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1 
INTRODUCTION 

1.1 
Objectives 

Plant Diversity in Forest Ecosystems. A diverse range of plants are 
associated with forest ecosystems. Considering previously specified timber 
harvesting levels and looking at timber harvesting and management activities 
statewide.' 

1. 	 What impact does timber harvesting and management have on the 
biological diversity of forests at the genetic, species and ecosystem 
levels? What spatial patterns of forest cover does timber harvesting 
create, and how do these patterns impact native plant communities (for 
example, fragmentation offorests)? 

2. 	 To what extent are federal and state-listed species of special concern, 
threatened, or endangered species or their habitats impacted by timber 
harvesting and management? 

3. 	 Based on the DNR's final definition of ·old growth· forests and ·old· 
forests, to what extent do these forests exist in Minnesota,' how are they 
identified and managed,' and how are they impacted by timber harvesting 
and management? 

1.2 
Relationship to Forest Wildlife Paper 

The Biodiversity and Wildlife Study Group is presenting its results in two 
papers; this paper and the technical paper on Forest Wildlife (Jaakko Poyry 
Consulting, Inc. 1992b). Such organization reflects the structure of issues 
of concern given in the FSD, sections D and E. This paper examines all 
issues of impacts on plant species and types of plant communities, as well as 
upon the age structure and spatial patterning of plant communities, impacts 
on endangered species and on old and old growth forests, as listed in section 
D of the FSD issues of concern. The underlying strategy is to identify what, 
if any, changes may occur in overall biodiversity within all of Minnesota's 
forest lands as a result of increased levels of timber harvesting. 

Inevitably, there is overlap between the present paper and Forest Wildlife 
Technical paper, which concentrates on section E of the issues of concern 
from the FSD. Just as every species of wildlife addressed comprises part of 
the region's biodiversity, so do the plants treated in this paper. The major 
variable treated in the Forest Wildlife Technical paper is habitat, which 
generally is defined in terms of types and structures C!f plant communities. 
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The reader will be referred to the Forest Wildlife technical paper at the 
appropriate points. 

1.3 
Background on Biodiversity 

1.3.1 
The Biodiversity Issue 

The Biodiversity and Wildlife Study Group adopted the definition of 
biodiversity produced by the Society of American Foresters Task Force 
Report on Biological Diversity in Forest Ecosystems (1991): 

Biological Diversity refers to the variety and abundance ofspecies, 
their genetic composition, and the communities, ecosystems, and 
landscapes in which they occur. It also refers to the ecological 
structures, junctions, and processes at all ojthese levels. Biological 
diversity occurs at spatial scales that range from local through 
regional to global. 

The earth's biological diversity is being depleted at an unprecedented rate. 
Wilson (1989) conservatively estimates that the annual number of species 
extinctions worldwide is 10,000 times greater than the natural rate in 
existence before the expansion of civilization during the past few thousand 
years. This rate is rapidly accelerating, so that extinctions today occur at a 
rate many times greater than just a century ago; the rate closely parallels the 
explosion in the world's human numbers. Most of the extinctions today are 
from forest communities-mainly tropical, where biodiversity is very high 
to begin with. If the current rate of extinction continues for the next century, 
the number of species on earth will be reduced to the lowest level since the 
catastrophic effects of a giant meteor strike upon this planet some 65 million 
years ago (Wilson 1989). 

Through careful management, some level of forest harvest can be sustained 
even while the original biological diversity is protected. In general, the 
strategy requires first, identifying all of the elements to be protected, and 
then scheduling harvesting and other management actions so that adequate 
areas and variations of all the identified forest communities are maintained. 
These management practices also involve the use of harvest systems that 
minimize the disruption of fundamental biogeochemical processes: flow and 
filtration of water, recycling of nutrients by decomposition, protection of the 
soil surface layer, and retention of many microhabitats such as dead and 
decaying trees, which that provide habitats for a host of plants and animals. 

