmenc and Developiment (UNCED) and provided a basis
for Canada's position on forest-relaced issues and commitmencs. A Convention on
Biodiversity, which was signed by Canada at UNCED, is intended to promore the
conservation of biodiversity and the sustainable use of these resources. Among other
obligations, signatories arc expected to:

*  develop national scrarcgies;

* underake studics assessing the status of biodiversicy and processes impinging on

its conservation; and
+  collect, assess, and make available relevanc and reliable data in 2 form suitable for

decision making at all levels.
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T/J{’ goal is relatively
clear for forests: we
want 1o have our cake
and eat it too. We
want 1o in fact
continue to use the
forest, we want ir ro be
there for furure genera-
tions, and we all want

10 feel good abour it.

Canada is devcloping a Canadian Biodiversity Strategy thac will reflecr the measures for

conscrvarion and sustainable usc of biodiversity conrained in the Convention.

Furcher, the Canadian Forest Service (CFS) issues a nadional reporr, rabled
each year in Parliament, that provides an account of che condition of forest resources in
Canada. This annual report on the state of Canada’s forests includes some broad
perspectives on biodiversity (Forestry Canada 1993). Environment Canada also reporrs

on other aspects of biodiversity (c.g., Environment Canada 1991a,b).

To help make progress on establishing a sec of indicators of biodiversity in
the context of Canadian forests and forestry, CFS hosted a three-day workshop,
November 29 = December 1, 1993, in Sault Ste. Marie, Ontario. The major objecrive of
the workshop was to recommend a sct of biodiversity indicators relcvanr 1o Canadian

forescs.

The workshop formar, which included roundcable and break-out group
discussions, was designed to provide a forum for open, frank debate abour rhe scientific
merit, mcthodologics, difficultics, caveaws, and opportunities for developing an indicator
sec that could describe and monitor biodiversisy. A focus paper encidled “Towards a Ser
of Biodiversity [ndicarors for Canadian Forests” was sent to participants prior o the
workshop to provide some background and help initiate discussion on some of the major
issucs in the development of meaningful biodiversity indicators. Several invited speakers
also provided context and background 1o the issues. The 20 participants to the workshop
represented a range of expertise, subject matters, geographic conditions, and experiences

in biodiversity-related issucs. The participant list is provided in Appendix 1.

Following the workshop. the organizers compiled a draft proceedings
from notes, some 180+ pages of transcripts, and various other workshop macerials (e.g.,
flipcharts, overheads, handouts) and circulated the drafr for comment amongst the
participants. The package was then revised for publication. This Workshop Results
secrion contains an overview of biodiversity indicators, a framework for thinking about
the problem of developing indicators as conceptualized by the participants, and the
workshop rccommendartions. Sidebars are taken from transeripts of the workshop and are
simply intended to reflect the nature of some of the discussions that ook place during

the workshop.
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The remainder of the proceedings contains several papers and synopses O

of presencations made during the workshop. Mackey, McKenney, and Sims sce out ne of the things
an in-depth discussion of many of the issues and problems inherent in developing a that’s probably
comprehensive set of biodiversity indicators. Their overview reinforced the perspective nost bewi/dcring
that che development of biodiversity indicators is complex for a variety of reasons, people

including scale, discurbance regimes, and che influence of che physical environmenc.
including , gimes, phy fronm who approach

Sims and Addison gave an overview of biodiversity and forestry in Canada. They made C e
biodiversity

an often overlooked point thar technological change and apportunity will drive forest o
‘ T } conservation is that
management practices. Effcces on biodiversity should be closely monirored.

there is 50 much

information,

Welsh provided a perspective on conservation biology in Canada. As a
et e i |

practising wildlife ecologist, he brought an imporcant real-world perspecrive co the
issue. Soulé and Kessler provided two provocative views abour the way society should
be chinking abourt biodiversicy conservation—species- versus system-based approaches.
These represenc ongoing debates in the ficld of conservarion biology. In che end, ic
seemed as chough there was consensus that a mix of the two philosophies is really

required.

The final day of the workshop gave several of che parcicipants an
opportunity to present some regional experiences and perspecrives in biodiversity
conservacion. Evelyn Hamilton is a resource ecologist with the Ministry of Forests in
British Columbia, Judy Loo is a geneticisc with CFS—Maricimes, and Dennis Joyce

is a provincial forest geneticisc with the Ontario Ministry of Nacural Resources.

The appendixes consist of:
« che pardicipant list;
«  che workshop agenda; and
¢ a bibliography of biodiversity-related arcicles.

Biodiversity indicarors—an overview

People want 10 know how our forests are doing. Whar are the best indicacors?
Whar kinds of indicarors are needed? How many are needed? How do we monicor them

in order to extract the maximum credible information for the minimum expense?

A forest may harbor hundreds or chousands of species of plants, insects,

worms, spiders, mites, fungi, vertebraces, and ocher taxa, including commercially
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N o martter what the

product is, we always
ask these four
questions: What is
happening out there?
\Why is it happening?
Why is it signifrcant?
and What are we doing

abour it?

important species like spruce and salmon. It may have dozens of casily recognized
habitats or ecosystems; its topography may vary. It enfolds untold numbers of

physiological, behavioral, ecological, and evolutionary processcs.

The forest also provides important services and resources to human beings,
not the least of which are fresh water and aquaric recreation. Wacer quality may be an
issue. Some streams may be subject to mine runoft or to sedimentation from roading or

logging activities.

All of these encities—specics, communirties, habitats, services—might reflect
how the forese is doing. And if the forest is being harvested by humans, we might even
want to know about (moniror) the behavior of these people. Whar are they taking out,
and what arc they leaving behind? What are the immediate and long-term consequences

of their acuvities?

We cannot, however, measure everything. Instead, we have to select a few
variables chat we believe represent the life of the forest. These representative elements and
processes are indicators. Indicators are variables that we choose to monitor. They reflect

our values (what is importans?) and our pragmatism (what is feasible?).

When our concern is the status of nonbuman life, or biodiversicy, we are
usually engaged in what is often called "bascline monitoring.” The premise is that
rescarch can establish a level or a rate for some indicaror that is “normal” or “original.”
A significant change in the indicator reflects the status of the enrity being monitored. In
some cases, however, as with a census of the number of butterfly species that are flying
in the first week of July at a given site, we may not know the “normal” number, or even
if the concept of normality applies. In such a case, the data for the first few years of
monicoring constitute an inventory of what is present. With cereain caveass, these census
inventories can serve as a baseline for monitoring furure changes. Unless there is some
idca of baseline, we risk gathering data mindlessly. Data on population fluctuations are

notorious in cthis regard.

Some indicators, such as population trends in sensitive plants and animals,
may give us direct feedback on biological processcs; other indicators can provide indirect
information on species and processes that resist dircct monitoring. The latcer are
sometimes referred to as surrogare indicators, and, like buoys on the sea or like one’s

pulse, they provide clues about what is happening beneath the surface. For example, the
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pH of a lake is a surrogaic indicator for biological effects, such as the health of fish in the

lake. The distinction beaween direct and surrogate indicators collapses on close

inspection; they are the extremes of a continuum. Any indicator, though. can sometimes

provide a basis for predicing future impacts.

The sclection of indicarors is as much an arc as it is a science. There are

several guidelines thar are obvious (for a current review, sce Noss and Cooperrider 1994):

1.

The selected indicators should be relatively easy 1o monitor; keeping it simple also
helps to control costs, especially if budgets cannot be predicted for long into the

fuuurce.

The monitoring should pass the test of good experimental design, including
awareness of how the data will be analyzed; the power of the statistics 1o be used

can determinc the sample sizes needed.

The monitoring should do more good than harm: this is the principle of
minimal disiurbance it may appear obvious, but sometimes people are carried

away by cheir infacuation with rechnology.

Avoid fads. Bandwagons should not be permitted 1o drive the selection of
indicacors; new technologies periodically sweep up scienoises and rechnicians in
che coatrails of scientific fashion. The limits of new technologies should be kept
in mind. Some relatively recent fads have included electrophoresis, food web

analysis, and even diversity indices.
Indicartors should monitor proceses and flows as well as stares and sracks.

Indicators should provide earfy warnings before it is 100 late to reverse che
deterioracion; similarly, indicators should be selected o detect possible thresholds

of human interference that will produce rapid changes.

Some indicators should be dramatic. For example, “flagship” species such as the
wolf make excellent indicators because the public underscands and appreciaces
them. Information about the status of flagship species can, thercfore, provide

opportunities for educating the public about less charismatic species and processes.

FOREST RIQODIVERSITY INDICATORS WORKSHOP 5



8. Somc indicators should be ‘tmbrella” species, such as grizzlics and cagles; these
arc species that require large areas to maintain population viability. Umbrella
species are s0 named because they indirecty provide habitar protection for many
other less visible and less space-demanding species.

9. The list of indicators should include targets from all the relevant ecological scales

W r— and levels of biodiversity, this means consulting with a broad range of experts,
e go from cell 1o including systemadists, population genericists, communiry ecologists, aquatic
organisi 1o population ecologists, systems ecologists, landscape ccologists, endangered species biologiss,
to comminnicy to geographers, and natural resource specialists.
ecosystem to bioregion.
People have, [ think, 10. The monitoring of chosen indicators should be an inherent component of an
assumed that theve is a integraied, long-range master plan, which all parties, especially managers and
_ ‘ policy makers, have had a role in designing. Withouc participation, there is no
corresponding spatial _ _ _ _ _ _
commitment; without commirment, there will be lictle or no action.
unit that corresponds
to each level in that 11. Finally, the abjectives should be clear to cveryorie. Tt is not cnough to state rhat the

nest of the brological
hierarchy. And the fact

15 that it (1} so.
[ — ———= o

objective is to moniror biodiversity. For theoretical as wel) as for praciical

ceasons, it is impossible to monitor cvery element of the forest. Because we can

monitor only a few representacive entitics and processes, ic is essential to

construct objectives with care; this will help everyone underscand why parcicular

indicarors were chosen. Statements of the following kind mighr scrve as models

in developing objecrives:

«  “our objective in monitoring large predators is to determine if they arc being
harvested art 2 rate that threatens their viabiliny;

»  “our objecrive in monitoring forest floor beerles is to assess when and where
forest fragmentation is beginning to affect invercebrate faunas™; and

. our objecrive in monitoring water quality (sediment and nutrient Joads,
pH. coliform count, spccics diversity of protozoans and diatoms, crc.) is o
determine where and when harvesting constraints need ro be imposed.”

Statements of chis type are especially helpful because they explicitly implicate

po/iry decisions and management actions.

No doubt there are other uscful guidelines, but the most imporrant

principle is thac all monitoring of indicacors should serve the greater objective—the long-
term viability of populations and species and the procection of those ¢cological processes

and habitat structures that sustain them (Soulé 1986).
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Possible forest biodiversicy indicators

During the course of the workshop, there were several break-away group
discussion sessions. Much of these discussions revolved around the identification of
specics-based and syscem-based indicarors. Tables 1 and 2 represent o “long-liscs”
of such indicators that were generated during individual group discussions as well as
during the main workshop sessions. These lists summarize all groups’ input and are not
prioritized. nor do all of the items necessarily represent practical or “do-able” indicarors.
Some of the entries deal with very specific measures, whereas others involve the
construction of broad suises of indicarors, models, or data bases, There is some overlap
both within and berween Tables 1 and 2. Some of the indicators listed clearly require
a greac deal of thought and in some cases considerable additional rescarch and
development to implement. We choose to repeat them here for the record and perhaps
to provide a starting point for future eflores by others who are trying 1o deal wich

the subject.

The following summarizes some of the workshop discussions thac ook
place during the development of the specics-based and system-based indicator ists

(Tables 1 and 2).

Species-based indicators

One of the break-away groups expressed concern abour sizes and
fragmentacion of tree species populations. Ideally, genetic resources management
scrategies should be prepared for all species, whether threatened or intact. However, given
limired resourecs, the focus should be upon croded or threatened specics. There was a
nced to choose indicator species chat are representative of a pardicular stracegy of resource
or landscape use. An effort should be made to select represenrarive specics from a range
of habirat types and sizes (terrestrial and aquatic, large and small home ranges). This
could include medium-sized 1o large carnivores (e.g., wolverine, fisher, wolf) and a
salamander or group of salamanders (e.g., potential scnsitivicy to ultraviolet radiation,

users of coarse woody debris).

Another group emphasized making better use of currendy available daca
bases and linking the activities of professional and amateur taxonomists: cthe Forest
Insect and Discase Survey (FIDS) of CFS already contains a wealth of information; therc

should be a focus on better quality informarion for biodiversicy monitoring in the future.
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Table 1. Specics-based indicators.

Spatially distributed habitat suitability models for rare, threatened, endangered, and
vulncrable specics, including the monitoring of change

Spatial distribution of habitar specialisis
Annual updates of rare, threatened, endangered. and vulnerable species lists

Adding nonvascular plants (c.g.. fungi) 1o Lists of rare, chreacened. endangered. and
vulnerable species

In-depth measures of selected rare, threatened. endangered, and valnerable species
Degree of population fragmentation and size of sclected species

Monitoring medium-sized to large carnivore populations

Measures of relative abundance of all bird species spatially and by habitar ype

Definitions of appropriate guilds and the determination of guild representativeness in given
landscapes

Harvest levels of fish and wildlife

Mecasures of habitats disturbed by beavers

Measures of inscet guilds relared o forests but not restricted o commercially important pests
Annual updaies of new species per year and per geographic arca

MCJSUTCS l)er[Jn‘ \’Cgc(ﬂli()n ﬂl\d diS[llrbﬂnCc rcgimcs

Measures of environmencal space (niche) and geographic space occupied by organisms
Identification and monitoring of lichen species specific to old-growth forests

Mcasures of below-ground specics divessity. including numbers and abundances by ecosystem
type

Changes in tree species by forest cover type and/or ccosystem 1ype over time

Proportion of tree species that have a gene conservation stracegy in place

Measure in sitw and ex siu genctic conservation strategy of tree species

Measusing/monitoring taxa that perform an integration function (c.g.. amphibians.
salmonids, new wropical migranis, nocturnal moths, forest floor beetles)

Absolute populadion levels (estimates) of sclected species guilds
Measures ol genetdic diversity of forest plantations

Measures of stress in populations/species

Changes in vegetation/species distributions on private land

Toxic compound levels in wildlife

TOREST BIODIVERSITY INDICATORN WORKSHO



Table 2. System-based indicarors.

+  Access vs. nonaccess roads, including type and densiy

¢ Usc of access as an indicaror of “wildness™ quality

»  Fire disturbance: area burned frequency and amplitudes of fires

*  Inscer discurbance: area impacted frequency and amplitudes of outbreaks

¢+ Number and pereentage of exotic species

«  Changes in forest cover (type, age class) within bioregion or ecosystem rype

«  Changes in harvesting systems, including adoption of new technology

*  Trends in size of dearcuts

*  Regeneration success of harvested areas inclusive of vertical structure and composition
*  Arcal extent of different age classes

« Harvest levels as proportions of primary productivity

*  Representativeness of ccosystems protected and measures of proceceed lands

+ Indices of fandscape composition hetcrogeneity and configuration

¢+ Changes over time of ccosysiem processes (c.g., decomposition)

s Measures of connectivity berween protecied spaces; degree of isolation

¢ Mecasures of water quality and flow regimes {e.g., chemistry, physics, organics, temperature)
¢+ Energy consumption levels in ccosysicns

*  Measures of climate change

*  Moeasures of nonbiotic rarity

¢ Usc of growth and yield dara to measure site quality and change over time

+ Measures of plant vigor

«  Adherence to acceprable forest management pracrices

¢+ Public expenditure on spatially related research and development and forese management
¢ Levels of pollutant loadings within ccosystems {e.g., acidic deposition)

+  Trends in deforesred riparian habicacs and changes over time to wetlands

+  Land alicnation (c.g., flooding)

+  Mecasures of below-ground structure and function (e.g., soil microflora and microfauna,
mycorrhiza)

»  Changes in soil producriviry -

*  Mcasures of struciural components at risk (c.g., snags, logs)

*  Arcal extent of habitac ac risk for sclected guilds

+  Moeasures of diversification in forest-based livelihood

¢ Maeasures of robustness of ccosystems (o absorb impact

¢+ Canadian policy decisions and effects on biodiversity of ocher councries

*  Mueasures of government policies that run counter to biadiversity conservation
¢ Measures of Canada’s biodiversity relative to other countries’

¢+ Recreational usage of forests and effects on biodiversity

FOREST BIODIVERSITY ENDICATORS WORKSHOP 9
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I think that at least
theres some element in
the publics mind that
this 12% set aside 1s
some penance that we're
paying to allow us o
continue to do what
we've done on the
remaining 88% of the
land. Thas should not

be whar we're after.

This group suggested certain “integrative taxa” for moniroring: large carnivores,
salmonids, noctuid moths, forest floor beetles. Lichens, amphibians, and freshwater fish
can serve as “early warning” indicators. In Australia, 2 monicoring progtam called “Frog
Warch” has accracced much public involvement. There is a need to consider internarional
linkages (e.g., the network of taxonomic experts organized by the Commonwealth
Agriculcural Burcau, which provides services to developing countries such as Costa Rica).
Harvesting and rrapping darta are often flawed buc scill useful for cerrain species.
Monirtoring of soil organisms would require considerable additional research and

expertise and is perhaps moce feasible in an agriculcural context.

System-based indicators
One group made a number of specific suggestions for indicacors, including:

s hacvesr levels and pacterns—use access toads as an indicacor of “wildness,”
huntng pressure;

» disturbance—nacural and anchropogenic (forest fire intervals, changes in tree
species composition, spread of exotics);

»  composidion, structure, and configuration of forest cover, using georeferenced
daca;

+  physical properdies of water biological oxygen demand, organic compounds,
sedimentation—consider using Australia’s “Water Watch”™ program as a model
for public involvement;

+  primary producrivity (some debate on this, growth and yield daca are often in
private hands, may be inaccessible);

+ climate change—use of organisms as indicators of climate change remains largely
a rescarch problem; and

¢+ levels of expendirures, policy decisions—there could even be a “Biodiversity

Audicor General.”

Another group emphasized the importance of “backcasting,” trying to
estimate changing amounts of forest, age class distribucions, patch sizes, and so forth.
By combining species- and system-based lists, indicarors of composition, configuration,
and connectivity can be generared. These indicators, when given a dynamic aspect, arc
transformed inro landscape processes. However, an extensive, georeferenced data base of
landscape processes would not answer all quesrions. Data collecred at a nerwork of sites
over time on, for example, pollution loading, soil pracesses. planc vigor. and water yield,
provide the “viral signs” of ecosystems. This may uvlimately allow modeling, giving

monitoring a predictive capabiliry.
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There were somc interesting analogics drawn during the discussions.
Michacl Soulé made the point that society is saying we aren’t doing the right thing—
what should we do? Scicncists often respond, “More research is needed, we dont know
cnough.” Bur we are in the positions of surgeons faced with a sicuacion that requires
triage. We can’t say, “Gee, we have never seen this before™ and go back to medical school.

We have to make decisions and have some tolerance for uncertainty.

Winnie Kessler cautioned thac if people fall back on a medical analogy,
problems may arisc unexpectedly. [t is better to train people to be observant, o
encourage public involvement, to take people’s concerns scriously. Michael Soulé noted
thac the uncertainty regarding the behavior of natural systems increases with the length
of rccord. Confidence intervals around trends often grow wider with more dara, not

NATTOWCT.

Nik Lopoukhine commented, “We thought we'd died and gone to heaven
when managers began to use ccosystem management, buc chen ic became clear thar chis
mecant ‘harmony’ and morc tourism. We nonecheless arc getting morc ideas in via the
ecosystem management concept.” Richard Sims said, “1¢s like juggling plates—how
many are in the air, and how many are left on the table?” Michacl Soulé replied, “But the
danger is chat the 5% of specics lost are the large vertebrates when people argue “We can’t
save them all.”” Dan Welsh asked, “What should we focus on?” Soulé suggested, “We
can't save ecosystems: we should, as Aldo Leopold said, save all the parts.” Evelyn
Hamilton noted chat “species go extinct anyway—isn't there a danger of trying to save
specics that can’t be saved?” Soulé replied that the natural rate is for onc vertebrate to be

lost every 1000 years; all extinctions in recent years are anchropogenic.

The third group expressed a preference for a monitoring approach thar
would focus on maintaining habiwat for species at risk. This might mean the areal extent
ol habitac patches that could potentially be occupied. Although some habicars would be
lost, the intent would be for a minimum level of protection to remain. There might be
criteria for minimum amounts and distribudions of critical habitat specics in different
ccosystem types. This would be dctermined by monitoring vegetation trends. For
cxample, as a surrogace for monitoring carabid beetles, one would monitor important
clements of the habitacs they are known to occupy. Actual beetle monicoring would be

only on an experimental basis.
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[t was noted that neaworks of volunteer participants in the biannual bird
counts and herpetofaunal surveys are of critical importance. Monitoring networks should
be able to collect data on a systematic basis; some indicators will take advantage of
existing data, whercas others will involve new resources. The monitoring of beetles,
moths, and pollinators may not be supporred by the level of raxonomic expertise
currently available. Furthermore, the public docs not generally like organisms thac are
neither furry nor feathery. However. the opportunities for making use of volunteers for

daca collection should be explored.

A point was made that only sparially aggregaced dara are needed ar the
national level: how many kilometres of roads, how many heceares of clearcuts; only the
bioregional level requires spadially explicit daca. Evelyn Hamilcon suggested thac the basic
data wil) be che same no matcer what spatial scale is examined. [ndicators may be valid ac
any level: the question is how they will be reported. Richard Sims replied chac there may
be a need ro tie findings to 2 specitic location, even when reporting is done at the

national level. Chares and ables imay simply not be adcquate.

Winnie Kessler described an experience thac occurred in the U.S. Forest
Service, which undertook a major public land use planning exercise chat took 10 years, cost
tens of millions of dollars, and gencrated endless tables, graphs, and charts. The public said,
“No, we want 10 know the cumulartive effects in time and space.” They did not wane
data on resource stocks, flows, and harvesting activiries. They wanted to know the stare
and condition of the resource. At the time the exercise was conducted, the U.S, Forest
Service did nort have nwo things that we have roday: first, we now know that biodiversiry
is an issuc and that we must focus on the condition of the land; sccond, we have new
tools that can show what the land looks like (c.g., geographic informarion syscems [GIS),
temporal remote sensing daca bases). The critical point may not be how many animals

were shot or trapped in a given arca, but whether a parcicular species was scen there.

Henry Nix pointed out that primary attribute data are essential to create
visual indicators wanted by the public: the question then becomes whar to create. GIS,
or automaced cartography, is not just a new rool, but a new paradigm: a new way of
thinking about landscapes. Mick Common suggested chac chere are three distinet
viewpoints rhat in turn generace different questions: those asked by researchers,
managers, and the general public. Saarting with highly disaggregated data and working

upward may be the wrong way to go; he noted chat “chis is well established in
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cconomics.” Henry Nix made the observacion that daca, information, knowledge, and
wisdom all represent different levels of underscanding. We're secking char “odd drop of
wisdom.” He added thac the discussion was slipping around berween daca, informarion,
and knowledge and thac chis causes confusion. Bill Bourgeois stated thac “you can’t jusc
throw out informacion, you have to provide some interprecation.” Michael Soulé noted
that interpretation is fine as long as you lec advocacy groups and academics also have che

data so chey are able 10 make their own incerpretacions.

A conceprtual framework for the development of

indicators

When rtackling any complex, multifaceted issue, it is uscful o develop a
compartmentalized framework or model thar simplifies the componencs and helps to
clarify their interrelationships. The workshop participancs collectively developed a
framework that idencified major components of a biodiversity indicacors syscem.
Figure 1 is a schematic conceprualizacion of thar framework. The two major elements

are Drivers of Change and Areributes Inventoried and Monitored.