Some might argue that protecting biodiversity can be handled far more easily 
by simply identifying individual species that appear to be in jeopardy, then 
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mitigating through narrowly directed actions to prevent the species demise. 
This strategy does not always work for several reasons. First, when a 
species reaches a state of jeopardy, much of its genetic diversity may have 
already been lost; also, it may be too late and expensive by then to save 
regardless of the recovery strategy used. Second, many species can 
disappear before their status is discovered. And finally, and perhaps most 
importantly, the species is not the proper unit around which biological 
conservation should be organized. The proper unit for such activity is a 
region's array of natural biotic communities, each self-sufficient with its set 
of species and its set of ecosystem processes. 

There certainly are instances where the single-species approach is necessary. 
For example, when a crisis takes us by surprise, a species such as the timber 
wolf ranges widely among many community types, or when a plant species 
is not associated with anyone community type. In addition, even when the 
community approach to saving biodiversity is used, monitoring of individual 
species populations will always be necessary to make sure that the approach 
is working. 

To preserve global biodiversity, it is necessary for citizens of each region of 
the globe to take stock of their local, unique biological wealth, and to assess 
the impacts of forest management on that diversity. In Minnesota, 287 
species of plants and animals are listed by the Minnesota Department of 
Natural Resources (MNDNR) as endangered, threatened, or of special 
concern (Coffin and Pfannmuller 1988). An unknown number of insects, 
algae, and fungi may also be endangered, but there is simply insufficient 
information on such biota to know their status. Without management of the 
landscape for biological diversity, many more species may be threatened or 
extirpated before it is ever realized what has happened. 

Within the state or region, the matrix of forest communities that comprises 
the baseline for biodiversity does not conform to any class of land 
jurisdiction. For this reason, if statewide biodiversity is to be preserved 
within our forests, it is imperative that all agencies, holders of industrial 
forests, and private land owners work together to maintain regional 
objectives. The boundaries of concern here are not political or ownership 
titles; rather they are features such as watersheds, soil types, species ranges, 
or existing stands of particular ages or covertypes. Management agreements 
between private landowners, such as those worked out by the Nature 
Conservancy, and between the MNDNR and national forests are just starting 
to develop in Minnesota. 

It is fully recognized that concern for biodiversity cannot stop at Minnesota's 
borders. Neither can conservationists be naive about the reality of world 
markets and demand for forest products. If reasonable production of wood 
products from this state is not realized, then demand will lead to the products 
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being taken elsewhere. If, for some economic and technological reasons, 
demands not met from Minnesota forests are met instead with products from 
poorly managed tropical areas, then the impact on global biodiversity will 
undoubtedly be far more severe. 

Finally, the issue of protecting the planet's biodiversity in forests or in any 
other biome or ocean, cannot be properly addressed without some focus on 
the current worldwide trends. The earth·s population has never been greater, 
and has never grown more rapidly, even while tremendous concern arises 
about the disappearance of species and whole ecosystems. The two processes 
are unalterably linked and no amount of planning can guarantee against the 
inevitable overwhelming overexploitation ofresources, and consequential loss 
of species and ecosystems, if the population does not stabilize. 

1.3.2 
Biodiversity and Ecological Processes 

Compositional Diversity 
There are three main components to biodiversity (Society of American 
Foresters 1991). The first is compositional diversity. This refers to both the 
number of species present in an area. and the genetic variation within 
individual species. The number of species in one forest stand depends on the 
size of the stand, and the diversity of habitats and processes found within it. 

A community is a combination of organisms occupying one location or stand. 
Communities are sometimes synonymous with forest types, or covertypes; 
for example, maple-basswood forest or upland white cedar forest. As a 
general rule, within one stand, or one community in Minnesota, about 5 to 
10 vascular plant species are very common. This means they are found in 
large numbers, and can be seen by an observer at nearly every point within 
the stand or forest type. The vast majority of species, ranging from 20 or 
30 to over 100, are uncommon. That is, they occur in very low numbers 
and/or at only a few points. Few species of plants are absolutely dependent 
on one forest type or age class for survival. However, most species reach 
a peak abundance in one community type, which has a set of species, and 
species interactions, that is uniquely favorable. The same species that are 
very abundant in one community may be uncommon in other communities. 
The definition of biodiversity adopted above recognizes that these unique 
combinations of species are part of biodiversity. Thus, compositional 
diversity includes more than simply saving a population of each species. 
Different mixtures of species with different interactions are considered 
important to overall diversity. 

There are two types of genetic variability within a species (1) within 
population variability-genetic differences (genotypes) among individuals in 
one stand, and (2) among population variability-genetic differences between 
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stands over a region. Native species are composed of populations with many 
different adaptations that have accumulated over thousands of years. 
Temperate forest trees typically have high within population diversity, 
although ecotypes (see below) certainly exist (Millar and Libby 1991), while 
herbaceous plants have high between population diversity (Bradshaw 1984). 
This difference in genetic architecture suggests that genetic diversity in 
temperate forest trees is best protected by maintaining a few large 
populations, while smaller plants may require protection of many small 
popUlations. 

Ecotypes are major geographically and genetically distinct metapopulations, 
or groups of populations, which, through the process of natural selection, are 
adapted to the particular soils, water and nutrient supply, diseases, and 
climate where they are found. They are a type of among population 
variability and occur at the scale of the ecoregion or larger. One species 
may be facing selection pressure to better adapt to drought along the 
southwestern edge of its range, while simultaneously undergoing selection to 
better adapt to cold, wet summers at the northern edge of its range. Plant 
breeders take advantage of such natural variability in crop plants to develop 
short- and long-season varieties for use by farmers in different regions. 

Structural Diversity 
Structural diversity, the second component of biodiversity, refers to the 
spatial arrangement and mixture of species within a stand and over the 
landscape. Structural diversity occurs at different spatial scales. 

1. 	 Within stand (an area of homogeneous vegetation one to several acres in 
size) diversity is influenced by factors such as availability of rotten logs, 
snags, treefall gaps, boulders, small wet spots, and other relatively small 
variations in habitat. There are plant species (yellow birch, berry
producing shrubs) which reproduce best in gaps formed by the death of 
canopy trees within an old forest (Bormann and Likens 1979). If all 
forests are cut before reaching the stage where canopy gaps occur, then 
structural diversity is lost, and habitats for certain species are also lost. 

2. 	 Between stand diversity (within one forest management unit, park, or 
county) depends on the local mix of age classes and forest types. In 
northern Minnesota, wildlife species such as white-tailed deer are 
dependent on the juxtaposition of mature conifer stands with young aspen 
stands. The former are often used for winter cover, while the latter have 
plants eaten by the deer. 

3. 	 Regional diversity (an area ranging from the size of ecoregions up to the 
state of Minnesota) is influenced by the placement of lakes, wetlands, 
outcrops of rocks, climate, and other natural geographic features. 
Natural disturbances, such as windstorms, fires and insect epidemics also 

5 




laakko Poyry Consulting. Inc .. Minnesota GElS. Biodiversity Technical Paper 

create a complicated mosaic of patches on the landscape (Heinselmann 
1973, Lorimer 1977, Canham and Loucks 1984). This creates a large 
variety of habitats for species which live in forests of many different 
ages, with different patch sizes and shapes, as well as different 
juxtapositions to lakes, wetlands, and forest stands of different ages. To 
maintain a landscape with all of the patch types representing all 
successional stages and functional types under natural conditions, the area 
must be much larger than the disturbance patches. A landscape unit 
large enough to have a stable composition of patch types over time is 
known as the minimum dynamic area (or quasi-equilibrium landscape). 
Shugart (1984) suggests that a iandscape must be about 50 times the size 
of an average patch to be stable in the statistical sense. 