The framework includes, as a central cheme, the temporal and sparial
components upon which biodiversicy musc be measured and understood. Operacing
upon these two gradiencs are ourside forces thar effecr change (referred to as Drivers of

Change). Drivers of Change essentially refer to management acrions, such as land logged,

road development, harvest levels, and regenerarion efforts—and those Drivers of Change
thac are not so expressly deliberace. There are a large number of ecological (biological)
and other processes/functions/actions chac are responsible for (i.e., “drive”) ecosystem
healch and operation and that, over temporal and spatial scales, can inceract to effect and
direct change within ecosystems. There are two distince categories of these system drivers.
The firsc category is those that can be considered to be “natural effects” and are ccological
processes that continually or regularly occur within or to forest ecosystems. The second
category is “anthropogenic effects,” eicher intended or not. These could include factors

such as climate change, pollution, and other stressors. The purpose of distinguishing

these classes of drivers is that some are under managemenc control and ochers are not.

It is also possible to distinguish Drivers of Change from reporting on
change. Monitoring the effects and their magnitude and evaluacing impacts of change are
different activiries thar can be based more on interpretation than on the processes or

reactions that are involved.
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Atributes Invenroried are the intended and unintended conscquences of
management actions on biodiversiry ar the sice, stand, and landscape levels. Auribures
Inventoricd arc explicitly the elements of biodiversity we are interested in. The remporal
gradicnt moves from past to present ro futare. Ideally, indicacors could be construcred o
characterize conditions at any point in time—i.e., not only have a descriptive/monitoring
role buc also provide backeasting and predictive capabilicies. Changes should in fact be

determined, measured, reported upon, or predicted over time.

The role of spatial (geographic) scale is represented in the central parc of
the diagram chrough reference ro site, stand, and landscape. Many of the processes and
actions that effect change in forests operate across a range of resolucions. It is generally
appreciated that ecosysrems come in diffcrent sizes and are looked ac quite difterently ac

different sparial scales; typically, one set of ccosystems is nesced within others in 2
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hierarchy of spatial sizes. However, species often cross ecosystem boundaries. Because of
the Jinkages that exist among ccosystems and species across scales, modification of one
ecosystem is likely to affect the operation of surrounding ecosystems and species
occurring in each. Drivers of Change that affect larger ecosystems, for example, will
usually affect smaller, adjacent, and incrinsically linked ecosystems (e.g., downstream
effects of logging). The relationships of spatial scales are such that one musc understand
the aggregations upward and che subdivisions downward in order to make informed
decisions about ecosystem/species interactions. We, in fact, need indicators that can

provide information and operate ar various spatial scales, from broadest to finest.

This framework (Figure 1) provides a conceptual basis for considering those
complex interactions that together define forest biodiversicy in Canada. However, che
scheme presented is just one way of envisaging the mulddimensional components and
interrelationships that may be involved. Such a framework, nonetheless, clearly indicates

chat the dynamics and elemencs are indeed interdependent and complex.

Moreover, it may be more readily appreciated thac there arc at leasc three
main “rypes” of forest biodiversity indicator:
* indices chat represent basic measuremencs of biotic and abioric conditions;
* indices thar are measurements of ecosystem drivers; and
* indices that are most appropriately recognized as measurements of ocher

components and require some interpretation or calibration.

Table 3 represents the participants’ “short-lis” of possible indicacors based

on considerations of:

» the significancelvalue,

» general impressions on practicality,

*» rthe scale of the indicator (nacional, regional, local); and

» the degree o which the indicator could be used as a prediciive as well as a

descriptive tool.

Table 3 explicidly links back to Figure 1 and has been divided into two categories: Drivers

and Attributes Invensoried and Monitored.
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Table 3. Biodiversity indicators: a short-list.

Drivers

+  Area logped and harvest levels summarized by biaregion or ccological area

+  Roaded land, including type, density, and effect on wilderness quality

+  Measures of fire and inscat disturbance regimes, including area, frequency, and amplitudes
¢ Policy disincentives

s Mecasurcs of climate change

»  Mecasures of water quality and flows

¢+ Changes in soil productivity

«  Mecasurcs of stress, including pollutants (c.g., acidic deposition, toxic compounds

in wildlife)

Attributes Inventoried and Monitored

« Indicators for forest trecs (genetic diversity, changes in vegeration on privare lands, harvest
levels by species, cte.)

¢ Indicators for other taxa. including carnivores, amphibians, lichens, and noncommercial tree
and plant species (decermining population levels, describing trends and shifts over time, ctc.)
by biorcgion or ccological arca

+ Indicarors for rare, threatened, endangered, and vulnerable species (e.g., annual updares of
lists)

+  Pacch and landseape measares of composition, structure, and configuration

General recommmendartions

A number of more general recoimmendations arose our of the workshop

discussions. Thesc are summarized below.

Biodiversity conservation in Canada
«  There is a need 1o identify the “starting poing,” the “time zero,” or the “temporal

baseline” for the measurement of biodiversity conservation.

+  National biological inventories should be strengthened in Canada o provide
a more cthorough understanding of the numbers and types of organisms in
ecosystems and how chese contribuce o overall biodiversity. The fundamental
biological characteristics (e.g., genetic strains, species, ecological assemblages)
must continue 1o be scudied to determine their characreristic abundances and

distributions in the landscape.

¢ Tuis important that long-term ecological research be continued and intensified,

particularly in the arcas of composition, scructure, and funccion.
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»  Biodiversity conservacion needs to be incorporated into boch shorrer- and

longer-[crm resource mnnagcmcn( pl:ms.

* A major challenge for biodiversity conservarion involves the appropriate

management, application, and communication of scientific information.

+  There should be stronger support for mulddisciplinary scientific research

programs on biodiversity in Canada.

¢+ Computer modeling must be a critcal part of the way we address biodiversity
conservation between species and ecosystems because of the many unknowns

and complex interactions.

«  Sciencists, resource managers, and academicians have a responsibility to continue
to work towards scientifically based knowledge and trend away from intuirive

approaches to biodiversity conscrvation,

* In developing and using forest biodiversicy indicators, Canada must be cognizanc
of steps and dircections being taken in orher countrics and should continue to
participate in, support, and, where appropriate, lead the devclopment of global

strategics for reporting and monitoring clements of biodiversiry.

Administrative and electoral boundaries (federal, provincial, and municipal)
should be included among che geographic scratifications for the incerpretation

phases of the spatial information associated wich biodiversity indicators.

* A visual aspece ro an indicator is a useful attribute, and, wherever possible, this
mechanism should be used to help convey the information provided by such

indicarors.

+  The development of suitable indicators for forest biodiversity conservation muse
not be done in isolation from other resource sectots and other ccosystem

conditions.

+  The development of a substandive list of forest biodiversiry indicators is nor

something thac can be done casually. Before specific indicators are finally
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sclected, there will likely be a need for a series of workshops dealing with specific
aspects (but inclusive of numerous disciplines and viewpoinrs), consulrations,
some detailed thought and reflection, and maybe even some cnrirely new

rescarch and development rasks.

The development of biodiversity indicators for forests in Cannda
¢+ The development of indicators requires a clear ariiculation of the spatial scales
involved (i.c., global, regional, and local) and the implicadons of taking that

particular perspective.

«  The development of a comprehensive list of biodiversity indicarors is complex:
the process requires that there be representation of the ner effects of inrricate,
denailed interactions of biological organisms (and complexes) across a specerum
of geographic and ccological conditions. a broad range of hierarchically nested

and non-nested spatial scales, and a spectrum of temporal dimensions.

+  Decfining suitablc indicators for biodivessity conservation requires that specific
hypotheses, frameworks, and objectives be clearly ardiculated. There should be
an accepted “standard” or “construct” of what represents essentially a pristine,
healchy, desirable condition. The direction of the indicator then needs to be
compared with this benchmark. to determine its direcrion and rate of change
(¢.g.. is it unchanged, trending upward or downward, or perhaps oscillating

within some range or across some standard pattern?).

« Indicators should be constructed such chat if future trajectories are projected.,

they can be relaced (o alternarive management scenarios.

+ [ltis prabably critical that che indicator framework be constructed in concert
with the development of a system for longer-term monirtoring (i.c., indicators of
biodiversity change should be applied in the context in which they are to be

periodically asscssed).

¢ At che overview level, there is a requirement to identify perhaps only 8-10
indicators that can be used to generally describe and represent the “overall
biodiversity state of Canadas forests.” Despite this, the scientific community
must continue to strive 1o develop and then improve indicators that have long-

term and substantive application.
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«  There should be a strong emphasis on further research and development in
the use of spacial analysis tools such as GIS and remotely sensed data. These
technologies will be fundamental to the development of species and ccosystem

biodiversity indicators in Canada.

¢  Formal scts of rccommendacions need 1o be developed for resource management
agencics thac describe how to collect, record, and present various data rypes and
dara clements that have biodiversity indicacor valuc in Canada (e.g.. accurate
geocoding). In doing so, it is importanc to include data rypes that may not be
immediacely practical buc may be of potential usc in the future. Daca should also

be made widely available in digital or computerized forn.

* A nontrivial issuc is to determine che time periods thae will be required 1o

update forest biodiversity indicators. Biodiversicy indicators are not costless.

¢« Cfforts should be made to involve and utilize the public and volunteer
organizations in data collection and monitoring programs. This could help lower

costs and perhaps as importantly be an educarion mechanism.

¢ The development of some biodiversity indicators should occur in piloc scudies—
i.c., within distinct geographic areas where conditions can be carefully
monitored and measured, resules scientifically replicated, and predicrive models

testedd and calibraced.

¢ Morc attention needs to be given ta genctic biodiversity issues. For example,
the northern boreal forests generally concain few, but widespread, species. The
nature of their genetic diversity is not well known but is believed to have a greac

influence on forest ccosystem dynamics and function.

«  There is a need o acquire better information on the ccological requirements and
autccology/synccology of intraspecies relationships, in particular for specics thar

are both widespread and common and for those that are rare and/or cndangered.

«  Using species-based indicators for conscrvation is cessentially targee specics
management. In the context of a number of species-based management
scenarios, there rernains the problematic issue of prioritizing species. Research

is required in this arca.
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*  There is a fundamencal need to examine the total geographic and ceological
distribution of an organism if it is to be fully understood for the purposes of
using ic as an indicator of biodiversity. Wichin-species ecotypic variation is not
well understood for many specics that could be suitable candidate indicator
specics. Species-based biodiversity conservation cannot be accomplished solely

in a regional or local conrext.

*  Thereis a need o go beyond purcly species-based indicators; this being said,
species-based measurements must be included as a component of a suite of

biadiversity indicators to contribure to the overall perspective.

« In addition to a specics-based approach, a complemencary set of measurements
is required to describe overall system healeh, viability, processes. and dynamics.
Ideally. these indicators would also serve as a “safery ner” for those taxa that we

will never study and that we may perhaps never even know exist.

Selected summary comments by workshop
participants

Winnic Kessler remarked thar “whad's important is thac biodiversity has
narional atcention; ic’s a political issue.” We as scientists know the complexity of the dara
needs. Interdisciplinary teams and forums are very useful. The national desire o know

must be addressed.

Henry Nix said, [ enjoyed the discussions very much. In my country,
biodiversity is the preserve of biologists and ccologists, and not research managers. This

meering was framed and placed in the context of a major user of the forest resource.”

Michael Soulé remarked chac he felt privileged to have been at the mecring

and had learned a lot. He raised a point not mentioned earlier—a need o keep data on

the kinds and species of trees milled. He noted thac he forbids his students to use the
words “niche” or “ecosystem,” because they can become “garbage cans for a wide variety

of concepts.”

Harry Hirvonen described the discussions on indicators at the deputy
minister level. There was an inirial desire for a single environmenral indicator ac the

nacional level: now the targee number is 8~10. He noted that chere had not been much
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discussion about the social and economic context of biodiversity during the workshop,
but that Environment Canada’s State of the Environment Reporting faces this all

the time.

Carlos Galindos-Leal indicated that the workshop had reached a useful focal
point for the development of regional conservation plans. It is important to keep in
mind the audience for reporting: we tend to represent views of scientists and perhaps
some managers, and it is potentially dangerous to assume what the public knows and

what it wanes.

Judy Loo noted thar there is a balancing act involved: “there’s a danger of
glossing, of being too simple; buc therc’s also a danger of saying 0o much with dara of

limited scopc or poor qualiry.”

Bob Foortirt said. “As one of che taxonomists who has to put names on
biodiversicy, 'm daunted by the amount of work remaining to further develop these
indicators.” He noted that the term “species” is used a lot, bur taxonomists can rely only
on an operational concept. He stressed chat taxonomy relies on getting a broad darta base.
“We develop classification schemes, look ar variables for identification.” Firse, it is
necessary to cstablish patierns and relationships; then indicators can be developed. A
“key character” for identifying an organism is often just a convenicnce, Taxonomists
often talk about phvlogenctic diversicy as the interface berween historic processes and
currenc status. Lots of informatton is built into the evolutionary relationships on
phylogenctic trees. When we discuss regional and narional perspectives, we should
consider that local processes are conditioned by what we know in the global perspecrive
of the taxa in question. There is a danger of developing biodiversity indicators thar are

regionally useful bur do nor provide a global perspective.

Margaret Penner said that boch the indicator short-list and the framework
model were good, but she was concerned that the future contained only more
monitoring. She saw a need for prediction: what are the impacts of reduced pesticide use,

more selection harvest, and so forth.

Dan Welsh agreed that the framework was a good synthesis of our effors.
He said he had always thought of himself as a species-oriented conservation biologist but

had found himself ralking in terms uscd by forest engincers. He said chac “biodiversity” is
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not the goal: it is the conservartion of biological resources. He felr char modeling

have to report on have done more!”

3 ’ . . . t N -
m glad I don’t aspects had not been given sufficienc attention: “with anocher half hour we might

bioindicators and I

don'’t have to manage Evelyn Bamilton said that she had been reflecting on some changes over the

biodiversity; | just past two years. In Brirish Columbia, the focus has shifted from old growth to biodiversicy.

“Sometimes we talk abouc biodiversitcy when we mean spiritual values~—maybe in owo
manage people

years we'll be calking about Canadians’ scate of spiritual healch.”
who describe

bmd/uemgg and Jim Farrell concluded by responding to Bill Bourgeois' comment abour che
that’s bad enough.

need for a mascer plan, some grand design: “Out of this chaos, some sense of order will

be created....” We hope these proceedings represenc a good step away from the chaos!
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TOWARDS A SET OF
BIODIVERSITY INDICATORS
FOR CANADIAN FORESTS

Brendan G. Mackey, Danicl W. McKenney, and
Richard A. Sims

Introduction

As mentioned in the Introduction of the Workshop Results section, an
carlier version of this paper was given to the participants prior to the workshop, The
purpose was to provide background for the workshop and to identify and focus
discussion on some of the major issues involved in che development of indicators, The
document was intended not to limic discussion, bur rather to define a suirable framework

for the workshop.

Values associated with biodiversity

Ultimatcly, biodiversity indicators are required to provide feedback 10
decision makers and the wider communicy on the impact of land usc and resource
utilization. All policy and management decisions unavoidably involve relacive valuations
of the full range of forest services, including the conservalion of biodiversicy. A brief
discussion of values associated with biodiversity scts an appropriate contexr for the

scientific discussion that follows.

Biodiversity conscrvation is a component of ccologically sustainable
development. Following Blamey and Common (1992), the planed’s biodiverstey serves
at lcast four functions of interest o humans:

«  provides resources chat are used in the production of goods and services:

«  assimilates wastes that arise during both praduction and consumprion;

+  provides services that arc direcily consumed (these can be broadly defined ro
include amenicy services, natural beauty, and the maintenance of tradicional
cultures); and

*  provides che basis for the maintenance of ccosystem funcdions thac support

human life.
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In addition, maintenance of biodiversity

¢« provides an underlying continuity o the evolutionary lincage of life on Earth.

These values encompass direce and indirect consumprive and
nonconsumptive perspectives; that is, they may involve direcr uses such as cimber
harvesting or indirect uscs such as the maintenance of watcershed filiration functions. The
first four values are anthropocentric and therefore can be defined as economic in nature.
The fifth value may not necessarily lead to improvement in che physical well-being of
humans; racher, ic represents che view that species ocher chan humans have a right to

exist angd evolve.

Perrings et al. (1992) distinguished three rypes of economic value:

The first is a concept of value that corresponds 10 the notion of incentive. A market
price is only one example of such a vatue, although for convenience we typically refer to
market prices and incentives as if they were interchangeable. The second s a concept of
individual or private value, which is the value that biological diversity has 1o individual
human uscrs. The chird is a concept of social value which is the aggrepate impact on the
welfare of all individuals in sociery, both now and in che future. The importance of the
distinction benwveen these coneepis of value is the following. The market value of
biodiversity is what informs the billions of independent decisions thar are dircctly
responsible for most of the biodiversity loss that is occurring around the world. Burt che
market value of biodiversity loss does not measure the change in social welfare associated

with thac loss.

Perrings et al. (1992) went on o address some of the reasons for the
diffcrence berween marker and social values. An obvious point is that many values are
not imade explicit via marker transacrions. Clearly, many environmental goods and
services exist outside of markers, and relative valuation can be problematic. Economists
have in recent decades begun to address the issue of total value (i.c., both marker and
nonmarket valucs). Numerous techniques now exist that can, in principle, be used to
derive quantitative estimates of some of these nonmarkec values (see Randall 1988;
Brown 1990). It is fair 10 say that even though the techniques are becoming widely used,
they are not necessarily widely accepred. There is some concroversy regarding reliabilicy
and validity in differenc contexes (for examples and differing views. see Peterson et al.
1988; Blamey and Common 1992; Kahneman and Knersch 1992; Smith 1992;
Common and McKenney 1994).
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To be most helpful, biodiversicy indicacors should be developed wichin
the context of the decision-making process. Although this workshop is noc addressing
relative values, we are acempting to derive beecer physical measures of the starus of
biodiversiry conscrvation so as to better evaluate trade-offs berween competing values. le
is worch noting that trade-offs exist berween the various components of biodiversity. For
example, the management of an area for a rarc or cndangered species may resultin the
loss of other species. Such decisions inevitably reflect either explicic or implicit decisions

about relacive values.

Components of biodiversicy

Clearly, before valuacion problems can be addressed, it is necessary to
characterize the extant biodiversicy of Canada’s forests and evaluare the direct and
indirect impacts of human land use, resource udlizarion, and environmental change on
the characrer and viabilicy of forest biodiversity. A baseline is required to dercrmine
whether human acdvities are degrading this baseline such thac “biological impoverishmend”
(Woodwell 1990) is occurring. The degree of biological impoverishment may be raken as
a rclarive estimacor of the ccological sustainability of development activitics and policics.
As noted above, the maintenance (and replenishment where impoverishment is severce)
of biodiversity will involve trade-offs beaween competing land uses, choices beaveen

different components of biodiversity, and the use of socicty’s resources in general,

Defining what constitutes the “bascline™ is a complicated task. One
possibility is 1o use what Ray (1988) called a system’s characteristic biodiversiry.
Characteristic biodiversity is a somewhart illusive term, bur it can be defined as follows:
the biodiversiry that occurs as rthe result of che interaction berween biota, the physical
environmeng, and the natral disturbance regime, in the absence of the impace of
modern technological socicry. Hence, we can say that the characreristic biodiversity of
the coastal forests of British Columbia is very different from thac of the boreal forests of
northwestern Onrario—there arce differenc dominant cree species and understory plants;
process rates are different (e.g., growth rates are fascer on the Pacific coast); the dominant

physiognomic structure of the vegetation differs: ecc.

Much of Canada’s forest environmenc has been aleered since the advent of
modern technological sociecy, by both anthropogenic and nananthropogenic sources. It

fact, the biodiversicy of Canada’s forests has been affected since European serclement, and
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before that by the First Nations people. This suggests three potential baselines: pre-First

Nations; preindustrial; and exrant.

Once a bascline is established, the impact of current human acrivities can
be assessed. For example, we can ask what impaces modern forestry pracrices are having
on the long-term structure and function of boreal forests. Are species becoming more
endangered? [s the viability of populations being threacened? Are we creating or
designing forests that are struccurally and floristically simpler? Is the productiviy of
the forest ecosystetn being maintained, or is there, for example, a significant net loss

of nutrients and biomass (rom the system?

To opesationalize a ser of indicators, dara must be collected and analyzed
and an inventory developed and maintained. A critical step is to define boch the
biological and spatial wnits of analysis. These definitions must be soundly based in
the relevane sciences—genctics, population ecology, community ecology. landscape
ecology, and the earth sciences—and be clearly linked to the objecrives of the exercise.
Consideration of the effects of scale, disturbance regimes, and the role of the physical
environment is required. Once an appropriate set of scientifically sound and useful
indicacors is defined, the problem remains of determining the availability and qualiry
of data and the resources and mechanisms required for daca analysis and urilizacion.

The following sections discuss these factors in turn.

Species diversity

Specics diversity can be defined in terms of species richness, abundance/
dominance, and evenness and can be examined at different scales—so-called alpha, beta,
and gamma diversity. Alpha is a measuce of diveesicy wichin communities, beta measures
the diversity beawveen communities along some kind of environmental gradient, and
gamma measures diversity based on all communidies within a geographic region. Several
questions arise from applications of species diversiry indices (SDIs). The units of analysis
for SDIs are not standardized—rthey are sometimes habitats, cammunidics, or even
ccosystems (c.g., Buzas 1972; Samison and Knopf 1982; Cowling 1990; Noss 1990).
Often they are more simply different vegeration associations or landform units with a
difterent physiography. How different do the biophysical characeeristics of two sites have
10 be in order for beta diversity to apply? How far away do two plots have to be for
gamma diversity not ro apply? There is no standard prococol for survey design, sampling,

and analysis.
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Landscapes naweally vary in terms of the number and rypes of specics they
support. Tropical forests are vastly more species diverse than boreal systems. The facc
that the latter are relatively specics poor does not necessarily lessen the importance of
their contribution o the planet’s biodiversity. Interpreting species diversity depends on
knowledge of the system's total scruceure, composition, and processes. Spadial context and
ecological context are therefore needed to interpret the significance of species diversity.
Various mechanisms have been propesed to account for the spatial variation observed in
specics diversity, including:

« disturbance/stability (in particular, the frequency and intensity of disturbance
and the amplitude of enviconmental variabilicy);

+  predadion and comperition;

«  productivicy;

»  physical environmenal gradients: and

» historic biogeography.

Locally. diversicy has been associated with disturbance regimes. For example,
Abugov (1982) suggesicd thar the frequency of population reductions and the growth
rates of competitors are important factors—Ilow population numbers reduce comperitive
differences. and hence diversity can be maintwined by periodic population reductions;
faster growth rartes for competing species reduce diversiry owing 10 enhanced competitive
displacement. Fire is one mechanism that could prevent compecitive equilibrium from
being reached. Similarly, predarion theories of local diversity predict that in some
circumstances predation can promote diversity by reducing competitive exclusion.
Various authors (c.g., Huston 1979) have suggested that local diversity is maximized
ac incermediace levels of disturbance, as disturbance allows the maintenance of

compctitively inferior specics,

It follows from the disturbance/predation/competition theories thar local
diversity is higher where “productivity” is lower (owing to low population densitics and
therefore a low rate of communirty displacement). However, the productiviry theory of
diversity presents an opposing viewpoint, where diversity increases with increasing net
primary productiviry. The difference berween temperace and tropical systems has been
used as evidence in support of this theory. Jordan (1983), however, demonstrated that
the main difference between cropical and temperace systems lay in foliage producrion
rather than wood production. Greater foliage production results in an increase in che

complexity of the vegeration’s vertical structure, which in wrn creates more niche
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opportunitics. Interestingly, Sims cr al. (1989) found that the strucrural diversities of
boreal forests in northwesiern Ontario (in terms of shrub- and herb-rich sites) were
greatest on the most productive sites—i.e., where moisture and nutrients were not
limiting. Stabiliry theories arguc thar diversity is promoted by the stabiliy and longeviry
of the ecological conditions in an area (c.g., Ross 1972). However, these are perhaps

more relevant at the continental and regional, rather than local, scales of analysis.

Regional species diversity can be related to the “slope” of physical
environmental gradicnts. For example, if mesoclimare varies significantly over a relatively
short horizoncal distance. then regional species diversity can be cxpecied 1o be high. In
Bricish Columbia, for example, a west—east transccr encounters a warm, wet coastal zone,
then wet, cold mountains, through o dricr, warmer inlands. These physical environmental
gradicncs are accompanied by cqually significant variation in vegeration composition and

structure (Krajina 1965).