Functional Diversity 
The third major component of biodiversity is junctional diversity, which 
refers to the variety of natural processes occurring in a region. Some forests 
may absorb rainfall during heavy downpours, and then release the water 
slowly, so that floods and siltation do not occur downstream. In other areas 
with bare rock, water may flow off in cascades and form ephemeral pools in 
depressions of the rock surface. There are species which are adapted to both 
the clearwater streams (trout), and the ephemeral pools in this example of 
contrasting natural functions. Another contrasting functional pair is the 
recycling of nutrients within black spruce bog forests, compared to the same 
in a northern hardwood forest. In the black spruce forest, decomposition is 
very slow, and moss accumulates for thousands of years. Because 
decomposition is slow, nutrients such as nitrogen are not released into the 
soil very rapidly. In the northern hardwood forest dominated by sugar 
maple, decomposition of leaf fall each year is rapid, and the nutrients from 
the leaves are returned to the soil within a few years. There is a completely 
separate suite of species adapted to the low and high nutrient status of the 
soil in these two forest types. Thus, functional diversity contributes to 
compositional diversity. 

1.3.3 
Old Growth Forest, Old Forest and Biodiversity 

Both old growth forests (defined by MNDNR as being greater than 120 years 
old and of natural origin) and old forests (forests as old as old growth, but 
are not of natural origin or have had significant'management activity) are 
unique in their structural and functional components of biodiversity. Large 
coniferous logs on the forest floor may take 200 years to decompose (Tyrell 
1991). These logs provide a substrate for a unique small-scale community, 
including many mosses, and as yet unstudied invertebrates. Invertebrates 
living in the logs are important food sources for a variety of vertebrates 
including salamanders and bears. Rotten wood is the site of successful 
seedling establishment for several tree species in Minnesota, including yellow 
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birch, white cedar, and hemlock, which is state-listed as of special concern. 
The large logs probably also play an important role in nutrient dynamics, 
because they are sites where nitrogen fixation occurs. During this process 
bacteria convert inert nitrogen present in the air into ammonium-a form of 
nitrogen available to plants (Harmon et all 1986). Old growth forests also 
store large amounts of carbon in above ground tree biomass-several times 
as much on a per acre basis as young forests. For example, the mixed
species red pine covertype at age 100 in Minnesota is estimated to have 59 
tons of carbon/acre in tree biomass, compared with 16 tons at age 20 
(MNDNR 1991). Although old growth may not have net accumulation of 
carbon (decay = new growth), the release of carbon to the atmosphere can be 
large if they are converted to younger forest, even if much of the wood is 
used for building material (Harmon et al, 1990). 

Old growth provides habitat for unique arboreal lichen communities (Coffin 
and Pfannmuller 1988, Lesica et al, 1991, Thomson unpublished). Some of 
the species in hardwood forests do not grow in stands less than 
approximately 200 years old, including the state threatened Lobaria 
querdzans. The state endangered PseudocypheUaria crocata occurs in old 
hardwood and conifer forests in northern Minnesota. Two species of special 
concern occur only on tree bark in old cedar forests-Cetraria aurescens, 
and Sticta juliginosa. 

In addition, old and old growth forests often have a greater abundance of all 
forest floor plant species-including herbs and shrubs-because the forests 
have many gaps. Even-aged forests up to rotation age are often in stem 
exclusion stage of development during which there are no canopy gaps large 
enough for recruitment of new canopy trees. These stands have 
comparatively little light at the forest floor compared to old forests. 

There is potential for some conflict from a biodiversity viewpoint concerning 
relationships between forest age-class structure and disease vulnerability. 
Apparently disease outbreaks are generally minimized by maintaining stands 
at a relatively young age, not permitting accumulations of older or unhealthy 
trees or of dead material standing or downed. However, it is some of these 
characteristics of older forests that generate habitat characteristics for a wide 
variety of vertebrates, the absence of which would seriously reduce 
biodiversity in Minnesota forests. 

Forest Management and Biodiversity 

Direct Physical Effects 
The direct long-term effect of logging on plant communities is relatively 
minor. The exceptions, of course, are small populations of rare species that 
may be physically destroyed; logging of vulnerable sites such as steep slopes 
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that may erode after harvest; and soil compaction, which causes loss of area 
of suitable soil for herbaceous plants within harvested forests. Most of the 
effects of harvesting are indirect, such as through altering the frequency of 
stands with different age classes on the landscape or changes in the frequency 
of some natural disturbance forces, especially fire. 

Short-term effects (within 1 to 5 years) of clearcutting usually involve a peak 
in local plant diversity, as both forest herbs and invading plants usually found 
in more open habitats coexist (Bormann and Likens 1979, Outcalt and White 
1981, Metzger and Schultz 1984). Within several decades after clearcutting 
in northern hardwood forests, the mixture of common understory herbs 
approaches that of the preharvest forest (Metzger and Schultz 1981, 1984). 
In a northern hardwood forest subjected to periodic selection cutting, the 
understory vegetation was more diverse than in a stand clearcut 50 years 
previously (Metzger and Schultz 1981). Although nutrient cycling and 
carbon storage are affected differently by cutting and windthrow, clearcutting 
has physical similarities to catastrophic windthrow, and group selection 
cutting has similarities to periodic gap formation in old growth forests. 
Thus, it is not surprising that the species maldng up the forest plant 
communities are adapted to some harvesting activities. 

Similar recovery occurs in aspen-birch-fir-spruce forests common in 
Minnesota. For example, Kurmis et al. (1986) were able to recognize the 
same plant communities in Voyageurs National Park-much of which had 
been logged since 1900-as Ohmann and Ream (1971) found in unlogged 
forests of the nearby Boundary Waters Canoe Area Wilderness (BWCA W). 
The plants communities in Voyageurs National Park were at an earlier 
successional stage than the unlogged BWCA W communities, but successional 
trends towards the presettlement type communities was evident from 
understory species composition (Kurmis et al. 1986). 

In general, understory species composition is affected less by dormant season 
harvest. Outcalt and White (1981) found that understory composition in fir
birch forests was altered less if deep snow was on the ground during harvest. 

Indirect Effects 
Habitat loss and forest type conversion is the major reason for loss of 
biodiversity worldwide as well as in Minnesota. Minnesota currently has 
only about half as much forest acreage as in pre-European settlement times. 
Even if the forest acreage of a region stays constant, there can still be habitat 
loss for some species if there is conversion of one forest type to another. In 
any forest type conversion, some species lose habitat and others gain. The 
overall consequences of forest type conversion for regional diversity depend 
on whether the species that lose habitat are already rare or declining. 

. Elimination of fire in managed forests leads to the loss of certain community 
types, such as pine or oak savannas. 
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Fragmentation of forests changes the structural diversity of forested 
landscapes, but can affect all three components of biodiversity. The number 
of species within an isolated block of forest is roughly a function of the 
logarithm of land area and its distance to other blocks of forest (Scanlan 
1981). One effect of fragmentation involves a change in the environment 
within isolated forest stands. Small fragments of forest landscape tend to 
favor a different suite of species adapted to edge habitat, which receives 
more light, and more wind-hence lower humidity and drier conditions 
(Levenson 1981). Therefore, a landscape with many small isolated forest 
stands may ultimately exclude forest interior species. 

A second effect of fragmentation is changing competitive relationships among 
species. An example is the relationship between plants such as grasses, and 
interior forest plants such as woodfem and maidenhair fern. The ferns will 
grow better with more light at the edge of the forest, but they cannot 
compete with the grasses, which grow even better in high light. 