At a broader scale still, species diversity can be related o the actual processes
of speciation. These are primarily genedic muration and recombination; and geographic
isolation and colonization. Most of Canada’s biomes were obliceraced by ice sheets during
the geologically recenc Pleistocenc series of ice ages. Most species have recolonized the
country over the lasc 10 000 years (i.c.. following the most recent ice retrear). Hence,
many ccosystem processcs, such as those relating to soil development, are relarively
youthful (compared with, for example, the arid parts of Australia). There has therefore
not been the time for geological and other events o occur and isolate populations, as

there has been in the tropics.

There is clearly no simple interpretadon ro species diversiry. les significance
can be evaluated only in the context of a specified space/time scale, and only where the
relative roles played by disturbance, predation/comperition, environmental gradients,

heterogencicy, and productivity are clearly understood.

Inpaspecies diversity

Local adaptations represent an aspect of intraspecies genctic variation that is
closcly relaced 1o spatial gradients in physical environmental regimes. For example, there
arc cthought 10 be two ccotypes of black spruce: “lowland™ and “upland” (V.E. Haavisto,
CFS, pers. comimnun.). The lowland varicty occupies weteer sites and has slower growth

rates and wood yield than the upland variery. Although less important commercially,
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castern white cedar also exhibits discinct lowland and upland ccotypic variation (Habeck
1958). In forestry, arrificial regencrarion may tesult in the use of seed that is noc adapred
to local climatic condicions, with subsequent poor regrowch or even increased risk of

mortality.

For both plants and animals. a hicrarchy of populations can be recognized.
For example, some number of individuals may occupy a given habirat paich. Numerous
suitable habitat patches could occur within the local landscape. with varying degrees of
occupancy. If the pacches are all within the home range of the organism, then these
populations can be grouped as a metapopulation. Examining a larger area, the region
may support a number of these metapopulations. The greater the environmeneal
difference beaween the habirats of populavions and the longer the time passed since
chese populations dispersed. the greater is the potential for genetic variation as a result

of local adapaacion.

Gencenic diversiry (as measured by, say, an index of heterozygosity) may or
may not be relaced to the fitness (as measured by rhe vigor of growdh and reproductive
success) of an organism or che viability of a population. Among the factors that should
be considercd are genedc foad {potential for inbreeding depression) and outbreeding
depression {possibly related to genetic coadaprarion; Templeton 1986). Alchouglh
individuals within a homozygous population may be fic, the populacion may be
susceptible 1o environmental stress and change. Hence, heterozygosity can at times
be advantageous. Heterozygosity can be compromised in outbreeding plancs owing o
forest fragmentation. as populations, sizes of native forest species, and migration among

patches are reduced (Ledig 1986).

Many boreal forest plant specics are widespread and abundant. It can be
argued that to conserve these species would require maintenance of the genetic variation
found berween the popularions. Both genetic diversity and gencric variation, owing to

local adaprations, may be mechanisms that help mainrain ccosystem resilience and stabilicy.

[n summary, every (noncloned) organisin has a unique genctic blueprint.
In terms of the genctic dimensions noted above, a population can be expeceed o be 1o
some degree distinct from every other population of that species. [n some circumstances,
therefore, populations rather than species may be a more appropriate bialogical unit

of analysis for the conscrvation of biodiversity.
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Rare and endangered species
Public concern over the loss of biodiversity is often ¢xpressed in terms of the

need to protect rare and endangered species. With increasing frequency, special legislation
is enacted 10 protect species so defined. Rabinowitz et al. (1986) suggested chat chere are
three dimensions ta rariry:

*  rhe geographic range of the species;

»  the habirar specificity of the specics: and

»  the size of the local population.
Habirar specificity can be defined in terms of the ccological plasticity and wolerance of

the species, in association with the availability of suirable habirac.

The definition of rarity therefore demands a spatial context. Forest
songbirds may be locally abundant and cover a broad geographic range. However, they
may have specific requirements for habitats—particularly during the breeding season—
thar are not abundant in the landscape and hence are chreatened by land use. The
Carolintan forests of southern Onrario are fragmented and consist of small populations.
Alchough they represent the norrhern extension of a forese system much more widespread
and abundanc in the castern United States, these remnants constituce part of Canada’s
characteristic biodiversity. The degree 10 which a species is endangered or vulnerable o
extinction is very much decermined by the spatial context and the reladonships berween
range, population size, the impact of land use change, habirar, and habitu quality.
Previously, habicar qualivy was considered in terms of a monotonically increasing scale
from “low” 1o “Ingh.” Recent theorctical developments, however, poinc to a more
complex landscape matrix of “sources™ and “sinks.” This suggests that “suitable habirat™
may in fact require an intricate assemblage of patches that comprises lower-qualiry
patches in addivon 1o the full complement of higher-qualicy parches (i.e., suitable

patches are nceded where the populations can expand to when times are good).

T 15 useful to make the distinction berween global and local exrinctions.
8
The former is when all populations of a species cease to exist, the latter when only those
pop ¥

populations present in a given landscape are climinated. Global extinctions of “flagship”
species (e.g., whales) often attract widespread and public concern. Unfortunately, local
excinctions are usually overlooked (Ledig 1993). “Lffecrive” extincdion can be achicved
without climinating cvery member of a population if. for example, population size is too

small to maintain gencric variability and ro ensure the maintenance of the populacion
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through time. This Jeads to the observacion char although local diversity can be increased
chrough management practices (c.g., introducing disturbances to promote pioneer
specics). this could lead to a decrease in the viability of certain local populations and
hence potentially promote and contribure to the global extinction of species (see also

Gilpin and Soulé 1986).

Convmunity organization and ecosystem processes

Populations co-occur in space and time and thereby form biotic communirics.
How much importance should be given to communiry organizadion? Johnson and
Maycux (1992) suggested that species have been added ro or removed from ccosystems
in many contexts withour greatly affecting ccosystem function. They proposed that the
physiognomic structure (vertical and horizantal) of the vegetation is in the long cerm

more imporeant to ccosystem stability and resilicnce than axonomic composition per sc.

In terms of plant associations, we can identify both “weak” and “scrong”
positions. A weak position mighc argue, for example, that vegeration associations ase
largely fortuitous, either the resule of stochastic events and disturbance history or due ro
overlapping physical environmental requirements and tolerances. This viewpoint would
indicate that no greac effort is required 1o prescrve existing associations. The conservation
goal then becomes more simply to ensure thac all porenaal species remain present within

a landscape.

A “strong” position would suggest thar there are overriding bioric
interdependencics, and that communitics have a well-developed internal organization.
The cffects of canopy shading on regeneration, microclimate, and soil moisture, for
example. are indicative of processes that scem from, and are parc of, che process of
community organizacion. An argument would be thac rhis community organization is
essential for both the presence of certain specics and the maintenance of ecosystem
funcdons. [t would then follow that specics and population conservation can occur only
if the processes that decive from community interaciions are protected. The case for
strong communicy organization is less controversial with fauna. as they udilize plants for
shelter {c.g., procection, rhermoregulacion) and nutrition and often develop quite specific
plant-dependent habitar requiremcnts. Animals partition available resources by various
techniques, such as udilizing different components of the verrical scructure of plancs or

foraging at different times of the day.

FOREST RIODIVERSITY INDICATORS WORKSHOP 3/



The notion of ccosystem stability and resilience scems from the facr that
ccosystem processes persist even though individuals and populations may come and go
(sec Holling 1973. 1992). These processcs are the result of communiry arganization. Ac a
landscape scale, nwo of che most important processes are the water and nutrienc eycles.
These involve complex interactions berween plants, animals, climare, terrain, and rhe
substrate. For example, in the nutrient cycle, plants gencrally constitute a major reservoir
of nurrients in a system. The uptake of nutrients by plants counteraces the reroval of
nucriencs by leaching and erosion peocesses. Soil biota provide the means by which

organic material is broken down and nade available for planc uprake.

Soil microflora represent an important component of biodiversity in terms
of both the number of species and the roles they play in forest ecosysrem processes.
Soil fungi and bacteria may fix nirrogen, stimulare trec groweh, regulate parhogen
populations, facilitate decomposition of organic macerial, and influence soil structure.
Chanway (1993) suggested that the maintenance of mycorrhizal diversity below the
ground is necessary to cnsure the biodiversity of the aboveground vegetation. He also
noted thar there may be guilds of tree specics defined by cheir common association wich

mycorrhizal fungi.

The relacionships benwveen ecosystem processes and animal habitat are
generally ill-defined owing 1o a lack of knowledge. Habitar can be defined as a funcrion
of ecophysiological response, as, for example, defined by the mesoscaled climaric
requircments of an organism; and requirements for both nutrition and shelter. The
latter nvo can involve the urilization of other plants and animals. 1deally, habirtar
models should include all three components. Flowever, vegeration is frequently used
as a surrogate. For example, it is possible to relace bird habitat wo pacches of extant forest
types {c.g.. Welsh 1993). The relative qualicy of a given habirac patch will depend upon
whether it conrains specific accributes (c.g., a required shrub density) and more general
factors such as the overall site productivity. These, in curn, may be driven by basic
landscape processes thac determine the distribution and availability of soil moisture and
nutrients. Also. the presence and persistence of any one habitat patch may depend upon

various ecosystem processes generated and sustained by the broader forese syscem.
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Disturbance regimes

Ficc is a major source of disturbance in boreal forests. Fires kill some plants
and creace opportunities for others to grow. The fire regime therefore excrts a fundamental
control on the spatial mosaics of forests” age srructures {(which in turn suggests thar the
extant age disteibution of trees in “nacural” forests can be vsed ro infer fire frequencies).
Borcal forests, for example, are gencrally younger than Pacific coast forests, largely

beeause of differences ia the fire regime.

Other phenomena also help define the natural disturbance regime. Insece
infestations (budworms, caterpillars) occur in vast numbers and over lacge areas of the
boreal system. One effecr is that of accelerating the recycling of nutrieats in the system.
Fungi thar attack the roou systems of trees, resulting in premature deach of che plants,
are also prevalent. Fire, insccts, and root diseases are therefore commonly considered che

major natural agents of change in Canada’s forests (Bonan and Shugart 1989).

The relative impace of human land use disturbances is the source of much
controversy. In the context of forestry, one view is that timber harvesting mimics the
disturbance effects of fices. Opposing this is the view that, in spatial cerms, fires burn
more heterogeneously than rimber harvesting, and that fices often leave behind more
plant material and hence nutrients, Also, it is apparent that modern sociery has changed
the natural fire regime through specific fire suppression policies and the reforestation of
extensive arcas with new specics mixes that have different burn patierns. e is argued that
this has interrupred and will continue to redirect natural vegetation suceessional

pathways.

Many consider insects to be pests and root fungi to be discascs, and hence
these organisms are classed by some as undesirable disturbances. The opposing and
increasingly accepted view is that these play an integral role in nutrient and carbon
cycling within a forest ecosystem. Some foresiry practices may be responsible for an

increase in the likelihood of insccr and root, burr, and stem fungi infescations.

Perhaps the critical questions are the extenc ro which land use practices have
changed and are changing preindustrial disturbance regimes, and the excene o which
these are affecting population viability, species distributions, vegeration assocjarions,

forest age structures, and ccosystem functions.
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The role of the physical environment

As noted above, local adaprations to physical environmental condirions
represent an important componenr of biodiversity. All plants require energy, moisture,
and mincra) nutrienes. The spatial and temporal distributions and availabiliry of these
three primary environmental regimes (PERs) are therefore the major physical
detcrminants of plant response—in terms of taxonomic distribution, physiognomic
structure, and primary productivity. PERs also directly affect the ecophysiology of
animals and. through the cffects on plants, their requirements for shelier and nutrients.
[n addition, PERs exert a major control on the rates of basic biophysical processes (e.g.,
watcer use). Spatial distsibutions of PERs can often be used as prediciors of biological
pattern, particularly in macure ecosystems. PERs have been used, for example, to predict
potential species distributions (e.g., Nix 1986; Booth 1990). Phenorypic variation among
tree populations has also been correlated wich climatic and soil condirions across a
species’ range (e.g., Rehfeldt 1990). Clearly, the physical environment is inexericably

linked to all the components of biodiversity.

Spatial scale

Figure ! illustrates how the physical environment, species and populations,
human impacts and natural disturbances, and communicy organizarion and ecosystem
processcs can interact over a range of spacial scales. [t can be argued thar all components
operate and can {ac least in some fashion) be discerned ac all scales, thereby suggesting

the following:

}. Atincreasingly finer scales, more factors can be incorporated to refine estimates
of physical environmental processes; also, gradients in the distribution of energy.

moisture, and mineral autriencs vary spatially.
2. Species and population distributions can cross all scales.

3. Biological patterns cmerge at higher levels in the spacial hieracchy thac are nor

apparent at lower levels.

4. Ecosystem processes transcend scales, depending upon the “steepness” of
environmental variables {e.g., the degree o which mesoscaled climate changes in
reladion to horizontal distance) and the distribution patterns of the populartions

involved.
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5. The ecological importance of disturbance depends upon rhe scale of communiry
organization being affecred.

The {(perhaps obvious) implication is thac more than one unir of biological and spatial

analysis is nceded, because at any one of the four scales shown in Figure 1 it is possible

to focus on species, populations, habitat/environmental relarions, community organiza-

tion, and ecosystem processes. A comprehensive set of indicators is required thar samples

the various components of biodiversity and the impinging processes, as expressed at

different scales.

Biological organization is often viewed as a nested hierarchy, such as cell —
organism —* population = community = ccosystem — biome. Also, we can recognize a
nested hierarchy of spatial units, such as sice = landscape = region = globe. There is
not necessarily, however, a direct correspondence berween these two nesred hierarchies
(sce Allen and Hoekstra 1990). TFor example, a soil fungus’s ccosvstem might be smaller
than a plant's communiry; the home range of a bird population can be larger than che
areal extent of a landscape; a species’ distribution can cross biomes; popularions can form

part of more than one community. Organisms also vary enormously in their degree of
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Figure 1, Components of biodiversiry, impinging procesies, and scale. All components and

processes can traniscend all scales.
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mobility. Although individual plants rend to be immobile, even plant species migrate,

given sufficient time.

The point is that che spatial distcibution of biological organization at various
scales may be best represented by a non-nested hicrarchy. If a nested sex of sparial units is
used, then the expressions of biodiversity captured ar the broader scale may not caprure
biodiversicy expressed at a finer scale. However, if a nested set of spatial units is not used,

then chere is no longer a simple method of linking across scales.

Oprtions for biodiversity indicators

Units of analysis based on species

Species diversity indices

Species diversity indices (SDIs) are based on quantitative measurcs of specics
richness, abundance/dominance, and evenness. These utilize informacion theory and
other measures that make no a priori assumptions about distributions (Samson and
Knopf 1982). Examples include Simpson’s Index (Simpson 1949) and the Shannon
Weaver [ndex {Pect 1974; sce also Pielou 1966).

Indicator species
It is noc feasible to comprehensively study all populations of all specics.
Itis possible, however, to examine sclected “indicaror species” using various critcria:
» cconomically important species, c.g., moose;
« culwrally important species, e.g., sweet grass;
* guild represcnratives, ¢.g., one species to represent a number of ground-brecding
migratory forest songbirds;
»  top-of-the-food-chain specics, e.g., Jarge owls;
«  species with large home ranges, ¢.g., woodland caribou;
«  flagship species (i.c., species with popular appeal), e.g.. whales;
¢« keysrone species (i.e., specics that play a critical role in the maintenance of
ccosystem processes), ¢.g., soil fungi; and

»  rare, threatened, endangered specics, ¢.g., pine marten.
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Therc arc also strong arguments against indicator species (sce Landres er al.

1988), including the following:

). Each taxon has its own umuelt, or unique set of biophysical requirements and

responscs (von Ucexkull and Kriszat 1934).

2. DPredators may be dependent upon prey, but the reverse is not truc: i.c., there is
a need to be cognizant of the interdependencies between species thac may not

be accounted for by 2 nested hicrarchy.
3. There is a current lack of autecological and synecological knowledge.
4. Species can come and go, yet ecosystem services can still be maintained.

Nonethcless, much of the public discussion on biodiversity conservation has
focused on indicator species, in particuar rare or endangered species {e.g., spotced owl in
the Pacific Northwest or the red-cockaded woodpecker in the souchern United Scares) or
commercially important specics (e.g., moose in norchern Onrario). In addicion. landscapes
and ecosystems that have a celatively high level of species diversity or relarively large

populations of indicator species have also atrracted atrention.

Units of analysis based on inrraspecies diversity

[t is possible 10 examine, on a species-by-species basis, the extent to which
populations can be distinguished owing to local adaprations. One mechod is to collecr
seed from sample locations and study phenotypic variation in plant growih characieristics
under controlled conditions. Variation in phenotypes berween populations can then be
examined (o sec if correlations exist with environmental conditions ac che sites (c.g.,
Rehfeldr 1990). [f local variations are significant, then the results could be used 10

idencify populartions thar warrant conservation.

There are various techniques that can be employed to measure the actual or
relacive genctic difference berween populations in terms of heterozygosity—allelic and
isoenzyme DINA-based measures (e.g., Jain 1983; Riggs 1990). But how can genccic
diversity measures be interpreted—for example, to what extent does the difference
becween populations in genetic diversity per se constitute a component of biodiversiry

that should be conserved?
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[t is also possible to undertake population viabiliry analysis (PVA)
simulations on selected papulations of a single species. Several computer-based models
exist for such applications—ec.g.. ALEX (Possingham ¢t al. 1993) and VORTEX
(Lindenmayer et al. 1993). The identification and utilizacion of suitable habitar patches
in 2 landscape become the focal point for these analyses in conjunction with knowledge
of the lifc history of the species. Spatial data about forest fragmentation are also an
important inpur, as the size and spatial configuration of the habicat patches can affect
viabilicy. Choices abour the targer species for PVA have the same caveacs as mentioned

above for indicator species.

Units of analysis based on commnunity organization and ccosystem processes
Advocates of a “strong” view of community organization would suggest
indicators based on levels of biological organization above that of populations and
species. Perhaps the simplest way to caprure this component of diversity is to focus on
extanr pauerns of biotic associations as indicators of biotic-environmental relations.
Thesce can be defined using a varicty of criteria, including:
+  plant floristic associations (c.g., based on dominant canopy specics or commonly
co-occurring assemblages of overstory and understory plants);
*  vegeation physiognomic structure (e.g., lifc forms, canopy height/densicy,
vercical scructure such as densicy of shrub and herb layers); and
+  potential habitacs of indicacor species or guilds (where habicat is a function of

physical environment, shelter, and nucrient requirements).

This argument can be extended to the issuc of biophysical patterns
and processes that emerge at a regional spatial scale. Ecological regionalizations (e.g.,
ecological land classification in Canada [Hills 1961); Wiken ¢t al. 1992]; environmental
domain analysis in Australia [Mackey ct al. 1989)) aim to capture these broader-scaled
patterns and processes. Ideally, these analyses would be suitable for addressing widespread
calls for a representative system of protected reserves to be established. Many internarional
and regional governments support the notion that 12% of the Earth’s rerrestrial systems
should be protected within a reserve neowork. An argument in favor of a representative
rescrve system is that it serves as a “coarse filter” for che maintenance of broader-scaled

patterns and processes (Flunrer ec al. 1988).

A critical issuc in applying representativeness as an indicacor is the selection

of criteria used to define the syscem boundaries. Options include boundaries based on:
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¢ physical gradicnts (e.g., the primary environmenral regimes);
+ gradienrs in vegetation physiognomic structure (e.g.. distinguishing
grasslainds—woodlands~deciduous forests—boreal forests—mindra);
« acrual or poteniial species/habitat distributions;
 the spatial variation in phenotypic variation across populations;
= acmual or porential mature vegetation associarions and environmental relations;
and
*  measures of biophysical process rates (c.g., foliage producrion, plant warer use).
Assessmencs of represenrativeness can clearly be applicd to units ocher chan regionaliza-
tions. For example, it is logical (o consider reserving a represcarative sample of “old

growch” for a given forest gype (e.g., percent arca coverage within an ccoregion).

Even if 12% of land is reserved, this would still leave 88% remaining. Ic can
be argucd that the conservation of biodiversity will be affected more by what happens
outside reserve necworks than by whac happens within. This is especially so in a country
like Canada, which is dominared by natural landscapes and whose economy is currently
so linked to the viability of natural resources. The use of a regionalization to assess
representativeness docs not necessarily help biodiversity cvaluation on the remaining
88% and may in fact breed a sensc of complaceney. However, additional uses of
regionalizations can be envisaged, including:

*  spatial strarificarions for evalvating the significance of species diversity or orher
indices; and
+  characterizing spatial vaciation in the primary environmental regimes, and hence
the potential for local adaprations (bur racher than focusing on a pardicular
taxon’s response, the regionalizations could be used o caprure major physical
gradicnts chat are indicarive of significanc clusterings of ecological gradients).
Note that land-based regionalization doces nor necessarily address aquatic ecosystem

biodiversity!

Indices of disturbance and change

The discurbance regime is multidimensional and can be defined in terms of
intensity, duration, frequency, extent, and the causal agenc (e.g., land use, fire) (Hopkins
1990). These variables all affect the ecological impact of a disturbance on biodiversiry.
Hence, simply obraining sparial informarion abouc extant disturbance regimes is

complicated.
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Remotely sensed data provide 2 means to gain spatially extended dara on
the extent of forest fragmentation. Various sratistics (e.g., based on fractal theory; see
Forman 1986; Moore ct al. 1993) can be calculated to give indicators of extant landscape
hecerogencity. The problem remains, however, of interpretation—for example, do forest
fragmentation and the spatial configuration of patches have any meaning aside from
their effect on 2 given species” habirat requirements, an individual organisim’s finess,

or a particular population’s viabilicy?

Disturbances do not necessarily resule in the loss of forest cover per se.
Rather, there is often a continuum of effects. Lesslie et al. (1988) discussed a computer-
based method for the inventory of wilderness quality based on this continuum concepr.
Wilderness quality was calculated as a continuous function of four indicators, namely
distance from access, distance from setdement, apparent naruralness (e.g., the density of
uninhabited human structures), and biophysical naturalness. The latter is an attempr to

map the ccological impact of land use history.

The above discussion has focused on units of analysis based on excant or
potential biophysical patterns. It is also clear that many of the indicators suggested for
characierizing the biodiversity of a landscape are equally applicable for monitoring the
dynamics of environmental change through repeated measuremenc. However, another set
of indicarors can be envisaged thar directly measures, for example, changes in the flux of
moisture, nurrients, and energy chrough a forest ccosystem, These wonld require a time
scrics of observations such thac the effects of land nsc on foresc processes can be
monitored. Some remorely sensed data sources may be useful. However, they would still

require ground-based instruments for calibration.

The distribution, abundance, and viability of animal populations arc other
ccosystem dynamics that are amenable to (ime series analysis based on ground-based
monitoring stations; are populations in decline, stable, or rising? Once again, thongh,
not all species can be examined. and criteria are needed for selecting one targec species

over another.

Logis fic 1ssues

In addition to scientific considerations, the availability of data, cost of

measurement, and case of application must also be considered in sclecting biodiversiry
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indicators. In this section, it is also convenient 1o examine problems associated wich

assessing the impact of accumulated effects.

The ecological tyranny of onall decisions

The point madc in the quotation by Perrings ct al. (1992) above abour the
“billions of independent decisions™ that are directly responsible for most of the world’s
biodiversity loss is critical to the assessment of the starus of biodiversicy. This has been
referred 1o 2as the tyranny of small decisions (Kahn 1966). [n the market cconomy,
billions of peoplc are continually expressing personal prefercnces that have an impace on
the planet’s biodiversity. Independently, cach decision likely has an insignificant impact.
In toto, however, the cffects may be significanc and may be in conflict wich the social
good. Markerts do provide some feedback about the impacr of the scale of cconomic
activity. For example, all elsc remaining the same, as a good becomes scarce. its relative
price will rise, inducing substitution, less consumption, and cven technological
innovation. However, there are not necessarily feedback mechanisms for unpriced goods

or scrvices, such as che noncommercial components of biodiversity.