A third potential effect of fragmentation is loss of local genotypes or 
ecotypes, because inbreeding may result if seeds and pollen, or individual 
animals cannot travel between woodlots. Inbreeding results in a decreased 
reproductive rate among many plants and animals (Wright 1977, Soule 
1980). Islands of habitat that are isolated genetically must be large enough 
to maintain a minimum viable population, within which inbreeding will not 
become significant. 

There is an unknown time lag between the isolation of a block of forest, and 
a decline in species richness that may later occur. This is because many 
forest species are perennials, such as trilliums, violets, ferns, shrubs and 
trees, which live for many decades. If the structure or natural functions 
within a woodlot change so that some species can no longer reproduce, the 
species may not disappear for a century or more. During this time, it may 
not be clear to foresters whether or not a genuine failure of reproduction is 
occurring. By the time the failure of reproduction is noticed, it may be too 
late to save the population. 

A fourth effect of fragmentation is disruption ofstructure andjunction of the 
landscape. Reducing a forested landscape to scattered fragments (e.g., Twin 
Cities metro area) changes the climate of a region, so that it is no longer 
cooled during summer by evapotranspiration. This can lead to a regional 
increase in mean summer temperature of several degrees F (Akbari et al. 
1988). The change in temperature then leads to further changes in species 
composition of forest remnants. Fragmentation can also lead to changes in 
water flow, soil building processes, and cycling of nutrients that affect the 
function of future forests. 
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If the natural structure of the landscape is disrupted, it is difficult for species 
to respond to disturbance. Local catastrophes (windstorms or disease, etc.) 
may eliminate a species from a forest isolated by surrounding farmlands, or 
by other types of forest. Under natural conditions, migration of new 
individuals from adjacent stands would have allowed recovery of the locally 
lost species (Curtis 1956). 

In Minnesota, two types of forest fragmentation occur. First, there is 
conversion to uses such as field crops, leaving islands of forest surrounded 
by open habitat. Fragmentation of this type is highly significant in 
ecoregions 5, 6, 7, and parts of southern ecoregion 4. The second type of 
fragmentation-more relevant to future harvesting within densely forested 
northern Minnesota-is within~forest fragmentation. This concept deals with 
the juxtaposition of forests of different types and ages on the landscape. 
Fragmentation exists where small conifer stands are surrounded by large 
areas of aspen, or old growth is embedded within a large area of young 
forest. This is the case with pine forests in Minnesota, because much of the 
original pine has been converted to aspen (Frelich, in prep.). No detailed 
studies of within~forest fragmentation have been found for Minnesota. 
However, Mladenoff et al. (1992), found that conifer patches in a hemlock
sugar maple patchwork in Upper Michigan were larger and had a more 
complex shape in primary forest than second growth. The result was that the 
landscape was better connected, in that plants and animals could disperse 
seeds or move relatively long distances while still being within a certain type 
of habitat. 

It is important to realize that the landscape was fragmented prior to 
settlement. In Minnesota, the large number of lakes, and frequent fires and 
windthrow contributed to a natural pattern of fragmentation on the landscape. 
However, forest management can change the degree and type of 
fragmentation, as has happened in ecoregions 5 and 6. It is generally agreed 
among ecologists that managed forest landscapes are more fragmented than 
natural landscapes (Burgess and Sharpe 1981). 

Management to maximize within-stand diversity may be detrimental to 
biodiversity at the regional leveL For example, within the unlogged forests 
of the BWCAW, aspen stands have the highest number of plant species of 
any forest type (Ohmann and Ream 1971). However, there are many forest 
species that are either rare, or do not occur at all within aspen stands. If 
forests in the region were managed exclusively for maximum within-stand 
diversity (aspen), between-stand and regional diversity would decline. 
Management for maximum local species richness usually favors generalist 
species, like large-leaved aster and white tailed deer, over specialist species, 
such as the showy lady slipper, which occurs in only a few forest types, and 
pine marten, which reaches maximum abundance in mature conifer forests. 
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