An analogy can be drawn with the Great Wall of China. The wall in ics
cntirecy consists of millions of bricks, any anc of which is reladively worsthless. A single
brick can be removed without having much cffect on the total value of the wall. But how
many bricks can be removed beflore we consider the wall damaged? How many bricks

can be removed before there is no longer a wall?

The cyranny of small decisions also confounds the development of
meaningful biodiversity indicators. Forests are continually affected by human-induced
disturbance (e.g., global climate change, pollutants, conversion of forested land to other
land uses, the impacrt of cimber harvesting). But what are che cumulative effeces on
different components of the forest biodiversity? For example, northern Ontario provides
breeding habitac for some 75 specices of migratory birds. These species have different
habirat requirements (Welsh 1987). How does the patchwork of timber harvesting thac
has occurred in northern Ontario over the lase 30 years affect the long-term viability of
these species, and how does that vary spatially? This leads to the topic of threshold

values—i.c., how do we determine that an impact on biodiversicy is significant?
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Evaluating the significance of recent land use acrividies is further
compoundcd by Jonger-term perturbations. For example, analyses based on arcic ice
cores showed that the climate of the last 10 000 years has been arypically stable
compared with the last 250 000 years (Nielsen 1993). As yer, no definitive causal
hypotheses have been propased. [t is possible thar human-induced environmental change
could interact with wharever is driving the longer-term climaric oscillations, resulting in

accelerated global perturbations—how many cracks can appear before the wall collapses?

The determinacion of threshold values will clearly become the focus of
public debate; what is required first, however, are measures of the cumulative impacr of

mutually independenc actions.

Source data for indicators

Indicacors must be based on data and information thar are georcferenced—
i.c., tied o localitics on the Eartt’s surface. However, we do not know where everything
is, and we do not know how cveryching is related. Also, ic is difficulc to map processes.
Given the potential sct of indicators noted abave, what types of actribure data are

required, and what is the availabilicy of source data?

Although more complex levels of community organization may be difficult
to pin down ro a spatial scale, populations are more readily defined within a landscape.
Howevcr, cven here there are considerable limits to the resolution of dara. Excepe in a
very few cases, it is generally impossible o locate all populations. [n fact, information
about the excant spatial distribution of plants and animals is surprisingly poor for land
use decision making. The spatial distribution of biota is usually modeled racher than
directly observed. For example, rraditional vegeration surveys record observacions ac a
small number of irtegularly scactered sites. The problem becomes how 1o extend these
data o cover the entire landscape or region. This spatial extension problem applies to a
wide range of cnvironmental vartables, including soil data, wildlife surveys, climaric
averages derived from weather stacions, topographic surveys, measurements of wacer flow,
sediment yield, and chemical and biological oxygen demand. The traditional solution
to this problem is through mapping based on air photo interpretation—i.c., using
assumptions of covariance berween survey plots and visually discerned patterns on

the imagery.
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In contrast to point data, remotcely sensed (R/S) spectral/cmittance dara
(especially sarellite-borne sensors such as Landsat TM, SPOT, ERS. and Radarsat) are
delivered in spatially distributed formats—i.c., there is a value for cach pixel across the
entire image. However, thesc values nced 1o be interpreted—there is not necessarily a

dircct correspondence berween the spectral values and the rarget land cover fearures.

Developments over the lasc 10 years have (ransformed our ability 1o model
the spatial and temporal distributions of ¢cnergy, moisture, and mincral nutrients (i.c.. the
primary environmental regimes). For example, new methods enable sparially reliable
estimates of long-term mean monthly climate o be generated at any location with
acceptable standard errors (sec Hurchinson 1987). Compound terrain indices generated
from digital elevation models enable spatially discributed models of catchmene hydrology
to be calibraced and applied across entire landscapes. These enable the spatial predicrion
of soil actributes and processes that relate 1o water flow (e.g.. Moore et al. 1991). Some
of these new methods are being adopred in Canada (c.g.. see Mackey and McKerncy
1994).

New methods are being developed for the spatial analysis and prediction of
biological and ecological phenomena. These are based on integrating point obscrvations,
remotely sensed daca, spacially extended simulation modcls of physical cnvironmental
atcributes, and various forms of spatia) statistics. Applications include the capabiliey to
predicr spatially the probability of accurrence of biota based on correlations with physical
environmental variables (e.g., Mackey 1993) and more sophisticated methods of deriving
remote sensing classifications and analyses that utilize ground-based land information

(c.g., Brown ct al. 1993; Lees and Ritman 1994).

Generally, point data can be sparially extended if their distributions can be
relared 1o other variables for which spatial data are available. Geographic informacion
syscems (GJS) and environmental modcling technologies therefore provide the means ro
integrate spatially both existing and new data sources and to examine in a satistically

robust fashion the environmental response of biora across scales.

5\
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Summary and issues affecring sclection of

indicators

The development of a comprehensive sct of useful biodiversity indicarors
involves an understanding and synthesis of many complicated scientific issues. For
indicators to be uscful, they should constituce a fecdback mechanism in the decision-
making process. There needs to be a link berween the observed change in biodiversity
and the cansal agent. This information can then be used by resource managers, other
decision makers, and the public. The development of biodiversity indicators is a miajor
step towards assessing the net value o saciery of biodiversity conscrvation (although i is
worth noting that indicators arc only one, albeic a critical, component of a well-balanced
program for the conservation of bindiversity: sec Thompson and Welsh 1993). This
paper reviewed the basic components of biodiversity, from species and populations o
communiry organization and ccosystem processes. Other imporranc issues included the

role of disturbance, the physical environment, scale, and daca sources.

“Biodiversity” is more than “species diversiry.” There are at least three

complicating factors:

1. Many components of biodiversity result from interacrions berween biota—
e.g.» the verrical strucrure in vegetation communities is partly the result of

interactions benween canopy and underscory plants.

2. Biodiversity is manifested and can therefore be examined aver ac least four scales

{none of which is mutually exclusive; see Figure 1).

3. Even within a relatively species-poor country such as Canada. there are tens of
thousands of specics, especially when soil microfauna and microflora arc

considered. [t is theoretically possible that each species has a unique somvelr.

It is unlikely chac one index or a small number of indices will suffice.
However, the enormity and urgency of che rask and the limiced resources available
demand that a finite ser of indicators be defined. The first requirement is the

developmenc of indices to establish a bascline or characreristic biodiversiry.
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Indices will be required that operate at a selection of space/time scales:
e.g., the diversity and abundance of ground cover species in a landscape can be sampled
using a nerwork of ~100-m? plots; the distribution of patches of forest types requires
finc-grained analysis buc over an entire landscape of, say, 900 km?; analysis of forest
songbird habitat requircments may require the collection and analysis of some derailed

obscrvations over 3=5 years or longer from 1-km? plots scactered over an entire region.

A sccond set of indices would be needed to describe the extent 1o which
anthropogenic acoivities are (or are not) resulding in biological impoverishment. There
would be a subsct of indices that could be used both ro characterize biodiversity and to
monitor change through cime. The development of indices requires a combinacdion of
point and spatially excended dara. Simulacion models will also have a role to play. The
availability of suitable source data and the cost associated with acquiring new data will

be limiting facrors.

This paper has briefly discussed a number of contentious issues that may

affece the selection of indicators. These issues are summarized by che following questions:

1. Do species diversicy indices in themselves have any udling?

2. Should indicator species be used? If so,
«  whar are the criteria for cheir selection and limications for their use?
» should point obscrvations or data derived from spatially modeled pocential

distributions/habirats be used?

3. How can local adaprations and genetic variation be measured and inventoried

through space and cime?

4. 1n whar circumsrances are floristic/scructural associacions based on macure

vegetation response meaningful/uscful?

5. What uses can be made of environmental regionalizations? Fow should system

boundaries be defined?

6. Are nested spatial hicrarchies useful? If not, then how do we relate system

boundaries acrass scales?
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10.

11.

It appears that the significance of many indices cannort be determined
unilaterally but needs data about other indices to provide context—e.g., remore
scnsing cnables extant land cover patterns to be spacially inventoried, bur what
additional data are nceded to interprer the significance of forest fragmentation?
Which indices require other data for context, and how can they be combined in

a meanmgful way?

To whart extent is information abour land use history important?

Is it possible or necessary 1o distinguish the impacts of human-caused

disturbances from natural disturbance regimes?

How adequate arc existing dara bases? To what extent can existing data be

analyzed and modeled to generace the required informacion?

For which indicators are new, point-specific monitoring programs nceded?
Should the focus be on indicaror species or selected components of ecosystem

processes? How many sites arc required, and where?

. Which indices require more research before they can be implemented?

. What resources are required 1o implement the preferred indicators?

Given the scope of possible indicators suggested here, we suggest that they

may be categorized as either species-based or system-based indicacors. The species-based

category includes the use of endangered or flagship specics as well as indicators of

intraspecies genetic variation. The system-based category is intended to cover measures

of forest structure and composition, the use of vegeration associations and ecological

regionalizadons, and measures of soil erosion or nutrient Joss.

Species can be used as indicators in ar least three ways. First, a species can be

uscd as an indicator where the objective is to ensure the preservarion of that specics. In

these cases, it is simply “good fortune” if this results in the preservation of other species.

Second, the specics can be used as a surrogare for other species with correfated life

histories or habirat requirements. Here, the objecrive s to focus on one species with the

aim of proteecing many others. Third, a species can be used to assay the condidion of the
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forest ecosystem. For example, the distribution and abundance of some plancs (r-seracegise)
could indicatc the extent to which a sysrem is recovering from a perrurbadion. Similarly.
the presence of cerain soil fauna may indicare the impace of a forestry operation on the
soil profile. In terms of our classificacion, the first and scecond are species-based. whereas
the third is system-based. There is another class of indicators thar are concerned with the
overall “health” of the forest ecosystem and are not refated 1o measures of a single species—
e.g., landscape-scaled measures of forest cover/fragmentation, or the changes v the verucal
structure of a forese srand over time. These clearly fall within our syscem-based category.

Also, a system-based measure could be used to indicace che status of a specics.

Like many classifications, there is considerable overlap, For example, focusing
on a species habitac requires data abour the vegeration community’s coinposition,
structure, and productivicy—attributes that can be addressed by sysiem-based indicators,
Similarly, species diversicy indicacors give a picture of a system’s characeeristic compositon

but are based on individual species distributions and abundances.

Conclusions

The primary purpose of raising the various issues 1n this paper was o
provide a context for the workshop discussion. Ic is imporrant to be aware of 1he
limitations in using a given indicacor and of the potential for misinterpretation. The
complexity of the subject also demonscraces chat cercain issues are unlikely o be resolved
in the short term. Cacegorizing indicators into ¢ither species- or system-based groups
provides a convenicnt theme for structuring discussion on indicators. We believe thac
some rype of baseline must be established against which change can be mcasured. This
requires that the characceristic diversity of a place be defined. Uliimarely, we must deal
with what is happening in the landscape—che plants and animals and processcs that arc

in place—together wich che impact of land uses such as foresrry.
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BIODIVERSITY AND CANADIAN
FORESTS

Richard A. Sims and Paul A. Addison

Introducrcion

This paper provides some general background on the extent and nature
of Canada’s forcsts and some contexts for the examinarion of biodiversity jssues in
relation to Canadian forests. Some key points are made regarding current and fucure
forestry practices in relation to biodiversity conservation and the potential for

measurement/monitoring thereof.

Towards a working definition of “forest

biodiversity”

It would be useful to have a precisc definition of che term “forese
biodiversity.” One working definition of biodiversity is “the varicey of life in all of ics
forms, levels and combinations. and including ccosystem diversicy, species diversiry and
genetic diversity” (McNecly e al. 1990; U.S. National Rescarch Council 1992). The
operating word in this definicion is “variety” and rhe attendant implicacions on how it
may be mcasured, estimated or valued, and then interpreted or applied for various

purposes.

In overview, “biodiversity” defics a simple definition primarily becausc it is a
complex of finer-leveled issues (¢.g., sce Bunter 1990; Millar ¢t al. 1990: U.S. National
Rescarch Council 1992; Duinker 1993; Ledig 1993; Ontario Forest Policy Panel 1993;
Woodley 1993; Mackey ct al.. these proceedings), each of which must be addressed
independently to some degree. In general, authors dealing with the copic either
concentratc upon onc of the many finer-leveled issues (e.g., species diversity, genetic
diversity, landscape diversity) or attempt to define the range of types of biodiversity that
oceur (e.g., sce Noss 1990). To date, there is little guidance available on how we may
proceed wich the integration of the component parts into an accepuable, scienrifically

valid, and truly comprehensive scheme (i.e., one thac weighs and balances components).
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We need acceprable and common working definitions of basic terms like
“forest,” “ccosystem,” and other terms that arc frequendly usced to help give contexr to the
biodiversity issue (Hunter 1990; U.S. Nadonal Rescarch Council 1992; Thomas 1993).
Terms like “forest” are not casily handled, becausc the term is defined according to the
perceptions of requiremeats of a very diverse user base. The public’s definition of the
forest is broad, ranging from a perspective that is largely visual to one that is emotionally
or spiritually charged. To the praccising forester, “forest” may have a very specific
scientific definition, nsually taking into account che tree species composition, age class,
densicy, and productivity functions. For the ccologist, forest site classifications provide
finer decails of ecosystem conditions, and the ecologist may define forests in even more
comprehensive ways, based upon soil featires, physiognomy, vegetation communitics,

and moisture/nutrient regimes,

Most working definitions of biodiversity imply thac it is chiefly a scientific
preoccupacion. However, from all thac is known abour che current anathema with the
issug, it also involves the consideration of a wide range of political, echical. cconomic,
and social concerns. Because of this, certain perspectives thac arise about the priorities for
research and development as related to biodiversity are thus frequently in apparent

conflicr.

For example, out of the scientific versus political debate over the
development of indicators that may be used to measure or monitor biodiversity
conservation, the following question (among many ochers) arises: is che primary
requircinent a sec of accurate, scientifically detailed, and strongly defensible measures, or
is the primary requirement a sct of “indices” that may be scientifically weaker bur are
more readily underscood or appreciated by che general public? In other words, should the
collccrive scientific efforts at rhis point be focused more upon the quick rallying of
public support or upon the longer-term, painstaking process of documenting biodiversity
shifts and problems? In all probability, we cannort afford to focus upon just one of these
perspectives of the biodiversity issue, and dhe scientific community must instead be
organized to address such multiple considerations at the same time. Of all the sciences
that must be brought to bear on the biodiversiry issue ar the currenc time, perhaps the
science that we know least abour, and are Jeast likely to incorporate successfully into a

scientific model, is political science.
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Portraying forest biodiversity within a schemartic

framework

One mcthod of conceptualizing biodiversity conservation issues is o use
a “local clements” approach thar directs attention to funcional celationships within
a hicrarchy of geographic scales (e.g., see Noss 1990; Neilson 1993). Schematically,
a three-dimensional marrix can be used ro charactenize the three main gradicnes thar
interact to define biodiversity for different “clements™ or components-—i.e., the biological,
geographic, and ccological continua (e.g.. sec Thomas 1993; Figure 1). This may be morc
difficult conceprually, buc, in some scnscs, it is more representative in the way it requiires
consideration of the “gradients” involved. Figure | places “conservation of biodiversity”
along three interconnected axes, which represent chree primary, ecologically related
dimensions: cemporal, spatial. and biological. An additional focus on the “effeces of forest
operadions” should be included within this conceprual framework when considering
forest biodiversiry issues. To effectively deal with biodiversity conscrvarion over time in
forested areas, the actions and reactions of anthropogenic disturbances across all three

gradients must be determined directly.

Regardless of che framework, it is imporeant to have a clear idea of the
nature of the indicators thar are chosen to calibrate or gauge the biodiversity
conservation effort in toto. To identify “biodiversicy indicators,” we first need to

underaake the following steps:

Regions

Geographic scale

Sites

Figure 1. The three main gradients (biological, geographic, and temporal) that intevact 1o
define biodiversity.
Source: Afeer Salwasser (1993),
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* determine the kinds and numbers of indicators thac are required, including
dircce, indirect, surrogate, and compound indicators, as well as measures noc of
biodiversity bur of the effects thar may impinge upon it (i.c., such indicacors
might be referred 10 as “sccond order indirect”);

« clarify and document the elements of biodiversity that these indicacors will
represcnt or measure (€.g., monitoring can range from simple identification to
very derailed statistical examination of fluctuations or shifts duc o, for example,
forest management practices);

* identify the tolerances and ranges of variability thac would be required or
accepted around each of these indicators, as well as any “compound” effects that
might arise should certain indicators be grouped or lumped for some purposes;
and

« demonstrate the nature and dimension of any “random effeces” thad imay arise in
measurcment or estimacdion of any indicator (i.c., what are the crror sources, the
unknowns, and the magnitudes of any random fluctuations chat must be

“factored out” when determining a component of biodiversiry).

The purpose of this workshop is to initiate discussion about the first scep
listed above—the cypes of indicators that could be identified as having value for
biodiversicy measurement and monitoring within Canadian forests. Addressing chis first
step alone is a formidable task, and onc thar must be done using a logical, scientifically

based approach.

Canadza’s forest land base

Canada is home to about 10% (416 million hectares) of the world’s forested
Jand. In rerms of cubic volume, Canada has 16% of the world'’s sofnwood (conifer)
volume and 3% of the world’s hardwood volume; in tocal, this represents some 15 billion
cubic merres of wood fiber (Forestry Canada 1992). The forest industry in Canada is
extremely importang; Canada is the single largest wood products cxporter in the world
and produces 31% of the world’s newsprint, 12% of wood products, and 7% of all paper

and paperboard produces (Canadian Pulp and Paper Assaciation 1992).

Just over half of the focested land in Canada is considered “commercial” by
existing definitions of trec size and potential productivicy (Table 1). An arca of about

112 million hecrares, or about one-quarter of the total, is considered to be under current
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Table 1. An overview of Canada’s forest land.

Forest type Arca {million hectares)
Heritage forests 22.8
Commercial forests 236.7
Managed forests 112
Unallocared forests 100
Protected forests 29
Open forests 156.6
Toral forest land 416.1

Source: After Canadian Pulp and Paper Association (1992); Forestry Canada (1992).

management for the forest products industry. About 0.5% of Canada’s total forest lands
ate harvested annually (Forestry Canada 1992). Forest management is primarily a
provincial jurisdiccion; 94% of the forest is “Crown land,” although che majoricy of
commercially importanc areas are turned over in licences o farest companices for harvest
and reforescation. The remaining 6% of Canada’s forests are held by some 425 000

privatc landowners (Forestry Canada 1992).

Although there is much pristine forest land in Canada, there are significant
industrial pressures on the resource from coast 1o coast to coast. This has resulted in
some local wood supply shortages and a growing number of geographic locations where
there are environmental and integrated management concerns (Kimmins 1992; Booth

eral. 1993).

Taxonomic diversity within Canada’s forests

Taxonomic diversity (or, in one sense, species richness) refers 1o a simple
accounting of che taxonomic holdings of a geographic area. Currencly, some 71 000
microorganisms, plants, and animals, represenring in 1oral some 70 caxonomic phyla, are
known and documented in Canada (Mosquin and Whidng 1992; Table 2). However,
relative to its immense size, Canada can be considered 1o be “species poor.” The rotal
number of specics in Canada still represents only about 5.1% of the 1.435 million
described species of the world (McNeely er al. 1990). Canada is estimated to have
194 specics of mammals or about 31 per 10 000 km? (Mosquin and Whiting 1992), a
density thar is considerably lower than the 38.8 per 10 000 km? average for temperate
countries of the world, and far lower than the 79.5 per 10 000 km? average for tropical

countries (Reid and Miller 1989).
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Table 2. Summary of the taxonomic diversity of Canada.

Kingdoms Est. no. of Est. no. of Canadian
and Canadian specics Canadian reported species
major reported species still as % of known
subdivisions to date unreporied world species?
Virus 200 150 000
Bacteria 2 400 20 800 51.02
Algac 5 303 1 980 20.07
Fungi It310 5155 0.75
Plancac
Bryophyta 965 50 6.0
Ferns/fern allies 141 11 1.2
Vascular 3898 75 1.8
Protozoa 1 000 1 000 3.22
Animalia
Mollusea 1 400 135 2.8
Annclida 982 670 2
Insecia 29913 24 653 0.1
Chordarz 1911 830 ?
Mammalia 194 07 ?

12" indicates incomplete daia.

Source: Mosquin and Whiting (1992).

It has been estimated thar the potential number of species in Canada.

including undescribed and currently unknown organisms from all phyla, and including

viruses, may be 300 000. [t is believed thar abour rwo-thicds of these would be associated

with forests in Canada (Forestry Canada 1992: Mosquin and Whiting 1992).

Endemism is considered important when deseribing the biodiversity of

a nacion. Relatively few specics are endemic o Canada (Table 3), and estimates for

potential endemism range from 1 1o 5% (Mosquin and Whiting 1992). These low

numbers are due co several facrors, including:

»  che net effects of relatively recent glaciation (i.e., glacial ice retrcated during

about 10 000~-8000 years BP over much of Canada);

» the northern clime, which restricts rates of speciation, genetic migration, and

other processes such as ccological adaptation and interaction/function; and

« the extension of many specics into other nations {¢.g., many species thar occur

in Canada arc circumboreal, circumpolar, or panarcric species) (Schueler and

McAllister 1991).
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Table 3. Species endemism in selected taxonomic groups.

Taxonomic No. of narive No. of ¢ndemic Endemic species as
group species species % of native specics
Vascular plants 3269 45 1.4
Freshivater molluses 171 4 2.3
Freshwater fishes 177 10 5.6
Amphibians 40 0 0
Reptiles 41 0 0

Birds 426 0 0

Source: Mosquin and Whiding (1992).

Of che approximately 131 tree species thar occur in Canada, there are about
50 of commercial concern. Approximately 36 of these species are currently planted in
reforestation programs across the country (Forestry Canada 1992). Tree species are
obviously not evenly dispersed (Schuceler and McAllister 1991). Numbers are highest in
southern Onrario and southwestern Bricish Calumbia (i.e., close to Appalachian and
west coast glacial refugia) (Figure 2). South o norch gradients across the country show
the general decreases in numbers that would be expected wich increasing latitude. A set
of curves similar to those shown in Figure 2 would be expected if this same procedure
were undercaken for che group of all known vascular species in Canada. The limit
imposed by climartic excremes is also noteworthy: the isotherm for winter maxima below
-40°C delineates che approximate northern limic for deciduous cree species (Schucler and

McAllister 1991).

Regarding soil fauna and boreal forests, species diversiy is poorly known. ler
alone the deuails of interaceions or the nonrandomness ¢ffects that are at work (Marshall
1993). [n some preliminary examinations of forest floors in unmanaged mixed-wood
stands in northwestern Ontario, densities of soil-dwelling Collembola range up to
90 700/m? and include some 40 species; additionally. up to 200 000 mires/m? have been
tecorded (J. Addison, Canadian Forest Scrvice, Forest Pesr Managemenc Instituce, pers.
commun.). In rich sites in coastal British Columbia, soil fauna numbers of over a million
individuals and hundreds of specics have been recorded (Marshall 1993). In general, even
for the larger annclids (carchworns), patterns of abundance and species distributions
wichin various ccosystems are not underscood at all for Canadian foreses. Currencly, we
are unable (o make predictions about when, where, and how chese organisms make their
habitar selections, even though they are recognized as playing a cridcal role in forest
humus form development, decompositional processes. soil acration and permeabilicy,

forest site productivity, and within-ccosystem nutrient partitioning and cycling.
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Number of tree species along north-south (longitudinal) transects in Canada
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Figure 2. Generalized distributions of numbers of tree species in Canada (a), and the number
of tree species along north—south (longisudinal) vansects in Canada (b).
Source: Schucler and MeAllister (1991).
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Furthermore, there is wide genetic adaprarion by many species in Canada;
many species show broad ccological amplitudes and huge geographic ranges (c.g.,
Mosquin 2nd Whiting 1992; McAllister 1993). Across Canada, perhaps the greatest
threat is to the genetic range of adaptarions that exist within species; that is, although
biodiversity is certainly threatened by the loss of species in Canada, i is perhaps of
greater concern thac we are losing populacions in the “great unseen wave of cxtinctions”

(Ledig 1993).

However. what is far morc imporcant chan the distribucion of numbers of
taxa is che functional interactions of organisms by dozens of ecological processes such as
parasitism, nurrient rransport, mineralizacion, fermentadion, and locomotion (Figure 3).
We know, for cxample, very little about the web of symbiotic and parasicic interactions

with inseces thac exist for the nearly 4000 vascular species found in Canadian forescs.

Forest deplerions and biodiversity in Canada

The components of forest morcality and discurbance vary widely across the

forest regions in Canada (Figure 4). [n the Eastern Boreal, the main factor was inscec kill

Geneltics | Specles/populations

» varlation within and |} * recovery
among populations * viabllity
= productivity
» sustainability

Focal elements
of biodiversity

Landscapes/regions

e structure s variety
« composition i * biogeography
« functional processes * linkagas

* intagrity

Figure 3. Linkages of funictional interactions of ecological processes as a basis for ordering the
study of biodiversity conservation; the definition of “focal elements” of biodiversity based on
functional components at the genetic, specics, communizylecosystem, and landscapelregional
levels of resolution.

Source: After Salwasser (1993).
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(35% of disturbance), followed by harvesting (32%). In the Greac Lakes-St. Lawrence
region, more than 66% of the area disturbed was depleted by pests, whereas almost 34%

resulted from harvesting. On the B.C. coast, 97% of disturbance was due to logging

(Forestry Canada 1992).

On average, there are 7000-12 000 reported forese fires in Canada each
year, although some years have many more fires than others (Canadian Pulp and Paper
Association 1992). In 1989, a particularly “bad” fire ycar, 7.5 million hecrares burned,
which is equivalent to about cight times the average annual harvesr level. Normally,
the arca burned approximately equals the area harvested. Fire is a nacural part of che
ecological cycle in the boreal foresr of Canada and typically controls and characterizes
the natural patteens of landscape diversity (Suffling ct al. 1988). From an ecological
perspective, it is a losing battle to exclude natural firc cycles in such environments. Fire
suppression also changes the nature of the forest age structure and trec composition over
time. [n spite of this, about $300 million each year is spent directly on fire suppression
across the country (o this, add dircee losses due to the fires thac do oceur, plus the costs
of reflorestation and salvages on burns, to obtain a more accurate estimare of the “net

dollar cost” of forest fires) (Canadian Pulp and Paper Association 1992).

Timber “losses™ also occur as a result of insects and discases. In gencral, the
amount lost is approximatcly equal to che area harvested (Forestry Canada 1992). Most
pests follow standard oscillations and infescation patterns, and, in spite of much research
and testing, the majority of suppression and control attempts are, in the fonger run,

unsuccessful.

Various forms of clearcuts, including block. serip, and large pattern curs,
still accounc for 86% of all harvesting in Canada (Table 4) (Canadian Pulp and Faper
Association 1992; Forestry Canada 1992). Sclection cuts are still relacively rare,
accounting for only abour 120 000 ha of harvested forest land annually. Such alternarive
and less invasive forms of harvest are becoming more widespread, pardcularly in sccond-

growth (previously cut) stands in some pares of Canada.

The type of harvesting equipment used affects the nature of the ¢nviron-
menal effeces thac may result. Mechanized full tree harvesting systems are widely used in
some parts of Canada: these operations arc fast, are cost-effective, and remove the entire

tree from the stand. They use large machines that have the capacicy 1o “muck up” and
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Figure 4. Proporiion of forest moriality and disturbance caused by fire, harvesting, and
pesis acros Canada: (a) Eastern Boveal; (b) Great Lakes=St. Lawrence; () B.C, Coust,

Source: Foresiry Canada (1992).
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Table 4. Area harvested, harvesting method,

and ownership (1991) of forests in Canada.

Harvesting method/Ownership

Arca (ha)

Flasvesting mechnd

Clearcui 738 354
Partial cat 118750
Unspeciflied 2258

Total 8§59 362

Ownership

Provincial 728 835
Privace 128 269
Federal 2 258

Toral 859 362

Source: After estimates in Canadian Pulp and Paper Association (1992); Forestry Canada (1992).

disturb the surface soil layers of a site significantly if care is noc taken. Over the past few
years in Onuario, on-site chipping operations have been introduced; these operations
rypically involve a bigh-cfficiency mechanical chipper, working in conjuncrion with a
few skidders and a sce of chip-trucks. This configuracion is used to process harvested
trees at the roadside and then deliver mainly sofewood chips direcly ro pulp mills. The
technique also introduces some specific environmental concerns abouc the shore- and
long-term impacrs on the sice condition. For example, the impact of full trec removal on
long-term site nurrition is a concern. Often, on-site tree chipping operasions require
lower road qualicy standards (c.g., lower load-bearing strengths) than do opcrations
where sawlogs or pulplogs are hauled from the site to the mill. One implication of lower-
standard roads is that they may deceriorate rapidly after the fiber has been extraceed. thus

restricting access to the sites over the longer term for regencration and tending acrivicies.

The majority of forest planning is done ar the “operacional level,” typically
a 1:15 000 to 1:20 000 map scale. All provinces in Canada have some form of forest
invenrory ac about this general level of resolution, but historically these inventorics have
been oriented towards tree volumes and species compositions, and there is not much
additional “ccological” information on other vegetation, site condirions, or solils.
The perspective that should be held is chat we are not harvesting 1 million hectares
annually, but rather thar we are harvesting 1 million 1-ha blocks (of which, admittedly,
many are contiguous) annually. The “minimum manageable area” for forest practices has
tradidionally been 40 acres (about 16 ha), largely because of the widespread usc of air
photos by planners and the facc that che tradidional scale of 1:15 840 shows 40 acres as
a 1Lin. x | in. square on a photo of this scale. Today, the minimum manageable area is

generally considered to be about 8 ha, so chere has been some shrinkage (Figure 5).
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A key question is, “whac is ‘time zero’ for biodiversicy measuremene?”
Historical records, where they can be found, show us that the currenc forest covers are
much modified from those of 100 years ago, particularly throughour che inhabiced
southern fringes of cemperace and boreal Canada. In Whitney’s (1987) study chac was
conducted in the Upper Peninsula of northern Michigan, a review of old mill utilization
and timber survey records was pieced together thac demonstrated a remarkable shife in
mill feed over a period of 100 years (Figure 6); the records suggest that significant shifts
occurred in che species mixes of standing timber for the area during this time period.
Similar conditions undoubtedly occurred in parts of Canada, bur there is licde
documentation available wich which o reconstruct historical srand condicions, Given
the Jack of historical informarion, whar will represenc the “time zero” condition for

biodiversity conservation efforts?

Figure 5. A section of a 1:15 840-scale Forest Resource Inventory map for a location in
northwestern Ontario, showing the “minimum manageable area” for forestry practices in the

past (box 1, 16 ha) and currendy (box 2, 8 ha).
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Figure 6. Shifis in mill feeds over a period of 100 years based upon surveys of mill uiilization
and timber survey records in the Upper Peninsula, Michigan.
Source: Whitney (1987).
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Future forestry practices: some formidable
challenges for forest biodiversity conservation

It is importanc to look closely at some of the current challenges thac exist
for the future in foresc management in Canada. We suggest the following scven points
as potential sources of frustration over the medium to long term for those who wish to

sce new and aggressive approaches to biodiversity conservation institured:

1. International and offshore market pressures will dictate the demands for
Canadz’s forest products. The current prediction is a 2% per year growth
worldwide for forest products (Canadian Pulp and Paper Association 1992).
Given this, there will be continuing pressure upon the forest industry from the
marketplace for full utilizacion of wood materials. The annual allowable cuc
(AAQ) is based on bialegical, economic, and social considerations and is scr by
cach province. Softwood AAC has grown considerably, and hardwood AAC is
now growing, especially in some parts of the country (Forestry Canada 1992).
What the current overall AAC (Figure 7) does not show, of course, is the criical
regional pictures in some areas, there are real shoreages, the quality of the
resource is diminishing, specics mixes are shifting, and the age class distributions

have significant gaps.

2. Forest mill requirements will dictate the species mixes and the harvesting
pressures “of the day.” Physical limitacions at che mill level, as well as those sers
of government regulations thac are in place to enforce levels of raw material
usage, ¢ffluent and pollution level outputs, etc., will continue to direcly affect
the woodlands operacions of companics. Technological changes at the mill level,
such as mill conversions or the construction, over rime, of new facilitics, will
provide some ficxibility, but these changes do not occur overnighe, and chey in
turn are related to the financial stability of the industry ac any poinc in time.
Conscquently, foresc mill requiremenis have been in the pase, and will continue
to be in the future, a key determinant of where management practices must be

focused in Canadian forests.

3. Forest practices in the bush will always be dictated by the equipment that
is available and the regulations affecting its use. In castern Canada, ic is
predicced thar full tree harvesting will decrease from 74 to 55% by the year 2001

(Gringas and Ryans 1992). Even so, full tree harvesting will continue to be the
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single most widely used harvesting mechod as we go into the next cencury, The
shift 1o tree length harvesting 1s a positive step ccologically; however, in some
parts of the country, like those where on-sitc chipping is becoming a popular

practice, the shift may be delayed or reduced.

4, Nontimber, multiple-use components of forestry will become more effective
drivers of planning (and therefore change) as more is learned about their
value compared with wood costs. Trends in the relative prices of logs in British
Columbia since 1930 show increasingly unpredictable fluctuations (Burton et al.
1992). which have become more erratic in recent years. New “weed species” such
as aspen have taken off in erms of their commercial value in the last few years
in Alberta and Onrario. Such fluctuations and uncertainties in timber values

make dealing wich the nontmber values somewhat more problematic.

5. Pressures from governments, labor, competitors, and the general public will
force forest industries 1o continue to assume dircct control and responsibility
for forest operations, There will be increasingly restrictive government
regulations that direct the forest industry o bear more of the responsibilicy for
all phases of forest management planning, forest land rehabilitarion, and forest
land research and development; at the same time, provincial governments will
likely continue 1o move away from their planning roles and towards strictly

auditing roles.

6. Forest practices and forest management planning will continue to represent
two distinct “camps”; silviculture and other activities will continue 1o lag
well behind projected needs and desirable levels. “Our problen is that we
know how to manage betrer than we do” will be perpctuated in 2 modificd

version: “we will always know how to manage beuer than we will be able 0.”

7. Ecological/environmental pressures are a wildcard, because public opinion,
especially abroad, can cause a chain reaction in the six points described

above, simply by altering the demands for forest products.

In summary. changes in forestry practices in Canada are heavily influenced
by cconomic realicies, particularly the supply/demand variables. In many parts of

Canada, silvicultural/ecological features tend to play a comparacively minor role.
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Discussion

In developing biodiversity indicators, there is a need 1o be careful because
there is a “moving target” involved: any sec of indicators based upon curreart (or past)
concerns/problems will need 1o be very resilient if it is to address conditions that exisc in
the future. This makes the challenge of developing indicators that are useful over time

even more formidable.

[c is unlikely that a common set of indicarors will work equally well
throughout Canada. The different forest condi»tions across the country exist wichin a wide
range of “ecological/pathological rotations” or ¢cological cycles {c.g., fire cycles, budworm
cycles) that lead 1o the perpetuadion of forest masaics; in the east, the natural ranges may
be 50-200 vcars, whereas in the rain forests of the west coast, the renewal for even-aged
natural stands is in the order of 700-1000 years (Kimmins 1992). The later also do not

respond to the same ccological “rule-sets” thau exist in castern Canadian forests.

Some level of resilience is already “builc in” to Canadian forests, as most
are associated with catastrophic natural events thac led to renewal and regeneration.
Howecver, with the addition of a wide range of forestry praciices, the question becomes:

“whac is the limit of tolerance thar exists when the natural syscem is stretched?”

Currently, levels of impacts associated with most forestry practices are not
suitably quantified; thatis, they are not effectively and precisely ranked into suitable
classes—not disturbed, somewhat disturbed, disturbed, very disturbed, and hammered—
thar can in turn be defined in terms of acceprable probabilities. The nexr step is ro
determine the scientifically acceptable focus for efforts to conserve or maintain a given
index or indicator of biodiversicy. For any application, there is a need o focus on the

appropriate range of conditions.

Dealing with a comprehensive theme such as biodiversity requires an across-
the-board examination and knowledge of the sciences involved. To define adequately the
mean values, ranges, thresholds. and limits for many of the variables that are required,
there is a need for a full underscanding of the elements and processes involved. The
exercise of formally defining forest biodiversity indicarors when applicd to Canadian
forests will undonbredly quickly uncover some of the many “scientifically weak links.”

The weaknesses include. for example, the need for better scientific understandings of:
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¢ successional pathways:

»  wildlife behavior and response to disturbance regimes:

» long-term versus short-tenm ecological cffects of disturbance regimes;

» physiological and symbiotic relationships of trees;

» all below-ground interactions, functions, and processcs;

» carbon cycle components over time. especially in relation o disturbance regimes;
«  global effects (forest health, climate modificadions. etc.); and

e valuations of nontimber feacures.

However, we have faced the dilemma of information shorcages in forest
science before many times, and this is not a reason o defer or suspend attempts ro
dcrive, devclop, test. and ecmploy biodiversity indicators. I¢ does mean that it may wake
time 2nd effort, and many iterative revisions. to improve and refine the array of
indicacors chat are required. For example, the development of the nacional forest fire
danger rating (Forestry Canada 1992) began wich limited data and many assumpaons
and has been successively improved. modified, and expanded over many years as new

knowledge and information became available.
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A BiorLoGgIicAL CONSERVATION
PERSPECTIVE ON FORESTS

Daniel A. Welsh

It was wich considerable trepidation that | agreed o undertake this ralk
because it seemed to me that I would be “carrying coals to Neweastle.” The problem 1
imagined was thac [ would be ralking about biological conservation to a group of peaple

who were nJrcady, in various ways, cxperrs.

Forest land management practices have inescapable consequences for the
conscrvarion of biological diversicy. In recent newsleteers, Greenpeace International
(Greenpeace Forestry Campaign, June 1993) reported thac an arca of forest the size of
the Netherfands is cut down in Canada every 3 years and that Canadian clearcuts range
up 1o 2500 km2 It claims char “by the Canadian forest industry’s own account. it is
currencly cutting well above a sustainable level” and that “forest managemenc policies in
Canada have been for a long time based on the liquidation of the old growch forese
resources.” By its calculations, “almost 1 million hectares of forest is lost to clearcutting

every year tn Canada.”

Ar the same time, the Food and Agriculture Organization (FAO) reporeed
(in Schréder 1994) that the "nec annual balance berween increment and fellings leads ro
the following distribution for exploirable forests (in % ner surplus): Norch America +
26.” In other words, the FAO belicves that the forests are growing faseer than rhey are
being harvested and thac there is therefore a surplus to be harvested. These awo polar
extremes on Canadian forest management provide guidance on the topic of indicators for

forest biodiversiry, and we will come back to them.

There scems to be agreement to accepr a definition of biological diversity
similar to chat of the United Nations Conference on Environment and Development

(UNCED 1992):
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Biodiversity is the variability among living organisms from oll sources including
terrestrial, marine, and other aquatic ccosystems, and the ceological complexes of which

they are parg; this includes diversity within species, between species and of ceosysiems.

It is extremely imporcant o recognize thac throughout much of the world
we now hear the challenge 1o conserve biodiversity and practise sustainable development.
At UNCED, we had a clear message that che world’s leaders were prepared to adopr the
challenge. Canada was a leader in promoting the adoprion of the declaration, and as a
nation and on provincial and regional scales we are developing policies and strategies to

conserve biodiversiry.

Frequently, as well, we hear detractors saying that they do nor understand
or thac biodiversity is too complex and imprecise to deal with, bur they have missed the
point. As a nation, we have now cthically embraced the principles of sustainabilicy. In
the words of the World Commission on Environment and Development, sustainable
development is development that meees the needs of rhe present withour compromising
the abiliry of future generations to meet their own needs. The spirtt of cthese ideals 15 not
difficult ro underscand; what is difficult is decermining where o besc place our efforrs,

on what aspects of sustainabilicy and on what measures of biodiversicy conservation.

The challenge for the scientist and forest manager is to provide leadership in
working towards the ideals. This mecting is on “indicators of biodiversicy,” which is part
of the requirement; however, whar is really nceded is a framework for measurement and
description so that we have a sound context wichin which to mcasure our progress or

lack chereof.

Current state of forest resources

Recendy, we have seen an increasing proliferation of reports assessing rhe
scate of the environment ot of a specific resource. To me, chis trend is a signal that chere
is increasing recognition that to increase aur conservation cfectivencss in the future we
need to know in precise detail what the “current state” is. To give us a basis for our

discussions over the next few days. I have selected a few examples of boreal forest studies.
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Fire and cutting

Near Manitowwadge, on an area of over 10 000 km2, we found char from
1760 ro 1880 about 80% of the land was disturbed by fire and chat most of that
disturbance occurred during chrec major fire seasons. When we compare che spacial and
tenporal patierns of currenc cutting, we immediately recognize thar our cut parches are
relatively small compared with fire damage and that they occor more regularly and wich
greater frequency. The basic age stcucture of the new landscape is differenc. The boreal
forest is boreal in large part because of the characteristic dynamics of disturbance
paucrns. Frequently it is said thac clear-cutting simulates narural distucbance, buc
[ would argue that there is litde evidence to suppore chac contention. In Ontario,
according 1o Ward and Tichecotr (1993), the average turnover due co fire is now
578 years, in contrast o the turnover of 65 years before we began ro suppress fires, If
you add the amount cut each year to the amount that burns, on average, the toral is less
than the average amount burned before fire suppression: cherefore, the forest must be

getting older. So why do we say that cutting emulares fire?

Forest birds

The approximately 150 specics of birds that live in the boreal forest of
castern Canada show a remarkable degree of adaptacion and specialization. Withoue
going inro extensive derail, it is informative 1o look ac their species occurrence patterns in

relation to nvo major forest attributes—age and stand rype.

\When we examine species distriburion in relation o age (Welsh 1987), ic is
clear thar mose species have a preferred age of stand with which chey associate. We find
that species like alder flycaccher, mourning warbler, and chiestnuc-sided warbler occur
only in young stands, whereas golden-crowned kinglec and Cape May warbler are

associared with old forest.

Recently, in norchwestern Ontario, a vegetation classification syscem
(Sims ct al. 1989) was developed that recognizes 38 distinct vegetation ecosystem types
m macure forest. [f we examinc bird discribucion in relation to the vegecation types, we
find (D.A. Welsh and L. Venicr, unpubl. dara) that the bird discributions reflece the
V-type distribution. For example, we observe that Connecricut warblers are concentraced
in the wet black spruce types (V-types 35-38), whercas scarlet tanagers associate mose

strongly with mixed aspen and some rich inixed-woods (V-types 6, &, 12, 13, 26).
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W hat to measure?

Jt has been remarked that if we were 1o know any onc ching in its entirery,
then we would know everything in the universe. In the case of biodiversity, we currently
have a great deal of information that we could deal with; the challenge will be ro select
the right bits and organize them in a structure that is useful, one that will answer our
questions. The auributes we imeasure muse mecee basic criteria for scientfic measurement,
reflect human values of what is important, and be selected to give maximum warning of

developing problems.

The question of what to measure scems to cause extensive consrernation,
and all too often the “faces” thar are presenced abour conservation are irrelevant because
there is no context within which o cvaluate them. We are told thac the species living in
a 200-year-old forcst have been “lost” through harvesting because they do not live in
the resulting cutover, but we are never told that the species associared with young forest
have been “saved” and have a new home. Whar we rcally want to know is, do we have
the righe balance of young and old forests to sustain species and mainiain function
and process? In the case of the FAO stadistics presented above, whar is missing is an
understanding that the forest nceds to be managed for a large number of features o
be sustainable. The FAO neglected age structure and biota, so its calculations became
irrelevant; Greenpeace missed the point because ic did not tell ns if the forest age balance

is being kept. Is it getting older or younger—what does “lost” mecan?

Last year in Ontario, a large study of regeneration following forest cutting
(Hcarnden et al. 1992) found that overall forest composition is changing, For example,
the original forest was 18% spruce and 10% hardwood, whercas the new human-made
forest is 4% spruce and 19% hardwood. In another recent study (Whynot and Penner
1990). a comparison of cut and naturally regencrating claybelt forest showed that in the
conifer—herbmoss rich type black spruce, volume is dramatically less in cur stands for ar
least 40 years following harvest. These two studies are helpful because they cell us how
things have changed in a conrext chac makes the information uscful for evaluating an

impact on the ¢nvironment.

Framework for biodiversity indicacors

Sustainable developmenit and biodiversity conservation are abour “havin
p B

our cake and eating it t00.” We wanr to be able to use our natural resources so wiscly
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that we never use them up. To do that, we really need a good accounting system o see il
we are balancing the books. The following suggestions can be viewed as clements of such

a SyS[Cﬂ].

Current artributes

The first wask is 1o characterize the atrribuies of the system—whar is the
present forest like? What are its elements (vegeeation types), and how much of cach is
there? What other species arc associated with cach type? Which of these are good
indicators of system funccion and the presence of other species? Clearly, we wanr to
ensure that the ecosystems we manage remain productive and are not degraded by our
actions, so we will choose abioric and biotic measures that describe nutrient siarus and
other aspects of funcrion and process. We will use species in their own right. but also

because of whar they tell us about che system.

Our system will give us a static, instantaneous look ac where we are now.
[deally, if that information were georeferenced o a spatial data base that deseribed all the

primary ateributes like topography, bedrock. soils, and climate, we would be well sitwared.

Monitoring

Once the overall description of composition, function, and process is in
place, we necd to measure appropriate system atrributes regularly in a context thar allows
us to quantify natural change and changes resulting (rom our actions. This requires both
adequate control areas and an adaptive management approach (Holling 1973) in which

we creac all human actions as an experiment and caccfully measure their effects.

Expectations—nhistory and niodeling

If we know how a system has changed over time—for example, a species
may have increased or decreased or a nutrient pool may be larger or simaller—we need
to have expectations to cvaluate the change. It is normal or abnormal? The best dara
will come from owo approaches: the first is to have comparable undistusbed examples
to compare with, and the other will be from models. One type of model needed is one

that predicts whac the future will be like based on an undersianding of the past.

In some cases, we have adequate historical records for recent times, but not
very many, and over too short a time frame. Whar we need to do is reconstruct using a

range of tools like old descriptions, pollen history, and other records. These reconstructions
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allow us to develop or model trajectories of what rypes of changes we can expect. The
combined c¢xpectacions from observations of natural undisturbed arcas and models will
allow cvaluation of changes and rell us how we have done in the business of complete

forest managemenc.

To summarize, our biological conservation framework needs to contain
three elements:
* an accurate, ideally spatial, description of the present attributes of the system,
including boch structure and function;
* a monitoring system to measure how the system changes over time; and
* agood sct of expectations for whart should happen over time, based on models

and the study of undisturbed areas.
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SAVING SPECIES VERSUS
SAVING ECOSYSTEMS: Is THERE
A CONFLICT?

Michael E. Soulé

Preamble

To simplify things, ler us say thac there are two kinds of intellecrual
activities: normative and non-normative. In the former, we scck che good and the
beautiful. la che lateer, the non-normacdive, there can be many objectives: however,
if we are concerned with science, the objective is the truth—the way chings really are,
Conservation biology (CB). like forescry, range management, fisheries biology, and
wildlife management. is 2 mission-oriented (or normative) discipline; it searches for che
truth buc in service of the good. In other words. it is based on certain values. Conservation
biologists seck to provide the knowledge and wechnology thar people in the conservation

movement need to do cheir work.

However, the valucs of CB can differ from those of the resource ficlds. For
CB, biological diversity itself is good, evolution is good. CB is concerned wich preservation
of biological diversity and wilderness in the tradition of John Muir, and preservation has
a higher moral standing than does commodiry producrion and recreation. For the nacural
resourcc fields, the good can be defined as that which serves the higher needs of human
society. In contrast, rhe conservation biologist belicves that the world is larger and more
important than humanicy alone. In actual practice, however, the awo ficlds may select
quite similar approaches, because the fulfillment of human needs is ofien a necessary

means. a pragmatic expedient, for the protection of biotic diversity.

[t is not always possible, however, to harmenize human needs and
biodiversity protection. The natural resource fields are concerned with human welfare or
happincss, as cepresented by productiviry, recreation, and mecting other human needs,

both short-term and Jong-term, in the cradition of Gifford Pinchot, Ducks Unlimited,
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The Wildlife Society, and the cconomic viability of human communiries whose livelihood

may depend on grazing, logging, mining, tourism, and other forms of excraction.

Although conservationists and resource managers have many values in
common, it would be foolish for members of either group o assume that the other's
values were their values. (Moral dilemmas occur when a person is a manager in public
but a conservationist in privace.) There is one goal, though, thar they must share—the

achievemenr of workable compromises abour land uvsc.

One of the currently fashionable buzzwords for this rapprochement is
“ecosystem management” (EM). An often-stated goal of EM is to facilirate che marriage
of economy and ecology. The EM idea is fuzzy, and the current fashion of specics
bashing and opposition to species-based approaches among some of the proponents

of EM is wrong-headed and potentially a threac ro biodiversity and wilderness.

Criticisms of the species approach

The limitations of the so-called “species approach” to the protecrion of
biological diversity have recently been pointed out with considerable success by many
authors. Some of thesc critics belong to the so-called “wise use” movement, which is
funded by off-road vehicle (ORV) manufacturers and by corporations thac benefit
from the extraction of natural resources from public lands. However, there are also
critics of the species approach among committed conservationists. Let us examine some
of the latter group’s major criticisms of the species approach o conscrvation; they

include the following:

I. It cannot. by itself, juscify a comprehensive necwork of protected areas thar
ensure the survival of cxamples of all the world's biotic communities (which in
theory are infinite in number).

2. It may not address ecosystem services and maintain ecosyscem functions.

3. It may ignore issucs of reserve design: shape, size, scale, and connccriviry.

4. [t may not incorporaic all clements of diversiry, such as biotic gradienss and

habitat mosaics.
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5. It may ignore the dynamics of disturbance regimes.
6. I may noc consider long-term global change.
7. Te may not be cosr-effective.

8. In the United States, endangered specics legislation such as the Endangered
Specics Act (ESA) is fuiling to stem the vising tide of candidare species. In addition,
critics say, the management ¢fforts of government agencies have focused on too
narrow a range of species, primarily large vertebrare, commercial, and sport
species, often ro the exclusion of plants. invertebrates, and sensitive species,
or species that may acc as indicators of environmental “health.” A relaced
criticism is that many species are listed when it is too late or too expensive

to achieve recovery.

Besides these general criticisms, the ESA is subject 1o another set of specific
or technical criticisms. One of these is that ic may “overprotect” some entities such as

subspecies and underprotect other encitics such as distinctive or relict specics and lineages.

The argument that the ESA is too egalitarian is compelling; for liscing
purposes, the act ranks as equivalent, for example, a threatened subspecies of an
otherwisc common species along with a rare, endemic, or relictual species thar may be
the only living represencacive of its genus or family. This cgalitarianism ar the listing
stage. however, surely does not continuce during the recovery phase. As Stuare Pimm
(1991) noted in a book review. spending over $20 million to save the Mississippi
sandhill crane (a subspecies) and more on bald cagles than on any other single specics,
while very much less to save che very large number of critically endangered specics of
plants in tropical forests of U.S. states and territories (Hawaii. Guam. and other Pacific

territories, Puerto Rico and other Caribbean arcas). is “incxcusably provincial.”

Sce Grumbine (1990) far relerences. See also Salwasser (1991) and Scott ee al. (1991).
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Many critics of the species approach? argue thac precious resources are
wasted on the crisis management of endangered species and subspecies, some of which
have more popular appeal than scientific or conservation merit, and that monies would
be better spent on prevention of endangerment in the first place—chat is, on efforts 1o

sequester so-called whole systems.’

[ must say, however, thac it is a sign of political naiveté o expect a single
law, regardless of how well formulated, co solve all of our problems. Somerimes a good
law can raisc awareness and produce a change in values, but more often a change in
values must happen before laws are enacted. Enforcement is even more problematic. Noc
only is cternal vigilance necessary to ensure char a law is enforced, buc most governments
in the world do not have the resources to enforce laws effectively, cven if they wished to.
In any case, the ESA was a legal fluke—no one expected that its political and social

ramificarions would be as great as they have become.

Bchind much of the current hand wringing over the specics approach
(and che excitement abourt a broader ccosystem approach) is the idca of prevencion or
anticipation of biodiversity problems before they become acute. Most people wanr 1o
avoid chaos and logjams—they want to prevent specics from becoming endangered in
the first place. Politicians, in particular, want ro avoid judicial fiacs that lead 1o complete
cessation of exploitive, commercial activities, such as happened with old-growch logging
in some parrs of the Pacific Northwest over the spotted owl, and which are likely to

happen again over salmon in the samc region.

Although | have used the term “species approach” as if ic were undetsiood. it is clear that it means
differenc things to different disciplines. Most acadeniic biologists and conscrvation biclogists equate the
species approach in conscrvation with an emphasis on endangered species. partienlarly rare vertebrate
species such as spotted owls and wolves. Wildlife biolagists, on the other hand, generally equate the
term specics approach with the management of harvestable resources, such as deer, wrkeys, ducks, and
salmonids.

Wildlife biolugists and managers, like conservation biolagists, are now beginning to reexamine the
species approach because they recognize that prodiction and diversity of resources such as many
anadromous fish stocks cannot be achieved unless one manages the endire ecalogical-political system,
including the oceanic fisheries and marine mammal populations and rhe lands subject ta timber
harvesting. In other words. cven the management of a single specics for consumption and recreation
aan become geographically and politically extensive, involving ecosystems and institutions far away
from the local administrative unit. In such cases, the line hetween species management and system
management is obscured.

: For Ted LaRoc (1993), ccosystem management is multispecies management based on a gap analysis that
helps 1o avere listing. “The time to proteet a species is when it is seill common.”
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The many uses of the term “ecosystern

management”

Although it has been fashionable to criticize the specics approach in recenr

yeats. there has been less atcention paid to defining, clarifying, and critiquing che

“ccosystem approach” and to the popular idea of “ecosystem management.” To begin with,

there is considerable confusion surrounding the meanings and definitions of these pheases.

Actually, there are at least five such ecosystem approaches or goals of EM: some managers

and scientists emphasize only one, some emphasize several. These objectives include:

protection of the endire range of ecosystem types (usually planc communiries),
regardless of their contributions (o local or regional pracesses and services; this
requires che description, classification, and mapping of all of the planc/animal
associations in the region of interest;

protection of (sustain, conserve) ecosystem services for buman welfare:
protecrion of (sustain, conserve) ccosystem processes. including the continuation
of natural disturbance regimes

protection of ecosystem health or integrity; recendy. the idea of ecosystem
resilience has been promoted, although logically it is an aspect of integricy; and
protection of the balance beeween human economic needs and biodiversiry
conservarion; encourage and maintain harmonious interactions becween humans
and nature. emphasizing the development of means to ensure the economic and
ecological suscainabilicy of exploitive land uses. This is the definition favored by
UNESCO’s (United Nations Educational, Scientific and Culwaral Organization)
Man and Biosphere Program—che biosphere reserve approach—and by such

organizations as Conservation International and the U.S. Torest Service,

Although all chese objecrives have their virtues, it is often unclear to

which of them people are referring in a given context. More importane, there are

scientific/conceptual ang practical problems with all of these concepis. In addicion,

serious conservation and public policy issues arise when we rely exclusively on any one

or even on all of them. What are the problems?

4

A universally acceprable classification seheme for biodiversicy does not exisg a
relaced problem is that there are nearly an infinice number of biotic communities

(depending on how fincly we subdivide associations or “ccosystems™).4

For examples of such fine subdivision. see ardicles by Barnes (1993) and Rowe (1992).

FOREST BIODIVERSITY INDICATORS WORKSHOP 8[



Descriptive methodologics, including gap analysis and other ways of identifying
ang locating candidate entitics, cannot protect biodiversity or ensure long-term
viability. This is not a criticism of gap analysis; this and similar approaches were

not designed to be prescriptive. Not only do these approaches beg the question

of what we mean by “ccosystem viability”—a nebulous concepe given that the
membership of any given biotic association is consrantly changing—but the
design (how large, how connected) and management of protection systems are
logically the next steps. 1dentification of chings to protecr is one process;

protection is another.

The provision of services for sociery, such as plentiful, clean wacer from wetlands
and rivers, waste rreatment from wetlands. recreational opportunities from
facests, fish breeding and nursery facilicics from estuaries, climacic buffering by
forests, and watershed protection by scrublands and grasslands, is essential for
human well-being. Bur cven if we accept such an anthropocentric definition of
EM. ic leaves unanswered the critical question: how much of each ecosystem is
necessary, how big an arca do we necd? Ir ignores the wholc issue of population
viability and treats species as though they were interchangeable, anonymous
cogs. A pure “service approach,” therefore, could be insensitive to the richness

and survival of native specics.

The approach favored by many ecosystem ceologises is to ensurce che
continuation of ecosystem processes and nacural disturbance regimes (e.g.. see
Fiedler et al. 1993). Examples of processes include fire, hydrological regimes,
and the dynamics of natural discurbances such as floods and windstorms,
The intention is excellent; managers musc actend to the conservation and
susrainabilicy of ecosystems instead of sharply focusing on the productiviry
of individuals or competing resources such as timber—which has been the
traditional mode of operation for most government agencies. In practice,
however, a process approach can be perverred and oversimplified, resulting in

significanr losses.

The focus is usually on disturbance. Disturbance occurs on all scales—from
the local pacch 1o che enrire planer. We also know that each scale has its own
characreristic kinds, intensitics, and frequencies of disturbance, 1t is also

understoad that ccreain levels of disturbance are necessary for maintaining the
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diversity of patches and habitats chac support the full range of native species.
Levels of disturbance thac are cither oo high or oo low can reduce habirar and
species diversicy. Fiedler ec al. (1993) stated chat single-specics management of
fire-prone ccosystems is simply inappropriate, given the vast number of rarc
and/or endangered species, and would likely jeopardize landscape hecerogeneicy.
“By managing firc as a process, we arc assuring the perpetuation of naturally
diverse landscapes on scveral spatial scales.” With regard to warer, “the goal is
recovering cntire assemblages of threatened organisms to affect recovery of a

declining ecosystem by managing physical pracesses such as water flow.”

Good intentions alone, however, are no insurance against bad science. For
instance, a persistent myth in foresery is that increasing the diversity of habicars,
per se, is beneficial to wildlife: for example, foresters often say that logging
benefits wildlife, bur logging, although it is beneficial for certain species such as
deer, is harmful to many others, including those that require nearly undisturbed,
interior forest, those that require complex vertical and horizontal structure, and

aquatic organisms such as salmon thar require unsilted streams.

The proponcenis of large-scale process manageiment must also address the issues
of design and viability, particularly the viabilicy of rare or highly interacrive

species as outlined above. Nature is not just process; it is pieces t00.

4. Concepts like health, integrity. and resilience arc difficule 1o define and
operationalize and can lead ro a false sensc of holistic, new age warmth; we must
ask the popularizers of these concepts 10 quantify and to sec thresholds of
acceptabiliry. This is being done for some sysiems, especially aquatic ones, but
whart we discover is that resilience and integriry are often defined in terms of
mainaining the populations of certain specics wichin acceprable limics. Thus, we

come back to species (Karr 1991; Cairns et al. 1993).

5. EM is often equated with the concepes of sustainabilicy and harmony. One of the
many problems with these terms is the tendency 1o ignore the growth of human
populations; it is often absurd to claim that ic is possible to support expanding
populations on a finite base of wildlands while maintaining the diversity of
native organisms throughout their original geographic ranges. The obvious

conflicts arc ignored, sometimus for political purposes. A related problem with
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the idea of harmony is the premisc thac humans and natare have common
interests and operate on similar time scales. However, irreconcilable conflicts
occur when onc parry (local humans) has short-term economic profits or
survival in mind and the ocher (conservarionists) has long-term sustainability in
mind. It is impossible 1o maximize human well-being in the short run (ie., a
political time scale) and the well-being of biological diversity in the long rerm

(i.e.. an ecological time scale).

Hoping to overcome this dilemma and ignoring the inherent contradictions, the
U.S. Forest Service. decades ago, adopted the muldiple-use philosophy. It is now
clear thac this approach has often caused the overexploitation and simplification
of biotic communirics. It is absurd o think thac adding an additional use for
forests (the protection of biodiversity) while not climinating or reducing the

intensicy of extractive uses is a viable policy.

This idea of the sustainable cxploitation of wildlife (including plants) resources
is the essence of che biosphere reserve concept. Attemprs o implement che idea
of harmonious codevclopment and coexistence of people and wildlifc in
developing countrics, although emphasizing the bencfirs of natral areas to

humans, have rarely been successful, however.

One problem with such a philosophy is actuarial: a given nature rescrve has a
finite lifetitme, shorter in Africa, longer in North Amncrica. The half-life of 4
reserve depends on such facrors as che frequency of famines and wars. This is
why some conservationists suggest a policy of hedging our bets, not emphasizing
reserves co the exclusion of ex situ, backup approaches. Given the momentum of
the population explosion and the appatently chaotic dynamics of famines and
warfare, how much of our biodiversity capital should we spend on a biosphere
reserve system, when maany of its component reserves are likely to perish in any
given time interval? Consider the recent and current chaos and its devastating
impacts on national parks and similar reserves in Liberia, Mozambique, Angola,
Sudan, Somalia, Ethiopia, Uganda. Zaire, and Nigcria, to name only some of
the countries in Africa where imporrant conservation investments, based on the
premise of harmony, have been or are now being ravaged. Conservationists must

be realists, not idealists.
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My objective in pointing out some of the problems with these uses of the
EM concept is to emphasize the need for a synthetic approach chat incorporates the five
kinds of EM described above aloig with species-based approaches. Such a broadly ccological

philosophy has, unfortunaccly, also been referred o as “ecosystem management.”™

Hawaii: a case study

To demonstrate the wisdom of an ecological, synchetic, truly muluscale,
inultilevel approach to the maintenance of biodiversiry in wildlands, consider the task of
procecting the flora and fauna of denscly populated islands like the Hawaiian chain,
where the vast majoriry of native specics are endemic. The history of colonization and its

impacts is relevant,

The fate of the Rawaiian avifauna is typical of aceanic islands. Over half of
the native bied species on the chain were destroyed by the Polynesians who convereed
most of the lowlands 0 agriculeure; over half of the bird species remaining ac che
beginning of Curopean—Asian domination are now extinct or endangered (for references,
sce Wilson 1992). The islands, most of which are covered and fragmented by farms,
planations, citics, factories, and neeworks of roads. have also been subject to the
introduction of thousands of pon-native plants and animals, more than 100 of which
have already become naturalized and arc invading the remnanc native ccosystems.

These include introduced mammals such as rats, mongooses, pigs. goats. and sheep:
invertebrates such as carthworms and predatory snails, some of which have decimaced
the native land snails; many invasive plancs, including lantana, banana poka, and
nasturtinms; and, finally, disease vectors and pathogens 1o which the native fauna have

{itcle inherent resistance.

The surviving native communites and species on the islands, most of which
2re now restricted to cthe higher elevations, require a spectrum of therapizs, most of which
are species oriented—they require knowledge of che natural history and autccology of
specices, boch endangered and exotic. Among the necessary conscrvation techniques are
germplasm collecting and captive breeding of some of the most endangered specics,

tighter quarantine for the prevention of further intraductions of exotic species, the

5 Clark and Zaunbrecher (1987), Clark and Harvey (1988), and Grumbine (1990) employ two species-
level criteria as well as the above ecosystem criteria. The species criteria are to maineain viable
populations of all native species dhronghour their ranges: and v manage the system suely that these
native species should persise withond ceductions in viability lor 1000 years or so.
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extirpation of feral pigs, the control of exatic predacors such as rars and mongooses, the
careful introduction of some organisims for the biological control of harmful exortic
specics, planting of native trees, and the establishment of special prescerves and corridors
to facilicate recruinment and dispersal of native species. In other words, che protection

and management of biodiversity require the prorection and management of specics.

When we consider the design of protected areas and rheir management, the
specics is usnally the appropriate sowrce of guidelines. Species-based rescarch is the basis
for understanding delecerious edge cffects. Population viability analyses of vulnerable
species are one of the few bases for determining the optimal sizes of protecred areas and
other “design” features such as shape and disiance berween habitar f‘mgmcnrs,lnor ro
mention management prococols ar the system level, including the opamal scale and

frequency of disturbances.

At the communicy and ecosyseem levels, one of the mosc imporeant
management interventions is the control of exoric weeds such as fire-conducting grasses
that can quickly eliminate forests and most of the species that they harbor (Smith 1985;
Vitousek 1988). Even the continuation of catcle grazing to concrol some weedy plants
may be reccommended in such sitvarions. All this complexiry is a reminder chac effecrive
conservation requires knowledge froin systematics, biogeography, population biology, and

community and ccosystem ecology.

The Hawaiian example underlines two poincs about inanaging the remnants
of biodiversity. Firsq, icis comextual: rarely, for example, will the merhods required o
extirpace a particular exotic species in one place work just as well somewhere else. The
control of goars on che island of Hawaii, for example, was achieved by quite different
mecthods chan it was on the Channel Islands oft California, in parc because of differences
in the cerrain, in parc because of less actendion from animal rights activists. The cultural
and economic contexts are also important. Most tropical nations lack funds for research,
and the effeciive enforcement of laws is precluded by corruption and the conventional
tolerance of nepotism and bribery. [n Hawaii, on the other hand, antipoaching laws can
be enforced. although not with complete cffeciivencess. Also, Hawaiian agencies and
nonprofit organizarions have funds for research, and rthe infrastructure is in place to

conducr ic.
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The second point is that most management activirtics, whecher on islands or
on che mainland, are carried out mainly by the manipulation of species (Frankel and Soulé
1981),6 although not 2l of thesc species are endangered. These manipuladions include
the conrtrol of destructive native species such as deer and cowbirds, the control of alien
species such as pigs and weeds, the reestablishmenc of nacive tree species or narive
predacors,” and the enhancement of an economically valuable specics. Tn other words, in
mMost cases ecosystem management is species management. This is not to devalue the
importance of management techniques applied to whole systems, including burning,® the
artificial concrol of wacer flows by the flooding and draining of wetlands, and controls on
nutrient discharges inco lakes. However, more often than not, these system-wide
manipulations and perrurbations are chosen because they favor desirable species or

discourage undesirable ones.

Discussion and conclusions

Critics have arcacked species-based approaches because our laws have not
succeeded in bringing many species back from the brink, because agency biologists have
devoted nearly all of cheir effores 1o making more white-tailed deer, ducks, and crour,

and because such approaches do not prevent species (and ecosystems) from becoming

“ It should be pated, however, that those wha atcack the species approach are usually referring o
endangered species. not those species that must be managed for the protection of biodiversity in

general.

7 The roles of so-called keystone species (see Mills et al. 1992, who recommend thac this term be
restricted to populac exposition) provide many examples. Keystone is a popular rerm for those species
whose disappearance initiates a cascade of linked extinctions. The dominant role of such inceracrive
specics, combined with the sensitivicy of many of them to habitat fragmendation and edge cffects. is the
main reason for insisting thac any strategy for the maintenance of biodiversity in situ be based on (he
minimum spadal {including genetic and demographic) requirements of such species. For example. trees
of the genus Ficus provide essential food for many large animals in the New Waorld Tropics during
seasons of scarcity (Terborgh 1986). Large or social animals such as termites, groupers, predatory
starfish, beavers, wolves, cuyotes, howler monkeys. or elephancs are imporiant in the long-rerm
maintenance of habirac diversity in their respective systems, and special acention must be devored to
the needs and viability of theic populations within the prorected area (Botkin 1990). The disappearance
of a mutualise specics, such as pollinators, can also prodice ripples of exancrion (Gilbert 1980).
Because bats, for example, are importane pollinators of many teopical plants, it will be necessary to
ensure chac cheir roosting and breeding sites are protected within the system of protected aceas, and that
the human activitics around and in the reserves do nat compromise their long-term viability. The
control of harmfu) exotic species also requires deep behavioral and ecological “nsight. Clearly, the
cffective management of wildlands will require extensive knowledge of species and of the processes that

affec cheir viability {(Soulé 1987).

8 Hillel (1991) suggeses chac humans have changed huge regions of che planec by pucposeful burning o
create better hunting and grazing conditions. ‘The long-term efiects, though, have often been
devastating when such burning has promoted soil erosion.
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vulnerable ro extirpacion. The false conclusion is reached thac we should abandon che
emphasis on specics and turn to some other approach—EM. Such crirics fail ro note that
there never has been implemented a real species-based management program—one thac

incorporates all species and their habitacs.

The attack on species-based approaches can backfire, and we see evidence
that it has. Naive “experts” may claim chac species-based approaches are inherently bad
and must be replaced by approaches thar are based not on species ar all, buc on sone
other biological qualicies or ecological scale. This is dangerous. [t is throwing ouc the

baby with the bath water.

Constant repetition of the mantras of “suscainabilicy” and “holistic
ecosystem approach” will not, by itself, lead ro a truly synchetie, ecological approach to
management. In fact, managemenc will always be site specific and based to a large extent
on single species. The current fashion of species bashing is antiscientific and provincial,
especially in view of the cnvironmental conditions in many cropical nations and the high
probabiliry that many large animals will not persist in nature in large regions of che
world during the currenc and coming episodes of overpopuladion, humanization, and

denaturarion of landscapes and aquascapes, the “demographic winrer.”

I contend that nearly all managemenc acrivicics, ar whacever scale, are
species-based activities, not ecosystem-based acrivities. Certainly this is crue for
commercial exploitation. Fisheries biologists manage parcicular species; the same is
truc for foresters. Ac any one time, only one or two commercially desirable species are
favored; the resc are considered “trash,” ac leasc undil che desirable species, whether they
be cod, lake trout, bluefin tuna, white pine, ponderosa pine, or Douglas fir, are

overexploited, as they usually are.

Many noncommercial consumprive uses of wildlife and their management
are species based as well. Sport fishermen prefer pike, bass, salmon, or trout, not the

entire communicy of species. Hunters do not hune deer and ducks ac che same cime.

The more we learn of ecological processes, the cleacer it becomes thac
management must usually be addressed to species—endangered species, alien species,
weedy species, diseasc-causing species, resource-providing species, pest species, and

disturbance-causing specics. At the same time, issucs of scale and connectivity muse be
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borne in mind. Therefore, ncither a pure endangered specics approach nor a pure
ecosystem process approach (assuming the existence of such pure forms) can provide a scr
of universal rules for locating and designing conservation systeius, for identifying indicarors
of the scatus of biodiversity, or for selecting ractics for maincaining and managing
wildlands and waters. Both approaches in their pure forms arc biologically indefensible,

and, taken 1o their logical extremes, the pure pursuit of cicher one would be disastrous.

Nothing could be morc absurd biologically and philosophically than a
dcbate, for example, over whether the best way to define and protece che Yellowstone
ccosystem is in terms of specics or in terms of plant communiries or landscape elements.
A maive but pure species approach would call tor minimum viable populations for
“keystone” and numcrically rarc species such as moose, clk, bison, grizzly, wolverine, and
wolf, but it mighc ignore their need for different resources and habitats and their seasonal
migrations. On the other hand. a naive but pure ¢cosystem approach would ignore the
species and base the management of Yellowstone on securing a sample of each landscape
clement (plant communiry) and by establishing upper and lower bounds for such
processes as nursienc leaching and primary production. However, this approach ignores
the size of landscape elements necessary to mainrain vertebrace diversicy, the spacial
relationships of landscape ¢lements, whether there are barriers o dispersal and migration
berween the elements, and the roles of species like beaver and grizzly, whose activities
create sites for disturbance-dependent species. In other words, a pure ccosystem approach
would surely result in the extirpation of many large animals and probably many small

plants and animals as well.

To demonstrate the interdependency of the three approaches, T suggest thac

the following questions be considered:

1. For the vertebrate and endangered species chauvinists Whar ccosystemn processes
and landscape elements or habitats are necessary for the viabiliry of your species,

and how should these processes and elements be distributed in space?

2. For the ecosystem and plant commoniry classifiers and gap analyses: Whar animals
are necessary for the formation of gaps, dispersal of propagules, pollination,
turnover of nutrients, and prevention of competitive exchision (where herbivore

populations are too low)?
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3. For the ccosystem process ccologists: How do you determine how much wetland,
old growth, sea grass, reel. mud flar, occan, cre. is necessary to provide the
resources to maintain viable populations of the specics in the highest tropic

levels in chis and associated ccosystems?

[n other words, it is no more possible to protect biodiversity by blindly
focusing on numbers of individuals chan it is by blindly focusing on plant communiry
representation or nutrient flows, net primary producivity, or resilicnce. Sometimes the
flurry of jargon and paper often obscures whar good biologists know. Good biologists
know these things, but sometimes our rhetoric becomes so rarchied that its connection to

its ccological substrate is severed.

The essential point is thac the dualism of organism and environment is a
dangerous blaspheimy against ecology. The science of ccology. having been artificially and
harmfully split for decades between ccosystem ccalogists and population—community
ccologists, shows signs of wearying of the divorce. Ler us hope that the reconciharion can

occur in conscrvation biology before more damage is done.
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THE NEED FOR ECOSYSTEM
VITAL SIGNS

Winifred B. Kessler

The usual way of chinking abour biological diversity is as the variery of
organisms that exists within an area of interest or management jurisdiction—hence the
use of species richness and other “species-counting™ indices to describe che diversity
within an arca of interest. Although I have used such indicators in my own research in
the past, | have problems with them that ) will not go into here but that are created

clsewhere (c.g.. Kessler 1993).

We know that biological diversity is much more than can be revealed by a
counc of species. [t includes the complex pachways and processes chat link organisms one
to another and to the environment, their genetic composition, and the processes thar
suscain the whole as dynamic, self-regulating systems. My thesis is thac in developing
indicarors for the ultimate purpose of conserving biological diversity, we need to expand
our traditional focus on specics to the ccosystem level and landscape scale. [ hold this
view for very practical conservation rcasons that arc considered later in chis paper. Firs,

we need to answer an important quesiion.

Species versus ecosystems?

Does advocating more emphasis at the ccosysteem and landscape levels
suggese that we abandon specics-focused work? Absolutely noe! 1 can symparhize
with what conservation biologist Michacl Soulé perceives to be “species bashing,” b
fortunately my experience has been very different. In my own work in conscrvation
planning, much of it with land management agencics and conscrvation organizations, |
have not encountered people wha seriously consider this an cither/or question. This is

jusc so illogical a notion that to most it is a nonissue.

There arc some very important reasons why we must continue 1o focus on

species. One is that sociery genuinely values some species more than others and demands
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that we invest public and private resources accordingly in assuring their survival. Sccond,
from a conservation standpoint, specics-focused artention is our only recourse for
organisms in a perilous state. As well, the approach is tricd and rrue, having prevented

several species from going over the brink of extinction.

Bur we also know chat, by itself, the species approach is insufficient as a
conservation strategy for biological diversity. The sheer number of species makes thar
impossible; we could never focus actention on them all. Many of them are simply not
accessible for study: for cxample, the vase assemblages of organisms thac live below the
ground. And a narrow focus on an individual species can blind us o the big picture of
why not only that species but also suites of others are declining in response to some

process discuption at the ecosystem or landscape level (my examples later will go into this).

Preventactive health for people and ecosystems

[ chink we are finally arriving in the arcna of "ecosystem health,” where
human healch has already been for several decades. 1n our grandparents’ time and before,
sceking medical atention was something you did only if you were sick or injured.
Accention could then be lavished on the troubled organ or body function, in hope of

acresting or curing the disocder before the patienc died.

Astute docrors came to realize, however, thar many ailments could be avoided
in the first place by preventative medicine aimed ar healthy racher than sick people. As
you know, preventative medicine includes regular checks on an individual’s health, using
practical indicators (e.g., blood pressure, cholestcrol level) o signal any problems. If

found, these can be created early through corrective measures and followed more closely.

Our approach ro species conscrvacion has a similar history. Specics gained
our attention and cfforts only after they were in trouble, or even “near deach™ in rthe case
of threatenced and endangered species. Docs dliis mean we now refuse to treat those
species? As in human medicine, thac would not be appropriate ac all. Bur also as in
medicine, we need a preventative emphasis aimed at derecting sysremic croubles carly so

thac corrective measures can be underraken.
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Vital signs for ecological health

[ suggest to you that this is a major task we should be about in our jobs as
scienrists, conservationists, and resource managers: developing indicacors of ecosystem
health aimed ac early detection and prevention. We need to detect system-level problems
before they manifest themsclves in declines of individual species. I like to think of these
as vital signs for ecosystem health, comparable with the vital signs used in human health.
These would serve as “red flags™ 1o warn of possible problems and also allow monitoring

through time and in response o treatrments.
g

Might some of those vital signs be directed ar species—for cxample, their
population levels, genctic composition, or vigor of individuals? Probably yes. Although
not fully validated, the idea of species as ceological indicators scill sounds reasonable
enough. But species alone will not suffice. We muse dircer a great deal more accention o

indicators thac may warn us of problems in overall system process or function.

Why do 1 believe the emphasis should be on process and on the larger
(landscape and ccosystem) sparial scales? These biases come from my own experiences
and obscrvations, which lead me 1o believe chat these levels often offer the grearest
returns in conservacion investment. [ will share a few cxamples, so iF)'ou arc not

convinced at least you can understand my biases!

Example I: Praivie dynamics and the Amoater’s prairie-chicken

I will begin with my doctoral research of some 20 years ago. Prior 10 starting
it, [ had worked for Dr. Harold Biswell ar the Universiry of California ar Berkelcy, who
was then called a “raging pyromaniac” but is now recognized as 2 pioncer in fire ecology
and managemenc in California. In shaping my ccological background, the werk in fire
ecology had definitely given me an appreciation for process and dynamics. After leaving
Berckeley, | undertook at Texas A&M University what had been described as an
endangered specics project. The species was the Arowater's prairie-chicken Tympanuchus
cupido attwasers, and people were doing everything they could think of to try 10 reverse

or stabilize its population decline.

Everyone generally recognized rhat habitat loss was the root of the prairic-
chicken’s problem. Mast of the coastal prairie (a tallgrass ecosystem) had been converred

to rice cultivation and other uses. One of the remaining tracts had been purchased by the
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Nacure Conservancy and fenced off, people and cows had been removed, and protection

was strictly enforced. But, alas, the birds continued 1o decline.

When [ arrived, the problem was clear: the bird continued to decline
because the tallgrass prairic. of which the bird was an integral part, was seriously
deteriorating in spite of (and in fact becausc of) the strict protection. As wich all tallgrass
prairies, this dynamic ecosystem had evolved with and was sustained through time by fire

and grazing. When these viral processes were disrupred, the sysiem began its steady decline,

My study focused on prescribed fire and grazing regimes to restore the
prairic, and in thac it was quite successful. The dividends included hosts of plant and
animal species that, although not endangered like the Atnwater’s prairie-chicken, had
likewise declined as the system wenc downhill. What about the prairie-chickens
themselves? Unfortunacely, chey are a classic example of a small. fragmented population
thac is "winking ouc” in spite of heroic conservation efforts on their behalf. Ac lasc count,
there remained only 28 males displaying on the refuge. Despite chis failure, a greac deal
was lcarned about prairie dynamics—and with that. promise to conserve a great many

species through a focus on process, ecosystems, and landscapes.

Lxample 2: Disappearing flowers in the Shawnee National Foreu

Pechaps an even better example is one from the Shawnee National Forest in
[llinois, where a major issue is the decline and disappearance of numerous wildflower
species from the forest. For several years, the usual approach had been taken on this
problem. U.S. Forest Service botanists would search the foresc until they found
individuals or clumps of the disappearing species. They would flag the area. map it,
and establish a “no disturbance” 20ne to prorece the plants. After several years of chis

intensive effort, however, the plants failed o respond.

Then a new botanist named Larry Scritch joined the Shawnee, with a
recently compleced Ph.D. that encompassed plant ccology as well as botany. He took a
look around and gave his professional opinion thac all the loving protecrion being
lavished on the various species was actually hastening and cnsuring their disappearance.
Whar all these species had in common, he observed, was that they were noc “foresr”
flowers ar all. They were prairie specics and weee dying out because the landscape

components they were parc of, prairic openings, were disappearing from che Shawnee
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National Forest, Why? Because there was great public opposition to logging on the

Shawnee Nadional Forest, and thus very little was being done.

Larry managed to restore chriving populations of these species by cutting
small patches in the foresc and running fires through them. The hardese pare was in
public relations: educating people about the true reasons for declining diversity and
getting their acceptance of tree harvesc and fires as the means for reversing the declines.
But response was instantancous. The first scason after the burn, chere were prolific

blooms of species thar people had not seen in flower lor 40 ar 50 years.

Final example: Goshawks in southwestern forests

I will closc by emphasizing again that the species versus ccosystem notion is
a false dichotomy. In developing indicators and conservation scracegics, we need to look
at all levels, from genes o ccosystems, and ar processes as well as components. In facr,
starting ac one level, say species, will very likely lead you full ciccle to ecosystems. 1 offer
one final example to illustrace this point: the goshawk conscrvation strategy for the

souchwestern United States.

Because goshawk populations are declining chroughour forests of the
southwest, an interagency committee was established recently to develop habitac
conscrvation guidelines for the species. The committee was instruceed to take a species-
focused approach, addressing just those habitar conditions required by goshawks in

southwestern forests.

The committee began with a conventional approach. It determined the kind
of forest stand condidons neceded by nesting goshawks, for purposes of establishing
protective “buffers” around existing and potential nest sites. However, critics quickly
pointed out char nest sites do not equace with gashawk population viability. The birds
have other vital requirements—for example, suicable hunting habitac wich healthy

populations of prey.

So the committce broadened its approach. [t began by identifying the major
dictary items of goshawks in the southwest and then initiated an investigation of the
habitat needs of these prey species. This line of investigation led to the finding thac

declines in goshawk prey and prey habirat, and subsequently in goshawks, were related o
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the declining healch of pine ecosysiems throughour the southwestern United Seates. This,
in turn, was a consequence of fire exclusion policy and ceraain managemenc praceices of
preceding decades. The committee’s conclusion?: that the best way to restore conditions
needed by the goshawk and its various prey species was (0 restore the processes that are

vital 1o the health and dynamics of the southwestern pine ccosystems.

In essence, the committec had come full circle. It had begun by focusing on
a single species, but this had brought it around ro an ecosystem approach. And this is as
it should be. Ecosystems and species are inextricably linked. e is meaningless 1o advocate
species conservation without addressing the ecosystem that is the context for a specics’
existence, jusc as it is meaningless o advocate ecosystem health without recognizing

species as the very “fabric” of those systems. Whar goes around comes around.

Licerature cited

Kessler. W.B. 1993. What resource inventorics don't tell us about biological diversicy, and what we
really need to know. Caonservarion Legacy 35:12-14. Pinchot Institute for Conservadion,
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MONITORING IMPLICATIONS
OF FORESTRY-RELATED
ACTIVITIES ON BIODIVERSITY
IN BRITISH COLUMBIA

Evelyn Hamilron

A syscem for monitoring changes in biodiversity in response to forestry-
related activities was developed by this workshop. The components of the monitoring
system include drivers or agents of change and responsc variables. [ have used rthis
framework 10 reporc on the availability of informacion thac is being used or could be
used ro monitor biodiversity in British Columbia (Table 1). Some of chis information is
summarized in the State of the envivonment report for British Columbia, which provides a
good overview of the availabilicy of cnvironmenral moniroring informacion in the
province and summaries of some data (B.C. Ministry of Environment, Lands and Parks
and Environment Canada 1993). Additional information on elements of biodiversity in
British Columbia is available in Rautio (1991), Fenger et al. (1993), and Harding and
McCallum (1994). A sclected number of publications chat provide more derailed

informacion arc referenced in Table 1.

Some of the system drivers that were recommended for monitoring by the
workshop are dircctly linked with foresery acrivitics, whereas others are more indirectly
related. The direct drivers include:

* the areal exrenc of logged and roaded land:;

¢ the frequency and areal extent of fire and insect and discase ourbreaks;

+  the areal extent of producrive forest land: and

«  the forest harvest level.
The B.C. Ministry of Forests Annual Reports provide this information (B.C. Ministry of
Forests 1991). Information on some of these drivers has been recorded since about 1913
(Table 1). Dara bases on insect and discase outbreaks date back 10 1921. Ocher system
drivers (not included in the workshop's model) such as extent of reforestation and area
protected can also be reported on by ccological avca (B.C. Ministry of Forests 1991;

Eng 1992).
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Table 1. Status of informadion on drivers and response variables relevanc co monitoring
implications of forestry acrivities on biodiversity in British Columbia.

Some
specific
Auribute Information available General daca source? publicationsb
Drivers
Area logged Area by land enure, MoF Inventory Branch .2
by ecological by harvesting meihod, MoF Timber
area by region Harvesting Branch
Roaded land Roaded areas— Mol Recreation 3.4
type. density, ¢ffect % by ccological arca Branch
on wilderness quality
Forest harvest level Rate of harvest MoF Inventory Branch 3
by ccological area since 1913
Fire and inscct
disturbance regimes
area Area (ha) disturbed/ Mofl Protection Branch 3
year since 1921
frequency Fire—no./ycar Mol Protection Branch 3
since 1913
Insccts—outbreaks CFS 3
since 1921
amplitude Derived from
above information
Measures of water Stream flow far MoELP Hydrology Branch 5
quality and quandry somc rivers Environment Canada
Water qua|iry for MoELP Water Quality Branch
sclected sites Environment Canada
Changes in soil Agriculwral land capability  MoELP Lands Division ]
productivity Area of producrtive Mol Inventory Branch 2
forest land, by region
Measures of climacic CO; levels AES 6
change Temperatures back 10 1895 AES 7.8
Mecasures ol stress
(c.g.. pollurancs)
acidic deposition Somc sites since 1985 MoELP Air Quality 9-13
toxins in wildlfe [nformaton for some Branch, ALS, CWS
aquadic specics
Response variables
Indicacors lor rare, Lists of vascular plants CDC. RBCM 14
threatened, and vertebraces
endangered, and Status reports for COSEWIC, CWS, CDC 15, 16
vulnerable species some species
Limited information 17-20
for other specics
Landscape and patch
measures of
composition,
structure, and
configuration
landscape
composition, Satellite images, air MoF Inventory Branch, 21
pattern photos, forest cover, MoELP

biophysical habitac maps

{consinued)
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Table 1. (cominucd)
Some
specific
Adtribute Informacion available General darta source? publicationsh
patch (forest cover
polygon])
composition Tree species MoF Invencary Branch 21
composition, age
stracture Number of layers, MaoF Inventory Branch 21
crown dosure
configuration Polygon shape
Patch (|\iop|\y<ica| Biophysical habita MoLELP Wildlif¢ Branch, 22

habiwir u

nit) ype descriptions MoELP Habirtat Inventory

* Acronyms used:

AES Atmospherie Environmene Service, Environment Canada
cnc Conscervation Data Centre (MolZLDP)

CFES Canadian Forest Service

COSEWIC Committee on the Status of Endangered Wildlife in Canada
C\WS Canadian Wildlife Service, Environment Canada

MoLLD B.C. Ministry of Environment, Lands and Parks

Mok B.C. Ministry of Forests

RBCM Rayal British Columbia Museum

b Specific publications cited:

b=

6.

B.C. Minisiry of Crown Lands. 1989, British Columbia land saatistics. Vicioria. BC.

B.C. Ministry of Forests. 1991. Annual repart (1989 to 1990), Vicioria, BC.

Vold, T.; Eidsuik, H.: Kennett, Ko 1993, Wilderness situation in British Columbia, Canada. Fifth
World Wilderness Congress, Tronso, Norway.

B.C. Ministry of Forests. 1992, An inventory of undeveloped watersheds. Recreation Branch,
Victoria, BC.

Leith, R-M. 1991, Patterns in snoweoitrse and annual mean flow data sn Brinsh Columbia and the
Yukon. p- 225-231 m l_;'.\lng I\)’dl:unclric data to detect and monitor cimatic ch.‘lng:c: pmcccdlngs
of NHRI Sympostum No. 8, April 1991. Natl. Flydrol. Res. Inst., Saskatoon, SK.

Canadian Climate Program Board. 1991, Climate change and Canadian impact: scientific
perspective. Otrawa, ON.

Environment Canada. 1989. Ecoclimatic regions of Canada. Ecological Land Classification Series
No. 23. Ottawa, ON. 118 p.

Gulletr, D.Wo Skinner, W.R. 1992, The state of Canada’s climate: temperature change in Canada
1895-1991. Dep. Environ., State of the Environment Reporting, Ottawa, ON. SOE Rep. 92-2. 36 p.
B.C. Ministry of Environment, Lands and Parks. 198R. Acid rain in Bnosh Columbia. Victona,
BC. 13 p.

Intenim Aasd Depaosition Critical Loadings Task Group. 1990. Interim acid deposition critical
loadings for western and northern Canada. Prepared for Technical Commitcee, Western and
Nortthern Canada, Long Range Transport of Atmospheric Pollutants, 31 p.

Regan. D.B., and Associates Lid. 1992, CanadianOxy Industrial Chemicals Limited Parenership:
1991 crab survey. A report prepared for CanadianOxy Industrial Chemicals Limited Partnership,
Squamish Chlor-Alkali Plant, Squamish, BC. File No. 2691.

Harding. L. 1990. Dioxin and furan levels in sediments, fish and invertebrates from fishery closure
arcas of coastal British Columbia. Dep. Environ. Environ. Prot. Reg. Data Rep. 90-09.

Whitchead. PE. 1991, Update: monitoring dioxin and (uran comamination of heron and
cormorant egps collected from the Strait of Georgia indicates a downward trend—1991. Dep.
Enviton., Can. Wildl. Serv., Pacific and Yukon Region.

Conservation Data Centre. 1993, Native vascular plant tracking liss, B.C. Min. Environ. Lands
Parks, Vietoria, BC.

B.C. Ministry of Envitonment, Lands and Parks. 1993, Wildlife in Boitish Columbia at risk: sea
ouer, Victaria, BC.

Ryan, M.: Douglas, G.W. 1994. Status report on the golden paintbrush Castitlga levisecta Greenm,
Conservation Darta Centre, B.C. Min. Environ. Lands Parks, Victoria, BC,

Scudder, G. 1994, Priorities for inventory and deseriptive research on British Columbia rerresinal
and freshwater invertebrates [drafi repont]. B.C Min, For., Victaria, BC.
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18. Goward, T. 1994. Lichens of British Columbia: species status and priorines (or inventory.
B.C. Min. For., Vicoria, BC. Working Rep., WP9408.

19. Ryan. M. 1994. Bryophytes of British Columbsia: species status and prioritices for inventory.
B.C. Min. For., Vicroria, BC. Working Rep. {in press).

20. Redhead, S. 1994, Macrofungi of British Columbia: species status and peiarities for inventory.
B.C. Min. For., Victoria. BC. Working Rep. (in press).

21, B.C. Ministry of Fotests. 1990. Standards and procedures for the acquisition of forest inveneory
data. Inventory Branch, Vicroria, BC.

22, Harper, B.: Maxwell, B.; Lea, . 1993. Biodiversity inventory in the south Okanagan. p. 249-265
in M.A. Fenger, E.HL Miller, JLA. Johnson, and E.J.R. Williams, eds. Qur living legacy: proceedings
of 2 symposium an biological diversicy. Royal British Columbia Muscumy, Vieeoria, BC. 392 P

A limited number of dara on other more indirect drivers (i.c., wacter and
air quality, warter quantiry, climatic condicions, and levels of woxins in wildlife) are also
available (Table 1). Monitoring of water quality and quanticy has occurred in a limited
number of sices. Long-term watcer qualicy monitoring stations have been cstablished fairly
recencly, Levels of toxins in some marine environment specics are monitored {e.g..

scabirds, fish, invercebraces).

A summary of the status of information on specics presence and population
levels 1s provided in Radcliffe and Porter (1992b). The report includes information on
the type of data available, the period of dara collection, strengihs and weaknesses of the
data, and available data formars. The distribucion of bird specics, particularly game birds,
diurnal birds of prey, and water birds, and large mammals, particularly game specics, is
generally better known than is the distribution of other vertebrates and invertebrates.
Distriburions of amphibians, reptiles, and barts, shrews, moles, and ocher small mammals
are poorly known, with almost no information for some specics. Vascular plant speeies
distributions are beteer known than are rhose of nonvascular plancs, fungi, and lichens.
Information on distributions of invertebrates and fungi. excepr for those of commercial
imporeance (c.g., forest peses), is fragmencary to nonexistent (Ryan et al. 1993; Gordon
and Hamilion )994; Scudder 1994). Compilations of informacion on clemences of
biodiversiry in some regions of the province arc also available (Radcliffe and Poreer

1992a; Radcliffe et al. 1994).

Population trend monitoring has been donc for a limited number of species
(primarily large mammals and birds) (Table 2). Some of the methods used are outlined in
Ramsay (1992). Mcthods for sampling a varicry of species and species groups are being
standardized by the Resource Inventory Committec (c.g., Winchester and Scudder 1994).
Many of the existing popularion data come from hunting and trapping records and road
kill scatistics and are therefore not unbiased or comprchensive. More compleee population

surveys arc done for some species, particularly game animals. Nest survey records and sight
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Table 2. Status of manitoring activities for species groups in British Columbia and key

provincial dara sources.?

Gro LIPS

Information
on distribution

Source of populartion

monitoring informationb

Key provincial
daca sourceshe

Mammals

large marnmals
ungulates

grizzly bear

furbcarers
other small mammals

shrews, bats, moles
Birds

gamu birds
coastal water birds
birds of prey
bald eagles
gyrfalcons and
peregrine falcons
all breeding birds
all birds

Amphibians and reptiles
Invercebrates

forest pests
other species
Vascular plants
Nonvascular plans,
fungi, lichens
nonvascular plants
lungi
forese pests
other specics

lichens

vanabic
very good
good

good
variable

poor

very good
very good
variable

very gond
very g00d

good
goad

fair

good

very poor

good

very poor
good

very poor
very poar

very PODr

road kills, huncer records
range and arcal survey
rescarch, bunter records,
range surveys

trapping records, research
rescarch, forest and agri-
cultural damage surveys
rescarch

surveys
surveys

Nest surveys
NCst surveys

nesi records
sight records
migrarory species
monitored

IUCN monitoring

FIDS

FIDS

MoELP, RBCM
MoELP
MoELP, MoF

MoELT, MoF
MoELP, MoF

MoELP, MoF

MoELP, CWS
MoELDP, CWS
MoELDR CWS
MoELP
MoELP

FBCN, RBCM, CDC
FBCN, RBCM, CDC
CWS

RBCM, CDC

CFS
RBCM, CDC. UBC

RBCM, CDC

RBCM, CDC, UBC
CFS, MoF

MoELDP

UBC, RBCM,
MoELP

UBC, RBCM,
MoELP

»  Informacion derived primarily from Radcliffe and Porter (1992b).

b Acronyms used:
FBCN

IUCN

Sec Table | for oiher acronyms.
¢ There are also a aumber of national data sources for chese species groups.

Federation of British Columbia Nacuralists
FIDS Forest [nsect and Discase Survey
International Union for the Conservation of Narre and Nawral Resources
UBC University of British Columbia.

records are available for breeding birds, with more complete information on game birds,

water birds, and birds of prey. Monitoring of invertebrates and fungi is restricted to those

of known economic concern (c.g., pest species). The Consecvation Data Centee of the

B.C. Ministry of Environment, Lands and Parks monitocs vascular plant and vertebrate

species at risk (c.g., Red list species). Research is also under way on a number of species
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to provide an indication of population trends and to better understand their habirar

requirements (Hamilton 1994).

Forest cover daca, air photos, and sarellite images, which can be used o
describe landscape patterns, are also available. Foresc cover informacion including
dominanc tree species, stand age forest structure (layer). and crown closure is housed in
the B.C. Ministry of Forests invencory data base. Biophysical habicac mapping is also
available for many parts of the province (Harper ec al. 1993; Demarchi 1994). The
Resource [nventory Commirttee is revising existing inventory methods to develop an
integrated inventory system thac will be useful for biodiversicy monitoring purposes
(Vegetation Inventory Working Group 1994). Informacion on the genetic diversity of
major forest tree species is available; however, there is little informacion on ocher trees or

other species (Lester 1993; Yanchuk 1994).

In general, although there is some information thac can be used 1o
decermine changes in drivers and response variables over time, a more comprehensive
system is required 1o adequately monitor changes in biodiversity related to forestry

activities in British Columbia.
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FOREST BIODIVERSITY
ASSESSMENT AND MONITORING
IN THE MARITIMES

Judy Loo

[n the Maritimes region, as clsewhere, requirements for biodiversity-relaced
inforimation greatly outpace the current availabilicy. To conduct meaningful biodiversiry
moniroring, bascline data must be in existence. Alcthough potentially useful data have
been collected for various purposes over the years, the task remains ro idenrify and collace
those data of real value in providing a biodiversity baseline. In addition. new inidarives

are imperative to fill the present knowledge gaps.

Forest managers and researchers in the Maritimes region are responding
to the escalating concern over biodiversicy in a variery of ways. Existing daca bases are
being evaluaced for uscfulness of biodiversity-related information or modificd to increase
usefulness. New darta bases are being developed. particularly in connection with the
Fundy Model Forest. Strategizing and planning for systems of protected natural areas
are receiving much greater emphasis than previously in both New Brunswick and Nova
Scoria. [n New Brunswick, there is also an cfforc under way ro explicicly include

biodiversity considerations in Crown land management.

The following is a bricf overview of some of the data bases and managenienc
and rescarch initiatives that are expected o be useful in assessing forese biodiversity in

the Maritimes. [t is not intended to be an all-encompassing list.

Dara bases

Forest Insect and Disease Survey (FIDS) data bases

Three kinds of information have been stored in FIDS daca bascs in the
Maritimes region. A light trapping system with permanent plot locations has supplicd
more than 20 years of standardized data on more than 60 moth species (more chan
70 specics since 1990). The number of permanent sampling locations has steadily

declined in recent years, with presenc plot locarions restricted (o three nadional parks.
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A second rype of informacion has been collected ac condition appraisal
points (CAPS program), which have a systemacic distribution in time and space. In any
given year, sampling locations are scattered across the Maritimes region, and the locations
change from year to year so that, over time, any geographic area will be thoroughly
sampled. At these points, all inscct and disease pests are identified on primary host tree

specics, and associated dara such as stand descriprors are collected and stored as well.

The all-encompassing data base known as the “FIDS Database” is a
conglomerate of information acquired since 1936 using various sampling methods and
levels of derail. 1 is likely thar information contained in this data base could be useful for
providing a biodiversity bascline: however, the data were noc collected with that purpose

in mind. so caution must be exercised in extrapolation.

Atlanric Region Conservation Areas Database (ARCAD)

Protected natural arcas, pardicutarly when designed to represenc major
ecosystem types, may be importanc sources of biodiversity bascline daca, as well as
monitoring sites for the fucure, Effective use of such areas requires knowledge of che

biodiversicy that is prorected by them.

The Adantic Region Prorected Areas Working Group, consisting of
representatives from three federal agencies—Environment Canada, Parks Canada
(Heritage Canada), and Nacural Resources Canada—have modified and expanded
Environment Canada’s Nadional Conservadion Database for the four Adantic provinces.
The ARCAD is maintained by the Canadian Wildlife Service in Sackville, New Brunswick.
The data base includes inforimation about size, leve) of protection, ownership, managing
agency, and other administrative-type informarion, as well as informacion on the
important biological features for cach protected area (as far as they are known) and the

natural region and ecoregion in which it occurs.

It is expected that the dara base will be useful in planning habitar
conservation, tracking the level of existing protecrion, setting protection goals, measuring
progress, assessing environmental impacts, and planning biodiversity research and

monitoring in the region.
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Conservation Data Centre (CDC)

Nonc of the Atlantic provinces currently has a Nature Conservancy
Conservation Daca Cenrre. Discussion and negodiation have been under way for rhe pase
year to assess the potential for establishing one or more CDCs in the Adancic provinces.
The need has been identified. a steering committee has been struck. and a pumber of

options have been developed.

If the center becomes a reality, it is expected that 1t will provide a focus for
the compilacion of existing information currently existing in universities, provincial
nature museums, and ocher insticutions thar collect and seore information on the
Atlantic region’s biota. In addition, it is expected that a standardized mode for collection
of new dara will be adopted and implemented. improving the quality of data available

for many parcs of cthe Adantic provinees.

Biodiversity ASSeSSMENT INICIArives

Fundy Model Forest

[n New Brunswick, the Jundy Model Foresc has provided a focus for a
number of new biodiversity-relaced initiatives, cach of which involves coltecting daca at
some scale. The Fundy Modcl Forest is a 400 000-ha, primarily forested, arca. More than
half of the forested area consists of small private woodlots. The model forest also includes
Fundy National Park, and che remainder of the area is almost equally divided benween

provincial Crown and industrial frechold lands.

Projects under way in the Fundy Model Forest include comparing
biodiversity of various taxa at the genctic, species, and structural levels beaveen natural
and silvicultural forests; assessing the viability of older-growth forest communities: and
evaluating the relationship beaween intensive foresc management and cavity-nesting
birds. These studies will concribute data on the natural biodivesity of forests and how i
is changed by contemporacy forest practice. TFor some of these studics, there is a time
dimension. with comparisons made among stands of different ages that are as

ccologically and silviculwurally similar as possible, constituting a chronosequence.

A vegetation-based ecological land classificacion is being conduceed in the
Fundy Model Foresc at a telatively fine scale, which, among other things, is intended o

be useful in estimacing che expected nacural levels of biodiversity ander given sees of
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abiotic conditions. In addirion, a gap analysis is being conducied o inventory and
catalog major ccosystem types, rare and sensicive species and habiracs, and centcers for
specics richness. [t will be determined whecher these ecolagical features are currently
represented in protecred natural areas, and straegies will be recommended to ensure
their long-term viability. Both these projects are designed not only to provide
information on the specific land area constitating the model forese, but also to develop

protacols that can be applicd to orher parrs of the region.

An insect biodiversity project is under way that has as one goal the
establishment of monitoring protocols for some species curcently supposed to be

indicators or to have ecological significance.

New Brunswick Forest Brodiversity Assessment

A project is under way in New Brunswick ro develop a working definition
of biodiversity from a foresc management perspective, which can be used to project
the impact of the implementation of the current management plans on stand level
biodiversity of the upland forest. The assessment is being done using the province's
ecological land classification, which is concurrently being developed. The future
discribution of ceological site types, scradificd by age class and landscape unie, will be
estimated for the sequence of harvests and silvicultural treatments as chey are identified
in the managemenc plans. In addition, fucure landscape patterns will be evaluared with

a spacial dimension.

The purpose of the assessment is to identify any combinations of ecological
site type (forest type) and age class in a given landscape unir char can be expected o
decline significanily as a result of cthe implementation of management plans. Concurrent
initiatives, providing information essential to this assessment, are ecological descriptions
of each landscape unit in the province at cach level of the ceological land classification
hierarchy, development and validation of successional models for each vegetation

communicy, and development of an age class map for che provinee.

Representation of major Acadian forest types in protected areas

A scudy was undertaken in summer 1993 1o assess how well the major forest
types of the Acadian Forest Region arce currently represented in highly protected natural
arcas. The Acadian Forest Region covers most of the Maritime provinces and is a

transitional forest benveen boreal coniferous and temperate hardwood forests. Sixteen
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major forest types were identified, and the area of cach was assessed in the region’s highly
protected natural arcas. Scveral forest types are scriously underrepresenced. including
floodplains, mixed coniferous and deciduous late-successional, and cedar=hemlock forest
rypes. The types with poorest representation are also those wich greatest pressures and
threats outside of protected arcas. Periodic assessments such as chis will assisc in

monitoring forest ccosystem viability in the region.

Conclusion

Biodiversity monitoring is problematic because of the breadth of the copic.

[t spans scales from genetic 1o landscape, wich each scale requiring a completely different
ser of tools and expertise. Within cach of these levels, the questions are large and
complex, and often our underscanding falls shocc of that needed even 1o identify
appropriatec measures. While we conduct the rescarch needed to make informed choices
of indicarors of biodiversity at the various scales. we cannot afford to waic for the
answers, but we must measure those things that make sense, adding or dropping
measures as betcer information becomes available. [n che Maritimes region, we are
accempting to balance our activiries between che immediate, pragmatic, and longer-term

research in sucl a way chat options will not be closed as we gain knowledge over time.
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ONTARIO’S GENETIC HERITAGE
PROGRAM ‘

Dennis Joyce

There are four major forest zones in Onrario. From south ro north, these
2ones are Carolinian, Great Lakes—St. Lawrence, Boreal, and Barrens. The general level
of human impact on generic variation of native tree species varies among these zones.
The Carolinian Forest is highly fragmented as a resule of agriculcure and urbanizacion.
As a resul, the genctic integrity of species and populations is suspecr. The Great
Lakes-St. Lawrence Forest has sustained more than one cycle of harvesr, In some cases,
harvests have been selection cuts of preferred specics that may have resulced in ac least
low-level fragmentation and some genetic erosion of some species. The Borcal Forest is
generally sustaining only the first cycle of harvest. Although specics diversicy is limited,
most species ace relatively abundanc in che landscape. There is little expectation of

significanc levels of fragmentation. The Barrens Forest is largely in a nacural state.

Genctic variation is often viewed as a fine-scalc level of biodiversity. For
example, biodiversicy is sometimes treated as a hierarchy of ccosystem, species, and generic
variacion. This view of genetic variacion ignores the complex scructure and funceion of
genetic variation at che ecosystem, specics, and populacion levels. The persistence of
species within ecosystems is a function of vigorous groweh and fecundicy, which resules
from the interaction between the genetic constiturion of individuals, populations, species,
and the environmencs in which they occur. Thus, generic variation is more appropriately
viewed as an arrribure of biodiversicy, racher chan a scale. As such, it is one of the
primary resources (air, water, soil, and genetic variation) requiring management. Because
of the dynamic role genecic variation plays in planc vigor, fecundity, host/pathogen
interactions, interspecific competition, and adaptation/evolution, the concept of
preservation of a given state of genetic diversity has limited application. Racher, the

focus of genetic resource management should be che retencion of evolutionary capaciry.
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The Genertic Heritage Program

Becausc it is difficult o directly obscrve genetic composition, structure, and
functioning in forest teees, genetic resources are vulnerable o degradation when not

explicitly consideced in landscape management decisions.

In 1989. the Government of Ontario funded the Sustainable Forestry
Inidiative in response to concerns regarding sustainable forest management. As part of
the Sustainable Forestry Initiative, the Genetic Heritage Program is mandated to develop
species conservation strategies and 1o develop policy and management guidelines chat

address gene conservation, genetic diversity, and the retention of evolutionary capaciry.

Species management plans

[n most cascs, species management plans will be focused on maincenance
rather than restararion. In Ontario. maintenance-oriented species management plans
are based on two principles. The fiest is that nartural populations within species are
adaptively differentiated when they occur in different climatic condidions. As a result,
conscrvation of adaptive gene complexes is a priority. Strict adherence to Ontario’s
climatically based system of seed zones addresses the conservation of adapdive gene
complexes. The sccond principle is that the recention of evolutionary porential requires
large effective population sizes (at least 1000 individuals). For management purposes, the
number of individuals within a sced 2one 1s considered to be a “population.” Management

plans for individual species will be based on their scatus wichin individual seed zones.

Restoration strategies are oriented towards species that are vulnerable
to extirpation or extinction, primarily as a resuic of foresc fragmencation and small
population sizes. Restoration strategy priorities include:
*  protecting existing individuals;
¢ fostering vigorous offspring by limiting the effects of inbreeding depression;
«  cstimating cffective population size as a basis for consideration of the need for
ceincroduction to increasc an impoverished generic base; and

* increasing population sizes co the point where they arc evolutionarily viable.

The Genetic Heritage Peogram is actively developing species priorities, both
provincially and regionally. A process for developing specics management plans has been
developed and implemented for priority species. Because of the severe level of forest

fragmentation, most priority species arc associated with the Carolinian Forest zone.
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The process of developing species management plans consists of five
general steps:

« idencify the biological charactenistics of individual specics, i.e., geographic range,
habirac specificiry, and characreristic population sizes;

¢ identify current diseribution and populacion sizes:

* develop a prognosis by comparing current condition with biological
characteristics to provide an estimatc of species condidion (inract, ¢roded,
threatened) and primary risk factors;

« develop a stracegy for sestoration or maintenance depending on population size.
demographics. and spatial distribution; and

« develop implementation plans on a sced zone basis.

Studies in genecology

A genecological research project has been inidated to identify adaprive
strategics of priority species in Ontario. Short-term testing procedures are being used
to identify levels of population differentiation in phenology, cold hardiness, and
growth potential. Models are being developed that describe rhe spatial patterns of
adaprive variation. Such models are viewed as critical bascline information for efficient
management of seed and stock transfers and for addressing climace change concerns.
Studies in progress include black spruce, jack pine, white spruce, and red oak. Additional

studies on species such as castern whice pine and red pine are anricipated.

Bio-Envirommental Indices Project

Genetic Fleritage Program funding has provided partial support to the Bio-
Environmental Indices Project, led by Drs. Brendan Mackey and Dan McKenney at the
Grear Lakes Forestry Centre. The project is developing a digirized elevation model for
Onuario as well as a geographic information system (GIS)-related daca base of climartic
variables. Climatc modeling software developed in Australia by Dr. Mackey and his

colleagues has been adapted for use in Onrario.

The recently completed climatic model has already proved useful for
evaluating bioenvironmental relationships, especially in the analyses of the genecological
daca base. Using the model. population differentiation in growth porential and phenology
of black spruce is closely associated with growing season tengih. The climatic model is

also being used to develop climatically based sced zones for the province.
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APPENDIX 2:
WORKSHOP AGENDA

Day | — Monday, November 29, 1993

9:00 Grecetings
Carl Winget, Director General

Canadian Forest Service-Onrtario

9:10 Introductions and Workshop Process
Jim Farredl, Workshop Chairman

Canadian Forese Service-Ontario
Policy Context for Indicators

9:30 National Forest Strategy
Ol¢ Hendrickson

Canadian Forest Seevice, Orawa

Harry Hirvonen

State of the Environment Reporting

National Biodiversity Strategy
Dave Gordon

Onuario Ministry of Nacural Resources
10:30 Coffec Break

11:00 Canadian Forests and Current Forestry Practices
Paul Addison and Richard Sims

Canadian Forest Service-Ontario

11:30 A Biological Conservation Perspective on Forests
Danicl Welsh
Canadian Wildlife Service

12:00 Lunch

1:00 Review of Draft Focus Paper (DFP)
Brendan Mackey

Canadian Yorest Service—Onuario

1:45 Participants’ Comments on DFP and Position Statements on Candidate
Biodiversity Indicators

(roundiable formar)
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3:00

3:15

5:00

7:00

Coffee Break
Roundtable Continued
Finish

Algo Club:
Workshop Dinncr

After-Dinner Presentation: Gary and Joanie McGuffin: "Adventures across

Canada”"—slide presentation of Trans-Canada canoe and bicycle expeditions

Day 2 — Tuesday, November 30, 1993

8:30

8:40

9:10

10:00

10:15

11:00

12:00

1:00

1:40

3:00

4:00

5:00

S/Jecifx‘Ba.ce[/ Indicators

Review of Session Format and Distribution of Candidate List of Specics-Based

Indicators

The Need for a Species-Bascd Approach to Ecosystem Management

Michacl Sonl¢

Chair, Environmental Studies, University of Santa Cruz

Break-Away Group Discussion on Species-Based Tndicators

“Working” Coffee Break
Group Reporis
Roundtable Synthesis
Lunch

Systemn-Based Indicators

Review of Session Format and Distribution of Candidate List of System-Based

Indicators

The Need for Indicators of Ecosystem Vical Signs

Winnie Kessler

Chair, Forestry, University of Northern B.C.

Break-Away Group Discussion on System-Based Indicators

“Working™ Colfce Break
Roundtable Synthesis

Finish
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Day 3 — Wednesday, December 1, 1993

Plan of Action— Recommendazions
8:30 Review of Indicator Short-List and Scientific Rationales

9:00 Examples of Biodiversity-Related Data Bases, Surveys, and Monitoring
Programs in Canada
«  Evelyn Hamilton. Resource Ecologist. Integrated Resource Management, B.C.
Ministry of Forests
*  Judy Loo, Rescarch Scientist, Canadian Forest Service-Maritimes
¢ Dennis Joyce, Forest Geneticist, Ontario Forese Rescarch Insticute
¢ Margarct Penner, Research Sciendst, Pecawawa Nattonal Forestry Instiute
¢ Henry Nix, Director, Centre for Resource and Environmental Studies, The

Australian Nzatonal Universiry

10:00 Coflce Break

1:15 Asscssment of Required Data and Data Availabilicy
12:00 Working Lunch

1:00 Plan of Action

*  Requirements to better unilize existing data

*  New initatives
2:30 Review of Final Recommendations and Workshop Synopsis

3:00 Closing Comments
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APPENDIX 3:
RELATED LITERATURE

During the course of preparing che focus paper for this workshop, a
preliminary bisting of biodiversicy-relared articles was compiled. This collection is nor
definitive, but it does represent an eclectic coverage of the subjece and clearly indicates
thac there is a wide varicry of published materials on che general copic of biodiversiry. For
presentation purposcs, the listing has been divided into nwo gencral categories: Lcology

and biology, and Economics and management.

Ecology and biology

Abugov. R. 1982. Species diversity and phasing of disturbance, Ecology 63(2):289-293.

Allen, T.EH.; Searr, T.B. 1982, Hicrarchy: purspectives for ceological complexity. University of
Chicago Press, Chicago, IL.

Anon. 1994. Key findings of nativnal public opinion survey on biodiversity. Diversity 9(4) and
10(1):52-53.

Anconovics, J. 1990. Gencrically based measures of uniquencss. p. 94-145 i G.H. Orians, ud.
The preservation and valuation of biological resources. University of Washington Press,
Seattle, WA.

Barden, L.S. 1981. Forest development in canopy gaps of a diverse hardwood lorest of the
Southern Appalachian Mountains. Oikos 37(2):205-209.

Barrett, G.W.t Rosenberg, R., eds. 1981, Siress effects on nawral resources. John Wiley & Sons,
Toronte, ON.

Bazzaz, LA, 1983, Characteristics of populations in relation 1o disturbance in natural and man-
madificd ecosystems. p. 260-275 /m H.A. Mooncey and M. Godron, vds. Disturbance and
ecosystems. Springer-Verlag, New York, NY.

Berryman, J.H. 1987. Birds as socio-cconomic resources—Chairman’s introduction. p. 5-6
A.W. Diamond and EL. Filion, eds. The value of birds: proceedings of a workshop held
during the 19th Conference of the International Council for Bird Preservation, June 1986,
Queen’s University, Kingston, ON. International Council for Bird Preservation, Norfolk:, UK.
ICBP Tech. Publ. No. 6.

Bourgeron. P.S. 1989. Conscervation of natural diversity: the role of an ecological classification.
p. 32-37 i1 D.L. Ferguson, P Margan, and D. Johnson, compilers. Proceedings of land
classifications based on vegeracion: applications for resource management, November 17-19,
1987, Moscow, ID. Saciety of American Foresters, Bethesda, MD.

Brokaw, N.V.L. 1982. Trecfalls: frequency, timing and consequences. p, 101-108 i» E.G. Leigh,
Jr.. A.S. Rand, and D.M. Windsor. vds. The ceology of a tropical fosest: scasonal rhythms
and long-term changes. Smithsonian Institution Press, Washington, DC,

Bunnell, EL. 1991. Biodiversicy: what, where, why and how. p. 29-45 in A. Chambaers. ed.
Wildlife symposium 1990, Prince George, BC. Dep. For., Victoria, BC.

Burk, D.L.: Barovsky, K.; Monroy, G.H. 1993. Biodiversity and biotechnology. Science
2G0:1900-1901.
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Buazas, M.A. 1972. Pauerns of species diversity and their explanations. Taxon 21(2/3):275-286.

Cave, AJ., ed. 1974. Proceedings of the firstinternational congress of ccology: structure,
funciioning. and management of ceosystems. The Hague, Netherlands, September 8-14.
1974. Centre for Agricultural Publishing and Documentation, Wageningen, The
Netherlands.

Chanway, C.P. 1993. Biadiversity at risk: sail micioflora. p. 229-238 jn M.A. Fenger, E.H.
Miller, J.A. Johnson, and L.).R. Williams, eds. Our living legacy: proceedings of a
symposium on biological divessicy. Royal British Colanibia Muscum, Vicoria, BC. 392 p.

Chesson, PL. 1986. Environmental variation and the coexisience of specics. p. 240-256 i1 ).
Diamond and T.J. Casc, cds. Community ecology. Harper and Row, New York, NY.

Christensen, N.L.: Peet. R.K. 1984. Mcasures of natural diversity. p. 43-58 i) L. Cooley and
J.H. Cooley, eds. Natural diversicy in farest ecosystems—proceedings of che workshop,
November 29 — December 1, 1982, Athens, GA. Institne of Ecology. University of Georgia.
Athens, GA.

Cody. M.L. 1986. Diversity and rarity in Mediterrancan ccasyseems. p. 122-152 i1 M. Soulé, ¢d.
Conservadion biology. Sinauer Associaces, Sunderland, MA.

Cody, M.L. 1989. Discussion: scructure and assembly of communitics. p. 227-24) in
). Roughgarden, R.M. May. and S.A. Levin, eds. Perspectives in ecological theory. Princeton
University Press. Princeton. NJ.

Cody, M.L.; Diamond, .M., ¢ds. 1975, Ecology and evolution of communitics. Harvard
University Press, Canbridge, MA

Collins. S.L.; Glenn, S.M.; Roberts, D.W. 1993, The hicrarchical continnum coneepr.

. Veg. Sci. 4(2):149-136.

Dasmann, R.E 199). The importance of cultural and biological diversity. p. 7-15 i ML
Oldhicld and J.B. Alcorn, eds. Biodiversity: culture, canservarion, and ccodevelopment.
Westview Press. Boulder, CO.

Davidson, A.T. 1991. Better environmental indicators are needed. Can. Geogr. 111(1):6.

De Pablo, C.L. 1982. Space—time variability in Mediterrancan pastures analyzed with diversicy
parametcrs. Vegeratio 50:113-125.

Diamond, AW Filion, FL., eds. 1986. The value of hirds: proceedings of a symposiam and
workshop held at the 19th World Conference of the International Council for Bird
Preservation, June 1986, Queen’s University, Kingstan, ON. International Council for Bird
Prescrvation, Narfolk, UK. ICBP Tech. Publ. No. 6.

Diamond, J.;: Case. T.J.. eds. 1986. Community ecology. Harper and Row, New York, NY.

Diamond, J.;: Case, T.J. 1986. Overview: introductions. exdinctions, cxeerminations, and
invasions. p. 65-79 i ). Dizinond and TJ. Casc, eds. Communiwy ecology. Harper and Row.
New York, NY.

Dower, N. 1983, Ethics and environmental futures. Int. J. Environ. Stud. 21:29-44.

Eadic, J.M.; Keast, A, 1984. Resource heterogencity and fish species in lakes. Can. J. Zool.
62:1689-16Y5.

Ecological Socicty of America. 1990. Programs and abstracts, 75¢h annual ESA meeting, Ecol.
Soc. Am. Bull. 71(2):73-380.

Ehelich, PR. 1988. The loss of diversity: causes and consequences. p. 21-27 1 E.O. Wilson, ed.
Biodiversiry. Nadional Academy Press, Washingtan, DC.

Ehrlich, PR. 1990. Habitats in crisis: why we should case abourt the loss of species. For. Ecol.

Manage. 35:5-11.
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